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FORWARD

The concurrent increase in demand for adequate wastewater treatment
and advances in wastewater treatment technology has confronted the
engineering profession with a situation in which there is a high
level of demand for a service and limited manpower and monetary
resources for meeting such demand. Available expertise must
therefore be efficiently and effectively utilized. Stated simply,
there exists the need for a screening tool capable of providing a
methodology whereby a large number of alternative wastewater
treatment systems, each capable of meeting specified effluent
criteria, can be simultaneously ranked on the basis of cost effec-
tiveness.

Computer assisted techniques are particularly suited to the task of
insuring maximum efficient use of available resources. Over the
past several years numerous computer based cost estimating models
have been developed. All of these models have various limitations
resulting in difficulties in application or computation. The
omputer Assisted Procedure for the Design and Evaluation of

Wastewater Treatment Systems (CAPDET) is designed to overcome,
where possible, many of the difficulties associated with compu-
terized cost estimating. This, by no means however, is meant to
imply that CAPDET overcomes all limitations. The overall goal of
CAPDET is to provide accurate planning level cost estimates.
CAPDET is not an attempt to replace the traditional engineering
estimate or contractor's estimate based on a detailed set of plans
and specifications.

This document provides technical information on the design, quan-
tities, and cost algorithms contained within the CAPDET computer
program.
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PROCESS DESIGN AND COST ESTIMATING
ALGORITHMS FOR THE COMPUTER ASSISTED

PROCEDURE FOR DESIGN AND EVALUATION OF
WASTEWATER TREATMENT SYSTEMS (CAPDET)

1.1 INTRODUCTION

1.1.1 Purpose. The purpose of this report is to present the
design, quantities and cost estimating algorithms implemented within
the Conputer Assisted Procedure for Design and Evaluation of Waste-
water Treatment Systems (CAPDET).

1.1.2 Applicability. The infomation contained within this
report may be of interest to all persons concerned with the planning,
design and cost estimating associated with wastewater treatent
facilities which may be constructed under any of several wastewater
management programs, including but not limited to 208 planning, 201
planning, urban studies planning, and planning for construction of
facilities at military installations.

1.1.3 References. See Section 1.5 for a list of selected refe-
rences which were consulted during preparation of this report.
Additional references are also given at the end of each unit process
design segment presented in Sections 2 and 3 of this report.

1.1.4 General. The need for a method of accurate and rapid preli-
minary design, and cost estimating for wastewater treatment plant
construction projects has long been recognized. Various models have
been developed which purport to prepare planning or design level cost
estimates. Few of these models are responsive to the requirements of
the planner or engineer responsible for accurately projecting con-
sttuction costs for the purpose of alternative evaluation. The
CAPDET model was developed by the Corps of Engineers with the specific
intent of assisting personnel responsible for wastewater treatnent
planning in the evaluation of wastewater treatment alternatives based
primarily on life cycle costs and degree of treatment provided.

The original version of CAPDET developed in 1973, utilized a system of
process design based on well respected techniques, followed by develop-
ment of costs based on cost curves. This parametric cost estimating
approach limited the overall utility of the model in that it was
difficult to update, did not adequately reflect regional differences
in cost and could not accanmodate site specific design requirements.
In order to improve the accuracy and usefulness of CAPDET, a revised
cost estimating procedure using both parametric and unit cost esti-
mating techniques was developed. These techniques are presented in
Section 1.2.
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1.1.5 Model Limitations. Although the recent revisions to the

CAPDET model have greatly expanded the capabilities and improved the
accuracy of planning level design and cost estimating procedures, the
user must be cautioned as to the limitations of generalized modeling
approaches. Of necessity, the design and cost algorithms developed
for any generalized estimating procedure must include many simplifying
assumptions. Such items as engineering judgement, equipment design
liintations, site limitations, and regulatory reliability and main-
tainability standards all enter into fomulation of the algorithns.
The philosophy of CAPDET is to approach each of these problems in a
sound engineering fashion rather than an academic exercise. During
development of the CAPDET procedures, various Federal, State and local
design standards were reviewed. An attempt was made, where possible,
to develop generalized design standards based on these national
requirements.

As discussed later in Section 1.2 the CAPDET methodology uses two
separate cost estimating techniques. The cost of construction within
unit process battery limits is conputed using unit costing techniques.
The problems associated with engineering judgement and equipment
design limitations were addressed through use of a nationally re-
cognized engineering fiu for algorithl development and consultation
with a variety of equipment manufacturers to detenaine equipment
limitations. Site specific costs are addressed through use of sta-
tistically generated cost curves based on national average costs.
These curves are obtained frm the U. S. Enviroumental Protection
Agency publication entitled "Construction Costs for Municipal Waste-
water Treatnent Plants" (FRD1I).

CAPDET is designed primarily as a cost estimating tool. Process
design and effluent quality predictions were of secondary importance
to the overall cost estimating accuracy desired of the model. Thus,
any review of the assumptions and simplifications should be conducted
primarily frao a cost generation viewpoint. The generation of ef-
fluent quality predictions is limited and in many cases requires a
user input percentage removal factor. CAPDET is not designed as a
process simulation model.

CAPDET is not a matheatical optimization model. The CAPDET approach
is to prepare cost estimates for user input alternatives. The model
will then rank these alternatives by least annual cost but does not
purport to provide the 'Imathenatically optimal" solution to an infi-
nite universe of alternatives. CAPDET approaches the facility plan-
ning process in the sane fashion as would an engineer preparing
alternative designs and cost estimates. The major emphasis of the
CAPDET project has been the development of accurate planning level
cost estimates for a large library of unit processes.
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1.1.6 Organization and Use of the Report. This report is
arranged in three sections so that the planner or engineer will have
quick access to data for many wastewater treatment processes. To
further aid planners and designers, reference is made to the CAPDET
User's Guide which is available as a separate publication.

Section 1 of this report contains general infomation related to the
planning and design of wastewater treatment facilities using the
CAPDET model. Data is presented on CAPDET estimating methodology
(Section 1.2), input source development (Section 1.3) and CAPDET cost
evaluation techniques (Section 1.4).

Sections 2 and 3 of this report contain the design, quantities and
cost equations for specific unit processes available within the
CAPDET Program. Section 2 contains unit processes suitable for
wastewater treanent of flows within the 0.3 to 300 mgd range. The
library of available processes includes conventional, secondary,
advanced, and land treatment processes. Design and simplifying
assumptions used for each unit process are presented. Section 3
presents a library of processes developed for application to faci-
lities with small flows, e.g. 0.01 to 0.5 mgd.

0
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1.2 CAPDET COST EST1lIATING TECHNIQUE

1.2.1 General. The CAPDET model is primarily designed as a cost
estimating model. To fully understand concepts utilized within the
model, it is necessary to understand the available cost estimating
techniques in general use in the wastewater facility planning process.

Four levels of cost estimating detail may be readily identified.
These include the "horseback"' estimate, also known as a good guess
based on an engineer's past experience-, the planning estimate, based
on knowledge of the basic system formulations and the use of cost
curves; the engineering estimate, based on review of plans and specifi-
cations; and of course the contractor's estimate, more commonly called
the bid. The CAPDET model is designed to provide a ref inement of the
second level of detail, i.e., planning level cost estimating. Once
this planning level concept is understood, the engineer can move into
development and ref inement of the cost estimating technique to be
utilized for planning level estimating. For purposes of the CAPDET
model, planning level estimating accuracy has been defined as ±15
percent for capital costs and t20 percent for operation and mainte-
nance costs. The goal of process algorithm development is to provide
this accuracy level.

Two basic methods have been consistently utilized for planning level
cost estimating. First, paretric cost estimating is based on a
statistical approach, i.e., statistical analysis of the cost of
facilities of similar size and characteristics at other locations. A
modification of this statistical approach is the development of
standard designs for various flow and fotmulation of a cost based on
an engineering quantities takeoff. Second, unit cost estimating is
based on identification of cost elements to which input unit prices
are applied, i.e. cubic yards of concrete in a clarifier are quan-
tified, to which an input cost value for reinforced concrete in place
is applied to deteumine construction costs.

The basic advantage of the parametric approach is the limited number
of user inputs required, generally limited to one distinguishing
characteristic of the treatment process, such as flow, surface area,
etc. Stated mathematically, the cost of a unit process is determined
as a function of some characteristic of the process. The major
disadvantages of the parametric approach which result from the sta-
tistical nature of the system are: updating is difficult requiring
large data sets; the effects of local economic conditions are dif-
ficult to include in the cost analysis; and projecting the effects of
inflation on project costs is complicated and often inaccurate,
relying primarily on cost indices.

The unit costing approach has the advantage of more closely reflecting
actual engineering concepts applicable to a specific facility. The
unit costing approach to cost estimating has several basic advantages
over parametric costing including: ease of updating to reflect
increases in costs of various components of the facility; the effects
of inflation are easily evaluated by adjusting unit price inputs;
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local conditions say be assessed by input of local unit costs rather
than national averages; and labor and materials cost may be separately
evaluated. Unfortunately, unit costing models have characteristically
suffered from one fatal flaw. In the quest for model accuracy, the
proliferation of required unit cost inputs has tended to make such
models cumbersome and difficult to use.

CAPDET successfully avoids the propensity for unit costing models to
self destruct by utilizing a "modified cost element" approach. In the
true cast element approach, construction details are well enough
defined to adequately estimate the quantities of material, man-hours
of labor, etc. necessary to construct and operate the facility. The
modified cost element approach limits the detail required by selecting
f or in depth study only 1,hose cost elements which have a major Impact
on the cost of the treatment process.

CAPDET has combined both parametric and unit costing techniques to
provide a technique for estimating total project costs. Costs as-
sociated with construction of a wastewater treatment facility are
divided into three categories; unit process costs, other direct
construction costs, and indirect project costs. Treatment process0 costs are those costs associated with a specific treatment process
such as a clarifier. Battery limits are drawn such that the clarifier
is an individual functioning unit. Cost element estimating is used to
detemnine the costs of the unit process within these battery limits.
Other direct construction casts are those construction items more site
specific, such as yard piping, site electrical, etc., which are used
to "tie" the treatment processes together to fons a functional treat-
ment facility. The costs of these items are derived parametrically
f ran EPA developed cast curves based on bid data. Other direct
construction costs included in the CAPDET model and their respective
equations are presented in Table 1.2-1.

1.2.2 Model Methodology. The basic, concept of the CAPDET cost
estimating technique is the identification of all costs which are
associated with wastewater treatment facility construction. These
casts, once identified can be categorized into one of three cate-
gories: (1) unit process construction costs, (2) other direct
construction costs, and (3) indirect project casts. Varying levels of
cast estimating detail are applied to each category of casts. The use
of the cast element approach for estimating treatment process costs is
the basic key to the accuracy and flexibility of the CAPDET model.
The remainder of this section describes the detailed cost estimating
process used by the CAPDET model.

1.2.2.1 Unit Process Construction Costs. The unit process con-
struction casts are developed using a unit price cost estimating
technique. In order to apply this method, each unit process is
def ined within battery limits. In general, battery limits are es-
tablished to be the physical dimensions of the process plus five feet.
The modified cast element approach is utilized to provide an estimate
of the construction casts associated with a specific unit process

within the battery limits of that process.
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More specifically, the cost of each process is developed using an
equipment module concept which is defined as an item of mechanical
equipment plus its supporting structural and housing related faci-
lities. Major cost items are estimated in detail whereas minor cost
items may be expressed as a percentage of the cost of the major items.
For example, under this concept the cost of a clarifier consists of
the cost of the clarifier mechanism and associated tankage, the cost
of which are estimated in detail, plus the cost of minor items which
are estimated as a percentage of the major items. Thus, total costs
associated with a unit process are expressed as a sum of major component
parts plus a percentage of the major costs representing minor associated
items of construction. The cost estimating procedure for CAPDET was
developed based on the premise that cost elements would identify at
least 85 percent of capital costs and 75 percent of the operation,
maintenance, and repair costs. The remainder of costs would be
expressed as a percentage of the major cost elements. Thus, 100
percent of the construction cost is developed and displayed without
the exceedingly burdensome task of identifying each individual item
contributing to the cost of the -'acity.

CAPDET utilizes a three-stop process for unit process design and cost
estimating, entailing three~ oistinct levels of effort. Figure 1.2-1
presents this process in scJhesatic foan. The process design calcula-
tiorm section (first-order exijn) is the basic sanitary process
design of the proposed ~.~~4vprocess. This design level identifies
such items as volme of taftkale, air requirements, etc. The quantities
calculations section (second-order~ design) identifies and quantifies
the major cost items, i.e. volume of earthwork, volume of concrete,
equipment size, etc. The cost calculations section (third-order design)
calculates the unit process costs by applying input unit prices to the
quantities and sizes calculated in the quantities calculations se-
ction. Each level of design is applied to both capital costs and
operation, maintenance, and repair costs.

1.2.2.2 Process Design-Calculations. *The process design calculation
section is the "basic sanitary process design" level of detail. *At

this stage, ye are concerned with volues, detention times, overflow
rates, etc. A nationally recognized process design fousulation was
selected for each unit process. For the sake of convenience, the
process design algorithms have been included in Sections 2 and 3 of
this document.

1.2.2.3 Methodology of Quantities Calculations Section. The quan-
tities calculations section Identifies and quantifies the major cost
items. The following is a discussion of the general methodology
employed.
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1.2.2.3.1 Structural Cemponent. The major cost items for construction
of any unit process can generally be categorized as follows:

Concrete or steel tanks and structures.
Installed equipment.
Building and housing.
Piping and insulation.
Electrical works, control systems, and other facilities.

If the first four items listed can be accurately assessed, more than
75 percent of the total capital costs are generally accounted for.
The remainder of the cost items can be estimated as a percentage of
the total expenditures. The quantities calculations as presented in
this revision of CAPDET are keyed to the design of these major items.

For a generalized model to be applicable to a wide range of flow
(fran 0.5 to 300 mgd), design procedures for various flow ranges must
of necessity be different. In addition, certain unit processes may
not be applicable outside of specific flow ranges. For instance, it
would be very unusual, based on current practice, to select an aerated
lagoon system for the treatment of domestic sewage with flow in
excess of I mgd. Furthemore, even within a specific project, the
selected approximate flow ranges for the design of one treatment process
may not be suitable for design of the others. For example, it is
current practice to divide aeration tanks into batteries of equal
number of smaller basins when the sewage flow is more than 100 mgd.
The blower system, for econoic reasons, would continue to be cen-
tralized into one building regardless of the air requirements or flow
range. It is evident that no general model is possible for all possible
ranges or treatment processes. Design concepts and problems are dealt
with individually by using engineering judgement and design experience
which are ascertainable for each unit process in Sections 2 and 3 of this
report.

Selection of the number of units to be constructed for each unit
process may be determined by economic considerations and/or regula-
tions of goverment agencies. EPA policy documents, as well as the
Ten State Standards, urge the design engineer to provide sufficient
equipment and tankage in wastewater treatment plants to allow for
effective operation of the plant when it is necessary to shut down an
aerator, a clarifier, or a piece of equipment for cleaning and main-
tenance. Standby or reserve equipment, such as pumps, is usually
provided. A recurring problem in estimating the cost of a unit
process is identification of excess tankage required as a function of
plant size. Optimization techniques have been developed by several
researchers which address this problem. The number of tanks may also
be governed by the numbers and capacity of installed mechanical
equipment. Both the theoretically derived techniques from academic
research and the practical aspects of design are given equal consideration
in fonmulating the model for each individual unit process.
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The size and dimensions of concrete or steel structures can be cal-
culated after the nuwber of tanks, vessels, or pieces of equipment is
deteuined. The dimensions of the basins are governed by the physical
constraints of the individual mechanisms to be installed in these.
basins. For exmple, aeration basins using diffused areation devices
are usually designed with a water depth of 15 feet and width of 30
feet for effective gas transfer. After the volume, depth, and width
of tanks are fixed, the length can be easily calculated. It must be
stressed that these characteristics may change during actual design
but for planning level accuracy the above assumptions appear to be
sufficient.

The thickness of walls and slabs associated with selected structures
is a function of the water depth, soil conditions, groundwater eleva-
tion, and the percentage of the structure which would be constructed
below grade. Certain assumptions must be established in order to
fo-,ulate a generalized model. It is assumed that structures, except
pump stations, will be built 3 feet below grade for concrete struc-
tures and at grade for steel structures. Having made these assump-
tions, the quantity o reinorced cocrete, structural steel, and
earthwork can be easily calculated by computer methods.

1.2.2.3.2 Equipment Ccmponent. The second most important cost
iten is installed equipment costs. The quantities calculations
section (second-order design) includes equipment selection, space
requirements for housing, electrical and control systems, and opera-
tional and maintenance requirements including labor, chemicals, and
electrical power. The selection of equipment is interrelated to the
selection of reaction vessel configuration. It is further complicated
by the limited size of available off-the-shelf equipment items frm
manufacturers. Furthemore, different variations of equipment are
available to carry out specific functions. Selection usually depends
on the capacity required and, to a lessor degree, the preference of
design engineers. In this study, and attempt is made to select the
most economical and common equipment for appropriate capacity ranges.

After the number, type, and capacity of equipment are established for
each unit process, the operation and maintenance requirements are
estimated from the empirical fomulae established from this study.
The analysis of operation and maintenance costs includes the factors
listed below.

Operation and maintenance manpower.
Electrical energy required for operation.
Material required for repair.
Chemical and other requirements.
Replacement schedule.

For certain unit processes, piping systems contribute a major portion
of total capital expenditures, thus warranting separate treatment.
The piping systems studied are the process piping within each in-
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dividual unit operation, exclusive of yard piping, which connect one
unit process to another. The elements of the piping system include
pipe, fittings, valves (with operators), insulation, and supports.
Pipe materials considered are identified for each individual process.
The design of the piping systems is governed by wastewater flow,
nunber of reaction vessels, and canplexity of the process require-
ments. For instance, the piping systems for a contact stabilization
activated sludge are more conplex than those for a conplete mixed
activated sludge. Due to the tremendous number of piping systems
within a sewage treatnent plant, only major piping systems are eva-
luated. Major piping systems are defined as those piping systems with
pipe sizes larger than 4 inches in diameter. The cost of the minor
piping is estimated as a percentage of the total piping costs. Specific
basin arrangements are assumed. The basin and flow arrangements are
detennined for each unit process in the quantities calculations
section. In many cases, piping costs are not individually identified
and are included as a percentage of other construction costs.

Electrical work and process control equipment in a wastewater treat-
ment plant are closely related to the mechanical equipment installed.
The estimated costs of these items are incorporated as a percentage of
the installed equipment costs.

The output data fron the quantities calculations section is used as
input to the cost calculations section to obtain cost estimates for
the major cost items.

1.2.2.4 Methodology for Cost Calculations Section. The pro-
cedure used for capital cost estimating will be addressed according to
the categories presented in the discussion of the methodology for the
quantities calculations.

1.2.2.4.1 Structural Component. The cost of the structural
canponent consists of the combined cost of reinforced concrete,
earthwork, structures, and piping.

The construction of earthen basins (such as aerated lagoons or sludge
lagoons) is generally attempted with equal cut-and-fill quantities.
In other words, excavated material is utilized in embankments so that
borrowing of dirt fran outside is not necessary. The procedure is
applicable only when soil and groundwater conditions are ideal, as
is assumed in the CAPDET model to simplify costing procedures. The
unit cost input will consist of dollars per cubic yard of earthwork
assuming equal cut-and-fill. In the case of a specific application,
actual soil cosiderations would be known so that the unit cost could
be adjusted to obtain a more realistic estimate.
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The costs of reinforced concrete structures will be estimated as the
sun of costs of concrete slabs and concrere walls, due to the sig-
nificant difference in costs between these two types of in-place
structures. The unit cost inputs are the cost of in-place concrete
slab in dollars per cubic yard and the cost of in-place concrete walls
in dollars per cubic yard.

1.2.2.4.2 Equipment and Installation Costs. Equipment for the
wastewater treatnent system may constitute one of the largest items
of identifiable fixable capital costs. It is desirable therefore to
maintain up-to-date equipment cost data for CAPDET. With a limited
number of unit cost input entries, it is very difficult to maintain a
reliable cost data base. The following description outlines a procedure
which produces an accurate estimate within these limitations. The
installed equipment cost is considered in three canponents: the
purchase cost of the equipment, installation labor cost, and other
minor costs such as electrical works, minor piping, foundations,
painting, etc.

The purchase cost of process equipment is a function of size or ca-
pacity. To minimize the number of cost inputs required, a standard
size (or capacity) unit is selected and the purchase cost of all other
size (or capacities) units of that type is expressed as a fraction or
multiple of the standard unit purchase cost. This cost ratio versus
size relationship has been developed for each major item of equipment
required. These relationships assume the fom shown:

(COST) o  A A

(COST) s As

where

0A - some characteristic size measurement such as
volume, area, horsepower, or weight.

0 and S - subscripts designating other and standard

sizes, respectively.

F - a function of.

The exact form of the cost-versus-size relationship and the selection
of the standard sizes for each major equipment item were deternined
from a review of manufacturer's infomnation and available literature.
In most cases these size-cost relationships are relatively unaffected
by inflation and other cost changes.
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Two options are available by which the purchase cost of equipment can
be escalated to account for inflation. The first option is for the
user to obtain from equipment manufacturers the current cost of the
standard size equipment F.O.B. (Free-On-Board) at the treathent plant
site. The purchase cost of any other size item of like equipment is
then automatically escalated by the cost versus size relationships
described above. The second option is to escalate the purchase costs
by the use of cost indices. Only one input is required for this
process; the Marshall and Swift Equipment Cost Index. The 1977 first
quarter purchase prices of the standard size equipment are stored in
the model and are updated automatically if the cost index is input
into the progran. The latter of the above methods is the least
accurate; howeer, it requires fewer input values. If the model user
inputs a cost for equipment, the index is not used to update the new
cost.

Man-hour requirements for installation are dependent on the type and
size of equipment. The relationships between man-hour requirements
for installation and equipment size and type have been established and
are presented in the designs for each unit process. These relation-
ships resemble the following generalized fozn:

MH- F (A)

where

MH- man-hours required for installation.

A - size measurements as def ined previously.

The cost of installation is estimated by multiplying the man-hour
requirements by the input labor rates.

In many cases data concerning manpower requirements for equipment
installation were found to be incomplete or non-existent. In sucr'
cases, the model uses a percentage of purchase price factor to cal-
culate the cost of equipment installation. These factors, in general,
were obtained f ran equipment manufacturers and published sources.

The other minor costs for each type of equipment may consist of
piping, steel, instruments, electrical, insulation, painting, insu-
rance, taxes, etc. These items are estimated as a percentage of
purchase costs and these percentage values will vary with the type and
size of equipment. These percentage values were established based on
design experience, engineering judgement, manufacturers' input, and
previously published literature.
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The installed equipment costs are summarized by the following formula:

Purchase Cost of Equipment $ M

Man-Hours Required for Installation - MH

ME x Labor - $ L

Other Minor Items - XZ

$MxX% - SXM

Total Installed Costs U (1 + X%) M + L

where

M - material costs (equipment costs).

L - labor costs.

X - percentage of material costs for minor items.

1.2.2.4.3 Cost of Building and Housing. Buildings are essential
in certain unit processes for protection against weather or mainte-
nance of a prerequisite environment. The building requirements are
related to the equipment to be housed and are estimated in the quan-
tities calculations section as square footage of floor space. Buil-
ding costs are estimated by the following fo--ula:

Cost of Building - (S.F. of floor space) x (Unit cost/sq ft)

1.2.2.4.4 Costs of Piping System. P.,ing costs may vary from 15
to 20 percent of wastewater treatment plant costs. They should be
evaluated independently. Estimating process piping costs presents the
greatest challenge for the cost engineer. Estimating from capletely
detailed drawings is an ardous, time-consuming task much beyond the
scope of CAPDET. Evaluation on any other basis may produce widely
varying results. To estimate the cost of the 'major piping system", a
canbination of two well established estimating methods used by the
chemical industries will be employed. The cost of material will be
estimated by the use of the Dickson 'N" method and the field erection
cost will be estimated by the cost of "Joints" method. The R.A.
Dickson "N" method uses a technique to estimate purchase price of
piping material similar to the one proposed to estimate equipment
costs. Relationships are developed between the cost ratios, desig-
nated as N factors, and sizes of piping material, defined as follows:

N= Cost of Pipe any size .
N * Cost of reference size pipe = F (pipe size)
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With these factors stored in CAPDET for cast iron pipe, steel pipe,
fittings and valves, the user will have to input only a limited number
of unit casts of the reference conponents. The field erection costs
for the piping system can be estimated by use of the cast-per-joint
method. The unit of work measurement is the joint (two for couplings
and valves, three for tees, etc.) because joints require the bulk of
piping labor for erection. The casts of handling, hanging pipe
placement, and insulation are estimated as a fraction of the cost of
makeup joints. The manhours of field erection per joint for various
pipe sizes and materials, as veil as the fraction for placing and
insulating, are evaluated in the quantities calculations section. The
field erection cast of the piping systen will be estimated based on
the labor requirements and unit labor price inputs.

The total piping system casts would be the sun of the following
it ems:

Piping material casts.
Field erection casts.
Other minor costs as a percentage of total piping casts.

In many cases it is Impractical, at the planning level, to identify
piping quantities and sizes. In such cases, a percentage of other
construction cast factor is used to estimate piping casts. The
method used is specified for each process.

1.2.2.4.5 Operation and Maintenance. The operation and main-
tenance cast for a wastewater treatment unit process can be divided
into several major categories: energy, operation labor, maintenance
labor, chenical casts, and operation and maintenance material and
supply casts. These casts and the techniques for estimating are

* presented below.

1.2.2.4.5.1 Energy. Energy casts are derived from the calculated
use of fuel oil, natural gas or electric power. The quantities cal-
culations section generates the quantities of energy use whereas the
cast calculations section applies user input unit prices to calculate
the unit process energy cast. The total energy cost of the treatment
facility is simply the sun of the enetvgy casts for the unit processes.

The cast of electric power is by far the predominant energy cast for
most processes. Thus, electric power has been placed in a separate
category on the progran output formats. Since natural gas and fuel
oil is consumned in relatively few processes, the cast of these fuels
is tabulated as a materials casts. The procedure for calculating
power cast is presented below. Similar techniques are also applied to
the calculation of fuel oil and natural gas casts.
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The electric power consumzption has been determined for each unit0 process and is part of the output data from the quantities calcu-
lations section of each process. The power conuption for the
treatment facility is simply the siu of the power consumptions foar the
unit processes. The power conumzption is converted to costs by
multiplying the power consmption in kilowatt hours per year by the
unit price input for electric power costs in dollars per kilowatt
hour. Electric power rates vary according to location, peak demand,
and level of consuption. Because of the tremendous variability of
power costs no general value can be used and the user must obtain this
price input from the local utility company which would be supplying
the power.

Power consumption is calculated as follows:

EPC - (PC) (UPIPC)

weeEPC -electric power costs, $/yr.

PC - total power constuption, kwhr/yr.

UPIPC - unit price input for power costs, $/kwhr.

1.2.2.4.5.2 Labor Costs. The cost of labor can be divided into
four categories: administrative and general, operation, maintenance
and laboratory. Operation and maintenance labor are applied to the
unit processes specified in the treatment alternatives. Adminis-
trative and general labor as well as laboratory labor are computed for
the treatment facility as a whole.

Recanmended staffing for different levels of manpower required for
each of the four labor groups was established by utilizing several
publications concerning staffing of sewage treatment facilities TabLe
1.2-1 shows the four labor groups and the staff recommended for each
group. However, based on the size of the facility, or man-hours
required, the complete staff may not be required and more time may be
required by one of the staff than by others. Further, each staff
member demands a different salary. By utilizing staffing charts
provided in the literature, weighted average salaries for each labor
group were established for several different man-hour requirements for
the groups. To reduce the number of inputs, the weighted average
salaries were expressed as a percentage of the Operator IT salary.
Graphs were then made of percent Operator 11 salary versus man-hours
required for the four labor groups. These curves were expressed in
equation fona and are presented in the discussion of each labor group

which follows:
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TABLE 1.2-1. EST"IATED PLANT STAFFING COMPLEMENT

Administrative Group

Superintendent
Assistant Superintendent
Clerk Typist
Storekeeper

Oeration Labor

Operations Supervisor
Shift Foreman
Operator II
Operator I
Automotive Equipment Operator

Maintenance Labor

Maintenance Supervisor
Mechnical Maintenance Foreman
Maintenance Mechanic II
Maintenance Mechanic I
Electrician II
Electrician I
Painter
Maintenance Helper
Laborer
Custodian

Laboratory

Chem is t
Laboratory Technician

End Table 1.2-1.
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The administrative labor group corsists of the management and office
personnel as shown in Table 1.2-2. The total man-hour requirement for
this group is related to the size of the plant and is calculated by
the following equation:

AMH - 348.7 (Q avg) 0 .7829

where

AMR - administrative man-hours required, man-hours/yr.

Qavg ' average wastewater flow, mgd.

In order to convert the man-hours to costs, an average salary for this
labor group is calculated based on the man-hours required for the
labor group.

SALA - 20.92 (AMH) "0 . 3 2 1 0 (SALOP)

where

SALA - average salary for administrative labor group,
$/hr.

SALOP - salary for operator II, from input, $/hr.

Finally, the cost per year for the administrative labor group is
calculated by:

COSTA = (SALA) (AMR)

where

COSTA - annual cost for administrative labor group, $/yr.

The laboratory group consists of the personnel required to run necessary
tests to check the various parameters which must be monitored to
assure effective treatnent. The man-hour requirement for this group
is calculated by the following equations.

For 0.01 - Q -- 20 mgd

LMH - 2450 (Q avg) 0.1515

Qavg 7 20 mgd

LMH - 1062 (Q avg) 0.4426
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where

0LMH - laboratory man-hours required, man-hours/yr.

Qavg . average wastewater flow, mgd.

To convert the man-hours to cost, an average salary for this labor
group is calculated by the following equation:

SALL - 1.1 (SALOP)

where

SALL - average salary for laboratory labor group, $/hr.

Finally, the cost per year for the laboratory labor group is cal-
culated by:

wCOSTL - (SALL) (LMH)

where

COSTL - annual cost for laboratory labor group, S/yr.

The maintenance man-hours required have been calculated for each
individual unit process. The total requireent is the sum of the
requirement for each unit process to be used in the treatnent facility.

MMT =mM

where

M1HT - total maintenance man-hour required, man-hour/yr.

MMH - maintenance man-bours required for each unit
procr man-hours/ yr.

To convert the man-hours to cost, an average salary for this labor
group is calculated by:

SALM - .388 (MMT) 0 . 0 8 5 (SALOP)

where

SALM - average salary for maintenance labor group,
$/hr.

The total annual cost for the maintenance labor group is calculated
by:

COSfl - (SALK) (KNET)
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where

COS24 - annual cost for maintenance labor group, $/yr.

The operation man-hours required have been calculated for each in-
dividual unit process. The total man-hour requirement is the sum of
the requirenents for each unit process to be used in the treatment
facility.

OMET - . MH

where

OMHT - total operation man-hours required, man-hours/yr.

0MH - operation man-hours required for each unit
process, man-hours/yr.

To convert the man-hours to cost, an average salary for this labor
group is calculated by:

SALO - .97 (SALOP)

where

SALO - average salary for operation labor group, $/hr.

The total annual cost for the operation labor group is given by:

COSTO - (SALO) (OMET)

where

COSTO - annual cost for operation labor, S/yr.

The total annual operation and maintenance labor cost is the sum of
the abor costs for each of the four labor groups.

TOKLC - COSTA + COST!L + COShI + COSTO

where

TCILC - total annual operation and maintenance labor
costs, $/yr.

1.2.2.4.5.3 Operation and Maintenance Material and Supply Costs.
These costs have been calculated for each unit process and are an
output fron the cost calculations section for each unit process. The
total operation and maintenance material and supply costs for the
treatuent facility are the sum of the costs for each unit process to
be used in the treatnent facility.
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T01LC - k. OMMC

where

TOMMC - total annual operation and maintenance material
and supply costs, S/yr.

OMMC - operation and maintenance material and supply
costs for unit process, $/yr.

1.2.2.4.5.4 Chemical Costs. There are five different chemicals
which are used most frequently in sewage treatment facilities. These
chenicals are lime, alum, ferric chloride, polymers, and chlorine.
Quantities of each chemical required by the treatnent processes are
calculated in the quantities calculation section. The chemical costs
are then calculated by the following equations:

CLIME - (UPLIME) (LIME) (365)

CALUM - (UPALUM) (ALUM) (365)

CIRON - (UPIRON) (IRON) (365)

CPLMR - (UPLMR) (PLMER) (365)

CCLR - (UPCLR) (CR) (365)

where

CLIME - annual cost of lime, s/yr.

UPLIME - unit price input lime, s/lb.

LIME - lime dosage rate, lb/day.

CALUM - annual cost of ALUM, $/yr.

UPALUM - unit price input for alum, s/lb.

ALUM- alum dosage rate, lb/day.

CIRON - annual cost of ferric chloride, s/yr.

UPIRON - unit price for ferric chloride, $/lb.

IRON - iron dosage rate, lb/day.

CPLMR - annual cost of polymer, $/yr.
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UPLMR - unit price input for polymer, S/lb.

PIER - polymer dosage rate, tb/day.

CCLR - annual cost of chlorine, $/yr.

UPCLR - unit price input for chlorine, $/yr.

CR - chlorine dosage rate, lb/day.

The total annual chemical costs for the facility may be calculated by:

COSTCT - CLIE + CALUM + CTRON + CPLMR + CCLR

where

COSTCT - total annual chemical costs for the treatnent
facility, S/yr.

1.2.2.4.5.5 Total Operation and Maintenance. The total annual
operation and maintenance costs is the sum of the electric power
costs, the operation and maintenance labor costs, the operation and
maintenance material and supply costs, and the chemical costs.

ACHC - EPC + TCHLC * TOKMC + COSTCT

where

AGMC - total annual operation and maintenance costs,
$/yr.

1.2.2.5 Other Facility Construction Costs. The construction of

wastevater treatment facilities involves not only the construction of
unit processes, but also the supporting facilities and interconnecting
piping which must also be cczpleted in order to create a functional
facility. These other facility construction costs have been found to
represent froa 35 to 50 percent of total facility construction cost.
Other direct construction costs fomulations available to the model
user are presented in Table 1.2-2.

The other facility construction costs are generally those costs which
are more site specific and do not lend themselves to the use of unit
cost estimating techniques developed in a planning level model. The
cost of these items may vary significantly depending on conditions at
a particular site.

The CAPDET cost estimating methodology applies parametric cost estimating
techniques to calculate approximate costs for these construction
elements. The cost curves used in the model are derived from the U.
S. Environmental Protection Agency Technical Report, "Construction
Costs for Municipal Wastewater Treatnent Plants: 1973-1978, "FRD1I.
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0 TABLE 1.2-2. Other Facility Construction Cost Fotmulations

Item Description Fo--ulation

Special Foundations 55129 Q057

Effluent Pumping 55776 Q0.61

Outfall Diffuser 29988 Q0.56

Mobilization 52967 Q0.69

Clearing and Grubbing and Site Preparation 92734 Q0.57

Site Electrical 139519 Q073

Yard Piping 96076 Q071

Laboratory, Maintenance and

Administration Building 161240 Q

Raw Waste Pumping 109443 Q0.63

Instrumentation and Control 64997 Q0.78

Non-Ocean Outfall 50962 Q0.77

Ocean Outfall 251468 Q1.06

0

0
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The curves found in FRDI1 were developed frim a statistical analysis
of over 737 wastewater treatment plant construction projects repre-
senting approximately 5.8 billion dollars of grant eligible treatment
plant construction expenditures. Considering inflation and other.
factors it is estimated that the data used to develop these curves
represent over one-half of the treatment projects which have gone to
the construction stage (Step 3) since inception of the construction
grants program. For further infozmation on development of these
curves, the reader is referred to FRDIl.

Another significant facility construction cost is the allowance for
contractor profit and overhead. Since this item should be calculated
based on total facility construction cost, the bare costs of the unit
processes plus the cost of other facility construction cost is mul-
tiplied by a percentage to detetmine a value for contractor profit and
overhead. Typically this percentage ranges between 20 and 30 percent.
USEPA data suggests use of 22 percent for a national average.

Total facility construction costs are calculated as the sum of unit
process costs, other facility construction costs and contractor profit
and overhead.

1.2.2.6 Nonconstruction Costs. The calculation of total
project costs involves not only the cost of construction but also
nonconstruction costs associated with the Step 1 and Step 2 planning
and design effort as well as nonconstruction costs associated with the
Step 3 con-'ruction effort. These costs are presented in Table 1.2-3.

The CAPDET cost estimating techniques again utilizes the data collected
in the FRD1l study as the basis for calculating these costs. Noncon-
struction costs are presented as a percentage of total construction
costs. The reader is again referred to FRD11 for detailed fonmulation

* of these values.

Land requirements are generated using info-mation derived fran the
USEPA report entitled "Estimating Costs and Manpower Requirements for
Conventional Wastewater Treatment Facilities", Report No. 17090,
October 1971. Land area requirements are developed for each treatment
alternative based on the assumption that traditional mechanical treatment
processes are used. Should the alternative include lagoons or land
treatment alternatives, the land requirements for these processes are
added to overall land requirements. The land costs are based on the
land area calculations times a user input cost per acre.

0
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0 Table 1.2-3. Nonconstruction Cost Percentages

Percentage of
Iten Description Total Construction Cost*

Contingencies 8

Administrative/Legal 2

201 Planning 3.5

Inspection 2.0
Technical 2.0

Miscellaneous Noncons truct ion 5.0

Design 4.0-12.0

*May be changed by program user.
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1.3 INPUT SOURCE DEVELOP MENT

i 1.3.1 General. Use of the CAPDET model requires input of six
categories of data. These include: unit process design data, scheme
descriptions, wastewater characteristics, unit price data, other direct
construction costs and indirect cost values. Default data are included
for all input data requirements with the following exception: scheme
descriptions and facility design flow. The model user is referred to
the User's Guide for detailed infonmation concerning input requirements
and default data values. The remainder of this section presents a
discussion of data sources and techniques for obtaining the required
data inputs.

1.3.2 Unit Process Design Criteria. The CAPDET model allows the
user to change various design paraneters for each unit process. Chapter
3 and 4 of the CAPDET User's Guide contain a detailed discussion of the
unit process design paraneters for each process. This discussion,
arranged by unit process in alphabetical order includes the following
infomation: unit process design paraneters, appropriate value ranges
for the individual design paraneters and values of the default data
available within the progran. The values presented in the User's Guide
are based on an extensive review of available literature related to each
unit process. Sections 2 and 3 of this document present additional
design infotnation for each unit process as well as a listing of pub-
lications consulted during model algorithm development.

1.3.3 Scheme Descriptions. The CAPDET model contains over 90
treatnent processes in the progran library. Each of these processes may
be utilized by the model user to construct various wastewater treatment
process trains (canbinations of treatnent processes). Selection of a
process train will depend on nuerous factors including:

Strean standards and/or receiving water quality.
Federal, state, and local effluent criteria.
Wastewater characteristics.
Initial and annual costs.
Availability of fuel and/or electric power.
Specific exclusions of certain processes.
Possible requirements for future expansion and/or

upgrading.

The process substitution diagran in Figure 1.3-1 is useful in
system design and evaluation. In practice, the diagram is entered
fran the left and the designer may select processes for preliminary,
primary, secondary, tertiary, and/or sludge treatment according
to specific needs. For a given set of wastewater characteristics,

0
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there may be 30 or more viable treatment processes; a caplete
treatment systen may employ from 1 to 20 processes. Thus, there
are literally thousands of possible cobinations and it is vir-
tually impossible for an individual designer or design team to
evaluate all viable processes and coabinations of processes
without the aid of the canputer. To limit the amount of evalu-
ation required, the designer must rely heavily on experiences and
examples set by others to select processes or eliminate certain
processes fran consideration. This practice places a great
burden on the designer and occasionally results in designs that
are not cost effective.

Additional information on the applicability of a singular unit
process for removal of specific pollutants is included in the
discussion on each unit process in Sections 2 and 3 of this
documentation.

1.3.4 Wastewater Characteristics. The CAPDET model
allows input and tracking of 20 wastewater constituents. Default
values are included for all values other than average, minlmum
and maximum flows. Infonnation on wastewater characteristics is
generally available in the literature. The following discussion
presents a brief synopsis of available literature.

Water usage rates, wastewater production rates, and wastewater
characterization data for domestic sewage have been documented
for urban area design. These rates and qualities are representative
of the "average" city and are subject to the engineer's knowledge
of the area for their intelligent application. Needless to say,
no table of statistical values is a good substitute for field
data. However, the information presented in this chapter will
allow the engineer to prepare a "first-look" design and obtain
rudimentary cost data for the area. Subsequent iterations in the
planning process demand that these average values be replaced
with site-specific values.

One of the most Important paraneters required for the effective
and realistic planning of any community sanitary facility is
flow. Flow is the major deteminant of size, location, and
public acceptance of any plant. Unfortunately, flow may fre-
quently be the most elusive paraneter to forecast. Many factors
dranatically affect the flow reeding of a waste treatment fa-
cility; among these are (a) geographical location, (b) type of
users (e.g., residential, industrial, agricultural, etc.), (c)
sewer inflow, infiltration/exfiltration, (d) consumptive uses
(e.g., lawn watering, car washing, etc.), (e) stotm event his-
tory, and (f) precipitation and resulting runoff.
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Metcalf and Eddy have found that between 60 and 80 percent of the
per capita consumption of water will become sewage. Based on
studies by the U. S. Public Health Service for the Select Com-
mittee on Natural Water Resources published in 1960, the average
water consumption on a national basis was found to be approxi-
mately 147 gallons per capita per day (gpcd). This therefore
represents an average wastewater flow from 88 to 118 gpcd or
about the l00-gpcd figure frequently reported in the literature.
It should again be emphasized that this value represents only an
average value which must be used with caution.

In addition to the average flow, the designer must be cognizant
of the maximum and minimum flows. The design of many unit processes
is based on a knowledge of peak flows, while the design of others
is based on minimum flows. Table 1.3-I provides some comparisions
found by Clark and Viessman in their research on domestic flow
fl uctua tions.

The terms "inflow" and "infiltration" are used to describe flows
into the sanitary sewer system fron sources other than nounal
sewage connections. Inflow refers to connections of wastewater to
the system which may not be septic in the biologic sense of the
tem. Such connections include roof drains, parking lot drains,
misconnected storm water laterals, etc. Most inflows provide low
pollutant levels with relatively high volume quantities. This
water is excessively expensive to reclaim in the sanitary system
and nounally is better disposed of by other means. Frequently
nonstructural solutions (e.g., sewer ordinances) are required to
deal with areas of excessive inflows. On the other hand, in-
filtration refers to the inward seepage of groundwater into the
collection system. The volume of such infiltration is a direct
function of the length, size and condition of the collection
system as well as the depth of the groundwater. Current EPA
procedure is to detenmine if inflow/infiltration is excessive to a
point where it is more cost-effective to replace and/or rehabi-
litate than to continue to transport and treat.

Like flow, the quality of raw sewage fluctuates from region to
region. Table 1.3-2 gives a set of typical characteristics of
domestic sewage representative of most urban areas. It must
likewise be realized that heavy industrial or commercial loadings
can have a dramatic effect on the values listed.

1.3.5 Unit Price Data. The accuracy of any cost estimate
depends not only on the correct detemination of sizes and quanti-
ties of material, equipment, and labor to be used on the project,
but also on the unit price inputs used. The cost estimating
technique used by the CAPDET model requires input of current unit
prices if model accuracy is to be maintained. Default unit price
data is available within the model and will be utilized in the
calculation process if the user fails to input unit price data.
While the CAPDET cost estimating methodology has reduced the
number of unit price inputs required, there are some inputs still
required.
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Table 1.3-1 Residential Sewage Flows
as Ratios to the Average

Flow Ratio

Maximum daily 2.25 to 1
Maximum hourly 3.00 to 1
Minimum daily 0.67 to 1
Minimum hourly 0.33 to 1

Table 1.3-2 Typical Characteristics of Domestic Sewage
(mg(l unless noted otherwise)

Amount
Parameter H Average Low

BOD 350 200 100
COD5  800 400 200
TOC 300 200 100
pH (units) 7.5 7.0 6.5
Total solids 1200 700 400

Suspended, total 350 200 100

Fixed 100 50 25
Volatile 250 150 75

Dissolved, total 850 500 300

0 Fixed 500 300 200
Volatile 350 200 100

Settleable solids (ml/1) 20 10 5
Total nitrogen (as N) 60 40 20
Free ammonia (as NH3 ) 30 15 10
Total phosphorus (as P) 20 10 5
Chlorides (as Cl) 150 100 50
Sulfates (as SO,) 40 20 10
Alkalinity (as &CO 3) 350 225 150
Grease 150 100 50
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Unit price inputs are divided into two categories. First, unit
price inputs applying generally to all or several unit processes
are input in the general data file. Second, those price inputs
applying to a specific unit process are input on the ESTIMATE card
contained in the unit process specification section of the input.
A discussion of unit price input requirements is found in the CAPDET
User's Guide. The following is a brief discussion of unit price
information sources used for development of CAPDET.

1.3.5.1 Dodge Guide for Estimating Public Works Construction
Costs. The Dodge Guide is a yearly publication fron the McGraw-
Hill Information Systems Company. This publication contains unit
costs for labor, materials, and equipment for a wide range of
public works construction projects. The costs are generated from
sources throughout the United States and generally represent an
average cost. The publication can be obtained from:

McGraw-Hill Information Systems Company
1221 Avenue of The Americas
New York, New York 10020

1.3.5.2 Means Building Construction Cost Data. The Means Cost
Data is a yearly publication produced by the Robert Snow Means
Company, Inc. This publication like the Dodge Guide presents
average unit costs gathered frau throughout the United States.
The Means Building Construction Cost Data can be obtained fran:

Robert Snow Means Company, Inc.
Construction Consultants & Publishers
100 Construction Plaza
Dixbury, Massachusetts 02332

1.3.5.3 "Chemical Engineering". "Chemical Engineering" is a
magazine published biweekly by the McGraw-Hill Publication Company.
The magazine is oriented toward the chemical process industry,
however, since sewage treanent facilities use much of the same
equipment, the cost index found in this publication should be more
applicable to escalation of equipment costs than a general con-
struction cost index. A subscription to this magazine may be
obtained by writing:

Chemical Engineering
P. 0. Box 507
Hightstown, New Jersey 08520

I .3.5. 4 "Engineering News Record". "Engineering News Record" is
a weekly magazine published by the McGraw-Hill Publications
Company. The publication discusses a wide range of construction
problems and techniques as well as construction management. This
publication may be otained by writing:
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Engineering New Record
P. 0. Box 430
Hightstown, New Jersey 08520

1.3.5.5 "Journal Water Pollution Control Federation". The
"Journal Water Pollution Construction Federation" is a monthly
publication by the Water Pollution Control Federation. This
publication may be obtained by writing:

Water Pollution Control Federation
3900 Wisconsin Avenue, N.W.
Washington, D.C. 20016

1.3.5.6 Local. The ten "local" appearing in Table 1.3-3
indicates that this cost input is so variable that it must be
obtained from sources in the local area where the facility is to
be built.

1.3.5.7 Vendor. This tern indicates that the cost input
should be obtained from the equipment manufacturer or represen-
tative who distributes the particular type of equipment.

1.3.6 Optional Other Direct Construction Costs. The unit
price cost estimating technique is applied to the calculation of
costs associated with the construction of unit processes. In
order to calculate total wastewater treatnent facility construc-
tion costs, other cost components must be included. These cost
components denoted as "other direct construction costs" are those
components necessary to connect unit processes into a functioning
treatment facility. Many of these componets are site related,
i.e. will be required at some sites and not others, e.g. flood
protection. Therefore, the CAPDET model allow specification of
these cost components at the user's option.

As discussed in Section 1.2.3, the cost of these components is
based on data collected by the EPA and published in F0D1. To
improve the flexibility of the model, the user also has the option
of specifying a dollar value for each cost component.

1.3.7 Indirect Project Costs. Total project costs also
include various nonconstruction costs As in the case of the
"other direct construction costs", the CAPDET model uses data
collected by the EPA in preparation of FRD1I. The user also has
the option of overriding the EPA derived cost data by inputing a
percentage which may be more appropriate for a particular project.
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1.4 CAPDET COST EVALUATION TECHNIQUE

1.4.1 General Cost Evaluation Procedures. The purpose
of cost evaluation in pollution control is the minimization of
the costs required to achieve a certain water quality objective.
This process is not to be confused with the concepts of economic
optimization in which a system's output or production is maxi-
ized while minimizing its cost. In pollution control, the

basic objective or output has been established by law or regu-
lation. There remains the process of developing the least cost
waste treatment management system to meet preestablished objec-
tives rather than detemining the economic tradeoffs resulting
fran improvements or degradation of water quality.

After the engineer or planner perfon, s the initial cost calcu-
latios and determines estimates of the capital and operating
and maintenance costs for each cost component in a waste treat-
ment management system a cost analysis of alternative systems
must be prepared. Before a true comparison of alternative
systems can be made, a cost analysis recognizing the time value
of money is required. The present worth or the equivalent
annual cost method may be used in this analysis. The present
worth method dete--ines the sun which represents initial capital
costs and the present monetary value of the time stream of
operation and maintenance costs for a given interest rate. On
the other hand, the equivalent annual cost method amortizes the
capital expenditures and present value of operation and mainte-
nance costs at a given interest rate over the planning period of
the project. Both methods give an accurate indication of the
relative monetary costs for alternative waste treatnent manage-
ment systems.

The CAPDET model generates both present worth i equivalent
annual costs for each alternative waste treatnent management
system. The methodology used for these calculations is based as
closely as possible on the cost-effectiveness analysis proce-
dures promulgated by the Enviromental Protection Agency. The
remainder of this discussion is divided into two parts. Section
1.4.2 presents an overview of the relationship between CAPDET
and the EPA cost-effectiveness guidelines whereas Section 1.4.3
et. seq. presents the detailed mathematics Implemented within
the model for calculating the monetary cost of an alternative in
accordance with the guidelines.

1.4.2 EPA Cost Effectiveness.

1.4.2.1 General

0
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Cost-effectiveness analyses guidelines have been promulgated by
the Environmental Protection Agency under the authority of
Sections 212(2)(c) of the Clean Water Act (PL 92-500 as amended
by PL 95-217). Procedures for conducting a cost-effectiveness
analysis are published as Appendix A to Subpart E of 40 CPR Part
35. The user of the CAPDET cost estimating model is referred to
Appendix A for a detailed treatment of the requirements of the
EPA cost-effectiveness analysis. This section is designed to
briefly review the major monetary aspects of the analysis
procedure and discuss the assumptions and rational Implemented
within CAPDET in order to comply as closely as possible with
these regulations.

An Appendix A cost-effectiveness analysis is defined as "an
analysis perfoamed to determine which waste treatment management
system or component part will result in the minimum total
resources costs over time to meet Federal, State or local
requirements." The total resource costs include both monetary
and normonetary opportunity costs. The analysis of nonnonetary
costs is based on a descriptive presentation of their signi-
ficance and impacts. Normonetary factors include but may not be
limited to such items as primary and secondary envirormental
effects, implementability, operability, performance reliability
and flexibility. The analysis of the monetary aspects of a
proposed alternative is based on use of time value of money
concepts, i.e. present worth or equivalent annual cost. The
most cost-effective alternative is that waste treatment manage-
ment system which the analysis detemines to have the lowest
present worth or equivalent annual value unless the nonmonetary
costs are overriding. In addition, the most cost-effective
alternative must also meet the minimum requirements of appli-
cable effluent limitations, groundwater protection, or other
applicable standards established under the Clean Water Act.

The evaluation of monetary costs necessitates the preparation of
various categories of data including: capital costs, operation
and maintenance costs, revenues generated, inflation rate,
discount rate, planning period, salvage values, useful life, and
interest during construction.

Appendix A provides both specific and general guidance on
formulation and use of each of these data inputs during the
analysis process. The application of this guidance and its
application to the cost estimating technique utilized in the
CAPDET model are discussed below.
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1.4.2.2 Capital Costs.

Capital construction costs are defined in Appendix A and essen-
tially include all Step 3 project costs. The CAPDET model
generates capital costs in four categories: unit process costs,
other direct construction costs, land costs, and indirect
project costs. Each of the costs developed in the CAPDET model
must be included in the cost effectiveness analysis with the
exception of the Step 2 design costs and the Step I facilities
planning costs. The estimates generated by CAPDET for cate-
gories of costs are calculated on the basis of user specified
unit prices for labor, materials and equipment. It is assumed
that the model user will adjust these prices to reflect current
market conditions at the site of the proposed project.

1.4.2.3 Operation and Maintenance.

The cost-effectiveness analysis must also include consideration
of the annual costs for operation and maintenance of the waste-
water treament facilities. The CAPDET model categorizes annual
operation and maintenance costs into five categories: operation
labor, maintenance labor, chemicals, power, and materials.

Appendix A requires that these annual operation and maintenance
costs be divided between fixed annual costs and costs which
would depend on the annual quantity of waterwater collected and
treated. The CAPDET model assumes that operation labor, mainte-
nance labor and repair materials are fixed costs based on the
design capacity of the treatment facility. Although technically
incorrect, this assumption is made necessary by the lack of
available data on the relatiorship of actual plant flow or age
of equipment to these categories of costs. For practical
purposes, the assumption that these costs are fixed is adequate
considering overall model accuracy. The CAPDET model cate-
gorizes chemical costs and power costs as variable costs and
calculates the cost of each as a function of flow.

The calculation of the variable costs is perfomed in a two step
procedure. First, all operation and maintenance costs are
calculated from quantities estimates generated for plant opera-
tion at design flow. The assumption is then made that design
flow is reached in the final year of the planning period. The
cost of the variable annual cost for the initial year is then
calculated as a fraction of the design year variable cost based
on the ratio of the initial years flow to the design year flow.

The present worth of the annual operation and maintenance costs
is then calculated as the sum of the p cesent worth of the fixed
cost as deteumined fron a uniform series and the present worth
of the variable costs as deteunined fros a unifom gradient
series.
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1.4.2.4 Revenues.

At the present stage of development, the CAPDET model does not
calculate revenues which may result from implementation of any
waste treatment management system. Projected revenues can,
however, be directly input to the present worth analysis pro-
cedure for the overland flow and slow infiltration land treat-
ment processes.

The present worth of revenues is calculated as the present worth
of a uniform series.

1.4.2.5 Inflation.

In general, Appendix A does not sanction consideration of the
effects of inf.lation on the cast of waste treatment management
systems. The assumption is made that the general rate of
inflation will affect all alternatives by approximately the same
percentage. Two exceptions to the general rule are authorized.
First, the cost of natural gas shall be escalated at a compound
rate of 4 percent annually over the planning period unless the
Regional Administrator approves a greater or lesser percentage.
Second, land values may be escalated at a compound annual rate
of 3 percent unless a greater or lesser percentage is approved
by the regional administrator. The CAPDET program uses the 4
percent and 3 percent factors.

1.4.2.6 Discount Rate and Planning Period.

The evaluation interest (discount) rate is defined as the rate
which is established annually by the Water Resources Council fot"4
evaluation of water resource projects planning period. The
planning period defined by Appendix A as the period over which a
waste treatment management system is evaluated for cast
effectiveness is established as 20 years. The CAPDET user may
input a variable planning period.

1.4.2.7 Useful Life.

Appendix A provides only general guidance for determining the
useful life of various waste treatment management system al-
ternatives. This general guidance is summarized as follow:

Land: permanent
Waste water conveyance structures: 50 years
Other structures: 30-50 years
Process equipment: 15-20 years
Auxiliary equipment: 10-15 years

Other useful life periods may be accepted upon sufficient
justification. The CAPDET User's Guide provides information on
anticipated equipment and structural service lives.
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1.4.2.8 Salvage Value.

0 Appendix A provides only limited guidance on the treatment of
salvage value. In general, the use of salvage value for those
canponents other than land must be justified. It is doubtful
that the salvage value of structures and process equipment of a
20-year old treatment plant will be significant. The relative
significance of the salvage value will be further diluted when
cons idered as a present worth value.

Depreciation is accomplished using a uniform depreciation over
the useful life (straight line depreciation). Salvage values
for unit processes are calculated for the structural component
and equipment canponent. Items included as other direct con-
struction costs and indirect costs are assumed to have a zero
salvage value.

Calculation of a salvage value for land is somewhat unique. As
stated above, Appendix A requires escalation of land values at
the compound rate of 3 percent per year. Thus, the salvage
value of land is somewhat greater than its initial cost.

The present worth of the salvage values is calculated using the
single payment present worth factor.

1.4.2.9 Interest During Construction.

Appendix A allow the calculation of interest during construc-
tion by two alternative methods, depending on the length of the
construction project. Section 1.4.3.2.1.5 includes detailed
discussion of interest during construction.

1.4.2. 10 Total Present Worth.

The total present worth is merely a summation of the present
worth of the various cost components. The equivalent annual
cost is calculated fron the total present worth and the capital
recovery factor for the appropriate interest rate. The detailed
mathematics of the above discussion are presented in the fol-
lowing sections.

1.4.3 Cost Effectiveness Calculations.

1.4.3.1 Unit Processes.

1.4.3.1.1 Capital Costs.

Each unit process is made up of various construction elements
such as equipment, structures, earthwork, etc., which have a
capital cost associated with then. Also each element has a
service life associated with it and as a result the capital cost
is separated into initial cost and replacement cost.
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1.4.3.1.1.1 Initial Cost.

The initial cost is simply the cost of the construction element
at the time of construction. This is detenined by adding the
contractors overhead and profit to the calculated costs.

CEC - (CC) (1 + COAP)
100

where

CEC - construction element cost, $.

CC - calculated construction cost, $.

COAP - contractor's overhead and profit, Z.

1.4.3.1.1.2 Replacement Cost.

This cost applies to those construction elements which have a
service life less than the planning period and must therefore be
replaced during the planning period. The guidelines for cost
effective analyses do not allow for inflation of costs, except
for land, and natural gas, so the replacement cost is the same
as the initial cost.

1.4.3.1.2 Salvage Value.

The salvage value of an item is the value which can be assigned
to it at the end of the planning period. A straight line
depreciation is assumed for all construction elements except
land which is permanent.

The unit processes can be broadly divided by construction
elements into two coaponents structural canponent and equipment
conponent.

1.4.3.1.2.1 Structural Component. For purposes of calcu-
lating the salvage value of the structural canponets a service
life of 40 years is generally assumed, but may be changed by the
model user.

SVSC - CEC RSST -PPRSST

where

SVSC - salvage value of structural component, $.

RSST - service life of structures, yrs.

CEC - construction element capital cost, $.

PP - planning period.
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1.4.3.1.2.2 Equipment Component. Each equipment component
may have a different service life or replacement schedule. The
calculation of salvage value is different for equipment with a
service life less than the planning period and equipment with a
service life greater than or equal to the planning period.

1.4.3.1.2.2.1 Replacement schedule less than the planning period.

SVEC - CEC (RS - [PP - (NR)(RS)])RS

NR LP NR must be rounded down to an integer.

aS
where

SVEC - salvage value of equipment caoponent, $.

CEC construction element capital cost, $.

RS = replacement schedule, or service life, yrs.

NR= number of replacements during the planning
period.

PP planning period, yrs.

1.4.3.1.2.2.2 Replacement schedule greater than or equal to
the planning period.

SVEC - CEC (RS - PP

*where

SVEC - salvage value of equipment component, $.

CEC - construction element capital cost, $.

RS - replacement schedule, or service life, yrs.

PP - planning period, yrs.

1.4.3.1.3 Operation and Maintenance Costs. There are two
types of O&M costs, fixed and variable. The fixed costs are
those costs which will remain the same throughout the planning
period and will not change significantly as the flow increases
during the planning period. The variable costs are those which
vary directly with flow such as chemical costs and electrical
costs. The CAPDET model assumes a straight line increase frao
the initial flow to the final flow during the planning period.
The variable costs will be handled as an incremental cost which
would be added each year.
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1.4.3.1.3.1 Increnental O&M Costs.

IOMC - TOMCF- TOMCIPP

where

IOMC - O&M increnental costs, $.

T014CF - total O&M costs in the final year of the
planning period, $, (based on design flow).

TOMCI - total O&M costs in the initial year of the
planning period, $.

PP - planning period, yrs.
Qinitial TOC

TCKCI - TOMCFQdesign

1.4.3.1.3.2 Fixed O&M costs.

FOMC - TOMCI - IOMC

where

FOMC - fixed O&M costs, $.

T(MCI - total O&M costs in the initial year of the
planning period, $.

IOMC - increuental O&M costs, $.

1.4.3.1.4 Revenues. Some processes produce revenues from
sale of products such as sludge or in the case of land treatuent
hay or corn. These revenues are considered in the cost effec-
tiveness calculations as an annual decrease in operation costs.

1.4.3.1.5 Present Worth Calculations.

1.4.3.1.5.1 Capital Costs.

i. 4 . 3 .1.5.1.1 Initial Capital Costs. The initial capital cost
does not have to be adjusted since it is a present cost.

1.4.3.1.5.1.2 Replacenent Costs. The replacenent cost must be
adjusted by a present worth factor since the expenditure will be
made sometIme in the future.

PWC-CC[ 1 1 + 1..
PWRC - (CEC 1 i)RS (1 i)2RS (1 i)(NR)(RS)I
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~where

PWRC present worth of replacement costs, $.

CEC - construction element costs, $.

i - interest, rate or discount rate set by the Water
Resources Council, fraction.

RS = service life, or replacement schedule, yrs.

NR - ntmber of replacements required during the
planning period.

1.4.3.1.5.2 Salvage Value. The salvage value must be ad-
justed to determine present worth since it is at the end of the
planning period. The present worth factor is the same for all
the salvage values which have been calculated.

1.4.3.1.5.2.1 Present worth of salvage of equipment
canponent.

1
PWSEC - (svEc) [ 1

(1 + i) P P

where

PWSEC - present worth salvage value for equipment
canponent, $.

SVEC - salvage value of equipment canponent, $.

i - interest or discount rate set by Water Resources
*Council, fraction.

PP - planning period, yrs.

1.4.3.1.5.2.2 Present worth of salvage of structural
canponent.

PWSSC - (SVSC) ( i
(1 + i) P

where

PWSSC - present worth salvage value for structural
caponent, $.

SVSC - salvage value of structural component, $.

i - interest rate or discount rate set by Water
Resources Council, fraction.

PP - planning period, yrs.
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1.4.3.1.5.3 Operation and Maintenance Costs.

1.4.3.1.5.3.1 Present Worth of Fixed O&M Costs.

PFOMC- ,(FOMC) [(1 + i) - ]

± (i i)PP

where

PWFOMC - present worth of fixed O&M costs, $.

FOMC - fixed O&M costs, $/yr.

i - interest rate or discount rate set by the Water
Resources Council, fraction.

PP - planning period, yrs.

01.4.3.1.5.3.2 Present worth of incremental O&M costs.

1 PP i (I + i) Pp

PWIOMC - (IOC) [ T -3 ( + ))PP '  (1 + i) P?

where

PWIOMC - present worth of incremental O&M costs, $.

IaHC - incremental O&M costs, $/yr.

i - interest rate or discount rate set by the Water
Resource Council, fraction.

PP - planning period, yrs.

1.4.3.1.5.3.3 Present worth of total O&M costs.

PWTOMC - PWFOMC + PWIMC

where

PWTLMC - present worth of unit process O&M costs, $.

PWFOMC - present worth of fixed O&M costs, $.

PWI0MC - present worth of incremental O&M costs, $.

1.4.3.1.5.4 Revenues.

PWR - (AR) ( )PP1-
i (1 + i)PP
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where PWR - present worth of unit process annual revenues.

AR - unit process annual revenue, $/yr.

i - interest rate or discount rate set by Water
Resources Council, fraction.

PP - planning period, yrs.

1.4.3.1.5.5 Unit Process Present Worth. The unit process
present worth is dete-nined by adding the present worths of the
costs involved in the unit process.

1.4.3.1.5.5.1 Initial Capital Costs.

UPCC = 2CEC

* where

UPCC - unit process construction cost, $.

CEC - construction element capital costs, $.

1.4.3.1.5.5.2 Replaceent costs.

UPWRC - PWRC

where

UPWRC - unit process present worth of replacement
costs, $.

PWRC - present worth of replacement costs for
construction elements, $.

1.4.3.1.5.5.3 Salvage Value.

UPWSV - PWSEC +2PWSSC

where

UPWSV - unit process present worth of salvage value,
$.

PWSEC - present worth of salvage for equipment
components, $.

PWSSC - present worth of salvage value for structural
components, $.
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1.4.3.1.5.5.4 Calculate Total Unit Process Present Worth.

UPPW - UPCC + UPWRC + PWTOMC - UPWSV - PWR

where

UPPW - total unit process present worth, $.

UPCC - unit process construction cost, $.

UPWRC - unit process present worth of replacement
costs, $.

UPTOMC - present worth of unit process O&M costs, $.

UPWSV - unit process present worth of salvage value, $.

PWR - present worth of unit process annual revenue, $.

1.4.3.2 Treatment Facility.

1.4.3.2.1 Capital Cost.

Each facility is made up of various unit processes which have a
capital cost associated with thea. The total capital cost of a
facility involves costs which have not been addressed in the
unit processes, such as, other direct costs, indirect costs,
land costs, and interest during construction.

1.4.3.2.1.1 Calculate Total of Unit Process Costs.

TUPC -2 UPCC

where

TUPC - total of unit process costs, $.

UPCC - unit process construction costs, $.

1.4.3.2.1.2 Other direct costs. The other direct costs
include items which are required to tie the unit processes
together so that it will function as a conplete facility. These
costs include items such as yard piping, clearing and grubbing,
instrunentation and administrative facilities. The other direct
costs will be computed as described in Section 1.2.2.5

1.4.3.2.1.3 Land Costs. This is simply the cost of the land
the facility is built on.
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1.4.3.2.1.4 Indirect Costs. The indirect costs include items
which are a part of the total costs for developing the facility.
These costs include engineering fees, fees for technical services,
legal and administrative fees, etc. The indirect costs will be
coputed as described in Section 1.2.2.6, however, Step 1 and
Step 2 costs are not considered in the cost effectiveness analysis.

1.4.3.2.1.5 Interest During Construction. The interest
during construction can be treated as capital cost. The interest
is calculated based on total capital expenditures, the period of
corstruction and the interest rate set by the Water Resources
Council. The con truction period is assumed to be 3 years if
none is specified.

Dc. (TUPC + ODC + IC + LC) (P) (i)
2

where

IDC - interest during construction, $.

TUPC - total of unit process costs, $.

ODC - other direct costs, $.

IC - indirect costs, $.

P - construction period, yrs.

i - interest rate or discount rate set by the
Water Resources Council, fraction.

LC - land costs, $.

1.4.3.2.1.6 Total Project Costs.

TPC - TUPC + ODC * IC + LC IDC

where

TPC - total project cost, $.

TUPC - total. of unit process costs, $.

ODC - other direct costs, $.

LC - land costs, $.

IC - indirect costs, $.

IDC - interest during costruction.
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1.4.3.2.2 Salvage Value.

1.4.3.2.2.1 Construction Elements. The salvage value of the
construction elements for the total treatnent facility is the
sun of the salvage value calculated for each unit process.

TCESV 'mSVEC + 2SVSC

where

TCESV - total construction element salvage value, $.

SVEC - salvage value of equipment conponent, $.

SVSC - salvage value of structural conponent, $.

1.4.3.2.2.2 Indirect Cost, Other Direct Costs, and Interest
During Cons truction.

These items are assmed to have a life equal to the planning
period so that they have no salvage value.

1.4.3.2.2.3 Land Costs. Land is treated differently frao
other itens in that it may be escalated at a coupound rate of 3%
annually. A higher rate may be used if it can be justified by
local conditions.

SVLC - Lt ( 10ER

where

SVLC - salvage value of the land costs, $.

LC - land costs, $.

ER - escalation rate for land, percent.

PP - planning period, yrs.

1.4.3.2.3 Operation and Maintenance Costs. The operation
and maintenance costs for the treatent facility is the sum of
the O&M costs for the unit processes plus the costs for ad-
ministration and laboratory labor and expenses.

1.4.3.2.4 Revenues. The revenues for the treatment fa-
cility is the sum of the revenues for each unit process.

1.4.3.2.5 Present Worth Calculations.

1.4.3.2.5.1 Initial Capital Costs. The initial capital cost
does not have to be adjusted since it is a present cost.
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1.4.3.2.5.2 Replacement Costs. The present worth of the
replacement cost for the treatnent facility is the sum of the
present worth of the replacement costs for each unit process.

PWRCTF -2 PWRC

where

PWRCTF - present worth of replacement costs for treatment
facility, $.

UPWRC m unit process present worth of replacement costs,

1.4.3.2.5.3 Salvage Value. The present worth of the salvage
value for the treatnent facility is equal to the sum of the
present worth of the salvage value of each unit process plus the
present worth of salvage value of the land costs.

PWTFS - UPWSV + SVLC [ 1

(1 + j)PP
where

PWTFS - present worth of treatment facility salvage

value, $.

UPWSV - unit process present worth of salvage value, $.

SVLC - salvage value of land costs, $.

i - interest or discount rate as set by the Water
Resources Council, fraction.

PP - planning period.

1.4.3.2.5.4 Operation and Maintenance Costs. The present
worth of the operation and maintenance costs for the treatnent
facility is the sum of the present worth of the O&M costs for
the unit processes plus the present worth of the administrative
and laboratory labor and expenses.

OMPWTF - PWTOMC + ALC Hl + i) - I

i (I + i) p p

where

OMPWTF - O&M present worth for the treament facility,

P%4TOMC - present worth of unit process O&M costs, $.
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ALC - administrative and laboratory labor and
expenses, $.

i - interest or discount rate as set by Water Resources
Council, fraction.

PP - planning period, yrs.

1.4.3.2.5.5 Revenues. The present worth of the revenues for
the treatment facility is the sum of the present worth of the
revenues for each unit process.

PWRTF =:PWR

where

PWRTF - present worth of revenues for the treanent
facility, $.

PWR - present worth of the unit process annual
revenue, $.

1.4.3.2.5.6 Treatnent Facility Total Present Worth.

TP TF - TPC + OMPWTF + PWRCTF - P TFS - PWRTF

where

TPWTF - total present worth of the treatment facility,
S.

TPC - total project costs, $.

OMPWTF - O&M present worth for the treatment facility

PWRCTF - present worth of replacenent costs for the
treatment facility, $.

PWTFS - present worth of treatment facility salvage
value, $.

PWRTF - present worth of revenues for the treatment
facility, $.
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1.5 WASTEWATER TREATMENT SYSTEM FUNDING

1.5.1 General. After the treatment processes have been
selected and the wastewater treatment plant has been designed
the next step is to build it. This requires large sums of money
which are generally obtained from several sources; grants,
loans, or bonds. The forenost concern of a municipality buil-
ding a wastewater treatment plant is how to obtain the portion
of the cost of the treatment facility which is not covered by a
grant. This is nonally referred to as the "local share" of the
cost. The local share is usually obtained by selling bonds or
obtaining loans. The loans and bonds are then repaid over a
period of time fron the revenues generated fron the wastewater
treatment system. The CAPDET model develops the rate required
to generate the revenues to operate the systen and repay the
bonds and loans. The methodology used is described below.

1.5.2 Funding Procedures.

1.5.2.1 Project Costs.

The project costs include, but are not limited to costs for
planning, engineering, construction, administrative, and legal.
Sane items of cost are not eligible for EPA or state grants,
such as land costs and right-of-way acquisition. For this
reason project costs are segregated into grant eligible and
grant ineligible costs.

1.5.2.2 Source of Funds.

The sources of funds available to finance the total project
costs include federal grants and/or loans, state grants and/or
loans, and locally issued bonds.

1.5.2.2.1 Grants.

The anount of grants by federal or state agencies are detem-ined
as a percentage of the eligible project costs. Federal (EPA)
grants are usually 75% unless the project is declared to be
innovative or alternative in which case it is 85%. State grants
vary fron state to state. The CAPDET model allows the user to
input variable rates.

1.5.2.2.2 Local Share.

The local share is detenined by subtracting the grant amount
fron the total project cost. The usual fore of fund raising by
municipalities is fron the sale of bonds. Bonds sold for
construction of wastewater treatment systems are usually either
general obligation bonds or revenue bonds. General obligation
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bonds are secured by the full faith and credit of the munici-
pality and are amortized by tax levees. Revenue bonds are
secured by a lien on the revenues of the system constructed from
the proceeds of the bonds. CAPDET is based on the use of only

rvnebonds.

When revenue bonds are sold to provide funds for the local share
of a project, there are other costs included in the total amount
of bonds sold.

The first cost is that of marketing the bonds and includes bond
council fees, engineering fees, fiscal consultant fees, the
costs of advertising the bonds for sale, and costs of printing
the bonds.

The second cost is the amount of bonds sold to escrow interest
during construction and funding of reserve funds; such as prin-
ciple and interest reserves and repair and replacement reserves;
if they are required by the bond resolution. The funding of
interest during construction and reserve accounts are generally
required only for wastewater treatment systems that do not have
the capability of collecting user service charges until after
the new system has been placed in service.

For this reason these costs are omitted from these calculations.
Table 1.5-1 illustrates how the amount of revenue bonds to be
sold is deteiminsi.

1.5.3 Development of User Charge.

After bonds have been sold the user charge must be adjusted to
cover the operation and maintenance costs, principle and inte-.
rest reserve accounts, contingency reserve accounts, as well as,0 debt service on the bonds.

1.5.3.1 Annual Principle and Interest Payments.

After bonds have been sold or loans have been procured, a table
which shows the principle anortized each year together with the
interest required is supplied. This is commonly referred to as
the "Debt Service Table". There is no need to generate this
table for the purposes of these calculations, therefore the
capital recovery factor will be used to generate the combined
annual payment of principle and interest.
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TABLE 1.5-1

LOCAL SHARE CALCULATION EXAMPLE

A. ESTIMATED PROJECT COST

EPA .V 1 $ 9,000
EPA Step 2 180,000

EPA Step 3 8,217,000

Sub-Total EPA Eligible Items $8,406,000

Right- of- Way 450,000

Estimated Project Cost $8,856,000

B. SOURCE OF FUNDS

EPA Steps 1, 2, and 3 (75%) $6,304,000
State Interest Free Loan (Eligible Items)

Old $ 23,000
New 299,000

332,000

Local Share 2,230,000

Total Funds $8,856,000

C. FUNDING LOCAL SHARE OF PROJECT COST

Local Share for Construction $2,230,000
Other Costs

Allowance for Financing $120,000

Sub-Total - Other Costs 120,000

Revenue Bonds Required (1) 42,350,000

( 1)30-year revenue bonds.
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1.5.3.2 Debt Service Cove~rage.

Revenue bonds ordinances usually require that user charges be
maintained during the life of the bond issue to insure adequate
revenues to repay principle and pay current interest outstanding
plus an additional percentage to create adequate surplus and
fund reserve accounts.

"Debt Service Coverage" is the teum usually applied to this
surplus and is defined as the ratio of the annual net revenue of
the wastewater treatment system divided by the annual principle
and interest payment. The teu net revenue is defined as the
annual revenues derived from use service charges less the opera-
tion and maintenance cost of the systen. Debt service coverage
varies fron 1.3 to 1.7 and depends primarily on the credit
rating of the wastewater treatment systen.

1.5.3.3 User Charges.

User Charges are calculated by dividing the total annual required
revenues by the annual billing units. Billing units are nomally
in thousand gallons, so that dividing the annual required revenues
by the thousands of gallons of water sold produces a rate in
dollars per thousand gallons.

1.5.4 User Charge Calculations.

1.5.4.1 Input Data.

1.5.4.1.1 EPA grant participation, EPAGI Z

1.5.4.1.2 Other grant participation, OG, %

1.5.4.1.3 Revenue Bonds.

1.5.4.1.3.1 Interest rate on Bonds, 13, Z

1.5.4.1.3.2 Number of years bonds financed, NB, yrs.

1.5.4.1.4 -. ans.

1.5.4.1.4.1 Amount of Loan 1, LI.,

1.5.4.1.4.2 Interest rate on Loan 1, 11, Z

1.5.4.1.4.3 Nuber of years Loan I financed, NI, yrs.

1.5.4.1.4.4 Amount of Loan 2, L2, %.

1.5.4.1.4.5 Interest rate on Loan 2, LZ, Z.
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1.5.4.1.4.6 Number of years Loan 2 financed, N2, yrs.

1.5.4.1.5 Allowance for financing, AFF, %.

1.5.4.1.6 Number of billing units, BU, 1000 gal.

1.5.4.1.7 Persons per household, PPE.

1.5.4.1.8 Per capita water use, GPCD, gal/day.

1.5.4.1.9 Existing sewer rate, EBUR, $/BU.

1.5.4.2 Calculate eligible project cost.

1.5.4.2.1 All projects except land treatment.

TEC - TCC * COSTI + COST2

*where

TEC - total eligible project cost, $.

TCC - total construction cost, $.

COSTI - Step I costs, $.

COST2 - Step 2 costs, $.

1.5.4.2.2 Land treatnent projects.

TEC - TCC + COSTI + COST2 + LCOST

where

TEC - total eligible project costs, $.

TCC a total cortruction costs, $.

COSTI - Step 1 costs, $.

COST2 a Step 2 costs, $.

LCOST a land costs, $.

1.5.4.3 Calculate local share to be financed.

1.5.4.3.1 For all projects except land treatment.

LS - [(1.0 - EPAG + OG- (TEC) + LCOST] [I + F
wee100 1 100]

S1where5
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LS - local share to be financed, $.

EPAG - EPA grant participation, %.

OG - other grant participation, Z.

TEC - total eligible project costs, $.

AFF - allowance for financing, Z.

LCOST = land cost, $.

1.5.4.3.2 Land Treatment Projects.

LS - (1.0 - EPAG + OG% (TEC) (1 + A-F
100

where

LS - local share to be financed, $.

EPAG - EPA grant participation, Z.

OG - other grant participation, Z.

TEC a total eligible project costs, $.

AFF - allowance for financing, %.

1.5.4.4 Calculate the annual debt service.

11B/ 100 (14 + B/ 100)i B Li 1/100 (1 + 1,1 00Q) NlADS - (LS - L1- L2) [IB10 N B/0 N ]  + Ll [/00i+ /0 N  1

AL(I + IB/100) N - 1 (1 + 1 1/ 1 0 0 )N - 1

+ L2 (12/ 100 (1 + 12 100) 2

(1 + 12/100N - - I

where

ADS - annual debt service, $.

LS - local share to be financed, $.

1B - interest rate on bonds, %.

NB - number of years bonds financed, yrs.

Li - amount of loan 1, Ll, $.

0 Ni - nunber of years Loan I financed, yrs.
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L2 - anount of loan 2, $.

12 - interest on loan 2, Z.

N2 - nunber of years loan 2 financed, yrs.

1.5.4.5 Calculate annual reserve accounts.

1.5.4.5.1 Principle and interest reserve.

- ADS
-7-

where

PIR - annual principle and interest reserve, $.

ADS - annual debt service, $.

1.5.4.5.2 Contingency reserve.

CR - ADS
7

where

CR - annual contingency reserve, $.

ADS - annual debt service, $.

1.5.4.6 Calculate total annual operating cost of new
sys ten.

TADCN - TOAMN + ADS + PIR + CR

* where

TAOCN - total annual operating cost for new system, $.

TOAMN - total annual O&M cost for new system, $.

ADS - annual debt service, $.

PIR - annual principle and interest reserve, $.

CR - annual contingency reserve, $.

1.5.4.6 Calculate cost per 1000 gallons treated for new
system.

CPTG - TAOCN x 1000
Qave

where
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CPTC - annual cost per 1000 gallons treated new system.

TAOCN - total annual operating cost for new systen, $.

Qave - design flow, mgd.

1.5.4.7 Calculate cost per 1000 gallons treated for total
S ySt .

CPTT - (TAOCN + EOMR) 1000
Qave

where

CPTT - cost per 1000 gallons treated total system, $.

TAOCN - total annual operating cots for new system, $.

EOMR - annual operating cost for existing syste, $.

Qave - design flow, mgd.

1.5.4.8 Calculate cost per 1000 gallons for new system.

- TAOCN
BU

where

CTTN - annual cost per 1000 gallons for new system, $.

1.5.4.9 Calculate cost per 1000 gallons of water billed
for new system.

CPTN - TAOCN x 1000
Qave

where

CPTN - annual cost per 1000 gallons treated for new system,

TAOCN - total annual operating cost for new syten, $.

BU - billing units.

1.5.4.10 Calculate cost per 1000 gallons water sold for
total system.

CPTT a CPTN + EBUR

* where

CPTT - cost per 1000 gal. for total system.
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CPTN - cost per 1000 gal. for new portion of systen.

EBUR - existing sewer rate.

1.5.4.11 Calculate cost per household for new systen.

CPUN - CPTN(PPH) (GPCD)1000

where

CPHN - cost per household for new systen.

CPTN - cost per 1000 gal. for new portions of systen.

PPE - persons per household.

GPCD - gallons per capita per day.

1.5.4.12 Calculate cost per household for total systen.

CPHT - CPHN + (EBUR) (PPH) (GPCD)
1000

where

CP!T - cost per household for total systen.

CPTN - cost per 1000 gal. for new portion of systen.

PPH - persons per household.

GPCD - gallonsper capita per day.

0
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2.0 TREATMENT PROCESS DESIGNS (MAJOR SYSTEM)

2.01 Contents of Section.

This section includes the equatiop.' and algorithms which are used
to generate sizes and quantities of squipment and materials, cost
of construction, and effluent qualit~y for the unit processes shown
in the preceding Table of Contents. Also this section gives the
assumptions which have been made to simplify the calculations and
minimize required input. The information presented in this
Section applies to major systems which is defined as systems which
have a wastewater flow greater than 0.5 mgd.

2.02 Organization of Section.

Each unit process is presented in a separate subsection and ar-
ranged in alphabetical order. Those unit processes which have a
number of variations, have each variation presented as a separate,
conplete subsection. This causes some repetition but is con-
venient in that all the information concerning a unit process is
found in that subsection. Each unit process subsection is in-
troduced with a "Background" section which gives a description of
the process and general design information. Each unit process
subsection is further divided into three calculation sections:
Process Design Calculations, Quantities Calculations, and Cost
Calculations. Each of these is concluded with an output data
subsection which enmerates the data which was generated.

Each unit process subsection is concluded with a bibliography with
the references arranged in alphabetical order.
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2.1 ACTIVATED SLUDGE

2.1.1 Background.

2.1.1.1 Activated sludge is defined as "sludge floc produced in raw
or settled wastewater by the growth of zoogleal bacteria and other
organisms in the presence of dissolved oxygen and accumulated in suf-
ficient concentration by returning floe previously found." Similarly,
the activa ted- sludge process is defined as "a biological wastewater
treatment process in which a mixture of wastewater and activated sludge
is agitated and aerated." The activated sludge is subsequently se-
parated from the treated wastewater (mixed liquor) by sedimentation and
wasted or returned to the process as needed.

2.1.1.2 In the past few decades, many modifications of this process
have been developed, although only two process variations are signifi-
cant: the conventional system, which achieves absorption, flocculation,
and synthesis in a single step; and contact stabilization during which
oxidation and synthesis of renoved organics occur in a separate aeration
tank.

2.1.1.3 In the following paragraphs, seven activated sludge process
modifications and variations will be considered: conventional plug
flow, complete mix, step aeration, modif ied- aeration or high-rate,
contact stabilization, extended aeration, and pure oxygen systen. While
other modifications of the activated sludge process exist (namely
tapered aeration and the Kraus process) they will not be included in
this chapter.

2.1.2 General Description Complete Mix Activated Sludge.

2.1.2.1 There has been much discussion and some confusion concerning
the definition of complete mix activated sludge. Nevertheless, any
definition will be arbitrary and many differences of opinion will be
aired. In this manual it will be assiued that a complete mix activated
sludge is achieved when the oxygen uptake rate is uniform throughout all
parts of the aeration tank and when sufficient mixing is provided to
maintain the solids in the aeration tank in suspension. In complete
mixing, the influent primary clarified wastewater and returned sludge
flow are distributed at various points in the aeration tank. The tank
serves to equalize or stabilize variations in flow and waste strength;
it also acts as a diluent for toxic materials.

COMPLETE MIX

INFLUENT 4 4

AERATION TANK

SLUDGE RETURN if WAS~

Figure 2.1-1. Complete Mix Activated Sludge
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2.1.2.2 Organic loading and oxygen demand are uniform throughout the
aeration tank, and mechanical or diffused aeration is used to completely
mix the mixed liquor.

2.1.3 General Description Contact Stabilization Activated Sludge

2.1.3.1 The contact stabilization process is def ined as "a modif i-
cation of the activated sludge process in which raw wastewater is
aerated with a high concentration of activated sludge for a short period,
usually less than 60 min to obtain BOD removal by adsorption. The
solids are subsequently removed by sedimentation and transferred to a
stabilization tank where aeration is continued further to oxidize and
condition them before their reintroduction to the raw wastewater flow".

TANKEFLUENT

ATRAESTASILIZATIO LOERIA

WASTE SLUOGE

Figure 2.1-2. Contact Stabilization Activated Sludge

2.1.3.2 Contact stabilization was developed to take advantage of the
absorptive properties of the sludge floec. Contact stabilization ac-
hieves adsorption in the contact tank, and oxidation and synthesis of
removed organics occur in a separate aeration tank.

2.1.3.3 The volumze requirement for aeration is approximately one-half
of that of a conventional plug-flow unit. Therefore, it is often
possible to double the capacity of an existing plug-flow plant by simply

rap-*.ping or making minor changes in aeration equipment.
2.1.4 General Description Extended Aeration Activated Sludge

2.1.4.1 The extended aeration process is defined as "a modification of
the activated sludge process which provides for aerobic sludge digestion
within the aeration system. The concept envisages the stabilization of
organic matter under aerobic conditions and disposal of the end products
into the air as gases and with the plant effluent as finely divided
suspended matter and soluble matter".* The process operates in the
endogenous respiration phase which requires a relatively small F/H ratio
and long detention time. In the process, the aeration detention time is
determined by the time required to oxidize the solids produced by syn-
thesis from the BOD removed. The accumulation of volatile solids is
very low and approaches the theoretical minimum; however, since some of
the biological solids are inert, an accuulation of sol ids occurs in
the system. Sludge storage facilities should be provided; most states
make it a requirement. The flow chart for the extended aeration process

is Identical to that for plug flow.
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INFLUENT AERATION TANK STTLNG ELUENT
TANK

SLUDGE RETURN WASTE
SLUDGE

Figure 2.1-3. Extended Aeration Activated Sludge

2.1.5 General Description High-Rate Activated Sludge

2.1.5.1 Modified or high-rate aeration activated sludge is defined as
"a modification of the activated sludge process in which a shortened
period of aeration is used with a reduced quantity of suspended solids
in the mixed liquor". The flow diagram is the same as that for the
plug-flow process; the difference in the process design parameters
(shorter detention time and lower mixed liquid suspended solids) results
in less air requirenents and, hence, less power consumption. Modified
aeration is also characterized by a poor settling sludge and low BOD
renoval ef f iciencies.

INFLUENT , SETTLING EFFLUENTP, AERATION TANK TANK

SLUDGE RETURN WASTE
SLUDGE

Figure 2.1-4 High-rate Activated Sludge

2.1.6 General Description Plug Flow Activated Sludge

2.1.6.1 The plug flow activated sludge process uses an aeration tank,
a settling tank, and a sludge return line to treat wastewater.

INFUENT ARTOTNKSETTLING EFFLUENT

SLUDGE RETURN TANK WASTE.
SLUDGE

Figure 2.1-5. Plug Flow Activated Sludge

0
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2.1.6.2 Wastewater and returned sludge fra the secondary clarifier
enter the head of the aeration tank to undergo a specified period of
aeration. Diffused or mechanical aeration is used to provide the
necessary oxygen and adequate mixing of the influent waste and recycled
sludge, the concentration of which is high at the head of the tank and
decreases with aeration time. Absorption, flocculation, and synthesis
of the organic matter take place during aeration. The mixed lliuor
(sludge floc plus liquid in the aeration tank) is settled in L. secon-
dary clarifier, and sludge is returned at a rate sufficient to maintain
the desired mixed liquor suspended solids in the aeration tank.

2.1.7 General Description Pure Oxygen Activated Sludge

2.1.7.1 As early as 1949, Okun reported the results of tests using
pure oxygen as a substitute for air in the activated sludge process.

2.1.7.2 The pure oxygen systee may be used for aeration in activated
sludge systens that operate in either the plug flow or complete mix
hydraulic regimes. It is readily adaptable to new or existing complete
mix systans and can be used to upgrade and extend the life of overloaded
plug-flow systems. To use the pure oxygen system, the aeration tanks
must be covered and the oxygen introduced should be recirculated. The
amount of oxygen that can be injected into the liquid (for a specific
set of conditions) is approximately four times the amount that could be
injected with an air system. Adjustment of pH may be necessary to
maintain a proper balance between the CO2 removed and buffer capacity of
the wastewater.

2.1.7.3 Several advantages, such as increased bacterial activity,
reduced aeration tank volume, decreased sludge volume, and better
settling sludge have been cited for pure oxygen aeration. To substan-
tiate these findings, however, further testing of this process in a
number of varying applications will be necessary.

2.1.8 General Description Step Aeration Activated Sludge

2.1.8.1 Step aeration is defined as "a procedure for adding increments
of settled wastewater along the line of flow in the aeration tanks of an
activated sludge plant". It is a modification of the activated sludge
process in which an attempt is made to equalize the food-to-microorga-
nisms ratio (F/M). The first application of this process was at the
Tallmans Island plant in New York City in 1939.

2.1.8.2 Baffles are used to split the aeration tank into four (or
more) parallel channels. Each of these channels is a separate step and
all channels are linked together in series.

INFLUENT

'TANK

-LUCG
Figure 2.1-6. Step Aeration Activated Sludge
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2.1.8.3 Flexibility of operation is a prime factor to consider in
the design of the process. The oxygen demand is essentially uniform
over the length of the basin, resulting in more efficient utilization of
the oxygen supplied. Introduction of influent waste at multiple locations
and return of a highly absorptive sludge floc pemit this process to
remove soluble organics within a relatively short contact time; there-
fore, it is characterized by higher volumetric loadings than the con-
ventional plug flow activated sludge process.

2.1.9 Complete Mix Activated Sludge (Diffused Aeration).

2.1.9.1 Input Data.

2.1.9.1.1 Wastewater Flow (Average and Peak). In case of high
variability, a statistical distribution should be provided.

2.1.9.1.2 Wastewater Strength.

2.1.9.1.2.1 BOD 5 (soluble and total), mg/l.

0 2.1.9.1.2.2 COD and/or TOC (maximum and minimu), mg/1.

2.1.9.2.2.3 Suspended solids, mg/l.

2.1.9.1.2.4 Volatile suspended solids (VSS), mg/l.

2.1.9.1.2.5 Nonbiodegradable fraction of VSS, mg/l.

2.1.9.1.3 Other Characterization.

2.1.9.1.3.1 pH.

2.1.9.1.3.2 Acidity and/or alkalinity, mg/l.

2.1.9.1.3.3 Nitrogen, I Mg 1.

2.1.9.1.3.4 Phosphorus (total and soluble), ag/l.

2.1.9.1.3.5 Oils and greases, mg/l.

2.1.9.1.3.6 Heavy metals, mg/l.

2.1.9.1.3.7 Toxic or special characteristics (e.g., phenols), mg/l.

2.1.9.1.3.8 Temperature, 0F or °C.

2.1.9.1.4 Effluent Quality Requirements.

2.1.9.1.4.1 BOD5 , mg/l.

1The for of nitrogen should be specified as to its biological
availability (e.g., NH3 or Kjeldahl).
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2.1.9.1.4.2 SS, mg/I.

2.1.9.1.4.3 TKN, mg/I1.

2.1.9.1.4.4 P. mgi.

2.1.9.1.4.5 Total nitrogen (TKN + NO3 - N), ail.

2.1.9.1.4.6 Settleable solids, mg/l/hr.

2.1.9.2 Design Parameters.

2.1.9.2.1 Reaction rate constants and coefficients.

Constants Range

Eckenfelder
k 0.0007-0.002 1/ag/hr
a 0.73
a' 0.52
b 0.075/day
bp '0.15/day
f 0.40
ft 0.53

2.1.9.2.2 F/M - (0.3-0.6).

2.1.9.2.3 Voiunetric loading - 50-120.

2.1.9.2.4 t - (3-6) hr.

2.1.9.2.5 ts = (3-7) days.

2.1.9.2.6 MLSS - (3000 - 6000) mg/i.

2.1.9.2.7 MLVSS - 0.7 MLSS - (2100 - 4200) mg/i.

2.1.9.2.8 Qr/Q - (0.25 - 1.0).

2.1.9.2.9 lb 02/ib BODr ? 1.25.

2.1.9.2.10 lb solids/lb BODr = (0.5 - 0.7).

2.1.9.2.11 0 - (1.0 - 1.04).

2.1.9.2.12 Efficiency - (>90 percent).

2.1.9.3 Process Design Calculations.

2.1.9.3.1 Assume the following design parmeters from above when

2unknown.
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2.1.9.3.1.1 BOD removal rate constant (k).

2.1.9.3.1.2 Fraction of BOD synthesized (a).

2.1.9.3.1.3 Fraction of BOD oxidized for energy (a').

2.1.9.3.1.4 Endogenous respiration rate (b and b').

2.1.9.3.1.5 Mixed liquid suspended solids (NLSS).

2.1.9.3.1.6 Mixed liquid volatile suspended solids (MLVSS).

2.1.9.3.1.7 Food-to-microorganism ratio (F/M).

2.1.9.3.1.8 Nonbiodegradable fraction of VSS in influent (f).

2.1.9.3.1.9 Degradable fraction of the MLVSS (f').

2.1.9.3.1.10 Temperature correction coefficient (0).

2.1.9.3.2 Adjust rate constant for temperature.

KT - K2 00 (T-20)

where

KT- rate constant at desired temperature, 0C.

K - rate constant at 200C.

0 - tenperature correction coefficient.

T temperature, 0C.

2.1.9.3.3 Determine the size of the aeration tank by first de-
temining the detention time t "

24S
(XV) (F/M)

where

t - hydraulic time, hr

S - influent BOD5 1 mg/i.

XV - MvSS, mg/I

F/M - food-to-microorganism ratio
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2.1.9.3.4 Check detention time for treatability

*Se tI

where

Se - BOD 5 (soluble) in effluent, mg/I.

so M BOD 5 in influent, mg/l.

k - BOD removal rate constant, I/mg/hr

XV- MUVSS, tag/i.

t - detention time, hr.

Solve for t and compare with t above and select the larger.

2.1.9.3.5 Calculate the volume of aeration tank.

V -Wav x t

Qavg 124

where

V - volume, million gal.

Qavg ' average daily flow, mgd.

t - detention time, hr.

2.1.9.3.6 Calculate oxygen requirenents.

dO a'Sr b'
dt t X

or

02 M a' (Sr) (Qavg) (8.34) b' (XV) (V) (8.34)

where

dO/dt - oxygen uptake rate, mg/l/hr.

a' - fraction of BOD oxidized for energy.

Sr - BOD removed (S0 - Se), mg/l,

t - detention time, hr.
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b' - endogenous respiration, I/hr.

XV - MLVSS.

02 - oxygen requirement, lb/day.

Qavg a average flow rate, mgd.

V - volume of aeration tank, million gal.

and check the oxygen supplied against Z 1.25.

02

lb 02/lb BOD 
8

2/ r - Q(§r) x 8.34

where

02 - oxygen required, lb/day.

Q - flow, mgd.

S - BOD removed, mg/l.r

2.1.9.3.7 Assume the following design parameters and design

aeration system and check horsepower supply for mixing against
horsepower required for conplete mixing 0.1 hp/O000 gal.

2.1.9.3.7.1 Standard transfer efficiency, percent, fron
manufacturer (5-8 percent).

2.1.9.3.7.2 02 transfer in waste/0 2 transfer in water %0.9.

2.1.9.3.7.3 02 saturation in waste/0 2 saturation in water iz
0.9.

2.1.9.3.7.4 Correction factor for pressure IL'41.0.

2.1.9.3.8 Select summer operating temperature (25-30°C) and

determine (fran standard tables) 02 saturation.

2.1.9.3.9 Adjust standard transfer efficiency to operating
conditions.

OTE - STE [(Cs)Td)(P) - C ) e ( 1 . 0 2 )T-20
9.17

where

OTE - operating transfer efficiency, percent.

STE - standard transfer efficiency, percent.
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(C s) T  02 saturation at selected sumner temperature T, 0C,

/3 02 saturation in waste/ 02 saturation in water Z 0.9.

p - correction factor for pressure '- 1.0.

CL - minimum dissolved oxygen to be maintained in the
basin 2.0 mgi.

M 0 2 transfer in waste/0 2 transfer in water 00.9.

T - tenperature, °C.

2.1.9.3.10 Calculate required air flow.

Blowers are treated as a separate unit process since several unit
processes in a single plant may require air from the blowers.
The air requirements from all unit processes in a treatment train
which require air are summed and the total air requirement is
used to size the blower facility. The unit process design for
the blower facility is found in subsection 2.3.

0 2(105) (7.43)

a Rb 02  mi
(OTE) 0.0176 - 1440 dy V

ft3air day

where

R a required air flow, cfm/1000 ft 3 .a

02 - required oxygen, lb/day.

OTE - operating transfer efficiency, percent.

V - volume of basin, gal.

2.1.9.3.11 Calculate sludge production.

&Xv - [aSrQavg - bXV + fQ (VSS) + Q(SS- VSS)] 8.34

where

&X - sludge produced, lb/day.

a - fraction of BOD removed synthesized to cell material.

Sr - BOD removed, mgl.

Qav g a average flow, mgd.

b - endogenous respiration rate/day.
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XV " MLVSS, ma/.

V - volume of basin, gal.

f - nonbiodegradable fraction of influent VSS.

Q - flow, mgd.

VSS - volatile suspended solids in effluent, mg/l.

SS - suspended solids in influent, mg/i.

2.1.9.3.12 Calculate solids produced per pound of BOD 5
removed and check XV against value given.

lb solids _ XV

(lb BODr) Sr (Q) (8.34)

where

&Xv sludge produced, lb/day.

S = BOD removed, mg/l.r

Q - flow, mgd.

2.1.9.3.13 Calculate sludge recycle ratio.

Qr Xa

Q X - xu a

where

V Qr -sludge recycle ratio.

Qr = volume of recycled sludge, mgd.

Q - flow, mgd.

X - MLSS, mg/I.a

X - solids concentration in return sludge, mg/l.u

2.1.9.3.14 Calculate solids retention time.

(V)Xa (8.34)
SRT = A X

where

SRT - solids retention time, days.
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a % volatile

2.1.9.3.15 Effluent Characteristics.

2.1.9.3.15.1 BOD 5.

BODE -Se + 0.84 (YV)eff f'

where

BODE - effluent BOD 5 concentration, mg/i.

Se - effluent soluble BOD 5 concentration, mg/i.

(X)eff ' effluent volatile suspended solids, mg/l.

f' - degradable fraction of MLVSS.

2.1.9.3.15.2 COD.

CODE = (1.5) (BODE)

CODSE- (1.5) (Se)

where

CODE - effluent COD concentrarion, mg/ .

CODSE - effluent soluble COD concentration, mg/ .

BODE - effluent BOD5 concentration, mg/l.

Se - effluent soluble BOD 5 concentration, mgl.

2.1.9.3.15.3 Nitrogen.

TKNE - (0.7) T1KI

NH3E - TME

where

TKNE - effluent total Kjeldahl nitrogen concentration,

mg/i1.

TKN - influent total Kjeldahl nitrogen concentration,

mg/i1.

NH3E - effluent ammonia nitrogen concentration, mg/i.

0
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2.1.9.3.15.4 Phosphorus.

P04E (0.7) (P04)
O where

PO4E - effluent phosphorus concentration, mg/l.

P04 - influent phosphorus concentration, mWI.

2.1.9.3.15.5 Oil and Grease.

OAGE - 0.0

where

OAGE - effluent oil and grease concentration, magl.

2.1.9.3.15.6 Settleable Solids.

SETSO - 0.0

where

SETSO - settleable solids, mg/I.

2.1.9.3.16 Detemine nutrient requirements, lb/day.

for nitrogen

N- 0.123 &MYr(or &V)

and phosphorus

P 0.026 AKT(or &Xv)

where

Hr - sludge produced, lb/day.

XKV - sludge produced, lb/day.

and check against BOD:N:P - 100:5:1.

2.1.9.4 Process Design Output Data

2.1.9.4.1 Aeration Tank.

2.1.9.4.1.1 Reaction rate constant, I/mg/hr.

2.1.9.4.1.2 Sludge produced per BOD removed.

2.1.9.4.1.3 Endogenous respiration rate (b, b').

2.1.9.4.1.4 02 utilized per BOD removed.

2.1.9.4.1.5 Influent nonbiodegradable VSS (f).

2.1.9.4.1.6 Effluent degradable VSS (f').
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2.1.9.4.1,7 lb BOD/ib MISS-day (F/M ratio).

2.1.9.4.1.8 Mixed liquor SS, mgi (MISS).

2.1.9.4.1.9 Mixed liquor VSS, mg/l (MLVSS).

2.1.9.4.1.10 Aeration time, hr.

2.1.9.4.1.11 Volume of aeration tank, million gal.

2.1.9.4.1.12 Oxygen required, lb/day.

2.1.9.4.1.13 Sludge produced, lb/day.

2.1.9.4.1.14 Nitrogen requirement, lb/day.

2.1.9.4.1.15 Phosphorus requirement, lb/day.

2.1.9.4.1.16 Sludge recycle ratio, percent.

2.1.9.4.1.17 Solids retention time, days.

2.1.9.4.2 Aeration System.

2.1.9.4.2.1 Standard transfer efficiency, percent.

2.1.9.4.2.2 Operating transfer efficiency, percent.

2.1.9.4.2.3 Required air flow, cfm/1000 ft3.

2.1.9.4.3 Effluent BOD 5 concentration, BODE, mg/I.

2.1.9.4.4 Effluent soluble BOD 5 concentration, Se, mg/I.

2.1.9.4.5 Effluent COD concentration, CODE, mg/l.

2.1.9.4.6 Effluent soluble COD concentration, CODbC, mg/il.

2.1.9.4.7 Effluent total Kjeldahl nitrogen concentration,
TKNE, mg/i .

2.1.9.4.8 Effluent ammonia nitrogen concentration, WEE,
Lng/l.

2.1.9.4.9 Effluent phosphorus concentration, P04E, mg/i.

2.1.9.4.10 Effluent oil and grease concentration, OAGE, mgi.

2.1.9.5 Quantities Calculations.

2.1.9.5.1 Design values for activated sludge system.
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Vd 7.48

CFMd - (Ra) (V) (133.7)

where

V - volumse of aeration tanks, million gallons.

2.1.9.5.2 Selection of numbers of aeration tanks. The
following rule will be utilized in the selection of numbers of
aeration tanks.

Number of

Qav Aeration Tanks

(m gd) NT

0.5- 2 2
2-4 3
4-10 4
10-20 6
20-30 8
30-40 10
40 - 50 12
50 -70 14
70 - 100 16

where

NT - number of aeration tanks per battery.

When Q is larger than 100 agd, several batteries of aeration

tanks RL~l be used. See next section for details.

2.1.9.5.3 Selection of number of tanks and nuber of batteries of
tanks wrhen Q a is larger than 100 mgd. It is general practice
in designingayUrger sewage treatment plants that several bat-
teries of aeration tanks, instead of a single group of tanks, are
used. This is due to land area availability and certain hydraulic
limitations. To simplify the modeling process, the following
rules will be used:

2.1.9.5.3.1 When Q 100 mgd, only one battery of aeration
tanks will be used. is

NB - 1
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where

NB - number of batteries of units.

2.1.9.5.3.2 When 100 < Qavg S 200 agd, the system will be

designed as two identical batteries of aeration basins. Each
battery would handle half of the wastewater. The number of
aeration tanks in each battery would be selected according to the
rules established in subsection 2.1.9.5.2 by using half the
design flow as Q avg Thus

NB -2

2.1.9.5.3.3 When Qavg > 200 mgd, the design will be perfom-ed

to use three batteries of aeration basins, each handling one-
third of the wastewater. Thus

NB -3

2.1.9.5.4 Number of diffusers. The oxygen transfer rates
used in the first-order design dictate the use of coarse bubble
diffusers. These diffusers have an air flow fra 10-15 scfm; for
design purposes an average of 12 scfm will be used.

ND CFMd

NDt must be an integer.

where

NDt M number of diffusers per tank.

NT - number of aeration tanks per battery.

2.1.9.5.5 Number of swing am diffuser headers. For ease of
maintenance swing am headers are usually used. The number of
diffusers per header is dictated by the number of connections
provided on each header by the manufacturer. This varies with
manufacturer and header size fran 8 to 30. For our purposes an
average of 20 diffusers per header will be assumed.

NSA t - NDt
20

NSAt must be an integer.

where

NSAt - number of swing arm headers per tank.
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2.1.9.5.6 Design of aeration tanks.

2.1.9.5.6.1 Volume of each tank would be

VN Vd
(NB) (NT)

where

VN - volume of single aeration tank, cu ft.

2.1.9.5.6.2 Depth and width of aeration tanks. The depth and
width of the aeration tanks will be fixed at 15 ft and 30 ft,
respectively.

2.1.9.5.6.3 Length of aeration tanks.

VN
(15) (30)

If L is greater than 400 ft, then recalculate VN using NT - NT +

1, then recalculate L.

2.1.9.5.7 Aeration tank arrangements.

2.1.9.5.7.1 Figure 2.1-7 show the schematic diagram of the
arrangements. A pipe gallery will be provided when the number of
tanks is equal to or larger than four. The purpose of the pipe
gallery is to house the various air and water piping systems and
control equipment.

PGW - 20 + (0.4) (NB!)
where

PGW - pipe gallery width, ft.

Qavg " average influent wastewater flow, mgd.

NB - number of batteries.

2.1.9.5.8 Earthwork required for construction. It is
assumed that the tank bottom will be 4 feet below ground level.
The earthwork required can be estimated by the following equations:

2.1.9.5.8.1 When NT is less than 4, the earthwork required
would be:

V 0 6 M3 VNT(31.5) + 15.5) (L + 17) + (NT(31.5) + 23.5) (L + 25)I1ew 2

where

V - volume of earthwork required, cu ft.
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NT - number of* tanks per battery.

L - length of aeration tanks, ft.

2.1.9.5.8.2 When NT is greater than or equal to 4, the earth-
work required would be:

V = 6 NB [ClS5.75(NT)+15.5) (2L.'PGW20) + (15.75(NT)+2.5) (2Le.PGw*28)]
ew 2

2.1.9.5.9 Reinforced concrete slab quantity. It is assumed
that a l'-6" thick slab will be utilized regardless of the size
of the systm. The volume of reinforced concrete slab will be
the sane for both plug and coaplete mix flow.

2.1.9.5.9.1 For NT less than 4:

V - 1.5 NB [(NT(31.5) + 15.5) (L + 17)]CS

where

Vcs - R.C. slab quantity required, cu ft.

2.1.9.5.9.2 For NT greater than or equal to 4:

V - 1.5 ,B [(15.75(NT) + 15.5) (2L + PGW+ 200)]Cs

2.1.9.5.10 Reinforced concrete wall quantities.

2.1.9.5.10.1 The wall constructions are different for ccplete
mix and plug flow systms. In order to achieve complete mix, the
inflows to the aeration tanks must be distributed unifomly along
one side of the aeration tank, flowing acroes the width of the
tank and being discharged along the other.

0 2.1.9.5.10.2 When XT is less than 4:

V w- [(L(30.3) + NT ((L)(29.4) # 1372.5)] + 22.5] (NB)

where

VcV - R.C. wall quantity required, cu ft.

L - length of aeration tanks, ft.

2.1.9.5.10.3 When NT is equal to or greater than 4:

V - [30.3(NT) (L) + 57(L) + 1417.5 (NT) + 45(PGW) + 1351 NBcw

2.1.9.5.11 Quantity of handrail for safety. Handrail is
required for safety protection of the operation personnel of
wastewater treatuent plants. Waterway walls and the top of the
pipe gallery will require handrail. The quantity of handrail
required may be estimated as follows:
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2.1.9.5.11.1 If NT is less than 4:

LHR - [2(NT) (L) + 2(L) + 61.5(NT) + 1.5] NB

2.1.9.5.11.2 If NT is greater than or equal to 4:

LHR - [2(Vr) (L) + (4L) + 36.5(NT) + 2 PGW 13] NB

where

LHR - handrail length, ft.

2.1.9.5.12 Calculate operation manpower requirements.

2.1.9.5.12.1 If CFHd is less than or equal to 3000 scfm, the
operation manpower can be calculated by:

OMH - 62.36 (CFMd) 0 . 39 7 2

where

OMH - operation manpower required, M/yr.

2.1.9.5.12.2 If CFM is greater than 3000 scfm, the operation
manpower can be calcuated by:

OMB - 26.56 (CMd )0.5038

2.1.9.5.13 Calculate maintenance manpower requirements.

2.1.9.5.13.1 If CFMd is less than or equal to 3000 scfm, the
maintenance manpower can be calculated by:

MMH - 22.82 (CFMd)0 *4
379

2.1.9.5.13.2 If CFMd > 3000 scfm., the maintenance manpower can
be calculated by:

MMB - 6.05 (CFMd)0.6037

where

MMH - maintenance manpower required, MVyr.

2.1.9.5.14 Energy requirement for operation. The electrical
energy required for operation is related to the air requirement
by the following equation:

KWH (CFd) (241.6)
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where

KWR - electrical energy required for operation, kwhrl yr.

2.1.9.5.15 Operation and maintenance material and supply costs.
Operation and maintenance material supply costs include itens such
as lubricant, paint, replacement parts, etc. These costs are
estimated as a percent of the total bare construction costs.

OMMP - 3.5 (Qavg)-022

where

OMIP -operation and maintenance material costs as percent
of total bare construction cost, percent.

2.1.9.5.16 Other construction cost items. The majority of the
costs of the diffused aeration activated sludge process have been
accounted for. Other cost items, such as liquid piping system,
control equipment, painting, site cleaning and preparation, etc.,
can be estimated as a percent of the total bare construction cost.
This value depends greatly on site conditions and complexity of the
process. For a generalized model, an average value of 10 percent
will be used.

I
CF - a11

where

CP - correction factor to account for the minor cost
items.

2.1.9.6 Quantities Calculation Outout Data.

2.1.9.6.1 Number of aeration tanks, NT.

2.1.9.6.2 Number of diffusers per tank, ND t
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2.1.9.6.3 Number of process batteries, NB.

2.1.9.6.4 Number of swing amn headers per tank, NSA t .

2.1.9.6.5 Length of aeration tanks, L, ft.

2.1.9.6.6 Width of pipe gallery, PGW, ft.

2.1.9.6.7 Earthwork required for construction, Vew, Cu ft.

2.1.9.6.8 Quantity of R.C. slab required, Vcs, cu ft.

2.1.9.6.9 Quantity of R.C. wall required, Vcw, cu ft.

2.1.9.6.10 Quantity of handrail, LHR, ft.

2.1.9.6.11 Operation manpower requirement, OMH, M/yr.

2.1.9.6.12 Maintenance manpower requirement, MMH, MN/yr.

2.1.9.6.13 Electrical energy for operation, KWH, kwhr/yr.

2.1.9.6.14 Operation and maintenance material and supply cost
as percent of total bare construction cost, OMMP, percent.

2.1.9.6.15 Correction factor for minor construction costs, CF.

2.1.9.7 Unit Price Input Required.

2.1.9.7.1 Cost of earthwork, UPIEX, $/cu yd.

2.1.9.7.2 Unit price -nput R.C. wall in-place, UPICW, $/cu yd.

2.1.9.7.3 Unit price input R.C. slab in-place, UPICS, S/cu yd.

2.1.9.7.4 Unit price input for handrails in-place, UPIHR,
$/ f t.

2.1.9.7.5 Cost per diffuser, COSTPD, $, (optional).
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2.1.9.7.6 Cost per swing arm header, COSTPH, $, (optional).

2.1.9.7.7 Current Marshall and Swift Equipment Cost Index,
MSECI.

2.1.9.7.8 Current CE Plant Cost Index for pipe, valves,
etc., CEPCIP.

2.1.9.7.9 Equipment installation labor rate, LABRI, $/MR.

2.1.9.7.10 Unit price input for crane rental, UPICR, S/hr.

2.1.9.8 Cost Calculations.

2.1.9.8.1 Cost of earthwork.

V
COSTE - ew UPIEX

27

where

COSTE - cost of earthwork, $.

V - quantity of earthwork, cu ft.ew

UPIEX - unit price input of earthwork, $/cu yd.

2.1.9.8.2 Cost of R.C. wall in-place.

COSTCW - Vow UPICW
27

where

COSTCW - cost of R.C. wall in-place, $.

V - quantity of R.C. wall, cu ft.cv

UPICW - unit price input for R.C. wall in-place, $/cu
yd.

2.i.9.8.3 Cost of R.C. slab in-place.

COSTCS - Vcs UPICS
27

where

COSTCS a cost of R.C. slab in-place, $.

V - volume of concrete slab, cu yd.cs

UPICS - unit price R.C. slab in-place, $/cu yd.
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2.1.9.8.4 Cost of handrails in-place.

where COSTHR - LHR x UPIHR

COSTHE - cost of handrails in-place, $.

LHER - length of handrails, ft.

UPIHR - unit price input for handrails in-place, $/ft.

2.1.9.8.5 Cost of diffusers.

2.1.9.8.5.1 The oxygen transfer values given indicate the use
of coarse bubble diffusers. The cost of a coarse bubble diffuser
with a capacity of 12 scfm for the first quarter of 1977 is

COSTPD - $6.50

For a better estimate COSTPD should be obtained fra an equipment
vendor and treated as a unit price input. Otherwise, for future
escalation the equipment cost should be adjusted by using the
Marshall and Swift Equipment Cost Index.

COSTPD - 6.50 MSECI

where

COSTPD - cost per diffuser, $.

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index, first
quarter 1977.

2.1.9.8.5.2 Calculate COSTD.

COSTD - COSTPD x NDt x NT x NB

where

COSTD - cost of diffusers for systm, $.

-Dt = nuzber of diffusers per tank.

NT - nunber of tanks.

2.1.9.8.6 Cost of swing arm diffuser headers.
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2.1.9.8.6.1 Swing an diffuser headers cae in several sizes.
The cost used is for a header which will handle 550 scf and up
to 37 diffusers. The cost of this header for the first quarter
of 1977 is

COST?! - $5,000

For a better estimate COSTPH should be obtained fran an equipment
vendor and treated as a unit price input. Otherwise, for future
escalation the equipment cost should be adjusted by using the
Marshall and Swift Equipment Cost Index.

COST?! - $5,000 MSECI
491.6

where

COSTPH - cost per swing am header, $.

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index, first
quarter of 1977.

2.1.9.8.6.2 Calculate COSTH.

COSTH - COST?! z NSA t x NT x NB

where

COSTH - cost of swing am headers for system, $.

NSA t - nuber of swing am headers per tank.

NT - number of tanks.

NB - nunber of batteries.

2.1.9.8.7 Equipment installation man-hour requirenent. The
labor requirement for field installation of the swing am headers,
including mounting the diffusers, is approximately 25 man-hours
per header.

IM - 25 NSAt x HT x NB

where

IMH = installation man-hour requireient, MR.

2.1.9.8.8 Crane requirement for installat..

CH - (.l) (IMR)
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where

iCH * crane time requirement for installation, hr.

2.1.9.8,9 Cost of air piping. The air piping for the dif-
fused aeration system is very coplex and includes many valves
and fittings of different sizes. This causes cost estimation by
material take-off to be very difficult for a wide range of flow.
In this case we feel the use of parametric costing is justified
as the overall accuracy of the estimate wil not be affected to a
great extent.

2.1.9.8.9.1 If CF d is between 100 sctm and 1000 scfm, the
cost of air piping can be calculated by:

COSTAP - 617.2 (CFld) 
0 .2553 CEPCIP

where

COSTAP - cost of air piping, $.

CFd - design capacity of blowers, scfm.

CEPCIP - current CE Plant Cost Index for pipe, valves, etc.

241.0 - CE Plant Cost Index for pipe, valves, etc., for first
quarter of 1977.

2.1.9.8.9.2 If CFMd is between 1000 scfm and 10,000 scfm, the
cost of air piping can be calculated by:

COSTAP - 1.43 (CFlId) 1.337 2 CEPCIP=41.0

2.1.9.8.9.3 If CFH is greater than 10,000 scfm, the cost of
air piping can be calgulated by:

COSTAP - 28.59 (CFMd)0 .8085 xCEPCIP

2.1.9.8.10 Other costs associated with the installed equipment.
This category includes the cost for weir installation, painting,
inspection, etc., and can be added as a percentage of the pur-
chased equipment cost:

PM.NC - 10%

where

PMINC - percentage of purchase costs of equipment as minor
installation cost, percent.

2.1.9.8.11 Installed equipment costs.
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IEC (COSTD + COSTH) (1 + P10 + (IM) (LABRI) * (CH) (upIcR)

~where

IEC - installed equipment cost, $.

LABRI - labor rate, $/H.

UPICR - crane rental rate, $/hr.

2.1.9.8.12 Total bare construction cost.

TBCC - (COSTE * COSTCW + COSTCS + LEC COSTHE + COSTAP) CF

where

TBCC - total bare construction cost, $.

CF - correction factor for minor cost items.

2.1.9.8.13 Operation and maintenance material costs.

OMCC - TBCC OHP

where

OMQC - operation and maintenance material supply costs,
/ yr.

OMMP - operation and maintenance material supply costs,
as percent of total bare construction cost, percent.

2.1.9.9 Cost Calculations Output Data.

2.1.9.9.1 Total bare construction cost of diffused aeration
activated sludge syatm, TBCC, dollars.

2.1.9.9.2 Operation and maintenance material and supply
costs, OMMC, dollars.
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2.1.10 Complete Mix Activated Sludge (Mechanical Aeration).

2.1.10.1 Input Data.

2.1.10.1.1 Wastewater Flow (Average and Peak). In case of
high variability, a statistical distribution should be provided.

2.1.10.1.2 Wastewater Strength.

2.1.10.1.2.1 BOD5 (soluble and total), mg/l.

2.1.10.1.2.2 COD and/or TOC (maximum and miniaam), ag/I1.

2.1.10.1.2.3 Suspended solids, mg/l.

2.1.10.1.2.4 Volatile suspended solids (VSS), mg/i.

2.1.10.1.2.5 Nonbiodegrable fraction of VSS, mg/l.

2.1.10.1.3 Other Characterization.

2.1.10.1.3.1 pH.

2.1.10.1.3.2 Acidity and/or alkalinity, mg/I.

2.1.10.1.3.3 Nitrogen,1 mg/i.

2.1.10.1.3.4 Pfhosphorus (total and soluble), mg/I.

2.1.10.1.3.5 Oils and greases, mg/I.

2.1.10.1.3.6 Heavy metals, m/l.

2.1.10.1.3.7 Toxic or special characteristics (e.g., phenols),
mg/I.

2.1.10.1.3.8 Temperature, OF or °C.

2.1.10.1.4 Effluent Quality Requirements.

2,1.10.1.4.1 OD 5 , mSl.

2.1.10.1.4.2 SO, mg/.

2.1.10.1.4.3 SSN, mg/.

2.1.10.1.4.4 P, mg/i.

2.1.10.1.4.5 Total nitrogen (TKII + NO3 - N), tag/I.

2.1.10.1.4.6 Settleabte solids, ag/l/hr.

2.1.10.2 Design Parameters.
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2.1.10.2.1 Reaction rate constants and coefficients.

Constants Rane

Eckenfel der
k 0.0007-0.002 1/m/hr
a 0.73
a' 0.52
b 0.075/day
b ' 0.15/day
f 0.40
f 0.53

2.1.10.2.2 F/M - (0.3-0.6).

2.1.10.2.3 Voltuetric loading - 50-120.

2.1.10.2.4 t - (3-6) hr.

2.1.10.2.5 ts = (3-7) days.

2.1.10.2.6 MISS - (3000-6000) mgl.

2.1.10.2.7 MLVSS - 0.7 MLSS - (2100-4200) mg/i.

2.1.10.2.8 Qr/Q - (0.25-1.0).

2.1.10.2.9 lb 02/lb BODr 2 1.25.

2.1.10.2.10 lb solids/lb BODr a (0.5-0.7).

2.1.10.2.11 0 - (1.0-1.04).

2.1.10.2.12 Efficiency - (>90 percent).

2.1.10.3 Process Design Calculations.

2.1.10.3.1 Assmne the following design parmeters fron above
when unknown.

2.1.10.3.1.1 BOD renoval rate constant (k).

2.1.10.3.1.2 Fraction of BOD synthesized (a).

2.1.10.3.1.3 Fraction of SOD oxidized for energy (a').

2.1.10.3.1.4 Endogenous respiration rate (b and b').

1The for of nitrogen should be specified as to its biological

availability (e.g., NH3 or Kjeldahl).
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2.1.10.3.1.5 Mixed liquid suspended solids (MLSS).

2.1.10.3.1.6 Mixed liquid volatile suspended solids (MLVSS).

2.1.10.3.1.7 Food-to-microorganism ratio (F/).

2.1.10.3.1.8 Nonbiodegradable fraction of VSS in influent (f).

2.1.10.3.1.9 Degradable fraction of the MLVSS (f').

2.1.10.3.1.10 Temperature correction coefficient (0).

2.1.10.3.2 Adjust rate constant for temperature.

KT - K20 ° (T-20)

where

- rate constant at desired temperature, °C.

0 K2 0 - rate constant at 200C.

0 - temperature correction coefficient.

T - temperature, °C.

2.1.10.3.3 Determine the size of the aeration tank by first
determining the detention time to

t - 24S0

where 
( 2VI )

t - hydraulic time, hr.

S - influent BOD, a&/1.

Xv - LVSS, mg/l.

F/M - food-to-microorsanim ratio.

2.1.10.3.4 Check detention tIme for treatability.
Se 1

0

where

Se - BOD 5 (soluble) in affluent, ag l.

S 0 BOD 5 in influent, mgl.
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k - BOD removal rate constant, I/mg/ hr.

XV - XLVSS, mg/i.

t - detention time, hr.

Solve for t and coampare with t above and select the larger.

2.1.10.3.5 Calculate the volume of aeration tank.

V Q t
v- avg x t

where

V - volume, million gal.

Qavg = average daily flow, mgd.

t - detention time, hr.

2.1.10.3.6 Calculate oxygen requirements.

dO - arSr + b'Xv

or

02 - a (Sr) (Qavg)(8.3 4) + b'(Xv)(V)(8.34 )

where

dO/dt = oxygen uptake rate, mg/l/hr.

0a' - fraction of BOD oxidized for energy.

S r BOD removed (S o - S e ) , mgl.

t - detention time, hr.

b' endogenous respiration, 1/hr.

=V 4LVSS

02 - oxygen requirement, lb/day.

Qavg - average flow rate, agd.

V = volume of aeration tank, million gaL.
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and check the oxygen supplied against 1.25.

lb 02Lb 02erb BODr - Q(Sr) x 8.34

where

02 a oxygen required, lb/day.

Q - flow, mgd.

S - BOD removed, mag/i.

2.1.10.3.7 Assume the following design parameters and design
aeration system and check horsepower supply for mixing against
horsepower required for caplete mixing 0.1 hp/l1000 gal.

2.1.10.3.7.1 Standard transfer efficiency, lb/hp-hr (0 dis-
solved oxygen, 20 0 C, and tap water) (3-5 lb/hp-hr).

2.1.10.3.7.2 02 transfer in waste/0 2 transfer in water f 0.9.

2.1.10.3.7.3 02 saturation in waste/0 2 saturation in water z
0.9.

2.1.10.3.7.4 Correction factor for pressure . L.O.

2.1.10.3.8 Select saumer operating tmperature (25-30°C) and
determine (fra standard tables) 02 saturation.

2.1.10.3.9 Adjust standard transfer efficiency to operating
conditions.

OTE - STE [ (Cs)T(4)(p) - CLl1 ( 1 . 0 2 )T-20

9.17
where

OTE - operating transfer efficiency, lb 0 2/hp-hr.

STE - standard transfer efficiency, Ib 02 /hp-hr.

(Cs)T - saturation at selected sumer temperature T, 0C,

A 0 02 saturation in waste/0 2 saturation in water >0.9.

p - correction factor for pressure %I,.0.

CL - minimn dissolved oxygen to be maintained in thebasin 2.0 mg/l.

0- 0 2 transfer in waste/0 2 transfer in water.
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T - temperature, OC.

2.1.10.3.10 Calculate horsepower requirement.

02

hp a- l 02 x 1000

OTE hp-h (24)(V)

where

hp - horsepower required/1000 gal.

02 - oxygen required, lb/day.

OTE - operating transfer efficiency, lb 02 /hp-hr.

V - volumne of basin, gal.

2.1.10.3.11 Calculate sludge production.

&XV - [aSrQavg- bXVV + fQ(VSS) + Q(SS - VSS)] 8.34

where

- sludge produced, lb/day.

a - fraction of BOD removed synthesized to cell material.

S - BOD removed, ag/i.r

Qavg - average flow, mgd.

b - endogenous respiration rate/day.

Xv - MvSS, mg/I.

V - volume of basin, gal.

f - nonbiodegradable fraction of influent VSS

Q - flow, mgd.

VSS - volatile suspended solids in effluent, m/I.

SS - suspended solids in influent, masl.

2.1.10.3.12 Calculate solids produced per pound of BOD 5
removed and check £XV against value given.

lb solids a S ' "

(lb SODr) r(Q) (8.34)
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where

&X - sludge produced, lb/day.

SS r - BOD renoved, mg/l.

Q - flow, mgd.

2.1.10.3.13 Calculate sludge recycle ratio.
Qra
0 x-xa

Q u -a

where

Qr1Q - sludge recycle ratio.

- volume of recycled sludge, mgd.

Q - flow, mgd.

X a - MLSS, m&/i.

X - solids concentration in return sludge, mg/l.U

2.1.10.3.14 Calculate solids retention time.

(V) xa (8.34)
SRT - x

a

where

SRT - solids retention time, days.

0a Z volatile

2.1.10.3.15 Effluent Characteristics.

2.. 10.3.15.1 OD 5 .

BODE - Se + 0.84 (7)eff f '

where

BODE - effluent BOD 5 concentration, mg/i.

Se - effluent soluble BOD 5 concentration, mg/l.

(V)eff - effluent volatile suspended solids, mg/l.

f' - degradable fraction of MLVSS.
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2.1.10.3.15.2 COD.
CODE - (1.5) (BODE)

CODSE - (1.5) (Se)

* where

CODE - effluent COD concentration, mg/I.

CODSE - effluent soluble COD concentration, mg/I.

BODE -effluent BOD5 concentration, mg/i.

Se - effluent soluble BOD5 concentration, mg/l.

2.1.10.3.15.3 Nitrogen.

TKNE - (0.7) TKN

NH3E - TKNE

where

TKNE - effluent total Kjeldahl nitrogen concentration,

TKN - influent total Kjeldahl nitrogen concentration,
mg/i.

N3E - effluent ammonia nitrogen concentration, mg/I.

2.1.10.3.15.4 Phosphorus.

PO4E - (0.7) (P04)

where

PO4E - effluent phosphorus concentration, mg/l.

P04 - influent phosphorus concentration, mg/l.

2.1.10.3.15.5 Oil and grease.

OAGE - 0.0

where

OAGE - effluent oil and grease concentration, m/l.

2.1.10.3.15.6 Settleable Solids.

SETSO - 0.0

where

SETSO - settleable solids, mg/l.

2.1.10.3.16 Detemine nutrient requireents, lb/day.

for nitrogen
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N - 0.123AMT(or ZXV )

and phosphorus

P - 0.026 A~~rAv)

where

A T - sludge produced, lb/day.

A v - sludge produced, lb/day.

and check against BOD:N:P - 100:5:1

2.1.10.4 Process Desin Output Data.

2.1.10.4.1 Aeration Tank.

2.1.10.4.1.1 Reaction rate constant, I/mWghr.

2.1.10.4.1.2 Sludge produced per BOD removed.

2.1.10.4.1.3 Endogenous respiration rate (b, b').

2.1.10.4.1.4 02 utilized per BOD removed.

2.1.10.4.1.5 Influent noubiodegradable VSS (f).

2.1.10.4.1.6 Effluent degradable VSS (f').

2.1.10.4.1.7 lb ROD/lb MLSS-day (F/H ratio).

2.1.10.4.1.8 Mixed liquor SS, mg/l (M1SS).

2.1.10.4.1.9 Mixed liquor VSS, mugl (MLVSS).

2.1.10.4.1.10 Aeration time, hr.

2.1.10.4.1.11 Volume of aeration tank, million gal.

2.1.10.4.1.12 Oxygen required, lb/day.

2.1.10.4.1.13 Sludge produced, lb/day.

2.1.10.4.1.14 Nitrogen requirement, lb/day.

2.1.10.4.1.15 Phosphorus requirement, lb/day.

2.1.10.4.1.16 Sludge recycle ratio, percent.

2.1.10.4.1.17 Solids retention time, days.

2.1.10.4.2 Aeration Systm.

2.1-35



2.1.10.4.2.1 Standard transfer efficiency, lb 02/hp-hr.

2.1.10.4.2.2 Operating transfer efficiency, lb 02/hp-hr.

2.1.10.4.2.3 Horsepower required.

2.1.10.4.3 Effluent B0D 5 concentration, BODE, mg(l.

2.1.10.4.4 Effluent soluble BOD5 concentration, Se, mg/l.

2.1.10.4.5 Effluent COD concentration, CODE, ma/l.

2.1.10.4.6 Effluent soluble COD concentration, CODSE, mgil.

2.1.10.4.7 Effluent total Kjeldahl nitrogen concentration,
TKNE, mg/l.

2.1.10.4.8 Effluent ammonia aitrogen concentration, NR3E, mgl.

2.1.10.4.9 Effluent phosphorus concentration, NR3E, mg/i.

2.1.10.4.10 Effluent oil and grease concentration, OA(Z, mg/l.

2.1.10.5 Quantities Calculations.

2.1.10.5.1 The design values for activated sludge system would be:

V 0 10 6

Vd =V "-4T

HPd - (P) (V) (133.7)

where

Vd - design volume of aeration basin, cu ft.

V - volume of aeration basin million gallons.

2.1.10.5.2 Selection of number of aeration tanks and mechanical
aerators per tank. The following rule will be utilized in the selection
of number of aeration tanks and mechanical aerators per tank.

Number of Number of Aerators

QXv8 Aeration Tanks Per Tank

(and) NT NT

0.5 - 2 2 1
2- 4 3 1
4- 10 4 1
10 - 20 6 2
20 - 30 8 2
30 - 40 10 3
40 - 50 12 3
50 - 70 14 3
70 - 100 16 4
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When Q is larger than 100 mgd, several batteries of aeration tanks
will bevsed. See next section for details.

2.1.10.5.3 Selection of nmmber of tanks and number of batteries of
tanks when Q is larger than 100 mgd. It is general practice in
designing largr sewage treatment plants that several batteries of
aeration tanks, instead of a single group of tanks, are used. This is
due to land area availability and certain hydraulic limitations. To
simplify the modeling process, the following rules will be used:

2.1.10.5.3.1 When Q avS 100 mgd, only one battery of aeration tanks

will be used. Thus

NB-I1

where

NB - number of batteries of units.

2.1.10.5.3.2 When 100 < Q a 200 mgd, the system will be designed as
two Identical batteries of aa ation basins. Each battery would handle
half of the wastewater. The number of aeration tanks in each battery
would be selected according to the rules established in subsection
2.1.10.5.2 by using half the design flow as Q av" Thus

NB-2

2.1.10.5.3.3 When Q av > 200 mgd, the design will be performed to use
three batteries of aeraiion basins, each handling one-third of the
wastewater. Thus

2.1.10.5.4 Mechanical aeration equipment design.

2.1.10.5.4.1 Usually the slow-speed, fi-msounted mechanical surface
aerators are used in domestic wastewater treatment plants. The availa-
ble sizes of this type aerator are 5 HP, 7.5 HP, 10 HP, 15 HP, 20 HP, 25
HP, 30 HP, 40 HP, 50 HP, 60 HP, 75 HP, 100 HP, 125 HP and 150 HP.

2.1.10.5.4.2 Horsepower for each individual aerator:

HPN - HPd
(NB ) (NT) (WA)

If HPN > 150 RP and NT - 2 or 3, then repeat the calculation with NT -

NT I.

If HPN > 150 RP and NT 4 , then repeat the calculation with NT - NT*
2.

where
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HPN - horsepower of each unit, horsepower.

H d - design capacity of aeration equipment, horsepower.

NB - number of batteries.

NT - nuber of aeration tanks per battery.

NA - nunber of aerators per tank.

2.1.10.5.4.3 Compare IPN with the available off-the-shelf sizes and
select the smallest unit with capacity larger than HPN. The capacity of
the selected unit would be designated as HPSN. Thus the total capacity
of the aeration units would be

HPT - (NB) '(NT) '(NA) *(RPSN)

where

HPT - total capacity of selected aerators, horsepower.

2.1.10.5.5 Design of aeration tanks.

2.1.10.5.5.1 Volume of each individual tank would be

Vd

V (N) (NT)

where

VN - volume of single aeration tank, cu ft.

2.1.10.5.5.2 Depth of aeration tanks. The depth of an aeration basin
is controlled by the capacity of the aerators to be installed inside.
If the water depth is too shallow, interference with the mixing current
and oxygen transfer would occur. If the water depth is too deep,
insufficient mixing would occur at the bottom of the tank and sludge
accunulation would occur. Thus proper selection of liquid depth of an
aeration basin is Important. The relationship between the recmsended
basin depth and the capacity of the aerators can be expressed as follow:

When HPSN S 100 HP

DW - 4.816 (HPSN)
0 .2 4 6 7

When HPSN > 100 HP

DW - 15 ft

where - water depth of the aeration tanks, ft.

UPSN - capacity of the aerator, HP.
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2.1.10.5.5.3 Width and length of aeration tank. The ratio between
length and width of an aeration tank is dependent on the number of
aerators to be installed in this tank, NA.

If NI - 1. Square tank construction, 11W - 1

If NA - 2. Rectangular tank construction, 1/W - 2

If NA - 3. Rectangular tank construction, U/W - 3

If NA - 4. Rectangular tank construction, L/W - 4

and

11 W - NA

where

NA - number of aerators per tank.

L - length of aeration tank, ft.

W - width of aeration tank, ft.

After the volume, depth and 11W ratio of the tank are determined, the
width of the tank can be calculated by:

VN
U- (DW) (NA)

The length of the aeration tank would be

L - (NA) (W)

0 2.1.10.5.6 Aeration tank arrangements.

2.1.10.5.6.1 Figure 2.1-9 shows the schematic diagram of the arrange-
ments. Piping gallery will be provided when the number of tanks is
equal or larger than four. The purpose of piping gallery is to house
various piping systems and control equipment.

2.1.10.5.6.2 Size of pipe gallery. The width of this gallery is
dependent on the complexity and capacity of the piping system to be
housed. An experience curve is provided to approximately estmate this
width. It is expressed as:

PGW - 20 + (0.3) Q(.vj)
NB

where
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PGW - piping gallery width, ft.

Qav$ - average influent wastewater flow, mgd.

NB - number of batteries,

2.1.10.5.7 Earthwork required for construction. It is assued that
tak bottom would be 4 feet below ground level. Thus the earthwork
required would be estimated by the following equations:

2.1.10.5.7.1 When NT - 2, earthwork required would be:

V - 3 [(2 W+ 18.5) (W + 17) + (2 W+ 26.5) (We+ 25)]ew

where

V - quantity of earthwork required, cu ft.
ew

W - width of aeration tank, ft.

2.1.10.5.7.2 When NT - 3, earthwork required would be:

V = 3 [(3 W+ 28) (W+ 25) + (3 W + 20) (W+ 17)]ew

2.1.10.5.7.3 When NT > 4, the width and length of the concrete slab
for the wdhole aeration tank battery can be calculated by:

LS M 2 L PGW+ 16

W al (NT) (W) + 14.5
5

where

Ls M length of the basin slab, ft.

L - length of one aeration tank, ft.

PGW - piping gallery width, ft.

W - width of the basin slab, ft.5

NT - number of tanks per battery.

Thus the earthwork can be estimated by:

Vew 3 ' (NB) Ls +4) (Ws + 4). (Ls +12) ( s + 12)]

where

V - volume of earthwork, cu ft.

2.1.10.5.8 Reinforced concrete slab quantity.
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2.1.10.5.8.1 It is assumed that a '-6" thick slab will be utilized in

this progran regardless of the size of the systeu.

2.1.10.5.8.2 For NT - 2,

V - 1.5 (2 W+ 14.5) (W+ 13)Cs

where

V s - R.C. slab quantity, cu ft.

2.1.10.5.8.3 NT - 3,

Vcs- 1.5 (3 W+ 16) (W + 13)

2.1.10.5.8.4 When NT > 4,

VcS - 1.5 (L) (WS )
e where

L - length of slab, ft.S

W - width of slab, ft.s

2.1.10.5.9 Reinforced Concrete Wall Quantity.

2.1.10.5.9.1 The wall constructions are different for complete mix and
plug flow systens. In order to achieve couplete mix, the inflows to the
aeration tanks would be distributed unifozmly along one side of the
aeration tank, flowing across the width of the tank and being discharged
along the other side wall. Thus a Y-wall construction will be used so
that the top section of the wall can be an open channel for influent
and/or effluent discharges. Figure 2.1-10 shows a typical section of
the complete mix aeration tank.

2.1.10.5.9.2 When NT - 2,

V - V [8.75 DW + 88]

where

V - R.C. wall quantity, cu ft.cv

W - width of individual aeration tank, ft.

DW - water depth of aeration tank, ft.

2.1.10.5.9.3 When NT - 3,

Vcw - 6 (W + 2) (1.25 DW+ 13.45) + 5 W [DW 31
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When NT > 3,

V - (NB) 4 ' L ' (1.25 (DW 4 3) + 9.71 + (NT - 2) * L

(1.25 DW + 31) + 2.5 (NT) (W) (DW+ 3)

2.1.10.5.10 Reinforced concrete required for piping gallery con-
struction. The quantity of piping gallery slab has been estiuated with
the aeration tanks slab calculations. Only the quantity of reinforced
concrete for ceilings and end wall is necessary.

2.1.10.5.10.1 When NT < 4,

V -0cg

where

V - quantity of R.C. for gallery construction, cu ft.cg

2.1.10.5.10.2 When NT 2 4, assuming the ceiling thickness is 1.5 feet,
then the quantity of reinforced concrete would be:

V cg- (NB) ' (1.5) (PGW) [ 2(W) + 0.75 (NT) + 1.5]

where

V - volume of R.C. ceiling for piping gallery construction,
cgc cu ft.

and for two end walls:

V -2 (PGW) (NB) (DW+ 3)
e where w

V - volume of R.C. walls for piping gallery construction,
cu ft.

Thus total R.C. volume for piping gallery construction would be

cg " cgc cgw

2.1.10.5.11 Reinforced concrete quantity for aerator supporting
platfom contruction.

2.1.10.5.11.1 Number of aerator-supporting platfoms. Each aerator
will be supported by an individual platfom.

2.1.10.5.11.2 Figure 2.1-11 show a typical supporting platfom for the
aeration equipment. The width of the platfom would be a function of
the capacity of the aerator to be supported. The following experienced
fomula is given to approximate this relationship.
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X - 5 + 0.078 (UPSN)

where

X - width of the platform, ft.

HPSN - horsepower of the mechanical aerator, RP.

2.1.10.5.11.3 Volume of reinforced concrete for the construction of the
platforms would be:

V - X2+ 5.6 (DW + 2)] (NT) (NA) (NB)cp

where

V - volume of R.C. for the platfom construction, cu ft.cp

DW - water depth of the aeration basin, ft.

2.1.10.5.11.4 Volume of reinforced concrete for pedestrian bridges.
The pedestrian bridge links the aerator platfom to the walkway-sidevalls
for ease of operation and maintenance. By using a width of 4 feet and
slab thickness of 1 foot, the quantity of reinforced concrete can be
calculated by:

Vcwb - (2 (W- X)] (NB) (NT) (NA)

where

Vcwb - quantity of concrete for pedestrian bridge construction,

cii ft.

2.1.10.5.12 Sunmary of reinforced concrete structures.

2.1.10.5.12.1 Quantity of concrete slab.

cst V cs
where

Vcst - total quantity of R.C. slab for the construction ofaeration tanks, cu ft.

2.1.10.5.12.2 Quantity of concrete wall.

Vcwt = Vcw* Vcg + Vcp +Vcvb

where

Vcwt - quantity of R.C. wall for the construction of aeration
tanks, cu ft.
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V w = quantity of aeration tank L.C. walls, cu ft.

Vcg - quantity of R.C. for the construction of piping gallery,
cu ft.

V - quantity of R.C. for the construction of aerator-supporting
cp platfons, cu ft.

Vcw b - quantity of. R.C. for the construction of pedestrian
bridges.

2.1.10.5.13 Quantity of handrail for safety. Handrail is required
for the safety protection of the operation personnel of wastewater
treatnent plants. Waterway walls, aerator platforms and bridges, and
the top of the piping gallery will require handrail. Quantity of
handrail can be estinated thus:

2.1.10.5.13.1 When NT - 2,

LH - 4 W+ 11 + 2 * (3X+ W- 4)

where

LHR - handrail length, ft.

W - aeration tank width, ft.

X - width of aerator-supporting platfonn, ft.

2.1.10.5.13.2 When NT - 3,

LHR - 6 W+ 10 + 3 (3X + W - 4)

2.1.10.5.13.3 When NT 2 4,

if I- is an even number,

LHR = PGW+ (NT) (W) + [L+ 3- 4 (A)] (T)+ (NA) (NT)

(3X+ W- 4) " (NB)

if is an odd number,

LHR - 4PGW + (NT) (W) + (L + 3 - 4 (NA)] (NT + 2) +

(MA) (NT) (3X + 4) (XE)

where

PGW a width of the piping gallery, ft.
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2.1.10.5.14 Operation and maintenance manpower requirements. Patterson
and Bunker's data will be utilized to project the operation and maintenance
manpower requirements. The man-hour per year requirement is presented
as a function of the total horsepower of the aeration equipment.

2.1.10.5.14.1 Calculate the total installed capacity of the aeration
equipment.

TICA - (NB) (NT) (NA) (HPSN)

where

TICA - total installed capacity of the aeration equipment,
horsepower.

RPSN - capacity of one individual aerator, horsepower.

2.1.10.5.14.2 The operation manpower requirement can be estimatedas
follows:

When TICA < 200 hp

OMH 0 242.4 (TICA) 0 3 7 3 1

When TICA 2 200 hp

OMH - 100 (TTCA) 0 . 5 4 25

where

OMH - operational man-hour requirement, man-hour/yr.

2.1.10.5.14.3 The maintenance manpower requirement can be estimated as
follows:

When TICA -1 100 hp

%11 - 106.3 (TICA) 0 . 4 03 1

When TICA > 100 hp

,11 - 42.6 (TICA) 0 5 9 5 6

where

MMH - maintenance manpower requirement, man-hour/ yr.

2.1.10.5.15 Energy requirement for operation. By assuming that all
the aerators will be operated 90 percent of the time year-round, the
electrical energy consumption would be:

KWH a 0.85 x 0.9 x 24 x 365 x (TICA)
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where

DM - electrical energy required for operation, khr/ yr.

0.85 - conversion factor from hp-hr to kuhr.

2.1.10.5.16 Material and supply casts for operation and maintenance.
Material and supply costs for operation and maintenance include
such items as lubrication oil, paint, and repair material, etc.
These costs are estimated as a percent of installed costs for the
aeration equipment and are expressed as follows:

OMMP 4.225 - 0.975 log (TICA)

where

0MMP u percent of the installed equipment cost as O&M material
costs, percent.

TICA - total installed capacity of aeration equipment, horsepower.

2.1.10.5.5.17 Other construction cost items. Using the above cal-
culation, the majority of cost items of the activated sludge pro-
cess have been accounted for. Other cost items, such as piping
system, control equipment, painting, site clamming and preparation,
etc., can be estimated as a percent of the tp:el bare L-rVruction
cost. This percentage value has been shown ,.P vary from 4 to 15
percent of the total construction cost of the aeration tank system.
The value depends greatly on site conditions and complexity of the
process. For a generalized model, an average value of 10 percent
would be adequate. Thus,

CF 1.11

where

CF - correction factor to account for the minor cost items.

2.1.10.6 Quantities Calculations Output Data.

2.1.10.6.1 Nuber of aeration tanks, NT.
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2.1.10.6.2 Nuaber of aerators per tank, NA.

2.1.10.6.3 Number of process batteries, NB.

2.1.10.6.4 Capacity of each individual aerator, HPSN, hp.

2.1.10.6.5 Depth of aeration tanks, DW, ft.

2.1.10.6.6 Length of aeration tanks, L. ft.

2.1.10.6.7 Width of aeration tanks, W, ft.

2.1.10.6.8 Width of pipe gallery, PGW, ft.

2.1.10.6.9 Earthwork required for construction, Ve , cu ft.

2.1.10.6.10 Total quantity of R.C. slab, Vest, cu ft.

2.1.10.6.11 Total quantity of R.C. wall, Vc,, cu ft.

2.1.10.6.12 Quantity of handrail, LRK, ft.

2.1.10.6.13 Operation manpower requirement, 0tH, MB/yr.

2.1.10.6.14 Mai? :enance manpower requirement, ?M, M/yr.

2.1.10.6.15 Electrical energy for operation, K[H, kwhr/yr.

2.1.10.6.16 Percentage for O&M material and supply cost, OMMP,
percent.

2.1.10.6.17 Correction factor for minor capital cost items, CF.

2.1.10.7 Unit Price Input Required.

2.1.10.7.1 Cost of earthwork, UPIEX, $/cu yd.

2.1.10.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd.

2.1.10.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd.

0
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2.1.10.7.4 Standard size low speed surface aerator cost (20 hp),

SSXSA, $, optional.

2.1.10.7.5 Marshall & Swift Equipment Cost Index, MSECI.

2.1.10.7.6 Equipment installation labor rate, $/MH.

2.1.10.7.7 Crane rental rate, UPICI, $/hr.

2.1.10.7.8 Unit price of handrail, UPIER, $/L.F.

2.1.10.8 Cost Calculations.

2.1.10.8.1 Cost of earthwork, COSTE.
Vew . UPIEX

COSTE --

where

COSTE - cost of earthwork, $.

Vew - quantity of earthwork, cu ft.

UPIEX - unit price input of earthwork, $/cu yd.

2.1.10.8.2 Cost of concrete wall in-place, COSTCW.

Vcwt . UP1:C

COSTCW - --

where

COSTCW - cost of concrete wall in place, $.

Vcw t - quantity of R.C. wall, cu yd.

UPICW - unit price input of concrete wall in-place, $1
cu yd.

2.1.10.8.3 Cjst of concrete slab in-place, COSTCS.

Vest . UPICS

COSTCS - 27

where

COSTCS - cost of R.C. slab in-place, $.

Vcs t - quantity of concrete slab, $/cu yd.

UPICS - unit price input of R.C. slab in-place, $/cu yd.
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2.1.10.8.4 Cost of installed aeration equipment.

2.1.10.8.4.1 Purchase cost of slow speed pier-mounted surface aera-
tors. The purchase cost of aerators can be obtained by using the
following equation:

CSXSA - SSXSA * RSXSA

where

CSXSA - purchase cost of surface aerator, $.

SSXSA - purchase cost of a standard size slov speed pier-
mounted aerator. Motor horsepower is 20 hp.

RSXSA - ratio of cost of aerators with capacity of HPSN hp to
that of the standard size aerator.

2.1.10.8.4.2 RSXSA. The cost ratio can be expressed as

RSXSA - 0.2148 (PSN) 0 . 5 1 3

where

RPSN - capacity of each individual aerator, hp.

2.1.10.8.4.3 Cost of standard size aerator. The cost of pier-mounted
slow speed surface aerator for the first quarter of 1977 is

SSXSA - $16,300

For a better estimate, SSXSA should be obtained from equipment vendor
and treated as a unit price input. Otherwise, for future escalation,
the equipment cost should be adjusted by using the Marshall and Swift
Equipment Cost Index.

SSXSA = 16,300 " MSECI_
491.6

where

MSECI - current Marshall and Swift Equipment Cost Index from

input.

491.6 - Marshall and Swift Cost Index, first quarter 1977.

2.1.10.8.4.4 Equipment installation man-hour requirement. The man-
hour requirement for field installation of fixed-mounted surface aerator
can be estimated as:

When RPSN : 60 hp

* - 39 + 0.55 (EPSN)
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When HPSN > 60 hp

where 
IMH - 61.3 + 0.18 (HPSN)

IME - installation man-hour requirement, man-hour.

2.1.10.8.4.5 Crane requirement for installation.

CH - (0.1) * IM

where

CH - crane time requirement for installation, hr.

2.1.10.8.4.6 Other costs associated with the installed equipment.
This category includes the costs for electric wiring and setting,
painting, inspection, etc., and can be added as a percentage of purchase
equipment cost:

O PMINC - 23%

where

PMINC - percentage of purchase costs of equipment as minor
installation cost, percent.

2.1.10.8.4.7 Installed equipment cost, IEC.

IEC - [CSXSA (1 + PMINC + UM " LABR I+ CH - UPICR]100 '

(NB) " (NT) • (NA)

where

IEC - installed equipment cost, dollars.

LABRI - labor rate, dollars/man-hour.

UPICR - crane rental rate, dollars/hr.

2.1.10.8.5 Cost of handrail. The cost of installed handrail systen
can be estimated as:

COSTHR - LHR x UPiHR

where

LHR - handrail quantity, ft.

UPIHR - unit price input for handrail cost, $ per lineal
foot. A value of $25.20 per foot for the first quarter
of 1977 is suggested.
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2.1.10.8.6 Other cost items. This category includes cost of process
piping system, control instruments, site work, etc. Costs can be
adjusted by multiplying the correction factor CF to the sun of other
costs.

2.1.10.8.7 Total bare construction costs, TBCC, dollars.

TBCC - (COSTE + COSTCW + COSTCS + IEC + COSTER) * CF

where

TBCC - total bare construction costs, dollars.

CF - correction factor for minor cost items, from second-order
design output.

2.1.10.8.8 Operation and maintenance material costs. Since this
item of the O&M expenses is expressed as a percentage of the installed
equipment costs, it can be calculated by:

OMMC - IEC 100100

where

OMMC - operation and maintenance material and supply costs,
$/yr.

OMKP - percent of the installed aerator cost as O&M material
and supply expenses.

2.1.10.9 Cost Calculations Output Data.

2.1.10.9.1 Total bare construction cost of the mechanical aerated
activated sludge process, TBCC, dollars.

2.1.10.9.2 Operation and maintenance supply and material costs,
OMMC, dollars.
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2.1.11 CONTACT STABILIZATION (Diffused Aeration)

2.1.11.1 Input Data.

2.1.11.1.1 Wastewater Flow (Average and Peak). In case of
high variability, a statistical distribution should be provided.

2.1.11.1.2 Wastewater Strength.

2.1.11.1.2.1 BOD 5 (soluble and total), mg(I.

2.1.11.1.2.2 COD and/or TOC (maximum and minimum), mg1.

2.1.11.1.2.3 Suspended solids, mg/l.

2.1.11.1.2.4 Volatile suspended solids (VSS), mg/l.

2.1.11.1.2.5 Nonbiodegradable fraction of VSS, mg/I.

2.1.11.1.3 Other Characterization.

2.1.11.1.3.1 pH.

2.1.11.1.3.2 Acidity and/or alkalinity, mg/l.

2.1.11.1.3.3 Nitrogen,1 mg/l.

2.1.11.1.3.4 Phosphorus (total and soluble), mg/I.

2.1.11.1.3.5 Oils and greases, mgl.

2.1.11.1.3.6 Heavy metals, mg/l.

2.1.11.1.3.7 Toxic or special characteristics (e.g., phenols),

2.1.11.1.3.8 Temperature, OF or 0C.

2.1.11.1.4 Effluent Quality Requirements.

2.1.11.1.4.1 BOD 5 , mg/i.

2.1.11.1.4.2 SS, mg/I.

2.1.11.1.4.3 TKN, mg/l.

2.1.11.1.4.4 P, mg/l.

2.1.11.1.4.5 Total nitrogen (TKN + No3 - N), mg/l.

'The fore of nitrogen should be specified as to its biological
availability (e.g., NH3 or Kjeldahl).
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2.1.11.1.4.6 Sertleable solids, mg/l.

2.1.11.2 Design Parameters.

2.1.11.2.1 Contact tank detention time, tI.

t I - (0.5-1.0) hr

2.1.11.2.2 Systen organic loading (F/K).

F/M - (0.2-0.6)

2.1.11.2.3 Volusetric loading- 60-75.

2.1.11.2.4 Stabilization tank detention time, t2 .

t 2 - (2-4) hr

2.1.11.2.5 Contact tank MLSS, Xac.

Xac - (2500-3500) mg/l

2.1.11.2.6 Contact tank MLSS, Xvc.

X vc - 0.7X ac - (1750-2450) ag/1

2.1.11.2.7 Stabilization tank LSS, Xs.

x = (4000-8000) mg/l

2.1.11.2.8 Stabilization tank MLVSS, Xvs.

X - (2800-5600) mg/i

2.1.11.2.9 Air requirement (lb 02/lb BODr).

lb 02/lb SODr - 1.25-1.5

2.1.11.2.10 lb solids/lb BODr = (0.2-0.4).

2.1.11.2.11 Recycle ratio, Q.

Qr/Q (0.25-1.00)

2.1.11.2.12 Efficiency - ( > 90 percent).
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2.1.11.3 Process Design Calculations.

2.1.11.3.1 Assume the following design parameters.

2.1.11.3.1.1 Aeration time in contact tank, hr.

2.1.11.3.1.2 Aeration tIme in stabilization tank, hr.

2.1.11.3.1.3 MISS in contact tank, mg/I.

2.1.11.3.1.4 MISS in stabilization tank, mg/I.

2.1.11.3.1.5 MLVSS in contact tank, mg/I.

2.1.11.3.1.6 MLVSS in stabilization tank, mg1.

2.1.11.3.1.7 02 requirements, lb/day.

2.1.11.3.1.8 Sludge produced, lb/day.

2.1.11.3.2 Determine contact tank volume.

tl
Vc Qavg 2"

where

V - volume of contact tank, million gal.c

Qavg = average flow, mgd.

t- = detention time in contact tank, hr.

2.1.11.3.3 Determine stabilization tank volume.

V Q t2
Vs Qavg 2

where

V - volume of stabilization tank, million gal.5

Qav: - average flow, mgd.

t2 - detention time in stabilization tank, hr.
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2.1.11.3.4 Calculate system organic loading and check against
desired loading.

V M)Qavg (S0)
system v c (X vc) + V s (X VS)

where

F/M - food-to-microorganism ratio.

Qavg a average flow, ngd.

So - influent BODs, mg l.

V - volume of contact tank, million gal.C

Xvc - MLVSS in contact tank, mg/I.

V - volume of stabilization tank, million gal.

Xvs- LVSS in stabilization tank, mg/I.

2.1.11.3.5 Calculate volunetric loading and check against
desired loading.

Q (S )(62.4)
lb/1000 ft3  avg, o3

where (V + V s ) x 10

Qavg a average flow, mgd.

So - influent BOD5 , m9'1.

V - contact tank volume, million gal.

V12 - stabilization tank volume, million gal.

2.1.11.3.6 Calculate the systen oxygen required and select
1.25.1.5 lb 02/lb BOD r .

02 - (1.25-1.5)Qavg x Sr(8.34)

where

02 - required oxygen, lb/day.

Qavg a average flow, mgd.

Sr - BOD removed (So - Se), mg/l.
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Supply approximately one-half of 02 for contact tank and one-half

for stabilization tank.

2.1.11.3.7 Design aeration system.

2.1.11.3.7.1 Assume the following design parameters.

2.1.11.3.7.1.1 Standard transfer efficiency, percent, fraa manu-
facturer (5-8 percent).

2.1.11.3.7.1.2 02 transfer in waste0 2 transfer in water m 0.9.

2.1.11.3.7.1.3 02 saturation in waste/02 saturation in water A
0.9.

2.1.11.3.7.1.4 Correction factor for pressure - 1.0.

2.1.11.3.7.2 Select summer operating temperature (25-300 Q and
detemine (from standard tables) 02 saturation.

2.1.11.3.7.3 Adjust standard transfer efficiency to operating
conditions.

( C S ) T  ( ,A ) ( p ) - c L -2
9.17 Sc (1.0 2)T

'20

where

OTE - operating transfer efficiency, percent.

STE - standard transfer efficiency, percent.

(CS) - 02 saturation at selected simmer temperature T, 0C,
T mg/i.

A . 02 saturation in waste/02 saturation in water f 0.9.

p - correction factor for pressure = 1.0.

CL - minimum dissolved oxygen to be maintained in the basin
2.0 mg/1.

GC- 02 transfer in waste/O2 transfer in water f0.9.

T - temperature, 0C.

2.1.11.3.7.4 Calculate required air flow.

Blowers are treated as a separate unit process since several unit
processes in a single plant may require air fron the blowers. The
air requirements fra all unit processes in a treatment train
which require air are summed and the total air requirement is used
to size the blower facility. The unit process design for the
blower facility is found in subsection 2.3.
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02 (105) (7.48)
a 1b 02(OTE) 0.0176 l--0 1440 m"' V

fair day
where

Ra - required air flow, cfm/1000 ft 3 .

02 - required oxygen, lb/day.

OTE - operating transfer efficiency, percent.

V - volume of basin (Vs + V gal.

2.1.11.3.8 Detemine sludge production. Select 0.2-0.4 lb solids/lb
BOD

&XV - (0.2-0.4)Q(S r)8. 3 4

where

AXv - sludge produced, lb/day.

Q - flow, mgd.

Sr - BOD removed, mg/l.

2.1.11.3.9 Effluent Characteristics.

2.1.11.3.9.1 BOD 5.

BODE - Se + 0.84 (XV) efff'

where

BODE - effluent BOD 5 concentration, mgf 1.

Se - effluent soluble BOD 5 concentration, mg/l.

(V)eff - effluent volatile suspended solids, mg/l.

V - degradable fraction of MLVSS.

2.1.11.3.9.2 COD.

CODE - (1.5) (BODE)

CODSE- (1.5) (Se)

where

CODE - effluent COD concentration, mg/I.

CODE - effluent soluble COD concentration, mugl.

BODE - effluent BOD 5 concentration, mtgl.

Se - effluent soluble SOD 5 concentration, mg/l.
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2.1.11.3.9.3 Nitrogen.

TKNE - (0.7) TKN

0NR3E - TKNE

where

TKE - effluent total KJeldahl nitrogen concentration,
mg/1.

TKN - influent total Kjeldahl nitrogen concentration,
ug/i1.

NH3E - effluent amonia nitrogen concentration, m/I.

2.1.11.3.9.4 Phosphorus.

PO4E - (0.7) (P04)

where

PO4E - effluent phosphorus concentration, mg/I.

204- influent phosphorus concentration, mg/i.

2.1.11.3.9.5 Oil and Grease.

OAGE - 0.0

where

OAGE - effluent oil and grease concentration, mg/i.

2.1.11.3.9.6 Settleable Solids.

SETSO - 0.0

where

SETSO - settleable solids, mg/I.

2.1.11.3.10 Detemnine nutrient requirenents for nitrogen.

N - 0.123 XV

and phosphorus

P - 0.026 &XV

where

XV - sludge produced, lb/day.
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and check against rule of thumb BOD:N:P - 100:5:1.

2.1.11.3.11 Determine recycle ratio required and check against
0.25-1.0.

Qr X ac

where as ac

Qr = volume of recycled sludge, mgd.

Q - total flow, mgd.

Xac - MLSS in contact tank, mg/1.

Xas - MLSS in stabilization tank, mg/l.

2.1.11.4 Process Design Output Data.

2.1.11.4.1 Aeration Tank.

2.1.11.4.1.1 lb BOD/Ib MLSS-day.

2.1.11.4.1.2 Mixed liquor SS contact tank, mg/I (MLSS).

2.1.11.4.1.3 Mixed liquor SS stabilization tank, mgII (MLSS)s
2.1.11.4.1.4 Aeration time contact tank, hr (t C).

2.1.11.4.1.5 Aeration time stabilization tank, hr (ts).

2.1.11.4.1.6 Volume of cont tabilnk, million gal (V C).
2.1.11.4.1.7 Volume of stabilization tank, million gal (Vs).

2.1.11.4.1.8 Oxygen required, lb/day.

2.1.11.4.1.9 Sludge produced, lb/day.

2.1.11.4.1.10 Nitrogen requirenent, lb/day.

Z.1.11.4.1.11 Phosphorus requirement, lb/day.

2.1.11.4.1.12 Sludge recycle ratio, percent.

2.1.11.4.1.13 Volumetric loading, lb BOD/million ft3.

2.1.11.4.2 Aeration System.

i 2.1.11.4.2.1 Standard transfer efficiency, percent.

2.1-59



2.1.11.4.2.2 Operating efficiency, percent.

2.1.11.4.2.3 Required air flow, cfu/1000 ft3.

2.1.11.5 Quantities Calculations.

2.1.11.5.1 Design values for activated sludge systm.

Vd - (Vc + Vs) * 7.48

CFMd a (CFH) " (Vc . Vs ) (133.7)

where

Vd - design volume of aeration tanks, cu ft.

Vc - volume of contact tanks, million gallons.

Vs - volume of stabilization tanks, million gallons.

CFMd - design capacity of blowers, scfm.

CFN - blower capacity, scfm/1000 cu ft tank volume.

2.1.11.5.2 Selection of numbers of aeration tanks for contact-
stabilization modification. Due to the fact that the ratio
between the volumes of the stabilization tank and contact tank
generally ranges frm 3:1 to 5:1, and also that it is general
practice to keep the dimensions and sizes identical among aeration
tanks within a sewage treatent plant, the following rule will be
utilized in the selection of numbers of aeration tanks.

Total Number Possible Tank lmber
Qav9 of Tanks Selections for Contact0MGD) NT or Stabilization Process

0.5- 10 4 *c: 1
s: 3

10- 20 6 c: I or 2
s: 4 or 5

20- 30 8 c: 1, 2 or 3
a: 5, 6 or 7

30- 40 10 c: 1, 2, 3 or 4
s: 6, 7, 8 or 9

40- 50 12 c: 1, 2, 3 or 4
s: 8, 9, 10 or 11

50- 70 14 c: 1, 2, 3 or 4
a: 10, 11, 12 or 13

70- 100 16 c: 2, 3, 4, 5 or 6
s: 10, 11, 12, 13 or 14

c: Possible number of tanks to be used as contact basin.
a: Possible number of tanks to be used as stabilization basin.
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Where Qavg is larger than 100 mgd, several batteries of units will
be used. See subsection 2.1.11.5.3 for details.

2.1.11.5.3 Selection of nuber of tanks and number of ba-
tteries of tanks when Q is larger than 100 mgd. It is general
practice in designing laer sewage treatment plants that several
batteries of aeration tanks, instead of a single group of tanks,
are used. This is due to land area availability and certain
hydraulic limitations. To simplify the modeling process, the
following rules will be used:

2.1.11.5.3.1 When Q . 100 mgd, only one battery of aeration

tanks will be used. Th

RB-I

where

NB - number of batteries of units.

2.1.11.5.3.2 When 100 < Q a 200 mgd, the system will be
designed as two identical bi'eries of aeration basins. Each
battery would handle half of the wastewater. The number of aeration
tanks in each battery would be selected according to the rules
established in subsections 2.1.11.5.2 by using half the design
flow as Q avg Thus

NB-2

2.1.11.5.3.3 When Q > 200 mgd, the design will be perfomed
to use three batteriesVk aeration basins, each handling one- third
of the vastewater. Thus

NB -3

2.1.11.5.4 Number of diffusers. The oxygen transfer rates
used dictate the use of coarse bubble diffusers. These diffusers
have an air flow from 10-15 scfm; for design purposes an average
of 12 scfm will be used.

CFMd

t " 12 (NT) (NB)

NDt must be an integer

where

NDt = number of diffusers per tank.

2.1.11.5.5 Number of swing am diffuser headers. For ease of
maintenance swing aim headers are usually used. The number of
diffusers per header is dictated by the number of connections
provided on each header by the manufacturer. This varies with
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manufacturer and header size from 8 to 30. For our purposes an
average of 20 diffusers per header will be assumed.

NSAt - NDt
20

NSAt must be an integer

where

NSAt - nunber of swing am headers per tank.

2.1.11.5.6 Design of aeration tanks.

2.1.11.5.6.1 Volune of each tank would be
VN d

(NB) (NT)

where

VN - volue of single aeration tank, cu ft.

2.1.11.5.6.2 Depth and width of aeration tanks. The depth and
width of the aeration tanks will be fixed at 15 ft and 30 ft,
respectively.

2.1.11.5.6.3 Length of aeration tanks.

L VN

(15) (30)

If L is greater than 400 ft, then recalculate VN using NT - XT +
1, then recalculate L.

2.1.11.5.7 Aeration tank arrangements.

2.1.11.5.7.1 Figure 2.1-12 shows the schematic diagram of the
arrangements. A pipe gallery will be provided when the number of
tanks is equal to or larger than four. The purpose of the pipe
gallery is to house the various air and water piping systems and
control equipment.

PGW - 20 + (0.4) (Qavz)
NB

where

PGW - pipe gallery width, ft.

Qavg - average influent wastewater flow, mgd.

NB - number of batteries.

2.1.11.5.8 Typical wall constructions.
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2.1.11.5.8.1 In the plug flow system the influent to the aeration
basin will be piped to one end of the tank and discharged at the other
end. Thus it does not require such an elaborate wall construction. Two
typical wall sections are required as shown in Figure 2.1-13. One would
be a simple straight side wall and the other would be a Y wall as in the
complete mix flow. This Y wall would be required to carry the air
piping and headers.

2.1.11.5.9 Earthwork required for construction. It is assumed that
the tank bottom will be 4 feet below ground level. The earthwork required
can be estimated by the following equations.

2.1.11.5.9.1 When NT is less than 4, the earthwork required would be:

V - 6 3(CNT(31.5) . 15.5) (L + 17) + (NT(31.5) + 23.5) (L + 25),Vew M6N

where

V - volume of earthwork required, cu ft.ew

NT - number of tanks per battery.

L - length of aeration tanks, ft.

2.1.11.5.9.2 When NT is greater than or equal to 4, the earthwork
required would be:

Vew 6 (~[15.75(NTI15.5)(2L PG*20) (15.75(NT)+23.5)(2L PG*28)]cv 2

2.1.11.5.10 Reinforced concrete slab quantity. It is assumed
that a 1'-6" thick slab will be utilized regardless of the size of
the systea. The volume of reinforced concrete slab will be the
sane for both plug and couplete mix flow.

2.1.11.5.10.1 For NT less than 4:

V cs - 1.5 NB [(NT(31.5) + 15.5) (L + 17)]

where

V s - R.C. slab quantity required, cu ft.

2.1.11.5.10.2 For NT greater than or equal to 4:

V -1.5 NB [(15.75(NT) + 15.5)(2L + PGW + 200)]Cs

2.1.11.5.11 Reinforced concrete wall quantity.

2.1.11.5.11.1 When NT is less than 4

V c- (NB)[75.3(L) + 129.4(ST) - 58.8] (L) + 1383.75(NT) 33.75]
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2.1.11.5.11.2 When NT - 4, 8, 12, 16, 20, etc.

V cw- (NB)[29.35(NT)(L) + 56.8 (L) + 1350 (NT) + 45 (PGW) + 185.65]

2.1.11.5.11.3 When NT - 6, 10, 14, 18, 22, etc.

v - (NB) [15.15(NT) (L) + 28.5 (L) + 1367 (NT) + 45 (PGW) + 168.751cv

2.1.11.5.12 Quantity of handrail for safety. Handrail is
required for safety protection of the operation personnel of
wastewater treatment plants. Waterway walls, and the top of the
pipe gallery will require handrail. The quantity of handrail
required may be estimated as follows:

2.1.11.5.12.1 For NT - 2

LHR - [2(NT)(L) + 2(L) + 61.5(NT) + 1.5] NB

2.1.11.5.12.2 For NT - 3

LHR - [2(NT)(L) + (4L) + (36.5) (NT) + 2 PGW + 13] NB

2.1.11.5.12.3 For NT greater than or equal to 4

LHR - (NT + 4) (L)+ 34(NT)+ 2PGW + 3

2.1.11.5.13 Calculate operation manpower requirements.

2.1.11.5.13.1 If CFMd is Less than or equal to 3000 scfm, the
operation manpower can be calculated by:

OMH - 62.36 (CFMd)
0'39 72

where

0 OMH - operation manpower required, MHR/ -.

2.1.11.5.13.2 If CFM is greater than 3000 scfm, the operation
manpower can be calcurated by:

OMm - 26.56 (CFMd)0 *5038

2.1.11.5.14 Calculate maintenance manpower requiresents.

2.1.11.5.14.1 If CFM is less than or equal to 3000 scfm, the
maintenance manpower gan be calculated by:

- 2.82 (CM d)0.4379

2.1.1L.5.14.2 If CFMd > 3000 scfm, the maintenance manpower can
be calculated by:
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MMR - 6.05 (CFZd) 0.6037

where

HMH maintenance manpower required, ME/yr.

2.1.11.5.15 Energy requirement for operation. The electrical
energy required for operation is related to the average wastewater
flow by the following equation:

KWH - 248,950.8 (Q avg) 0 9 8 0 9

where

KWH - electrical energy required for operation, kwhr/yr.

2.1.11.5.16 Operation and maintenance material and supply
costs. Operation and maintenance material supply costs include
itens such as lubricant, paint, replacement parts, etc. These
costs are estimated as a percent of the total bare construction
costs*

MP 3.57 (Q avg)0.2602

where

OMMP - operation and maintenance material costs as percent of
total bare construction cost, percent.

2.1.11.5.17 Other construction cost items. The majority of the
costs of the diffused aeration activated sludge process have been
accounted for. Other cost itms, such as liquid piping system,
control equipment, painting, site cleaning and preparation, etc.,
can be estimated as a percent of the total bare construction cost.
This value depends greatly on site conditions and complexity of the
process. For a generalized model, an average value of 10 percent
will be used.

CF - *11

where
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CF - correction factor to account for the minor cost items.

2.1.11.6 Quantities Calculations Output Data.

2.1.11.6.1 Number of aeration tanks, NT.

2.1.11.6.2 Number of diffusers per tank, NDt.

2.1.11.6.3 Number of process batteries, NB.

2.1.11.6.4 Number of swing anr headers per tank, NSAt.

2.1.11.6.5 Length of aeration tanks, L, ft.

2.1.11.6.6 Width of pipe gallery, PGW, ft.

2.1.11.6.7 Earthwork required for construction, V ew, cu ft.

2.1.11.6.8 Quantity Qf R.C. Salb required, Vcs, cu ft.

2.1.11.6.9 Quantity of R.C. wall required, Vcw , cu ft.

2.1.11.6.10 Quantity of handrail, LHR, ft.

2.1.11.6.11 Operation manpower requirement, OMH, MWyr.

2.1.11.6.12 Maintenance manpower requirement, 1,4M, 1W yr.

2.1.11.6.13 Electrical energy for operation, KWH, kwhr/yr.

2.1.11.6.14 OQeration and maintenance material and supply cost
as percent of total bare construction cost, OMMP, percent.

2.1.11.6.15 Correction factor for minor construction costs, CF.

2.1.11.7 Unit Price Input Required.
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2.1.11.7.1 Cost of earthwork, UPIEX, $/cu yd.

2.1.11.7.2 Unit price input R.C. wall in-place, UPICW, $/cu
yd.

2.1.11.7.3 Unit price input R.C. slab in-place, UPICS, $/cu
yd.

2.1.11.7.4 Unit price input for handrails in-place, UPIHR,

$/cu ft.

2.1.11.7.5 Cost per diffuser, COSTPD, $, (optional).

2.1.11.7.6 Cost per swing am header, COSTPH, $, (optional).

2.1.11.7.7 Current Marshall and Swift Equipment Cost Index,
XSECI.

2.1.11.7.8 Current CE Plant Cost Index for pipe, valves, etc.,
CEPCIP.

2.1.11.7.9 Equipment installation labor rate, LABEl, $/MH.

2.1.11.7.10 Unit price input for crane rental, UPICR, S/hr.

2.1.11.8 Cost Calculations.

2.1.11.8.1 Cost of earthwork.

COSTE - Vew UPIEX
27

where

COSTE - cost of earthwork, $.

Vew - quantity of earthwork, cu ft.

UPIEX - unit price input of earthwork, $/cu yd.

2.1.11.8.2 Cost of R.C. wall in-place.

COSTCW - Vew UPICW
27

where

COSTCW - cost of R.C. wall in-place, $.

Vcw a quantity of R.C. wall, cu ft.

UPICW - unit price input for R.C. wall in-place, $/cu yd.
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2.1.11.8.3 Cost of R.C. slab in-place.

COSTCS - V cs UPICS
27

where

COSTCS - cost of R.C. slab in-place, $.

V - volme of concrete slab, cu yd.Cs

UPICS - unit price input for R.C. slab in-place, $/cu yd.

2.1.11.8.4 Cost of handrails in-place.

COSTHR - LHR x UPIRR

where

COSTHR - cost of handrails in-place, $.

LHR - length of handrails, ft.

UPIHR - unit price input for handrails in-place, S/ft.

2.1.11.8.5 Cost of diffusers.

2.1.11.8.5.1 The oxygen transfer values given indicate the use
of coarse bubble diffusers. The cost of a coarse bubble diffuser
with a capacity of 12 scfm for the first quarter of 1977 is

COSTPD - $6.50

For a better estimate COSTPD should be obtained from an equipment
vendor and treated as a unit price input. Otherwise, for future
escalation the equipment cost should be adjusted by using the
Marshall and Swift Equipment Cost Index.

COSTPD - 6.50

491.*6

where

COSTPD - cost per diffuser, dollars.

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index, first quarter
1977.

2.1.11.8.5.2 Calculate COSTD.
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COSTD - COSTPD x NDt x NT x n,

where

COSTD - cast of diffusers for system, $.

NDt - nuber of diffusers per tank.

NT - number of tanks.

2.1.11.8.6 Cost of swing atm diffuser headers.

2.1.11.8.6.1 Swing amn diffuser headers cone in several sizes.
The cost used is for a header which will handle 550 scfm and up to
37 diffusers. The cost of this header for the first quarter of
1977 is

COSTPH - $5000

For a better estimate COSTPH should be obtained fran an equipment
vendor and treated as a unit price input. Otherwise, for future
escalation the equipment cost should be adjusted by using the
Marshall and Swift Equipment Cost Index.

COSTP $5000 MSEC491.6

where

COSTPH - cost per swing ann header, $.

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index, first quarter
of 1977.

2.1.11.8.6.2 Calculate COSTH.

COSTH - COSTPH x NSA t x NT x NB

where

COSTH - cost of swing am headers for system, $.

NSA t 0 nunber of swing am headers per tank.

NT - number of tanks.

NB - number of batteries.

2.1.11.8.7 Equipment installation man-hour requirement. Toe
labor requirement for field installation of the swing amn headers,
including mounting the diffusers, is approximately 25 man-hours
per header.
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124H - 25 NSAt x NT x NB
~where

Lw1H - installation man-hour requirement, MH.

2.1.11.8.8 Crane requirement for installation.

CH - (.1) (1m)

where

CH - crane time requirement for installation, hr.

2.1.11.8.9 Cost of air piping. The air piping for the dif-
fused aeration system is very complex and includes 'any valves and
fittings of different sizes. This causes cost estimation by
material take-off to be very difficult for a wide range of flow.
In this case we feel the use of parametric costing is justified as
the overall accuracy of the estimate will not be affected to a
great extent.

2.1.11.8.9.1 If CFMd is between 100 scfm and 1000 scfm, the cost
of air piping can be calculated by:

COSTAP - 617.2 (CFm 0.2553 CEPCIP
x 41.0

where

COSTAP - cost of air piping, $.

CFMd - design capacity of blowers, scfm.

CEPCIP - current CE Plant Cost Index for pipe, valves, etc.

241.0 - CE Plant Cost Index for pipe, valves, etc., for first
quarter of 1977.

2.1.11.8.9.2 If CFMd is between 1000 scfm and 10,000 scfm, the
cost of air piping can be calculated by:

COSTAP - 1.43 (CYM) 1.1337 x CEPCIP
d 241.0

2.1.11.8.9.3 If CFM is greater than 10,000 scfm, the cost of
air piping can be cal~ulated by:

CEPCIP
COSTAP - 28.59 (CFMd) 0 "80 8 5 x 241.0

2.1.11.8.10 Other costs associated with the installed equipment.
This category includes the costs for weir installation, painting,
inspection, etc., and can be added as a percentage of the purchase
equipment cost:
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PMINC - 10%

where

PMINC - percentage of purchase costs of equipment as minor
installation cost, percent.

2.1.11.8.11 Installed equipment costs.

IEC - (COSTD + COSTH) (I + * )+ (DIM) (LABRI) + (CH) (UPICR)

where

IEC - installed equipment cost, $.

LABRI - labor rate, $/MH.

UPICR - crane rental rate, $/hr.

2.1.11.8.11.1 Total bare construction cost.

TBCC- (COSTE + COSTCW + COSTCS + IEC + COSTHR + COSTAP) CF

where

TBCC - total bare construction cost, $.

CF - correction factor for minor cost iteas.

2.1.11.8.12 Operation and maintenance material costs.

OMrC - TBCC
100

e where

OMMC - operation and maintenance material supply costs,
$/ yr.

OMMP - operation and maintenance material and supply costs as
percent of total bare construction cost, percent.

2.1.11.9 Cost Calculations Output Data.

2.1.11.9.1 Total bare construction cost, TBCC, $.

2.1.11.9.2 Operation and maintenance material and supply
costs, OMMC, $.
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2.1.12 CONTACT STABILIZATION (Mechanical Aeration)

2.1.12.1 Input Data.

2.1.12.1.1 Wastewater Flow (Average and Peak). In case of

high variability, a statistical distribution should be provided.

2.1.12.1.2 Wastewater Strength.

2.1.12.1.2.1 BOD5 (soluble and total), m&/I.

2.1.12.1.2.2 COD and/or TOC (maximum and minimum), mg/1.

2.1.12.1.2.3 Suspended solids, mg/l.

2.1.12.1.2.4 Volatile suspended solids (VSS), mg/l.

2.1.12.1.2.5 Nonbiodegradable fraction of VSS, mg/l.

2.1.12.1.3 Other Characterization.

2.1.12.1.3.1 pH.

2.1.12.1.3.2 Acidity and/or alkalinity, mg/l.

2.1.12.1.3.3 Nitrogen, I mg/i.

2.1.12.1.3.4 Phosphorus (total and soluble), mg/k.

2.1.12.1.3.5 Oils and greases, mg/.

2.1.12.1.3.6 Heavy metals, mg/I.

2.1.12.1.3.7 Toxic or special characteristics (e.g., phenols),0 mg/l.

2.1.12.1.3.8 Temperature, OF or °C.

2.1.12.1.4 Effluent Quality Requiretents.

2.1.12.1.4.1 BOD 5, mg/I.

2.1.12.1.4.2 SS, mg/l.

2.1.12.1.4.3 TKN, mg/i.

2.1.12.1.4.4 P, mg/I.

2.1.12.1.4.5 Total nitrogen (TI t+N3 - N), mg/1.

1The form of nitrogen should be specified as to Lts biological
availability (e.g., NH 3 or Kjeldahl).
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2.1.12.1.4.6 Settleable solids, ag/l.

2.1.12.2 Design Paraneters.

2.1.11.2.1 Contact tank detention time, tie

ti - (0.5-1.0) hr

2.1.12.2.2 Systen organic loading (F/M).

F/M - (0.2-0.6)

2.1.12.2.3 Volumetric loading - 60-75.

2.1.12.2.4 Stabilization tank detention time, t 2 .

t 2 - (2-4) hr

2.1.12.2.5 Contact tank MLSS, Xac.

Xac * (2500-3500) mg/ I

2.1.12.2.6 Contact tank MVSS, Xvc"

vc m 0.7Xac w (1750-2450) mg/1

2.1.12.2.7 Stabilization tank KLSS, Xas.

x as (4000-8000) mg/l

2.1.12.2.8 Stabilization tank HVSS, V8."

X - (2800-5600) mg/I
vs

2.1.12.2.9 Air requirment (lb 02/lb BODr).

lb 02/lb BODr - 1.25-1.5

2.1.12.2.10 lb solids/lb BOD r - (0.2-0.4).

2.1.12.2.11 Recycle ratio, /Q.

Q' - (0.25-1.00)

2.1.12.2.12 Eff iciency - ( )90 percent).
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2.1.12.3 Process Design Calculations.

2.1.12.3.1 Assume the following design parmeters.

2.1.12.3.1.1 Aeration time in contact tank, hr.

2.1.12.3.1.2 Aeration time in stabilization tank, hr.

2.1.12.3.1.3 MLSS in contact tank, mg(l.

2.1.12.3.1.4 MLSS in stabilization tank, mg/I.

2.1.12.3.1.5 14LVSS in contact tank, mg/i.

2.1.12.3.1.6 MLVSS in stabilization tank, mg/i.

2.1.12.3.1.7 02 requirements, lb/day.

2.1.12.3.1.8 Sludge produced, lb/day.

2.1.12.3.2 Deteuaine contact tank volume.

ti

c "avg 24

where

V c volume of contact tank, million gal.
C

Qavg a average flow, mgd.

t 1 - detention time in contact tank, hr.

2.1.12.3.3 Dete-ine stabilization tank volume.

V 't 2

s avg 24

where

V - volume of stabilization tank, million gal.

Qavg - average flow, mgd.

t 2 adetention time in stabilization tank, hr.
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2.1.12.3.4 Calculate systan organic loading and check against
desired loading.

Qav (SO)

~syste Vc (1vc) + Vs(Xvs)

where

F/M - food-to-microorganism ratio.

Qavg a average flow, mgd.

S - influent BOD 5 , mgI .

V - volume of contact tank, million gal.C

Xvc - MULVSS in contact tank, ag/1.

V - volume of stabilization tank, million gal.
S

X - MLVSS in stabilization tank, mg/l.

2.1.12.3.5 Calculate volumetric loading and check against
desired loading.

lb/ 1000 ft3 - Qav& (S 0 ) (62.4)
(V * V s ) x 103

wherec s

Qavg - average flow, mgd.

S - influent BOD 5 , mg/i.

V - contact tank volume, million gal.

V - stabilization tank volume, million gal.S

2.1.12.3.6 Calculate the systm oxygen required and select
1.25-1.5 lb 02/lb BODr

02 - (1. 2 5 -1.5)Qavg x Sr (8.34)

where

02 - required oxygen, lb/day.

Qavg a average flow, mgd.

Sr - BOD removed (S o - Se), mg/l.

0
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Supply approximately one-half of 02 for contact tank and one-half

for stabilization tank.

0 2.1.12.3.7 Design aeration system.

2.1.12.3.7.1 Assume the following design parameters and design
aeration system and check horsepower supply for mixing against
horsepower required for complete mixing > 0.1 hp/I000 gal.
2.1.12.3.7.1.1 Standard transfer efficiency, lb/hp-hr (0 dissolved

oxygen, 200C, and tap water) (3-5 lb/hp-hr).

2.1.12.3.7.1.2 02 transfer in waste/02 transfer in water A0.9.

2.1.12.3.7.1.3 02 saturation in waste/02 saturation in water -
0.9.

2.1.12.3.7.1.4 Correction factor for pressure - 1.0.

2.1.12.3.7.2 Select summer operating temperature (25-300 C) and
deteunine (fron standard tables) 02 saturation.

2.1.12.3.7.3 Adjust standard transfer efficiency to operating
conditions.

(Cs)T () (P) -T-20

OTE - STE - 9.17 C (1.02)

where

OTE - operating transfer efficiency, lb 02/hp-hr.

STE - standard transfer efficiency, lb 02/hp-hr.

0(C 5) - 0 saturation at selected summer temperature T, 0C,
T mi/1.

/a= 02 saturation in waste/02 saturation in water m 0.9.

p - correction factor for pressure V1.0.

CL - minimum dissolved oxygen to be maintained in the basin
2.0 mg/1.

a-= 02 transfer in waste/02 transfer in water %;0.9.

T = temperature, °C.

2.1.12.3.7.4 Calculate horsepower requirement.

0
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02

hp = lb 0o2

where OTE hp- hr(2 4 ) (V)

hp - horsepower required/ 1000 gal.

02 - oxygen required, lb/day.

OTE - operating transfer efficiency, lb 02/hp-hr.

V - volne of basin, gal.

2.1.12.3.8 Detenine sludge production. Select 0.2-0.4 lb solids/lb
BODr .

,, v - (o.2-0. 4 )Q(Sr) 8 . 3 4

where

AX V - sludge produced, lb/day.

Q - flow, aegd.

Sr - BOD renoved, ma(l.

2.1.12.3.9 Effluent Characteristics.

2.1.12.3.9.1 BOD 5 .

BODE - Se * 0.84 (Xv) efff,

where

BODE - efflu-xt OD5 concentration, mg/l.

Se - effluent soluble OD5 concentration, mg/I.

()eff - effluent volatile suspended solids, mtfl.

f' - degralable fraction of MLVSS.

2.1.12.3.9.2 COD.

CODE - (1.5) (BODE)

CODSE- (1.5) (Se)

where

CODE - effluent COD concentration, mwgl.

CODSE - effluent soluble COD concentration, mgl.

BODE - effluent BOD 5 concentration, mg I.

Se - effluent soluble OD5 concentration, mgI.
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2.1.12.3.9.3 Nitrogen.

TKNE - (0.7) TKU

NR3E - TKNE

where

TKNE - effluent total Kjeldahl nitrogen concentration,
mg/I.

TKN - influent total Kjeldahl nitrogen concentration,
mg/I1.

NH3E - effluent maoia nitrogen concentration, mg/i1.

2.1.12.3.9.4 Phosphorus.

PO4E - (0.7) (P04)

where

PO4E - effluent phosphorus concentration, m/I.

P04 - influent phosphorus concentration, mg/l.

2.1.12.3.9.5 Oil and Grease.

OAGE - 0.0

where

OAGE - effluent-oil and grease concentration, mg/I.

2.1.12.3.9.6 Settleable Solids.

SETSO - 0.0

where

SETSO - settleable solids, mg/l.

2.1.12.3.10 Dete-mine nutrient requireuents for nitrogen.

N - 0.123 &XV

and phosphorus

P a 0.026 &IV

where

XV - sludge produced, lb/day.
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2.1.12.4.2.2 Operating efficiency, lb 02 /hp-hr.

2.1.12.4.2.3 Horsepower required, hp.

2.1.12.5 Quantities Calculations.

2.1.12.5.1 Design values for activated sludge system.

V (Vc + Vs) ' 7.486

HPd - (hp) (Vc + Vs) (133.7)

where

Vd - design volume of aeration tanks, cu ft.

Vc - volume of contact tanks, million gallons.

Vs - volume of stabilization tanks, million gallons.

HPd - design capacity of aeration equipment, hp.

RP - calculated aerator horsepower required, hp.

2.1.12.5.2 Selection of nuabers of aeration tanks for contact-
stabilization modification. Due to the fact that the ratio
between the volumes of the stabilization tank and contact tank
generally ranges fron 3:1 to 5:1, and also that it is general
practice to keep the dimensions and sizes identical among aeration
tanks within a sewage treatment plant, the following rule will be
utilized in the selection of numbers of aeration tanks.

Total Number Possible Tank Number
QaVg of Tanks Selections for Contact0MGD) NT or Stabilization Process

0.5- 10 4 *c: 1
s: 3

10- 20 6 c: 1 or 2
s: 4 or 5

20- 30 8 c: 1, 2 or 3
s: 5, 6 or 7

30- 40 10 c: 1, 2, 3 or 4
s: 6, 7, 8 or 9

40- 50 12 c: 1, 2, 3 or 4
s: 8, 9, 10 or 11

50- 70 14 c: 1, 2, 3 or 4
s: 10, II, 12 or 13

70- 100 16 c: 2, 3, 4, 5 or6
s: 10, 11, 12, 13 or 14

* c: Possible number of tanks to be used as contact basin.

s: Possible number of tanks to be used as stabilization basin.
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Where Q is larger than 100 mgd, several batteries of units will
be used. e subsection 2.1.12.5.3 for details.

2.1.12.5.3 Selection of nuaber of tanks and nunber of ba-
tteries of tanks when Q is larger than 100 mgd. It is general
practice in designing la"1er sewage treatment plants that several
batteries of aeration tanks, instead of a single group of tanks,
are used. This is due to land area availability and certain
hydraulic limitations. To simplify the modeling process, the
following rules will be used:

2.1.12.5.3.1 When Q s5 100 mgd, only one battery of aeration
tanks will be used.

NB-I

where

NB - nuber of batteries of units.

2.1.12.5.3.2 When 100 < Q S 200 ugd, the systen will be
designed as two identical balferies of aeration basins. Each
battery would handle half of the wastewater. The number of
aeration tanks in each battery would be selected according to the
rules established in subsections 2.1.12.5.2 by using half the
design flow as Q avg Thus

avg=
NE - 2

2.1.12.5.3.3 When Q av > 200 mgd, the design will be perfoumed
to use three batteries 9f aeration basins, each handling one-third
of the wastewater. Thus

NB -3

2.1.12.5.4 Mechanical aeration equipment design.

2.1.12.5.4.1 Usually the slow-speed, fix-mounted mechanical
surface aerators are used in domestic wastewater treatment plants.
The available sizes of this type aerator are 5 RP, 7.5 HP, 10 RiP,
15 HP, 20 HP, 25 HP, 30 HP, 40 HP, 50 HP, 60 HP, 75 HP, 100 HP,
125 HP and 150 HP.

2.1.12.5.4.2 Horsepower for each individual aerator:

HN -
(NB) (NT) (TA)

If HPN > 150 RP and NT - 2 or 3, then repeat the calculation with
NT - IT+ 1.
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If HPN > 150 HP and NT Z 4, then repeat the calculation with NT -

NT+ 2.

where

HPN - horsepower of each unit, horsepower.

HPd - design capacity of aeration equipment, horsepower.

NB - number of batteries.

NT - number of aeration tanks per battery.

N& - number of aerators per tank.

2.1.12.5.4.3 Campare HPN with the available off-the-shelf sizes
and select the smallest unit with capacity larger than HPN. The
capacity of the selected unit would be designated as HPSN. Thus
the total capacity of the aeration units would be

O FT - (NB) * (NT) * (NA) • (PSN)

where

RPT - total capacity of selected aerators, horsepower.

2.1.12.5.5 Design of aeration tanks.

2.1.12.5.5.1 Volume of each individual tank would be

- Vd

(NB) (NT)

O where

VN - volume of single aeration tank, cu ft.

2.1.12.5.5.2 Depth of aeration tanks. The depth of an aeration
basin is controlled by the capacity of the aerators to be in-
stalled inside. If the water depth is too shallow, interference
with the mixing current and oxygen transfer would occur. If the
water depth is too deep, insufficient mixing would occur at the
bottom of the tank and sludge accumulation would occur. Thus
proper selection of liquid depth of an aeration basin is impor-
tant. The relationship between the recommended basin depth and
the capacity of the aerators can be expressed as follows:

When HPSN e 100 HP

DW - 4.816 (HPSN) 0 . 2 4 6 7
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When HPSN > 100 HP

DW - 15 ft

where

DW - water depth of the aeration tanks, ft.

HPSN - capacity of the aerator, HP.

2.1.12.5.5.3 Width and length of aeration tank. The ratio
between length and width of an aeration tank is dependent on the
number of aerators to be installed in this tank, NA.

If NA - 1. Square tank construction, L/W - 1

If NA - 2. Rectangular tank construction, L/W -
2

If NA - 3. Rectangular tank construction, L/W -
3

If NA - 4. Rectangular tank construction, L/W -
4

and

11W - NA

where

NA - nmber of aerators per tank.

L - length of aeration tank, ft.

W - width of aeration tank, ft.

After the volume, depth and L/W ratio of the tank are determined,
the width of the tank can be calculated by:

VNW - (DW) (NA)

The length of the aeration tank would be

L - (NA) (W)

2.1.12.5.6 Aeration tank arrangements.
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2.1.12.5.6.1 Figure 2.1-14 shows the schematic diagran of the
arrangements. Piping gallery will be provided when the nunber of
tanks is equal or larger than four. The purpose of piping gallery
is to house various piping systems and control equipment.

2.1.12.5.6.2 Size of pipe gallery. The width of this gallery is
dependent on the coplexity and capacity of the piping system to
be housed. An experience curve is provided to approxaately
estJmate this width. It is expressed as:

PGW -20 + (0.3) Q=1)
NB

where

PGW - piping gallery width, ft.

Q av n average influent vastewater flow, ugd.

NB - nunber of batteries.

2.1.12.5.7 Earthwork required for construction. It is assuned
that tank bottan would be 4 feet below ground level. Thus the
earthwork required would be estimated by the following equations:

2.1.12.5.7.1 When NT - 2, earthwork required would be:

Sew-3 [(2 W + 18.5) (W + 17) + (2 W * 26.5) (W + 25)]

where

Vew - quantity of earthwork required, cu ft.

W - width of aeration tank, ft.

2.1.12.5.7.2 When NT - 3, earthwork required would be:

V -3 [(3 W+ 28) (W+ 25)+ (3 W+ 20) (W + 17)]ew

2.1.12.5.7.3 When NT 2 4, the width and length of the concrete
slab for the whole aeration tank battery can be calculated by:

L - 2 L+ PGW+ 16

W ' (NT) (W) + 14.5

where
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FIGURE 2.1-14 EXAMPLES OF TANK ARRANGEMENTS
ACTIVATED SLUDGE PROCESSES



L - length of the basin slab, ft.s

L - length of one aeration tank, ft.

PGW - piping gallery width, ft.

W - width of the basin slab, ft.s

NT - number of tanks per battery.

Thus the earthwork can be estimated by:

V ew 3 * (NB) [(Ls + 4) (Ws + 4) + (Ls + 12) (Ws + 12)]

where

V - volume of earthwork, cu ft.ew

2.1.12.5.8 Reinforced concrete slab quantity.

2.1.12.5.8.1 It is assumed that a l'-6" thick slab will be

utilized in this program regardless of the size rf the system.

2.1.12.5.8.2 For NT - 2,

V - 1.5 (2 W+ 14.5) (W+ 13)cs

where

V - R.C. slab quantity, cu ft.cs

2.1.12.5.8.3 NT - 3,

V - 1.5 (3 W+ 16) (W+ 13)Cs

2.1.12.5.8.4 When NT 2 4,

Vcs - 1.5 (LS) (WS)

where

L 9- length of slab, ft.

W - width of slab, ft.

2.1.12.5.9 Reinforced Concrete Wall Quantity.

2.1.12.5.9.1 In using the plug flow system, influent to the
aeration basin will be piped to one end of the tank and discharged
at the other end. Thus it does not require such an elaborate wall
construction. Two typical wall sections are required, as shown in
Figure 2.1-15. One would be simple straight side wall and the
other would be enlarged on top so that walkways can be provided.
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2.1.12.5.9.2 When NT - 2:

Vcw- W (1.25 DW+ 11) + (6 W+ 9) (1.25 DW+ 3.75)

2.1.12.5.9.3 When NT - 3:

V n (1.25 DW + 11) (3 W + 6) + (1.25 DW + 3.75) (7 W + 6)

2.1.12.5.9.4 When NT 2! 4:

V (L + 3) (1.25 DW+ 11) + [(0.5 NT + 2) (L + 3) +

2 (NT) (W)] (1.25 DW+ 3.75) " (n)

2.1.12.5.10 Reinforced concrete required for piping gallery
corstruction. The quantity of piping gallery slab has been
estimated with the aeration tanks slab calculations. Only the
quantity of reinforced concrete for ceilings and end wall is
necessary.

2.1.12.5.10.1 When NT < 4,

cg

where

V - quantity of R.C. for gallery construction, cu ft.cg

2.1.12.5.10.2 When NT 2 4, assuming the ceiling thickness is 1.5
feet, then the quantity of reinforced concrete would be:

V - (NB) * (1.5) (PGW) [(NT) (W) 0.75 (NT) + 1.51cgc

where

V - volume of R.C. ceiling for piping gallery construction,
cu ft.

and for two end walls:

V -2 (PGW) (NB) (DW +3)cgw

where

V - volume of R.C. walls for piping gallery construction,
cu ft.

Thus total R.C. volume for piping gallery construction would be

Vc S Vcgc cgw

2.1.12.5.11 Reinforced concrete quantity for aerator supporting
pla tfom construction.
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2.1.12.5.11.1 Number of aerator-supporting platfotms. Each
aerator will be supported by an individual platfovA.

2.1.12.5.11.2 Figure 2.1-16 shows a typical supporting platfom
for the aeration equipment. The width of the platfonm would be a
function of the capacity of the aerator to be supported. The
following experienced fomula is given to approximate this re-
lationship.

X - 5 + 0.078 (HPSN)

where

X - width of the platfoun, ft.

HPSN - horsepower of the mechanical aerator, HP.

2.1.12.5.11.3 Volume of reinforced concrete for the construction
of the platfomis would be:

Vcp - [X2 + 5.6 (DW + 2)] (NT) (NA) (NB)

where

V - volume of R.C. for the platform construction, cu
cp ft.

DW - water depth of the aeration basin, ft.

2.1.12.5.11.4 Volume of reinforced concrete for pedestrian
bridges. The pedestrian bridge links the aerator platfom to the
walkway-sidewalls for ease of operation and maintenance. By using
a width of 4 feet and slab thickness of 1 foot, the quantity of
reinforced concrete can be calculated by:

Vewb - [2 (W- X)] (N) (NT) (NA)

where

Vow b - quantity of concrete for pedestrian bridge construction,

cu ft.

2.1.12.5.12 Summary of reinforced concrete structures.

2.1.12.5.12.1 Quantity of concrete slab.

Vcst V cs

where
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V c - total quantity of R.C. slab for the construction

of aeration tanks, cu ft.

2.1.12.5.12.2 Quantity of concrete wall.

V . V + Vcg + V +Vcw bVt Cw 5 C cp b

where

Vcvt = quantity of R.C. wall for the construction of
aeration tanks, cu ft.

V - quantity of aeration tank R.C. walls, cu ft.cv

V - quantity of R.C. for the construction of piping
cg gallery, cu ft.

V - quantity of R.C. for the construction of aerator-
CP supporting platforms, cu ft.

- quantity of R.C. for the construction of pedestrian
bridges.

2.1.12.5.13 Quantity of handrail for safety. Handrail is
required for the safety protection of the operation personnel of
wastewater treatment plants. Waterway walls, aerator platforms
and bridges, and the top of the piping gallery will require
handrail. Quantity of handrail can be estimated thus:

2.1.12.5.13.1 When NT - 2,

LHR - 4 W+ 11+2" (3X+ W- 4)~where

0r LHR - handrail length, ft.

W - aeration tank width, ft.

X - width of aerator-supporting piatfom, ft.

2.1.12.5.13.2 When NT - 3,

LHR - 6 W+ 10+ 3 (3X+ W- 4)

2.1.12.5.13.3 When NT 2 4,

NT
if is an even number,

LH- PGW+ (NT) (W)+ E [+ 3- 4 (NA)] (NT)+ (IN) (NT)

(3X. W- 4) (N)
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NT

If - is an odd number,

LHR - PGW+ (NT) (W) + EL+ 3- 4 (NA)] (NT . 2)+

(NA) (NT) (3X + w- 4) (NB)

where

PGW -width of the piping gallery, ft.

2.1.12.5.14 Operation and maintenance manpower requirements.
Patterson and Bunker's data will be utilized to project the
operation and maintenance manpower requirements. The man-hour per
year requirement is presented as a function of the total horse-
power of the aeration equipment.

2.1.12.5.14.1 Calculate the total installed capacity of the
aeration equipment.

TICA - (NB) (NT) (NA) (HPSN)

where

TICA - total installed capacity of the aeration equipment,
horsepower.

HPSN - capacity of one individual aerator, horsepower.

2.1.12.5.14.2 The operation manpower requirement can be estimated
as follows:

When TICA < 200 hp

OMH - 242.4 (TICA)
0 .373 1

When TICA 2 200 hp

OMH - 100 (TICA)0.
54 25

where

OMH - operational man-hour requirement, man-hour/yr.

2.1.12.5.14.3 The maintenance manpower requireent can be es-
timated as follows:

When TICA S 100 hp

MMH - 106.3 (TICA) 0 . 4 0 3 1

When TICA > 100 hp

OMM - 42.6 (TICA) 0 . 59 56
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where

MM - maintenance manpower requirement, man-hour/yr.

2.1.12.5.15 Energy requirement for operation. By assuning that
all the aerators will be operated 90 percent of the time year-
round, the electrical energy consumption would be:

KWH - 0.85 x 0.9 x 24 x 365 x (TICA)

where

KWH - electrical energy required for operation, kwhr/yr.

0.85 - conversion factor frcn hp-hr to kwhr.

2.1.12.5.16 Material and supply costs for operation and main-
tenance. Material and supply costs for operation and maintenance
include such items as lubrication oil, paint, and repair material,
etc. These costs are estimated as a percent of installed costs for
the aeration equipment and are expressed as follows:

OMMP - 4.225 - 0.975 log (TICA)

where OMP - percent of the installed equipment cost as O&M
material costs, percent.

TICA - total installed capacity of aeration equipment,
horsepower.

2.1.12.5.17 Other construction cost items. Using the above
calculation, the majority of cost iteas of the activated sludge
process have been accounted for. Other cost items, such as piping
systen, control equipment, painting, site cleaning and preparation,
etc., can be estimated as a percent of the total bare construction
cost. This percentage value has been shown to vary fran 4 to 15
percent of the total construction cost of the aeration tank system.
The value depends greatly on site conditions and conplexity of the
process. For a generalized model, an average value of 10 percent
would be adequate. Thus,
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CF -- 1.1

0.90

where

CF - correction factor to account for the minor cost
items.

2.1.12.6 Quantities Calculations Output Data.

2.1.12.6.1 Number of aeration tanks, NT.

2.1.12.6.2 Number of aerators per tank, MA.

2.1.12.6.3 Number of process batteries, NB.

2.1.12.6.4 Capacity of each individual aerator, HPSN, hp.

2.1.12.6.5 Depth of aeration tanks, DW, ft.

2.1.12.6.6 Length of aeration tanks, L, ft.

2.1.12.6.7 Width of aeration tanks, W, ft.

2.1.12.6.8 Width of pipe gallery, PGW, ft.

2.1.12.6.9 Earthwork required for construction, V , cu ft.

2.1.12.6.10 Total quantity of R.C. slab, Vest, cu ft.

2.1.12.6.11 Total quantity of R.C. wall, Vcwt, cu ft.

2.1.12.6.12 Quantity of handrail, LHR, ft.

2.1.12.6.13 Operation manpower requirement, OMH, M/yr.

2.1.12.6.14 .aintenance manpower requirement, *Sfl, M/yr.

2.1.12.6.15 Klectrical energy for operation, KWR, kwhr/yr.

2.1.12.6.16 Percentage for O&M material and supply cost, OMMP,
percent.
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2.1.12.6.17 Correction factor for minor capital cost itms, CF.

2.1.12.7 Unit Price Input Required.

2.1.12.7.1 Cost of earthwork, UPIEX, $fcu yd.

2.1.12.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd.

2.1.12.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd.

2.1.12.7.4 Standard size low speed surface aerator cost (20

hp), SSXSA, $, optional.

2.1.12.7.5 Marshall & Swift Equipment Cost Index, XSECI.

2.1.12.7.6 Equipment installation labor rate, $/MH.

2.1.12.7.7 Crane rental rate, UPICR, S/hr.

2.1.12.7.8 Unit price of handrail, UPIHR, $/L.F.

2.1.12.8 Cost Calculations.

2.1.12.8.1 Cost of earthwork, COSTE.
vew . UPIEX

COST - 27

where

COSTE - cost of earthwork, $.

V - quantity of earthwork, cu ft.

UPIEX - unit price input of earthwork, $/cu yd.

2.1.12.8.2 Cost of concrete wall in-place, COSTCW.

vcvt . UPICW

COSTCW - =

where

COSTCW - cost of concrete wall in place, $.

V ,c n quantity of R.C. wall, cu yd.

UPICW - unit price input of concrete wall in-place, $/
cu yd.
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2.1.12.8.3 Cost of concrete slab in-place, COSTCS.

SCOSTCS. Vcst . UPTCS

where

COSTCS - cost of R.C. slab in-place, $.

Vcat - quantity of concrete slab, $/cu yd.

UPICS - unit price input of R.C. slab in-place, $/cu yd.

2.1.12.8.4 Cost of installed aeration equipment.

2.1.12.8.4.1 Purchase cost of slow speed pier-mounted surface
aerators. The purchase cost of aerators can be obtained by using
the following equation:

CSXSA - SSXSA * RSXSA

0 where

CSXSA - purchase cost of surface aerator, $.

SSXSA - purchase cost of a standard size slow speed pier-
mounted aerator. Motor horsepower is 20 hp.

RSXSA - ratio of cost of aerators with capacity of HPSN hp

to that of the standard size aerator.

2.1.12.8.4.2 RSXSA. The cost ratio can be expressed as

RSXSA - 0.2148 (HPSN)
0.5 13

* where

HPSN - capacity of each individual aerator, hp.

2.1.12.8.4.3 Cost of standard size aerator. The cost of pier-
mounted slow speed surface aerator for the first quarter of 1977
is

SSXSA - $16,300

For a better estimate, SSXSA should be obtained fros equipment
vendor and treated as a unit price input. Otherwise, for future
escalation, the equipment cost should be adjusted by using the
Marshall and Swift Equipment Cost Index.
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SSXSA - 16,300 * MSECI

where

MSECI - current Marshall and Swift Equipment Cost Index
fron input.

491.6 - Marshall and Swift Cost Index, first quarter 1977.

2.1.12.8.4.4 Equipment installation man-hour requirement. The
man-hour requirenent for field installation of fixed-mounted
surface aerator can be estimated as:

When HPSN - 60 hp

IMR - 39 + 0.55 (HPSN)

When RPSN > 60 hp

IMf - 61.3 + 0.18 (HPSN)

0where
I MI - installation man-hour requirement, man-hour.

2.1.12.8.4.5 Crane requirenent for installation.

CH - (0.1) "Dm

where

CH crane time requirement for installation, hr.

2.1.12.8.4.6 Other costs associated with the installed equip-
ment. This category includes the costs for electric wiring and
setting, painting, inspection, etc., and can be added as a percentage of
purchase equipment cost:

PMINC - 23%

where

PMINC - percentage of purchase costs of equipment as minor
installation cost, percent.

2.1.12.8.4.7 Installed equipment cost, IEC.

IEC - [CSXSA (1+ + I " LABRI + CH * UPICRI

(NB) '(NT) (NA)
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where

IEC - installed equipment cost, dollars.

LABRI - labor rate, dollars/man-hour.

UPICR - crane rental rate, dollars/hr.

2.1.12.8.5 Cost of handrail. The cost of installed handrail systea
can be estimated as:

COSTHR - LHR x UPtHR

where

LHR - handrail quantity, ft.

UPIHR - unit price input for handrail cost, $ per lineal
foot. A value of $25.20 per foot for the first
quarter of 1977 is suggested.

2.1.12.8.6 Other cost items. This category includes cost of process
piping systen, control instrusents, site work, etc. Costs can be adjusted
by multiplying the correction factor CF to the sun of other costs.

2.1.12.8.7 Total bare construction costs, TBCC, dollars.

TBCC - (COSTE + COSTCW + COSTCS + IEC + COSTHR) * CF

where

TBCC - total bare construction costs, dollars.

CF - correction factor for minor cost itens, frn
second-order design output.

2.1.12.8.8 Operation and maintenance material costs. Since this
itm of the O&M expenses is expressed as a percentage of the installed
equipment costs, it can be calculated by:

OMMC - IEC ' OHMP
1=0

where

OMMC - operation and maintenance material and supply
costs, $/yr.

OMMP - percent of the installed aerator cost as O&M
material and supply expenses.
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2.1.12.9 Cost Calculations Output Data.

2.1.12.9.1 Total bare construction cost of the mechanical aerated
activated sludge process, TBCC, dollars.

2.1.12.9.2 Operation and maintenance supply and material costs,
OMC, dollars.
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2.1.13 EXTENDED AERATION ACTIVATED SLUDGE (DIFFUSED
AERATION).

2.1.13.1 Input Data.

2.1.13.1.1 Wastewater Flow (Average and Peak). In case
of high variability, a statistical distribution should be
provided.

2.1.13.1.2 Wastewater Strength.

2.1.13.1.2.1 BOD 5 (soluble and total), mg/l.

2.1.13.1.2.2 COD and/or TOC (maximum and minimum), mg/l.

2.1.13.1.2.3 Suspended solids, mg/l.

2.1.13.1.2.4 Volatile suspended solids (VSS), mg/l.

2.1.13.1.2.5 Nonbiodegradable fraction of VSS, mgl.

2.1.13.1.3 Other Characterization.

2.1.13.1.3.1 pH.

2.1.13.1.3.2 Acidity and/or alkalinity, mg/l.

2.1.13.1.3.3 Nitrogen,1 m&/l.

2.1.13.1.3.4 Phosphorus (total and soluble), mg/l.

2.1.13.1.3.5 Oils and greases, mgl.

2.1.13.1.3.6 Heavy metals, mg/l.

2.1.13.1.3.7 Toxic or special characteristics (e.g.,
phenols), mgl.

2.1.13.1.3.8 Temperature, oF or °C.

2.1.13.1.4 Effluent Quallity Requirenents.

2.1.13.1.4.1 BOD 5, mg/l.

2.1.13.1.4.2 SS, mg/l.

2.1.13.1.4.3 TKN, mg/l.

2.1.13.1.4.4 P, mg/l.

1The form of nitrogen should be specified as to its biological

availability (e.g., NH 3 or Kjeldahl).
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2.1.13.2 Design Paraneters.

2.1.13.2.1 Reaction rate constants.

Constrants Range

Eckenfel der
k 0.0007-0.002 i/mg/hr
a 0.73
a' 0.52
b 0.075/day
bw 0.15/day
a 0.77a , 0.56

0.40
ft 0.53

2.1.13.2.2 F/M - (0.05-0.15).

2.1.13.2.3 Volumetric loading - 10-25.

2.1.13.2.4 t - (18-36) hr.

2.1.13.2.5 ts S (20-30) days.

2.1.13.2.6 ',MSS - (3000-6000) mg/i.

2.1.13.2.7 MLVSS - (2100-4200) mg/I.

2.1.13.2.8 VrQ - (0.75-1.5).

2.1.13.2.9 Lb 02/lb BODr 2 1.5.

2.1.13.2.10 lb solids/lb BOD r 0.2.

2.1.13.2.11 0 - (1.0-1.03).

2.1.13.2.12 Efficiency - ( > 90 percent).

2.1.13.3 Process Desian Calculations.

2.1.13.3.1 Amswem the following parameters.

2.1.13.3.1.1 Fraction of BOD synthesized (a).

2.1.13.3.1.2 Fraction of 0D0 oxidized for energy (a').

2.1.13.3.1.3 Eadogenous respiration rate (b and b').

2.1.13.3.1.4 Fraction of IOMS synthesized to degradable
solids (a0).

2.1.13.3.1.5 Woubiodegradable fraction to VSS in influent

(f).
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2.1.13.3.1.6 Mixed liquor suspended solids (MISS).

2.1.13.3.1.7 Volatile solids in mixed liquor suspended
solids (MLVSS).

2.1.13.3.1.8 Temperature correction coefficient (49).

2.1.13.3.1.9 Degradable fraction of the MLVSS (f').

2.1.13.3.1.10 Food-to-microorganim ratio (F/M).

2.1.13.3.1.11 Effluent soluble BOD 5 (Se).

2.1.13.3.2 Adjust the BOD removal rate constant for
temperature.

K - - 0 )

where

K a rate constant for desired temperature.

K20 - rate cou tant at 200C.

0 - temperature correction coefficient.

T - temperature, 0C.

2.1.13.3.3 Deteamine the size of the aeration tank.

- a°(s - Se )QAv
(XV) (f') (b)

where

V - aeration tank volune, million gal.

ao a fraction of SOD5 synthesized to degradable solids.

So = influent BOD5 , m"/.

Se - effluent soluble BOD 5 , g 1.

Qavg - waste flow, mgd.

Xv - MULVSS, mg/I.

V - degradable fraction of the MLVSS.

b - endogenous respiration rate, I/day.
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2.1.13.3.4 Calculate the detention time.

V

where

t - detention time, hr.

V - volume, million gal.

Q - flow, mgd.

2.1.13.3.5 Assume the organic loading and calculate
detention time.

t a 24S0F
where XV

t - detention time, days.

So - influent 80D5 , mg/I.

- volatile solids in raw sludge, mg/I.

F/M - organic loading (food-to-microorganism ratio).

Select the larger of the two detention times from 2.1.13.3.4
or 2.1.13.3.5.

2.1.13.3.6 Detemine the oxygen requirement allowing 60
percent for nitrification during smmer.

02 = a'S rQav (8.34) + b'XvV(8.34) + 0.6(4.57)(TKN)(Qa )8.34

where

02 - oxygen required. lb/day.

a' - fraction of BOD oxidized for energy.

Sr - BOD 5 removed, mg/I.

Qavg a average waste flow, agd.

V - endogenous respiration rate, 1/day.

Xv - MvSS, mg/I.
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V - aeration tank volume, million gal.

TKN - total Kjeldahl nitrogen, ag/I.

and calculate oxygen requirement C 1.5).

lb 02  02

lb BODr (Q) (Sr )(8.34)

where

02 - oxygen required, lb/day.

Q - waste flow, mgd.

Sr - BOD 5 removed, ag/l.

2.1.13.3.7 Design aeration system and check horsepower
supply for complete mixing against horsepower required for
complete mixing 2 0.1 hp/1000 gal.

2.1.13.3.7.1 Assume the following design parameters.

2.1.13.3.7.1.1 Standard transfer efficiency, percent, from
manufacturer (5-8 percent).

2.1.13.3.7.1.2 02 transfer in waste/02 transfer in water 2
0.9.

2.1.13.3.7.1.3 02 saturation in waste/0 2 saturation in water z
0.9.

2.1.13.3.7.1.4 Correction factor for pressure P 1.0.

2.1.13.3.7.2 Select sumer operating temperature (25-30 0 C)
and deteinine (from standard tables) 02 saturation.

2.1.13.3.7.3 Adjust standard transfer efficiency to ope-
rating conditions.

T - STE (Cs) T (p)- cL  T
9.17 C(L.0 2 )T20

where

OTE - operating transfer efficiency, percent.

STE - standard transfer efficiency, percent.
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(CS)T = 02 saturation at selected snmmer temperature T,
0 C, mg/ .

,du- 02 saturation in waste/U2 saturation in water

0.9.

p - correction factor for pressure ;wl.0.

CL - minimun dissolved oxygen to be maintained in the
basin 2.0 mg/i.

= 02 transfer in waste/O2 transfer in water m 0.9.

T - temperature, 0 C.

2.1.13.3.7.4 Calculate required air flow.

Blowers are treated as a separate unit process since several
unit processes in a single plant may require air from the
blowers. The air requirenents from all unit processes in a
treatnent train which require air are sumed and the total
air requirement is used to size the blower facility. The
unit process design for the blower facility is found in
subsection 2.3.

02 (105) (7.48)

R - lb 02
(0oh) 0.0176 - 1440 V

where ft3 air day

R a - required air flow, cfu/1000 ft3.

02 - oxygen required, lb/day.

OTE - operating transfer efficiency, percent.

V - volume of basin, gal.

2.1.13.3.7.5 Calculate sludge production.

&XV - 8.34 [a(S )(Q) - (b)(Xv)(V) - Q(SSeff) + Q(VSS)f' + Q(SS VSS)]

where

AXV - volatile sludge produced, lb/day.

a - fraction of SOD synthesized.

Sr - BOD 5 removed, mg/i.
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Q - waste flow, mgd.

b - endogenous respiration rate, 1/day.

XV - volatile solids in raw sludge, mg/l.

V - aeration tank volume, million gal.

SSeff m effluent suspended solids, mg/l.

VSS - volatile suspended solids in influent, mg/l.

V - degradable fraction of the MVSS.

2.1.13.3.7.6 Calculate solids produced per pound of BOD renoved.

lb solids _ _ _

lb BOD r  Q(S° - Se)8.34

where

X - volatile sludge produced, lb/day.

Q - waste flow, mgd.

S - influent BOD 5 , mg/l.

Se - effluent soluble BOD 5, mg/I.

2.1.13.3.7.7 Calculate the solids retention time.

Xa (V)(8.34)

&XV

where

t - solids retention time, days.

X - ,MSs, mg/ .a

V - volume of aeration tank, million gal.

&XV - volatile sludge produced, lb/day.

2.1.13.3.7.8 Effluent Characteristics.

2.1.13.3.7.8.1 BOD 5 .
BODE - Se + 0.84 (Xv) effff

where

BODE - effluent BOD 5 concentration, mL/1.

Se - effluent soluble BOD 5 concentration, mg/l.

(XVYeff - effluent volatile suspended solids, amgl.
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V - degradable fraction of MLVSS.

2.1.13.3.7.8.2 COD.

CODE - (1.5) (BODE)

CODSE = (1.5) (Se)

where

CODE - effluent COD concentration, ml.

CODSE - effluent soluble COD concentration, mgl.

BODE - effluent BOD 5 concentration, so/ I.

Se - effluent soluble BOD 5 concentration, mg(l.

2.1.13.3.7.8.3 Nitrogen.

TKNE - (0.4) TKU

N3E - TKNE

NO3E - TWE

where

TKNE - effluent total Kjeldahl nitrogen concentration,
mg/ 1.

TKN - influent total Kjeldahl nitrogen concentration,
mg/i1.

NH3E - effluent ammonia nitrogen concentration, ms/i.

NO3E - effluent nitrate concentration, m/I.

2.1.13.3.7.8.4 Phosphorus.

PO4E - (0.7) (P04)

where

PO4E - effluent phosphorus concentration, mgl.

P04 - influent phosphorus concentration, mg/l.

2.1.13.3.7.8.5 Oil and Grease.

OAGE - 0.0

2.1- 103



where

OAGE - effluent oil and grease concentration, mg/l.

2.1.13.3.7.8.6 Settleable Solids.

SETSO - 0.0

where

SETSO - settleable solids, mg/i.

2.1.13.3.7.9 Calculate sludge recycle ratio.

Qr Xa
Qavg u " Xa

where

Qr m volume of recycled sludge, mgd.

Qavg . average flow, mgd.

I - MISS, mg/I.

X - suspended solids concentration in returned sludge,
U mg/I.

2.1.13.3.7.10 Calculate the nutrient requirments for nitrogen.

N - 0.123 &V

and phosphorus

P - 0.026 &XV

where

&Xv - sludge produced, lb/day.

2.1.13.4 Process Desimn Output Data.

2.1.13.4.1 Aeration Tank.

2.1.13.4.1.1 Reaction rate constant, 1/mg(hr.

2.1.13.4.1.2 Sludge produced per BOD removed.
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2.1.13.4.1.3 Endogenous respiration rate (b. b').

2.1.13.4.1.4 02 utilized per BOD removed.

2.1.13.4.1.5 Influent nonbiodegradable VSS, mg/l.

2.1.13.4.1.6 Effluent degradable VSS, mg/l.

2.1.13.4.1.7 lb BOD/lb MISS-day (F/H).

2.1.13.4.1.8 Mixed liquor SS, mg/l (MISS).

2.1.13.4.1.9 Mixed liquor VSS, mg/i (MLVSS).

2.1.13.4.1.10 Aeration time, hr.

2.1.13.4.1.11 Volume of aeration tank, million gal.

2.1.13.4.1.12 Oxygen required, lb/day.

2.1.13.4.1.13 Sludge produced, lb/day.

2.1.13.4.1.14 Nitrogen requirement, lb/day.

2.1.13.4.1.15 Phosphorus requirement, lb/day.

2.1.13.4.1.16 Sludge recycle ratio, percent.

2.1.13.4.1.17 Solids retention t1me, days.

2.1.13.4.2 Aeration System.

2.1.13.4.2.1 Standard transfer efficiency, percent.

2.1.13.4.2.2 Operating transfer efficiency, percent.

2.1.13.4.2.3 Required air flow, cfmIIO00 ft 3 .

2.1.13.5 Quantities Calculations.

2.1.13.5.1 Design values for activated sludge system.

Vd = V .48

CFMd - (CFM) (V) (133.7)

where
~V - volume of aeration tanks, million gallons.
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2.1.13.5.2 Selection of numbers of aeration tanks. The
following rule will be utilized in the selection of numbers
of aeration tanks.

Number of

Qavg Aeration Tanks

(mid) N

0.5- 2 2
2- 4 3
4- 10 4

10- 20 6
20- 30 8
30- 40 10
40- 50 12
50- 70 14
70- 100 16

When Q v is larger than 100 mgd, several batteries of
aerationtanks will be used. See next section for details.

2.1.13.5.3 Selection of number of tanks and number of
batteries of tanks when Qa is larger than 100 mgd. It is
general practice in desigfig larger sewage treatment plants
that several batteries of aeration tanks, instead of a single
group of tanks, are used. This is due to land area avail-
ability and certain hydraulic limitations. To simplify the
modeling process, the following rules will be used:

2.1.13.5.3.1 When Q :S 100 mgd, only one battery of
aeration tanks will be'ed. Thus

where 

NB-1

NB - number of batteries of units.

2.1.13.5.3.2 When 100 < Q ! 200 mgd, the systea will be
designed as two identical bat'eries of aeration basins. Each
battery would handle half of the wastewater. The number of
aeration tanks in each battery would be selected according to
the rules established in subsection 2.1.13.5.2 by using half
the design flow as Q av. Thus

NB=-2

2.1.13.5.3.3 When Q > 200 mgd, the design will be
perfoaned to use threeviatteries of aeration basins, each
handling one-third of the wastewater. Thus

0 1--3
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2.1.13.5.4 Number of diffusers. The oxygen transfer
rates used in the first-order design dictate the use of
coarse bubble diffusers. These diffusers have an air flow
fron 10-15 scfm; for design purposes an average of 12 scfm
will be used.

ND - CF~d
t " 12 (NT) (NB)

NDt must be an integer.

where
NDt - number of diffusers per tank.

2.1.13.5.5 Number of swing am diffuser headers. For
ease of maintenance swing arm headers are usually used. The
number of diffusers per header is dictated by the number of
connections provided on each header by the manufacturer.
This varies with manufacturer and header size from 8 to 30.
For our purposes an average of 20 diffusers per header will
be assumed.

NSAt - NDt
20

NSA t must be an integer.

where

NSA t - number of swing arm headers per tank.

2.1.13.5.6 Design of aeration tanks.

2.1.13.5.6.1 Volume of each tank would be

V14- Vd
(NB) (NT)

where

VN - volume of single aeration tank, cu ft.

2.1.13.5.6.2 Depth and width of aeration tanks. The depth
and width of the aeration tanks will be fixed at 15 ft and 30
ft, respectively.

2.1.13.5.6.3 Length of aeration tanks.

VN(15) (30)
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If L is greater than 400 ft, then recalculate VN using NT -

NT + 1, then recalculate L.

2.1.13.5.7 Aeration tank arrangements.

2.1.13.5.7.1 Figure 2.1-17 shows the schematic diagram of
the arrangements. A pipe gallery will be provided when the
number of tanks is equal to or larger than four. The purpose
of the pipe gallery is to house the various air and water
piping systems and control equipment.

Q
PGW - 20 + (0.4) (.:a.vA)

where

PGW - pipe gallery width, ft.

Qavg - average influent wastewater flow, mgd.

NB - number of batteries.

2.1.13.5.8 Earthwork required for construction. It is
assumed that the tank bottom will be 4 feet below ground
level. The earthwork required can be estimated by the
following equations:

2.1.13.5.8.1 When NT is less than 4, the earthwork required
would be:

V 6 NB (NT(31.5) + 15.5) (L + 17) + (NT(31.5) + 23.5) (L * 25) lVew l6rB"2

where

V ew a volume of earthwork required, cu ft.

NT - number of tanks per battery.

L - length of aeration tanks, ft.

2.1.13.5.8.2 When NT is greater than or equal to 4, the
earthwork required would be:

V m 6 NB [(15.75(NT)+15.5) (2L+PGWA20) + (15.75(NT) 2.5) (2L+PGW'28)]
ew 2

2.1.13.5.9 Reinforced concrete slab quantity. It is
assumed that a 1'-6" thick slab will be utilized regardless
of the size of the system. The volume of reinforced concrete
slab will be the sane for both plug and complete mix flow.

0 2.1.13.5.9.1 For NT less than 4:
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V - 1.5 NB [(NT(31.5) + 15.5) (L + 17)1Cs

where

Vcs - R.C. slab quantity required, cu ft.

2.1.13.5.9.2 For NT greater than or equal to 4:

V - 1.5 NB [(15.75(NT) + 15.5) (2L + PGW+ 200)1]Cs

2.1.13.5.10 Reinforced concrete wall quantities.

2.1.13.5.10.1 In using the plug flow system, influent to the
aeration basin will be piped to one end of the tank and
discharged at the other end. Thus it does not require such
an elaborate wall construction. Two typical wall sections
are required, as shown in Figure 2.1-18. One would be simple
straight side wall and the other would be enlarged on top so
that walkways can be provided.

2.1.13.5.10.2 When NT - 2:

V - W (1.25 DW + 11) + (6 W + 9) (1.25 DW + 3.75)

2.1.13.5.10.3 When NT - 3:

V - (1.25 DW + 11) (3 W + 6) + (1.25 DW+ 3.75) (7 W + 6)cw

2.1.13.5.10.4 When NT > 4:

V - NT
cw 2 (L + 3) (1.25 DW + 11) +(O.5 NT + 2) (L + 3)+

2 (NT) (W)] " (1.25 DW+ 3.75) (NB)

0 V - R.C. wall quantity required, cu ft.cw

L - length of aeration tanks, ft.

2.1.13.5.11 Quantity of handrail for safety. Randrail is
required for safety protection of the operation personnel of
wastewater treatment plants. Waterway walls and the top of
the pipe gallery will require handrail. The quantity of
handrail required may be estimated as followe:

2.1.13.5.11.1 If NT is less than 4:

LHR - [2(NT) (L) + 2(L) + 61.5(NT) + 1.51 NB

2.1.13.5.11.2 If NT is greater than or equal to 4:

LHR - [2(NT) (L) + (4L) + 36.5(NT) + 2 PGW+ 131 NB
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where

LHR - handrail length, ft.

2.1.13.5.12 Calculate operation manpower requirements.

2.1.13.5.12.1 If CFMd is less than or equal to 3000 scfm,
the operation manpower can be calculated by:

OMH - 62.36 (CFMd)
0 3972

where

OMH - operation manpower required, XE/yr.

2.1.13.5.12.2 If CFM is greater than 3000 scfm, the operation
manpower can be calcurated by:

OMH - 26.56 (CFMd) 0.5038

2.1.13.5.13 Calculate maintenance manpower requirements.

2.1.13.5.13.1 If CFMd is less than or equal to 3000 scfm,
the maintenance manpower can be calculated by:

MMH = 22.82 (CFMd)0.4379

2.1.13.5.13.2 If CFMd > 3000 scfm, the maintenance manpower
can be calculated by:

MMH - 6.05 (CFMd) 0.6037

where

MMH - maintenance manpower required, M/yr.

2.1.13.5.14 Energy requirement for operation. The elec-
trical energy required for operation is related to the air
requirement by the following equation:

KWH (CFMd) (241.6)

where

KWH - electrical energy required for operation, kwhr/yr.

2.1.13.5.15 Operation and maintenance material and supply
costs. Operation and maintenance material s'ipply costs
include items such as lubricant, paint, replacement parts,
etc. These costs are estimated as a percent of the total
bare construction costs.

0
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OMMP -3.57 (Q )vg*O 0.2602

where

OI4MP - operation and maintenance material costs as
percent of total bare construction cost, percent.

2.1.13.5.16 Other construction cost items. The majority of the
costs of the diffused aeration activated sludge process have been
accounted for. Other cost items, such as liquid piping system,
control equipment, painting, site cleaning and preparation, etc.,
can be estimated as a percent of the total bare contruction cost.
This value depends greatly on site conditions and complexity of the
process.* For a general ized model, an average value of 10 percent
will be used.

CF - -09 1.11

where

CF - correction factor to account for the minor cost
items.

2.1.13.6 Quantities Calculation Output Data.

2.1.13.6.1 Number of aeration tanks, NT.

2.1.13.6.2 Ntuber of diffusers per tank, ND t

2.1.13.6.3 Number of process batteries, NB.

2.1.13.6.4 Number of swing a= headers per tank, NSA t

2.1.13.6.5 Length of aeration tanks, L, ft.

2.1.13.6.6 Width of pipe gallery, PGW, ft.

2.1.13.6.7 Earthwork required for construction, V ew, cui ft.
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2.1.13.6.8 Quantity of R.C. slab required, Vcs, cu ft.

2.1.13.6.9 Quantity of R.C. wall required, V ,1, cu ft.

2.1.13.6.10 Quantity of handrail, LHR, ft.

2.1.13.6.11 Operation manpower requirement, OMH, MB/yr.

2.1.13.6.12 Maintenance manpower requirement, 'M, MEyr.

2.1.13.6.13 Electrical energy for operation, KWH, kwhr/yr.

2.1.13.6.14 Operation and maintenance material and supply cost
as percent of total bare construction cost, OMMP, percent.

2.1.13.6.15 Correction factor for minor construction costs, CF.

2.1.13.7 Unit Price Input Required.

2.1.13.7.1 Cost of earthwork, UPIEX, $/cu yd.

2.1.13.7.2 Unit price input R.C. wall in-place, UPICW, $/cu yd.

0 2.1.13.7.3 Unit price input K.C. slab in-place, UPICS, $/cu yd.

2.1.13.7.4 Unit price input for handrails in-place, UPIER,
$/ft.

2.1.13.7.5 Cost per diffuser, COSTPD, $, (optional).

2.1.13.7.6 Cost per swing am header, COSTPH, $, (optional).

2.1.13.7.7 Current Marshall and Swift Equipment Cost Index,
MSECI.

2.1.13.7.8 Current CE Plant Cost Index for pipe, valves, etc.,
CEPCIP.
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2.1.13.7.9 Equipment installation labor rate, LABRI,
$1MR.
2.1.13.7.10 Unit price input for crane rental, UPICR,

$/hr.

2.1.13.8 Cost Calculations.

2.1.13.8.1 Cost of earthwork.

COSTE - Vew UPIEX
27

where

COSTE - cost of earthwork, $.

Vew a quantity of earthwork, cu ft.

UPIEX - unit price input of earthwork, $/cu yd.

2.1.13.8.2 Cost of R.C. wall in-place.

COSTCW - Vcw UPICW
27

where

COSTCW coast of R.C. wall- in-place, $.

V - quantity of R.C. wall, cu ft.cw

UPICW = unit price input for R.C. wall in-place, $Icu
yd.

2.1.13.8.3 Cost of R.C. slab in-place.

COSTCS = cs UPICS
27

where

COSTCS coast of R.C. slab in-place, $.

V - volune of concrete slab, cu yd.cs

UPICS - unit price R.C. slab in-place, S/cu yd.

2.1.13.8.4 Cost of handrails in-place.

COSTHR - LHR x UPIHR

where
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COSTHR - cost of handraiLs in-place, $.

LHR - length of handrails, ft.

UPIHR - unit price input for handrails in-place, S/ft.

2.1.13.8.5 Cost of diffusers.

2.1.13.8.5.1 The oxygen transfer values given indicate the
use of coarse bubble diffusers. The cost of a coarse bubble
diffuser with a capacity of 12 scfm for the first quarter of
1977 is

COSTPD - $6.50

For a better estimate COSTPD should be obtained from an
equipment vendor and treated as a unit price input. Other-
ise, for future escalation the equipment cost should be
adjusted by using the Marshall and Swift Equipment Cost
Index.

COSTPD - 6.50 MSECI

where

COSTPD - cost per diffuser, $.

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index, first
quarter 1977.

2.1.13.8.5.2 Calculate COSTD.

COSTD - COSTPD x ND t x NT x NB

where

COSTD - cost of diffusers for systm, $.

NDt M number of diffusers per tank.

NT - number of tanks.

2.1.13.8.6 Cost of swing am diffuser headers.

2.1.13.8.6.1 Swing am diffuser headers come in several
sizes. The cost used is for a header which will handle 550
scfu and up to 37 diffusers. The cost of this header for the
first quarter of 1977 is

0
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COSTPH - $5,000

For a better estimate COSTPH should be obtained from an
equipment vendor and treated as a unit price input. Other-
wise, for future escalation the equipment cost should be
adjusted by using the Marshall and Swift Equipment Cost
Index.

COSTPH - $5,000 MSECI491.6

where

COSTPH - cost per swing am header, $.

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index, first
quarter of 1977.

2.1.13.8.6.2 Calculate COSTH.

COSTH - COSTPH x NSAt x NT x NB

where

COSTH - cost of swing am headers for system, $.

NSA t  number of swing am headers per tank.

NT - number of tanks.

NB - number of batteries.

2.1.13.8.7 Equipment installation man-hour requirement.
The labor requirement for field installation of the swing am
headers, including mounting the diffusers, is approximately
25 man-hours per header.

Dfi - 25 NSAt x NT x NB

where

TMB - installation man-hour requirement, MR.

2.1.13.8.8 Crane requirement for installation.

CE = (.1) (.MR)

where

0CH - crane time requireent for installation, hr.
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2.1.13.8.9 Cost of air piping. The air piping for the
diffused aeration systm is very complex and includes many
valves and fittings of different sizes. This causes cost
estimation by material take-off to be very difficult for a
wide range of flow. In this case we feel the use of para-
metric costing is justified as the overall accuracy of the
estimate will not be affected to a great extent.

2.1.13.8.9.1 If CFMd is between 100 scf and 1000 scfa, the
cost of air piping can be calculated by:

0.2553 CEPCIPCOT.?-617.2 (CFI d)053 z 241T.0

where

COSTAP - cost of air piping, $.

CFMd - design capacity of blowers, scfm.

CEPCIP - current CE Plant Cost Index for pipe, valves,
etc.

241.0 - CE Plant Cost Index for pipe, valves, etc., for
first quarter of 1977.

2.1.13.8.9.2 If CFM d is between 1000 scfm and 10,000 scfm,
the cost of air piping can be calculated by:

COSTAP - 1.43 (CF[ld) 1 .1337 x CEPCIP

2.1.13.8.9.3 If CFHd is greater than 10,000 scfm, the cost
of air piping can be calculated by:

COSTAP = 28.59 (CPMd)
0 8085 xCEPCIP

2.1.13.8.10 Other costs associated with the installed
equipment. This category includes the cost for weir in-
stallation, painting, inspection, etc., and can be added as a
percentage of the purchased equipment cost:

PHIN - 10Z

where

PKMIC - percentage of purchase costs of equipment as
minor installation cost, percent.

2.1.13.8.11 Installed equipment costs.

ZEC - (COSTD + COSTH) (1 + -.C) + (DM) (LAI) + (CH) (UPICR)

010
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where

IEC - installed equipment cost, $.

LABRI - labor rate, $/MR.

UPTCR. - crane rental rate, $/hr.

2.1.13.8.12 Total bare construction cost.

TBCC - (COSTE + COSTCW * COSTCS + IEC + COSTHR +
COSTAP) CF

where

TBCC - total bare construction cost, $.

CF - correction factor for minor cost itmes.

2.1.13.8.13 Operation and maintenance material costs.

OCC - TBCCMMP

where

OMMC - operation and maintenance material supply costs,
$/yr.

OHMP - operation and maintenance material supply costs,
as percent of total bare construction cost,
percent.

2.1.13.9 Cost Calculations Output Data.

2.1.13.9.1 Total bare construction cost of diffused
aeration activated sludge system, TBCC, dollars.

2.1.13.9.2 Operation and maintenance material and supply
costs, OHMC, dollars.

2.1-117



2.1.14 EXTENDED AERATION ACTIVATED SLUDGE (MECHANICAL
2AERATION).

2.1. 14.1 Input Data.

2.1.14.1.1 Wastewater Flow (Average and Peak). In case
of high variability, a statistical distribution should be
provided.

2.1.14.1.2 Wastewater Strength.

2.1.14.1.2.1 BOD 5 (soluble and total), mgl.

2.1.14.1.2.2 COD and/or TOC (maximum and minimum), mgl.

2.1.14.1.2.3 Suspended solids, mg/i.

2.1.14.1.2.4 Volatile suspended solids (VSS), mg/I.

2.1.14.1.2.5 Nonbiodegradable fraction of VSS, mg/i.

2.1.14.1.3 Other Characterization.

2.1.14.1.3.1 pH.

2.1.14.1.3.2 Acidity and/or alkalinity, mg/i.

2.1.14.1.3.3 Nitrogen, mg/il.

2.1.14.1.3.4 Phosphorus (total and soluble), mg/i.

2.1.14.1.3.5 Oils and greases, mg/i.

2.1.14.1.3.6 Heavy metals, mg/1.

2.1.14.1.3.7 Toxic or special characteristics (e.g.,
phenol s), mg/1.

2.1.14.1.3.8 Tenperature, OF or 0C.

2.1.14.1.4 Effluent Quallity Requirmuents.

2.1.14.1.4.1 BOD 5, mg/I.

2.1.14.1.4.2 SS, mg/i.

2.1.14.1.4.3 TKN, mg/il.

2.1.14.1.4.4 P, mg/I.

0 The fom of nitrogen should be specified as to its biological
availability (e.g., NH3 or Kjeldahl).
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2.1.14.2 Desian Paraeters.

2.1.14.2.1 Reaction rate constants.
Constrants Rnt

Eckenf el der
k 0.0007-0.002 1/mg/hr

a 0.73

a' 0.52

b 0.075/day
b, 0.15/day

a 0.77a 0.56
f 0.40
V, 0.53

2.1.14.2.2 F/M - (0.05-0.15).

2.1.14.2.3 Volumetric loading = 10-25.

2.1.14.2.4 t = (18-36) hr.

2.1.14.2.5 ts (20-30) days.

2.1.14.2.6 ItSS - (3000-6000) mg/l.

2.1.14.2.7 MLVSS - (2100-4200) mg/l.

2.1.14.2.8 Qr'q - (0.75-1.5).

2.1.14.2.9 lb 02/lb BODr 2 1.5.

2.1.14.2.10 lb solids/lb BODr 2 0.2.

2.1.14.2.11 0 - (1.0-1.03).

2.1.14.2.12 Efficiency - ( > 90 percent).

2.1.14.3 Process Desisn Calculations.

2.1.14.3.1 Assme the following parameters.

2.1.14.3.1.1 Fraction of BOD synthesized (a).

2.1.14.3.1.2 Fraction of BOD oxidized for energy (a').

2.1.14.3.1.3 Endogenous respiration rate (b and b').

2.1.14.3.1.4 Fraction of BOD 5 synthesized to degradable

solids (a0).
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2.1.14.3.1.5 Sonbiodegradable fraction to VSS in influent

(f).

2.1.14.3.1.6 Mixed liquor suspended solids (MLSS).

2.1.14.3.1.7 Volatile solids in mixed liquor suspended
solids (MVSS).

2.1.14.3.1.8 Temperature correction coefficient (0).

2.1.14.3.1.9 Degradable fraction of the MLVSS (f').

2.1.14.3.1.10 Food-to-microorganism ratio (F/).

2.1.14.3.1.11 Effluent soluble BOD 5 (SO).

2.1.14.3.2 Adjust the BOD removal rate constant for
temperature.

IT -, K200O (T- 20)

where

KT - rate constant for desired temperature.

K2 0 - rate constant at 20 C.

0 - tempera ure correction coefficient.

T - temperature, 0C.

2.1.14.3.3 Deteimine the size of the aeration tank.

V a(so - Se)Qav2
V - (xv)(f')(b)

where

V - aeration tank volume, million gal.

ao - fraction of BOD 5 synthesized to degradable

solids.

S0 - influent BOD., r I/.

Se - effluent soluble BOD5 , mg/.

Qavg " waste flow, mgd.

X7 - MvSS, mg/l.
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V - degradable fraction of the MLVSS.

b - endogenous respiration rate, 1/day.

2.1.14.3.4 Calculate the detention time.

t =.24

where

t - detention time, hr.

V - volume, million gal.

Q - flow, mgd.

2.1.14.3.5 Assume the organic loading and calculate
detention time.

t a 24So

where F

t - detention time, days.

S - influent BOD5 , mg/l.

- volatile solids in raw sludge, mg/l.

F/M - organic loading (food-too-microorganismn ratio).

Select the larger of the two detention times from 2.1.14.3.4
or 2.1.14.3.5.

2.1.14.3.6 Deteiine the oxygen requirement allowing 60
percent for nitrification during summer.

02 a a'S Q (8.34) + b'X.V(8.34) + 0.6(4.57)(TK)(Qavg)8.34r avgag

where

02 - oxygen required, lb/day.

a' - fraction of BOD oxidized for energy.

Sr = BOD 5 removed, mg/l.

Qavg . average waste flow, mgd.
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bI - endogenous respiration rate, 1/day.

xv - !LVSS, mg/i.

V - aeration tank volume, million gal.

TKN - total Kjeldahl nitrogen, mg/I.

and calculate oxygen requirement ( 1.5).

lb 02  02

lb BODr (Q)(S r)(8.34)

where

02 - oxygen required, lb/day.

Q - waste flow, mgd.

S r = BOD 5 removed, mg/l.

2.1.14.3.7 Design Aeration System.

2.1.14.3.7.1 Assume the following design parameters and
design aeration system and check horsepower supply for mixing
against horsepower required for complete mixing 0.1 hp/1000
gal.

2.1.14.3.7.1.1 Standard transfer efficiency, lb/hp-hr (0
dissolved oxygen, 200C, and tap water) (3-5 lb/hr-hr).

2.1.14.3.7.1.2 02 transfer in waste/02 transfer in water
0.9.

2.1.14.3.7.1.3 02 saturation in waste/02 saturation in water z

0.9.

2.1.14.3.7.1.4 Correction factor for pressure -1.0.

2.1.14.3.7.2 Select summer operating temperature (25-30°C)
and determine (fran standard tables) 02 saturation.

2.1.14.3.7.3 Adjust standard transfer efficiency to operating
conditions.

OTE - STE [(Cs)T(/4)(P) - CL] c (1.0 2)T
'20

9.17

where

OTE - operating transfer efficiency, lb 02/hp-hr.

STE - standard transfer efficiency, lb 02/hp-hr.
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(Cs) T - 02 saturation at selected sumer temperature T,

0C, C.g/i.

=A 02 saturation in waste/0 2 saturation in water
= 0.9.

p - correction factor for pressure ml.0.

CL - minimnum dissolved oxygen to be maintained in the
basin w 2.0 mg/I.

cc= 02 transfer in waste/0 2 transfer in water.

T - temperature, 0 C.

2.1.14.3.7.4 Calculate horsepower requirement.

02

hp = lb 02 x 1000

OTE lb-0r(24)(V)

where

hp - horsepower required/1000 gal.

02 - oxygen required, lb/day.

OTE - operating transfer efficiency, lb 02 /hp-hr.

V - volume of basin, gal.

2.1.14.3.8 Calculate sludge production.

Xv - 8.34 [a(Sr)(Q) - (b)(XV)(V) - Q(SSeff) + Q(VSS)f' +

Q(SS - VSS)]

where

Xv - volatile sludge produced, lb/day.

a - fraction of BOD synthesized.

Sr a BOD 5 removed, mg/i.

Q = waste flov, ugd.

b a endogenous respiration rate, I/day.
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X/ - volatile solids in raw sludge, mg/l.

V - aeration tank volume, million gal.

SSef f - effluent suspended solids, mgl.

VSS - volatile suspended solids in influent, mg/l.

V - degradable fraction of the MLVSS.

2.1.14.3.9 Calculate solids produced per pound of BOD removed.

lb solids _ XV
lb BOD Q(S - Se)8.34

where

AX - volatile sludge produced, lb/day.

Q - waste flow, mgd.

So = influent BOD 5 , magl.

Se - effluent soluble BOD5 , mg/l.

2.1.14.3.10 Calculate the solids retention time.

Sa(V)(8.34)
t s -4XV

where

t - solids retention time, days.

Xa - XISS, mg'l.

V - volume of aeration tank, million gal.

,V - volatile sludge produced, lb/day.

2.1.14.3.11 Effluent Characteristics.

2.1.14.3.11.1 BOD 5 .

BODE - Se + 0.84 (Xv) efffe

where

BODE - effluent BOD 5 concentration, mugl.

Se - effluent soluble 8OD5 concentration, mghl.

e(Y')Veff - effluent volatile suspended solids, mgl.
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V - degradable fraction of MVSS.

2.1.14.3.11.2 COD.
~CODE = (1.5) (BODE)

CODSE - (1.5) (Se)

where

CODE - effluent COD concentration, mg/i.

CODSE - effluent soluble COD concentration, mg/l.

BODE - effluent BOD 5 concentration, mg/i.

Se - effluent soluble BOD 5 concentration, mgI.

2.1.14.3.11.3 Nitrogen.

TKNE - (0.4) T1M

NH3E - TKNE

N03E - TKNE

where

TKNE - effluent total KJeldahl nitrogen concentration,
mgi1.

TKN - influent total Kjeldahl nitrogen concentration,
mg/I1.

NB3E - effluent ammonia nitrogen concentration, mg/I.

NO3E - effluent nitrate concentration, mg/I.

2.1.14.3.11.4 Phosphorus.

P04E - (0.7) (P04)

where

PO4E - ef fluent phosphorus concentration, mg/I.

P04 - influent phosphorus concentration, mg/I.

2.1.14.3.11.5 Oi and Grease.

OAGE - 0.0

where

OAGE - effluent oil and grease concentration, mg/I.
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2.1.14.3.11.6 Settleable Solids.

wSETSO - 0.0

where

SETSO - settleable solids, mg/l.

2.1.14.3.12 Calculate sludge recycle ratio.

= XU - Xa

where

- volume of recycled sludge, mgd.

Qavg - average flow, mgd.

S- MLSS, mg/l.

X = suspended solids concentration in returned sludge,

2.1.14.3.13 Calculate the nutrient requirements for nitrogen.

N 0. 123 &IV

and phosphorus

P - 0.026 &IV

where

1v - sludge produced, lb/day.

2.1.14.4 Process Desian.Output Data.

2.1.14.4.1 Aeration Tank.

2.1.14.4.1.1 Reaction rate constant, 1/mg/hr.

2.1.14.4.1.2 Sludge produced per DOD removed.

2.1.14.4.1.3 Endogenous respiration rate (b, b).

2.1.14.4.1.4 02 utilized per BOD removed.

2.1.14.4.1.5 Influent nonbiodegradable VSS, ag1I.

2.1.14.4.1.6 Effluent degradable VSS, mag/.

O 2.1.14.4.1.7 lb DOD/lb MSS-day (F/M).
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2.1.14.4.1.8 Mixed liquor SS, mg/l (MISS).

2.1.14.4.1.9 Mixed liquor VSS, mg/I (MLVSS).

2.1.14.4.1.10 Aeration time, hr.

2.1.14.4.1.11 Volume of aeration tank, million gal.

2.1.14.4.1.12 Oxygen required, lb/day.

2.1.14.4.1.13 Sludge produced, lb/day.

2.1.14.4.1.14 Nitrogen requirment, lb/day.

2.1.14.4.1.15 Phoi.jarus requirment, lb/day.

2.1.14.4.1.16 Sludge recycle ratio, percent.

2.1.14.4.1.17 Solids retention time, days.

2.1.14.4.2 Aeration System.

2.1.14.4.2.1 Standard transfer efficiency, lb 0/hp-hr.

2.1.14.4.2.2 Operating transfer efficiency, lb 02/hp-hr.

2.1.14.4.2.3 Horsepower required, hr.

2.1.14.5 Quantities Calculations.

2.1.14.5.1 The design values for activated sludge system
would be:

10
6

Vd -V

HPd (hp) (V) (133.7)

where

V - volume of aeration basin million gallons.

2.1.14.5.2 Selection of number of aeration tanks and
mechanical aerators per tank. The following rule will be
utilized in the selection of number of aeration tanks and
mechanical aerators per tank.
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Number of Number of Aerators
Qavg Aeration Tanks Per Tank

(mstd) NT NT

0.5- 2 2 1
2- 4 3 1
4- 10 4 1
10 - 20 6 2
20 - 30 8 2
30 - 40 10 3
40 - 50 12 3
50 - 70 14 3
70 - 100 16 4

When Q is larger than 100 mgd, several batteries of aeration
tanks RE be used. See next section for details.

2.1.14.5.3 Selection of number of tanks and number of
batteries of tanks when Q is larger than 100 agd. Tt is
general practice in designlig larger sewage treatment plants
that several batteries of aeration tanks, instead of a single
group of tanks, are used. This is due to land area availability
and certain hydraulic limitations. To simplify the modeling
process, the following rules will be used:

2.1.14.5.3.1 When Q S_ 100 mgd, only one battery of
aeration tanks will belsed. Thus

NB=

where

NB - number of batteries of units.

2.1.14.5.3.2 When 100 < Q 200 mgd, the system will be
designed as two identical bl~teries of aeration basins. Each
battery would handle half of the wastmter. The number of
aeration tanks in each battery would be selected according to
the rules established in subsection 2.1.14.5.2 by using half
the design flow as Q,,," Thus

NB -2

2.1.14.5.3.3 When Q > 200 agd, the design will be perfouned
to use three batteriejXgf aeration basins, each handling one-
third of the wastewater. Thus

NB-3

2.1.14.5.4 Mechanical aeration equipment design.

0
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2.1.14.5.4.1 Usually the slow-speed, fix-mounted mechanical
surface aerators are used in domestic vastewater treatment
plants. The available sizes of this type aerator are 5 HP,
7.5 RP, 10 HP, 15 HP, 20 HP, 25 HP, 30 HP, 40 HP, 50 RP, 60
HP, 75 HP, 100 HP, 125 HP and 150 HP.

2.1.14.5.4.2 Horsepower for each individual aerator:

RPN - HPd
(NB) (NT) (NA)

If HPN > 150 HP and NT - 2 or 3. then repeat the calculation
with NT - NT + 1.

If HPN > 150 HP and NT 2 4, then repeat the calculation with
NT - NT+ 2.

where

HPN - horsepower of each unit, horsepower.

HPd = design capacity of aeration equipment, horsepower.

NB - nmber of batteries.

NT - number of aeration tanks per battery.

NA - number of aerators per tank.

2.1.14.5.4.3 Compare HPN with the available off-the-shelf
sizes and select the smallest unit with capacity larger than
HPN. The capacity of the selected unit would be designated
as HPSN. Thus the total capacity of the aeration units would

rPT - (NB) * (NT) • (NA) * (HPSN)

where

RPT - total capacity of selected aerators, horsepower.

2.1.14.5.5 Design of aeration tanks.

2.1.14.5.5.1 Volume of each individual tank would be

Vd

where

VN - volume of single aeration tank, cu ft.
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2.1.14.5.5.2 Depth of aeration tanks. The depth of an
aeration basin is controlled by the capacity of the aerators
to be installed inside. If the water depth is too shallow,
interference with the mixing current and oxygen transfer
would occur. If the water depth is too deep, insufficient
mixing would occur at the bottom of the tank and sludge
accumulation would occur. Thus proper selection of liquid
depth of an aeration basin is important. The relationship
between the recommended basin depth and the capacity of the
aerators can be expressed as follows:

When EPSN 1 100 HP

DW - 4.816 (EPSN)0 . 2 4 6 7

When RPSK > 100 HP

DW - 15 ft

where

O - water depth of the aeration tanks, ft.

HPSN - capacity of tht aerator, HP.

2.1.14.5,5.3 Width a'eqth of aeration tank. The ratio
between length and width of an aeration tank is dependent on
the number of aerators to be installed in this tank, NA.

If Nk - 1. Square tank construction, L/W - 1

If NA - 2. Rectangular tank construction, L/W -
2

'If NA - 3. Rectangular tank construction, 14W -
3

If NA - 4. Rectangular tank construction, L/W -
4

and

1/W - NA

where

NA - number of aerators per tank.

L - length of aeration tank, ft.

W - width of aeration tank, ft.
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After the volume, depth and L/W ratio of the tank are deten-ined,
the width of the tank can be calculated by:

W= VN
(DW) (NA)

The length of the aeration tank would be

L - (NA) (W)

2.1.14.5.6 Aeration tank arrangments.

2.1.14.5.6.1 Figure 2.1-19 shov the schmatic diagram of
the arrangements. Piping gallery will be provided when the
number of tanks is equal or larger than four. The purpose of
piping gallery is to house various piping systems and control
equipment.

2.1.14.5.6.2 Size of pipe gallery. The width of this
gallery is dependent on the complexity and capacity of the
piping system to be housed. An experience curve is provided
to approximately estimate this width. It is expressed as:

PGW - 20 + (0.3) (Qavg)
NB

where

PGW - piping gallery width, ft.

Q av - average influent wastewater flow, agd.

NB - namber of batteries.

2.1.14.5.7 Earthwork required for construction. It is
assumed that tank bottom would be 4 feet below ground level.
Thus the earthwork required would be estimated by the fol-
lowing equations :

2.1.14.5.7.1 When NT - 2, earthwork required would be:

V -3 (2 W + 18.5) (W4+ 17) + (2 W+ 26.5) (W+ 25)]ew

where

Vev - quantity of earthwork required, cu ft.

W - width of aeration tank, ft.

2.1.14.5.7.2 When NT - 3, earthwork required would be:

V a3 [(3 W 28) (W+ 25). (3 W* 20) (W+ 17)]
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2.1.14.5.7.3 When NT 2 4, the width and length of the
concrete slab for the whole aeration tank battery can be
calculated by:

L - 2 L+ PGW + 168

W - (NT) (W) + 14.5s

where

Ls  length of the basin slab, ft.

L - length of one aeration tank, ft.

PGW - piping gallery width, ft.

W - width of the basin slab, ft.

NT - number of tanks per battery.

Thus the earthwork can be estimated by:

e 3 (NB) [(L + 4) (W 4- 4) + (Ls i 12) (W5 + 12)]

where

Vew - volue of earthwork, cu ft.

2.1.14.5.8 Reinforced concrete slab quantity.

2.1.14.5.8.1 It is assumed that a '-6" thick slab will be
utilized in this program regardless of the size of the system.

2.1.14.5.8.2 For NT - 2,

V - 1.5 (2 W + 14.5) (W. 13)

where

V ca W R.C. slab quantity, cu ft.

2.1.14.5.8.3 NT - 3,

V -1.5 (3 W. 16) (W 13)ca

2.1.14.5.8.4 When NT 2 4,

V - 1.5 (Ls) (ws)

where
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L - length of slab, ft.

-= width of slab, ft.QS
2.1.14.5.9 Reinforced Concrete Wall Quantity.

2.1.10.5.9.1 In using the plug flow system, influent to the
aeration basin will be piped to one end of the tank and
discharged at the other end. Thus it does not require such
an elaborate wall construction. Two typical wall sections
are required, as shown in Figure 2.1-20. One would be simple
straight side wall and the other would be enlarged on top so
that walkways can be provided.

2.1.14.5.9.2 When NT - 2:

V - W (1.25 DW 4- 11) + (6 W * 9) (1.25 DW + 3.75)cv

2.1.14.5.9.3 When NT - 3:

Vcw - (1.25 DW+ 11) (3 W+ 6) + (1.25 DW+ 3.75) (7 W+ 6)

2.1.14.5.9.4 When NT 2 4:

V NTScw - (L + 3) (1.25 DW +11) ) [(0.5 NT. 2) (L + 3) +
2 (NT) (W)] * (1.25 DW + 3.75) " (N)

2.1.14.5.10 Reinforced concrete required for piping gallery
construction. The quantity of piping gallery slab has been
estImated with the aeration tanks slab calculations. Only
the quantity of reinforced concrete for ceilings and end wall
is necessary.

2.1.14.5.10.1 When NT < 4,

Vcg

where

V - quantity of R.C. for gallery construction, cu ft.cg

2.1.14.5.10.2 When NT 2 4, assuming the ceiling thickness is
1.5 feet, then the quantity of reinforced concrete would be:

V cg c - (NB) * (1.5) (PGW) [ .I.I(W) + 0.75 (NT) + 1.5]

where

V - volume of R.C. ceiling for piping gallery construction,
cgc cu ft.

and for two end walls:
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V -2 (PGW) (NB) (DW * 3)cgw

where

V - volume of R.C. walls for piping gallery construction,
cu ft.

Thus total R.C. volume for piping gallery construction would
be

V -V + v
cg cgc cgw

2.1.14.5.11 Reinforced concrete quantity for aerator
supporting platform construction.

2.1.14.5.11.1 Number of aerator-supporting platforms. Each
aerator will be supported by an individual platform.

2.1.14.5.11.2 Figure 2.1-21 shows a typical supporting
platform for the aeration equipment. The width of the platfon
would be a function of the capacity of the aerator to be
supported. The following experienced formula is given to
approximate this relationship.

X - 5 + 0.078 (HPSN)

where

X - width of the platform, ft.

HPSN - horsepower of the mechanical aerator, RP.

2.1.14.5.11.3 Volume of reinforced concrete for the construction
of the platforms would be:

SVcp - [X2 5.6 (DW + 2)] (NT) (NA) (NB)

where

V - volume of R.C. for the platform construction, cu
cp ft.

DW - water depth of the aeration basin, ft.

2.1.14.5.11.4 Volume of reinforced concrete for pedestrian
bridges. The pedestrian bridge links the aerator platform to
the walkway-sidewalls for ease of operation and maintenance.
By using a width of 4 feet and slab thickness of I foot, the
quantity of reinforced concrete can be calculated by:

Vcwb -[2 (W- X)] (NB) (NT) (NA)
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where

Vcw quantity of concrete for pedestrian bridgeconstruction, cu ft.

2.1.14.5.12 Summary of reinforced concrete structures.

2.1.14.5.12.1 Quantity of concrete slab.

cst cs

where

Vcst = total quantity of R.C. slab for the construction

of aeration tanks, cu ft.

2.1.14.5.12.2 Quantity of concrete wall.

Vcwt WVcw + Vcg + Vcp + Vcwb~where

Vcw = quantity of R.C. wall for the construction of
aeration tanks, cu ft.

V - quantity of aeration tank R.C. walls, cu ft.Cu

V a quantity of R.C. for the construction of pipingcg gallery, cu ft.

V - quantity of R.C. for the construction of aerator-
cp supporting platfozms, cu ft.

= quantity of R.C. for the construction of pedestrian
bridges.

2.1.14.5.13 Quantity of handrail for safety. Handrail is
required for the safety protection of the operation personnel
of wastewater treatment plants. Waterway walls, aerator
platforms and bridges, and the top of the piping gallery will
require handrail. Quantity of handrail can be estimated
t.ns:

2.1.14.5.13.1 When NT - 2,

LHR - 4 W+ 11 + 2 X(3+ W- 4)

where

LHR - handrail length, ft.
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W - aeration tank width, ft.

X - width of aerator-supporting platfotm, ft.

2.1.14.5.13.2 When NT - 3,

LH - 6 W+ 10 3" (3X+ W- 4)

2.1.14.5.13.3 When NT 2 4,

NTif is an even number,

LHR- PGW + (NT) (W) IL + 3- 4 (NA)] (NT)+ (NA) ' (NT)

(3X + W- 4) (NB)

if is an odd umber,

LHR- PGW+ (NT) (W) + [L + 3- 4 (NA)] (NT + 2)+

0 (NA) (NT) (3X+ v- 4) • (f)

where

PGW - width of the piping gallery, ft.

2.1.14.5.14 Operation and maintenance manpower require-
ments. Patterson and Bunker's data will be utilized to
project the operation and maintenance manpower requirements.
The man-hour per year requirement is presented as a function
of the total horsepower of the aeration equipment.

2.1.14.5.14.1 Calculate the total installed capacity of the

aeration equipment.

TICA - (NB) (NT) (NA) (HPSN)

where

TICA - total installed capacity of the aeration equipment,
horsepower.

RPSN - capacity of one individual aerator, horsepower.

2.1.14.5.14.2 The operation manpower requirement can be
estJmated as follows:

When TICA < 200 hp

OMH - 242.4 (TICA) 0 . 3 73 1

0
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When TICA 2 200 hp

OMB - 100 (TICA)
0 .54 2 5

where

OHM - operational man-hour requirement, man-hour/yr.

2.1.14.5.14.3 The maintenance manpower requirement can be
estimated as follows:

When TICA - 100 hp

H - 106.3 (TICA)
0 .4 0 3 1

When TICA > 100 hp

MM - 42.6 (TICa)
0.59 56

where

M - maintenance manpower requirement, man-hour/yr.

2.1.14.5.15 Energy requirement for operation. By assming
that all the aerators will be operated 90 percent of the time
year-round, the electrical energy consumption would be:

KWH - 0.85 z 0.9 x 24 x 365 x (TICA)

where

KWH - electrical energy required for operation, kwhr/yr.

0.85 - conversion factor from hp-hr to kwhr.

2.1.14.5.16 Material and supply costs for operation and
maintenance. Material and supply costs for operation and
maintenance include such items as lubrication oil, paint, and
repair material, etc. These costs are estimated as a percent
of installed costs for the aeration equipment and are expressed
as follows:

OMHP - 4.225 - 0.975 log (TICA)

where

OMMP - percent of the installed equipment cost as O&M
material costs, percent.

TICA - total installed capacity of aeration equipment,
horsepower.
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2.1.14.5.17 Other construction cost items. Using the above
calculation, the majority of cost items of the activated sludge
process have been accounted for. Other cost items, such as piping
system, control equipment, painting, site cleaning and preparation,
etc., can be estimated as a percent of the total bare construction
cost. This percentage value has been shown to vary fron 4 to 15
percent of the total construction cost of the aeration tank system.
The value depends greatly on site conditions and complexity of the
process. Vor a generalized model, an average value of 10 percent
would be adequate. Thus,

1
CF- 1 - 1.11

where

CF - correction factor to account for the minor cost
items.

2.1.14.6 Quantities Calculations Output Data.

2.1.14.6.1 Number of aeration tanks, NT.

2.1.14.6.2 Number of aerators per tank, NA.

2.1.14.6.3 Number of process batteries, NB.

2.1.14.6.4 Capacity of each individual aerator, !PSN, hp.

2.1.14.6.5 Depth of aeration tanks, DW, ft.

2.1.14.6.6 Length of aeration tanks, L, ft.

2.1.14.6.7 Width of aeration tanks, W, ft.

2.1.14.6.8 Width of pipe gallery, PGW, ft.

0
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0 2.1.14.6.9 Earthwork required for construction, Vew, cu ft.

2.1.14.6.10 Total quantity of R.C. slab, V est, cu ft.

2.1.14.6.11 Total quantity of R.C. wall, V cw, cu ft.

2.1.14.6.12 Quantity of handrail, LHR, ft.

2.1.14.6.13 Operation manpower requirenent, OMH, MB/yr.

2.1.14.6.14 Maintenance manpower requirement, MH, ME/yr.

2.1.14.6.15 Electrical energy for operation, KWH, kvhr/yr.

2.1.14.6.16 Percentage for O&M material and supply cost, ONMP,
percent.

2.1.14.6.17 Correction factor for minor capital cost itens, CF.

2.1.14.7 Unit Price Input Required.

2.1.14.7.1 Cost of earthwork, UPIEX, $/cu yd.

2.1.14.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd.

2.1.14.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd.

0 2.1.14.7.4 Standard size low speed surface aerator cost (20
hp), SSXSA, $, optional.

2.1.14.7.5 Marshall & Swift Equipment Cost Index, MSECI.

2.1.14.7.6 Equipment installation labor rate, $/MB.

2.1.14.7.7 Crane rental rate, UPICR, S/hr.

2.1.14.7.8 Unit price of handrail, UPIHR, $/L.F.

2.1.14.8 Cost Calculations.

2.1.14.8.1 Cost of earthwork, COSTE.

0
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Vev ew UPIEXCOSTE =r

where

COSTE - cost of earthwork, $°

V - quantity of earthwork, cu ft.eW

UPIEX - unit price input of earthwork, $/cu yd.

2.1.14.8.2 Cost of concrete vall in-place, COSTCW.

COSTCW - t UPICW27

where

COSTCW a cost of concrete vail in place, $.

v cwt - quantity of R.C. vail, cu yd.

UPICW - unit price input of concrete wail in-place, $/
cu yd.

2.1.14.8.3 Cost of concrete slab in-place, COSTCS.

COSTCS - vcst . UPICS
27

where

COSTCS - cost of R.C. slab in-place, $.

Scst - quantity of concrete slab, $/cu yd.

UPICS - unit price input of R.C. slab in-place, $/cu yd.

2.1.14.8.4 Cost of installed aeration equipment.

2.1.14.8.4.1 Purchase cost of slow speed pier-mounted

surface aerators. The purchase cost of aerators can be
obtained by using the following equation:

CSXSA - SSXSA * RSXSA

where

CSXSA - purchase cost of surface aerator, $.
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SSXSA - purchase cost of a standard size slow speed pier-
mounted aerator. Motor horsepower is 20 hp.

RSXSA - ratio of cost of aerators with capacity of HPSN
hp to that of the standard size aerator.

2.1.14.8.4.2 RSXSA. The cost ratio can be expressed as

RSXSA - 0.2148 (HPSN)
0 .5 13

where

RPSN - capacity of each individual aerator, hp.

2.1.14.8.4.3 Cost of standard size aerator. The cost of
pier-mounted slow speed surface aerator for the first quarter
of 1977 is

SSXSA - $16,300

For a better estimate, SSXSA should be obtained fro equipment

vendor and treated as a unit price input. Otherwise, for
future escalation, the equipment cost should be adjusted by
using the Marshall and Swift Equipment Cost Index.

SSXSA a 16,300 " MSECI
491.6

where

MSECI - current Marshall and Swift Equipment Cost Index
fron input.

491.6 - Marshall and Swift Cost Index, first quarter01977.
2.1.14.8.4.4 Equipment installation man-hour requirment.
The man-hour requirenent for field installation of fixed-
mounted surface aerator can be estimated as:

When HPSN S 60 hp

IMH - 39 + 0.55 (HPSN)

When HPSN > 60 hp

Ms - 61.3 + 0.18 (HPSN)

where

Dff - installation can-hour requirment, man-hour.

0
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2.1.14.8.4.5 Crane requirement for installation.

C R- (0.1) 1D

where

CH - crane time requirmient for installation, hr.

2.1.14.8.4.6 Other costs associated with the installed
equipment. This category includes the costs for electric
wiring and setting, painting, inspection, etc., and can be
added as a percentage of purchase equipment cost:

PtINC - 23%

where

PMINC - percentage of purchase costs of equipment as
minor installed equipment cost, TEC.

PMINC0IEC - [CSXSA (1 + f. + DM tABRI +. CER UPICR1
* (NB) (N) (NA)

where

TEC - installed equipment cost, dollars.

LABRI - labor rate, dollars/man-hour.

UPICR - crane rental rate, dollarsthr.

2.1.14.8.5 Cost of handrail. The cost of installed
handrail systen can be estimated as:

COSTHR - LHR x UPIHR

where

LHR - handrail quantity, ft.

UPIHR - unit price input for handrail cost, $ per lineal
foot. A value of $25,20 per foot for the first
quarter of 1977 is suggested.

2.1.14.8.6 Other cost itms. This category includes cost
of process piping system, control instrusents, site work,
etc. Costs can be adjusted by multiplying the correction
factor CP to the sun of other costs.

2.1.14.8.7 Total bare construction costs, TBCC, dollars.
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TBCC - (COSTE + COSTCW + COSTCS + IEC + COSTHR) * CF

where

TBCC - total bare construction costs, dollars.

CF - correction factor for minor cost items, from
second-order design output.

2.1.14.8.8 Operation and maintenance material costs.

Since this item of the O&M expenses is expressed as a percentage

of the installed equipment costs, it can be calculated by:

OIC - IEC *OMP

where

OMHC - operation and maintenance material and supply
costs, $/yr.

0 OHZ4MP - percent of the installed aerator cost as O&M
material and supply expenses.

2.1.14.9 Cost Calculations Output Data.

2.1.14.9.1 Total bare construction cost of the mechanical
aerated activated sludge process, TBCC, dollars.

2.1.14.9.2 Operation and maintenance supply and material
costs, OHMC, dollars.

0
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2.1.15 RIGH RATE ACTIVATED SLUDGE (DIFFUSED AERATION).

2.1.15.1 Input Data.

2.1.15.1.1 Wastewater Flow (Average and Peak). In case of high

variability, a statistical distribution should be provided.

2.1.15.1.2 Wastewater Strength.

2.1.15.1.2.1 BOD 5 (soluble and total), mg/i.

2.1.15.1.2.2 COD and/or TOC (maximum and minimum), mgl.

2.1.15.1.2.3 Suspended solids, mg/l.

2.1.15.1.2.4 Volatile suspended solids (VSS), mg/i.

2.1.15.1.2.5 Nonbiodegradable fraction of VSS, ma/I.

2.1.15.1.3 Other Characterization.

2.1.15.1.3.1 pH.

2.1.15.1.3.2 Acidity and/or alkalinity, mg/l.

2.1.15.1.3.3 Nitrogen,1 rg/1.

2.1.15.1.3.4 Phosphorus (total and soluble), mg(l.

2.1.15.1.3.5 Oils and greases, mg/l.

2.1.15.1.3.6 Heavy metals, mg/l.

2.1.15.1.3.7 Toxic or special characteristics (e.g., phenols),

mg/1.

2.1.15.1.3.8 Teaperature, 0F or 0C.

2.1.15.1.4 Effluent Quality Requirements.

2.1.15.1.4.1 BOD5, mg/l.

2.1.15.1.4.2 SS, mg/l.

2.1.15.1.4.3 TKN, mg/l.

2.1.15.1.4.4 P, mg/I.

2.1.15.1.4.5 Total nitrogen (TKN * NO3 - N), mg/I.

1The fore of nitrogen should be specified as to Its biological
availability (e.g., NH3 or Kjeldahl).
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2.1.15.1.4.6 Settleable solids, mg/l.

2.1.15.2 Design Paraneters.

2.1.15.2.1 Reaction rate constants and coefficients.

Eckenfelder
k 0.0007-0.002 11mg/hr.
a 0.73
a' 0.52
b 0.075/day
It' 0.15/day
f 0.40
ft 0.53

2.1.15.2.2 F/M - (1.5-5.0).

2.1.15.2.3 Volunetric loading - 100-250.

2.1.15.2.4 t - (1.5-3.0) hr.

2.1.15.2.5 t - (0.2-0.5) days.
5

2.1.15.2.6 MISS - (200-1000) mg/l.

2.1.15.2.7 MLVSS - (140-700) mg/l.

2.1.15.2.8 Qr/Q- (0.05-0.15).

2.1.15.2.9 lb 02/lb BODr = (0.5-0.75).

2.1.15.2.10 lb solids/lb BODr - (0.65-0.85).

2.1.15.2.11 Efficiency - (50-60 percent).

2.1.15.3 Process Design Calculations.

2.1.15.3.1 Assiue, the following design paraneters when unknown.

2.1.15.3.1.1 Fraction of BOD synthesized (a).

2.1.15.3.1.2 Fraction of BOD oxidized for energy (a').

2.1.15.3.1.3 Endogenous respiration rate (b and b').

2.1.15.3.1.4 Mixed liquor suspended solids ("SS).

2.1.15.3.1.5 Mixed liquor volatile suspended solids (MLVSS).

?.1.15.3.1.6 Food-to-microorganism ratio (F/M).

2.1.15.3.1.7 Teuperature correction coefficient (Q).

2.1-145



2.1.15.3.1.8 Nonbiodegradable fraction of VSS in influent (f).

2.1.15.3.1.9 Degradable fraction of the MLVSS (f').

2.1.15.3.2 Detennine the size of the aeration tank by first
dete--ining the detention time.

24S0
t (Xv) (FM)

where

t - detention time, hr.

S0 - influent BOD, mgl.

X- HUVSS, me/1.

F/ - food-to-microorgansm ratio.

2.1.15.3.3 Calculate the volume of aeration tank.

-=avg t

where

V - volume of aeration tank, million gal.

Qavg - average daily flow, mgd.

t - detention time, hr.

2.1.15.3.4 Calculate oxygen requirenents.

a' (Sr)
Sdt t

or

0r2 - at(S r ) (Qavg)(8.34)

where

dO/dt - oxygen uptake rate, mel/hr.

a' - fraction of BOD oxidized for energy.

Sr " BOD renoved (So - Se ) m1.

t - detention time, hr.

0
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02 - oxygen uptake rate, lb/day.

Qavg - average flow rate, mgd.

2.1.15.3.5 Check the oxygen supplied against pounds of BOD re-
moved (0.5-0.7).

02

lb 02 rb BOD - Q(Sr)(8.34)

where

02 - oxygen required, lb/day.

Q - flow, mgd.

Sr - BOD removed, mg/l.

2.1.15.3.6 Design Aeration System.

0 2.1.15.3.6.1 Assume the following design parameters.

2.1.15.3.6.1.1 Standard transfer efficiency, percent, from manu-
facturer (5-8 percent).

2.1.15.3.6.1.2 02 transfer in waste/02 transfer in water w 0.9.

2.1.15.3.6.1.3 02 saturation in waste/02 saturation in water -

0.9.

2.1.15.3.6.1.4 Correction factor for pressure t1.0.

2.1.15.3.6.2 Select summer operating temperature (25-300C) and
detemine (fran standard tables) 02 saturation.

2.1.15.3.6.3 Adjust standard transfer efficiency to operating
conditions.

(C)T( 6) (p) - CL

OTE - STE 9.17 a (1.02)*20

where

OTE - operating transfer efficiency, percent.

STE - standard transfer efficiency, percent.

(CS) a 0 2 saturation at selected summer temperature T,

T c, maul.
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= 02 saturation in waste/02 saturation in water A

0.9.

p a correction factor for pressure m1.0.

CL = minilmum dissolved oxygen to be maintained in the
basin 2.0 mg/I.

=cn 02 transfer in vaste/02 transfer in water %0.9.

T - temperature, 0 C.

2.1.15.3.6.4 Calculate required air flow.

Blowers are treated as a separate unit process since several
unit processes in a single plant may require air from the
blowers. The air requirements from all unit processes in a
treatment train which require air are summed and the total air
requirement is used to size the blower facility. The unit process
design for the blower facility is found in subsection 2.3.

02(10 5)(7.48)
Ra b 0 2

(OTE) 0.0176 - 1440 min V
ft 3air day

where
R - required air flow, cfm/1000 ft3 .

a

02 - oxygen required, lb/day.

OTE - operating transfer efficiency, percent.

V - volume of basin, gal.

2.1.15.3.7 Calculate sludge production.

&XV - (asrQavg + fQ(VSS) + Q(SS - VSS] 8.34

where

&Xv - sludge produced, lb/day.

a - fraction of BOD removed synthesized to cell
material.

Sr - BOD removed, mg/I.

Qavg a average flow, mgd.
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f - nonbiodegradable fraction of VSS in influent.

Q - flow, mgd.

VSS - volatile suspended solids, mg/I.

SS - suspended solids in influent, mg/i.

2.1.15.3.8 Check &X, against 0.65-0.85 lb solids/lb BOD r

lb solids &XV
(lb BOD) Sr(Q)(8.34)

where

&7v - sludge produced, lb/day.

S - BOD removed, mg/l.

Q - flow, mgd.

2.1.15.3.9 Calculate sludge recycle ratio.

r a

where u a

Qr = volume of recycled sludge, mgd.

Q - flow, mgd.

X a MuSa

X - suspended solids concentration in returned sludge,
u mg/i.

2.1.15.3.10 Calculate solids retention time.

V(Xa)8.34
SRT -" C volatile)

a

where

SRT - solids retention time, days.

V - volune of basin, million gal.

Ia " LSS.
a

aX a sludge produced, lb/day.
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2.1.15.3.11 Effluent Characteristics.

2.1.15.3.11.1 BOD 5.

BODE - Se + 0.84 (X) fff

where

BODE - effluent BOD5 concentration, mg/l.

Se - effluent soluble BOD 5 concentration, mg/I.

(XV)eff - effluent volatile suspended solids, mgl.

V - degradable fraction of MLVSS.

2.1.15.3.11.2 COD.

CODE - (1.5) (BODE)

CODSE = (1.5) (Se)

where

CODE - effluent COD concentration, mg I.

CODSE - effluent soluble COD concentration, mg/ I.

BODE - effluent BOD5 concentration, mg/l.

Se - effluent soluble OD5 concentration, mg/l.

2.1.15.3.11.3 Nitrogen.

TKNE - (0.7) TKN

M3E - TKNE

where

TKNE - effluent total Kjeldahl nitrogen concentration,
mg/1.

TKN - influent total KJeldahl nitrogen concentration,
mg/i.

W3E - effluent amonia nitrogen concentration, mg/ I.

2.1.15.3.11.4 Phosphorus.

PO4E - (0.7) (P04)

*where
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P04E - effluent phosphorus concentration, mg/1.

P04 - influent phosphorus concentration, mg/l.

2.1.15.3.11.5 Oil and Grease.

OAGE - 0.0

where

OAGE - effluent oil and grease concentration, mg 1.

2.1.15.3.11.6 Settleable Solids.

SETSO - 0.0

where

SETSO - settleable solids, mg/l.

2.1.15.3.12 Detemine nutrient requirements for nitrogen.

N = 0.123 &

and phosphorus

P 0.026

where

Xv - sludge produced, lb/day.

and check against BOD:N:P - 100:5:1.

2.1.15.4 Process Design Output Data.

2.1.15.4.1 Aeration Tank.

2.1.15.4.1.1 Reaction rate constant, i/mg/hr.

2.1.15.4.1.2 Sludge produced per BOD removed.

2.1.15.4.1.3 Endogenous respiration rate (b, b').

2.1.15.4.1.4 02 utilized per BOD removed.

2.1.15.4.1.5 Influent nonbiodegradable VSS, mg/I.

2.1.15.4.1.6 Effluent degradable VSS, mg/l.

2.1.15.4.1.7 lb BOD/lb MLSS-day (F/M ratio).

2.1.15.4.1.8 Mixed liquor SS, mg/l (MISS).

2.1.15.4.1.9 Mixed liquor VSS, mg( (MLVSS).

2.1.15.4.1.10 Aeration time, hr.
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2.1.15.4.1.11 Volume of aeration tank, million gal.

0 2.1.15.4.1.12 Oxygen required, lb/day.

2.1.15.4.1.13 Sludge produced, lb/day.

2.1.15.4.1.14 Nitrogen requirement, lb/day.

2.1.15.4.1.15 Phosphorus requirement, lb/day.

2.1.15.4.1.16 Sludge recycle ratio, percent.

2.1.15.4.1.17 Solids retention tIme, days.

2.1.15.4.1.18 Volunetric loading, lb BOD/1000 ft3.

2.1.15.4.2 Aeration System.

2.1.15.4.2.1 Standard transfer efficiency, percent.

2.1.15.4.2.2 Operating transfer efficiency, percent.

2.1.15.4.2.3 Required air flow, cfm/1000 ft3.

2.1.15.5 Quantities Calculations.

2.1.15.5.1 Design values for activated sludge systa.

6Vd " 7.8

CFMd - (CFM) (V) (133.7)

where

V - volume of aeration tanks, million gallons.

2.1.15.5.2 Selection of numbers of aeration tanks. The
following rule will be utilized in the selection of numbers of
aeration tanks.

Number of
Qavg Aeration Tanks

(. d)

0.5- 2 2
2- 4 3
4- 10 4

10- 20 6
20- 30 8
30 - 40 10
40- 50 12
50- 70 14
70- 100 16
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When Q is larger than 100 mgd, several batteries of aeration
tanks Rl be used. See next section for details.

2.1.15.5.3 Selection of number of tanks and number of bat-
teries of tanks when Q is larger than 100 mgd. It is general
practice in designing faher sewage treatment plants that several
batteries of aeration tanks, instead of a single group of tanks,
are used. This is due to land area availability and certain
hydraulic limitations. To simplify the modeling process, the
following rules will be used:

2.1.15.5.3.1 When Q S 100 mgd, only one battery of aeration
tanks will be used.

NB-I

where

NB - number of batteries of units.

2.1.15.5.3.2 When 100 < Qa e 200 rgd, the system will be
designed as two identical baileries of aeration basins. Each
battery would handle half of the wastewater. The number of
aeration tanks in each battery would be selected according to the
rules established in subsection 2.1.15.5.2 by using half the
design flow as Q avg Thus

NB -2

2.1.15.5.3.3 When Q-v > 200 mgd, the design will be perfomned
to use three batteries if aeration basins, each handling one-third
of the wastewater. Thus

NB -3

2.1.15.5.4 Number of diffusers. The oxyge.. transfer rates
used in the first-order design dictate the use of coarse bubble
diffusers. These diffusers have an air flow from 10-15 scfm; for
design purposes an average of 12 scfm will be used.

ND CF?(d.t '-2(T V

NDmt ust be an integer.

where

NDt - number of diffusers per tank.

t
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2.1.15.5.5 Niuber of swing arm diffuser headers. For ease of
maintenance swing atm headers are usually used. The number of0 diffusers per header is dictated by the nmber of connections
provided on each header by the manufacturer. This varies with
manufacturer and header size from 8 to 30. For our purposes an
average of 20 diffusers per header will be assumed.

NSAt a NDt

NSA t must be an integer.

where

NSAt = nauber of swing aim headers per tank.

2.1.15.5.6 Design of aeration tanks.

2.1.15.5.6.1 Volume of each tank would be

VN Vd
(NI) (NT)

where

VN - volume of single aeration tank, cu ft.

2.1.15.5.6.2 Depth and width of aeration tanks. The depth and
width of the aeration tanks will be fixed at 15 ft and 30 ft,
respectively.

2.1.15.5.6.3 Length of aeration tanks.

If L is greater than 400 f t, then recalculate VN using HT - NT +
1, then recalculate L.

2.1.15.5.7 Aeration tank arrangements.

2.1.15.5.7.1 Figure 2.1-22 shows the schematic diagram of the
arrangements. A pipe gallery will be provided when the number of
tanks is equal to or larger than four. The purpose of the pipe
gallery is to house the various air and water piping systems and
control equipment.

Q
PGW - 20 + (0.4) (-EL

where
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PGW - pipe gallery width, ft.

Qavg = average influent wastevater flow, mgd.

NB - number of batteries.

2.1.15.5.8 Earthwork required for construction. It is assumed
that the tank bottom will be 4 feet below ground Level. The
earthwork required can be estimated by the following equations:

2.1.15.5.8.1 When NT is less than 4, the earthwork required
would be:

V 6 NB E(NT(31.5) + 15.5) (L. 17) + (NT(3l.5) + 23.5) (L + 25)]
ew 2

where

V - volume of earthwork required, cu ft.ev

NT - number of tanks per battery.

L - length of aeration tanks, ft.

2.1.15.5.8.2 When NT is greater than or equal to 4, the earthwork
required would be:

V -6 NB E(15.75(NT)415.5) (2t*PGI*20) + (15.75(NT)2.5) (2L+PGUV28)]
cv 2

2.1.15.5.9 Reinforced concrete slab quantity. It is assumed
that a 1'-6" thick slab will be utilized regardless of the size of
the system. The volume of reinforced concrete slab will be the
sane for both plug and caplete mix flow.

2.1.15.5.9.1 For NT less than 4:

Ves - 1.5 NB ( (NT(31.5) + 15.5) (L + 17)]

where

Vcs - R.C. slab quantity required, cu ft.

2.1.15.5.9.2 For NT greater than or equal to 4:

V - 1.5 NB [(15.75(NT) + 15.5) (2L + PGW+ 200)]cs

2.1.15.5.10 Reinforced concrete wall quantities.

2.1.15.5.10.1 In using the plug flow system, influent to the
aeration basin will be piped to one end of the tank and discharged
at the other end. Thus it does not require such an elaborate wall
construction. Two typical wall sections are required, as shown in
Figure 2.1-23. One would be simple straight side wall and the
other would be enlarged on top so that walkways can be provided.
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2.1.15.5.10.2 When NT - 2:

S V a W (1.25 DW+ 11) + (6 W+ 9) (1.25 OW* 3.75)

2.1.15.5.10.3 When NT - 3:

V - (1.25 DW + 11) (3 W+ 6) + (1.25 DW+ 3.75) (7 W+ 6)cw

2.1.15.5.10.4 When NT 2 4:

V - -- (L 3) (1.25 DW + 11) + [(0.5 NT+ 2) (L + 3) +cw 2

2 (NT) (W)] * (1.25 DW+ 3.75) (NB)

where

V - R.C. wall quantity required, cu ft.cv

L - length of aeration tanks, ft.

2.1.15.5.11 Quantity of handrail for safety. Handrail is
required for safety protection of the operation personnel of
wastewater treatment plants. Waterway walls and the top of the
pipe gallery will require handrail. The quantity of handrail
required may be estimated as follows:

2.1.15.5.11.1 If NT is less than 4:

LHR - [2(NT) (L) + 2(L) + 61.5(NT) + 1.5] NB

2.1.15.5.11.2 If NT is greater than or equal to 4:

LHR - [2(NT) (L) + (4L) + 36.5(NT) + 2 PGW* 131 NB

where

LHR - handrail length, ft.

2.1.15.5.12 Calculate operation manpower requirements.

2.1.15.5.12.1 If CFM is less than or equal to 3000 scfm, the
operation manpower cai be calculated by:

OM - 62.36 (CFMd) 0 39 72

where

OME - operation manpower required, Mf yr.

2.1.15.5.12.2 If CFM is greater than 3000 scfm, the operation
manpower can be calcufated by:
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OMH = 26.56 (CFMd)
0 .50 38

2.1.15.5.13 Calculate maintenance manpower requirements.

2.1.15.5.13.1 If CFM is less than or equal to 3000 scfm, the main-
tenance manpower can ge calculated by:

MM - 22.82 (CFMd)0.4379

2.1.15.5.13.2 If CFMd 3000 scfm, the maintenance manpower can be
calculated by:

whe - 6.05 (CFM )0.6037

where

MM - maintenance manpower required, IME/yr.

2.1.15.5.14 Energy requirement for operation. The electrical energy
required for operation is related to the air requirement by the fol-
lowing equation:

KWH - (CFMd) (241.6)

where

KWH - electrical energy required for operation, kwhr/yr.

2.1.15.5.15 Operation and maintenance material and supply costs.
Operation and maintenance material supply costs include items such as
Lubricant, paint, replacement parts, etc. These costs are estimated as
a percent of the total bare construction costs.

OMP - 3.57 (Q avg) "0 .2602

where

OMMP - operation and maintenance material costs as percent
of total bare construction cost, percent.
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2.1.15.5.16 Other construction cost items. The majority of the costs
of the diffused aeration activated sludge process have been accounted
for. Other cost items, such as liquid piping system, control equipment,
painting, site cleaning and preparation, etc., can be estimated as a
percent of the total bare cotwtruction cost. This value depends greatly
on site conditions and conplexity of the process. For a generalized
model, an average value of 10 percent will be used.

1
CF - 0 - 1.11

where

CF - correction factor to account for the minor cost items.

2.1.15.6 Quantities Calculation Output Data.

2.1.15.6.1 Number of aeration tanks, NT.

2.1.15.6.2 Number of diffusers per tank, NDt.

2.1.15.6.3 Number of process batteries, NB.

2.1.15.6.4 Number of swing am headers per tank, NSAt -

2.1.15.6.5 Length of aeration tanks, L, ft.

2.1.15.6.6 Width of pipe gallery, PGW, ft.

2.1.15.6.7 Earthwork required for construction, Vew , cu ft.

2.1.15.6.8 Quantity of R.C. slab required, Vcs, cu ft.

0 2.1.15.6.9 Quantity of R.C. wall required, Vcw , cu ft.

2.1.15.6.10 Quantity of handrail, LER, ft.

2.1.15.6.11 Operation manpower requirement, OMH, MB/yr.

2.1.15.6.12 Maintenance manpower requirement, >M, M/yr.

2.1.15.6.13 Electrical energy for operation, KWH, kwhr/yr.

0
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2.1.15.6.14 Operation and maintenance material and supply cost as

percent of total bare construction cost, OHMP, percent.

2.1.15.6.15 Correction factor for minor construction costs, CF.

2.1.15.7 Unit Price Input Required.

2.1.15.7.1 Cost of earthwork, UPIEX, $/cu yd.

2.1.15.7.2 Unit price input R.C. wall in-place, UPICW, $/cu yd.

2.1.15.7.3 Unit price input R.C. slab in-place, UPICS, $/cu yd.

2.1.15.7.4 Unit price input for handrails in-place, UPIHR, S/ft.

2.1.15.7.5 Cost per diffuser, COSTPD, $, (optional).

2.1.15.7.6 Cost per swing am header, COSTPH, $, (optional).

2.1.15.7.7 Current Marshall and Swift Equipment Cost Index, MSECI.

2.1.15.7.8 Current CE Plant Cost Index for pipe, valves, etc.,
CEPCIP.

2.1.15.7.9 Equipment installation labor rate, LABRI, $/MH.

2.1.15.7.10 Unit price input for crane rental, UPICR, S/hr.

2.1.15.8 Cost Calculations.

2.1.15.8.1 Cost of earthwork.

COSTE -e UPIEX
27

where

COSTE - cost of earthwork, $.

V - quantity of earthwork, cu ft.
ev

UPIEX - unit price input of earthwork, $/cu yd.

2.1.15.8.2 Cost of R.C. wall in-place.

0
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COSTCW - Vcw UPICW
27

0where
COSTCW - cost of R.C. wall in-place, $.

Vcw - quantity of R.C. wall, cu ft.

UPICW - unit price input for R.C. wall in-place, $/cu
yd.

2.1.15.8.3 Cost of R.C. slab in-place.

COSTCS - Vcs UPICS
27

where

COSTCS - cost of R.C. slab in-place, $.

V - volume of concrete slab, cu yd.

UPICS a unit price R.C. slab in-place, $/cu yd.

2.1.15.8.4 Cost of handrails in-place.

COSTER - LHER x UPIHR

where

COSTHER - cost of handrails in-place, $.

LHR - length of handrails, ft.

UPIHR - unit price input for handrails in-place, S/ft.

2.1.15.8.5 Cost of diffusers.

2.1.15.8.5.1 The oxygen transfer values given indicate the use
of coarse bubble diffusers. The cost of a coarse bubble diffuser
with a capacity of 12 scfm for the first quarter of 1977 is

COSTPD - $6.50

For a better estimate COSTPD should be obtained frm an equipment
vendor and treated as a unit price input. Otherwise, for future
escalation the equipment cost should be adjusted by using the
Marshall and Swift Equipment Cost Index.

COSTPD - 6.50 -SECI
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where

COSTPD - cost per diffuser, $.

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index, first quarter
1977.

2.1.15.8.5.2 Calculate COSTD.

COSTD - COSTPD x NDt x Y4 x NB

where

COSTD - cost of diffusers for system, $.

NDt = ntuber of diffusers per tank.

NT - nu-ber of tanks.

2.1.15.8.6 Cost of swing am diffuser headers.

2.1.15.8.6.1 Swing am diffuser headers cone in several sizes.
The cost used is for a header which will handle 550 scfa and up to
37 diffusers. The cost of this header for the first quarter of
1977 is

COSTPH - $5,000

For a better estimate COSTPH should be obtained fro an equipment
vendor and treated as a unit price input. Otherwise, for future
escalation the equipment cost should be adjusted by using the
Marshall and Swift Equipment Cost Index.

COSTPH - $5,000 MSECI

where

COSTPH - cost per swing am header, $.

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index, first quarter
of 1977.

2.1.15.8.6.2 Calculate COSTH.

COSTH - COSTPH x NSA t x NT x NB

0
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where

COSTH - cost of swing arm headers for system, $,

NSAt M number of swing amm headers per tank.

NT - number of tanks.

NB - number of batteries.

2.1.15.8.7 Equipment installation man-hour requirement. The
labor requirement for field installation of the swing am headers,
including mounting the diffusers, is approximately 25 man-hours
per header.

11H = 25 NSAt x NT x NB

where

IM - installation man-hour requirement, MH.

2.1.15.8.8 Crane requirement for installation.

CE - (.1) (iME)

where

CH - crane time requirement for installation, hr.

2.1.15.8.9 Cost of air piping. The air piping for the dif-
fused aeration system is very complex and includes many valves and
fittings of different sizes. This causes cost estimation by
material take-off to be very difficult for a wide range of flow.
In this case we feel the use of parametric costing is justified as
the overall accuracy of the estimate will not be affected to a
great extent.

2.1.15.8.9.1 If CFM is between 100 scfm and 1000 scfm, the cost
of air piping can be galculated by:

COSTAP - 617.2 (CFM d) 253 X

where

COSTAP - cost of air piping, $.

CFMd a design capacity of blowers, scfm.

CEPCIP - current CE Plant Cost Index for pipe, valves, etc.
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241.0 - CE Plant Cost Index for pipe, valves, etc., for first

quarter of 1977.

2.1.15.8.9.2 If CFHd is between 1000 scfm and 10,000 scfm, the

cost of air piping can be calculated by:

COSTA? - 1.43 (CFMd) 1.1337 CEPCIP

2.1.15.8.9.3 If CFHd is greater than 10,000 scfm, the cost of

air piping can be calculated by:

CoSTAP - 28.59 (CYMd) °85r

2.1.15.8.10 Other costs associated with the installed equipment.

This category includes the cost for weir installation, painting,

inspection, etc., and can be added as a percentage of the purchased

equipment cost:

PKIINC - 1OZ

where

PMINC - percentage of purchase costs of equipment as minor

installation cost, percent.

2.1.15.8.11 Installed equipment costs.

IEC - (COSM + COSTH) (1 + --TN- + (In). (LAS&,) + (CR) (UPICK)

where

IEC - installed equipment cost, $.

LABRI - labor rate, $/4.

UPICR - crane rental rate, $/hr.

2.1.15.8.12 Total bare construction cost.

TBCC - (COSTE COSTCW + COSTCS + IEC + COSTHR + COSTAP) CF

where

TBCC - total bare construction cost, $.

CF - correction factor for minor cost items.

2.1.15.8.13 Operation and maintenance material costs.

OCC - TBCC
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where

OMMC - operation and maintenance material supply costs,
$/yr.

OMMP - operation and maintenance material supply costs,
as percent of total bare construction cost, percent.

2.1.15.9 Cost Calculations Output Data.

2.1.15.9.1 Total bare construction cost of diffused aeration
activated sludge systen, TBCC, dollars.

2.1.15.9.2 Operation and maintenance material and supply
costs, OHC, dollars.

0
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2.1.16 HIGH RATE ACTIVATED SLUDGE (MECHANICAL AERATION).

2.1.16.1 Input Data.

2.1.16.1.1 Wastewater Flow (Average and Peak). In case of
high variability, a statistical distribution should be provided.

2.1.16.1.2 Wastewater Strength.

2.1.16.1.2.1 BOD 5 (soluble and total), mg/I.

2.1.16.1.2.2 COD and/or TOC (maximum and minimum), m gi.

2.1.16.1.2.3 Suspended solids, mg/l.

2.1.16.1.2.4 Volatile suspended solids (VSS), mg/.

2.1.16.1.2.5 Nonbiodegradable fraction of VSS, mg/l.

2.1.16.1.3 Other Characterization.

2.1.16.1.3.1 pH.

2.1.16.1.3.2 Acidity and/or alkalinity, mg/l.

2.1.16.1.3.3 Nitrogen,I mg/i.

2.1.16.1.3.4 Phosphorus (total and soluble), mg/i.

2.1.16.1.3.5 Oils and greases, mg/l.

2.1.16.1.3.6 Heavy metals, mg/I.

2.1.16.1.3.7 Toxic or special characteristics (e.g., phenols),
mg/I.

2.1.16.1.3.8 Temperature, OF or OC.

2.1.16.1.4 Effluent Quality Requirements.

2.1.16.1.4.1 BOD 5 , mg/I.

2.1.16.1.4.2 SS, mg/i.

2.1.16.1.4.3 TKN, mg/l.

2.1.16.1.4.4 P, mg/i.

2.1.16.1.4.5 Total nitrogen (TKK + NO 3 - N), mg/I.

1The for of nitrogen should be specified as to its biological

availability (e.g., NR 3 or Kjeldahl).
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2.1.16.1.4.6 Settleable solids, mg/l.

2.1.16.2 Design Parasmeters.

2.1.16.2.1 Reaction rate constants and coefficients.

Eckenf eider
k 0.0007-0.002 l/mg/hr.

a 0.73
a' 3.52

b 0.075/day
b#' O.15/day

f 0.40
V' 0.53

2.1.16.2.2 F/M - (1.5-5.0).

2.1.16.2.3 Volumetric loading - 100-250.

2.1.16.2.4 t - (1.5-3.0) hr.

2.1.16.2.5 t- (0.2-0.5) days.

2.1.16.2.6 %aSS - (200-1000) mg/l.

2.1.16.2.7 MLVSS - (140-700) mg/I.

2.1.16.2.8 qr/Q- (0.05-0.15).

2.1.16.2.9 lb 02/lb BOD r - (0.5-0.75).

2.1.16.2.10 lb solids/lb BODIr - (0.65-0.85).

2.1.16.2.11 Efficiency - (50-60 percent).

2.1.16.3 Process Desian Calculations.

2.1.16.3.1 Assume the following design paraneters when un-

known.

2.1.16.3.1.1 Fraction of BOD synthesized (a).

2.1.16.3.1.2 Fraction of BOD oxidized for energy (a).

2.1.16.3.1.3 Endogenous respiration rate (b and b').

2.1.16.3.1.4 Mixed liquor suspended solids (MSS).

2.1.16.3.1.5 Mixed liquor volatile suspended solids (MLVSS).

2.1.16.3.1.6 Food-to-microorganism ratio (F/M).

2.1-166



2.1.16.3.1.7 Temperature correction coefficient (4).

2.1.16.3.1.8 Nonbiodegradable fraction of VSS in influent (f).

2.1.16.3.1.9 Degradable fraction of the MLVSS (fl).

2.1.16.3.2 Determine the size of the aeration tank by first
detemining the detention time.

24So
t- ()F/M)

where

t - detention time, hr.

S - influent SOD, mg/i.

XV - MLVSS, mg/i.

FlM - food- to-m icroorganism ratio.

2.1.16.3.3 Calculate the volume of aeration tank.

V- Qavg

where

V - volume of aeration tank, million gal.

Qavg a average daily flow, mgd.

t - detention time, hr.

2.1.16.3.4 Calculate oxygen requirements.

dO a'(Sr)
t

or

02 - a' (S ) (Qavg) (8.34)

where

dO/dt - oxygen uptake rate, mg/l/hr.

a' - fraction of BOD oxidized for energy.

Sr - BOD removed (S o - Se), rag/1.
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t - detention time, hr.

02 - oxygen uptake rate, lb/day.

Qavg . average flow rate, mgd.

2.1.16.3.5 Check the oxygen supplied against pounds of BOD re-
moved (0.5-0.7).

02

lb 02/lb BODr -O ~ Q§:) (8.34)
r

where

02 - oxygen required, lb/day.

Q - flow, mgd.

S - BOD removed, mg/1.

2.1.16.3.6 Design Aeration System.

2.1.16.3.6.1 Assme the following design parameters and design
aeration system and check horsepower supply for mixing against
horsepower required for complete mixing 2 0.1 hp/1000 gal.

2.1.16.3.6.1.1 Standard transfer efficiency, lb/hp-hr (0 dissolved

oxygen, 200C, anu tap water) (3-5 lb/hp-hr).

2.1.16.3.6.1.2 02 transfer in waste/02 transfer in water s'0.9.

2.1.16.3.6.1.3 02 saturation in waste/02 saturation in water
0.9.

2.1.16.3.6.1.4 Correction factor for pressure l.0.

2.1.16.3.6.2 Select simer operating temperature (25-300C) and
detenmine (fron standard tables) 02 saturation.

2.1.16.3.6.3 Adjust standard transfer efficiency to operating
conditions.

OTE - STE [ (Cs)T(iA ) (p) " CL] (1.02)T - 2 0

9.17

where

0TE - operating transfer efficiency, lb 02hp-hr.

STE - standard transfer efficiency, lb 02/hp-hr.
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(CS)T a 02 Saturation at selected summer temperature
T, C, mgfl.

- 0 saturation in waste/02 saturation in water

L 0.9.

p - correction factor for pressure = 1.0.

CL - minimu dissolved oxygen to be maintained in the
basin 2.0 mg'l.

QCc 02 transfer in waste/02 transfer in water.

T - tmperature, 0 C.

2.1.16.3.6.4 Calculate horsepower requirement.

hp = 02 1000
lb 02

OTE hphr- (24) (V)

where

hp - horsepower required/1000 gal.

02 - oxygen required, lb/day.

OTE - operating transfer efficiency, lb 02/hp-hr.

V - volume of basin, gal.

2.1.16.3.7 Calculate sludge production.

Xv - [aSErQavs + fQ(VSS) + Q(SS - VSS)] 8.34

where

A - sludge produced, lb/day.

a - fraction of BOD removed synthesized to cell
material.

Sr - BOD removed, mgl.

Qavg " average flow, mgd.
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f - nonbiodegradable fraction of VSS in influent.

Q - flow, mgd.

VSS - volatile suspended solids, mg/I.

SS - suspended solids in influent, mg/l.

2.1.16.3.8 Check 4 against 0.65-0.85 lb solids/lb BOD r .

lb solids dav
(lb BOD) Sr (Q)(8.34)

where

&XV - sludge produced, lb/day.

Sr - BOD removed, mg/l.

Q - flow, mgd.

2.1.16.3.9 Calculate sludge recycle ratio.

Qr Xa

where

Qr = volume of recycled sludge, mgd.

Q - flow, mgd.

X - ,SS

Xu - suspended solids concentration in returned
sludge, mg/l.

2.1.16.3.10 Calculate solids retention time.

SRaT = 8Ax (% volatile)
a

where

SIT - solids retention time, days.

V a volume of basin, million gal.

X = MI S.a

AXa - sludge produced, lb/day.
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2.1.16.3.11 Effluent Characteristics.

2.1.16.3.11.1 BOD 5 .

BODE - Se + 0.84 (Xv ) efff'

where

BODE - effluent BOD 5 concentration, mg/l.

Se - effluent soluble BOD5 concentration, mg/l.

("V)eff - effluent volatile suspended solids, mgl.

V - degradable fraction of MLVSS.

2.1.16.3.11.2 COD.

CODE - (1.5) (BODE)

where CODSE- (1.5) (Se)

CODE -h effluent COD concentration, mer.

CODE = effluent soluble COD concentration, mg/i.

BODE - effluent BOD5 concentration, mg/I.

Se - effluent soluble BOD 5 concentration, mg/l.

2.1.16.3.11.3 Nitrogen.

TKNE - (0.7) TM

NM3E f TKNE

where

TKNE - effluent total Kjeldahl nitrogen concentration,
mg/I1.

TKN - influent total Kjeldahl nitrogen concentration,
mg/I.

NH3E - effluent anmonia nitrogen concentration, mg/I.

2.1.16.3.11.4 Phosphorus.

Po4E - (0.7) (P04)
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where

PO4E - effluent phosphorus concentration, mg/I.

P04 - influent phosphorus concentration, mg/i.

2.1.16.3.11.5 Oil and Grease.

OAGE - 0.0

where

OAGE - effluent oil and grease concentration, mg/I.

2.1.16.3.11.6 Settleable Solids.

SETSO - 0.0

where

SETSO - settleable solids, mg/l.

2.1.16.3.12 Detenmine nutrient requirements for nitrogen.

and phosphorus 
N - O.123-1xv

P - 0.026 a

where

&Xv - sludge produced, lb/day.

and check against BOD:N:P - 100:5:1.

2.1.16.4 Process Design Output Data.

2.1.16.4.1 Aeration Tank.

2.1.16.4.1.1 Reaction rate constant, 1/mg/hr.

2.1.16.4.1.2 Sludge produced per BOD removed.

2.1.16.4.1.3 Endogenous respiration rate (b, b').

2.1.16.4.1.4 02 utilized per BOD removed.

2.1.16.4.1.5 Influent nonbiodegradable VSS, mg/l.

2.1.16.4.1.6 Effluent degradable VSS, mg/l.

2.1.16.4.1.7 lb BOD/lb MLSS-day (F/M ratio).

2.1.16.4.1.8 Mixed liquor SS, mg/I (LSS).

2.1.16.4.1.9 Mixed liquor VSS, mg/l (MLVSS).

2.1.16.4.1.10 Aeration time, hr.
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2.1.16.4.1.11 Volume of aeration tank, million gal.

2.1.16.4.1.12 Oxygen required, lb/day.

2.1.16.4.1.13 Sludge produced, lb/day.

2.1.16.4.1.14 Nitrogen requirement, lb/day.

2.1.16.4.1.15 Phosphorus requirement, lb/day.

2.1.16.4.1.16 Sludge recycle ratio, percent.

2.1.16.4.1.17 Solids retention time, days.

2.1.16.4.1.18 Volumetric loading, lb BOD/1000 ft3.

2.1.16.4.2 Aeration System.

2.1.16.4.2.1 Standard transfer efficiency, lb 02/hp-hr.

2.1.16.4.2.2 Operating transfer efficiency, lb 02/hp-hr.

2.1.16.4.2.3 Horsepower required, hp.

2.1.16.5 Quantities Calculations.

2.1.16.5.1 The design values for activated sludge system would
be:

. 106

HPd - (hp) (V) (133.7)

where

V - volume of aeration basin million gallons.

2.1.16.5.2 Selection of number of aeration tanks and mechanical
aerators per tank. The following rule will be utilized in the
selection of number of aeration tanks and mechanical aerators per
tank.
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Number of Number of Aerators
Qavg Aeration Tanks Per Tank

(mgd) NT NT

0.5- 2 2 1
2- 4 3 1
4- 10 4 1
10- 20 6 2
20- 30 8 2
30- 40 10 3
40- 50 12 3
50- 70 14 3
70- 100 16 4

When Q is larger than 100 agd, several batteries of aeration
tanks be used. See next section for details.

2.1.16.5.3 Selection of nu.ber of tanks and number of bat-
teries of tanks when Q is larger than 100 mgd. It is general
practice in designing fIVager sewage treaUent plants that several
batteries of aeration tanks, instead of a single group of tanks,
are used. This is due to land area availability and certain
hydraulic limitations. To simplify the modeling process, the
following rules will be used:

2.1.16.5.3.1 When Q . 100 mgd, only one battery of aeration
tanks will be used. Tfas

NB-I1

where

NB - number of batteries of units.

2.1.16.5.3.2 When 100 < Q 1 200 mgd, the systen will be
designed as two identical biferies of aeration basins. Each
battery would handle half of the wastewater. The number of aeration
tanks in each battery would be selected according to the rules
established in subsection 2.1.16.5.2 by using half the design flow
as Q avg. Thus

NB - 2

2.1.16.5.3.3 When Q _> 200 mgd, the design will be perfonmed
to use three batterieVf aeration basins, each handling one-third
of the wastewater. Thus

NB -3

2.1.16.5.4 Mechanical aeration equipment design.

0
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2.1.16.5.4.1 Usually the slow-speed, fix-mounted mechanical
surface aerators are used in domestic wastewater treatnent plants.
The available sizes of this type aerator are 5 HP, 7.5 HP, 10 HP,
15 HP, 20 HP, 25 HP, 30 H, 40 HP, 50 HP, 60 HP, 75 HP, 100 HP,
125 HP and 150 HP.

2.1.16.5.4.2 Horsepower for each individual aerator:

HPN a HPd
(NB) (NT) (NA)

If HPN > 150 HP and NT - 2 or 3, then repeat the calculation with
NT - NT + I.

If HPN > 150 HP and T 2 4, then repeat the calculation with NT -

NT * 2.

where HPN - horsepower of each unit, horsepower.

HPd - design capacity of aeration equipment, horsepower.

NB - number of batteries.

NT - number of aeration tanks per battery.

NA - number of aerators per tank.

2.1.16.5.4.3 Compare HPN with the available off-the-shelf sizes
and select the smallest unit with capacity larger than HPN. The
capacity of the selected unit would be designated as HPSN. Thus
the total capacity of the aeration units would be

HPT - (N) (NT) (NA) (PSN)

where

HPT - total capacity of selected aerators, horsepower.

2.1.16.5.5 Design of aeration tanks.

2.1.16.5.5.1 Volume of each individual tank would be

Vd

where

VN - volume of single aeration tank, cu ft.
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2.1.16.5.5.2 Depth of aeration tanks. The depth of an aeration
basin is controlled by the capacity of the aerators to be in-
stalled inside. If the water depth is too shallow, interference
with the mixing current and oxygen transfer would occur. If the
water depth is too deep, insufficient mixing would occur at the
bottoa of the tank and sludge accuwulation would occur. Thus
proper selection of liquid depth of an aeration basin is impor-
tant. The relationship between the recomended basin depth and
the capacity of the aerators can be expressed as follows:

When RPSN - 100 HP

DW - 4.816 (HPSN)
0 .24 6 7

When RPSN > 100 HP

DW - 15 ft

where

DW - water depth of the aeration tanks, ft.

HPSN - capacity of the aerator, UP.

2.1.16.5.5.3 Width and length of aeration tank. The ratio
between length and width of an aeration tank is dependent on the
number of aerators to be installed in this tank, A.

If NA - 1. Square tank construction, L/W a

If M& - 2. Rectangular tank construction, L/W - 2

If NA - 3. Rectangular tank construction, L/W - 3

If NA - 4. Rectangular tank construction, /W - 4

and

L/W a NA

where

NA - number of aerators per tank.

L - length of aeration tank, ft.

W - width of aeration tank, ft.

After the volune, depth and 1/W ratio of the tank are detenmined,
the width of the tank can be calculated by:

1- 7VN
(DW) (NA)
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The length of the aeration tank would be

L - (%A) (W)

2.1.16.5.6 Aeration tank arrangments.

2.1.16.5.6.1 Figure 2.1-24 shows the schematic diagram of the
arrangements. Piping gallery will be provided when the number of
tanks is equal or larger than four. The purpose of piping gallery
is to house various piping systems and control equipment.

2.1.16.5.6.2 Size of pipe gallery. The width of this gallery is
dependent on the complexity and capacity of the piping system to
be housed. An experience curve is provided to approximately
estimate this width. It is expressed as:

PGW - 20 + (0.3) (Qavz)
NB

where

PGW - piping gallery width, ft.

Qavg a average influent wastewater flow, mgd.

NB - number of batteries.

2.1.16.5.7 Earthwork required for construction. It is assumed
that tank bottom would be 4 feet below ground level. Thus the
earthwork required would be estimated by the following equations:

2.1.16.5.7.1 When NT - 2, earthwork required would be:

V - 3 E(2 W+ 18.5) (W. 17) + (2 W+ 26.5) (W+ 25)]

* where

Vew - quantity of earthwork required, cu ft.

W - width of aeration tank, ft.

2.1.16.5.7.2 When NT - 3, earthwork required would be:

V - 3 [(3 W+ 28) (W + 25)+ (3 W+ 20) (W+ 17)]ew

2.1.16.5.7.3 When NT 2 4, the width and length of the concrete
slab for the whole aeration tank battery can be calculated by:

L - 2 L PGW + 16

W . (NT) (W)+ 14.5

where
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L - length of the basin slab, ft.
S

L - length of one aeration tank, ft.

PGW - piping gallery width, ft.

W - width of the basin slab, ft.s

NT - number of tanks per battery.

Thus the earthwork can be estimated by:

V e= 3 (N ) [(L s + 4) (Ws . 4) 4 (Ls . 12) (W * 12)]

where

V - volume of earthwork, cu ft.ow

2.1.16.5.8 Reinforced concrete slab quantity.

2.1.16.5.8.1 It is assumed that a '-6" thick slab will be
utilized in this program regardless of the size of the system.

2.1.16.5.8.2 For NT - 2,

V -1.5 (2 W * 14.5) (W+ 13)Cs

where

V - R.C. slab quantity, cu ft.
Cs

2.1.16.5.8.3 NT - 3,

Vcs - 1.5 (3 W + 16) (W.. 13)

2.1.16.5.8.4 When NT a 4,

V cs- 1.5 (Ls) (Ws)

where

L - length of slab, ft.

Ws  width of slab, ft.

2.1.16.5.9 Reinforced Concrete Wall Quantity.

2.1-178



2.1.16.5.9.1 In using the plug flow system, influent to the
aeration basin will be piped to one end of the tank and discharged
at the other end. Thus it does not require such an elaborate wall
construction. Two typical wall sections are required, as shown in
Figure 2.1-25. One would be simple straight side wall and the
other would be enlarged on top so that walkways can be provided.

2.1.16.5.9.2 When NT - 2:

V ,, W (1.25 DV+ 11) + (6 V4 9) (1.25 DW* 3.75)cv

2.1.16.5.9.3 When NT - 3:
V - (1.25 DW+ 11) (3 W + 6) + (1.25 DV+ 3.75) (7 W * 6)
cv

2.1.16.5.9.4 When NT 2 4:

NT
Vcw- -- (L + 3) (1.25 DW+ 11)+ [(0.5 NT+ 2) (L + 3)+

2 (NT) (W)] " (1.25 DW+ 3.75) " (NB)

2.1.16.5.10 Reinforced concrete required for piping gallery
construction. The quantity of piping gallery slab has been
estimated with the aeration tanks slab calculations. Only the
quantity of reinforced concrete for ceilings and end wall is
necessary.

2.1.16.5.10.1 When NT < 4,

eg 0

where

Vcg - quantity of R.C. for gallery construction, cu ft.

2.1.16.5.10.2 When NT _ 4, assuming the ceiling thickness is 1.5
feet, then the quantity of reinforced concrete would be:

V cg c - (NB) * (1.5) (PGW) I (NT) (W) + 0.75 (NT)+ 1.51cg 2 07 tr 15

where

V - volume of R.C. ceiling for piping gallery construction,
cu ft.

and for two end walls:

V c - 2 (PGW) (NB) (DW * 3)

where

V cg w - volume of R.C. walls for piping gallery construction,
cu ft.
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Thus total R.C. volume for piping gallery construction would be

Vcg ra Vcgc + Vcgw

2.1.16.5.11 Reinforced concrete quantity for aerator supporting
pl atform construct ion.

2.1.16.5.11.1 Number of aerator-supporting platforms. Each
aerator will be supported by an individual platform.

2.1.16.5.11.2 Figure 2.1-26 shows a typical supporting platform
for the aeration equipment. The width of the platform would be a
function of the capacity of the aerator to be supported. The
following experienced formula is given to approximate this re-
lationship.

X - 5 + 0.078 (HPSN)

~where

X - width of the platform, ft.

HPSN - horsepower of the mechanical aerator, HP.

2.1.16.5.11.3 Volume of reinforced concrete for the construction
of the platforms would be:

Vcp - X2 5.6 (DW + 2)] (NT) (NA) (NB)

where

V - volume of R.C. for the platform construction, cu ft.cp

DW - water depth of the aeration basin, ft.

2.1.16.5.11.4 Volume of reinforced concrete for pedestrian
bridges. The pedestrian bridge links the aerator platform to the
walkway-sidewalls for ease of operation and maintenance. By using
a width of 4 feet and slab thickness of 1 foot, the quantity of
reinforced concrete can be calculated by:

Vcb - [2 (W- X)] (NB) ('T) (NA)

where

Vcwb - quantity of concrete for pedestrian bridge construction,
cu ft.

2.1.16.5.12 Summary of reinforced concrete structures.

2.1.16.5.12.1 Quantity of concrete slab.
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V cst v Vcs

where

Vcst - total quantity of R.C. slab for the construction of
aeration tanks, cu ft.

2.1.16.5.12.2 Quantity of concrete wall.

V -v V V + V+
cwt cw cg cp cwb

where

Vcw t  quantity of R.C. wall for the construction of aeration
tanks, cu ft.

V - quantity of aeration tank R.C. walls, cu ft.cv

V cg quantity of R.C. for the construction of piping gallery,
is cu ft.

V - quantity of R.C. for the construction of aerator-CP supporting platforms, cu ft.

Vcw b - quantity of R.C. for the construction of pedestrian
bridges.

2.1.16.5.13 Quantity of handrail for safety. Handrail is
required for the safety protection of the operation personnel of
wastewater treatnent plants. Waterway walls, aerator platfons
and bridges, and the top of the piping gallery will require
handrail. Quantity of handrail can be estimated thus:

2.1.16.5.13.1 When NT - 2,

LHR - 4 W * 11 + 2 * (3X W - 4)

where

LHR - handrail length, ft.

W - aeration tank width, ft.

X - width of aerator-supporting platfom, ft.

2.1.16.5.13.2 When NT - 3,

LHR - 6 W + 10 + 3 * (3X + W - 4)

2.1.16.5.13.3 When NT > 4,
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If NT is an even naber,

LHR- PGW + (NT) (W) + [L + 3- 4 (N.)I (XT r) (I.) * (NT)

(3X + W- 4) (NB)

NTif is an odd nunber,

LHR - PGW + (NT) (W) + [L + 3 - 4 (NA)I (NT + 2) +

(NA) (NT) (3X + w- 4) " (NB)

where

PGW - width of the piping gallery, ft.

2.1.16.5.14 Operation and maintenance manpower requirements.
Patterson and Bunker's data will be utilized to project the
operation and maintenance manpower requirements. The man-hour per
year requirement is presented as a function of the total horse-
power of the aeration equipment.

2.1.16.5.14.1 Calculate the total installed capacity of the
aeration equipment.

TICA - (NB) (NT) (NA) (HPSN)

whdre

TICA = total installed capacity of the aeration equipment,
horsepower.

IHPSN - capacity of one indivicual aerator, horsepower.

2.1.16.5.14.2 The operation manpower requirement can be estimated
as follows:

When TICA < 200 hp

OMH - 242.4 (TICA) 0 3 73 1

When TICA Z 200 hp

OMH - 100 (TICA)0 .
5425

where

OMH - operational man-hour requirement, man-hour/yr.

2.1.16.5.14.3 The maintenance manpower requirement can be es-
timated as follows:
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When TICA 100 hp

MMH - 106.3 (TICA)
0 .40 3 1

When TICA 100 hp

MMH= 42.6 (TICA) 0 . 5 9 5 6

where

M - maintenance manpower requirement, man-hour'yr.

2.1.16.5.15 Energy requirement for operation. By assuming that all
the aerators will be operated 90 percent of the time year-round, the
electrical energy consumption would be:

KWH - 0.85 x 0.9 x 24 x 365 x (TICA)

where

KWH - electrical energy required for operation, kwhr/yr.

0.85 - conversion factor from hp-hr to kwhr.

2.1.16.5.16 Material and supply costs for operation and maintenance.
Material and supply costs for operation and maintenance include such
items as lubrication oil, paint, and repair material, etc. These costs
are estimated as a percent of installed costs for the aeration equipment
and are expressed as follows:

OMMP - 4.225 - 0.975 log (TICA)

where

OMMP - percent of the installed equipment cost as 0& mater~.al
costs, percent.

TICA - total installed capacity of aeration equipment, horsepower.
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2.1.16.5.17 Other construction cost items. Using the above cal-
culation, the majority of cost items of the activated sludge process
have been accounted for. Other cost itens, such as piping systen,
control equipment, painting, site cleaning and preparation, etc., can be
estimated as a percent of the total bare construction cost. This
percentage value has been shown to vary from 4 to 15 percent of the
total construction cost of the aeration tank system. The value depends
greatly on site conditions and complexity of the process. For a ge-
neralized model, an average value of 10 percent would be adequate.
Thus,

I
CF -0 1.11

where

CF - correction factor to account for the minor cost items.

2.1.16.6 Quantities Calculations Output Data.

2.1.16.6.1 Number of aeration tanks, NT.

2.1.16.6.2 Number of aerators per tank, NA.

2.1.16.6.3 Number of process batteries, NB.

2.1.16.6.4 Capacity of each individual aerator, HPSN, hp.

2.1.16.6.5 Depth of aeration tanks, DW, ft.

2.1.16.6.6 Length of aeration tanks, L, ft.

2.1.16.6.7 Width of aeration tanks, W, ft.

2.1.16.6.8 Width of pipe gallery, PGW, ft.

2.1.16.6.9 Earthwork required for construction, Ve. , cu ft.

2.1.16.6.10 Total quantity of R.C. slab, V st, cu ft.

2.1.16.6.11 Total quantity of R.C. wall, Vcw , cu ft.

2.1.16.6.12 Quantity of handrail, LHR, ft.

2.1.16.6.13 Operation manpower requirement, OMH, MEV yr.

2.1.16.6.14 Maintenance manpower requirement, MMH, Myr.
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2.1.16.6.15 Electrical energy for operation, KWH, kxr/yr.

2.1.16.6.16 Percentage for O&M material and supply cost, OMKP,
percent.

2.1.16.6.17 Correction factor for minor capital cost items, CF.

2.1.16.7 Unit Price Input Required.

2.1.16.7.1 Cost of earthwork, UPIEX, $/cu yd.

2.1.16.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd.

2.1.16.7.3 Cost of R.C. slab in-place, UPtCS, $/cu yd.

2.1.16.7.4 Standard size low speed surface aerator cost (20 hp),
SSXSA, $, optional.

2.1.16.7.5 Marshall & Swift Equipment Cost Index, MSECI.

2.1.16.7.6 Equipment installation labor rate, $/MH.

2.1.16.7.7 Crane rental rate, UPICR, $/hr.

2.1.16.7.8 Unit price of handrail, UPIHR, $(L.F.

2.1.16.8 Cost Calculations.

2.1.16.8.1 Cost of earthwork, CDSTE.

COSTE v ew . UPIEX
27

where

COSTE - cost of earthwork, $.

Vew - quantity of earthwork, cu ft.

UPIEX - unit price input of earthwork, $/cu yd.

2.1.16.8.2 Cost of concrete wall in-place, COSTCW.

Vc .UPICW

COSTCW - 2727

where

COSTCW - cost of concrete wall in place, $.
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V - quantity of R.C. wall, cu yd.

UPICW - unit price input of concrete wall in-place, $/
cu yd.

2.1.16.8.3 Cost of concrete slab in-place, COSTCS.

COSTCS - * UPICS
27

where

COSTCS - cost of R.C. slab in-place, $.

Vcst- quantity of concrete slab, $/cu yd.

UPICS - unit price input of R.C. slab in-place, $/cu yd.

2.1.16.8.4 Cost of installed aeration equipment.

2.1.16.8.4.1 Purchase cost of slow speed pier-mounted surface ae-
rators. The purchase cost of aerators can be obtained by using the
fol loving equation:

CSXSA - SSXSA * RSXSA

where

CSXSA - purchase cost of surface aerator, $.

SSXSA - purchase cost of a standard size slow speed pier-
mounted aerator. Motor horsepower is 20 hp.

RSXSA - ratio of cost of aerators with capacity of RPSN hp to

that of the standard size aerator.

2.1.16.8.4.2 RSXSA. The cost ratio can be expressed as

RSXSA - 0.2148 (HPSN)0 .5 1
3

where

RPSN - capacity of each individual aerator, hp.

2.1.16.8.4.3 Cost of standard size aerator. The cost of pier-mounted
slow speed surface aerator for the first quarter of 1977 is

SSXSA - $16,300
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For a better estimate, SSXSA should be obtained frm equipment vendor
and treated as a unit price input. Otherwise, for future escalation,
the equipment cost should be adjusted by using the Marshall and Swift
Equipment Cost Index.

SSXSA - 16,300 *

where

MSECI - current Marshall and Swift Equipment Cost Index from

input.

491.6 - Marshall and Swift Cost Index, first quarter 1977.

2.1.16.8.4.4 Equipment installation man-hour requirement. The man-
hour requirement for field installation of fixed-mounted surface aerator
can be estimated as:

When HPSN !S 60 hp

14H - 39 + 0.55 (HPSN)

When RPSN > 60 hp

DI - 61.3 + 0.18 (IPSN)

where

IMH - installation man-hour requirement, man-hour.

2.1.16.S.4.5 Crane requirement for installation.

whrC - (0.1) " MH

where

CH - crane time requirment for installation, hr.

2.1.16.8.4.6 Other costs associated with the installed equipment.
This category includes the costs for electric wiring and setting, painting,
inspection, etc., and can be added as a percentage of purchase equipment
cost:

PMINC - 23%

where

PHINC - percentage of purchase costs of equipment as minor
installation cost, percent.

0 2.1.16.8.4.7 Installed equipment cost, IEC.
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IEC [ [CSXSA (1+ M.-) + ImH * LABRI # CH UPICR]

(NB) * (NT) (NA)

where

IEC a installed equipment cost, dollars.

LABRI a labor rate, dollars/man-hour.

UPICR - crane rental rate, dollars/hr.

2.1.16.8.5 Cost of handrail. The cost of installed handrail systen
can be estimated as:

COSTHER - LEM z UPIH&

where LE- handrail quantity, 
ft.

UPIHR - unit price input for handrail cost, $ per lineal
foot. A value of $25.20 per foot for the first
quarter of 1977 is suggested.

2.1.16.8.6 Other cost itens. This category includes cost of process
piping system, control instruments, site work. etc. Costs can be
adjusted by multiplying the correction factor CF to the sun of other
costs.

2.1.16.8.7 Total bare construction costs, TBCC, dollars.

TBCC - (COSTE + COSTCW + COSTCS + IEC + COSTER) CP

where

TBCC - total bare construction costs, dollars.

CF - correction factor for minor cost itens, from second-
order design output.

2.1.16.8.8 Operation and maintenance material costs. Since this
item of the O&M expenses is expressed as a percentage of the installed
equipment costs, it can be calculated by:

OM C - IEC " --0000

where

OMMC - operation and maintenance material and supply costs,
$/yr.
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OMMP - percent of the installed aerator cost as O&M material
and supply expenses.

2.1.16.9 Cost Calculations Output Data.

2.1.16.9.1 Total bare construction cost of the mechanical aerated

activated sludge process, TBCC, dollars.

2.1.16.9.2 Operation and maintenance supply and material costs,
OHMC, dollars.
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2.1.17 PLUG FLOW ACTIVATED SLUDGE (DIFFUSED AERATION).

2.1.17.1 Input Data.

2.1.17.1.1 Wastewater Flow (Average and Peak). In case of
high variability, a statistical distribution should be pro-
,- ided.

2.1.17.1.2 Wastewater Strength.

2.1.17.1.2.1 BOD5 (soluble and total), mg/l.

2.1.17.1.2.2 COD and/or TOC (maximum and minimum), magl.

2.1.17.1.2.3 Suspended solids, mg/l.

2.1.17.1.2.4 Volatile suspended solids (VSS). mg(.

2.1.17.1.2.5 Nonbiodegradable fraction of VSS, mg/l.

0 2.1.17.1.3 Other Characterization.

2.1.17.1.3.1 pH.

2.1.17.1.3.2 Acidity and/or alkalinity, mg/ .

2.1.17.1.3.3 Nitrogen,1 mg/l.

2.1.17.1.3.4 Phosphorus (total and soluble), mg/i.

2.1.17.1.3.5 Oils and greases, mg/I.

2.1.17.1.3.6 Heavy metals, mg/i.

2.1.17.1.3.7 Toxic or special characteristics (e.g., phenols),

2.1.17.1.3.8 Temperature, 0F or 0C.

2.1.17.1.4 Effluent Quality Requirements.

2.1.17.1.4.1 BOD 5, mg/l.

2.1.17.1.4.2 SS, mg/I.

2.1.17.1.4.3 TKN, mg/i.

2.1.17.1.4.4 P, mg/i.

The fo- of nitrogen should be specified as to its biological

availability (e.g., NH3 or Kjeldahl).
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2.1.17.1.4.5 Total nitrogen (TKN + NO3 - N), mg/l.

2.1.17.1.4.6 Settleable solids, mg/l/hr.

2.1.17.2 Design Paraneters.

2.1.17.2.1 Reaction rate constants and coefficients (average
values to be used in absence of specific data).

Const ants
(Eckenfel der)

k 0.0007 to 0.002 1/mg(hr
a 0.73
a' 0.52
b 0.075/day
f 0.4
b ' 0.15/dayf' 0.53

2.1.17.2.2 
Organic loading, 

F/ ratio.

=/ - (0.2-0.4)

2.1.17.2.3 Volunetric Loading (lb BOD5/1000 ft 3/day).

Range 20-40

2.1.17.2.4 Hydraulic detention time, t.

t - (4-8) hr

2.1.17.2.5 Solids retention time, ts .

t - (5-15) days

2.1.17.2.6 Mixed liquor suspended solids concentration,
.LS S.

H SS - (1500-3000) mg/l.

2.1.17.2.7 Mixed liquor volatile suspended solids, MLVSS.

MLVSS - 0.7 MLSS

- (1050-2100) mg/1

2.1.17.2.8 Recycle ratio, Qr/Q.

Qr/Q - (0.25-0.5)
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2.1.17.2.9 Oxygen requirements, lb 02/lb BODr .

lb 02/lb BODr 2 1.25

2.1.17.2.10 Sludge production, lb solids/lb BOD r

lb solids/lb BODr = 0.5-0.7

2.1.17.2.11 Temperature coefficient, 0.

0 - 1.0-1.03

2.1.17.2.12 BOD removal efficiency (80-90 percent).

2.1.17.2.13 Return sludge concentration.

2.1.17.3 Process Design Calculations.

2.1.17.3.1 Assume the following design parameters when
* unknown.

2.1.17.3.1.1 BOD removal rate constant (k).

2.1.17.3.1.2 Fraction of BOD synthesized (a).

2.1.17.3.1.3 Fraction of SOD oxidized for energy (a').

2.1.17.3.1.4 Endogenous respiration rate (b and b').

2.1.17.3.1.5 Mixed liquor suspended solids (MISS).

2.1.17.3.1.6 Mixed liquor volatile suspended solids (MLVSS).

2.1.17.3.1.7 Food-to-microorgaaism ratio (F/M).

2.1.17.3.1.8 Nonbiodegradable fraction of VSS in influent
(f).

2.1.17.3.1.9 Degradable fraction of the MLVSS (f').

2.1.17.3.1.10 Temperature correction coefficient (4).

2.1.17.3.2 Adjust k for temperature.

T - K20 (T-200)

where

0
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KT - rate constant at desired temperature, °C.

K20 ' rate constant at 20°C.

- temperature correction coefficient.

T - temperature, °C.

2.1.17.3.3 Detemine the size of the aeration tank by

first detemining the detention time.

t - 24S0(Xv)(F, M)
where

t - hydraulic detention time, hr.

S0 - influent BOD, mg/l.

xv - MLVSS, mg/I.

F/M - food-to-microorganim ratio.

2.1.17.3.4 Check the detention time for treatability.

$e " o0 kv

where

Se - BOD 5 (soluble) in effluent, mg/l.

So - BOD5 in influent, mg/l.

k - BOD removal rate constant, 1/mg/hr.

Xv - MLVSS, mg/i.

t - detention time, hr.

Solve for t and compare with t fron above and select the

larger.

2.1.17.3.5 Calculate the volume of aeration tank.

qavg x t

where

V - volume of tanks, million gal.

Qavg " average daily flow, mgd.

t - detention time, hr.
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2.1.17.3.6 Calculate oxygen requirements.

dO . a'Sr+ b'
dt t

or

02 = a'(St)(Qavg )(8.34) + b'(Xv)(V)(8.34)

where

dO/dt - oxygen uptake rate, mg/I/hr.

a' - fraction of BOD oxidized for energy.

Sr - BOD removed (SO - Se), m/I1.

t - detention time, hr.

b' - endogenous respiration rate/hr.

XV - vSS, mg/l.

02 - oxygen required, lb/day.

Qavg ' average daily flow, mgd.

V - volume of aeration tank, million gal.

and check the oxygen supplied per pound of BOD removed > 1.25.

02

lb 02 /lb BODr - Q(S) x 8.34

where

02 - oxygen required, lb/day.

Q - flow, mgd.

Sr - BOD removed, mg/l.

2.1.17.3.7 Design aeration system.

2.1.17.3.7.1 Assume the following design parameters.

2.1.17.3.7.1.1 Standard transfer efficiency (fran manufacturer),
5-8 percent (coarse bubble diffuser).

2.1.17.3.7.1.2 02 transfer in waste/0 2 transfer in water At 0.9

21.1-94



2.1.17.3.7.1.3 02 saturation in waste/0 2 saturation in water w

0.9 -A

2.1.17.3.7.1.4 Correction factor for pressure vi.0 - p.

2.1.17.3.7.2 Select summer operating temperature (25-300C)
and detemine (fran standard tables) 02 saturation.

2.1.17.3.7.3 Adjuste standard transfer efficiency to ope-
rating conditions.

[(C5) (P) - CL] T(1.02) -20

9.17

where

OTE - operating transfer efficiency, percent.

STE - standard transfer efficiency, percent.

(Cs) = 0 saturation at selected summer temperature T,
T ,mg/ 1

/. = 02 saturation in waste/0, saturation in water
%0.9.

p - correction factor for pressure I1.0.

CL - minimum dissolved oxygen to be maintained in the
basin 2.0 mg/I.

O - 02 transfer in waste/O2 transfer in water P0.9.

T - temperature, °C.

2.1.17.3.7.4 Calculate required air flow.

Blowers are treated as a separate unit process since several
unit processes in a single plant may require air from the
blowers. The air requirements from all unit processes in a
treatment train which require air are summed and the total air
requirement is used to size the blower facility. The unit
process design for the blower facility is found in subsection
2.3.

02 (105) (7.48)
a Lb 02  rai(OTE %) 0.0176 lb 1440 2tnaV
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where

Ra - required air flow, cfm/1000 ft3.

V - volume of the basin, gal.

2.1.17.3.8 Calculate sludge production.

v - [aS rQavg - bXv(V) + (Q)(VSS)(f) + Q(SS - VSS)]8.34

where

&I V - sludge produced, lb/day.

a - fraction of BOD renoved synthesized to cell
material.

Sr - BOD renoved, mgl.

Qavg ' average flow, mgd.

b - endogenous respiration rate/day.

V - volume of aer:,tion tank, million gal.

Q - flow, mgd.

VSS - volatile suspended solids in effluent, mg/l.

f - nonbiodegradable fraction of VSS in influent.

SS - suspended solids in effluent, mg/l.

Check & solids produced against pounds of BOD renoved (0.5-
0.7).

(lb solids) - _XV

(lb BOD r) S (Q)(8.34)(% volatile)

2.1.17.3.9 Deteraine nutrient requirements (lb/day).

for nitrogen

N - 0.123 4

and phosphorus

P - 0.026 dyW

and check against BOD:N:P - 100:5:1.
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2.1.17.3.10 Calculate sludge recycle ratio.
Q Xa

where Q av u a

Qr = volume of recycled sludge, mgd.

Qavg - average flow, mgd.

X a- MIUSS, mg/i.

X - SS concentration of returned sludge, mg/l.
u

2.1.17.3.11 Calculate solids retention time.
(V)(X a ) (8.34)

SRT - a X

a
where

SRT - solids retention time, days.

V - volume of aeration tank, million gal.

Xa - MLSS, mg/l.

AX - _____

a % volatile

2.1.17.3.12 Effluent Characteristics.

2.1.17.3.12.1 BOD 5 .

BODE - Se * 0.84 (Xv) eff '

where

BODE - effluent BOD 5 concentration, mg/I.

Se - effluent soluble BOD 5 concentration, mg/l.

(')Yeff - effluent volatile suspended solids, mg/l.

V - degradable fraction of MLVSS.

2.1.17.3.12.2 COD.

CODE - (1.5) (BODE)

CODSE - (1.5) (Se)

where

CODE - effluent COD concentration, mg/l.

CODSE - effluent soluble COD concentration, mg/l.

BODE - effluent BOD 5 concentration, mg/I.
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Se - effluent soluble BOD 5 concentration, mg/l.

2.1.17.3.12.3 Nitrogen.

TKNE - (0.7) TKN

NH3E - TKNE

where

TKNE - effluent total Kjeldahl nitrogen concentration,
mg/i.

TKN - influent total Kjeldahl nitrogen concentration,
mg/i.

NM3E a effluent amonia nitrogen concentration, mg/i.

2.1.17.3.12.4 Phosphorus.

Po4E - (0.7) (P04)
*where

PO4E - effluent phosphorus concentration, mg/i.

P04 - influent phosphorus concentration, mg/l.

2.1.17.3.12.5 Oil and Grease.

OAGE - 0.0

where

OAGE - effluent oil and grease concentration, mg/l.

2.1.17.3.12.6 Settleable Solids.

where 
SETSO - 0.0

SETSO - settleable solids, mg/i.

2.1.17.4 Process Design Output Data.

2.1.17.4.1 Aeration Tank.

2.1.17.4.1.1 Reaction rate constant, 1/mg(hr.

2.1.17.4.1.2 Sludge produced per BOD renoved.

2.1.17.4.1.3 Endogenous respiration rate (b, b').

2.1.17.4.1.4 02 utilized per BOD renoved.
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2.1.17.4.1.5 Influent nonbiodegriAdable volatile suspended solids

(VSS) (f).

2.1.17.4.1.6 Effluent degradable volatile suspended solids (f').

2.1.17.4.1.7 lb BOD/lb MLSS-day (F/M ratio).

2.1.17.4.1.8 Mixed liquor suspended solids, mg/l (MISS).

2.1.17.4.1.9 Mixed liquor volatile suspended solids, mg/l
(HLVSS).

2.1.17.4.1.10 Aeration time, hr.

2.1.17.4.1.11 Volune of aeration tank, million gal.

2.1.17.4.1.12 Oxygen required, lb/day.

2.1.17.4.1.13 Sludge produced, lb/day.

2.1.17.4.1.14 Nitrogen requirment, lb/day.

2.1.17.4.1.15 Phosphorus requirement, lb/day.

2.1.17.4.1.16 Sludge recycle ratio, percent.

2.1.17.4.1.17 Solids retention time, days.

2.1.17.4.2 Aeration System.

2.1.17.4.2.1 Standard transfer efficiency, percent.

2.1.17.4.2.2 Operating transfer efficiency, percent.

2.1.17.4.2.3 Required air flow, cfm/1000 ft3.

2.1.17.5 Quantities Calculations.

2.1.17.5.1 Design values for activated sludge system.

Vd io .68

CFMd - (CFl) (V) (133.7)

where

V - volune of aeration tanks, million gallons.
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2.1.17.5.2 Selection of numbers of aeration tanks. The
following rule will be utilized in the selection of numbers of
aeration tanks.

Number of

Qavg Aeration Tanks

(m ad) N

0.5- 2 2
2-4 3
4- 10 4

10- 20 6
20- 30 8
30 - 40 10
40- 50 12
50- 70 14
70- 100 16

When Qavg is larger than 100 mgd, several batteries of ae-

ration tanks will be used. See next section for details.

2.1.17.5.3 Selection of number of tanks and number of
batteries of tanks when Qa is larger than 100 mgd. It is
general practice in desigulYg larger sewage treatment plants
that several batteries of aeration tanks, instead of a single
group of tanks, are used. This is due to land area availability
and certain hydraulic limitations. To simplify the modeling
process, the following rules will be used:

2.1.17.5.3.1 When .Qav 100 mgd, only one battery of
aeration tanks will bI Lsed. Thus

NB=i

where

NB - number of batteries of units.

2.1.17.5.3.2 When 100 < Qavg 5 200 mgd, the system will be

designed as two identical batteries of aeration basins. Each
battery would handle half of the wastewater. The number of
aeration tanks in each battery would be selected according to
the rules established in subsection 2.1.17.5.2 by using half
the design flow as Q avg. Thus

NB -2

2.1.17.5.3.3 When Qavg > 200 agd, the design will be per-

fomed to use three batteries of aeration basins, each handling
one-third of the wastewater. Thus
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B -3

2.1.17.5.4 Number of diffusers. The oxygen transfer rates
used in the first-order design dictate the use of coarse
bubble diffusers. These diffusers have an air flow from 10-15
scfm; for design purposes an average of 12 scfm will be used.

ND CFd
t a 17 (NT) CMIT

NDt must be an integer.

where

NDt M number of diffusers per tank.

2.1.17.5.5 Number of swing amn diffuser headers. For ease
of maintenance swing a= headers are usually used. The number
of diffusers per header is dictated by the number of con-
nections provided on each header by the manufacturer. This
varies with manufacturer and header size from 8 to 30. For
our purposes an average of 20 diffusers per header will be
assumed.

NSAt - NDt
20

NSAt must be an integer.

where

NSA t - number of wing am headers per tank.

2.1.17.5.6 Design of aeration tanks.

2.1.17.5.6.1 Volume oZ each tank would be

VN Vd

where

VN - volume of single aeration tank, cu ft.

2.1.17.5.6.2 Depth and width of aeration tanks. The depth
and width of the aeration tanks will be fixed at 15 ft and 30
ft, respectively.

2.1.17.5.6.3 Length of aeration tanks.

VN
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If L is greater than 400 ft, then recalculate VN using NT - NT

+ 1, then recalculate L.

2.1.17.5.7 Aeration tank arrangements.

2.1.17.5.7.1 Figure 2.1-27 shows the schematic diagram of
the arrangements. A pipe gallery vil be provided when the
number of tanks is equal to or larger than four. The purpose
of the pipe gallery is to house the various air and water
piping systems and control equipment.

PGW - 20 + (0.4) ,
NB

where

PGW - pipe gallery width, ft.

Qavg a average influent wastewater flow, mgd.

NB - number of batteries.

2.1.17.5.8 Earthwork required for construction. It is
assumed that the tank bottom will be 4 feet below ground
level. The earthwork required can be estimated by the following
equations:

2.1.17.5.8.1 When NT is Less than 4, the earthwork required would be:

V - 6 ( (NT(31.5) . 15.5) (L . 17) + (NT(31.5) + 23.5) (L + 25)]
ev 2

where

V - volume of earthwork required, cu ft.

NT - number of tanks per battery.

L - length of aeration tanks, ft.

2.1.17.5.8.2 When NT is greater than or equal to 4, the earthwork
required would be:

Yew- 6 M [( 15.75(NT ) 15.5) (2L+PG *201 . (15.75(NT}42.5) (2LPG1A28)]

2.1.17.5.9 Reinforced concrete slab quantity. It is assumed that a
1'-6" thick slab will be utilized regardless of the size of the system.
The volume of reinforced concrete slab will be the sane for both plug
and complete mix flow.

2.1.17.5.9.1 For NT less than 4:
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V - 1.5 NB [(NT(31.5) + 15.5) (L + 17)]CS

where

V - R.C. slab quantity required, cu ft.Cs

2.1.17.5.9.2 For NT greater than or equal to 4:

V - 1.5 NB [(15.75(NT) + 15.5) (2L PGW+ 200)]

2.1.17.5.10 Reinforced concrete wall quantities.

2.1.17.5.10.1 In using the plug flow system, influent to the aeration
basin will be piped to one end of the tank and discharged at the other
end. Thus it does not require such an elaborate wall construction. Two
typical wall sections are required, as shown in Figure 2.1-28. One
would be simple straight side wall and the other would be enlarged on
top so that walkways can be provided.

2.1.17.5.10.2 When NT - 2:

V - W (1.25 DW + 11) + (6 W + 9) (1.25 DW + 3.75)cv

2.1.17.5.10.3 When NT - 3:

V - (1.25 DW+ 11) (3 W+ 6) + (1.25 DW+ 3.75) (7 W+ 6)

2.1.17.5.10.4 When NT 2 4:
NT

Vcv - 2 (L + 3) (1.25 DW+ 11)+ ((0.5 NT + 2) (L + 3) +

2 (NT) (W)] * (1.25 DW + 3.75) (NB)

* where

V - R.C. wall quantity required, cu ft.cw

L - length of aeration tanks, ft.

2.1.17.5.11 Quantity of handrail for safety. Handrail is required
for safety protection of the operation personnel of wastewater treatment
plants. Waterway walls and the top of the pipe gallery will require
handrail. The quantity of handrail required may be estimated as follow:

2.1.17.5.11.1 If NT is less than 4:

LHR - E2(NT) (L) + 2(L) + 61.5(NT) + 1.51 NB

2.1.17.5.11.2 If NT is greater than or equal to 4:

LHR - [2(NT) (L) + (4L) + 36.5(NT) + 2 PGW+ 13] NB
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where

LR - handrail length, ft.

2.1.17.5.12 Calculate operation manpower requirements.

2.1.17.5.12.1 If CFPH is less than or equal to 3000 scfia, the operation
manpower can be calcuiated by:

OMB - 62.36 (CFMd)0.3972

where

0MH - operation manpower required, E/ yr.

2.1.17.5.12.2 If CFH d is greater than 3000 scfa, the operation manpower
can be calculated by:

0MB - 26.56 (CF~d)
0 5038

2.1.17.5.13 Calculate maintenance manpower requirements.

2.1.17.5.13.1 If CFM is less than or equal to 3000 scfm, the maintenance
manpower can be calcuated by:

MM - 22.82 (CFd)0 .
4379

2.1.17.5.13.2 If CFMd > 3000 scfm, the maintenance manpower can be
calculated by:

a 6405 (CpM)0*6037

where

Smaintenance manpower required, ME/yr.

2.1.17.5.14 Energy requirementlfor operation. The electrical energy
required for operation is related to the air requirement by the following
equation:

- ( d) (241.6)

where

KWH - electrical energy required for operation, kwhr/yr.

2.1.17.5.15 Operation and maintenance material and supply costs.
Operation and maintenance material supply costs include items such as
lubricant, paint, replacement parts, etc. These costs are estimated as
a percent of the total bare construction costs.
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OMP - 3.57 (Qavg) 0 . 26 0 2

where

OMMP - operation and maintenance material costs as
percent of total bare construction cost, percent.

2.1.17.5.16 Other construction cost itens. The majority of the costs
of the diffused aeration activated sludge process have been accounted
for. Other cost itens, such as liquid piping systen, control equipment,
painting, site cleaning and preparation, etc., can be estimated as a
percent of the total bare construction cost. This value depends greatly
on site conditions and canplexity of the process. For a generalized
model, an average value of 10 percent will be used.

I
CF * - 1.11

0 where

CF - correction factor to account for the minor cost
itens.

2.1.17.6 Quantities Calculation Output Data.

2.1.17.6.1 Number of aeration tanks, MT.

2.1.17.6.2 Number of diffusers per tank, NDt.

2.1.17.6.3 Number of process batteries, NB.

2.1.17.6.4 Number of swing am headers per tank, NSAt.

2.1.17.6.5 Length of aeration tanks, L, ft.

2.1.17.6.6 Width of pipe gallery, PGW, ft.

2.1.17.6.7 Earthwork required for construction, Vew , cu ft.

0



2.1.17.6.8 Quantity of R.C. slab required, Vcs, cu ft.

2.1.17.6.9 Quantity of R.C. wall required, V c, cu ft.

2.1.17.6.10 Quantity of handrail, LHR, ft.

2.1.17.6.11 Operation manpower requireent, 0MH, MB/yr.

2.1.17.6.12 Maintenance manpower requirenent, Mil, MB/yr.

2.1.17.6.13 Electrical energy for operation, KWH, kwhr/yr.

2.1.17.6.14 Operation and maintenance material and supply cost as
percent of total bare construction cost, OMMP, percent.

2.1.17.6.15 Correction factor for minor construction costs, CF.

2.1.17.7 Unit Price Input Required.

2.1.17.7.1 Cost of earthwork, UPIEX, $/cu yd.

2.1.17.7.2 Unit price input R.C. wall in-place, UPICW, $/cu yd.

2.1.17.7.3 Unit price input R.C. slab in-place, UPICS, $/cu yd.

2.1.17.7.4 Unit price input for handrails in-place, UPIHR, $/ft.

2.1.17.7.5 Cost per diffuser, COSTPD, $, (optional).

2.1.17.7.6 Cost per swing am header, COSTPH, $, (optional).

2.1.17.7.7 Current Marshall and Swift Equipment Cost Index, MSECI.

2.1.17.7.8 Current CE Plant Cost Index for pipe, valves, etc.,
CEPCIP.

2.1.17.7.9 Equipment installation labor rate, LABRI, S/ME.

2.1.17.7.10 Unit price input for -vane rental, UPICR, $/hr.

2.1.17.8 Cost Calculations.

2.1.17.8.1 Cost of earthwork.

COSTE - ew UPEX
27
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where

COSTE - cost of earthwork, $.

V - quantity of earthwork, cu ft.ew

UPIEX - unit price input of earthwork, $/cu yd.

2.1.17.8.2 Cost of R.C. wall in-place.

COSTCW - UPICW
27

where

COSTCW - cost of R.C. wall in-place, $.

Vcw - quantity of R.C. wall, cu ft.

UPICW - unit price input for R.C. wall in-place, $/cu
yd.

2.1.17.8.3 Cost of R.C. slab in-place.

COSTCS - Vcs UPICS
27

where

COSTCS - cost of R.C. slab in-place, $.

V cs - volume of concrete slab, cu yd.

UPICS - unit price R.C. slab in-place, $/cu yd.

2.1.17.8.4 Cost of handrails in-place.

COSTUR - LHR x UPfEL

where

COSTUR - cost of handrails in-place, $.

LHR - length of handrails, ft.

UPIHR - unit price input for handrails in-place, S/ft.
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2.1.17.8.5 Cost of diffusers.

2.1.17.8.5.1 The oxygen transfer values given indicate the use of

coarse bubble diffusers. The cost of a coarse bubble diffuser with a

capacity of 12 scfm for the first quarter of 1977 is

COSTPD - $6.50

For a better estimate COSTPD should be obtained from an equipment vendor

and treated as a unit price input. Otherwise, for future escalation the

equipment cost should be adjusted by using the Marshall and Swift
Equipment Cost Index.

COSTPD - 6.50 MSECI
491.6

where

COSTPD - cost per diffuser, $.

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index, first
quarter 1977.

2.1.17.8.5.2 Calculate COSTD.

COSTD - COSTPD x ND t x NT x NB

where

COSTD - cost of diffusers for system, $.

NDt- number of diffusers per tank.gt

NT - number of tanks.

2.1.17.8.6 Cost of swing am diffuser headers.

2.1.17.8.6.1 Swing am diffuser headers come in several sizes. The

cost used is for a header which will handle 550 scfm and up to 37
diffusers. The cost of this header for the first quarter of 1977 is

COSTPH - $5,000

For a better estimate COSTP! should be obtained from an equipment vendor
and treated as a unit price input. Otherwise, for future escalation the
equipment cost should be adjusted by using the Marshall and Swift

Equipment Cost Index.

MSECI
COSTP - $ 491.6
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where

COSTPH - cost per swing am header, $.

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index, first
quarter of 1977.

2.1.17.8.6.2 Calculate COSTH.

COSTH - COSTPH x NSA t x NT x NB

where

COSTH - cost of swing am headers for system, $,

NSA t - number of swing am headers per tank.

NT = number of tanks.

NB - number of batteries.

2.1.17.8.7 Equipment installation man-hour requirement. The labor
requirement for field installation of the swing arm headers, including
mounting the diffusers, is approximately 25 man-hours per header.

DIH - 25 NSA t x NT x NB

where

IMH - installation man-hour requirement, 4H.

2.1.17.8.8 Crane requirement for installation.

C (.1)(INM)

where

CH - crane time requirement for installation, hr.

2.1.17.8.9 Cost of air piping. The air piping for the diffused
aeration system is very complex and includes many valves and fittings of
different sizes. This causes cost estimation by material take-off to be
very difficult for a wide range of flow. In this case we feel the use
of parametric costing is justified as the overall accuracy of the
estimate will not be affected to a great extent.

2.1.17.8.9.1 If CFMd is between 100 scfm and 1000 scfm, the cost of
air piping can be calculated by:

COSTAP - 617.2 (Cd)0 2553 CEPCIP
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where

COSTAP - cost of air piping, $.

CFMd - design capacity of blowers, scfm.

CEPCIP - current CE Plant Cost Index for pipe, valves, etc.

241.0 - CE Plant Cost Index for pipe, valves, etc., for
first quarter of 1977.

2.1.17.8.9.2 If CFM% is between 1000 scfm and 10,000 scfm, the cost of
air piping can be calculated by:

)1.1337 CEPCIP
COSTAP - 1.43 (CFMd) x 24 .0

2.1.17.8.9.3 If CFM is greater than 10,000 scfn, the cost of air
piping can be calculafed by:

COSTAP - 28.59 (CFMd) 0.8085 .CEPCP
d'241.0

2.1.17.8.10 Other costs associated with the installed equipment.
This category includes the cost for weir installation, painting, in-
spection, etc., and can be added as a percentage of the purchased
equipment cost:

PMINC - 10%

where

PMINC - percentage of purchase costs of equipment as minor
installation cost, percent.

2.1.17.8.11 Installed equipment costs.

IEC - (COSTD + COSTH) (1 + ,) (IM) (LABRI) + (CH) (UPICR)

where

IEC - installed equipment cost, $.

LABRI - labor rate, $/MH.

UPICR - crane rental rate, $Ihr.

2.1.17.8.12 Total bare construction cost.

TBCC - (COSTE + COSTCW + COSTCS I IEC + COSTHR + COSTAP) CF

where

T=CC - total bare construction cost, $.
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CF - correction factor for minor cost itemas.

2.1.17.8.13 Operation and maintenance material costs.

OMCC - TBCC oMM
100

where

OMMC - operation and maintenance material supply costs,

$/yr.

OlMP - operation and maintenance material supply costs,

as percent of total bare construction cost, percent.

2.1.17.9 Cost Calculations Output Data.

2.1.17.9.1 Total bare construction cost of diffused aeration ac-

tivated sludge system, TBCC, dollars.

2.1.17.9.2 Operation and maintenance material and supply costs,

OMMC, dollars.
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2.1.18 PLUG FLOW ACTIVATED SLUDGE (MECHANICAL AERATION).

2.1.18.1 Input Data.

2.1.18.1.1 Wastewater Flow (Average and Peak). In case of
high variability, a statistical distribution should be pro-
vided.

2.1.18.1.2 Wastewater Strength.

2.1.18.1.2 .1 BOD5 (soluble and total), ag/i.

2.1.18.1.2.2 COD and/or TOC (max1muaa and miniatin). mg/l.

2.1.18.1.2.3 Suspended solids, ag/i.

2.1.18.1.2.4 Volatile suspended solids (VSS), mg/I.

2.1.18.1.2.5 Nonbiodegradable fraction of VSS, mg/I.

2.1.18.1.3 Other Characterization.

2.1.18.1.3.1 p11.

2.1.18.1.3.2 Acidity and/or alkalinity. ag/l.

2.1.18.1.3.3 Nitrogen, Iag/i.

2.1.18.1.3.4 Phosphorus (total and soluble), mg/I.

2.1.18.1.3.5 Oils and greases, ag/i.

2.1.18.1.3.6 Heavy metals, ag/i.

2.1.18.1.3.7 Toxic or special characteristics (e.g., phenols),
ag/i1.

2.1.18.1.3.8 Temperature, 0 P or 0 C.

2.1.18.1.4 Effluent Quality Requirements.

2.1.18.1.4.1 BOD 5, ag/i.

2.1.18.1.4.2 SS, ag/I.

2.1.18.1.4.3 TKN, ag/i.

2.1.18.1.4.4 P, ag/i.

1 'The fom of nitrogen should be specified as to its biological
availability (e.g., NH 3 or Kjeldahl).
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2.1.18.1.4.5 Total nitrogen (TKN + NO3 - N), ag/i.

2.1.18.1.4.6 Settleable solids, mg/l/hr.

2.1.18.2 Design Paraneters.

2.1.18.2.1 Reaction rate constants and coefficients (average
values to be used in absence of specific data).

Const ants
(Eckenfelder) Range

k 0.0007 to 0.002 1/mg/hr
a 0.73
a' 0.52
b 0.075/ day
f 0.4
b ' 0.15/day
ft 0.53

2.1.18.2.2 Organic Loading, F/M ratio.

F/H - (0.2-0.4)

2.1.18.2.3 Volumetric loading (lb BOD5/1000 ft
3/day).

Range 20-40

2.1.18.2.4 Hydraulic detention time, t.

t - (4-8) hr

2.1.18.2.5 Solids retention time, ta-

t - (5-15) days

2.1.18.2.6 Mixed liquor suspended solids concentration,
MLSS.

MLSS - (1500-3000) adl.

2.1.18.2.7 Mixed liquor volatile suspended soLids, MLVSS.

MLVSS - 0.7 MLSS

- (1050-2100) mg/l

2.1.18.2.8 Recycle ratio, Qr/Q.

Qr/Q - (0.25-0.5)
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2.1.18.2.9 Oxygen requirements, lb 02/lb BODr -

lb 02/lb BODr 2 1.25

2.1.18.2.10 Sludge production, lb solids/lb SODr"

lb solids/lb SODr - 0,5-0.7

2.1.18.2.11 Temperature coefficient, 0.

0 - 1.0-1.03

2.1.18.2.12 BOD removal efficiency (80-90 percent).

2.1.18.2.13 Return sludge concentration.

2.1.18.3 Process Design Calculations.

2.1.18.3.1 Assume the following design parameters when
unknown.

2.1.18.3.1.1 BOD removal rate constant (W).

2.1.18.3.1.2 Fraction of BOD synthesized (a).

2.1.18.3.1.3 Fraction of BOD oxidized for energy (a').

2.1.18.3.1.4 Endogenous respiration rate (b and b').

2.1.18.3.1.5 Mixed Liquor suspended solids (MISS).

2.1.18.3.1.6 Mixed liquor volatile suspended solids (MLVSS).

2.1.18.3.1.7 Food- to-microorganima ratio (F/M).

2.1.18.3.1.8 Nonbiodegradable fraction of VSS in influent
(f).

2.1.18.3.1.9 Degradable fraction of the MLVSS (f').

2.1.18.3.1.10 Temperature correction coefficient (0).

2.1.18.3.2 Adjust k for temperature.

KT aK20" T 200)

where

KT a rate constant at desired temperature, °C.

K20 - rate constant at 200C.
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0 - temperature correction coefficient.

T - temperature, °C.

2.1.18.3.3 Detemiine the size of the aeration tank by
first detemining the detention time.

t " 24So0

where

t - hydraulic detention time, hr.

S - influent BOD, m/l.

Xv - MLVSS, mg/ .

FM - food-to-microorganim ratio.

2.1.18.3.4 Check the detention tlae !or treatability.

where~S e a Se ' kXVt

where

Se - BOD5 (soluble) in effluent, ag/I.

SO - BOD 5 in influenu. mg/i.

k - BOD removal rate cqastant, /mg/hr.

- MvSS, mg/i.

t - detention time, hr.

0 Solve for t and compare with t from above and select the
larger.

2.1.18.3.5 Calculate the volume of aeration tank.

V - Qgyg t

where

V - volume of tanks, million gal.

Qavg - average daily flow, mgd.

t - detention time, hr.

2.1.18.3.6 Calculate oxygen requiremen:..
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dO . I r +b
Z*t t X

or

02 ' at (Sr (Qavg) (8.34) b' (XV) (v) (8.34)

where

dO/dt - oxygen uptake rate, mg/l/hr.

a' - fraction of BOD oxidized for energy.

Sr - BOD removed (So - Se  mg/1.

t - detention timne, hr.

b' - endogenous respiration rate/hr.

Xv - MVSS, mg/i.

02 - oxygen required, lb/day.

Qevg a average daily flow, mgd.

V - volune of aeration tank, million gal.

and check the oxygen supplied per pound of BOD removed Z 1.25.

02
lb 02/ib BODr - Q(S r) x 8.34

here

02 a oxygen required, lb/day.

Q - flow, mgd.

Sr a BOD removed, mg/l.

2.1.18.3.7 Design Aeration System.

2.1.18.3.7.1 Assume the folloving design parameters and
design aeration system and check horsepower supply for mixing
against horsepower required for ccmplete mixing 0.1 hpl000
gal.

2.1.18.3.7.1.1 Standard transfer efficiency, lb/hp-hr (0
dissolved oxygen, 200C, and tap water) (3-5 lb/hp-hr).

2.1.18.3.7.1.2 02 transfer in waste/02 transfer in water
0.9.
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2.1.18.3.7.1.3 02 saturation in waste/02 saturation in water

* 0.9.

2.1.18.3.7.1.4 Correction factor for pressure t1.0.

2.1.18.3.7.2 Select summer operating temperature (25-300 C)
and determine (from standard tables) 02 saturation.

2.1.18.3.7.3 Adjust standard transfer efficiency to ope-
rating conditions.

0T[ - STE E(Cs)T(A)(P) - CL] a( 1.02)T-20

9.17

where

OTE - operating transfer efficiency, lb 02 hp-hr.

STE - standard transfer efficiency, lb OJhp-hr.

(Cs)T - 02 oaturation at selected sumer tmperatureT, "C mg/1.

M4" 02 saturation in waste/0 2 saturation in water
0.9.

p - correction factor for pressure MI.0.

CL a minimum dissolved oxygen to be maintained in
the basin " 2.0 m l.

C= 02 transfer in waste/02 transfer in water.

T - temperature, °C.

2.1.18.3.7.4 Calculate horsepower requirement.

hp - 02 x 1000lb 02

OTE hp-hr (24)(V)

where

hp - horsepower required/1000 gal.

02 - oxygen required, lb/day.

OTE - operating transfer efficiency, lb 02/hp-hr.

V - volume of basin, gal.
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2.1.18.3.8 Calculate sludge production.

XZV - [aSrQavg - bXu(V) + (Q)(VSS)(f)+ Q(SS - vss)I 8.34

where

&XV - sludge produced, lb/day.

a - fraction of BOD removed synthesized to cell
material.

Sr - BOD removed, mg/i.

Qavg a average flow, mgd.

b - endogenous respiration rate/day.

V - volume of aeration tank, million gal.

iQ - flow, mgd.

VSS - volatile suspended solids in effluent, mg/l.

f - nonbiodegradable fraction of VSS in influent.

SS - suspended solids in effluent, mg/I.

Check ax, solids produced against pounds of BOD. removed (0.5-
0.7).

lb solDs A IQ)(8(lb BDr ) S r (Q)(8.34)(Z volatile)

2.1.18.3.9 Detemnine nutrient requirements (lb/day).

for nitorgen

N = 0.123 &XV

and phosphorus

P - 0.026 4XV

and check against BOD:N:P - 100:5:1.

2.1.18.3.10 Calculate sludge recycle ratio.

Qr = a
Qavg Xu Xa
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where

Q = volume of recycled sludge, mgd.

Qavg " average flow, mgd.

x .MLSS, mg/ 1.
a

X - SS concentration of returned sludge, mg/l.u

2.1.18.3.11 Calculate solids retention time.

(V) (Xa) (8.34)
SRT a

a

where

SRT - solids retention time, days.

V - volume of aeration tank, million gal.

Xa - MISS, mg/i .

a % volatile

2.1.18.3.12 Effluent Characteristics.

2.1.18.3.12.1 BOD5.

BODE - Se + 0.84 (Xv) effft

where

BODE - effluent BOD 5 concentration, mg/l.

Se - effluent soluble BOD5 concentration, mg/l.

(X)eff - effluent volatile suspended solids, mgl.

V - degradable fraction of MLVSS.

2.1.18.3.12.2 COD.

CODE - (1.5) (BODE)

CODSE (1.5) (Se)

where

CODE - effluent COD concentration, mg/l.

CODSE - effluent soluble COD concentration, mg/l.

BODE - effluent BOD 5 concentration, mg/l.
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Se - effluent soluble BOD 5 concentration, mgl.

2.1.18.3.12.3 Nitrogen.

TKNE - (0.7) TN

NH3E - TKNE

where

TKNE - effluent total Kjeldahl nitrogen concentration,
mg/i.

TKN - influent total Kjeldahl nitrogen concentration,
mg/i.

NH3E - effluent amnmonia nitrogen concentration, mg/l.

2.1.18.3.12.4 Phosphorus.

Po4E - (0.7) (P04)

where

P04E - effluent phosphorus concentration, mgl.

P04 - influent phosphorus concentration, ma/l.

2.1.18.3.12.5 Oil and Grease.

OAGE - 0.0

where

OAGE - effluent oil and grease concentration, mg/l.

2.1.18.3.12.6 Settleable Solids.

SETSO - 0.0

where

SETSO - settleable solids, mg/l.

2.1.18.4 Process Design Output Data.

2.1.18.4.1 Aeration Tank.

2.1.18.4.1.1 Reaction rate constant, 1/mg/hr.

2.1.18.4.1.2 Sludge produced per BOD removed.

2.1.18.4.1.3 Endogenous respiration rate (b, b').

2.1.18.4.1.4 02 utilized per BOD removed.

2.1.18.4.1.5 Influent nonbiodegradable volatile suspended solids

(VSS) (f).
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2.1.18.4.1.6 Effluent degradable volatile suspended solids

(f').

2.1.18.4.1.7 lb BOD/Ib MISS-day (F/M ratio).

2.1.18.4.1.8 Mixed liquor suspended solids, mgl (MISS).

2.1.18.4.1.9 Mixed liquor volatile suspended solids, mug/
(MLVSS).

2.1.18.4.1.10 Aeration time, hr.

2.1.18.4.1.11 Volume of aeration tank, million gal.

2.1.18.4.1.12 Oxygen required, lb/day.

2.1.18.4.1.13 Sludge produced, lb/day.

2.1.18.4.1.14 Nitrogen requirement, lb/day.

2.1.18.4.1.15 Phosphorus requirement, lb/day.

2.1.18.4.1.16 Sludge recycle ratio, percent.

2.1.18.4.1.17 Solids retention time, days.

2.1.18.4.2 - Aeration Systen.

2.1.18.4.2.1 Standard transfer efficiency, lb 02/hp-hr.

2.1.18.4.2.2 Operating transfer efficiency, lb 02/hp-hr.

2.1.18.4.2.3 Horsepower required, hp.

2.1.18.5 Quantities Calculations.

2.1.18.5.1 The design values for activated sludge systm
would be:

V V 10 6

vd v T i74

HP d (hp) (V) (133.7)

where

V - volume of aeration basin million gallons.

2.1.18.5.2 Selection of number of aeration tanks and
mechanical aerators per tank. The following rule will be
utilized in the selection of number of aeration tanks and
mechanical aerators per tank.
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Number of Number of Aerators
Qavg Aeration Tanks Per Tank

(mzd) NT NT

0.5- 2 2 1
2- 4 3 1
4- 10 4 1

10 - 20 6 2
20 - 30 8 2
30 - 40 10 3
40 - 50 12 3
50 - 70 14 3
70 - 100 16 4

When Qavg is larger than 100 mgd, several batteries of aeration tanks

will be used. See next section for details.

2.1.18.5.3 Selection of number of tanks and number of batteries of
tanks when Qav g is larger than 100 mgd. It is general practice

in designing larger sewage treatment plants that several
batteries of aeration tanks, instead of a single group of
tanks, are used. This is due to land area availability and
certain hydraulic limitations. To simplify the modeling
process, the following rules will be used:

2.1.18.5.3.1 When Q S 100 mgd, only one battery of ae-

ration tanks will be Ui d. Thus

NBI

where

NB - number of batteries of units.

2.1.18.5.3.2 When 100 < Q .5 200 mgd, the system will be
designed as two identical ballferies of aeration basins. Each
battery would handle half of the wastewater. The number of
aeration tanks in each battery would be selected according to
the rules established in subsection 2.1.18.5.2 by using half
the design flow as Q avg Thus

NB -2

2.1.18.5.3.3 When Q > 200 mgd, the design will be per-
fomed to use three bferies of aeration basins, each handling
one-third of the wastewater. Thus

NB -3

2.1.18.5.4 Mechanical aeration equipment design.
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2.1.18.5.4.1 Usually the slow-speed, fix-mounted mechanical

surface aerators are used in domestic wastewater treatment
plants. The available sizes of this type aerator are 5 HP,
7.5 HP, 10 HP, 15 HP, 20 HP, 25 HP, 30 HP, 40 HP, 50 HP, 60
HP, 75 HP, 100 HP, 125 HP and 150 HP.

2.1.18.5.4.2 Horsepower for each individual aerator:

RPN - H,

(N) (NT) (NA)

If IPN > 150 HP and NT - 2 or 3, then repeat the calculation
with NT - NT + 1.

If UPN > 150 HP and NT 4, then repeat the calculation with
NT - NT + 2.

where

HPN - horsepower of each unit, horsepower.

HPd - design capacity of aeration equipment, horsepower.

NB - number of batteries.

NT - number of aeration tanks per battery.

NA - number of aerators per tank.

2.1.18.5.4.3 Compare HPN with the available off-the-shelf
sizes and select the smallest unit with capacity larger than
HPI. The capacity of the selected unit would be designated as
HPSN. Thus the total capacity of the aeration units would be

HPT - (NB) * (NT) * (1A) - (HPSN)

where

HPT - total capacity of selected aerators, horsepower.

2.1.18.5.5 Design of aeration tanks.

2.1.18.5.5.1 Volume of each individual tank would be

V a Vd

(NB) (NT)

where

VN volume of single aeration tank, cu ft.
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2.1.18.5.5.2 Depth of aeration tanks. The depth of an
aeration basin is controlled by the capacity of the aerators
to be installed inside. If the water depth is too shallow,
interference with the mixing current and oxygen transfer would
occur. If the water depth is too deep, insufficient mixing
would occur at the botton of the tank and sludge accumulation
would occur. Thus proper selection of liquid depth of an
aeration basin is Important. The relationship between the
recnamended basin depth and the capacity of the aerators can
be expressed as follows:

When RPSN < 100 HP

DW - 4.816 (HPSN)
0 .2467

When UPSN 2 100 HP

DW - 15 ft

where

DW - water depth of the aeration tanks, ft.

HPSN - capacity of the aerator, UP.

2.1.18.5.5.3 Width and length of aeration tank. The ratio
between length and width of an aeration tank is dependent on
the number of aerators to be installed in this tank, NA.

If NA - 1. Square tank construction, L/W -a I

If NA - 2. Rectangular tank construction, L/W -
i 2

If NA - 3. Rectangular tank construction, L/W -
3

If NA - 4. Rectangular tank construction, L/W -
4

and

I/W - NA

where

NA - number of aerators per tank.

L - length of aeration tank, ft.

W - width of aeration tank, ft.
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After the volume, depth and L/W ratio of the tank are de-
temined, the width of the tank can be calculated by:

VN

(DW) (NA)

The length of the aeration tank would be

L - (NA) (W)

2.1.18.5.6 Aeration tank arrangements.

2.1.18.5.6.1 Figure 2.1-29 shows the schematic diagram of
the arrangements. Piping gallery will be provided when the
namber of tanks is equal or larger than four. The purpose of
piping gallery is to house various piping systems and control
equipment.

2.1.18.5.6.2 Size of pipe gallery. The width of this
gallery is dependent on the couplexity and capacity of the
piping systen to be housed. An experience curve is provided
to approximately estimate this width. It is expressed as:

PGW - 20 + (0.3) (1avg)

NB

where

PGW - piping gallery width, ft.

Qavg = average influent wastewater flow, igd.

NB - number of batteries.

2.1.18.5.7 Earthwork required for construction. It is
assed that tank bottom would be 4 feet below ground level.
Thus the earthwork required would be estimated by the fol-
lowing equations:

2.1.18.5.7.1 When NT - 2, earthwork required would be:

V - 3 [(2 W+ 18.5) (W + 17)+ (2 W+ 26.5) (W+ 25)]ew

where

V - quantity of earthwork required, cu ft.
ew

W - width of aeration tank, ft.

2.1.18.5.7.2 When NT - 3, earthwork required would be:

Vew = 3 [(3 W+ 28) (W+ 25)+ (3 W+ 20) (W+ 17)]
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2.1.18.5.7.3 When NT 2 4, the width and length of the
concrete slab for the whole aeration tank battery can be

calculated by:

L - 2 L+ PGW + 16
5

U - (NT) (W) + 14.5

where

L - length of the basin slab, ft.5

L - length of one aeration tank, ft.

PGW - piping gallery width, ft.

W - width of the basin slab, ft.s

NT - n, uber of tanks per battery.

Thus the earthwork can be estimated by:

V - 3 * (NB) [(Ls  4) (Ws + 4) + (Ls + 12) (Ws + 12)]

where

V - volume of earthwork, cu ft.ew

2.1.18.5.8 Reinforced concrete slab quantity.

2.1.18.5.8.1 It is assumed that a 1'-6" thick slab will be

utilized in this progran regardless of the size of the systea.

2.1.18.5.8.2 For NT - 2,

V -1.5 (2 W+ 14.5) (We+ 13)ca

where

V - R.C. slab quantity, cu ft.Cs

2.1.18.5.8.3 NT - 3,

V -1.5 (3 W 16) (W + 13)
Cs

2.1.18.5.8.4 When NT 2 4,

VCS -1.5 (Ls) (Ws)

where
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Ls - length of slab, ft.

Ws - width of slab, ft.

2.1.18.5.9 Reinforced Concrete Wall Quantity.

2.1.18.5.9.1 In using the plug flow system, influent to the
aeration basin will be piped to one end of the tank and
discharged at the other end. Thus it does not require such an
elaborate wall construction. Two typical wall sections are
required, as shown in Figure 2.1-30. One would be simple
straight side wall and the other would be enlarged on top so
that walkways can be provided.

2.1.18.5.9.2 When NT - 2:

V - W (1.25 DW+ 11) + (6 W 9) (1.25 DW+ 3.75)cw

2.1.18.5.9.3 When NT - 3:

V - (1.25 DW+ 11) (3 W 6) + (1.25 DW+ 3.75) (7 W + 6)
cw

2.1.18.5.9.4 When NT 2 4:
NT

V 1M'- (L+ 3) (1.25 W + 11)+ [(0.5 NT+ 2) (L 3)

2 (NT) (W)] * (1.25 DW 3.75) (N3)

2.1.18.5.10 Reinforced concrete required for piping gallery
construction. The quantity of piping gallery slab has been
estimated with the aeration tanks slab calculations. Only the
quantity of reinforced concrete for ceilings and end wall is
necessary.

2.1.18.5.10.1 When NT < 4,

V -0
cg

where

V - quantity of R.C. for gallery construction, cu ft.cg

2.1.18.5.10.2 When NT 2 4, assuming the ceiling thickness is
1.5 feet, then the quantity of reinforced concrete would be:

V cg c - (NB) " (1.5) (PGW) (NT) 2W) + 0.75 (NT) + 1.5]

where

V -volume of R.C. ceiling for piping gallery construction,Scgc Cu ft.
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and for two end walls.

V - 2 (PGW) (NB) (DW4 3)cgw

where

V - volume of R.C. walls for piping gallery construction,
cgw cu ft.

Thus total R.C. volume for piping gallery construction would
be

eg = cgc Vcgw

2.1.18.5.11 Reinforced concrete quantity for aerator
supporting platfon construction.

2.1.18.5.11.1 Number of aerator-supporting platfoms. Each
aerator will be supported by an individual platfom.

2.1.18.5.11.2 Figure 2.1-31 show a typical supporting
platfonz for the aeration equipment. The width of the plat-
font would be a function of the capacity of the aerator to be
supported. The following experienced fotmula is given to
approximate this relationship.

X - 5 + 0.078 (EPSN)

where

X - width of the platform, ft.

HPSN - horsepower of the mechanical aerator, HP.

2.1.18.5.11.3 Volume of reinforced concrete for the con-
struction of the platfous would be:

V = [X2 + 5.6 (DW + 2)] (NT) (NA) (NB)

where

V - volume of R.C. for the platfom construction, cu
cp ft.

OW - water depth of the aeration basin, ft.

2.1.18.5.11.4 Volume of reinforced concrete for pedestrian
bridges. The pedestrian bridge links the aerator platfotm to
the walkway-sldevalls for ease of operation and maintenance.
By using a width of 4 feet and slab thickness of 1 foot, the
quantity of reinforced concrete can be calculated by:
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where v - [2 (W- X)] (NB) (NT) (NA)

Vow b  quantity of concrete for pedestrian bridge construction,
cu ft.

2.1.18.5.12 Summary of reinforced concrete structures.

2.1.18.5.12.1 Quantity of concrete slab.

V -V
cst cs

where

Vcst - total quantity of R.C. slab for the construction

of aeration tanks, cu ft.

2.1.18.5.12.2 Quantity of concrete wall.

Vcwt V  + Vcg + Vcp +Vcwb

where

Vcw t - quantity of R.C. wall for the construction of
aeration tanks, cu ft.

V - quantity of aeration tank R.C. walls, cu ft.cv

V - quantity of R.C. for the construction of pipingcg gallery, cu ft.

Vcp . quantity of R.C. for the construction of aerator-
supporting platfoms, cu ft.

Vow b - quantity of R.C. for the construction of pedestrian
bridges.

2.1.18.5.13 Quantity of handrail for safety. Handrail is
required for the safety protection of the operation personnel
of wastewater treatnent plants. Waterway walls, aerator
platfotms and bridges, and the top of the piping gallery will
require handrail. Quantity of handrail can be estimated thus:

2.1.18.5.13.1 When NT - 2,

LHR - 4 W+ 11 + 2 (3X + W - 4)

where

0
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LHR - handrail length, ft.

0W - aeration tank width, ft.

X - width of aerator-supporting platform, ft.

2.1.18.5.13.2 When NT - 3,

LHR- 6 W+ 10+ 3 * (3X+ W- 4)

2.1.18.5.13.3 When NT > 4,

NTif is an even number,

LHR - PGW+ (NT) (W) + [L + 3 - 4 (NA)] (NT) + (NA) (NT)

. (3X +W- 4)W ( (NB)

If NTis an odd nuber,

LHR -PGW + (NT) (W) + (L 3- 4 (NA)] (NT + 2) +

(NA) (NT) (3X + - (NB)

where

FGW - width of the piping gallery, ft.

2.1.18.5.14 Operation and maintenance manpower require-
ments. Patterson and Bunker's data will be utilized to
project the operation and maintenance manpower requirements.
The man-hour per year requirement is presented as a function
of the total horsepower of the aeration equipment.

2.1.18.5.14.1 Calculate the total installed capacity of the
aeration equipment.

TICA - (NB) (NT) (NA) (HPSN)

where

TICA - total installed capacity of the aeration equipment,
horsepower.

HPSN - capacity of one individual aerator, horsepower.

2.1.18.5.14.2 The operation manpower requirement can be
estImated as follow:

O When TICA < 200 hp

OMH - 242.4 (TTCA) 0 . 3 7 3 1
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0 When TICA 200 hp

OMH - 100 (TICA) 0 . 5 4 25

where

OMH - operational man-hour requirement, man-hour/yr.

2.1.18.5.14.3 The maintenance manpower requirement can be es-
timated as follows:

When TICA - 100 hp

0.4031
MMR - 106.3 (TICA)

When TICA > 100 hp

weII - 42.6 (TICA) 0 ' 59 5 6

O where

H- maintenance manpower requirement, man-hour/yr.

2.1.18.5.15 Energy requirement for operation. By assuming
that all the aerators will be operated 90 percent of the time
year-round, the electrical energy consumption would be:

KWH - 0.85 x 0.9 x 24 x 365 x (TICA)

where

KWH - electrical energy required for operation, kwhr/yr.

0.85 - conversion factor fran hp-hr to kwhr.

2.1.18.5.16 Material and supply costs for operation and
maintenance. Material and supply costs for operation and
maintenance include such items as lubrication oil, paint, and
repair material, etc. These costs are estimated as a percent
of installed costs for the aeration equipment and are ex-
pressed as follows:

OMMP - 4.225 - 0.975 log (TICA)

where

OMMP a percent of the installed equipment cost as O&M
material costs, percent.

TICA - total installed capacity of aeration equipment,
horsepower.
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2.1.18.5.17 Other construction cost items. Using the above cal-
culation, the majority of cost items of the activated sludge process
have been accounted for. Other cost items, such as piping system,
control equipment, painting, site cleaning and preparation, etc., can be
estJmated as a percent of the total bare construction cost. This
percentage value has been shown to vary fran 4 to 15 percent of the
total construction cost of the aeration tank system. The value depends
greatly on site conditions and conplexity of the process. For a gene-
ralized model, an average value of 10 percent would be adequate. Thus,

1CF = = .l
0.90-11

where

CF - correction factor to account for the minor cost

itens.

2.1.18.6 Quantities Calculations Output Data.

2.1.18.6.1 Number of aeration tanks, NT.

2.1.18.6.2 Number of aerators per tank, NA.

2.1.18.6.3 Number of process batteries, NB.

2.1.18.6.4 Capacity of each individual aerator, HPSN, hp.

2.1.18.6.5 Depth of aeration tanks, DW, ft.

2.1.18.6.6 Length of aeration tanks, L, ft.

2.1.18.6.7 Width of aeration tanks, W, ft.

2.1.18.6.8 Width of pipe gallery, PGW, ft.

2.1.18.6.9 Earthwork required for construction, Vew , cu ft.

2.1.18.6.10 Total quantity of R.C. slab, Vcst, cu ft.

2.1.18.6.11 Total quantity of R.C. wall, Vcwt, cu ft.

2.1.18.6.12 Quantity of handrail, LHR, ft.

2.1.18.6.13 Operation manpower requirement, OMB, MB/yr.

2.1.18.6.14 Maintenance manpower requirement, MMH, MB/yr.

2.1.18.6.15 Electrical energy for operation, KWH, kwhr/yr.

2.1.18.6.16 Percentage for O&M material and supply cost, OMMP,
percent.
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2.1.18.6.17 Correction factor for minor capital cost iteus, CF.

2.1.18.7 Unit Price Input Required.

2.1.18.7.1 Cost of earthwork, UPIEX, $/cu yd.

2.1.18.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd.

2.1.18.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd.

2.1.18.7.4 Standard size low speed surface aerator cost (20 hp),
SSXSA, $, optional.

2.1.18.7.5 Marshall & Swift Equipment Cost Index, MSECI.

2.1.18.7.6 Equipment installation labor rate, $/MH.

2.1.18.7.7 Crane rental rate, UPICR, $/hr.

2.1.18.7.8 Unit price of handrail, UPIHR, $/L.F.

2.1.18.8 Cost Calculatioru.

2.1.18.8.1 Cost of earthwork, COSTE.
v

ew o UPIEX
COSTE 

.
27

where

COSTE - cost of earthwork, $.

Vew - quantity of earthwork, cu ft.

UPIEX w unit price input of earthwork, $/cu yd.

2.1.18.8.2 Cost of concrete wall in-place, COSTCW.

Vcwt . UPTCW
COSTCW =-

where

COSTCW cost of concrete wall in place, $.

Vc4 t - quantity of R.C. vall, cu yd.

UPICW = unit price input of concrete wall in-place, $/
cu yd.

2.1.18.8.3 Cost of concrete slab in-place, COSTCS.
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COSTCS - Vst. UPICS27

where

COSTCS - cost of R.C. slab in-place, S.

Vcst 0 quantity of concrete slab, $/cu yd.

UPICS o unit price input of R.C. slab in-place, $/cu yd.

2.1.18.8.4 Cost of installed aeration equipment.

2.1.18.8.4.1 Purchase cost of slow speed pier-mounted surface aera-
tors. The purchase cost of aerators can be obtained by using the
fol lowing equation:

CSXSA - SSXSA " RSXSA

where

CSXSA - purchase cost of surface aerator, S.

SSXSA - purchase cost of a standard size slow speed pier-
mounted aerator. Motor horsepower is 20 hp.

RSXSA o ratio of cost of aerators with capacity of HPSN hp
to that of the standard size aerator.

2.1.18.8.4.2 RSXSA. The cost ratio can be exprqsed as

RSXSA o 0.2148 (HPSN)
0 .5130 where

RPSN - capacity of each individual aerator, hp.

2.1.18.8.4.3 Cost of standard size aerator. The cost of pier-mounted
slow speed surface aerator for the first quarter of 1977 is

SSXSA - $16,300

For a better estimate, SSXSA should be obtained fran equipment vendor
and treated as a unit price input. Otherwise, for future escalation,
the equipment cost should be adjusted by using the Marshall and Swift
Equipment Cost Index.

SSXSA - 16,300 SEC.491.6

iwhere

MSECI - current Marshall and Swift Equipment Cost Index
fran input.
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491.6 - Marshall and Swift Cost Index, first quarter 1977.

2.1.18.8.4.4 Equipment installation man-hour requirement. The man-
hour requirement for field installation of fixed-mounted surface aerator
can be estimated as:

When UPSN 60 hp

1MH - 39 + 0.55 (HPSN)

When RPSN 60 hp

IMH - 61.3 + 0.18 (HPSN)

where

IMH - installation man-hour requirement, man-hour.

2.1.18.8.4.5 Crane requirement for installation.

CH - (0.1) "nM

where

CH - crane time requirement for installation, hr.

2.1.18.8.4.6 Other costs associated with the installed equipment.
This category includes the costs for electric wiring and setting,
painting, inspection, etc., and can be added as a percentage of purchase
equipment cost:

PMINC - 23%

where

PHINK - percentage of purchase costs of equipment as minor
installation cost, percent.

2.1.18.8.4.7 Installed equipment cost, IEC.

IEC - [CSXSA (1 + PMINC + I LA I CH * UPICR]100

(NB * (NT (NA)

where

IEC - installed equipment cost, dollars.

LABRI - labor rate, dollars/man-hour.

UPICR - crane rental rate, dollars/hr.
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2.1.18.8.5 Cost of handrail. The cost of installed handrail systen

can be estimated as:

COSTHR - LHR x UPIHR

where

LHR - handrail quantity, ft.

UPIHR - unit price input for handrail cost, $ per lineal
foot. A value of $25.20 per foot for the first
quarter of 1977 is suggested.

2.1.18.8.6 Other cost itans. This category includes cost of process
piping systan, control instruments, site work, etc. Costs can be
adjusted by multiplying the correction factor CF to the sum of other
costs.

2.1.18.8.7 Total bare construction costs, TBCC, dollars.

TBCC - (COSTE + COSTCW + COSTCS + IEC + COSTHR) * CF

where

TBCC - total bare construction costs, dollars.

CF - correction factor for minor cost itens, from
second-order design output.

2.1.18.8.8 Operation and maintenance material costs. Since this
ite of the O&M expenses is expressed as a percentage of the installed
equipment costs, it can be calculated by:

OMMC - IEC " OKMP
100

where

OMMC - operation and maintenance material and supply
costs, $/yr.

COMP - percent of the installed aerator cost as O&M
material and supply expenses.

2.1.18.9 Cost Calculations Output Data.

2.1.18.9.1 Total bare construction cost of the mechanical aerated
activated sludge process, TBCC, dollars.

2.1.18.9.2 Operation and maintenance supply and material costs,
OtC, dol lars.
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2.1 . 19 PURE OXYGEN ACTIVATED SLUDGE.

2.1.19.1 Input Data.

2.1.19.1.1 Wastewater flow.

2.1.19.1.1.1 Average flow, mgd.

2.1.19.1.1.2 Peak hourly flow, mgd.

2.1.19.1.2 Wastewater characteristics.

2.1.19.1.2.1 BOD 5, mg/i.

2.1.19.1.2.2 COD, mg/l.

2.1.19.1.2.3 TSS, mg/l.

2.1.19.1.2.4 VSS, mg/l.

2.1.19.2 Design Paraneters.

2.1.19.2.1 MLSS, mg/l, (range 4000- 7000, mean 5000).

2.1.19.2.2 Organic loading (F/M ratio), lb 8OD5 /Ib MLVSS/day
(0.6 - 0.8 with peak of 2.0).

2.1.19.2.3 Hydraulic retention time, hrs (2 - 4).

2.1.19.2.4 Recycle ratio, (25 - 50 percent).

2.1.19.2.5 Effluent quality, excellent, approximately 90
percent reduction of BOD and SS.

2.1.19.3 Process Desisn Calculations.

2.1.19.3.1 Calculate the amount of MLVSS required.

2.1.19.3.1.1 Select designed FIM ratio of 0.7 lb BOD 5/lb
MLVSS/day.

QavS x SO x 8.34(M LVSS) 1 1 F/ M

where

(MLVSS) 1 - mixed liquor volatile suspended solids in the aeration
tanks, under average conditions, lb.

Qavg - average wastewater flow, mgd.

SS O - influent SOD 5 concentration, mg/ 1.
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F/ - food to microorganism ratio, Lb BOD5 /lb MLVSS/day.

2.1.19.3.1.2 Check the peak F/M not to exceed 2.0.

Qp x S0 x 8.34

(MLVSS) 2 = 2

where

(MLVSS)2 - mixed liquor suspended solids in the aeration tank
under peak conditions, lb.

- peak flow, mgd.

2.1.19.3.1.3 Use the larger of the two MLVSS values as the designed
MLVSS quantity, (MLVSS)d.

2.1.19.3.1.4 Calculate the total mixed liquor suspended solids quan-
tity. For the design loading range, the volatile content of the mixed
liquor is approximately froa 0,75- 0.8. Thus:

(MLSS) (nLVSS)d
d V.C.

where

(MISS)d - designed mixed liquor suspended solids, lb.

V.C. - volatile content of mixed liquor use 0.75.

2.1.19.3.2 Effluent Characteristics.

2.1.19.3.2.1 BOD 5 .

BODE = Se 0.84 (Xv) e --

where

BODE - effluent BOD 5 concentration, mg/I.

Se - effluent soluble BOD5 concentration, mg/l.
(frm user input).

(XV)eff - effluent volatile suspended solids, mail.

V - degradable fraction of .LVSS.

2.1.19.3.2.2 COD.

CODE = (1.5) (BODE)

iCODSE = (1.5) (Se)
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where

CODE - effluent COD concentration, mg/I.

CODSE - effluent soluble COD concentration, mg/I.

BODE - effluent BOD 5 concentration, mg/i.

Se - effluent soluble BOD5 concentration, mg/Il.

2.1.19.3.2.3 Nitrogen.

TKNE - (0.7) TKN

NH3E - TKNE

where

TKNE - effluent total Kjeldahl nitrogen concentration,
mg/i.

TKN - influent total Kjeldahl nitrogen concentration,
mg/I1.

NH3E - effluent ammonia nitrogen concentration, mg/I.

2.1.19.3.2.4 Phosphorus.

PO4E - (0.7) (P04)

where

PO4E - effluent phosphorus concentration, mg/i.

P04 - influent phosphorus concentration, mg/I.

2.1.19.3.2.5 Oil and Grease.

OAGE - 0.0

where

OAGE - effluent oil and grease concentration, mg/I.

2.1.19.3.2.6 Settleable Solids.

SETSO a 0.0

where

SETSO a settleable solids, mg/I.

2.1.19.3.3 Sizing of aeration tanks.
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(MLVSS)d X 106

V - 8.34 x (MLVSS)c x 7.48

e where

V - volume of aeration tank, cu ft.

(MLVSS)c - MLVSS concentration in aeration tanks (use 4000

C g/1).

2.1.19.3.4 Oxygen requirement. The oxygen requirement of the
activated sludge system depends on the F/M, influent COD to BOD5
ratio. The following equations give the oxygen requirements.

When COD/BOD5 - 3.0

1
02 - (0.953 + 0 .309 (F/M) " (Qavg) (SO) (8.34)

When COD/BOD5 - 2.5

02 - [0.653 + 0.347 (-FM)] " (Qavg) (SO) (8.34)

When COD/BOD5 - 2.0

02 - (0.48 + 0.32 ] (Q ). (So ) (8.34)
2 TN) avg o

where

02 - oxygen requirement, lb/day.

F/M - food to microorganism ratio, lb/BOD/lb MLVSS/day.

2.1.19.3.5 Sludge production for municipal vaste only.

2.1.19.3.5.1 Volatile sludge production.

X - [1.073 - 0.193 1FJM)" (1.55) (COD/BOD5-2.5)

(Qavg) * (So - S) (8.34)

where

X - volatile sludge production, lb/day.V

COD - influent COD, mg/l.

BOD 5 - influent BOD 5, maI.

1.55 - correction factor for other COD/BOD5 than 2.5.

2.1.19.3.5.2 Inert sludge production.
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X0 = (TSS - VSS) x Qavg x 8.34

where

X0 - inert sludge production, lb/day.

TSS - total suspended solids concentration in influent,
Mg/I.

VSS - volatile suspended solids concentration in effluent,
mg/i1.

2.1.19.3.5.3 Total sludge production.

- X v + X0

where

=T total sludge production, lb/day.

2.1.19.4 Process Design Output Data.

2.1.19.4.1 Designed MLVSS, (MLVSS)d, lbs.

2.1.19.4.2 Effluent BODs, Se, mg/l.

2.1.19.4.3 Volume of aeration tank, V, cu ft.

2.1.19.4.4 Oxygen requirement, 02, lb/day.

2.1.19.4.5 Volatile sludge production, X., lb/day.

2.1.19.4.6 Inert sludge production, Xo, lb/day.

2.1.19.4.7 Total sludge production, XT, lb/day.

2.1.19.5 Quantities Calculations.

2.1.19.5.1 Excess capacity factor. In order to take care of
the peak loding and for conservative design, the capacities of
actual units are increased by multiplying the design values by
the excess capacity factors. Smith et al conducted a statistical
analysis of the excess capacity factors of existing pure oxygen
systms. They are used in this progra.

2.1.19.5.1.1 For aeration tanks:

(ECF) at - 1.89

(Qavg)

2.1.19.5.1.2 For oxygenation system:
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1.85

-(ECF) 
02

where as

(ECF) at - excessive capacity factor for aeration tank.

(ECF) - excessive capacity factor for oxygenation system.

02 - oxygen requirement, tb/day.

2.1.19.5.1.3 Designed aeration tank volume, Vd:

Vd - (ECF) at * V

where

Vd - designed volume of aeration tank, cu ft.

V - calculated aeration tank volume, cu ft.

2.1.19.5.1.4 Designed capacity of the oxygenation systen.

02 (ECF) as
- (2000) (0.9)

where

OXYGEN - designed capacity of oxygenation system, ton/day.

0.9 - oxygen utilization is 90 percent for a typical pure
oxygen system.

2.1.19.5.2 Reactor configuration.

2.1.19.5.2.1 In general, the aeration tanks for pure oxygen
systems utilize the conplete mixing reactors in series concept.
Usually the number of stages in each reactor train is 3 or 4 and
the minimum number of reactor trains would be 2. Based on
experience, the following rule is given to detezmine the number
of reactor trains and tanks to be used.

Qavg No. of Trains No. of Stages
(mgd) NT Per Train

NS

1 - 15 2 3 or 4
15 - 30 3 3 or 4
30- 50 4 3 or 4
50- 60 5 3 or 4
60- 80 6 3 or 4
80 - 100 7 3 or 4
100- 120 8 3 or 4
120- 150 10 3 or 4
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2.1.19.5.2.2 When =Qag 150 mgd, only one battery of reactors
will be used and NB

0 2.1.19.5.2.3 When Q > 150 mgd, the system will be designed as
two identical batteri g. Each can handle Q and NB - 2.,avg

where 2

NT - number of reactor trains.

NS - number of stages per train.

NB - number of batteries.

2.1.19.5.2.4 Dimensions. As suggested by one of the manu-
facturers of the pure oxygen system, the following rules are to
be satisfied in the Jesign of aeration tanks.

- Side water depth of tank, SWD - 8 to 12 ft.

- Each stage will be square construction with length of
T ft, and T should be in the range of 22 to 65 ft.

- Length to depth ratio should be in the range of 0.2 to
0.37, with 0.3 the caumonly used nunber.

Thus the length of each aeration tank stage would be:

Vd 1/3

T-((NB) (NT) (NS) (0.3)

where

T - length of one aeration stage, ft.

NS - nunber of stages per train; use 3 to start with.

If T _ 22 ft, use 22 ft as the length.

If T > 65 ft, increase the nunber of stages, NS, to 4 and cal-
culate new length. If the length is still larger than 65 ft,
increase the number of reactor trains NT - NT + I and repeat,
until T is in the right range of 22 ft to 65 ft.

The side water depth is calculated by:

SWD - 0.3 • T
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where

SWD - side water depth, ft.

Most manufacturers suggest 2.5 ft of freeboard; therefore, the
total depth would be:

Z - SWD + 2.5

where

Z - total depth of aeration tanks.

2.1.19.5.3 Oxygenation system design. There are three
different ways that pure oxygen can be supplied to the wastewater
treatment sites. The first one is using a liquid oxygen storage
tank. The second would be an on-site generation by using a PSA
systen and the third would be oxygen generation using the cryo-
genic process. Liquid oxygen is only used as backup storage in
danestic wastewater treatment. PSA oxygen supply is generally
used with smaller installation, usually for systems which require
less than 20 tons of oxygen per day. For larger applications the
cryogenic plant will be utilized. The pure oxygen is piped from
the generating site to the aeration tank and the oxygen transfer
is promoted by using surface aerator.

2.1.19.5.3.1 Calculate the capacity of surface aerators.

When OXYGEN 20 tonstday:

Dissolution horsepower, DHP - (OXYGEN) 0.9) (2000)
(24) (7.0)

where

DHP - dissolution horsepower required, hp.

7.0 - lbs of oxygen dissolved per horsepower - hr for PSA
units.

When OXYGEN > 20 tons/day:

DP (OXYGEN) (0.9) (2000)
(24) (8.5)

where

8.5 - lbs of oxygen dissolved per horsepower-hr for cryogenic
units.

2.1.19.5.3.2 Calculate the horsepower required for generation
of pure oxygen.
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When OXYGEN _< 20 tons/day:

GRP - (20.4) (OXYGEN)

When OXYGEN > 20 tons/day:

GPH - (17.5) (OXYGEN)

where

GBP - pure oxygen generating horsepower, hp.

20.4 - energy required per ton of oxygen generated for PSA
uni ts.

17.5 - energy required per ton of oxygen generated for
cryogenic units.

2.1.19.5.3.3 Calculate the total horsepower required.

THP - DHP + GHP

where

T9W - total horsepower required for the pure oxygen systen.

2.1.19.5.3.4 Calculate size and nunber of cryogenic oxygen
generation units

If OXYGEN !. 100 tons/day, one unit will be used:

CUC - OXYGEN

If OXYGEN > 100 tons/day, multiple units will be used:

CUC - OXYGEN
N

Try N - 2 first; if CUC > 100, go to N - N + 1 and repeat until
CUC 100.

wLere

CUC a individual cryogenic unit capacity, tons/day.

N - number of cryogenic units.

2.1.19.5.4 Calculate horsepower of individual aerators. The
aerators must be one of the following sizes: 5, 7.5, 10, 15, 20,
25, 30, 40, 50, 60, 75, 100, 125, and 150 hp.

s NT x NS x UB
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Compare HPs to the sizes listed and select the next largest size.

where

HP - horsepower of the individual aerators, hp.
s

2.1.19.5.5 Calculate earthwork required for construction.
Assume that the tank will be half-buried.

V M [Z/2+11 [NS(T)4NS*4) (NT(T)+NT+4) + (NS(T)4NSi.Z+6) (NT(T)+NTi1Z+6)]
ew 2

where

Vew - earthwork required for construction, cu ft.

2.1.19.5.6 Calculate reinforced concrete quantities.

2.1.19.5.6.1 Calculate quantity of R.C. slab in-place required.

V - (NS(T) + NS + 4) (NT(T) + NT * 4) (NB)cs0 where

Vcs - quantity of R.C. slab in-place required, cu ft.

2.1.19.5.6.2 Calculate quantity of R.C. wall in-place required.

V w- [NS(T)NSI] [NT+lj + fNT(T)4NT+1] [NS+l] [(Z)(NB)]

where

V - quantity of R.C. wall in-place required, cu ft.cw

2.1.19.5.6.3 Calculate quantity of R.C. in-place for top slab.

V et s - [NS(T)+NSO1] [NT(T)+NTD1]

where

Vct s - quantity of R.C. in place required for top slab, cu
ft.

2.1.19.5.6.4 Calculate quantity of R.C. in-place required for
effluent trough.

Vce t - 12.5 [NT(T)4NT+l]

where

Vcet - quantity of R.C. in-place required for effluent
trough.
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2.1.19.5.6.5 Calculate total quantity of R.C. in-place for
walls. The forming required for the top slab and effluent trough
cause the cost to be the same as for walls; therefore, they will
be added together to obtain a total quantity.

cwt c Vw + Vcts + Vcet

where

V wt - total quantity of R.C. wall in-place required, cu ft.

2.1.19.5.7 Calculate electrical energy requirements for
operation. Assume that the aerators and oxygen generation
equipment operate 90 percent of the time year-round.

KWH - 0.85 x 0.9 x 24 x 365 x THP

where

KWH - electrical energy required for operation, kwhr/yr.

0 0.85 - conversion factor fran hp-hr to kwhr.

2.1.19.5.8 Calculate operation manpower requirements. The
operation manpower requirements for the pure oxygen system should
be very nearly the sane as that for the activated sludge process
with mechanical aeration. The operation manpower is presented as
a function of the total horsepower of the equipment.

2.1.19.5.8.1 If THP < 200 hp, the operation manpower is cal-
culated by:

0MB - 242.4 (THP) 0 3731

2.1.19.5.8.2 If THP 2 200 hp, the operation manpower is cal-
culated by:

OMB - 100 (THP)
0 .5 42 5

where

OMH - operation manpower requirement, M/yr.

2.1.19.5.9 Calculate the maintenance manpower requirements.
The maintenance manpower requirements for the pure oxygen systen
are of two types essentially: the aeration equipment and the
oxygen generation equipment. The maintenance required for the
aeration equipment has been related to aeration horsepower by
Patterson and Bunker and this will be utilized to estimate the
maintenance manpower for the dissolution equipment. There is no
published data on maintenance for the oxygen generation equip-
ment; however, estimates of maintenance manpower requirments
have been obtained from manufacturers and will be utilized to
predict this requirement.
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2.1.19.5.9.1 When OXYGEN ._ 20 tons/day and DHP , 100 hp, the

maintenance manpower requirenent is calculated by:

=MM - 160 + 106.3'DHP)
0 .4 0 3 1

2.1.19.5.9.2 When OXYGEN 9 20 tons/day and DHP > 100 hp, the
maintenance manpower requirement is calculated by:

MME - 160 + 42.6 (DHP) 0 . 5 9 5 6

2.1.19.5.9.3 When OXYGEN > 20 tons/day and DHP S 100 hp, the
maintenance manpower requirenent is calculated by:

MMH - 480 + 106.3 (DHP) 0 *4 0 3 1

2.1.19.5.9.4 When OXYGEN > 20 tons/day and DHP > 100 hp, the
maintenance manpower requirement is calculated by:

wM - 480 + 42.6 (DHP) 0 .5956
* where

MMH - maintenance sanpower requirenent, MH/yr.

2.1.19.5.10 Operation and maintenance material and supply
costs. Material and supply costs for operation and maintenance
include such itas as lubrication oil, paint, and repair mate-
rial. These costs are estimated as a percent of installed costs
for the aeration and oxygen generation equipment.

2.1.19.5.10.1 Operation and maintenance material and supply
costs for aerators.

OMMPA - 4.225 - 0.975 log (DHP)

where

OMMPA - operation and maintenance material and supply costs
for aerators as percent of installed costs for
aerators, percent.

2.1.19.5.10.2 Operation and maintenance material and supply
costs for oxygen generation equipment.

OMMPO - 1.35%

where

OMMPO - operation and maintenance material and supply costs
for oxygen generation equipment as percent of in
stalled cost of oxygen generation equipment, percent.
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2.1.19.5.11 Other construction cost items. The majority of
the costs for the pure oxygen system has been accounted for in
the previous calculations. Other items such as oxygen piping,
control equipment, site cleaning, painting, etc., will be es-
t1mated as a percent of the total bare construction cost. It is
estimated these items would represent 10 percent of the cost.

CF -L - 1.11

where

CF - correction factor for minor construction cost items.

2.1.19.6 Quantities Calculation Output Data.

2.1.19.6.1 Design aeration tank volume, Vd, cu ft.

2.1.19.6.2 Design capacity of oxygenation system, OXYGEN,
tons/day.

2.1.19.6.3 Number of reactor trains, NT.

2.1.19.6.4 Number of stages per train, NS.

2.1.19.6.5 Number of batteries, NB.

2.1.19.6.6 Length of one aeration stage, T, ft.

2.1.19.6.7 Tank side water depth, SWD, ft.

2.1.19.6.8 Total tank depth, Z, ft.

2.1.19.6.9 Dissolution horsepower, DHP, hp.

2.1.19.6.10 Oxygen generation horsepower, GRP, hp.

2.1.19.6.11 Total horsepower requirement, THP, hp.

2.1.19.6.12 Earthwork required for construction, Vev, cu ft.

2.1.19.6.13 Quantity of R.C. slab in-place required, Vcal cu

ft.

2.1.19.6.14 Total quantity of R.C. wall in-place required,
V1cw t , cu ft.
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2.1.19.6.15 Electrical energy required for operation, KWH,
k tr/ yr.

2.1.19.6.16 Operation manpower requirement, OMH, MH/yr.

2.1.19.6.17 Maintenance manpower requirement, MMH, Ml/yr.

2.1.19.6.18 Operation and maintenance material and supply
costs as percent of purchase cost of equipment, OHMP, percent.

2.1.19.6.19 Correction factor for minor construction cost
Items, CF.

2.1.19.6.20 Horsepower of individual aerators, HP,, hp.

2.1.19.6.22 Individual cryogenic unit capacity, CUC, tons/day.

2.1.19.6.23 Number of cryogenic units, N.

2.1.19.7 Unit Price Input Required.

2.1.19.7.1 Unit price input for earthwork, UPIEX, $/cu yd.

2.1.19.7.2 Unit price input for R.C. wall in-place, UPICW,
$/cu yd.

2.1.19.7.3 Unit price input for R.C. slab in-place, JJPICS,
$/cu yd.

2.1.19.7.4 Standard size low speed fixed surface aerator
costs, SSXSA, $, (optional).

2.1.19.7.5 Standard size PSA oxygen generation unit cost,
COSTSP, $, (optional).

2.1.19.7.6 Standard size cryogenic oxygen generation cost,
COSTSCR, $, (optional).

2.1.19.7.7 Current Marshall and Swift Equipment Cost Index,
MSECI.

2.1.19.7.8 Equipment installation labor rate, LABRI, $/uan-
hour.

2.1.19.7.9 Crane rental rate, UPICR, $/hr.

0
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2.1.19.8 Cost Calculations.

2.1.19.8.1 Cost of earthwork.

V
COSTE - e- UPIEX

27

where

COSTE - cost of earthwork, $.

V - quantity of earthwork, cu ft.ev

UPIEX - unit price input of earthwork, $/cu yd.

2.1.19.8.2 Cost of concrete slab in-place.

e Vcs

COSTCS - uPIcs

where

COSTCS - cost of R.C. slab in-place, $.

Vcs - quantity of R.C. slab in-place required, cu ft.

UPICS - unit price input R.C. slau in-place, $/cu yd.

2.1.19.8.3 Cost of concrete wall in-place.

COSTCS = -PlCW

where

COSTCW - cost of R.C. wall in-place, $.

Vcw - quantity of R.C. wall in-place required, cu ft.

UPICW - unit price input R.C. wall in-place, $/cu yd.

2.1.19.8.4 Installed cost of PSA oxygen generation equipment.
If OXYGEN is < 20 tons/day, the PSA unit will be used.

2.1-251



2.1.19.8.4.1 Calculate purchase cost of PSA oxygen generation
equipment.

0 COSTOE - COSTSP x COSTRO
100

where

COSTOE - purchase cost of oxygen generation equipment, $.

COSTSP - purchase cost of standard size (10-ton) PSA oxygen
generation unit, $.

COSTEO - purchase cost of oxygen generation equipment of
OXYGEN capacity as percent of standard unit cost,
percent.

2.1.19.8.4.2 Calculate COSTRO.

COSTRO - 22.96 (OXYGEN)0.65
31

where

OXYGEN - design capacity of oxygen system, tons/day.

2.1.19.8.4.3 Cost of standard size PSA unit. The cost of the
10-ton/day PSA unit selected as the standard size unit is:

COSTSP - $800,000

For better cost estimation COSTSP should be obtained fram the
vendor and treated as a unit price input. However, if it is not
treated as a unit price input, the cost will be adjusted by using
the Marshall and Swift Equipment Cost Index.

COSTSP - $800,000
49 1.6

where

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index, first
quarter of 1977.

2.1.19.8.4.4 Installed cost of PSA unit. The installation cost
for PSA unit is approximately 28 percent of the equipment purchase
cost.

IOEC - 1.28 COSTOE

where

IOEC - installed cost of oxygen generation equipment, $.
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2.1.19.8.5 installed cost of cryogenic generation equipment.
If OXYGEN > 20 tons/day, the cryogenic units will be used.

2.1.19.8.5.1 Calculate purchase cost of cryogenic oxygen
generation equipment.

COSTOE - COSTSCR x COSTRO
100

where

COSTOE - purchase cost of oxygen generation equipment,

COSTSCR - purchase cost of standard size (50-ton) cryogenic
oxygen generation unit, $.

COSTRO - purchase cost of oxygen generation equipment of
OXYGEN capacity as percent of standard unit cost,
percent.

2.1.19.8.5.2 Calculate COSTRO.

COSTRO - 14.1 (OXYGEN) 0 5 0 4 1

where

OXYGEN - design capacity of oxygen generation systen, tons/
day.

2.1.19.8.5.3 Cost of standard size cryogenic unit. The cost of
the 50-ton/ day cryogenic unit selected as the standard size unit
is:

COSTSCR - $1,900,000

For better estimation COSTSCR should be obtained from the vendor
and treated as a unit price input. However, if it is not treated
as a unit price input, the cost will be adjusted by using the
Marshall and Swift Equipment Cost Index.

COSTSCR - $1,900,000 MSECI
491.6

where

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index, first
quarter of 1977.

2.1.19.8.5.4 Installed cost of cryogenic unit. The instal-
lation cost for cryogenic units is approximately 23 percent of
the equipment purchase cost.
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IOEC - 1.23 (COSTOE) (N)

where

IOEC - installed cost of oxygen generation equipment, $.

N - number of cryogenic units required.

2.1.19.8.6 Cost of installed aeration equipment.

2.1.19.8.6.1 Purchase cost of slow speed fixed surface ae-
rators. The purchase cost of aerators can be obtained by using
the following equation:

CSXSA - (SSXSA) (RSXSA)

where

CSXSA - purchase cost of surface aerator, $.

SSXSA - purchase cost of a standard size slow speed fixed
aerator. Motor horsepower is 20 hp.

RSXSA - ratio of cost of aerators with capacity of UP hp

and that of the standard size aerator with 20 hp.

2.1.19.8.6.2 RSXSA. The cost ratio can be expressed as:

RSXSA - 0.2148 HP 0.5135

where

HPs M capacity of each individual aerator, hp.

2.1.19.8.6.3 Cost of standard size aerator. The cost of fixed
slow speed surface aerator for the first quarter of 1977 is:

SSXSA - $16,300

For a better cost estimate, SSXSA should be obtained from equip-
ment vendor and treated as a unit price input. Otherwise, for
future escalation, the equipment cost should be adjusted by using
the Marshall and Swift Equipment Cost Index.

SSXSA - 16,300 "MECI

where

MSECI = current Marshall and Swift Equipment Cost Tndex from
input.
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491.6 - Marshall and Swift Cost Index, first quarter 1977.

2.1.19.8.6.4 Equipment installation man-hour requireuent. The
man-hour requirenent for field installation of fixed-mounted
surface aerator can be estimated as:

When HPs < 60 hp

DSf - 39 + 0.55 (HPs)

When RiP5 > 60 hp

UM - 61.3 + 0.18 (HPs)

where

IMB - installation man-hour requirement, man-hour.

2.1.19.8.6.5 Crane requirement for installation.

C i- (0.1) • IMH

where

CH - crane time requirement for installation, hr.

2.1.19.8.6.6 Other costs associated with the installed equipment.
This category includes the costs for electric wiring and setting,
painting, inspection, etc., and can be added as a percentage of pur-
chased equipment cost:

PMINC - 23%

where

PMINC - percentage of purchase costs of equipment as minor
installation cost, percent.

2.1.19.8.6.7 Installed aeration equipment cost, TAEC.

IAEC - (CSXSA (I in ) + M * LABRI+ CH x IPICRJ

•(NB) * (NT) * (NS)

where

IAEC - installed aeration equipment cost, $.

LABRI - labor rate, $/MH.

UPICR a crane rental rate, $/hr.
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NB - number of batteries.

NT - number of trains.

NS - number of stages.

2.1.19.8.7 Total bare construction cost.

TBCC - (COSTE + COSTCS + COSTCW + IOEC + IAEC) CF

where

TBCC - total bare construction cost, $.

CF - correction factor for minor costs items.

2.1.19.8.8 Operation and maintenance material and supply
costs.

oMic a (OMMPA) (AEC) + (OMMPO) (IOEC)
100

where

OMMC - operation and maintenance material and supply costs,

OMMPA - operation and -aintenance material and supply costs
for aeration equipment as percent of installed cost
of aeration equipment, percent.

CKMPO - operation and maintenance material and supply costs
for oxygen generation equipment as percent of installed
cost of oxygen generation equipment, percent.

2.1.19.9 Cost Calculations Output Data

2.1.19.9.1 Total bare construction cost for the pure oxygen
activated sludge process, TBCC, $.

2.1.19.9.2 Operation and maintenance material and supply
costs, OMMC, $.

2.1-256



2.1.20 STEP AERATION ACTIVATED SLUDGE (DIFFUSED AERATION).

2.1.20.1 Inout Data.

2.1.20.1.1 Wastewater Flov (Average and Peak). In case of
high variability, a statistical distribution should be provided.

2.1.20.1.2 Wastewater Strength.

2.1.20.1.2.1 BOD5 (soluble and total), mg/l.

2.1.20.1.2.2 COD and/or TOC (maximum and minimum), mg/1.

2.1.20.1.2.3 Suspended solids, mg/i.

2.1.20.1.2.4 Volatile suspended solids (VSS), mg/l.

2.1.20.1.2.5 Nonbiodegradable fraction of VSS, mg/i.

2.1.20.1.3 Other Characterization.

2.1.20.1.3.1 pH.

2.1.20.1.3.2 Acidity and/or alkalinity, mg/I.

2.1.20.1.3.3 Nitrogen,1 mg/l.

2.1.20.1.3.4 Phosphorus (total and soluble), mg/i.

2.1.20.1.3.5 Oils and Greases, mg/I.

2.1.20.1.3.6 Heavy metals, mg/i.

2.1.20.1.3.7 Toxic or special characteristics (e.g., phenols),

Mg/i.

2.1.20.1.3.8 Temperature, OF or °C.

2.1.20.1.4 Effluent Quality Requirements.

2.1.20.1.4.1 BOD5 , mg/l.

2.1.20.1.4.2 SS, mg/l.

2.1.20.1.4.3 TKN, mg/I.

2.1.20.1.4.4 P, mg/i.

1The form of nitrogen should be specified as to its biological

availability (e.g., NH 3 or KJeldahl).
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2.1.20.1.4.5 Total nitrogen (TKN + N03-N), mg/l.

2.1.20.1.4.6 Settleable solids, mg/l/hr.

2.1.20.2 Design Paraneters.

2.1.20.2.1 Reaction Rate Constants and Coefficients.

Constants Range

Eckenfel de r
k 0.0007-0.002 1/mg/hr
a 0.73
a' 0.52
b 0.075/day
b' 0.15/day
f 0.40
ft 0.53

2.1.20.2.2 F/M - (0.2-0.4).

2.1.20.2.3 Volumetric loading - 40-60.

2.1.20.2.4 t - (3-5) hr.

2.1.20.2.5 t = (3-7) days.5

2.1.20.2.6 MLSS - (2000-3500) mg/l.

2.1.20.2.7 MLVSS - (1400-2450) mg/l.

2.1.20.2.8 Q rQ - (0.25-0.75).

2.1.20.2.9 lb 02/lb BODr Z 1.25.

2.1.20.2.10 lb solids/lb BODr = (0.5-0.7).

2.1.20.2.11 a - (1.0-1.04).

2.1.20.2.12 Efficiency - ( > 90 percent).

2.1.20.3 Process Desimn Calculations.

2.1.20.3.1 Assime the following design parameters when un-
known.

2.1.20.3.1.1 BOD renoval rate constant (k).

2.1.20.3.1.2 Fraction of BOD synthesized (a).

2.1.20.3.1.3 Fraction of BOD oxidized for energy (a').

2.1.20.3.1.4 Endogenous respiration rate (b and b').
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2.1.20.3.1.5 Mixed liquor suspended solids (MISS).

2.1.20.3.1.6 Mixed liquor volatile suspended solids (MLVSS).

2.1.20.3.1.7 Food-to-microorganLsm ratio (F/M).

2.1.20.3.1.8 Temperature correction coefficient (4).

2.1.20.3.1.9 Nonbiodegradable fraction of VSS in influent (f).

2.1.20.3.1.10 Degradable fraction of the MLVSS (f').

2.1.20.3.2 Adjust BOD removal rate constant for temperature.

K. - 0 (T-20)

where

KTr - rate constant for desired temperature, °C.

K20 - rate constant at 200C.

0 - temperature correction coefficient.

T - temperature, 0 C.

2.1.20.3.3 Detemine size of the aeration tank by first
detetmining the detention time.

t - 24So0

where (XV) (F/ M)
where

t - detention time, hr.

S - influent BOD, mg/i.0

Xv - MULVSS, mg/I.

F/M - food-to-microorganism ratio.

2.1.20.3.4 Check detention time for treatability.
S
_e, I
So  1 + kXVt

where

0
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Se - BOD 5 soluble in effluent, m/l.

So - BOD 5 in influent, mg/l.

0 k - BOD renoval rate constant, 1/mg/hr.

Kv - MLVSS, mg/I.

t - detention time, hr.

and solve for t and conpare with t in (2.1.20.3.3) above and
select the larger.

2.1.20.3.5 Calculate the volume of aeration tank.

V- Qvg t

where

V - volume, million gal.

Qavg ' average daily flow, mgd.

t - detention time, hr.

2.1.20.3.6 Calculate oxygen requirenents.

dO a' (Sr )
E0 + 4b'X~dt t -

or

02 a a'(Sr)(Qavg)(8.34 ) + b'(XV)(V)(8.34)

* where

-- oxygen uptake rate, mg/l/hr.

a' - fraction of BOD oxidized for energy.

Sr - BOD removed (S o - Se )

t - detention time, hr.

b' - endogenous respiration rate, I/hr.

- MILVSS.

02 - oxygen requirenent, lb/day.

Qavg a average flow rate, mgd.
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V - volume of aeration tank, million gal.

and check the oxygen supplied against Z 1.25.

lb 02/lb BOD r 02
2hreQ(S r )(8.34)

wherer

02 - oxygen required, lb/day.

Q - flow, mgd.

Sr - BOD removed, m/l.

2.1.20.3.7 Design aeration system.

2.1.20.3.7.1 Assume the following design parameters.

2.1.20.3.7.1.1 Standard transfer efficiency, percent, from manu-
facturer (5-8 percent).

2.1.20.3.7.1.2 02 transfer in waste/O2 transfer in water 0.9.

2.1.20.3.7.1.3 02 saturation in waste/02 saturation in water le
0.9.

2.1.20.3.7.1.4 Correction factor for pressure W 1.0.

2.1.20.3.7.2 Select sumer operating temperature (25-30°Q and
determine (from standard tables) 02 saturation.

2.1.20.3.7.3 Adjust standard transfer efficiency to operating
conditions.

(C8) > (p) - C

OTE - STE sT (.0 2 ) T 20

9.17

where

OTE - operating transfer efficiency, percent.

STE - standard transfer efficiency, percent.

(Ca) = 02 saturation at selected summer temperature T, 0C,
T Mug/1.

6 02 saturation in waste/02 saturation in water 0.9.

p - correction factor for pressure =1.0.
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CL - minimum dissolved oxygen to be maintained in the

basin 2.0 mg/i.

T - tenperature, °C.

oC = 02 transfer in waste/0 2 transfer in water W-0.9.

2.1.20.3.7.4 Calculate required air flow.

Blowers are treated as a separate unit process since several unit
processes in a single plant may require air from the blowers. The
air requirements from all unit processes in a treatment train
which require air are summed and the total air requirement is used
to size the blower facility. The unit process design for the
blower facility is found in subsection 2.3.

02(105) (7.48)
a - b 02  -(OTE)0.0176 

1440 Mn V
O where

eft3 a 
day

R - required air flow, cfm/1000 ft
3

a

02 - oxygen required, lb/day.

OTE - operating transfer efficiency, percent.

V - volume of basin, gal.

2.1.20.3.8 Calculate sludge production.

"X - [aSrQavg - bXV(V) * fQ(VSS) + Q(SS - VSS)](8.34)

where

&XV - sludge produced, lb/day.

a - fraction of BOD removed synthesized to cell material.

S - BOD removed, mg/I.

Qavg a average flow, mgd.

b - endogenous respiration rate, /day.

XV - volatile solids in raw waste, m/l.

V a volume of tank, gal.

f - nonbiodegradable fraction of influent VSS.

Q - flow, mgd.
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VSS - volatile suspended solids in effluent, mg/1.

i SS - suspended solids in influent, mg/l.

2.1.20.3.9 Check &XV aginst 0.5-0.7.

lb/sol ids &XV
(lb BODr) r S (Q)(8.34)

where

&Xv - sludge produced, lb/day.

Sr - BOD removed, mg/ .

Q - flow, mgd.

2.1.20.3.10 Calculate sludge recycle ratio.

e Q. x a
Q Xu - "a

where

Qr = volune of recycled sludge, mgd.

Q - flow, Mgd.

Xa - MISS, Mg/1.

X u- suspended solids concentration in returned sludge,

2.1.20.3.11 Calculate solids retention time.

(V) (X (8.34)

a

where

SRT - solids retention time, days.

V - volume of basin, gal.

Xa - M SS, mg/l.

Ax- &XV
a % volatile
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tXv - sludge produced, lb/day.

2.1.20.3.12 Effluent Characteristics.
e 2.1.20.3.12.1 ROD5 .

BODE - Se + 0.84 (Xv) efff'

where

BODE - effluent BOD 5 concentration, mg/i.

Se - effluent soluble BOD 5 concentration, mil.i5

(X)eff - effluent volatile suspended solids, mg/i.

V - degradable fraction of MLVSS.

2.1.20.3.12.2 COD.

CODE - (1.5) (BODE)

CODSE - (1.5) (Se)

where

CODE - effluent COD concentration, mg/i.

CODE - effluent soluble COD concentration, mg/.

BODE - ef fluent BOD 5 concentration, mg/ i.

Se - effluent soluble OD5 concentration, mgil.

2.1.20.3.12.3 Nitrogen.

TKNE - (0.7) TKR

N 3E a TKNE

where

TUNE = effluent total KJeldabl nitrogen concentration,
Mg/ 1.

TKN - influent total Kjeldahl nitrogen concentration,
me/1.

NR3E = effluent ammonia nitrogen concentration, mg/i.

2.1.20.3.12.4 Phosphorus.

PO4E - (0.7) (P04)

where

P04E - effluent phosphorus concentration, mg/1.

P04 - influent phosphorus concentration, mg/I.
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2.1.20.3.12.5 Oil and Grease.

OAGE - 0.0

where

OAGE - effluent oil and grease concentration, mg/l.

2.1.20.3.12.6 Settleable Solids.

SETSO - 0.0

where

SETSO - settleable solids, mg/l.

2.1.20.3.13 Deteimine nutrient requirements.

for nitrogen

N 0.1 2 3 &r (or aXV)

and phosphorus

P - 0.026 6Mr or v)
where

- sludge produced, lb/day.

Xv - sludge produced, lb/day.

and check against BOD:N:P - 100:5:1.

2.1.20.4 Process Design Output Data.

2.1.20.4.1 Aeration Tank.

2.1.20.4.1.1 Reaction rate constant, 1/mgthr.

2.1.20.4,1.2 Sludge produced per BOD removed.

2.1.20.4.1.3 Endogenous respiration rate (b, b').

2.1.20.4.1.4 02 utilized per BOD removed.

2.1.20.4.1.5 Influent nonbiodegradable VSS (f).

2.1.20.4.1.6 Effluent degradable VSS (f').

2.1.20.4.1.7 lb BOD/lb MLSS-day (F/M ratio).

2.1.20.4.1.8 Mixed liquor SS, mg/I (MISS).

2.1.20.4.1.9 Mixed liquor VSS, mg/l (MLVSS).
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2.1.20.4.1.10 Aeration time, hr.

2.1.20.4.1.11 Volume of aeration tank, million gal.

2.1.20.4.1.12 Oxygen required, lb/day.

2.1.20.4.1.13 Sludge produced, tb/day.

2.1.20.4.1.14 Nitrogen requirement, tb/day.

2.1.20.4.1.15 Phosphorus requirement, lb/day.

2.1.20.4.1.16 Sludge recycle ratio, percent.

2.1.20.4.1.17 Solids retention time, days.

2.1.20.4.2 Aeration System.

2.1.20.4.2.1 Standard transfer efficiency, percent.

2.1.20.4.2.2 Operating transfer efficiency, percent.

2.1.20.4.2.3 Required air flow, cfm/1000 ft3.

2.1.20.5 Ouantities Calculations.

2.1.20.5.1 Design values for activated sludge system.

d  7.48

CFMd - (CFM) (V) (133.7)

where

V - volue of aeration tanks, million gallons.

2.1.20.5.2 Selection of numbers of aeration tanks. The
following rule will be utilized in the selection of numbers of
aeration tanks.

Number of
Qav Aeration Tanks

(Mgd)

0.5- 2 2
2- 4 3
4- 10 4
10- 20 6
20- 30 8
30- 40 10
40- 50 12
50- 70 14
70- 100 16
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When Q is larger than 100 mgd, several batteries of aeration
tanks Rh be used. See next section for details.

2.1.20.5.3 Selection of number of tanks and number of bat-
teries of tanks when Q is larger than 100 agd. It is general
practice in designing fvger sewage treatment plants that several
batteries of aeration tanks, instead of a single group of tanks,
are used. This is due to land area availability aAd certain
hydraulic limitations. To simplify the modeling process, the
following rules will be used:

2.1.20.5.3.1 When Qavg e 100 regd, only one battery of aeration

tanks will be used. Thus

NB-I

where

NB - number of batteries of units.

2.1.20.5.3.2 When 100 < Qavg S 200 ugd, the system will be

designed as two identical batteries of aeration basins. Each
battery would handle half of the wastewater. The number of
aeration tanks in each battery would be selected according to the
rules established in subsection 2.1.20.5.2 by using half the
design flow as Q avg Thus

NB -2

2.1.20.5.3.3 When Qavg > 200 agd, the design will be performed

to use three batteries of aeration basins, each handling one-third
of the wastewater. Thus

2.1.20.5.4 Number of diffusers. The oxygen transfer rates
used in the first-order design dictate the use of coarse bubble
diffusers. These diffusers have an air flow frcm 10-15 scfm; for
design purposes an average of 12 scfm will be used.

Nlt 12 (NT) C1

N'Dt must be an integer.

where

NDt - number of diffusers per tank.

t
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2.1.20.5.5 Number of swing am diffuser headers. For ease of
maintenance swing am headers are usually used. The uber of
diffusers per header is dictated by the number of connections
provided on each header by the manufacturer. This varies with
manufacturer and header size frcm 8 to 30. For our purposes an
average of 20 diffusers per header will be assumed.

NSA t - M

NSA t must be an integer.

where

NSAt  number of swing am headers per tank.

2.1.20.5.6 Design of aeration tanks.

2.1.20.5.6.1 Voiume of each tank would be

SVN - Vd

(NB) (NT)
where

VN - volume of single aeration tank, cu ft.

2.1.20.5.6.2 Depth and width of aeration tanks. The depth and
width of the aeration tanks will be fixed at 15 ft and 30 ft,
respectively.

2.1.20.5.6.3 Length of aeration tanks.

L VN

If L is greater than 400 ft, then recalculate VN using NT - NT +
1, then recalculate L.

2.1.20.5.7 Aeration tank arrangements.

2.1.20.5.7.1 Figure 2.1-32 show the schematic diagram of the
arrangements. A pipe gallery will be provided when the number of
tanks is equal to or larger than four. The purpose of the pipe
gallery is to house the various air and water piping systens and
control equipment.

PGW - 20 + (0.4) (.Q-l&)

where

PGW - pipe gallery width, ft.
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Qavg - average influent wastewater flow, mgd.

NB - nunber of batteries.

2.1.20.5.8 Earthwork required for construction. It is assumed
that the tank botton will be 4 feet below ground level. The
earthwork required can be estimated by the following equations:

2.1.20.5.8.1 When NT is less than 4, the earthwork required
would be:

v - 6 f (NT(31.5) + 15.5) (L + 17) + (NT(31.5) + 23.5) CL + 25),
ew 2

where

V - volume of earthwork required, cu ft.ew

NT - nunber of tanks per battery.

L - length of aeration tanks, ft.

2.1.20.5.8.2 When NT is greater than or equal to 4, the earthwork
required would be:

Vew- 6 , [~1 (15.75(NT+15.5) (2L4PG-202 4 (15.75(NT)+2.5) (2L PG1*28)]

ew 6%B[2

2.1.20.5.9 Reinforced concrete slab quantity. It is assumed
that a '-6" thick slab will be utilized regardless of the size of
the systen. The volume of reinforced concrete slab will be the
sane for both plug and cauplete mix flow.

2.1.20.5.9.1 For NT less than 4:

V - 1.5 NB ( (NT(31.5) + 15.5) (L + 17)]cs

V - R.C. slab quantity required, cu ft.cs

2.1.20.5.9.2 For NT greater than or equal to 4:

V c - 1.5 NB ((15.75(NT) + 15.5) (2L + PGW+ 200)]

2.1.20.5.10 Reinforced concrete wall quantities.

2.1.20.5.10.1 In using the plug flow syste, influent to the
aeration basin will be piped to one end of the tank and discharged
at the other end. Thus it does not require such an elaborate wall
construction. Two typical wall sections are required, as shown in
Figure 2.1-33. One would be simple straight side wall and the
other would be enlarged on top so that walkways can be provided.
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2.1.20.5.10.2 When AT - 2:

V = W (1.25 DW + 11) + (6 W + 9) (1.25 DW + 3.75)

2.1.20.5.10.3 When NT - 3:

V - (1.25 DW+ 11) (3 W+ 6) + (1.25 DW+ 3.75) (7 W+ 6)cw

2.1.20.5.10.4 When NT Z 4:

v NTcw " 2 ( + 3) (1.25 DW+ 11) + [(0.5 NT + 2) (L + 3) +

2 (NT) (W)] (1.25 DW+ 3.75) (NB)

where

V - R.C. wall quantity required, cu ft.cw

L - length of aeration tanks, ft.

2.1.20.5.11 Quantity of handrail for safety. Handrail is
required for safety protection of the operation personnel of
wastewater treatment plants. Waterway walls and the top of the
pipe gallery will require handrail. The quantity of handrail
required may be estimated as follows:

2.1.20.5.11.1 If NT is less than 4:

LHR - (2(NT) (L) + 2(L) + 61.5(NT) + 1.5] NB

2.1.20.5.11.2 If NT is greater than or equal to 4:

LHR - [2(NT) (L) + (4L) + 36.5(NT) + 2 PGW+ 131 NB

O where

LHR - handrail length, ft.

2.1.20.5.12 Calculate operation manpower requirsients.

2.1.20.5.12.1 If CFMd is less than or equal to 3000 scfm, the
operation manpower can be calculated by:

oMH - 62.36 (CF d) 0 39 72

where

OMH - operation manpower required, MH/yr.

2.1.20.5.12.2 If CFMd is greater than 3000 scfm, the operation

manpower can be calculated by:
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OMH - 26.56 (CFMd)05038

2.1.20.5.13 Calculate maintenance manpower requirements.

2.1.20.5.13.1 If CFMd is less than or equal to 3000 scfm, the
maintenance manpower can be calculated by:

MMH - 22.82 (CFM d) 0 . 4 3 7 9

2.1.20.5.13.2 If CFMd 3000 scfm, the maintenance manpower can
be calculated by:

M4H - 6.05 (CFMd) 0.6037

wherewhMeeM - maintenance manpower required, MW yr.

2.1.20.5.14 Energy requirement for operation. The electrical
energy required for operation is related to the air requirement
by the following equation:

KWH - (CFMd) (241.6)

where

KWH - electrical energy required for operation, kwhr/yr.

2.1.20.5.15 Operation and maintenance material and supply
costs. Operation and maintenance material supply costs include
items such as lubricant, paint, replacement parts, etc. These
costs are estmated as a percent of the total bare construction
costs.

OMMP - 3.57 (Qavg)
0 . 2 6 0 2

where

OMMP - operation and maintenance material costs as percent
of total bare construction cost, percent.

0
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2.1.20.5.16 Other construction cost items. The majority of
the costs of the diffused aeration activated sludge process have
been accounted for. Other cost items, such as liquid piping
system, control equipment, painting, site cleaning and prepa-
ration, etc., can be estimated as a percent of the total bare
construction cost. This value depends greatly on site conditions
and conplexity of the process. For a generalized model, an
average value of 10 percent will be used.

1
CF - - 1.11

0.90 11

where

CF - correction factor to account for the minor cost

items.

2.1.20.6 Quantities Calculation Output Data.

2.1.20.6.1 Number of aeration tanks, NT.

2.1.20.6.2 Number of diffusers per tank, NDt.

2.1.20.6.3 Number of process batteries, NB.

2.1.20.6.4 Number of swing am headers per tank, NSAt.

2.1.20.6.5 Length of aeration tanks, L, ft.

2.1.20.6.6 Width of pipe gallery, PGW, ft.

2.1.20.6.7 Earthwork required for construction, Vew cu ft.

2.1.20.6.8 Quantity of R.C. slab required, VcsT cu ft.

2.1.20.6.9 Quantity of R.C. wall required, Vcw, cu ft.

2.1.20.6.10 Quantity of handrail, LHR, ft.

2.1.20.6.11 Operation manpower requirement, OME, MH/yr.

2.1.20.6.12 Maintenance manpower requirement, MMH, MV yr.

2.1.20.6.13 Electrical energy for operation, KWH, kwhr/yr.

0
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2.1.20.6.14 Operation and maintenance material and supply cost
as percent of total bare construction cost, OMMP, percent.

2.1.20.6.15 Correction factor for minor construction costs,

CF.

2.1.20.7 Unit Price Input Required.

2.1.20.7.1 Cost of earthwork, UPIk.X, $/cu yd.

2.1.20.7.2 Unit price input R.C. wail in-place, UPICW, $/cu
yd.

2.1.20.7.3 Unit price input R.C. slab in-place, UPICS, $/cu
yd.

2.1.20.7.4 Unit price input for handrails in-place, UPIUR,

$/ft.

2.1.20.7.5 Cost per diffuser, COSTPD, $, (optional).

2.1.20.7.6 Cost per swing aim header, COSTPH, $, (optional).

2.1.20.7.7 Current Marshall and Swift Equipment Cost Index,
MSECI.

2.1.20.7.8 Current CE Plant Cost Index for pipe, valves,
etc., CEPCIP.

2.1.20.7.9 Equipment installation labor rate, LABRI, $/MH.

2.1.20.7.10 Unit price input for crane rental, UPICR, $/hr.

2.1.20.8 Cost Calculations.

2.1.20.8.1 Cost of earthwork.

COSTE - Vew UPIEX27

where

COSTE - cost of earthwork, $.

Vew - quantity of earthwork, cu ft.

UPIEX - unit price input of earthwork, $/cu yd.
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2.1.20.8.2 Cost of R.C. wall in-place.

COSTCW - Vow UPICW
27

where

COSTCW - cost of R.C. wall in-place, $.

V - quantity of R.C. wal, cu ft.

UPICW - unit price input for R.C. wall in-place, $/cu

yd.

2.1.20.8.3 Cost of R.C. slab in-place.

COSTCS - cs UPICS
27

where

COSTCS - cost of R.C. slab in-place, $.

V - volume of concrete slab, cu yd.CS

UPICS - unit price R.C. slab -in-place, $/cu yd.

2.1.20.8.4 Cost of handrails in-place.

COSTHR - LHR x UPIHI

where

COSTHR - cost of handrails in-place, $.

LHE - length of handrails, ft.

UPIHR - unit price input for handrails in-place, S/ft.

2.1.20.8.5 Cost of diffusers.

2.1.20.8.5.1 The oxygen transfer values given indicate the use
of coarse bubble diffusers. The cost of a coarse bubble diffuser
with a capacity of 12 scfm for the first quarter of 1977 is

COSTPD - $6.50

For a better estimate COSTPD should be obtained from an equipment
vendor and treated as a unit price input. Otherwise, for future
escalation the equipment cost should be adjusted by using the
Marshall and Swift Equipment Cost index.
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COSTPD - 6.50 MSECI
491.6

where

COSTPD - cost per diffuser, $.

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index, first quarter
1977.

2.1.20.8.5.2 Calculate COSTD.

COSTD - COSTPD x NDt x NT x NB

where

COSTD - cost of diffusers for systen, $.

NDt = number of diffusers per tank.

NT - number of tanks.

2.1.20.8.6 Cost of swing an diffuser headers.

2.1.20.8.6.1 Swing am diffuser headers cone in several sizes.
The cost used is for a header which will handle 550 scfm and up to
37 diffusers. The cost of this header for the first quarter of
1977 is

COSTPH - $5,000

For a better estimate COSTPH should be obtained from an equipment
vendor and treated as a unit price input. Otherwise, for future
escalation the equipment cost should be adjusted by using the
Marshall and Swift Equipment Cost Index.

COSTPd - $5,000 MSEC
491.6

where

COSTPH - cost per swing am header, $.

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index, first quarter
of 1977.

2.1.20.8.6.2 Calculate COSTH.

COSTH - COSTPH x NSA t x NT x NB
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where

COSTH - cost of swing am headers for system, $.

NSAt = nuber of swing am headers per tank.

NT - nunber of tanks.

NB - number of batteries.

2.1.20.8.7 Equipment installation man-hour requirement. The

labor requirement for field installation of the swing am headers,
including mounting the diffusers, is approximately 25 man-hours
per header.

D24 - 25 NSAt x NT x NB

where

IME - installation man-hour requirement, ML

2.1.20.8.8 Crane requirement for installation.

CH - (.1)( MR)

where

CH a crane time requirement for installation. hr.

2.1.20.8.9 Cost of air piping. The air piping for the dif-
fused aeration system is very complex and includes many valves and
fittings of different sizes. This causes cost estImation by
material take-off to be very difficult for a wide range of flow.
In this case we feel the use of parmetric costing is justified as
the overall accuracy of the estimate will not be affected to a
great extent.

2.1.20.8.9.1 If CFY is between 100 scfu and 1000 scfu, the cost
of air piping can be Aalculated by:

COSTAP - 617.2 (CT d)' 255 3 x

where

COSTAP - cost of air piping, $.

CFd - design capacity of blowers, scfa.

CEPCIP - current CE Plant Cost Index for pipe, valves, etc.

241.0 - CE Plant Cost Index for pipe, valves, etc., for first
quarter of 1977.
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2.1.20.8.9.2 If CFM is between 1000 scfm and 10,000 scfm, the
cost of air piping cag be calculated by:

COSTAP - 1.43 (CFMd)1.1337 x CEPCIP
241.0

2.1.20.8.9.3 If CFMd is greater than 10,000 scfm, the cost of
air piping can be calculated by:

COSTAP - 28.59 (CYM')0.8085 CEPCIP
d' 241.*0

2.1.20.8.10 Other costs associated with the installed equip-
ment. This category includes the cost for weir installation,
painting, inspection, etc., and can be added as a percentage of
the purchased equipment cost:

ffIC - 10%

where

P INC a percentage of purchase costs of equipment as minor
installation cost, percent.

2.1.20.8.11 Installed equipment costs.

IEC - (COSM + COSTH) (I -1) + (DI) (LARI) + (CH) (UPICR)

where

ZEC - installed equipment cost, $.

LABRI - labor rate, S/M .

UPICR - crane rental rate, /hr.

2.1.20.8.12 Total bare coastruction cost.

TBCC - (COSTE + COSTCW + COSTCS + IEC . COSTHE. COSTAP) CF

where

TBCC - total bare construction cost, $.

CF - correction factor for minor cost itens.

2.1.20.8.13 Operation and maintenance material costs.

011CC - 1'SCCam

where0
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OMMC - operation and maintenance material supply costs,
$/yr.

OHM ? - operation and maintenance material supply costs,

as percent of total bare construction cost, percent.

2.1.20.9 Cost Calculations Output Data.

2.1.20.9.1 Total bare construction cost of diffused aeration

activated sludge systm, TBCC, dollars.

2.1.20.9.2 Operation and maintenance material and supply

costs, OWMC, dollars.

0

0
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2.1.21 STEP AERATION ACTIVATED SLUDGE (MECHANICAL AERATION).

2.1.21.1 Input Data.

2.1.21.1.1 Wastewater Flow (Average and Peak). In case of
high variability, a statistical distribution should be provided.

2.1.21.1.2 Wastewater Strength.

2 .1.21.1.2.i BOD5 (soluble and total). mg/i.

2.1.21.1.2.2 COD and/or TOC (maxlmm and mu14un), mg/1.

2.1.21.1.2.3 Suspended solIds, mg/i.

2.1.21.1.2.4 Volatile suspended solids (VSS), mgl.

2.1.21.1.2.5 Nonbiodegradable fraction of VSS, mg/i.

2.1.21.1.3 Other Characterization.

2.1.21.1.3.1 pa.

2.1.21.1.3.2 Acidity and/or alkalinity, mgil.

2.1.21.1.3.3 Nitrogen,I mg/l.

2.1.21.1.3.4 Phosphorus (total and soluble), mgl.

2.1.21.1.3.5 Oils and Greases, mg/l.

2.1.21.1.3.6 Heavy metals, magl.

2.1.21.1.3.7 Toxic or special characteristics (e.g., phenols).
m0 a1.

2.1.21.1.3.8 Tmperature, cF or °C.

2.1.21.1.4 Effluent Quality Requirements.

2.1.21.1.4.1 SOD 5 , a/i.

2.1.21.1.4.2 SS, m/i.

2.1.21.1.4.3 TEN, m/i.

2.1.21.1.4.4 P, mg/l.

1The fore of nitrogen should be specified as to its biological
availability (e.g., NE3 or KJieldahi).
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2.1.21.1.4.5 Total nitrogen (TKN+ N03-N), mg/l.

2.1.21.1.4.6 Settleable solids, mg/l/hr.

2.1.21.2 Design Paraneters.

2.1.21.2.1 Reaction Rate Constants and Coefficients.

Constants Rane

Eckenfel der
k 0.0007-0.002 1/mg/hr

a 0.73
a' 0.52
b 0.075/ day
b' i0.15/day
f 0.40
ff 0.53

2.1.21.2.2 F/H - (0.2-0.4).

2.1.21.2.3 Volumetric loading - 40-60.

2.1.21.2.4 t - (3-5) hr.

2.1.21.2.5 t 5  (3-7) days.

2.1.21.2.6 MLSS - (2000-3500) mg/i.

2.1.21.2.7 MLVSS - (1400-2450) us/I.

2.1.21.2.8 Qr/Q - (0.25-0.75).

2.1.21.2.9 lb 0 2 /lb BODr 2 1.25.

2.1.21.2.10 lb solids/lb BODr a (0.5-0.7).

2.1.21.2.11 Q - (1.0-1.04).

2.1.21.2.12 Efficiency - ( > 90 percent).

2.1.21.3 Process Desian Calculations.

2.1.21.3.1 Assue the following design parmeters when un-

known.

2.1.21.3.1.1 SOD removal rate contant (k).

2.1.21.3.1.2 Fraction of SOD synthesized (a).

2.1.21.3.1.3 Fraction of BOD oxidized for energy (a').

2.1.21.3.1.4 Endogenous respiration rate (b and b').
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2.1.21.3.1.5 Mixed liquor suspended solids (MISS).

2.1.21.3.1.6 Mixed liquor volatile suspended solids (MLVSS).

2.1.21.3.1.7 Food-to-microorganian ratio (F/M).

2.1.21.3.1.8 Temperature correction coefficient (4).

2.1.21.3.1.9 Nonbiodegradable fraction of VSS in influent (f).

2.1.21.3.1.10 Degradable fraction of the MLVSS (f').

2.1.21.3.2 Adjust BOD removal rate constant for temperature.

K T= K20P(T- 20)

where

KT - rate constant for desired tenperature, 
0C.

K20 - rate constant at 200C.

4 - temperature correction coefficient.

T - temperature, °C.

2.1.21.3.3 Detemine size of the aeration tank by first
detemining the detention tIme.

t IN 24S0

e where

t - detention time, hr.

S - influent BOD, mg/l.
0

xv - MLvSS, agl.

F/N - food- to-microorganim ratio.

2.1.21.3.4 Check detention time for treatability.

S e 1

where
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Se - BOD 5 soluble in effluent, mg/l.

So M BOD 5 in influent, mg/l.

k - BOD removal rate constant, I/mg/hr.

XV - MLVSS, mg/i.

t - detention time, hr.

and solve for t and compare with t in (2.1.21.3.3) above and
select the larger.

2.1.21.3.5 Calculate the voluse of aeration tank.

V - Qavg t

where

V - volune, million gal.

Qavg = average daily flow, ngd.

t - detention time, hr.

2.1.21.3.6 Calculate oxygen requirements.

dO= '(S ) +bX

dO b
dt t

or

where 02 - a'(Sr) (Qavg)(8. 3 4 ) + b'(XV)(V)(8.34)

dOT-- oxygen uptake rate, mg l/hr.

a' - fraction of BOD oxidized for energy.

Sr - BOD removed (So Sa)

t - detention time, hr.

b' - endogenous respiration rate, i/hr.

Xv - MLVSS.

02 - oxygen requirement, lb/day.

%Qag - average flow rate, mgd.
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V - volume of aeration tank, million gal.

and check the oxygen supplied against 1.25.

lb 02/lb BOD - 02

where 2 r Q(S)(8.34)

02 - oxygen required, lb/day.

Q - flow, mgd.

Sr - BOD removed, mg/1.

2.1.21.3.7 Design aeration systen.

2.1.21.3.7.1 Assume the following design parameters and design
aeration system and check horsepower supply for mixing against
horsepower required for mixing 2 0.1 hp/ 1000 gal.

2.1.21.3.7.1.1 Standard transfer efficiency,, lb/hp-hr (0 dissolved

oxygen, 200C, and tap water) (3-5 lb/hp-hr).

2.1.21.3.7.1.2 02 transfer in waste/0 2 transfer in water v0.9.

2.1.21.3.7.1.3 02 saturation in waste/0 2 saturation in water w
0.9.

2.1.21.3.7.1.4 Correction factor for pressure vl.0.

2.1.21.3.7.2 Select summer operating temperature (25-300C) and
detemine (frcn standard tables) 02 saturation.

2.1.21.3.7.3 Adjust standard transfer efficiency to operating
conditions.

(C) ()P) - CL
T" (l. 0 2 )T-" 20

OTE - STE 9.17

where

OTE - operating transfer efficiency, lb 02/hp-hr.

STE - standard transfer efficiency, lb 02/hp-hr.

(C) - 02 saturation at selected stimer temperature T, 0C,

T mgfl1.

/3- 02 saturation in waste/0 2 saturation in water 0.9.

p - correction factor for pressure ~1.0.
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CL = minimum dissolved oxygen to be maintained in the

basin 2.0 mg/ I.

T - temperature, oC.

*C- 02 transfer in waste/0 2 transfer in water.

2.1.21.3.7.4 Calculate horsepower requirement.

02 x 1000

hp lb 02

where OTE r (24) (V)

hp - horsepower required/1000 gal.

02 - oxygen required, lb/day.

OTE - operating transfer efficiency, lb 02/hp-hr.

V - volume of basin, gal.

2.1.21.3.8 Calculate sludge production.

&V - [aSrQavg - bXV(V) + fQ(VSS) + Q(SS - VSS)](8.34)

where

AX V - sludge produced, lb/day.

a - fraction of BOD removed synthesized to cell material.

S - BOD removed, mg/l.r

Qavg = average flow, mgd.

b - endogenous respiration rate, 1/day.

Xv - volatile solids in raw waste, mg/l.

V - volume of tank, gal.

f - nonbiodegradable fraction of influent VSS.

Q - flow, mgd.

VSS - volatile suspended solids in effluent, mg/I.

SS - suspended solids in influent, mg 1.

2.1.21.3.9 Check aXV aginst 0.5-0.7.
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lb/sol ids 0 &XV
(lb BOD) Sr (Q)(8.34)

where

&Xv - sludge produced, lb/day.

Sr - BOD removed, mg/1.

Q - flow, mgd.

2.1.21.3.10 Calculate sludge recycle ratio.

Q r Xa

u a
where

Qr = volume of recycled sludge, ingd.

Q - flow, mgd.

X a 04LSS, mgt I.Xa

X - suspended solids concentration in returned sludge,u mg/l.

2.1.21.3.11 Calculate solids retention time.

SRT (V) (Xa (8.34)
AX

awhere

SRT - solids retention time, days.

V - volume of basin, gal.

X a=0 MISS, mg/1.a

AX a -
a % volatile

&XV - sludge produced, lb/day.

2.1.21.3.12 Effluent Characteristics.

2.1.21.3.12.1 BOD 5.

BODE - Se + 0.84 (Xv) efff

where

BODE - effluent BOD 5 concentration, mal.
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Se - effluent soluble BOD 5 concentration, ad I.

(X)eff - effluent volatile suspended solids, g/ i.

V - degradable fraction of MLVSS.

2.1.21.3.12.2 COD.

CODE - (1.5) (BODE)

CODSE- (1.5) (Se)

where

CODE - effluent COD concentration, mgl.

COSE - effluent soluble COD concentration, mg/ .

BODE - effluent BOD 5 concentration, as(1.

Se - effluent soluble BOD 5 concentration, mtgl.

0 2.1.21.3.12.3 Nitrogen.

TKNE a (0.7) TKN

NH3E - TKNE

where

TXNE - effluent total Kjeldahl nitrogen concentration,
mug/i1.

TKN - influent total KJeldahl nitrogen concentration,

fN13E - effluent onia nitrogen concentration, art I.

2.1.21.3.12.4 Phosphorus.

Po4E - (0.7) (P04)

where

PO4E - effluent phosphorus concentration, wag /.

P04 - influent phosphorus concentration, mag/.

2.1.21.3.12.5 Oil and Grease.

OAGE - 0.0

where

OAGE - effluent oil and grease concentration, mtgI.

0 2.1.21.3.12.6 Settleable Solids.
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SETSO u 0.0

where

SETSO - settleable solids, mg(l.

2.1.21.3.13 Deteznine nutrient requireaents.

for nitrogen

N - 0.123 &T (or &XV)

and phosphorus

P 0.026 &MT (or &XV)

where

MKT - sludge produced, lb/day.

S&v - sludge produced, lb/day.

and check against BOD:N:P - 100:5:1.

2.1.21.4 Process Design Output Data.

2.1.21.4.1 Aeration Tank.

2.1.21.4.1.1 Reaction rate constant, I/mg/hr.

2.1.21.4.1.2 Sludge produced per BOD renoved.

2.1.21.4.1.3 Endogenous respiration rate (b, b').

0 2.1.21.4.1.4 02 utilized per BOD renoved.

2.1.21.4.1.5 Influent nonbiodegradab.-, VSS (f).

2.1.21.4.1.6 Effluent degradable VSS (f').

2.1.21.4.1.7 lb BOD/lb MISS-day (F/H ratio).

2.1.21.4.1.8 Mixed liquor SS, mg/l (MISS).

2.1.21.4.1.9 Mixed liquor VSS, mg/l (MLVSS).

0
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2.1.21.4.1.10 Aeration t~me, hr.

2.1.21.4.1.11 Volume of aeration tank, million gal.

2.1.21.4.1.12 Oxygen required, lb/day.

2.1.21.4.1.13 Sludge produced, lb/day.

2.1.21.4.1.14 Nitrogen requirement, lb/day.

2.1.21.4.1.15 Phosphorus requirement, lb/day.

2.1.21.4.1.16 Sludge recycle ratio, percent.

2.1.21.4.1.17 Solids retention time, days.

2.1.21.4.2 Aeration System.

2.1.21.4.2.1 Standard transfer efficiency, lb 02/hp-hr.

2.1.21.4.2.2 Operating transfer efficiency, lb 02/hp-hr.

2.1.21.4.2.3 Horsepower required, hp.

2.1.21.5 Quantities Calculations.

2.1.21.5.1 The design values for activated sludge system would
be: 6

Vd 7.48

HPd - (hp) (V) (133.7)

where

V - volume of aeration basin million gallons.

2.1.21.5.2 Selection of number of aeration tanks and mechani-
cal aerators per tank. The following rule will be utilized in the
selection of number of aeration tanks and mechanical aerators per
tank.

Number of Number of Aerators
Qavg Aeration Tanks Per Tank

(mad) NT NT

0.5- 2 2 1
2- 4 3 1
4- 10 4 1

10- 20 6 2
20- 30 8 2
30- 40 10 3
40- 50 12 3
50- 70 14 3
70- 100 16 4
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When Q av is larger than 100 mgd, several batteries of aeration
tanks will be used. See next section for details.

2.1.21.5.3 Selection of number of tanks and number of bat-
teries of tanks when Qavg is larger than 100 mgd. It is general

practice in designing larger sewage treatment plants that several
batteries of aeration tanks, instead of a single group of tanks,
are used. This is due to land area availability and certain
hydraulic limitations. To simplify the modeling process, the
following rules will be used:

2.1.21.5.3.1 When Q avg 100 mgd, only one battery of aeration

tanks will be used. Thus

NB-I

where

NB - number of batteries of units.

2.1.21.5.3.2 When 100 < Q avg & 200 mgd, the systen will be

designed as two identical batteries of aeration basins. Each
battery would handle half of the wastewater. The number of
aeration tanks in each battery would be selected according to the
rules established in subsection 2.1.21.5.2 by using half the
design flow as Q avg Thus

NB=2

2.1.21.5.3.3 When Q av > 200 mgd, the design will be perfomed

to use three batteries of aeration basins, each handling one-third
of the wastewater. Thus

NB=-3

2.1.21.5.4 Mechanical aeration equipment design.

2.1.21.5.4.1 Usually the slow-speed, fix-mounted mechanical
surface aerators are used in domestic wastewater treament plants.
The available sizes of this type aerator are 5 HP, 7.5 HP, 10 HP,
15 HP, 20 HP, 25 HP, 30 HP, 40 HP, 50 RP, 60 HP, 75 EIP, 100 HP,
125 HP and 150 HP.

2.1.21.5.4.2 Horsepower for each individual aerator:

-HPd

HPN 2 U1-d
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If HPN > 150 HP and NT - 2 or 3, then repeat the calculation with
NT - NT + 1.

If HPN > 150 HP and NT > 4, then repeat the calculation with NT -

NT + 2.

where

HPN - horsepower of each unit, horsepower.

HPd - design capacity of aeration equipment, horsepower.

NB - number of batteries.

NT - nunber of aeration tanks per battery.

NA - number of aerators per tank.

2.1.21.5.4.3 Coapare HPN with the available off-the-shelf sizes
and select the smallest unit with capacity larger than HPN. The
capacity of the selected unit would be designated as 1PSN. Thus
the total capacity of the aeration units would be

HPT - (NB) (NT) ( ) (UPSN)

where

lPT - total capacity of selected aerators, horsepower.

2.1.21.5.5 Design of aeration tanks.

2.1.21.5.5.1 Volume of each individual tank would be

VN- Vd

where

VN - volume of single aeration tank, cu ft.

2.1.21.5.5.2 Depth of aeration tanks. The depth of an aeration
basin is controlled by the capacity of the aerators to be in-
stalled inside. If the water depth is too shallow, interference
with the mixing current and oxygen transfer would occur. If the
water depth is too deep, insufficient mixing would occur at the
bottom of the tank and sludge accumulation would occur. Thus
proper selection of liquid depth of an aeration basin is Impor-
tant. The relationship between the recimended basin depth and
the capacity of the aerators can be expressed as follo:
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When HPSN < 100 HP

DW - 4.816 (HPSN)0.2 4
6 7

When HPSN I 100 HP

OW - 15 ft

where

W - water depth of the aeration tanks, ft.

HPSN - capacity of the aerator, HP.

2.1.21.5.5.3 Width and length of aeration tank. The ratio
between length and width of an aeration tank is dependent on the
umber of aerators to be installed in this tank, NA.

If NA - 1. Square tank construction, L/W - I

If Nk - 2. Rectangular tank construction, L/W - 2

If NA - 3. Rectangular tank construction, L/W - 3

If NA - 4. Rectangular tank construction, L/W - 4

and

14W = NA

where

NA - number of aerators per tank.

L - length of aeration tank, ft.

W - width of aeration tank, ft.

After the volume, depth and 1WW ratio of the tank are detevmined,
the width of the tank can be calculated by:

W= VN(DW) (NA)

The length of the aeration tank would be

L = (NA) (W)

2.1.21.5.6 Aeration tank arrangements.
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2.1.21.5.6.1 Figure 2.1-34 showm the schematic diagram of the
arrangements. Piping gallery will be provided when the nuaber of
tanks is equal or larger than four. The purpose of piping gallery
is to house various piping systems and control equipment.

2.1.21.5.6.2 Size of pipe gallery. The width of this gallery is
dependent on the complexity and capacity of the piping system to
be housed. An experience curve is provided to approximately
estimate this width. It is expressed as:

PGW - 20 + (0.3) (Q _v)
NB

where

PGW - piping gallery width, ft.

Qavg . average influent wastewater flow, mgd.

NB - number of batteries.

2.1.21.5.7 Earthwork required for construction. It is assumed
that tank bottom would be 4 feet below ground level. Thus the
earthwork required would be estimated by the following equations:

2.1.21.5.7.1 When NT - 2, earthwork required would be:

V ew-3 [(2 W 18.5) (W + 17) + (2W. 26.5) (w+ 25)]

where

Vew - quantity of earthwork required, cu ft.

W - width of aeration tank, ft.

2.1.21.5.7.2 When NT - 3, earthwork required would be:

V a 3 ((3 W+ 28) (W + 25)4+ (3 W+ 20) (VW+ 17)]

2.1.21.5.7.3 When NT k 4, the width and length of the concrete
slab for the whole aeration tank battery can be calculated by:

L a 2 L + PGW + 16

W (NT) (W) + 14.5

where

Ls n length of the basin slab, ft.

L - length of one aeration tank, ft.

P'W - piping gallery width, ft.
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W - width of the basin slab, ft.S

NT - number of tanks per battery.

Thus the earthwork can be estimated by:

Vew -3 (NB) [(Ls + 4) (Ws * 4) + (Ls + 12) (W8+ Z2)1

where

V ew volume of earthwork, cu ft.

2.1.21.5.8 Reinforced concrete slab quantity.

2.1.21.5.8.1 It is assumed that a l'-6" thick slab will be
utilized in this program regardless of the size of the system.

2.1.21.5.8.2 For NT - 2,

Vcs - 1.5 (2 W + 14.5) (W+ 13)

where

V - R.C. slab quantity, cu ft.cs

2.1.21.5.8.3 NT - 3,

Vcs - 1.5 (3 W+ 16) (W+ 13)

2.1.21.5.8.4 When NT Z 4,

vcs 1.5 (L) (s )

where

L - length of slab, ft.

Is - width of slab, ft.

2.1.21.5.9 Reinforced Concrete Wall Quantity.

2.1.21.5.9.1 In using the plug flow system, influent to the
aeration basin will be piped to one end of the tank and discharged
at the other end. Thus it does not require such an elaborate wall
cottruction. Two typical wall sections are required, as shown in
Figure 2.1-35. One would be simple straight side wall and the
other would be enlarged on top so that walkways can be provided.

2.1.21.5.9.2 When NT - 2:

Vow - W (1.25 DW+ 11) + (6 W+ 9) (1.25 DW+ 3.75)
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2.1.21.5.9.3 When NT = 3:

V - (1.25 DW+ 11) (3 W+ 6) + (1.25 DW + 3.75) (7 wV4 6)cw

2.1.21.5.9.4 When NT ; 4:

V NT
cw (L+ 3) (1.25 DW+ 11) + [(0.5 NT 2) (L, 3) +

2 (NT) (W)] " (1.25 DW+ 3.75) (N)

2.1.21.5.10 Reinforced concrete required for piping gallery
construction. The quantity of piping gallery slab has been
estimated with the aeration tanks slab calculations. Only the
quantity of reinforced concrete for ceilings and end wall is
necessary.

2.1.21.5.10.1 When NT < 4,

where 

V 0

V - quantity of R.C. for gallery construction, cu ft.cg

2.1.21.5.10.2 When NT Z 4, assuming the ceiling thickness is 1.5
feet, then the quantity of reinforced concrete would be:

Vcg c - (NB) * (1.5) (PGW) 2 (+T) W) * 0.75 (NT) + 1.5]

where

V - volume of R.C. ceiling for piping gallery construction,cgc cu ft.

and for two end walls:

V -2 (PGW) (NB) (DW +3)cgw

where

V - volume of R.C. walls for piping gallery construction,
cgw Cu ft.

Thus total R.C. volume for piping gallery construction would be

V -V *&C V gVcg " cgc + cgv

2.1.21.5.11 Reinforced concrete quantity for aerator supporting
platfom construction.

2
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2.1.21.5.11.1 Number of aerator-supporting platfoms. Each
aerator will be supported by an individual platform.

2.1.21.5.11.2 Figure 2.1-36 shows a typical supporting platfom
for the aeration equipment. The width of the platform would be a
function of the capacity of the aerator to be supported. The
following experienced formula is given to approximate this re-
lationship.

X - 5 + 0.078 (HPSN)

where

X - width of the platform, ft.

HPSN - horsepower of the mechanical aerator, HP.

2.1.21.5.11.3 Volume of reinforced concrete for the construction
of the platforms would be:

V p- [X2+ 5.6 (DW+ 2)] (NT) (NA) (NB)

where

Vcp - volune of R.C. for the platform construction, cu ft.

DW - water depth of the aeration basin, ft.

2.1.21.5.11.4 Volume of reinforced concrete for pedestrian
bridges. The pedestrian bridge links the aerator platform to the
walkway-sidewalls for ease of operation and maintenance. By using
a width of 4 feet and slab -thickness of 1 foot, the quantity of
reinforced concrete can be calculated by:

vcu -2 (W- X)] (NB) (NT) (NA)

where

Vcwb - quantity of concrete for pedestrian bridge construction,
cu ft.

2.1.21.5.12 Summary of reinfotced concrete structures.

2.1.21.5.12.1 Quantity of concrete slab.

CS -VVcst = cs

where

Vcst - total quantity of R.C. slab for the construction ofaeration tanks, cu ft.
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2.1.21.5.12.2 Quantity of concrete wall.

v cwt aVcw + Vc& + Vcp +Vcwb

where

Vcw - quantity of R.C. wall for the construction of aeration
tanks, cu ft.

V - quantity of aeration tank R.C. walls, cu ft.cv

V - quantity of R.C. for the construction of piping gallery,cg cuft.

V - quantity of R.C. for the construction of aerator-
supporting platfoms, cu ft.

Vcwb - quantity of R.C. for the construction of pedestrian
bridges.

2.1.21.5.13 Quantity of handrail for safety. Handrail is
required for the safety protection of the operation personnel of
wastewater treatment plants. Waterway walls, aerator platfoms
and bridges, and the top of the piping gallery will require
handrail. Quantity of handrail can be estimated thus:

2.1.21.5.13.1 When NT - 2,

LHR - 4 W + 11 + 2 (3X + W - 4)

where

LHR - handrail length, ft.

W - aeration tank width, ft.

X - width of aerator-supporting platform, ft.

2.1.21.5.13.2 When NT - 3,

LHR - 6 W + 10 + 3 (3X + W - 4)

2.1.21.5.13.3 When NT > 4,

if is an even number,

LH- PGW + (NT) (W)+ [L+ 3- 4 (NA)] (NT) + (NA) (NT)

(3X+ W- 01 (NB)
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NT

If 7 is an odd number,

LHR P PGW + (NT) (W) + + 3 - 4 (NA)JI (NT + 2) +

(NA) (NT) (3X w- 4) (NB)

where

PGW - width of the piping gallery, ft.

2.1.21.5.14 Operation and maintenance manpower requirements.
Patterson and Bunker's data will be utilized to project the
operation and maintenance manpower requirements. The man-hour per
year requirement is presented as a function of the total horse-
power of the aeration equipment.

2.1.21.5.14.1 Calculate the total installed capacity of the
aeration equipment.

TICA - (NB) (NT) (NA) (HPSN)

where

TICA - total installed capacity of the aeration equipment,
horsepower.

RPSN - capacity of one individual aerator, horsepower.

2.1.21.5.14.2 The operation manpower requirement can be estimated
as follows:

When TICA < 200 hp

O H - 242.4 (TICA)0"731

When TICA 2 200 hp

OH - 100 (TICA)0 .5425

where

OMH - operational man-hour requirement, man-hour/yr.

2.1.21.5.14.3 The maintenance manpower requirement can be es-
timated as follows:

When TICA - 100 hp

MMH - 106.3 (TICA)0'403'
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When TICA 100 hp

- 42.6 (TICA) 0 . 5 9 5 6

where

MMH - maintenance manpower requirement, man-houz/ yr.

2.1.21.5.15 Energy requirement for operation. By assuming
that all the aerators will be operated 90 percent of the time
year-round, the electrical energy consumption would be:

KWH - 0.85 x 0.9 x 24 x 365 x (TICA)

where

KWH - electrical energy required for operation, kwhr/yr.

0.85 - conversion factor fram hp-hr to kwhr.

2.1.21.5.16 Material and supply costs for operation and main-
tenance. Material and supply costs for operation and maintenance
include such ites as lubrication oil, paint, and repair mate-
rial, etc. These costs are estimated as a percent of installed
costs for the aeration equipment and are expressed as follows:

OMMP - 4.225 - 0.975 log (TICA)

where

OMMP - percent of the installed equipment cost as O&M
material costs, percent.

TICA - total installed capacity of aeration equipment,
horsepower.

2.1.21.5.17 Other construction cost iteas. Using the above
calculation, the majority of cost items of the activated sludge
process have been accounted for. Other cost items, such as
piping system, control equipment, painting, site cleaning and
preparation, etc., can be estimated as a percent of the total
bare construction cost. This percentage value has been shown to
vary from 4 to 15 percent of the total construction cost of the
aeration tank system. The value depends greatly on site conditions
and cauplexity of the process. For a generalized model, an
average value of 10 percent would be adequate. Thus,
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I1
CF - - 1.11

where

CF - correction factor to account for the minor cost

items.

2.1.21.6 Quantities Calculations Output Data.

2.1.21.6.1 Number of aeration tanks, NT.

2.1.21.6.2 Number of aerators per tank, NA.

2.1.21.6.3 Number of process batteries, NB.

2.1.21.6.4 Capacity of each individual aerator, HPSN, hp.

2.1.21.6.5 Depth of aeration tanks, DW, ft.

2.1.21.6.6 Length of aeration tanks, L, ft.

2.1.21.6.7 Width of aeration tanks, W, ft.

2.1.21.6.8 Width of pipe gallery, PGW, ft.

2.1.21.6.9 Earthwork required for construction, Vew , cu ft.

2.1.21.6.10 Total quantity of R.C. slab, Vcst, cu ft.

2.1.21.6.11 Total quantity of R.C. wall, VcwtI cu ft.

2.1.21.6.12 Quantity of handrail, LHR, ft.

2.1.21.6.13 Operation manpower requirement, OMHR,. XV yr.

2.1.21.6. 14 Maintenance manpower requirement, MHH, NWyr.

2.1.21.6.15 Electrical energy for operation, KWH, kvhr/yr.

2.1.21.6.16 Percentage for O&M material and supply cost, OMMP,
percent.

2.1.21.6.17 Correction factor for minor capital cost items,
CF.

2.1.21.7 Unit Price Input Required.

2.1.21.7.1 Cost of earthwork, UPIEX, $/cu yd.
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2.1.21.7.2 Cost of R.C. wail in-place, UPICW, $/cu yd.

2.1.21.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd.

2.1.21.7.4 Standard size low speed surface aerator cost (20
hp), SSXSA, $, optional.

2.1.21.7.5 Marshall & Swift Equipment Cost Index, MSECI.

2.1.21.7.6 Equipment installation labor rate, $/MH.

2.1.21.7.7 Crane rental rate, UPICR, S/hr.

2.1.21.7.8 Unit price of handrail, UPTHR, $/L.F.

2.1.21.8 Cost Calculations.

2.1.21.8.1 Cost of earthwork, COSTE.

Vew . UPIEX

COSTE 27~

where

COSTE - cost of earthwork, $,

Vew - quantity of earthwork, cu ft.

UPIEX - unit price input of earthwork, $/cu yd.

2.1.21.8.2 Cost of concrete wall in-place, COSTCW.

Vcwt . UPICW

27

where

COSTCW - cost of concrete wall in place, $.

Vcw t - quantity of R.C. wall, cu yd.

UPICW - unit price input of concrete wall in-place, $/
cu yd.

2.1-300



2.1.21.8.3 Cost of concrete slab in-place, COSTCS.

COSTCS . Vcst . UPtCS
27

where

COSTCS - cost of E.C. slab in-place, $.

Vcst - quantity of concrete slab, $/cu yd.

UPICS - unit price input of R.C. slab in-place, $/cu yd.

2.1.21.8.4 Cost of installed aeration equipment.

2.1.21.8.4.1 Purchase cost of slow speed pier-mounted surface
aerators. The purchase cost of aerators can be obtained by using
the following equation:

CSXSA - SSXSA * RSXSA

where

CSXSA - purchase cost of surface aerator, $.

SSXSA - purchase cost of a standard size slow speed pier-
mounted aerator. Motor horsepower is 20 hp.

RSXSA - ratio of cost of aerators with capacity of HPSN hp to
that of the standard size aerator.

2.1.21.8.4.2 RSXSA. The cost ratio can be expressed as

. RSXSA - 0.2148 (HPSN)0 .5 13

where

HPSN - capacity of each individual aerator, hp.

2.1.21.8.4.3 Cost of standard size aerator. The cost of pier-
mounted slow speed surface aerator for the first quarter of 1977
is

SSXSA - $16,300

For a better estimate, SSZSA should be obtained from equipment
vendor and treated as a unit price input. Otherwise, for future
escalation, the equipment cost should be adjusted by using the
Marshall and Swift Equipment Cost Index.

SSXSA - 16,300 . MSECI
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where

MSECI - current Marshall and Swift Equipment Cost Index from
input.

491.6 - Marshall and Swift Cost Index, first quarter 1977.

2.1.21.8.4.4 Equipment installation man-hour requirement. The
man-hour requirement for field installation of fixed-mounted
surface aerator can be estimated as:

When RPSN e 60 hp

1MB - 39 + 0.55 (HPSN)

When HPSN > 60 hp

wer IMH - 61.3 + 0.18 (HPSN)

where

IMH - installation man-hour requirement, man-hour.

2.1.21.8.4.5 Crane requirement for installation.

CH- (0.1) • Um

where

CH - crane time requirement for installation, hr.

2.1.21.8.4.6 Other coasts associated with the installed equip-
ment. This category includes the costs for electric wiring and
setting, painting, inspection, etc., and can be added as a per-
centage of purchase equipment cost:

PMINC - 23%

where

PMINC - percentage of purchase costs of equipment as minor

installation cost, percent.

2.1.21.8.4.7 Installed equipment cost, IEC.
PNINC.

IEC - [CSXSA (1 + -I-C + M " LABRI + CH * UPICRI

S(NB) ' (NT)" (VA)
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where

IEC - installed equipment cost, dollars.

LABRI - Labor rate, dollars/man-hour.

UPICR - crane rental rate, dollars/hr.

2.1.21.8.5 Cost of handrail. The cost of installed handrail
system can be estimated as:

COSThR - LHR x UPIHR

where

LHR - handrail quantity, ft.

UPIHR - unit price input for handrail cost, $ per lineal
foot. A value of $25.20 per foot for the first
quarter of 1977 is suggestee-

2.1.21.8.6 Other cost items. This category includes cost of
process piping system, control iutruments, site work, etc. Costs
can be adjusted by multiplying , cort action factor CF to the sum
of other costs.

2.1.21.8.7 Total bare co,ttuction costs, TBCC, dollars.

TBCC - (COSTE + COSTC ' COSTCS + IEC + COSTER) * C7

where

TBCC - total bare construction costs, dollars.

CF - correction factor for minor cost items, from second-
order design output.

2.1.21.8.8 Operation and maintenance material costs. Since
this item of the O&M expenses is expressed as a percentage of the
installed equipment costs, it can be calculated by:

0KI.MP
OMMC W IEC

where

OMMC - operation and maintenance material and supply costs,
$/yr.

OMMP - percent of the installed aerator cost as O&M material
and supply expenses.
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2.1.21.9 Cost Calculations Output Data.

2.1.21.9.1 Total bare construction cost of the mechanical
aerated activated sludge process, TBCC, dollars.

2.1.21.9.2 Operation and maintenance supply and material
costs, OMHC, dollars.

0

0
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2.2 BELT FILTER

2.2.1 Background.

2.2.1.1 Belt pressure filters are marketed in the United States
by Passavant and Ralph B. Carter Company. The systen is widely used
in Europe, where it was jointly developed by two firms, Degemont and
Phillipe. It is known as the "Flocpress" in Europe. Most of the
ccments related to filter presses are also applicable to belt pres-
sure filters.

2.2.1.2 In this design the sludge is spread across a woven
synthetic fiber belt, which travels horizontally for a variable length
where the action of both capillarity and gravity will allow a natural
drainage. This belt, after running horizontally on supporting rol-
lers, wraps around a rubber-covered drum provided with grooves for
draining away the filtrate. The action of a continuous pressure belt
of cloth reinforced rubber subjects a pressure by gradually decreasing
the gap between the filter belt and the pressure belt as they move
forward, so that the pressure applied increases over the whole length
of the filtration zone. The dried cake is then renoved fron the
filter belt by means of a flexible scraper. A second scraper is also
needed to clean the pressure belt.

2.2.1.3 Chemical conditioning is required for belt pressure
filters just as it is for filter presses. One notable exception is
that, while filter presses usually require media conditioning, belt
pressure filters do not generally require conditioning. Chemical
addition, mixing, flocculation, and gravity thickening are required.
In most instances a polymer addition is helpful.

2.2.1.4 There is a tendency for sludge to flow out the edges
between the belts and to limit the applied pressure to slightly more
than two atmospheres as pressure increases. Because of pressure
limitation, the dryness of the cake never approaches that of filter
presses. Table 2.2-1 indicates typical operating performances of the
"Flocpress".

2.2.2 Input Data.

2.2.2.1 Average wastewater flow, mgd.

2.2.2.2 Sludge volume, gallons/million gallons.

2.2.2.3 Raw sludge solids concentration, %.

2.2.2.4 Sludge produced by conditioning chemicals.
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Table 2.2-1. Operating Perfomance for the Flocpress

Cake
Feed Sludge Output in Lbs Percent Polymer

Percent Per ft of Belt Dry lbs per
Type of Sludge Dry Solids Width Per Hr Solids Dry Ton

Municipal Sewage
Raw Primary 5-10 161-268 25-35 1.8-4
Anaerobic Digested -

Primary 4-10 168-235 26-36 2.0-6
Mixed Primary and

Waste Activated 4-9 87-168 20-28 1.5-6
Anaerobic Digested

Primary and Waste 3.5-9 134-268 18-23 3.4-8
Activated

Aerobic Digested 1.5-2.5 54-101 12-18 4.0-8

Raw Slaughter House Waste 2.5-3.5 134-302 20-30 5.0-8

Lime Softening Sludge 10-15 335-670 55-70 0.4-1

Alum Sludge 3-6 54-85 14-18 1.5-5

White Water Sludge
Paper Mill 2.5-4 67-268 20-25 2.0-4

Manufacturer of Seni-Chen
Pulp

Fibers and Sawdust 4-7 134-335 25-32 0
Sawdust 8-15 402-670 30-35 0
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2.2.2.5 Cake solids, %.

2.2.2.6 Cake density, lb/ft 3 .

2.2.2.7 Belt speed, ft/hr.

2.2.2.8 Loading rate, lb/ft of width/hr.

2.2.2.9 Operating schedule, hr/day.

2.2.3 Design Paraneters.

2.2.3.1 Sludge volume per million gallons treated.

2.2.3.2 Raw sludge solids concentration, %. 1.5-15%

2.2.3.3 Conditioning sludge, fron laboratory studies. Use 0.2
of sludge solids as an estimate if laboratory data are not available.

2.2.3.4 Type and amount of conditioning chemicals, %, fran
laboratory studies.

2.2.3.5 Cake solids. (Table 2.2-1).

32.2.3.6 Cake density. Approximately 70-80 lb/ft

2.2.3.7 Belt speed, fron laboratory studies. If unknown, use
10-15 ft/hr, or an average of 12 ft/hr.

2.2.3.8 2 Loading rate, from laborat2ry studies. If unknown, use
5-8 ib/ft /hr, or an average of 6.5 lb/ft /hr.

2.2.3.9 Operating schedule, hours per day. (8-16 hr).

2.2.4 Process Desixn Calculations.

2.2.4.1 Calculate the pounds of dry solids in sludge flow per
day.

(QaSS (SF) (SS) (S.34)
DSS 100

where

DSS - pounds of dry sludge solids per day.

Qavg - average wastewater flow, regd.

SF - sludge flow, gallons/million gallons.
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SS - suspended solids in flow to pressure filter, Z.

2.2.4.2 Calculate the total pounds of dry solids produced per
day.

PDSPD - DSS + (CS)(DSS)

where

PDSPD - dry solids produced daily, pounds.

CS - conditioning solids, expressed as a fraction of
sludge solids. (0.2)

2.2.4.3 Calculate the weight of the filter cake produced.

PDS PDPFC - = X 100

* where

PFC - pounds of filter cake produced per day, net weight.

CSC - cake solids content, %.

2.2.4.4 Detemine the cake volume.

Cv.PFC
CD

where

CV - cake volume, ft 3/day.

3CD - cake density, lb/ft

2.2.4.5 Calculate the total area of pressure filter needed to
dewater the specific sludge at specified loading rate.

PDSPD
(UPD) (elIL)

where

2
AF - area of pressure filter, ft2.

HPD - operating schedule for unit, hours- per day.

SLR - solids loading rate, lb/f t2/hr.

2.2.4.6 Consult manufacturer's literature to select appropriate
fil ter, based on the area calculated and desired devatering time
(typically 3-6 hours) and the belt speed determined from laboratory
studies.
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2.2.5 Process Design Output Data.

2.2.5.1 Volume of filter cake, ft3.

2.2.5.2 Cake solids content, .

32.2.5.3 Weight of filter cake, lb/ft

22.2.5.4 Area of pressure filter, ft

2.2.6 Quantities Calculations. Not Used.

2.2.7 Ouantities Calculations Output Data. Not Used.

2.2.8 Unit Price Input Required. Not Used.

2.2.9 Cost Calculations.

2.2.9.1 Calculate operation and maintenance cost.

X - log (Qavg)

Z - 1.3906 - 0.73944(X) + 0.081625(X)

eZ Q x 1 0 3

O&M -
100

where

O&M - operation and maintenance cost, $/yr.

2.2.9.2 Calculate total bare construction cost.

Y - -0.69698 - 0.12594(X) + 0.095578(X) 2

TBCC - eY

where

TBCC - total bare construction cost, $.

2.2.10 Cost Calculations Output Data.

2.2.10.1 Total bare construction coast, TBCC, $.

2.2.10.2 Operation and maintenance cost, O&M, $/yr.
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2.3 BLOWERS

2.3.1 Background. Air is often required in several
places in a sewage treaunent facility. For this reason it is
treated as a separate process. The capacity required will be
detemined by summing all the air requirements frca the various
processes; from this, the number and capacity of blowers required
will be detemined.

2.3.2 Input Data. The input data for this design consists
of the output blower capacity from the quantities calculations for
Activated Sludge Processes: Diffused Aeration System and Aerobic
Sludge Digestion: Diffused Aeration.

2.3.2.1 Design capacity of blowers, from quantities calculations
output of Activated Sludge Processes: Diffused Aeration System,
CF d, scfm.

2.3.2.2 Design capacity of blowers, fran quantities cal-
culations output of Aerobic Sludge Digestion: Diffused Aeration,
CF d, scfm.

2.3.3 Process Design Calculations. There will be no
process design calculations as such since it has already been
accomplished in other sections.

2.3.4 Quantities Calculations.

2.3.4.1 The sun of the air requirements fra the two pro-
cesses shown above represent virtually 100Z of the air requirements
and will be used as the design capacity (TCFM) for the blowers.

TCFM - design capacity for blower system, scfm.

2.3.4.2 Select type, number and capacity of blowers. For
the purposes of this design, all blowers will be assumed to operate
at 8 psig. For ease of maintenance all blowers in a single instal-
lation will be the same size. Also it is standard policy that
blowers shall be provided in multiple units, so arranged and in
such capacities as to meet the maxiaum air demand with the single
largest unit out of service. There are a ntuber of different types
of blowers which have been used to supply air for sewage treatment
facilities. Each type serves a particular need. Whichever one is
chosen for a given set of circumstances should be detenmined by a
thorough economic and engineering study. For the purposes of this
design the following guidelines will be used for selection.

Total Air Requirement (TCFM) Blower Type

0 - 30,000 Rotary positive blowers.
30,000 - 72,000 Vertically-split multistage centrifugal

> 72,000 Pedestal-type single-stage centrifugal
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2.3.4.2.1 0 < TCFM e 30,000 scfm. As shown above in this
range, rotary positive blowers will be used. The number of blower
(N) can be 1, 2, 3, or 4. The number of blowers will be selected
by trial and error. Start with N - 1. If TCFWN 7500 scfm go to
N - N + 1 and repeat until TCFWN 7500 scfm. This will give the

nunber of blowers to provide the maximnum air requirements. The
total number of blowers (NB) will be N + 1.

CFnB - TCFMN

NB - N + 1

where

CFMB - capacity of individual blowers, scfm.

N - nunber of blowers needed to provide maximum air
requirenents.

NB = total number of blowers required.

2.3.4.2.2 30,000 scfm < TCFM e 72,000. In this range, ver-
tically-split multistage centrifugal blowers will be utilized. The
number of blowers can be 1, 2, 3 or 4. The number of blowers will
be selected by trial and error. Start with N - 1. If TCFWN
18,000 scfm go to N - N + 1 and repeat until TCFWN 18,000 scfm.
This will give the number of blowers to provide the maximum air
requirenents. The total number of blowers (NB) will be N + 1.

-TCFMCFMB = --F_N

NB - N + 1

2.3.4.2.3 TCFM > 72,000. In this range, pedestal-type single-
stage centrifugal blowers will be used. The number of blowers will
be detenined by trial and error. Start with N - 1. If TCFWN
100,000 scfm go to N - N + I and repeat the trial; until TCFWN
100,000 scfm. This will give the number of blowers to provide the

maximum air requirements. The total number of blowers (M) will be
N I.

-TCFKCFMB _= --F
N

NB-N+ I

2.3.4.3 Detemine blower building area required. The blower
building area can be related to the blower capacity as follows:

BBA - 128.0 (TCFM) 0 . 256

whereBBA 
- blower building area, sq ft.
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2.3.4.4 Operation and maintenance manpower requirments. The
operation and maintenance manpower requirements have been included in

the indiviaual processes which require air for operation, therefore it
wil i not be included here.

2.3.4.5 Electrical energy requirment for operation. As with
the O&M manpower this has been included in the processes which require
air for operation.

2.3.4.6 Operation and maintenance material and supply costs.
This, too, has buen included in the processes which require air for
ope ration.

2.3.4.7 Other construction cost items. The majority of the
costs for the blower installation have been accounted for. Other cost
itens, such as painting, site cleaning and preparation, etc., can be
estimated as 10 percent of the total bare construction cost.01

CF - T-0.9- 1.11

where

CF - correction factor for other construction cost items.

2.3.5 Quantities Calculation Output Data.

2.3.5.1 Design capacity of blower system, TCFM, scfm.

2.3.5.2 Total nrumber of blowers required, NB.

2.3.5.3 Capacity of individual blowers, CFMB, scfm.

2.3.5.4 Blower building area, BBA, sq ft.

2.3.5.5 Correction factor, CF.

2.3.6 Unit Price Input Required.

2.3.6.1 Cost of standard blower, COSTSB, $ (optional).

2.3.6.2 Current Marshall and Swift Equipment Cost Index,
MSECI.

2.3.6.3 Unit price input for building cost, UPIBC, $/sq ft.

2.3.7 Cost Calculations.

2.3.7.1 Purchase cost of blowers and accessories. The purchase
cost includes the blower, electric motor, silencers and inlet vanes,
if required.
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COsME- s s C°S °O

where

COSE - purchase cost of blower of CFMB capacity, $.

COSTSB - purchase cost of standard blower, $.

COSTRO - purchase cost of blower of CFMB capacity as percent of
cost of standard blower, percent.

2.3.7.2 Calculate COSTRO.

2.3.7.2.1 If 0 <TCFM<30,000 scfm, the rotary positive blowers
will be used and COSTRO is-Falculated by:

COSTRO - 0.70 (CFMB)
0.6 169

where

CFMB - individual blower capacity, scfmn.

2.3.7.2.2 If 30,000 <TCFM< 72,000 scfm the vertically-split
multistage centrifugal blowers iZll be used and COSTRO is calculated
by:

COSTRO - 0.377 (CFMB)
0 .5928

2.3.7.2.3 If TCFM >72,000 scfm the pedestal-type single-stage
blowers will be used and COSTRO is calculated by:

COSTRO - 0.964 (CF")
0.4 28 6

2.3.7.3 Deteumine purchase cost of the standard blower.

2.3.7.3.1 If 0 <TCFM < 30,000 scfm, the standard size blower is
a rotary positive blower with a capacity of 3,000 scfu at 8 psig.

COSTSB - $16,000

2.3.7.3.2 If 30,000 <TCFH< 72,000 scfm the standard size
blower is a vertically-split mufltistage centrifugal blower with a
capacity of 12,000 scfm at 8 psig.

COSTSB - $45,000

2.3.7.3.3 If TCFM >72,000 scfm the standard size blower is a
pedestal-type single-stage centrifugal blower with a capacity of
50,000 scfm at 8 psig.
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COSTSB - $300,000

2.3.7.3.4 For better cost estimation, COSTSB should be obtained
fran an equipment vendor and treated as a unit price input. However,
if it is not treated as a unit price input the cost will be adjusted
by using the Marshall and Swift Equipment Cost Index.

COSTSB - COSTS 49EC1--I

where

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index for st quarter
1977.

2.3.7.4 Blower Installation Costs. Typically the installation
cost of blowers is approximately 100% of the equipment cost. This
includes costs of piping, concrete, steel, electrical, paint and
installation labor. Therefore, the installed blower cost is given by:

IBC - COSMEE x 2.0

where

IBC - installed blower costs, $.

2.3.7.5 Blower building costs.

r BBC - (BBA) (UPIBC)

where

BBC - blower building costs, $.

BBA - blower building area, sq ft.

UPIBC - unit price input for building costs, dollars/sq ft.

2.3.7.6 Total bare construction cost.

TBCC - [(IBC) (NB) + BBC] CF

where

TBCC - total bare construction cost, $.

NB - total number of blowers.
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0CF - correction factor for other construction cost itas

fran second-order design output.

2.3.8 Cost Calculations Output Data.

2.3.8.1 Total bare construction cost of blowers, TBCC, $.

2.3.9 Bibliography.

2.3.9.1 Gibbon, Donald L., Aeration of Activated Sludge
in Sewage Treatment, Perganan Press, Inc., Elmsford, N.Y., 1974.

2.3.9.2 Perry, R.H. et.al., Chemical Engineers' Handbook, 4th
Edition, McGraw-Hill, New York, (1963).

2.3.9.3 Popper, Herbert, Modern Cost- Engineering Techniques,
McGraw-Hill Book Conpany, New York, 1970.
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2.5 CARBON ADSORPTION

2.5.1 Background.

2.5.1.1 Activated carbon, when contacted with water containing organic
material, will remove these compounds selectively by a combination of
adsorption of the less polar molecules, filtration of the larger par-
ticles, and partial deposition of colloidal material on the exterior
surface of the activated carbon. Adsorption results fron the forces of
attraction between the surface of a particle and the soluble organic
materials that contact the particle. As a result of the activation
process, activated carbon has numerous pores within each particle and
hence a large surface area per unit weight, making it a very efficient
adsorptive material. It has long been used to remove taste and odor-
causing impurities fran public water supplies. More recently, activated
carbon adsorption has been used in wastewater treatment as a tertiary
process following conventional secondary treatent or as one of several
unit processes conprising physical-chemical treatment.

2.5.1.2 The most efficient and practical use of activated carbon in
wastewater treatment has been in fixed beds of granular activated carbon.
A typical adsorption system consists of several adsorption trains ope-
rated in parallel. Each train contains two adsorbers arranged for series
flow. The wastewatyr is applied to the adsorbers at a flow rate ranging
f ran 4 to 8 gpm/ft . Contact time (empty bed residence time) ranges from
15 to 35 minutes depending on the desired effluent quality.

2.5.1.3 - To ensure minimum suspended solids collection in the adsorbers
which can clog the pores and reduce adsorber capacity, the carbon ad-
sorption system should be preceded by media filtration. Provisions must
be made to regularly backwash the adsorption system to flush out accu-
muated suspended solids and biological growth. A good design practice
is to allow for a bed expansion of from 10 to 15 1ercent. Flow rates
during backwash should range from 10 to 15 gpm/ft . Biological growth
can be controlled effectively by chlorination of the influent to the
adsorber or by chlorination during the backwash operation.

2.5.1.4 When the active sites on the carbon particles have been filled,
the effluent quality deteriorates and the carbon must be regenerated or
replaced. For systems requiring regeneration of less than 400 pounds of
carbon per day, it is not economical to have on-site regeneration. For
larger systems, a regeneration system should be provided. A typical
regeneration system would include a) hydraulic transport of the carbon to
the regeneration unit, b) dewatering of spent carbon, c) heating of
carbon to oxidize or volatilizate the adsorbed impurities, d) water
cooling of the carbon, e) water washing and hydraulic transport back to
the adsorbers, and f) scrubbing of furnace off-gasses. The most common
type of furnace in use is the multiple hearth furnace.
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2.5.1.5 The following sections present a design for a packed bed
downflow carbon adsorption system that includes on-site carbon regene-
ration. Input such as the minimum contact time, optimun flow rate, head
loss at various flows, backwash rate, and required carbon dosage should
be obtained from on-site pilot plant carbon column tests. Where this is
not possible, accepted design criteria should be used to generate the
required input data. Static isothem tests conducted in the laboratory
are not sufficient.

2.5.2 Input Data.

2.5.2.1 Peak wastewater flow, p, mgd.

2.5.2.2 Average flow, Q avg mgd.

2.5.2.3 Design superficial velocity, Vs, gpm/ft
2 (usually 6 gpm/ft 2 ).

2.5.2.4 Empty bed residence time at %, TR, minutes, (25 minutes).

2.5.2.5 Elevation of adsorber underdrain above adsorber bottom, Hu, ft,
(usually 2 ft.)

2.5.2.6 Chemical oxygen demand (COD) of wastewater feed, Co, mg/l.

2.5.2.7 COD of carbon treated wastewater, Cf, mg/l.

2.5.2.8 COD/carbon loading at saturation, x/m, lb/lb. Typical value
for domestic wastewater are in the range of 0.3-0.8 lbCOD/lb of Carbon.

2.5.2.9 Length to width ratio for concrete absorbers, R.W"

22.5.2.10 Furnace loading rate, F, lb/day/ft

2.5.3 Process Design Calculations.

2.5.3.1 Required Adsorber Characteristics

2.5.3.1.1 The required cross sectional surface area is given by:

694 Q
A- A=V

s

where

A - Required cross sectional area, ft
2

Qp - Peak flow rate, mgd

v S a Superficial velocity, gpm/ft 2
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If an optimum superficial velocity is not available from pilot

studies, a value of 6 gpm/ft 2 should be used.

2.5.3.1.2 Number of absorption Trains Required. For peak flows of
10 mgd or less, pressurized downflow adsorbers constructed of steel
should be used. The maximum diameter of steel adsorbers is 16
feet.

For peak flows greater than 10 mgd, gravity flow rec-
tangular concrete adsorbers are reconmended.

A minimum of two adsorption trains are required for any
carbon adsorption system. Table 2.5-1 lists the number and type of
adsorption trains recomended for various flow rates.

TABLE 2.5-1

Number of Trains (N) Number of Trains (N)
Peak Flow Rate (Q ) Pressurized Adsorbers Gravity Adsorbers

(mgd) p Steel Construction Concrete Construction

0.5 2
1 2
2 2
4 4
8 6

10 4
20 4
50 4

100 8
150 8
200 10250 12
300 12

2.5.3.1.3 The surface area of an individual adsorber is calculated by

A
AA"- A

where

A A a Adsorber cross sectional area, ft
2

A - Total cross sectional area, ft
2

N w Number of trains required
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2.5.3.1.4 Since there are two adsorbers in each adsorption train, the

total number of adsorbers is given by:

NA 2N

where

N - number of adsorption trains

NA - number of adsorbers

2.5.3.2 Adsorption Bed Depth

The overall bed depth is given by:
VsT
V s Tr

"B - 7.48

where

H.3 - overall adsorber bed depth, (ft)

Tr - empty bed residence time, (minutes)

Vs - superficial velocity at %, (gpu/ft )

The empty bed residence time usually ranges from 15 to 35
minutes.

A T value of 25 minutes is suggested if not specified.
r

2.5.3.3 Backwash Requirement. Each adsorber shoul4 be backwashed
daily at a maximum superficial ve]ocity of 15 gpm/ft and a minimum
superficial velocity of 12 gpm/ft . Backwash should last 15 minutes.

2.5.3.3.1 Calculate Backwash Flow Rate

qBW w V
SBW AA

2
where

QBW - Backwash flow rate (gpm)

VSBW " Superficial velocity of backwash (gpmIft )

AA - Adsorber cross sectional area (ft )

2.5.3.3.2 Calculate Backwash Volume

VBW " TBWQBWN
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where

VBW a Total volume of backwash per day (gpd)

T B ' Backwash duration (minutes)

QBW ' Backwash flow rate (gpm)

N - Number of absorbers

2.5.3.4 Total Carbon Inventory. The total carbon inventory in
the system is figured as first fill plus 10% and can be calculated by
using the following fomula:

Qc W 1.10 (A X HB ) X CD

where

Qc W Total carbon inventory in the systn, pounds

A - Required cross sectional area, ft
2

HB - Overall adsorber bed depth, ft

CD - Virgin carbon density, 26 lb/ft
3

2.5.3.5 Carbon Regeneration Requirement. In a two-stage adsorption
train, water is passed through adsorber A, the lead adsorber and then
adsorber B, the polish adsorber. When the carbon in adsorber A is
exhausted, the carbon in adsorber B is only partially spent. The
carbon is adsorber A is removed for regeneration and replaced with
fresh carbon. Adsorber B then becomes the lead adsorber and adsorber
A becomes the polish adsorber. When adsorber B is completely exhausted,
it too is regenerated and adsorber A becames the lead adsorber again.

2.5.3.5.1 Calculate Adsorber Life.

(x/m) (A) (HWB2 )(CD)

s 8 . 3 4 5(Co-Cf) (Qag)

where

T - Adsorber service life, days5

A - Total adsorber cross sectional area, ft
2

CD  - Virgin carbon density, 26 lb/ft 3

C - Influent COD, mgl

Cf - Effluent COD, mg/l
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QAvg - Average flow rate, mgd

x/m - COD/carbon loading, lb/lb

RB - Bed length of adsorber train, ft

(length of two adsorbers)

2.5.3.5.2 Calculate Regeneration Rate

(HBl 2) (A) (Cs)
SDR , Ts

where

% - Bed length of adsoprtion train, ft

A - Total adeorber cross sectional area, ft
2

CSD - Spent carbon density, 32 lb/ft
3

T - Adsorber service life, days
s

2.5.3.6 Effluent Characteristics. The effluent COD is specified
by the user.

2.5.3.6.1 BOD 5.

EBOD - .5 (Cf)

EBODS - EBOD

where

0 EBOD - effluent ROD 5 , Mtg/.

C, - effluent COD, m/l.

EBODS - effluent soluble BOD 5 , mig/l.

2.5.3.6.2 CODS.

CODS " Cf

where

CODS - effluent soluble COD, mg/I.

C - effluent COD, mg/I.

2.5.3.6.3 Suspended Sol ids.
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TSSE - (.01) (TSSI)

where

TSSE - total suspended solids in effluent, mg/l.

TSSI = total suspended solids in influent, mg/I.

2.5.3.6.4 Oils and grease.

OAG - 0.0

where

OAG - oil and grease in effluent, ag I.

2.5.3.6.5 Settleable solids.

SETSO a 0.0

SETSO - settleable solids in influent, mg/l.

2.5.4 Process Design Output Data.

2.5.4.1 Total required cross sectional area, A, (ft 2).

2.5.4.2 Total number of adsorption trains. N.

2.5.4.3 Total number of adsorbers, NA.

2.5.4.4 Individual adsorber cross sectional area, AA, (ft 
2).

2.5.4.5 Overall adsorber bed depth, %, (ft).

2.5.4.6 Backwash flow, Q, (gpm).

2.5.4.7 Backwash volume, VBW, (gal).

2.5.4.8 Total carbon inventory in the system, Q, (pounds).

2.5.4.9 Adsorber service life, Ts, (days).

2.5.4.10 Regeneration rate, R, (lbs/day).

2.5.4.11 Effluent BOD5 , EBOD, mg/l.

2.5.4.12 Effluent COD, Cf, magl.

2.5.4.13 Effluent soluble BOD 5 , EBODS, mugl.

2.5.4.14 Effluent soluble COD, CODS, mg/l.

2.5.4.15 Total suspended solids in effluent, TSSE, mg/I.
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2.5.4.16 Oil and grease in effluent, OAG, mg/l.

2.5.4.17 Settleable solids in effluent, SETSO, mg/l.

2.5.5 Quantities Calculations.

2.5.5.1 Calculate adsorber diaaeter for 0.5 mgd I S < 10 mgd

4A, 0.5A

where

D - Adsorber diameter, ft

2
A A - Individual absorber cross sectional area, ft

The actual adsorber diameter should be rounded to the nearest foot.

2.5.5.2 Calculate adsorber length and width for 10 mgd ,1 300 mgd

W - A A0.5
A

-LW

L MW LW

where

L - Inside length of gravity adsorber, ft

W - Inside width of gravity adsorber, ft

RLW - Length to width ratio

The actual adsorber dimensions should be rounded to the nearest foot.

2.5.5.3 Calculate column height

H ca H +1.4 RB + 1uc " H __
2

Rc - 3 + 0.7HB

where

H - Height of underdrain - 2 feet is sufficientv

H - Height of one adsorber, ft

RB - Overall carbon bed depth, ft (2 adsorbers)
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2.5.5.4 Regeneration System Size. The decision as to whether to
regenerate and reuse the carbon or to use it on a once through,
throwaway basis is strictly based on econamics. Based on current
cost of multi-hearth furnace regeneration system, for plants
requiring less than approximately 400 lbs/day of carbon, on-site
regeneration is not econonical because of the capital cost of
minimum size equipment of this type. In this design procedure, a
carbon regeneration rate, R, of 400 pounds per day is, thus,
chosen as a demarcation point. When R is less than 400 ppd, no
regeneration system is provided. Whereas, when R 2 400 ppd, the
following design procedure is followed.

The spent carbon and reactived carbon storage tanks are
usually sized to accanmodate fron 5 to 10 days supply of carbon to
keep the system in operation during routine maintenance or un-
scheduled shutdowns. The furnace feed tank is designed to hold
enough carbon for one shift of operation. The furnace feed tank
controls the flow of the carbon slurry to a dewatering screw which
dewaters the carbon to 40 to 50 percent water and controls the
flow of carbon to the furnace. The furnace can be either a rotary
kiln or multiple hearth type. For this design a six-hearth
multiple hearth furnace is utilized. Two furnaces are recommended
so that operation is not interrupted during maintenance shutdowns,
however, one is usually used in municipal systems. Temperatures
in the hearths are as follows: No. 1, 800*F, No. 2, 1000*F, No.
3, 1200"F, No. 4, 1680-F, No. 5, 1600"F, and No.6, 1680"F. Steam
is introduced on the bottom three hearths at the rate of one pound
stem per pound of dry carbon to give a more unifom distribution
of temperatures throughout the furnace and to Improve the quality
of the regenerated carbon. From the furnace the carbon flows to a
quench tank that both wets the reactivated carbon and provides a
water seal for the furnace bottom. The gases driven off during
the the-,al regeneration pass through an afterburner which burns
the volatile and noxious gases at approximately 1200"F. A wet
scrubber removes carbon dust and odorous substances.

2.5.5.4.1 The effective hearth area of the regeneration furnace
is given by the following equation. E:-'ss capacity of 50Z should
be provided.

AR - 1.5 R

IR

where

A Effective hearth area, ft
2

R - Regeneration rate, lbs/day

FR - Furnace loading rate, 70-80 lbs/ft 2/day
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2.5.5.4.2 Table 2.5-2 lists standard size 6-hearth furnaces.
The desired furnace size is chosen from this table.

TABLE 2.5-2

AVAILABLE MULTIHEARTH FURNACES

ID OD Approximate Effective Hearth Area

(ft) (ft) MfT)

2.5 3.70 24
3.25 4.75 37
4.5 6.00 75
5.5 7.75 125
7.0 9.25 179
8.5 10.75 269

10.5 12.75 436
12.0 14.25 548
14.5 16.75 732
16.5 18.75 1,050
18.0 20.25 1,268
20.0 22.25 1,509

The largest furnace canmercifly available has 1509 ft 2 of
hearth area. If AR is less than 1509 ft , one furnace would be
used,

NFN - 1 and ART - A,

and the inside diameter of the furnace is

ID - 0.397(ARI)
0 . 5 4 1

where

ARI - Hearth area of each individual furnace, ft 2

ID - Inner diameter of furnace, ft

- Effective hearth area

NFN - Number of furnaces

2
When AR is greater than 1509 ft , two furnace would be used,

NFN a 2,

and each furnace would have a hearth area of

ARI - AR/2.

The internal diameter of each unit is:

ID - 0.397 (ARI)054
1
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2.5.5.4.3 Spent Carbon Storage Tank

The required volume for spent carbon storage is
given by

VOLSC = NDR
CSD

where

VOLSC - Volume of spent carbon storage tank, ft 3

ND  - Number of days of storage required, 5 to 10
days

R - Regeneration rate, lb/day

CSD ' Spent carbon density, 32 lb/ft 3

2.5.5.4.4 Reactivated Carbon Storage Tank
The required volume for reactivated carbon

storage is given by:

VOLRC . NDR
c D

where

VOIRC - Vo]une of reactivated carbon storage tank,
ft

ND  Nber of days of storage required, 5 to 10

days

R - Regeneration rate, lb/day

CD - Reactivated carbon density, 26 lb/ft 3

2.5.5.5 Quantities of material associated with adsorption
system. A parametric cost estimating system would be used to
figure the capital cost of the pressurized adsorption system.
The only design output from this section would be the surface
area of building to house the adsorption system. Thus:

2.5.5.5.1 Area Requirement for Adsorber Building. The adsorber
building will house adsorbers, pumping systems, and control
system.
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for 0.5 < O! 10 mgd

AB - 2125 x 1p0.675 + 400 QpO.35

for 10 < . 300 mgd, the adsorber system would be out doors. The only

building a~ea required is for the control roan and is calculated by

AB - 600 %0.35

where

AB - Building area for adsorption systen, ft
2

- Peak flow rate, mgd

2.5.5.5.2 For an adsorption systen with capacity of 10 < Q
300 mgd, the adsorbers will be constructed of reinforced cn-
crete utilizing camonwall construction. Sluiceways will be
integrated into the adsorber construction and utilized to
transport wastewater and three-foot wide sluicegates used to
isolate adsorbers. Flow through the adsorbers will be by
gravity.

2.5.5.5.2.1 Reinforced concrete volume required, Vc

Vc mcl +Vc2

where

V - Volume of concrete required, yd 3

c

Vci - Volume of concrete for adsorbers

Vc2 - Volume of concrete for spent carbon storage

V 1 - 17.S x (TR x Y 0.712

and

0.385Vc2 - 37.9 x %

2.5.5.5.2.2 Earthwork VE

VE - 146.S % + 68.7 %O.599

* where

VE - Volume of earthwork, yd
3
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% - Peak flow rate, mgd

2.5.5.5.2.3 Calculate adsorber cross sectional area for underdrain and
troughs.

AI 232 Op

where

A1 = Underdrain and trough area required, ft
2

Qp Peak flow rate, mgd

(d) Calculate the ntumber of flow control gates (A 3 x 6 ft
gate with operator and frame).

G - 4N

where

G - Number of gates required

N - Number of trains

2.5.5.6 Adsorption System O&M Requirements. The O&M requirements and costs
for the carbon adsorption system excluding carbon regeneration can be related
to the average flow rate (Qv ), given in million gallons per day (mgd), or
to the total capital cost oF he systen.

2.5.5.6.1 Man-hour requirements, man-hours per year

HEAD - 860 QAVG
0 .4 73

2.5.5.6.2 Electricity requirements, KWH per year

KWHAD - 67,000 QAVG1
0 2

2.5.5.6.3 Maintenance materials requirement, percent of total cost

for 0.5 mgd < QAVG 9 4 mgd

MMAD - 0.55 - 0.664 lOglo QAVG

for 4 mgd < QAVG 1 20 mgd

MMAD - 0.193 - 0.0715 logl0 QAVG

for QAVG > 20 mgd

MMAD - 0.1% of total capital costs

is MMAD - 0.1
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where

MAD - percentage of total cost of the adsorption systm
for each flow range

2.5.5.7 Regeneration System O&M Requirsments. When R 400 lbs/day, on-
site regeneration is recanmended and the following O&M requirements must be
included in the cost of the carbon adsorption systen. If R 400 lbs/day,
the spent carbon must be replaced and the only 0 & M cost incurred is the
cost of replacement carbon.

The 0 & M requirements and costs for carbon regeneration can be
related to the regeneration rate (R), lbs/day, the total hearth area (A.),
ft , or the total capital costs of the system.

2.5.5.7.1 Man-hour requirements, man-hours per year

for R < 400 lbs/day

MHRG - 0

for R 2 400 lbs/day

MHRG - 90.46A 0.624

2.5.5.7.2 Electricity requirements, KWH per year

for R < 400 lbs/day

KWHRG - 0

for R 2400 lb/day

KWHRG - 3110R
0 .313

2.5.5.7.3 Steam requirements, lbs per year

for R < 400 lb/day

STRG - 0

for R 2400 lb/day

STRG - 365 (C) (R)

where

C - 0.6 lb steem per lb carbon

2.5.5.7.4 Fuel requirements, BTU per year
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for R < 400 lb/day

BTURG - 0

for R 2 400 lb/day

BTURG - 3,942,000,000 R

2.5.5.7.5 Carbon makeup requirement, lbs per year

for R <400 lb/day

CMRG - 365 x R

for R 2 400 lb/day

CMRG - 25.6R

2.5.5.7.6 Maintenance materials requirement, percent

for R 4 400 lb/day

MMRG - 0

for R 2 400 lb/day

MMRG = 3% of total capital cost of regeneration system

, MRG 3

2.5.6 Quantities Calculations Output Data.

2.5.6.1 Adsorber diameter, when < 10 mgd, D, (ft)

2.5.6.2 Adsorber length, when 2 10 mgd, L, (ft)

2.5.6.3 Adsorber width, when > 10 mgd, W, (ft)

2.5.6.4 Adsorber column height, He, (ft)

2.5.6.5 Effective regeneration hearth area, AR, (ft )

2.5.6.6 Individual hearth area, ARI, (ft
2)

2.5.6.7 Number of furnace required, NFN

2.5.6.8 Furnace inside diameter, ID, (ft)

2.5.6.9 Adsorption system building requirement, A., (ft )

2.5.6.10 Reinforce concrete quantity for ? 10 mgd, Vc, (yd )

2.5.6.11 Earthwork volume, 2 10 mgd, VE, (yd )
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2.5.6.12 Underdrain surface area, Al, (ft )

2.5.6.13 Number of control gates, G

is 2.5.6.14 Man-power requirement for adsorption system 0 & M, MEAD

2.5.6.15 Electricity required for adsorption system 0 & M, KWHAD,
(KWH yr)

2.5.6.16 Maintenance, material supply cost as percentage of ad-
sorption system capital cost, MMAD, (%)

2.5.6.17 Man-power requirement for adsorption system 0 & H, MHRG,
(MH-/yr).

2.5.6.18 Steam requirement for carbon regeneration, STRG, (lbs/yr)

2.5.6.19 Fuel requirement for carbon regeneration, BTURG, (BTU/yr)

2.5.6.20 Virgin carbon makeup, CMRG, (lbs/yr)

2.5.6.21 Maintenance material supply cost as percentage of re-
generation capital cost, HMRG, (%)

2.5.7 Unit Price Input Required.

2.5.7.1 Standard size multiple hearth regeneration system cost,
COSIMH, dollars (optional).

2.5.7.2 Unit price input for building construction cost, UPIBC,
$/sq ft.

2.5.7.3 Unit price input for R.C. wall, UPICW, $Icu yd

2.5.7.4 Unit price input for earthwork, UPIEX, $/cu yd.

2.5.7.5 Unit price input for virgin carbon purchase, UPICC, $/
lbs.

2.5.7.6 Unit price input for underdrain system, UPIUD, $/sq ft
(optional).

2.5.7.7 Unit price input for control gate, UPICG, $, (optional).

2.5.7.8 Current Marshall and Swift Equipment Cost Index, HSECI.

2.5.3 Cost Calculations.

2.5.8.1 Capital cost estimate of the pressurized adsorption
system, (Qp < 10 mgd).

2.5.8.1.1 Calculate Adsorber Cost. Each adsorber would be con-
structed of steel with an internal epoxy coating. An underdrain
would be supplied with support/backwash distribution nozzles on
nine-inch centers. Each vessel would be designed for 50 psi pres-
sure (actual max. pressure is not to exceed 30 psi). Shut-off
valves for influent, effluent and carbon removal are included.
Backwash control valves are not included in the adsorber cost.
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Cost Al - 133,000 % 0.587

* where

Cost Al - Adsorber cost, installed, 0.5 to 10 mgd, $.

2.5.8.1.2 Calculate wastewater feed system cost. This cost includes wet
well, dry well, pumps and piping.

Cost Fl - 35,500 %0.6

where

Cost Fl = wastewater feed syste cost, 0.5 to 10 mgd, $.

% - Peak flow, mgd.

2.5.8.1.3 Calculate cost of Adsorber Backwash System. The backwash system
consists of a wetwell to contain the full backwash volume, V B, dry well,
and backwash pumps. Piping, valves and fittings are also intuded.

Cost Bl - 30,000 % 0.38

where

Cost B] - Backwash systen cost, 0.5 to 10 mgd, $

Qp M Peak flow, mgd

2.5.8.1.4 Calculate cost of Carbon Handling System. The carbon
fron a lead adsorber to the equipment interface with the regene-
ration system which is the feed mechanism to the furnace.

The carbon handling systen includes eductors for each
adsorber, piping, valves, fittings, spent carbon holding/ dewatering
tank, wet well, dry well and eductor motive water pumps.

Cost Hi - 19,600 p028

where

Cost Hl - Cost of carbon handling system, $

Qp - Peak flow rate, mgd

2.5.8.1.5 Calculate cost of building

Cost B2 - AB x UPIBC

where

Cost B2 - Building cost, $
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UPIBC - Unit price input for building cost, $/sq.ft

AB - Total building area requirement, ft
2

2.5.8.1.6 First fill carbon cost

Cost CB - UPICC x Q

where

Cost CB - First fill carbon cost

Qc - Total carbon inventory in the system, lbs

UPICC - Unit price input for carbon cost, $/lb
(1st quarter 1977 cost $0.56/lb)

2.5.8.1.7 Total base construction cost for adsorption system

?MSECI
TBCAD - t49-1- (Cost A1 Cost FI Cost Bl+Cost ElI)

+Cost B2+Cost CB] x 1.42

where

TBCAD - Total bare construction cost for the adsortion
system, $

MSECI - Current Marshall and Swift Equipment Cost Index

491.6 - Marshall and Swift Equipment Cost Index for
lst Quarter, 1977

1.42 - Correction factor for other construction items

2.5.8.2 Capital cost estimate of the concrete adsorption systen, (Qp > 10 mgd)

2.5.8.2.1 Cost of reinforced concrete in place

Cost RC - Vc x UPICW

where

Cost RC - Cost of RC in place, $.

V - volne of reinforced concrete required, cu.yd.c

UPICW - Unit price input for R.C. wall, in place,
$/cu.yd.
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2.5.8.2.2 Cost of earthwork

where COSTE - VE x UPIEX

COSTE - Cost of earthwork, $o

VE  - Volume of earthwork, cu.yd.

UPIEX - Unit price input for earthwork, $/cu yd.

2.5.8.2.3 First fill carbon cost

Cost CB - Qc x UPICC

where

Cost CB - First fill carbon cost, dollars

Qc - Total carbon inventory, lbs

UPICC - Unit price input for carbon cost

2.5.8.2.4 Underdrain system cost

COSTUD - A1 x UPIUD

where

COSTUD - Underdrain system cost, doLLars

A1  - Underdrain and trough area required, ft 2

UPIUD - Underdrain system unit price input, $/ft2

($35/ft 2 at 1st Quarter 1977)
M SECI

UPIUD - 35 491x.M  *

2.5.8.2.5 Control gate cost

COSTCG - G K UPICG

where

COSTCG - Control gate cost, dollars

G - Number of control gates

UPICG - Unit price input of control gate
(3 x 6 ft gate with operator and frme)
A $17,300 is used for 1st Quarter 1977
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UPICG a $17,300 4SECIZ9 1.6

* where

MSECI - Marshall Swift Cost Index

2.5.8.2.6 Calculate the cost of the backwash system. The backwash
systen i qcudes the backwash holding basins for 15 minutes supply at
15 gpm/ft , pumps, piping and valves, and dry well067 MSECI

COST 31 - 40171 Qp0.637 x

where

COST BI - Cost of backwash systen, $

Qp - Peak flow rate, mgd

MSECI - Marshall and Swift Equipment Cost Index

491.6 = MSECI for lst Quarter 1977

2.5.8.2.7 Calculate the cost of the carbon handling systen. This
system includes educators, valve, piping for renoving spent carbon
frm each lead adsorber. Pumps, wet well and dry well are included.

COST H2 - 9452 Q- 0.543 MSECI

where

COST H2 - Cost of the carbon handling systen, $

Qp - Peak flow rate, mgd

2.5.8.2.8 Calculate cost of building

COST B2 - AB x UPIBC

where

COST B2 - Building cost, $.

AB - Total building use requirement, ft
2

UPIBC - Unit price input for building cost, $/ft 2

2.5.8.2.9 Total bare construction cost for adsorption systen

TBCAD - 1.42 (COSTLC + COSTE + COSTCB + COSTUD + COSTCG
+. COST 31 + COST R2 + COST B2)
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2.5.8.3 Capital cost estimate of the regeneration system, when the carbon
regeneration rate, R, is less than 400 lbs per day. The spent carbon would
either be used on a throwaway or regenerated on an off-site
facility. The total bare construction cost of the regeneration systen,
in this case, would be zero.

TBCRG - 0

where

TBCRG - Total bare construction cost for the regeneration
systen, $.

2.5.8.4 Capital cost estimate of the regeneration systen when R 400
lbs/day

2.5.8.4.1 Calculate COSTR

When ARI : 400 sq.ft

COSTR - 0.192 (ARI) 0.308

When ARI > 400 sq.ft

COSTR - 0.0272 (ARI)0 .60
2

where

COSTR - Cost of furnace expressed as percent of
standard size incinerator cost

ARI - Hearth area of individual furnace, sq.ft

2.5.8.4.2 Purchase cost of standard size furnace. The system includes a
furnace, coabustion air flow, induced draft flow, cooling in flow, con-
trols, carbon feed systen, scrubber and dust control. The unit selected as
standard is a unit with a total hearth area of 400 sq.ft. The cost of this
furnace for the st quarter of 1977 is:

COSMI - $825,000

where

COS7MH - Cost of standard size furnace system, dollars

For better estimate, COSMH should be obtained from the manufacturer
as a unit price input. If COSThHis not treated as a unit price input, the
cost will be adjusted by using the Marshall and Swift Equipment Cost
Index.

COSfl4H - $825,000 x

where
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MSECI - Current Marshall and Swift Equipment Cost Tndex

491.6 - MSECI, lst quarter, 1977

02.5.8.4.3 Purchase cost of multiple hearth furnace system

where

COSTNF - COSTR x COSIMH x NFN

COSTNF - Purchase cost of furnace systen

NFN - Number of furnace required

2.5.j.4.4 Calculate total bare construction cost for regeneration
system

TBCRG - 1.25 x COSTNF

where

TBCRG - Total bare construction cost for the regeneration
system

2.5.8.5 Total bare construction cost of the total carbon adsorption and
regeneration systen

TBCC - TBCAD + TBCRG

where

TBCC - Total bare construction cost, dollars

2.5.8.6 Calculate total operation and maintenance materials and supply
~costs

cost OM 100-- W x TBCAD + x T CRG

where

OMMC - Operation and maintenance material and supply cost,
$/yr.

MMAD - Operation and maintenance supply requirement for
adsorption system as percent of total bare construc-
tion cost of the adsorption system (TBCAD)

MMRG - Operation and maintenance material and supply require-
ment for regeneration system as percent of total bare
construction cost (TBCRG)

2.5.9 Cost Calculations Output Data.
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2.5.9.1 Total bare construction cost, TBCC, dollars.

2.5.9.2 Operation and maintenance material and supply cost, OMMC, dollars/ yr.
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2.7 CENTRIFUGATION

2.7.1 Background.

2.7.1.1 Centrifugration is a widely used process for con-
centrating and dewatering sludge for final disposal. The
process offers the following advantages:

2.7.1.1.1 Capital cost is low in conparison with other mecha-
nical equipment.

2.7.1.1.2 Operating costs are moderate, provided flocculants are
not required.

2.7.1.1.3 The unit is totally enclosed, thus odors are mini-
mized.

2.7.1.1.4 The unit is simple and will fit in a small place.

2.7.1.1.5 Chemical conditioning of the sludge is often not
required.

2.7.1.1.6 The unit is flexible and can process a wide variety of
solids.

2.7.1.1.7 Minimum supervision is required.

2.7.1.2 Disadvantages associated with centrifugation are:

2.7.1.2.1 Without the use of chemicals, solids capture is often
poor.

2.7.1.2.2 Chemical costs can be substantial.

2.7.1.2.3 Trash must often be reaoved fros the centrifuge feed
by screening.

2.7.1.2.4 The percentage of cake solids is often Lower than that
resulting from vacuum filtration.

2.7.1.2.5 Maintenance costs are higher than vacuun filtration.

2.7.1.2.6 Fine solids (in concentrate) that escape the centrifuge
may resist settling when recycled to the head of the treaent
plant and gradually build up in concentration, eventually raising
effluent solids level.

2.7.1.3 Centrifuges applicable to sludge thickening and dewatering
fall into three general classifications: disc, basket, and the
currently popular solid-bowl. Basically, centrifuges separate
solids from liquids through sedimentation and centrifugal force.
Process variables in centrifugation include feed rates, sludge
solids characteristics, feed consistency, and chemical additives.
Machine variables include bowl design, bowl speed, pool volume,
and conveyor speed.
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2.7.1.4 The main objectives in centrifuge design are cake
dryness and solids recovery. The effect of the various para-
meters on these two factors are summarized in Table 2.7-1.
Operating data reported in the literature indicate that raw
primary and digested primary sludge dewater easily. With
polymer addition, a centrifuge (fig. 2.7-1) can produce 25-40
percent cake solids with better than 90 percent recovery.

i SLURRY IN

LIQUIOS SOLIDSO, SCHA GE oISC4A RGE

Figure 2.7-1. Schematic of a centrifuge.

Waste activated sludge, however, is difficult to thicken or
dewater with centrifugation. High polymer dosages will be
required to produce 8-10 percent cake solids and 90 percent
recovery.

2.7.1.5 Design criteria for centrifugation systems are scarce.
One criterion used in dete-mining the size of centrifuge re-
quired is the power requirement per gallon per minute of inflow
(0.5-2.0 hp per gpm). Generally, a power requirement of 1.0
hp/gpm of inflow is applicable to most centrifuges commercially
manufactured.

2.7.2 Input Data.

2.7.2.1 Sludge flow, gpd.

2.7.2.2 Sludge concentration, percent solids.

2.7.3 Design Parameters.

2.7.3.1 Centrifuges power requirement, hp/gpm (2.0).

2.7.3.2 Operation per day, hr.

2.7.3.3 Operation per week, days.
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2.7.3.4 Number of units.

2.7.3.5 Excess capacity factor, 1.25.

2.7.3.6 Chemical dosage, percent of dry weight of solids.

2.7.4 Process Design Calculations.

2.7.4.1 Calculate total power required.

THP - (SF) (CPR) (7) (ECY) (24)
(60) (DPW) (UPD)

where

THP = total power required, hp.

SF - sludge flow, gpd.

CPR - centrifuge power requirement, hp/gpm ( 1.0).

DPW - operation per week, days.

ECF = excess capacity factor, 1.25.

HPD - operation per day, hr.

2.7.4.2 Calculate power per unit. Use duplicate units.

hp/unit T
NU

where

THP - total power required, hp.

NU - number of units.

2.7.4.3 Compare horsepower with manufacturer's specification and
select centrifuge that meets the requirements.

2.7.4.4 Calculate chemical requirements.

(SF) (7) (Cd) (8.34 lb/gal) (24) 100 - CiCR = (HPD) (DPW) (100) 100
where

CR = chemical requirements, lb/hr.

SF s sludge flow, pd.

Cd  chemical dosage, percent of dry weight of solids fed
to filter.

0HPD - operation per day, hr.

DPW = operation per week, days.
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C - initial moisture content of sludge, percent.
2.7.4.5 Calculate output sludge quantity.

SFO . (SF) (100 - Ci) (A)

* where

SFO - sludge flow out, gpd.

SF - sludge flow, gpd.

Ci - initial moisture content of sludge, Z.

9 - final sol 4 -' content of sludge, %.

.9 - fraction or solids captured.

2.7.5 Process Desigu Output Data.

2.7.5.1 Power required/unit.

2.7.5.2 Number of units.

2.7.5.3 Chemical requirements, lb/hr.

2.7.5.4 Sludge flow, gal/day.

2.7.5.5 Initial solid concentrate, percent.

2.7.5.6 Operation per day, hr.

2.7.5.7 Operation per week, days.

Table 2.7-1. Sun-aiy of the Effect of Various
Parameters on Centrifuge Perfomance

To Increase Cake Dryness To Increas- Solids Recovery

Increase bowl speed Increase bowl speed
Decrease pool volume Increase pool volume
Decrease conveyor speed Decrease conveyor speed
Increase feed rate Decrease feed rate
Decrease feed consistency Increase temperature
Increase temperature Use flocculants
Do not use flocculants Increase feed consistency

2.7.6 Quantities Calculations.

2.7.6.1 Calculate area of centrifuge building. The building area for
the centrifuges was developed based on actual size of commercial units
and accessories.

2.7.6.1.1 If the number of units (NU) is one (1), then the building area
is:

AB - 200 sq ft

2.7.6.1.2 If the number of units (NU) is greater than one (1), then the
building area is:

AB - 200 + 5.3 (NU) (HP)0 .73
8
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where

A B - area of centrifuge building, sq ft.

NU - number of centrifuges.

HP - power required per unit, HP.

2.7.6.2 Calculate dry solids produced.

DSTPD - (SF) (8.34) (Ci)
(2000) (100)

where

DSTPD - dry solids produced, tpd.

SF - sludge flow, gpd.

Ci - initial solids concentration, percent.

2.7.6.3 Calculate operational labor.

2.7.6.3.1 If DSTPD is between .1 tpd and 1.0 tpd, the opera-
tional labor is calculated by:

OMH - 1520 (DSTPD)
0 .3 29 3

2.7.6.3.2 If DSTPD is between 1.0 tpd and 10.0 tpd, the opera-
tional labor is calculated by:

OMH - 1520 (DSTPD)
0.4994

2.7.6.3.3 If DSTPD is greater than 10.0 TPD, the operational

labor is calculated by:

OMB - 632 (DSTPD)
0.8751

where

OMH - operation labor, M/yr.

DSTPD - dry solid produced, tpd.

2.7.6.4 Calculate maintenance labor.

2.7.6.4.1 If DSTPD is between .1 tpd and 1.0 tpd, the main-
tenance labor is calculated by:

NIM - 264 (DSTPD) 0 . 34 2 4

2.7.6.4.2 If DSTPD is between 1.0 tpd and 10.0 tpd, the main-
tenance labor is calculated by:

MMH - 264 (DSTPD)0 "4815
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2.7.6.4.3 If DSTD is greater than 10.0 tpd, the maintenance labor is

calculated by,

H - 112.0 (DSTPD) 0 . 8 5 7 3

where

Miii - maintenance labor, man-hour/yr.

2.7.6.5 Calculate electrical energy required for operation.

KWH - 33,000 (DSTPD)
0.9248

where

KWH - electrical energy required for operation, kwhr/yr.

2.7.6.6 Calculate other operation and maintenance material costs.
This iten includes repair and replacenent material costs. It isexpressed as a percent of total bare construction cost. This does not
include chenical costs.

OMMP - 2.27 (DSTPD) 0 . 18 6 8

where

OMMP - percent of total bare construction cost for the
operation and maintenance material costs, percent.

2.7.6.7 Other minor construction itens. Itens such as piping,
electrical conduits, etc., would be approximately 15 percent of the
total construction costs.01

CF - -87 1.18

where

CF - correction factor for minor costs.

2.7.7 Quantities Calculatiom Output Data.

2.7.7.1 Area of centrifuge building, A., sq ft.

2.7.7.2 Power required per unit, HP, hp.

2.7.7.3 Number of units, NU.

2.7.7.4 Operational labor, OME, man-hour/yr.

0
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2.7.7.5 Maintenance labor, MMH, man-hour/yr.

2.7.7.6 Electrical energy required for operation, KWH, kwhr/yr.

2.7.7.7 Other operation and maintenance costs, OMMP, percent.

2.7.7.8 Correction factor for other construction costs, CF.

2.7.8 Unit Price Input Required.

2.7.8.1 Cost of building, UPIBC, dollars/sq ft.

2.7.8.2 Unit price for 50 hp centrifuge, COSTSC, dollars (optional).

2.7.9 Cost Calculations.

2.7.9.1 Cost of centrifuge building.

COSTB - A. x UPIBC

where

COSTB - cost of centrifuge building, dollars.

A - area of centrifuge building, sq ft.

UPIBC - unit price input for building construction costs,
$/sq ft.

2.7.9.2 Purchase cost of centrifuge. The purchase cost of centrifuges
is calculated by:

O COSTR

COSTC - COSTSC x C-T

where

COSTC - cost of centrifuge selected, $.

COSTSC - cost of standard size centrifuge of 50 hp, $.

COSTR - cost of centrifuge selected expressed as percent of
standard size unit cost, percent.

0
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2.7.9.2.1 Standard size unit cost. The Ist quarter 1977 price
for COSTSC is $165,000. For better estimation COSTCS should be
o btained fron the equipment vendors and treated as a unit price
input. If this is not done, the following equation will be
utilized to canpensate for inflation.

COSTSC - 165,000
49 1. 6

where

XSECI - current Marshall and Swift Equipment Cost Index.

491.6 - MSECI value for 1st quarter 1977.

2.7.9.2.2 Calculate COSTR.

COSTR - 2.567 (HP) 0 . 9 3 6 2

where

COSTR - cost of centrifugal selected expressed as percent of

standard size unit cost, percent.

HP - power required per unit, hp.

2.7.9.3 Other equipment and installation costs. Other equip-
ment required to make the dewatering process canplete includes
conveyors, polymer feed system, pumps, and conditioning tanks.
It is estimated by the equipment vendors and contractors that
the purchase and installation costs of this equipment are
approximately equal to the purchase cost of the centrifuge.

wr OICOST - COSTC

where

OICOST - other equipment and installation costs, dollars.

2.7.9.4 Calculate total bare construction cost:

TBCC - (CF) (COSTC + COSTB + OICOST)

where

TBCC - total bare construction cost, dollars.

2.7.9.5 Operation and maintenance material costs.

OMMC - OMMP (TBCC)
100

*where
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OMMC a operation and maintenance material costs, dollars.

OMMP - percent of total bare construction cost for the

operation and maintenance material costs, percent.

2.7.10 Cost Calculations Output Data.

2.7.10.1 Total bare construction cost, TBCC, $.

2.7.10.2 Operation and maintenance cost, OMMC, $/yr.
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2.9 CHEMICAL COAGULATION

2.9.1 Background.

2.9.1.1 Chemical coagulation involves the aggregation of small
particles into large, more readily settleable conglomerates.
Chemical coagulation is a cammon process used in water treatment
for the removal of turbidity and color. In wastewater treat-
ment, chenical coagulation has been used to Lzove colloidal and
suspended matter fore raw wastes, remove phosphorus, remove
algae fran oxidation pond effluents, and enhanca sludge dewa-
terabil ity.

2.9.1.2 Wastewater can be coagulated using any of the coa-
gulants comon for water treatnent. The most widely used
chemicals include: iron salts (ferric chloride, ferric sulfate,
ferrous chloride, and ferrous sulfate), aluminum salts (alum and

sodiun aluninate), lime and synthetic polymers. The choice of
chemicals should be based on careful evaluation of the waste-
water characteristics, availability and cost of the coagulant,
and sludge handling and disposal characteristics. Jar tests
must be conducted to detemxine the coagulant dosage, the optimum
conditions for coagulation, the quality of the effluent, and the
characteristics of the chemical sludge.

2.9.1.3 Rapid mixing, flocculation and sedimentation are the
major processes involved in the unit process of chemical coa-
gulation. These steps may be accaplished in separate basins or
in the integrated flocculator-clarifier type of unit. Only the
circular integrated mixing chamber-flocculator-clarifier type
systen will be utilized due to its popularity in recent years
and its econany.

2.9.1.4 Chemical coagulation may be used as a part of a
physicochemical treatment systen or for phosphorus removal fran
wastewaters generated at recreation areas.

2.9.2 Input Data.

2.9.2.1 Wastewater flow.

2.9.2.1.1 Average daily flow, mgd.

2.9.2.1.2 Peak hourly flow, mgd.

2.9.2.2 Wascewater characteristics.

2.9.2.2.1 BOD, total and soluble, mgl.

2.9.2.2.2 COD, total and soluble, mg/l.
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2.9.2.2.3 Phosphorus, mg/l.

2.9.2.2.4 Suspended solids, mg/i.

2.9.2.2.5 pH.

2.9.2.2.6 Alkalinity, mgl.

2.9.2.3 Coagulant to be used and its dosage, mg/i.

2.9.3 Design Paraneters.

2.9.3.1 Desired quality of treated effluent, mg/l.

2.9.3.2 Coagulant dosage, mg/l (jar test).

2.9.3.3 Detention time of rapid mix basin, (1-3 min).

2.9.3.4 Detention time of flocculation basin, (15-60 miin).

2.9.3.5 Surface loading rates for clarification, gpdlsq ft.

2.9.3.6 Sludge production, lb/day.

2.9.3.7 Sludge quantity, pgd.

2.9.4 Process Design Calculations.

2.9.4.1 Selection of coagulant and calculation of dosing
requiresent.

CR - (CD) (Q avg) (8.34)

where

CR - coagulant requirment, lb/day.

CD - coagulant dosage (fron input data), mg/l.

Qavg . average daily flow, mgd.

2.9.4.2 Sludge production when alum is used as coagulant.

2.9.4.2.1 Suspended solid removal.

Xs = Qavg " [(SS) nf- (SS)eff] " 8.34

where

X -sludge produced due to suspended solids removed,
lb/day.

(SS) in f " influent suspended solids, mg/l.
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(SS)eff - effluent suspended solids, mg/l.

2.9.4.2.2 Aluminum phosphate sludge.

Xp -Qavg [Pinf- Pef ]  8.34 -4.0

Xp a ALPO 4 sludge production, lb/day.

P nf " influent phosphorus concentration, mg/l as P.

Pef f " effluent phosphorus concentration, mg/I as P.

2.9.4.2.3 Alum required for phosphorus precipitation.

AP - [Pinf" Peff 9.6

where

AP - albm required for phosphorus precipitation, mg/l.

2.9.4.2.4 Alum available to fore hydroxide precipitate.

AOH - CD - AP

where

AOH - alum available to fore aluminum hydroxide, mg/l.

XOH " Qavg * AOH " (8.34) " (0.263)

where

YOH - A(OU)3 sludge production, lbs/day.

2.9.4.2.5 Total sludge production when alum is used as coagulant

is

XAl " Xs + Xp *oH

where

XA1 - total sludge production, lb/day.

2.9.4.3 Sludge production when ferric chloride is used as

coagulant.

2.9.4.3.1 Suspended solids removal.

Xs a Qavg [E(SS)inf - (SS)eff ] * (8.34)

2.9.4.3.2 FePO 4 sludge production.

SXp Qavg (P in- Poff 1 (8.34) (4.9)
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2.9.4.3.3 Fe(OH) 3 sludge production.

FP - (P i - Peffl " (5.23)0whe re

FP - FeCl 3 requirement for phosphorus removal, mg&/.

then

FOR - CD - FP

where

FOH - FeCI 3 available for precipitation as hydroxide.

thus

X OH . FP Q avg (8.34) ' (0.65)

2.9.4.3.4 Total sludge production when Fedl3 is used as coa-
3uLant.

xFe = X a +p * XOH

where

XFe 0 total sludge production, lb/day.

2.9.4.4 Sludge production when lime is used as coagulant.

2.9.4.4.1 Suspended solids removal.

Xs Qavg [ (SS)inf - (SS)eff] (8.34)

2.9.4.4.2 Chemical sludge production. The chemical reactions
involved in the lime precipitation process are quite complex.
Factors such as raw waste, hardness, alkalinity, calcium and
magnesium ratio, pH, and others, can significantly affect the
sludge quantity. For preliminary estimation purposes, the
following equation can be utilized:

XCa = Q *vg" (8.34) " (CD) - (1.5)

where

XCa - chemical sludge production due to lime precipitation,
lb/day.

CD - chemical dosage as quicklime, mg/l.

0
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2.9.4.4.3 Total sludge production.

XCaT Xa XCa

where

XCaT - total sludge production due to 11m. addition,
Slb/day.

2.9.4.5 Selection of floccular-clarifier.

2.9.4.5.1 This type system integrates the rapid mixing tank,
flocculator and clarifier into one unit. It is sometImes
referred to as an upflow clarifier or a sludge blanket clari-
fier. Figure 2.9-1 illustrates the components of such a unit.

2.9.4.5.2 The design of the upflow clarifier is based on over-
flow rate, (Table 2.9-1), Qof* For lime coagulation:

Qof " 630 gpd/sq ft based on Qavg"

For alum coagulation.

Qof - 360 gpd/sq ft.

For iron salt coagulation.

qof - 500 gpd/sq ft.

2.9.4.5.3 Unit selection. The number of units to be employed
depends upon the wastewater quantity to be handled. The fol-
lowing assumptions will be followed in the detemination of
number of units, N.

Flow Range
MGD, Qava Number of Units, N

0.5 1.0 2
1.0 - 10.0 2

10.0 - 24.0 4
24.0 - 50.0 8
50.0 - 70.0 12
70.0 -100.0 16

When Qavg is larger than 100 mgd, the system will be designed as

several batteries of units.
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Table 2.9-1. Recamended Surface-Loading Rates
For Various Suspensions

Loading Rate. gp/ft2

Suspension Range Peak Flow

Untreated (atstewater 600 to 1200 1200
Alu floc(a) 300 to 600 600
Iron flOC(a) 500 to 800 800
Lime floc 500 to 1200 1200

(a) Mixed with the settleable suspended solids in the untreated

wastewater and colloidal or other suspended solids swept out by
the floc.

If I00OQ avg- 200

Number of process batteries, NB, would be 2.

The systen would be designed as two identical batteries
with flow to each battery at QavW2.

Select the number of units per battery as described above

using flow to be Qavg/2.

If Qavg > 200

Number of process batteries, NE, would be 3.

The systa would be designed as three identical batteries
with flow to each battery at QavW/3.

Select the number of units per battery as described above
using flow to be Qav/3.

2.9.4.5.4 Sizing individual unit. Wastewater to be handled by
one unit, Q,

Q

where

- wastewater to be handled by one unit, mgd.

N - number of units.

2.9.4.5.5 The surface area of each unit, As .
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A Qu , 106

where 
s Qof

A - surface area of each individual unit, sq ft.s

Qof = design overflow rate, dependent on the type ofcoagulant used, gpd/sq ft.

2.9.4.5.6 The diameter of this unit then:

4 " A 0.5
D TA - s3.1416

where

DIA - diameter of the unit, ft.

2.9.4.5.7 The depth of the unit, SWD, is a function of the diameter and
can be expressed as:

SWD - 10.67 + (0.067) * (DIA)

where

SWD - side water depth, ft.

2.9.4.5.8 The available sizes from off-the-shef items range
fram 10 ft to 200 ft.

So if the calculated DIA is larger than 200 ft, the number of
units will have to be increased to N - N + 1.

2.9.4.6 Effluent Characteristics.

2.9.4.6.1 BOD5.

BODE - (BOD5)(1.0 BODR

If BODE < BOD5S then BODE - BOD5S

where

BODE - effluent OD5, Mg/l.

BODR - BOD 5 removal rate, %.

BOD5 - influent OD, m8l.

BOD5S - effluent soluble BODs, mgl.
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2.9.4.6.2 COD.2, 6CODD
CODE - (COD) (1 - OD)

If CODE < CODS then CODE - CODS

where

CODE - effluent COD concentration, mug/.

COD - influent COD concentration, mg(i.

CODR - COD removal rate, X.

CODS - effluent soluble COD concentration, mg/l.

2.9.4.6.3 Phosphorus.

PO4E - P04 (1.0 - 4

where

PO4E - effluent phosphorus concentration, ug/I.

P04 - influent phosphorus concentration, mg/i.

PO4R - phosphorus removal rate, Z.

2.9.4.6.4 Suspended solids.

SSE - ssI (1 - SS)

where

SSE - effluent suspended solids concentration, mg/I.

SSI - influent suspended solids concentration, mg/l.

SSR - suspended solids reaoval rate, Z.

2.9.4.6.5 Nitrogen.

TKNE - (T104) (1- - )

If TKNE < NH3 then TKN - NH3

where

TKNE - effluent TKN concentration, ugl.

TKN a influent TKN concentration, mg/I.

TMR - TKN removal rate, %.
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NH3 - effluent ammonia concentration.

2.9.4.6.6 Oil and grease.

OAG - 0.0

where

OAG - effluent oil and grease concentration, mg/I.

2.9.4.6.7 Settleable Solids.

SETSO - 0.0

where

SETSO - settleable solids concentration, mg/l.

2.9.5 Process Design Output Data.

2.9.5.1 Coagulant type.

2.9.5.2 Coagulant requirement, CR, lb/day.

2.9.5.3 Sludge production, X, lb/day.

2.9.5.4 Number of clarifiers per battery, N.

2.9.5.5 Number of batteries, NB.

2.9.5.6 Diameter of each unit, DIA, ft.

2.9.5.7 Side water depth of clarifier, SWD, ft.

2.9.5.8 Effluent BOD5 concentration, BODE, mg/l.

2.9.5.9 Effluent COD concentration, CODE, mg/I.

2.9.5.10 Effluent phosphorus concentration, PO4E, mg/I.

2.9.5.11 Effluent suspended solids concentration, SSE, mgl.

2.9.5.12 Effluent TKN concentration, TKNE, mg/ .

2.9.5.13 Effluent oil and grease concentration, OAG, mg/l.

2.9.6 Quantities Calculations.
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2.9.6.1 Earthwork required for construction. The procedure to
estimate the earthwork requirenent is the same as that for circular
clarifier.

V = (1.15) (NB) (N) (0.035 (DIA)3 + 4.88 (DIA)2 + 77 (DIA)+ 3501ew

where

V - earthwork required for construction, cu ft.
ew

1.15 - addition of 15% more for safety factor.

2.9.6.2 Reinforced concrete quantities.

2.9.6.2.1 Reinforced concrete slab quantity, V csn, for one tank.

2 t
V - (0.825) (DIA + 4) (-)
cs n2

*where

V = quantity of R.C. slab in-place, cu ft.cs

t - thickness of the slao, inches, can be obtained bys

t - 7.9 + 0.25 SWD

2.9.6.2.2 Reinforced concrete wall quantity, VcnM for one tank.

t
v - (3.14) (SWD + 1.5) " (DIA) .
cwn (2-

O where

V - quantity of R.C. wall in-place, cu ft.cwri

t - wall thickness, inches, and can be estimated by:w

t - 7 + (0.5) (SWD)

2.9.6.2.3 Quantity of concrete for splitter boxes. V cb.

Vcb - 100 0 NI 13

where

Vcb - quantity of R.C. for splitter box, cu ft.

N - nuber of units.
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2.9.6.2.4 Total quantity of R.C. in-place.

is Wall: V = [N * V V ]+ " Bcw cwn Veb

Slab: V - [N " V csn I

2.9.6.3 Mechanism Horsepower. Mechanism horsepower is a function of
the capacity of the unit, expressed as million gallons per day which
can be handled.

Qof * A sQhu - 106

where

Qhu - flow can be handled by one unit, mgd.

The total connective horsepower associated with the mixing, scraping,
and recirculation mechanisms, MPH, can be estimated as:

MHP L .hu For 1 11.0 mgd

MHP - 14 + (0.06) * (Qhu - 11) For Qhu 11.0 mgd

where

MHP - mechanism horsepower installed, Hp.

2.9.6.4 Electrical energy required for operation, KWH.

KWH - N " MHP " (24) " (365) " (0.9) " (0.85) " (NB)0where
KWH - electric energy requirement, kwhr/yr.

2.9.6.5 Operation and Maintenance Manpower Requirement.

Operation man-hour requirement, OMH.

OMH - [3285 + (142) * N ] NB

where

OMH - operation man-hour per year.

N - number of units.

0
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Maintenance man-hour requirement, -M.

MMI = [1151 + (64) * N1.365 ] 
.

where

HMH - maintenance man-hour reqirement.

2.9.6.6 Other Operation and Maintenance Material Costs. This item
includes repair and replacement mterial costs and other minor costs.
It is expressed as a percent of tatal installed costs of the upflow
clarifier system.

OMMP - 1.0

OMMP - percent of the installed upflow clarifier costs for
operation and maintenance material costs.

2.9.6.7 Chemical Quantity. Total chemical requirement per year can
be estimated as:

2.9.6.7.1 For lime coagulation.

LIME - (CR) * (365)

where

LIME - quantity of time purchased per year, lb/yr.

2.9.6.7.2 For al,,- coagulation.

whert .ALUM - (CR) * (365)

ALUM - quantity of alum purchased per year, tb/yr.

2.9.6.7.3 For iron salt coagulation.

IRON - (CR) * (365)

where

IRON - quantity of iron salt (FeCd 3 ) purchased per year,
lb/yr.

2.9.6.8 Other construction cost items.

2.9.6.8.1 Fran the above estimation, approximately 85 percent of the
construction costs have been accounted for.
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2.9.6.8.2 Other minor cost items such as piping, site cleaning,
control panel, etc., would be 15 percent.

2.9.6.8.3 CF correction factor would be -1.18.
0.85

2.9.7 Quantities Calculation Output Data.

2.9.7.1 Quantity of earthwork, Vew , cu ft.

2.9.7.2 Quantity of R.C. wall in-place, Vcv , cu ft.

2.9.7.3 Quantity of R.C. slab in-place, Vcs , cu ft.

2.9.7.4 Horsepower for mechanisms, ME, hp.

2.9.7.5 Electrical energy requirements, KWH, kwhr/yr.

2.9.7.6 Operational manpower, OKH, man-hour/yr.

2.9.7.7 Maintenance manpower, }MH, man-hour/yr.

2.9.7.8 Other operation and maintenance material costs, OMMP,
percent.

2.9.7.9 Lime requirement, LIE, lb/yr.

2.9.7.10 Alum requirement, ALUI, lb/yr.

2.9.7.11 Iron salt requirement, IRON, lb/yr.

2.9.7.12 Correction factor for construction costs, CF.

2.9.8 Unit Price Inputs Required.

2.9.8.1 Cost of earthwork, UPIEZ, $/cu yd.

2.9.8.2 Cost of R.C. wall in-place, UPTCW, S/cu yd.

2.9.8.3 Cost of R.C. slab Ln-place, UPTCS, $/cu yd.

2.9.8.4 Standard size flocculator-cLarifir mechanism (60-feet
dimeter) cost, COSTCL, $ (optional).

2.9.8.5 Marshall and Swift equipment cost index, MSECI.

2.9.8.6 Equipment installation labor rate, $/1.
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2.9.8.7 Crane rental rate, UPICR, $/hr.

2.9.9 Cost Calculations.

2.9.9.1 Cost of earthwork, COSTE.

V
COSTE i ev ..r- UPTEX

where

COSTE - cost of earthwork, $.

V - quantity of earthwork, cu ft.ew

UPIEX - unit price input of earthwork, $/cu yd.

2.9.9.2 Cost of concrete vall in-place, COSTCW.

V
COSTCW - C UPICW

where

COSTCW - cost of concrete rall in-place, $.

V - quantity of concrete wall, cu ft.cw

UPICW - unit price input cost of concrete wall in-place,
$/cu yd.

2.9.9.3 Cost of concrete slab in-place, COSTCS.
V

COSTCS a Tr U CS

where

COSTCS - cost of LC. slab in-place, $.

V - quantity of concrete slab, cu ft.Cs

UPICS - unit price input of R.C. slab in-place, $/cu yd.

2.9.9.4 Cost of installed equipment.

2.9.9.4.1 Purchase cost of clarifier mechanim. The purchase
cost of mechanims can be obtained by using the following
equation.
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COSTCM - COSTCL * COSTRO

where

COSTCM - purchase cost of mechanism with diameter DIA feet,

COSTCL - purchase cost of standard size mechanim with
dianeter of 60 ft.

COSTRO a ratio of cost of mechanism with diameter of DIA,
feet and the cost of standard size clarifier.

2.9.9.4.2 COSTRO. The cost ratio can be expressed as:

COSTRO - (0.0164) * DIA

2.9.9.4.3 Cost of standard size mechanism. The cost of me-
chanism for a 60-foot diameter upflow clarifier for the first
quarter of 1977 is:

~COSIL - $110,000

For better estimate, COSTCL should be obtained from equipment
vendor and treated as a unit price input. Otherwise, for future
escalation the equipment cost sbould be adjusted by using the
Marshall and Swift Equipment Cost Index.

COSTCL - 110,000 "ISSCI

where

MSECI - current Marshall and Suit equipment cost index.

491.6 - Marshall and Swift Cost Index lst quarter 1977.

2.9.9.4.4 Equipment installation man-hour requirement. The man-
hour requiresent for field erection of clarifier sechanim can
be estimated as:

DM - 200+ (25) * (DrA)

where

IMH - installation man-hour requirsment, MR.

2.9.9.4.5 Crane requirment for installation, CH.

CH = (0.1) - DM

CH - crane time requiresent for installation, hr.
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2.9.9.4.6 Other minor costs associated with the installed
equipment. This category includes the costs for electric wiring,
piping, painting, etc., and can be added as percent of purchased
equipment cost.

where

PHINC - percentage of purchasing costs of equipment as minor
costs, percent.

2.9.9.4.7 Installed equipment costs, IEC.

IEC - ECOSTC) (I + ) + DIR z LARh + CH x UPICRI " (N) (NB)

where

IEC - installed equipment costs, $.

LABRI - labor rate, $/MH.

UPICR - crane rental rate, $/hr.

2.9.9.5 Other cost items. This category includes cost of
piping, walkays, electrical control instruments, site work,
etc. Costs can be adjusted by multiplying the correction factor
CF to the am of other costs.

2.9.9.6 Total bare construction costs, TBCC.

TSCC - (COSTE + COSTCW # COSTCS + IEC) ' CF

~where

TCC - total bare construction costs, $.

CF - correction factor for minor cost items.

2.9.9.7 Operation and maintenance material costs. Since this
iten of the operation and maintenance costs is expressed as a
percentage of the total bare coastruction costs, it can be
calculated by:

TCC OMP

where

OMOKC - operation and maintenance material costs, $/yr.

(0MKP - percentage of the total bare construction costs as
operation and maintenance material cost, percent.
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2.9.10 Cost Calculations Output Data.

2.9.10.1 Total bare construction costs of the flocculator-
clarifier cost, TBCC, $.

2.9.10.2 Operation and maintenance material costs, OMMC, $.
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2.11 CHEMICAL FEED SYSTEMS

2 11.1 Background. Various organic and inorganic chemical
canpounds are used in wastewater treatment processes. Four of the
most widely used chemicals; lime, alum, iron salts and synthetic
polymers, are discussed in this section. The discussion of other
chemical compounds can be added as the situation warrants. In
this section the general properties of these chemicals will be
briefly described and the capital costs of the chemical feed
systems will be provided in parametric forms. The using of the
parametric cost curves is justified by the fact that chemical feed
systems are usually a part of other unit processes. Lime feed
system, for example, is only a minor part of the chemical coagula-
tion process. Using the parametric cost estimating procedure will
not introduce significant error in the capital cost estimate of
the whole project.

2.11.2 General Description Alum Feed System.

2.11.2.1 Alum is utilized in wastewater treatment primarily
as a coagulant. It is also used in phosphate removal processes.
Alum is available in either dry or liquid forns. The commercial
dry alum most often used in wastewater treatment is known as
"filter alum" and has the approximate chemical fornula Al,(S04)3
x 14 H20 and a molecular weight of about 600. The availale
grades of dry filter alm and their corresponding bulk density and
angle of repose may be seen as follows:

Bulk Density

Grade Anale of Repose ,V cu.ft.

Lump - 62 - 68

Ground 43* 60 - 71

Rice 38" 57 - 71

Powdered 65" 38 - 45

The liquid foes is available at a solution strength of about 49
percent as Al (SO ) 14 R 0. The solution weighs about 11
lb/gal at 604. Es solution sust be stored or conveyed in
corrosion resistant material such as rubber-limed steel, fiber-
glass or type 316 stainless steel.

2.11.2.2 Alum storage and feed system. The storage and feed
equipment for dry alum is similar to that for the hydrated line,
except corrosion resistant material is used in the solution tank,
piping and pumping systems. Liquid alum is usually the preferred
form to be used in municipal vastewater treatment plants due to
its ease of handling. The storage and feed system for liquid alum
usually consists of sheltered storage tanks and metering pump for
feeding. A schematic diagram of liquid alum storage and feed
system is given in Figure 2.11-1.
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2.11.3 General Description Iron Salt Feed System.

Iron capounds have pH coagulation ranges and floc characteristics
similar to aluminum sulfate. The cost of iron compound may often
be less than the cost of alum. However, the iron compounds are
corrosive and often present difficilties in dissolving. Gene-
rally, iron salts are used only in sludge conditioning and, in
lesser degree, in the precipitation of phosphates from waste
streams. In certain locations, iron salts are available in the
fo, of waste pickling liquor. In most instances, the availabi-
lity of waste pickling liquor will depend on the proximity to
steel processing plants. The storage and feeding systems for iron
salts are similar to those utilized in handling alum.

2.11.4 General Description Lime Feed System.

Chemical lime is produced by the calcination of high quality lime
stones. Either high calcium quicklime or dolomitic quicklime is
the end product, depending on the chemical makeup of the raw
material. These quicklimes are further treated by adding water to
produce their hydrated counterparts termed hydrated lime or slaked
lime. Both the high calcium and the dolomitic types have been
utilized in water and wastewater treatment extensively. Each has
particular advantages over the other which should be weighed for a
given application. Table 2.11-1 summarizes technical information
on the various forms of lime.

2.11.4.1 Lime applications in wastewater treatment. Limes
are used in wastewater treament mainly for the following func-
t ions :

2.11.4.1.1 Lime-coagulation in physical-chenical wastewater
treament processes.

2.11.4.1.2 Supplementation of alkalinity in biological nitri-
f ication processes.

2.11.4.1.3 Phosphate percipitation by lime addition.

2.11.4.1.4 pR elevation of wastewaters for the removal of
ammonia by air-stripping process.

2.11.4.1.5 Regeneration of spent clinoptilolite, an ammonia
selective ion exchange zeolite.

2.11.4.1.6 Sludge conditioning prior to dewatering processes.
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TABLE 2.11-1

CHARACTERISTICS OF VARIOUS LIME FORMS

CHEMICAL SHIPPING DATA PHYSICAL AND CHEMICAL OIARACTEAISTICS

Containers Appearance Weight Solubility in
Common N rne Availbfe and and Ib/cu It Commercial Ware

Formula Forms Requirements Properies fIlk Density) Strength 91100 ml At 2S"C

Quicklime Pebble Moisture prmoi White (light gray, tan) 55-75 70-96% Reacts to form
CaO Crushed bags, 80-100 lb lumps to powder To calculate CaO Ca(OH),

Lump Wood bbl Unstable, caustic ir- hopper capac- (Below 88% Each lb of rjuick-
Ground Bulk CIL ritant ity -use 60 can be poor lime will form
Pulverized Store dry Slakes to hydroxide Sp. Q.. 3.2-3.4 quality) 1.16-1.32 lb.

Max. 60 days slurry evolving heat of Ca(OH), with
Keep container Air slakes to CaCO3  2-12% grit, de-
closed Sat. Sol. PH 12.4 pending on purity

Recovered Pellets Bulk delivery Light gray, tan 75-90% Same as
Lime direct from Same properties CaO quicklime
CaO kiln to stor- as quicklime

age bin

Dolomitic Lime Pebble Bags, 50-60 Same appearance Pebble. 60-65 CaO Slakes to form
CaO MSO Crushed lb and properties as Ground, 50-75 55-57.5% CaiOH)2 slurry

(MSO content Lump Bulk CIL quicklime, except Lump. SO-65 MgO plus MgO. whir.,
varies) Ground bbl M1O slakes slowly Powder, 3763 37.6-40.S% slakes slowly

Pulverized Avg. 60
Sp. G., 3.2-3.4

Hydrated Lime Powder (passes Bags. 50 lb. White. 200400 mesh. 35 to SO CaOHI6 0.18 at OC
Ca(OH)s 200 mesh) Bbl. 100 lb. powder, free of lumps To calculate hop- 82-98% 0.16 at 20"C

Bulk. C/L Caustic, dusty Irritant per capacity Cao 0.15 at 30"C
(Store dry) Absorbs HO and CO, use 40 62-74% 0.077 at 100"C

from air to form Some 20-30 (Sed. 70%)
Ca(HC03, use 23

Sat. Sol. PH 12.4 Sp. G., 2.3-2.4

Carbide Lime Powder 70-90% Bulk Coarse, gray powder 35 to 55 95% Ca(OH)2 Same as
CatOH), (200 mesh) Gray slurry (35% solids) Ca(OH),

Slurry

Dolomitic Monohydrated Bags, 50 lb. Tan to white powder Monohydrato Monohydrate Same as
Hydrated Lime powder slaked Bbl free of lumps 25-37 Ca(OH)r-62% Ca(OH)s

Ca(OH):- + MS(OH), at atmos. press. Bulk. C/L (-200 mesh) Dihydrate MgO-34%
Content of MgO Oihydrate powder (Store dry) Caustic. dusty irritant .43 Oihydrate

and Mg(OH)s slaked at high SaL Sol. PH 12.4 To calculate hop- Ca(OH)--S4%
varies press. & temp. per capacity. M%(OH)r-42%

use 40 (approx.)
Sp. G.. 2.65-2.75

Lime~tone Powder Bags. 50 lb. White amorphous Powder 96-99% 0.0013 at 20'C
(Unburned lime) Granules 80 lb. powder 33 to 60 0.002 at 1OOC

CaCO' Ground 100 lb. Sat. Sol. pH 9-9.5 Granules
Drums 100 to 115
Bulk, CIL Sp. G., 2.6W*2.75

Ool,mite Lump or crushed Bass, 50 lb. White. gray, tan 17 to 95 Varies Approx. same
CaCO. %ISCO4  Granular Drurfts Sat. Sol. pH 9-9.5 Sp. G.. 2.8-2.9 as limestone

Ground Bulk, CIL
Powder
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2.11.4.2 Lime storage and feed equipment description. As
indicated in Table 2.11-1, lime may be supplied in a variety of
forms and containers. The types and sizes of lime feed equipment
are detenined by the dosage rate and type of lime supplied. For
preliminary design and cost estimating purposes, the following
generalizations are offered in the selection of lime feed equip-
ment. These rules of thumb are based on the considerations of
econaics and ease of operation.

2.11.4.2.1 When lime consumption is in the range of 50-500
lb/day, bagged hydrated lime will be used. The suggested storage
and feed equipment is shown in Figure 2.11-2.

2.11.4.2.2 When lime consumption is in the range of 500-6000
lb/day, bulk hydrated lime will be used. A schematic diagram of
the storage and feed system is given in Figure 2.11-3.

2.11.4.2.3 When lime consumption is above approximately 6000
lb/day, bulk quantity of quicklime will be used. A schematic
diagran of lime storage, slaking and feed equipment is shown in
Figure 2.11-4.

2.11.5 General Description Polymer Feed System

Polyelectrolytes are playing an ever increasing role in wastewater
treatment. They have been utilized as flocculation aids, sludge
conditioners, coagulants and filtration aids. All synthetic
polymers can be classified on the basis of the type of charge on
the polymer chain. Thus polymers possessing negative charges are
called anionic while those carrying positive charges are cationic.
Certain conpounds carry no electrical charge and are called
nonioic polyelectrolytes. There is a great variety of polymer
caumercially available on the market. The extensive use of jar
testing is mandatory to detemine the specific polymer that will
perfon well in each individual application. The polymers usually
are available both in dry form and liquid fo-n. In order to feed
the dry polymer, a system which consists of dry chemical feeder,
polymer dispenser, dissolving-aging tank, holding tank and me-
tering pump, is usually required. For liquid polymer dosing, a
simple system with dilution tank and metering pump is all that is
required for feeding.

2.11.6 Alum Feed System

2.11.6.1 Input Data

2.11.6.1.1 Alum dosage rate, lb/day as Al 2 (S04) 3 * 14 HZ0.

2.11.6.2 Design Paraneters.

2.11.6.2.1 Alum dosage rate, lb/day as A 2 (SO) 3 "14 a2 0.

2.11- 3
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2.11.6.3 Process Design Calculations. The costing for this
unit process is parametric and is detemined by the dosage rate,
therefore no process design calculations are required.

2.11.6.4 Process Design Output Data. Not used.

2.11.6.5 Quantities Calculations.

2.11.6.5.1 Operation and Maintenance Manpower.

2.11.6.5.1.1 The operation and maintenance manpower is estimated
as a function of gallons of liquid chemical fed per day. It is
assumed that liquid alum contains 0.4902 lb of aluminum per gallon.

LCV - (ALUM) (27)
0.4902 (603)

where

27/603 - conversion from alum to filter aluminum.

0 LCV - liquid chemical solution fed per day, gpd.

AL - alum dosage in lb/day as A12 (S04)3'14H20.

2.11.6.5.1.2 Calculate O&M manpower.

2.11.6.5.1.2.1 If LCV < 90 gpd.

OHM - 600

2.11.6.5.1.2.2 If 90 9 LCV < 350 gpd.

OMMH - 189.2 (LCV)0.2
565

2.11.6.5.1.2.3 If 350 C LCV < 1050 gpd.

OMMH - 33.4 (LCV) 0 . 5 5 2 7

2.11.6.5.1.2.4 If 1050 9 LCV 10,000 gpd.

OMMH - 51.8 (LCV) 0 . 48 9 4

2.11.6.5.1.2.5 If LCV > 10,000 gpd.

OMMH - 12.2 (LCV)
0 .647

where

OMMH a operation and maintenance manpower, 1W/yr.

LCV a liquid chemical solution fed per day, gpd.
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2.11.6.5.2 Operation and maintenance material and supply costs.
The O&M material and supply costs for the alum feed system are not
available in the literature. However, information for various ca-.
ponents of the system are available. By combining the infomation for
the camponents an average value of approximately 2 percent of the
capital cost was obtained.

- 0.02

where

OMP - O&M material and supply cost as fraction of
capital cost, fraction.

2.11.6.5.3 Electrical energy required. The electrical energy
required for this process is considered negligible in comparison with
overall treatment facility energy usage.

0 2.11.6.6 Quantities Calculations.Output Data.

2.11.6.6.1 Operation and maintenance manpower required, O(ff,

M'B/ yr.-

2.11.6.6.2 O&M material and supply costs as fraction of capital
costs, OMMP, fraction.

2.11.6.7 Unit Price Input Required. None as parametric costing
is used.

2.11.6.8 Cost Calculatiots.

2.11.6.8.1 Capital cost of alum storage and feed system. A cost
curve relating the capital expenditure for liquid alum feed system to
the dosage rate is shown in Figure 2.11-5. This is obtained by
upgrading an existing curve to first quarter 1977 costs by means of
EPA cost index. In order to use this curve, the alum feed rate has to
be expressed as equivalent amount of aluminum. Thus

AL - ALUM x 27

where

AL - alum dosage rate expressed as equivalent aluminum,
lb/day.

ALUM - alum dosage rate, lb/day as A12 (S04 )3 • 14 n2 0.

0
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27 - molecular weight of alum.

603 - molecular weight of filter alum.

2.11.6.8.2 The cost of alux feed system can be estimated by:

When AL 400 lb/day

CALFED - LCATC J D=32T x 59,000

When 400 AL < 1000 lb/day

LCAT (10,260) " (AL)0.289
CALFED - 132

When 1000 < AL e 4000 lb/day

LCAT (661.7) * (AL)
0 .689

CALFED - m

When AL > 4000 lb/day
LCAT " ( 1)I 365

CALFED - L (2.419)(AL)

where

CALFED - capital cost of asl, storage and feed systm,

LCAT - EPA Cost Index for Larger City Advanced Treatnent.

2.11.6.8.3 Calculate O&M material and supply cost.

om0C - (CALFED) (OHMP)

where

OMMC - O&M material and supply costs, $/yr.

CALFED - capital cost of alun storage and feed systm, $.

OCMP - O M material and supply costs as fraction of
capital cost, fraction.

2.11.6.9 Cost Calculations Output Data.

2.11.6.9.1 Capital cost of alum storage and feed systems, CALFED,

2.11.6.9.2 O&M material and supply costs,$/yr.
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2.11.7 Iron Salt Feed Systems

2.11.7.1 Input Data

2.11.7.1.1 Iron salt dosage rate, lb/day as FeCl3.

2.11.7.2 Design Parameters.

2.11.7.2.1 Iron salt dosage rate, lb/day as FeCl 3 .

2.11.7.3 Process Design Calculations. The costing for this
unit process is parametric and is detemined by the dosage rate,
therefore no process design calculations are required.

2.11.7.4 Process Design Output Data. Not Used.

2.11.7.5 Quantities Calculations.

2.11.7.5.1 Calculate operation and maintenance manpower.

2.11.7.5.1.1 The O&M manpower has been related in the literature
to the amount of equivalent iron feed rate each day in a liquid
solution. It will be assumed that liquid ferric chloride contains
4.11 lbs. of iron per gallon.

FE - IRON 55.8

LCV - FE

where

IRON - ferric chloride dosage rate, lb/day.

FE - iron salt dosage rate expressed as equivalent
iron molecules, lb/day.

55.8 - molecular weight of iron.

162.2 - molecular weight of FeCi3.

LCV - liquid chemical solution feed per day, gpd.

2.11.7.5.1.2 If LCV < 90 gpd.

OMM - 600

2.11.7.5.1.3 If 90 S LCV < 350 gpd.

OMM - 189.2 (LCV)0 .2
565

2.11.7.5.1.4 If 350 9 LCV < 1050 gpd.

OKH a 33.4 (LCV)0 .5 5 27
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2.11.7.5.1.5 If 1050 LCV 10,000 gpd.

OMMH - 51.8 (LCV)0 .4894

2.11.7.5.1.6 If LCV 10,000 gpd.

OMMH - 12.2 (LCV)
0 .6 4 7

where

OMMH - O&M manpower requirement, W yr.

LCV - liquid chemical solution feed per day, gpd.

2.11.7.5.2 Calculate operation and maintenance material and
supply cost. The operation and maintenance material and supply costs
for the iron salt feed system are not available in the literature.
However, infonmation for the various components of the system are
available and a combination of these valves indicates the cost to be
approximately 2 percent of the capital cost.

OMMP - 0.02

where

OMP = O&M material and supply cost as fraction of
capital cost, fraction.

2.11.7.5.3 Electrical energy requirement. The electrical energy
requirement for this system is insignificant in conparison with the
energy requirement for the entire treatment facility.

2.11.7.6 Quantities Calculations Output Data.

2.11.7.6.1 Operation and maintenance manpower requirements OEH,
N/yr.

2.11.7.6.2 O&M material and supply costs as a fraction of capital
cost, OIMP, fraction.

2.11.7.7 Unit Price Input Required. None as parametric costing

is used.
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2.11.7.8 Cost Calculations.

2.11.7.8.1 Capital cost of iron salt storage and feed syste.
A cost curve relating the capital expenditure for liquid FeCI
feed system to the dosage rate is shown in Figure 2.11-6. This is
obtained by upgrading an existing curve to first quarter 1977
costs by means of EPA cost index. In order to use this curve, the
iron salt feed rate has to be expressed as equivalent amount of
iron.

FE - IRON *
FE6 162. 2

where

FE - iron salt dosage rate expressed as equivalent iron
molecules, lb/day.

IRON - ferric chloride dosage rate, lb/day.

55.8 - molecular weight of iron.

162.2 -molecular weight of FeCI 3 .

The cost of iron salts storage and feed system can be esimated by
the following equations.

2.11.7.8.1.1 When FE < 1000 lb/day

CFEFDD - LCAT x 59,000
132

2.11.7.8.1.2 When 1000 . FE < 4000 lb/day

CFEFED - (3352) (FE)0.4152

2.11.7.8.1.3 When 4000 _ FE 9 10,000 lb/day.
LCAT ()0.8857

CFEFED - LT (86.92) (FE)

2.11.7.8.1.4 When FE > 10,000 lb/day

CFEFED - 132 (0.458) (FE)1.425

where

Fe - iron salt dosage rate expressed as equivalent
iron molecules, lb/day.

CFEFED - capital costs of iron salt feed systm, $.

LCAT - current EPA cost index for Larger City
Advanced Treaunent.
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2.11.7.8.2 Calculate O&M material and supply costs.

OMMC - (CFEFED) (OMHP)

where

OMHC - O&M material and supply costs, $/yr.

CFEFED - capital cost of iron salt feed system, $.

OMMP - O&M material and supply costs as fraction of
capital cost, fraction.

2.11.7.9 Cost Calculations Output Data

2.11.7.9.1 Capital cost of iron salt feed system, CFEFED, S.

2.11.7.9.2 O&M material and supply costs, OMMC, $/yr.

2.11.8 Lime Feed System

2.11.8.1 Input Data

2.11.8.1.1 Lime dosage rate, lb/day as Ca(OH)2.

2.11.8.2 Design Parameters

2.11.8.2.1 Lime dosage rate, lb/day as Ca(OH) 2.

2.11.8.3 Process Design Calculations. The costing for this
unit process is parametric and is detemined by the dosage rate,
therefore no process design calculations are required.

2.11.8.4 Process Design Output Data. Not Used.

2.11.8.5 Quantities Calculations.

2.11.8.5.1 Calculate operation and maintenance manpower.

2.11.8.5.1.1 The O& manpower can be estimated as a function of
gallons of liquid chemical fed per day. It is assumed that a lime
solution contains 0.5 lb of Ca(OR) 2 per gallon.

LCV - L--'-
0.5

where

LCV - liquid chemical solution fed per day, gpd.

LIME - lime dosage rate in lb/day as Ca(OH) 2 , lb/day.
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2.11.8.5.1.2 The operation and maintenance manpower is a function of

gallons of liquid chenical used.

2.11.8.5.1.2.1 If LCV 90 gpd.

OHM - 600 + 92.5 (LCV)0 .
2 82 7

2.11.8.5.1.2.2 If 90 LCV 350 gpd.

OMMH - 189.2 (LCV)0 .2565 + 92.5 (LCV)0 .2827

2.11.8.5.1.2.3 If 350 LCV 1050 gpd.

OMMH - 33.4 (LCV) 0 . 5 5 2 7 + 92.5 (LCV) 0 . 2 8 2 7

2.11.8.5.1.2.4 If 1050 LCV 10,000 gpd.

OMMH - 51.8 (LCV) 0 . 489 4 + 92.5 (LCV) 0 . 2 82 7

2.11.8.5.1.2.5 If LCV 10,000 gpd

OMMH - 12.2 (LCV) 0 . 64 7 + 92.5 (LCV)0 .2827

where

0MMH - operation and maintenance manpower required,
MH/yr.

LCV - liquid chemical solution fed per day, gpd.

2.11.8.5.2 Operation and maintenance material and supply costs.
The operation and maintenance material and supply costs for the line
feed systen are not available in the literature. However, infomation
for the various canponents of the system are available and a canbination
of these values indicates the cost to be approximately 2 percent of
the capital costs.

OMMP - 0.02

where

OMMP - O&M material and supply costs as fraction of
capital cost, fraction.

2.11.8.5.3 Electrical energy requirement. The electric energy
requirement for this syten is considered insignificant in comparison
with the energy requirement for the entire treataent facility.
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2.11.8.6 Quantities Calculations Output Data.

2.11.8.6.1 Operation and maintenance manpower requirements, OMMH,
NH/yr.

2.11.8.6.2 O&M material and supply costs as a fraction of capital
costs, OMMP, fraction.

2.11.8.7 Unit Price Input Required. None as parametric costing
is used.

2.11.8.8 Cost Calculations.

2.11.8.8.1 Lime storage and feed equipment capital costs. By
using the rules set up in the preceding subsection and a lime storage
capacity of 30 days, a generalized cost curve is given in Figure 2.11-
7. This cost curve was generated based on experience and certain
estimated data. It gives an approximate estimate of the first quater
1977 cost of lime feed systems.

2.11.8.8.1.1 If LIME 750 lb/day.

LCAT
cCLE -=32 x $26,100

2.11.8.8.1.2 If LIME 750 lb/day.

-LCAT

CCLIME 1 32 x 326.7 * (LDS) 0 . 66 14

where

LIME - lime feed rate as lb/day of Ca(OH)2.

CCLIXE - capital costs of lime feed system, $.

LCAT - current EPA cost index for Larger City

Advanced Treatment.

132 - LCAT value at first quarter 1977.

2.11.8.8.2 Calculate O&M material and supply costs.

OMMC - (OMMP) (CCLME)
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where

OMMC - O&M material and supply costs, $/yr.

O0MP - O&M material and supply costs as fraction of capital
costs, fraction

CCLDE - capital costs of lime feed system, $.

2.11.8.9 Cost Calculations Output Data.

2.11.8.9.1 Capital costs of lime feed system, CCLIME, $.

2.11.8.9.2 O&M material and supply costs, OMMC, $/yr.

2.11.9 Polymer Feed System.

2.11.9.1 Input Data.

2.11.9.1.1 Polymer dosage rate, lb/day.

2.11.9.2 Design Paraneters.

2.11.9.2.1 Polymer dosage rate, lb/day.

2.11.9.3 Process Design Calculations. The costing for this
unit process is paranetric and is detemined by the polymer dosage
rate, therefore, no process design calculations are required.

2.11.9.4 Process Design Output Data. Not Used.

2.11.9.5 Quantities Calculations.

2.11.9.5.1 Calculate operation and maintenance manpower.

2.11.9.5.1.1 The O&M manpower can be estimated as a function of
gallons of liquid chemical fed per day. It is assumed that the
solution of polymer and water has a concentration of 0.25 percent.

LCV- PLMR) (100)
(0.25) (8.34)

where

LCV - liquid chemical solution fed per day, gpd.

PLMER - polymer dosage rate, lb/day.

2.11.9.5.1.2 if LCV < 90 gpd.

OMM - 600 + 92.5 (LCV) 0. 28 27
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2.11.9.5.1.3 If 90 : LCV < 350 gpd.

OMMH - 189.2 (LCV)0.2565 + 92.5(LCV)
0 .2827

2.11.9.5.1.4 If 350 e LCV < 1050 gpd.

OMMH - 33.4 (LCV)
0 .4 89 4 + 92.5(LCV)0 .2

8 2 7

2.11.9.5.1.5 If 1050 <LCV< 10,000 gpd,

OMMH a 51.8 (LCV) 0.4894 + 92.5 (LCV)0 .2
8 2 7

2.11.9.5.1.6 If LCV > 10,000 gpd,

OMMH - 12.2 (LCV)0.647 + 92.5 (LCV)
0 .2 82 7

where

OMMH - operation and maintenance manpower, HE/yr.

LCV liquid chenical solution fed per day, gpd.

2.11.9.5.2 Operation and Maintenance Material and Supply Costs.
The O&M material and supply costs for the polymer feed system are not
available in the literature. However, info--ation for the various
ccupoaents of the system are available and a combination of these
values indicates that the cost to be approximately 2 percent.

OMMP - 0.02

where0
OMMP - O&M material and supply as fraction of capital

costs, fraction.

2.11.9.5.3 Electrical energy requirement. The electrical energy
requirement for this unit process is considered insignificant in
coparisou to the energy requirement for the entire facility.

2.11.9.6 Quantities Calculations Output Data.

2.11.9.6.1 Operation and maintenance manpower requirements, OMfH,
MH/yr.

2.11.9.6.2 O&M material and supply cost as a fraction of capital
cost, OMMP, fraction.
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2.11.9.7 Unit Price Input Required. None as paranetric costing

is used.

2.11.9.8 Cost Calculations.

2.11.9.8.1 Capital cost of polymer feed system. The cost of
polymer feed systen is obtained by upgrading an existing curve to 1977
costs by means of EPA Cost Index. It is shown in Figure 2.11-8. The
cost of polymer feed systen can be estimated by:

2.11.9.8.1.1 When PLMER < 30 lb/day,

CPMFED - "T (4524) -

2.11.9.8.1.2 When PLMER > 30 lb/day,

CPMFED - -A (1018) (PLMER)0 .8562

* where

PLIER - polymer dosage, lb/day.

CPMFED a capital cost of polymer feed system, $.

2.11.9.8.2 O&M material and supply costs.

•OIC - (CPMFED) (o10P)

where

OHC * O&M material and supply costs, S/yr.

CPMFED - capital cost of polymer feed system, .

(C(MP - O&H material and supply costs as fraction
of capital cost, fraction.

2.11.9.9 Cost Calculation. Output Data.

2.11.9.9.1 Capital cost of polymer feed systen, CPMFED, S.

2.11.9.9.2 O&M material and supply cost, Oh(C, S/yr.

2.11.10 Biblioarahy,.

2.11.10.1 XAA, Water Quality and Treatment, 3rd edition, McGraw-
Hill, 1971.

2.11.10.2 Bauer Engineering, Inc., "Survey-Scope Study of Wastewater
Management, Chicago-South and Lake Michigan Area", Feb. 8, 1972.
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2.11.10.3 Blecker and Nichols, "Capital. and Operation Costs of
Pollution Control Equipment Modules, Vol IT Data Manual", EPA-R5-73-
023b, 1973.

2.11.10.4 Culp and Culp, Advanced Wastewater Treatment, Van
Nostrand Reinhold, 1971.

2.11.10.5 National Line Association, "Uae, Handling, Application
and Storage in Treatment Processes," Bulletin 213, 1971.

2.11.10.6 Smith, R., "Cost of Phosphorus Rmoval in Conventional
Wastewater Treatment Plants by Means of Chemical Addition", EPA
Interoffice Meno, May 30, 1977.

2.11.10.7 U. S. EPA Manual of Practice, "Process Design Manual
for Suspended Solids Rmoval", EPA 625/L-75-003a, 1975.
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2.13 CHLORINATION

2.13.1 Background.

2.13.1.1 Disinfection is the selective destruction of patho-
genic organisms; sterilization is the complete destruction of all
microorganisms. Disinfection may be considered as one of the most
important processes in wastewater treatment. This practice used in
wastewater treatment has resulted in the virtual disappearance of
waterborne diseases.

2.13.1.2 Disinfection may be accomplished through the use of
chemical agents, physical agents, mechanical means, and radiation.
In wastewater treatment the most commonly used disinfectant is
chlorine; however, other halogens, ozone, and ultraviolet radiation
have been used. Because of its almost universal use, only disinfection
using chlorine gas is considered.

2.13.1.3 The rate of disinfection by chlorine depends on
several factors, including chlorine dosage, contact time, presence
of organic matter, pH, and temperature. The recommended chlorine
dosage for disinfection purposes is that which produces a chlorine
residual of 0.5 to 1 mg/l after a specified contact time. Effec-
tive contact time of not less than 15 min at peak flow is recom-
mended. Typical chlorine dosages recommended for disinfection and
odor control are presented in Table 2.13-1.

2.13.1.4 The most common forms of chlorine used in wastewater
treatment plants are calcium and sodium hypochlorites and chlorine
gas. Hypochlorites are recommended for small treatment plants
where simplicity and safety are more important than cost. Chlorine
gas may be applied as a gas, or mixed with water to form a solu-
tion, a method used almost exclusively in wastewater treatment.

2.13.1.5 The design of the chlorine contact tank plays an
important role in the degree of effectiveness produced from chlo-
rination. Factors which must be considered in the design include
method of chlorine addition, degree of mixing, minimization of
short circuiting, and elimination of solids settling. A recent
study indicated that, to minimize short-circuiting, the basin
outlet may be designed as a sharp-creasted weir that spans the
entire width of the basin outlet. The longitudinal baffling of a
serpentine flow basin was superior to cross-baffling; a length-to-
width ratio of 40 to 1 was necessary to reach maximum plug flow
performance regardless of the type of baffling.

2.13.2 Input Data.

2.13.2.1 Chlorine contact tank influent flow, mgd.

2.13.2.2 Peak flow, mgd.

2.13.2.3 Average flow, mqd.
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2.13.3 Design Parameters.

2.13.3.1 Contact time at mariatm flow, min.

2.13.3.2 Length- to- idth ratio.

2.13.3.3 Number of tanks.

2.13.3.4 Chlorine dosage, mgl.

2.13.4 Process Design Calculations.

2.13.4.1 Select contact time at peak flow and calculate

voltme of contact tank. VCT - 6P(CT) x 106

(24)(60)

where

VCT - volume of contact tank, gal.

Qp - peak flow, mgd.

CT - contact time at maxirmum Clow, mLn.

2.13.4.2 Select a side wvtk. eol.!k and calculate surface
area.

SA-

where

SA - surface area, ft

0VCT - volume of contact tank, gal.

SWD - side water depth AO 8 ft.

2.13.4.3 Select a length-to-width ratio and calculate di-

mes ions.

CTW o SA) 
1/2

-SACTL .--S-
CTW

where

CTW - contact tank width, ft.

SA - surface area, ft2.

RLW - length-to-width ratio.
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CTL - contact tank length, ft.

2.13.4.4 Select chlorine dosage (Table 2.13-1) and calculate
chlorine requirments.

CR - (Qavg) (CD) (8.34)

where

CR - chlorine requirement, lb/day.

Qav$ . average flow, mgd.

CD - chlorine dosage, mg/l.

2.13.4.5 Calculate peak chlorine requirements.

PCR - (CR)

where Qavg

PCR - peak chlorine requirements, lb/day.

0CR - chlorine requirements, lb/day.

- peak flow, mgd.

Qavg = average flow, mgd.

2.13.4.6 Effluent Quality. It is assumed that none of the
characteristics are changed by this unit process. The following
equation by Shelleck, Collins and White is used to predict
colifom reduction. -3

COLIFR - (1.0 - ((1.0 + (.23) (CD) (CT)) 1 100

where

COLIFR - colifom reduction, .
CD - chlorine dosage, mg/l.

Cr - contact time, minutes.

2.13.5 Process Design Output Data.

2.13.5.1 Maximum flow, mgd.

2.13.5.2 Average flow, mgd.

2.13.5.3 Contact time, min.

2.13.5.4 Volune of contact tank, gal.

2.13.5.5 Average chlorine requirement, lb/day.

2.13.5.6 Peak chlorine requirement, lb/day.

2.13.5.7 Tank dimensions.
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Table 2.13-1. Typical Chlorine Dosages for
Disinfection and Odor Control

Dosage Range

Effluent from mq/l

Untreated wastewater (prechlorination) 6 to 25

Primary sedimentation 5 to 20

Chemical precipitation plant 2 to 6

Trickling filter plant 3 to 15

Activated sludge plant 2 to 8

ultimedia filter following activated sludge plant 1 to 5
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2.13.6 Quantities Calculations

2.13.6.1 Calculate size and number of chlorine cylinders.

2.13.6.1.1 If the chlorine requirement (CR) is between 0 and 50

lb/day, use 150-lb cylinders. Assume that a minimum of 30 days supply

will be kept on hand. The minimum number of cylinders, regardless

of chlorine requirement, will be two 150-lb cylinders.

N CR (30)
c (150)

If N is not an integer, use the next larger integer.

where

N - number of chlorine cylinders required.c

CR - chemical requirement, lb/day.

2.13.6.1.2 If the chlorine requirement is greater than 50

lb/day, use 1-ton cylinders. The minimum number of cylinders is

2.

N C (30)
c (2000)

If N is not an integer, use the next larger integer.

where

N - number of cylinders.c

CR - chlorine requirement, lb/day.

2.13.6.2 Calculate chlorination building area. The chlori-

nation building is sized according to the area required for the

anticipated equipment to be used for the various chlorine require-

ments.

2.13.6.2.1 If CR is less than 2000 lb/day,

BA - 220 sq ftc

2.13.6.2.2 If CR is greater than 2000 lb/day,

CR
u 8000

If N is not an integer, use the next larger integer.

BA - 360 X N
c ii

where

BA - chlorination building area, sq ft.c

2.13-5



CR = chlorine requirement, lb/day.

Nu - number of chlorinators and evaporators required.

2.13.6.3 Calculate chlorine storage area.

2.13.6.3.1 If CR is less than 50 lb/day,

A - 16xN
s c

2.13.6.3.2 If CR is greater than 50 lb/day,

A 140 x Ns c

where

N = number of chlorine cylinders required.C

A - area of chlorine storage building, sq ft.s

2.13.6.4 Chlorine contact tank.

2.13.6.4.1 The basic configuration of the chlorine contact
tanks is shown in Figure 2.13-1.

2.13.6.4.2 Dimensions for the various size contact tanks are
shown in Table 2.13-2. Quantities of reinforced concrete and the
earthwork were calculated using the dimensions shown in Table
2.13-2.

2.13.6.5 Calculate earthwork for chlorine contact tank.

2.13.6.5.1 If Q is between 0.50 mgd and 3.75 mgd, the
volume of earthwork N calculated by:

V - (3700) (Q avg)03782Vewav

2.13.6.5.2 If Q is between 3.75 mgd and 100 mgd, the
volume of earthworkaVi calculated by:

V = 1870 (Q avg)08873Vewag

2.13.6.5.3 If Q av is between 100 mgd and 200 mgd, the
volume of earthwork NY calculated by:

V - 2021.9 (Qa )0.8873
Vewav

2.13.6.5.4 If Qa- is between 200 mgd and 300 mgd, the
volume of earthworkaY calculated by:

Vew - 2116.4 (Q avg)0.8873
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Table 2.13-2

COLORINE CONTACT CHAMBER DIMENSIONS

Flow Range Rectangular Chlorine Contact Chamber Dimensions

A B h L W G

(ft) (ft) (ft) (ft) (ft) (ft)

0.5 - 1.00 2.5 2.5 5 40 10 2.5

1.00 - 2.50 4 4 10 40 10 4

2.50 - 5.00 4 7.5 10 55 15 4

5.00 - 10.00 4 15 10 85 20 4

10.00 - 20.00 4 30 10 92 40 4

20.00 - 40.00 5 50 10 150 50 5

40.00 - 80.00 8 60 10 230 65 8

80.00 - 100.00 8 77 10 280 80 8
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where

Qavg = average daily flow, mgd.

V = volume of earthwork, cu ft.Vew

2.13.6.6 Calculate the volume of reinforced concrete
required for the walls of the contact tank.

2.13.6.6.1 If Q is between 0.5 mgd and 3.75 agd, the
volume of concrete aVired is calculated by:

V a(2 0 00) (Q avg)02545Vcwav

2.13.6.6.2 If Q is between 3.75 mgd and 100 mgd, theav.
volume of concrete reuired is calculated by:

V M(1100) (Q ) 0 . 7 1 0 8

cw avg

2.13.6.6.3 If Q is between 100 mgd and 200 mgd, thevol f oav.
volume of concrete reMuired is calculated by:

Vcw - (1344.1) (9 avg0.7108

2.13.6.6.4 If Q is between 200 mgd and 300 mgd, the
volume of concrete required is calculated by:

Vcw = (1511.4) (Qavg) 0.7108

where

Qavg = average daily flow, mgd.

V = volume of reinforced concrete for wall, cu ft.
cw

2.13.6.7 Calculate the volume of reinfoi..d concrete
required for the slab of the contact tank.

2.13.6.7.1 If Q is between 0.5 mgd and 3.75 mgd, the
volume of concrete reqired is calculated by:

Vcs = (700) (Q avg)04078

2.13.6.7.2 If Q is between 3.75 mgd and 100 mgd, the
ave .volume of concrete required is calculated by:

Vcs M (340) (Q avg)09554

2.13.6.7.3 If Q is between 100 mgd and 200 mgd, the
volume of concrete re ired is calculated by:

Vcs - (350.7) (Qavg) 0.9554
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2.13.6.7.4 If Q is between 200 mgd and 300 mgd, theav .

volume of concrete re , red is calculated by:

w e Vcs - (357.1) (Q avg)0.9554

Qag = average daily flow, mgd.

Vs - volume of reinforced concrete for slab, cu ft.

2.13.6.8 Other construction cost items for the chlorine
contact chamber.

2.13.6.8.1 From the calculations, approximately 85% of the
construction costs of the chlorine contact chamber have been
accounted for.

2.13.6.8.2 Other minor items such as grass seeding, site
cleaning, piping, etc., would be 15%.

2.13.6.8.3 The correction factor would be I= 1.18.
0.85

2.13.6.9 Calculate chlorine requirement for one year.

CRTPY = (CR) (365)
2000

where

CRTPY - chlorine requirement per year, ton/yr.

CR = chlorine requirement, lb/day.

2.13.6. 10 Calculate operational labor.

OMH = 100 (CRTPY) 0.5316

where

OMH - operational labor, man-hours/yr.

CRTPY - chlorine requirement per year, ton/yr.

2.13.6.11 Calculate maintenance labor.

2.13.6.11.1 If the chemical requirement is between 1 ton/yr
and 10 ton/yr,

,oM - (27) (CRTPY) 0.3141

2.13.6.11.2 If the chemical requirement is between 10 ton/yr
and 50 ton/yr.

MMH - (18.06) (CRTPY)
0 .49 14
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2.13.6.11.3 If the cheancal requirenent is greater than 50
ton/ yr,

MMH - (2.8) (CRTPY) 0 9 6 8 2

where

MME maintenance man-hour requirements, man-hours/ yr.

2.13.6.12 Calculate the energy requirement for operation.

2.13.6.12.1 If Qavg is between 0.5 mgd and 5 mgd, the energy

requirement is contant.

KWH - 118,000

2.13.6.12.2 if Qavg is greater than 5 agd, the energy re-

quireent is found by:
KWH - (83,000) (Qav)0* 1991

where

KWH - electrical energy requirement for operation,
kuh r/ yr.

Qavg . average daily flow, mgd.

2.13.6.13 Calculate the material and supply costs for
operation and maintenance.

2.13.6.13.1 Material and supply costs include the materials
and replacement parts required to keep the chlorination faci-
lities in proper operating conditions. These costs are esti-
mated as a percent of the construction costs fron the foLlowing
equations.
2.13.6.13.2 If CR is between 0 lb/day and 300 lb/day, the

material and supply costs are found by:

OMP - 6.255 (CR) 0 . 0 79 7

2.13.6.13.3 If CR is greater than 300 lb/day, the material
and supply costs are found by:

OMMP - 15.01 (CR)
0 .2 3 32

*where
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OM1P - material and supply costs for operation and
maintenance as percent of construction costs,
percent.

CR - chlorine requirement, lb/day.

2.13.7 Quantities Calculations Output Data.

2.13.7.1 Chlorination building area, BA., sq ft.

2.13.7.2 Area of chlorine storage building, A., sq ft.

2.13.7.3 Volue of earthwork, Vev, cu ft.

2.13.7.4 Volume of reinforced concrete for walls, V., cu
ft.

2.13.7.5 Volume of reinforced concrete for slab, VcsI cu
ft.

2.13.7.6 Correction factor for construction cost of chlo-
rine contact chamber, CF.

2.13.7.7 Operational labor, OMB, man-hours/yr.

2.13.7.8 Maintenance labor, M, man-hours/yr.

2.13.7.9 Energy requirement for operation, KWH, kwhr/yr.

2.13.7.10 Material and supply costs for operation and
maintenance, OMMP, percent.

2.13.8 Unit Price Input Required.

2.13.8.1 Standard size chlorinator cost, COSTCLE, $ (op-
tional).

2.13.8.2 Chlorination building cost, UPIBC, $/sq ft.

2.13.8.3 Excavation cost, UPIEX, $/cu yd.

2.13.8.4 Reinforced concrete wall cost, UPICW, $/cu yd.

2.13.8.5 Reinforced concrete slab cost, UPICS, $/cu yd.

0
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2.13.8.6 Current Marshall and Swift Equipment Cost Index,

MSECI.

2.13.9 Cost Calculations.

2.13.9.1 Calculate installed equipment costs.

2.13.9.1.1 The equipment purchase cost includes chlori-
nators, evaporators, scales, leak detector, flow recorder,
booster pnp, and residual analyser as required according to the
size of the facility.

2.13.9.1.1.1 If CR is between 0 lb/day and 50 lb/day.

COSTCE - 4.33 x COSTCLE

2.13.9.1.1.2 If CR is between 50 lb/day and 500 lb/day,

COSTCE - 5.93 x COSTCLE

2.13.9.1.1.3 If CR is between 500 lb/day and 1000 lb/day.

COSTCE - 7.15 x COSTCLE

2.13.9.1.1.4 If CR is between 1000 lb/day and 1500 lb/day.

COSTCE - 7.41 x COSTCLE

2.13.9.1.1.5 If CR is between 1500 lb/day and 2000 lb/day.

COSTCE - 11.33 x COSTCLE

2.13.9.1.1.6 If CR is between 2000 lb/day and 8000 lb/day,

COSTCE - 20.26 x COSTCLE

2.13.9.1.1.7 If CR is greater than 8000 lb/day,

COSTCE+ 1) (13.48) + 31 COSTCLE

where

CR - chlorine requirenent, lb/day.

COSTCE - purchase cost of chlorination equipment, $.

COSTCLE - purchase cost of standard size chlorinator.
Chlorinator with 2000 lb/day capacity, $.

2.13-12



2.13.9.1.2 Cost of standard size chlorinator. The approximate
cost of a 2000 lb/day chlorinator for the first quarter of 1977
is:

COSTCLE = $2,700

For better estimation COSTCLE should be obtained from equipment
vendor and treated as unit price input. If COSTCLE is not
treated as a unit price input, the cost will be adjusted by
using the Marshall and Swift Equipment Cost Index.

MSECI
COSTCLE - $2,700 491.6

where

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index first
quarter 1977.

2.13.9.1.3 Installation costs of chlorination equipment and
other minor equipment. This includes the cost for installing
the chlorination equipment and also other costs such as electrical
piping, painting, etc. It is expressed as a percent of the
equipment costs.

ICOST - (0.3) COSTCE

where

ICOST = installation and minor equipment costs, $.

COSTCE = purchase cost of chlorination equipment, $.

2.13.9.1.4 Calculate installed equipment costs.

IEC - COSTCE + ICOST

where

IEC - installed equipment costs, $.

2.13.9.2 Calculate cost of chlorination building.

COSTCB = BA x UPIBC
c

where

COSTCB - cost of chlorination building, $.

BA - chlorination building area, sq ft.c

UPIBC - unit price input building cost, $/sq ft.
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2.13.9.3 Calculate cost of chlorine storage building.

COSTS = A x UPIBC x 0.5

where

COSTS - cost of chlorine storage building, $.

A - area of chlorine storage building, sq ft.5

0.5 - factor to convert UPIBC to unit cost of storage
building.

2.13.9.4 Calculate cost of earthwork.

V
COSTE -ew UPIEX

27

where

COSTE - cost for excavation, $.

V = volume of earthwork, cu ft.ew

UPIEX - unit price input for excavation, $/cu yd.

2.13.9.5 Calculate cost of reinforced concrete walls.

V
COSTCW w UPICW27

where

COSTCW - cost of concrete walls, $.

V - volume of reinforced concrete for walls, cu ft.cw

UPICW = unit price input for concrete walls, $/cu yd.

2.13.9.6 Calculate cost of reinforced concrete for slab.

V
COSTCS - csUPICS27

where

COSTCS - cost of concrete slab, $.

V - volume of reinforced concrete for slab, cu ft.cs

UPICS - unit price input for concrete slab, $/cu yd.
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2.13.9.7 Calculate construction cost for chlorine contact

chamber.

COSTCC - (COSTE + COSTCW + COSTCS) (CF)

where

COSTCC = construction cost for chlorine contact chamber.

2.13.9.8 Calculate total bare construction cost.

TBCC - IEC + COSTCB + COSTS + COSTCC

where

TBCC - total bare construction cost, $.

2.13.9.9 Calculate operation and maintenance material
costs.

OMMC = (TBCC) 0__

where

OMMC operation and maintenance material costs.

2.13.10 Cost Calculations Output Data.

2.13.10.1 Total bare construction cost, TBCC, $.

2.13.10.2 O&M material and supply costs, OMMC, S/yr.
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2.15 CLARIFICATION

2.15.1 Background. Sedimentation is a solid-liquid
separation process designed primarily to remove the suspended
particles that are heavier than water. This process is the most
popular and most widely used process in waste treatment. Sedi-
mentation removes grit, removes the settleable fraction of the
suspended solids from raw waste in primary clarifiers, separates
the biological floc from the mixed liquor in the final clarifier
of a biological treatment system, separates the chemical floc from
the supernatent in physical-chemical systems, and concentrates
sludges in thickeners. Sedimentation may be classified into four
categories depending on the characteristics of the suspension.

2.15.1.1 Discrete SettlinL. Suspended solids in this case
are discrete particles which retain their identity, size, shape,
and settling velocity during the settling process. The main
factor influencing the efficiency of the process is the overflow
rate expressed as gal/ft /day. All particles with settling
velocities greater than the design overflow rate will be removed.
Particles with settling velocities less than the design overflow
rate will be removed in proportion to the ratio of their settling
velocities to the design overflow rate. This type of settling
normally occurs in a grit chamber.

2.15.1.2 Flocculant Settling. In this type of settling,
particles flocculate and agglomerate during settling with changes
in size, shape, and density. The settling velocity increases as
the particles grow larger. The settling characteristics of the
flocculant suspension can be detemined through laboratory set-
tling tests. Efficiency of removal is influenced by both the
overflow rate and detention time. Flocculant settling normally
occurs in a primary clarifier.

2.15.1.3 Zone Settlins. This type of settling normally
occurs with activated sludge. Particles adhere to each other and
settle as a blanket, foxming a distinct solid-liquid interface at
the top of the settling zone. Removal efficiency is influenced by
mass loading, overflow rate, and detention time. Batch sedimen-
tation tests are usually perfomed to evaluate these characteris-
tics for industrial waste suspensions.

2.15.1.4 Copression Settling. In this case, the concen-
tration of the suspension is so great that the particles rest on
each other at the bottom of the sedimentation basin. This type of
settling occurs in a sludge thickener.

0
2.15-1



2.15.2 General Description Primary Clarification.

2.15.2.1 Primary clarifiers are normally used in conjunction
with biological waste treatnent systems to remove the settleable
solids and a fraction of the BOD, thereby reducing the load on the
biological systems. Efficiently designed and operated, primary
clarifiers can remove 50 to 65 percent of the suspended solids and
25 to 35 percent of the 5-day BOD.

2.15.2.2 Primary2clarifiers are usually keyed to the over-
flow rates (gal/day/ft ) and detention times. Detention times of
2 to 3 hr, based on average flows, are recommended. Surface
loading rates usually depend on the characteristics of the sus-
pension to be separated. Batch laboratory studies may be used to
detemine the optimum design parameters for a specific suspension.
Typical values for various suspensions are reported in Table 2.15-
1. Ten State Itandards recommends a surface loading not to exceed
600 gal/day/ft for small plants (1 mgd or less). Relationship of
overflow rates, detention times, and tank depths are presented in
Table 2.15-2.

2.15.2.3 Outlet design and arrangement have been reported to
affect the efficiency of the primary clarifier. Weir loadings,
defined in the Ten State Standards, should not exceed 10,000
gpd/ft for small plants (1 mgd or less) and 15,000 gpd/ft for
larger plants.

2.15.2.4 Primary clarifiers, rectangular or circular (fig.
2.15-1), are usually cleaned mechanically. Two tanks should be
provided to allow for maintenance and repair work.

2.15.2.5 The volume of sludge produced in primary settling
tanks depends on several factors which include the characteristics
of the raw waste, the design of the clarifier, the condition of
the removed solids, and the period between sludge removals.
Sludge should be removed continuously or at least once per shift
(more frequently in hot weather) to avoid deterioration of the
effluent quality. Specific gravities of several types of sludge
are shown in Table 2.15-3.

2.15.2.6 Primary sedimentation may be used in both biolo-
gical treatment systems and physical-chemical systems. Figure
2.15-1 shows typical primary sedimentation tanks.

2.15.3 General Description Secondary Clarification.

2.15.3.1 The final clarifier perfon-s a vital role in a
secondary waste treatment system. In the activated sludge pro-
cess, the final clarifier must provide an effluent low in sus-
pended solids and an underflow of sufficient concentration to
maintain a sufficient population of active microbial mass in the
aeration tank. Final clarifiers are, therefore, designed to
provide clarification, as well as thickening.
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2.15.3.2 In addition to being governed by the overflow rate
and detention time, the design of final clarifiers must be based
on solid loading rates (lb solids/ft /day). Surface overflow
rates and detention times recmended by the Ten State Standards
are presented in Table 2.15-4. Typical values of overflow rates
recomnded for the design of secondary clarifiers include 600
gal/ft2/day for smaller plants (up to I mgd), and up to 800
gal/ft /day for larger plants. The design calculations should
consider the peak incmiing wastewater flow, the return sludge
withdrawal takes place at a point very near the inlet to the tank.
Solids loading rates for various mixed liquor suspended solids are
illustrated in Figure 2.15-4. Typical solids loading rates
reported range fra 12 to 30 lb/ft /day. Solid concentration of
the underflow ranges frau 0.8 to 1.20 percent, by weight.

2.15.3.3 The perfotmance of the final clarifiers is also
affected by the method of sludge withdrawal. The preferred sludge
collection mechanism is a vacuum- or suction-type draw off. The
plow-type collectors with the chain and flight mechanism in
rectangular basins or the bridge with attached plows in circular
basins ineffectively concentrate the waste activated sludge.

2.15.3.4 The bibliography contains excellent discussions on
the design and operations of final clarifiers.
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Table 2.15-1. Reconmended Surface-Loading Rates
for Various Suspensions

Loading Rate, zpd/ft 2

Suspension Range Peak Flow

Untreated wastewater 600 to 1200 1200
Altu floca 360 to 600 600
Iron floca 540 to 800 800
Lime floca 540 to 1200 1200

aMixed with the settleable suspended solids in the untreated

wastewater and colloidal or other suspended solids swept out
by the floc.

Table 2.15-2. Detention Times for Various
Surface-Loading Rates and Tank Depths

Detention Time, hr
Surface- Loading 7-ft 8-ft 10-ft 12-ft

Rate, gpdlft 2  Depth Depth Depth Devt.,

400 3.2 3.6 4.5 5.4
600 2.1 2.4 3.0 3.6
800 1.6 1.8 2.25 2.7
1000 1.25 1.4 1.8 2.2

Table 2.15-3. Specific Gravity of Raw Sludge
Produced fron Various Types of Sewage

Type of Strength Specific
Sewerage System of Sewage Gravity

Sanitary Weak A.02
Sanitary Mediua 1.03
Combined Medium 1.05
Combined Strong 1.07
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Table 2.15-4. Design Requirenents for Final Settling Tanks

Surface
Average Design Detention Settling Rat s

Types of Process Flow, mad Time. hr. %al/day/ft

Conventional, modified, or To 0.5 3.0 600
"high rate" and step aeration 0.5 to 1.5 2.5 700

1.5 and up 2.0 800

Contact stabilization To 0.5 3.6 500
0.5 to 1.5 3.0 600
1.5 and up 2.5 700

Extended aeration To 0.05 4.0 300
0.05 to 0.15 3.6 300
0.15 and up 3.0 600

Note: The inlets and sludge collection and withdrawal facilities shall
be designed to minimize density currents and assure rapid return
of sludge to the aeration tanks. Multiple units capable of inde-
pendent operation are desirable and shall be provided in all
plants where design flows exceed 0.1 mgd unless other provision is
made to assure. continuity of treatnent.

The detention time, surface settling rate, and weir overflow rate
should be adjusted for the various processes to minimize the
problems with sludge loadings, density currents, inlet hydraulic
turbulence, and occasional poor sludge settleability.

0
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2.15.4 Primary Clarification - Circular.

2.15.4.1 Input Data.

2.15.4.1.1 Wastewater flow.

2.15.4.1.1.1 Average flow, md.

2.15.4.1.1.2 Peak flow, mgd.

2.15.4.1.2 Suspended solids, mg/i.

2.15.4.1.3 Volatile suspended solids, percent.

2.15.4.1.4 BOD 5 concentration, mg/I.

2.15.4.2 Design Parameters.

22.15.4.2.1 Overflow rate, gpd/ft . See Tables 2.15-1 and 2.15-2.

2.15.4.2.2 Detention time, hr. See Table 2.15-1.

2.15.4.2.3 Specific gravity of sludge. See Table 2.1-3.

2.15.4.2.4 Solids content of underflow, percent (4 to 6 percent).

2.15.4.2.5 Removal efficiencies.

2.15.4.2.5.1 Suspended solids, percent.

2.15.4.2.5.2 BOD5, percent.

2.15.4.2.6 Weir loading, gpdlft (10,000 to 15,000 gpdlft).

2.15.4.3 Process Design Calculations.

2.15.4.3.1 Select an overflow rate by using Table 2.15-1 or by laboratory
methods and calculate surface area.

SA a Qp x 106
OFR

where

SA - surface area, ft
2

Qp - peak flow, mgd.

OFR - overflow rate, gal/ft2f/day

2.15.4.3.2 Select detention time and calculate volume (see Table
2.15-2).
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1 1 6
V (Qa) (t) x --1 x 106

avg7.8 2

where

V - volmue of tank, ft3.

Qavg . average flow, mgd.

t - time, hr

2.15.4.3.3 Calculate side water depth.

SWD - SA

where

SWD - side water depth, ft

V - volune, ft
3

SA - surface area, ft 2

2.15.4.3.4 Check solid loading rate.

SLR - (Qa V 9 ) (SSI) (8.34)
SLR -(SA)

where

SLR - solid loading rate, lb/ft 2/day

Qavg ' average flow, mgd.

SSI - influent solids concentration, mg/l.

SA - surface area, ft2

2.15.4.3.5 Select weir loading rate and calculate weir length.
WL.QP x 10,

WLR
where

- weir length, ft

Qp a peak flow, mgd

WLR - weir loading rate, gal/ft/day
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2.15.4.3.6 Deteaiine percentage of suspended solids removed from
Figure 2.15-2.

2.15.4.3.7 Calculate amount of primary sludge produced.

PSP- (Qavg ) (SST) (SSR) (10O2) (8.34)

where

PSP - primary sludge produced, lb/day

Qavg " average flow, mgd

SSI - influent solids concentration, mg/l

SSR - suspended solids removed, percent (50 to 60 percent
for municipal systems)

2.15.4.3.8 Select underflow concentration (3 to 6 percent) and
sludge specific gravity (Table 2.15-3), and calculate the volume flow of
primary sludge produced.

PSP(100)
VPSP - (specific gravity) (UC) (8.34)

where

VPSP - volume flow of primary sludge produced, gal/day

PSP - primary sludge produced, gal/day

UC - underflow concentration (3 to 6 percent)

2.15.4.3.9 Effluent Characteristics.

2.15.4.3.9.1 BOD. Specify a BOD5 removal rate or select a removal
rate from Figure 2.15-3.

BODE - (BODI) (1 - BODR

s- (BODSI)

If BODE < Se set BODE -Se

where

BODE - effluent BOD 5 concentration, mg/I.

BODI - influent BOD 5 concentration, mg/l.

BODR - BOD 5 removal rate, %.

Se a effluent soluble BOD5 concentration, mg/l.
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BODSI - influent soluble BOD 5 concentration, mg/l.

2.15.4.3.9.2 COD.

CODE = 1.5 (BODE)

CODSE - 1.5 (Se)

where

CODE - effluent COD concentration, mg/i.

BODE - effluent BOD 5 concentration, matI.

CODSE - effluent soluble COD concentration, mgl.

Se - effluent soluble OD5 concentration, mg/l.

2.15.4.3.9.3 Suspended solids.

SSE - (SSI) (I- SSR

where

SSE - effluent suspended solids concentration, mg/l.

SSI - influent suspended solids concentration, mg/l.

SSR - suspended solids renoval rate, Z.

2.15.4.3.9.4 Nitrogen.

TKNE - (TcN) (1- 9 )

If TKNE NH3E set TKNE - NM3E

where

TKNE - effluent total KJedahL nitrogen concentration, mg/i.

TKN - influent total Kjedahl nitrogen concentration, mg/i.

NH3E - effluent amonia nitrogen concentration, mg/i.

TKNR - total Kjedahl nitrogen removal rate, 2.

2.15.4.3.9.5 Phosphorus

PO4E - (P04) (1 - PO4R

where

PO4E - effluent phosphorus concentration, mg/l.
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P04 - influent phosphorus concentration, mg/I.

P04R - phosphorus removal rate, %°

2.15.4.3.9.6 Oil and Grease

OAGE - OAG

where

OAGE - effluent oil and grease concentration, mg/ 1.

OAG - influent oil and grease concentration, mg/l.

2.15.4.3.9.7 Settleable Solids.

SETSO - 0.0

* where

SETSO - effluent settleable solids.

2.15.4.4 Process Design Output Data.

2.15.4.4.1 Overflow rate, gal/ft 2/day.

2.15.4.4.2 Surface area, ft2.

2.15.4.4.3 Side water depth, ft.

2.15.4.4.4 Detention time, hr.

2.15.4.4.5 Solid loading, lb/ft2/day.

2.15.4.4.6 Weir loading, gal/ft/day.

2.15.4.4.7 Weir length, ft.

2.15.4.4.8 Volume of sludge produced, gal/day.

2.15.4.4.9 Suspended solids removal, percent.

2.15.4.4.10 BOD removal, percent.

2.15.4.4.11 COD removal, percent.

2.15.4.4.12 TKN removal, percent.

2.15.4.4.13 PO4 removal, percent.

2.15.4.4.14 Effluent BOD, magl.
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0 2.15.4.4.15 Effluent suspended solids, mg/l.

2.15.4.4.16 Effluent COD, mg/l.

2.15.4.4.17 Effluent TKN, mg/1.

2.15.4.5 Quantities Calculations.

2.15.4.5.1 Unit selection. The number of units to be em-
ployed depends upon the wastewater quantity to be handled. The
following assumptions will be followed in the detemination of
number of units, N.

Flow Range
MGD, Qavg Number of Units

0.5 1.0 2
1.0 10.0 2
10.0 24.0 4
24.0 50.0 8
50.0 70.0 12
70.0 100.0 16

2.15.4.5.1.1 %hen Q is larger than 100 mgd, the system will
be designed as severaVgatteries of units.

2.15.4.5.1.2 If 100 <Qavg S 200

Number of process batteries, NB, would be 2.

The system would be designed as two identical batteries
with flow to each battery at v2.

Select the number of units per battery as described
above using flow to be Qavg/2.

2.15.4.5.1.3 If Qavg > 200

Number of process batteries, NB, would be 3.

The system would be designed as three identical batteries
with flow to each battery at QavW3.

Select the number of units per battery as described
above using flow to be QavW3.

2.15.4.5.2 Sizing individual unit.

2
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2.15.4.5.2.1 The surface area of each unit.

SAU - SA

where

SAU a surface area per unit, sq ft.

N - number of units.

2.15.4.5.2,2 The diameter of each unit.
DIA w4-l" S AU

W-T3.1416

If DIA is not an integer, use the next larger integer.

where

DIA - dianeter of the unit, ft.

2.15.4.5.2.3 The available sizes fron off-the-shelf items
range fran 10 ft to 200 ft; so if the calculated DIA is larger
than 200 f t, the number of units will have to be increased to N
- N + 1.

2.15.4.5.3 Earthwork required for construction.

V - (1.15) N (0.035 (DIA)3 + 4.88 (DIA) 2 + 77 (DIA) + 350]

where

V ew - earthwork required for construction, cu ft.

1.15 - addition of 15% more for safety factor.

2.15.4.5.4 Reinforced concrete quantities.

2.15.4.5.4.1 Reinforced concrete slab quantity, V sn, for one
tank.

V - (0.825) (DIA + 4) 2 •
csn

where

Vcs - quantity of R.C. slab in-place, cu ft.

t- thickness of the slab, inches, can be obtained by

t 7.9+ 0.25 SWD
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O where

0e SWD - sidewater depth, ft.

2.15.4.5.4.2 Reinforced concrete wall quantity, Vcw, for one
tank.

t
V (3.14) (SWD + 1.5) * (DIA) 2

cwn

where

Vow n - quantity of R.C. wall in-place, cu ft.

t w - wall thickness, inches, and can be estimated by

t - 7 + (0.5) (SWD)

2.15.4.5.4.3 Quantity of concrete for splitter boxes, Vb

Vcb - 100 0 N
I1 1 3

where

Vcb - quantity of R.C. for splitter box, cu ft.

N - number of units.

2.15.4.5.4.4 Total quantity of R.C. in-place.

Wall: Vw * Wn+

0 Slab: V - IN V I

2.15.4.5.5 Calculate maintenance manpower requirements.

2.15.4.5.5.1 If SA is less than 1000 sq ft, then the maintenance

manpower required is:

LMH - 200

2.15.4.5.5.2 If SA is between 1000 and 3000 sq ft, then the
maintenance manpower required is:

MH - 30.3 (SA)
0 .2733
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2.15.4.5.5.3 If SA is greater than 3000 sq ft, then the main-

tenance manpower required is:

=M - 2.05 (SA) 0 '6 09 8

where

M - maintenance manpower required, man-hours/yr.

SA - surface area, sq ft.

2.15.4.5.6 Calculate operation manpower required.

2.15.4.5.6.1 If SA is less than 1000 sq ft, then the opera-
tiorns manpower required is:

OMH - 350

2.15.4.5.6.2 If SA is between 1000 and 3000 sq ft, then the
operation manpower required is:

OMH - 37.1 (SA)0 .3 2
4 7

2.15.4.5.6.3 If SA is greater than 3000 sq ft, then the operation

manpower required is:

OM - 4,0 (SA)
0 .6020

where

OMH - operation manpower required, man-hours/yr.

2.15.4.5.7 Calculate electrical energy required.

2.15.4.5.7.1 If SA is less than 1670 sq ft, then the electrical
energy required is:

KWH - 7500

2.15.4.5.7.2 If SA is between 1670 and 16,700 sq ft, then the
electrical energy required is:

KWH - 2183.3 (SA)
0 .16 6 3

2.15.4.5.7.3 If SA is greater than 16,700 sq ft, then the
electrical energy required is:

KWH - 38.4 (SA)
0 .58 18
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where

KWH - electrical energy required, kwhr/yr.

2.15.4.5.8 Other operation and maintenance material costs.
(c) This item includes repair and replacement material costs and
other minor costs. It is expressed as a percent of the total
bare construction cost of the sedimentation system.

OMOP - 1%

where

OMMP - percent of sedimentation system total bare construction
costs for operation and maintenance material supply.

2.15.4.5.9 Other construction cost items.

2.15.4.5.9.1 Fran the above estimation, approximately 85
percent of the construction costs have been accounted for.

2.15.4.5.9.2 Other minor cost items such as piping, site
cleaning, control panel, etc., would be 15 percent of the total
installed cost.

2.15.4.5.9,3 The correction factor would be:

1CF - - 1.18

where

CF - correction factor for other minor cost items.

2.15.4.6 Quantities Calculations Output Data.

2.15.4.6.1 Surface area, SA, sq ft.

2.15.4.6.2 Number of units, N.

2.15.4.6.3 Number of batteries, NB.

2.15.4.6.4 Surface area per unit, SAU, sq ft.

2.15.4.6.5 Diameter of unit, DIA, ft.

2.15.4.6.6 Earthwork required, Vew , cu ft.

2.15.4.6.7 Total quantity of R.C. wall required, Vcw, cu
ft.
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2.15.4.6.8 Total quantity of R.C. slab required, Vc, cu ft.

2.15.4.6.9 Maintenance manpower required, MMH, man-hour/yr.

2.15.4.6.10 Operation manpower required, OMH, man-hour/yr.

2.15.4.6.11 Electrical energy required, KWH, kwhr/yr.

2.15.4.6.12 Other operation and maintenance material costs,
OMMP, percent.

2.15.4.6.13 Correction factor for construction costs, CF.

2.15.4.7 Unit Price Inputs Required.

2.15.4.7.1 Cost of earthwork, UPIEX, $/cu yd.

2.15.4.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd.

2.15.4.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd.

2.15.4.7.4 Standard size clarifier mechanism (90-ft diameter)
cost, COSTES, $ (optional).

2.15.4.7.5 Marshall and Swift Equipment Cost Index, MSECT.

2.15.4.7.6 Equipment installation labor rate, LABRI, S/man-
hour.

2.15.4.7.7 Crane rental rate, UPICR, S/hour.

2.15.4.8 Cost Calculations.

2.15.4.8.1 Cost of earthwork.

COSTE - v ew UPEX
27

where

COSTE - cost of earthwork, $.

V - volume of earthwork, cu ft.ew

UPIEX - unit price input for earthwork, $/cu yd.

2.15.4.8.2 Cost of R.C. wall in-place.

COSTCW - V " UPICW
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where

COSTCW - cost of R.C. wall in-place, $.
Vow - quantity of R.C. required for walls, cu ft.

UPICW - unit price input for R.C. wall in-place, $/
cu yd.

2.15.4.8.3 Cost of R.C. slab in-place.

COSTCS - cs * UPICS
27

where

COSTCS - cost of R.C. slab in-place, $.

V cs - quantity of R.C. required for slab, cu ft.

UPICS - unit price input for R.C. slab in-place, $/cu yd.

2.15.4.8.4 Cost of installed equipment.

2.15.4.8.4.1 Purchase cost of clarifier equipment. The pur-
chase cost of the clarifier mechanism can be obtained fran the
fol lowing equation:

COSTCM - COSTES xCOSTRO

where

COSTCM - purchase cost of mechanism with diameter of DIA ft,
$.

COSTES - purchase cost of standard size mechanism with diameter
of 90 ft, $.

COSTRO - cost of mechanism with diameter of DIA ft. as percent
of cost of standard size mechanism, percent.

2.15.4.8.4.2 Calculate COSTRO.

COSTRO - 2.16 (DIA) 0 .8515

2.15.4.8.4.3 Cost of standard size mechanism. The cost of the
mechanism for a 90-ft diameter clarifier for the first quarter
of 1977 is:

COSTES - $75,000
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For better cost estimation, COSTES should be obtained fron
equipment vendor and treated as a unit price input. If COSTES
is not treated as a unit price input, the cost wifll be auto-
matically updated by using the Marshall and Swift Equipment Cost
Index.

•MSECI

COSTES - 75,000 *91 * 6

where

MSECI - current Marshall and Swift Equipment Cost Index
fran input.

491.6 - Marshall and Swift Cost Index st quarter 1977.

2.15.4.8.4.4 Installation man-hours for clarifier mechanism.
The man-hour requirement for field erection of clarifier mechanism
can be estimated by:

1MB - 2.04 (DIA)

where

I - installation man-hour requirement, man-hours.

2.15.4.8.4.5 Crane requirement for installations, CH.

CH - (0. 1) (IMR)

where

0CH - crane time requirement for installation, hr.

2.15.4.8.4.6 Other minor costs associated with the installed
equipment. This category includes the cost for electrical con-
trols, influent pipe, effluent weirs, scum baffles, special
materials, painting, etc., and can be added as percent of
purchase equipment cost.

PMIE - 15%

where

PMIC - percentage of purchase cost of equipment as minor
costs, percent.

2.15.4.8.4.7 Installed equipment costs.

PMINCIEC - (N) (NB) [COSTCS El + = I + (IM) (LABRI) + (CH) (UPICR)]
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where

IEC - installed equipment costs, $.

LABRI - labor rate, $/man-hour.

UPICR - crane rental rate, $Ihr.

2.15.4.8.5 Total bare construction cost.

TBCC - (COSTE + COSTCW + COSTCS + IEC) (CF)

where

TBCC - total bare construction cost, $.

CF - correction factor for minor cost items.

2.15.4.8.6 Operation and maintenance material costs.

OMMC - TBCC x l- -

where

OHHC - operation and maintenance material costs, $/yr.

OC MP - percentage of total bare construction cost as operation
and maintenance material costs, percent.

2.15.4.9 Cost Calculations Output Data.

2.15.4.9.1 Total bare construction cost of the circular

clarifier, TBCC, $.

2.15.4.9.2 Operation and maintenance material costs, OKlC,
S/yr.
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2.15.5 Primarx Clarification - Rectangular.

2.15.5.1 Input Data.

2.15.5.1.1 Wastewater flow.

2.15.5.1.1.1 Average flow, mgd.

2.15.5.1.1.2 Peak flow, mgd.

2.15.5.1.2 Suspended solids, mg/l.

2.15.5.1.3 Volatile suspended solids, percent.

2.15.5.1.4 BOD 5 concentration, mg/ .

2.15.5.2 Design Paraneters.

2.15.5.2.1 Overflow rate, gpd/ft 2 . See Tables 2.15-i and02.15-; 2.

2.15.5.2.2 Detention time, hr. See Table 2.15-2.

2.15.5.2.3 Specific gravity of sludge. See Table 2.15-3.

2.15.5.2.4 Solids content of underflow, percent (4 to 6
percent).

2.15.5.2.5 Renoval efficiencies.

2.15.5.2.5.1 Suspended solids, percent.

2.15.5.2.5.2 BODs, percent.

2.15.5.2.6 Weir loading, gpd/ft (10,000 to 15,000 gpd/ft).

2.15.5.3 Process Design Calculations.

2.15.5.3.1 Select an overflow rate by using Table 2.15-1 or by
laboratory methods and calculate surface area.

SA- P x 106

OFR

where

SA - surface area, ft 2

Qp - pwak flow, mgd.

OFR - overflow rate, gal/ft2 /day
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2. 15.5.3.2 SeLect deteatioa time and calculate volume (see
Table 2.15-2).

V - (Q ) (t) x71 -1 x 106
avg 7.48 24

where

V volume of tank, ft 3 .

Qavg ' average flow, mgd.

t - time, hr

2.15.5.3.3 Calculate side water depth.

SWD -V

where

SWD - side water depth, ft

V - volume, ft3

SA - surface area, ft
2

2.15.5.3.4 Check solid loading rate.

(Q av) (SSI) (8.34)

(SA)

where

SLR - solid loading rate, lb/ft 2/day

Qavg = average flow, mgd.

SSI - influent solids concentration, mgIl.

SA - surface area, ft 2

2.15.5.3.5 Select weir loading rate and calculate weir length.

SQP x 106
WLR

where

WL - weir length, ft

- peak flow, mgd

WLR - weir loading rate, gal/ft/day
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2.15.5.3.6 Determine percentage of suspended solids removed from

Figure 2.15-2.

2.15.5.3.7 Calculate amount of primary sludge produced.

PSP- (Q av) (SSI) (SSR) (10 2 ) (8.34)

where

PSP - primary sludge produced, lb/day

Qavg a average flow, mgd

SSI - influent solids concentration, mg/I

SSR - suspended solids removed, percent (50 to 60 percent
for municipal systens)

2.15.5.3.8 Select underflow concentration (3 to 6 percent) and
sludge specific gravity (Table 2.15-3), and calculate the volume flow of
primary sludge produced.

vPS PSP(100)
(specific gravity) (UC) (8.34)

where

VPSP - volume flow of primary sludge produced, gal/day

PSP - primary sludge produced, gal/day

UC - underflow concentration (3 to 6 percent)

2.15.5.3.9 Effluent Characteristics.

2.15.5.3.9.1 BOD. Specify a BOD 5 removal rate or select a removal
rate fra Figure 2.15-3.

BODE - (BODT) (1i- BODR100w

S - (BODSI)

If BODE S set BODE - Se

where

BODE - effluent BOD 5 concentration, mgl.

BODI - influent BOD 5 concentration, ug/l.

BODR - BOD 5 removal rate, %.

so a effluent soluble BOD 5 concentration, mg/l.
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BODSI - influent soluble BOD 5 concentration, mg/i.

2.15.5.3.9.2 COD.

CODE = 1.5 (BODE)

CODSE = 1.5 (S )

where

CODE - effluent COD concentration, mg/l.

BODE - effluent BOD 5 concentration, mg 1.

CODSE - effluent soluble COD concentration, mg/l.

Se - effluent soluble BOD 5 concentration, mg/l.

2.15.5.3.9.3 Suspended solids.

SSE - (SSI) (1 - ssr000
where

SSE - effluent suspended solids concentration, m/l.

SSI - influent suspended solids concentration, mg/l.

SSR - suspended solids rmoval rate, Z.

2.15.5.3.9.4 Nitrogen.

TKNER
TKNE - (TKcN) (1 -RP

If TKNE N3E set TKNE - N3E

where

TKNE a effluent totaL KJedahl nitrogen concentration, mg/ I.

TKN - influent total Kjedahl nitrogen concentration, mg/l.

M3E - effluent amonia nitrogen concentration, mg /I.

TIQR - total KJedahl nitrogen renoval rate, Z.

2.15.5.3.9.5 Phoephorus

P04E - (P04) (1 - P04R

where0P4E 
- effluent phosphorus concentration, mg/l.
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P04 - influent phosphorus concentration, mg/l.

PO4R - phosphorus renoval rate, .

2.15.5.3.9.6 Oil and Grease

OAGE - OAG

where

OAGE - effluent oil and grease concentration, mg/l.

OAG - influent oil and grease concentration, mg/i.

2.15.4.3.9.7 Settleable Solids.

SETSO - 0.0

where

SETSO - effluent settleable solids.

0

0
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2.15.5.4 Process Desian Output Data.
S21

2.15.5.4.1 Overflow rate, gal/ft Iday.

2.15.5.4.2 Surface area, ft
2.

2.15.5.4.3 Side water depth, ft.

2.15.5.4.4 Detention time, hr.

2.15.5.4.5 Solid loading, lb/ft2f/day.

2.15.5.4.6 Weir loading, gal/ft/day.

2.15.5.4.7 Weir length, ft.

2.15.5.4.8 Volume of sludge produced, gal/day.

2.15.5.4.9 Suspended solids removal, percent.

2.15.5.4.10 BOD removal, percent.

2.15.5.4.11 COD removal, percent.

2.15.5.4.12 T1N removal, percent.

2.15.5.4.13 PO4, removal, percent.

2.15.5.4.14 Effluent BOD, m/l.

2.15.5.4.15 Effluent suspended solids, rag/l.

2.15.5.4.16 Effluent COD, mg/l.

2.15.5.4.17 Effluent TKN, mg/I.

2.15.5.5 Quantities Calculations.

2.15.5.5.1 Calculate number and size of units. It is assumed
that the units will be 20 ft wide and will be a maximum of 260 ft
in length. The minimum number of units that will be used is 2.

L = SA

Begin with N - 2; if L is greater than 260, then try N - N + I and
repeat until L is less than 260. If L is not an integer, use the
next larger integer.

where L length of rectangular clarifier, ft.

N - number of rectangular clarifiers.
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2.15.5.5.2 Earthwork required for construction. The volume of

earthwork required for rectangular clarifiers can be estimated by

the following equation.

V - N[69.3L + 413(660L2 + 8580L + 19,800)12+ 9881
ew

where

V - volume of earthwork required for construction, cu ft.

ec

2.15.5.5.3 Reinforced concrete quantities.

2. 15.5.5.3.1 Reinforced concrete vail quantity.

Vcw- Vew Vsw + Viec + Vts

V - (44.7 SWD + 134)Nev

V 6 (10 SWD + (SWD) (L) + I.5L + 30] (N + 1)

V Vie c -220 N

Vts - (90 + 2L) N

where

V - total volume of R.C. wall in-place, cu ft.

V - volume of R.C. wall for end walls, cu ft.

V - volume of R.C. wall for side wall, cu ft.

Vieta volume of R.C. wall for influent and effluent channels,

cu ft.

Vts - volume of R.C. wall for top slab, cu ft.

SWD - side water depth, ft.

L - length of clarifier, ft.

N - number of clarifiers.

2.15.5.5.3.2 Reinforced concrete slab quantity.

VCs - (22L + 150)

where

V8 - quantity of R.C. wall slab in-place, cu ft.
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2.15.5.5.4 Calculate maintenance manpower requirements.

2.15.5.5.4.1 If SA is less then 1000 sq ft, then the maintenance
manpower required is:

MMH - 200

2.15.5.5.4.2 If SA is between 1000 and 3000 sq ft, then the

maintenance manpower required is:

MMH - 30.3 (SA)
0.2733

2.15.5.5.4.3 If SA is greater than 3000 sq ft, then the main-
tenance manpower required is:

MMH - 2.05 (SA)0 6098

where

1MMH - maintenance manpower required, man-hours/yr.

SA - surface area, sq ft.

2.15.5.5.5 Calculate operation manpower required.

2.15.5.5.5.1 If SA is less than 1000 sq ft, then the operation
manpower required is:

ONM - 350

2.15.5.5.5.2 If SA is between 1000 and 3000 sq ft, then the

operation manpower required is:

OME - 37.1 (SA) 0 .3247

2.15.5.5.5.3 If SA is greater than 3000 sq ft, then the opera-
tion manpower required is:

OMH - 4.0 (SA) 0.6020

where

OME - operation manpower required, man-hours/yr.

2.15.5.5.6 Calculate electrical energy required.

2.15.5.5.6.1 If SA is less than 1670 sq ft, then the electrical
energy required is:

KWH - 7500

0
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2.15.5.5.6.2 If SA is between 1670 and 16,700 ft, then the
electrical energy required is:

KWH- 2183.3 (SA)0 1663

2.15.5.5.6.3 If SA is greater than 16,700 sq ft, then the
electrical energy required is:

KWH - 38.4 (SA)0.5818

where

KWH - electrical energy required, khr/yr.

2.15.5.5.7 Other operation and maintenance material costs.
This item includes repair and replacenent material costs and
other minor costs. It is expressed as a percent of the total
bare construction cost of the sedimentation system.

OhMP - 1%

where

OMMP - percent of sedimentation systen total bare construction
costs for operation and maintenance material supply.

2.15.5.5.8 Other construction cost irems.

2.15.5.5.8.1 Fra the above estimation approximately 85 percent
of the construction costs have been accounted for.

2.15.5.5.8.2 Other minor construction costs such as piping,
site cleaning, control panel, etc., would be 15 percent of the
total construction costs.

I
CF - - 1.18

where

CF - correction factor for other minor cost items.

2.15.5.6 Quantities Calculation Output Data.

2.15.5.6.1 Surface area, SA, sq ft.

2.15.5.6.2 Nunber of units, N.

2.15.5.6.3 Surface area per unit, sq ft.
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2.15.5.6.4 Length of units, L, ft.

2.15.5.6.5 Earthwork required, Vew , cu ft.

2.15.5.6.6 Quantity of R.C. wall required, V cu ft.

2.15.5.6.7 Quantity of R.C. slab required, Vcs, cu ft.

2.15.5.6.8 Maintenance manpower required, MMH, man-hours/yr.

2.15.5.6.9 Operation manpower required, OMH, man-hours/yr.

2.15.5.6.10 Electrical energy required, KWH, kwhr/yr.

2.15.5.6.11 Other operation and maintenance material costs,
OMMP, percent.

2.15.5.6.12 Correction factor for construction costs, CF.

2.15.5.7 Unit Price Input Required.

2.15.5.7.1 Cost of earthwork, COSTE, $/cu yd.

2.15.5.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd.

2.15.5.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd.

2.15.5.7.4 Standard rectangular clarifier mechanism cost,
COSTRC, $ (optional).

2.15.5.7.5 Marshall and Swift Equipment Cost Index, MSECI.

0 2.15.5.7.6 Equipment installation labor rate, LABRI, $/man-
hours.

2.15.5.7.7 Crane rental rate, UPICR, $/hr.

2.15.5.8 Cost Calculations.

2.15.5.8.1 Cost of earthwork.
V

COSTE + ew UPIEX

where

COSTE - cost of earthwork, $.

V - volumne of earthwork, cu ft.
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UPIEX - unit price input for earthwork, $/cu yd.

2.15.5.8.2 Cost of R.C. wall in-place.
Vccv UPICWCOSTCW - -7

where

COSTCW - cost of R.C, wall in-place, $.

Vcw - volume of R.C. required for walls, cu ft.

UPICW - unit price input for R.C. wall in-place, $/cu
yd.

2.15.5.8.3 Cost of R.C. slab in-place.

COSTCS -Vcs (UPICS)
27

where

COSTCS - cost of R.C. slab in-place, $.

V - volume of R.C. required for slab, cu ft.

UPICS - unit price input for R.C. Slab in-place, $/cu
yd.

2.15.5.8.4 Cost of installed equipment.

2.15.5.8.4.1 Purchase cost of clarifier equipment. The purchase
cost of the rectangular clarifier mechanism can be obtained from
the following equation.

COSTCX - COSTES * COSTRO
100

where

COSTCM - purchase cost of mechanism 20 ft wide and length L
feet, $.

COSTRC - purchase cost of standard size mechanism 20 ft wide
and 120 ft long, $.

COSTRO - cost of mechanism of length L as a percent of cost

of the standard size mechanism, percent.

2.15.5.8.4.2 Calculate COSTRO.

COSTRO - (.31) (L) + 63
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2.15.5.8.4.3 Cost of standard size clarifier mechanism. The
cost of the mechanism for a clarifier 20 ft wide and 120 ft long
for the first quarter of 1977 is:

COSTRC - $42,000

For better cost estimation, COSTRC should be obtained from
equipment vendors and treated as a unit price input. If COSTES
is not treated as a unit price input, the cost will be auto-
matkcally updated by using the Marshall and Swift Equipment Cost
Index.

COSTRC a 42,000 MSECI

where

MSECI - current Marshall and Swift Equipment Cost Index
fron input.

491.6 - Marshall and Swift Cost Index st quarter, 1977.

2.15.5.8.4.4 Installation man-hours for clarifier mechanism.
The man-hour requirement for field erection of clarifier me-
chanism can be estimated by:

IMH - 0,978 (L) + 80

vhere

IMH - installation man-hour requirement for clarifier
mechanism, man-hours.

2.15.5.8.4.5 Crane requirement for installation.

CH - (.05) (DM)

where

CH - crane time requirement for installation, hrs.

2.15.5.8.4.6 Other minor costs associated with the installed
equipment. This category includes the cost of electrical wiring,
drive unit assembly, tee rails, painting, etc., and can be added
as a percent of the purchased equipment cost.

P4INC - 15%

where

PMIIN - percentage of purchase cost of equipment as minor
costs, percent.
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2.15.5.8.4.7 Installed equipment cost.

INC
IEC [ COSTCX (1 +. 100 (IM) (LABRI) +' CH(UPICR)]N

where

IEC - installed equipment cost, $.

LABRI - labor rate, S/man-hour.

UPICR - crane rental rate, $/hr.

2.15.5.8.5 Total bare construction cost.

TBCC - (COSTE + COSTCW + COSTCS + IEC) (CF)

O where

TBCC - total bare construction cost, $.

CF - correction factor for minor cost items.

2.15.5.8.6 Operation and maintenance material costs.

OMMC - TBCC GIMP

where

OMMC - operation and maintenance material costs, S/yr.

OMMP - percentage of total bare construction cost as
operation and maintenance material cost, percent.

2.15.5.9 Cost Calculation Output Data.

2.15.5.9.1 Total bare construction cost of rectangular
clarifier, TECC, $.

2.15.5.9.2 Operation and maintenance costs, OMMC, $.

0
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2.15.6 Secondary Clarification - Circular

2.15.6.1 Input Data.

2.15.6.1.1 Wastewater flow.

2.15.6.1.1.1 Average daily flow, mgd,

2.15.6.1.1.2 Peak flow, mgd.

2.15.5.1.2 Mixed liquor suspended solids, mg/l.

2.15.6.2 Design Paraneters.

2.15.6.2.1 Solids loading rate (lb/ft 2/day) (30 lb/ ft2/day).

2.15.6.2.2 Surface overflow rate.

2.15.6.2.2.1 Small plants 600 gal/ft 2/day.

2.15.6.2.2.2 Larger plants 800 gal/ft 2/day.

2.15.6.2.3 Sludge specific gravity free Table 2.15-3.

2.15.6.2.4 Underflow concentration (UC), percent.

2.15.6.2.4.1 For activated sludge UC - 0.8-1.2 percent.

2.15.6.2.4.2 For trickliug filter UC - 2-4 percent.

2.15.6.2.5 Weir overflow rate a 10,000-15,000 gpd/ft/day.

2.15.6.2.6 Detention tJme - 2-4 hr.

2.15.6.3 Process Design Calculations.

2.15.6.3.1 Select a solids loading rate and calculate the
surface area.

wAreA(Qavz) 
(MLSS) (8.34)
SLR

where

SA - surface area, ft 2 .

Qav& a average flow, mgd.

MISS a mixed liquor suspended solids, mg/I.

SLR - solid loading rate, lb/ft 2/day.
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2.15.6.3.2 Check the maximum overflow rate.

SA

where

OFR - maximum overflow rate, gal/ft 2/day.

-P peak flow, mgd.

2SA - surface area, ft

If OFR is within range, proceed to next step; if OFR is outside
range, assume OFR and recalculate SA as follows.

SA - FR

2.15.6.3.3 Assume detention time and calculate volume.

* V(Qvg(106 )( 4t )(1

where

V - volume, ft 3 .

Qavg w average daily flow, mgd.

t - detention time, hr.

2.15.6.3.4 Calculate side water depth.

SWD = V

where

SWD - side water depth, ft.

V - volume, ft 3 .

SA - surface area, ft 2 .

2.15.6.3.5 Select weir overflow rate and calculate weir
length.

L a O, x 10 6

WOFR

where

0
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WL - weir Length, ft.

Q - peak flow, mgd.

WOFR - weir overflow rate, gal/ft/day.

2.15.6.3.6 Effluent Characteristics.

2.15.6.3.6.1 BOD. Specify a BOD 5 rmoval rate or select a removal
rate from Figure 2.15-3.

BODE - (BODI) (1 -

s = (SODSI)

If BODE < Se set BODE - Se

where

BODE - effluent BOD 5 concentration, mg/I.

BODI - influent BOD 5 concentration, mg/l.

BODR - BOD 5 removal rate, Z.

Se - effluent soluble BOD 5 concentration, mg/l.

BODSI - influent soluble BOD 5 concentration, mstI.

2.15.6.3.6.2 COD.

CODE = 1.5 (BODE)

CODSE = 1.5 (Se)

where

CODE a effluent COD concentration, mg/l.

BODE - effluent BOD 5 concentration, mg/l.

CODSE - effluent soluble COD concentration, me i.

Se - effluent soluble BOD 5 concentration, mig/l.

2.15.6.3.6.3 Suspended solids.

SSE - (SSI) (I- .S.

~where

SSE - effluent suspended solids concentration, mg/l.
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SSI - influent suspended solids concentration, mg/i.

SSR - suspended solids reoval rate, Z.

2.15.6.3.6.4 Nitrogen.

TKNE - (TKN) (I -

If TKNE < NH3E set TKNE - NH3E

where

TKNE - effluent total Kjedahl nitrogen concentration, mg/I.

TKN - influent total Kjedahl nitrogen concentration, mg/ 1.

NH3E - effluent ammonia nitrogen concentration, m/i.

TKmR - total Kjedahl nitrogen reoval rate, Z.

2.15.6.3.6.5 Phosphorus

P04E - (P04) (1- P04R

where

P04E - effluent phosphorus concentration, mg/l.

P04 - influent phosphorus concentration, mg/l.

PO4R - phosphorus removal rate, 2.

2.15.6.3.6.6 Oil and Grease

OAGE - OAG

where

OAGE - effluent oil and grease concentration, mg/l.

OAG - influent oil and grease concentration, mgl.

2.15.6.3.6.7 Settleable Solids.

SETSO - 0.0

where

SETSO - effluent settleable solids.
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2.15.6.4 Process Design Calculations Output Data.

2.15.6.4.1 Solids loading rate, lb/ft 2/day.

2.15.6.4.2 Surface area, ft2.

2.15.6.4.3 Overflow rate, gal/ft2lday.

2.15.6.4.4 Detention time, hr.

2.15.6.4.5 Weir overflow rate, gal/ft/day.

2.15.6.4.6 Tank side water depth, ft.

2.15.6.4.7 Weir length, ft.

2.15.6.4.8 Volume of wasted sludge, g l/day.

2.15.6.4.9 Underflow concentration, percent.

2.15.6.4.10 Effluent total BOD, mg/l.

2.15.6.5 Quantities Calculations.

2.15.6.5.1 Unit selection. The number of units to be employed
depends upon the wastevater quantity to be handled. The following
assumptions will be followed in the deteimination of number of units, N.

Flow Range
MGD. Qavgt Number of Units

0.5 1.0 2

1.0 10.0 2

10.0 24.0 4

24.0 50.0 8

50.0 70.0 12

70.0 100.0 16

2.15.6.5.1.1 When Q .. is larger than 100 mgd, the system will be

designed as several ba eries of units.

2.15.6.5.1.2 If 100< Qav Zoo
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Number of process batteries, NB, would be 2.

The system would be designed as two identical batteries
with flow to each battery at QavgW2 .

Select the number of units per battery as described
above using flow to be Qavg2.

2.15.6.5.1.3 If Q av>200

Number of process batteries, NB, would be 3.

The system would be designed as three identical batteries
with flow to each battery at Qavg3.

Select the number of units per battery as described above
using flow to be QavW 3.

2.15.6.5.2 Sizing individual unit.

0 2.15.6.5.2.1 The surface area of each unit.

- SA
N NB

where

SAU - surface area per unit, sq ft.

N - number of units.

2.15.6.5.2.2 The diameter of each unit.

DIA 4 * SAU
3.1416

If DIA is not an integer, use the next larger integer.

where

DIA - diameter of the unit, ft.

2.15.6.5.2.3 The available sizes from off-the-shelf items range
frm 10 ft to 200 ft; so if the calculated DIA is larger than 200
ft, the number of units will have to be increased to N - N + 1.

2.15.6.5.3 Earthwork required for construction.

V - (1.15) N [0.035 (DIA) 3 + 4.88 (DIA)2 + 77 (DTA) + 3501

where

Vew - earthwork required for construction, cu ft.

1.15 - addition of 15% more for safety factor.
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2.15.6.5.4 Reinforced concrete quantities.

2.15.6.5.4.1 Reinforced concrete slab quantity, V for one
tank.

,t s

Vcsn = (0.825) (DIA . 4)'" 2

where

Ves - quantity of R.C. slab in-place, cu ft.

t - thickness of the slab, inches, can be obtained byS

t - 7.9 + 0.25 SWD

where

SWD - sidevater depth, ft.

2.15.6.5.4.2 Reinforced concrete wall quantity, V for one
tank.

t

V - (3.14) (SWD + 1.5) * (DIA) t.
cwn

where

V - quantity of R.C. wall in-place, cu ft.cwn

t - wall thickness, inches, and can be estimated byV

t a 7 + (0.5) (SWD)

2.15.6.5.4.3 Quantity of concrete for splitter boxes, Vcb

Vcb 1 100 * N 1.13

where

Vcb - quantity of R.C. for splitter box, cu ft.

N - nuber of units.

2.15.6.5.4.4 Total quantity of R.C. in-place.

Wall: V -[N * V Vcb. * N"
cv ewn cb

Slab: Vcs - [N "cn] - NB

2.15.6.5.5 Calculate maintenance manpower requireuents.
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2.15.6.5.5.1 If SA is less than 1000 sq ft, then the maintenance

manpower required is:

M - 200

2.15.6.5.5.2 If SA is between 1000 and 3000 sq ft, then the
maintenance manpower required is:

MM - 30.3 (SA)0 .2733

2.15.6.5.5.3 If SA is greater than 3000 sq ft, then the main-

tenance manpower required is:

MH0 - 2.05 (SA) 0 . 60 9 8

where

MLM - maintenance manpower required, man-hours/yr.

SA - Surface area, sq ft.

2.15.6.5.6 Calculate operation manpower required.

2.15.6.5.6.1 If SA is less than 1000 sq ft, then the operations
manpower required is:

0MH - 350

2.15.6.5.6.2 If SA is between 1000 and 3000 sq ft, then the
operation manpower required is:

0MB - 37.1 (SA)0 .3 2
4 7

2.15.6.5.6.3 If ASA is greater than 3000 sq ft, then the opera-
tion manpower required is:

OH - 4.0 (SA)
0 .60 20

where

OMH - operation manpower required, man-hours/yr.

2.15.6.5.7 Calculate electrical energy required.

2.15.6.5.7.1 If SA is less than 1670 sq ft, then the electrical
energy required is:

KWR - 7500

2.15.6.5.7.2 If SA is between 1670 and 16,700 sq ft, then the
electrical energy required is:
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KWH - 2183.3 (SA) 0 .1 6 6 3

2.15.6.5.7.3 If SA is greater than 16,700 sq ft, then the
electrical energy required is:

KWH - 38.4 (7SA)
0 .5818

where

KWH - electrical energy required, khr/yr.

2.15.6.5.8 Other operation and maintenance material costs.
This iten includes repair and replacement material costs and
other minor costs. It is expressed as a percent of the total
bare construction cost of the sedimentation systen.

OMMP - 1%

~where

OMMP - percent of sedimentation system total bare construction
costs for operation and maintenance material supply.

2.15.6.5.9 Other construction cost items.

2.15.6.5.9.1 Fran the above estimation, approximately 85
percent of the construction costs have been accounted for.

2.15.6.5.9.2 Other minor cost items such as piping, site
cleaning, control panel, etc., would be 15 percent of the total
installed cost.

2.15.6.5.9.3 The correction factor would be:
10 C~~ -1. 18

where

CF = correction factor for other minor cost items.

2.15.6.6 Quantities Calculations Output Data.

2.15.6.6.1 Surface area, SA, sq ft.

2.15.6.6.2 Number of units, N.

2.15.6.6.3 Number of batteries, NB.

2.15.6.6.4 Surface area per unit, SAU, sq ft.

2.15.6.6.5 Dianeter of unit, DIA, ft.
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2.15.6.6.6 Earthwork required, Ve, Cu ft.

2.15.6.6.7 Total quantity of R.C. wall required, Vcw, cu
ft.

2.15.6.6.8 Total quantity of R.C. slab required, Vcs, cu

ft.

2.15.6.6.9 Maintenance manpower required, %MH, man-hour/yr.

2.15.6.6.10 Operation manpower required, OMH, man-hour/yr.

2.15.6.6.11 Electrical energy required, KWH, kwhr/yr.

2.15.6.6.12 Other operation and maintenance material costs,
OMMP, percent.

2.15.6.6.13 Correction factor for construction costs, CF.

2.15.6.7 Unit Price Inputs Required.

2.15.6.7.1 Cost of earthwork, UPTEX, $/cu yd.

2.15.6.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd.

2.15.6.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd.

2.15.6.7.4 Standard size clarifier mechanism (90-ft diameter)
cost, COSTES, $ (optional).

2.15.6.7.5 Marshall and Swift Equipment Cost Index, MSECI.

2.15.6.7.6 Equipment installetion labor rate, LABRI, S/man-
hour.

2.15.6.7.7 Crane rental rate, UPICR, $/hour.

2.15.6.8 Cost Calculations.

2.15.6.8.1 Cost of earthwork.

COSTE - Vew * UPIEX
27

where

COSTE - cost of earthwork, $.

V - volume of earthwork, cu ft.

UPIEX a unit price input for earthwork, $/cu yd.
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2.15.6.8.2 Cost of R.C. wall in-place.

0 COSTCW -Vcw , UPICW
27

where

COSTCW - cost of R.C. wall in-place, $.

Vcw - quantity of R.C. required for walls, cu ft.

UPICW - unit price input for R.C. wall in-place, $/
cu yd.

2.15.6.8.3 Cost of R.C. slab in-place.

COSTCS - Vcs " UPICS
27

where

COSTCS - cost of R.C. slab in-place, $.

Vcs = quantity of R.C. required for slab, cu ft.

UPICS - unit price input for R.C. slab in-place,
$/cu yd.

2.15.6.8.4 Cost of installed equipment.

2.15.6.8.4.1 Purchase cost of clarifier equipment. The purchase
cost of the clarifier mechanism can be obtained from the following
equation:

COSTCM - COSTES x COSTRO

where

COSTCM - purchase cost of mechanism with dianeter of DIA ft,

COSTES - purchase cost of standard size mechanism with diameter
of 90 ft, $.

COSTRO - cost of mechanism with diameter of DIA ft, as percent

of cost of standard size mechanism, percent.

2.15.6.8.4.2 Calculate COSTRO.

COSTRO - 2.16 (DIA)0.
8515

2.15.6.8.4.3 Cost of standard size mechanism. The cost of the
mechanism for a 90-ft dianeter clarifier for the first quarter
of 1977 is:
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COSTES = $75,000

For better cost estimation, COSTES should be obtained from equipment
vendor and treated as a unit price input. If COSTES is not treated as a
unit price input, the cost will be automatically updated by using the
Marshall and Swift Equipment Cost Index.

COSTES - 75,000 * MSECI
491.6

whera

MSECI - current Marshall and Swift Equipment Cost Index

from input.

491.6 - Marshall and Swift Cost Index ist quarter 1977.

2.15.6.8.4.4 Installation man-hours for clarifier mechanism. The man-
hour requirement for field erection of clarifier mechanism can be
e s t im a t e d b y : IM H - .0 4 ( D

where

IMH - installation man-hour requirement, man-hours.

2.15.6.8.4.5 Crane requirement for installations, CH.

CH - (0.1) (IMB)

where

CH - crane time requirement for installation, hr.

2.15.6.8.4.6 Other minor costs associated with the installed equip-
ment. This category includes the cost for electrical controls, influent
pipe, effluent weirs, scum baffles, special materials, painting, etc.,
and can be added as percent of purchase equipment cost.

PMIC - 15%

where

?4MIC w percentage of purchase cost of equipment as minor
costs, percent.

.. . InstalLed equipment costs.
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IEC - (N) (NB) [COSTCS [1. + PMN (IM) (LABRI) (CH) (UPICR)]

where10

IEC - installed equipment costs, $

LABRI -labor rate, $/man-hour.

UPICR - crane rental rate, $/hr.

2.15.6.8.5 Total bare construction cost.

TBCC - (COSTE + COSTCW + COSTCS + TEC) (CF)

where

TBCC - total bare construction cost, $.

CF - correction factor for minor cost items.

02.15.6.8.6 Operation and maintenance material costs.

OMMC - TBCC xOM
100

where

OMMC -operation and maintenance material costs, $/yr.

OMMP - percentage of total bare construction cost as operation
and maintenance material costs, percent.

2.15.6.9 Cost Calculations Output Data.

2.15.6.9.1 Total bare construction cost of the circular clarifier,
TBCC, S.

2.15.6.9.2 Operation and maintenance material costs, O1IMC, $.
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2.15.7 Secondary Clarification - Rectangular.

2.15.7.1 Input Data.

2.15.7.1.1 Wastewater flow.

2.15.7.1.1.1 Average daily flow, mgd.

2.15.7.1.1.2 Peak flow, mgd.

2.15.7.1.2 Mixed liquor suspended solids, mg/l.

2.15.7.2 Design Paraneters.

2.15.7.2.1 Solids loading rate (lb/ft 2/day) ( 30 lb/ ft2/day).

2.15.7.2.2. Surface overflow rate.

2.15.7.2.2.1 Small plants 600 gal/ft 2/day.

2.15.7.2.2.2 Larger plants 800 gal/ft2/day.

2.15.7.2.3 Sludge specific gravity from Table 2.15-3.

2.15.7.2.4 Underflow concentration (UC), percent.

2.15.7.2.4.1 For activated sludge UC - 0.8-1.2 percent.

2.15.7.2.4.2 For trickling filter UC - 2-4 percent.

2.15.7.2.5 Weir overflow rate - 10,000-15,000 gpdlft/day.

2.15.7.2.6 Detention time - 2-4 hr.

2.15.7.3 Process Design Calculations.

2.15.7.3.1 Select a solids loading rate and calculate the
surface area.

SA- (Qav ) (MU.Ss) (8.34)

SLR

where

2
SA - surface area, ft

Qav - average flow, mgd.

MISS - mixed liquor suspended solids, mg/I.

SLR - solid loading rate, lb/ft 2/day.
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2.15.7.3.2 Check the maximum overflow rate.

O& Qp x 106

SA
where2OFR - maximum overflow rate, gal/ft2/day.

%p - peak flow, mgd.

SA - surface area, ft 2 .

If OFR is within range, proceed to next step; if OFR is outside
range, assume OFR and recalculate SA as follows.

SA -U x 0

OFR

2.15.7.3.3 Assume detention time and calculate volume.

V(Qavg) (106) t 1

where

V - volume, ft3.

Qavg M average daily flow, mgd.

t - detention time, hr.

2.15.7.3.4 Calculate side water depth.

SWD - VSA

* where

SWD - side water depth, ft.

V - volume, ft3.

SA - surface area, ft 2 .

2.15.7.3.5 Select weir overflow rate and calculate weir
length.

WOFR

where

WL - weir length, ft.

0' - peak flow, mgd.

WOFR - weir overflow rate, gal/ft/day.
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2.15.7.3.6 Effluent Characteristics.

2.15.7.3.6.1 BOD. Specify a BOD 5 removal rate or select a renoval
rate fron Figure 2.15-3.

BODE - (BODI) (1- BODR

Se - (BODSI)

If BODE < Se set BODE m Se

where

BODE - effluent BOD 5 concentration, m/1.

BODI m influent BOD5 concentration, ma/l.

BODR m BOD 5 renoval rate, %.

S e n effluent soluble BOD 5 concentration, mg/I.

BODSI - influent soluble BOD 5 concentration, mg/1.

2.15.7.3.6.2 COD.

CODE - 1.5 (BODE)

CODSE - 1.5 (S e)

where

CODE m effluent COD concentration, mgfi.

BODE n effluent BOD5 concentration, mg/l.

CODSE - effluent soluble COD concentration, mg/ 1.

Se n effluent soluble OD5 concentration, mg/l.

2.15.7.3.6.3 Suspended solids.

SSE - (SSI) (1 - --S

where

SSE - effluent suspended solids concentration, mg/l.

SSI - influent suspended solids concentration, mg/l.

SSR a suspended solids renoval rate, Z.
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2.15.7.3.6.4 Nitrogen.

TKNE - (TKN) (1

If TKNE < NH3E set TKNE - NH3E

where

TKNE - effluent total KJedahl nitrogen concentration, ug/i.

TKN - influent total Kjedahl nitrogen concentration, mg/l.

NM3E - effluent ammonia nitrogen concentration, mg/I.

TKNR - total KJedahl nitrogen removal rate, 2.

2.15.7.3.6.5 Phosphorus

Po4E - (P04) (1- P04R

where

PO4E - effluent phosphorus concentration, mg(i.

P04 - influent phosphorus concentration, ms/I.

PO4R - phosphorus removal rate, Z.

2.15.7.3.6.6 Oil and Grease

OAGE - OAG

where

OAGE - effluent oil and grease concentration, mg/i.

OAG - influent oil and grease concentration, mg/i.

2.15.7.3.6.7 Settleable Solids.

SETSO - 0.0

where

SETSO a effluent settleable solids.
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2.15.7.4 Process Design Calculations Output Data.

2.15.7.4.1 Solids loading rate, lb/ft 2/day.

2.15.7.4.2 Surface area, ft2.

2.15.7.4.3 Overflow rate, gal/ft 2 /day.

2.15.7.4.4 Detention time, hr.

2.15.7.4.5 Weir overflow rate, gal/ft/day.

2.15.7.4.6 Tank side water depth, ft.

2.15.7.4.7 Weir length, ft.

2.15.7.4.8 Volume of wasted sludge, gal/day.

2.15.7.4.9 Underflow concentration, percent.

2.15.7.4.10 Effluent total BO, ug/1.

2.15.7.5 Quantities Calculations.

2.15.7.5.1 Calculate number and size of units. It is assumed
that the units will be 20 ft wide and will be a maximum of 260 ft
in length. The minimum number of units that will be used is 2.

SAL -2DR-

Begin with N - 2; if L is greater than 260, then try N - N + 1 and
repeat until L is less than 260. If L is not an integer, use the
next larger integer.

where

L - length of rectangular clarifier, ft.

N - number of rectangular clarifiers.

2.15.7.5.2 Earthwork required for construction. The volume of
earthwork required for rectangular clarifiers can be estimated by
the following equation.

22
V - N[69.3L + 4/3(660L2 + 8580L + 19.800)1/2 9881cv

where

V - volume of earthwork required for construction, cu ft.
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2.15.7.5.3 Reinforced concrete quantities.

2.15.7.5.3.1 Reinforced concrete wall quantities.

cV v 4V +w V ieV tVcv -ew • sv iec ts

Vev - (44.7 SWD * 134)9

V - (10 SWD + (SWD) (L) + 1.5L+ 301 (N 1)sv

V ec - 220N

Vts - (90 * 2L) N

where

V - total volume of R.C. wall in-place, cu ft.
cVw

V a volume of R.C. vall for end walls, Cu ft.cv
YeVw = vottae of L.C. val for side val, Cu ft.

V ie c 0 volume of R.C. wall for influent and effluent channels,
cu ft.

Vts - volume of R.C. vall for top slab, cu ft.

SVD - ele water depth, ft.

L - length of clarifier, ft.

N a number of clarifiers.

2.15.7.5.3.2 Reinforced concrete slab quantity.

V - N(22L + 150)

where

V c - quantity of R.C. wall slab in-place, cu ft.

2.15.7.5.4 Calculate maintenance manpower requiremeuts.

2.15.7.5.4.1 If SA is les than 1000 sq ft, then the maintenance
manpower required is:

MM - 200
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2.15.7.5.4.2 If SA is between 1000 and 3000 sq ft, then the

maintenance manpower required is:

MMH - 30.3 (SA)0 2733

2.15.7.5.4.3 If SA is greater than 3000 sq ft, then the main-
tenance manpower required is:

MMH - 2.05 (SA) 0 . 6 09 8

where

MMH - maintenance manpower required, man-hours/ yr.

SA - surface area, sq ft.

2.15.7.5.5 Calculate operation manpower required.

2.15.7.5.5.1 If SA is less than 1000 sq ft, then the operation
manpower required is:

OMH - 350

2.15.7.5.5.2 If SA is between 1000 and 3000 sq ft, then the
operation manpower required is:

OMR - 37.1 (SA)0.3247

2.15.7.5.5.3 If SA is greater than 3000 sq ft, then the ope-
ration manpower required is:

OK - 4.0 (SA) 0.6020

where

OH - operation manpower required, uan-hours/yr.

2.15.7.5.6 Calculate electrical energy required.

2.15.7.5.6.1 If SA is less than 1670 sq ft, then the electrical
energy required is:

KWH - 7500

2.15.7.5.6.2 If SA is greater than 16,700 sq ft, then the
electrical energy required is:

(WH , 2183.3 (SA) 0 . 1 6 6 3
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2.15.7.5.6.3 If SA is greater than 16,700 sq ft, then the electrical
energy required is:

KWH - 38.4 (SA)
0 .5818

where

KWH - electrical energy required, kwhr/yr.

2.15.7.5.7 Other operation and maintenance material costs. This item
includes repair and replacement material costs and other minor costs.
It is expressed as a percent of the total bare construction cost of the
sedimentation system.

OMMP - 1%

where

OMMP - percent of sedimentation system total bare construction
costs for operation and maintenance material supply.

2.15.7.5.8 Other construction cost items.

2.15.7.5.8.1 Fran the above estimation approximately 85 percent of
the construction costs have been accounted for.

2.15.7.5.8.2 Other minor construction costs such as piping, site
cleaning, control panel, etc., would be 15 percent of the total con-
structiLon costs.

1
CF 0 .85" 1.18

where

CF - correction factor for other minor cost items.

2.15.7.6 Quantities Calculation Output Data.

2.15.7.6.1 Surface area, SA, sq ft.

2.15.7.6.2 Number of units, N.
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2.15.7.6.3 Surface area per unit, sq ft.

2.15.7.6.4 Length of units, L, ft.

2.15.7.6.5 Earthwork required, Vew , cu ft.

2.15.7.6.6 Quantity of R.C. wall required, Vcw, cu ft.

2.15.7.6.7 Quantity of R.C. slab required, Vcs, cu ft.

2.15.7.6.8 Maintenance manpower required, MM, man-hours/yr.

2.15.7.6.9 Operation manpower required, OMH, man-hours/yr.

2.15.7.6.10 Electrical energy required, KWH, kwhr/yr.

2.15.7.6.11 Other operation and maintenance material costs, OMMP,
percent.

2.15.7.6.12 Correction factor for construction costs, CF.

2.15.7.7 Unit Price Input Required.

2.15.7.7.1 Cost of earthwork, COSTE, $/cu yd.

2.15.7.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd.

2.15.7.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd.

2.15.7.7.4 Standard rectangular clarifier mechanism cost, COSTRC, $
(optional).

2.15.7.7.5 Marshall and Swift Equipment Cost Index, MSECT.

2.15.7.7.6 Equipment Installation labor rate, LABRI, S/man-hours.

2.15.7.7.7 Crane rental rate, UPICR, $/hr.
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2.15.7.8 Cost Calculations.

2.15.7.8.1 Cost of earthwork.0 Ve
E ew UPIEXCOSTE + 2--

where

COSTE - cost of earthwork, $.

V - volume of earthwork, cu ft.ew

UPIEX - unit price input for earthwork, $/cu yd.

2.15.7.8.2 Cost of R.C. wall in-place.
V

COSTCW - -- UPICW
27

where

COSTCW - cost of R.C. wall in-place, $.

V - volume of R.C. required for walls, cu ft.cw

UPICW - unit price input for R.C. wall in-place, $/cu yd.

2.15.7.8.3 Cost of R.C. slab in-place.

COSTCS - Vcs (UPICS)
27

where

COSTCS - cost of R.C. slab in-place, $.

Vcs - volume of R.C. required for slab, cu ft.

UPICS - unit price input for R.C. Slab in-place, $/cu yd.

2.15.7.8.4 Cost of installed equipment.

2.15.7.8.4.1 Purchase cost of clarifier equipment. The purchase
cost of the rectangular clarifier mechanism can be obtained from
the following equation.

COSTCM - COSTES * COSTRO
100

where

COSTCM - purchase cost of mechanism 20 ft wide and length L
feet, $.
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COSTRC - purchase cost of standard size mechanism 20 ft wide
and 120 ft long, $.

COSTRO - cost of mechanism of length L as a percent of cost of
the standard size mechanism, percent.

2.15.7.8.4.2 Calculate COSTRO.

COSTRO - (.31) (L) + 63

2.15.7.8.4.3 Cost of standard size clarifier mechanism. The
cost of the mechanism for a clarifier 20 ft wide and 120 ft long
for the first quarter of 1977 is:

COSTRC - $42,000

For better cost estimation, COSTRC should be obtained from equip-
ment vendors and treated as a unit price input. If COSTES is not
treated as a unit price input, the cost will be automatically
updated by using the Marshall and Swift Equipment Cost Index.

COSTRC - 42,000 MSECI491.6

where

MSECI - current Marshall and Swift Equipment Cost Index
frm input.

491.6 - Marshall and Swift Cost Index st quarter, 1977.

2.15.7.8.4.4 Installation man-hours for clarifier mechanism.
The man-hour requirement for field erection of clarifier mechanism
can be estimated by:

I1IH - 0.978 (L) + 80

where

114H a installation man-hour requirement for clarifier
mechanism, man- hours.

2.15.7.8.4.5 Crane requirement for installation.

CH - (.05) (IMH)

where

CH - crane time requirement for installation, hrs.

2.1'.7.8.4.6 Other minor costs associated with the installed
equipment. This category includes the cost of electrical wiring,
drive unit assembly, tee rails, painting, etc., and can be added
as a percent of the purchased equipment cost.
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PMINC - 15%

where

PMINC - percentage of purchase cost of equipment as minor
costs, percent.

2.15.7.8.4.7 Installed equipment cost.

IEC - [COSTCM (I + PMINC) + (IMH) (LABRI) + CH(UPICR)]N
100

where

IEC - installed equipment cost, S.

LABRI - labor rate, $/man-hour.

UPICR - crane rental rate, S/hr.

2.15.7.8.5 Total bare construction cost.

TBCC - (COSTE + COSTCW + CO*CS + IEC) (CF)

where

TBCC - total bare construction cost, $.

CF - correction factor for minor cost itans.

2.15.7.8.6 Operation and maintenance material costs.

OMMC - TBCC OM100
~where

OMMC = operation and maintenance material costs, S/yr.

OMMP - percentage of total bare construction cost as operation
and maintenance material cost, percent.

2.15.7.9 Cost Calculation Output Data.

2.15.7.9.1 Total bare construction cost of rectangular cla-
rifier, TBCC, $.

2.15.7.9.2 Operation and maintenance costs, OMMC, $.
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2.17 DENITRIFICATION

2.17.1 Background.

2.17.1.1 Nitrogen in wastewater can exist in four forms: organic
nitrogen, ammonia nitrogen, nitrite nitrogen and nitrate nitrogen.
The prevalent forms present in untreated sewage are organic nitro-
gen and ammonia nitrogen. Organic nitrogen exists in both soluble
and particulate fons.

2.17.1.2 Discharge of ammonia nitrogen to a receiving stream
causes depletion of the stream's dissolved oxygen content as the
amnmonia nitrogen is oxidized to nitrate. In addition, ammonia
nitrogen can adversely affect fish life under certain environ-
mental conditions. As a result, many wastewater treanent plants
employ a nitrification process to convert ammonia nitrogen to
nitrate nitrogen prior to discharge. Nitrification is a bio-
logical oxidation process which can be performed in either a
suspended or attached growth mode.

2.17.1.3 However, the nitrogen in nitrate is available as a
nutrient for biological growth. Thus, the discharge of nitrate
can contribute to biostimulation of surface waters, resulting in
affects such as algal bloons and eutrophication. As a result, a
denitrification systen must be employeed at certain treatment
plants. The biological process of denitrification involves the
conversion of nitrate nitrogen to a gaseous nitrogen species. The
gaseous product, which is relatively unavailable for biological
growth, is primarily nitrogen gas but also may contain some
quantities of nitrous oxide or nitric oxide.

2.17.1.4 Denitrification is a two-step biological process.
Nitrate is converted to nitrite, which in turn is reduced to
nitrogen gas. This two-step process is tened "dissimilation". A
relatively broad range of bacteria, including Psuedomonas, Micro-
caccus, Archramobacter and Bacillus, can accomplish denitrifi-
cation. These bacteria can use either nitrate or oxygen to
oxidize organic material. Since the use of oxygen is more ener-
getically favorable than nitrate, denitrification must be con-
ducted in the absence of oxygen (anoxic condition) to ensure that
nitrate, rather than oxygen, is used in the oxidation of the
organic material.

2.17.1.5 In order for denitrification to occur, a carbon source
must be available for oxidation. Since the process typically
occurs after carbonaceous material in the raw wastewater has been
removed, an external carbon source must be added to the deni-
trification system. Since methanol (CH OH) is the carbon source
most often used in practice, its use w2l1 be incorporated in this
model. It is important that only sufficient methanol is added in
denitrification to accomplish the nitrate removal, as excess
dosing causes organics to appear in the effluent unless control
measures are taken.
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2.17.1.6 The two-step conversion of nitrate nitrogen to nitrogen
gas occurring in the denitrification process is represented by
Equations I and 2. Eque;.ion 3 is the overall reaction, and is the
sum of Equations 1 and 2. The chemical reaction for synthesis of
the denitrifying organisms is presented in Equation 4.

(1) N03 + 0.33 CH 3 O3-.NO . 0.67 H20 0.33 CO2

(2) No; + 0.5 CH3OH-. 0.5 N2  0.5 CO2  0.5 H20 +01i

(3) NO3 + 0.83 CH3OH- 0.5 N2 + .83 CO2 + 1.17 H20 of"

(4) 3N03 + 14 CH3OR + 4 H2C03--o3 C5 H70 2N + 20H2 o + 3 HCO3

2.17.1.7 The theoretical methanol requirement for nitrate reduc-
tion and cell synthesis is calculated as 2.47 mg methanol per mg
nitrate nitrogen. However, additional methanol is needed for
reduction of any nitrite present and elimination of any remaining
oxygen. These factors increase the required methanol dosage to a
value of 3 mg methanol per mg nitrate nitrogen.

2.17.1.8 The pH affect of denitrification must be examined. In
the conversion of nitrate nitrogen to nitrogen gas, bicarbonate is
produced and the carbonic acid concentration is reduced, thus
increasing the wastewater alkalinity. This increase is estimated
to be 3.0 mg alkalinity (CaCO3) produced per mg nitrogen reduced.

2.17.1.9 As a result, denitrification will tend to at least
partially reverse the pH depression occurring in the nitrification
process. It has been detennined that the highest denitrification
rates occur in the pH range frau 7.0 to 7.5. Denitrification
rates are depressed below pH 6.0 and above pH 8.0.

2.17.1.10 The model of denitrification will include both suspended
and attached modes of operation. A cammon assumption for both
systems is that the influent to the process is a nitrified secon-
dary effluent.

2.17.2 General Description Attached Growth Denitrification.

2.17.2.1 Several different attached growth processes are availa-
ble for denitrification. Most schemes use an upflow configuration
with the media submerged. Reactors are classified as either
packed bed or fluidized bed types. Packed bed media can be high-
porosity plastic modules and dumped rings or lowporosity fine
media. Fluidized bed units use high-porosity fine media. The
system investigated in this study will be a submerged, packed bed
reactor filled with high porosity corrugated plastic sheet modules.
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2.17.3 General Description Suspended Growth Denitrification.

2.17.3.1 Suspended growth systems should be operated in the plug
flow mode. The contents of the denitrification reactor must be
kept mixed, but not aerated. Liquor fron the reactor must receive
clarification in order to collect bionass for return to the
reactor vessel and to produce a clear effluent from the process.
Because the nitrogen gas released in the process often becomes
attached to the biological solids, a nitrogen release step is
included between the reactor and the sedimentation facilities.
The renoval of the attached nitrogen gas bubbles can be perfozmed
either in aerated channels connecting the biological reactor to
the sedimentation facilities or in a separate tank in which the
biological solids are aerated for a short period of time.

2.17.4 Denitrification (Attached Growth).

2.17.4.1 Input Data.

2.17.4.1.1 Average wastewater flow, MGD (Qave)

2.17.4.1.2 Peak wastewater flow, MGD (Qpeak)

2.17.4.1.3 Wastewater temperature, C

2.17.4.1.4 Influent nitrate nitrogen, mg/l (NO3-N)inf

2.17.4.1.5 Allowable effluent nitrate nitrogen, mg/l (NO3-
N)eff

2.17.4.1.6 Wastewater dissolved oxygen content, mg/l

2.17.4.1.7 Wastewater alkalinity, mg/I as CaCo3

2.17.4.1.8 Water viscosity, centipoise

2.17.4.2 Design Parameters.

2.17.4.2.1 pH 7.0 to 7.5.

2.17.4.2.2 Methanol requirement - 3 lb methanol/lb (NO3 -N)
inf.

2.17.4.2.3 Alkalinity production - 3 mg as CaCO 3/mg N03-N
renoved.

2.17.4.2.4 Surface removal rate (SR), lb nitrate nitrogen
removed/f media surface area/day.

2.17.4.2.5 Dentrification media specific surface (SS), ft 2 /ft 3 .

2.17.4.2.6 Dentrification media void volume (VV), Z.
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2.17.4.2.7 Wastewater application rate (AR), gpm/ft2 of columncross-sectional area.

2.17.4.2.8 Water backwash rate - 10 gpm/ft2.

2.17.4.2.9 Denitrification media depth, minimum is 8 feet.

2.17.4.3 Process Design Calculations.

2.17.4.3.1 Select the applicable surface removal rate (SR) for
the minimum wastewater temperature (°C) - see Figure 2.17-1.

2.17.4.3.2 Detemine the total media surface area required
(TSA).

(Qpeak) (8.34) [(NO3-N)inf - (NO3 -N)eff]
TSA -S

2.17.4.3.3 Select the media specific surface (SS) value to be
used:

2.7.4.3.4 Calculate the total volume of media needed (VM) in
ft

TSA
SS

2.17.4.3.5 Select the design wastewater application rate (AR)
in gpm/sf.

2.17.4.3.6 Determine the total column cross-sectional area
(CSSA) in ft 2 .

CSSA -Qav 
X 10 6

~1440 (AR)

2.17.4.3.7 Determine the application rate at peak flow (AR p).ARu.9zx 106

AR -
p (14o) (CSSA)

2.17.4.3.8 Determine the media depth (D) in ft.

D VM
CSSA

2.17.4.3.9 Tf D < 8; use 8' depth. Recalculate actual media
volume (VM.).

VMA - (CSSA) (8')
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2.17.4.3.10 Detenmine methanol requirement (M) in lb CH301f/day.

3 lb CH30H3 lb CORf x Q x 8.34 lb/gal x (NO3-N)inf
M l Tb (NO 37N)inf avg3

2.17.4.3.11 Calculate alkalinity production (AP) in mg/I as CaCO3

3 mg as CaCO 3AP -r
m (N037N) renoved [10 3 "N)inf" (NO3 "N)eff]

2.17.4.3.12 Calculate total water backwash requirement.

BV - 10 (CSSA)

0 2.17.4.3.13 Effluent Characteristics

2.17.4.3.13.1 BOD 5. The values for BOD5 are set as follows:

BODE - 10 mg/

S - 7 ml

where

BODE - effluent BOD 5 concentration, mg/I.

Se = effluent soluble BOD 5 concentration, mg/I.

2.17.4.3.13.2 COD.

CODE - 1.5 BODE

CODSE - i.5 (S )

where

CODE - effluent COD concentration, ms/l.

BODE - effluent BOD 5 concentration, au/l.

CODSE - effluent soluble COD concentration, a/I.

0
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Se = effluent soluble BOD 5 concentration, mg/l.

2.17.4.3.13.3 Suspended Solids.

SSE - 20 mg/1

where

SSE - effluent suspended solids, mg/l.

2.17.4.3.13.4 Nitrogen

NO3E is specified by user

NO2E - 0.0

~where

rO3E - effluent NO3 concentration, mg/i.

N02 - effluent NO2 concentration, mg/i.

2.17.4.3.13.5 Phosphorus

P04E - 0.7 P04

where

PO4E - effluent phosphorus concentration, mg/l.

P04 - influent phosphorus concentration, mg/l.

2.17.4.3.13.6 pH.

PH - 7.2

where

PH - effluent pH.

2.17.4.3.13.7 Settleable solids.

SETSO - 0.0

where

SETSO - effluent settleable solids concentration, m/I.
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2.17.4.3.13.8 Oil and Grease.

OAGE - 0.0

where

OAGE - effluent oil and grease concentration, mg/l.

2.17.4.4 Process Design Output Data.

2.17.4.4.1 Total media surface area required, ft2.

32.17.4.4.2 Total media volume required, ft

2.17.4.4.3 Denitrification column cross-sectional area, ft 2 .

2.17.4.4.4 Denitrification media depth, ft.

2.17.4.4.5 Methanol requirement.

2.17.4.4.6 Alkalinity production.

2.17.4.4.7 Peak wastewater application rate.

2.17.4.4.8 Total water backwash requirements, gm.

2.17.4.5 Quantities Calculations.

2.17.4.5.1 Selection of number of denitrificatiou column units. The
following rulesvwill be used:

uMCD umber of Columns (NC)L

0.5- 2 2

2- 5 2

5- 10 4

10- 20 6

20- 30 8

30- 40 12

40- 50 16

50- 70 24

70- 100 32

When Q is larger than 100 MGD, several batteries of columns will be
used. next section for details. Various example layouts for a
single battery are shown in Figure 2.17-2.
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2.17.4.5.2 Selection of number of columns and number of
batteries when Q is larger than 100 MGD. It is general prac-
tice in designing larger sewage treatment plants that several
batteries of units, instead of a single group of units, are used.
This is due to land availability and certain hydraulic limita-
tions. To simplify the modeling process, the following rules will
be used:

2.17.4.5.2.1 When Q a ; 100 MG'D, only one battery of columns
will be used. Thus, avg

NBC - 1

where

NBC - number of batteries of units.

2.17.4.5.2.2 When 100 < Q , 200 mgd, the system will be
designed as two identical ba 6 eries of denitrification columns.
Each battery would handle half of the wastewater. The nuiber of
columns in each battery would be selected according to the rules
established in Section 2.17.4.5.1 (above) by using half the design
flow as Q avg Thus,

NBC - 2

2.17.4.5.2.3 When Q > 200 mgd, the design will use three

batteries, each handling one-third of the wastewater. Thus,

NBC - 3

2.17.4.5.3 Sizing of denitrification columns.

2.17.4.5.3.1 Height of columns. The overall column height is
equal to the sum of the media depth, distribution system height
and freeboard above the media.

HC - UH + D + F

where

HC - overall column height, ft.

UH - distribution systen height, ft.
(use 8' as default value)

D - media depth, ft. (minimum is 8').

F - freeboard above media, ft.
(use 3' as default value)
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2.17.4.5.3.2 Length and width of columns. In all cases, each

column will be square, so that

Lc -Wc

where

Lc - column cross-sectional length, ft.

W - column cross-sectional width, ft.c

These values are calculated from:

L W CSSA 0.5
c c

where

CSSA - total column cross-sectional area, sf.

2.17.4.5.3.3 Size of piping gallery. As seen in Figure 2.17-
2, a pipe gallery will be provided when the number of columns is
equal to or larger than four. The purpose of the piping gallery
is to house various piping systens and control equipment. The
width of this gallery is dependent on the complexity and capacity
of the piping systen to be housed. An experience curve is provided
to approximate this width. It is expressed as:

PGW - 20 + (0.3) (-a)'

where

PGW - piping gallery width, ft.

5NBC - number of batteries of columns.

2.17.4.5.3.4 Size of underdrain system. The height of under-
drain systen was assumed to be 8'. The cross-sectional area of
the underdrains is equal to that of the columns. Thus,

L -Lu C
W -W

u c

therefore

CSSA 0.5
u -W -

2.17.4.5.4 Methanol feed system.

2.17.4.5.4.1 Detemnine liquid methanol feed rate.

2
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MH I I ~ I dav

where 
5 1440

M1 - liquid methanol feed rate, gpm.

M = methanol feed requirenent (lb/day).

2.17.4.5.4.2 Deteimine methanol storage volume. Storage should
be provided for approximately three weeks.

1440 min
VSTR - (Ml)( day ) (7 day) (3 weeks)

where

VSTR - total methanol storage volume, gal.

2.17.4.5.5 Earthwork required for construction. It is assumed
that column bottom would be 3 feet below ground level. Thus, the
earthwork required would be estimated by the following equations:

2.17.4.5.5.1 When NC - 2, the earthwork required would be:

Vew - 3 [(2Wc + 18.5)(Wc + 17) + (2Wc + 26.5)(Wc + 25)]

where

V - quantity of earthwork required, cu ft.ew

W - width of each column.C

2.17.4.5.5.2 When NC - 4, 6 or 8, the width and length of the
concrete slab for the whole column battery can be calculated by:

La- (NC)(L) + 16

WB - 2(WJ ) + PGW+ 16

when NC - 12 or 16

LB - (NC)(L c ) + PGW+ 16

WB -2(W ) + PGW+ 16

when NC - 24

LB - 1/3 (NC)(Lc) * PGW+ 16

WB - 3 2(PGW) + 16
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When NC - 32

LB - 1/4 (NC) (L+) + PGW + 16

WB = 4(W c) + 3(PGW) + 16

The earthwork for these cases is estimated by:

Vew = 3 x NBC (L B + 
4 )(WB + 4) + (LB + 12)(WB 1 12)]

2.17.4.5.6 Reinforced concrete slab quantity, it is assumed
that a 2' -0" thick slab will be used in this progran regardless
of the size of the system.

2.17.4.5.6.1 For NC - 2,

Vcs = 2.0 (2W c + 14.5)(W c + 13)

where

V - R.C. slab quantity, cu ft.cs

2.17.4.5.6.2 When NC > 4

Vcs - (2)(LB)(WB)

where

LB - slab length, ft.

WB - slab width, ft.

2.17.4.5.7 Reinforced concrete wall quantity. It is assumed
that a 1'-0" thick wall will be used in this program regardless of
the size of the syster.

2.17.4.5.7.1 For NC - 2.

V w - (HC)(7Lc)

where

Vcw- R.C. wall quantity, cu ft.

HC - total column height, ft.

Lc - column cross-sectional length, ft.

2.17.4.5.7.2 For NC - 4, 6 or 8
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Vow - 2[(HC) (4+ 3 ( - )) Lc]

2.17.4.5.7.3 For NC - 12 of 16

Vow- 4[(RC) (4 + 3 l)) LCl

2.17.4.5.7.4 For NC - 24

-6 [(HC) (4 + 3 NC

2.17.4.5.7.5 For NC - 32

NC 1)LV - 8[(c) (4 + 3 (f- 1)) Lc!vC

2.17.4.5.8 Reinforced concrete for piping gallery slab has
been estimated in the column slab calculations. Only the concrete
for ceilings and end slab is necessary. Assume these are 11-6"
thick.

2.17.4.5.8.1 When NC - 2 v - 0

cg

where

V - quantity of R.C. for gallery construction, cu ft.
cg

2.17.4.5.8.2 When NC - 4, 6 or 8
(Nc) (Wc)

v - 1.5 (pGW) [ 2 + 0.75(NC) + 1.51

2.17.4.5.8.3 When NC - 12 or 16

V g - 1.5 PG t .+ 3) Wc + 0.75(NC) + 1.51

2.17.4.5.8.4 When NC - 24

vcg - 1.5 PGW ((2 C -+ 5) W + 0.75(NC) + 1.51

2.17.4.5.8.5 When NC - 32

Vcg M 1.5 PGW [( 3C+ 7) Wc + 0.75(NC) + 1.51

2.17.4.5.9 Summary of reinforced concrete structures.

2.17.4.5.9.1 Quantity of concrete slab

cst cs
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where

V - total quantity of R.C. slab for the construction
of denitrification columns.

2.17.4.5.9.2 Quantity of concrete wall.

cvt Vcw V cg

where

V - total quantity of R.C. wall for the construction
-,It of denitrification tanks.

2.17.4.5.10 Operation and maintenance manpower requirements.
The manday per year requirement is a function of the design
average flow of the denitrification system.

2.17.4.5.10.1 The maintenance labor can be estimated as follow:

When Qavg - 10 mgd

ML - 1896.0 (Q avg) 0278

When Q av > 10 MGD

ML - 675.2 (Q avg) 0.727

where

ML - maintenance labor, MB/yr.

2.17.4.5.10.2 The operation labor can be estimated as follows:

When Qavg - 10 mgd

OL - 3351.2 (Q avg) 0.446

When Qavg > 10 mgd

OL - 4344.8 (Q avg)03332
w.hereav

OL - operation labor, V./yr.

2.17.4.5.11 Energy requirements for operation. The power
consumption for the denitrification system is related to the
average design flow by the following:
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K - 170,000 (Qavg) 0 . 9 2

where

KWH - electrical energy required for operation, kwhr/yr.

2.17.4.5.12 Operation and maintenance material and supply cost.
It is assumed that 0.5% of the total bare construction cost of the
denitrification system would be required annually for the re-
placement and repair material cost.

2.17.4.5.13 Other construction cost items. Using the above
calculations, the majority of cost items for the denitrification
process have been evaluated. Other cost items, suc. ,.s control
equipment, painting, piping, site cleaning and preparation, etc.,
can be estimated as a percentage of the total bare construction
cost. This percentage value has been shown to vary from 10-20
percent of the total construction cost of the system. The value
depends greatly on site location and system complexity. For a
generalized model, an average value of 15% would be adequate.
Thus,

CF - -- 1.18
0.85

where

CF - correction factor to account for the minor cost items.

2.17.4.6 Quantities Calculation Output Data.

2.17.4.6.1 Number of columns, NC.

2.17.4.6.2 Number of batteries, NBC.

2.17.4.6.3 Height of columns, HC, ft.

2.17.4.6.4 Length of column, Lc, ft.

2.17.4.6.5 Width of column, Wc, ft.

2.17.4.6.6 Width of pipe gallery, PGW, ft.

2.17.4.6.7 Length of underdrain system, Lu, ft.

2.17.4.6.8 Width of underdrain system, Wu, ft.

2.17.4.6.9 Earthwork required for construction, Vew , cu ft.

2.17.4.6.10 Reinforced concrete slab quantity, Vcs, cu ft.

2.17.4.6.11 Reinforced concrete wall quantity, Vcwy Cu ft.
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2.17.4.6.12 Reinforced concrete for pipe gallery, Vcg, cu ft.

2.17.4.6.13 Operation labor, OL, MB/yr.

2.17.4.6.14 Maintenance labor, ML, MB/yr.

2.17.4.6.15 Energy requirements, KWH, kwhr/yr.

2.17.4.6.16 Correction factor for minor capital cost items, CF.

2.17.4.6.17 Percentage for O&M material and supply cost, OMP,
z.

2.17.4.7 Unit Price Input Required.

2.17.4.7.1 Cost of earthwork, UPIEX, $/cu yd.

2.17.4.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd.

2.17.4.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd.

2.17.4.7.4 Marshall and Swift Equipment Cost Index, MSECt.

2.17.4.8 Cost Calculations.

2.17.4.8.1 Cost of earthwork, COSTE, dollars.

V
COSTE - x UPIEX

where

COSTE - cost of earthwork, $.

Vew - quantity of earthwork, cu ft.

UPIEX - unit price input of earthwork, cu yd.

2.17.4.8.2 Cost of concrete wall in-place.

Vc
COSTCW - x UPICW

where

COSTCW - cost of concrete wall in-place, $.

Vcwt - quantity of R.C. Wall, cu ft.

UP.CW a unit price input of concrete wall in-place, $/cu yd.
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2.17.4.8.3 Cost of concrete slab in-place.
Vcs t

COSTCS - z X UPICS

where

COSTCS - cost of R.C. slab in-place, $.

Vcst - quantity of concrete slab, $/cu yd.

UPICS - unit price input of R.C. slab in-place, $/cu yd.

2.17.4.8.4 Cost of methanol feed system.

2.17.4.8.4.1 Methanol, CH OR, has a variety of names such as
methyl alcohol, carbino an wood alcohol and is nomally supplied
pure (99.9%). It is a colorless liquid, non-corrosive (except to
aluminum and lead) at normal atmospheric temperatures. It has a
density of 6.59 lbe per gallon at 20°C. Fire and explosion are
primary dangers of methanol. Methanol can be received in 55
gallon metal drums, tank wagon, tank cars or tank truck. The
recumended storage and feed systin in municipal plants includes a
methanol storage tank, feed pump and control system.

2.17.4.8.4.2 Methanol feed system cost. A cost curve is used
for this purpose. This cost curve was generated based on es-
timated data. It gives an approximate estimate of the first
quarter 1977 cost of methanol feed system. Thus, the cost of
methanol feed system:

CMAFS - LCAI x 1290 (M)0.4
17

where

CMAFS - capital cost of methanol feed system, $.

LCAT - current EPA cost index for larger city advanced
treatment.

M - methanol feed rate, pounds/day.

2.17.4.8.5 Cost of denitrification media. The media cost is
calculated by using a unit cost ($/cu ft media). This unit cost
is $3.00/cu ft in second quarter 1977 dollars.

TMC - $3.00/cf (VM)x SECI
THC 491.6

where

TMC - total installed media cost, $.
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VMk a total media volume, cu ft.

MSECI - current Marshall Swift Equipment Cost Index.

2.17.4.8.6 Cost of distribution systea and effluent weir troughs.
This cost is based on a unit price of $40/sf of cross-sectional area
based on second quarter 1977 dollars.

MSECI
CDEW - ($40/sf)(CSSA) x 4916

where

CDEW - cost of distribution system and effluent weir troughs.

CSSA - total colunn cross-sectional area.

2.17.4.8.7 Other cost items. This cost includes the c. t of process
piping, control instrumentation, site work, etc. Costs .an be adjusted
by multiplying the correction factor CF by the sum of the rther costs.

2.17.4.8.8 Total bare construction costs.

TBCC = (COSTE + COSTCW COSTCS + CMAFS + T4C -E) x CF

where

TBCC - total bare construction costs, $.

CF = correction factor for minor cost items.

2.17.4.8.9 Operation and maintenance material and supply cost.

OMMC - (0.005) (TBCC)

where

OMMC = operation and maintenance material and supply costs,
S/yr.

2.17.4.9 Cost Calculations Output Data.

2.17.4.9.1 Total bare construction cost of the denitrification
process, TBCC, $.

2.17.4.9.2 Operation and maintenance supply and material costs,
OMMC, $.
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2.17.5 Denitrification (Suspended Growth).

2.17.5.1 input Data.

2.17.5.1.1 Average wastewater flow, mgd (Qave).

2.17.5.1.2 Peak wastewater flow, mgd (Qpeak).

2.17.5.1.3 Wastewater temperature, 0C.

2.17.5.1.4 Influent nitrate nitrogen, mg/. 01o 3-N) inf.

2.17.5.1.5 Allowable effluent nitrate nitrogen, mdl (NO3-N) eff.

2.17.5.1.6 Wastewater dissolved oxygen content, mg/l.

2.17.5.1.7 Wastewater alkalinity, mS/l as CaCo 3 .

2.17.5.1.8 Water viscosity, centipoise.

2.17.5.2 Design Pareters.

2.17.5.2.1 pH 7.0 to 7.5.

2.17.5.2.2 MLSS (X) - 1,000 to 2,000mg/i.

2.17.5.2.3 MLVSS (X) - 0.8X.

2.17.5.2.4 Methanol requirement - 3 lb methanol/lb (NO3 -N) inf.

2.17.5.2.5 Alkalinity production - 3 mg as CaCO 3/mg N03-N removed.

2.17.5.2.6 Denitrifier gross yield (YD) - 0.6-1.2 lb VSS grown per

lb reoved.

2.17.5.2.7 Half saturation constant (Ko) - 0.16 mg/l NO3-7N at 200C
for systan with solids recycle.

-1

2.17.5.2.8 Decay coefficient (KD) - 0.04 day •

2.17.5.2.9 Peak nitrate removal rate (q ) - lb NO3 -N removed/lb
MVSS - day (assumes neither methanol nor nitrate is a limiting factor) -

see Figure 2.17-3.

2.17.5.2.10 Final clarifier effluent suspended solids = 20 mg/l.

2.17.5.2.11 Final clarifier effluent BOD 5 - 10 mg/I.

2.17.5.2.12 Final clarifier sludge concentration (Xv) = 10,000 mg/l.

2.17.5.2.13 Final clarifier design hydraulic loading - 600 gpd/sf.
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2.17.5.2.14 Final clarifier peak solids loading - 30 lbs/sf-

day.

2.17.5.2.15 Return sludge rate Q./Qave) - 1.0.

2.17.5.3 Process Design Calculations.

2.17.5.3.1 Select the applicable seak denitrification rate
(q,) for the vastewater temperature ( C) - see Figure 2.17.3.
2.17.5.3.2 Calculate the design denitrification rate (q ).

(NO3-N)eff
".qo qD K 0 +(NO 3-N)eff

where

K - half saturation constant.0

Ko 0 -O. 16 ad/I N03- N;.

2.17.5.3.3 Calculate the design sludge age (4cD).

49D= 1
C Y Dqo [(NO3-N)inf- (NO3-N)eff]

(NO3-N)inf-(NO3-N)eff + Ko ln (NO3-N)inf

(NO3-N) eff

where

YD - denitrifier gross yield.

K - decay coefficient.

2.17.5.3.4 Select a MISS (X) value and calculate MLVSS (X1).

1 - 08SX

2.17.5.3.5 Calculate the hydraulic detention time (T) in days.

T (NO3-N)inf - (NO3-N)eff] YDOc D

W ( + K4cD)

2.17.5.3.6 Calculate denitrification reactor volune (V) in
million gallons.

S ave x T

2.17.5.3.7 Detennine sludge wasting schedule.
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I - 8.34 - (X) (V)

where

I - total lb solids in denitrification reactor.

S - D

where

S - total sludge wasted, lb/day.

S(8.34 lb/g) x Xw

where

W - waste sludge flow rate, mgd.

X - final clarifier sludge concentration - 10,000 mg/1.w0 Note: For purposes of preliminary design, it is assumed that no
solids are lost in the final clarifier effluent.

2.17.5.3.8 Calculate methanol requirenents (M) in lbs CH3OH/
day.

3 lb CH30H
lb (N03-N)inf x nave x 8.34 lb (N03 -N)inf

2.17.5.3.9 Calculate alkalinity production (AP) in mg/I as
CaCO 3•

AP 3 mg as CaCO 3
Amg (NO3-N renoved) [(NO3-N)inf" (NO3"N)eff]

2.17.5.3.10 Size aerated stabilization tank (VA) in million

gallons.

VA- Qave x TA

where

TA - aerated stabilization tank detention time in hours.

- 1 hour.

2.17.5.3.11 Size mechanical mixing systen for denitrification
reactor. Assume sufficient power is needed to provide conplete
mixing both tanks.

P/V - 0.00475 u0 3 X0 "29 8
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where0 
P/V - hp/1000 gal tank volume.

uc - water viscosity in centipoise for wastewater
temperature (°0).

X - MILSS in reactor, mg/1.

P I x V.
V.

where

P - total denitrification reactor power requirement.

2.17.5.3.12 Size mechanical aeration system for aerated stabilization
tank.

PA
T- 1.0 to 2.0 hp/1000 cf tank volume

PA - PA VA
VA 7.48 x 103

where

PA - total stabilization tank power requirement.

2.17.5.3.13 Size return sludge facilities.

QR/Qave - 1.0

QR a"0 (Qave)

2.17.5.3.14 Effluent Characteristics.

2.17.5.3.14.1 Suspended Solids.

SSE is specified by the user

where

SSE - effluent suspended solids concentration.

2.17.5.3.14.2 BOO 5.

BODE -Se + 0.84 (f') (XV)eff
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Se is specified by the user

S where

BODE - effluent BOD 5 concentration, mg/l.

S - effluent soluble BOD 5 concentration, mgl.e5

V - degradable fraction of MLVSS.

(Xv)eff - effluent volatile suspended solids concentration, mg/l.

2.17.5.3.14.3 COD.

CODE " 1.5 BODE

CODSE - 1.5 Se

O where

CODE - effluent COD concentration, mg/l.

BODE - effluent BOD5 concentration, mg/l.

CODSE - effluent soluble COD concentration, mgl.

Se - effluent soluble BOD 5 concentration, mgl.

2.17.5.3.14.4 Phosphorus.

PO4E - 0.7 P04

* where

PO4E - effluent phosphorus concentration, mg/l.

P04 - influent phosphorus concentration, mg/l.

2.17.5.3.14.5 Nitrogen.

NO3E is specified by the user

NO2E - 0.0

where

NO3E - effluent NO3 concentration, mg/l.

NO2E - effluent NO2 concentration, mg/i.

S
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2.17.5.3.14.6 pH.

PH - 7.2

where

PH - effluent pH.

2.17.5.3.14.7 Settleable solids.

SETSO - 0.0

where

SETSO - effluent settleable solids concentration, mg/l.

2.17.5.3.14.8 Oil and grease.

OAGE - 0.0

where

OAGE - effluent oil and grease concentration, mg/i.

2.17.5.4 Process Design Output Data.

2.17.5.4.1 Design denitrification rate (qo), lb N03-N removed/lb
VS 5- day.

2.17.5.4.2 Design sludge age (c D), days.

2.17.5.4.3 Denitrification reactor detention tIme (T), hours.

2.17.5.4.4 MISS (X), mg/l.

2.17.5.4.5 MLVSS (X1), mg/l.

2.17.5.4.6 Denitrification reactor volume (V), M.Gal.

2.17.5.4.7 Waste sludge quantity (S), lb/day.

2.17.5.4.8 Waste sludge flow rate (W), mgd.

2.17.5.4.9 Methanol requireaent (M), lb/day.
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2.17.5.4.10 Alkalinity production (AP), mg/l as CaCO3

2.17.5.4.11 Aerated stabilization tank voluse (VA), M.Gal.

2.17.5.4.12 Power requirements for denitrification tank mixing.

2.17.5.4.13 Power requirements for aerated stabilization tank
mixing.

2.17.5.4.14 Return sludge system capacity.

2.17.5.5 Quantities Calculations.

2.17.5.5.1 Selection of numbers of denitrification tanks and
mechanical mixers per tank.

The following rule will be utilized in the selection of nubers of
tanks and mechanical mixers per tank.

Qave Number of Number of Mixers
STanks (NTI)) Per Tank (NM)

0.5- 2 2 1
2- 4 2 1
4- 10 2 2

10- 20 3 3
20 - 30 4 3
30- 40 4 5
40- 50 6 4
50- 70 8 4
70- 100 10 5

When Q is larger than 100 mgd, several batteries of tanks will
be use . See Section 2.17.5.5.4 for details.

2.17.5.5.2 Selection of numbers of aerated stabilization tanks and
mechanical aerators per tank.

Qave Number of Number of Aerators

(MGD) Tanks (NTA) Per Tank (NA)

0.5-2 1 1
2- 4 2 1
4- 10 2 1

10- 20 2 1
20- 30 3 1
30- 40 4 1
40- 50 4 1
50- 70 4 2
70- 100 4 3
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0
When Q I s larger than 100 mgd, several batteries of tanks will
be use. See Section 2.17.5.5.3 for details.

2.17.5.5.3 Selection of nunber of tanks and nunber of bat-
teries of tanks when Qavg is larger than 100 mgd. Tt is general

practice in designing larger sewage treatment plants that several
batteries of tanks, instead of a single group of tanks, are used.
This is due to land area availability and certain hydraulic
Itmitations. To simplify the modeling process, the following
rules will be used:

2.17.5.5.3.1 When Qavg & 100 mgd, only one battery of tanks will

be used. Thus,

NBI-

vhere

NB - number of batteries of units.

2.17.5.5.3.2 When 100 < Q : 200 mgd, the systen will be

designed as two identical batteries of basins. Each battery would
handle half of the wastewater. The number of denitrification or
stabilization tanks in each battery would be selected according to
the rules established in subsections 2.17.5.5.2 and 2.17.5.5.3 by
using half the design flow as Q avg Thus,

NB=-2

2.17.5.5.3.3 When Qavg > 200 mgd, the design will be perfonmed

to use three batteries of basins, each handling one-third of the
wastewater. Thus,
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NB -3

2.17.5.5.4 Mechanical aeration equipment design for aerated
stabilization tank.

2.17.5.5.4.1 Usually the slow-speed, fix-mounted mechanical
surface aerators are used in domestic wastewater treatment plants.
The available sizes of this type aerator are 5 HP, 7.5 HP, 10 HP,
15 HP, 20 UP, 25 HP, 30 HP, 40 HP, 50 HP, 60 HP, 75 HP, 100 HP,
125 HP, and 150 HP.

2.17.5.5.4.2 Horsepower for each individual aerator:

HPNA - (PA)
(NBA) (NTA) (NA)

where

RPNA - horsepower of each aerator, horsepower.

PA - horsepower required for the aerated stabilization
tanks, horsepower.

NBA - nunber of batteries of stabilization tanks.

NTA - number of aeration tanks per battery.

NA - nunber of aerators per tank.

2.17.5.5.4.3 Sizing of aerators. Compare HPNA with the availa-
ble off-the-shelf sizes and select the smallest unit with capacity
larger than HPNA. The capacity of the selected unit would be
designated as HPSNA. Thus the total capacity of the aerationO units would be:

ePTA - (NBA) x (NTA) x (NA) x (HPSNA)

where

HPTA - total capacity of selected aerators for stabilization
tanks, horsepower.

Comparing RPTA with PA, the designed horsepower would be correct.

If PA - HPTA, the selection would be correct.

If PA > HPTA, the EPSNA value should be adjusted to the next
larger off-the-shelf sizes. Repeat this procedure until PA I HPTA
is met.

2.17.5.5.5 Mechanical mixing equipment design for denitri-
f ication tanks.
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2.17.5.5.5.1 A turbine-flocculator device would be used to mix
the denitrification tanks without introducing oxygen to the
wastewater. These units consist of a submerged impellor attached
to a vertical shaft. The shaft is rotated by a variable-speed
drive, mounted on beans spanning the tank. The impellor consists
of vertical, radical steel blades extending above and below a
horizontal steel disc, which is attached to the drive shaft.
Maximum standard size of these units is 5 hp. The 5 hp unit will
provide mixing for a volume of 167,000 gallons. Other standard
size units are 1/2, 3/4, 1, 1.5, 2 and 3 hp.

2.17.5.5.5.2 Horsepower for each individual mixer.

HPN . - P)(NBD) (NTD) (NM)
where

HPNM - horsepower for each individual mixer.

P - horsepower required for the
denitrification reactors, hp.

NBD - number of batteries.

NTD - number of tanks per battery.

NM - number of mixers per tank.

2.17.5.5.5.3 Sizing of mixers. Compare HPNM with the available
off-the-shelf sizes and select the smallest unit with capacity
larger than HPNM. The capacity of the selected unit is designated
as HPSNM. Thus,

HPTM - (N'D(NT) (NM) (HPSNM)

where

PTM - total capacity of selected mixers for denitrification
tanks, hp.

Campaxing HPTM with P, the designed horsepower requirement.

If P ! HPTM, the selection is correct.

If P > HPTM, the HPSNM value would be adjusted to the next larger
standard size. Repeat this procedure until P e HPTM.

2.17.5.5.6 Methanol feed system.

2
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2.17.5.5.6.1 Detemine the liquid methanol feed rate.

x1al 1day
5.9 lb 1440 min

where

XL - liquid methanol feed rate, gpm.

M - methanol feed requirement lb/day.

2.17.5.5.6.2 Detemine methanol storage volume. Storage should
be provided for approximately three weeks.

VSTR (L) 1440 in) (7 ) (3 week)
day week

where

VSTR - total methanol storage volume, gal.

2.17.5.5.7 Design of aerated stabilization tanks.

2.17.5.5.7.1 Volume of each individual tank would be:

VNA (VA)
(NBA) (RA)

where

VNA - volume of single stabilization tank, cu ft.

2.17.5.5.7.2 Depth of stabilization tanks. The depth of an
aerated basin is controlled by the capacity of the aerators to be
installed inside. If the water depth is too shallow, interference
with the mixing current would occur. If the water depth is too
deep, insufficient mixing would be extended to the bottom of the
tank and sludge accumulation would occur. Thus, proper selection
of liquid depth of a basin is Important. The relationship between
the recamended basin depth and the capacity of the aerators can
be expressed as follows:

When HPSNA S 100 HP

DWA - 4.816 (HPSKA) 0 . 2 4 6 7

When HPSNA > 100 UP

DWA - 15 ft

where

DWA - water depth of the stabilization tanks, ft.

RPSNA - capacity of each aerator, HP.
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2.17.5.5.7.3 Width and length of stabilization tank. The ratio
between length and width of a tank is dependent on the number of
aerators to be installed in this tank, NA.

If NA - I. Square tank construction, LA/WA - I.

If NA - 2. Rectangular tank construction, LA/WA - Z.

If NA - 3. Rectangular tank construction, LA/WA - 3.

If NA - 4. Rectangular tank construction, LA/WA - 4.

and

LA/WA - NA

where

NA - number of aerators per tank.

LA - len0th of tank, ft.

WA - width of tank, ft.

After the volume, depth and LA/WA ratio of the tank are deter-
mined, the width of the tank can be calculated by:

.A - VNA 1/2
WA - L(DWA) (NA)1

The length of the tank would be:

SLA - (NA) (WA)

2.17.5.5.8 Design of denitrification tanks.

2.17.5.5.8.1 Volume of each individual tank would be:

(NBD) (NTD)
where

VND - volume of single denitrification tank, cf.

V - total denitrification tank volume

2.17.5.5.8.2 Depth of tank. The relationship between the basin
depth and the capacity of the mixers can be expressed as:

.
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DIWD - 1.45 HPSNM + 5

where

DWD - water depth of the denitrification tanks, ft.

HPSNM - capacity of each mixer, hp.

2.17.5.5.8.3 Width and length of stabilization tank: the ratio
between length and width is dependent on the number of mixers to
be installed in the tank, NM.

If NK - 1. Square tank: LD/WD - 1

NM - 2. Rectangular tank: LD/WD - 2

NM - 3. Rectangular tank: LD/WD - 3

NM - 4. Rectangular tank: LD/WD - 4

NM - 5. Rectangular tank: LD/WD - 5

and

LD/WD - NM

where

HK - number of mixers per tank.

LD - length of tank, ft.

WD - width of tank, ft.

After the volume, depth and LD/WD ratio of the tank are deter-
mined, the width of the tank can be calculated by:

W VND
(DWP) (NM)

The length of the denitrification tank would be:

LD - (NM) (WD)

2.17.5.5.9 Treament tank arrangments - either denitrifi-
cation or aerated stabilization tanks.

2.17.5.5.9.1 Figure 2.17-4 shows the schematic diagram of the
arrangements. Piping galleries will be provided when the number
of tanks is equal to or larger than four. The purpose of piping
gallery is to house various piping systems and control equipment.

0
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FOR LARGER NT'S THE ARRANGEMENT WOULD BE SIMILAR TO
THOSE WHEN NT=4 AND NTc6
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2.17.5.5.9.2 Size of pipe gallery. The width of this gallery is
dependent on the complexity and capacity of the piping systm to
be housed. An experience curve is provided to approximately
estimate this width. It is expressed as:

PGW - 20 + (0.3) ( Q-avl)
NB

where

PGW - piping gallery width, ft.

Qavg " average influent wastewater flow, mgd.

NB - number of batteries (either denitrification or
stabilization).

2.17.5.5.10 Typical wall construction.

2.17.5.5.10.1 The wall constructions are different for complete
mix and plug flow systems. The denitrification tanks should be
designed as a plug flow system. The aerated stabilization tanks
would utilize the complete mix scheme. In order to achieve
conplete mix, the inflow to the denitrification stabilization
tanks would be distributed unifonmly along one side of the ae-
ration tank, flowing across the width of the tank and being
discharged along the other side wail. Thus, a Y-wall construction
will be used so that the top section of the wall can be an open
channel for influent and/or effluent discharges. Figure 2.17-5,
shows a typical section of the complete mix denitrification tank.

2.17.5.5.10.2 In using the plug system, influent to the deni-
trification basin will be piped to one end of the tank and dis-
charged at the other end. Thus, it does not require such an
elaborate wall construction. Two typical wall sections are
required, as shown in Figure 2.17-6. One would be simple straight
side wall and the other would be enlarged on top so that walkways
can be provided.

2.17.5.5.11 Earthwork required for construction. It is assumed
that tank botton would be 3 feet below ground level. Thus, the
earthwork required would be estimated by the following equations:

2.17.5.5.11.1 When NT - 2, earthwork required would be:

V - 3 C(2 W+ 18.5) (We 17) + (2 We 26.5) (W + 25)]ew

where

NT - number of denitrification or stabilization tanks.

Vew - quantity of earthwork required, cu ft.
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W - width of tank, ft.

2.17.5.5.11.2 When NT a 3, earthwork required would be:

V -3 [(3 Wi+ 28) (W + 25) + (3 W+ 20) (Wi+ 17)]ew

2.17.5.5.11.3 When NT 4, the width and length of the concrete

slab for the whole tank battery can be calculated by:

L 2 L + PGW + 16

Ws - (NT) (W) + 14.5

where

Ls - length of the basin slab, ft.

L - length of one tank, ft.

PGW - piping gallery width, ft.

W - width of the basin slab, ft.

NT - number of tanks per battery.

Thus, the earthwork can be estimated by:

V - 3 x (NB) [(L + 4) (Ws + 4) + (Ls + 12) (W + 12)]ewss 5

2.17.5.5.12 Reinforced concrete slab quantity.

2.17.5.5.12.1 It is assumed that a 1'-6" thick slab will be

utilized in this progran regardless of the size of the systen.

2.17.5.5.12.2 For NT - 2,

V - 1.5 (2 Wi. 14.5) (Wi+ 13)
CS

where

V - R.C. slab quantity, cu ft.

cs

2.17.5.5.12.3 NT - 3,

V - 1.5 (3 W+ 16) (Wi+ 13)cv

2.17.5.5.12.4 When NT 2 4.
Vcs - 1.5 (Ls ) (WS)

where0 
L - length of slab, ft.

Ws W width of slab, ft.

2.17-32



2.17.5.5.13 Reinforced concrete wall quantity.

2.17.5.5.13.1 For canplete mix flow stabilization tanks,

2.17.5.5.13.1.1 When NTA - 2,
V - WA [8.75 DVA+ 88]cw

where

V - R.C. wall quantity, cu ft.

WA - width of individual tank, ft.

DWA - water depth of tank, ft.

2.17.5.5.13.1.2 When NTA - 3,

V - 6 (WA + 2) (1.25 DWA + 13.45) + 5 WA [DWA + 3]
cv

2.17.5.5.13.1.3 When NTA > 3,

V W (NBA) 4 x LAx [1.25 (DWA+ 3) + 9.7] +
cv

(NTA - 2) x LA x (1.25 DWA + 31) + 2.5

(NTA) - (WA) (DWA + 3)

2.17.5.5.13.2 For plug flow denitrification tanks,

2.17.5.5.13.2.1 When NTD - 2,

V - WD (1.25 DWD+ 11) + (6 WD+ 9)cv

(1.25 DWD + 3.75)

2.17.5.5.13.2.2 When NTD - 3,

V - (1.25 DWD + 11) (3 WD + 6) + (1.25 DWD + 3.75)
cv

(7 WD + 6)

2.17.5.5.13.2.3 When NTD _ 4,

V -M (LD+ 3) (1.25 DWD+ 11) + [(0.5 NTD + 2)

(LD + 3) + 2 (NTD) (WD)] x (1.25 DWD + 3.75)

x (NBD)
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2.17.5.5.14 Reinforced concrete required for piping gallery
construction. The quantity of piping gallery slab has been
estimated with the tank slab calculations. Only the quantity of
reinforced concrete for ceilings and end wall is necessary.

2.17.5.5.14.1 When NT < 4

V -0
cg

where
V - quantity of R.C. for gallery construction, cu ft.

cg

2.17.5.5.14.2 When NT Z 4, assuming the ceiling thickness is 1.5
feet, then the quantity of reinforced concrete would be

V = (NB) x (1.5) (PGW) [(NT) (W) + 0.75 (N) + 1.5]
cgc 2

where

V cg c - volume of R.C. ceiling for piping gallery construction,
cu ft.

and for two end walls:

V -2 (PGW) (NB) (DW+ 3)cgw

where

V - volume of R.C. walls for piping gallery construction,cgw cu ft.

Thus, total R.C. volume for piping gallery construction would be:

cg = cgc V cg w

2.17.5.5.15 Reinforced concrete quantity for aerator/mixer
supporting platform construction.

2.17.5.5.15.1 Number of aerator/mixer supporting platfoms. Each
unit will be supported by an individual platform.

2.17.5.5.15.2 Figure 2.17-7 shows a typical supporting platfom
for the aeration/mixing equipment. The width of the platform
would be a function of the capacity of the unit to be supported.
The following experience formula is given to approximate this
relationship.

Z - 5 + 0.078 (HPSN)

* where
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Z - width of the platform, ft.

HPSN - horsepower of the mechanical aerator/mixer, hp.

2.17.5.5.15.3 Volume of reinforced concrete for the construction
of the platforms would be:

V - [Z2 + 5.6 (DW+ 2)] (NT) (N) (NB)cp

where

V - volume of R.C. for the platform construction,
cp cu ft.

DW - water depth of the basin, ft.

N - number of mechanical aerators or mixers.

2.17.5.5.15.4 Volume of reinforced concrete for pedestrian bridges.
The pedestrian bridge links the platform to the walkway-sidewalls
for ease of operation and maintenance. By using a width of 4 feet
and slab thickness of 1 foot, the quantity of reinforced concrete
can be calculated by:

o - [2 (W- X)] (M) (NT) (N)

where

V - total quantity of R.C. slab for the construction
cst of tanks, cu ft.

2.17.5.5.16 Summary of reinforced concrete structures.

2.17.5.5.16.1 Quantity of concrete slab.

Vcst = cs

where

V - total quantity of R.C. slab for the construction
cst tanks, cu ft.

2.17.5.5.16.2 Quantity of concrete wall.

Vcwt V Vw+ VCg + Vcp +Vcwb

where

Vcwt a quantity of R.C. wall for the construction of
tanks, cu ft.
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V - quantity of tank R.C. walls, cu ft.

V - quantity of R.C. for the construction of piping
cg gallery, cu ft.

V - quantity of R.C. for the construction of
CP aerator/mixer supporting platfoms, cu ft.

v vb - quantity of R.C. for the construction of
pedestrian bridges.

2.17.5.5.17 Quantity of handrail for saiety. Handrail is

required for the safety protection of the operation personnel of

wastewater treatment plants. Waterway walls, aerator/sixer

platforms and bridges, and the top of the piping gallery will

require handrail. Quantity of handrail can be estimated thus:

2.17.5.5.17.1 When INT - 2.

LHR - 4 W* 11*2 z OZ W -4)

where

LHR - handrail length, ft.

W - tank width, ft.

Z - width of aerator/mixer supporting platform, ft.

2.17.5.5.17.2 When NT - 3

LHR - 6 W +0 + 3 % (3Z W- 4)

0 2.17.5.5.17.3 When NT 2 4

If E is an even number

HRL IPGW + (INT) (W) + [L. 3- 4 (N)] (NT) + (N)

(NT)x(3Z + W 4)1 x (NB)

If A is an odd nunber

HRL PGW + (NT) (W) + [L+ 3- 4 (N)] (NT+ 2)

+ (N) (NT) (3Z W- 4) x (NB)

where
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PGW v width of the piping gallery, ft.

N - number of mixers or aerators per tank.

2.17.5.5.18 Operation and maintenance manpower requirements.
Patterson and Bunker's data will be utilized to project the
operation and maintenance manpower requirements. The man-hour per
year requirement is presented as a function of the total horse-
power of the aeration and mixing equipment.

2.17.5.5.18.1 Calculate the total installed capacity of the

aeration and mixing equipment.

TICA- (NBA) (NTA) (NA) (UPSNA) + (NBD) (NTD) (NM) (HPSNM)

where

TICA - total installed capacity of the aeration
equipment, horsepower.

HPSNA - capacity of one individual aerator, horsepower.

HPSNM - capacity of one individual mixer, horsepower.

2.17.5.5.18.2 The operation manpower requirement can be estimated
as follows:

When TICA < 200 hp

OMH - 242.4 (TICA)
0 .373 1

When TICA 2 200 hp

OMH - 100 (TICA)
0.5425

where

OMH - operational man-hour requirement, man-hour/yr.

2.17.5.5.18.3 The maintenance manpower requirement can be es-
timated as follows:

When TICA < 100 hp

M - 106.3 (TICA) 0 . 40 3 1

When TICA 2 100 hp

MMII - 42.6 (TICA)
0 .595 6
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0 where

MMH - maintenance manpower requirement, man-hour/yr.

2.17.5.5.19 Energy requirement for operation. By assuming that all
the aerators and mixers will be operated 90 percent of the time year-
round, the electrical energy consumption would be:

KWH - 0.85 x 0.9 x 24 x 365 x (TICA)

where

KWH - electrical energy required for operation, kwhr/yr.

0.85 - conversion factor from hp-hr to kwhr.

2.17.5.5.20 Material and supply costs for operation and maintenance.
Material and supply costs for operation and maintenance include such
itens aa lubrication oil, paint and repair material, etc. These costs
are estimated as a percent of installed costs for the aeration/mixing
equipment and are expressed as follows:

OMMP - 4.225 - 0.975 log (TICA)

* where

OMMP - percent of the installed equipment cost as
O&M material costs, percent.

TICA - total installed capacity of aeration and mixing
equipment, horsepower.

2.17.5.5.21 Other construction cost itms. Using the above cal-
culation, the majority of cost itees of the denitrification process have
been accounted for. Other cost items, such as piping system, control
equipment, painting, site cleaning and preparation, etc., can be es-
timated as a percent of the total bare construction cost. This per-

0
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centage value has been shown to vary 4 to 15 percent of the total

construction cost of the systen. The value depends greatly on site
conditions and canplexity of the process. For a generalized model, an
average value of 10 percent would be adequate. Thus,

CF - - 1.11
0.90

where

CF - correction factor to account for the minor cost
itenS.

2.17.5.6 Quantities Calculations Output Data.

2.17.5.6.1 Number of denitrification tanks, NTD.

2.17.5.6.2 Number of aeration stabilization tanks, XTA.

2.17.5.6.3 Number of aerators per stabilization tank, NA.

2.17.5.6.4 Number of mixers per denitrification tank, NH.

2.17.5.6.5 Number of process batteries, NBA, NBD.

2.17.5.6.6 Capacity of each individual aerator, HPSNA, hp.

2.17.5.6.7 Capacity of each individual mixer, RPSNM, hp.

2.17.5.6.8 Depth of stablization tanks, DWA, ft.

2.17.5.6.9 Depth of denitrification tanks, DWD, ft.

2.17.5.6.10 Length of stabilization tanks, LA, ft.

2.17.5.6.11 Length of denitrification tanks, LD, ft.

2.17.5.6.12 Width of stabilization tanks, WA, ft.

2.17.5.6.13 Width of denitrification tanks, WD, ft.
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2.17.5.6.14 Width of pipe gallery, PGWA or PGWD, ft.

2.17.5.6.15 Earthwork required for construction, Vev , cu ft.

2.17.5.6.16 Total quantity of R.C. Slab, V st, cu ft.

2.17.5.6.17 Total quantity of R.C. wall, Vcwt cu ft.

2.17.5.6.18 Quantity of handrail, LHR, ft.

2.17.5.6.19 Operation manpower requirement, OMH, man-hour/yr.

2.17.5.6.20 Maintenance, manpower requirement, MMH, man-hour/yr.

2.17.5.6.21 Electrical energy for operation, KWH, kwhr/yr.

2.17.5.6.22 Percentage for O&M material and supply cost, OMMP,
percent.

2.17.5.6.23 Correction factor for minor capital cost items, CF.

2.17.5.7 Unit Price Input Required.

2.17.5.7.1 Cost of earthwork, UPIEX, $/cu yd.

2.17.5.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd.

2.17.5.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd.

2.17.5.7.4 Standard size low speed surface aerator cost (20 hp),
SSXSA, $, optional.

2.17.5.7.5 Marshall and Swift Equipment Cost Index, MSECI.

2.17.5.7.6 Equipment installation labor rate, LABRI, $/MH.

2.17.5.7.7 Crane rental rate, UPICR, $/hr.

2.17.5.7.8 Unit price of handrail, UPIHR, $/LF.

2.17.5.8 Cost Calculations.

2.17.5.8.1 Cost of earthwork.

vCOSTE + -w x UPIEX
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where

COSTE - cost of earthwork, $.

Vew - quantity of earthwork, cu ft.

UPIEX - unit price input of earthwork, $/cu yd.

2.17.5.8.2 Cost of concrete wall in-place.

V
COSTCW - c x UPICW

27

where

COSTCW - cost of concrete wall in-place, $.

Vc t - quantity of R.C. wall, cu ft.

UPICW - unit price input of concrete wall in-place, $/cu yd.

2.17.5.8.3 Cost of concrete slab in-place.

Vcs

COSTCS - v t x UPICS

where

COSTCS - cost of R.C. slab in-place, $.

Vcst - quantity of concrete slab, cu yd.

UPICS - unit price input of R.C. slab in-place, $/cu yd.

2.17.5.8.4 Cost of installed mechanical aeration equipment.

2.17.5.8.4.1 Purchase cost of slow speed pier-mounted surface
aerators. The purchase cost of aerators can be obtained by using
the following equation:

CSXSA - (RSXSA) (SSXSA)

where

CSXSA - purchase cost of surface aerator, $.

SSXSA - purchase cost of a standard size slow speed
pier-mounted aerator. Motor horsepower is 20 hp.
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RSXSA - ratio of cost of aerators with capacity of HPSNA hp

and that of the standard size aerator with 20 hp.

2.17.5.8.4.2 RSXSA. The cost ratio can be expressed as:

RSXSA - 0.2148 (HPSNA) 0 . 5 13

where

HPSNA - capacity of each individual aerator, hp.

2.17.5.8.4.3 Cost of standard size aerator. The cost of the
standard size pier-mounted slow speed surface aerator for the
first quarter of 1977 is

SSXSA - $16,300

For a better estimate, SSXSA should be obtained fron an equipment
vendor and treated as a unit price input. Otherwise, for future
escalation, the equipment cost should be adjusted by using the
Marshall and Swift Equipment Cost Index.

SSXSA - 16,300 . MSECI

where

MSECI - current Marshall and Swift Equipment Cost
Index fraa input.

491.6 - Marshall and Swift Cost Index, First quarter 1977.

2.17.5.8.4.4 Equipment installation man-hour requirement. The
man-hour requirement for field installation of fixed-mounted
surface aerator can be estimated as:

When RPSNA ! 60 hp

IMHA - 39 + 0.55 (UPSNA)

When RPSNA > 60 hp

IMHA - 61.3 + 0.18 (HPSNA)

where

IMU - installation man-hour requirement, XH.

2.17.5.8.4.5 Crane requirement for installation.

CHA - (0.1) x DMA
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where

CHA - crane time requirement for installation, hr.

0 2.17.5.8.4.6 Other costs associated with the installed equip-
ment. This category includes the costs for electric wiring and
setting, painting, inspection, etc., and can be added as a per-
centage of purchase equipment cost:

PMINC - 23%

where

PMINC - percentage of purchase costs of equipment as minor
installation cost, percent.

2.17.5.8.4.7 Installed equipment cost, IECA.

IECA - [CSXSA ( 1 + PMINC) + IMA x LABRI + CHA x UPICR]

x (NBA) x (NTA) x (NA)

where

ICEA - installed equipment cost, S.

LABRI - labor rate, $/MR.

UPICR - crane rental rate, /hr.

2.17.5.8.5 Cost of installed mechanical mixing equipment.

2.17.5.8.5.1 Purchase cost of vertical turbine mixers. The
purchase cost of mixers can be obtained by using the following
equation:

CSX4 - (RSLM) (SSXI)

where

CSD( - purchase cost of each mixer.

SSXM - purchase cost of a standard size (5 hp) mixer.

RSXM a ratio of cost of mixers with capacity of RPSM (hp)
and that of the standard size mixer (5 hp).

2.17.5.8.5.2 RSXM. The cost ratio can be expressed as:

RSXM - 0.67 + 0.067 x (HPSNM)

*where
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HPSNM - capacity of each individual mixer, hp.

2.17.5.8.5.3 Cost of standard size mixer. For the most accurate
estimate, SSL should be obtained fro a suitable equipment
vendor. For first quarter 1977, SSXM - $7,740. If SSXK is not
obtained fron the vendor the cost will be updated by the Marshall
and Swift Equipment Cost Index.

SSxm - 7,740 x 4S- - -
491.*6

where

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Cost Index for Ist quarter, 1977.

2.17.5.8.5.4 Equipment installation man-hour requirenent. The
man-hour requirement for field installation of fixed-mounted
mixers can be estimated as:

IMHM = 61.3 + 0.18 (HPSNM)

where

IMHM - installation man-hour requirenent.

2.17.5.8.5.5 Crane requirenent for installation.

CUM - (0.1) x IM

where

CHM - crane time for installation, hr.

2.17.5.8.5.6 Other costs associated with the installed equip-
ment. This category includes the costs for electrical wiring and
setting, painting, inspection, etc., and can be added as a per-
centage of purchase equipment cost:

PKINC - 23%

where

PMNC - % of purchase cost of equipment as minor
installation cost.

2.17.5.8.5.7 Installed equipment cost, IECM.

IECM - [(CSXM) (1 + PMINC) + IMHM x LABRI +

CHM x UPICR I x (NBD)(NTD) (NM)
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where

IECM - installed equipment cost.

2.17.5.8.6 Cost of methanol feed system.

2.17.5.8.6.1 Background. Methanol, CH 3OH, has a variety of
names such as methyl alcohol, carbinol aid wood alchohol and is
no-mally supplied pure (99.9%). It is colorless liquid, non-
corrosive (except to aluminum and lead) at nomal atmospheric
temperatures. It has a density of 6.59 lbs per gallon at 20 0 C.
Fire and explosion are the primary dangers of methanol. Methanol
can be received in 55 gallon metal drums, tank wagon, tank cars or
tank truck. The recommended storage and feed system in municipal
plants is schematically shown in Figure 2.17-8. The total system
includes a methanol storage tank, feed pump and control system.

2.17.5.8.6.2 Methanol feed system cost. A cost curve is used
for this purpose. (See Figure 2.17-9). This cost curve was
generated based on estimated data. It gives an appropriate estimate
of the first quarter 1977 cost of methanol feed system. Thus, the
cost of methanol feed system:

CMAFS - A x 1290 (M)0 -4 17

132

where

CMAFS - capital cost of methanol feed system, $.

LCAT - current EPA cost index for larger city advanced
treauent.

M - methanol feed rate, pounds/day.

2.17.5.8.7 Cost of handrail. The cost of installed handrail
system can be estimated as:

COSTUR - LHR x UPIER

where

COSTHR - installed handrail cost, $.

LHR - handrail quantity, ft.

UPIHR - unit price input for handrail cost, $ per linear foot.

2.17.5.8.8 Other cost items. This category includes cost of
process piping system, control instruments, site work, etc. Costs
can be adjusted by multiplying the correction factor CF to the sum

* of other costs.
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2.17.5.8.9 Total bare construction costs.

TBCC - (COSTE + COSTCW + COSTCS + IECA + IEC'M

+ CM1AFS + COSTUR) x CF

where

TBCC - total bare construction costs, $.

CF - correction factor for minor cost itens.

2.17.5.8.10 Operation and maintenance costs. Since this item
of the O&M expenses is expressed as a percentage of the installed
equipment cost, it can be calculated by:

OMMC-IECOHPA + IECM x
100 100

*where

OMMC - operation and maintenance material and supply
costs, $/yr.

OMMPA - percent of the installed aerator cost as 0&M material
and supply expenses.

OMMPM - percent of the installed mixer cost as O&H material

and supply expenses.

2.17.5.9 Cost Calculations Output Data.

2.17.5.9.1 Total bare construction cost of the deoitrification
and aerated stabilization process, TBCC, $.

2.17.5.9.2 Operation and maintenance supply and material
ct "s, OMMC, $.
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2.19 DIGESTION

2.19.*1 Background.

2.19.1.1 Sludge digestion primarily has a two fold objective,
stabilization of the sludge and reduction of sludge quantities.
Stabilization produces a less odorous and putrescible sludge and
also reduces the number of pathogenic organisms in the sludge. The
reduction in quantity of sludges is desirable because it decreases
the quantity and thus the cost of ultimate disposal of sludges.

2.19.1.2 There are two very popular methods of digestion currently
being used; aerobic and anaerobic. Aerobic digestion as its name
suggests is carried out in an oxygen atmosphere while anaerobic
digestion is accomplished in an oxygen free atmosphere.

2.19.1.3 Both the aerobic and anaerobic sludge digestion processes
will be addressed in detail in this manual.

2.19.2 General Description Aerobic Digestion.

2.19.2.1 This method of digestion is capable of handling waste
activated, trickling filter, or primary sludges as well as mixtures
of the same. The aerobic digestor operates on the same principles
as the activated sludge process. As food is depleted, the mic-robes
enter the endogenous phase and the cell tissue is aerobically
oxidized to CO 2' H2O0, NK 3 , NO 2' and NO 3.

2.19.2.2 Up to 80 percent of the cell tissue may be oxidized in
this mnanner, the remaaning fractions contain inert and nonbio-
degradable materials. Factors to be considered during the design
process are characteristics (origin(s)) of the sludge, hydraulic
residence, true solids loading criteria, energy requirement for
mixing, environmental conditions, and process operation.

2.19.2.3 The aerobic combustion of the sludges is usually depicted

as follow.

C5 H 70 2N + 50 2 -5C0 2 + 2H2 0' NH

The NH3in tepresence of oxygen can be further oxidized to NO2 or
NO3 3  te

2.19.2.4 Advantages claimed for aerobic as compared with anaerobic
digestion are listed below.

2.19.2.4.1 VSS is reduced to 40-50 percent--nearly equivalent
to that for anaerobic.
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2.19.2.4.2 Supernatant has lower BOD.

2.19.2.4.3 A relatively stable humuslike end product is pro-
duced.

2.19.2.4.4 More basic fertilizer values are recovered.

2.19.2.4.5 Operation is relatively simple.

2.19.2.4.6 Capital cost is lower.

2.19.2.4.7 Odor is minimal.

2.19.2.4.8 Sludges dewater well (this is a controversial state-
ment).

2.19.2.5 The major disadvantages appear to be:

2.19.2.5.1 A higher operating cost associated with 02 supply.

2.19.2.5.2 The lack of a useful by-product (no CH4).

2.19.3 General Description Anaerobic Digestion.

2.19.3.1 This type of digestion can be traced back to the 1850's.
The mechanics involved in the process are sum-arized in Figure
2.19-1. Anaerobic digestion may be adapted to both stationary and
mobile systens for handling solids fran waste treatment system3,
trailer dump stations, marine dump stations, and vault toilet3.

INSOLUBLE ORGANIC MATERIAL

EXTRACELLULAR

tFSLULE ORGANIC MATRA

ACIO-PRODUCING
BACTERIA

VOLATILE + 0" OTHER --IBACTERIAL

ACI OS +~ 2 M2 FPRODUCTS + CULLS

END000 NOUS
META BOLISM

________TO END PRODUCTS

S*BACTERIALCH + C. 2 1 + I S L L I
Figure 2.19-1 Mechanism of Anaerobic Sludge

Digestion (Eckenfelder).

2.19-2



2.19.3.2 There are conventional and high-rate digesters; the
conventional design uses the one- or tvo-stage process. In any of
these systems, provisions are nomnally made for sludge heating.
The principal difference in the one- and two-stage systems is that,
in the two-stage systems, digestion is accomplished in the first
tank. Figures 2.19-2 and 2.19-3 contain a pictorial explanation of
the system.

GAS REMOVAL

GAS STORAGE

SCUM LAVER
SUPERN.ATANT -o- SUPERNATANT

SLUDGE LAYER f OUTLETS
INLETS ACTIVELY

DIGESTING
SLUDGE

DIGESTED SLUDGE

SLUDGE OULS
1A 1OUTLETS

Figure 2.19-2 Schematic of Conventional
Digester Used in the One-stage Process.

DIGEST-ER GAS OUT'LET

FIXED COVER GFLOATING COVER
(OFTEN UNCOVERED)

SLUDGW SUPERNATANT SUPERNATANT

INLE MIXR o AYEROUTLETS

SLUDGE Q"- -- I1 SLUDGE
mfAT-ER, ! Z I . DIGESTED .. OU.TLETS=

m SLUDGE

FIRST STAGE SECOND STAGE
(COMPLETELY MIXED) (STRATIFI ED)

Figure 2.19-3. Schematic of Two-stage
Digestion Process.

2.19.3.4 The advantages of anaerobic as compared with aerobic
digestion include:

2.19.3.4.1 Higher organic loading, i.e. rates of treatment not
limited by 02 transfer.

2.19.3.4.2 Minimal need for biological nutrients (N and P) and

for further treatment.

2.19.3.4.3 Lover energy requirenent.

2.19.3.4.4 Production of a useful by-product (CH4) which has a
low heat value coanpared to natural gas.

2.19.3.5 The disadvantages are as follows:
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2.19.3.5.1 Digesters must be heated to 85-90°F for optimum
operation.

2.19.3.5.2 Molecular oxygen is toxic to the system and must be
excluded.

2.19.3.5.3 Fundamental knowledge concerning the process is
sparse.

2.19.3.5.4 Highly skilled operation is required.

2.19.3.5.5 Anaerobic digesters are easily upset by unusual
conditions and are slow to recover.

2.19.3.5.6 Recycled supernatant liquor tends to "shock" waste-
water treatment facilities.

2.19.3.5.7 The fact that a closed vessel is required c,,pli-
cates the inevitable cleaning necessary.

2.19.3.5.8 The recovered gas, while usefuly, increases initial
costs because of the necessity of providing explosion-proof ap-
purtenant equipment.

2.19.3.5.9 Digested sludge tends to be high in alkalinity.
Where vacuum filtration preceded by chemical coagulation with the
usual inorganic chemicals is practiced, increased cheical costs
are inevitable.

2.19.4 Aerobic Digestion (Diffused Aeration).

2.19.4.1 Input Data.

2.19.4.1.1 Sludge production.

2.19.4.1.1.1 PrJmary, lb/day.

2.19.4.1.1.2 Secondary, lb/day.

2.19.4.1.2 Solids contents (percent solids).

2.19.4.1.2.1 PrImary, percent.

2.19.4.1.2.2 Secondary, percent.

2.19.4.1.3 Specific gravity.

2.19.4.1.4 Volatile solids content, percent.

2.19.4.2 Design Paraneters.

0 2.19.4.2.1 The design paraseters are as shown in Table 2.19-1
below.
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Table 2.19-1. Aerobic Digestion Design Parameters.

Paraneter Value

Hydraulic detention time, days at 20 C8

Activated sludge only 12 to 16
Activated sludge from plant operated without

primary settling 16 to 18
Primary plus activated or trickling-filter sludge 18 to 22

Solids loading, lb volatile solids/ft 3/day 0.1 to 0.2

Oxygen requirements
BOD 5 in primary sludge, lb/lb cell tissue 2

Energy requirements for mixing 0
Mechanical aerators, hp/1000 ft 0.5 to 1.0
Air mixing, cfm/1000 ft 20 to 30
Dissolved oxygen level in liquid, mg/I I to 2

a Detention times should be increased for temperatures below 200 C.

If sludge cannot be withdrawn during certain periods (e.g. week-
ends, rainy weather), additional storage capacity should be pro-
vided. Ammonia produced during carbonaceous oxidation is oxidized
to nitrate.

2.19.4.3 Process Design Calculations.

2.19.4.3.1 Calculate total quantity of raw sludge.

V SP(10o)
s (specific gravity) (percent solids) (8.34)

where

Vs - volume of raw sludge to digester, gal/day.

SP - sludge produced, lb/day.

2.19.4.3.2 Select hydraulic detention time and calculate digesters'
volume.

V - (t) (VS)

where

V - volume of digester, gal.

t - hydraulic detention time, days.
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V - volume of raw sludge to digester, gal/day.
s

2.19.4.3.3 Check volatile solids loading.
VS lb/day VS" b V (7.48) (0.1-0.2)

where

VS L volatile solids loading, lb VS/f t3/day.

V - volume of digester, gal.

2.19.4.3.4 Calculate solids retention time.

2.19.4.3.4.1 Assume percent destruction of volatile solids: 40
percent is common but it increases with temperature and retention
time from approximately 33 to 70 percent.

2.19.4.3.4.2 Calculate solids accumulation per day.

SaSP- SP % volatile % destroyed (0.75)ac 100 100

where

Sac - solids accumulated per day.

SP - sludge produced.

2.19.4.3.4.3 Assume MISS in digester and calculate total capacity
of sludge digester.

DC - (V) (MISS) (8.34) (10-6)
~where

DC a digester capacity, lb.

V - volume of digester, gal.

MLSS - mixed liquor SS in digester, m/I.

2.19.4.3.4.4 Calculate solids retention time.

SRT a -D

acwhere

SRT a solids retention time, days.

DC - digester capacity, lb.
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S - total solids accumulated, tb/day.
ac

2.19.4.3.5 Calculate sludge wasting schedule. Assume solids
content in digested sludge is approximately 2.5 percent.

Volue of sludge to be wasted - total sludge in digester (ib)(100)
specific gravity) (Z solids) (8.34)

This volume must be wasted each SRT.

2.19.4.3.6 Calculate oxygen requirements.

2.19.4.3.6.1 02 required for bacterial growth. Assume 02 re-
quired per pound of volatile solids destroyed.

0 (OT)SP (Z volatile) Z destroyed)

where

02 - total oxygen required, lb/day.

0T = oxygen required/lb of volatile solids destroyed
- 2.0 lb.

SP - sludge produced, lb/day.

2.19.4.3.6.2 Energy for mixing,

2.19.4.3.6.2.1 Assume standard transfer efficiency, percent.

2.19.4.3.6.2.2 Assume constants cC, A , and p.

2.19.4.3.6.2.3 Select summer temperature T.

2.19.4.3.6.2.4 Calculate operating transfer efficiency.

[C Ta p - CL] C (1.024)T-20

OTE - STE 9.20

where

OTE - operating transfer efficiency, percent.

STE - standard transfer efficiency, percent (5-8%).

(Cs) T a 02 saturation at the summer tenperature.

A= (Cs waste/Cs water) A.0.9.

p - correction for altitude 1.0.
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CL - minimum oxygen to be maintained in the digester,

mg/ 1.

M (- a waste/KLa water) 0.9.

- oxygen transfer coefficient.

T - temperature, 0 C.

2.19.4.3.6. ,5 Calculate air supply, check against a minimum of 20
cfm/ 1000 ft

Blowers are treated as a separate unit process since several unit
processes in a single plant may require air from the blowers. The air
requirements from all unit processes in a treatment train which require
air are summed and the total air requirement is used to size the blower
facility. The unit process design for the blower facility is found in
subsection 2.3.

02(7.48) (10 )

(OTE Z) 0.0176 21440 V
f- al day
ft 3 air da

where

3Rs - air supply, cfm/1000 ft

02 - oxygen supply, lb/day.

OTE - operating transfer efficiency, percent.

V - volume of the basin, gal.

2.19.4.3.7 Calculate volatile content of wasted sludge.

SLVS (I - PSVD

PSVOLAT - ,PW , )s
-PSVD SLVS

where (-:6 (yo)

PSVOLAT - percent volatile solids in wasted sludge, %.

SLVS - percent volatile solids in influent sludge, .

PSVD - percent of volatile solids destroyed, %.

2.19.4.3.8 Supernatant Return.

2.19.4.3.8.1 Quantity.
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2.19.4.3.8.1.1 Activated Sludge and Oxidation Ditch.

QSUP - (Q avg)(0.02)

where

QSUP - quantity of supernatant returned, mgd.

Qavg - average daily wastewater flow, mgd.

2.19.4.3.8.1.2 Trickling Filter and Rotating Biological Contactor.

QSUP - (Q avs)(0.007)

where

QSUP - quantity of supernatant returned, mgd.

Qavg " average daily wastewater flow, mgd.

2.19.4.3.8.2 Supernatant Quality.

TSS - 3400
BOD - 500
COD - 2600
TMN - 17.0

PH - 7.0

where

TSS - total suspended solids concentration, mg/l.

BOD - BOD 5 concentration, mg I.

COD - COD concentration, mg/l.

PH - pH.

2.19.4.4 Process Design Output Data.

2.19.4.4.1 Raw sludge specific gravity.

2.19.4.4.2 Detention time, days.

2.19.4.4.3 Volatile solids destroyed, percent.

2.19.4.4.4 Mixed liquor solids, mg/l.

2.19.4.4.5 Solids in digested sludge, percent.

2.19.4.4.6 Rate constant, BOD 5 applied to filter.
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2.19.4.4.7 Coefficient of 02 saturation in waste/02 saturation in

* water.

2.19.4.4.8 Standard transfer efficiency, percent.

2.19.4.4.9 Digester volume, gal.

2.19.4.4.10 Volatile solids loading, lb VS/ft3/day.

2.19.4.4.11 Solids accumulated, lb/day.

2.19.4.4.12 Volume of wasted sludge, gal.

2.19.4.4.13 Solids retention time, day.

2.19.4.4.14 Oxygen requirement, lb/day.

32.19.4.4.15 Air supply, cfm/1000 ft

2.19.4.4.16 Percent volatile solids in wasted sludge, Z.

2.19.4.5 Quantities Calculations.

2.19.4.5.1 Design values for activated sludge system.

V VVd " 7.48-

CFNd -(R s ) (V) (1.34 x 10 4 )

where

V - volume of digester, gal.

2.19.4.5.2 Selection of numbers of aeration tanks. The following
rule will be utilized in the selection of numbers of aeration tanks.

Number of
V Aeration Tanks
(.d,) NT

0.5- 2 2
2- 4 3
4- 10 4

10- 20 6
20- 30 8
30- 40 10
40- 50 12
50- 70 14
70- 100 16
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When V5 is larger than 100 mgd, several batteries of aeration tanks
will be used. See next section for details.

2.19.4.5.3 Selection of number of tanks and nunber of batteries
of tanks when V is larger than 100 mgd. It is general practice in
designing largel sewage treatment plants that several batteries of
aeration tanks, instead of a single group of tanks, are used. This
is due to land area availability and certain hydraulic limitations.
To simplify the modeling process, the following rules will be used:

2.19.4.5.3.1 When V ! 100 mgd, only one battery of aeration

tanks will be used. hus

NB-i

where

NB - number of batteries of units.

2.19.4.5.3.2 When 100 < V 5 200 mgd, the systen will be designed
as two identical batteries of aeration basins. Each battery would
handle half of the wastewater. The number of aeration tanks in
each battery would be selected according to the rules established
in subsection 2.19.4.5.3 by-using half the design flow as V .
Thus S

NB-2

2.19.4.5.3.3 When V > 200 mgd, the design will be performed to
use three batteries o? aeration basins, each handling one-third of
the was tewater. Thus

NB -3

2.19.4.5.4 Number of diffusers. The oxygen transfer rates used
in the first-order design dictate the use of coarse bubble dif-
fusers. These diffusers have an air flow from 10-15 scfm; for
design purposes an average of 12 scfm will be used.

ND CFM
t 12 (NT) (NB)

NDt must be an integer.

where

NDt - number of diffusers per tank.
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2.19.4.5.5 Number of swing aim diffuser headers. For ease of
maintenance swing am headers are usually used. The numiber of
diffusers per header is dictated by the number of connections0rvie onec header by the manufacturer. This varies with

manuactrerand header size from 8 to 30. For our purposes an
average of 20 diffusers per header will be assumed.

NSAt =N t

NSA tmust be an integer.

where

NSA - number of swing arm headers per tank.
t

2.19.4.5.6 Design of aeration tanks.

2.19 .4.5.6.1 Volume of each tank would be

VN- Vd

(NB) (NT)
where

VN - volume of single aeration tank, cu ft.

2.19.4.5.6.2 Depth and width of aeration tanks. The depth and
width of the aeration tanks will be fixed at 15 ft and 30 ft,
respectively.

2.19.4.5.6.3 Length of aeration tanks.

L VN
L-(15) (30)

If L is greater than 400 ft, then recalculate VN using NT - NT + 1,
then recalculate L.

2.19.4.5.7 Aeration tank arrangements.

2.19.4.5.7.1 Figure 2.19-4 shows the schematic diagram of the
arrangements. A pipe gallery will be provided when the number of
tanks is equal to or larger than four. The purpose of the pipe
gallery is to house the various air and water piping systems and
control equipment.

Q
PGW - 20 + (0.4) r,...vg)

NB
where

PGW -pipe gallery width, ft.
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Qavg ' average influent wastewater flow, mgd.

NB - nuber of batteries.

2.19.4.5.8 Earthwork required for construction. It is assumed
that the tank bottom will be 4 feet below ground level. The
earthwork required can be estimated by the following equatiorz"

2.19.4.5.8.1 When NT is less than 4, the earthwork required would
be:

V - 6 NB [(NT(31.5) + 15.5) (L + 17) + (NT(31.5) + 23.5) (L + 25)
ew 2

where

V - volume of earthwork required, cu ft.ew

NT - number of tanks per battery.

L - length of aeration tanks, ft.

2.19.4.5.8.2 When NT is greater than or equal to 4, the earthwork
required would be:

V - 6 NB [ (15.75(NT)+15.5) (2L+PGWi20) + (15.75(NT>.2.5) (2L PGI*28)]
ew 2

2.19.4.5.9 Reinforced concrete slab quantity. It is assumed
that a 1'-6" thick slab will be utilized regardless of the size of
the system. The volume of reinforced concrete slab will be the
sane for both plug and complete mix flow.

2.19.4.5.9.1 For NT less than 4:

V - 1.5 NB [(NT(31.5) + 15.5) (L + 17)]cs

V - R.C. slab quantity required, cu ft.cs

2.19.4.5.9.2 For NT greater than or equal to 4:

V - 1.5 NB [(15.75(NT) + 15.5) (2L+ PGW+ 200)]Cs

2.19.4.5.10 Reinforced concrete wall quantities.

2.19.4.5.10.1 In using the plug flow system, influent to the
aeration basin will be piped to one end of the tank and discharged
at the other end. Thus it does not require such an elaborate wall
construction. Two typical wall sections are required, as shown in
Figure 2.19-5. One would be simple straight side wall and the
other would be enlarged on top so that walkways can be provided.

2
2.19- 13



CL

w cn

w -.w

Co C.

C6

al
0a

1"ob



2.19.4.5.11.2 When NT - 2:

V - W (1.25 DW + 11) + (6 W + 9) (1.25 DW+ 3.75)

2.19.4.5.11.3 When NT - 3:

V - (1.25 DW + 11) (3 W + 6) + (1.25 DW + 3.75) (7 W + 6)cw

2.19.4.5.11.4 When NT 4:

V - M (L 3) (1.25 DW 11)+ [(0.5 NT+ 2) (L + 3).+

2 (NT) (W)] * (1.25 DW + 3.75) (NB)

where

Vow - R.C. wall quantity required, cu ft.

L - length of aeration tanks, ft.

2.19.4.5.11 Quantity of handrail for safety. Handrail is
required for safety protection of the operation personnel of
wastewater treatment plants. Waterway walls and the top of the
pipe gallery will require handrail. The quantity of handrail
required may be estimated as follows:

2.19.4.5.11.1 If NT is less than 4:

LHR - [2(NT) (L) + 2(L) + 61.5(NT) + 1.51 NB

2.19.4.5.11.2 If NT is greater than or equal to 4:

LHR - (2(NT) (L) + (4L) + 36.5(NT) + 2 PGW + 13] NB

where

LHER - handrail length, ft.

2.19.4.5.12 Calculate operation manpower requirenents.

2.19.4.5.12.1 If CFMd is less than or equal to 3000 scfm, the
operation manpower can be calculated by:

O - 62.36 (C °M ')0.3972

where

OMH - operation manpower required, MH/yr.

2.19.4.5.12.2 If CFM is greater than 3000 scfm, the operation
manpower can be calcu;ated by:
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0Mo - 26.56 (CFMd)
0 '5038

2.19.4.5.13 Calculate maintenance manpower requirenents.

2.19.4.5.13.1 If CFMd is less than or equal to 3000 scfm, the

maintenance manpower can be calculated by:

MIH - 22.82 (CFMd) 0 . 4 3 79

2.19.4.5.13.2 If CFMd 3000 scfm, the maintenance manpower can be
calculated by:

MHH - 6.05 (CFMd)0.6037

where

MM - maintenance manpower required, M yr.

2.19.4.5.14 Energy requirenent for operation. The electrical
energy required for operation is related to the air requirenent by
the following equation:

wKWH - (CYd) (241.6)

where

KWH - electrical energy required for operation, kwhr/yr.

2.19.4.5.15 Operation and maintenance material and supply
costs. Operation and maintenance material supply costs include
ites such as lubricant, paint, replacenent parts, etc. These
coasts are estimated as a percent of the total bare construction
costs.

OMMP - 3.57 (Qavg ) 0 2602

where OMP - operation and maintenance material costs as
percent of total bare construction cost, percent.
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2.19.4.5.16 Other construction cost items. The majority of the
costs of the diffused aeration activated sludge process have been
accounted for. Other cost items, such as liquid piping system,
control equipment, painting, site cleaning and preparation, etc.,
can be estimated as a percent of the total bare construction cost.
This value depends greatly on site conditions and complexity of the
process. For a generalized model, an average value of 10 percent
will be used.

1

where

CF - correction factor to account for the minor cost
itens.

2.19.4.6 Quantities Calculation Output Data.

2.19.4.6.1 Number of aeration tanks, NT.

2.19.4.6.2 Number of diffusers per tank, NDt -

2.19.4.6.3 Number of process batteries, NB.

2.19.4.6.4 Number of swing am headers per tank, NSAt.

2.19.4.6.5 Length of aeration tanks, L, ft.

2.19.4.6.6 Width of pipe gallery, PGW, ft.

2.19.4.6.7 Earthwork required for construction, Vew, cu ft.

2.19.4.6.8 Quantity of R.C. slab required, Vcs, cu ft.

2.19.4.6.9 Quantity of R.C. wall required, Vcw, cu ft.

2.19.4.6.10 Quantity of handrail, LHR, ft.

2.19.4.6.11 Operation manpower requirement, OMH, NO/yr.
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2.19.4.6.12 Maintenance manpower requirement, MMH, MH/yr.

2.19.4.6.13 Electrical energy for operation, KWH, kwhr/yr.

2.19.4.6.14 Operation and maintenance material and supply cost
as percent of total bare construction cost, OMMP, percent.

2.19.4.6.15 Correction factor for minor construction costs, CF.

2.19.4.7 Unit Price Input Required.

2.19.4.7.1 Cost of earthwork, UPIEX, $/cu yd.

2.19.4.7.2 Unit price input R.C. wall in-place, UPICW, $/cu yd.

2.19.4.7.3 Unit price input R.C. slab in-place, UPICS, $/cu yd.

2.19.4.7.4 Unit price input for handrails in-place, UPIHR,
$/ ft.

2.19.4.7.5 Cost per diffuser, COSTPD, $, (optional).

2.19.4.7.6 Cost per swing ai header, COSTPH, $, (optional).

2.19.4.7.7 Current Marshall and Swift Equipment Cost Index,
MSECI.

2.19.4.7.8 Current CE Plant Cost Index for pipe, valves, etc.,

CEPCIP.

2.19.4.7.9 Equipment installation labor rate, LABRI, $/MH.

2.19.4.7.10 Unit price input for crane rental, UPICR, $/hr.

2.19.4.8 Cost Calculations.

2.19.4.8.1 Cost of earthwork.

COSTE a Vev UPIEX
27

where

COSTE - cost of earthwork, $.

Vew - quantity of earthwork, cu ft.
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UPIEX - unit price input of earthwork, $/cu yd.

2.19.4.8.2 Cost of R.C. wall in-place.

COSTCW -Vcw UPICW
27

where

COSTCW - cost of R.C. wall in-place, $.

Vcw - quantity of R.C. wall, cu ft.

UPICW - unit price input for R.C. wall in-place, $/cu
yd.

2.19.4.8.3 Cost of R.C. slab in-place.

COSTCS - Vcs UPTCS
27

where

COSTCS - cost of R.C. slab in-place, $.

V - volume of concrete slab, cu yd.CS

UPICS - unit price R.C. slab in-place, $/cu yd.

2.19.4.8.4 Cost of handrails in-place.

COSTHR - LER x UPIHR

where

COSTER - cost of handrails in-place, $.

LHR - length of handrails, ft.

UPIER - unit price input for handrails in-place, $/ft.

2.19.4.8.5 Cost of diffusers.

2.19.4.8.5.1 The oxygen trausfer values given indicate the use of
coarse bubble diffusers. The cost of a coarse bubble diffuser with
a capacity of 12 scfm for the first quarter of 1977 is

COSTPD - $6.50
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For a better estimate COSTPD should be obtained frm an equipment
vendor and treated as a unit price input. Otherwise, for future
escalation the equipment cost should be adjusted by using the
Marshall and Swift Equipment Cost Index.

COSTPD - 6.50 MSECI
491.6

where

COSTPD - cost per diffuser, $.

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index, first
quarter 1977.

2.19.4.8.5.2 Calculate COSTD.

COSTD - COSTPD x NDt x NT x NB

where

COSTD - cost of diffusers for system, $.

NDt - number of diffusers per tank.

NT - number of tanks.

2.19.4.8.6 Cost of swing am diffuser headers.

2.19.4.8.6.1 Swing am diffuser headers come in several sizes.
The cost used is for a header which will handle 550 scfm and up to
37 diffusers. The cost of this header for the first quarter of
1977 is

COSTPH - $5,000

For a better estimate COSTPH should be obtained from an equipment
vendor and treated as a unit price input. Otherwise, for future
escalation the equipment cost should be adjusted by using the
Marshall and Swift Equipment Cost Index.

MSECI
COSTPH - $5,000 49 * 6

where

COSTPH - cost per swing am header, $.

MSECI - current Marshall and Swift Equipment Cost Index.
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491.6 - Marshall and Swift Equipment Cost Index, first
quarter of 1977.

2.19.4.8.6.2 Calculate COSTH.

COSTH - COSTPH x NSA t NT x NB

where

COSTH - cost of swing am headers for system, $o

NSAt - number of swing am headers per tank.

NT - number of tanks.

NB - number of batteries.

2.19.4.8.7 Equipment installation man-hour requirement. The
labor requirement for field installation of the swing ann headers,
including mounting the diffusers, is approximately 25 man-hours per
header.

IMH - 25 NSAt x NT x NB

where

DOH - installation man-hour requirement, MH.

2.19.4.8.8 C-ane requirment for installation.

CH -(.1)(M)

where

0 CH - crane time requirement for installation, hr.

2.19.4.8.9 Cost of air piping. The air piping for the diffused
aeration system is very complex and includes many valves and fittings
of different sizes. This causes cost estimation by material take-
off to be very difficult for a wide range of flow. In this case we
feel the use of parametric costing is justified as the overall
accuracy of the estimate will not be affected to a great extent.

2.19.4.8.9.1 If CFM is between 100 scfn and 1000 scfm, the cost
of air p ing can be calculated by:

COSTAP - 617.2 (CFM' 0.2553 CEPCIP
d 241.0

where
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COSTAP - cost of air piping, $.

CFMd - design capacity of blowers, scfm.

CEPCIP - current CE Plant Cost Index for pipe, valves, etc.

241.0 - CE Plant Cost Index for pipe, valves, etc., for
first quarter of 1977.

2.19.4.8.9.2 If CFHd is between 1000 scfm and 10,000 scfm, the
cost of air piping can be calculated by:

)1.33 CEPCIP
COSTAP - 1.43 (CFMd) 1337 x

2.19.4.8.9.3 If CFM is greater than 10,000 scfm, the cost of air

piping can be calculaled by:

COSTAP - 28.59 (CFMd)0.8085 XCEPCIP

2.19.4.8.10 Other costs associated with the installed equipment.
This category includes the cost for weir installation, painting,
inspection, etc., and can be added as a percentage of the purchased
equipment cost:

PMINC - 10Z

where

PMINC - percentage of purchase costs of equipment as minor
installation cost, percent.

2.19.4.8.11 Installed equipment costs.
e PMINC

IEC - (COSTD + COSTH) (1 + 100N ) + (DiE) (LABRI) + (CR) (UPICR)00
where

IEC - installed equipment cost, $.

LABRI - labor rate, $/MH.

UPICR - crane rental rate, $/hr.

2.19.4.8.12 Total bare construction cost.

TBCC - (COSTE + COSTCW + COSTCS + IEC + COSTHE 4- COSTAP) CF

where

0
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TBCC - total bare construction cost, $.

CF - correction factor for minor cost items.

2.19.4.8.13 Operation and maintenance material costs.

OMCC - TBCC OMK-
100

where

OMMC - operation and maintenance material supply costs,$/yr.
OMMP - operation and maintenance material supply costs,

as percent of total bare construction cost, percent.

2.19.4.9 Cost Calculations Output Data.

2.19.4.9.1 Total bare construction cost of diffused aeration
aerobic digestion syste, TBCC, $.

2.19.4.9.2 Operation and maintenance material and supply costs,
OMMC, $.
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2.19.5 Aerobic Digestion (Mechanical Aeration).

2.19.5.1 Input Data.

2.19.5.1.1 Sludge production.

2.19.5.1.1.1 Primary, lb/day.

2.19.5.1.1.2 Secondary, L./day.

2.19.5.1.2 Solids contents (percent solids).

2.19.5.1.2.1 Primary, percent.

2.19.5.1.2.2 Secondary, percent.

2.19.5.1.3 Specific gravity.

2.19.5.1.4 Volatile solids content, percent.

2.19.5.2 Design Paraneters.

2.19.5.2.1 The design paraneters are as shown in Table 2.19-
2 below.

Table 2.19-2. Aerobic Digestion Design Paraneters

Paraneter Value

Hydraulic detention time, days at 20°Ca
Activated sludge only 12 to 16
Activated sludge fran plant operated without

primary settling 16 to 18
Primary plus activated or trickling-filter sludge 18 to 22

Solids loading, lb volatile solids/ft3/ day 0.1 to 0.2

Oxygen requiresents
BOD 5 in primary sludge, lb/lb cell tissue 2

Energy requirenents for mixing
Mechanical aerators, hpI1000 ft' 0.5 to 1.0
Air mixing, cfm/1000 ft 20 to 30
Dissolved oxygen level in liquid, mg/l 1 to 2

a Detention times should be increased for temperature below 200 C.

If sludge cannot be withdrawn during certain per: ds (e.g. week-
ends, rainy weather), additional storage capacity should be pro-
vided. Ammonia produced during carbonaceous oxidation is oxidized

*to nitrate.
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2.19.5.3 Process Design Calculations.

2.19.5.3.1 Calculate total quantity of raw sludge.

V SP(00)
s (specific gravity) (percent solids) (8.34)

where
V - volume of raw sludge to digester, gal/day.

SP - sludge produced, lb/day.

2.19.5.3.2 Select hydraulic detention time and calculate
digesters' volume.

V - (t)(Vs )

where

V = volume of digester, gal.

t - hydraulic detention time, days.

Vs - volume of raw sludge to digester, gal/day.

2.19.5.3.3 Check volatile solids loading.

lb/day VS (7.48) (0.1-0.2)1 V

where

VS1 = volatile solids loading, lb VS/ft 3/day.

V - v "ue of digester, gal.

2.19.5.3.4. Calculate solids retention time.

2.19.5.3.4.1 Assme percent destruction of volatile solids: 40
percent is common but it increases with tmperature and retention
time fran approximately 33 to 70 percent.

2.19.5.3.4.2 Calculate solids accumulation per day.

S -SP- SP ( volatil % destroved" (0.75)
wee ac K~100 2 100 /

where

Sac - solids accumulated per day.

SP - sludge produced.
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2.19.5.3.4.3 Assume MLSS in digester and calculate total capacity
of sludge digester.

DC - (V) (MLSS) (8.34) (10- 6 )

where

DC - digester capacity, lb.

V -volume of digester, gal.

MISS - mixed liquor SS in digester, mg/l.

2.19.5.3.4.4 Calculate solids retention time.

SRT . DC

ac
where

SRT - solids retention time, days.

DC - digester capacity, lb.

Sac - total solids accumulated, lb/day.

2.19.5.3.5 Calculate sludge wasting schedule. Assume solids
content in digested sludge is approximately 2.5 percent.

Volume of sludge to be wasted - total sludge in digester (Ib) (I00)
(specific gravity)(% solids)(8.34)

This volume must be wasted each SRT.

2.19.5.3.6 Calculate oxygen requirenents.

2.19.5.3.6.1 02 required for bacterial growth. Assume 02 required
per pound of volatile solids destroyed.

0 M(0 SP(% volatile>(% destroed02 -(T)S 10010

where

02 = total oxygen required, lb/day.

0T - oxygen required/lb of volatile solids destroyed
O2.0 lb.

SP - sludge produced, lb/day.
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2.19.5.3.7 Design Aeration Systen.

2.19.5.3.7.1 Assume the following design paraneters and design
aeration systen and check horsepower supply for mixing against
horsepower required for coaplete mixing 0.1 hp/1000 gal.

2.19.5.3.7.1.1 Standard transfer efficiency, lb/hp-hr (0 dissolved
oxygen, 200C, and tap water)(3-5 lb/hp-hr).

2.19.5.3.7.1.2 02 transfer in waste/0 2 transfer in water w-0.9.

2.19.5.3.7.1.3 02 saturation in waste/02 saturation in water AW
0.9.

2.19.5.3.7.1.4 Correction factor for pressure *-1.0.

2.19.5.3.7.2 Select summer operating temperature (25-300 C) and
determine (fran standard tables) 02 saturation.

2.19.5.3.7.3 Adjust standard transfer efficiency to operating
conditions.

[(Cs)T(/ )(P) - CL ] ,C (. 0 2)T-20

OTE - STE 919.17

where

OTE - operating transfer efficiency, lb 0jhp-hr.

STE - standard transfer efficiency, lb 02 hp-hr.

(Cs)T - 02 saturation at selected summer tmperature
T, C mg/1.

a. 02 saturation in waste/0, saturation in water

o2 0.9.

p - correction factor for pressure as1.0.

CL - minimum dissolved oxygen to be maintained in
the basin 2.0 mg/I.

- 02 transfer in waste/02 transfer in water.

T - teaperature, 0C.

2.19.5.3.7.4 Calculate horsepower requirenent.

02

hp- l 1000

where OTE hb (24) (V)
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hp - horsepower required/ 1000 gal.

02 a oxygen required, lb/day.

OTE - operating transfer efficiency, lb 02/hp-hr.

V - volune of basin, gal.

2.19.5.3.8 Supernatant Return.

2.19.5.3.8.1 Quantity.

2.19.5.3.8.1.1 Activated Sludge and Oxidation Ditch.

QSUP - (Q avg)(0.02)

where

QSUP - quantity of supernatent returned, mgd.

Qavg a average daily wastewater flow, mgd.

2.19.5.3.8.1.2 Trickling Filter and Rotating Biological Contactor.

QSUP - (Q avg)(0.007)

where

QSUP - quantity of supernatant returned, mgd.

Qav g - average daily wastewater flow, sgd.

2.19.5.3.8.2 Supernatant Quality.

TSS - 3400
BOD - 500

COD - 2600
TKN - 170
PH - 7.0

where

TSS - total suspended solids concentration, mg/I.

BOD - BOD 5 concentration, mat 1.

COD - COD concentration, mg/l.

TKN - total Kjeldahl nitrogen concentration, mg/l.

PH - pH.
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2.19.5.4 Process Design Output Data.

2.19.5.4.1 Raw sludge specific gravity.

2.19.5.4.2 Detention time, days.

2.19.5.4.3 Volatile solids destroyed, percent.

2.19.5.4.4 Mixed liquor solids, mg/l.

2.19.5.4.5 Solids in digested sludge, percent.

2.19.5.4.6 Rate constant, BOD 5 applied to filter.

2.19.5.4.7 Coefficient of 02 saturation in waste/02 saturation in
water.

2.19.5.4.8 Standard traisfer efficiency, percent.

2.19.5.4.9 Digester volume, gal.

2.19.5.4.10 Volatile solids loading, lb VS/ft 3/day.

2.19.5.4.11 Solids accumulated, lb/day.

2.19.5.4.12 Volume of wasted sludge, gal.

2.19.5.4.13 Solids retention time, days.

2.19.5.4.14 Oxygen requirment, lb/day.

2.19.5.4.15 Horsepower required, hp.

2.19.5.5 Quantities Calculations.

2.19.5.5.1 Detemine volume of digester.

Vd -

where

V - volume of digester, gal.

Vd - volume of digester, cu ft.
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2.19.5.5.2 Selection of number of aeration tanks and mechanical
aerators per tank. The following rule will be utilized in the
selection of number of aeration tanks and mechanical aerators per
tank.

Number of Number of Aerators
V Aeration Tanks Per Tank

(mgd) NT NT

0.5- 2 2 1
2- 4 3 1
4- 10 4 1

10- 20 6 2
20- 30 8 2
30- 40 10 3
40- 50 12 3
50- 70 14 3
70- 100 16 4

When V is larger than 100 mgd, several batteries of aeration tanks
will J used. See next section for details.

2.19.5.5.3 Selection of number of tanks and number of batteries
of tanks when V is larger than 100 mgd. It is general practice in
designing large1 sewage treatment plants that several batteries of
aeration tanks, instead of a single group of tanks, are used. This
is due to land area availability and certain hydraulic limitations.
To sImplify the modeling process, the following rules will be used:

2.19.5.5.3.1 When V e 100 mgd, only one battery of aeration

tanks will be used. %us

where 

N-

NB - number of batteries of units.

2.19.5.5.3.2 When 100 < V ! 200 mgd, the systm will be designed
as two identical batteries 8f aeration basins. Each battery would
handle half of the wastewater. The number of aeration tanks in
each battery would be selected according to the rules established
in subsection 2.19.5.5.2 by using half the design flow as V
Thus

NB -2

2.19.5.5.3.3 When V > 200 mgd, the design will be perfomed to
use three batteries of aeration basins, each handling one-third of
the wastewater. Thus
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NB -3

2.19.5.5.4 Mechanical aeration equipment design.

2.19.5.5.4.1 Usually the slow-speed, fix-mounted mechanical
surface aerators are used in domestic wastewater treatment plants.
The available sizes of this type aerator are 5 HP, 7.5 RP, 10 HP,
15 HP, 20 HP, 25 HP, 30 HP, 40 HP, 50 ElP, 60 HP, 75 HP, 100 HP, 125
HP and 150 HP.

2.19.5.5.4.2 Horsepower for each individual aerator:

HPN - HP
(NB) (NT) (NA)

If HPN > 150 HP and NT - 2 or 3, then repeat the calculation with
NT - NT + 1.

If HPN > 150 HP and NT N 4, then repeat the calculation with NT -

NT + 2.

where

HPN - horsepower of each unit, horsepower.

HP - design capacity of aeration equipment, horsepower.

NB - number of batteries,

NT = number of aeration tanks per battery.

NA - nuber of aerators per tank.

2.19.5.5.4.3 Compare HPN with the available off-the-shelf sizes
and select the mallest unit with capacity larger than HPN. The
capacity of the selected unit would be designated as RPSN. Thus
the total capacity of the aeration units would be

HrPT - (N) (NT) (NA) * (PSN)

where

RPT - total capacity of selected aerators, horsepower.

2.19.5.5.5 Design of aeration tanks.

2.19.5.5.5.1 Volume of each individual tank would be
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- Vd

(NB) (NT)

where

VN - volume of single aeration tank, cu ft.

2.19.5.5.5.2 Depth of aeration tanks. The depth of an aeration
basin is controlled by the capacity of the aerators to be installed
inside. If the water depth is too shallow, interference with the
mixing current and oxygen transfer would occur. If the water depth
is too deep, insufficient mixing would occur at the bottom of the
tank and sludge accumulation would occur. Thus proper selection of
liquid depth of an aeration basin is Important. The relationship
between the recommended basin depth and the capacity of the ae-
rators can be expressed as follow:

When HPSN < 100 HP

DW - 4.816 (HPSN)0 .
2 4 67

When HPSN 1 1.00 HP

DW - 15 ft

where

DW - water depth of the aeration tanks, ft.

HPSN - capacity of the aerator, HP.

2.19.5.5.5.3 Width and length of aeration tank. The ratio
between length and width of an aeration tank is dependent on the
number of aerators to be installed in this tank, NA.

If NA - 1. Square tank construction, 14W - 1

If NA - 2. Rectangular tank construction, LVW -

2

If NA - 3. Rectangular tank construction, 14W -
3

If NA - 4. Rectangular tank construction, 14W -
4

and

14W - NA
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where

NA - number of aerators per tank.

L - length of aeration tank, ft.

W - width of aeration tank, ft.

After the volume, depth and L/W ratio of the tank are detemined,
the width of the tank can be calculated by:

VN(DW) (NA)

The length of the aeration tank would be

L - (NA) (W)

2.19.5.5.6 Aeration tank arrangements.

2.19.5.5.6.1 Figure 2.19-6 shows the schematic diagram of the
arrangements. Piping gallery will be provided when the number of
tanks is equal or larger than four. The purpose of piping gallery
is to house various piping systems and control equipment.

2.19.5.5.6.2 Size of pipe gallery. The width of this gallery is
dependent on the complexity and capacity of the piping system to be
housed. An experience curve is provided to approximately estimate
this width. It is expressed as:

PGW - 20 + (0.3) (2
NB

where

PGW - piping gallery width, ft.

Qavg a average influent wastewater flow, mgd.

NB a number of batteries.

2.19.5.5.7 Earthwork required for construction. It is assumed
that tank bottca would be 4 feet below ground level. Thus the
earthwork required would be estimated by the following equations:

2.19.5.5.7.1 When NT - 2, earthwork required would be:

Vew- 3 ((2 W+ 18.5) (W+ 17) + (2 W+ 26.5) (W+ 25)1

whe .e
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V - quantity of earthwork required, cu ft.

W - width of aeration tank, ft.

2.19.5.5.7.2 When NT - 3, earthwork required would be:

V - 3 [(3 W+ 28) (W+ 25) + (3 W + 20) (W+ 17)]ew

2.19.5.5.7.3 When NT > 4, the width and length of the concrete
slab for the whole aeration tank battery can be calculated by:

L W 2 L + PGW + 16

W =; (NT) (W) + 14.55

where

Ls - length of the basin slab, ft.

L - length of one aeration tank, ft.

PGW - piping gallery width, ft.

W - width of the basin slab, ft.5

NT - number of tanks per battery.

Thus the earthwork can be estimated by:

V ew- 3 (NB) [(Ls + 4) (Ws + 4) + (Ls * 12) (Ws + 12)]

where

Vew - volume of earthwork, cu ft.

2.19.5.5.8 Reinforced concrete slab quantity.

2.19.5.5.8.1 It is assumed that a l'-6" thick slab will be

utilized in this progran regardless of the size of the system.

2.19.5.5.8.2 For NT - 2,

V - 1.5 (2 W + 14.5) (W + 13)cs

where

V - R.C. slab quantity, cu ft.cs

2.19.5.5.8.3 NT - 3,

V - 1.5 (3 W+ 16) (W. 13)

2.19-33



2.19.5.5.8.4 When NT 4,

V - 1.5 (Ls ) (Ws )

where

Ls = length of slab, ft.

W - width of slab, ft.s

2.19.5.5.9 Reinforced Concrete Wall Quantity.

2.19.5.5.9.1 In using the plug flow system, influent to the
aeration basin will be piped to one end of the tank and discharged
at the other end. Thus it does not require such an elaborate wall
construction. Two typical wall sections are required, as shown in
Figure 2.19-7. One would be simple straight side wall and the
other would be enlarged on top so that walkways can be provided.

2.19.5.5.9.2 When NT - 2:

V - W (1.25 DW+ 11) + (6 W + 9) (1.25 DW+ 3.75)cw

2.19.5.5.9.3 When NT - 3:

Vcw - (1.25 DW + 11) (3 W + 6) + (1.25 DW+ 3.75) (7 W + 6)

2.19.5.5.9.4 When NT 4:

NTVcv (L+ 3) (1.25 DW+ 11) + ((0.5 NT+ 2) (L+ 3) +

2 (NT) (W)] • (1.25 DW+ 3.75) • (NB)

2.19.5.5.10 Reinforced concrete required for piping gallery
construction. The quantity of piping gallery slab has been es-
timated with the aeration tanks slab calculations. Only the
quantity of reinforced concrete for ceilings and end wall is
necessary.

2.19.5.5.10.1 When NT < 4,

V -0
cg

where

V - quantity of R.C. for gallery construction, cu ft.cg

2.19.5.5.10.2 When NT k 4, assuming the ceiling thickness is 1.5
feet, then the quantity of reinforced concrete would be:
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Vcgc - (NB) • (1.5) (PGW) E (NT) 2 (W)+ 0.75 (NT) + 1.51

where

Vcg c - volume of R.C. ceiling for piping gallery construction,
cu ft.

and for two end walls:

V -2 (PGW) (NB) (DW+ 3)cgw

where

V cg w - volume of R.C. wails for piping gallery construction,
cu ft.

Thus total R.C. volume for piping gallery construction would be

cg V cgc V cgw

2.19.5.5.11 Reinforced concrete quantity for aerator supporting
platform construction.

2.19.5.5.11.1 Number of aerator-supporting platforms. Each
aerator will be supported by an individual platform.

2.19.5.5.11.2 Figure 2.19-8 shows a typical supporting platform
for the aeration equipment. The width of the platform would be a
function of the capacity of the aerator to be supported. The
following experienced formula is given to approximate this rela-
tionship.

weeX - 5 + 0.078 (HPSN)

where

X - width of the platform, ft.

HPSN - horsepower of the mechanical aerator, HP.

2.19.5.5.11.3 Volume of reinforced concrete for the construction
of the platforms would be:

V - [X* + 5.6 (DW + 2)] (NT) (NA) (NB)cp

where
V - volume of R.C. for the platform construction, cucp ft.

DW a water depth of the aeration basin, ft.
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2.19.5.5.11.4 Volume of reinforced concrete for pedestrian bridges.
The pedestrian bridge links the aerator platfotm to the walkway-
sidewalls for ease of operation and maintenance. By using a width
of 4 feet and slab thickness of I foot, the quantity of reinforced
concrete can be calculated by:

vcw- [2 (W- X)] (NB) (NT) (NA)

where

Vcwb - quantity of concrete for pedestrian bridge construction,
cu ft.

2.19.5.5.12 Sunmary of reinforced concrete structures.

2.19.5.5.12.1 Quantity of concrete slab.

Vs -VVcst m cs

* where

Vcs t M total quantity of R.C. slab for the construction

of aeration tanks, cu ft.

2.19.5.5.12.2 Quantity of concrete wall.

Ycwt "Ycw + Vcg * Vcp +Vcwb

where

Vcwt - quantity of R.C. wall for the construction of
aeration tanks, cu ft.

V cw= quantity of aeration tank R.C. walls, cu ft.

V - quantity of R.C. for the construction of piping
cg gallery, cu ft.

V - quantity of R.C. for the construction of aerator-
cp supporting platfoms, cu ft.

Vcwb - quantity of R.C. for the construction of pedestrian
bridges.

2.19.5.5.13 Quantity of handrail for safety. Handrail is
required for the safety protection of the operation personnel of
wastewater treatment plants. Waterway walls, aerator platfoms and
bridges, and the top of the piping gallery will require handrail.
Quantity of handrail can be estimated thus:

2.19.5.5.13.1 When NT - 2,
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LHR- 4 W+ 11,+ 2 * (3x W- 4)

where

LHR - handrail length, ft.

W - aeration tank width, ft.

X - width of aerator-supporting platfozm, ft.

2.19.5.5.13.2 When NT - 3,

LHR - 6 W+ 10+ 3 * (3X+ W- 4)

2.19.5.5.13.3 When NT > 4,

if is an even number,

LHR - IPGW (NT) (W) + [L + 3- 4 (NA)] (NT) . (NA) (NT)

X(3 W- 4)J (NB)

if 7-is an odd number,

LIM - JPGW + (NT) (W) + [L + 3 - 4 (NA)] (NT +2) +

(NA) (NT) (3X. v- 4)" (NB)

where

PGW - width of the piping gallery, ft.

2.19.5.5.14 Operation and maintenance manpower requirements.
Patterson and Bunker's data will be utilized to project the o-
peration and maintenance manpower requirements. The man-hour per
year requirement is presented as a function of the total horsepower
of the aeration equipment.

2.19.5.5.14.1 Calculate the total installed capacity of the
aeration equipment.

TICA - (NB) (NT) (NA) (HPSN)

where

TICA - total installed capacity of the aeration equipment,
horsepower.

HPSN - capacity of one individual aerator, horsepower.

2.19.5.5.14.2 The operation manpower requirement can be estimated
as follows:
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When TICA < 200 hp

OMH - 242.4 (TICA) 0 . 3 7 3 1

When TICA 2 200 hp

OMH - 100 (TICA)
0 .5425

where

OMH - operational man-hour requirement, man-hour/yr.

2.19.5.5.14.3 The maintenance manpower requirement can be es-
timated as follow:

When TICA ! 100 hp

MHM - 106.3 (TICA)
0 .4 0 3 1

When TICA > 100 hp

0MM - 42.6 (TICA) 0 . 5 9 5 6

where

=H - maintenance manpower requirement, man-hour/yr.

2.19.5.5.15 Energy requirement for operation. By assuming that
all the aerators will be operated 90 percent of the time year-
round, the electrical energy consumption would be:

KWH - 0.85 x 0.9 x 24 x 365 x (TICA)

~where

KWH -electrical energy required for operation, kwhr/yr.

0.85 - conversion factor fro& hp-hr to kwhr.

2.19.5.5.16 Material and supply costs for operation and mainte-
nance. Material and supply costs for operation and maintenance
include such items as lubrication oil, paint, and repair material,
etc. These costs are estimated as a percent of installed costs for
the aeration equipment and are expressed as follow:

O HP - 4.225 - 0.975 log (TICA)

where

OHIP - percent of the installed equipment cost as OM
material costs, percent.
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TICA - total installed capacity of aeration equipment,
horsepower.

2.19.5.5.17 Other construction cost itens. Using the above cal-
culation, the majority of cost items of the activated sludge process
have been accounted for. Other cost itens, such as piping system-,
control equipment, painting, site cleaning and preparation, etc., can be
estimated as a percent of the total bare construction cost. This
percentage value has been shown to vary from 4 to 15 percent of the
total construction cost of the aeration tank system. The value depends
greatly on site conditions and caplexity of the process. For a gene-
ralized model, an average value of 10 percent would be adequate. Thus,

1
. -1.11

where

CF - correction factor to account for the minor cost
itens.

2.19.5.6 Quantities Calculations Output Data.

2.19.5.6.1 Number of aeration tanks, NT.

2.19.5.6.2 Number of aerators per tank, NA.

2.19.5.6.3 Number of process batteries, NB.

2.19.5.6.4 Capacity of each individual aerator, UPSN, hp.

2.19.5.6.5 Depth of aeration tanks, DW, ft.

2.19.5.6.6 Length of aeration tanks, L, ft.

2.19.5.6.7 Width of aeration tanks, W, ft.

2.19.5.6.8 Width of pipe gallery, PGW, ft.

2.19.5.6.9 Earthwork required for contruction, V e , cu ft.

2.19.5.6.10 Total quantity of R.C. slab, V st, cu ft.

2.19.5.6.11 Total quantity of R.C. wall, Vet, cu ft.
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2.19.5.6.12 Quantity of handrail, LHR, ft.

2.19.5.6.13 Operation manpower requirement, OM, M9/yr.

2.19.5.6.14 Maintenance manpower requirement, MMH, MW/yr.

2.19.5.6.15 Electrical energy for operation, KWH, kwhr/yr.

2.19.5.6.16 Percentage for O&M material and supply cost, OMMP,
percent.

2.19.5.6.17 Correction factor for minor capital cost items, CF.

2.19.5.7 Unit Price Input Required.

2.19.5.7.1 Cost of earthwork, UPIEX, $/cu yd.

2.19.5.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd.

2.19.5.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd.

2.19.5.7.4 Standard size low speed surface aerator cost (20 hp),
SSXSA, $, optional.

2.19.5.7.5 Marshall & Swift Equipment Cost Index, MSECI.

2.19.5.7.6 Equipment installation labor rate, S/M.

2.19.5.7.7 Crane rental rate, UPICR, S/hr.

2.19.5.7.8 Unit price of handrail, UPIER, $/L.F.

2.19.5.8 Cost Calculations.

2.19.5.8.1 Cost of earthwork, CDSTE.
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V
ew . UPIEXCOS E m 7

where

COSTE - cost of earthwork, $.

V e - quantity of earthwork, cu ft.

UPIEX - unit price input of earthwork, $/cu yd.

2.19.5.8.2 Cost of concrete wall in-place, COSTCW.

v cwt . UPICW

COSTCW - -----27

where

COSTCW - cost of concrete wail in place, $.

Vcwt - quantity of R.C. wall, cu yd.

UPICW - unit price input of concrete wall in-place, $/
cu yd.

2.19.5.8.3 Cost of concrete slab in-place, COSTCS.

V cst . UPICS

COSTCS - UC

where

COSTCS - cost of R.C. slab in-place, $.

Vcst - quantity of concrete slab, $/cu yd.

UPICS - unit price input of R.C. slab in-place, $/cu yd.

2.19.5.8.4 Cost of installed aeration equipment.

2.19.5.8.4.1 Purchase cost of slow speed pier-mounted surface
aerators. The purchase cost of aerators can be obtained by using
the following equation:

CSXSA n SSXSA " RSXSA

where

CSXSA purchase cost of surface aerator, $.
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SSXSA - purchase cost of a standard size slow speed pier-
mounted aerator. Motor horsepower is 20 hp.0 RSXSA - ratio of cost of aerators with capacity of HPSN hp

to that of the standard size aerator.

2.19.5.8.4.2 RSXSA. The cost ratio can be expressed as

RSXSA - 0.2148 (HPSN)
0.513

where

HPSN - capacity of each individual aerator, hp.

2.19.5.8.4.3 Cost of standard size aerator. The cost of pier-
mounted slow speed surface aerator for the first quarter of 1977 is

SSXSA - $16,300

For a better estimate, SSXSA should be obtained fron equipment
vendor and treated as a unit price input. Otherwise, for future
escalation, the equipment cost should be adjusted by using the
Marshall and Swift Equipment Cost Index.

- 16,300 MSEC
SSXSA -491.6

where

MSECI - current Marshall and Swift Equipment Cost Index
from input.

491.6 - Marshall and Swift Cost Index, first quarter 1977.

2.19.5.8.4.4 Equipment installation man-hour requirement. The
man-hour requirement for field installation of fixed-mounted
surface aerator can be estimated as:

When HPSN . 60 hp

D(H - 39 + 0.55 (HPSN)

When HPSN > 60 hp

124H - 61.3 + 0.18 (HPSN)

where

IH - installation man-hour requirement, man-hour.

2.19.5.8.4.5 Crane requirement for installation.

C a- (0.1) •DM
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where

CH - crane time requirement for installation, hr.

2.19.5.8.4.6 Other costs associated with the installed equipment.
This category includes the costs for electric wiring and setting,
painting, inspection, etc., and can be added as a percentage of
purchase equipment cost:

PINC - 23%

where

PMINC - percentage of purchase costs of equipment as minor
installation cost, percent.

2.19.5.8.4.7 Installed equipment cost, IEC.

IEC - [CSXSA (1 + 10 * " LABRI + CH * UPICRI00
(NB) * (NT) (NA)

where

IEC - installed equipment cost, $.

LABRI - labor rate, $/man-hour.

UPICR - crane rental rate, $/hr.

2.19.5.8.5 Cost of handrail. The cost of installed handrail
systen can be estimated as:

COSTHR - LHR x UPIHR

where

LHR - handrail quantity, ft.

UPIER - unit price input for handrail cost, $ per lineal
foot. A value of $25.20 per foot for the first
quarter of 1977 is suggested.

2.19.5.8.6 Other cost items. This category includes cost of
process piping system, control instruments, site work, etc. Costs
can be adjusted by multiplying the correction factor CF to the sum
of other costs.

2.19.5.8.7 Total bare construction costs, TBCC.

TBCC - (COSTE + COSTCW 4* COSTCS * IEC + COSTHR) * CF

where
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TBCC - total bare construction costs, $.

CF - correction factor for minor cost itens.

2.19.5.8.8 Operation and maintenance material costs. Since
this iten of the O&M expenses is expressed as a percentage of the
installed equipment costs, it can be calculated by:

OMMC - ZEC * o.100

where

OMMC - operation and maintenance material and supply
costs, S/yr.

OMMP a percent of the installed aerator cost as O&M
material and supply expenses.

2.19.5.9 Cost Calculations Output Data.

2.19.5.9.1 Total bare construction cost of the mechanical
aerated aerobic digestion process, TBCC, $.

2.19.5.9.2 Operation and maintenance supply and material costs,
OMMC, $/yr.
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2.19.6 Anaerobic Digestion.

2.19.6.1 Input Data.

2.19.6.1.1 Wastewater flow, average daily, Q vg" mgd.

2.19.6.1.2 Sludge flow, gpd.

2.19.6.1.2.1 Primary.

2.19.6.1.2.2 Secondary.

2.19.6.1.3 Volatile solids in raw sludge, percent.

2.19.6.1.4 Solids content in raw sludge, percent.

2.19.6.1.5 Volatile solids destroyed during digestion, percent
(usually 40-60 percent).

2.19.6.2 Design Parameters.

2.19.6.2.1 Digestion time, days.

2.19.6.2.2 Number of digesters.

2.19.6.2.3 Heat requirenent, BTU/hr.

2.19.6.2.4 Sludge gas generation, cu ft/day.

2.19.6.2.5 Primary digester, volume, cu ft.

2.19.6.2.6 Secondary digester, volume, cu ft.

2.19.6.3 Process Design Calculations.

2.19.6.3.1 Calculate sludge production.

Shere(P ) (SF) (Sp.gr.) 
(8.34)

100

where

SP - sludge produced, lb/day.

P - solids content in raw sludge, Z.S

SF - sludge flow, gpd.

Sp.gr. - specific gravity of sludge.

2.19.6.3.2 Calculate total volume of raw sludge to digester.

SOSP 100)
Vf w (% solids) (62.4) (specific gravity)
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where

Vf - volume of raw sludge to digester, ft 3/day.

SP -sludge produced, lb/day.

2.19.6.3.3 Number and type of digesters to be used.

2.19.6.3.3.1 For small treatment works, usually only one digester is
provided. In this case, the conventional digester will be utilized due
to the fact that digestion, storage, and clarification are to be carried
out in one tank. When more than two tanks are provided, the digestion
and clarification processes will be carried out separately in the
primary and secondary digesters. Thus the following assumption will be
used in selecting the number of digesters. (The number of secondary
digesters is deteiained by the storage time required for the digested
sludge. Usually, 30 days storage time is provided. But since there is
no general rule governing the length of the storage period, the fol-
lowing assumption is based on general field practice).

Total Number Number of Number of
ayg, mqd Digesters, NT Primary, NP Secondary, NS

0.5 - 2 1 -
2- 10 2 1 1

10- 20 3 2 1
20- 30 4 3 1
30- 40 6 4 2
40- 50 8 5 3
50- 60 9 6 3
60- 80 12 8 4
80- 100 16 10 6

When Q is larger than 100 mgd, the systm will be designed as several
identici batteries of units.

When 100 Qavg" only one battery of units will be utilized, thus, NB -
1.

2.19.6.3.3.2 When 100 < Q 200 mgd, the systen will be designed as
two identical batteries of Illesters. Each can handle half the sludge
flow. The number of digesters in each battery would be selected from the
above table by using half the design flow. For instance, if the incoming
wastewater flow is 120 mgd, the systen will have two batteries of digesters.
Each battery contains 9 digesters (using Qa - 60 mgd and from the
above table). Total number of digesters wod be 9 x 2 - 18. The
design procedures would be based on one battery with Qavi - 60 mgd and
the total material and costs would be twice as much as oe for one
battery, NB - 2.

2.19.6.3.3.3 When Q > 200 mgd, the design will be perfomed as
three identical batteflis of digesters. The Q would be equal to
Qav 3 . Only one battery will be designed. Tfegtotal material and
cos s would be three times as high, NB - 3.

2.19-46



cc0rc

z za

442

44

rA X (n a

0 LL0

CL.

c go

U4,

w I-.
to X

zz

CC0

0, >
0x

IJ6 U

Ps.



2.19.6.3.4 Sizing individual units. Digestion time required for

volatile solids reduction can be predicted by the following equation:

2.19.6.3.4.1 Conventional digesters: heated but no mixing.

2.19.6.3.4.1.1 Calculate digestion time.

where 
td - (PVR - 30) x 2

td - time of digestion, days.

PVR - percent volatile solid reduction, percent (usually
use 50 percent).

2.19.6.3.4.1.2 Calculate quantity of digested solids.

The quantity of solids renaining in the digester at the end of digestion
period can be calculated by:

SD - sP [1- (PV) (PV)(100) (100)]

where

SD - quantity of digested solids, lb/day.

PV - percent volatile of fresh sludge, percent.

2.19.6.3.4.1.3 Calculate volume of digested solids.

By assuming that the digested sludge will be 7 percent solids, the
volume of digested sludge would be expressed:

V -SD

d " (1.04) (62.4) (0.07)
where

V d = digested sludge volume, cu ft/day.

2.19.6.3.4.1.4 Calculate digester voluae.

By using the volume reduction method for the design of the standard rate
digester, the volume of the digester say be calculated by:

VT - [Vf - 2 - Vd)l td

where

VT - volume of standard rate digester, cu ft.

Compare VT with the available off-the-shelf sizes and select the appropriate
size.

2.19.6.3.4.2 High rate digesters: Primary digesters are heated and
ccmpletly mixed.

2.19.6.3.4.2.1 Calculate digestion time required, td -
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rPVR - 18.94
td e ' 13.7

2.19.6.3.4.2.2 Calculate total primary digester volume:

wheVp = Vf t d
where

V - total primary digester volume requirement, cu ft.P

2.19.6.3.4.2.3 Calculate individual digester volume.

where

V PU - volume of each individual tank, cu ft.

Compare VPU with the available off-the-shelf sizes and select the proper
size.

2.19.6.3.4.3 Digester size and configuration. The diameter of digester,
DIA, is detennined by the available sizes of floating cover and side
water depth of the digester. The side water depth is a function of
diameter and can be expressed by:

SWD - 15.6 + (0.1765) (DIA)

where

SWD - side water depth of digester, ft.

DIA - diameter of digester, ft.

Figure 2.19-9 shows typical tank configurations of an anaerobic digester.

Volumes of available digester diameters are listed below:

Diameter Side Water Depth Volume
ft ft cu ft

25 20.0 10,330
30 21.0 15,727
35 21.5 22,087
40 22.5 30,367
45 23.5 40,355
50 24.5 52,193
55 25.0 64,836
60 26.0 80,577
65 27.0 98,575
70 28.0 118,980
75 28.5 139,704
80 29.5 148,493
85 30.0 190,317
90 31.5 224,233
95 32.0 254,810
100 33.0 291,882
110 35.0 376,141
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2.19.6.3.4.4 Total volume of digester.

2.19.6.3.4.4.1 For conventional digester:

VTOT ' VT

2.19.6.3.4.4.2 For high-rate digester:

VTOT - VT

2.19.6.3.4.4.3 For high-rate digester:

VTOT ' Vpu x NT x NB

where

VTOT " total digester volume, cu ft.

2.19.6.3.5 Calculate heat requirements.

2.19.6.3.5.1 Heat supplied must be sufficient to raise the temperature
of the incming sludge to 95"F.SP 1

QS (.F-) (C) (Td - T8) (.I) (100)
where s

QS . BTU/hr required for sludge heating.

SP - sludge added per day, lb.

PS a solids in fresh sludge, percent.

C - 1.0 BTUIlb.

Td a temperature of sludge in digester, 95*F.

Ts = temperature of inco ing sludge, OF.

2.19.6.3.5.2 Heat losses through digester vall, floor and cover, etc.
Use empirical formulae to estimate heat loss:

In Northern U.S. and Canada:

QL - (1.25) (46.3) (DIA)224

In Middle U.S.:
Q, - (1.25) (31.8) (DIA)2.24

In Southern U.S.:

QL - (1.25) (25.9) (IA)2.24

where

QL = heat loss, BTU/hr.

1.25 - with safety factor of 25%.

DIA - diameter of digester.
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2.19.6.3.5.3 Total heat requirement, T, BTU/hr.

QT - QS + (NP) (QL) (NB)

2.19.6.3.6 Calculate daily gas production. Assuming 15 ft 3 of
sludge gas is produced per pound of volatile solids destroyed, the gas
production rate would be:

DGP - (SP) (%Z volatile) (p11) (10 " 4 ) x 1.5
24

where

DGP - daily gas produced, cu ft/hr.

SP - sludge produced, lb/day.

2.19.6.3.7 Wasted sludge characteristics.

2.19.6.3.7.1 Sludge flow out.

SM SD) 100
SF0- PSD (8.34) (Sp.gr.)

where

SFO - sludge flow out, gpd.

SD - quantity of sludge digested, lb/day.

PSD - percent solids in digested sludge, (input by user), .

SP.gr. - specific gravity of sludge.

2.19.6.3.7.2 Volatile solids in wasted sludge.

FVR
PVS- (PV) (SP) (a - TM) (100)

(SFO) (8.34) (Sp.gr.) (PSD)

where

PVDS - percent volatile solids in digested sludge, Z.

PV - percent volatile solids in influent sludge, 2.

SP - input sludge quantity, tb/day.

PVR - percent volatile solid reduction, Z.

SFO - sludge flow out, gpd.
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Sp.gr. - specific gravity of sludge.

PSD - percent solids in digested sludge, (input by user), 2.

2.19,6.3.8 Supernatant Return.

2.19.6.3.8.1 Supernatant Quantity.

2.19.6.3.8.1.1 Activated Sludge Processes and Oxidation Ditch.

QSUP - (Q av) (0.02)

where

QSUP - quantity of supernatant returned, mgd.

Qavg = average daily wastewater flow, mgd.

0 2.19.6.3.8.1.2 Trickling Filter and Rotating Biological Contactor.

QSUP - (Qav )(0.007)

where

QSUP - quantity of supernatant returned, agd.

Qavg - average daily wasfewater flow, agd.

2.19.6.3.8.2 Supernatant Quality.

TSS - 6250
BOD - 1000
COD - 2150
TKN - 950
NHS - 650
PH - 7.4

where

TSS - total suspended solids concentration, m gI.

BOD - BOD 5 concentration, mg/l.

COD - COD concentration, mgl.

TKN - total Kjeldahl nitrogen concentration, mel.

NH3 a amonia nitrogen concentration, a( 1.

PH - pH.
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2.19.6.4 Process Design Output Data.

2.19.6.4.1 Volatile solids destroyed, PVR, percent.

2.19.6.4.2 Digester volume, VTOT, cu ft.

2.19.6.4.3 Number of digesters per battery, NT.

2.19.6.4.4 Number of batteries, NB.

2.19.6.4.5 Number of prinary digesters per battery, NP.

2.19.6.4.6 Number of secondary digesters per battery, NS.

2.19.6.4.7 Gas production, DGP, cu ft/day.

2.19.6.4.8 Heat requirement, QT, BTU/hr.

2.19.6.5 Quantities Calculations.

2.19.6.5.1 Quantity of earthwork. Assume the earthwork required
would be the sane as the digester volume. Thus, for one tank with
diameter of DIA feet, the earthwork required would be, V ewn

V - (0.1713) (DIA)3 + (12.174) (DIA)
2

ewnt

where

V - earthwork required per tank, cu ft.ewn

For NT number of tanks, the earthwork would be:

where

V - volume of earthwork, cu ft.ew

2.19.6.5.2 Quantity of reinforced concrete wall, V e.

For one tank:

V -w - (0.275) (SWD + 4.5) (DIA) (t w)

where

Vcw - quantity of R.C. Wall, cu ft.

t a wall thickness, in.

and

t a 7.5 + (0.5) (SWD)
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Thus the total wall quantity:

V - (NT) (V (NI)

where

V - total R.C. in place for wall, cu ft.cv

2.19.6.5.3 Quantity of reinforced concrete slab.

For one tank:

Vcs n - (0.0675) (DIA) 2 (ts) + (3.1416) (DIA)

where

V - quantity of R.C. slab, cu ft.
csn

t - slab thickness, in.

and

t - 8+ 0.24 (SWD- 15.5)

Thus the total slab quantity would be:

Vcs - (NT) (V) (NB)
Css

where

V - total R.C. slab in place, cu ft.Cs

2.19.6.5.4 Dlmension of control buildings. The control buil-
dings are of two-story construction. Digester walls are utilized
as coamon wall. The quantity, which is the floor space of a single
floor, can be expressed as:

2.19.6.5.4.1 For NT < 6

Adcb - [0.1 + 0.097 CNT)] (DIA) 2

2.19.6.5.4.2 For NT 2 6

Adcb - [0.13 (NT) - 0.081 (DTA) 2 . (NB)

where

Adc b - surface area of single floor of two-story control
building, sq ft.

NT - total number of digesters per battery.

NB - number of process batteries.
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2.19.6.5.5 Heater and heat exchanger selection.

2.9.6.5.5.1 Number of sludge heating systems, NH. The following

assumption will be utilized in design of the heating system. This
is based on field experience.

Number

Number of
Of Heating Systems

Primary Digesters, NP Per Battery, NH

I I
2 1
3 1
4 2
5 2
6 3
8 4

10 5

2.19.6.5.5.2 Thus each heating system would handle:

QHin QT

(NH)(NB)

where

Qg - capacity of a single heating system, BTU/hr.

2.19.6.5.5.3 Select number and capacity of heater and heat

exchanger. Available off-the-shelf sizes (sludge heating capacity
in BTU/hr) are listed below:

140,000 1,125,000
175,000 1,250,000
250,000 1,500,000
375,000 2,000,000
500,000 2,800,000
750,000 3,500,000

1,000,000

2.19.6.5.5.3.1 Calculate heating capacity of single unit.

If QH 2 7,000,000 BTU/hr, number of heaters, NHE - 3.

If 3,500,000 ., QH < 7,000,000, number of heaters, NUE - 2.

If Q < 3,500,000, number of heaters, NHE - 1.

Thus capacity of one heating unit, QHU" vould be
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Q Q1HuU . ff_
where

Q -U " capacity of one heating unit, BTU/hr.

NEE - number of heating units per heating system.

Compare Q with the available off-the-shelf sizes and select a
proper u;R with capacity of Q1US"

2.19.6.5.5.4 Calculate additicr al units for backup. The number
of additional units for emergency backup is dependent upon the type
and number of digesters. The following rule-of-thmb is to be
used:

Number of Number of
Digesters, NT Backup Heating Units, NHEB

1 0
2- 4 1
6- 9 2
9- 16 3

2.19.6.5.5.5 Calculate total number of heating units and their
capacity.

Total number of heating units, NT"

NIT- ((NH) (NEE) + N ] (NB)

where

NUT - total number of heating units.

2.19.6.5.5.6 Calculate excess fuel to be used for heating. For
daily sludge gas requirpnent (DGR) for heating, asoume 3heat value
of gas to be 600 BTU/ft for digester gas, 1000 BTU/ft 3 for natural
gas. Qt

DGR - (0.80) (0.9) (600 BTU/ft3)

where

DGR - daily gas requirment, cu ft/hr.

0.80 - boiler efficiency.

0.90 - heat exchanger efficiency.

Natural gas to be added, EGR:
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600

EGR - (DGR - DGP) (600)

If EGR >0, EGR - EGR

If EGR _ 0, EGR - 0

where

ECR - natural gas requirenent in cu ft/hr.

2.19.6.5.5.7 Calculate total natural gas requirement. The total
natural gas required per year depends on the geographical location
of the digester systen and the temperature variations throughout
the year. The following assumptions will be used in design cal-
culations.

Total gas requirement per year, TNG:

2.19.6.5.5.7.1 In Northern U.S. - four months of a year require
supplementary fuel:

TNG =-4 x 301x24 x ECUt

2.19.6.5.5.7.2 In Middle U.S. - two and one-half months of a year:

TNG - 2.5 x 30 x 24 x EGR

2.19.5.5.5.7.3 In Southern U.S. - one month of a year:

TNG - 1.0 x 30 x 24 x ECG

where

TNG - total annual natural gas requirement, cu ft/yr.

2.19.6.5.6 Gas safety equipment. This category includes
accunulator pressure relief valve, flame trap, gas meter, and waste
gas burner. This system is usually sized by the diameter of gas
piping and can be related to the dianeter of the digester.

Diameter Gas Piping
ft Size 0", GPS

.930 2"

30- 50 3"
50- 75 4"
75- 100 6"

The number of gas safety equipment sets, NGSE, is dependent upon
the number of digesters. It is assumed that one set of safety
equipment will be utilized by two digesters.
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Total Nuber
of Digesters, NT NGSE

1 1
> 1 NT or the next integer

2.19.6.5.7 Sludge recirculation pumps. Pumps are needed for
sludge recirculation from the digester to the heating system,
sludge wastage, and sludge transfer.

2.19.6.5.7.1 Type of pups. Usually the positive displacemient
types are used for this purpose.

2.19.6.5.7.2 Number of pumps, NSTP, depends on the ntuber of
digesters. Backup units are included.

Number of Tanks, NT NSTP

1 2
>1 NT x 3 (NSTP must

2- be an integer).

2.19.6.5.7.3 Size of pump depends on the sizes of the digester.
The following rules will be used in the sizing.

Diameter of Digester Ptump Capacity
DIA (ft) PM(Rm

25 -30 75
30 -70 150
>70 350

2. 19.6.5.7.4 Pumping head. Assume 70 feet.

2.19.6.5.8 Piping System. The piping systemi within anaerobic
digesters can be grouped into the following subcategories: raw
sludge piping, sludge recirculation piping, supernatant piping,
digested sludge piping, plant water supply piping, gas piping, etc.
Only the sludge piping systems will be designed and quantities
estimated. Other minor piping will be estimated as a percent of
the total pipe system.

2.19.6.5.8.1 Size of piping system. Usually the sludge piping
systen in the anaerobic digesters utilizes cast iron pipes with
sizes ranging from 4 P" to 12 0'. Size of pipe can be approximated
by the following figures:

Diameter of Digester Pipe Size
DIA (ft) PIPES (in)

< 30 4
30 -50 6
50:-70 80

>90 12
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2.19.6.5.8.2 Length of pipe.

PIPEL = NT (SWD + (2.17) (DIA) + 361 +

(2.25 (D1IA) + 70] (NB)

where

PIPEL - length of total piping systen, ft.

2.19.6.5.8.3 Quantity of fittings and valves.

Nwmber of 90" elbows, PIRN.

PIRN - [(6) (NT) + 14 (NT) ] (N-B)

PIRN must be an integer.

wherePIRN 
- number of 90* elbows.

Number of tees, PITN.

NT
PIT- (16 (XT) + 19 (-) (NB)

PITN must be an integer.

where

PITN - number of tees.

Number of plug valves, PIVN.

PIVN - [7 (NT) + 23 (-) (NB)

where

PIVN - number of plug valves.

2.19.6.5.8.4 Other piping. This includes gas piping, water
supply piping and other minor pipes. The cost of this category can
be estimated as a percentage of the major piping. The percentage
is:

PENPIP - 25%

where

PENPIP - percentage of the minor piping costs compared
with major piping costs, percent.
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2.19.6.5.9 Electrical energy required for operation. Elec-
trical energy is required for sludge pumping, gas circulation for
mixing purposes, and for certain electrical motors within the

heating system. This item can be estimated by using the following
equations:

2.19.6.5.9.1 First, calculate total sludge dry solids to be
treated in the digester.

TDS - SP
2000

where

TDS - total dry solids to be treated per day, ton/day.

SP - sludge produced, Lbs/day.

2.19.6.5.9.2 For TDS S 8.5 tons/day:

KWH - (46720) (TDS)
0 .59 6

2.19.6.5.9.3 For TDS > 8.5 tons/day:

KWH- (30691) (TDS)0 .8
0

where

KWH - electrical energy consumed per year, kwhr/yr.

2.19.6.5.10 Operation and maintenance manpower requirement.

2.19.6.5.10.1 Operation man-hour requirement, OhM.

2.19.6.5.10.1.1 For TDS 9 0.1 tons/day,

OMH - 608 man-hours/y;

2.19.6.5.10.1.2 For 0.1 < TDS , 1.0 tons/day.

OM - 720 (TDS) 0 . 0 7 3 4

2.19.6.5.10.1.3 For 1.0 < TDS : 10.0 tons/day.

OMH - 720 (TDS)
0 4 4 37

2.19.6.5.10.1.4 For TDS > 10.0 tons/day.

OMB - 280 (TDS)0.
84 0 5
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where

0 OMH - operation man-hour requirement, man-hour/ yr.

2.19.6.5.10.2 Maintenance man-hour requirement, MM.

2.19.6.5.10.2.1 For TDS :--- 0.1 tons/day.

MMH - 352

2.19.6.5.10.2.2 For 0.1 < TDS S 1.0 tons/day.

MMH - 448 (TDS)0 .
10 5

2.19.6.5.10.2.3 For 1.0 - TDS 10.0 tons/day.

MMH - 448 (TDS) 0 . 4 7

2.19.6.5.10.2.4 For TDS 7 10.0 tons/day.

MNH - 200 (TDS) 0 "8 04

where

whee - maintenance man-hour requirement, man-hour/yr.

2.19.6.5.11 Other operation and maintenance material costs. This
item includes repair and replacement material costs. It is expressed as
a percentage of total installed equipment costs of the anaerobic di-
gester system.

OMMP - 1.5Z

where

OMMP - O&M material costs as percent of the installed
anaerobic digester equipment costs.

2.19.6.5.12 Other construction cost items.

0
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2.19.6.5.12.1 Fran the above estimation, approximately 90 percent of
the construction costs have been accounted for.

I

2.19.6.5.12.2 CF correction factor would be T 1.11.

2.19.6.6 Quantities Calculations Output Data.

2.19.6.6.1 Volume of earthwork, Vew , cu ft.

2.19.6.6.2 Volue of R.C. wall, Vow, cu ft.

2.19.6.6.3 Volume of R.C. slab, V cs cu ft.

2.19.6.6.4 Surface area of single floor of two-story control building,
Adcb , sq ft.

2.19.6.6.5 Heater and heat exchanger number, NT1.

2.19.6.6.6 Heater and heat exchanger capacity, Q HUS" BTU/hr.

2.19.6.6.7 Excess fuel for heating, TNG, cu ft of natural gas/yr.

2.19.6.6.8 Gas safety equipment, nunber/battery, NGSE.

2.19.6.6.9 Gas safety equipment size, GPS.

2.19.6.6.10 Number of sludge pumps/battery, NSTP.

2.19.6.6.11 Sludge pump capacity, DPUHP, gpm.

2.19.6.6.12 Piping size, PIPES, in.

2.19.6.6.13 Length of pipes, PIPEL, ft.

2.19.6.6.14 Number of 900 elbows, PIRN.

2.19.6.6.15 Number of tees, PITN.

2.19.6.6.16 Number of plug valves, PIVN.

2.19.6.6.17 Other minor piping costs, PENPIP, percentage.

2.19.6.6.18 Electrical energy requirement, KWH, kwhr/yr.

2.19.6.6.19 Operational manpower requirement, OMH, man-houzyr.

S
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2.19.6.6.20 Maintenance manpower requirement, MMH, man-houz/yr.

2.19.6.6.21 Other O&M material costs as percent of installed equip-
ment cost, OMMP, %.

2.19.6.6.22 Correction factor for minor construction costs, CF.

2.19.6.6.23 Dianeter of digester, ft.

2.19.6.7 Unit Price Input Required.

2.19.6.7.1 Cost of earthwork, UPIEX, $/cu yd.

2.19.6.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd.

2.19.6.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd.

2.19.6.7.4 Equipment installation labor rate, LABRI, $/MH.

2.19.6.7.5 Crane rental rate, UPICR, $/hr.

2.19.6.7.6 Piping installation labor rate, LABRI, $/MH.

2.19.6.7.7 Seventy foot dianeter floating cover cost, SFLOCO, $,
(optional).

2.19.6.7.8 Cost of hearth gas circulation equipment for 60-foot
diaeter digester, CGCUS, $ (optional).

2.19.6.7.9 Cost of external heater and heat exchanger unit with
1,000,000 BTU/hr capacity, HRHXS, $ (optional).

2.19.6.7.10 Cost of digester gas safety equipment with size of 2" 0
CGSES, $ (optional).

2.19.6.7.11 Cost of positive displacenent pump with capacity of 80
gpm and 70-foot TDH, CSPUMP, $ (optional).

2.19.6.7.12 Purchase cost of 8" 0 cast iron pipe, CCIPS, $/L.F.

2.19.6.7.13 Purchase cost of 8" 0 plug valve, CCPUS, S/unit.

2.19.6.7.14 Purchase cost of 8" 0 900 bend, CCRS, S/unit.

2.19.6.7.15 Purchase cost of 8" 0 tee, COTS, $/unit.

2.19.6.7.16 Marshall and Swift Equipment Cost Index, MSECI.
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2.19.6.8 Cost Calculations.

2.19.6.8.1 Cost of earthwork.

COSTE- (Ve. (UPtEX)

27

where

COSTE - cost of earthwork, $.

V - volume of earthwork, cu ft.ew

UPIEX - unit price input for earthwork, $/cu yd.

2.19.6.8.2 Cost of reinforced concrete wall in-place.

COSTCW - (Vcw) (UPICW)
27

where

COSTCW - cost of R.C. wall in-place, $.

V - volume of R.C. wall, cu ft.cw

UPICW - unit price input R.C. wall in-place, $/cu yd.

2.19.6.8.3 Cost of concrete slab in-place.

COSTCS - (Vcs) (UPICS)
27

where

S COSTCS - cost of R.C. slab in-place, S.

V - volune of R.C. slab, cu ft.

UPICS - unit price input R.C. slab in-place, $/cu yd.

2.19.6.8.4 Cost of Control Building.

2.19.6.8.4.1 Due to the fact that digester control building
utilizes digester wall as camon wall, the cost per unit sq ft
would be lowered to approximately half the standard building cost.

2.19.6.8.4.2 Cost of control building.

COSTCB - (Adcb) (2) (0.5) (UPIBC)

2 where
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COSTCB - cost of control building, $.

Adc b - surface area of single floor of two-story control
building, sq ft.

UPIBC - unit price input for building cost, $/sq ft.

2.19.6.8.5 Floating cover cost.

2.19.6.8.5.1 It is assumed that only primary digesters will
require gas recirculation devices and both primary and secondary
digesters will utilize floating covers.

2.19.6.8.5.2 Purchase cost of floating cover.

CFLOCO - (SYLOCO) (FLOCOR)

where

CFLOCO - purchase cost of floating cover, $.

SFLOCO - cost of standard size floating cover (70 ft diameter),
$71,000 (first quarter, 1977).

FLOCOR - cost ratio between cover with diameter of DIA and the
standard size (70 ft diameter).

For a better estimate, SFLOCO should be obtained from equipment
vendors and treated as a unit price input. Otherwise, the price
should be adjusted by using the Marshall and Swift Equipment Cost
Index.

SFLOCO - 71,000 * MSECI

where

MSECI - current Marshall and Swift Equipment Cost Index
from input.

491.6 - Marshall and Swift Equipment Cost Index for Ist
quarter, 1977.

2.19.6.8.5.3 Detenmine FLOCOR.

2.19.6.8.5.3.1 When 30 : DIA < 70

FLOCOR - (0.14) [10 (0.0122) (DIA)]

2.19.6.8.5.3.2 When DIA 2 70

FLOCOR - (0.209) [10 ( 0 . 0 0973) (DIA)I
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where

DIA - dianeter of digester, ft.

FLOCOR - cost ratio between cover with diameter DIA and standard
size (70 ft diameter).

2.19.6.8.5.4 Installation man-hour requirement.

IMH - 0.374 (DIA)1.966

where

LMH - installation man-hour requirement, MR.

DIA - diameter of digester, ft.

2.19.6.8.5.5 Installation crane hour.

ICH - 0.037 (DIA) 1 . 9 6 6

where

ICH - installation crane requirement, hr.

DIA - diameter of digester, ft.

2.19.6.8.5.6 Other installation costs such as painting, electric
work, etc., can be figured as a percentage of the purchase equip-
ment cost.

2.19.6.8.5.6.1 When DIA < 70.

PMINC - 23%

2.19.6.8.5.6.2 When DIA 2 70.

PMINC - 29%

where

PMINC - minor cost as percentage of purchase cost of
equipment, percent.

2.19.6.8.5.7 Installed floating cover cost.

IFLOCO - (CFLOCO) (1 + PMINC + (IMB) (LABRI) + (ICE) (UPICR)100
where

LABRI - unit price of labor rate, classification I,
$/man-hour.
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UPICR - crane rental rate, $/hr.

0IFLOCO - installed floating cover cost, $.

PKINC - minor costs as percentage of purchase cost of
equipment, percent.

IMH - installation man-hour requirement, MR.

ICH - installation crane requirement, hr.

2.19.6.8.5.8 Total floating cover cost.

IFLOCT - (NT) (IFLOCO) (NB)

where

IFLOCT - total cost of floating cover, $.

NT - number of digesters per battery.

NB - number of batteries.

EFLOCO - installed floating cover cost, $.

2.19.6.8.6 Gas circulation equipment costs.

2.19.6.8.6.1 The hearth gas recirculation system will be used as
a digester mixing device. Only primary digesters will require
mixing.

2.19.6.8.6.2 Purchase cost of gas circulation unit.

CGCUP - (CGCUS) (CGCUR)

where

CGCUP - purchase cost of gas circulation unit, $.

CGCUS - purchase cost of standard size gas circulation
unit. (Can handle 60-foot diameter digester).
$32,000 1st quarter 1977 price.

CGCUR - cost ratio between gas system for digester with
diameter, DIA, to standard size digester.

For a better estimate, CGCUS should be obtained from equipment
vendors and treated as a unit price input. Otherwise, the fol-
lowing equation will be utilized for cost escalation purposes:

0
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MSECI

CGCUS - 32,000 x 491.6

where

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - MSECI value, Ist quarter 1977.

2.19.6.8.6.3 Detemine CGCUR.

2.19.6.8.6.3.1 When DIA S 60.

CGCU. - 0.678 + (0.00537) (DIA)

2.19.6.8.6.3.2 When DIA > 60.

CGCUR - 0.3715 + (0.01048) (DIA)

where

CGCUR - cost ratio between gas system for digester with
diameter DIA, to standard size digester.

DIA - diameter of digester, ft.

2.19.6.8.6.4 Installation costs. The installation costs and
other items can be estimated as a percentage of the purchased
equipment costs.

PMC - 75%

where

PHIC - percentage of purchase costs of equipment as
installation costs, %.

2.19.6.8.6.5 Total installed gas circulation units cost, ICGCUP,

ICGCUP - (NP) ECGCUP (1 + -0oM) (NB)

where

ICGCUP - total installed cost of gas circulation units, $.

NP - number of primary digesters per battery.

CGCUP - purchase cost of gas recirculation unit, $.

PMIC - percentage of purchase cost of equipment as
installation costs, %.
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NB - number of batteries.

2.19.6.8.7 Cost of heater and heat exchanger.

2.19.6.8.7.1 Purchase cost of the combined heater and heat
exchanger coast.

HRHXC - (HRHXS) (iHRfl)

where

HRHXC - purchase cost of the combined heater and heat
exchanger, $.

HRHXS - purchase cost of the standard size heating unit

(1,000,000 BTU/hr sludge heating capacity), $.

HRHXR - cost ratio between heating unit with capacity of

Q1US" BTU/hr the standard size unit.

For a better estimate, HRHXS should be obtained fron equipment
vendors and treated as a unit price input. Otherwise, the fol-
lowing equation will be utilized for cost escalation purposes:

HRHXS - 49,000 * MSECI

where

MSECI - current Marshall and Swift Equipment Cost Index
fru input.

491.6 - MSECI value, 1st quarter 1977.

2.19.6.8.7.2 Detemine HRHXR.

2.19.6.8.7.2.1 When Q S 1,000,000 BTU/hr.

HRHXR - 0.6778 + 3.222 x 10- 7 (QRUS)

2.91.6.8.7.2.2 QHUS 1,000,000 BTU/hr:

HRKH - 0.256 + 7.44 x 10- 7 (QVUS)

where

QHUS = heat exchanger capacity, BTH/hr.

HRHXR - cost ratio between heating unit with capacity
and the standard size unit.

2.19.6.8.7.3 Installation costs. Using a percentage of purchase
equipment costs as the installation costs, it is estimated to be
approximately 51%.
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2.19.6.8.7.4 Total installed heating units cost.

IMMX - (NHT) [(MMXC) (1.51)]

where

IHRHX - total installed cost of heating units, $.

NHT - total number of heaters and heat exchangers.

RRHXC - purchase cost of the casbined heater and heat
exchanger, $.

2.19.6.8.8 Cost of gas safety equipment.

2.19.6.8.8.1 This item includes the following equipment: ac-
cunulator with drip trap, low pressure check valve, pressure relief
and flane trap valve, flame trap, six drip traps, gas pressure
gage, waste gas burner, and gas meter.

2.19.6.8.8.2 Purchase cost of the gas safety equipment can be
expressed as:

CGSE - (CGSES) (CGSER)

where

CGSE - purchase cost of gas safety equipment, $.

CGSES - purchase cost of the standard size gas safety
equipment, 2-inch D, $7,100 1st quarter 1977.

CGSER - cost ratio of purchase cost of gas safety
equipment with pipe size GPS to standard size
equipment.

For a better estimate, CGSES should be obtained from equipment
vendors and treated as a unit price input. Otherwise, the fol-
lowing equation will be utilized for cost escalation purposes:

CGSES - 7,100 MSECI

where

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - MSECI value, 1st quarter 1977.

2.19.6.8.8.3 Detemine CGSER.

CGSER - 0.675 + (0.1625) (GPS)
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where

CGSER - cost ratio of purchase cost of gas safety
equipment with pipe size GPS to standard
size equipment.

GPS - gas safety equipment size.

2.19.6.8.8.4 Installation cost. This cost can be estimated as a
percent of the purchasing cost, approximately 90 percent.

2.19.6.8.8.5 Total installed gas safety equipment cost. This

cost can be expressed as follows:

IGSEC - (1.90) (CGSE) (NGSE) (NB)

where

IGSEC - total installed cost of gas safety equipment, $.

CGSE - purchase cost of gas safety equipment, $.

NGSE - nunber of gas safety equipment sets per battery.

NB a number of batteries.

2.19.6.8.9 Cost of sludge recirculation pumps. Only the
positive displacement type will be utilized.

2.19.6.8.9.1 Purchase cost of the sludge recirculation pumps can
be expressed as follows:

CRPUMP - (CSPUMP) (CRPUMR)

*where

CRPUMP a purchase cost of sludge recirculation pumps, $.

CSPUMP - purchase cost of the standard size sludge pump,
80 gpm and 70 feet of total dynamic head,
$2,500 1st quarter 1977 cost.

CRPUMR - cost ratio of sludge pump with capacity of DPUMP
to the standard size pump (80 gpm).

For a better estimate, CSPUMP should be obtained fron equipment
vendors and treated as a unit price input. Otherwise, the fol-
lowing equation will be utilized for cost escalation purposes:

CSPUMP - 2,500 " MSEC
491.6
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where

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - MSECI value, 1st quarter 1977.

2.19.6.8.9.2 Determine CRPUMR.

CRPUMR - 0.379 + 0.00766 (DPUMP)

where

CRPUMR - cost ratio of sludge pump with capacity of
DPUMP to the standard size pump (80 gpm).

DPUMP - sludge pump capacity, gpm.

2.19.6.8.9.3 Installation costs. This item includes electrical
work, piping, concrete pad, instrumentation, painting, etc., and
can be estimated as a percentage of the purchase equipment costs.
Generally it adds 150 percent to the pump costs for the installed
pump price.

2.19.6.8.9.4 Total installed pump costs. These costs can be
expressed as follows:

IPUMPC - (2.50) (CRPUMP) (NSTP) (NB)

where

IPUMPC - total installed cost of punp, $.

CRPUMP - purchase cost of sludge recirculation pumps, $.

NSTP - number of sludge pumps per battery.

NB - number of batteries.

2.19.6.8.10 Costs of piping system.

2.19.6.8.10.1 Piping syste costs can be divided into pipe and
fitting costs, valve costs, and installation man-hour costs.

2.19.6.8.10.2 Cost of cast iron pipe. This cost can be expressed
as follows:

CCIP - (CCIPS) (PCRIO)

where

CCIP - cost of cast iron pipe, $.
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CCIPS - cost of standard size pipe per L.F., 8" 0,
price is $7.41/L.F. ist quarter 1977.

PCRIO - cost ratio of pipe of size PIPES to standard
size pipe (8" 0).

2.19.6.8.10.3 Determine PCRIO.

PCRIO - 0.083 (PIPES)
1 .19 7

where

PIPES = pipe diameter, inches.

PCRIO a cost ratio of pipe of size PIPES to standard size
pipe (8" 0).

2.19.6.8.10.4 Cost of plug valve. ;his cost can be expressed as
follows:

CCPV - (CCPVS) (VCRIO)

where

CCPV - cost of plug valve, $.

CCPVS - cost of 8" 0 plug valve. $1,099.00/unit,
lst quarter 1977.

VCRIO - cost ratio of plug valve size PIPES to standard

size valve (8" 0).

2.19.6.8.10.5 Detemine VCRIO.

VCRIO - 0.044 (PIPES)1 "50 7

where

VCRIO - cost ratio of plug valve size PIPES to standard
size valve (8" 0).

PIPES - pipe diameter, inches.

2.19.6.8.10.6 Cost of 90" bend. This cost can be expressed as
follows:

CCRB - (CCRS) (BENRIO)

where

CCRB - cost of 90* bend, $.

CCRS - standard size (8" 0) 90* bend cost. $70.88/unit,
Ist quarter 1977.
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BENRIO - cost ratio of 90" bend of size PIPES to standard

size 90* bend (8" 0).

2.19.6.8.10.7 Detemine BENRIO.

BENRIO - 0.078 (PIPES)
1.233

where

BENRIO = cost ratio of 90* bend of size PIPES to standard

size 90* bend (8" 0).

PIPES - pipe diameter, inches.

2.19.6.8.10.8 Cost of tee. This cost can be expressed as follows:

COT- (COTS) (TRIO)

where

COT = cost of tee, $.

COTS = standard size (8" 0) tee cost $104.90/unit
1st quarter 1977.

TRIO - cost ratio of tee of size PIPES to standard

size tee (8" 0).

2.19.6.8.10.9 Detem-ine TRIO.

2.19.6.8.10.9.1 For PIPES < 8" 0.

TRIO - 0.074 (PIPES)
1.263

2.19.6.8.10.9.2 For PIPES 1 8" 0.

TRIO - 0.011 (PIPES)
2.16

where

TRIO - cost ratio of tee of size PIPES to standard
size tee (8" 0).

PIPES - pipe diameter, inches.

2.19.6.8.10.10 Man-hours for erection of bolt-ups per joint, Man-
hour requirements can be expressed as follows:

2.19.6.8.10.10.1 For erection of valve flange:

MHVJ - 0.25 (PIPES)
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where

'101W- man-hour/joint.

2.19.6.8.10.10.2 For erection of pipe and fitting flanges:

MHPJ - 1.5 + 0.125 (PIPES)

where

MHPJ - man-hour/Joint.

2.19.6.8.10.11 Man-hours for material handling. Man-hour require-
ments can be estimated as follows:

2.19.6.8.10.11.1 For pipe spool pieces and fittings:

MHPH - 0.0633 (PIPES)

where

HRPH - man-hours/joint.

2.19.6.8.10.11.2 For valve handling:

MHVH - 0.2 + 0.288 (PIPES)

where

MHVH - man-hours/Joint.

2.19.6.8.10.12 Other labor requirements. Add 21 percent to the
total man-hours for field supervision, cleanup, minor labor, etc.

0 2.19.6.8.10.13 Piping system material cost. This cost can be
expressed as follows:

PSMC - (PIPEL) (CCIP) + (PIRN) (CCRB)

+ (PITN) (COT) + (PIVN) (CCPV)

where

PSMC - piping system material cost, $.

2.19.6.8.10.14 Piping systen labor cost. This cost can be ex-
pressed as follows:

PSLC - (LABRII) (PIVN) (2 (MHVJ) + MHV ] + (MHPJ)

2(PIRN) + 3 PITh)] + (PIPEL) (MRPR) (1.21)
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where

PSLC - piping system labor cost, $.

LABRII - composite piping labor rate, $/man-hour.

2.19.6.8.10.15 Total piping system cost. This cost can be ex-
pressed as follows:

TPIPEC - (PSMC + PSLC) (1 + PENPIP

where

TPIPEC - total cost of piping system, $.

PENPIP - percent cost for other piping.

2.19.6.8.11 Total bare construction costs. These costs can be
expressed as follows:

TBCC - CF (COSTE + COSTCW * COSTCS + COSTCB

+ IFLOCT + ICGCUP + IHRNX + IGSEC I EPUMPC + TRIPEC)

where

TBCC - total bare construction costs, $.

COSTE - cost of earthwork, $.

COSTCW = cost of R.C. wall in-place, $.

COSTCS - cost of R.C. slab in-place, $.

COSTCB - cost of control building, $.

IFLOCT - total cost of floating cover, $.

ICGCUP - total installed cost of gas recirculation units, $.

IHRHX - total installed cost of heating units, $.

IGSEC - total installed cost of gas safety equipment, $.

IPUMPC - total installed cost of pumps, $.

TPIPEC - total cost of piping system, $.

2.19.6.8.12 Operation and maintenance material costs. These
costs can be expressed as follow:

OMMC =0MM?
OM0C ---- (IFLOCT + ICGCUP + IHRHX + IGSEC + IPUMPC)00

where
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OMMC a operation and maintenance material and supply
costs.

O(MP - other O&M material cost as percent of installed

equipment cost, Z.

IFLOCT - total cost of floating cover, $.

ICGCUP - total installed cost of gas recirculation units, $.

IHRHX - total installed cost of heating units, $.

IGSEC - total installed cost of gas safety equipment, $.

IPUMPC - total installed cost of pumps, $.

2.19.6.9 Cost Calculations Output Data.

2.19.6.9.1 Total bare construction costs, TBCC, $.

2.19.6.9.2 Operation and maintenance material costs, OMMC, $.

2.19.7 Bibliography.

2.19.7.1 American Society of Civil Engineers and the Water
Pollution Control Federation, "Sewage Treatment Plant Design,"
Manual of Practice No. 8, 1959, 1961, 1967, 1968, Water Pollution
Control Federation, Washington, D.C.

2.19.7.2 Anaerobic Sludge Digestion, WPCF MOP No. 16, 1968,
Water Pollution Control Federation, Washington, D.C.

2.19.7.3 Bela, G. Liptak, editor, Environmental Engineers'
Handbook Vol 1 Water Pollution, 1974, £hilton Book Company, Radnor,
PA.

2.19.7.4 Burd, R.S., "A Study of Sludge Handling and Disposal,"
Publication WP-20-4, May 1968, Federal Water Pollution Control
Administration, Washington, D.C.

2.19.7.5 College of Engineering, Oklahoma State University,
"Aerobic Digestion of Organic Wastes," Report No. 17070DAU, Dec
1971, U.S. Envirormental Protection Agency, Washington, D.C.

2.19.7.6 Dick, g.I.,"Sludge Treatnent, Disposal and Utilization
Literature Review, Journal, Water Pollution Control Federation, Vol
43, Jun 1971, pp 1134-1149.

2.19.7.7 1977 Dodge Guide to Public Works and Heavy Construction
Costs, McGraw Hill.

2.19.7.8 Drier, D.E., "Aerobic Digestion of Solids," Proceedings
of 18th Purdue Industrial Waste Conference, 1963, Purdue University,
Lafayette, Ind.

2.19- 76



2.19.7.9 Drier, D.E., "Aerobic Digestion of Sludge," paper
presented at Sanitary Engineering Institute, Mar 1965, University
of Wisconsin, Madison, Wis.

2.19.7.10 Eckenfelder, W.W., Jr., Water Quality Engineering
for Practicing Engineers, Barnes and Nobel, New York, 1970.

2.19.7.11 Estrada, A.A., "Design and Cost Considerations in
High Rate Sludge Digestion", Journal of the Sanitary Engineers
Division ASCE, p. 111, 1960.

2.19.7.12 Gloyna and Eckenfelder, 'Advances in Water Quality
Improvement. 1968, University of Texas Press, Austin, Texas.

2.19.7.13 Great Lakes-Upper Mississippi River Board of State
Sanitary Engineers, "Recammended Standards for Sewage Works (Ten
States Standards)," 1971, Health Education Service, Albany, N.Y.

2.19.7.14 Green A.J. and Francingues, N.E., Design of Waste-
water Treatment Facilities, E1 1110-2, Part I of 3, March 1975,
Department of the Army, Corps of Engineers, OCE, Washington, D.C.

2.19.7.15 Jaworski, N., Lawton, G.W., and Rohlich, G.A., "Aerobic
Sludge Digestion," International Journal of Air and Water Pollution,
Vol 4, 1961, pp 106-114.

2.19.7.16 Loher, R.C., "Aerobic Digestion- Factors Affecting
Design," 9th Great Plains Sewage Works Design Conference, Mar 1965.

2.19.7.17 Lynam, B., McDonnell, G., and Krup, M., "Start-up
and Operation of Two New High-Rate Digestion Systens," Journal, Water
Pollution Control Federation, Vol 39, Apr 1967, pp 518-535.

2.19.7.18 Malina, F.J., "Aerobic Sludge Stabilization," Manual
of Treatment Processes, Vol 1, Environmental Science Services,
Inc., Briarcliff Manor, New York, 1969.

2.19.7.19 McKinney, R.E. and O'Brien, W.J., "Activated Sludge -
Basic Design Concepts," Journal, Water Pollution Control Federation,
Vol 40, Nov 1968, pp 1831-1843.

2.19.7.20 Means Building Construction Cost Data 1977. Robert
Snow Means Company, Inc., Duxbury, Mass.

2.19.7.21 Metcalf and Eddy, Inc., Wastewater Engineering:
Collection, Treatment and Disposal, McGraw Hill, New York, 1972.

2.19.7.22 Metcalf and Eddy, "Water Pollution Abatement Tech-
nology, Capabilities and Cost, Public Owned Treatment Works", 1975,
PB-250 690-03, NTIS, Springfield, VA.

2.19-77



2.19.7.23 Page and Nation, Estimator's Piping Man-Hour Manual,
3rd Edition, 1976, Gulf Publication Co., Houston, Texas.

2.19.7.24 Pohland, F.G. and Kang, J.J., "Anaerobic Processes,"
Journal, Water Pollution Control Federation, Vol 46, No. 6, 1971,.
pp 1129-1133.

2.19.7.25 Popper, H., Modern Cost Engineering Techniques,
1970, McGraw Hill.

2.19.7.26 Process Design Manual For Sludge Treatment and
Disposal, Oct. 1974, Technology Transfer, U.S. Environmental
Protection Agency.

2.19.7.27 Sawyer, C.N. and Grubling, J.S., "Fundamental Con-
siderations in High Rate Digestion," Journal, Sanitary Engineering
Division, American Society of Civil Engineers. Vol 86, Mar 1960, pp
49-63.

2.19.7.28 Sewage Treatment Plant Design, WPCF MOP No. 8, 1959,
Water Pollution Control Federation, Washington, D.C.

2.19.7.29 Shindala, A. and Bryme, W.J., "Anaerobic Digestion
of Thickened Sludge," Public Works, Vol 101, Feb 1970, pp 73-76.

2.19.7.30 Shindala, A., Dust, J.V., and Champion, A.L.,
"Accelerated Digestion of Concentrated Sludge," Water and Sewage
Works, Vol 117, Sep 1970, pp 329-332.

2.19-78



2.21 EQUALIZATION

2.21.1 Background.

2.21.1.1 Equalization is used for highly variable waste flows
to dampen the variations so that the treatment facility receives a
relatively constant flow. It has been shown that many treatment
processes operate better if extreme fluctuations in hydraulic and
organic loadings are eliminated.

2.21.1.2 Equalization basins are usually aerated to prevent
the settling of solids and the development of anaerobic conditions.

2.21.1.3 The volume of equalization basins required is based
on the magnitude and frequency of the variations of hydraulic and
organic load. The volume of a basin required for equalizing dry
weather diurnal flows will be calculated if the hourly flows for 24
consecutive hours are input. However, if the hourly flow data is
not available the desired volume of the basin must be input by the
user. Also the program can be used for equalization of flows other
than dry weather diurnal flows simply by inputting the required
basin volume.

2.21.2 Input Data.

2.21.2.1 Wastewater flow

2.21.2.1.1 Average daily flow, mgd.

2.21.2.1.2 Hourly flow for 24 consecutive hours, gph.

2.21.2.2 Basin volume, million gal. This is optional. If
the user wishes to equalize wet weather flows or hourly flow data
is not available the basin volume may be specified.

2.21.2.3 Influent BOD, So, mg/I.

2.21.3 Desian Parameters.

2.21.3.1 Aerator mixing requirements (0.02 to 0.04 hp/1000
gal) (Default 0.03)

2.21.3.2 Oxygen requirments (15 mg/l/hr).

2.21.3.3 Standard transfer efficiency, STE, lbO2/hp-hr,A
5.0.

2.21.3.4 02 transfer in waste/O2 transfer in water, v ,
0.9.

2.21.3.5 02 saturation in waste/0 2 saturation in water, 5
0.9.
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2.21.3.6 Correction for pressure, P, A 1.0.

2.21.3.7 02 saturation at summer temperature, C., mg/I.

0 2.21.3.8 Minimum dissolved oxygen to be maintained in basin,
cL' mg/ 2.0.

2.21.3.9 Depth of basin, ft.

2.21.4 Process Design Calculations.

2.21.4.1 Dete-,ine equalization basin volume.

2.21.4.1.1 Detenmine average hourly flow.

FLOWA - FLOW 1 + FLOW2 + ..... FLOW24
24

where

FLOWA - average hourly flow, gph.

FLOWI-24 = hourly flows for 24 consecutive hours.

2.21.4.1.2 Calculate equalization volume. Subtract each
hourly flow rate from the calculated average hourly flow.

FLOWD - FLOW A - FLOWI

Some of these numbers will be negative and some will be positive.
The sum of the positive numbers will be the equalization volume
required.

24V/ FLOWD

where

V - equalization volume required, gal.

FLOWD - The sum of the positive differences between the
average hourly flow and actual hourly flow,
gph.

2.21.4.2 Calculate dimensions for earthen basins. It is
assumed the minimum depth the water will be 5 ft. due to operation
of aerators. The lagoon side slopes will be 3 to I. The basin
will be square.

2.21.4.2.1 Calculate the length and width of the basin at water
level.

Lw - (D-5)(7.48) - 54(D-5) 2 + 18 (D. 5) 2] 0.5

2
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where

Lw - length of earthen basin at water level, ft.

V - equalization volume required, gal.

D - depth of basin, ft.

2.21.4.2.2 Calculate total volume of water for earthen basin.

VT - D (Lw)2 - 6(D)(Lw) + (12)(D) 2

where

VT - total volume of water in earthen basin, gal.

D - depth of basin, ft.

Lw - length of basin at water level.

2.21.4.3 Calculate dimensions if concrete basin is used.

2.21.4.3.1 Calculate length of basin.
V0.5

L - 2.73(1533.)

where

L - length of basin

D = depth of basin

V - equalization volume required.

2.21.4.3.2 Calculate total volume of water in concrete basin.

VT - (L)2 (D) (7.48)

where

VT = total volume of water in the basin, gal.

L - length of basin, ft.

D - depth of basin, ft.

2.21.4.4 Calculate horsepower required for aerators.

2.21.4.4.1 Determine horsepower based on mixing. The horsepower
required to keep the solids suspended is between 0.02 and 0.04 hp
per 1000 gal.
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HPM - (VT)(Ma) (1000)

O whe re

w PM - horsepower of aerators required for mixing, hp.

VT a total volume of water in lagoon, gal.

MR - mixing requirement, hp/1000 gal.

2.21.4.4.2 Determine horsepower required for oxygen requirements.

2.21.4.4.2.1 Calculate oxygen required for aerobic conditions.

02 - (OR) (VT) (8.34)

io
6

where

02 - oxygen required, lb/hr.

VT - total volume of water in basin, gal.

OR - oxygen requirenent for aerobic conditions,
mg l/ hr.

2.21.4.4.2.2 Calculate 02 transfer efficiency of operating

conditions.

OTE - STE (Cs) ()(P) - CL (-)(".0 2 )T-20
9.17

where

OTE - operating transfer efficiency, lb 02/hp-hr.

STE - standard transfer efficiency, lb 02/hp-hr.

Cs W 02 saturation %t summer temperature, mg/l.

- 02 saturation in waste/02 saturation in water.

p - correction factor for pressure.

CL - minimum dissolved oxygen to be maintained in
basin, mg/l.

r- 02 transfer in waste/02 transfer in water.

T - temperature, °C.
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2.21.4.4.2.3 Calculate horsepower required for oxygen transfer.

(02)

(OTE)

where

HPO - horsepower required for oxygen transfer, hp.

02 - oxygen required, lb/hr.

OTE - operating transfer efficiency, lb O2/hp-hr.

Compare horsepower for mixing (HPM) with horsepower for oxygen transfer
(EPO) and use the largest for the horsepower of the aerators (HP).

2.21.4.5 Calculate equalized flow

Q- (FLOWA) (24)~I06

where

QE = equalized flow, mgd.

FLOWA - average hourly flow, gph.

2.21.4.6 Effluent Characteristics.

2.21.4.6.1 BOD 5.

BODE = (.9)(S0)

BODSE (.9) (BODS)

If BODE < BODSE set BODE - BODSE

where

BODE - effluent BOD 5 concentration, mg/il.

S - influent BOD 5 concentration, mg/I.

BODSE - effluent soluble BOD 5 concentration, m/i.

BOD 5 . influent soluble BOD 5 concentration, mg/1.

2.21.4.6.2 COD

CODE - COD - (.1)(S 0 )
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CODSE- CODS - (.1) (BODS)

If CODE < CODSE set CODE - CODSE

where

CODE - effluent COD concentration, mg/ .

COD = influent COD concentration, mg I.

So = influent BOD 5 concentration, mgl.
CODSE effluent soluble COD concentration, mgtl.

CODS = influent soluble COD concentration, mg/l.

BOD 5 = influent soluble BOD 5 concentration, mg/I.

2.21.5 Process Design Output Data.

2.21.5.1 Equalization volume required, V, gal.

2.21.5.2 Average hourly flow, FLOWA, gph.

2.21.5.3 Length of earthen basin at water level, Lw, ft.

2.21.5.4 Length of concrete basin, L, ft.

2.21.5.5 Total volume of water in basin, VT, gal.

2.21.5.6 Horsepower of aerators required, HP, hp.

2.21.5.7 Effluent BOD 5, BODE, mg/l.

2.21.5.8 Depth of basin, D, ft.

2.21.5.9 Equalized flow, QE, mgd.

2.21.5.10 Effluent soluble BOD 5 concentration, BODSE, mg/i.

2.21.5.11 Effluent COD concentration, CODE, mg/i.

2.21.5.12 Effluent soluble COD concentration, CODSE, mg/i.

2.21.6 Quantities Calculations.

2.21.6.1 Calculate volume of earthwork for earthen basin. The

following assumptions are made on construction of basin.

The basin will be constructed using equal cut and
fill.
The side slopes will be 3 to 1.
The basin will have 2 ft. of freeboard.
The levees will be 10 ft. wide across the top.
There will be only one basin.
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2.21.6.1.1 The volume of earthwork must be calculated by trial
and error. Assume a depth of cut (DC) of 1 ft.

2.21.6.1.1.1 Calculate the length of basin at original ground
level.

Lc = Lw - 6(D-DC)

where

Lc = length of basin at original ground level, ft.

Lw = length of earthen basin at water level, ft.

D = depth of basin, ft.

DC = depth of cut, ft.

2.21.6.1.1.2 Calculate the volume of cut.
VC = (1.3)(DC) (Lc)2- (6) (D) (Lc ) + 12 (Dc)2

where.

VC = volume of cut, cu. ft.

1.3 = 30% shrinkage factor.

DC = depth of cut, ft.

Lc = length of basin at original ground level, ft.

2.21.6.1.1.3 Calculate length of basin at top of levee.

LT=Lw+ 12

where

LT - length of basin at top of levee, ft.

Lw = length of basin at water level, ft

2.21.6.1.1.4 Calculate the depth of fill.

DF - D + 2-DC

where

DF - depth of fill, ft.

D - depth of basin, ft.
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DC = depth of cut, ft.

2 = freeboard, ft.

2.21.6.1.1.5 Calculate the volume of fill.

VF = (4 )(LT) (10) (DF) + (3) (DF) 2

where

VF = volume of fill, cu. ft.

LT = length of basin at top of levee, ft.

DF = depth of fill, ft.

4 = number of levees.

2.21.6.1.1.6 Compare VF and VC

If VC < VF then assume DC > 1 ft. and recalculate VC and VF. If
VC > VF then assume DC < 1 ft. and recalculate VC and VF.
Repeat this procedure until VC = VF. This is the volume of earthwork
required.

VC = VF = VLEW

where

VC = volume of cut, cu. ft.

VF = volume of fill, cu. ft.

VLEW = volume of earthwork for earthen lagoon, cu. ft.

2.21.6.2 Calculate quantity of basin liner. In some areas
the soils are such that basins must be lined to prevent loss of
water. User should designate whether liner is required.

2.21.6.2.1 Calculate area of the bottim of the basin.

SAB - (L w - 6D) 2

where

2
SA - area of the bottom of basin, ft .

L - length of basin at water level, ft.

w

2.21.6.2.2 Calculate area of basin embankment.

D+2
SA,, - 4 (LT) ( .3159 + 5)
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where

2
SAE = area of basin embankment, ft 2

LT = length of basin at top of levee, ft.

D = depth of basin, ft.

2.21.6.2.3 Calculate total surface area required for liner.

SAL = SAB + SAE

where

2
SAL = Total area of basin liner, ft

2
SAB = area of the bottom of basin, ft2 .

2
SAE = area of basin emban1ment, ft2 .

2.21.6.3 Calculate earthwork for concrete basin. Assume 2

ft. overexcavation.

VEW = (L+5.5)2 (D+2.75)

where

VEW - volume of earthwork for concrete basin, cu. ft.

L = length of basin, ft.

D - depth of basin, ft.

2 - freeboard, ft.

2.21.6.4 Calculate reinforced concrete required for concrete

basin. Assume concrete to be 9" thick.

2.21.6.4.1 Calculate R.C. wall required.

V - (4)(L)(D, 2)(0.75)cw

where

V - volume of R.C. wall required, cu. ft.cw

L - length of basin, ft.

D - depth of basin, ft.

2.21.6.4.2 Calculate R.C. slab required.
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V = (L) 2 (0.75)Cs

where

Vcs - volume of R.C. slab required, cu. ft.

L = length of basin, ft.

2.21.6.5 Determine number of aerators per basin. The number

of aerators per basin must be one of the following 2, 3, 4, 6, 8,
etc. Also the aerators must be one of the following sizes, 10, 15,
20, 25, 30, 40, 50, 60, 75, 100. The selection process will be
trial and error.

HP
Assume number of aerator per basin (K) is 2. If M- > 100,

HPK
go to next trials K-3, 4, 6, 8 until EP !5 100, then canpare HPK~ -7K
with values for individual aerators (HP a) given above. Select the

HP
smallest value of HP that is greater than -. Compare HP x K

a K a

with HP. If HPa x K is larger than HP by 10% or more, go to next

trial using the next larger K, until HPaX K is within 10% of HP.

2.21.6.6 Calculate total installed horsepower.

HPT = (K)(HPa)

where

HP T - total installed horsepower, hp.

K = number of aerators.

HP a = horsepower of individual aerators, hp.

2.21.6.7 Calculate electric energy required.

KWH - (HPT) (365) (24) (.9) (.85) (.877)

where

-KWH - electrical energy required, kwhr/yr.

HPT - total installed horsepower, hp.

2.21.6.8 Calculate Operation and Maintenance Manpower.

2.21.6.8.1 Operation manpower.

OMH - 500 (QE)0.5129

where
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OMH = operation manpower required, MH/yr.

QE = equalized flow, mgd.

2.21.6.8.2 Maintenance manpower.

MMH - 380 (QE)

where

MMH = maintenance manpower required, MH/yr.

QE - equalized flow, mgd.

2.21.6.9 Other operation and maintenance material and supply
costs. This item includes such items as lubrication oil, paint, repair

and replacement parts, etc. These costs are expressed as a percent of
the installed aeration equipment cost.

OMMP - 4.93 (HPT )
0 .18 2 7

where

0MMP = O&M material and supply costs as percent of
installed aeration equipment costs, %.

HPT - totaled installed horsepower, hp.

2.21.6.10 Other minor construction cost items.

2.21.6.10.1 If an earthen basin is used the calculations account for
approximately 90% of costs.

1
CF - 1.11

2.21.6.10.2 If a concrete basin is used the calculations account for

approximately 95% of the costs.
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CF - - 1.050.95

where

CF - correction factor for other minor costs.

2.21.7 Quantities Calculations Output Data.

2.21.7.1 Volume of earthwork for earthen lagoon, VLEW, cu. ft.

22.21.7.2 Total area of basin liner, SAL, ft

2.21.7.3 Volume of earthwork for concrete basin, VEW, cu. ft.

2.21.7.4 Volume of R.C. wall required, Vcw, Cu. ft.

2.21.7.5 Volume of R.C. slab required, Vcs, cu. ft.

2.21.7.6 Number of aerators, k.

2.21.7.7 Horsepower of individual aerators, HPa, hp.

2.21.7.8 Total installed horsepower, HPT' hp.

2.21.7.9 Electrical energy required, KWH, kwhr/yr.

2.21.7.10 Operation manpower required, OMH, MR/yr.

2.21.7.11 Maintenance manpower required, MMH, M/yr.

2.21.7.12 0 & M material and supply costs as percent of installed
aeration equipment cost, OHMP, %.

2.21.7.13 Correction factor for other minor costs, CF.

2.21.8 Unit Price Input Required.

2.21.8.1 Unit price input for earthwork, UPIEX, $/cu yd.
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2.21.8.2 Unit price input for R.C. wall in-place, UPICW, $/cu
yd.

2.21.8.3 Unit price input for R.C. slab in-place, UPICS, $/cu
yd.

22.21.8.4 Unit price input for lagoon liner, UPILL, $/ft

2.21.8.5 Cost of standard size aerator (50 hp), COSTSA, $
(optional).

2.21.8.6 Marshall and Swift Equipment Cost Index, MSECI.

2.21.8.7 Installation labor rate, LABRI, $/MH.

2.21.9 Cost Calculations.

2.21.9.1 Calculate cost of earthwork for earthen basin.

COSTE LEW UPIEX
27

where

VLEW = volume of earthwork required for earthen basin,

cu. ft.

COSTE = cost of earthwork for earthen basin, $.

UPIEX - unit price input for earthwork, $/cu.yd.

2.21.9.2 Calculate cost of basin liner.

COSTLL - (SAL) (UPILL)

where

COSTLL - cost of basin liner, $.

2
SAL - total area of basin liner, ft

UPILL - unit price input for lagoon liner, $/ft 2 .

2.21.9.3 Calculate cost of earthwork for concrete basin.

VEW
COSTEC = . (UPIEX)

where

VEW - volume of earthwork for concrete basin, cu. ft.

COSTEC - cost of earthwork for concrete basin, $.

UPIEX - unit price input for earthwork, $/cu.yd.
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2.21.9.4 Cost of RC. wall in-place for concrete basin.

Vcw
COSTCW - (UPICW)

where

COSTCW - cos't of R.C. wall in-place for concrete basin,
S.

Vcw = volume of R.C. wall required, cu. ft.

UPICW - unit price input for R.C. wall in-place $/cu.
yd.

2.21.9.5 Cost of R.C. slab in-place for concrete basin.

COSTS = Vcs UPICS

where

COSTCS - cost of R.C. slab in-place for concrete basin,

Vcs - volume of R.C. slab required, cu. ft.
UPICS - unit price input for R.C. slab in-place, $/cu.

yd.

2.21.9.6 Calculate purchase cost of aerators.

COSTA- (COSTSA) (COSTR) (K)
100

where

COSTA - purchase cost of aerators,$.

COSTSA - cost of standard size aerator (50 hp), $.

COSTR - cost of aerator of horsepower HPa as a percent
of the cost of the standard size aerators, Z.

K - number of aerators per basin.

2.21.9.6.1 Calculate COSTR.

If HP a< 25 hp; COSTR is calculated by:

COSTR - 20.7 (HPa)0.2686
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If HP a > 25 hp, COSTR is calculated by:

COSTR = 4.12 (HP a)0.7878

2.21.9.6.2 Purchase cost of standard size aerator. The standard
size aerator is a 50 hp, high-speed floating aerator. The cost of
the 50 hp aerator in the first quarter of 1977 is:

COSTSA - $13,960

For better cost estimation, COSTSA should be obtained from the
equipment vendor and treated as a unit price input. However, if
COSTSA is not treated as a unit price input, the cost will be

adjusted by using the Marshall and Swift Equipment Cost Index.

COSTSA - $13,960 MSECI
491.6

where

COSTSA = cost of standard size aerator (50 hp), $.

MSECI = current Marshall and Swift Equipment Cost Index.

491.6 = Marshall and Swift Equipment Cost Index for Ist
quarter of 1977.

2.21.9.7 Calculate total installed equipment cost.

2.21.9.7.1 Calculate aerator installation labor.

IMH - 0.633 (HPa) + 40

where

IMH - aerator installation labor, MH.

HP - horsepower of individual aerators, hp.a

2.21.9.7.2 Calculate aerator installation cost.

AIC - (IMH) (K) (LABRI)

where

AIC - aerator installation cost, $.

IMH - aerator installation labor, MH.

K - number of aerators per basin.

LABRI - installation labor rate, $/HH.
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2.21.9.7.3 Calculate installed cost for electrical/mechanical.

E4C = 0.589 (HP a)0.1465 (COSTA)

where

EMC = installed cost for electrical/mechanical, $.

HP = horsepower of individual aerators, hp.a

COSTA - purchase cost of aerators, $.

2.21.9.7.4 Calculate total installed equipment cost.

IEC = COSTA + AIC + EMC

where

IEC = total installed equipment cost, $.

AIC = aerator installation cost, $.

EMC - installed cost of electrical/mechanical, $.

2.21.9.8 Calculate total bare construction cost for earthen
bas in.

TBCC - (COSTE + COSTLL + IEC) (CF)

where

TBCC = total bare construction cost, $.

COSTE - cost of earthwork for earthen basin, $.

COSTLL - cost of basin liner, $.

IEC - installed equipment cost, $.

CF - correction factor for other minor costs, $.

2.21.9.9 Calculate total bare construction cost for concrete
basin.

TBCC - (COSTEC + COSTCW + COSTCS + IEC) (CF)

where

TBCC - total bare construction cost, $.

COSTEC - cost of earthwork for concrete basin, $.
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COSTCW - cost of R.C. wall in-place, $.

COSTCS = cost of R.C. slab in-place, $.

IEC - installed equipment cost, $.

CF - correction factor for other minor construction

costs.

2.21.9.10 Calculate 0 & M material and supply costs.
OMMP

OMMC = OMMP (IEC)

where

OM C = 0 & M material and supply costs, $/yr.

OMMP - 0 & M material and supply costs as percent of
installed equipment cost, Z.

IEC - installed equipment cost, $.

2.21.10 Cost Calculations Output Data.

2.21.10.1 Total bare construction cost, TBCC, $.

2.21.10.2 0 & M material and supply costs, OMMC, $/yr.
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2.23 FILTRATION

2.23.1 Background.

2.23.1.1 Filtration is the renoval of suspended solids
through a porous medium. Until recently, filtration was used
mainly in water treatment to remove suspended solids and bacteria.
However, the increasing concern for abatement of water pollution
and the requirements for high quality effluents from wastewater
treatment facilities have resulted in the rapid, wide acceptance
of filtration in wastewater treatment. Filtration is being used
for the removal of biological floc from secondary effluents,
phosphate precipitates from phosphate removal processes, and as a
tertiary wastewater treatment operation to prepare effluents for
reuse in industry, agriculture, and recreation.

2.23.1.2 Granular media used in filtration include sand,
coal, crushed anthracite, diatomaceous earth, perlite, and pow-
dered activated carbon. Sand filters have been mostly used in
water treatment. These filters are classified into slow sand
filters and rapid sand filters.

2.23.1.3 Slow sand filters are normally 12-30 in. deep. The
sand rests on a layer of gravel which, in turn, rests on an
underd~ain system. The filter is usually operated at a rate of 3
gal/ft /hr. When the filter becomes clogged, it is normally
deactivated, drained, allowed to partially dry, and the surface
layer of sludge is manually removed. Since slow sand filters
require large space, have high maintenance costs, and clog ra-
pidly, their application to water treatment has been abondoned;
their application to wastewater treatment has been very limited.

2.23.1.4 Rapid sand filters consist of a layer of sand 18-30
in thick supported by a layer of gravel 6-18 in thick and an
underdrain system. The underdrain system not only supports the
sand, but also collects the filtered water and distributes the
backwash water. The gravel aids in the distribution of the wash
water while preventing the loss of filter media to the underdiain.
Rapid sand filters are usually operated at a rate of 2 gal/ft /min.
The filters are cleaned by backwashing. Normally, the filter is
backwashed when the head loss increases to a value approaching the
actual head available or when the effluent quality begins to
deteriorate. The length of time of filter runs normally depends
on the quality of the feed water 2 The common rate of backwashing
is 24-30 in/mmn (about 15 ga/lft /min) for 3-10 min. This rate
results in about 30 percent expansion of the sand.
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2.23.1.5 Rapid sand filters are usually constructed in
duplicate. The filters are commonly arranged in row along one or
both sides of a pipe gallery. Total depths of filters frcm water
surface to underdrains range from 8 to 10 ft. A length-to-width
ratio of the filter box of 3 to 6 has been found most economical.
Wash water gutters must be located so that they limit the horizontal
travel of dirty water during backwashing to 3 ft. As a safety
factor, the top edge of the backwash gutter is normally located 6-
12 in above the allowed expansion of the sand (usually 50 per-
cent). Backwash gutters must be designed to carry all backwash
water with a minimum 3-in free fall at the upper end. The under-
drain system must be designed to carry the backwash water and to
provide uniform distribution of backwash water.

2.23.1.6 The removal of surface material by sand f il ters
leaves a heavy residue of removed solids on the raw water side of
the filter medium. Surface filtration is extremely sensitive to
suspended solids concentration in the feed water. Sand filters
may quickly become clogged at the surface, resulting in an ex-
tremely short filter run, thereby limiting the practical appli-
cation of sand filters in wastewater treatment.

2.23.1.7 One method used to increase the effective depth of
filtration involves the use of dual-media or multimedia beds. The
f il ters are composed of two or three materials of dif ferent
specific gravities and sizes. The coarsest and lightest materials
are placed on top; the finest and heaviest materials are on the
brtta. An anthracite/sand filter is an example of a dual-media
filter. Typical anthracite/ sand filters may include f ran 12 to
24 in of anthracite (specific gravity, 1.4-1.6) and 6 to 16 in of
sand (specific gravity, 2.65). Multimedia filters normally
consist of anthracite placed on top of sand which is placed on top
of garnet.

2.23.1.8 Another innovation introduced into filtration is
the mixed media concept. For this process, the size distribution
of the different media is selected to ensure intermixing between
the various media at the interfaces. This mixing will prevent the
formation of an Impervious layer of the interf ace during fil-
tration. A typical mixed dual-media filter may consist of 12 in
of sand with an effective size of 0.5-0.55 mm and a uniformity
coefficient of less than 1.65, and 12 in of crushed anthracite
coal with an effective size of 0.9-1.0 mm and a uniformity co-
efficient of less than 1.8. A typical mixed multimedia filter has
a particle size gradation that decreases from about 2-mm anthra-
cite at the top to about 0.15-mm garnet at the bottom.
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2.23.1.9 A mixed-media design typically used for removal of
moderate quanti~ies of chemical floc requires a backwash rate of
about 15 gpm/ft . The head loss through the expanded filter is 2-
4 ft. The required duration for backwash water is typically 2-5
percent of the plant throughout. Surface wash is also necessary
to break up the clumps. Normally, surface wash is initiated 1 min
before the main backwash starts and is stopped about 1 min prior
to the end of the backwash.

2.23.1.10 In conclusion, the design of filters depends on the
influent wastewater characteristics, process and ;-.y4raulic loadings,
method and intensity of cleaning, nature, size, anU depth of the
filtering material, and the required quality of the final effluent.
In general, mixed dualmedia and multimedia filters are more effective
and easier and less expensive to operate than sand filters for the
treatment of wastewaters; therefore, they are more widely accepted
in wastewater treatment.

2.23.1.11 However, in reality, the design of a tertiary
filtration system involves using pilot study data or rules-of-
thumb to calculate the required filter surface area and select the
appropriate off-the-shelf units available from various manufac-
turers. The filtration manufacturers usually provide customers
with all necessary equipment except pumps, concrete structure, and
housing. The filter media, backwash trough, and underdrain

system are specified by the manufacturers. The consulting engineers
only have to select the appropriate model from the manufacturers
and design the concrete structures.

2.23.1.12 There are hundreds of various sizes and types of
filtration units available in the market. For smaller installations,
the package units usually are selected. They are completely self-
contained filter units to be shipped from the factories preas-
sembled. The general contractors have to provide only the con-
crete slabs and influent-effluent piping systems. For larger
installations, concrete wall constructions are used for containing
the filter units. The filter manufacturers supply the media,
backwashing troughs, control systems, underdrain,.etc., which are
installed in the field by the general contractor. Thus, the
design of of these two types of filters are different and should
be treated separately.

2.23.1.13 Each manufacturer specifies his own filter configu-
rations, dimensions and other requirements. These requirements
are often different and proprietary information is involved.
These diversifications make the computer modeling extremely
difficult. This is especially true when package units are used.
It is thus decided that a parametric cost curve will be provided
for the package type filtration units. The construction cost for
the larger concrete wall constructed, four-rectangular cell filtration
systems, will be estimated based on equipment and material costs.
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2.23.1.14 Due to the fact that tertiary filters are usually
at the end of treatment processing trains and large head losses
are expected, inteinediate pumping is always required to deliver
the main stream to the filter units. However, information on the
main stream pumping facility is not included in this section;
rather, design and cost data are presented in the section entitled
"Intelmediate Pumping Station".

2.23.2 Input Data.

2.23.2.1 Wastewater characteristics.

2.23.2.1.1 Average daily flow, Q avg mgd.

2.23.2.1.2 Peak flow, Qp. mgd.

2.23.2.1.3 Suspended solids concentration, SSinf, mg1/i

2.23.2.2 Loading rate, gpm/sq ft of filter surface area, if
available.

2.23.3 Design Parameters.

2.23.3.1 Backwash rate, gpm/ft2.

2.23.3.2 Backwash period, min.

2.23.3.3 Loading rate, gpm/ft2.

2.23.4 Process Design Calculations.

2.23.4.1 Filter surface area required.

2.23.4.1.1 If a loading rate is not available from the input,
a value of 3.5 gpm/sq ft will be used. The surface area required
would be:

SA - Qavg (106)

(1440) LR

where

SA - surface area of filter required, sq ft.

LR - loading rate, gpm/sq ft.

2.23.4.1.2 The minimum number of filter cells should be two.
Usually three to four cells are provided in package units and
four-cell construction is common among the concrete filtration
facilities. It is generally true that package filters are more
economically feasible when the surface area required is less than
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approximately 400 sq ft. For applications with surface area
requirements larger than 400 sq ft, filters with concrete wall
construction are used. The maximum size filter of this type is
approximately 2200 sq ft (with four cells). When larger sizes are
required, multiple filtration units will be selected. The general
rules are summarized in the following table.

Number of Number of
Qp, mgd Filtration Units, NU Cells per Units, NC

1- 10 1 4
10- 20 2 4
20- 40 4 4
40- 60 6 4
60- 80 8 4
80- 100 10 4

When Q is larger than 100 mgd, the systen will be designed as

severafv§atteries of units.

2.23.4.1.3 When Q 9 100 mgd, only one battery of filtration
units will be used. NB = 1.

2.23.4.1.4 When 100 < Q -e 200 mgd, the number of process
batteries, NB, would be two . The systen would be design as two
identical batteries with flow to each battery at Q p/2.

where

NU = number of filtration units per battery.

NB - number of batteries.

NC - number of cells per filter units.

2.23.4.1.6 It is stated in Addendum No. 6 of the Ten State

Standards that "Filtration rate should not exceed 5 gpi/sq ft
based on the maximum hydraulic flow rate with one of the filter
units out of service". Thus, the filter surface area based on
this requirenent is:

10 6

SAPp- Q NU NC
(5) (140) (NU) (NC-I)

- 138.9 (Q) ((NU * NC
22-(NC-
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whe re

SAP - surface area requirement based on Ten-State
Standard, sq ft.

% - peak flow, mgd.

NU - number of filtration units.

NC - number of cells per filter.

2.23.4.1.7 Cmpare SA with SAP and use the larger value as the
design surface area, SAD, sq ft.

2.23.4.1.8 The surface area of individual filtration unit can
be calculated by:

SAU = SAD
(NB) (NU)

where

SAU = surface area of individual filtration
units, sq ft.

SAD - designed total surface area with filter
required, sq ft.

2.23.4.1.9 The size of each cell within a unit can be cal-
culated by:

SAC =
NC

where

SAC - surface area of each cell, sq ft.

2.23.4.2 Backwash requirements.

2.23.4.2.1 It is stated in Ten-State Standards that "Provision
should be made for a minimum of 20 gpm/sq ft and a minimum back-
wash period of 10 minutes". Usually, filtered water is used for
backwash purposes. In certain cases, product water from other
filters cannot meet the demand for backwashing one unit. In these
cases a clearwell is provided to store filtered water for this
purpose. It is suggested that storage capacity be provided which
equals twice the volume of required backwash water. In this
model, however, it is assumed that chlorine contact tanks will
follow the tertiary filtration units and the contact tanks would
provide more than enough capacity for backwash water storage.
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2.23.3.2.2 Pumps are usually used to provide pressure for backwash
in package filter units. For the concrete construction types, enough
head (3 ft) is provided in the effluent clearwell; thus no pumping is
necessary.

2.23.4.2.3 It is stated in Ten-State Standards that the rate of
return of waste filter backwash water to treatment units should be
controlled so that the rate does not exceed 15 percent of the design
flow rate to the treatment units. Surge tanks should have a minimum
capacity of twice the volume of backwash water required.

2.23.4.2.4 The following table gives the design backwash surge tank
capacity, based on design experience.

Number of Number of Backwash Volumes
Filter Units, NU To Be Stored, Nb

1 2
2 2
4 3
6 4
8 5

10 6

2.23.4.2.5 The volume of the backwash surge tank can be calculated
by:

(NB)(N bws)- (SAC) (20) " (10)

bws = 7.48

where

Vbw s = capacity of surge tank, cu ft.

20 - backwash rate, gpm/sq ft.

10 - backwash period, minutes.

2.23.4.3 Effluent Characteristics.

2.23.4.3.1 Suspended solids.

TSSE = (.4) (TSS)

where

TSSE-= total suspended solids in effluent, mg~l.

TSS - total suspended solids in influent, mg/l.

2.23.4.3.2 BOD.

BODE - BODS

where

BODE - total effluent BOD5 concentration, mg/l.

BODS - influent soluble BOD5 concentration, mg/l.
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2.23.4.3.3 COD.

CODE = CODS

where

CODE - total effluent COD concentration, mg/l.

CODS = influent soluble COD concentration, mg/I.

2.23.4.3.4 Oil and grease.

OAG - 0

where

OAG = effluent oil and grease concentration, mg/i.

2.23.4.3.5 Nitrogen.

TKNE = NH3E

where

TKNE = effluent total Kjedahl nitrogen concentration, mg/l.

NH3E f effluent ammonia nitrogen concentration, mgl.

2.23.4.3.6 Settleable solids.

SETSO - 0.0

where

SETSO - effluent settleable solids concentration, mg/l.

2.23.5 Process Design Output Data.

2.23.5.1 Design filter surface area, SAD, sq ft.

2.23.5.2 Number of process batteries, NB.

2.23.5.3 Number of filtration units per battery, NU.

2.23.5.4 Number of cells per filtration units, NC.

2.23.5.5 Surface area of individual filtration unit, SAU, sq ft.

2.23.5.6 Volume of backwash surge tank, Vbws, cu ft.

2.23.5.7 Total suspended solids in effluent, TSSE, mg/l.

2.23.5.8 Total effluent BOD 5 concentration, BODE, mg/l.

2.23.5.9 Total effluent COD concentration, CODE, mg/l.

2.23.5.10 Effluent oil and grease concentration, OAG, mg/l.
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2.23.6 Quantities Calculations.

2.23.6.1 When SAD _< 400 sq ft, paranetric cost estimating
procedures will be utilized. The output required for cost es-
timates is surface area.

SAPF = SAD

where

SAPF .L, -face area of package filter, sq ft.

The quantities of earthwork, concrete and others would be zero.

When SAD > 400 sq ft, concrete construction is required. Thus,
SAPF should be zero and other material quantities could be cal-
culated by using the fornulae provided in the following sections.
Figure 2.23-1 shows the cross-sections of one of the commercially
available units.

2.23.6.2 Earthwork required for construction of the filter
unit.

2.23.6.2.1 A wide range of filter sizes are available from
various manufacturers. In this model the sizes are limited fran
400 sq ft to 2200 sq ft.

2.23.6.2.2 The following equation provides the estimated
earthwork quantity for the construction of a single filter unit
with surface area of SAU sq ft.

V - 8.875 (SAU) + 5300

where

Vewf - earthwork quantity for the construction of a single
filter unit, cu ft.

SAU - surface area of filter unit, sq ft.

2.23.6.2.3 For multiple filter units, the earthwork required
would be:

Veu n - Vewf (0.1667 + 0.8333 * NU) (NB)

where

V ew - quantity of earthwork for multiple filter units,
cu ft.

NU - nunber of filter units.
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NB = number of batteries.

(0.1667 + 0.8333 * NU) - Experience equation to account for
the conmon wall construction and
requirements when multiple filter
units are used.

2.23.6.3 Concrete works required for construction of fil-
tration units.

2.23.6.3.1 The relationship between the concrete works re-
quired for the construction of filter units and their sizes is
given by:

Vcw f M 4.4 (SAU) + 2850

where

V cwf - volume of reinforced concrete requirement, cu ft.

2.23.6.3.2 When multiple units are used, the following e-
quation gives the required quantities:

V cwf (0.056 + 0.9444 * NU) * (NB)

where

V - quantity of R.C. for multiple filter units, cu ft.

(0.056 + 0.9444 * NU) - experience equation to account for
the conmon wall construction and
other requirements when multiple
units are used.

2.23.6.4 Backwash waste surge control tank design. The
backwash waste would be drained from the bottom of the filtration
units into a surge control tank by gravity flow. It is assumed
that this surge tank would be a concrete structure built below
grade. The depth of this tank is assumed to be 7 feet and the
length to width ratio is to be 2:1.

2.23.6.4.1 Calculate the dimension of the surge tank.

W Vbw

where

W st- width of surge tank, ft.
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Vbws - volume of backwash surge tank, cu ft.

The length of surge tank would be:

Lst 2 Wst

where

Lst = length of surge tank, ft.

2.23.6.4.2 Quantities of earthwork and reinforced concrete
calculations. Figure 2.23-2 illustrates the configuration of a
typical surge tank. The quantities of reinforced concrete and
earthwork for its construction can be estimated.

Earthwork required:

Vewst = 1/3 (A1 + A2 + A1 " A2 ) 10

where

V - volume of earthwork, cu ft.ews t

A1 .(Lst + 10) " (Wst + 10)

A2 = (Lst + 20) (Wst + 10)

Reinforced concrete required:

Vcws t - 20 (Lst + Wst) + (Lst + 6) (Wst + 6)

where

V - volume of reinforced concrete for the construction
of the backwash surge tank, cu ft.

2.23.6.5 Electrical energy required for operation. In the
multimedia filtration system the process which requires the most
electrical energy is pumping of the main strean of wastewater to
the filters. Minor but significant energy requirements include
power for backwash, surface spray and air blowers. In this section
only the energy for the minor requirements will be calculated.
Energy required for influent pumping is estimated in the section
entitled "Inteimediate Pumping Station". Electrical energy for
filter backwash, surface spray and air blowers is given by the
fol lowing equation:

KWH - 8213 " (Qavg) 0 . 9 7 2

where
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KWH - electrical energy requirement, kwhr/yr.

Qavg - averaged design flow, mgd.

2.23.6.6 Operation and maintenance manpower requirenents.

2.23.6.6.1 Operation man-hour requireent, OMH.

OMH - 80.4 " (Q0avg) 0 572

where

OMH - operational man-hour/yr.

2.23.6.6.2 Maintenance man-hour requirenents, MMH.

MMH - 54 - (Q avg) 0 5 8 5

where

MMi - maintenance man-hour/yr.

2.23.6.7 Other operation and maintenance material cost. This iten
includes repair and replacement material costs and other minor costs.
It is expressed as a percent of total installed costs of the multimedia
filtration unit.

Ot *P - 5%

where

OKMP - percent of the installed filtration system costs
for operation and maintenance material costs.
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2.23.6.8 Other construction cost items. In the above estimations
approximately 80 percent of the construction costs have been accounted
for. The remaining 20 percent would include minor costs such as backwash
auxilLary supply pumps, piping, housing, etc.

CF, correction factor would be T - 1.25

2.23.7 Quantities Calculations Output Data.

2.23.7.1 Surface area of package filters, SAPF, sq ft.

2.23.7.2 Design filter surface area, SAD, sq ft.

2.23.7.3 Volume of earthwork required for a single filter unit,
V ewf cu ft.

2.23.7.4 Volume of earthwork required for multiple filter units,
V ew, cu ft.

2.23.7.5 Volume of R.C. required for a single filter unit, Vcwf,
cu ft.

2.23.7.6 Volume of R.C. required for multiple filter units, VcmI
cu ft.

2.23.7.7 Volume of earthwork required for backwash surge tank,
V ewst, cu ft.

2.23.7.8 Volume of R.C. required for backwash surge tank, Vcwt,
cu ft.

2.23.7.9 Electrical energy requirement for operation, KWH, kwhr/

yr.

2.23.7.10 Operation manpower requirements, OH, man-hours/yr.

2.23.7.11 Maintenance manpower requirements, MMH, man-hours/yr.

2.23.7.12 Other operation and maintenance material costs as percent

of total bare construction cost, OMMP, percent.

2.23.7.13 Correction factor for minor construction costs.
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2.23.8 Unit Price Input Required.

2.23.8.1 Unit price input for earthwork, UPIEX, $/cu yd.

2.23.8.2 Unit price input for concrete wall in-place, UPICW,
$/cu yd.

2.23.8.3 Cost of standard size filter equipment (784 sq ft),
COSF, $, (optional).

2.23.8.4 EPA construction cost index for municipal waste-
water treatment facilities, EPACI.

2.23.9 Cost Calculations.

2.23.9.1 Cost of earthwork for filtration units.

2.23.9.1.1 When NU - I
Vewf

COSTEF - V --- UPIEX27

2.23.9.1.2 When NU > 1
V

COSTEF - em UPIEX

where

COSTEF - cost of earthwork for filtration units, $.

Vew f - volume of earthwork for a single filtration unit,
cu ft.

V - volume of earthwork for multiple filtration units,
ewm cu ft.

UPIEX - unit price input for earthwork, $/cu yd.

2.23.9.2 Cost of earthwork for backwash surge tank.

VCOSTEST -ewt UPIEX
27

where

COSTEST - cost of earthwork for backwash surge tank, $.

Vewst - volume of earthwork for backwash surge tank,
cu ft.

UPIEX - unit price input for earthwork, $/cu yd.
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2.23.9.3 Cost of reinforced concrete in-place for filtration
units.

2.23.9.3.1 When NU = 1
V s

COSTCF - - UPICW
27

2.23.9.3.2 When NU > 1
V

COSTCF - UPICW

where

COSTCF - cost of reinforced concrete in-place for filtration
units, $.

Vcwf - volume of R.C. required for a single filtration unit,
-cu ft.

V U volume of R.C. required for multiple filtration units,
c1M1 cu ft.

UPICW - unit price input of concrete wall in-place, $/
cu yd.

2.23.9.4 Cost of reinforced concrete in-place for backwash
surge tank:

V
COSTCST - cwst UPICW

27

where

V - volume of R.C. required for backwash surge tank,
cu ft.

UPICW - unit price input of concrete wall in-place,
$/cu yd.

2.23.9.5 Installed cost of package filter units (SAD K 400
sq ft). As stated previously, because of the wide differences in
package plants supplied by different manufacturers, parametric
cost estimation will be used for these plants.

COSTPF - 33,149.9 (SAPF)0 .320 3 EPACI131.52

where

COSTPF - installed cost of package filter equipment, $.

SAPF - surface area of package filter, sq ft.
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EPACI = current Environmental Protection Agency construction
cost index for municipal wastewater treatment
facilities (Index 100 3d Quarter 1973).

131.52 - Environnental Protection Agency construction cost

index for municipal wastewater treatment facilities,
first quarter, 1977.

2.23.9.6 Filter equipment cost for concrete construction
(SAD > 400 sq ft).

2.23.9.6.1 Cost of standard size unit. A unit with 784 sq ft
of filter area was selected as the standard unit.

COSF - $165,000

For a better cost estimation COSF should be obtained from the
equipment vendor and treated as a unit price input. However, if

this is not done, the cost should be adjusted by using the EPA
construction cost index.

COSF = $165,000 EPACI131.52

where

COSF = cost of standard size filter equipment (784 sq ft),

2.23.9.6.2 Calculate COSTR.

When SAD _< 784 sq ft:

COSTR = 8.99 (SAD)0 .
3 6 1 5

When SAD > 784 sq ft:

COSTR = 1.04 (SAD)
0 .6 8 5 3

where

COSTR - purchase cost of filter equipment for filter of size

SAD as percent of standard size filter cost, percent.

SAD - area of filter unit, sq ft.

2.23.9.6.3 Calculate equipment purchase cost.

CO S rR
COSTFE - C x COSTES
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where

COSTFE - purchase cost of filter equipment for filter of SAD
sq ft, $.

2.23.9.7 Installation cost. The installation cost is best

related to the concrete cost. The installation cost is estimated

to be 53 percent of the concrete cost.

EIC - .53 (COSTCF + COSTCST)

where

EIC - equipment installation cost, $.

2.23.9.8 Total bare construction cost.

2.23.9.8.1 For package filter units.

TBCC - (COSTPF + COSTCST + COSTEST) CF

where

TBCC - total bare construction cost for filter unit, $.

CF = correction factor for minor construction costs.

2.23.9.8.2 For concrete units.

TBCC - (COSTFE + COSTEF + COSTCF + COSTSCST + COSTEST + EIC) CF

where

TBCC total bare construction cost for filter units,

2.23.9.9 Operation and maintenance material costs.

2.23.9.9.1 For package filter units.

OMMP
OMMC - (COSTPF) -rM

where

OMMC - operation and maintenance material costs, $.

OKMP - operation and maintenance material costs as percent

of installed filtration equipment cost.

2.23.9.9.2 For filter units of concrete construction.

OMMC - (COSTFE + EIC) OMMP
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2.23.10 Cost Calculations Output Data.

2.23.10.1 Total bare construction cost, TBCC, $

2.23.10.2 Operation and maintenance material costs, OMMC, $
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2.25 FILTER PRESS

2.25.1 Background.

2.25.1 The filter press is a type of pressure filtration
and differs from vacuun filtration in that the liquid is forced
through the filter medim by a positive pressure instead of a
vacuui. The press finds application primarily in the field of
water and wastewater treatment as a means for dewatering of sludges.
A nunber of different kinds of filter presses are currently availa-
ble. Older models apply pressure by pumping the solution into
chanbers lined with fil ter cloth, whereas the most recent designs
actually press zhe water out by applying direct pressure to the
sludge.

2.25.1.2 Filter presses are available in varying sizes
according to the amount of sludge to be dewatered. Optinmm opera-
tion conditions are usually provided by conditioning, thickening,
and other pretreatment to produce a sludge with an initial con-

centration of 3-5% and specific resistances of 109-10 1 0 an/g.

2.25.1.3 The word press is somewhat misleading when applied
to the earliest designs which originated in the early twentieth
century. These early filter presses did not actually press the
water out by consolidating the sludge, but instead the solution was
pumped between plates that were covered with a fiber filter cloth
where the liquid seeped through the filter cloth leaving the solids
behind between the plates. When the void spaces became filled, the
operator separated the plates to remove the solids. Figure 2.25-
1 is a schematic for this type of press.

2.25.1.4 This type of filter pressing is a cyclic operation
which has been the most objectionable characteristic of the process
in the United States. However, this cyclic operation is considered
to be a great advantage in Europe, since in the smaller towns, the
wastewater treatment plant operator can start the press in the
afternoon or late evening, let the operation proceed through the
night and upon returning to work the following day, empty the solid
materials.

2.25.1.5 The unpopularity of the earlier filter presses in
the United States has prompted new design approaches by several
manufacturers toward continuous operating presses. Pretreatment of
the sludge is required, however, for either a batch or continuous
flow operation. Usually a chemical addition (alum, lime, or ferric
chloride) is followed by mixing, flocculation, and gravity thic-
kening. Conditioning of the filter media may also prove to be
beneficial.* Extensive laboratory work is required to detemine
chemical requirements for plant optimization.
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2.25.1.6 Filter presses are superior to vacuu filters in
both cake solids concentration and suspended solids in the fil-
trate. Incineration and landfill costs may be reduced if filter
presses are used because they produce a cake having 40-50% solids,
while centrifugation and vacuum filtration produce only 20-25% cake
solids. The filtrate fromu presses may contain as little as 75 mg/l
suspended solids while the other two methods typically discharge
800- 1000 mg/lI suspended solids.

2.25.2 Input Data,.

2.25.2.1 Average wastewater flow, mgd.

2.25.2.2 Sludge volume, gallons/million gallons.

2.25.2.3 Raw sludge solids concentration, %.

2.25.2.4 Sludge produced by conditioning chemicals.

2.25.2.5 Type and amount of conditioning material required,

2.25.2.6 Cake thickness, inches.

2.25.2.7 Cake solids content, %.

32.25.2.8 Filter cake density, lb/ft

2.25.2.9 Volume of filter chanber, ft.

2.25.2.10 Filter cycle time, hours.

2.25.2.11 Operating schedule, hr/day.

2.25.3 Design Parameters.

2.25.3.1 Sludge volume per million gallons treated.

2.25.3.2 Raw sludge solids concentration, %. 1.5-15%.

2.25.3.3 Conditioning solids, fran laboratory studies. Use
0.2 of sludge solids as an estimate.

2.25.3.4 Type and amount of conditioning chemicals, %, fran
laboratory studies.

2.25.3.5 Cake thickness (0.5-1.5 inches). Use 1.2 inches.

2.25.3.6 Cake solids content (35-50%). Use 45%.

2.25.3.7 Filter chamber volumie, ft3 . From manufacturer's

literature (If unknown, use 1-2 cu ft).
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2.25.3.8 Filter cycle time, hr. Use 2.0 hr.

2.25.3.9 Operating schedule, hours per day (8-16 hr).

2.25.4 Process Design Calculations.

2.25.4.1 Calculate the pounds of dry solids in sludge flow per
day.

(Qavg) (SF) (SS) (8.34)
DSS 100100

where

DSS - pounds of dry sludge solids per day.

Qavg - average wastewater flow, mgd.

SF - sludge flow, gallons/million gallons.

SS - suspended solids flow to filter press, Z.

2.25.4.2 Calculate the total pounds of dry solids produced per
day.

PDSPD - DSS + (CS) (DSS)

where

PDSPD - pounds of dry solids produced per day.

CS - conditioning solids, expressed as a fraction of
sludge solids. (0.2).

2.25.4.3 Calculate the weight of filter cake produced per day.
PFC - PDSPD X 100

CSC

where

PFC - pounds of filter cake produced per day, net weight.

CSC - cake solids content, %.

2.25.4.4 Calculate the cake volume.

cv . PFC
CD

where

CV - cake volume, ft3/day.

3CD - cake density, lb/ft

2.25.4.5 Calculate the number of chambers.

CPD -- CV
FCV

where

CPD - chambers per day.
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3
FCV - filter's chamber voltmne, ft

2.25.4.6 Calculate the number of filter cycles per day.

NFC HPD
FCT

where

NFC = number of filter cycles per day.

HPD = opeerating schedule for filter, hours per day.

FCT = filter cycle time, hours per cycle.

2.25.4.7 Calculate the number of filter chambers required in the
filter press.

FCR - CPD
NFC

where

FCR - number of filter chambers required in the filter
press.

2.25.4.8 Determine sludge flow out.
S - PDSPD 100)

(CSC) (8.34) (Sp.gr.)

where

SFO - sludge flow out, gpd.

PDSPD - pounds of dry solids produced per day, lb/day.

CSC - cake solids content, %.

Sp.gr. - specific gravity of sludge.

2.25.5 Process Design Output Data.

2.25.5.1 Total dry solids produced, lb/day.

2.25.5.2 Weight of filter cake produced, lb/day.

2.25.5.3 Cake moisture content, 2.

2.25.5.4 Cake density, lb/ft3 .

2.25.5.5 Cake volume, ft3 .

2.25.5.6 Filter chamber volume, ft3.

2.25.5.7 Number of chambers per day.
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2.25.5.8 Operating schedule, hours/day.

2.25.5.9 Number of filter cycles per day.

2.25.5.10 Number of filter chambers required in the filter

press.

2.25.6 Quantities Calculations. Not Used.

2.25.7 Quantities Calculations Output Data. Not Used.

2.25.8 Unit Price Input Required. Not Used.

2.25.9 Cost Calculations.

2.25.9.1 Unit costing is not available for this treatment
process, therefore parametric costing will be used.

2.25.9.2 Calculate total bare construction cost.

X - log (Q avg)

Y - 0.69698 - 0.12594(X) + 0.095578(X)
2

TBCC a e

whe re

TBCC - total bare construction cost, $.

2.25.9.3 Operation and maintenance cost.

Z - 1.3906 - 0.73944(X) + 0.081625(X)
2

OM-eZ Q ava 
x 10 3

O&M = • Z O

where

O&M - operation and maintenance cost, S/yr.

2.25.10 Cost Calculations Output Data.

2.25.10.1 Total bare construction cost, TBCC, $.

2.25.10.2 Operation and maintenance cost, O&M, S/yr.
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2.27 FLOTATION.

2.27.1 Background.

2.27.1.1 Flotation is a solid-liquid separation process. Separation
is artifically induced by introducing fine gas bubbles (usually air)
into the systen. The gas-solid aggregate with an overall bulk
density less than the density of the liquid; thus, these aggregates
rise to the surface of the fluid. Once the solid particles have been
floated to the surface, they can be collected by a skimming opera-
tion.

2.27.1.2 In wastewater treatment, flotation is used as a clarifi-
cation process to remove suspended solids and as a thickening process
to concentrate various types of sludges. However, high operating
costs of the process generally limit its use to clarification of
certain industrial wastes and for concentration of waste-activated
sludge.

2.27.1.3 Air flotation systems may be classified as dispersed air
flotation or dissolved air flotation. In dispersed air flotation,
air bubbles are generated by introducing air through a revolving
Impeller or porous media. This type of flotation system is inef-
fective and finds very limited application in wastewater treatment.
Dissolved air flotation may be subclassified as pressure flotation or
vacuum flotation. Pressure flotation involves air being dissolved in
the wastewater under elevated pressures and later released at at-
mospheric pressure. Vacuum flotation, however, consists of applying
a vacumn to wastewater aerated at atmospheric pressure. Dissolved
air-pressure flotation, considered herein is the most commonly used
in vaterwater treatment.

2.27.1.4 The principal components of a dissolved air-pressure
flotation system as shown in Figure 2.27-1 are a pressurizing pump,
air injection facilities, a retention tank, a back pressure regu-
lating device, and a flotation unit. The primary variables for
flotation design are pressure, recycle ratio, feed solid concen-
tration, detention period, air-to-solids ratio, use of polymers and
solids and hydraulic loadings. Optimum design parameters must be
obtained from bench scale or pilot plant studies. Typical design
paraneters are listed in Table 2.27-1.

2.27-1



Table 2.27-1. Air Flotation Parameters

Typical Value
Paraaeter Thickening Clarification

Air Pressure, psig 40 to 70 40 to 70

Effluent recycle, % 130 to 150 30 to 120

Detention time, hr 3 0.25 to 0.5

Air-to-solids ratio
(lb air/lb solids) (0.005 to 0.06)

Solid loading, lb/ft 2/day

Activated sludge
(mixed liquor) 5 to 15

Activated sludge
(settled) 10 to 20

50% primary

+50% activated 20 to 40

Primary only to 55

Hydraulic loading, gpm/ft 2  0.2 to 4 1 to 4

Detention time, min
(pressurizing tank) I to 3 1 to 3
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2.27.2 I nput Data.

CHEMICALS
SLUOE CLLECOR EFFPLUENT

-- ' I'FLOTATION TANK

CMI AK A ROT TOM SLUOGE COLLECTOR

PRESSURIZING P E S R

PUMP REOUCING

RETENOTIONJ 

AV

TANK From Metealf and Eddy. 1972

Figure 2.27-1. Schematic of Dissolved-Air Flotation Tank

2.27.2 Input Data.

2.27.2.1 Wastewater flow, mgd.

2.27.2.2 Suspended solids concentration in the feed, mg/l.

2.27.2.2.1 Average concentration.

2.27.2.2.2 Variation in concentration.

2.27.2.3 Polymer dosage, lb/ton dry solids.

2.27.3 Design Parameters. Fran laboratory or pilot plant
studies.

2.27.3.1 Air-to-solid ratio, A/S.

2.27.3.2 Air pressure, P, ps.g.

2.27.3.3 Detention time in flotation tank, DTFT, hr.

2.27.3.4 Solids loading, ML, lb/ft 2/day.

2.27.3.5 Hydraulic loading, HL, gpm/ft2.

2.27.3.6 Detention time in pressure tank, DTPT, min.

2.27.3.7 Float concentration, CF, percent.
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2.27.4 Process Design Calculations.

2.27.4.1 Select air-to-solids ratio.

2.27.4.2 Assume air pressure (40 to 60 psig).

2.27.4.3 Calculate P in atmospheres - psig + 14.7
14.7

2.27.4.4 Calculate recycle flow.

R = (A/S)(Q)(Co)

1.3 S (0.5P-1)
a

where

A/S - air-to-solid ratio.

S = air solubility at standard conditions, cc/l.a

P = absolute pressure, atmospheres.

R = recycle flow, mgd.

Q = feed flow, mgd.

C M influent suspended solids concentration, mg/l.O

2.27.4.5 Calculate surface area required.
2.27.4.5.1 Select a solids loading rate and calculate surface

area. If no pilot data is available, use the following mass loadings:

With polymer addition: 30 lb/sq ft/day

Without polymer addition: 10 lb/sq ft/day

(Q) (Co) (8.34)SA - L

where

2SA - surface area, ft

- Q - feed flow, mgd.

CO - influent suspended solids concentration, mg/l.

ML - solids loading rate, lb/ft 2/day.
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2.27.4.5.2 Select a hydraulic loading rate and calculate the
surface area.

SA = (Q § R)(10
(HL) (60) (24)

where

SA - surface area, ft2.

Q = feed flow, mgd.

R = recycle flow, mgd.

HL = hydraulic loading rate, gpm/ft 2 .

2.27.4.5.3 Compare the surface areas calculated and use the
larger of the two.

2.27.4.6 Select detention time in the flotation tank and
calculate the volume.

1 1 l6)
VOLFT =(Q + R) x 7.48 (DTFT) (10 6

where

3VOLFT = volume of flotation tank, ft

Q = total flow, mgd.

R - recycle flow, mgd.

DTFT - detention time in flotation tank, hr.

2.27.4.7 Select pressure tank detention time and calculate
volume of pressure tank.

1 1 1 6

VOLPT ; (R) ( -) (1) (;) (DTPT)(106)

where

VOLPT - volume of pressure tank, ft3

R - recycle flow, mgd.

DTPT - detention time in pressure tank, min.

2.27.4.8 Calculate volume of sludge.

VS (Q)(C o )(% removal)
(CF) (specific gravity)
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where

VS = volume of sludge, gpd.

Q = feed flow, mgd.

Co M influent suspended solids concentration, mg/l.

CF - solids concentration in float, percent.

2.27.4.9 Calculate polymer usage (if applicable).

(PD) (Q) (C0 ) 8.34
2000

where

PU = polymer usage, lb/day.

PD = polymer dosage, lb/ton dry solids (if polymers
are used and no dosage rates are given in
input, use 10 lb/ton dry solids).

Q = sludge flow, mgd.

Co = suspended solids concentration in the feed, mg/l.

2.27.4.10 Effluent Characteristics.

2.27.4.10.1 Suspended solids.

SSE- (Ce) (1.0- SSR

where

SSE = effluent suspended solids concentration, mg/i.

C - influent suspended solids concentration, mg/1.0

SSR - suspended solids removal rate, %.

2.27.4.10.2 BOD.

BODE - (BOD) (I- BODR.100

If BODE < BODSE set BODE - BODSE

where

BODE - effluent BOD5 concentration, mg/l.

BOD - influent BOD5 concentration, mg/l.

BODSE - effluent soluble BOD 5 concentration, mg/i.

BODR - BOD5 removal rate, %.
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2.27.4.10.3 COD.

CODE = (COD) (1.0 - -C )

If CODE < CODSE, set CODE = CODSE

where

CODE = effluent COD concentration, mg/l.

COD = influent COD concentration, mg/l.

CODSE = effluent soluble COD concentration, mg/l.

CODR = COD removal rate, %.

2.27.4.10.4 Nitrogen.

TKNE = (TKN) (1.0 -TKNR

NH3E = TKNE

where

TKNE = effluent Kjeldahl nitrogen concentration, mg/l.

TKN - influent Kjeldahl nitrogen concentration, mg/l.

NH3E = effluent ammonia nitrogen concentration, mg/l.

TKNR - Kjeldahl nitrogen removal rate, %.

2.27.4.10.4 Oil and grease.

OAGE = (OAG) (0.05)

where

OAGE - effluent oil and grease concentration, mg/l.

OAG - influent oil and grease concentration, mg/l.

2.27.5 Process Design Output Data.

2.27.5.1 Suspended solids concentration, Co, mg/i.

2.27.5.2 Air-to-solid ratio, A/S.

2.27.5.3 Air pressure, P, psig.
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2
2.27.5.4 Solids loading, ML, Lb/ft-/day.

22.27.5.5 Hydraulic loading, HL, gpm/ft

2.27.5.6 Recycle flow, R, mgd.

22.27.5.7 Surface area, SA, ft

2.27.5.8 Volume of pressure tank, VOLPT, ft3.

2.27.5.9 Volume of flotation tank, VOLFT, ft3.

2.27.5.10 Pressure tank detention time, DTPT, min.

2.27.5.11 Flotation tank detention time, DTFT, hr.

2.27.5.12 Polymer usage, PU, lb/day.

2.27.5.13 Effluent suspended solids concentration, SSE, mg/l.

2.27.5.14 Effluent BOD5 concentration, BODE, mg/l.

2.27.5.15 Effluent COD concentration, CODE, mg/l.

2.27.5.16 Effluent Kjeldahl nitrogen concentration, TKNE, mg/l.

2.27.5.17 Effluent oil and grease concentration, OAGE, mg/l.

2.27.6 Quantities Calculations.

2.27.6.1 Select number and size of flotation units. The
standard size units available canmercially are 40, 50, 70, 100, 140,
200, 280, 350, 450, 570, 750, 960, and 1250 sq ft.

2.27.6.1.1 If SA is less than 1250 sq ft, then NU is one.
Compare SA to the commercially available units and select the smal-
lest unit that is larger than SA.

2.27.6.1.2 If SA is greater than 1250 sq ft, then NU must be two
or greater. Try NU - 2 first, if SA/NU is greater than 1250, then NU
- NU + 1. Repeat the procedure until SA/NU is less than 1250, then
compare SA/NU to the ccmmercially available units and select the
smallest unit that is larger than SA/NU.

where

SA - calculated surface area, sq ft.

NU - number of units.

SAS - surface area of unit selected.
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2.27.6.2 Calculate building area. In area where freezing
weather may be expected, flotation units would normally be enclosed
in buildings.

2.27.6.2.1 Calculate diameter of unit.

(4 SAS )0.5D IA Tr

where

DIA - diameter of unit selected, ft.

2.27.6.2.2 Calculate building area.

A-B = (DIA + 2) (DIA + 5) (NU)

where

AB = area of building, sq ft.

2.27.6.3 Earthwork required for construction. The procedure to
estimate the earthwork requirement is the same as that for circular
clarifier.

V - (1.15) NU[0.035 (DIA)3 + 4.88 (DIA)2 + 77 (DIA) + 3501ew

where

V - earthwork required for construction, cu ft.ew

1.15 - 15 percent excess volume as safety factor.

NU - number of units.

2.27.6.4 Reinforced concrete quantities.

2.27.6.4.1 Calculate side water depth. The side water depth can

be related to the diameter by the following equation:

SWD - 6.72 + 0.0476 (DIA)

where

SWD - side water depth, ft.

2.27.6.4.2 Calculate the thickness of the slab. The thickness of
the slab can be related to the side water depth by the following
equation:

t - 7.9 + 0.25 SWD
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where

to thickness of the slab, inches.

2.27.6.4.3 Calculate the wall thickness. The wall thickness can
be related to the side water depth by the following:

t- 7 + (0.5) SWD

where

t - wall thickness, inches.

2.27.6.4.4 Calculate reinforced concrete slab quantity.

V -0.825 (DIA+ 4) (sU)

where

Vcs - quantity of R.C. slab in-place, cu ft.

2.27.6.4.5 Calculate reinforced concrete wall quantity.

V - (3.14) (SWD + 1.0) (DIA) (tw) (NU)
cw12

where

Vcw = quantity of R.C. wall in-place, cu ft.

2.27.6.4.6 Quantity of concrete for splitter box.

Vcb ' 100 (NU) 1.13

where

Vcb - quantity of R.C. for splitter box, cu ft.

NU - number of units.

2.27.6.4.7 Total quantity of R.C.

wall: Vwt -Vcw + Vcb

slab: Vst " Vcs

where

VcWt - total quantity of R.C. wall in-place, cu ft.

Vco t - total quantity of R.C. slab in-place, cu ft.
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2.27.6.5 Calculate dry solids produced.

(Q) (CO) (8.34)DSTPD -

2000

where

DSTPD - dry solids produced, tpd.

Q = sludge flow, mgd.

C - suspended solids concentration in the feed,
0 mg/i.

2.27.6.6 Calculate operational labor.

2.27.6.6.1 If DSTPD is between 0 and 2.3 tpd, the operational
labor is calculated by:

OMH - 560 (DSTPD)0 .
49 73

2.27.6.6.2 If DSTPD is greater than 2.3 tpd, the operational
labor is calculated by:

OMH - 496 (DSTPD)
0 .5092

where

OMH - operation labor, man-hour/yr.

2.27.6.7 Calculate maintenance labor.

2.27.6.7.1 If DSTPD is between 0 and 3.0 tpd, the maintenance
labor is calculated by:

MMH - 156.0 (DSTPD)
0 .4 176

2.27.6.7.2 If DSTPD is greater than 3.0 tpd, the maintenance
labor is calculated by:

MMH - 124.0 (DSTPD) 0 . 64 29

where

MMII - maintenance labor, man-hour/yr.

2.27.6.8 Calculate electrical energy requirenents for operation.

KWH - 63,000 (DSTPD)
0 .9 4 22
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KWH - electrical energy requirement for operation,
kw.h r/ yr.

2.27.6.9 Operation and maintenance material costs. This item
includes repair and replacement material costs and other minor costs.
It is expressed as a percent of total bare construction cost.

OM? - 1%

where

OMMP - percent of air flotation total bare construction
cost as operation and maintenance materials
costs, percent.

2.27.6.10 Other construction cost items.

2.27.6.10.1 Fran the above estimation, approximately 85 percent of
the construction costs have been accounted for.

2.27.6.10.2 Other minor cost itens such as piping, electrical wiring
and conduit, concrete slab for pumnps and pressure tanks, etc., vould be
15 percent.

2.27.6.10.3 The correction factor would be

CF - 0.5- 1.18

where

CF -correction factor for construction costs.

2.27.7 Quantities Calculations Output Data.

2.27.7.1 Surface area of unit selected, SAS, sq ft.

2.27.7.2 Number of units, NUl.
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2.27.7.3 Area of building, A , sq ft.

2.27.7.4 Earthwork required, Vew , cu ft.

2.27.7.5 Total quantity of R.C. Wall in-place, Vw , cu ft.

2.27.7.6 Total quantity of R.C. slab in-place, V st, cu ft.

2.27.7.7 Operational labor, OMH, man-hour/yr.

2.27.7.8 Maintenance labor, MMR, man-hour/yr.

2.27.7.9 Electrical energy requirenent for operation, KWH, kw-
hr 4yr.

2.27.7.10 Operation and maintenance material costs as percent of
air flotation total bare construction cost, percent.

2.27.7.11 Correction factor for construction costs, CF.

2.27.8 Unit Price Input Required.

2.27.8.1 Unit price input for earthwork, UPIEX, $/cu yd.

2.27.8.2 Unit price input for R.C. wall in-place, UPICW, $/cu yd.

2.27.8.3 Unit price input for R.C. slab in-place, UPICS, $/cu yd.

2.27.8.4 Cost of standard size flotation equipment, COSTFS, $,
(optional).

2.27.8.5 Marshall and Swift Equipment Cost Index, MSECI.

2.27.9 Cost Calculations.

2.27.9.1 Cost of building.

COSTB - AB x UPIBC (.75)

where

COSTB - cost of building, $.

AB - building area, sq ft.
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where

COSIB - cost of building, $.

AB - building area, sq ft.

2UPIBC - unit price input for building cost, $/ft

.75 - correction factor since slab is already accounted
for in concrete costs.

2.27.9.2 Cost of earthwork..
V

COSTE - -Ty UPIEX

where

COSTE - cost of earthwork, $.

Vew - quantity of earthwork, cu ft.

UPIEX - unit price input for earthwork, $/cu yd.

2.27.9.3 Cost of R.C. wall in-place.

V cwt UPICWCOSTCW-

where

COSTCW - cost of R.C. wall in-place, $.

Vcwt - total quantity of R.C. wall in-place, cu ft.

UPICW - unit price input for R.C. wall in-place, $/
cu yd.

2.27.9.4 Purchase cost of flotation equipment. The costs given
include the basic mechanism to be mounted in the concrete tank, air
pressurization tank, pressurization pump, pressure release valve, air
injection systen, and electrical panel.

COSTF - COSTFS x ,OSTRO
100

where

COSTF - purchase cost of flotation equipment of SAS
surface area, $.

COSTFS - cost of standard size air flotation unit of
350 sq ft, $.
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COSTRO - cost of unit of SAS sq ft expressed as percent of

cost of standard size unit.

2.27.9.5 Calculate COSTRO.

2.27.9.5.1 If SAS is less than 240 sq ft, COSTRO is calculated by:

COSTRO - 0.3 (SAS) + 25

2.27.9.5.2 If SAS is between 240 sq ft and 480 sq ft, COSTRO is
calculated by:

COSTRO - 0.092 (SAS) + 75

2.27.9.5.3 If SAS is greater than 480 sq ft, COSTRO is calculated
by:

COSTRO = 0.161 (SAS) + 43

2.27.9.6 Cost of standard size unit. The cost of a dissolved air
flotation unit with 350 sq ft of surface area for the first quarter of
1977 is:

COSTFS - $44,200

For better cost estimation, COSTFS should be obtained from equipment
vendor and treated as a unit price input. Otherwise, for future es-
calation, the equipment cost should be adjusted by using the Marshall
and Swift Equipment Cost Index.

COSTFS - $44,200 HSECI
491.6

where

MSECI - current Marshall and Swift Cost Index.

491.6 - MSECI first quarter 1977.

2.27.9.7 Equipment Installation Costs. These costs would include
mounting of a flotation mechanism in the flotation tank, setting pumps
and tanks, interconnecting piping, electrical installation, etc. These
costs are estimated as 75 percent of the purchase cost of the equipment.

EIC - .75 COSTF

where

2.27-15



EIC - equipment installation costs, dollars.

2.27.9.8 Installed equipment cost.

IEC = (COSTF + EIC) NU

where

IEC - installed equipment cost, $.

NU - nuuber of units of area SAS sq ft.

2.27.9.9 Total bare construction costs.

TBCC - (COSTB + COSTE + COSTCW + COSTCS + IEC) CF

where

TBCC - total bare construction costs, $.

CF - construction cost correction factor,

2.27.9.10 Operation and maintenance material costs.

OMMC - TBCC x O-M
100

where

OMMC - operation and maintenance costs, S/yr.

2.27.10 Cost Calculations Output Data.

2.27.10.1 Total bare construction cost for dissolved air flotation
unit, TBCC, $.

2.27.10.2 Operation and maintenance material costs, OMMC, S/yr.
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2.29 INCINERATION

2.29. -IBackground.

2.29.1.1 High temperature processes have been used for com-
bustion of municipal wastewater solids since the early 1900's.
Popularity of these processes has fluctuated greatly since their
adaptation from the industrial combustion field. In the past,
canbustion of wastewater solids was both practical and inexpensive.
Solids were easily dewatered and the fuel required for combustion was
cheap and plentiful. In addition, air emission standards were
virtually non-existent.

2.29.1.2 In today's environment, wastewater solids are more
complex and include sludges from secondary and advanced waste treat-
ment (AWT) processes. These sludges are more difficult to dewater
and thereby increase fuel requirements for combustion. Due to
envirormental concerns with air quality and the energy crisis, the
use of high temperature processes for combustion of municipal solids
is being scrutinized.

2.29.1.3 However, recent developments in more efficient solids
dewatering processes and advances in combustion technology have
renewed an interest in the use of high temperature processes for
specific applications. High temperature processes should be consi-
dered where available land is scarce, stringent requirements for land
disposal exist, destruction of toxic materials is required, or the
potential exists for recovery of energy, either with wastewater
solids alone or canbined with municipal refuse.

2.29.1.4 High temperature processes have several potential
advantages over other methods:

2.29.1.4.1 Maximu volume reduction. Reduces the volume and
weight of wet sludge cake by approximately 95 percent, thereby
reducing disposal requirements.

2.29.1.4.2 Detoxification. Destroys or reduces toxics that may
otherwise create adverse envirornental Impacts.

2.29.1.4.3 Energy recovery. Potentially recovers energy through
the canbustion of waste products, thereby reducing the overall
expenditure of energy.

2.29.1.5 Disadvantages of high temperature processes include:

2.29.1.5.1 Cost. Both capital and operation and maintenance
costs, including costs for supplemental fuel, are generally higher
than for other disposal alternatives.

2.*29- 1



2.29.1.5.2 Operating problems. High temperature operations
create high maintenance requirements and can reduce equipment re-
1 iab il ity.

2.29.1.5.3 Staffings. Highly skilled and experienced operators
are required for high temperature processes. Municipal salaries and
operator status may have to be raised in many locations to attract
the proper personnel.

2.29.1.5.4 Envirormental impacts. Discharges to atmosphere
(particulates and other toxic or noxious emissions), surface waters
(scrubbing water), and land (furnace residues) may require extensive
treatment to assure protection of the environment.

2.29.1.6 Multiple-hearth and fluid bed furnaces are the most
commonly used sludge cambustion equipment in the United States,
Europe and Great Britain. These two processes will be considered in
this section.

2.29.2 General Description Fluidized Bed Incineration.

2.29.2.1 Fluidized bed incineration for wastewater sludges
involves the destruction of wastewater solids through combustion.
Basically, dewatered sludge is pumped into the incineration vessel
containing a heated catalytic bed. This bed is fluidized by a
controlled upward airflow at pressures of 2.0 to 5.0 psig; this air
also supplies oxygen for combustion. Temperatures for combustion
range from 12000 to 1600* F. Supplemental fuel may be added by
burners to keep temperatures at optimum levels if the sludge charac-
teristics do not allow for autogenous combustion. Burning of waste-
water sludge produces ash and several gases which are carried upward
by the flow of air through an exhaust stack. Figure 2.29-1 describes
a typical material balance for incineration of 1 lb of dry sludge.
Notmally, some type of air pollution equipment such as scrubbers,
electrostatic precipitators, and cyclones are connected to process
the incinerator byproducts. This exhaust may also pass through other
control devices if noxious odors are expected to result from can-
bustion.
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Figure 2.29-1. Material balance for fluidized bed
sewage sludge incineration

2.29.2.2 The fluidized bed incinerator used for combustion of
wastewater sludge is a vertical cylinder with an air distributor
plate containing small openings near the bottom as seen in Figure
2.29-2. The base plant serves two functions: (1) allows air to pass
into the media and (2) supports the media. An external air source
forces the air into the botton of the vessel where it is distributed
in such a manner as to fluidize the bed and supply oxygen for con-
bustion.

2.29.2.3 The bed material is composed of graded silica sand
with size varying from ASTh No. 8 to No. 20. The normal operating
temperatures for these fluidized sand beds are between 1200 ° and
1600* F, the maximum being 2000* F. At this temperature, the sand
approaches its melting point which is detrimental to the incinerator
process. Also, damage to the incinerator vessel would be experienced
in the heat exchanger and flue piping.

2.29.2.4 There are two possible locations for the sludge feed
inlet to be placed on a fluidized bed incinerator vessel. One is
positioned so that the sludge is pumped (screw-type) directly into
the fluidized bed. The advantage of this configuration lies in the
fact that conplete combustion is realized in a short time. Yet,
problems can be incurred due to clogging fran dried sludge. The
second location is above the fluidized bed or the freeboard zone.
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Hot gases evaporate the water in the sludge as the solids enter the
vessel. This operation is more amenable to combustion of solids with
high moisture contents. However, combustion time for the elevated
configuration is increased.

2.29.2.5 Sludge combustion in an incinerator occurs in two
zones: Zone 1 (bed) where the principal processes are pyrolysis and
combustion and Zone 2 (freeboard) where the principal processes are
flame holding and final burnup. Combustible elements contained in
sludge are carbon, hydrogen, nitrogen, and sulfur, which when can-
pletely burned with oxygen, form the combustion products CO 2 - H20,

NO ,andSO2' respectively. Ash is also generated in the process of
incinerating sludge. The NO x, S02 , and particulate ash can be
classified as major air pollutants. En order to prevent the release
of these by-products into the atmosphere, all fluidized bed inci-
nerators are equipped with scrubbers of varying efficiency. These
units have been found to be quite effective.

2.29.2.6 - In sone cases, an air preheater or heat exchanger can
be used in conjunction with a fluidized bed as seen in Figure 2.29-
2. The function of the preheater is to raise the tenperature of the
inconing air to 1000* F by mixing the cool air at 70* F with the
exhaust gas at 1500* F.

2.29.2.7 It should be noted that fluidized bed incinerators are
very specialized equipment and are not usually designed by general
consultants and not installed by the general contractor for the
sewage treatment facility. The incinerator is usually obtained on a
turnkey basis fron the manufacturer; that is, the manufacturer
designs and installs all the equipment required for incineration of
the sludge. The only work done by the general contractor would be
construction of the foundation and building to house the incinerator.
Notmally the dewatering equipment is furnished and installed by the
incinerator manufacturer, but it is not included here as it has been
provided for in a separate section of this report.

2.29.2.8 Much of the information concerning sizing and design
of fluidized bed incinerators is confidential since it has been
developed by the manufacturers. It is difficult to relate any one
design parameter to the cost, because of the difference in design
fron manufacturer to manufacturer. We have chosen to use the dia-
meter of the unit to relate to the cost.

2.29.3 General Description Mul tiple- Hearth Incineration.

2.29.3.1 The multiple-hearth furnace is the most widely used
wastewater sludge incinerator in use today because it is simple to
operate, durable and capable of burning a wide variety of materials.
Reasonable fluctuations in the feed rate may be accommodated without
interruption of the incineration process. Figure 2.29-3 represents a
typical cross section of a multiple-hearth incinerator. Sludge fran
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water or wastewater treatment is normally thickened and dewatered by
vacuum filtration and/or centrifugation. The dewatered sludge enters
the multiple-hearth furnace at the top and is held first on the top
hearth. The sludge is stirred constantly to pranote drying and
burning by rabble arms. These slow-moving arms move the sludge
across the hearths to the inner or outer edge where it drops to the
hearth beneath. This process continues until the sludge reaches the
bottom of the furnace as ash.

2.29.3.2 The multiple-hearth incinerator, like the fluidized
bed incinerator, is a special item of equipment. It is generally
proided by the manufacturer on a turnkey basis. All necessary
equipment, installation, and start-up are provided by the manufac-
turer. The only thing provided by the general contractor are the
concrete foudation and a building, if required. Normally dewatering
equipment is supplied by the manufacturer but it has been omitted
here, since it is provided for in another part of this report.

2.29.4 Fluidized Bed Incinerator.

2.29.4.1 Input Data.

2.29.4.1.1 Average flow, Qavg" mgd.

2.29.4.1.2 Sludge volume, gal/million gal.

2.29.4.1.3 Sludge solids concentration, percent.

2.29.4.1.4 Moisture content of dewatered sludge, percent.

2.29.4.1.5 Work schedule, hr/day.

2.29.4.1.6 Sludge analysis.

2.29.4.1.6.1 Carbon content, percent.

2.29.4.1.6.2 Hydrogen content, percent.

2.29.4.1.6.3 Oxygen content, percent.

2.29.4.1.6.4 Sulfur content, percent.

2.29.4.1.7 Heat value of fuel.

2.29.4.1.8 Fuel analysis, for fuel oil.

2.29.4.1.8.1 Carbon content, percent.

2.29.4.1.8.2 Hydrogen content, percent.

2.29.4.1.8.3 Sulfur content, percent.
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2.29.4.1.9 Operating temperature of preheater, *F.

2.29.4.1.10 Ambient air temperature, OF.

2.29.4.1.11 Sand-to-sludge ratio.

32.29.4.1.12 Specific weight of sand, lb/ft

2.29.4.1.13 Volatile solid content of sludge, percent.

2.29.4.1.14 Fuel cost, $ per million BTU's.

2.29.4.2 Design Paraneters.

2.29.A.,2.1 Sludge solids concentration, 1.5 to 5 percent.

2.29.4.2.2 Moisture content of dewatered sludge, 40 to 96 per-
cent.

2.29.4.2.3 Sludge analysis. Use laboratory values if known;
otherwise use the following.

2.29".4.2.3.1 Carbon content, 43.6 percent.

2.29.4.2.3.2 Hydrogen content, 6.4 percent.

2.29.4.2.3.3 Oxygen content, 33.4 percent.

2.29.4.2.3.4 Sulfur content, 0.3 percent.

2.29.4.2.4 Heat value of fuel oil, 18,000 BTU/lb.

2.29.4.2.5 Fuel analysis. Use reported values, or for fuel oil
use the following.

2.29.4.2.5.1 Carbon content, 87.3 percent.

2.29.4.2.5.2 Hydrogen content, 12.6 percent.

2.29.4.2.5.3 Oxygen content, 0 percent.

2.29.4.2.5.4 Sulfur content, 1.0 percent.

2.29.4.2.6 Operating temperature of preheater, 10000 to 12000 F.

2.29.4.2.7 Incinerator retention time, 10 to 50 sec.

2.29.4.2.8 Ratio of incinerator height:diameter, 4:1 to 6:1.

2.29.4.2.9 Heat release rate, < 50,000 BTU/hr/ft.
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2.29.4.2.10 Sand-to-sludge ratio, 3 to 8 lb/lb/hr.

2.29.4.2.11 Specific weight of sand, 110 lb/ft3.

2.29.4.2.12 Grid jet velocity, > 300 fps.

2.29.4.2.13 Volatile solids content of sludge, percent. Use
reported values, or 40 to 60 percent volatile.

2.29.4.2.14 Fuel cost, $ per million BTU.

2.29.4.3 Process Design Calculations.

2.29.4.3.1 Deternine the anount of sludge to be incinerated,
lb/day.

(Qav ) (SF) (SS) (SCAP) (8.34)
(100) (100)

where

SP - dry sludge produced per day, lb.

Qavg - average wastewater flow, mgd.

SF - sludge flow, gal/million gal.

SS - suspended solids in sludge, percent.

SCAP - solids capture, percent.

2.29.4.3.2 Calculate the sludge hourly loading rate.

LR ----HPD

where

LR - dry sludge loading rate, lb/hr.

HPD - work schedule, hr/day.

2.29.4.3.3 Calculate sludge heat value.

01
BS - 145C + 620 H -- 4 + 45SI

1 1 7.941

where

BS = sludge heat value, BTU/lb.
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C1 - carbon in sludge, percent (if unknown, use 43.6).

H1 - hydrogen in sludge, percent (if unknown, use 6.4).

01 - oxygen in sludge, percent (if unknown, use 33.4).

S1 - sulfur in sludge, percent (if unknown, use 0.3).

2.29.4.3.4 Calculate sludge loading rate.

SL - 10 (2.7-0.0222M)

where

SL - sludge loading rate, lb/ft 2/hr.

M - moisture content of dewatered sludge, percent.

2.29.4.3.5 Calculate cross-sectional area of incinerator.

A .LR

SL

where

2
A - area of incinerator, ft2 .

2.29.4.3.6 Calculate diameter of incinerator.

D - (1.273A)
0 .5

where

D -diameter, ft.

2.29.4.3.7 Cmpute auxiliary fuel supply.

2.29.4.3.7.1 Calculate burning rate.

BR - 1 0 (5.947-0.0096M)

where

BR - burning rate, BTU/ft 2/ hr.

2.29.4.3.7.2 Compute total heat input rate.

HR - (BR)(A)

where

HiR - total heat input rate, BTU/hr.
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2.29.4.3.7.3 Calculate heat input from sludge.

HIS - (BS)(LR)

where

HIS - heat input from sludge, BTU/hr.

2.29.4.3.7.4 Calculate auxiliary fuel supply.

AFS - HIR - HIS

where

AFS - auxiliary fuel supply, BTU/hr.

2.29.4.3.7.5 Calculate fuel oil required.

FO . AFSHV

where

FO - Lie oil required, lb/hr.

M - heat value of fuel.

2.29.4.3.8 Compute air supply rate (20 percent excess air).

2.29.4.3.8.1 Calculate air supply rate for sludge.

q, - 0.0127[(LR)(2.67C 1 + 7.94H 1 + S1  01)]

where

q- M air supply rate for sludge, scfm.

2.29.4.3.8.2 Calculate air supply rate for fuel.

q2 ' 0.0127[(FO)(2.67C2 + 7.94H 2 + S2 - 02)]

where

q2 - air supply rate for fuel, scfm.

C2 - carbon in fuel, percent (if unknown, use 87.3).

H2 - hydrogen in fuel, percent (if unknown, use 12.6).

S2 - sulfur in fuel, percent (if unknown, use 1.0).

02 - oxygen in fuel, percent (if unknown, use 0.0).
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2.29.4.3.8.3 Calculate air supply rate.

q'q + q 2

where

q - total dry air supply, scfm.

2.29.4.3.9 Calculate total gas flow (air plus water).

LR M
Too 0- M 3.01

where

qt a total gas flow, scfm.

2.29.4.3.10 Calculate air preheater capacity.

2.29.4.3.10.1 Calculate the air-to-sludge ratio.

ASR - 4.50q
LR

where

ASR - air-to-sludge ratio, lb air/lb sludge.

2.29.4.3.10.2 Calculate air preheater capacity.

APHS - (0.24)(ASR)(T 2 - Tl)(LR)

where

APHS - air preheater capacity, BTU/hr.

T2 - operating temperature, *F (1000 ° to 1200 ° F).

T I inccing air temperature, *F.

2.29.4.3.11 Assume a retention time for the incinerator.

10 9 dt : 50 sec

where

dt - retention time, sec.

2.29.4.3.12 Detennine volume of reactor.

v - dt
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where

V - volume of reactor, ft 3 .

2.29.4.3.13 Calculate the height of the reactor. (4 H/D 6).
V

H .--A

where

H - height of reactor, ft.

(If H/D does not fall between 4 and 6, adjust dt and make a new
detenaination of the volume, V).

2.29.4.3.14 Check heat release rate. (hr 5 50,000 BTU/hr/ft).

Hr - HIRV

where

3Hr - heat release rate, BTU/hr/ft

2.29.4.3.15 Assume a sand-to-sludge ratio. Use 3 to 8 lb sand/lb
sludge/hr for ASTh No. 8 sand.

3 S Rss 8 lb/lb/hr

where

Rss - ratio of sand to sludge.

2.29.4.3.16 Calculate the depth of ASTH No. 8 silica sand re-
quired.

L - (12) (LR) (Rss)
( )(A)

where

L - depth of sand, in.

- specific weight of sand, lb/cu ft (approx 110).

2.29.4.3.17 Calculate the grid jet velocity.

V -160 + 160 log L

where

V - grid jet velocity, fps.
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2.29.4.4 Process Design Output Data.

2.29.4.4.1 Dry sludge loading rate, lb/hr.

2.29.4.4.2 Sludge heat value, BTU/lb.

2.29.4.4.3 Sludge loading rate, lb/ft2f/hr.

2.29.4.4.4 Cross-sectional area of incinerator, ft2.

2.29.4.4.5 Diameter of incinerator, ft.

2.29.4.4.6 Burning rate, BTU/ft2/hr.

2.29.4.4.7 Total heat input rate, BTU/hr.

2.29.4.4.8 Heat input from sludge, BTU/hr.

2.29.4.4.9 Auxiliary fuel supply, BTU/hr.

2.29.4.4.10 Fuel oil required, lb/hr.

2.29.4.4.11 Total dry air supply, scfm.

2.29.4.4.12 Total gas flow, scfm.

2.29.4.4.13 Air preheater capacity, BTU/hr.

32.29.4.4.14 Volume of reactor, ft

2.29.4.4.15 Height of reactor, ft.

2.29.4.4.16 Heat release rate, BTU/ft/hr.

2.29.4.4.17 Depth of sand, in.

2.29.4.4.18 Grid jet velocity, fps.

2.29.4.5 Quantities Calculations.

2.29.4.5.1 Detemine size and number of incinerators to be used.

2.29.4.5.1.1 It was detemnined from manufacturers that units less
than 6 ft in diameter are not nonally built. For this reason, if
the diameter calculated is less than 6 ft, use a 6-ft diameter unit.

2.29.4.5.1.2 The size of commercially available units begins at 6-
ft diameter and increases in 1-ft increments to the largest diameter
of 25 ft.
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Table 2.29-1. Normal Quantities of Sludge Produced by
Different Treatment Processes

Gallons
Sludge! Sludge
mg Solids Specific

Wastewater Treatment Process Treated Percent Gravity

Primary sedimentation
Undigested 2,950 5.0 1.02
Digested in separate tanks 1,450 6.0 1.03

Trickling filter 745 7.5 1.025

Chemical precipitation 5,120 7.5 1.03

Primary sedimentation and
activated sludge

Undigested 6,900 4.0 1.02
Digested in separate tanks 2,700 6.0 1.03

Activated sludge
Waste sludge 19,400 1.5 1.005

Septic tanks, digested 900 10.0 1.04

Imhoff tanks, digested 500 15.0 1.04

Table 2.29-2. Process Efficiencies for Dewatering
of Wastewater Sludge

Unit Process Solids Capture, Percent Cake Solids, Percents

Centrifugation
Solid bowl 80-90 5-13
Disc-nozzle 80-97 5-7
Basket 70-90 9-10

Dissolved air flotation 95 4-6

Dry beds 85-99 8-25

Filter press 99 40-60

Gravity thickener 90-95 5-12

Vacuum filter 90+ 28-35
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Table 2.29-3. Reconmended Fluidized Bed Sludge
Incinerator Design Criteria

Parameter Magnitude

Sludge loading rate* 5 to 40 lb dry sludge/hr/ft 2

Burning rate Up to 300,000 BTU/hr/ft2

Heat release rate Up to 50,000 BTU/hr/ft 3

Air:dry sludge ratio 6 to 50 lb/lb

Fuel: dry sludge ratio* 0 to 30,000 BTU/lb

Combustion temperature 1200 to 1400°F

Retention time (at standard conditions) 10 time 50 sec

Pressure drop 50 to 100 in of water

Height:diameter ratio 4 to 6:1

Grid jet velocity Greater than 300 fps

Freeboard gas velocity 5 to 10 fps

Stack gas velocity 20 to 50 fps

Ratio of freeboard diameter:grid diameter 1.5

Ratio of No. 8 sand to sludge rate** 3 to 8 lb/hr/lb

*Sludge loading rates and air and fuel requirements depend on sludge
moisture content and the ratio of air and sludge.

**Sand to sludge ratios depend on sludge moisture content.
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2.29 .4.5.1.3 If the diameter calculated is between 6 ft and 25 ft,
the number of units will be one. If the diameter is not an integer,
the diameter will be equal to the next larger integer.

2.29.4.5.1.4 If the diameter is greater than 25 ft, then multiple
units must be used and the diameter is calculated by:

D - 1.273 (A/N)' 5

Try N - 2 first, if A/N is greater than 490 sq ft; then try N -N + 1

and repeat until A/N is less than 490 sq ft.

where

D - diameter of incinerator, f t.

A = area of incinerator, sq ft.

N - number of incinerators.

2.29.4.5.2 Calculate the area of incinerator building. The area
of the building to house the incinerator and associated equipment was
taken from manufacturer's literature and recommendations.

2.29.4.5.2.1 If the incinerator diameter (D) is between 6 ft and 12
ft, the area of the building is calculated by:

An - [2140 + 28 D] N

2.29.4.5.2.2 If the incinerator diameter (D) is between 13 ft and
15 ft, the area of the building is calculated by:

AB - [1665 + 90 D] N

2.29.4.5.2.3 If the incinerator diameter (D) I~v between 16 ft and
25 ft, the area of the building is calculated by:

A- (2930 + 40.3 DI N

where

A area of incinerator building, sq ft.

D- diameter of incinerator, ft.

N - number of incinerators.

2.29.4.5.3 Calculate volume of concrete foundations.

VinA, l..5
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where

V - volume of reinforced concrete required for
CS foundations, cu ft.

2.29.4.5.4 Calculate maintenance labor per year.

2.29.4.5.4.1 If PDSPD is between 0 lb/day and 5400 lb/day, the
maintenance labor per year is calculated by:

MMH - 38.34 (PDSPD)
0 .3 6 5 3

2.29.4.5.4.2 If PDSPD is between 5400 lb/day and 44,000 lb/day, the
maintenance labor per year is calculated by:

MMH = 6.02 (PDSPD)
0 .5 7 8 3

2.29.4.5.4.3 If PDSPD is greater than 44,000 lb/day, the main-
tenance labor is calculated by:

MMH - 0.194 (PDSPD)
0 .9 0 2 1

where

PDSPD - pounds of dry sludge produced per day, lb/day.

MMH - maintenance labor required per year, man-hours/yr.

2.29.4.5.5 Calculate operational labor per year.

2.29.4.5.5.1 If PDSPD is between 0 lb/day and 6200 lb/day, the
operational labor is . Iculated by:

OMH - 62.4 (PDSPD)
0 .4 0 1 4

2.29.4.5.5.2 If PDSPD is between 6200 lb/day and 46,000 lb/day, the
operational labor is calculated by:

OMB - 17.968 (PDSPD) 0 . 5 4 8 3

2.29.4.5.5.3 If PDSPD is greater than 46,000 lb/day, the operational
labor is calculated by:

OMH - .24 (PDSPD) 0 . 9 4 3 1

where

PDSPD - pounds of dry sludge produced per day, lb/day.

OMH - operational labor required per year, man-hours/yr.
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2.29.4.5.6 Calculate electrical energy required per year.

2.29.4.5.6.1 Electrical energy is required for motors which power
fluidizing air blower, sludge pumps, scrubber recycle pump, air
blower for preheater burner, ash thickener driver, and ash dewatering
driver. Fran data furnished by manufacturers, the total horsepower
required can be related to the incinerator diameter by the following:

HP - 1.165 (D)'1 9 11 5

where

HP - operating horsepower required, hp.

2.29.4.5.6.2 The operating horsepower is related to electrical

energy usage by the following equation:

KWH - (N) (260) (.85) (HPD) (HP)

where

KWH = electrical energy requirement per year, kw hr/yr.

N = number of incinerators.

260 = days per year of operation, days/yr.

.877 - conversion fran horsepower to kilowatts.

HPD - work schedule, hr/day.

2.29.4.5.7 Operation and maintenance material costs. This item

covers the cost of replacement parts, replacing sand lost from the
bed, and replacement of insulation. It is expressed as a percent of
the total bare construction cost of the incinerator:

OMMP - 0.45%

where

OMMP - operation and maintenance material costs as percent
of total bare construction cost, percent.

2.29.4.6 Quantities Calculations Output Data.

2.29.4.6.1 Diameter of incinerator, D, ft.

2.29.4.6.2 Number of incinerators, N.

2.29.4.6.3 Area of incinerator building, AB, sq ft.
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2.29.4.6.4 Volume of reinforced concrete required for foundation,

V c cu ft.

2.29.4.6.5 Maintenance labor required per year, MMH, man-hours/yr.

2.29.4.6.6 Operational labor required per year, 01H, man-hours/yr.

2.29.4.6.7 Electrical energy required per year, KWH, kw hr/yr.

2.29.4.6.8 Operation and maintenance material costs as percent of
total bare construction cost, OMMP, percent.

2.29.4.7 Unit Price Input Required.

2.29.4.7.1 Unit price input for concrete slab, UPICS, $/cu yd.

2.29.4.7.2 Unit price input for building costs, UPIBC, $/sq ft.

2.29.4.7.3 Current Marshall and Swift Equipment Cost Index,
MSECI.

2.29.4.7.4 Standard size incinerator, COSTFI, $ (optional).

2.29.4.8 Cost Calculations.

2.29.4.8.1 Calculate installed equipment costs. Fluidized bed
incinerators are usually procured on a turnkey basis from the manu-
facturer. The costs used here include all equipment required except
dewatering equipment. The costs also include installation and start-
up. This is the usual way in which manufacturers quote costs for
fluidized bed incinerators.

2.29.4.8.1.1 If N is equal to 1, the equipment cost is:

COSTFB - .122 (D)0 .7788 (COSTFI)

2.29.4.8.1.2 If N is greater than 1, the equipment cost is:

COSTFB - .122 (D)0 .7 788 (.9) (N) (COSTFI)

where

COSTFB - cost of fluidized bed incinerator, $.

D - diameter of incinerator, ft.

N - number of incinerators.

COSTFI - cost of standard size (15-ft diameter) fluidized
bed incinerator, $.
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0.9 - discount when more than one unit is purchased at
the sane time.

2.29.4.8.1.3 Cost of standard size fluidized bed incinerator. The
approximate cost of a 15-ft diameter incinerator for the first
quarter of 1977 is:

COSTFI - $1,100,000

For a better estimation, COSTFI should be obtained froa the equipment
manufacturer and treated as a unit price input. If COSTFI is not
treated as a unit price input, the cost will be adjusted by using the
Marshall and Swift Equipment Cost Index.

COSTFI _ $1,100,000 MSECI
491.6

where

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index First
quarter 1967.

2.29.4.8.2 Calculate cost of foundation.

V
COSTCS - cs

where

COSTCS - cost of reinforced concrete for foundation, $.

Vcs = volume of reinforced concrete required for
foundation, cu ft.

UPICS - unit price input for reinforced concrete slab,
$/cu yd.

2.29.4.8.3 Cost of incinerator building.

COSTIB - AB x UPIBC

where

COSTIB = cost of incinerator building, $.

AB - area of incinerator building, sq ft.

UPIBC a unit price input building cost, $/sq ft.
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2.29.4.8.4 Calculate total bare construction cost.

TBCC - COSTFB + COSTCS + COSTIB

where

TBCC - total bare construction cost, $.

2.29.4.8.5 Calculate operation and maintenance material costs.
ONMP

OMMC - (TBCC) 100

where

OMMC - operation and maintenance material costs,
/yr .

2.29.4.9 Cost Calculations Output Data.

2.29.4.9.1 Total bare construction cost, $.

2.29.4.9.2 Operation and maintenance material costs, $/yr.
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2.29.5 Multiple-Hearth Incineration.

2.29.5.1 Input Data.

2.29.5.1.1 Average wastewater flow, mgd.

2.29.5.1.2 Sludge volume, gal/million gal.

2.29.5.1.3 Raw sludge concentration, percent solids.

2.29.5.1.4 Dewatered sludge concentration, percent solids.

2.29.5.1.5 Wet sludge loading rate, lb/hr/ft2.

2.29.5.2 Design Parameters.

2.29.5.2.1 Sludge volume per million gal treated.

2.29.5.2.2 Raw sludge concentration, percent solids, 1.5-15

percent.

2.29.5.2.3 Dewatered sludge concentration, percent solids, 4-60
percent.

2.29.5.2.4 Design multiple-hearth furnace wet sludge loading
rate, 7-12 lb/hr/ft at 20-25 percent total solids.

2.29.5.3 Process Design Calculations.

2.29.5.3.1 Calculate the pounds of dry solids in sludge flow per
day.

SP (Qavg) (SF) (SS) (SCAP) (8.34)

(100) (100)

where

SP - dry solids produced per day, lb.

Qavg - average wastewater flow, mgd.

SF - sludge flow, gal/million gal (Table 2.29-4).

-SS - suspended solids flow to dewatering process, percent.

SCAP - solids capture, percent (Table 2.29-5).

2.29.5.3.2 Calculate the dry solids loading rate.

LR - (WSLR) (PSTMHF) (24)
100
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Table 2.29-4. Normal Quantities of Sludge Produced by
Different Treatment Processes

Gallons
Sludge/ Sludge
mg Solids Specific

Wastewater Treatment Process Treated Percent Gravity

Primary sedimentation
Undigested 2,950 5.0 1.02
Digested in separate tanks 1,450 6.0 1.03

Trickling filter 745 7.5 1.025

Chemical precipitation 5,120 7.5 1.03

Primary sedimentation and
activated sludge
Undigested 6,900 4.0 1.02
Digested in separate tanks 2,700 6.0 1.03

Activated sludge
Waste sludge 19,400 1.5 1.005

Septic tanks, digested 900 10.0 1.04

Imhoff tanks, digested 500 15.0 1.04

Table 2.29-5. Process Efficiencies for Dewatering
of Wastewater Sludge

Unit Process Solids Capture, percent Cake Solids, percent

Centrifugation
Solid bowl 80-90 5-13
Disc-nozzle 80-97 5-7
Basket 70-90 9-10

Dissolved air flotation 95 4-6

Drying beds 85-99 8-25

Filter press 99 40-60

Gravity thickener 90-95 5-12

Vacuum filter 90+ 28-35
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where

LR - dry solids loading rate, lb/day/ft 2 .

WSLR - wet sludge loading rate, lb/hr/ft 2 .

PSTKHF - percent solids in sludge to multiple-hearth
furnace.

2.29.5.3.3 Calculate total hearth area requirement.

SA = SPLR

where

2SA - required total hearth area, ft

2.29.5.3.4 Fran Table 2.29-6, select the next larger standard
size of multiple-hearth furnace and enter data for final design.

THA - xxxx.x ft 2

O.D. - xx.xx ft

No. of hearths - xx

No of furnaces - x

where

THA - total hearth area furnished,

2.29.5.3.5 Calculate combustion air blower horsepower required.

CBHP - (0.15) (WSLR) (TRA)24
2000

where

CBHP - conbustion air blower horsepower required.

0.15 - horsepower required per ton of wet sludge per day
at I-psig pressure.

2.29.5.3.6 Calculate caubustion air blower SCFM supplied.

CSCFM - (22.5) (WSLR) (THA)24
2000

where

CBSCFM - combustion air blower SCFM supplied.
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Table 2.29-6. Standard Sizes of Multiple-Hearth
Furnace Units

No. of Hearths 6 to 12
Wall Thickness, in. 13.5
Outer Diameter (O.D.), ft 2 6.75 to 22.25
Effective Hearth Area, ft2  85 to 3120

T 4 O.D. No. TH O.D. No.
Ft. ft - Hearths Ft ft - Hearths

85 6.75 6 988 16.75 7
98 6.75 7 1041 14.25 11
112 6.75 8 1068 18.75 6
125 7.75 6 1117 16.75 8
126 6.75 9 1128 14.25 12
140 6.75 10 1249 18.75 7
145 7.75 7 1260 16.75 9
166 7.75 8 1268 20.25 6
187 7.75 9 1400 16.75 10
193 9.25 6 1410 18.75 8
208 7.75 10 1483 20.25 7
225 9.25 7 1540 16.75 11
256 9.25 8 1580 22.25 6
276 10.75 6 1591 18.75 9
288 9.25 9 1660 20.25 8
319 9.25 10 1675 16.75 12
323 10.75 7 1752 18.75 10
351 9.25 11 1849 22.25 7
364 10.75 8 1875 20.25 9
383 9.25 12 1933 18.75 11
411 10.75 9 2060 20.25 10
452 10.75 10 2084 22.25 8
510 10.75 11 2090 18.75 12
560 10.75 12 2275 20.25 11
575 14.25 6 2350 22.25 9
672 14.25 7 2464 20.25 12
760 14.25 8 2600 22.25 10
845 16.75 6 2860 22.25 11
857 14.25 9 3120 22.25 12
944 14.25 10
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22.5 - SCFM required per ton of wet sludge per day at 1-psig

pressure.

2.29.5.3.7 Calculate cooling air fan horsepower requirements.

CLHP - (0.08)(WSLR)(THA)24
2000

where

CLHP = cooling air fan horsepower required.

0.08 - horsepower required per ton wet sludge per day at
8-in. water static pressure.

2.29.5.3.8 Calculate cooling air fan SCFM supplied.

CLSCFM - (36.0) (WSLR) (TRA)24
2000

where

CLSCFM = cooling air fan SCFH supplied.

36.0 - SCFM required per wet ton sludge per day at 8-in.

water static pressure.

2.29.5.4 Process Design Output Data.

2.29.5.4.1 Raw sludge concentration, percent solids.

2.29.5.4.2 Dewatered sludge concentration, percent solids.

2.29.5.4.3 Dry solids produced per day, lb.

2
2.29.5.4.4 Dry solids loading rate, lb/hr/ft

2.29.5.4.5 Required total hearth area, ft2.

2
2.29.5.4.6 Total hearth area furnished, ft

2.29.5.4.7 Outside diameter, ft.

2.29.5.4.8 Number of hearths.

2.29.5.4-.9 Number of furnaces.

2.29.5.4.10 Combustion air blower horsepower required, hp.

2.29.5.4.11 Combustion air blower SCFM supplied, SCFM.

2.29.5.4.12 Cooling air fan horsepower required, hp.

2.29.5.4.13 Cooling air fan SCFM supplied, SCFI.
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2.29.5.5 Quantities Calculations

2.29.5.5.1 Calculate building area. In the colder climates the
incinerators are usually housed in a building for operator comfort
and to reduce heat loss. The floor area of this housing can be
estimated by the following equation:

AB = (2 * OD)2 (N)

where

AB = incinerator building area, sq ft.

OD = outside diameter of incinerator selected, ft.

N = number of incinerators.

2.29.5.5.2 Calculate reinforced concrete for foundation.

V - 2 (OD+ 4) 2 . NCs

where

V - volume of reinforced concrete required for
cs slab, cu ft.

2 = thickness of concrete slab, ft.

2.29.5.5.3 Calculate dry solids produced.

DSTPD - PDSPD
2000

where

DSTPD = dry solids produced, tpd.

PDSPD - dry solids produced, lb/day.

2.29.5.5.4 Calculate operational labor.

2.29.5.5.4.1 If DSTPD is between 0 and 3.1 tpd, then operational
labor is calculated by:

OMH - 1320 (DSTPD)
0 .40 14

2.29.5.5.4.2 If DSTPD is between 3.1 and 23.0 tpd, then operational
labor is calculated by:

OMH - 1160 (DSTPD)
0 .5483
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2.29.5.5.4.3 If DSTPD is greater than 23.0 tpd, then operational
labor is calculated by:

OMH - 319 (DSTPD)
0 .9 4 3 1

where

OMH = operational labor, man-hours/yr.

2.29.5.5.5 Calculate maintenance labor.

2.29.5.5.5.1 If DSTPD is between 0 and 2.7 tpd, then maintenance
labor is calculated by:

MMH = 616 (DSTPD)
0 .3 6 5 3

2.29.5.5.5.2 If DSTPD is between 2.7 and 22.0 tpd, then maintenance
labor is calculated by:

MMH = 488.0 (DSTPD)
0 .5 78 3

2.29.5.5.5.3 If DSTPD is greater than 22.0 tpd, then maintenance
labor is calculated by:

MMH - 184.0 (DSTPD)
0 .9 0 2 1

where

MMH = maintenance labor, man-hours/yr.

2.29.5.5.6 Calculate electrical energy required for operation.

2.29.5.5.6.1 If DSTPD is between 0 and 10.0 tpd, then electrical

energy requirement is calculated by:

KWH - 30,000 (DSTPD) 0 . 6 8 4 3

2.29.5.5.6.2 If DSTPD is greater than 10.0 tpd, then electrical
energy requireent is calculated by:

KWH - 15,000 (DSTPD)
0 .9847

where

KWH - electrical energy required for operation, kwhr/yr.

2.29.5.5.7 Calculate auxiliary fuel required.

AF - 3.7 x 109 (DSTPD)
0 .9 5 4 4

where
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AF - auxiliary fuel required, BTU/yr.

2.29.5.5.8 Other operation and maintenance material costs. This
item includes repair and replacement material costs such as refrac-
tory or casting. It is expressed as a percentage of the total bare
construction cost of the incinerator systen.

OMMP = 5Z

where

OMMP = percent of total bare construction costs as O&M
material costs.

2.29.5.6 Quantities Calculations Output Data.

2.29.5.6.1 Incinerator building area, AB, sq ft.

2.29.5.6.2 Volume of reinforced concrete required for slab, Vcs,
cu ft.

2.29.5.6.3 Operational labor, OMH, man-hours/yr.

2.29.5.6.4 Maintenance labor, MMH, man-hours/yr.

2.29.5.6.5 Electrical energy requirement, KWH, kwhr/yr.

2.29.5.6.6 Auxiliary fuel requirement, AF, BTU/yr.

2.29.5.6.7 Other operation and maintenance material costs, OMMP,
percent.

2.29.5.7 Unit Price Input Required.

2.29.5.7.1 Standard size multiple-hearth incinerator, COSTIS, $
(optional).

2.29.5.7.2 Unit price input for building construction cost,
UPIBC, $/sq ft.
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2.29.5.7.3 Unit price input for R.C. slab, UPICS, $/cu yd.

2.29.5.7.4 Current Marshall and Swift Equipment Cost Index,
MSECI.

2.29.5.8 Cost Calculations.

2.29.5.8.1 Cost of incinerator building.

COSTB - AB x UPICS

where

COSTB = cost of incinerator building, $.

UPIBC - unit price input for building cost, $/sq ft.

2.29.5.8.2 Cost of R.C. slab in-place.

VCs
COSTCS = X UPICS

where

COSTCS - cost of R.C. slab in-place, $.

UPICS - unit price input of R.C. slab in-place, $/cu yd.

2.29.5.8.3 Cost of installed equipment.

2.29.5.8.3.1 Calculate COSTR.

COSTR - .0375 (THA) + 43.0

where

COSTR - cost of incinerator expressed as percent of
standard size incinerator cost.
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THA - total hearth area of incinerator selected,
sq ft.

2.29.5.8.3.2 Purchase cost of standard size incinerator. The unit
selected as standard is a unit with a total hearth area of 1580 sq
ft. The cost of the 1580 sq ft multiple-hearth incinerator for the
1st quarter of 1977 is:

COSTIS - $1,190,000

where

COSTIS - cost of standard size incinerator, $.

For better cost estimation, COSTIS should be obtained froa the
manufacturer and treated as a unit price input. If COSTIS is not:
treated as a unit price input, the cost will be adjusted by using the
Marshall and Swift Equipment Cost Index.

COSTIS - $1,190,000 M 6 --

where

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Index 1st quarter, 1977.

2.29.5.8.3.3 Purchase cost of multiple-hearth incinerator selected.

COSTIE - R x COSTIS x N
100

where

COSTIE - purchase cost of multiple-hearth incinerator
selected, $.

N - nunber of incinerators.

2.29.5.8.4 Calculate total bare construction cost.

TBCC + COSTB + COSTCS + COSTIE

where

TBCC - total bare construction cost, $.

2.29.5.8.5 Calculate operation and maintenance material and
supply costs.

OMMP
OMMC - TBCC x 100
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where

O" MC * operation and maintenance material and supply
' icosts, $/yr.

2.29M.9 Cost Calculations Output Data.

2.29.5.9.1 Total bare construction cost, TBCC, $.

2.29,5-.9.2 Operation and maintenance material and supply costs,
* OMMC, $/yr.
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2.31 ION EXCHANGE

2.31.1 Background.

2.31.1.1 Ion exchange is the reversible interchange of ions.
between a solid ion-exchange medium and a solution. Ion exchange has
been used extensively in the removal of hardness and iron and man-
ganese from groundwater supplies. In wastewater treatment, ion
exchange has been used mainly for the treatment of industrial wastes.
Recently, however, ion exchange was evaluted for che removal of
nitrogen and phosphorus from municipal wastes.

2.31.1.2 An ion-exchange system usually consists of the exchange
resin (cation or anion natural or synthetic), with provisions made for
regeneration and rinsing. The most commonly used regenerantsinclude
sulfuric acid and caustic soda. Prior to application to the ion-
exchange bed, wastewater may be subjected to pretreatment to remove
certain contaminants which may hinder the perfonnance of the exchange
bed. Common pretreatment requireuents are listed in Table 2.31-1.

2.31.2 Input Data.

2.31.2.1 Wastewater flow.

2.31.2.1.1 Average flow, mgd.

2.31.2.1.2 Minimum and maximum flows, mgd.

2.31.2.2 Cation and anion concentrations, mg/l.

2.31.2.3 Allowable effluent concentration, mg/I.

2.31.3 Design Parameters.

2.31.3.1 Type of resin.

2.31.3.2 Resin exchange capacity, lb/ft3 (manufacturer's speci-

fications).

2.31.3.3 Regenerant dosage, lb/ft3 (consult resin manufacturer's

specifications).

2.31.3.4 Flow rates.

2.31.3.4.1 Treatment flow rate (2-5 gpm/ft 3).

2.31.3.4.2 Regenerant flow rate (1-2 gpm/ft
3).

2.31.3.4.3 Rinsing flow rate (0.5-1.5 gpm/ft3).

3'
2.31.3.5 Amount of rinse water (30-120 gal/ft3).
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2.31.3.6 Column depth (24-30 in. mini un).

2.31.3.7 Operation per day, hr.

32.31.3.8 Anount of backwash water, gal/ft

2.31.3.9 Regenerant level, lb/ft 3 .
2.31.3.10 Regenerant level, lb/ft 3 .

2.31.3.11 Regenerant specific gravity.

2.31.3.12 Backwash water rate, gpm/ft3.

2.31.4 Process Design Calculations.

2.31.4.1 Select an ion-exchange system (consult manufacturer's
specifications).

2.31.4.2 SeLect leakage, regenerant dosage, exchange capacities,
and flow rates (consult manufacturer's specifications).

2.31.4.3 Compute service volume and time.

$V =--IRC

where

IRC - (influent concentration - allowable effluent

concentration) x 0.624(16 )
7.48

SV - service volume, gal/ft 3 .

REC - resin exchange capacity, lb/ft 3 .

I.C - ion removal concentration, lb/gal.

ST SVSFR

where

ST - service time, min.

SV - service volume, gal/ft 3 .

SFR - service flow rate, gpm/ft3.

2.31.4.4 Cumpute volume of resins.
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Vol = [ I RC( Q) (106) Tx [
REC (60)(24) ]

where

Vol - volume of resin, ft 3 .

IRC - ion removal concentration, lb/gal.

Q - total flow, mgd.

REC = resin exchange capacity, lb/ft3.

ST = service time min.

2.31.4.5 Calculate volume of regenerant.

RL x Vol x (100)
VR - RC(8.34) (Specific Gravity)

where

VR = volume of regenerant, gal.

3
RL - regenerant level, lb/ft

Vol - volume of resin, ft 3 .

RC - regenerant concentration, percent.

2.31.4.6 Compute rinse requirements.

VRW - RW x Vol

where

VRW - volume of rinse water, gal.

RW - rinse water, gal/ft 3 .

Vol - volume of resin, ft 3 .

2.31.4.7 Compute backwash water requirements.

VEW - (BW)(Vol)

where

VBW - backwater requirenents, gal.

3
BW - backwash water, gal/ft

Vol - volume of resin, ft 3 .
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2.31.4.8 Conpute exchange cycle time.

EC - ST + BT + RT + WT + OMT

where

EC - exchange cycle, min.

ST - service time, min.

BT - backwash time, min.

RT - regeneration time, min.

WT - rinse time, min.

OMT - operation and maintenance time, hr.

ST - service time, min.

2.31.4.8.1 Calculate backwash time.

BT BW
BR

where

BW - backwash water, gal/ft3.

3BR - rate of backwashing, gpm/ft

2.31.4.8.2 Calculate regeneration time.
VR 1

RT - R-F x VoT

where

VR n volume of regenerant.

RRF - rate of regenerant flow, gpm/ft3.

Vol - volume of resin, ft 3 .

2.31.4.8.3 Calculate rinse time.

WT - RW
RRW

where

3RW - rinse water, gal/ft

REW - rate of rinse water flow, gpm/ft3.
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2.31.4.8.4 Calculate O&M time, hr.

OMT - 0.10(ST + BT + RT + WT)

where

OMT - O&M time, hr.

2.31.4.9 Calculate number of cycles per day.

Cycles/day = HPD(60)
EC

where

HPD = operation per day, hr.

2.31.5 Process Design Output Data.

2.31.5.1 Average waste flow, mgd.

2.31.5.2 Effluent concentration, mg/I.

32.31.5.3 Resin exchange capacity, lb/ft

32.31.5.4 Regenerant level, lb/ft

2.31.5.5 Treatment flow rate, gpm/ft3 .

2.31.5.6 Regenerant flow rate, gpni/ft 3.

32.31.5.7 Rinse flow rate, gpm/ft

2.31.5.8 Backwash flow rate, gpm/ft3.

2.31.5.9 Volume of regenerant, gal.

2.31.5.10 Volume of rinse water, gal.

2.31.5.11 Volume of backwash water, gal.

2.31.5.12 Volume of resin, ft3.

2.31.5.13 Service time, min.

2.31.5.14 Exchange cycle, min.

2.31.5.15 Cycles per day.

32.31.5.16 Service volume, gal/ft 3.

3
2.31.5.17 Backwash water, gal/ft3 .
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3

2.31.5.18 Rinse water, gal/ft

2.31.6 Quantities Calculations. Not used.

2.31.7 Quantities Calculations Output Data. Not used.

2.31.8 Unit Price Input Required. Not used.

2.31.9 Cost Calculations.

2.31.9.1 Unit costing is not available for this treatment
process. Parametric costing will be used.

2.31.9.2 Calculate total bare construction cost.

TBCC = 146,943 (Q avg)088

where

TBCC - total bare construction cost, $.

Qavg ' average daily flow, mgd.

2.31.9.3 Calculate O&M material and supply cost.

OMMC = 3,371 (Q avg) 072

where

OMMC - O&M material and supply costs, $/yr.

Qavg = average daily flow, mgd.

2.31.10 Cost Calculations Output Data.

2.31.10.1 Total bare construction cost, TBCC, $.

2.31.10.2 O&M material and supply cost, OMMC, $/yr.

2.31.11 Bibliography.

2.31.11.1 Culp, R.L. and Culp, G.L., Advanced Wastewater
Treatment, Van Nostrand, New York, 1971.

2.31.11.2 Eckenfelder, W.W., Jr., Industrial Water Pollution
Control, McGraw-Hill, New York, 1966.

2.31.11.3 Kunin, R., Ion Exchange Resins, 2d ed., Wiley, New
York, 1958.
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2.31.11.4 Metcalf and Eddy, Inc., Wastewater Engineering:
Collection, Treatment and Disposal, McGraw-Hill, New York, 1972.

2.31.11.5 Sanks, R.L., "Ion Exchange", Seminar on Process Design
for Water Quality Control, 9-13 Nov 1970, Vanderbilt University,
Nashville, TN.

2.31.11.6 Weber, W.J., Jr., Physiochemical Processes for Water
Quality Control, Wiley-Interscience, New York, 1972.

Table 2.31-1. Common Pretreatment Requirements

Contaminant Effect Removal

Suspended solids Bind resin particles Coagulation and
filtration

Organic Large molecules foul Carbon absorption or
strong base resins weak base resins

only

Oxidants Slowly oxidize resins Avoid prechlorination

Iron and mangenese Coat resin particles Aeration
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2.33 LAGOONS

2.33.1 Background. Lagoons have been extensively used for
municipal and industrial waste where sufficient land area is(
available. Some of the reasons for the popularity of lagoons are
operational stability with fluctuating loads, require relatively
unskilled operators, low O&M costs, and low construction costs.

Six different types of lagoons will be addressed; aerated aerobic
lagoons, aerated facultative lagoons, anaerobic lagoons, facu-
ltative lagoons, oxidation lagoons, and sludge lagoons.

2.33.2 General Description Aerated Aerobic Lagoons. The
contents of an aerobic aerated lagoon must be completely mixed so
that the incoming solids and the biological solids produced in the
lagoon do not settle. Effluent quality is a function of detention
time and will nomnnaily have a BOD ranging from one-third to one-
half of the influent value. This BOD is due to the endogenous
respiration of the biological solids escaping in the effluent.
Before the effluent is discharged, the solids may be removed by
set tling.

2.33.3 General Description Aerated Facultative Lagoon.

2.33.3.1 The contents of this type of lagoon are not can-
pletely mixed. Thus, portions of the incoming solids and the
biologically produced solids settle out and undergo anaerobic
decomposition. As a result, the effluent from the facultative
lagoon would contain higher soluble BOD concentration than from
the aerobic one.

2.33.3.2 Algal growth is possible, due to the non-complete
mixing. The contribution of effluent suspended solids can be very
high, dependent on the season, temperature and mixing intensity in
the lagoon.

2.33.4 General Description Anaerobic Lagoon. As the name
suggests these lagoons are anaerobic throughout their depth except
for a very shallow upper layer. These lagoons are constructed
deep in order to insure anaerobic conditions and to conserve heat.
Typically they are from 8 to 20 feet deep. Reductions of 1O% of
the influent BOD 5are common with anaerobic lagoons and under
ideal condition reductions of 85% are possible.

2.33.5 General Description Facultative Lagoon. In a
facultative lagoon three zones exist; aerobic, facultative and
anaerobic. The aerobic zone is near the surface and is like the
aerobic or oxidation pond with aerobic bacteria and algae existing
in a symbiotic relationship. The anaerobic zone is at the bottom
of the lagoon where accumulated solids are decauposed by anaerobic
bacteria. The facultative zone is an intemnediate zone between
the surface and bottom of the lagoon which is partly aerobic andQ
partly anaerobic. Decomposition of the waste in this zone is
accomplished by facultative bacteria. Notmal depths for these
lagoons is 3 to 8 feet.
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2.33.6 General Description Oxidation Lagoon. The aerobic
or oxidation lagoon is one in which aerobic bacteria and algae
coexist in an aerobic envirornent. The oxygen required for
reduction of the organic waste by the aerobic bacteria is supplied
by algae production of oxygen through photosynthesis and atmos-
pheric reaertion. The pond depths are very shallow, usually not
greater than 4 feet, because of the dependency of algae photo-
synthesis upon sunlight. Soluble BOD removal is high, but this
is misleading because the high conceniration of algae in the
effluent.

2.33.7 General Description Sludge Lagoons. Lagoons have
been used extensively in small systems for the dewatering of
sludge. Drying lagoons are similar to sandbeds in that they are
both designed for the dewatered sludge to be removed periodically
and the lagoon refilled. However, they differ fron sandbeds in
that they use earthern levees and are built on the natural ground.
therefore they are inherently cheaper to build.

Several factors must be considered in designing drying lagoons.
The major factors include climate, subsoil permeability, lagoon
depth, solids loading rates, and sludge characteristics.

2.33.8 Aerated Aerobic Lagoon.

2.33.8.1 Input Data.

2.33.8.1.1 Waste flow.

2.33.8.1.1.1 Average daily flow, mgd.

2.33.8.1.1.2 Peak (hourly) flow, mgd.

2.33.8.1.2 Wastewater characteristics.

2.33.8.1.2.1 BOD influent, mgl.

2.33.8.1.2.3 Influent suspended solids, mg/l.

2.33.8.1.2.3 Influent volatile suspended solids, mg/l.

2.33.8.1.2.4 Nitrogen, mg/l as N.

2.33.8.1.2.5 Phosphorus, mg/l as P.

2.33.8.1.2.6 Non-biodegradable fraction of VSS.

2.33.8.1.3 Desired degree of treatment.

2.33.8.1.4 Temperature, °C (summer and winter).
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2.33.8.2 Design Parameters.

2.33.8.2.1 Reaction rate constant, 0.0007-0.002 1/mg-hr.

2.33.8.2.2 MLSS, 200-500 mg/l.

2.33.8.2.3 MLVSS, 140-350 mg/i.

2.33.8.2.4 Fraction of BOD synthesized, 0.73.

2.33.8.2.5 Fraction of BOD oxidized for energy, 0.52.

2.33.8.2.6 Endogenous respiration rate per day, (b - 0.075/day,
b' - 0.15/day).

2.33.8.2.7 Temperature coefficient, 1.035.

2.33.8.2.8 Hydraulic detention time, 2-4 days.

2.33.8.2.9 Depth, 6-12 ft.

2.33.8.3 Process Design Calculations.

2.33.8.3.1 Calculate volume of lagoon.

2.33.8.3.1.1 Adjust reaction rate constant for winter and summer
teuperatures.

"% -20 o (T-20)

where

- adjusted reaction rate constant, 1/mg hr.

K -20 reaction rate constant at 200 C, 1/mg hr.

.0 - temperature coefficient, (1.035).

T - temperature, 0 C.

2.33.8.3.1.2 Calculate detention tIme.
t W It- 2 4 aKTSe b

where

t - detention time, days.

a - fraction of BOD synthesized.

KT - adjusted reaction rate constant, 1/mg hr.
I

S - effluent soluble BOD, mg/l.
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b - endogenous respiration rate, 1/day.

Calculate the detention time based on summer temperature and
winter temperature and desired treatnent, then select the larger
detention time.

2.33.8.3.1.3 Calculate lagoon volume.

Q avg t

where

V - volume of lagoon, million gallons.

Qavg = average daily flow, mgd.

t - detention time, days.

2.33.8.3.2 Calculate mixed liquor volatile suspended solids.

Xo + a (S0 - Se)Y " 1 + b.t-,I

where

(- X - mixed liquor volatile suspended solids, mg/l.

X o - influent suspended solids, ug/l.

a - fraction of BOD synthesized.

So W influent BOD, mg/l.

Se W effluent soluble BOD, mg/I.

b - endogenous respiration rate, 1/day.

t - detention time, days.

2.33.8.3.3 Calculate oxygen requirement.

02 - (a') (So - Se) (Qavg) (8.34)+ (b') (Xv) (V) (8.34)

where

02 - oxygen required, lb/day.

a' - fraction of BOD oxidized for energy (0.52).

So - influent BOD, mg/l.

Se W effluent soluble BOD, mg/l.
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Qavg - average daily flow, mgd.

b' - endogenous respiration rate, 1/day (0.15/day).

- mixed liquor volatile suspended solids, mg/l.

V - volume of lagoon, million gallons.

2.33.8.3.4 Design mechanical aeration system.

2.33.8.3.4.1 Assume the following design parameters.

2.33.8.3.4.1.1 Standard Iransfer efficiency, STE, lb/hp-hr W 5.

2.33.8.3.4.1.2 02 transfer in waste/02 transfer in water, OC ,,
0.9.

2.33.8.3.4.1.3 02 saturation in wasteO 2 saturation in water,

A P 0.9.

2.33.8.3.4.1.4 Correction factor for pressure, P, - 1.0.

2.33.8.3.4.1.5 02 saturation at selected summer teaperature,
(C S)T , mIg/.

2.33.8.3.4.1.6 Minimum dissolved oxygen to be maintained in the
basin, 2.0 mg/i. (
2.33.8.3.4.2 Adjust standard transfer efficiency to operating
efficiency.

[C~s)T (,A) e- ]

OTE - STE 917 P- (1 .0 2) T-20

where

OTE - operating transfer efficiency, lb 02/hp-hr.

STE - standard transfer efficiency, lb 02/hp-hr.

(C S)T = 02 saturation at selected summer temperature,
Mgi.

- 02 saturation in waste/02 saturation in water.

P - correction factor for pressure.

- minimum dissolved oxygen to be maintained in
basin, mg/i.

OCi- 02 transfer in waste0 2 transfer in water. (

T - teaperature, 0 C.
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2.33.8.3.4.3 Calculate horsepower for aerators.( - (02) (1000) 6

where (OTE) (24) (V) (106)

HP = aerator horsepower required per 1000 gallons,
hp/1000 gallons.

02 = oxygen required, lb/day.

OTE - operating transfer efficiency, lb 02/hp-hr.

V - volume of lagoon, million gal.

2.33.8.3.4.4 Check the calculated horsepower versus minimum required
for cauplete mixing.

If HP 0.06 hp/1000 gallons set hp - 0.06 hp/1000 gal.

2.33.8.3.4.5 Calculate total horsepower required.

6
THP - (HP) (V) (106)

1000

where

( THP - total aerator horsepower required, hp.

HP - aerator horsepower required per 1000 gal.,
hp/1000 gal.

2.33.8.3.5 Calculate nutrient requirenents.

BOD: Nitrogen: Phosphorus - 100:5:1

2.33.8.3.6 Effluent Characteristics.

2.33.8.3.6.1 Calculate total BOD of the effluent.

BODE - Se + 0.3 XV

where

BODE - total OD of effluent, mg/i.

S - effluent soluble BOD 5 , mg/l.

Xv - mixed liquor volatile suspended solids, mg/i.
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2.33.8.3.6.2 Suspended Solids.

SSE - .8
.8

where

SSE - effluent suspended solids concentration, mg/l.

X - mixed liquor volatile suspended solids, mg/i.

2.33.8.3.6.3 COD.

CODE - 1.5 BODE

CODSE = 1.5 Se

where

CODE - effluent COD concentration, mg/l.

BODE - effluent BOD5 concentration.

CODSE - effluent COD soluble concentration, mg/l.

Se - effluent soluble BOD 5 concentration, mg/I. (
2.33.8.3.6.4 Nitrogen.

TKNE - TKN

M3E - .25 TKN

NO2E - 0.0

where

TKNE - effluent KJedahl nitrogen concentration, mg/l.

TKN - influent Kjedahl nitrogen concentration, mg/l.

NH3E - effluent ammonia nitrogen concentration, mg/1.

NO2E - effluent NO2 concentration, mg/l.

2.33.8.3.6.5 Oil and Grease.

OAGE - 0.0

where

OAGE - effluent oil and grease concentration, mg/l.
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2.33.8.4 Process Design Output Data

2.33.8.4.1 Average daily flow, avg' mgd.

2.33.8.4.2 Peak flow, Q , mgd.

2.33.8.4.3 Detention time, t, days.

2.33.8.4.4 Effluent soluble BOD, Se, mg/i.

2.33.8.4.5 Volume of lagoon, V, million gal.

2.33.8.4.6 Oxygen required, 02 lb/day.

2.33.8.4.7 Total aerator horsepower required, THP, hp.

2.33.8.4.8 Total BOD of effluent, BODef ; mgIl.

2.33.8.5 Quantities Calculations.

2.33.8.5.1 Calculate number of basins required, the Number of
basins may be designated, if not, it will be selected from the
following, based on flow.

Flow Range (Qavg Number of Basins (N)

Less than 0.5 mgd 1
Fran 0.5 to 2.0 mgd 2
Fran 2.0 to 5.0 mgd 3Greatet than 5.0 mgd 4

where

W = average daily flow, mgd.avg

N - number of basins.

2.33.8.5.2 Select size and number of aerators.

2.33.8.5.2.1 Calculate aerator horsepower per basin.

H - TEP
b 'T"

where

lP b - aerator horsepower required per basin, hp.

THP - total aerator horsepower required, hp.

N - number of basins.

K
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2.33.8.5.2.2 Dete-uine number of aerators per basin. The number
of aerators per basin must be one of the following 2, 3, 4, 6, 8.
Also the aerators must be one of the following sizes, 10, 15, 20,
25, 30, 40, 50, 60, 75, 100 or 150. The selection process will be
trial and error.

Assume number of aerator per basin (K) is 2. If HPb > 150, go
HPb

K

to next trials K - 3, 4, 6, 8 until b 5 150, then compare "rb
K K

with values for individual aerators (HPa) given above. Select the

smallest value of P a that is greater thanHPb- Compare HPa x K

with HPb* If HPa x K is larger than HPb by 5Z or more, go to next

trial using the next larger K, until HPa x K is within 5Z of HPb -

2.33.8.5.3 Calculate basin depth. The basin water depth (Dw)
is controlled by the aerator sizes used. This is true because
each size aerator has a maximum depth at which it can be used and
still achieve mixing without the use of a draft tube.

2.33.8.5.3.1 If HP < 100 HP
a

DV - 4.82 (HP a) 0.2467

2.33.8.5.3.2 If 100 1 liPa 1 150

DW - 15 ft

where

DW - basin water depth, ft.

UPa - horsepower of individual aerators, hp.

2.33.8.5.4 Calculate basin dimensions.

2.33.8.5.4.1 Calculate length' to width ratio.

If K 1 4, r- K

If K >4, r- k/2

where

K - number of aerators per basin.

r - basin length to width ratio.
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2.33.8.5.4.2 Calculate the length of the basin at water level.

r[4/r Aa - 6/r (3DW) 2 + 2 (3DW) 2] 0 . 5 + 3DW (l+r)
L 2

A - V x 106

a (N) (DW) (7.48)
where

Lw - length of basin at water level, ft.

r - length to width ratio.

s - side slope = 3 to 1 for all basins.

2Aa - average lagoon surface area, ft

DW - basin water depth, ft.

2.33.8.5.4.3 Calculate basin width at water level.
Lw

W LW
v€ r

where

W - width of basin at water level, ft.w

L - length of basin at water level, ft.

r - length to width ratio,

2.33.8.5.5 Calculate volume of earthwork required. The
following assumptions were made concerning basin construction.

Basins will be constructed using equal cut and fill.
Levee side slopes will be 3 to 1.
A 2 ft. freeboard will be used on all lagoons.
Common levee construction will be used where practical.

2.33.8.5.5.1 The volume of earthwork must be detemined by trial
and error. Assume a depth of cut of 1 ft.

2.33.8.5.5.1.1 Calculate the length and width at original ground
level.

Le -L w - 6 (DW- DC)

c -
r
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where

L - length of lagoon at original ground level, ft.

Wc - width of lagoon at original ground level, ft.

r - length to width ratio.

DW - basin water depth, ft.

DC - depth of cuts ft.

2.33.8.5.5.1.2 Calculate the volume of cut.

Vc - (1.3)(N)(DC) [WCLc - 3(DC)(W) - 3(DC)(L C) + 12(DC)2]

where

V - volume of cut, cu ft.C

N - number of lagoons.

DC - depth of cut, ft.

W - width of lagoon at original ground level, ft. (_
C

L - length of lagoon at original ground level, ft.

2.33.8.5.5.1.3 Calculate length and width at top of levee.

LT - Lw + 12

WT -LT
r

where

- length of lagoon at top of levee, ft.

WT - width of lagoon at top of levee, ft.

L - length of lagoon of water level, ft.

r - length to width ratio.

2.33.8.5.5.1.4 Calculate the depth of fill.

DF - DW + 2 - DC

where

DF - depth of fill, ft.
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DW - basin water depth, ft.

DC - depth of cut, ft.

2.33.8.5.5.1.5 Calculate number of levees.

N -N+ 1

N -2N
w

where

NL - number of levees of length, LT.

Nw number of levees of width, WT.

N - number of lagoons.

2.33.8.5.5.1.6 Calculate volume of fill.

VF - [10DF + 3(DF) 2 ] (LT) (NL) + (WT) (Nw)

where

VF - volume of fill, cu ft.

Af DF - depths of fill, ft.

LT - length of lagoon at the top of the levee, ft.

WT - width of the lagoon at the top of the levee, ft.

NL - number of levees of length, LT.

Nw - number of levees of width, WT .

2.33.8.5.5.1.7 Coapare Vc and Vf.

If V c < VF then assume DC > 1 ft and recalculate V and VF-

If V > VF then assume DC < 1 ft and recalculate Vc and VF e

Repeat this procedure until V - VF . This is the volume of
earthwork required.

V- VF - VLEW

where

DC - depth of cut, ft.
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V - volume of cut, cu ft.

VF - volume of fill, cu ft. (
VLEW - volume of earthwork required, cu ft.

2.33.8.5.6 Calculate reinforced concrete requirenent.

2.33.8.5.6.1 Influent structure. The influent structure would
be a flow splitter box. The size of the structure would be
determined by the number of basins, since it would have to accanmodate
weirs for each basin. The following quantities will be used.

N -I, or 2 Vcwr - 81 cu ft
33 cu ft

N = 3 V - 97 cu ft
Vcsi - 43 cu ft

N - 4 V cwi- 135 cu ft
csi 66 cuft

where

V cwri volume of R.C. wall required for influent
structure, cu ft.

V cs- volume of R.C. slab required for influent
structure, cu ft.

N - number of basins.

2.33.8.5.6.2 Effluent structure, Each basin would have a separate
effluent structure. The size of the structure would be approximately
the same regardless of flow.

v - (81) (N)cwe

V - (32) (N)

where

Vve- volume of R.C. wall required for effluent
structure, cu ft.

V = volume of R.C. slab required for effluent
cse structure, cu ft.

N - number of basins.
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2.33.8.5.6.3 Total reinforced concrete required.CVc - + Vcv
Vw Vcw, + cwe

Vcs V csi + Vcse

where

V - total volume of R.C. wall required, cu ft.cw

Vcs - total volume of R.C. slab required, cu ft.

V wi n volume of R.C. wall required for influent
structure, cu ft.

V - volume of R.C. wall required for effluent
structure, cu ft.

Vcsi - volume of R.C. slab required for influent
structure, cu ft.

V - volume of R.C. slab required for effluent
structure, cu ft.

2.33.8.5.7 Calculate volume of concrete required for embankment
protection. In large lagoons and in aerated lagoons the earthern

a, levees require protection from the wave action of the water. For
this purpose concrete is placed around the interior of the levee
at the water line. The concrete would extend fron the top of the
levee to about 1.5 ft below the water surface. Using a 3 to I
side slope, the width of the slab would be 11 ft. The slab would
be 8 inches thick.

V ce p  (2L w + 2WO) (11) (0.67) (N)

where

V - volume of concrete for embankment protection,
cu ft.

L - length of levee at water level, ft.

Ww - width of levee at water level, ft.

N - number of basins.

2.33.8.5.8 Calculate lagoon surface area.
A a (N) (Lw) (Wv)
s 43560

I.. where
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As - lagoon water surface area, acres.

N - number of basins.

Lw - length of levee at water surface, ft.

Ww - width of levee at water surface, ft.

2.33.8.5.9 Calculate operation manpower required.

2.33.8.5.9.1 If AS 9 4 acres, the operation manpower is cal-
culated by:

OMH - 700 (A ) .2571

where

OMH - operation manpower required, MH/yr.

A - lagoon water surface area, acres.5

2.33.8.5.9.2 If AS > 4 acres, the operation manpower is cal-
culated by:

oM0 - 539.3 (As)
0 .4453

2.33.8.5.10 CalcuLate maintenance manpower required.

2.33.5.10.1 If AS 9 4 acres, the maintenance manpower is cal-
culated by:

- 130.0 (AS)0 .2925

where

MMH - maintenance manpower required, MH/yr.

AS - lagoon water surface area, acres.

2.33.8.5.10.2 If AS > 4 acres, the maintenance manpower is calculated
by:

0 4466MMH - 105 (As)04

where

MMH - maintenance manpower required, MH/yr.

AS - lagoon water surface area, acres.
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2.33.8.5.11 Calculate electrical energy required for operation.

Assuming that all the aerators operate 90% of the time and the

efficiency of the electric motors is 0.877.

2.33.8.5.11.1 Calculate total installed horsepower.

HPT - (EPa) (K) (N)

where

HP - horsepower of individual aerators, hp.a

HPT - total installed horsepower, hp.

K - nunber of aerators per basin.

N - nunber of basins.

2.33.8.5.11.2 Calculate electric energy required.

KWH - (HPT) (365) (24) (.9) (.85) (.677)

where

KWH = electrical energy required, kwhr/yr.

f T - total installed horsepower, hp.

2.33.8.5.12 Calculate quantity for lagoon liner. In some areas

the soils are such that lagoons must be lined to prevent loss of

water. User should designated whether liner is required.

2.33.8.5.12.1 Calculate area of the bottom of the lagoon.

SAB - (LV- 6DW) (W - 6DW)

where

2
S - area of the bottom of lagoon, ft

2 .

L - length of basin at water level, ft.V

W - width of basin at water level, ft.w

DW - basin water depth, ft.

2.33.8.5.12.2 Calculate area of lagoon enbankment.
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SAE - 2eLT + WT) .D- + 5)

where

2
SAE - area of lagoon embankment, ft 2 .

LT - length of basin at top of levee, ft.

WT - width of basin at top of levee, ft.

DW - basin water depth, ft.

2.33.8.5.12.3 Calculate total surface area required for liner.

SAL - N (SAB + SAE)

where

2
SAL - total area of lagoon liner, ft

N - nunber of basins.

SA - area of bottan of lagoon, ft2 .

2
SAE - area of lagoon embankment, ft2.

2.33.8.5.13 Other operation and maintenance material and supply
costs. This iten includes such itens as lubrication oil, paint, repair
and replacement parts. These costs are estimated as a percent of the
installed equipment cost.

OIMP - 4.93 (HPT)Y 0 "18 2 7

where

OHMP - O&M maintenance and supply costs as percent of
the installed equipment cost, Z.
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(
2.33.8.5.14 Other minor construction cost itens. Frau the above
calculations approximately 90% of the construction costs have been
accounted for. Other minor items such as piping, grass seeding, etc.,
would be 10%.

1
CF - 1.11

where

CF - correction factor for other construction costs
items.

2.33.8.6 Quantities Calculations Output Data.

2.33.8.6.1 Number of basins, N.

2.33.8.6.2 Basin water depth, DW, ft.

2.33.8.6.3 Number of aerators per basin, K.

2.33.8.6.4 Basin length to width ratio, r.

2.33.8.6.5 Horsepower of individual aerators, HPa' hp.

2.33.8.6.6 Length of basin at water level, Lvw ft.

2.33.8.6.7 Width of basin at water level, Ww, ft.

2.33.8.6.8 Volume of earthwork required, VLEW, cu ft.

2.33.8.6.9 Total volume of R.C. wall required, Vcw , cu ft.

2.33.8.6.10 Total volume of R.C. slab required, Vcs , cu ft.

2.33.8.6.11 Volume of concrete for embankment protection, Vcep, cu
ft.

2.33.8.6.12 Operation manpower required, OMH, MH/yr.

2.33.8.6.13 Maintenance manpower required, MMH, NH/yr.

2.33.8.6.14 Electrical energy required, KWH, Kwhr/yr.
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22.33.8.6.15 Total area of lagoon liner, SAL, ft

2.33.8.6.16 O&M maintenance and supply costs as percent of the installed
equipment cos t, OMMP, %.

2.33.8.6.17 Correction factor for other minor construction costs, CF.

2.33.8.7 Unit Price Input Required.

2.33.8.7.1 Unit price input for earthwork, UPIEX, $/cu yd.

2.33.8.7.2 Unit price input for R.C. wall in-place, UPICW, $/cu yd.

2.33.8.7.3 Unit price input for R.C. slab in-place, UPICS, $/cu yd.

2.33.8.7.4 Cost of standard size aerator (50 hp), COSTA, $, (optional).

2.33.8.7.5 Current Marshall and Swift Equipment Cost Index, MSECI.

2.33.8.7.6 Installation labor rate, LABRI, $/MH.

2.33.8.7.7 Unit price input for lagoon liner, UPILL, $/ft 2.

2.33.8.8 Cost Calculations.

2.33.8.8.1 Cost of earthwork.

COSTE -VLEW UPIEX=27

where

COSTE - cost of earthwork, $.

VLEW - volume of earthwork, required, cu ft.

UPIEX - unit price input for earthwork, $/cu yd.

2.33.8.8.2 Cost of reinforced concrete wall.

COSTCW - Vcw UPICW
27
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where

( COSTCW - cost of R.C. wall in-place, $.

V w M volune of R.C. wall required, cu yd.

UPICW - unit price input for R.C. wall in-place,
$/cu d.

2.33.8.8.3 Cost of reinforced concrete slab.
V

UPICcosTcs - c- uPIcs

where

COSTCS - cost of R.C. slab in-place, $.

Vcs M volume of R.C. slab required, cu ft.

UPICS - unit price input for R.C. slab in-place,
$/cu yd.

2.33.8.8.4 Cost of concrete embankment protection.

COSTEP - Vce (0,5)(UPICS)
27

(where
COSTEP - cost of concrete embanQment protection in-place,

$.

Vcep - volume of concrete for embankment protection,cu ft.

UPICS - unit price input for R.C. slab in-place,
$/cu yd.

0.5 - factor to adjust R.C. concrete unit price
to nonreinforced.

2.33.8.8.5 Calculate purchase cost of aerators.

COSTA = (COSTSA) (COSTR) (K) (N)100

where

COSTA - purchase cost of aerators, $.

COSTSA - cost of standard size aerator (50 hp), $.
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COSTR - cost of aerator of horsepower HP as a percent
of the cost of the standard size aerators, Z.

K - number of aerators per basin.

N - nunber of basins.

2.33.8.8.5.1 Calculate COSTR.

If HP a 9 25 hp; COSTR is calculated by:

COSTR - 20.7 (HP a)02686

If HP > 25 hp; COSTR is calculated by:a

COSTR - 4.12 (HP a)07878

2.33.8.8.5.2 Purchase cost of standard size aerator. The stan-
dard size aerator is a 50 hp, high-speed floating aerator. The
cost of the 50 hp aerator in the first quarter of 1977 is:

COSTSA - $13,960

For better cost estimation, COSTSA should be obtained fron the
equipment vendor and treated as a unit price input. However, if
COSTA is not treated as a unit price input, the cost will be
adjusted by using the Marshall and Swift Equipment Cost Index.

COSTA - $13,960 MSECI

where

COSTA - cost of standard size aerator (50 hp), $.

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index for Ist
quarter of 1977.

2.33.8.8.6 Calculate total installed equipment cost.

2.33.8.8.6.1 Calculate aerator installation labor.

IMR - 0.633 (HPa ) + 40

where

DIH - aerator installation labor, MH.

HP - horsepower of individual aerators, hp.

a
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2.33.8.8.6.2 Calculate aerator installation cost.

(AIC - (IMH) (K) (N) (LABRI)

where

AIC - aerator installation cost, $.

MB - aerator installation labor, MH.

K - nunber of aerators per basin.

N - nunber of basins.

LABRI - installation labor rate, $/MH.

2.33.8.8.6.3 Calculate installed cost for electrical/mechanical.
-0. 1465

EMC - 0.589 (Pa) (COSTA)

where

EMC - installed cost for electrical/mechanical, $.

HP - horsepower of individual aerators, hp.

( COSTA - purchase cost of aerators, $.

2.33.8.8.6.4 Calculate total installed equipment cost.

IEC - COSTA + AIC + EKC

where

IEC - total installed equipment cost, $.

AIC - aerator installation cost, $.

•qC - installed cost of electrical/mechanical, $.

2.33.8.8.7 Calculate cost of lagoon liner.

COSTLL - (SAL) (UPILL)

COSTLL - installed cost of lagoon liner, $.

SAL - total area of lagoon liner, ft 2 .

UPILL - unit price input for lagoon liner, $/ft2 .

2
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2.33.8.8.8 Calculate total bare construction cost.

TBCC - (COSTE + COSTCW + COSTCS + COSTEP + COSTLL + IEC) (CF)

where

TBCC - total bare construction cost, $.

COSTE - cost of earthwork, $.

COSTCW - cost of R.C. wall in-place, $.

COSTCS - cost of R.C. slab in-place, $.

COSTEP - cost of concrete embankment protection in-place,
s.

COSTLL - installed cost of lagoon liner, $.

IEC - total installed equipment cost, $.

2.33.8.8.9 Calculate O&M maintenance and supply cost.

OMiC - =j IEC
where Q !

OMMC - O&M material and supply costs, S/yr.

OMMP - O&M material and supply costs as percent of
installed equipment cost, Z.

IEC - total installed equipment cost, $.

2.33.8.9 Cost Calculations Output Data.

2.33.8.9.1 Total bare construction cost, TBCC, $.

2.33.8.9.2 O&M material and supply costs, $/yr.
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2.33.9 Aerated Facultative Lagoon.

2.33.9.1 Input Data.

2.33.9.1.1 Wastewater flow.

2.33.9.1.1.1 Average daily flow, mgd.

2.33.9.1.1.2 Peak (hourly) flow, mgd.

2.33.9.1.2 Was tewatet characteristics.

2.33.9.1.2.1 BOD influent, mg/l.

2.33.9.1.2.2 Influent suspended solids, mg/l.

2.33.9.1.2.3 Influent volatile suspended solids, mg/l.

2.33.9.1.2.4 Nitrogen, mg/I as N.

2.33.9.1.2.5 Phosphorus, mg/l as P.

2.33.9.1.2.6 Non-biodegradable fraction of VSS.

2.33.9.1.3 Desired degree of treatuent.

( 2.33.9.1.4 Temperature, °C (summer and winter).

2.33.9.2 Design Parameters.

2.33.9.2.1 Reaction rate constant/day (0.5-1.0, avg 0.75).

2.33.9.2.2 Temperature correction coefficient ' 1.075.

2.33.9.2.3 Fraction BOD removed for respiration (0.9-1.4).

2.33.9.2.4 BOD feedback from bottom or sediment (summer - 20
percent; winter - 5 percent).

2.33.9.2.5 MLVSS, mg/l, (50-150) average 100.

2.33.9.3 Process Design Calculations.

2.33.9.3.1 Select the rate constant, K. Adjust K for summer
and winter temperatures.

T - K20 (T-
20)

where

KT - rate constant for desired temperature, 0 C.
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K20 - rate constant at 20 0 C.

0 - temperature correction coefficient.

T - teuperature, 0C.

2.33.9.3.2 For summer and winter efficiencies, calculate detention
times to meet winter efficiency.

1.05 So 1
SeK K

where

Se - effluent soluble BODS, mg/l.

S - influent BOD 5 , mg/.

K - reaction rate constant.

t - detention time, days.

and summer efficiency:

1.2 So I
S K K
c

Select the larger of the detention times.

2.33.9.3.3 Calculate volume.

V Q Qavg t

where

V - volume, million gal.

Qavg - average daily flow, mgd.

t - detention time, days.

2.33.9.3.4 Detemine oxygen requirements, assume a

02 - a'S rQ(8.34 ) (1.2)

where
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02 - oxygen required, lb/day.

C a' - fraction of BOD oxidized for energy.

Sr - BOD removed, mg/l.

Q - flow, mgd.

2.33.9.3.5 Design mechanical aeration system and check horse-
power supply to allow solids to settle: horsepower required to
allow solids to settle (0.01-0.02 hp/1000 gal).

2.33.9.3.5.1 Assume the following design parameters.

2.33.9.3.5.1.1 Standard transfer efficiency, lb/hp-hr (02 dis-
solved oxygen, 20*C, and tap water).

2.33.9.3.5.1.2 02 transfer in waste/02 transfer in water = 0.9.

2.33.9.3.5.1.3 02 saturation in waste/02 saturation in water

W 0.9.

2.33.9.3.5.1.4 Correction factor for pressure =1.0.

2.33.9.3.5.2 Select summer operating temperature (25-300 C) and
detemnine (fran standard tables) 02 saturation.

2.33.9.3.5.3 Adjust standard transfer efficiency to operating
conditions.

(C8) T 4) (p) - CL
OTE - STE T (1.02)-20

9.17

where

OTE - operating transfer efficiency, lb 02/hp-hr.

STE - standard transfer efficiency, lb 02/ hp-hr.

(Ca ) = 0 saturation at selected summer temperature,
5T jii.

M 02 saturation in waste/02 saturation in
water P 0.9.

p - correction factor for pressure 401.0.

- minimum dissolved oxygen to be maintained in
the basin 2.0 mg/l.
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"CM 02 transfer in waste/02 transfer in water
- 0.9. k

T - tenperature, °C.

2.33.9.3.5.4 Calculate horsepower requirement.

02
HP - x 1000

OTE Rb 02 (24) (V)(106)

where

HP - horsepower required per 1000 gal.

02 - oxygen required, lb/day.

OTE - operating transfer efficiency, lb 02/hp-hr.

V - volume of the basin, million gal.

2.33.9.3.5.5 Calculate total horsepower requirenent.

THP . LHP) (V) (10 6 )
1000

where

THP - total horsepower required, hp.

V - volume of lagoon, million gal.

HP - horsepower required per 1000 gal, hp/1000 gal.

2.33.9.3.6 Effluent Characteristics.

2.33.9.3.6.1 Effluent suspended solids concentration. The suspended
solids from an aerated facultative lagoon can be divided into three
categories; inert solids, bacteria cells and algal cells. The growth
of algae in sewage lagoons is a very complex process. Geographic
location, temperature, season, organic loading, nutrient concentration
and light penetration are the factors that govern the ecological system
in a sewage lagoon. However, White and Rich have presented the fol-
lowing which relates the algal concentration with mixing level in
aerated lagoon systems.

SS 0.407 _ 10.7
AL HP

where

SSAt - algal concentration of suspended solids, mg/l.

HP - horsepower required/1000 gal.
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The suspended solids due to inert material and bacteria cells is more or
less independent of the mixing level. It is usually in the range of 25
to 30 mg/l and approximately 85% volatile.

SSoi - 25 mg/i

Thus, the total suspended solids concentration would be

(SS)eff - SSAL + SSoi

where

(SS) eff - total suspended solids in effluent, mg/l.

SSAL - algal concentration of suspended solids, mg/i.

SS - suspended solids due to inert material and
bacteria cells, mg/l.

2.33.9.3.6.2 Calculate BOD in the final effluent.
BODE - Se + 0.3 (0.85 x SSoi ) + 0.12 (SSAL)

where

(7 BODE - BOD in effluent in mg/l.

Se - soluble effluent BOD, mg/l.

0.12 - BOD concentration contributed by algae in the
effluent.

2.33.9.3.6.3 COD

CODE " 1.5 BODE

CODSE " 1.5 Se

where

CODE - effluent COD concentration, mg/l.

BODE - effluent BOD 5 concentration, mg/l.

CODSE - effluent soluble COD concentration, mg/l.

Se - effluent soluble BOD5 concentration, mg/l.

2.33.9.3.6.4 Nitrogen
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TKNE - TKN
NM3E - TKNE
NO3E - N03
NO2E - N02

where

TKNE = effluent Kjedahl nitrogen concentration, mg/l.

TKN - influent Kjedahl nitrogen concentration, mg/I.

NH3E = effluent ammonia concentration, mg/l.

NO3E - effluent N03 concentration, mg/l.

N03 - influent NO3 concentration, mu/l.

NO2E - effluent N02 concentration, mg/l.

NO2 - influent N02 concentration, mg/i.

2.33.9.3.6.5 Phosphorus

PO4E - 0.7 P04

where (

PO4E - effluent phosphorus concentration, mg/l.

P04 - influent phosphorus concentration, mg/l.

2.33.9.3.6.6 Oil and Grease.

OAGE - 0.15 OAG

where

OAGE - effluent oil and grease concentration, mg/l.

OAG - influent oil and grease concentration, mg/l.

2.33.9.3.8 Dete-,ine nutrient requirements.

BOD:Nitrogen:Phosphorus - 100:5:1

2.33.9.4 Process Design Output Data.

2.33.9.4.1 Average daily flow, Qavg' mgd.

2.33.9.4.2 Peak flow, %, mgd.
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2.33.9.4.3 Detention time, t, days.

2.33.9.4.4 Effluent soluble BOD, Se, mg/l.

2.33.9.4.5 Volume of lagoon, V, million gal.

2.33.9.4.6 Oxygen required, 021 lb/day.

2.33.9.4.7 Total aerator horsepower required, THP, hp.

2.33.9.4.8 Total BOD of effluent, BODE, mg/l.

2.33.9.5 Quantities Calculations.

2.33.9.5.1 Calculate number of basins required. The number of
basins may be designated, if not, it will be selected fran the following,
based on flow.

Flow Range (Qavg) Number of Basins (N)

Less than 0.5 mgd 1
Fran 0.5 to 2.0 mgd 2
Fran 2.0 to 5.0 mgd 3
Greater than 5.0 mgd 4

(rwhere
Qavg = average daily flow, mgd.

N - number of basins.

2.33.9.5.2 Select siLe and number of aerators.

2.33.9.5.2.1 Calculate aerator horsepower per basin.

HP THP
b N N

where

HPb - aerator horsepower required per basin, hp.

THP - total aerator horsepower required, hp.

N - number of basins.

2.33.9.5.2.2 Detenine number of aerators per basin. The number of
aerators per basin must be one of the following 2, 3, 4, 6, 8. Also the
aerators must be one of the following sizes, 10, 15, 20, 25, 30, 40, 50,
60, 75, 100, or 150. The selection process will be trial and error.

K
2.33- 30



HPbAssume number of aerator per basin (K) is 2. If b > 150, go to

RPb HPb
next trials K-3, 4, 6, 8 until H-- 

< 150, then conpare-H-

with values for individual aerators (HP a) given above. Select theaHPb

smallest value of HP that is greater than --
a K

2.33.9.5.3 Calculate basin depth. The basin water depth (Dw) is
controlled by the aerator sizes used. This is true because each size
aerator has a maximum depth at which it can be used and still achieve
mixing without the use of a draft tube.

2.33.9.5.3.1 If HPa 100 HP

DW - 4.82 (HP a)02467

2.33.9.5.3.2 If 100_ HP a 150

DW - 15 ft

where

DW - basin water depth, ft.

HP - horsepower of individual aerators, hp.a

2.33.9.5.4 Calculate basin dimensions.

2.33.9.5.4.1 Calculate length to width ratio.

If K < 4, r- K

If K >4, r K/2

where

K - number of aerators per basin.

r - basin length to width ratio.

2.33.9.5.4.2 Calculate the length of the basin at water level.

Lw -r 4/r Aa - 6/r (3DW) 2 * 2 (3DW) 2 0.5 + 3DW (l+r)

2

A - V x 10 6

a (N) (DW) (7.48)

where

&W- length of basin at water level, ft.
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(r - length to width ratio.

s - side slope - 3 to I for all basins.

2Aa - average lagoon surface area, ft

DW - basin water depth, ft.

2.33.9.5.4.3 Calculate basin width at water level.
L

W . -!

W r

where

W - width of basin at water level, ft.w

Lw - length of basin at water level, ft.

r - length to width ratio.

2.33.9.5.5 Calculate volume of earthwork required. The following
assumptions were made concerning basin construction.

Basins will be constructed using equal cut and fill.
Levee side slopes will be 3 to 1.
A 2 ft freeboard will be used on all lagoons.
Common levee construction will be used where practical.

2.33.9.5.5.1 The volume of earthwork must be detennined by trial and
error. Assume a depth of cut of 1 ft.

2.33.9.5.5.1.1 Calculate the length and width at original ground level.

Lc -L w - 6 (DW- DC)

W M Lc
r

where

Lc - length of lagoon at original ground level, ft.

Wc - width of lagoon at original ground level, ft.

r - length to width ratio.

DW - basin water depth, ft.

DC - depth of cut, ft.

C
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2.33.9.5.5.1.2 Calculate the volume of cut.

Vc - (1.3)(N)(DC) [WcLc - 3(DC)(W e) - 3(DC)(L c ) + 12(DC)
2  _

where

V - volume of cut, cu ft.C

N - number of lagoons.

DC - depth of cut, ft.

W - width of lagoon at original ground level, ft.

L - length of lagoon at original ground level, ft.

2.33.9.5.5.1.3 Calculate length and width at top of levee.

LT - w+ 12

WT -LT
r

where

LT - length of lagoon at top of levee, ft.

WT- width of lagoon at top of levee, ft. C
L - length of lagoon at water level, ft.

r - length to width ratio.

2.33.9.5.5.1.4 Calculate the depth of fill.

DF - DW + 2 - DC

where

DF - depth of fill, ft.

DW - basin water depth, ft.

DC - depth of cut, ft.

2.33.9.5.5.1.5 Calculate number of levees.

NL N+ 1

N -2N
w
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where

NL - number of levees of length, LT -

NW - number of levees of width, WT.

N - number of lagoons.

2.33.9.5.5.1.6 Calculate volume of fill.

VF - [10DF + 3(DF) 2 ] (LT) (NL) + (WT) (Nw)

where

VF = volume of fill, cu ft.

DF - depths of fill, ft.

LT - length of lagoon at the top of the levee, ft.

WT - width of the lagoon at the top of the levee, ft.

N - number of levees of length, LT -

NW - number of levees of width, WT.

Z.33.9.5.5.1.7 Compare Vc and Vf.

If V < VF then assume DC > I ft and recalculate Vc and VF-

If Vc > VF then assume DC < I ft and recalculate V and VF.

Repeat this procedure until Vc - VF O This is the volume of earth-
work required.

Sc = VF - VLEW

where

DC - depth of cut. ft.

V - volume of cut, cu ft.

VF - volume of fill, cu ft.

VLEW - volume of earthwork required, cu ft.

2.33.9.5.6 Calculate reinforced concrete requirment.
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2.33.9.5.6.1 Influent structure. The influent structure would
be a flow splitter box. The size of the structure would be
detemined by the number of basins, since it would have to
accommodate weirs for each basin. The following quantities will
be used.

N - 1, or 2 Vcwi - 81 cu ft.
33 cu ft.

N = 3 Vcwi 97 cu ft.
Vcs i  43 cu ft.

N -'4 Vcwi  135 cu ft.

Vsi 66 cu ft.

where

Vcwi = volume of R.C. wall required for influentstructure, cu ft.

Vsi , volume of R.C. slab required for influent

structure, cu ft.

N - number of basins.

2.33.9.5.6.2 Effluent Structure. Each basin would have a sepa-
rate effluent structure. The size of the structure would be
approximately the same regardless of flow.

v - (81) (N)cwe

Vc e - (32) (N)

where

V - volume of R.C. wall required for effluent
CW structure, cu ft.

Vcsi - volume of R.C. slab required for influent
structure, cu ft.

V - number of basins.

2.33.9.5.6.3 Total reinforced concrete required.

V = Vow + V ev

V csi Vcse
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where

Ve - total volume of R.C. wall required, cu ft.

V - total volume of R.C. slab required, cu ft.Cs

Vr - volume of R.C. wall required for influent
sturcture, cu ft.

V - volume of R.C. wall required for effluent
structure, cu ft.

V si - volume of-R.C. slab required for influent
structure, cu ft.

V - volume of R.C. slab required for effluent
Cse structure, cu ft.

2.33.9.5.7 Calculate volume of concrete required for en-
bankment protection. In large lagoons and in aerated lagoons the
earthern levees require protection from the wave action of the
water. For this purpose concrete is placed around the interior
of the levee at the water line. The concrete would extend from
the top of the levee to about 1.5 ft below the water surface.
Using a 3 to 1 side slope, the width of the slab would be 11 ft.
The slab would be 8 inches thick.

Vcep - (2L + 2Ww) (11) (0.67) (N)

where

V - volume of concrete for embanment protection,
cu ft.

Lw - length of levee at water level, ft.

W - width of levee at water level, ft.
w

N - number of basins.

2.33.9.5.8 Calculate lagoon surface area.

A =., )
s 43560

where

A - lagoon water surface area, acres.

N - number of basins.
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Lw - length of levee at water surface, ft.

Ww - width of levee at water surface, ft.

2.33.9.5.9 Calculate operation manpower required.

2.33.9.5.9.1 If AS 1 4 acres, the operation manpower is cal-
culated by:

OMH - 700 (As)
0 .2 5 7 1

where

OMH - operation ianpower required, MU/yr.

AS - lagoon water surface area, acres,

2.33.9.5.9.2 If AS > 4 acres, the operation manpower is cal-
culated by:

OMH - 539.3 (AS)0.4453

2.33.9.5.10 Calculate maintenance manpower required.

2.33.9.5.10.1 If AS ! 4 acres, the maintenance manpower is
calculated by:

4MH - 130.0 (A0 2925 (

where

MMII - maintenance manpower required, MWyr.

AS lagoon water surface area, acres.

2.33.9.5.10.2 If AS > 4 acres, the maintenance manpower is
calculated by:

=MI 105 (As)0.4466

where

MM - maintenance manpower required, MB yr.

AS - lagoon water surface area, acres.

2.33.9.5.11 Calculate electrical energy required for opera-
tion. Assuming that all the aerators operate 90% of the time and
the efficiency of the electric motors is 0.877, the power re-
quired would be.
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2.33.9.5.5.11.1 Calculate total installed horsepower.

(P - (HPa) (K) (N)

where

HPa - horsepower of individual aerators, hp.

HPT - total installed horsepower, hp.

K - nunber of aerators per basin.

N - number of basins.

2.33.9.5.11.2 Calculate electric energy required.

KWH - (HPT) (365) (24) (.9) (.85) (.877)

where

KWH - electrical energy required, kwhr/yr.

HPT - total installed horsepower, hp.

2.33.9.5.12 Calculate quantity for lagoon liner. In some
-. areas the soils are such that lagoons must be lined to prevent( loss of water. User should designate whether liner is required.

2.33.9.5.12.1 Calculate area of the bottom of the lagoon.

SAB - (LW - 6Dw) (Ww - 6Dw)

where

2SAB - area of the bottan of lagoon, ft2 .

L - length of basin at water level, ft.

W - width of basin at water level, ft.

DW - basin water depth, ft.

2.33.9.5.12.2 Calculate area of lagoon embankment.

SAE - 2(Lwr + WT) +~ 2),. T9~ 5)

where

2SA - area of lagoon embankment, ft 2 .
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length of basin at top of levee, ft.

WT - width of basin at top of levee, ft.

DW - basin water depth, ft.

2.33.9.5.12.3 Calculate total surface area required for liner.

-N (SAB + SAE)

where

2SAL - total area of lagoon liner, ft

N - nunber of basins.

2
SAB - area of bottan of lagoon, ft

2SAE - area of lagoon embannent, ft2 .

2.33.9.5.13 Other operation and maintenance material and supply
costs. This iten includes such iteus as lubrication oil, paint, repair (
and replacenent parts. These costs are estimated as a percent of the
installed equipment cost.

OMMP - 4.93 (HP T)-0.1827

where

OMM(P - O&M maintenance and supply costs as percent of the
installed equipment cost, Z.

2.33.9.5.14 Other minor construction cost itens. Fran the above
calculations approximately 90% of the construction costs have been
accounted for. Other minor items such as piping, grass seeding, etc.,
would be 10%.

1
CF - T- 1.1

where

CF - correction factor for other construction costs
ites.
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2.33.9.6 Quantities Calculations Output Data.

2.33.9.6.1 Number of basins, N.

2.33.9.6.2 Basin water depth, DW, ft.

2.33.9.6.3 Number of aerators per basin, K.

2.33.9.6.4 Basin length to width ratio, r.

2.33.9.6.5 Horsepower of individual aerators, HPa, hp.

2.33.9.6.6 Length of basin at water level, Lw, ft.

2.33.9.6.7 Width of basin at water level, Ww, ft.

2.33.9.6.8 Volume of earthwork required, VLEW, cu ft.

2.33.9.6.9 Total volume of R.C. wall required, Vcw, cu ft.

- 2.33.9.6.10 Total volume of R.C. slab required, V.s, cu ft.

2.33.9.6.11 Volume of concrete for embankment protection Vcep, cu
ft.

2.33.9.6.12 Operation manpower required, OMH, MB/yr.

2.33.9.6.13 Maintenance manpower required, MMH, MH/yr.

2.33.9.6.14 Electrical energy required, KWH, kwhr/yr.

2
2.33.9.6.15 Total area of lagoon liner, SAL, ft

2.33.9.6.16 O&M maintenance and supply costs as percent of the installed
equipment cost, OKBP, Z.

2.33.9.6.17 Correction factor for other minor construction costs, CF.
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2.33.9.7 Unit Price Input Required.

2.33.9.7.1 Unit price input for earthwork, UPIEX, $/cu yd.

2.33.9.7.2 Unit price input for R.C. slab in-place, UPICW,
$/cu yd.

2.33.9.7.3 Unit price input for R.C. slab in-place UPICS,
$/cu yd.

2.33.9.7.4 Cost of standard size aerator (50 hp), COSTA, $,
(optional).

2.33.9.7.5 Current Mrshall and Swift Equipment Cost Index,
MSECI.

2.33.9.7.6 Installation labor rate, LABRI, $/MR.

2.33.9.7.7 Unit price input for lagoon liner, UPILL, $/ft 2 .

2.33.9.8 Cost Calculations.

2.33.9.8.1 Cost of earthwork.

VLEWCOSTE - UPIEX

where

COSTE - cost of earthwork, $.

VLEW - volume of earthwork required, cu ft.

UPIEX - unit price input for earthwork, $/cu yd.

2.33.9.8.2 Cost of reinforced concrete wall.
V

COSTCW - -cw UPICW

where

COSTCW - cost of R.C. wall in-place, $.

Vcw - volume of R.C. wall required, cu yd.

UPICW - unit price input for R.C. wall in-place, $/cu yd.

2.33.9.8.3 Cost of reinforced concrete slab.

V
COSTCS - 27 UPICS

where
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COSTCS - cost of R.C. slab in-place, $.

( V - volume of R.C. slab required, cu ft.
cs

UPICS - unit price input for R.C. slab in-place, $/cu yd.

2.33.9.8.4 Cost of concrete embankment protection.
V

COSTEP a c (0.5)(UPICS)27

where

COSTEP - cost of concrete embankment protection in-place, $.

V - volume of concrete for embankment protection, cu
cep ft.

UPICS - unit price input for R.C. slab in-place, $/cu yd.

0.5 - factor to adjust R.C. concrete unit price to

nonreinforced.

2.33.9.8.5 Calculate purchase cost of aerators.

COSTA - (COSTSA) (COSTR) (K) (N)
100

(where
COSTA - purchase cost of aerators, $.

COSTSA - cost of standard size aerator (50 hp), $.

COSTR - cost of aerator of horsepower HP as a percent ofa
the cost of the standard size aerators, %.

K - number of aerators per basin.

N - number of basins.

2.33.9.8.5.1 Calculate COSTR.

If HP a 25 hp; COSTR is calculated by:a

COSTR - 20.7 (HPa) 0.2686

If HP > 25 hp; COSTR is calculated by:

aa
COSTR - 4.12 (HPa)0.7878
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2.33.9.8.5.2 Purchase cost of standard size aerator. The
standard size aerator is a 50 hp, high-speed floating aerator.
The cost of the 50 hp aerator in the first quarter of 1977 is:

COSTSA - $13,960

For better cost estimation, COSTSA should be obtained frao the
equipment vendor and treated as a unit price input. However, if
COSTA is not treated as a unit price input, the cost will be
adjusted by using the Marshall and Swift Equipment Cost Index.

-COSTA - $13,960 MSEC

where

COSTA - cost of standard size aerator (50 hp), $.

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index for 1st
quarter of 1977.

2.33.9.8.6 Calculate total installed equipment cost.

2.33.9.8.6.1 Calculate aerator installation labor.

M - 0.633 (HPa) + 40

where

MS - aerator installation labor, MH.

HP - horsepower of individual aerators, hp.a

2.33.9.8.6.2 Calculate aerator installation cost.

AIC - (IMH) (K) (N) (LABRI)

where

AIC - aerator installation cost, $.

IMlH - aerator installation labor, MR.

K - nunber of aerators per basin.

N - namber of basins.

LABRI - installation labor rate, $/MH.

2.33.9.8.6.3 Calculate installed cost for electrical/mechanical.
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-O0.1465

where EMC - 0.589 (HPa )  (COSTA)

EMC = installed cost for electrical/mechanical, $.

HPa - horsepower of individual aerators, hp.

COSTA - purchase cost of aerators, $.

2.33.9.8.6.4 Calculate total installed equipment cost.

IEC = COSTA + AIC + &4C

where

IEC - total installed equipment cost, $.

AIC = aerator installation cost, $.

EMC = installe! cost of electrical/mechanical, $.

2.33.9.8.7 Calculate cost of lagoon liner.

COSTLL - (SAL) (UPILL)

C COSTLL - installed cost of lagoon liner, 5.

2
SAL - total area of lagoon liner, ft

2UPILL - unit price input for lagoon liner, $/ft

2.33.9.8.8 Calculate total bare construction cost.

TBCC - (COSTE + COSTCW + COSTCS + COSTEP + COSTLL + IEC) (CF)

where

TBCC - total bare construction cost, $.

COSTE - cost of earthwork, $.

COSTCW - cost of R.C. wall in-place, $.

COSTCS - cost of R.C. slab in-place, $.

COSTEP - cost of concrete enbankment protection in-place, $.

COSTLL - installed cost of lagoon liner, $.
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IEC - total installed equipment cost, $.

2.33.9.8.9 Calculate O&H maintenance and supply cost.

OMMC - OHK- IEC

vhere

OMC - O&M material and supply costs, $/yr.

OMMP - O&M material and supply costs as percent of installed

equipment cost, %.

IEC - total installed equipment cost, $.

2.33.9.9 Cost Calculations Output Data.

2.33.9.9.1 Total bare construction cost, TBCC, $.

2.33.9.9.2 O&M material and supply costs, $/yr.

(
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2.33.10 Anaerobic Lagoons

2.33.10.1 Input Data.

2.33.10.1.1 Wastewater flow.

2.33.10.1.1.1 Average daily flow, mgd.

2.33.10.1.1.2 Peak hourly flow, mgd.

2.33.10.1.2 Wastewater strength, BOD5, mg/l.

2.33.10.1.3 Other characteristics.

2.33.10.1.3.1 pH.

2.33.10.1.3.2 Temperature (maximum and minimum).

2.33.10.2 Design Parameters (See Table 2.33-1).

2.33.10.3 Process Design Calculations.

2.33.10.3.1 Calculate BOD5 in the waste.

BOD - (Q avg) (BODI) (8.34)

where

BOD - quantity of BOD5 in waste, lb/day.

Qavg = average daily flow, mgd.

BODI - concentration of BOD 5 in influent, mg/l.

8.34 - cor trsion factor.

2.33.10.3.2 Determine lagoon surface area.

- Based on type of lagoon and climate select a loading
rate (LBOD).

BODSA - ---OD

where

SA - lagoon surface area, acres.

BOD - quantity of BOD5 in waste, lb/day.

LBOD - lagoon loading rate, lb/day acre.
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2.33.10.3.3 Determine volume of lagoon.

- Based on type of lagoon select an operating depth.

V - (SA) (D) (0.32585)

where

V - volume of lagoon, million gal.

SA - lagoon surface area, acres.

D - lagoon operating depth, ft.

0.32585 - conversion factor, acre ft to million gallons.

2.33.10.3.4 Determine detention time.
v

DT -
Qavg

where

DT - detention time, days.

V - volume of lagoon, million gal.

Qavg " average daily flow, mgd.

Check detention time against minimum detention times in Table 2.33-1.
If DT is less than minimum increase the surface area (SA) until the
minimum detention time is obtained.

2.33.10.3.5 Effluent Characteristics.

2.33.10.3.5.1 Dete--ine effluent BOD5 concentration. The mechanisms in
lagoons are couplex and can not be accurately predicted, therefore
effluent concentrations will be determined based on percent reduction
frn actual experience. The average soluble BOD 5 reduction for lagoons
is 65%.

BODE - (1 - .65) (BODI)

S = 0.75 BODE

where

BODE - concentration of BOD5 in effluent, migl.

BODI - concentration of BOD5 in influent, mg/l.

Se - effluent soluble BOD 5 concentration, mg/l.
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2.33.10.3.5.2 Suspended Solids.

SSE - 100

where

SSE - effluent suspended solids concentration, mg/il.

2.33.10.3.5.3 COD

CODE - 1.5 BODE
CODSE - 1.5 S

where

CODE - effluent COD concentration, mg/i.

CODSE - effluent soluble COD concentration, mg/il.

BODE - effluent BOD 5 concentration, mg/i.

Se - effluent soluble BOD 5 concentration, mg/Il.

2.33.10.3.5.4 Nitrogen.

TKNE - TKN
NH3E - TKNE
NO3E - N03
N02E - N02

where

TKN - influent Kjedahl nitrogen concentration, mg/i.

TKNE - effluent Kjedahl nitrogen concentration, mg/il.

NH3E - effluent amonia concentration, mg/i.

N03 - influent N03 concentration, mg/il.

NO3E - effluent N03 concentration, mgil.

N02 - influent N02 concentration, mg/i.

N02E - effluent N02 concentration, mg/l.

2.33.10.3.5.5 Phosphorus

P04E - 0.7 P04
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where

P04 - influent phosphorus concentration, mg/i.

PO4E - effluent phosphorus concentration, mg/l.

2.33.10.3.5.6 Oil and Grease.

OAGE - 0.15 OAG

where

OAG - influent oil and grease concentration, mgl.

OAGE - effluent oil and grease concentration, mg/l.

2.33.10.3.5.7 pH.

PH - 6.8

where

PH - effluent pH.

2.33.10.4 Process Design Output Data.

2.33.10.4.1 Lagoon loading rate, LBOD, lb/day acre.

2.33.10.4.2 Lagoon surface area, SA, acres.

2.33.10.4.3 Lagoon operating depth, D, ft.

2.33.10.4.4 Volume of lagoon, V, million gal.

2.33.10.4.5 Concentration of BOD5 in effluent, BODE, mg/l.

2.33.10.5 Quantities Calculations.

2.33.10.5.1 Detemnine quantity of earthwork.

The following assumptions are made concerning the construction of the
lagoons.

A minimum of 2 cells will always be used.
Anaerobic lagoon cells will not be greater than 2 acres
in surface area.
Lagoon cells will be constructed using equal cut and fill.
Levee side slopes will be 3 to 1.
An even number of lagoon cells will be used, such as 2,
4, 6, 8, etc.
Lagoon cells will be square.
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2.33.10.5.1.1 Detennine the number and size of lagoon cells.

2.33.10.5.1.1.1 For Anaerobic lagoons.

If SAf. 4, NLC - 2

If SA) 4, N - SA

NLC must be an even number.

CSA - SA
NWC

where

NLC - number of lagoon cells.

SA - lagoon surface area, acres.

CSA - lagoon cell surface area, acres.

2.33.10.5.1.2 Detennine'lagoon cell dimensions.

L - 208.7 (CSA) 0.5+ 12

where

L - length of one side of lagoon cell, ft.

CSA - lagoon cell surface area, acres.

208.7 - conversion factor acres to sq ft.

12 - additional length required for 2 ft freeboard.

2.33.10.5.1.3 Calculate volume of earthwork required for lagoons.
The volume of earthwork must be detemined by trial and error using the
following equations:

DC + DF - D + 2

VF - [3 (DF) 2 + 10 DF] 5M 1 + 2 (L)2

VC - (f.3) (NLC) (DC) [L2 - 6(DF) (L) + 12 (DF)2 + 120 DF - 60L + 1200]

Assume that the depth of cut (DC) is equal to 1 ft. Frn
the equations calculate the volume of fill (VF) required and the volume
of cut (VC) required. Compare VC and VF.
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If VC < VF then assume DC > 1 ft and recalculate VC and VF.
IF VC > VF then assume DC < 1 ft and recalculate VC and VF.

Repeat this procedure until VC = VF. This is the volume of earthwork
required for the lagoons.

VC - VF - VLEW

where

DC - depth of cut, ft.

DF - depth of fill, ft.

D - lagoon operating depth, ft.

VF - volume of fill, ft 3 .

VC - volume of cut, ft3.

NLC - number of lagoon cells.

L - length of one side of lagoon cell, ft.

VLEW - volume of earthwork required for lagoon construction,
ft .

2.33.10.5.2 Detemine requirenent for lagoon liner. In some areas
due to soil conditions the lagoons must be lined with an impervious
material to prevent percolation of the wastewater into the natural
ground.

2.33.10.5.2.1 Calculate area to be lined.

ALL - NLC [(4) (3D)(L-3D-6) + (L-6D-12) 2

where

ALL - area of lagoon liner, ft 2 .

NLC a number of lagoon cells.

D - lagoon operating depth, ft.

L - length of one side of lagoon cell, ft.
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2.33.10.5.3 Piping for lagoon cells.

Assume:

Pipes are flowing full.
Velocity is 3 fps.
Pipes going through the levee extend 10 ft past toe of
the levee.

2.33.10.5.3.1 Detenine pipe size.

DIA - 9.72 (Qmax) 0.5

The smallest pipe to be used will be 4 inches. If DIA < 4
inches set DIA - 4 inches. DIA must be one of the following 4, 6, 8,
10, 12, 14, etc. Always use next higher diameter.

where

DIA - pipe diameter, inches.

Sax - peak hourly flow, mgd.

9.72 - cuabined conversion factors.

2.33.10.5.3.2 Detenrine length of pipe.

LDIA - (6D + 10) NLC

where

LDIA - length of pipe of diameter DIA, ft.

D - lagoon operating depth, ft.

NLC - nunber of lagoon cells.

2.33.10.5.4 Valve for lagoons. Each lagoon cell will be capable of
being isolated by the use of valves. There will be one valve for each
lagoon cell and the valves will be the sane size as the pipe feeding the
cell. The valves will be butterfly valves.

NBV - NLC + 1

DBV - DIA
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where

NBV - number of valves.

NLC - number of lagoon cells.

DBV - diameter of valves, inches.

DIA - pipe diameter, inches.

2.33.10.5.5 Effluent structure. The effluent structure for all flows
in this range is assumed to be a concrete structure 4 feet by 4 feet
with 6" thick walls. The depth will be the sane as the total depth of
the lagoon.

V - (8) (D+2)
cw

V -8
cs

where

Vcw - volume of concrete wall, ft3
.

D - lagoon operating depth.

Vcs - volume of concrete slab, ft3 .

2.33.10.5.6 Calculate operation and maintenance manpower.

If Qavg s. 0.1; OMMH = 160

If Q avg 0.1; OMMH - 313.8 (Q avg) 0.2925

where

Qavg = average daily flow, regd.

OMMH - operation and maintenance manhours, M/yr.

2.33.10.5.7 Other miscellaneous construction costs. The item already
calculated represents approximately 90Z of the construction cost. The
other 10 consists of itens such as seeding, miscellaneous concrete
pads, walkways, etc.

CF - 1-- 1.11
.9
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where

CF - correction factor for miscellaneous construction.

2.33.10.6 Quantities Calculations Output Data.

2.33.10. .1 Volume of earthwork required for lagoon construction,
VLEW, ft .

22.33.10.6.2 Area of lagoon liner, ALL, ft

2.33.10.6.3 Pipe dianeter, DIA, inches.

2.33.10.6.4 Length of pipe of diameter DIA, LDIA, ft.

2.33.10.6.5 Number of valves, NBV.

2.33.10.6.6 Diameter of valves, DBV, inches.

32.33.10.6.7 Volume of concrete wall, Vcw, ft3.

32.33.10.6.8 Volume of concrete slab, Vcs , ft
3.

2.33.10.6.9 Operation and maintenance manpower, OMMH, MH/yr.

2.33.10.6.10 Correction factor for miscellaneous construction, CF.

2.33.10.7 Unit Price Input Required.

2.33.10.7.1 Unit price input for earthwork, UPIEX, $/cu yd.

2.33.10.7.2 Unit price input for concrete wall, UPICW, $/cu yd.

2.33.10.7.3 Unit price input for concrete slab, UPICS, $/cu yd.

2.33.10.7.4 Cost of standard size pipe (12" P), COSP, $/ft.

2.33.10.7.5 Cost of standard size valve (12" butterfly), COSTSV, S.

2.33.10.8 Cost Calculations.

2.33.10.8.1 Calculate cost of earthwork.
VLEW

COSTE - V UPIEX
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where

COSTE = cost of earthwork, $.

VLEW = volume of earthwork required for lagoon construction,
ft .

UPIEX = unit price input for earthwork, $/cu yd.

27 = conversion from ft3 to cu yd.

2.33.10.8.2 Calculate cost of piping.

2.33.10.8.2.1 Installed cost of pipe.

COSTP
ICP = o (COSP) (LDIA)

where

ICP - installed cost of pipe, $.

COSTP = cost of pipe of diameter DIA as percent of cost of
standard size pipe, %.

COSP = cost of standard size pipe (12"P), $/ft.

LDIA - length of pipe of diameter DIA, ft.

2.33.10.8.2.2 Detennine COSTP.

COSTP - 6.842 (DIA) 1.2255

where

COSTP - cost of pipe of diameter DIA as percent of cost of
standard size pipe, %.

DA - pipe diameter, inches.

2.33.10.8.2.3 Determine COSP. COS? is the cost per foot of 12"
welded steel pipe. This cost is $13.50 per foot in 4th quarter, 1977.

2.33.10.8.3 Calculate cost of concrete.
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2.33.10.8.3.1 Cost of concrete walls.

COSTCW - (Vcw) (UPICW)
27

where

COSTCW = cost of concrete wall, $.

3
V = volume of concrete wall, ftcw

UPICW - unit price input for concrete wall, $/cu yd.

27 = conversion factor ft3 to cu yd.

2.33.10.8.3.2 Cost of concrete slab.

COSTCS - (Vcs) UPICS
27

where

COSTCS = cost of concrete slab, $.

3
V = volume of concrete slab, ftcs

UPICS = unit price input for concrete slab, $/cu yd.

27 - conversion factor fram ft3 to cu yd.

2.33.10.8.4 Calculate cost of valves.

2.33.10.8.4.1 Installed cost of valves.

IBV - (COSTBV) (COSTSV) (NBV)
100

where

IBV - installed cost of valves, $.

COSTBV - cost of valve of diameter DBV as percent of cost
of standard size valve, %.

COSTSV - Cost of standard size valve, $.

NBV - number of valves.

2.33.10.8.4.2 Determine COSTBV.

COSTBV - 3.99 (DBV) "39 5
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where

COSTBV - cost of valve of diameter DBV as percent of cost
of standard size valve, %.

DBV - diameter of the valve, inches.

2.33.10.8.4.2 Determine COSTSV. COSTSV is the cost of a 12" 6
butterfly valve suitable for water service. This cost if $1004 for 4th
quarter, 1977.

2.33.10.8.5 Calculate total bare construction cost.

TBCC = (COSTE + ICP + COSTCW + COSTCS + IBV) CF

where

TBCC = total bare construction cost, $.

COSTE - cost of earthwork, $.

ICP = installed cost of pipe, $.

COSTCW - cost of concrete wall, $.

COSTCS - cost of concrete slab, $.

IBV - installed cost of valves, $.

CF - correction factor for miscellaneous construction.

2.33.10.9 Cost Calculations Output Data.

2.33.10.9.1 Total bare construction cost, TBCC, $.
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2.33.11 Facultative Lagoon

2.33.11.1 Input Data.

2.33.11.1.1 Wastewater flow.

2.33.11.1.1.1 Average daily flow, mgd.

2.33.11.1.1.2 Peak hourly flow, mgd.

2.33.11.1.2 Wastewater strength, BOD5, m&I.

2.33.11.1.3 Other characteristics.

2.33.11.1.3.1 pH.

2.33.11.1.3.2 Tenperature (maximum and minimum).

2.33.11.2 Design Parameters (See Table 2.33-2).

2.33.11.3 Process Design Calculations.

2.33.11.3.1 Calculate BOD in the waste.
. 5

BOD- (Q avg) (BODI) (8.34)

where

BOD - quantity of BOD5 in waste, lb/day.

Qavg ' average daily flow, mgd.

BODI - concentration of BOD5 in influent, mg/l.

8.34 - conversion factor.

2.33.11.3.2 Determine lagoon surface area.

- Based on type of lagoon and climate select a loading
rate (LBOD).

- BOD
LBOD

where

SA - lagoon surface area, acres.

BOD - quantity of BOD5 in waste, lb/day.
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LBOD - lagoon loading rate, lb/day acre.

2.33.11.3.3 Detemine volume of lagoon.

- Based on type of lagoon select an operating depth.

V - (SA) (D) (0.32585)

where

V - volume of lagoon, million gal.

SA = lagoon surface area, acres.

D = lagoon operating depth, ft.

0.32585 - conversion factor, acre ft to million gallons.

2.33.11.3.4 Determine detention time.

DT =-
Qavg

where

DT - detention time, days.

V - volume of lagoon, million gal.

Qavg - average daily flow, mgd.

Check detention time against minimum detention times in Table 2.33-2.
If DT is less than minimum increase the surface area (SA) until the
minimum detention time is obtained.

2.33.11.3.5 Effluent Characteristics.

2.33.11.3.5.1 Detemnine effluent BOD5 concentration. The mechanisms
in lagoons are complex and can not be accurately predicted, therefore
effluent concentrations will be determined based on percent reduction
fran actual experience. The average soluble BOD 5 reduction for lagoons
is 65%.

BODE - (1 - .65) (BODI)
S = 0.75 BODE

where

BODE - concentration of BOD5 in effluent, mgl.

BODI - concentration of BOD 5 in influent, mg/l.

Se - effluent soluble BOD5 , mg/l.

2.33-60



"4~

4 4 a0 % C 0 %
- -F4 Ca1
0 0 0

0 0-Z-4 0c U
0 , r'U0n' o- 0o %o 4.'

on C.o M

u*C4 0P 0 ti

o 0 wi-
00
c 0

1 00-4 w 0 00 c uw I

0 r 0 0.4 .0-
44 ~ 4 a 00 0 0 a 0 041 . d0

0 sb0 04 1"4 44 4 J 0i 4 d4
0L v ~ I 0 u -'s t~ 0 40 03

4 w 4. 00 0 0 w.50 0 4 4 0

0 41 0)%0. -4 C~~
0)-~~ 00 CO "4a 00-

Cfl~~~1. 600 J . U - .
z 0 0

0 04
1-4 00

0.~ 0o .,.4

-4 0 1z ).
Cc41tAcc000 0 0

.4 cc M DCL n - 4 - 00
0 0.- C6 0I-. $

0 0 z.4'(J 4 -4 rhi en' .m0 0)0 0. 0j tos 0
.3.- Cl.O U~ Uo %) * -. T- -0 0 d C4 0

Co a0. V4 *a c
wCf C. 4 4) 00 0 00 1 0"4 00

E-4 Cn 41444''44. C) 4 P-' 0
000

00 0 cc0- 0 - 4.

V 0.
4) 0
xwF-4 44

.I 4 0 0 41 w i C
4' 041 U '-T0 W

0~~~ ~ ~ ~ ~ U4 U 004'000a c

0 0W J V4J4C4 -J 0.4) * *
0 0 P-44 1
41 ~O 0 en0,0C

0 H. 0 P 0 - >~a- 0
0 w"-4 0 01 0 -44 00

01 -V4 cc W4

0~~~ .0 4. "4~ ~ ~ 0

IU 1. ; UO- C0 v X 0

1'r 0u 04' 0. 0.0 0
0to000~ . .04 0 V 0 C

0..~~4 4J-, 5*~



2.33.11.3.5.2 Suspended Solids.

SSE = 100

where

SSE = effluent suspended solids concentration, mg/l.

2.33.11.3.5.3 COD

CODE - 1.5 BODE
CODSE = 1.5 Se

where

CODE - effluent COD concentration, m&/i.

CODSE - effluent soluble COD concentration, mg/l.

BODE - effluent BOD 5 concentration, mg/l.

Se - effluent soluble BOD5 concentration, mg/l.

2.33.11.3.5.4 Nitrogen.

TKNE - TKN
NH3E - TKNE
NO3E - N03
NO2E - N02

where

TKN - influent Kjedahl nitrogen concentration, mg/l.

TKNE - effluent Kjedahl nitrogen concentration, mg/l.

NM3E -neffluent ammonia concentration, mg/i.

N03 - influent N03 concentration, mg/i.

NO3E - effluent N03 concentration, mg/l.

N02 - influent N02 concentration, mg/i.

N02E - effluent N02 concentration, mg/l.

2.33.11.3.5.5 Phosphorus

PO4E - 0.7 P04
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where

P04 - influent phosphorus concentration, mgl.

PO4E - effluent phosphorus concentration, mg/I.

2.33.11.3.5.6 Oil and Grease.

OAGE - 0.15 OAG

where

OAG - influent oil and grease concentration, mg/l.

OAGE - effluent oil and grease concentration, mg/l.

2.33.11.3.5.7 pH.

PH - 6.8

where

PH - effluent pH.

2.33.11.4 Process Design Output Data.

2.33.11.4.1 Lagoon loading rate, LBOD, lb/day acre.

2.33.11.4.2 Lagoon surface area, SA, acres.

2.33.11.4.3 Lagoon operating depth, D, ft.

2.33.11.4.4 Volume of lagoon, V, million gal.

2.33.11.4.5 Concentration of BOD 5 in effluent, BODE, mg/l.

2.33.11.5 Quantities Calculations.

2.33.11.5.1 Detennine quantity of earthwork.

The following assumptions are made concerning the construction of
the lagoons.

A minium of 2 cells will always be used.
Facultative lagoon cells will not be greater
than 10 acres in surface area.
Lagoon cells will be constructed using equal cut and fill.
Levee side slopes will be 3 to 1.
An even number of lagoon cells will be used, such as 2,
4, 6, 8, etc.
Lagoon cells will be square.
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2.33.11.5.1.1 Detemine the number and size of lagoon cells.

2.33.11.5.1.1.1 For facultative lagoons.

If SA<_20 NLC - 2

If SA > 20, NLC -S10

CSA - SANLC
where

NLC - number of lagoon cells.

SA - lagoon surface area, acres.

CSA - lagoon cell surface area, acres.

2.33.11.5.1.2 Dete-,ine lagoon cell dimensions.

L - 208.7 (CSA)0"5 + 12

where

L - length of one side of lagoon cell, ft.

CSA - lagoon cell surface area, acres.

208.7 - conversion factor acres to sq ft.

12 - additional length required for 2 ft freeboard.

2.33.11.5.1.3 Calculate volume of earthwork required for
lagoons. The volume of earthwork must be detennined by trial and
error using the following equations:

DC + DF - D + 2

VF-[ 3 (DF)2 + 10 DF] [-N.+ 2 ] (L)
2

VC - (1.3) (NLC) (DC) [ 2 - 6(DF)(L) + 12 (DF)2 + 120 DF - 60L + 1200]

Assume that the depth of cut (DC) is equal to 1 ft.
Fram the equations calculate the volume of fill (VF) required and
the volumne of cut (VC) required. Compare VC and VF.

If VC < VF then assne DC > 1 ft and recalculate VC and VF.
IF VC > VF then asswue DC < 1 ft and recalculate VC and VF.

Repeat this procedure until VC - VF. This is the volume of earth-
work required for the lagoons.
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VC - VF - VLEW

where

DC - depth of cut, ft.

DF - depth of fill, ft.

D - lagoon operating depth, ft.

VF - volume of fill, ft3.

VC - volume of cut, ft
3

NLC - number of lagoon cells.

L - length of one side of lagoon cell, ft.

VLEW - volume of earthwork required for lagoon construction,
ft •

2.33.1.1.2 Detemine requirement for lagoon liner. In some
areas d,.A to soil conditions the lagoons must be lined with an
Imparvt3z 4aterial to prevent percolation of the wastewater into
the natural ground.

2.33.1t.5.2.1 Calculate area to be lined.

ALL - NWC [(4) (3D)(L-3D-6) + (L-6D-12) 2 ]

where

2
ALL - area of lagoon liner, ft 2 .

NIC - nunber of lagoon cells.

D - lagoon operating depth, ft.

L - length of one side of lagoon cell, ft.

2.33.11.5.3 Piping for lagoon cells.

Assume:

Pipes are flowing full.
Velocity is 3 fps.
Pipes going through the levee extend 10 ft past toe of
the levee.

2.33.11.5.3.1 Detemine pipe size.
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DIA - 9.72 (Qmax) 0.5

The smallest pipe to be used will be 4 inches. If DIA 4 inches
set DIA - 4 inches. DIA must be one of the following 4, 6, 8, 10,
12, 14, etc. Always use next higher diameter.

where

DIA - pipe diameter, inches.

%ax m peak hourly flow, mgd.

9.72 - combined conversion factors.

2.33.11.5.3.2 Detemine length of pipe.

LDIA - (6D + 10) NLC

where

LDIA - length of pipe of diameter DIA, ft.

D m lagoon operating depth, ft.

NLC m number of lagoon cells.

2.33.11.5.4 Valve for lagoons. Each lagoon cell will be capable
of being isolated by the use of valves. There will be vue valve for
each lagoon cell and the valves will be the sane size as the pipe
feeding the cell. The valves will be butterfly valves.

NBV - N C+ 1

DBV - DIA

where

NBV - number of valves.

NLC - number of lagoon cells.

DBV - diameter of valves, inches.

DIA - pipe diameter, inches.

2.33.11.5.5 Effluent structure. The effluent structure for all
flows in this range is assumed to be a concrete structure 4 feet by
4 feet with 6" thick walls. The depth will be the sane as the total
depth of the lagoon.
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cw (8) 2)

V -,8
cs

where

3V - volume of concrete wall, f4cw

D - lagoon operating depth.

V - volume of concrete slab, ft
3

Cs

2.33.11.5.6 Calculate operation and maintenance manpower.

if Qavg ! 0.1 OMMH - 160

If Q avg> 0.1 OMMI - 313.8 (Q avg)0.2925

where

Qavg - average daily flow, mgd.

OMMH - operation and maintenance manhours, IRyr.

2.33.11.5.7 Other miscellaneous construction costs. The item
already calculated represents approximately 90% of the construction
cost. The other 10% consists of items such as seeding, miscel-
laneous concrete pads, walkways, etc.

CF - - 1.11.9

where

CF - correction factor for miscellaneous construction.

2.33.11.6 Quantities Calculations Output Data.

2.33.11.S.1 Volume of earthwork required for lagoon construction,
VLEW, ft

2
2.33.11.6.2 Area of lagoon liner, ALL, ft

2.33.11.6.3 Pipe diameter, DIA, inches.

2.33.11.6.4 Length of pipe of diameter DIA, LDIA, ft.

2.33.11.6.5 Number of valves, NBV.
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2.33.11.6.6 Diameter of valves, DBV, inches.

2.33.11.6.7 Volume of concrete wall, Vow , ft
3 .

2.33.11.6.8 Volume of concrete slab, Vcs, ft3 .

2.33.11.6.9 Operation and maintenance manpower, OMKH, M/yr.

2.33.11.6.10 Correction factor for miscellaneous construction, CF.

2.33.11.7 Unit Price Input Required.

2.33.11.7.1 Unit price input for earthwork, UPIEX, $/cu yd.

2.33.11.7.2 Unit price input for concrete wall, UPICW, $/cu yd.

2.33.11.7.3 Unit price input for concrete slab, UPICS, $/cu yd.

2.33.11.7.4 Cost of standard size pipe (12" JD), COSP, $/ft.

2.33.11.7.5 Cost of standard size valve (12" butterfly), COSTSV,
$.

2.33.11.8 Cost Calculations.

2.33.11.8.1 Calculate cost of earthwork.

COSTE - LEW UPIEX

where

COSTE - cost of earthwork, $.

VLEW - volume of earthwork required for lagoon construction,
ft .

UPIEX - unit price input for earthwork, $/cu yd.

27 - conversion fron ft3 to cu yd.

2.33.11.8.2 Calculate cost of piping.

2.33.11.8.2.1 Installed cost of pipe.

COSTP
ICP - =0 (COSP) (LDIA)

where

ICP - installed cost of pipe, $.

COSTP - cost of pipe of diameter DIA as percent of cost of
standard size pipe, Z.
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COSP - cost of standard size pipe (12"h), Sift.

LDIA - length of pipe of diameter DIA, ft.

2.33.11.8.2.2 Detenine COSTP.

COSTP - 6.842 (DIA) 1 . 2 2 5 5

where

COSTP - cost of pipe of diameter DIA as percent of cost of
standard size pipe, %.

DIA - pipe diameter, inches.

2.33.11.8.2.3 Deteumine COSP. COSP is the cost per foot of 12" 46
welded steel pipe. This cost is $13.50 per foot in 4th quarter,
1977.

2.33.11.8.3 Calculate cost of concrete.

2.33.11.8.3.1 Cost of concrete walls.

COSTCW - (Vcw) (UPICW)
27

where

COSTCW - cost of concrete wall, $.

3V - volume of concrete wall, ftcw

UPICW - unit price input for concrete wall, $/cu yd.

27 - conversion factor ft3 to cu yd.

2.33.11.8.3.2 Cost of concrete slab.

COSTCS - (Vcs) UPICS
27

where

COSTCS - cost of concrete slab, $.

3V - volume of concrete slab, ft 3 .

UPICS - unit price input for concrete slab, $/cu yd.

27 - conversion factor from ft3 to cu yd.

2.33.11.8.4 Calculate cost of valves.
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2.33.11.8.4.1 Installed cost of valves.

IBV- (COS V) (COSTSV) (NBV)
100

where

IBV = installed cost of valves, $.

COSTBV - cost of valve of diameter DBV as percent of cost
of standard size valve, %.

COSTSV = Cost of standard size valve, $.

NBV = number of valves.

2.33.11.8.4.2 Detennine COSTBV.

COSTBV = 3.99 (DBV)
1 395

where

COSTBV = cost of valve of diameter DBV as percent of cost
of standard size valve, %.

DBV = diameter of the valve, inches.

2.33.11.8.4.3 Determine COSTSV. COSTSV is the cost of a 12".b
butterfly valve suitable for water service. This cost if $1004 for
4th quarter, 1977.

2.33.11.8.5 Calculate total bare construction cost.

TBCC - (COSTE + ICP + COSTCW + COSTCS + IBV) CF

where

TBCC = total bare construction cost, $.

COSTE - cost of earthwork, $.

ICP - installed cost of pipe, $.

COSTCW - cost of concrete wall, $.

COSTCS - cost of concrete slab, $.

IBV - installed cost of valves, $.

CF - correction factor for miscellaneous construction.
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2.33.11.9 Cost Calcul~ations Output Data.

2.33.11.9.1 Total bare construction cost, TBCC, $
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2.33.12 Oxidation Lagoon.

2.33.12.1 Input Data.

2.33.12.1.1 Wastewater flow.

2.33.12.1.1.1 Average daily flow, mgd.

2.33.12.1.1.2 Peak hourly flow, mgd.

2.33.12.1.2 Wastewater strength, BOD5 , tmgl.

2.33.12.1.3 Other characteristics.

2.33.12.1.3.1 pH.

2.33.12.1.3.2 Temperature (maximum and minimum).

2.33.12.2 Design Paraneters. (See Table 2.33-3).

2.33.12.3 Process Design Calculations.

2.33.12.3.1 Calculate BOD 5 in the waste.

BOD= (Q avg) (BODI) (8.34)

where

BOD - quantity of BOD 5 in waste, lb/day.

Qavg a average daily flow, mgd.

BODI - conc -itration of BOD5 in influent, mgil.

8.34 - conversion factor.

2.33.12.3.2 Detenine lagoon surface area.

- Based on type of lagoon and climate select a loading
rate (LBOD).

SA = BOD
IBOD

where

SA - lagoon surface area, acres.

BOD - quantity of BOD 5 in waste, lb/day.

LBOD - lagoon loading rate, lb/day acre.
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2.33.12.3.3 Detemine volume of lagoon.

- Based on type of lagoon select an operating depth.

V - (SA) (D) (0.32585)

where

V - volume of lagoon, million gal.

SA - lagoon surface area, acres.

D - lagoon operating depth, ft.

0.32585 - conversion factor, acre ft to million gallons.

2.33.12.3.4 Detemine detention time.

DT -

Qavg
where

DT - detention time, days.

V - volume of lagoon, million gal.

Qavg - average daily flow, mgd.

Check detention time against minimum detention times in Table 2.33-
3. If DT is less than minimum increase the surface area (SA) until
the minimum detention time is obtained.

2.33.12.3.5 Effluent Characteristics.

2.33.12.3.5.1 Detemine effluent BOD5 concentration. The mecha-
nisms in lagoons are ccaplex and can not be accurately predicted,
therefore effluent concentrations will be determined based on
percent reduction from actual experience. The average soluble BOD 5
reduction for lagoons is 65%.

BODE - (1 - .65) (BODI)

where

BODE - concentration of BOD5 in effluent, mgl.

BODI - concentration of BOD5 in influent, mg/l.
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2.33.12.3.5.2 Suspended Solids.

SSE - 100

where

SSE - effluent suspended solids concentration, mg/l.

2.33.12.3.5.3 COD

CODE - 1.5 BODE
CODSE - 1.5 Se

where

CODE - effluent COD concentration, mg/i.

CODSE - effluent soluble COD concentration, mg/I.

BODE - effluent BOD5 concentration, mg/I.

Se - effluent soluble BOD5 concentration, mg/I.

2.33.12.3.5.4 Nitrogen.

TKNE - TKN
NH3E - TKNE
NO3E - N03
NO2E - N02

where

TKN - influent KjedaIl nitrogen concentration, mg/l.

TKNE - effluent Kjedahl nitrogen concentration, mg/i.

NH3E - effluent ammonia concentration, mg/l.

N03 - influent N03 concentration, mg/l.

NO3E - effluent N03 concentration, mg(l.

102 - influent N02 concentration, mg/1.

NO2E - effluent N02 concentration, mg/l.

2.33.12.3.5.5 Phosphorus

PO4E - 0.7 P04
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where

P04 - influent phosphorus concentration, mg/l.

PO4E - effluent phosphorus concentration, mg/l.

2.33.12.3.5.6 Oil and Grease.

OAGE - 0.15 OAG

where

OAG - influent oil and grease concentration, mg/i.

OAGE = effluent oil and grease concentration, mg/i.

2.33.12.3.5.7 pH.

PH - 6.8

where

PH - effluent pH.

2.33.12.4 Process Design Output Data.

2.33.12.4.1 Lagoon loading rate, LBOD, lb/day acre.

2.33.12.4.2 Lagoon surface area, SA, acres.

2.33.12.4.3 Lagoon operating depth, D, ft.

2.33.12.4.4 Volue of lagoon, V, million gal.

2.33.12.4.5 Concentration of BOD5 in effluent, BODE, mg/l.

2.33.12.5 Quantities Calculations.

2.33.12.5.1 Dete--ine quantity of earthwork.

The following assumptions are made concerning the construction of
the lagoons.

A minimu of 2 cells will always be used.
Oxidation lagoon cells will not be greater
than 10 acres in surface area.
Lagoon cells will be constructed using equal cut and fill.
Levee side slopes will be 3 to 1.
An even nunber of lagoon cells will be used, such as 2,
4, 6, 8, etc.
Lagoon cells will be square.
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2.33.12.5.1.1 Detemine the number and size of lagoon cells.

2.33.12.5.1.1.1 For oxidation lagoons.

If SA . 20 NLC -2

If SA > 20, NLC -

SA
CSA -NLC

where
NIL - number of lagoon cells.

SA - lagoon surface area, acres.

CSA - lagoon cell surface area, acres.

2.33.12.5.1.2 Detemine lagoon cell dimensions.

L - 208.7 (CSA)0 "5 + 12

where

L - length of one side of lagoon cell, ft.

CSA - lagoon cell surface area, acres.

208.7 - conversion factor acres to sq ft.

12 - additional length required for 2 ft freeboard.

2.33.12.5.1.3 Calculate volume of earthwork required for lagoons.
The volume of earthwork must be deteimined by trial and error using
the following equations:

DC + DF - D + 2

VF -(3 (DF) 2 10 DF I [ 2 2 ] (L)

VC - (1.3) (NLC) (DC) L 2 - 6(DF)(L) + 12 (DF)2 + 120 DF - 60L + 1200 ]

- Assume that the depth of cut (DC) is equal to 1 ft.
Fran the equations calculate the volume of fill (VF) required and
the volume of cut (VC) required. Compare VC and VF.

If VC < VF then assume DC > 1 ft and recalculate VC and VF.
IF VC > VF then assume DC < 1 ft and recalculate VC and VF.
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Repeat this procedure until VC - VF. This is the volume of earth-

work required for the lagoons.

VC - VF - VLEW

where

DC - depth of cut, ft.

DF - depth of fill, ft.

D = lagoon operating depth, ft.

VF - volume of fill, ft 3 .

3
VC - volume of cut, ft

NLC - number of lagoon cells.

L - length of one side of lagoon cell, ft.

VLEW - volume of earthwork required for lagoon construction,
ft .

2.33.12.5.2 Determine requirenent for lagoon liner. In some
areas due to soil conditions the lagoons must be lined with an
Impervious material to prevent percolation of the wastewater into
the natural ground.

2.33.12.5.2.1 Calculate area to be lined.

ALL - NLC ((4) (3D)(L-3D-6) + (L-6D-12) 2

where

ALL - area of lagoon liner, ft2.

NIL - ntumber of lagoon cells.

D - lagoon operating depth, ft.

L - length of one side of lagoon cell, ft.

2.33.12.5.3 Piping for lagoon cells.

Assume:

Pipes are flowing full.
Velocity is 3 fps.
Pipes going through the levee extend 10 ft past toe of
the levee.
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2.33.12.5.3.1 Detennine pipe size.

DIA - 9.72 (Omax) 0.5

The smallest pipe to be used will be 4 inches. If DIA < 4 inches
set DIA - 4 inches. DIA must be one of the following 4, 6, 8, 10,
12, 14, etc. Always use next higher diameter.

where

DIA - pipe diameter, inches.

Q ax m peak hourly flow, mgd.

9.72 - cunbined conversion factors.

2.33.12.5.3.2 Deternine length of pipe.

LDIA - (6D + 10) NLC

where

LDIA - length of pipe of diameter DIA, ft.

D - lagoon operating depth, ft.

NLC - number of lagoon cells.

2.33.12.5.4 Valve for lagoons. Each lagoon cell will be capable
of being isolated by the use of valves. There will be one valve for
each lagoon cell and the valves will be the sane size as the pipe
feeding the cell. The valves will be butterfly valves.

NBV - NLC + 1

DBV - DIA

where

NBV number of valves.

NC - number of lagoon cells.

DBV - diameter of valves, inches.

DIA - pipe diameter, inches.

2.33.12.5.5 Effluent structure. The effluent structure for all
flows in this range is assumed to be a concrete structure 4 feet by
4 feet with 6" thick walls. The depth will be the same as the total
depth of the lagoon.
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Vow= (8)(D+2)

cs

where

3V - volume of concrete wall, ft3.cw

D - lagoon operating depth.

3V - volume of concrete slab, ft3.Cs

2.33.12.5.6 Calculate operation and maintenance manpower.

If Qavg . 0.1 OMMH - 160

If Qavg > 0.1 OMMH - 313.8 (Qavg) 0.2925

where

Qavg = average daily flow, mgd.

OMMH - operation and maintenance manhours, MU yr.

2.33.12.5.7 Other miscellaneous construction costs. The item
already calculated represents approximately 90Z of the construction
cost. The other IOZ consists of items such as seeding, miscel-
laneous concrete pads, walkways, etc.

1
CF = -L--- 1.11.9

where

CF - correction factor for miscellaneous construction.

2.33.12.6 Quantities Calculations Output Data.

2.33.12.1.1 Volume of earthwork required for lagoon construction,
VLEW, ft

2.33.12.6.2 Area of lagoon liner, ALL, ft2.

2.33.12.6.3 Pipe diameter, DIA, inches.

2.33.12.6.4 Length of pipe of diameter DIA, LDIA, ft.

2.33.12.6.5 Number of valves, NBV.

2.33.12.6.6 Diameter of valves, DBV, inches.

3
2.33.12.6.7 Volume of concrete wall, Vcw, ft
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2.33.12.6.8 Volume of concrete slab, VCs, ft

2.33.12.6.9 Operation and maintenance manpower, OMMH, MHtyr.

2.33.12.6.10 Correction factor for miscellaneous construction, CF.

2.33.12.7 Unit Price Input Required.

2.33.12.7.1 Unit price input for earthwork, UPIEX, $/cu yd.

2.33.12.7.2 Unit price input for concrete wall, UPICW, $/cu yd.

2.33.12.7.3 Unit price input for concrete slab, UPICS, $/cu yd.

2.33.12.7.4 Cost of standard size pipe (12" D), COSP, S/ft.

2.33.12.7.5 Cost of standard size valve (12" butterfly), COSTSV,
$.

2.33.12.8 Cost Calculations.

2.33.12.8.1 Calculate cost of earthwork.
VLEW

COSTE - V UPIEX

where

COSTE - cost of earthwork, $.

VLEW - volume of earthwork required for lagoon construction,
ft .

UPIEX - unit price input for earthwork, $/cu yd.

27 - conversion from ft 3 to cu yd.

2.33.12.8.2 Calculate cost of piping.

2.33.12.8.2.1 Installed cost of pipe.

COSTPICP - 1 (COSP) (LDIA)

where -

ICP - installed cost of pipe, $.

2.33-81



COSTP - cost of pipe of diameter DIA as percent of cost of

standard size pipe, %.

COSP - cost of standard size pipe (12"b), $/ft.

LDIA - length of pipe of diameter DIA, ft.

2.33.12.8.2.2 Determine COSTP.
1 2255

COSTP - 6.842 (DIA)

where

COSTP - cost of pipe of diameter DIA as percent of cost of
standard size pipe, Z.

DIA - pipe diameter, inches.

2.33.12.8.2.3 Detennine COSP. COSP is the cost per foot of 12"
welded steel pipe. This cost is $13.50 per foot in 4th quarter,
1977.

2.33.12.8.3 Calculate cost of concrete.

2.33.12.8.3.1 Cost of concrete walls.

COSTCW - (Vcw) (UPICW)
27

where

COSTCW - cost of concrete wall, $.

3V - volume of concrete wall, ftcw

UPICW - unit price input for concrete wall, $/cu yd.

27 - conversion factor ft 3 to cu yd.

2.33.12.8.3.2 Cost of concrete slab.

COSTCS - (Vcs) UPICS
27

where

COSTCS - cost of concrete slab, $.

3
VCs - volume of concrete slab, ft

UPICS - unit price input for concrete slab, $/cu yd.
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27 - conversion factor from ft3 to cu yd.

2.33.12.8.4 Calculate cost of valves.

2.33.12.8.4.1 Installed cost of valves.

IBV - (COSTBV) (COSTSV) (NBV)
100

where

IBV - installed cost of valves, $.

COSTBV - cost of valve of diameter DBV as percent of cost
of standard size valve, %.

COSTSV - Cost of standard size valve, $.

NBV - number of valves.

2.33.12.8.4.2 Determine COSTBV.

COSTBV - 3.99 (DBV) 1 . 3 9 5

where

COSTBV - cost of valve of diameter DBV as percent of cost
of standard size valve, %.

DBV - diameter of the valve, inches.

2.33.12.8.4.2 Determine COSTSV. COSTSV is the cost of a 12" A
butterfly valve suitable for water service. This cost if $1004 for
4th quarter, 1977.

2.33.12.8.5 Calculate total bare construction cost.

TBCC - (COSTE + ICP + COSTCW + COSTCS + IBV) CF

where

TBCC - total bare construction cost, $.

COSTE - cost of earthwork, $.

ICP - installed cost of pipe, $.

COSTCW - cost of concrete wall, $.

COSTCS - cost of concrete slab, $.
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IBV - installed cost of valves, $.

CF - correction factor for miscellaneous construction.

2.33.12.9 Cost Calculations Output Data.

2.33.12.9.1 Total bare construction cost, TBCC, $.
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2.33.13 Sludge Lagoon.

2.33.13.1 Input Data.

2.33.13.1.1 Sludge flow, Qs" gpd.

2.33.13.1.2 Initial solids content in sludge, So, .

2.33.13.1.3 Solids loading rate, LRS, lb/yr cu ft (2.2 to 2.4

lb/yr cu ft.)

2.33.13.2 Design Parameters.

2.33.13.2.1 Solids loading rate, lb/yr cu ft.

2.33.13.2.2 Sludge characteristics.

2.33.13.2.3 Soil permeability.

2.33.13.3 Process Design Calculations.

2.33.13.3.1 Calculate dry solids produced.

DSP - (Qs)(So )(8.34)(365)
100

where

DSP - dry solids produced, lb/yr.

S° = initial solids content in sludge, %.

8.34 = conversion from gal to lb, lb/gal.

365 - conversion, days/yr.

2.33.13.3.2 Calculate volume of lagoons.

LV - DSP
LRS

where

LV - lagoon volume, cu ft.

DSP - dry solids produced, lb/yr.

LRS - solids loading rate, lb/yr cu ft.

2.33.13.3.3 Calculate lagoon surface area.

TLSA - LV
D
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where

TISA - total lagoon surface area, sq ft.

LV - lagoon volume, cu ft.

D - sludge depth in lagoon, ft.

2.33.13.3.4 Calculate number of lagoons. There should always be
a minimum of 2 lagoons so that one is drying while the other is
being filled. In this flow range no more than 2 lagoons should be
required.

NL - 2

where

NL - number of lagoons.

2.33.13.3.5 Final sludge volume.
(Qs)(So)

Qfn " 30

where

Qf final sludge volume, gpd.

Q- " initial sludge volume, gpd.

So - initial solids content, Z.

30 - final solids content, %.

2.33.13.4 Process Design Output Data.

2.33.13.4.1 Dry solids produced, DSP, lb/yr.

2.33.13.4.2 Sludge flow, Qs gpd.

2.33.13.4.3 Initial solid content in sludge, So, Z

2.33.13.4.4 Solids loading rate, LRS, lb/yr cu ft.

2.33.13,4.5 Sludge depth in lagoon, D, ft.

2.33.13.4.6 Lagoon volume, LV, cu ft.

2.33.13.4.7 Total lagoon surface area, TLSA, sq ft.

2.33.13.4.8 Number of lagoons, NL.
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2.33.13.5 Quantities Calculations.

2.33.13.5.1 Assumptions. The following assumptions are made
concerning the construction of the lagoons.

2.33.13.5.1.1 The levees will have a 3 to 1 side slope.

2.33.13.5.1.2 The levees will have a 10 ft wide flat top for
access.

2.33.13.5.1.3 The lagoons will be constructed with equal cut and
f ill.

2.33.13.5.1.4 There will be a minimum of 2 lagoons for operational
purposes.

2.33.13.5.1.5 The sludge depth in the lagoons will be a maximum of
2 ft with 2 ft of freeboard.

2.33.13.5.1.6 Common levee construction will be used.

2.33.13.5.1.7 Lagoons will be square.

2.33.13.5.2 Calculate surface area per lagoon.

SAL - TS
2

where

SAL -surface area per lagoon, sq ft.

TLSA - total lagoon surface area, sq ft.

2 - number of lagoons.

2.33.13.5.3 Calculate dimensions of lagoon.

L - (SAL) 0 .5 + 12

where

L - length of one side of lagoon at top of levee, ft.

-SAL - surface area per lagoon, sq ft.

12 - additional length for 2 ft freeboard.

2.33.13.5.4 Calculate volume of earthwork required. The volume
of earthwork must be detemiined by trial and error using the fol-
lowing equations:
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DF + DC - D + 2

VF - [3(DF)2 + 10 DF] [7L]

VC - (2.6)(DC) [L2 - 6(DF) (L) 12 (DF)2 + 120 DF - 60L + 1200]

Assume that the depth of cut (DC) is equal to 1 foot. From the
equations calculate the volume of fill (VF) required and the volume
of cut (VC) required. Compare VC and VF.

IF VC < VF then assume DC >1 ft and recalculate VC and VF.
IF VC > VF then assume DC< 1 ft and recalculate VC and VF.

Repeat this procedure until VC - VF. This is the volume of earth-
work required for the lagoons.

VC - VF - VLEW

where

DC - depth of cut, ft.

DF - depth of fill, ft.

D - sludge depth in lagoon, ft.

3
VF - volume of fill, ft

3
VC - volume of cut, ft

L - length of one side of lagoon at the to of levee, ft.

3VLEW - volume of earthwork required, ft

2.33.13.5.5 Calculate concrete required for overflow-decant
structure. It is assumed that the sane structure will be used for
all flows. The structure will be 4' x 4' with 6" thick walls. The
height of the structure will be 3 ft above the depth of sludge in
the lagoon.

vcw- [8 (8) (D+ 3)]2

where

3V - volume of concrete wall required, ftcw

D - sludge depth in lagoon, ft.

2 - number of lagoons.

2.33.13.5.6 Calculate operation manpow,- required.
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2.33.13.5.6.1 If DSP . 73,000 lb/yr.

OMH = 46

2.33.13.5.6.2 If DSP > 73,000 lb/yr.

OMH - 5.81 (DSP)
0 .184 7

where

DSP - dry solids produced, lb/yr.

OMH - operation man-hour requirement, MH/yr.

2.33.13.5.7 Calculate maintenance manpower required.

2.33.13.5.7.1 If DSP ea 73,000 lb/yr.

MMH = 24

2.33.13.5.7.2 If DSP > 73,000 lb/yr.

M - 1.47 (DSP) 0 . 2 4 9 1

where

DSP - dry solids produced, lb/yr.

MMH - maintenance man-hours required, Me/yr.

2.33.13.5.8 Other construction cost items. The previous cal-
culations account for approximately 80% of the cost of the drying
lagoons. The other 20% includes influent piping, slide gates for
decanting, grassing slopes, etc.

1CF -1.25

where

CF = correction factor for other construction cost items.

2.33.13.6 Quantities Calculations Output Data.

2.33.13.6.1 Volume of earthwork required, VLEW, ft3.

32.33.13.6.2 Volume of concrete wall required, VcwT ft

2.33.13.6.3 Operation man-hour requirement, OMH, MR/yr.

2.33.13.6.4 Maintenance man-hour requirement, MMH, MH/yr.
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2.33.13.6.5 Correction factor for other construction cost items,
CF.

2.33.13.7 Unit Price Input Required.

2.33.13.7.1 Unit price input for excavation, UPIEX, $/cu yd.

2.33.13.7.2 Unit price input for R.C. wall in-place, UPICW, $/cu
yd.

2.33.13.8 Cost Calculations.

2.33.13.8.1 Calculate cost of earthwork.

COSTE - VLEW (UPIEX)
where 

2

COSTE = cost of earthwork, $.

VLEW - volume of earthwork required, ft3.

UPIEX - unit price input for excavation, $/cu yd.

2.33.13.8.2 Calculate cost of concrete.
Vcw (UPICW)COSTCN =
27

where

COSTCW - cost of R.C. wall in-place, $.

V - volume of R.C. wall required, ft3.cw

UPICW - unit price input for R.C. wall in-place,
$/cu yd.

2.33.13.8.3 Calculate total bare construct cost.

TBCC - (COSTE + COSTCW) CF

where

TBCC - total bare construction cost, $.

COSTE - cost of earthwork, $.

COSTCW - cost of R.C. wall in-Place, $.

CF - correction factor for other construction cost.

2.33.13.9 Cost Calculations Output Data.

2.33.13.9.1 Total bare construction cost, TBCC, $.
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2.35 LAND TREATHENT

2.35.1 Background.

2.35.1.1 Land treatment of wastewater involves the use of
plants, the soil surface and the soil matrix for wastewater
treatment. Although there are sone differences in the use and
definition of teims, there are three principal processes of land
treatment. The "slow rate process" (also called crop irri-
gation) couples wastewater management with recycling of nu-
trients in crop production. "Rapid infiltration" (also known as
infiltration/percolation) emphasizes water reclamation rather
than direct nutrient recycling. The product water from rapid
infiltration may be reused for crop production, returned to
surface waters, or allowed to recharge groundwaters. "Overland
flow" also emphasizes water reclamation. Unlike rapid inf il-
tration, however, the product water fran overland flow is almost
always discharged directly to surface waters.

2.35.1.2 Selection of the appropriate land application
method requires matching the managenent objectives and waste-
water characteristics to the characteristics of potential sites,
expected treatment efficiencies, and land requirements. Factors
such as wastewater quality, climate, soil geology, topography,
land availability and effluent quality requirements will deter-
mine which process is most suitable for a particular applica-
t ion.

2.35.1.3 Typical design features for the various land
treatment processes are presented in Table 2.35-1. Site charac-
teristics are compared in Table 2.35-2. Expected quality of
treated water and removal efficiencies for the three principal
land processes are summarized in Table 2.35-3 and 2.35-4,
respectively.
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TABLE 2.35-3

EXPECTED QUALITY OF TREATED WATER FROM LAND TREATMENT PROCESSES
MG/L

a ~ Rapid bSlow ratea Infiltrationb Overland flowc

Constituent Average Maximm Average Maximum Average Maximum

BOD 2 5 2 5 10 15

Suspended sol ids 1 5 2 5 10 20

Ammonia nitrogen as N 0.5 2 0.5 2 0.8 2

Total nitrogen as N 3 8 10 20 3 5

Total phosphorus as P 0.1 0.3 1 5 4 6

a. Percolation of primary or secondary effluent through 5 ft (1.5 m) of soil.

b. Percolation of primary or secondary effluent through 15 ft (4.5 m).

c. Runoff of canminuted municipal wastewater over about 150 ft (45 m) of slope.
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TABLE 2.35-4

PERFORMANCE OF THE THREE PRINCIPAL LAND TREATMENT METHODS

Removals (%)

Paraneter Slow Rate High Rate Overland Flow

BOD 5  90-99+ 95-99 80-95

TSS 90-99+ 95-99 80-95

Total-N 50-95 a  25-75 75-90

Total-P 8 0 - 9 9 b 0 - 9 0 d 30-60

Fecal Colifozm 99.99 c  99.9-99.99+ 90-99.9

a. Depending on nitrogen uptake of vegetation.

b. Diminishes when P uptake exhausted.

c. When applied counts are more than 104 MPN/00 ml.

d. Until flooding exceeds adsorptive capacity.
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2.35.2 General Description Overland Flow.

2.35.2.1 In overland flow land treatment, wastewater is
applied over the upper reaches of sloped terraces and is treated
as it flows across the vegetated surface to runoff collection
ditches. The wastewater is renovated by physical, chemical and
biological means as it flows in a thin film down the relatively
Impermeable slope. Typical hydraulic pathway is presented in
Figure 2.35-1. As shown, there is relatively little percolation
involved either because of an Impermeable soil or a subsurface
barrier to percolation.

2.35.2.2 The primary objective of overland flow is waste-
water treatment. A secondary objective of the system is for
crop production. Perennial grasses (Reed, Canary, Bermuda, Red
Top, Tall Fescue and Italian Rye) with long growing seasons,
high moisture tolerance and extensive root formation are best
suited to overland flow. Harvested grass is suitable for cattle
feed.

2.35.2.3 Biological oxidation, sedimentation and grass
filtration are the primary removal mechanisms for organics and
suspended solids. Nitrogen removal is attributed mainly to
nitrificatior~denitrification and plant uptake. Permanent
nitrogen removal by plant uptake is only possible if the crop is
harvested and removed from the field. Ammonia volatilization
can be significant if the pH of the was tewater is above 7.
Nitrogen removals normally range fran 75-90% with runoff ni-
trogen being mostly in the nitrate form. Phosphorus is removed
by adsorption, plant uptake and precipitation. Treatment effi-
ciencies are somewhat limited because of the incomplete contact
between the u~Atewater and the adsorption sites within the soil.
Phosphorus removals usually range from 30-60%. Increased
removals may be accomplished through preapplication treatment
with aluminuzm or iron salts. Trace elements removal is re-
latively good with removal efficiencies ranging from 90-98%.

2.35.2.4 Loading rates and cycles are designed to maintain
active microorganism growth on the soil surf..ce. The operating
principles are similar to a conventional trickling filter with
intermittent dosing. The rate and leng-'h of application is
controlled to minimize severe anaerobic conditions that result
from overstressing the system. The resting period should be
long enough to prevent surface ponding yet short enough to keep
the microorganisms in an active state. Surface methods of
distribution include the use of gated pipe or bubbling orifice.
Slopes must be steep enough to prevent ponding of the runoff yet
mild enough to prevent erosion and provide sufficient detention
time for the wastewater on the slopes. Slopes must also have a
uniform crose slope and be free from gullies to prevent chan-
neling and allow distribution over the surfaces. Storage must
be provided for nonoperating periods when air temperatures fall
below freezing. Runoff is normally collected in open ditches.
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FIGURE 2.35-1

OVERLAND FLOW
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(a) HYDRAULIC PATHWAY
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2.35.2.5 Typical design criteria include field area
requirements of 35-100 acres/mgd; terraced slopes of 2 to 8%;
terrace lengths of 120 to 140 ft; application rate of 11 to 32
ft/yr (2.5 to 16 in/wk); BOD loading rate of 5 to 50 lb/acre-d;
soll depth must be sufficien2 to fon slopes that are uniforn
and to maintain a vegetative cover; soil penneability of 0.2
in/hr or less; hydraulic loading cycle of 6 to 8 hours appli-
cation period followed by 16 to 18 hours resting period; ope-
rating period of 5 to 6 days/wk; soil texture of clay or clay
oans.

2.35.2.6 Common preapplication treatment include screening
or conminution for isolated sites with no public access, screening
or canminution plus aeration to control odors during storage or
application for urban locations with no public access. Waste-
water high in metal content should be pretreated to avoid soil
and plant contanination.
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2.35.3 General Description Rapid Infiltration.

2.35.3.1 Rapid infiltration treats the wastewater with a
minimum of land area. Wastewater is applied to deep and per-
meable deposits such as sand or sandy loam usually by distri-
buting in basins or infrequently by sprinkling, and is treated
as it travels through the soil matrix by filtration, adsorption,
ion exchange precipitation and microbial action. Vegetation is
not usually used, but crops may be grown to help maintain
infiltration rates, however, harvest notually would not be an
objective. Typical hydraulic pathway for rapid infiltration is
shown in Figure 2.35-2. A much greater portion of the applied
wastewater percolates to the groundwater than with slow rate
land treatment. An underdrain system may be incorporated into
the system to recover the renovated water for reuse, to control
groundwater mounding, or to minimize trespass of wastewater onto
adjoining property by horizontal subsurface flow. There is
little or no consumptive use by plants and less evaporation in
proportion to a reduced surface area. A cycle of flooding and
drying maintians the infiltration and treatment capacity of the
soil material.

2.35.3.2 Removal of wastewater constituents by filtering
and straining action of the soil are excellent. Suspended
solids, BOD, and fecal colifoms are almost coapletely removed
in most cases. Removal of BOD is primarily accomplished by
aerobic bacteria that depend on the resting period to reaerate
the soil. BOD loading rates have some effect on removals but
too many other variables such as temperature, resting period,
and soil type are involved to allow estimation of removals from
loading rates alone.

2.35.3.3 Nitrogen removals are generally poor. The basic
mechanisms for nitrogen removal include nitrification-deni-
trification and ammonium sorption. Denitrification may be
enhanced through adjusting application cycles, supplying an
additional carbon source, using vegetated basins, recycling of
renovated water and reducing application rates. Rapid infil-
tration systems will produce a nitrified effluent at nitrogen
loadings up to 60 lbs/acre-day. Nitrification below a tem-
perature of 36*F and below a pH of 5 is minimal.

2.35.3.4 Phosphorus removals can range from 70-99% de-
pending on the physical and chemical characteristics of the
soil. The primary removal mechanism is adsorption with some
chemical precipitation. Consequently, long-term capacity is
limited by the mass of the soil in contact with the wastewater.
Removals are also related to the residence time of the waste-
water in the soil and travel distance.

2.35-8



FIGURE 2.35-2

RAPID INFILTRATION

APPLIED
WA ST EWA TER

ERCOLATION

(a) HYDRAULIC PATHWAY

~ ~7 ~!(UNSATURATED ZONE)

GROGUND0WA TER

(b) RECOVERY OF RENOVATED WATER BY UNOERORAINS

(C) RCOVER OF RNOVAED RAEROVYWELL



2.35.3.5 Heavy metals are removed from solution by adsorp-
tive process and by precipitation and ion exchange in the soil.
The concern about heavy metals in rapid infiltration systems are
related to the high rate of application and low adsorptive
potential of the coarse soils. Microorganism removal is accon-
plished through sedimentation, predation and desiccation during
preapplication treatment, desiccation and radiation during
application; and straining, desiccation, radiation, predation
and hostile environmental factors upon application to the land.

2.35.3.6 Typical design criteria include field areas of 3
to 56 acre/mgd; application rate of 20-400 ft/yr (4-92 in/wk);
BOD 5 loading rate of 20 to 100 lb/acre-d; soil depth of 10 to 15
ft or more; soil penneability of 0.6 in/hr or more; hydraulic
loading cycle of 9 hours to 2 weeks application period followed
by 15 hours to 2 weeks resting period; soil texture - sand,
sandy loams; basin size of 1 to 10 acres with a minimum of 2
basins/site; height of dikes of 4 ft; underdrains of 6 or more
ft deep, application techniques -flooding or sprinkling.

2.35.3.7 Common preapplication treatment practices in-
clude: primary treatment for isolated locations with restricted
public access; biological treatment for urban locations with
controlled public access. Storage is sometimes provided for
flow equalization and for non-operating periods. Environmental
impacts include potential for contamination of groundwater by
nitrites and nitrates. Heavy metals may be eliminated by
pretreatment techniques as necessary.
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2.35.4 General Description Slow Infiltration.

2.35.4.1 Slow rate infiltration is the most common method
of treatment by land application. Wastewater is applied to
vegetated soils that are slow to moderate in permeability (clay
loans to sand loans) and is treated as it travels through the
soil matrix by filtration, adsorption, ion exchange, preci-
pitation, microbial action and by plant uptake. Part of the
water is lost through evaporation and plant transpiration, part
is stored in plant tissue, and the remainder either percolates
to groundwater or is collected in an underdrainage system and
reused (Figure 2.35-3a). Surface runoff is generally negli-
gible.

2.35.4.2 Wastewater application techniques include sprin-
kling or surface distribution (Figure 2.35-3b and 2.35-3c).
Sprinklers can be categorized as hand moved, mechanically moved
and permanent set, the selection of which includes the following
considerations: field conditions (shape, slope, vegetation and
soil type), climate, operating conditions, and economics.
Surface distribution employs gravity flow from piping systems or
open ditches to flood the application area with several inches
of water. Application techniques include ridge and furrow and
surface flooding (border strip flooding). Ridge and furrow
irrigation consists of running irrigation streans along small
channels (furrows) bordered by raised beds (ridges) upon which
crops are grown. Surface flooding irrigation consists of
directing a sheet flow of water along border strips or cul-
tivated strips of land bordered by small levees. The latter
method is r'uited to close-growing crops 3uch as grasses that can
tolerate perio-ic inundation at the ground surface. A tail
water return system for wastewater runoff from excess surface
applicatioui is usually employed. Advantages of sprinkler
application over surface distribution methods include: more
uniform distribution of water and greater flexibility in range
of application rates, applicability to most crops, less sus-
ceptibility to topographic constraints, and reduced operator
skill and experience requirements. Limitations to sprinkling
include adverse wind conditions and clogging of nozzles.

2.35.4.3 Slow rate treatment systems produce the best
results of land treatment systems. Organics are removed sub-
stantially by biological oxidation within the top few inches of
soil. Filtration and adsorption are the initial mechanisms in
BOD removal but biological oxidation is the ultimate treatment
mechanism. Suspended solids removals are not as well documented
as SOD removals, but concentrations of 1 mg/l or less can
generally be expected in the renovated water. Filtration is the
major removal mechanism for suspended solids while volatile
solids are biologically oxidized and fixed or mineral solids
becaue part of the soil matrix.
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2.35.4.4 Nitrogen is removed primarily by crop uptake,
which varies with the type of crop grown and the crop yield.
Crop nitrogen uptake values, based on typical yields under
commercial fertilization, is presented in Table 2.35-1. Ni-
trogen removal can also be partially accomplished through
biological denitrification and volatilization. Losses due to
denitrification has been reported to range from 15% to 25% of
the applied nitrogen. To protect groundwaters, the percolate
nitrogen should be limited to 10 mg/1 for design purposes.

2.35.4.5 Phosphorus removal is extremely effective as a
result of soil adsoprtion, precipitation and crop uptake. Trace
metals are removed from solution by adsorptive process and by
precipitation and ion exchange in the soil.

2.35.4.6 Vegetation is a vital part of a slow rate system
and serves to extract nutrients, reduce erosion and maintain
soil permeability. Considerations for crop selection include:
(1) Suitability to local climate and soil conditions, (2)
consumptive water use and water tolerance, (3) nutrient uptake
and sensitivity to wastewater constituents, (4) economic value
and marketability, (5) length of growing season, (6) ease of
management, and (7) public health regulations.

2.35.4.7 Typical design criteria include: field area 56
to 560 acres/mgd; application rate 2-20 ft/yr (0.5-4 in/wk);
BOD 5 loading rate 0.2 to 5 lbfacre-d; soil depths 2-3 ft or
more; soil permeability 0.06-2.0 in/hr; minimum preapplication
treatment equivalent to primary; lower temperature limit 25*F.

2.35.4.8 Preapplication treatment include the following:
primary treatment for isolated locations with restricted public
access and when limited to crops not for direct human consump-
tion; biological treatment plus control of coliform to 1000
MPN/100 ml for agricultural irrigation except for food crops to
be eaten raw, secondary treatment plus disinfection for public
access areas (parks). Wastewater high in metal content must
also be pretreated to avoid soil and plant contamination.
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2.35.5 Overland Flow.

2.35.5.1 Input Data.

2.35.5.1.1 Wastewater flow, Q, mgd.

2.35.5.1.1.1 Minimum flow, mgd.

2.35.5.1.1.2 Average flow, mgd.

2.35.5.1.1.3 Maximum flow, mgd.

2.35.5.1.2 Wastewater characteristics.

2.35.5.1.2.1 Suspended solids, mg/l.

2.35.5.1.2.2 Volatile suspended solids, % of suspended solids.

2.35.5.1.2.3 Settleable solids, mg/l.

2.35.5.1.2.4 BOD 5 (soluble and total), mg/l.

2.35.5.1.2.5 COD (soluble and total), mg/l.

2.35.5.1.2.6 Phosphorus (as PO4 ), mg/.

2.35.5.1.2.7 Total kjeldahl nitrogen (TKN), mg/l.

2.35.5.1.2.8 Ammonia-nitrogen, NH3, mg/i.

2.35.5.1.2.9 Nitrite-nitrogen, NO2 , mg/i.

2.35.5.1.2.10 Nitrate-nitrogen, NO3, mg/i.

2.35.5.1.2.11 Temperature, *C.

2.35.5.1.2.12 pH, units.

2.35.5.1.2.13 Oil and grease, mg/l.

2.35.5.1.2.14 Cations, mg/l.

2.35.5.1.2.15 Anions, mg/l.

2.35.5.2 Design Parameters.

2.35.5.2.1 Application rate.

2.35.5.2.1.1 Screened wastewater - 2.5 - 6 in/wk.

2.35.5.2.1.2 Lagoon or secondary effluent - 6 - 16 in/wk.
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2.35.5.2.2 Precipitation rate, P rv inlwk.

2.35.5.2.3 Evapotranspiration rate, ET, in/wk.

2.35.5.2.4 Runoff, R, in/wk (site dependent).

2.35.5.2.5 Wastewater generation period, WWGP, days/yr.

2.35.5.2.6 Field application period, FAP, wks/yr.

2.35.5.2.7 Spray evaporation (percent of application rate)

2-8%.

2.35.5.2.8 Storage requirements (specify one).

2.35.5.2.8.1 No storage.

2.35.5.2.8.2 Minimum storage, days/yr.

2.35.5.2.9 Liner required (only used with storage).

2.35.5.2.10 Embankment protection (only used with storage).

2.35.5.2.11 Recovery system (specify one).

2.35.5.2.11.1 Gravity pipe.

2.35.5.2.11.2 Open channel recovery system.

2.35.5.2.12 Buffer zone width, ft (site dependent) -0.0-

500 ft.

2.35.5.2.13 Current ground cover.

2.35.5.2.13.1 Forest, %.

2.35.5.2.13.2 Brush, %.

2.35.5.2.13.3 Pasture, %.

2.35.5.2.14 Slope of land, % - 2.0 - 8.0%.

2.35.5.2.15 Monitoring wells.

2.35.5.2.15.1 Number.

2.35.5.2.15.2 Depth per well, ft.

2.35.5.2.16 Fraction denitrified, D, % - 75 - 90%.
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2.35.5.2.17 Ammonia volatilization, -AV, % - 0.0%.

2.35.5.2.18 Removal of phosphorus, % - 80%.

2.35.5.2.19 Hours per day operation, hrs/day.

2.35.5.2.20 Days per week operation, days/wk.

2.35.5.3 Process Design Calculations.

2.35.5.3.1 Calculate water loss due to evaporation, E,
itV wk.

E = (Ef) (Lw)/ (100)

E - water loss due to evaporation, in/wk.

Ef - percent of total applied wastewater lost through
evaporation, %.

L - hydraulic application rate, in/wk.w

2.35.5.3.2 Calculate percolation rate.

Wp - (W p)f (Lw)/(100).

W - percolating water rate, inlwk.p

(WP)f - percent of applied wastewater lost to
percolation, %.

2.35.5.3.3 Calculate runoff, R, in/wk, fra water balance.

R - L + P - ET- W - Ew r p

R - runoff, in/wk.

Pr a design precipitation, in/wk.

ET - evapotranspiration, in/wk (crops consumptive
use of water).

2.35.5.3.4 Calculate BOD5 loading, (L)BOD, lbs/acre-yr.

(L)WD - (TBOD)i mgl (Lw) in/wk 22m ) (3.785 1
V 1000 mg g~al

lb) Ift( 5 2  ks 7 4 8 M) (43,560 ft2/acre)4 5'4 Sg 7 V 5 )74
yr ft3
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- (11.77) (TBOD)i(Lw )

(L)BoD ' total BOD 5 loading, lbs/acre-yr.

(TBOD) i - total BOD 5 in applied wastewater, mg/i.

2.35.5.3.4 Calculate total BOD 5 in runoff, mg/ .

(MBODs) R = (L)BO (R)(1.77)

(TBODs)R - BOD5 concentration in runoff, mg/l.

2.35.5.3.5 Calculate soluble BOD 5 loading, (L)SBOD5 , ib/ acre-
yr. 5

(L)SBOD 5  (11.77) (SBOD5)1 (LW)5

(L)SBOD 5  soluble BOD 5 loading, lbs/acre-yr.5

(SBOD 5)1 - soluble BOD5 in applied wastewater, mg/l.

2.35.5.3.6 Calculate soluble BOD 5 concentration in runoff,
(SBOD5)R, mg/l.

(SBODs)R , (L)SBOD 5(R) (11.77)

(SBOD5)R - soluble BOD 5 concentration in runoff, mg/l.

2.35.5.3.7 Calculate total nitrogen concentration, Cn, in

applied wastewater.

Cn - (TKN)i + (NO2 )i + (NO3 ) i

Cn - total nitrogen concentration in applied
wastewater, mg/ .

(TKN)i - total kJeldahl nitrogen concentration in applied
wastewater, mg /.

(NO2 )i - nitrite-N concentration in applied wastewater,
mg/i1.

(NO3 )i - nitrate-N concentration in applied wastewater,
- mg/I1.

2.35.5.3.8 Calculate wastewater nitrogen loading, lbs/acre-yr.

Ln - (Cn) (Lw) (13.2)

L n wastewater nitrogen loading, lbs/acre-yr.
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2.35.5.3.9 Calculate total nitrogen loading, (Lt)N, lbs/ acre-
yr.

(LtN -Ln + (11.77) (Pr) (0.5)

(Lt)N - total nitrogen loading rate, lbs/acre-yr.

0.5 - assumed total nitrogen concentration in
precipitation, mg/1.

2.35.5.3.10 Calculate crop nitrogen uptake rate, (U)N, lbs/acre-
yr; use forage grass for ground cover.

(U)N - 0.891 [(118.73) + (0.36) (Lt)N] lbs/acre-yr

2.35.5.3.11 Calculate nitrogen loss through denitrification, D,

lbs/acre- yr.

D - (Df)(Lt) (I00)

D - nitrogen loss through denitrification, lbs/
acres/yr.

Df - percent of total applied nitrogen lost through
denitrification, %.

2.35.5.3.12 Calculate nitrogen loss due to volatilization, AV,
Ibs/ acre- yr.

AV - (AV)f (Lt)N/(I00)

AV - nitrogen loss due to volatilization, lbs/acre-yr.

(AV)f = fraction of total nitrogen lost through
volatilization, %.

2.35.5.3.13 Calculate sum of nitrogen losses, (V. N)L, lbs/acre-

yr.

MN)L - (U)N + (D) + (AV)

MN)L - sum of nitrogen lost, lbs/acre-yr.

(MN) L  (0.8) (L )

2.35.5.3.14 Fran nitrogen mass balance calculate nitrogen concen-

tration in runoff, (CR)N, m*l-

(CR)N - ( tdN (5N)L]/(R)(1 3 . 2 )
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2.35.5.3.15 Calculate required field area, TA, acre.

TA = (36.83)(Qav )(WWGP)/(Lw )(FAP)

TAN = (Q av) (36.84) (WWGP)/(Lt)N(FAP)

If TA < TAN and set TA-TAN, recalculate Lp, Lw, Ln, and
(Lt) N -

where

TA - required field area, acres.

Q - average wastewater flow, mgd.

WWGP = wastewater generation period, days/yr.

FAP = field application period, wks/yr.

2.35.5.3.16 Calculate phosphorus loading, Lp, lb/acre-yr.

L = (11.77)(TP) i (Lw)

Lp = total phosphorus loading, lbs/acre-yr.

(TP)i = total phosphorus concentration in applied
wastewater, mg/ I.

2.35.5.3.17 Calculate soil removal of phosphorus, lbs/acre-yr.

(SRP) = (SRP)f (Lp)/(1O0)

SRP - soil removal of phosphorus, lbs/acre-yr.

(SRP)f - percent of total phosphorus removed by the
soil, %.

2.35.5.3.18 Calculate removal of phosphorus, Up, lbs/acre-yr.

Up - 0.891 [(83.386) - (0.0373)(Lp)] lbs/acre-yr.

U - removal of phosphorus, lbs/acre-yr.

2.35.5.3.19 Fran phosphorus mass balance, calculate phosphorus
concentration in runoff.

Lp- (Up) + (Cp)R (R)(11.77)

(Cp)R - [(Lp) - (Up)]/(11.77)(R)

(CP)R - phosphorus content in runoff, mg/l.

(0.02) (TP)3i

2.35-17



2.35.5.3.20 Calculate volume of runoff, R, in mgd.
S1 ft 1i wk.0 ft 2

R(mgd) - [(R) in/wk (1 ftn )I )] (TA) acre (43,560 a--r )

(7.48 gal)(i/ 10 6)
ft

3

2.35.5.3.21 Calculate suspended solids concentration in runoff, mgfl,
assume 93% SS removal.

(SS)R = (SS)i(0.07)

(SS)R and (SS)i = suspended solids concentration in runoff
and applied wastewater, respectively, mg/l.

2.35.5.3.22 Calculate total and soluble COD in runoff.

(TCOD)R = [(TCOD)i - (TBODs) i ] (0.9) + (TBODs)R

(SCOD)R - [(SCOD)i - (SBOD5 )i] (0.9) + (SBODs)R

(TCOD)R and (SCOD)R - total and soluble COD in runoff,
respectively, mg/I.

(TCOD)i and (SCOD)i = total and soluble COD in applied
wastewater, respectively, mg/l.

2.35.5.3.23 Nitrite-N concentration in runoff - 0.

2.35.5.3.24 Nitrate-N concentration in runoff - (0.75)(CR)N.

2.35.5.3.25 Ammonia-N concentration in runoff - (0. 2 5 )(CR)N.

2.35.5.3.26 Oil and Grease in runoff = 0.0.

2.35.5.3.27 TKN - 0.25 (CR)N.

2.35.5.3.28 SETSO - 0.0.

2.35.5.4 Process Design Output Data.

2.35.5.4.1 Hours per day operation, hours.

2.35.5.4.2 Days per week operation, days.

2.35.5.4.3 Application rate, in/week.

2.35.5.4.4 Runoff, in/week.

2.35.5.4.5 Percent denitrified, percent.

2.35.5.4.6 Percent ammonia volatilization, percent.

2.35.5.4.7 Removal of phosphorus, percent.
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2.35.5.4.8 Spray evaporation, percent.

2.35.5.4.9 Wastewater generation period, days/yr.

2.35.5.4.10 Field application period, weeksfyr.

2.35.5.4.11 Buffer zone width, feet.

2.35.5.4.12 Current ground cover.

2.35.5.4.12.1 Forest, percent.

2.35.5.4.12.2 Brush, percent.

2.35.5.4.12.3 Pasture, percent.

2.35.5.4.13 Slope of site, percent.

2.35.5.4.14 Number of monitoring wells, wells,

2.35.5.4.15 Depth of Monitoring wells, feet.

2.35.5.4.16 Treatment area required, acres.

2.35.5.4.17 Volume of runoff, mgd.

2.35.5.4.18 Quality of runoff, mgd.

2.35.5.4.18.1 Suspended solids, mg/l.

2.35.5.4.18.2 Volatile solids, percent.

2.35.5.4.18.3 BOD 5, mg/ .

2.35.5.4.18.4 BOD 5 soluble, mg/l.

2.35.5.4.18.5 COD, mg/l.

2.35.5.4.18.6 COD soluble, mg/l.

2.35.5.4.18.7 PO4, mg/l.

2.35.5.4.18.8 TKN, mg/l.

2.35.5.4.18.9 NO2 , mg/l.

2.35.5.4.18.10 NO3, mg/l.

2.35.5.4.18.11 Oil and grease, mg/l.
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2.35.5.5 Quantities Calculations.

2.35.5.5.1 Distribution Pumping.

2.35.5.5.1.1 Calculate the design flow.

FLOW - (Qavg) (WWGP) (24)
(FAP) (DPW) (HPD)

where

FLOW - aawe daily flow to spray field, mgd.

Qavg ' average daily wastewater flow, mgd.

WWGP - wastewater generation period, days/yr.

FAP - field application period, wks/yr.

DPW = days per week treatment system is operated, days/wk.

HPD = hours per day treatment system is operated, hrs/day.

Using the flow calculated (FLOW), the distribution pumping will
be sized and the cost estimated from the existing chapter
entitled, "Intermediate Pumping".

2.35.5.5.2 Storage Requirements. Overland flow unlike rapid
infiltration is dependent upon weather. Storage is required to
hold the wastewater generated when application is not possible
due to cold weather or heavy rains. This, of course, varies
greatly for different parts of the country with different
climates.

For purposes of this program the number of days
of storage required will be assumed to be 50% of the number of
days which wastewater cannot be applied to the field.

2.35.5.5.2.1 Calculate storage volume,

SV - (.5) (365-(FAP)(7)] (GFxlO 6)

where

SV - storage volume, gal.

FAP - field application period, wks/yr.

GF - generated flow, mgd.

2.35.5.5.2.2 Calculate size and number of storage lagoons.

2.35.5.5.2.2.1 The following assumptions are made in determining
size and number of lagoons:
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A minimum of 2 lagoon cells will always be used.
An even number of lagoon cells will be used, such
as 2, 4, 6, 8, etc.
The largest single lagoon cell will be 40 acres
which represents approximately 85 million gallons
storage volume.

2.35.5.5.2.2.2 If SV . 170,000,000 gal.

NLC = 2

2.35.5.5.2.2.3 If SV ) 170,000,000 gal. a trial and error
solution for NLC will be used.

Assume NLC = 4; If > 85,000,000 gal.

NLC

Redesignate NLC = NLC+2 and repeat calculation
until SVuni V- 85,000,000 gal.

where

SV - storage volume, gal.

NLC = number of lagoon cells.

2.35.5.5.2.3 Calculate storage volume per cell.

SVC SV

(NLC) (7.48)

where

SVC - storage volume per cell, ft 3 .

SV - storage volume, gal.

NLC - number of lagoon cells.

7.48 - conversion from gal to ft 3 .

2.35.5.5.2.4 Calculate lagoon cell dimensions. The following

assumptions are made concerning lagoon construction:

The lagoon cells will be square.
Common levee construction will be used where possible.
Lagoons will be constructed using equal cut and fill.
Lagoon depth will be 10 ft. with 8 ft. water depth
and 2 ft. freeboard.
Minimum water depth will be 1.5 ft.
Side slopes will be 3 to I.
A 30% shrinkage factor is used for fill.
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0.5

L - (0.615 SVC-1521) . 60
2

where

L - length of one side of lagoon cell, ft.

3SVC - storage volume per cell, ft

2.35.5.5.2.5 Calculate volume of earthwork required for
lagoons.

2.35.5.5.2.5.1 The volume of earthwork must be determined by
trial and error using the following equations:

DC + DF = 10

VF 3(DF)2 + IODF ] [ + 2 ] (L)

VC - (1.3)(NLC)(DC) [ Lk (6)(DF)(L)+12 DF2 + 120 DF - 60L + 1200]

2.35.5.5.2.5.2 Assume that the depth of cut (DC) is equal to 1
ft. Fran the equations calculate the volume of fill (VF)
required and the volume of cut (VC) required. Compare VC and
VF.

If VC < VF then assume DC > I ft. and recalculate VC and VF.
If VC > VF then assume DC < I ft. and recalculate VC and VF.

Repeat this procedure until VC - VF. This is the volume of
earthwork required for the storage lagoon.

VC - VF - VLEW

where

DC - depth of cut, ft.

DF - depth of fill, ft.

VF - volume of fill, ft 3 .

VC - volume of cut, ft 3 .

NLC - number of lagoon cells.

L - length of one side of lagoon cell, ft.

VLEW - volume of earthlork required for lagoon
construction,ft .
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2.35.5.5.3 Overland Flow Distribution System.

2.35.5.5.3.1 In an overland flow treatment system the waste-
water is usually applied to the field with fixed sprinklers.
The pipes are normally buried and impact type irrigation sprin-
klers with flow frau 6 to 15 gpm per sprinkler are used. There
are many ways to layout a sprinkler field and where there are
slopes of greater than 2% available, the natural topography of
the site dictates the layout. Though every layout is different
the anount and size of pipe and sprinklers used will not vary
greatly.

2.35.5.5.3.2 Assume:

Field will be square.
Arrangement of headers and laterals will be as shown
in Figure 2.35-4.
The treatment area will be increased by 15% to account
for additional area for drainage ditches and service
roads.

2.35.5.5.3.3 Calculate number of headers. The number of
headers will be selected based on the following:

Flow 9 1 mgd; NH = 1
1 mgd < Flow 2 mgd; NH - 2
2 mgd < Flow < 4 mgd; NH - 3
Flow >4 mgd; NH - 4

where

FLOW - actual daily flow to spray field.

NH = number of headers.

2.35.5.5.3.4 Calculate flow per header.

(FLOW x 106)

(MR)FF11 - /440

where

FP - flow per header, gpm.

FLOW - actual daily flow to spray field, mgd.

NH - number of headers.

ber-of-muLi .3h-i3
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2.35.5.5.3.5 Calculate flow per sprinkler (FPN).

FPN 4051.7 AR)FN=(DPW) (HPD) (FAP)

where

FPN --flow per sprinkler, gpm.

AR - application rate, in/wk.

DPW - days per week treatment system is operated,
days/wk.

HPD - hours per day treatnent system is operated,
hrs/day.

FAP - field application period, wks/yr.

4051.7 - combined conversion factors.

2.35.5.5.3.6 Calculate number of sprinklers per header.

SPH FPFPN

If SPH < 1 set SPH - 1. Note: Flow is not sufficient,

reduce operating period specification.

where

FPH - flow per header, gpm.

FPN - flow per sprinkler, gpm.

SPH - sprinklers per header.

2.35.5.5.3.7 Calculate number of laterals per header.

LPH - SPH/ q

LP must be an integer.

If LPH < 1 set LPH - 1 and recalculate the number of required
sprinklers.

NSL -----
FPN

where

LPH - laterals per header.
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SPH - sprinklers per header.

NSL - number of sprinklers per lateral.

FPH - flow per header, gpm.

FPN - flow per sprinkler, gpm.

2.35.5.5.3.8 Calculate flow per lateral.

FPR
FPL --LPH

where

FPL - flow per lateral, gpm.

FPH - flow per header, gpm.

LPU - laterals per header.

2.35.5.5.3.9 Calculate lateral diamater (DIAL).

DIAL - 0.286 (FPL)
0 .5

DIAL must be one of the following: 2, 3, 4, 6,
8, 10, 12, 14, 16, 18, 20, 24, 30, 36, 42, 48. Always use the
next larger diameter above the calculated diameter.

where

DIAL - diameter of lateral pipe, inches.

FPL - flow per lateral, gpm.

2.35.5.5.3.10 Calculate header pipe sizes.

The header pipe nomally decreases in size due to
decreasing volume of flow as each set of lateral pipes removes
part of the flow from the header pipe. There will nomally be
four laterals taken off fron approximately the sane location.
The header size will be calculated after each group of laterals.

DIAHN - 0.286 [ FPH - (N)(4)(FPL) 10.5

where

DIARN - diameter of header pipe, inches.

FPH - flow per header, gpm.
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FPL - flow per lateral, gpm.

N - number of points at which flow is removed
from header.

DIAHN must be one of the following: 2, 3, 4, 6, 8, 10, 12, 14,
16, 18, 20, 24, 30, 36, 42, 48.

Begin calculation with N = 0. This will give the diameter
(DIAHO) of the header before the first group of laterals remove
any flow. Then set N - N + 1 and repeat the calculation. This
will give the diameter (DIAH 1) of the header after flow has
been removed by the first group of laterals. Repeat the cal-
culation each time redesignating N until the expression FPH-
(N) (4)(FPL) is equal to zero or yields a negative number. The
"N" used in this last calculation will be the number of slopes
which must be constructed.

2.35.5.5.3.11 Determine length of lateral pipe.

LDIAL - (SPH) (50) (NH)

where

LDIAL - length of lateral pipe required, ft.

SPH - sprinklers per header.

50 - distance between sprinklers, ft.

2.35.5.5.3.12 Determine length of header pipes. As can be
seen from Figure 2.35-4 the spray field is laid out such that
the distance between lateral take-off points is 400 ft. There-
fore, to determine the length of each size pipe required for a
single header, sum the number of points at which the diameter is
the sane and multiply by 400 ft. To determine the amount of
each size header pipe for the entire field, multiply by the
nunber of headers since they are identical.

LDIAHN - (NH) (400) NO

where

NH - nunber of headers.

LDIAHN - length of header pipe of diameter DIAHN, ft.

N O - number of points where sane diameter pipe was
chosen.
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For the length of pipe from pump station to the spray field use
the number of headers times the width of the spray field. The
diameter will be the diameter calculated before any flow is
renoved f ran the header.

2.35.5.5.3.13 Calculate number of valves for distribution
system.

2.35.5.5.3.13.1 There will be a butterfly valve in each
header for flow control. These valves will be in the header
upstream from the spray field and will be the same size as the
initial size calculated for the header.

NBV - NH
DBV = DIAHN

where

NBV - nunber of butterfly valves.

DBV - diameter of butterfly valves, inches.

NH = number of headers.

2.35.5.5.3.13.2 There will be a plug valve in each lateral
pipe which will be automatic but will be either fully open or
fully closed. They will be the same size as the size calculated
for the lateral pipes.

NLV = (LPH) (NH)

DLV - DIAL

where

NLV - number of lateral valves.

LPH - laterals per header.

DLV - diameter of lateral valve, inches.

DIAL - diameter of lateral pipe, inches.

NH - number of headers.

2.35.5.5-.4 Construction of Overland Flow Slopes. Overland
flow systens must have slopes frm 2% to 8%, must be clear of
trees and brush, and must be leveled to a constant slope. Not
many land areas meet this criteria, therefore, in many cases the
area must be cleared, slopes formed, and leveled.
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2.35.5.5.4.1 Clearing and Grubbing. The areas will be classi-
fied in three categories; heavy, meadium, and light. Heavy
refers to wooded areas with mature trees. Medium refers to
spotted mature trees with numerous small trees and bushes.
Light refers to only small trees and bushes. The user must
specify the type of clearing and grubbing required as well as
the percent of the treatment area requiring clearing and grub-
b ing.

CAGH - (PCAGH) (TA)100 (A

CAGM - (PCAGM) (TA)100

CAGL - (PCAGL) (TA)100

where

CAGH - area which requires heavy clearing, acres.

PCAGH - percentage of treatment area requiring heavy
clearing, %.

CAGM - area which requires medium clearing, acres.

PCAGM - percentage of treatment area requiring medium
clearing, %.

CAGL - area which requires light clearing, acres.

PCAGL - percentage of treatment area requiring light
clearing, %.

TA - treatment area, acres.

2.35.5.5.4.2 Determine Earthwork Required.

2.35.5.5.4.2.1 For areas which are flat (0-2% slope) the over-
land flow slopes must be formed by moving earth. For areas
where slopes of from 2% to 8% exist, very little earth moving is
required. The following assumptions are made to estimate the
quantities of earthwork required for slopes from 0-2%.

2.35.5.5.4.2.1.1 The slopes shall be as indicated in Figure
2.35-4.

2.35.5.5.4.2.1.2 Equal cut and fill will be used.

2.35.5.5.4.2.2 Calculate volume of earthwork.

VSEW - (55,100) (TA)
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where

VSEW = volume of earthwork required for slope
construction, ft

TA = treatment area, acres.

55,100 - volume of earthwork required per acre, ft3.

2.35.5.5.5 Runoff collection. The overland flow system does
not depend on infiltration for treatment and much of the water
runs off. This water must be collected and monitored. There
are basically two types of collection systems: open ditch and
buried drain pipe. With both systems, the runoff fran each
individual slope is carried to the main collection system by
small ditches or terraces.

2.35.5.5.5.1 Determine earthwork required for terraces.

VET = (N+2)(NH)(l000)(5)

where

VET - volume of earthwork for terraces, ft3.

N - number of points which flow is removed from
header.

NH = number of headers.

1000 - length of individual slope.

5 - volume of earthwork required per foot of
terrace length.

2.35.5.5.5.2 Main Runoff Collection System. As stated before
there are two systems which may be used, open ditches or buried
drain pipe. One or the other would be used but never both.

2.35.5.5.5.2.1 Buried drain pipe.

2.35.5.5.5.2.1.1 Since an overland flow facility would not
nonnally be operated when the site received a rainfall in excess
of 0.5 inches in 24 hours, this criteria will be used to size
the drainage system. The assumption of 100% runoff will be made
for design purposes.
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2.35.5.5.5.2.1.2 The pipe size will vary as runoff from each
slope is added. Using the layout shown in Figure 2.35-4 ani the
assumed rainfall, the flow from one slope would be 0.149 ft /
sec. The following assumptions are nade:

Pipe will be concrete drain pipe.
Pipe will be flowing half full.
Pipe will be laid on a .2% slope.
Friction factor is 0.013.

2.35.5.5.5.2.1.3 Calculate pipe size.

CDIAN = 6.38(N)
0 .3 7 5

where

CDIAN = diameter of concrete drain pipe, inches.

N - number of points at which flow is removed from
header.

CDIAN must be one of the following 12, 15, 18, 21, 24, 27, 30,

33, 36, 42, 48, 54, 60, 66, 72, 78, 84, 90, or 96 inches.

2.35.5.5.5.2.1.4 As in sizing the header pipe, the collection
pipe will vary in size. Start with N-I and calculate pipe size.
Then set N-N+I and repeat the calculation. Redesignate N in
this manner until N is equal to total number of take off points
in header pipe calculation.

2.35.5.5.5.2.1.5 Again, the length of each size pipe required
will be determined by summing the number of points at which the
sane diameter is calculated and multiply by 400 ft. To de-
texmine the amount of pipe for the entire field multiply by NH+I
since there will be NH+I identical collection lines.

LCDIAN - (400) (NI) 2 NCDIAN

where

LCDIAN - length of drain pipe of given diameter, ft.

NCDIAN - number of points where sane diameter pipe was
chosen.

NH - number of headers.

2.35.5.5.5.2 Open ditches.

2.35.5.5.5.2.1 Assume that the ditches will be all cut and
erosion control will be required in construction.

LDIT - (N) (400) (NH+ l)
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where

LDIT = total length of ditches for system, ft.

N = number of points at which flow is removed from
header.

400 - length of ditch between slopes, ft,.

NH - number of headers.

2.35.r.5.6 Calculate total land area required.

2.35.5.5.6.1 Ditches and service roads increase the area by
15%.

ADR = (.15)(TA)

where

ADR = area for ditches and roads, acres.

2.35.5.5.6.2 Area for storage lagoons.

ASL = .2(NLC)(L) 2
43,560

where

ASL = area for storage lagoons, acres.

NLC = number of lagoon cells.

L = length of one side of lagoon cell, ft.

1.2 - additional area required for cross levee.

2.35.5.5.6.3 Area for buffer zone.

Assume:

Buffer zone will be around entire treatment area.
Assume facility will be essentially square.

2.35.5.5.6.3.1 Calculate dimensions of treatment area.
0.5 "(TA+ ADR+ ASL.

LTA- 43,560

where

LTA - length of one side of treatment area, ft.
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TA - treatment area, acres.

ADR - area for ditches and service roads, acres.

ASL = area for storage lagoons, acres.

2.35.5.5.6.3.2 Calculate area for buffer zone.

ABZ - 4WBZ (LTA + WBZ)

where

ABZ = area required for buffer zone, acres.

LTA - length of one side of treatment area, ft.

WBZ = width of buffer zone (input by user), ft.

2.35.5.5.6.4 Total land area.

TLA - TA + ADR + ASL + ABZ

where

TLA = total land area required, acres.

TA = treatment area, acres.

ADR = area required for ditches and service roads,

acres.

ASL - area required for storage lagoons, acres.

ABZ - area required for buffer zones, acres.

2.35.5.5.7 Calculate fencing required

Assume

Entire facility is to be fenced.
Facility is square.

LF - 834.8 (TLA) 0 . 5

where

LF - length of fence required, ft.

TIA - total land area required, acres.

834.8 - ccubined constants.
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2.35.5.5.8 Calculate operation and maintenance manpower.

2.35.5.5.8.1 Distribution System.

2.35.5.5.8.1.1 If TA 70;

OMMHD - 77.91 (TA) 0 5 3 7 3

2.35.5.5.8.1.2 If TA > 70;

OMMHD - 18.12 (TA)
0 .8814

where

OMMRD - operation and maintenance manpower for
distribution, MR/yr.

TA - treatment area, acres.

2.35.5.5.8.2 Runoff collection by gravity pipe.

2.35.5.5.8.2.1 If TA < 100;

OMMHP - 6.65 (TA)
0 .4 2 2 4

2.35.5.5.8.2.2 If TA > 100;

OMMHP = 2.41 (TA)
0 .6434

where

OMMHP - operation and maintenance manpower for
runoff collection by gravity pipe, MH/hr.

TA - treatment area, acres.

2.35.5.5.8.3 Runoff collection by open ditch.

2.35.5.5.8.3.1 If TA e 150;

OMMHO - 36.9 (TA)0 .35 7
8

2.35.5.5.8.3.2 If TA 3 150;

OMMHO - 8.34 (TA)
0 .6538

where

OMMHO - operation and maintenance manpower for runoff
collection by open ditch, MR/yr.
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TA - treatment area, acres.

2.35.5.5.9 Calculate operation and maintenance material
COStS.

2.35.5.5.9.1 Distribution System.

2.35.5.5.9.1.1 If TA 500;

OMMPD = 0.783(TA)
- 0 0 6 7 3

2.35.5.5.9.1.2 If TA >500;

OMMPD - 9.46 (TA)
0 .4 7

where

OMMPD - O&M material costs for distribution system as
percent construction cost of distribution

system, %.

TA - treatment area, acres.

2.35.5.5.9.2 Runoff collection by gravity pipe.

2.35.5.5.9.2.1 If TA - 225;

OMMPP - 0.9566 (TA)
0 .2539

2.35.5.5.9.2.2 If TA > 225;

OMMPP - .242%

where

OMMPP - O&M material costs for runoff collection
by gravity pipe as percent construction cost
for gravity pipe system, %.

TA - treatment area, acres.

2.35.5.5.9.3 Runoff collection by open ditch.

2.35.5.5.9.3.1 If TA < 60;

OMMPO - 25.4 (TA) 0 . 1 3 8 3

2.35.5.5.9.3.2 If TA > 60;

OMMPO - 14.42

where
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OMMPO - O&M material costs for runoff collection
by open ditch as percent construction cost
for open ditch system, %.

2.35.5.5.10 Other construction cost items. The quantities
ccmputed account for approximately 90% of the construction cost of
the systems. Other miscellaneous costs such as final land leveling,
connecting piping for lagoons, miscellaneous concrete structures,
etc., make up the additional 10%.

1
CF - - 1.11

where

CF - correction factor for other construction cost.

2.35.5.6 Quantities Calculation Output Data.

2.35.5.J.1 Volume of earthwork required for lagoon construction,
VLEW ft .

2.35.5.6.2 Diameter of lateral pipes, DIAL, inches.

2.35.5.6.3 Diameters of header pipes, DIAHN, Inches.

2.35.5.6.4 Length of lateral pipes, LDIAL, ft.

2.35.5.6.5 Length of header pipes, LDIAHN, ft.

2.35.5.6.6 Number of nozzles, NON.

2.35.5.6.7 Diameter of butterfly valves, DBV, inches.

2.35.5.6.8 Number of butterfly valves, NBV.

2.35.5.6.9 Diameter of lateral valves, DLV, inches.

2.35.5.6.10 Number of lateral valves, NLV.

2.35.5.6.11 Area which requires heavy clearing, CAGH, acres.

2.35.5.6.12 Area which requires medium clearing, CAGM, acres.

2.35.5.6.13 Area which requires light clearing, CAGL, acres.

2.35.5.6 14 Volume of earthwork required for slope construction,

33
VSEW, ft.

2.35.5.6.15 Volume of earthwork for terraces, VET, ft3.

2.35.5.6.16 Diameter of concrete drain pipe, CDIAN, inches.

2.35.5.6.17 Length of drain pipe of size CDIAN, LCDIAN, ft.

2.35.5.6.18 Total length of ditches for system, LDIT, ft.
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2.35.5.6.19 Total land area required, TLA, acres.

2.35.5.6.20 Length of fence required, LF, ft.

2.35.5.6.21 Operation and maintenance manpower for distribution
systen, OMMHD, M/yr.

2.35.5.6.22 Operation and maintenance manpower for runoff collection
by gravity pipe, OMMHP, MH/yr.

2.35.5.6.23 Operation and maintenance manpower for runoff collection
by open ditch, OMMHO, MH/yr.

2.35.5.6.24 Operation and maintenance material costs for distribution
systen as percent construction cost of distribution syste, OMMPD, Z.

2.35.5.6.25 Operation and maintenance material costs for runoff
collection by gravity pipe as percent construction cost of gravity pipe
systen, OHMPP, Z.
2.35.5.6.26 Operation and maintenance cost for runoff collection by
open ditch as percent construction cost for open ditch system, OMMPO, Z.

2.35.5.6.27 Correction factor for other construction cost, CF.

2.35.5.6.28 Nunber of heders, NH.

2.35.5.7 Unit Price Input Required.

2.35.5.7.1 Unit price input for earthwork, UPIEX, $/cu yd.

2.35.5.7.2 Cost of standard size pipe (12"0), COSP, S/ft.

2.35.5.7.3 Cost of standard size valve (12"1 butterfly), COSTSV, $.

2.35.5.7.4 Cost per sprinkler, COSTEN, $.

2.35.5.7.5 Cost of standard size drain pipe (24"0 R.C. pipe),
COSTCP, $/ft.

2.35.5.7.6 Unit price input for heavy clearing and grubbing, UPICG,
$/ac re.

2.35.5.7.7 Unit price input for fencing, UPIF, S/ft.

2.35.5.8 Cost Calculations.

2.35.5.8,1 Cost of earthwork.

QOSTE VLEW VSEI* VET UPIEX

where

COSTE = cost of earthwork, $.
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VLEW - volume o earthwork required for lagoon construc-
tion, ft-.

VSEW - volme of earthwork required for slope construction,

ft

VET - volume of earthwork for terraces, ft3.

UPIEX - unit price input for earthwork, $/cu yd.

2.35.5.8.2 Cost of Header pipes.

2.35.5.8.2.1 Calculate total installed cost of header pipes.

TICHP - ICHPN

where

TICHP - total installed cost of header pipes, $.

ICHPN - installed cost of various size header pipes, $.

2.35.5.8.2.2 Calculate installed cost of each size header pipes.

ICHPN - (LDIAHN) (CO00PN (COSTSP)
100

where

ICHPN - installed cost of various size header pipes, $.

LDIAHN - length of header pipes of size DIAHN, ft.

COSTPN - cost of pipe of diameter DIAHN as percent of
cost of standard size pipe, %.

COSP - cost of standard size pipe (12" diameter), S/ft.

2.35.5.8.2.3 Calculate COSTPN

COSTPN a 6.842 (DIAHN) 1.2255

where

COSTPN - cost of pipe of diameter DIAHN as percent of
cost of standard size pipe, %.

DIAHN - diameters of header pipes, inches.

2.35.5.8.2.4 Detemine COSP. COSP is the cost per foot of 12"
dianeter welded steel pipe. This cost is $13.50 per foot in 4th
quarter of 1977.
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2.35.5.8.3 Cost of lateral pipes.

2.35.5.8.3.1 Calculate total installed cost of lateral pipes.

TICLP - (LDIAL) (COSTP) (COSP)
where 

100

TICLP - total installed cost of lateral pipes, $.

LDIAL - length of lateral pipes, ft.

COSTP - cost of pipe of diameter DIAL as percent of
cost of standard size pipe, Z.

COSP - cost of standard size pipe (12" diameter),

$/ft.

2.35.5.8.3.2 Calculate COSTP.

COSTP - 6.842 (DIAL)1.
2255

where

COSTP - cost of pipe of diameter DIAL as percent of
cost of standard size pipe, %.

DIAL - diameter of lateral pipes, inches.

2.35.5.8.3.3 Deteu ine COSP. COSP is the cost per foot of 12"
diameter welded steel pipe. This cost is $13.50 per foot in 4th
quarter of 1977.

2.35.5.8.4 Calculate cost of butterfly valves.

2.35.5.8.4.1 Calculate installed cost of butterfly valves.

cos7Bv - (cOSTRV) COSTSV)f(KV)
100

where

COSTBV - installed cost of butterfly valves, $.

COSTRV - cost of butterfly valve of size DBV as
percent of standard size valve, %.

COSTSV - cost of standard size valve (12"0), $.

NBV - number of butterfly valves.

2.35.5.8.4.2 Calculate COSTRV.
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COSTRV - 3.99 (DBV) 1.395

where

COSTRV - cost of butterfly valve of size DBV as percent
of standard size valve, %.

DBV - diameter of butterfly valves, inches.

2.35.5.8.4.3 Determine COSTSV. COSTSV is the cost of a 12"
0 butterfly valve suitable for water service. This cost is
$1004 for the 4th quarter of 1977.

2.35.5.8.5 Calculate cost of lateral valves.

2.35.5.8.5.1 Calculate installed cost of lateral valves.

COSLV - (COSTRL) (COSTSV) (NLV)
100

where

COSTLV - installed cost of lateral valves, $.

COSTRL - cost of lateral valve of size DLV as percent of
cost of standard valve, %.

COSTSV - cost of standard size valve (12"0 butterfly), $.

NLV - nunber of lateral valves.

2.35.5.8.5.2 Calculate COSTRL.

COSTRL - 15.33 (DLV)1'0
53

where

COSTRL - cost of lateral valve of size DLV as percent
of cost of standard valve, %.

DLV - diameter of lateral valve, inches.

2.35.5.8.5.3 Determine COSTSV. COSTSV is the cost of a 12"
I butterfly valve suitable for water service. This cost is
$1004 for the 4th quarter of 1977.

2.35.5.8.6 Calculate cost of sprinklers.

2.35.5.8.6.1 Calculate installed cost of sprinklers.

COSTN - (1.2) (NON) (COSTEN)

where
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COSTN - installed cost of nozzles, $.

NON - nunber of nozzles.

COSTEN - cost per nozzle, $.

1.2 - 20% cost of installation.

2.35.5.8.6.2 Determine COSTEN. The cost of an impact type
rotor pop-up full circle sprinkler with a flow from 6 to 15 gpi,
for the 4th quarter of 1977 is $65.00.

COSTEN - $65.00.

For better cost estimation, COSTEN should be obtained from an
equipment vendor and treated as a unit price input. Otherwise,
for future escalation, the equipment cost should be adjusted by
using the Marshall and Swift Equipment Cost Index.

COSTEN - $65.00 MSECI

51804

where

MSECI - current Marshall and Swift Equipment Cost
Index.

518.4 - Marshall and Swift Cost Index 4th quarter 1977.

2.35.5.8.7 Calculate total cost of distribution systen.

TCDS - TICHP + TICLP + COSTBV + COSTLV + COSTN

where

TCDS - total cost of distribution systeu, $.

TICHP - total installed cost of header pipe, $.

TICLP - total installed cost of lateral pipe, $.

COSTBV - installed cost of butterfly valves, $.

COSTLV - installed cost of lateral valves, $.

COSTN - installed cost of nozzles, $.

2.35.5.8.8 Detemuine cost of runoff collection by open
ditch.
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COSTOD - (.57)(LDIT)UPIEX

where

COSTOD - cost of runoff collection by open ditch, $.

LDIT - total length of ditches for systen, ft.

UPIEX - unit price input for earthwork, $/cu yd.

2.35.5.8.9 Detemine cost of runoff collection by gravity
pipe.

2.35.5.8.9.1 Calculate total installed cost of collection
systen.

TICRC I ICRCN

where

TICRC - total installed cost of runoff collection by
gravity pipe, $.

ICRCN - installed cost of each size drain pipe, $.

2.35.5.8.9.2 Calculate installed cost of each size drain pipe.

ICRCN - (LCDIAN) (COSTRN) (COSTSC)100

where

ICRCN - installed cost of each size drain pipe, $.

LCDIAN - length of drain pipe of size CDIAN, ft.

COSTRN - cost of drain pipe of size CDIAN as percent of
cost of standard size (24"ID) drainage pipe, %.

COSTCP - cost of standard size (24"0 R.C. pipe), $/ft.

2.35.5.8.9.3 Calculate COSTRN.

COSTRN - 0.7044 (CDIAN)
1 .6 5 8 7

where

COSTRN - cost of gravity pipe of size CDIAN as percent
of cost of standard size (24"P) gravity pipe, Z.

DIAN - dianeter of concrete drain pipe, inches.
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2.35.5.8.9.4 Determine COSTCP. COSTCP is the cost per foot of
24"1 reinforced concrete drain pipe with gasket joints. This
cost for the 4th quarter of 1977 is $10.76/ft.

COSTCP - $10.76/ft.

2.35.5.8.10 Calculate cost for clearing and grubbing.

COSTCG - (CAGH + 0.306 CAGM + 0.092 CAGL) UPICG

where

COSTCG = cost for clearing and grubbing site, $.

CAGH = area which requires heavy clearing, acres.

CAGM = area which requires medium clearing, acres.

CAGL = area which requires light clearing, acres.

UPICG = unit price input for heavy clearing and
grubbing, $/acre.

2.35.5.8.11 Calculate cost of fencing.

COSTF - (LF) (UPIF)

where

COSTF - installed cost of fencing, $.

LF - length of fencing required, ft.

UPIF - unit price input for fencing, $/ft.

2.35.5.8.12 Calculate 0 & M material costs.

QMC = (OMMPD) (TCDS) (OMPP) (TICRC)+ (OMMPO) (COSTOD)
100

where

OM C - total O&M material cost, $.

OMI4PD - 0&M material costs for distribution system as
percent construction cost for distribution
system, %.

TCDS - total cost of distribution system, $.

O0MHPP - O&M material costs for runoff collection by
gravity pipe as percent of construction cost
of gravity pipe system, 2.
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TICRC - total installed cost of runoff collection by
gravity pipe, $.

OMMPO - O&M material cost for runoff collection by open
ditch as percent construction cost for open
ditch systen, %.

COSTOD = cost of runoff collection by open ditch, $.

2.35.5.8.13 Total bare construction cost.

TBCCOF = (1.11) (TCDS TICRC+COSTOD+ COSTE, COSTCG.COSTF

+COSTL)

where

TBCOOF = total bare construction cost for overland
flow, $.

TCDS - total cost of distribution systen, $.

TICRC - total installed cost of runoff collection by
gravity pipe, $.

COSTOD - cost of runoff collection by open ditch, $.

COSTE - cost of earthwork, $.

COSTCG - cost of clearing and grubbing site, $.

COSTF - installed cost of fencing, $.

COSTL - cost of land for facility, S.

2.35.5.9 Cost Calculations Output Data.

2.35.5.9.1 Total bare construction cost for overland flow,
TBCCOF, $.

2.35.5.9.2 O&M material cost, OMHC, S/yr.
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2.35.6 Rapid Infiltration.

2.35.6.1 Input Data.

2.35.6.1.1 Wastewater flow, Q, mgd.

2.35.6.1.1.1 Minimum flow, mgd.

2.35.6.1.1.2 Average flow, mgd.

2.35.6.1.1.3 Maximum flow, mgd.

2.35.6.1.2 Wastewater characteristics.

2.35.6.1.2.1 Suspended solids, mg/l.

2.35.6.1.2.2 Volatile suspended solids, % of suspended solids.

2.35.6.1.2.3 Settleable solids, mg/l.

2.35.6.1.2.4 BOD5 (soluble and total), mg/l.

2.35.6.1.2.5 COD (soluble and total), mg/l.

2.35.6.1.2.6 Phosphorus (as P04 ), mgl.

2.35.6.1.2.7 Total kjeldahl nitrogen (TKN), mg/l.

2.35.6.1.2.8 Anmonia-nitrogen, NH3, mg/l.

2.35.6.1.2.9 Nitrite-nitrogen, NO2 , mg/I.

2.35.6.1.2.10 Nitrate-nitrogen, NO3, mg/i.

2.35.6.1.2.11 Temperature, *C.

2.35.6.1.2.12 pH, units.

2.35.6.1.2.13 Oil and grease, mg/l.

2.35.6.1.2.14 Cations, mg/l.

2.35.6.1.2.15 Anions, mg/l.

2.35.6.2 Design Parameters.

2.35.6.2.1 Application rate, L , in/wk - 4.0 - 150 in/wk.

2.35.6.2.2 Precipitation rate, Pr" in/wk.
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2.35.6.2.3 Evapotranspiratlon, ET, in/wk.

2.35.6.2.4 Runoff, R, in/wk - 0.0.

2.35.6.2.5 Wastewater generation period, WWGP, days/yr.

2.35.6.2.6 Field application period, FAP, wks/yr.

2.35.6.2.7 Recovery systems (specify one).

2.35.6.2.7.1 Recovery wells (number; diameter, in., and depth,
ft).

2.35.6.2.7.2 Underdrains.

2.35.6.2.7.3 No recovery.

2.35.6.2.8 Buffer width, ft (site dependent) - 0.0 - 500 ft.

2.35.6.2.9 Monitoring wells.

2.35.6.2.9.1 Number.

2.35.6.2.9.Z Depth per well, ft.

2.35.6.2.10 Fraction denitrified, D, % = 30-60%.

2.35.6.2.11 Ammonia volatilization, AV, % = 0.0%.

2.35.6.2.12 Removal of phosphorus, % = 90%.

2.35.6.3 Process Design Calculations.

2.35.6.3.1 Calculate total nitrogen concentration, Cn, in
the applied wastewater.

Cn - (TKN)i + (NO 2 )i + (N03)i

where

C - total nitrogen concentration in applied wastewater,
n mg/l.

(TKN)i - total Kjeldahl nitrogen concentration in applied
wastewater, tg/i.

(NO2 )i - nitrite-N concentration in applied wastewater,
mgl.

(NO3)i - nitrate-N concentration in applied wastewater,
mgl.

2.35-45



COMPUTER ASSISTED P.. (U) RMY ENGINEER IIATERMAYS
EXPERIMENT STATION VICKSBURG HS R N HARRIS ET AL.

UCLRSSIFE JAN822F/G /3 NLEEEEEEEEEEEEEos



III .0 4 28 12.5

Q6I IIIIIII
~1" 1.2.0MA

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF STANDARDS- 1963-A



2.35.6.3.2 Calculate wastewater nitrogen loading, Ln'
lbs/acre- d.

Ln - 11.77 CnLw

where

Ln - wastewater nitrogen loading, lbs/acre-yr.

Lw - wastewater hydraulic loading rate, in/wk.

2.35.6.3.3 Fran water balance, calculate percolating water
rate, Wp, in/wk.

W p- + (P - ET) - R

where

W - percolating water rate, iu/wk.P

Pr = design precipitation, in/wk.

ET = evapotranspiration (or crops consumptive use
of water), in/wk.

R - net runoff, in/wk.

2.35.6.3.4 Calculate total nitrogen loading, (Lt)N, lb/acre-
yr.

(Lt)N - Ln + 11.77 (P r) (0.5)

where

(Lt)N - total nitrogen loading rate, lb/acre-yr.

0.5 - assumed nitrogen concentration in precipitation
water, mg/ 1.

2.35.6.3.5 Assume crop nitrogen uptake, (U)N, lb/acre-yr.

2.35.6.3.6 Calculate nitrogen loss through denitrification,
D, lb/acre-yr.

D - (Df)(Lt)/ (lO0)

where
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D - nitrogen loss through denitrification,
lb/ac re- yr.

Df m nitrogen loss as a percent of total applied
nitrogen, %.

2.35.6.3.7 Calculate nitrogen loss due to volatilization,
AV, lb/acre-yr.

AV - (AV)f (Lt)W (100)

where

AV - nitrogen loss due to volatilization, lb/acre-yr.

(AV)f - percent of total nitrogen applied lost to
volatilization, %.

2.35.6.3.8 Calculate sun of nitrogen losses, (IN)L, lb/
acre- yr.

(IN)L - (U)N + D + AV

where

(IN)L - sun of total nitrogen lost, lb/acre-yr.

2.35.6.3.9 Check total nitrogen against 0.8 (L tN .

(N)L , 0.8 (Lt)N

if (IN)L > 0.8 (Lt)N

set (IN) L m 0.8 (L ) N

2.35.6.3.10 Fran nitrogen balance, calculate nitrogen con-
centration in percolate, (CP)N, MV 1.

(Lt)N - (11. 7 7)(WP)(CP)N + N)L

(Cp) N - [(Lt)N - (IN)L]/(11.7 7)(Wp)

where

(Cp) N - nitrogen concentration in percolate, mg/l.

2.35.6.3.11 Calculate required treatment acre, TA, acres.
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TA - (WGP) (36.84)

where

TA - required field area, acres.

Q m average wastewater flow, mgd.

2.35.6.3.12 Calculate phosphorus loading, Lp, lb/acre-yr.

L = 11.77 (TP)i(Lv)

where

L- = total phosphorus loading, lbs/acre-yr.

(TP)i M total phosphorus concentration in applied
wastewater, mg/l.

2.35.6.3.13 Calculate soil renoval of phosphorus, SRP, lb/ acre-
yr.

(SRP) - 0.891 [(94.544 - 0.0041)(Lp)]

where

SRP - soil renoval of phosphorus, lbs/acre-yr.

2.35.6.3.14 Fran phosphorus mass balance, calculate phosphorus
concentration of percolate water.

(Cp )p ) - (SRP)]/(11.77)(Wp)

where

(Cp)p - phosphorus content of percolate water, Mul.
(0.10) (TP) i

2.35.6.3.15 Calculate percolate rate, Wp, mgd.

lIft Ilwk ft 2
Wp (mgd) - [(Wp) inwk l t rl wk ] (TA) acre (43,560 a

(7.48 '.) (l/10 6 )
2.35.6.3.16 Calculate suspended solids concentration in percolate,
mg/l, assume 99% renoval.

(SS)e W (0.01)(SS)i
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where

(SS)p - suspended solids concentration in percolate,
mgi .

(SS)i - suspended solids concentration in applied
wastewater, mg/1.

2.35.6.3.17 Calculate total and soluble BOD concentration in
percolate, mg/l, assume 99% renoval of total BOD 5.

(TBOD 5 ) p - (TBOD5)i (0.01)

.(SBOD5)p - (SBOD5)i (0.01)

where

(TBOD 5 ) P - total BOD 5 concentration in percolate, mg/il.

(TBOD5)i - total BOD 5 concentration in applied wastewater,
Miugl.

(SBODs)p M soluble BOD5 in percolate, mg/il.

(SBODs)i - soluble BOD 5 in applied wastewater, mgil

_2.35.6.3.18 Calculate total and soluble COD concentration in
percolate, mg/I.

(TCOD)p - [(TCOD)i - (TBOD5)i] (0.5) + 0.01 (TBOD5)i

(SCOD)p - [(SCOD)i - (SBODs)i] (0.5) + 0.01 (SBODs)i

where

(TCOD)p and (TCOD)i - total COD concentration in percolate
and applied wastewater, respectively,

(SCOD) and (SCOD) i - soluble COD concentration in percolate
and applied wastewater, respectively,
mg/l.

2.35.6.3.19 Nitrite-N concentration in percolate - 0.0.

2.35.6.3.20 Nitrate-N concentration in percolate - 0.4 (CP)N-

2.35.6.3.21 lAmonia-N concentration in percolate - 0.35 (Cp)N.
Total Kjeldahl-nitrogen concentration in percolate - .60 (C p)NO

2.35.6.3.22 Oil and grease concentration in percolate - 0.0. SETSO -

0.0.
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2.35.6.4 Process Design Output Data.

2.35.6.4.1 Application rate, in/week.

2.35.6.4.2 Evapotranspiration rate, in/week.

2.35.6.4.3 Precipitation rate, in/week.

2.35.6.4.4 Runoff, in/week.

2.35.6.4.5 Percent denitrified, percent.

2.35.6.4.6 Percent ammonia volatilization, percent.

2.35.6.4.7 Removal of phosphorus, percent.

2.35.6.4.8 Wastewater generation period, days/yr.

2.35.6.4.9 Field application period, weeks/yr.

2.35.6.4.10 Surface flooding.

2.35.6.4.11 Buffer zone width, feet.

2.35.6.4.12 Number of monitoring wells, wells,

2.35.6.4.13 Depth of monitoring wells, feet.

2.35.6.4.14 Treatment area required, acres.

2.35.6.4.15 Volume of percolate, mgd.

2.35.6.4.16 Quality of percolate.

2.35.6.4.16.1 Suspended solids, mg/l.

2.35.6.4.16.2 Volatile solids, percent.

2.35.6.4.16.3 BOD5 , mg1l.

2.35.6.4.16.4 BOD 5 soluble, mg/I.

2.35.6.4.16.5 COD, mg/I.

2.35.6.4.16.6 COD soluble, mg/i.

2.35.6.4.16.7 P04 , mg/i.

2.35.6.4.16.8 TKM, mg/l.

2.35.6.4.16.9 NO2, mg/l.

2.35.6.4.16.10 NO mg/I.
3'

2.35.6.4.16.11 Oil and grease, mg/l.
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2.35.6.5 Quantities Calculations.

2.35.6.5.1 Distribution Pumping. Distribution pumping will be
taken from the section entitled "Intemnediate Pumping".

2.35.6.5.2 Detenmine number and size of basins required.

2.35.6.5.2.1 Assume:

Use minimum depth of 4 feet.
Use a minimum of 4 infiltration basins.
Infiltration basins will be a maximum of 10 acres
in area and will be square.

2.35.6.5.2.2 If TA 4 acres

NIB 2

IBA -TA2

If IBA < .1 set IBA - .1

where

TA - treatment area, acres.

NIB - number of infiltration basins.

IBA - area of individual infiltration basins, acres.

2.35.6.5.2.3 If TA is less than or equal to 40 acres use 4 equal
sized basins.

4 < TA < 40; NIB - 4

IBA - TA
4

where

TA - treatment area

NIB - number of infiltration basins

IBA - area of individual infiltration basins

2.35.6.5.2.4 Ih TA is greater than 40 acres.

TA > 40; NIB - TA
1 0

NIB must be an Integer.
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IBA - TA

2.35.6.5.3 Calculate volume of earthwork for basins.

2.35.6.5.3.1 Assume:

Levees will be built on top of natural ground with
fill hauled in fra off the site.
Levee side slopes will be 3 to 1.
Top of the levee will be 10 feet wide.
Basins will be 4 feet deep.
Basins will be square.

2.35.6.5.3.2 Calculate dimensions of basins.

L - 208.7 (IBA)
0 . 5

where

L - Length of one side of the basin.

2.35.6.5.3.3 Volume of earthwork.

V - NIB (352L + 11,968)

where

V - volume of fill required to construct levees.ew

L - length of one side of the basin.

NIB - number of infiltration basins.

2.35.6.5.4 Calculate header size to feed infiltration
basins.

If GF £ 40 mgd calculate PIPE using GF if GF > 40
mgd calculate PIPE using GF/2.
Assume velocity (V) - 4 fps.

PIPE - 8.42 (GF)
0 .5

Pipe must be one of the following: 2,3, 4, 6, 8, 10, 12,
14, 16, 18, 20, 24, 30, 36, 42, 48.

Check velocity (V) using selected pipe size.

V- (283.6) (GF) or (283.6) (GF/2)

(PIPE)2  (PIPE)2
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If V _ 1 fps use next smallest dianeter.

If V > 5 fps use next largest dianeter.

where

PIPE - diameter of pipe (inches).

GF - generated flow (mgd).

V - velocity of water in pipe (fps).

2.35.6.5.5 Calculate quantity of header pipe required.

If GF 40 mgd LPIPE - (NIB)(L)

If GF > 40 mgd LPIPE = 2(NIB) (L)

where

LPIPE - length of header pipe required, ft.

2.35.6.5.6 Calculate pipe size for lateral to each infil-
tration basin.

2.35.6.5.6.1 Calculate flow.

FLOW - (.012) (AR)(IBA)

If FLOW 9 62 ft 3/sec calculate DIA using FLOW.

If FLOW > 62 ft3 /sec calculate DIA using FLOW/2.

2.35.6.5.6.2 Calculate diameter.

Assume velocity (V) - 4 fps.

DIA - 6.77 (FLOW) 0 . 5

DIA must be one of the following 2, 3, 4, 6, 8, 10, 12,
14, 16, 18, 20, 30, 36, 42, 48.

2.35.6.5.6.3 Select diameter closest to the calculated dia-
meter.

2.35.6.5.6.4 Check the velocity (V) using the selected dia-
meter.

V - ,(183.3) FLOW

(DTA)
2
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If V S I fps use next smallest diameter.

If V > 5 fps use next largest diameter.

where

FLOW = the wastewater flow to each basin (ft3/sec).

DIA - diameter of lateral pipe (inches).

V - velocity of water in pipe (ft/sec).

AR - application rate, (io/wk).

2.35.6.5.7 Detennine size and number of valves for distri-
bution systen.

2.35.6.5.7.1 Assume:

Each lateral will have a valve to cut off flow to
that infiltration basin.
Valves will be butterfly valves suitable for use in
water service.

Valves will be the same size as lateral pipe (DIA).

2.35.6.5.7.2 If FLOW < 62 ft3 /sec.

NBV - NIB

2.35.6.5.7.3 If FLOW > 62 ft3 /sec

NBV - 2 NIB

where

NBV - Number of butterfly valves.

NIB - Number of infiltration basins.

FLOW - the wastewater flow to each basin, ft 3/sec

DIA - diameter of lateral pipe, inches.

2.35.6.5.8 Calculate quantity of lateral pipe required.

If FLOW £ 62 ft3/sec; LLAT = (100) (NIB)

If FLOW > 62 ft3/sec; LLAT = (2) (100) (NIB)

where
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FLOW - the wastewater flow to each basin (ft3/sec).

LLAT - length of lateral pipe of diameter DIA, (ft).

NIB - number of infiltration basins.

2.35.6.5.9 Recovery of renovated water.

Two recovery systems are commonly used, underdrains
and recovery wells. The user must designate which system is to
be used if the water is to be recovered.

2.35.6.5.9.1 Underdrain systen.

2.35.6.5.9.1.1 The following assumptions are made:

Perforated PVC pipe 6 inches in diameter will be used
for underdrain laterals in basins.
100Z of the applied wastewater will be recovered.
The 6 inch pipe will be laid on 1% slope and assumed
to flow 1/2 full.
Concrete sewer pipe will be used as collection
headers.

2.35.6.5.9.1.2 Calculate quantity of underdrain pipe required.

DPIPE - (.0105) (L) (IBA) (AR) (NIB)

where

DPIPE - length of 6" drain pipe required (ft).

L - length of one side of infiltration basin, (ft).

IBA - area of individual infiltration basins, (acres).

AR - application rate, (inches/wk).

NIB - number of infiltration basins.

0.0105 - accumulated constants.

2.35.6.5.9.1.3 Calculate size and quantity of collection header
pipe.

Assume:

Class III concrete sewer pipe will be used.
Pipe will be laid on 1% slope.
Pipe will be sized by Manning formula assumed flowing
half full with "N" factor 0.013.
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DIA - 9.56 (FLOW) 0 . 3 7 5

h ere

CDIA - diameter of collection header pipe, inches.

3FLOW - the wastewater flow to each basin, ft /sec.

9.56 - accunulated constants.

LDCH - (L)(NIB)

where

LDCH - length of drain collection header pipe of
diameter CDIA, ft.

L - length of one side of infiltration basins, ft.

NIB = number of infiltration basins.

2.35.6.5.9.2 Recovery wells.

User must specify number of wells (NW), size of wells
(WDIA), and depth of wells (DW).

where

NW = number of recovery wells required.

WDIA - diameter of recovery wells, inches.

N= depth of recovery wells, ft.

2.35.6.5.10 Monitoring System.

Monitoring wells shall be 4" in diameter. User must
specify the number of monitoring wells, (NMW) and depth of
monitoring wells (DMW).

where

NMW - number of monitoring wells.

DMW - depth of monitoring wells, (ft).

2.35.6.5.11 Operation and maintenance manpower requirements.

2.35.6.5.11.1 Distribution System.

2.35.6.5.11.1.1 If TA £ 15

OMMHD - 128.5 (TA)
0 .6285
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2.35.6.5.11.1.2 If TA > 15

OMMHD - 78.8 (TA) 0.
809 2

where

TA - treatment area, acres.

GOMMHD - operation and maintenance manpower for
distribution, MH/ yr.

2.35.6.5.11.2 Water recovery by wells.

OMMHW = 384.64 (GF)
0 .59 81

where

OMMHW = operation and maintenance manpower for water
recovery by wells, MH/yr.

GF - generated flow, mgd.

2.35.6.5.11.3 Water recovery by underdrains.

2.35.6.5.11.3.1 If TA < 80

OMMHU = 54.71 (TA) 0 . 2 4 14

2.35.6.5.11.3.2 If TA > 80

OMMHU - 10.12 (TA)0'6255

where

OMMHU - operation and maintenance manpower for water
recovery by underdrains, MB/yr.

TA - treatment area, acres.

2.35.6.5.11.4 Monitoring wells.

OMM M - 6.39 (NMW) (DMW) 0.2760

where

OKMHM - operation and maintenance manpower for monitoring
wells, NHyr.

NMW - nuber of monitoring wells.

DMW - depth of monitoring wells, ft.
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2.35.6.5.12 Operation and Maintenance Materials Cost. This
item includes repair and replacement material costs. It is
expressed as a percentage of the capital costs for the various
areas of construction of the rapid infiltration system.

2.35.6.5.12.1 Distribution System.

2.35.6.5.12.1.1 If TA 19

OMMPD = 2.64 (TA) 0 . 2 1 0 1

2.35.6.5.12.1.2 IF TA > 19

OMMPD - 1.59 (TA)F
0 .0399

where

OMMPD - O&M material cost for distribution system
as percentage of construction cost of
distribution system.

TA - treatment area, acres.

2.35.6.5.12.2 Water recovery by wells.

2.35.6.5.12.2.1 If GF 9 5

OMMPW - 1.53 (GF) 0 . 6 5 70

2.35.6.5.12.2.2 If 5 < GF 9 10

OMMPW - 2.76 (GF) 0 . 28 9 4

2.35.6.5.12.2.3 If GF >10

OMMPW - 4.55 (GF) 0 . 0 7 1 5

where

OMMPW - O&M material cost for water recovery wells
as percentage of construction cost of recovery
wells.

GF - generated flow, mgd.

2.35.6.5.12.3 Water recovery by underdrains.

2.35.6.5.12.3.1 If T 5 200

OMMPU - 14.13 (TA) 0 . 1 39 2

2.35.6.5.12.3.2 If TA >200
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CMMPU - 30.95 (TA) 0 . 2 8 6 0

where

OCMPU - O&M material costs for water recovery by underdrains
as percentage of construction cost of underdrains.

TA - Treatment area, acres.

2.35.6.5.12.4 Monitoring wells.

OMMPM = 2.28 (DMW) 0.0497

where

OMMPM - O&M material cost for monitoring wells as percentage
of construction cost of monitoring wells.

DMW - depth of monitoring wells.

2.35.6.5.13 Electrical energy requirenents.

2.35.6.5.13.1 Recovery wells.

Assume:

Pump efficiency of 60%.
Motor efficiency of 90%.
Total head is equal to the well depth plus 40 ft.

KWH - (12.6) (GF) (DWI40) (DPW) (HPD)

where

KWH - energy required, kwhr/yr.

GF - generated flow, mgd.

DW - depth of well, ft.

DPW - days per week of operations, day/wk.

HPD - hours per day of operation, hr/day.

2.35.6.5.14 Other construction cost itens.

The quantities and itens canputed account for approximately
85% of the cost of the systens. Other miscellaneous itens such as
concrete head walls, pneumatic piping, etc., make up the other 15%.

CF - - = 1.18
0.85

2.35-59



where

CF - correction factor for other construction costs.

2.35.6.6 Quantities Calculations Output Data.

2.35.6.6.1 Area of individual infiltration basins, IBA, acres.

2.35.6.6.2 Number of infiltration basins, NIB.

2.35.6.6.3 Length of side of basin, L, ft.

2.35.6.6.4 Volume of earthwork for infiltration basins, Vew , cu.ft.

2.35.6.6.5 Diameter of distribution header, PIPE, inches.

2.35.6.6.6 Length of distribution header pipe required, LPIPE, ft.

2.35.6.6.7 Diameter of lateral pipe, DIA, inches.

2.35.6.6.8 Length of lateral pipe of diameter DIA, LLAT, ft.

2.35.6.6.9 Length of 6 inch diameter drain pipe required, DPIPE, ft.

2.35.6.6.10 Number of recovery wells, NW.

2.35.6.6.11 Diameter of recovery wells, WDIA, inches.

2.35.6.6.12 Depth of recovery wells, DW, ft.

2.35.6.6.13 Number of monitoring wells, NMW.

2.35.6.6.14 Depth of monitoring wells, DMW, ft.

2.35.6.6.15 Operation and Maintenance manpower for distribution,
OMMHD, M/yr.

2.35.6.6.16 Operation and maintenance manpower for recovery wells,
OMMHU, M/yr.

2.35.6.6.17 Operation and maintenance manpower for underdrain system,
OMMHU, M/yr.

2.35.6.6.18 Operation and maintenance manpower for monitoring wells,
OKHHM, / /yr.

2.35.6.6.19 O&M material costs for distribution system, OMMPD, 2.

2.35.6.6.20 O&M material costs for recovery wells, OMMPW, 2.
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2.35.6.6.21 O&M material cost for underdrain system, OMMPU, 2.

2.35.6.6.22 O&M material costs for monitoring wells, OMMPM, 2.

2.35.6.6.23 Diameter of drain collection header pipe, CDIA, inches.

2.35.6.6.24 Length of drain collection header pipe, LDCH, ft.

2.35.6.6.25 Number of butterfly vlaves, NBV.

2.35.6.6.26 Energy required for recovery wells, KWH, Kw hr/yr.

2.35.6.6.27 Correction factor for other construction costs, CF.

2.35.6.7 Unit Price Input Required.

2.35.6.7.1 Unit price input for earthwork assuming hauled from
offsite and compacted, UPIEW, $/cu yd.

2.35.6.7.2 Cost of standard size steel pipe (12"P), COSP, S/ft.

2.35.6.7.3 Cost of standard size butterfly valve (12"0) COSTSV, $.

2.35.6.7.4 Unit price input for 6" PVC perforated drain pipe, UPIPP,
S/ft.

2.35.6.7.5 Cost of standard size (24") reinforced concrete drain
pipe (Class III) COSTCP, S/ft.

2.35.6.8 Cost Calculations.

2.35.6.8.1 Cost of earthwork.

COSTE - (Ve) (UPIEW)

27

where

COSTE - Cost of earthwork for levees, $.

V ew - Volume of earthwork for infiltration basins, cu ft

UPIEW - unit price input for earthwork assuming hauled from
offsite and compacted, $/cu.yd.

2.35.6.8.2 Cost of header pipe.

2.35.6.8.2.1 Calculate installed cost header pipe (excluding trenching
and backfilling).

COSTP - (COSTP) (COSTP)
100
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where

COSTP - cost of pipe of dianeter PIPE, S/ft.

COSP - cost of standard size pipe (12" diameter), S/ft.

COSTRP - cost of pipe of diameter PIPE as percent of cost of
standard size pipe, percent.

2.35.6.8.2.2 Calculate COSTRP.

COSTRP - 5.48 (PIPE)"1
165 5

where

PIPE - diameter of header pipe, inches.
COSTRP - cost of pipe of diameter PIPE as percent of cost of

standard size pipe, percent.

2.35.6.8.2.3 Dete--ine COSP.

COSP is the cost per foot of 12" diameter welded steel pipe
in place (excluding cost for trenching and backfilling).

2.35.6.8.2.4 Calculate cost for trenching and backfilling. This cost
is canputed as a fraction of the cost of the pipe.

If PIPEs12" EBF - 0.334 (PIPE)- 0 . 6 84 0

If PIPE >12" EBF - 0.061
where

EBF - fraction of pipe cost for trenching and backfilling.

PIPE - diameter of header pipe, inches.

2.35.6.8.2.5 Total installed cost of header pipe.

TICHP - (1 + EBF) (COSTP) (LPIPE)

where

TICHP - total installed cost of header pipe, $.

EBF - fraction of pipe cost for trenching and backfilling.

COSTP - cost of pipe of diameter PIPE, $/ft.

LPIPE - length of header pipe required, ft.

2.35.68.3 Cost of lateral piping to infiltration basins.

2.35.6.8.3.1 Calculate installed cost of lateral piping (excluding
trenching and backfilling).

COSTLP - (COS) (COSTRL)
100

where
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COSTLP - cost of lateral pipe of diameter DIA, $/ft.

COSP - cost of standard size pipe (12" diameter), $/ft.

COSTRL - cost of lateral pipe of diameter DIA as percent of
cost of standard size pipe, percent.

2.35.6.8.3.2 Calculate COSTRL

COSTRL - 5.48 (DIA)
1"1 6 5 5

where

DIA - diameter of lateral pipe, inches.

COSTRL - cost of lateral pipe of diameter DIA as percent
of cost of standard size pipe, percent.

2.35.6.8.3.3 Calculate cost of trenching and backfilling. This cost
is computed as a fractio.n of the cost of the pipe.

If DIAS' 12" EBFL - 0.334 (DIA)
0 .6 8 4 0

If DIA >12" EBFL - 0.061

where

EBFL - fraction of pipe cost for trenching and backfilling.

DIA - diameter of lateral pipe, inches.

2.35.6.8.3.4 Total installed cost of lateral pipe.

TICLP - (1 + EBFL) (COSTLP) (LLAT)

where

TICLP - total installed cost of lateral pipe, $.

EBFL - fraction of pipe cost for trenching and backfilling.

COSTLP - cost of lateral pipe of diameter DIA, $/ft.

LLAT - length of lateral pipe required, ft.

2.35.6.8.4 Cost of butterfly valves.

2.35.6.8.4.1 Calculate installed cost of butterfly valves.

COSTBV - (CoSTSV) (COSTRV) (NBV)

where 100

COSTBV - installed cost of butterfly valves, $.

COSTSV - cost of standard size valve (12" 0), $.

COSTRV - cost of valve of size DIA as a percent of the cost
of the standard size valve, Z.
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NBV - nunber of butterfly valves.

2.35.6.8.4.2 Calculate COSTRV

COSTRV - 3.99 (DIA)1.
395

2.35.6.8.4.3 Detemine COSTSV

COSTSV is the installed cost of a 12"1 butterfly valve
suitable for water service.

2.35.6.8.5 Total cost of distribution systen.

TCDS - COSTE + TICHP + TICLP + COSTBV

where

TCDS - total cost of distribution systen, $.

2.35.6.8.6 Cost of underdrain systen.

2.35.6.8.6.1 Cost of underdrain laterals.

COSTUL - (DPIPE) (UPIPP) (1.1)

where

COSTUL - installed cost of underdrain laterals, $.

DPIPE - length of 6" drain pipe required, ft.

UPIPP - unit price input for 6" PVC perforated drain pipe,
$1 ft.

1.1 - 10% adjustment for trenching and backfilling.

2.35.6.8.6.2 Cost of underdrain collection header pipe.

ICUCH - (COSTRC) (COSTCP) (LDCH) (1 + EBFD)
100

where

CUCH - installed cost of underdrain collection header.

COSTRC - cost of underdrain collection header pipe of
dianeter CDIA as percent of standard size pipe, %.

COSTCP - cost of standard size pipe (24"D reinforced concrete
pipe Class I1), $/ft.

LDCH - length of underdrain collection header required,
ft.
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EBFD - cost for trenching and backfilling as fraction of

pipe cost.

2.35.6.8.6.2.1 Calculate COSTRC.

COSTRC - 0.489 (CDIA) "
6 8 6

where

CDIA - diameter of underdrain collection header pipe,
inches.

2.35.6.8.6.2.2 Detemine COSTCP.

COSTCP is the cost per foot of 24"D Class III rein-
forced concrete sever pipe with gasket joints.

2.35.6.8.6.2.3 Calculate EBFD

EBFD - 0.392 (CDIA) 0 . 2 8 7 1

where

EBFD - cost for trenching and backfilling as a fraction of
pipe cost.

2.35.6.8.6.3 Calculate total cost of underdrain system.

TCUS - COSTUL + ICUCH

where

TCUS - total cost of underdrain system, $.

2.35.6.8.7 Calculate cost of recovery wells and pump.

2.35.6.8.7.1 Calculate cost of well.

2.35.6.8.7.1.1 Calculate COSTW.

COSTW - RWC (DW) (NW) (COSP)

where

COSTW - cost of recovery wells, $.

RWC - recovery well cost as fraction of cost of
standard pipe.

COSP - cost of standard size pipe (12"D welded steel),
$/ft.
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2.35.6.8.7.1.2 Calculate RWC.

2.35.6.8.7.1.2.1 If 4" £ WDIA < 10"

RWC - 160.4 (DW)
0 .7033

2.35.6.8.7.1.2.2 If 12"e WDIA 5 20"

RWC - 159.8 (DW)
0 .6 209

2.35.6.8.7.1.2.3 If 24" < WDIA £ 34"

RWC - 142.7 (DW)
0 .5 286

2.35.6.8.7.1.2.4 If 36" - WDIA C 42"

RWC - 206.5 (DW)
0 .44 5

where

WDIA - diameter of the well., inches.

RWC - recovery well cost as traction of cost of
standard size pite,

DW - depth of recovery wells, ft.

2.35.6.8.7.1.3 Determine CO'P.

COSP is the cost per foot of 12"1D welded steel
pipe. This cost in the Ist quarter of 1977 is $13.50/ft. For
the best cost estimation COSP should be a current price input
fran a vendor, however, if this is not done the cost will be
updated using the Marshall and Swift Equipment Cost Index.

MS EC I
COSP - $13.50 491.6

where

COSP - cost of standard size pipe (12"D welded steel),
$/ft.

MSECI - current value for Marshall and Swift Equipment
Cost Index.

2.35.6.8.7.2 Calculate cost of pump for recovery wells.

2.35.6.8.7.2.1 Calculate COSTWP.

COSTNP - (COSTPS) (WPR) (NW)
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where

COSTWP - cost of pumps for recovery wells, $.

COSTPS - cost of standard size pump (3000 gpm), $.

WPR - cost of well pump as fraction of cost of
standard pump.

NW - number of recovery wells.

2.35.6.8.7.2.2 Calculate WPR.

WPR - 0.00048 (WDIA) 1.791 (DW)
0 .6 58

where

WPR - cost of well pump as fraction of cost of standard
pump.

WDIA - diameter of recovery wells, inches.

DW - depth of recovery wells, ft.

2.35.6.8.7.2.3 Detennine COSTPS.

COSTPS is the cost of a 3000 gpm pump. This cost
is $17,250 for the first quarter of 1977. For the best cost
est1mate the user should input a current value for COSTPS,
however, if this is not done the cost will be updated using the
Marshall and Swift Equipment Cost Index.

COSTPS - $17,250 MSECI

491.6

where

COSTPS - cost of standard size pump (3000 gpm), $.

MSECI - current Marshall and Swift Equipment Cost Index.

2.35.6.8.7.3 Calculate total cost of recoverywells.

COSTRW - COSTW + COSTWP

where

COSTRW - total cost of recovery wells, $.

COSTW - cost of recovery well, $.

COSTNP - cost of pumps for recovery wells, $.
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2.35.6.8.8 Cost of monitoring wells and pumps.

2.35.6.8.8.1 Calculate cost of wells.

2.35.6.8.8.1.1 Calculate COSM.

COSM - (RMWC) (DM1) (NMW) (COSP)

where

COS7M - cost of monitoring wells, $.

RMWC - cost of well as fraction of cost of standard
pipe.

DMW - depth of monitoring wells, ft.

NMW - nunber of monitoring wells.

COSP - cost of standard size pipe (12" welded steel), S/ft.

2.35.6.8.8.1.2 Calculate RMWC.

RMWC - 160.4 (DMW)"0 .7
0 33

where

RMWC - cost of well as fraction of cost of standard pipe.

DMW - depth of monitoring wells, ft.

2.35.6.8.8.1.3 Determine COSP.

COSP is the cost per foot of 12"0 welded steel
pipe. This cost in first quarter of 1977 is $13.50/ft. For the
best cost estimate COSTSP should be a current price input fra a
vendor, however, if this is not done the cost will be updated
using the Marshall and Swift Equipment Cost Index.

COSP - $13.50 MSECI

where

COSP - cost of standard size pipe (12"P welded steel),
$/ft.

MSECI - current Marshall and Swift Equipment Cost Index.

2.35.6.8.8.2 Calculate cost of pumps for monitoring wells.

2.35.6.8.8.2.1 Calculate COSTMP.

COSIhP - (COSTPS) (MWPR) (NMW)
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where

COS7MP - cost of pwips for monitoring wells, $.

COSTPS - cost of standard size pump (3000 gpm), $.

MWPR - cost of well pump as fraction of cost of
standard pump.

NMW - nunber of monitoring wells.

2.35.6.8.8.2.2 Calculate MWPR.

MWPR - 0.0551 (DMW)
0 .658

where

MWPR - cost of well pump as fraction of cost of
standard size pump.

DMW - depth of monitoring wells, ft.

2.35.6.8.8.2.3 Detenine COSTPS.

COSTPS is the cost of a 3000 gpm pump. The cost
is $17,250 for the first quarter of 1977. For the best cost
estimate the user should input a current value of COSTPS,
however, if this is not done the cost will be updated using the
Marshall and Swift Equipment Cost Index.

COSTPS - $17,250
491.*6

where

COSTPS - cost of standard size pump (3000 gpm), $.

MSECI - current Marshall and Swift Equipment Cost
Index.

2.35.6.8.8.3 Calculate total cost of monitoring wells.

COST(W - COSIX + COSTMP

where

COS7MW - total cost of monitoring wells, $.

COSIL - cost of monitoring wells, $.

COSIMP - cost of pumps for monitoring wells, $.
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2.35.6.8.9 Operation and maintenance material cost.

OIMC - (TCDS) (OMPD)+ (TCUS) (OMHPW)+ (COSTRW) (OmmPW)+ (COSThW) (OMMPN)
100

where

OKMC - O&M material costs, $/yr.

2.35.6.8.10 Total bare construction cost.

TBCCRI - (TCDS+TCUS+COSTRWtCOSThW) (1.18)

where

TBCCRI - total bare construction cost for rapid infiltration,

TCDS = total cost of distribution systeu, $.

TCUS - total cost of underdrain systen, $.

COSTRW - installed cost of recovery wells, $.

COSTHW - installed cost of monitoring wells, $.

2.35.6.9 Cost Calculations Output Data.

2.35.6.9.1 Total bare construction cost for rapid infil-
tration, TBCCRI, $.

2.35.6.9.2 Operation and maintenance material cost, OMMC,
S/yr.
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2.35.7 Slow Inf iltration.

2.35.7.1 Input Data.

2.35.7.1.1 Wastewater flow, Q, mgd.

2.35.7.1.1.1 Minimum flow, mgd.

2.35.7.1.1.2 Average flow, mgd.

2.35.7.1.1.3 Maximum flow, mgd.

2.35.7.1.2 Wastewater characteristics.

2.35.7.1.2.1 Suspended solids, mg/l.

2.35.7.1.2.2 Volatile suspended solids, % of suspended solids.

2.35.7.1.2.3 Settleable solids, mg/l.

2.35.7.1.2.4 BOD5 (soluble and total), mg/l.

2.35.7.1.2.5 COD (soluble and total), mg/l.

2.35.7.1.2.6 Phosphorus (as P04 ), mg/l.

2.35.7.1.2.7 Total Kieldahl Nitrogen (TKN), mg/l.

2.35.7.1.2.8 Ammonia-Nitrogen, NH3 , mg/I.

2.35.7.1.2.9 Nitrite-Nitrogen, NO2 , mg/.

2.35.7.1.2.10 Nitrate-Nitrogen, N203 , mg/i.

2.35.7.1.2.11 Temperature, *C.

2.35.7.1.2.12 pH, units.

2.35.7.1.2.13 Oil and Grease, mg/l.

2.35.7.1.2.14 Cations, mg/l.

2.35.7.1.2.15 Anions, mg/l.

2.35.7.2 Design Parameters.

2.35.7.2.1 Crops classification (specify).

2.35.7.2.1.1 Forage grass.
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2.35.7.2.1.2 Corn.

2.35.7.2.2 Application rate, L.

2.35.7.2.2.1 Average application rate, in/wk = (0.5 - 4
iW wk).

2.35.7.2.2.2 Maximum application rate, in/hr - (0.1-0.5
in/ hr).

2.35.7.2.3 Precipitation rate, Pr" in/wk.

2.35.7.2.4 Evapotranspiration rate, ET, in/wk.

2.35.7.2.5 Runoff, R, in/wk.

2.35.7.2.6 Wastewater generation period, WWGP, days/yr.

2.35.7.2.7 Field application period, FAP, wks/yr.

2.35.7.2.8 Piping classification (specify one).

2.35.7.2.8.1 Solid set piping.

2.35.7.2.8.2 Center pivot piping.

2.35.7.2.9 Storage requirements, days/yr (specify one).

2.35.7.2.9.1 Minimum storage, days/yr.

2.35.7.2.9.2 No storage.

2.35.7.2.10 Liner required (liner should only be used with
storage).

2.35.7.2.11 Embankment protection (should only be used with

storage).

2.35.7.2.12 Recovery system (specify one).

2.35.7.2.12.1 Underdrains recovery system.

2.35.7.2.12.2 No recovery syste.

2.35.7.2,13 Buffer zone width, ft (site dependent) - 0.0-500
ft.

2.35.7.2.14 Current ground cover, Z.
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2.35.7.2.14.1 Forest, % (require heavy clearing).

2.35.7.2.14.2 Brush, % (require medium clearing).

2.35.7.2.14.3 Pasture, % (require light clearing).

2.35.7.2.15 Slope, %.

2.35.7.2.15.1 Cultivated land 20%.

2.35.7.2.15.2 None cultivated land 40%.

2.35.7.2.16 Monitoring wells.

2.35.7.2.16.1 Number.

2.35.7.2.16.2 Depth per well, ft.

2.35.7.2.17 Fraction denitrified, D, Z - 15- 25%.

2.35.7.2.18 Ammonia volatilization, AV, Z - 0.0%.

2.35.7.2.19 Soil renoval of phosphorus, % - 80%.

2.35.7.2.20 Hours per day operation, HPD, hrs.

2.35.7.2.21 Days per week operation, DPW, days.

2.35.7.3 Process Design Calculations.

2.35.7.3.1 Calculate total nitrogen concentration, Cn, in
the applied wastewater.

C - (TKN)i + (NO2)' + (N03 )i

where

Cn - total nitrogen concentration in applied wastewater,
Mgtl.

(TKN)i - total Kjeldahl nitrogen concentration in applied
wastewater, mg/1.

(NO2 )i - nitrite-N concentration in applied wastewater,

(NO3 )i - nitrate-N concentration in applied wastewater,mgl.
2.35.7.3.2 Calculate wastewater nitrogen loading, Ln9

lbs/acre-d.
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- 11.77 C Ln w

whe re

L = wastewater nitrogen loading, lbs/acre-yr.n

L - wastewater hydraulic loading rate, in/wk.V

2.35.7.3.3 Fran water balance, calculate percolating water
rate, Wp, in/wk.

W = Lw + (Pr - ET)- R

where

W - percolating water rate, in/wk.P

Pr = design precipitation, in/wk.

ET - evapotranspiration (or crops consumptive use
of water), in/wk.

R - net runoff, in/wk.

2.35.7.3.4 Calculate total nitrogen loading, (Lt)N, lb/acre-
yr.

(Lt) = Ln + 11.77 (Pr)(0.5)

where

(Lt)N = total nitrogen loading rate, lb/acre-yr.
water, mugl.

2.35.6.3.5 Assume crop nitrogen uptake, (U)N, lb/acre-yr -

0.9.

2.35.7.3.5.1 For forage grass.

(U)N ' 0.891 [(118.73) +0.36 (Lt),) lb/acre-yr

2.35.7.3.5.2 For corn.

-(U) = 0. 89 1[(1 7 6 .5 3 )-0.0 4 7 6 (Lt)N ] lb/acre-yr

where

(U)N - crop nitrogen uptake, lb/acre-yr.

2.35.7.3.6 Calculate nitrogen loss through denitrification,
D, lb/acre-yr.
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D - (Df) (Lt)W (100)

where

D - nitrogen loss through denitrification,
lb/ac re- yr.

Df . nitrogen loss as a percent of total applied
nitrogen, %.

2.35.7.3.7 Calculate nitrogen loss due to volatilization,
AV, lb/acre-yr.

AV - (AV)f (Lt)W/ (100)

where

AV - nitrogen loss due to volatilization, lb/acre-yr.

(AV)f - percent of total nitrogen applied lost to
volatilization, %.

2.35.7.3.8 Calculate sun of nitrogen losses, (IN)L, lb/
acre- yr.

(IN)L - (U)N + D + AV

where

(MN)L = sun of total nitrogen lost, lb/acre-yr.

2.35.7.3.9 Check total nitrogen against (0.8 (Lt)N.

(IN)L 0.8 (Lt)N

if (IN)L 0.8 (Lt)N

set (IN) L - 0.8 (Lt)N

2.35.7.3.10 Fran nitrogen balance, calculate nitrogen con-
centration in percolate, (CP)N, mg/l.

(Cp )N - [(Lt (d N)L]/(11.77)(Wp)

where

(CP)N - nitrogen concentration in percolate, mg/l.

2.35.7.3.11 Calculate required treatment acre, TA, acres.

TA - (258.5) (Q)(L w )
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where

TA - required field area, acres.

Q - average wastewater flow, mgd.

2.35.7.3.12 Calculate volume of required storage, acre-ft.

(SV) - (SR) (Qave) (10 6)/(7.48) (43,560)

where

SV - volume of required storage, acre-ft.

2.35.7.3.13 Calculate phosphorus loading, Lp, lb/acre-yr.

Lp - 11.77 (TP) (Lw)

where

Lp - total phosphorus loading, lbs/acre-yr.

(TP)i . total phosphorus concentration in applied
wastewater, ng/l.

3.35.7.3.14 Calculate soil removal of phosphorus, lb/acre-yr.

(SRP) - (SRP)f (Lp)/(10)

where

SRP - soil removal of phosphorus, lb/acre-yr.

(SRP)f - percent of total applied phosphorus removed by
the soil, Z.

2.35.7.3.15 Calculate plant uptake of phosphorus, Up, lb/ acre-yr.

U - 0.891 [215.54 - 37.11 log e (Lp)]

where

up - plant uptake of phosphorus, lbs/acre-yr.

2.35.7.3.16 Fran phosphorus mass balance, calculate phosphorus concentration
of percolate water.

(CP)p - [(L) - (SRP) - (Up)1/(11.77) (We )

where

2.35-76



(Cp)p - phosphorus content of percolate water, mg/I.
>(o.0i) (TP)i

2.35.7.3.17 Calculate percolate rate, Wp, mgd.

1 ft lwk f2
(Mgd (Wp in wk(Z2 'in)(TA) acre (43, 560

(7.48 gal) (1/106)

ft 3

2.35.7.3.18 Calculate suspended solids concentration in
percolate, mg/l, assume 97% removal.

(SS)p - (0.03) (SS) i

where

(SS)p . suspended solids concentration in percolate,
ing/l.

(SS)i - suspended solids concentration in applied
wastewater, mg/ i.

2.35.7.3.19 Calculate total and soluble BOD concentration in

percolate, ag/i, assume 95% removal of total BOD5 *

(TBOD5)P - (TBODs)i (0.05)

(SBOD 5 ) P - (SBOD5)i (0.05)

where

(TBOD5)P - total BOD5 concentration in percolate, mg/l.

(TBODs)i - total BOD 5 concentration in applied wastewater,

SBOD 5 soluble BOD5 , mg/i.

2.35.7.3.20 Calculate total and soluble COD concentration in
percolate, mgl, assume COD removal of 95%.

(TCOD)p - (TCOD)i (0.05)

(SCOD)p = (SCOD)i (0.05)

where

(TCOD)P and (TCOD)i - total COD concentration in percolate
and applied wastewater, respectively,
mg/i.
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(SCOD) and (SCOD)i - soluble COD concentration in percolate
and applied wastewater, respectively,
mg/l.

2.35.7.3.21 Nitrite-N concentration in percolate - 0.0.

2.35.7.3.22 Nitrate-N concentration in percolate - (Cp)N -

2.35.7.3.23 Ammonia-N concentration in percolate - 0.0. Total
Kjeldahl-nitrogen concentration in percolate - 0.0.

2.35.7.3.24 Oil and grease concentration in percolate - 0.0.
SETSO - 0.0.

2.35.7.4 Process Design Output Data.

2.35.7.4.1 Hours per day operation, hours.

2.35.7.4.2 Days per week operation, days.

2.35.7.4.3 Forage grasses.

2.35.7.4.4 Application rate, in/week.

2.35.7.4.5 Maxitmi application rate, in/hour.

2.35.7.4.6 Evapotransportation rate, in/week.

2.35.7.4.7 Precipitation rate, in/week.

2.35.7.4.8 Runoff, in/week.

2.35.7.4.9 Percent denitrified, percent.

2.35.7.4.10 Percent aumonia volatilization, percent.

2.35.7.4.11 Renoval of phosphorus, percent.

2.35.7.4.12 Wastewater generation period, days/yr.

2.35.7.4.13 Field application period, weeks/yr.

2.35.7.4.14 Solid set piping and punping.

2.35.7.4.15 Calculated storage required, acre-ft.

2.35.7.4.16 Buffer zone width, feet.

2.35.7.4.17 Current ground cover.

2.35.7.4.17.1 Forest, percent.
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2.35.7.4.17.2 Brush, percent.

2.35.7.4.17.3 Pasture, percent.

2.35.7.4.18 Slope of site, percent.

2.35.7.4.19 Number of monitoring wells, wells.

2.35.7.4.20 Depth of monitoring wells, feet.

2.35.7.4.21 Treatment area required, acres.

2.35.7.4.22 Volume of percolate, mgd.

2.35.7.4.23 Quality of percolate.

2.35.7.4.23.1 Suspended solids, mg/l.

2.35.7.4.23.2 Volatile solids, percent.

2.35.7.4.23.3 BOD5 , mg/l.

2.35.7.4.23.4 BOD 5 soluble, mg/l.

2.35.7.4.23.5 COD, mg/i.

2.35.7.4.23.6 COD soluble, mg/l.

2.35.7.4.23.7 PO4 , mg/l.

2.35.7.4.23.8 TKN, mg/i.

2.35.7.4.23.9 NO2 , mg/i.

2.35.7.4.23.10 NO39 mg/l.

2.35.7.4.23.11 Oil and grease, mg/l.

2.35.7.5 Quantities Calculations.

2.35.7.5.1 Distribution pumping. User must input the ope-
rating schedule, days per week (DPW) and hours per day (HPD) of
operation.

2.35.7.5.1.1 Calculate the design flow.

FLOW - (Qav)_(.WGP) (24)
(FAP)(DPW) (HPD)

where

FLOW - actual daily flow to spray field, mgd.

2.35-79



Q - average daily flow, mgd.

WWGP - wastewater generation period, days/yr.

FAP - field application period, wks/yr.

DPW - days per week treatment system is operated,
days/wk.

HPD - hours per day treatment system is operated,
hrs/day.

24 - conversion from days to hours, hrs/day.

Using the flow calculated (FLOW), the distribution pumping will
be sized and the cost estimated fra the existing section en-
titled "Intermediate Pumping".

2.35.7.5.2 Storage requirements. The slow rate system, like
overland flow, is dependent upon weather. Also if crops are
grown it is dependent upon growing seasons. The user must input
the number of days of storage required based on anticipated
crops, and climatic data for the particular area.

2.35.7.5.2.1 Calculate storage volume.

SV - (SR) (Q x 106)

where

SV - storage volume, gal.

SR - storage required, days/yr.

Q - average daily flow, mgd.

2.35.7.5.2.2 Calculate size and number of storage lagoons.

2.35.7.5.2.2.1 The following assumptions are made in determining
size and number of lagoons:

A minimum of 2 lagoon cells will always be used.
An even number of lagoon cells will be used, such as
2, 4, 6, 8, etc.
The largest single lagoon cell will be 40 acres
which represents approximately 85 million gallons
storage volume.

2.35.7.5.2.2.2 If SV < 170,000,000 gal.

NLC m 2

2.35-80



2.35.7.5.2.2.3 If SV >170,000,000 gal. a trial and error so-
lution for NLC will be used.

SV
Assume NLC - 4; if i > 85,000,000 gal.

Redesignate NLC - NLC + 2 and repeat calculation until SV

85,000,000 gal. NLC

where

SV - storage volume, gal.

NLC - number of lagoon cells.

2.35.7.5.2.3 Calculate storage volume per cell.

SVC SV
(NLC) (7.48)

where

SVC - storage volume per cell, ft3 .

SV - storage volume, gal.

NLC - nunber of lagoon cells.

7.48 - conversion from gal. to ft3 , gal/ft3 .

2.35.7.5.2.4 Calculate lagoon cell dimensions. The following
assumptions are made concerning lagoon construction:

The lagoon cells will be square.
Common levee construction will be used where possible.
Lagoons will be constructed using equal cut and fill.
Lagoon depth will be 10 ft with 8 ft water depth and 2 ft freeboard.
Minimum water depth will be 1.5 ft.
Side slopes will be 3 to 1.
A 30% shrinkage factor will be used for fill.

L - (0.615 SVC - 1521 0 .5 + 60
2

where

L - length of one side of lagoon cell, ft.

SVC - storage volume per cell, ft3.
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2.35.7.5.2.5 Calculate volume of earthwork required for la-
goons. The volume of earthwork must be determined by trial and
error using the following equations:

DC + DF - 10

VF [ 3 (DF)2 + 1ODF] 5 + 2] (L)

2
VC - (1.3)(NLC)(DC) [ L- (6)(DF)(L) + 12 (DF)2 + 120 DF - 60L + 1200]

Assume that the depth of cut (DC) is equal to 1 ft. Fran the
equations calculate the volume of fill (VF) required and the
volume of cut (VC) required. Capare VC and VF.

If VC< VF then assume DC >1 ft and recalculate VC and VF.

If VC >VF then assume DC< 1 ft and recalculate VC and VF.

Repeat this procedure until VC - VF. This is the volume of
earthwork required for the storage lagoon.

VC - VF - VLEW

where

DC - depth of cut, ft.

DF - depth of fill, ft.

3VF - volume of fill, ft

3VC - volume of cut, ft

NLC - number of lagoon cells.

L - length of one side of lagoon cell, ft.

VLEW - volume of earthwork required for lagoon construction,
ft .

2.35.7.5.3 Slow rate distribution system. In a slow rate
land treatment system the wastewater is usually applied to the
field in one of two ways, buried solid set sprinklers or center
pivot sprinkler systes. Both of these distribution methods
will be addressed.

2.35.7.5.3.1 Buried solid set sprinklers. The selection of
the optimum sprinkler type, size, spacing is very dependent on
the site conditions . Certain assumptions will be made on these
parameters to simplify the calculations. While these assump-
tions, if used to design some systems, would drastically affect
performance, they will have little affect on the overalL costs.
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As sune:

The treatment area will be square.
The spacing between laterals will be 50 ft.
The spacing between sprinklers will be 50 ft.
Sprinklers will be arranged in square patterns.

2.35.7.5.3.1.2 Calculate dimensions of treatment area.

LTA - [(TA) (43,560)] 0.5

where

LTA - length of one side of treatment area, ft.

TA - treatment area, acres.

43,560 - conversion from acres to ft2, ft2/acre.

2.35.7.5.3.1.3 Calculate flow per sprinkler.

FPS -.2,500 (RI
96.3

where

FPS - flow per sprinkler, gpm.

MAR - Maximum application rate, inches/hr. (Must be
input by user based on crop and infiltration rate)

2500 - application area for each sprinkler, ft2.

96.3 - combined conversion factors.

2.35.7.5.3.1.4 Calculate number of headers. This will be a
trial and error process. The governing assumption will be that
the header pipes will be less than 48"0. Assume NH - 1.

2.35.7.5.3.1.4.1 Calculate the length of laterals.

LL- LTA2NH

where

LL - length of laterals, ft.

LTA - length of one side of treatment area, ft.

NH - number of headers.

2.35.7.5.3.1.4.2 Calculate number of sprinklers per lateral.

NSL wLL
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where

NL - number of laterals per header.

LTA - length of one side of treatment area.

2.35.7.5.3.1.4.3 Calculate number of laterals per header.

NL wL 50

where

NL - number of laterals per header.

LTA - length of one side of treatment area, ft.

50 - spacing of laterals on header, ft.

2.35.7.5.3.1.4.4 Calculate number of sprinklers per header.

NSH - (NL) (NSL)

where

NSH - number of sprinklers per header.

NL - number of laterals per header.

NSL - number of sprinklers per lateral.

2.35.7.5.3.1.4.5 Calculate flow per header.

FPH - (FPS) (NSH)

If FF1 > 16,000 gpm; assume NH - NH + 1 and recalculate FPH
until FPH 5 16,000 gpm.

where 
0L

FPH - flow per header, gpm. QpJ1 (.A@

FPS - flow per sprinkler, gpm.

NSH number of sprinkler per heade.I

2.35.7.5.3.1.5 Calculate pipe size for laterals.

DIAL - 0.286 [(NSL) (FPS)] 0.5

DIAL must be one of the following: 2, 3, 4, 6, 8, 10, 12, 14,
16, 18, 20, 24, 30, 36, 42, 48. Always use the next larger

diameter above the calculated diameter.
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where

DIAL - diameter of lateral, inches.

NSL - number of sprinklers per lateral.

FPS - flow per sprinkler, gpm.

0.286 - combined conversion factors.

2.35.7.5.3.1.6 Calculate quantity of lateral pipe required.

TLL - (LL) (NLH) (NH)

where

TLL - total length of lateral pipe, ft.

LL - length of laterals, ft.

NLH - number of laterals per header.

NH - number of headers.

2.35.7.5.3.1.7 Calculate pipe sizes for headers. The header
pipe noxmally decreases in size due to decreasing volume of flow
as each lateral pipe removes part of the flow from the header
pipe. The header size will be calculated after each lateral on
the header.

DIAHN - 0.286 [FPH - (N) (FPL)] 0.5

Begin calculation with N - 0. This will give the diameter of

the header (DIAHO) before any flow is removed. Then set N - N +
1 and repeat the calculation. This will give the diameter (DIAH
1) of the header after the first lateral has removed a part of
the flow. Repeat the calculation each time redesignating N
until N - NLH.

DIAHN must be one of the following: 2, 3, 4, 6, 8, 10, 12, 14,
16, 18, 20, 24, 30, 36, 42, 48.

where

DIARN - diameter of header pipe, inches.

FPH - flow per header, gpm.

N - number of laterals.

FPL - flow per lateral, gpm.

2.35-85



0.286 f combined conversion factors.

2.35.7.5.3.1.8 Calculate length of header pipe.

LDIAHN - (50) (SUM) (NH)

where

LDIAHN - length of header pipe of diameter DIAHN, ft.

SUM - the nunber of points with the same diameter.

50 - spacing between laterals, ft.

2.35.7.5.3.1.9 Calculate number of butterfly valves for dis-
tribution system. There will be a butterfly valve in each
header for flow control. These valves will be in the header
upstream from the spray field and will be the same as the
initial size calculated for the header.

NBV = NH

DBV = DIAHN

where

NBV - number of butterfly valves.

NH - nunber of headers.

DBV - diameter of butterfly valves, inches.

DIARN - diameter of header calculated when N - 0, inches.

2.35.7.5.3.1.10 Calculate number of valves for lateral
lines. There will be a plug valve in each lateral line which
will be automatic but will be either fully open or fully closed.
They will be the same size as the size calculated for the
lateral pipes.

NLV - (NLH) (NH)

DLV - DIAL

where -

NLV - number of lateral valves.

NLH - number of laterals per header.

NH - number of headers.
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DLV - diameter of lateral valves, inches.

DIAL - diameter of lateral pipes, inches.

2.35.7.5.3.1.11 Calculate number of sprinklers.

NS - (NSL) (NLH) (NH)

where

NS = number of sprinklers

NSL - number of sprinklers per lateral.

NLH - number of laterals per header.

NH - number of headers.

2.35.7.5.3.2 Center pivot system.

2.35.7.5.3.2.1 Detennine size and number of center pivot sys-
tens. Center pivot systems are available in sizes which cover
fran 2 to 450 acres. Because of weight and structural con-
sideration, the largest pipe available in the system is 8
inches. For this reason, hydraulics sometimes control the
sizing rather than area of coverage.

2.35.7.5.3.2.1.1 The following assumptions will be made:

The systems will operate 24 hours per day, 7 days per week.
A minimum of 2 units will be used.
Ten percent of the treatment area will not be irrigated because
of the circular configuration.

SCP - (TA) (1.1)
N

Begin with N - 2 and if SCP > 450 redesignate N - N + 1 and
recalculate.

2.35.7.5.3.2.1.2 Because of hydraulic considerations check

system velocity.

V - (.017) (AR) (SCP)

If V > 0 fps redesignate N - N + 1 and recalculate SCP and V.
When V - 10 fps use the calculated SCP and N.

where

SCP - size of center pivot system, acres.
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TA - treatment area, acres.

N - number of center pivot systems.

V - velocity in system, ft/sec.

AR - application rate, in/hr.

2.89 - combined constants and conversion factors.

2.35.7.5.3.2.2 Determine size of header pipe. Assume each

center pivot system takes flow from header consecutively.

CDIAHN - 0.832 [(N) (AR) (SCP)] 0.5

This gives the header size to the first unit. DIAHN must be one
of the following: 2, 3, 4, 6, 8, 10, 12, 14, 16, 18, 20, 24,
30, 36, 42, 48 inches. Always use next higher pipe size.

Set N - N - 1 and repeat the calculation. This gives the

diameter of the header pipe between the first and second unit.

Redesignate N after each calculation until N - 0.

where

CDIAHN - diameter of segments of header, inches.

N - number of center pivot systems.

AR - application rate, in/hr.

SCP - size of center pivot system, acres.

2.35.7.5.3.2.3 Determine length of segments of header pipe.

LCDIAN - 235.5 (SCP) 0.5

Each segment of header pipe is approximately the sane length and

is essentially equal to the dianeter of the center pivot system.

where

LCDUAN - length of segment of header pipe of diameter

- CDIAHN, ft.

SCP a size of center pivot system, acres.

235.5 a combined constants and conversion factors.

2.35.7.5.4 Underdrain systen for groundwater control.
Practical drainage systems for wastevater applications will be
at depths of 4 to 8 ft and spaced 200 ft apart. The following
assunptions will be made concerning the drainage system.
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6" dianeter perforated PVC pipe will be used.
Spacing will be 200 ft.
Depth of burial will be 4 to 8 ft.

D- LTA
LDP L + 2] LTA

where

LDP - length of drain pipe, ft.

LTA - length of one side of treatment area, ft.

2.35.7.5.5 Land preparation. Unlike overland flow there is
very little land foxming required for slow rate. The land will,
however, require clearing and grubbing.

For clearing and grubbing the areas will be classified in three
categories: heavy, medium and light. Heavy refers to wooded
areas with mature trees. Medium refers to spotted mature trees
with nunerous small trees and bushes. Light refers to only
small trees and bushes. The user must specify the type of
clearing and grubbing required as well as the percent of the
treatment area requiring clearing and grubbing.

CAGH - PCAGH (TA)

100

CAGM - PCAGM (TA)
100

CAGL - PCAGL (TA)
100

where

CAGH - area which requires heavy clearing, acres.

PCAGH - percentage of treatment area requiring heavy
clearing, Z.

CAGH - area which requires medium clearing, acres.

PCAGM - percentage of treatment area requiring medium
clearing, Z.

CAGL - area which requires light clearing, acres.

PCAGL - percentage of treatment area requiring light
clearing, Z.

TA - treatment area, acres.
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2.35.7.5.6 Detennine total land requirement. The land
requirement will be different depending on which application
method is used center pivot, or fixed sprinklers.

2.35.7.5.6.1 Total treatment area.

2.35.7.5.6.1.1 Center pivot. The actual treatment area for the
center pivot system will be increased by 10% because there will
be unwetted areas due to the circular configuration.

TTA - (TA) (1.1)

where

TTA - total treatment area, acres.

TA - treatment area, acres.

1.1 - factor for unwetted area.

2.35.7.5.6.1.2 Buried solid set sprinklers. The treatment area
will be increased by approximately 5% for service roads.

TTA - (1.05) (TA)

where

TTA - total treatment area, acres.

TA - treatment area, acres.

1.05 - factor for service roads.

2.35.7.5.6.2 Area for storage lagoons.

ASL - (1.2) (NLC) (L) 2

43,560

where

ASL - area for storage lagoons, acres.

NLC - number of lagoon cells.

L - length of one side of lagoon cell, ft.

1.2 - additional area required for cross levee.

2.35.7.5.6.3 Area for buffer zone.

Assume:

Buffer zone will be around entire treatment area.
Facility will be square.
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ABZ - 4 WBZ [ (43,560 TTA) 0.5 + WBZ I
43,560

where

ABZ - area required for buffer zone, acres.

WBZ - width of buffer zone (must be input by user), ft.

TTA - total treatment area, acres.

2.35.7.5.6.4 Total land area

TLA - TTA + ASL + ABZ

where

TIA - total land area required, acres.

TTA - total treatment area, acres.

ASL - area required for storage lagoons, acres.

ABZ - area required for buffer zone, acres.

2.35.7.5.7 Calculate fencing required.

LF - 834.8 (TLA) 0 . 5

where

LF - length of fence required, ft.

TLA - total land area required, acres.

834.8 - coubined conversion factors and constants.

2.35.7.5.8 Calculate operation and maintenance manpower.

2.35.7.5.8.1 Distribution systen.

2.35.7.5.8.1.1 Solid set sprinklers.

2.35.7.-5.8.1.1.1 If TAe 60;

OMMHD - 158.32 (TA)
0 .4 2 17

2.35.7.5.8.1.1.2 If TA >60;

OMHHD - 26.73 (TA)
0 .8 561
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2.35.7.5.8.1.2 Center pivot.

2.35.7.5.8.1.2.1 If TA! 100;

OHMHD - 209.86 (TA)
0 .4 467

2.35.7.5.8.1.2.2 If TA>100;

OM D - 32.77 (TA) 0 . 8 4 8 1

where

TA - treatnent area, acres.

OMMHD = O&M manpower for distribution system, M /yr.

2.35.7.5.8.2 Underdrain system.

2.35.7.5.8.2.1 If TA!80;

OMMU - 54.71 (TA)
0 24 14

2.35.7.5.8.2.2 If TA>80;

O4MHU - 10.12 (TA)
0 62 55

where

TA - treatnent area, acres.

OMMHU - OM manpower for underdrain systen, MW yr.

2.35.7.5.8.3 Monitoring wells.

014NMf4 - 6.39(NMW)(E "0.2760

where

01M1HM - operation and maintenance manpower for monitoring
wells, H/yr.

NMW - nunber of monitoring wells.

DMW - depth of monitoring wells, ft.

2.35.7.5.9 Calculate 0&M material costs.

2.35.7.5.9.1 Distribution systen.

2.35.7.5.9.1.1 Solid set sprinklers.

0MMPD - 0.906 (TA) 0 . 0 8 6 0
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2.35.7.5.9.1.2 Center pivot.

2.35.7.5.9.1.2.1 If TA< 175;

OMMPD - 1.06 (TA)
0 .0 69 6

2.35.7.5.9.1.2.2 If TA >175;

OHMPD - 2.92 (TA)"0 .12
61

where

TA - treatnent area, acres.

C(MPD - 0&M material cost as percent of construction
cost of distribution system, Z.

2.35.7.5.9.2 Monitoring wells.

OMMPMI - 2.28 (DMW) 0 . 0 49 7

where

OMMPM - O&M material cost as percent of construction
cost of monitoring wells.

DMW - depth of monitoring wells, ft.

2.35.7.5.9.3 Underdrain system.

2.35.7.5.9.3.1 If TAe.20,

OMMPU - 14.13 (TA) 0 1 39 2

2.35.7.5.9.3.2 If TA>200;

OMMPU - 30.95 (TA) 0 2 8 6 0

where

OMMPU - O&M material cost as percent of construction cost
of underdrain system, %.

TA - treatnent area, acres.

2.35.7.5.10 Other construction cost items. The quantities conputed
account for approximately 85% of the construction cost of the systems.
Other miscellaneous costs such as connecting piping for lagoons, lagoon
influent and effluent structures, miscellaneous concrete structures,
etc., make up the additional 15%.

CF - - 1.18
0.85
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where

CF = correction factor for other construction costs.

2.35.7.6 Quantities Calculations Output Data.

2.35.7.6 1 Volume of earthwork required for lagoon construction,
VLEW, ft .

2.35.7.6.2 Diameter of lateral pipes, DIAL, inches.

2.35.7.6.3 Total length of lateral pipe, TLL, ft.

2.35.7.6.4 Diameters of header pipes, DIARN, inches.

2.35.7.6.5 Length of header pipes of diameters DIAHN, LDIAHN, ft.

2.35.7.6.6 Number of butterfly valves, NBV.

2.35.7.6.7 Diameter of butterfly valves, DBV, inches.

2.35.7.6.8 Number of lateral valves, NLV.

2.35.7.6.9 Diameter of lateral valves, DLV, inches.

2.35.7.6.10 Number of sprinklers, NS.

2.35.7.6.11 Number of center pivot systems, N.

2.35.7.6.12 Size of center pivot system, SCP, acres.

2.35.7.6.13 Diameter of segments of header pipe for center pivot,
CDIAHN, inches.

2.35.7.6.14 Length of segment of header pipe of diameter CDIAHN for

center pivot, LCDIAN, ft.

2.35.7.6.15 Length of drain pipe, LDP, ft.

2.35.7.6.16 Area which requires heavy clearing, CAGH, acres.

2.35.7.6.17 Area which requires medium clearing, CAGM, acres.

2.35.7.6.18 Area which requires light clearing, CAGL, acres.

2.35.7.6.19 Total land area required, TLA., acres.

2.35.7.6.20 Length of fencing required, LF, ft.

2.35.7.6.21 O&M manpower for distribution system, OIHRD, M/yr.

2.35.7.6.22 O&M manpower for underdrain system, OMMHU, MB/yr.

2.35-94



2.35.7.6.23 O&H material costs as percent of construction cost of
distribution system, OMMPD, Z.

2.35.7.6.24 O&M material costs as percent of construction cost of

underdrain system, OMMPU, Z.

2.35.7.6.25 Correction factor for other construction costs, CF.

2.35.7.7 Unit Price Input Required.

2.35.7.7.1 Unit price input for earthwork, UPIEX, $/cu yd.

2.35.7.7.2 Cost of standard size pipe (12"0), COSP, S/ft.

2.35.7.7.3 Cost of standard size valve (12"0 butterfly), COSTSV, $.

2.35.7.7.4 Cost per sprinkler, COSTEN, $.

2.35.7.7.5 Unit price input for 6" PVC perforated drain pipe, UPIPP,
$/ft.

2.35.7.7.6 Unit price input for heavy clearing and grubbing, UPICG,
$/ acre.

2.35.7.7.7 Unit price input for fence, UPIF, S/ft.

2.35.7.8 Cost Calculations.

2.35.7.8.1 Cost of earthwork.
VLEW

COSTE - UPIEX27

where

COSTE - cost of earthwork, $.

VLEW - volume of earthwork required for lagoon construction,
ft.

UPIEX - unit price input for earthwork, $/cu yd.

2.35.7.8.2 Cost of distribution system for solid set sprinklers.

2.35.7.8.2.1 Cost of header pipes.

2.35.7.8.2.1.1 Calculate total installed cost of header pipe.

TICHP - ICHPN

where

TICHP - total installed cost of header pipes, $.

ICHPN - installed cost of various size header pipes, $.
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2.35.7.8.2.1.2 Calculate installed cost of each size header pipe.

ICHPN = (LDIAHN) COSTPN (COSP)100 (OP
where

ICHPN - installed cost of various size header pipes, $.

LDIAHN - length of header pipes of size DIAHN, ft.

COSTPN - cost of pipe of diameter DIAHN as percent of cost
of standard size pipe, %.

COSP - cost of standard size pipe (12" diameter), S/ft.

2.35.7.8.2.1.3 Calculate COSTPN.

COSTPN = 6.842 (DIAHN)
1 .2255

where

COSTPN - cost of pipe of diameter DIAHN as percent of cost
of standard size pipe, Z.

DIAHN - diameters of header pipes, inches.

2.35.7.8.2.1.4 Detennine COSP. COSP is the cost per foot of 12"
diameter welded steel pipe. This cost is $13.50 per foot 4th quarter,
1977.

2.35.7.8.2.2 Cost of lateral pipes.

2.35.7.8.2.2.1 Calculate total installed cost of lateral pipe.

TICLP - (TLL) (COSTP) (COSP)
100

where

TICLP - total installed cost of lateral pipe, $.

TLL - total length of lateral pipe.

COSTP - cost of pipe of diameter DIAL as percent of cost
of standard size pipe, Z.

COSP - cost of standard size pipe (12" diameter), S/ft.

2.35.7.8.2.2.2 Calculate COSTP.

COSTP - 6.842 (DIAL) 
1 .2255

where

COSTP = cost of pipe of diameter DIAL as percent of cost
of standard size pipe, %.
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DIAL - diameter of lateral pipes, inches.

2.35.7.8.2.2.3 Detemine COSP. COSP is the cost per foot of 12" diameter
welded steel pipe. This cost is $13.50 per foot in 4th quarter, 1977.

2.35.7.8.2.3 Calculate cost of butterfly valves.

2.35.7.8.2.3.1 Calculate installed cost of butterfly valves.

COSV - (COSTRV) (COSTSV) (NBV)10

where

COSTBV - installed cost of butterfly valves, $.

COSTRV - cost of butterfly valve of size DBV as percent of
standard size valve, %.

COSTSV = cost ot standard size valve, $.

NBV = number of butterfly valves.

2.35.7.8.2.3.2 Calculate COSTRV.

COSTRV - 3.99(DBV) 1.
39 5

where

COSTRV - cost of butterfly valve of size DBV as percent of
standard size valve, %.

DBV - diameter of butterfly valves, inches.

2.35.7.8.2.3.3 Determine COSTSV. COSTSV is the cost of a 12" 6 butterfly
valve suitable for water service. This cost is $1,004 for 4th quarter,
1977.

2.35.7.8.2.4 Calculate cost of lateral valves.

2.35.7.8.2.4.1 Calculate installed cost of lateral valves.

CoSTLV- COSTRL ) (COSTSV) (NLV)
100

where

COSTLV - installed cost of lateral valves, $.

COSTRL - cost of lateral valve of size DLV as percent of

cost of standard size valve, %.

COSTSV - cost of standard size valve (12" h butterfly), $.

NLV - number of lateral valves.

2.35.7.8.2.4.2 Calculate COSTRL.

COSTRL - 15.33 (DLV)
1.053
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where

COSTRL - cost of lateral valve of size DLV as percent of
cost of standard size valve, %.

DLV - diameter of lateral valves, inches.

2.35.7.8.2.4.3 Detennine COSTSV. COSTSV is the cost of a 12" A
butterfly valve suitable for water service. This cost is $1004
for the 4th quarter of 1977.

2.35.7.8.2.5 Calculate cost of sprinklers.

2.35.7.8.2.5.1 Calculate installed cost of sprinklers.

COSTS - 1.2 (NS) COSTEN

COSTS - installed cost of sprinklers, $.

NS - number of sprinklers.

COSTEN - cost per sprinkler, $.

1.2 - 20% for cost of installation.

2.35.7.8.2.5.2 Detemilne COSTEN. COSTEN is the cost of an
Impact type rotary pop-up, full circle sprinkler with a flow
fran 6 to 15 gpm. This cost is $65.00 for the 4th quarter of
1977.

COSTEN - $65.00

For better cost estimation, COSTEN should be obtained from an
equipment vendor and treated as a unit price input. Otherwise,
for future escalation, the equipment cost should be adjusted by
using the Marshall and Swift Equipment Cost Index.

COSTEN - $65.00
518.4

where

MSECI - current Marshall and Swift Equipment Cost Index.

518.4 - Marshall and Swift Equipment Cost Index 4th
quarter of 1977.

2.35.7.8.2.6 Calculate total cost of distribution systen for
solid set sprinklers.

TCDSS - TICHP + TICLP + COSTBV + COSTLV + COSTS

where
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TCDSS - total cost of distribution system, $.

TICHP - total installed cost of header pipes, $.

TICLP - total installed cost of lateral pipes, $.

COSTBV - installed cost of butterfly valves, $.

COSTLY = installed cost of lateral valves, $.

COSTS - installed cost of sprinklers, $.

2.35.7.8.3 Cost of distribution system for center pivot
system.

2.35.7.8.3.1 Cost of center pivot systems.

2.35.7.8.3.1.1 Calculate cost of center pivot systems.

COSTCP - (N) (COSTRC) (COCP)
100

where

COSTCP - total cost of center pivot systems, $.

N = number of center pivot systems required.

COSTRC - cost of center pivot system of size SCP as percent
of standard size system, %.

COCP - cost of standard size system (200 acres), $.

2.35.7.8.3.1.2 Calculate COSTRC.

COSTRC - 12.25 (SCP) 0 . 4 5 5 9

where

COSTRC - cost of center pivot system of size SCP as percent
of standard size system, X.

SCP - size of center pivot system, acres.

2.35.7.8.3.1.3 Determine COCP. COCP is the cost of a center

pivot-sprinkler system capable of irrigating 200 acres. The
cost is $29,200 for the 4th quarter of 1977.

COCP - $29,200

For better cost estimation, COCP should be obtained frau an
equipment vendor and treated as a unit price input. Otherwise,
for future escalatic- the equipment cost should be adjusted by
using the Marshall and Swift Equipment Cost Index.
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COSTCP = $29,200 MSECI518.4

where

MSECI - current Marshall and Swift Equipment Cost Index.

518.4 - Marshall and Swift Cost Index 4th quarter of 1977.

2.35.7.8.3.2 Cost of header pipe for center pivot.

2.35.7.8.3.2.1 Total cost header pipe.

TCHPC = CHPCN

where

TCHPC - total cost header pipe for center pivot, $.

CHPCN - cost of various size header pipe for center pivot,

2.35.7.8.3.2.2 Calculate cost of each size header pipe.

CHPCN = (LCDIAN) (COSTPN) (COSP)
100

where

CHPCN - installed cost of various size header pipe, $.

LCDIAN - length of header pipes of diameter CDIAHN, ft.

COSTPN - cost of pipe of diameter CDIAHN as percent of cost
of standard size pipe, %.

COSP = cost of standard size pipe (12" diameter), $/ft.

2.35.7.8.3.2.3 Calculate COSTPN.

COSTPN - 6.842 (CDIAHN)1.
2 25 5

where

"COSTPN - cost of pipe of diameter CDIARN as percent of cost
of standard size pipe, 2.

CDIAHN - diameter of segments of header pipe, inches.

2.35.7.8.3.2.4 Determine COSP. COSP is the cost per foot of 12"
diameter welded steel pipe. This cost is $13.50 per foot in 4th
quarter of 1977.

2.35.7.8.3.3 Calculate total cost of distribution system for
center system.
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TCDCP - COSTCP + TCHPC

where

TCDCP - total cost of distribution system for center pivot
system, $.

COSTCP = cost of center pivot systems, $o

TCHPC = total cost of header pipe for center pivot, $.

2.35.7.8.4 Cost of underdrain system.

COSTU - (LDP) (UPIPP) (i. 1)

where

COSTU - cost of underdrain system, $.

LDP - length of drain pipe, ft.

UPIPP - unit price input for 6" PVC perforated drain pipe,
$1 ft.

1.1 - 10% adjustment for trenching and backfilling.

2.35.7.8.5 Calculate cost of clearing and grubbing.

COSTCG - (CAGH + 0.306 CAGM + 0.092 CAGL) UPICG

where

COSTCG - cost for clearing and grubbing site, $.

CAGH - area which requires heavy clearing, acres.

CAGM - area which requires medium clearing, acres.

CAGH - area which requires light clearing, acres.

UPICG - unit price input for heavy clearing and grubbing
$I acres.

2.35.7.8.6 Calculate cost of fencing.

COSTF - (LF) (UPIF)

where

COSTF - installed cost of fencing, $°
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LF - length of fencing required,ft.

UPIF - unit price input for fencing, $/ft.

2.35.7.8.7 Cost of monitoring wells and pumps.

2.35.7.8.7.1 Calculate cost of wells.

2.35.7.8.7.1.1 Calculate COSIX.

COSIM - (RMWC) (DMW) (NMW) (COSP)

where

COSIX - cost of monitoring wells, $.

RMWC - cost of well as fraction of cost of standard
pipe.

DMW - depth of monitoring wells, ft.

NMW - nunber of monitoring wells.

COSP - cost of standard size pipe (12" welded steel), S/ft.

2.35.7.8.7.1.2 Calculate RMWC.

RMWC - 160.4 (DMW)-0.7033

where

RMWC - cost of well as fraction of cost of standard pipe.

DMW - depth of monitoring wells, ft.

2.35.7.8.7.1.3 Deteiine COSP.

COSP is the cost per foot of 12"0 welded steel
pipe. This cost in first quarter of 1977 is $13.50/ft. For the
best cost estimate COSTSP should be a current price input from a
vendor, however, if this is not done the cost will be updated
using the Marshall and Swift Equipment Cost Index.

COSP - $13.50 MSECI

where
COSP - cost of standard size pipe (12"0 welded steel),

$/ft.

MSECI = current Marshall and Swift Equipment Cost Index.

2.35.7.8.7.2 Calculate cost of pumps for monitoring wells.
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2.35.7.8.7.2.1 Calculate COSThP.

COST4P - (COSTPS) (MWPR) (NMW)

where

COSIMP - cost of pumps for monitoring wells, $o

COSTPS - cost of standard size pump (3000 gpm), $.

MWPR - cost of well pump as fraction of cost of
standard pump.

NMW - number of monitoring wells.

2.35.7.8.7.2.2 Calculate MWPR.

MWPR - 0.0551 (DMW) 0 . 6 5 8

where

MWPR - cost of well pump as fraction of cost of
standard size pump.

DMW - depth of monitoring wells, ft.

2.35.7.8.7.2.3 Deternine COSTPS.

COSTPS is the cost of a 3000 gpm pump. The cost
is $17,250 for the first quarter of 1977. For the best cost
estimate the user should input a current value of COSTPS,
however, if this is not done the cost will be updated using the
Marshall and Swift Equipment Cost Index.

COSTPS - $17,250 MSEC'
491.6

where

COSTPS - cost of standard size pump (3000 gpm), $.

MSECI - current Marshall and Swift Equipment Cost
Index.

2.35.7.8.7.3 Calculate total cost of monitoring wells.

COSTKW - COSTh + COSIMP

where

COSTKW - total cost of monitoring wells, $.
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COSIM - cost of monitoring wells, $.

COSIMP - cost of pumps for monitoring wells, $.

2.35.7.8.8 Calculate O&M material costs.

OMMC - OMMPD) (TCDSS)+ (OMMHD) (TCDCP)+OMMPU(COSTU)+OMMPM(COSThtW)
100

where

OMMC - total O&M material cost, $.

OMMPD - O&M material cost for distribution system as
percent of construction cost for distribution
system, $.

TCDSS - total cost of distribution system for solid set
sprinklers, $.

OMMPM - O&M material cost for monitoring well as percent
of construction cost of monitoring well, Z.

COS24W - total cost of monitoring wells, $.

TCDCP - total cost of distribution system for center
pivot, $.

OMMPU - O&M material cost for underdrain system as percent
of construction cost of underdrain system, S.

COSTU - cost of underdrain system, $.

2.35.7.8.9 Total bare construction cost.

TBCCSR - (1.18) (TCDS S. TCDCP+ COSTU+ COSTE+ COSTCGC COSTF+ COSThW)

where

TBCCSR - total bare construction cost for slow rate land
treatnent, $.

TCDSS - total cost of distribution system for solid set
sprinklers, $.

TCDCP - total cost of distribution system for center pivot,
$.

COSTU - cost of underdrain system, $.

COSTE - cost of earthwork, $.

COSTCG - cost of clearing and grubbing, $.

2.35- 104



2.35.7.9 Cost Calculations Output Data.

2.35.7.9.1 Total bare construction cost for slow rate land
treatment, TBCCSR, $.

2.35.7.9.2 O&M material cost, OMMC, $.
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2.36 TWO-STAGE LIME TREATMENT

2.36.1 Background.

2.36.1.1 Two-Stage treatment systems are used for phosphorus
removal frae wastewaters. In principle, for a two-stage system,
sufficient lime is added to the wastewater in the first stage to
raise the pH to above 11. At this pH precipitation of hydroxy-
apatite, calcium carbonate, and magnesium hydroxide takes place.
Carbon dioxide is then added following the first-stage clarifier
to reduce the pH to a value of 9.5-10, where calcium carbonate
precipitation results. The sludge, which is mainly CaCO3 , is
then separated in a clarifier and the pH of the wastewater is
adjusted to around 7 for further treatment or final disposal. A
flow diagram of a two-stage lime treatment system is presented in
Figure 2.36-1.

2.36.1.2 The design of a two-stage lime treatment system will be
a combination of (1) chemical coagulation-precipitation basin
using lime as a coagulate (2) a primary recarbonation stage; (3)
a clarifier designed as a primary clarifier; and (4) a secondary
recarbonation stage.

2.36.2 Input Data.

2.36.2.1 Chemical Coagulation.

2.36.2.1.1 Wastewater flow, mgd.

2.36.2.1.1.1 Average daily flow, mgd.

2.36.2.1.1.2 Variation in flow, mgd.

2.36.2.1.2 Wastewater characteristics.

2.36.2.1.2.1 BOD, total and soluble, mg/l.

2.36.2.1.2.2 COD, total and soluble, mg~l.

2.36.2.1.2.3 Phosphorus, mg/l.

2.36.2.1.2.4 Suspended solids, mg/l.

2.36.2.1.2.5 pH.

2.36.2.1.2.6 Alkalinity, mg/l.

2.36.2.2 Primary Clarifier.

2.36.2.2.1 Wastewater flow.
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2.36.2.2.1.1 Average flow, mgd.

2.36.2.2.1.2 Peak flow, mgd.

2.36.2.2.2 Wastewater characteristics.

2.36.2.2.2.1 Suspended solids, tug/i.

2.36.2.2.2.2 Volatile suspended solids, percent.

2.36.2.3 Recarbonation.

2.36.2.3.1 Wastewater flow.

2.36.2.3.1.1 Average flow.

2.36.2.3.1.2 Peak flow.

2.36.2.3.2 Wastewater characteristics.

2.36.2.3.2.1 Alkalinity.

2.36.2.3.2.2 Hydroxide alkalinity, mg/l as CaCO 3.

2.36.2.3.2.3 Carbonate alkalinity, mg/l as CaCO 3.

2.36.2.3.3 pH.

2.36.2.4 Primary Clarifier.

2.36.2.4.1 Wastewater flow.

2.36.2.4.1.1 Average flow, regd.

2.36.2.4.1.2 Peak hourly flow, mgd.

2.36.2.4.2 Suspended solids, mg/l.

2.36.2.4.3 Volatile suspended solids, percent.

2.36.3 Design Paraneters

2.36.3.1 Chanical Coagulation.

2.36.3.i.1 Desired quality of treated effluent, tg/i.

2.36.3.1.2 Coagulant dosage, mg/i (jar test).

2.36.3.1.3 Detention time of rapid mix basin (1-3 min).

2.36.3.1.4 Detention time of flocculator basin (15-60 min).
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2.36.3.2 Primary Clarifier.

2.36.3.2.1 Overflow rate, gpd/ft 2 . (Tables 2.36-1 and 2.36-
2).

2.36.3.2.2 Detention time, hr. (Table 2.36-2).

2.36.3.2.3 Specific gravity of sludge (Table 2.36-3).

2.36.3.2.4 Solids content of underflow, percent (4 to 6
percent).

2.36.3.2.5 Removal efficienty of suspended solids, percent.
(Figure 2.36-1).

2.36.3.2.6 Weir loading, gpd/ft (10,000 to 15,000 gpd/ft.)

2.36.3.3 Recarbonation.

2.36.3.3.1 Contact time, min (15-30).

2.36.3.3.2 Carbon dioxide dose, lb/million gal.

2.36.3.3.3 Desired effluent pH.

2.36.3.4 Primary Clarifier.

2
2.36.3.4.1 Overflow rate, gpd/ft 2 . (Tables 2.36-1 and 2.36-
2).

2.36.3.4.2 Detention time, hr. (Table 2.36-2).

2.36.3.4.3 Specific gravity of sludge. (Table 2.36-3).

2.36.3.4.4 Solids content of underflow, percent (4 to 6
percent).

2.36.3.4.5 Removal efficiency of suspended solids, percent

(Figure 2.36- 1).

2.36.3.4.6 Weir loading, gpd/ft (10,000 to 15,000 gpd/ft).

2.36.4 Process Design Calculations.

2.36.4.1 Chemical Coagulation.

2.36.4.1.1 Calculate coagulant requirements.

CR - (CD) (Q avg) (8.34)
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where

CR - coagulant requirenents, lb/day.

CD - coagulant dosage, rag/i.

Qavg - average daily flow, mgd.

2.36.4.1.2 Calculate volume of flash mixing basin.

(Qp )(DTFM) (10 )
VFM = 4

1440
where

VFM - volume of flash mix basin, gal.

% - peak flow, mgd.

DTFM - detention time of flash mixer, min (1-3 min).

2.36.4.1.3 Calculate voluem of flocculator basin.

()(DFL) (106)

VFL 1440

where

VFL - volume of flocculator basin, gal.

% - peak flow, mgd.

DTFL - detention time of flocculator basin, min
(15-60 min).

2.36.4.2 Primary Clarifier.

2.36.4.2.1 Select an overflow rate by using Table 2.36-1 or
by laboratory methods and calculate surface area:

SA - Qp x 106

OFR
where

SA - surface area, ft 2 .

Q - peak flow, mgd.

OFR - overflow rate, gal/ft 2/day.
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2.36.4.2.2 Select detention time and calculate volume (Table
2.36-2).

V-(Q )Wx x1 1 6
avg x x x10

where

V - volume of tank, ft3 .

Qavg - average flow, mgd.

t - time, hr.

2.36.4.2.3 Calculate side water depths.

SWD - -
SA

where

SWD - side water depth, ft.

V - volume, ft3.

2
SA - surface area, ft

2.36.4.2.4 Check solids loading rate:

SLR - (Qavg)(SSI)(
8 .34 )

(SA)
where

SLR - solids loading rate, lb/ft2/day.

Qavg - average flow, regd.

SSI - influent solids concentration, mg l.

SA - surface area, ft 2 .

2.36.4.2.5 Select weir loading rate and calculate weir
length.

WL - Q2 x 106

WLR
where

WL - weir length, ft.

Q = peak flow, mgd.

WLR - weir loading rate, gal/ft/day.
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2.36.4.2.6 Detemine percentage of suspended solids removed

fran Figure 2.36-1.

2.36.4.2.7 Calculate amount of primary sludge produced.

PSP - (Q avg)(SSI)(SSR) (10 2 ) (8.34)

where

PSP - primary sludge produced, lb/day.

Qavg ' average flow, mgd.

SSI = influent solids concentration, mg/l (50 to 60
percent for municipal systems).

SSR = suspended solids removed, percent.

2.36.4.2.8 Select underflow concentration (3 to 6 percent)
and sludge specific gravity and calculate the volume flow of
primary sludge produced.

vPsP - PSP(100)
(specific gravity) (UC) (8.34)

where

VPSP = volume flow of primary sludge produced, gal/day.

PSP - primary sludge produced, gal/day.

UC - underflow concentration (3 to 6 percent).

2.36.4.3 Recarbonation (1st stage).

2.36.4.3.1 Calculate tank volume.
- (t) iO6

V W 24(60)

where

V - tank volume, gal.

Q - wastewater flow, mgd.

t - contact time, min (15-30).

2.36.4.3.2 Calculate CO2 requirement. Assume pH to be
adjusted to 9.3.

C02 - (3.7)(OH")(Q)/0.116/1440
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Table 2.36-1. Recommended Surface-Loading Rates

for Various Suspensions

Loading Rate, gpd/ft
2

Suspension Range Peak Flow

Untreated Wastewater 600 to 1200 1200

Alum floca 360 to 600 600

Iron floca 540 to 800 800

Lime floca 540 to 1200 1200

aMixed with the settleable suspended solids in the untreated wastewater

and colloidal or other suspended solids swept out by the floc.

Table 2.36-2. Detention Times for Various
Surface-Loading Rates and Tank Depths

Detention Time, hr.
Surf ace- Loading 7-ft 8-ft 10-ft 12-ft

Rate, gpd/ft 2  Depth Depth Depth Depth

400 3.2 3.6 4.5 5.4
600 2.1 2.4 3.0 3.6
800 1.6 1.8 2.25 2.7

1000 1.25 1.4 1.8 2.2

Table 2.36-3. Specific Gravity of Raw Sludge
Produced from Various Types of Sewage

Type of Strength Specific
Sewerage System of Sewage Gravity

Sanitary Weak 1.02
Sanitary Medium 1.03
Combined Medium 1.05
Combined Strong 1.07
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where

3.7 - stochionetric value to convert hydroxide to
carbonate.

OH" - hydroxide alkalinity, mg/l as CaCO 3.

Q - wastewater flow, mgd.

0.116 - density of C02 , b/ft 3

1440 - min/day.

2.36.4.4 Primary Clarifier

2.36.4.4.1 Select an overflow rate by using Table 2.36-1 or by
laboratory methods and calculate surface area.

SA - 20
OFR

where

2SA - surface area, ft

% - peak flow, mgd.

OFR - overflow rate, gal/ft 2/day.

2.36.4.4.2 Select detention time and calculate volume (Table 2.36-
2).

V. (Q )( x 1 1 6
avgTt) 48 x - x10

where

V - volume of tank, ft3

Qavg - average flow, mgd.

t - time, hr.

2.36.4.4.3 Calculate side water depth.

V
SWD =---

SA

where

SWD - side water depth, ft.

V - volume, ft3 .

2SA - surface area, ft
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2.36.4.4.4 Check solid loading rate.

SIR - (Qavg) (SSI) (8.34)

(SA)

where

SLR - solid loading rate, lb/f t2/day.

Qavg ' average flow, mgd.

SSI - influent solids concentration, mgl.

2
SA - surface area, ft

2.36.4.4.5 Select weir loading rate and calculate weir length.

WL M QP x 106

WLR
where

WL - weir length, ft.

- peak flow, mgd.

WLR - weir loading rate, gal/ft/day.

2.36.4.4.6 Detemnine percentage of suspended solids removed from
Figure 2.36-1.

2.36.4.4.7 Calculate amount of primary sludge produced.

PSP - (Qavg)(SSI)SSR) (10" 2 ) (8.34)

where

PSP - primary sludge produced, lb/day.

Qavg - average flow, mgd.

SS1 - influent solids concentration, mg/l (50 to 60
percent for municipal systems).

SSR - suspended solids removed, percent.

2.36.4.4.8 Select underflow concentration (3 to 6 percent) and
sludge specific gravity (Table 2.36-3), and calculate the volume flow of
primary sludge produced.

SseiP PSP(100)
VPSP -scific gravity) (UC) (8.34)

where
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VPSP - volume flow or primary sludge produced, gal/day.

PSP - primary sludge produced, gal/day.

UC - underflow concentration (3 to 6 percent).

2.36.4.5 Recarbonation (2nd stage).

2.36.4.5.1 Calculate tank volume.

V M 0(t)10 6
24(60)

where

V - volume, gal.

Q - wastewater flow, mgd.

t - contact time, min (15-30 min).

2.36.4.5.2 Calculate CO2 requirement. Assume pH to be adjusted to
7.0.

CO2 - 3.7(C0 + OH')(Q)/0.116/1440

where

3.7 - stochiametric value to convert hydroxide to
carbonate.

OT" - hydroxide alkalinity, mg/l as CaCO3 .

Q - vastewater flow, mgd.

30.116 - density of CO2 , 1b/ft

1440 - min/day.

2.36.5 Process Design Output Data.

2.36.5.1 Chemical Coagulation.

2.36.5.-1.l Coagulant dosage, mg/l.

2.36.5.1.2 Optimum pH.

2.36.5.1.3 Rapid mix detention time, min.

2.36.5.1.4 Flocculator detention time, min.

2.36.5.1.5 Coagulant requirement, lb/day.
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2.36.5.1.6 Volume of flash mix basin, gal.

2.36.5.1.7 Volume of flocculator basin, gal.

2.36.5.2 Clarifier.

2.36.5.2.1 Overflow rate, gal/day ft

2
2.36.5.2.2 Surface area, ft

2.36.5.2.3 Side water depth, ft.

2.36.5.2.4 Detention time, hr.

2.36.5.2.5 Solid loading, lb/ft2/day.

2.36.5.2.6 Weir loading, gal/ft/day.

2.36.5.2.7 Weir length, ft.

2.36.5.2.8 Volume of sludge produced, gal/day.

2.36.5.2.9 Suspended solids removal, percent.

2.36.5.3 Recarbonation unit, (1st stage).

2.36.5.3.1 Volume of tank, million gal.

2.36.5.3.2 Carbon dioxide requirement, cfm/mgd.

2.36.5.3.3 Final pH.

2.36.5.3.4 Contact time, min.

2.36.5.4 Clarifier.

2.36.5.4.1 Overflow rate, gal/day/ft 2 .

2
2.36.5.4.2 Surface area, ft

2.36.5.4.3 Side water depth, ft.

2.36.5.4.4 Detention time, hr.

2.36.5.4.5 Solid loading, lb/ft2/day.

2.36.5.4.6 Weir loading, gal/ft/day.

2.36.5.4.7 Weir length, ft.

2.36.5.4.8 Volume of sludge produced, gal/day.

2.36.5.4.9 Suspended solids removal, percent.
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2.36.5.5 Recarbonation unit (2nd stage).

2.36.5.5.1 Volume of tank, million gal.

2.36.5.5.2 Carbon dioxide requirenent, cfm/mgd.

2.36.5.5.3 Final pH.

2.36.5.5.4 Contact time, min.

2.36.6 Quantities Calculations.

2.36.6.1 Operation and Maintenance Labor.

OMMH - 2,683 (Q)

where

O4MH - annual operation and maintenance manpower, MR.

Q - average daily wastewater flow, mgd.

2.36.7 Quantities calculations output data.

2.36.7.1 Annual operation and maintenance manpower, NH.

2.36.8 Cost Calculations

2.36.8.1 Total bare construction costs.

TBCC - 294,457 + 30,075 (Q)

where

TBCC - total bare construction costs, $.

Q - average daily wastewater flow, mgd.

2.36.8.2 O&M material and supply costs.

OMHC - 1,824 (Q)0.65

where

w 0HC - OM material and supply costs, $/yr.

Q - average daily wastewater flow, mgd.

2.36.9 Cost Calculations Output Data.

2.36.9.1 Total bare construction cost, TBCC, $.

2.36.9.2 O&M material and supply costs, $/yr.
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2.37 HICROSCREENING

2.37.1 Background. Microscreening is a method of removing
suspended solids from water utilizing a rotating drum covered
with a screen having 20 to 40 micron openings. The water flows
into the drum and out through the screen. As the drum rotates,
backwash jets remove the collected solids from the screen. The
backwash water is usually product water. The dirty backwash
which is about 3 to 5 percent of the applied flow is collected
and returned to the front of the treatment plint. The wastewater
application rate is said to be 5 to 10 gpm/ft of the submerged
screen area. The rotational speed can be varied with the flow
utilizing level detection equipment which will send a signal to a
speed controller. The higher the flow, the faster the speed
would be. Experience with wastewater indicates slime growth could
be a problem. To minimize this, one manufacturer utilizes
ultraviolet lights. Another method is to periodically wash the
screen with a hypochlorite solution, drain the tanks and tho-
roughly clean the screen with a backwash. Grease accumulation
has also been a problem and a hosing with hot water has been used
to minimize this. Wastewater flow through the microscreen device
should be by gravity since pumping will break the suspended
solids into smaller sizes and hinder removal. If pumping is
required, it should be on the downstream side of the unit. The
backwash should be pumped with about 50 psig at the unit. The
dirty backwash would be collected, transported to a wet well and
pumped to the front of the plant. The largest unit available in
a standard size is 10 ft. in diameter and 16 ft. long; however,
vendors state that larger sizes are available which would be
custon built on special order. The suspended solids removal
efficiency is 50 to 90%.

2.37.2 Input Data.

2.37.2.1 Wastewater flow, average daily, mgd

2.37.2.2 Peak wastewater flow, mgd

2.37.2.3 Influent suspended solids, mg/l

2.37.2.4 Influent BODs, mgtl

2.37.2.5 Microscreen hydraulic loading, gpm/ft2 (optional)

2.37.3 Design Paraneters.

2.37.3.1 Microscreen hydraulic loading rate, 2.5 - 10 gpm/ft 2

2.37.3.2 Suspended solids removal efficiency, 50-80%
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2.37.3.3 BOD renoval efficiency, 40-70%

2.37.3.4 Wash water quantity as percent of QAVG' 3-5%

2.37.3.5 Fabric aperture, 23-35 micron

2.37.4 Process Design Calculations.

2.37.4.1 Calculate area of microscreen required

A 1000~ a.
s T.44 Vs

where

A - area of microscreens, ft 2

s

- Peak flow rate, mgd

V - Microscreen loading rate, gpm/ft 2 , 4 gpm/ft 2 is
s the default value suggested

2.37.4.2 Effluent Characteristics.

2.37.4.2.1 BOD.

BODE- (BODI)(1 - BODR

S - BODSe

If BODE < Se, Set BODE Se

where

BODE - effluent BOD5 concentration, mgl.

BODI - influent BOD5 concentration, mg/I.

Se - effluent BOD5 concentration, mg/i.

BODR - BOD 5 renoval rate, %.

BODS - influent BOD5 concentration, mg/I.

2.37.4.2.2 COD.

CODE - CODI (1 - CODR

where

CODE - effluent COD concentration, mg/l.

CODI - influent COD concentration, mg/ .
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CODR - COD removal rate, Z.

2.37.4.2.8 Nitrogen.

TKNE - (TKN) (1 - TKE)

NH3E - NH3
NO3E - N03
NO2E - N02

where

TKNE - effluent Kjedahl nitrogen concentration, mg/l.

TKN - influent Kjedahl nitrogen concentration, mg/l.

TKNR - Kjedahl nitrogen removal rate, %.

NH3E - effluent ammonia nitrogen concentration, mg/l.

NH3 - influent ammonia nitrogen concentration, mg/l.

NO3E - effluent N03 concentration, mg/l.

N03 - influent N03 concentration, mg/l.

NO2E = effluent N02 concentration, mg/ .

N02 - influent N02 concentration, mg/ .

2.37.4.2.4 Suspended Solids.

SSE - SSI (1 - -S)

where

SSE - effluent suspended solids concentration, mg/l.

SSI - influent suspended solids concentration, mg/l.

SSR - suspended solids removal rate, mg/l.

2.37.4.2.5 Oil and Grease.

OAGE - 0.0

where

OAGE - effluent oil and grease concentration, mg/l.

2.37-3



2.37.4.2.6 Settleable Solids.

SETSO - 0.0

where

SETSO - effluent settleable solids concentration, mg/l.

2.37.4.3 Wash Water Pumping Rate. It is shown that approxi-
mately 3-5% of the flow processed through miscroscreen will have
to be used for backwashing the screen. However, the finn pump
capacity of the wash water systen can be as high as 15% of the
processed flow. Thus, the pump capacity is estimated to be:

QpUmp - 0.15 x Qavg.

where

pump - Wash water pump capacity, mgd

2.37.5 Process Design Output Data.

2.37.5.1 Microscreen area requirement, As, ft2

2.37.5.2 Effluent BOD concentration, BODE, mg/l

2.37.5.3 Effluent suspended solids concentration, SSE, mg/i

2.37.5.4 Wash water pump capacity, mgd

2.37.5.5 Effluent COD concentration, CODE, mg/l.

2.37.5.6 Effluent oil and grease concentration, OAGE, mg/l.

2.37.6 Quantities Calculations.

2.37.6.1 Selection of number of microscreen to be installed.
The following table will be utilized in the section of number of
units to be installed:

Qavg (mgd) Number of Unit, NU

0.5- 1.0 2
1.0- 4.0 3
4.0- 8.0 4
8.0- 15.0 8

15.0- 30.0 15
30.0- 50.0 25
50.0-100.0 55
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When Q is larger than 100 mgd, several batteries of
microscreens WYil be used. See next section for details.

2.37.6.2 Selection of number of screens and number of batte-
ries of screens when Qa is larger than 100 mgd. It is
general practice in desuning larger sewer treatment plants
that several batteries of screens, instead of a single group of
tanks, are used. This is due to land area availability and
certain hydraulic limitations. To simplify the modeling
process, the following rules will be used:

2.37.6.2.1 When Q e. 100 mgd, only one battery of micro-
screens will be used. ahus

NB - r

where

NB - ntmber of batteries of units

2.37.6.2.2 When 100'< Q C 200 mgd, the systen will be
designed as two identical baeries of microscreens. Each
battery would handle half of the wastewater. The nunber of
screens in each battery would be selected according to the
rules established in subsection (a) by using half the design
flow as Q avg Thus

NB -2

2.37.6.2.3 When Q > 200 mgd, the design will be
perfomed to use threaVeatteries of screens, each handling
one-third of the wastewater. Thus

NB -=3

2.37.6.3 Sizing individual microscreens: The screen
area of each individual microscreen can be calculated by
us ing

A - A8NBxNU

where

ASI - Surface area of each microscreen, sq.ft.

AS - Area of microscreen required, sq.ft.

NB - Number of battery

NU - Number of units in each battery
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The following table lists the comercially available

sizes of microscreens.

Drum Sizes ft

Dian. Width Screen Area ft
2

4 2 24
4 4 48
6 4 72
6 6 108
6 8 144
10 10 315

AS1 should confomn with one of the sizes camercially

ava ilabe.

2.37.6.4 Calculate installed concrete requirenent

when A S 2820 ft
2

s

Vcw= 2.5 As 0.69

when A > 2820

V - 0.213 x Acw 5

where

Vcw W Reinforced concrete wall inplace, cu.yd.

A - Area of microscreen required, sq.ft.S

2.37.6.5 Calculate of earth work requirenent

Ve - 1.589 A 0.929

where

V2 - Quantity of earth work required, cu.yd.

2.37.6.6 Calculate electrical power requirenent for

operation

when As i 4500 sq.ft.

KWH - 1000A 0.866
8
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when As > 4500 sq.ft.

KWH - 327 A
s

where

KWH - Power consumption of microscreens, Kwhr/yr.

As = Media area of microscreen, sq.ft.

2.37.'.7 Building area requirement. Ordinarily the
microscreen system is housed in a building to protect it
fran weather. The building surface area can be calculated
as:

AB - 1.322 As 0.90

where

AB = Building area requirement, sq.ft.

2.37.6.8 Calculate operational labor

OMH - 160 x Qavg

where

OMH = Operating labor, man-hrs/yr

Qavg = Average design flow, mgd

2.37.6.9 Calculate maintenance labor

MMH - 103 x Qavg

where

MMH - Maintenance labor, man-hr/yr.

2.37.6.10 Calculate 0 & M material and supply cost.
Material and supply costs include such items as lubrication,
screen and UV lamp replacement, etc. These costs are es-
tmated as 15% of the installed equipment cost. This high
material supply cost is due to the frequent replacement of
the screen media panels.

2.37.7 Quantities Calculations Output Data.

2.37.7.1 Number of batteries, NB

2.37.7.2 Number of unit per battery, NU
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2.37.7.3 Individual screen area of each unit, sq.ft.
ASi •

2.37.7.4 Quantity of earthwork, cu.yd., Ve

2.37.7.5 Quantity of concrete wall, cu.yd., Vcw

2.37.7.6 Building area requirement, sq.ft., AB

2.37.7.7 Operation electricity, Kwhr/yr., KWH

2.37.7.8 Operating labor requirement, OMH, man-hrs/yr

2.37.7.9 Maintenance labor requirement, MMH, man-
hrs/yr

2.37.8 Unit Price Input Required.

2.37.8.1 Standard size microscreen equipment cost,
COSTSK, $, (optional).

2.37.8.2 Unit price input of earthwork, UPIEX, $/cu
yd.

2.37.8.3 Unit price input of concrete wall inplace,

UPICW, $/cu yd.

2.37.8.4 Building construction costs, UPIBC, $/sq ft.

2.37.8.5 Current Marshall and Swift Equipment Cost
Index, MSECI.

2.37.9 Cost Calculations.

2.37.9.1 Cost of earthwork, COSTE.

COSTE - V x UPIEXe

where

COSTE - Cost of earthwork, $.

Ve - Quantity of earthwork, cu.yd.

UPIEX - Unit price input of earthwork, $/cu.yd.

2.37.9.2 Cost of concrete inplace, COSTC.

COSTC - Vcw x UPICW
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where

COSTC - Cost of concrete inplace, $.

V - Quantity of concrete, cu.yd.cv

UPICJ - Unit price input of concrete wall $/cu.yd.

2.37.9.3 Cost of installed equipment.

2.37.9.3.1 Purchase cost of microscreens includes the
rotating drum, screen motor, backwashing assembly, UV lamps
and other miscellaneous items. The cost can be estimated by
using the following fonmula:

COSMhS - COSTSM x COSTR x NB x N

where

COSTHS - Total purchase cost of microscreens and
accessories, $

COST4 = Purchase cost of standard size screen (108
sq.ft.), $

COSTR - Cost of microscreen of area ASI as ratio of
the cost of the standard size screen

N - Number of batteries

NU - Number of units per battery

2.37.9.3.2 Calculate COSTR

when AS, 1 108 sq.ft.

COSTR - 0.231 ASI

when AS > 108 sq.ft.

COSTR - 0.032 ASI

where

A SI Screen area of the microscreen selected,
sq.ft.

2.37.9.3.3 Purchase cost of standard size screen. The
108 sq.ft. microscreen was selected as the standard size
unit as it is midrange of the sizes available. The costs of
a 108 sq.ft. screen and accessories for the first quarter of
1977 are:
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COST24 - 52,000

For better estimation, COSTSM should be obtained from
the equipment vendor and treated as a unit price input. If
COSTS1 is not treated as a unit price input, the cost will
be adjusted by using the Marshall and Swift equipment cost
index.

COSTSM - $52,000 x MECI

where

MSECI - Current Marshall and Swift equipment cost
index

491.6 - Marshall and Swift equipment cost index 1st
quarter 1977

2.37.9.3.4 Calculate the installed cost of equipment.
It is estimated that a 25% markup should be added for
installation of microscreen equipment. Thus, the installed
equipment cost, IEC

IEC - 1.25 x COSTS

where

IEC - Installed equipment cost, $.

2.37.9.4 Cost of building.

COSTB - AB x UPIBC

where

COSTB - Cost of filter building, $.

AB - Area of building, sq.ft.

UPIBC - Unit price input for building construction
costs, $/sq.ft.

2.37.9.5 Other costs. The cost of piping, control
system, electrical work and other minor items can be added
as a percent of the total bare construction cost. It is
estimated that a factor of 15% should be used.

2.37.9.6 Total bare construction cost

TBCC - 1.15 (COSTE + COSTC + IEC + COSTB)
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where

TBCC - Total bare construction cost, $.

2.37.9.7 Calculate operation and maintenance material
and supply costs.

OKMC - (IEC) x 0.15

where

CGMC - Operation and maintenance material and supply
costs, $/yr.

IEC - Total installed equipment costs, $.

2.37.10 Cost Calculations Output Data.

2.37.10.1 Total bare construction cost of the micro-
screen systen, TBCC, $.

2.37.10.2 Operational and maintenance material cost,
OHMC, $/yr.
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2.39 NEUTRALIZATION

2.39.*1 Background.

2.39.1.1 Neutralization is a unit operation in which pH ad-
justment of highly acidic or highly alkaline wastewaters takes place.
Neutralization of such wastes is necessary prior to:

2.39.1.1.1 Biological waste treatment where the optimum pH for
bacterial activity (ph 6.5-8.5) must be maintained.

2.39.1.1.2 Chemical treament to provide an optimum pH for the
reaction.

2.39.1.1.3 Disposal to the receiving streams.

Neutralization is applied mainly to the treatment of industrial
wastes.

2.39.1.2 There are many acceptable methods for the neutrali-
zation of acidic and alkaline wastes. Acidic wastes may be neutra-
lized by reaction with caustic soda, lime, or by passing the waste-
water through a limestone bed. Neutralization through limestone beds
may be accomplished through upflow or downflow systems to ensure
sufficient retention time. Maximum acid concentration of 0.6 percent
H SO is suggested to avoid coating the limestone with nonreactive
ciuW sulfate and to prevent excessive evolution of carbon dioxide,
both of which limit ccuplet. neutralization. Higher hydraulic rates
may be used for upflow beds since the products are swept out before
precipitation. However, the disposal of exh~austed limestone beds may
be a serious drawback to this method of neutralization.

2.39.1.3 Mixing acid wastes with lime slurries is an effective
means of neutralization. T he reaction is similar to that obtained
with limestone beds. Lime is relatively inexpensive and posseses a
high neutralizing power. Hydrated lime may produice a problem in
handling since it has a tendency to arch or bridge over the outlet in
storage bins and has poor flow characteristics. Both caustic soda and
sodium carbonate are more powerful than I me, and the reaction pro-
ducts are soluble and do not increase the hardness of the receiving
waters.

2.39.1.4 Alkaline wastes can be neutralized with acid (mostly
sulfuric or hydrochloric), with flue gas containing 14 percent carbon
dioxide, or with bottled carbon dioxide. Carbon dioxide will foam
carbonic acid when dissolved in water which will neutral ize alkaline
wastes. The reaction is slow, but sufficient, if the desired pH is
near 7 or 8. The use of acid to neutralize alkaline wastes is fairly
canmon. The reaction rate is almost instantaneous. A titration curve
of the alkaline waste neutralized with various amounts of acid is
helpful to ascertain the quantities of acid required for neutrali-
zation,
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2.39.1.5 The selection of a pH control system may prove to be
one of the most troublesome tasks facing the design engineer because
of the following factors.

2.39.1.5.1 The relation between the amount of reagent and pH is
nonlinear,

2.39.1.5.2 The input pH can vary rapidly over a range of several
decades in a short time.

2.39.1.5.3 The flow can change while the pH is changing, and the
two are not related.

2.39.1.5.4 The pH at neutrality is so sensitive to the addition of
reagent that a slight excess can cause large deviations fron the
s etpoimt.

2.39.1.5.5 Measurement of the pH can be affected by materials
which coat the electrodes.

2.39.1.5.6 The buffer capacity of the waste has a profound effect
on the relation between reagent feed and pH and may not renain con-
s tant,

2.39.1.6 Several types of pH control schemes have been applied
in waste neutralization sys tems, including manual control,* open loop
control, closed loop systems, conbined open and closed loop systens,
feedback control, and feed forward control.

2.39.1.7 Figure 2.39-1 shows an acid-waste neutralization

system.

2.39.2 Input Data.

2.39 .2.1 Wastewater flow.

2.39.2.1.1 Variations in waste flow (maximum and minimu), mgd.

2.39.2.1.2 Average daily flow, mgd.

2.39.2.2 pH ranges at various waste flow.
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QUICKLIME FEEDER
AND SLAKER

SLURRY STORAGE TANK
CIRCULA TING

WASTE PUMP
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AND pH CONTROLAND " MIXER

EQUALIZING
TANK OR
LAGOON

Pm1 CONTROLLER BYPASS

ALKALINE WASTE TO LAGOON
OR DISPOSAL
SYSTEM

From Eckenfelder. Jr.. 1970

Figure 2.39-1. Schematic of acid-waste neutralization system

2.39.2.3 Acidity or alkalinity, mg/i.

2.39.3 Design Parameters.

2.39.3.1 Desired pH level and range.

2.39.3.2 Buffer capacity.

2.39.3.2.1 Pound reagent/gallon waste to neutralize to desired pH
(fran titration curves).

2.39.3.2.2 Flow rate, depth, and concentration of feed for lime-

stone neutralization (frm laboratory investigation).

2.39.3.3 Residence time (depends on the degree of mixing).

2.39.3.4 Degree of mixing (hp/1000 gal) (manufacturer, 0.2-0.4
hp/1000 gal).

2.39.4 Process Design Calculations.

2.39.4.1 Select reagent.

2.39.4.1.1 Acid waste (limestone bed or lime slurries or caustic
soda).
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2.39.4.1.2 Alkaline wastes (sulfuric or hydrochloric acids, carbon
dioxide gas).

2.39.4.2 For limestone beds, select depth of bed and rate of
flow (fran laboratory investigation) and calculate surface area.

Q x 106

SA = avg

(24) (60)FR

where

2SA - surface area, ft

Qavg - average flow, mgd.

FR - flow rate, gpm/ft 2 .

2.39.4.3 Calculate reagent feed using flow data and titration
curves.

RF - (Q)(R)(10
6)

where

RF - reagent feed rate, lb/day.

Q - waste flow, mgd.

R - buffer capacity, lb reagent/gal waste to neutralize
to desired pH.

2.39.4.4 Calculate volume of mixing tank.
(106)

Vol - (Q a) 1Vol= () (')(24) (60) (7.48)

where

3Vol - volume of mixing tank, ft

Q - waste flow, mgd.

c" - mixing time, min (from manufacturer, 5-10 min).

2.39.4.5 Calculate horsepower for mixing.

3
hp = CMPR) (Vol) (7.48 sal/ft )

(1000)
where

hp - horsepower.
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HPR - horsepower for mixing per 1000 gal (0.2-0.4

hp/1000 gal).

Vol - volume of mixing tank, ft3.

2.39.4.6 For feedback control, may be calculated by equation
proposed by Greer.

aA - A (t - o-+ - e- t

where

AA - allowable deviation in acidity or alkalinity fron a
given set point in the effluent.

- maximum rate of acidity or alkalinity change in feedto the unit.

t - overall process lag time - reaction time + measurement
and transport lag (1 0.5 min).

r- -minimum noninal residence time (time required for
perfectly mixed basin to give process controllability).

2.39.4.7 Calculate and apply a factor of safety of
2-3.

2.39.4.8 PH.
PH - 7.0

where

PH - effluent pH.

2.39.5 Process Design Output Data.

2.39.5.1 Buffer capacity, lb/day.

2.39.5.2 Volume of mixing tank, ft3.

2.39.5.3 Detention time, min.

2.39.5.4 Horsepower.

2.39.6 Quantities Calculations. Not used.

2.39.7 Quantities Calculations Output Data. Not used.

2.39.8 Unit Price Input Required. Not used.

2.39.9 Cost Calculations.

2.39.9.1 Unit costing is not available for this treatnent
process. Paranetric costing will be used.

2.39.9.2 Calculate total bare construction cost.

TBCC - 6.0 x 104 (Qavg) 0 .7

2.39-5



where

TBCC - total bare construction cost, $.

Qavg = average daily flow, mgd.

2.39.10 Cost Calculations Output Data.

2.39.10.1 Total bare construction cost, TBCC, $.
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2.41 NITRIFICATION

2.41.1 Background.

2.41.1.1 Nitrification is the process which converts organic
and ammonia nitrogen to nitrate nitrogen. Nitrification may be
coupled with denitrification, which reduces nitrate to nitrogen gas
and removes the nitrogen from the water.

2.41.1.2 Conversion of ammonia nitrogen in wastewater to
nitrates or atmospheric nitrogen is desirable for several reasons:
1) Nitrogen is one of the growth limiting nutrients. Control of
nitrogen in wastewater effluents will help to limit the growth of
algae and aquatic organisms and will slow the eutrophication of the
receiving water body. 2) Ammonia nitrogen in the molecular form
(NH 3 ) is toxic to fish. 3) Biological oxidation of ammonia to
nitrite and then nitrate in the receiving water adds to the oxygen
denand in the water. 4) Chlorination of wastewater containing
ammonia requires high dosages because the chlorine combines with
the ammonia to form chloranines which are less effective disin-
fectants.

2.41.1.3 Nitrification Reactions. The two principal genera
of bacteria involved in the nitrification processes are Nitroso-
monas and Nitrobacter. These bacteria are classified as auto-
trophic organisms. They derive energy fron the oxidation of
inorganic nitrogen copounds rather than from organic compounds,
and they use inorganic carbon (carbon dioxide) rather than organic
carbon for synthesis.

2.41.1.4 Nitrosanonas can oxidize ammonia to nitrite, and
Nitrobacter can oxidize nitrite to nitrate. Both organisms must be
present in a biological nitrification system.

2.41.1.5 The overall nitrification reactions, assuming an
enperical formula for bacterial cells of C5H7N02 - is given in the
equations below:

15 CO2 + 13 NH4
+ - 10 NO2 + 3 C5 a7 N02 + 23 H + 4 H2 0 (Nitrosononas)

5 C 2 + NH4
+ + 10 NO2 + 2 20 -- 10 NO3 " + C5 H7N02 + e (Nitrobacter)

2.41.1.6 These equations+ assume that the bacterial cells utilize

gaseous CO and produce free H . In actuality, these reactions take
place in t~e aqueous carbonic acid system. The organisms utilize the

dissolved for of carbon dioxide, carbonic acid (H2 CO3), and produce

free hydrogen ions (H ) which immediately combine wits the bicarbonate

ion (HCO 3 ) to form carbonic acid. Nitrification tends to increase the

H CO 3 insolution which can lower the pH of the water and interfere

with the nitrification reactions.
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2.41.1.7 Experiments have determined that approximately 7.14 mg/l
alkalinity is destroyed per mg of ammonia nitrogen oxidized. Suffi-
cient alkalinity in the form of HCO must be provided to maintain a pH
favorable to the growth of nitrifying bacteria.

2.41.1.8 Experiments have also shown that the aeration require-
ment for nitrification systems is 4.6 mg/l 02 per one mg NH4 -N.
Excess air should be provided for oxidation of carbonaceous or other
oxygen demanding materials other than NH4 +-N that are present in the
was tewater.

2.41.1.9 The yield of nitrifiers is very low. Thus, ordinarily,
the nitrifier sludge production is eliminated in engineering calcu-
lations.

2.41.1.10 Nitrification Systems. Biological nitrification and
carbon oxidation may be combined in conventional secondary treatment
processes or they may be divided into separate stages. Separate stage
nitirification is preferred in most cases.

2.41.1.11 Also, in a separate stage nitrification system the ratio

of BOD5 to Total Kjeldahl Nitrogen (TKN) is less than 3.0 as compared
to 5.0 for a combined system. The lower BOD load relative to the
ammonia load allows a higher proportion of ntrifiers to heterotrophic
bacteria which results in higher rates of nitrification.

2.41.1.12 Separate stage nitrification may be carried out in three
types of systems: 1) suspended growth activated sludge; 2) attached
growth trickling filters; and 3) attached growth rotating biological
contactors (RBC).

2.41.2 General Description Rotating Biological Contactor Nitrification.

2.41.2.1 The rotating biological contactor (RBC) is an attached
growth nitrification system. The RBC process consists of a series of
large diameter plastic disks which are mounted on a horizontal shaft
and placed in a concrete tank. The disks are slowly rotated while
approximately 40 percent of the surface area is immersed in the water
to be treated. A layer of biomass grows on the surface of the disks. A
thin film of water is picked up on the biomass and flows down as the
RBC rotates, absorbing oxygen from the air. The disk units are nor-
mally housed to avoid temperature drops, prevent algae growth and
protect the slime layer from rain or hail which can wash the slime
layer off the disks.

2.41.2.2 Special RBC media have been developed for nitrification.
The minimal biomass that forms in a separate stage RBC allows 50
percent more subsurface area per standard shaft. As in trickling
filter nitrification systems, the low growth rate of solids produces an
effluent with a suspended solids concentration equal to the influent
and eliminates the need for final clarification.
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2.41.3 General Description Suspended Growth Nitrification.

2.41.3.1 Suspended growth nitrification systems are very similar
in design to carbon oxidation activated sludge systems. The biological
growth is suspended in an aeration basin. Mechanical or diffused
aerators provide oxygen for nitrification and provide a mixing action
wh *ich keeps the growth in suspension. The aeration mixed liquor is
clarified to remove suspended solids and concentrate the sludge for
recycle. The sludge retention time in the nitrification system is
longer than that in a carbon oxidation system due to the slower growth
rate of the nitrifiers as compared to heterotrophic bacteria.

2.41.3.2 The suspended growth acEtivated sludge nitrification
system can be operated as a complete mix or plug flow system and may
utilize either mechanical or diffused aeration. In this design only
the plug flow system is addressed, however both diffused and mechanical
aeration is considered. This system is preferred due to its superior
shock load dampening capacity. The design is based on the sludge
retention time required for the desired lev~el of nitrification. In
order to promote the growth of nitrifiers and still maintain adequate
solids in the aeration tank with good settleability, the influent BOD 5
concentration must be controlled. Separate stage nitrification re-
quires a BOD 5to TKN ratio of less than 3.0 in order to promote nii-
trification. However, the influent BOD 5 concentration must be greater
than approimately 50 mgf 1. This can be accomplished by adding a small
amount of primary effluent directly to the nitrification basin.
Another solution is to add waste sludge from the system secondary
aeration tank to maintain solids in the nitrification tank.

2.41.4 General Description Trickling Filter Nitrification.

2.41.4.1 In separate stage nitrification application, trickling
filters can follow high rate trickling filters with intermediate
clarification or an activated sludge process. The rate of nitrifi-
cation is proportional to the surface area of the media exposed to the
liquid being nitrified. Very little biological film develops in
separate stage nitrification trickling filter. Hence, a media of
higher specific surface area can be used without plugging or ponding
which can be a problem in cambined oxidation-nitrification trickling
filters. Also, because of the small growth of solids on the media,
clarification is not necessary. In this section, only the separate
stage fixed film system is modeled; the influent BOD and suspended
solids concentration are in the range of secondary effluent levels.
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2.41.5 RBC Nitrification.

2.41.5.1 Input Data.

2.41.5.1.1 TS, Summer Wastewater Temperature, °C

2.41.5.1.2 TW, Winter Wastewater Temperature, 0C

2.41.5.1.3 NIS, Summer Effluent Standard, mg/l as N

2.41.5.1.4 NIW, Winter Effluent Standard, mg/l as N

2.41.5.1.5 NO, Influent TKN Concentration, mg/l as N

2.41.5.1.6 Qavg' Average Design Flow, mgd

2.41.5.1.7 Qpk' Peak Design Flow, mgd

2.41.5.2 Process Design Calculations.

2.41.5.2.1 Calculate Media Surface Required

2.41.5.2.1.1 The relationships between surface nitrification rate
and the exposed ammonia concentration for secondary effluent is
related to the temperature and the effluent ammonia concentration
desired. This relationship can be expressed by the following e-
quation.

14135.6 NOAN TCF [8.6 in (§=) + (NO-Nl)]

where

AN - Surface area required per million gallons of

wastewater flow, sq ft/MG

NO - Influent NH3 concentration, mg/l as N

TCF - Temperature correction factor

NI - effluent NH3 concentration, mg/l as N.

and TCF, Temperature Correction Factor can be defined as:

When T is larger than 180 C

TCF - 1.41

When T is smaller than 180 C

TCF - 0.0787 x T

Where T - wastewater temperature, 0C
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2.41.5.2.1.2 If different effluent concentration limitations are
given for both summer and winter conditions, detetmine the surface
area requirement for each condition and base the final design on the
condition that requires a larger media surface.

2.41.5.2.1.3 Safety Factor for Variation of Influent Flow. The
design formula used in the above procedure was empirically obtained
under the condition that no great variation of flow was received at
the plant.

2.41.5.2.1.4 One of the RBC manufacturers suggested that when the
peak flow to average flow ratio is more than 2.5, a safety factor
should be used to give a conservative design. The safety factor is
calculated by using the following equation:

SF = 1 + 0.143 (-- 2.5)%avg

where

SF - safety factor

Qpk - peak flow in mgd

Qavg " average design flow, mgd

2.41.5.2.1.5 Calculate the required media surface area.

A = Qavg x AN x SF

where

A - Required media surface area, sq ft

Qavg - average design flow, mgd

SF - safety factor

2.41.5.2.2 Calculate design hydraulic loading
Rd - Qavg x 106

d A

where

Hd - Design hydraulic loading, gpd/sq ft

2.41.5.2.3 Secondary Clarifier. If the influent quality is that
of a secondary effluent, no clarification is needed and the BOD and
suspended solid concentration would be the sane as those in the
influent.
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2.41.5.2.4 Effluent Quality.

2.41.5.2.4.1 BOD5.

BODE - BOD

where

BODE - effluent BOD5 concentration, mg/l.

2.41.5.2.4.2 COD.

CODE - 1.5 BODE

where

CODE - effluent COD concentration, mg/1.

BODE - effluent BOD5 concentration, mg/l.

2.41.5.2.4.3 Suspended Solids.

SSE - SS

where

SSE - effluent suspended solids concentration, mg/i.

SS - influent suspended solids concentration, mg/l.

2.41.5.2.4.4 Nitrogen.

TKNE - (0.1) (SSE) + NH3E

N03E - N03 + (TKN - TKNE)

N02E - N02

where

TKNE - effluent KJedahl nitrogen concentration, mg/l.

SSE - effluent suspended solids concentration, mg/l.

NH3E - effluent ammonia concentration, mgIl.

N03E - effluent NO3 concentration, mg/l.

N03 - influent NO3 concentration, mgl.

N02E - effluent N02 concentration, mg/l.

N02 - influent N02 concentration, mg/l.
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2.41.5.2.4.5 pH.

PH - 7.2

where

PH - effluent pH.

2.41.5.2.4.6 Oil and Grease.

OAGE - 0.0

where

OAGE - effluent oil and grease concentration, mg/l.

2.41.5.2.4.7 Settleable Solids.

SETSO - 0.0

where

SETSO - effluent settleable solids concentration, mgl.

2.41.5.2.4.8 Phosphorus.

PO4E - 0.7 P04

where

PO4E - effluent phosphorus concentration, mg/l.

P04 - influent phosphorus concentration, mg/I.

2.41.5.3 Process Design Output Data.

2.41.5.3.1 Required media surface area, A, sq ft

2.41.5.3.2 Design hydraulic loading, Hd, gpd/ sq ft

2.41.5.4 Quantities Calculations.

2.41.5.4.1 Calculate number of shafts necessary. In this design,
the high density media with 150,000 sq ft of surface area per shaft
is used.

N A
sh Ash

If Nsh is not an integer, use the next larger integer.
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where

Nsh ' nuzber of shafts necessary

A - total media surface area, ft 2

Ash - media surface area per shaft, ft 2

(default value is 150,000)

Since there is not a set rule for staging the nitrification RBC
systea, the minimal practical nunber of shafts is the same as Nsh.

N ~Ns
mp sh

where

N -minimum practical nunber of shafts.

mp

2.41.5.4.2 For simplicity of design, it is assumed that shafts
will be arranged in groups of eight. Each group will be called a
bank and will consist of two end shafts and six intemnediate shafts.
Any shafts in excess of a multiple nunber of eight will fon a
partial bank of from one to seven shafts as needed. Many other
configurations are possible; however, varying the configuration
should not affect earth work and concrete requirenents significantly.

2.41.5.4.2.1 Calculate nunber of banks needed.

Nb Nmp/ 8

If Nb is not an integer, use next larger integer.

where

Nb - nunber of full and partial banks.

N - mininun practical nunber of shafts needed.
mp

2.41.5.4.2.2 Calculate nunber of end and intemnediate shafts
needed.

Nes 2Nb
N = N p - Nes

where

Nes = nunber of end shafts needed.

Nb - nuber of banks needed.
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Nis - number of intennediate shafts needed.

N - minimum practical number of shafts needed.mp

2.41.5.4.3 Calculate earthwork requirenents.

2.41.5.4.3.1 Dimensions used in calculating earth work requirenents
are shown in Figure 3.

2.41.5.4.3.2 Vew 130 Nes + 142 Nis

where

Yew = volume of earth work required, yd 3

N - number of end shafts needed.es

Nis = number of intemediate shafts needed.

2.41.5.4.4 Calculate reinforced concrete requirenents.

2.41.5.4.4.1 Dimensions used in calculating concrete requirenents
are shown in Figure 3.

2.41.5.4.4.2 Vsc M 23 Nes + 20.7 N is

V - 11.5 Nes + 8 6 Nis

where

V c - volume of slab concrete needed, yd 3
V c - volume of wall concrete needed, yd3

N - number of end shafts needed.es

Nis = nunber of intermediate shafts needed.

2.41.5.4.5 Calculate annnual power consumption.

2.41.5.4.5.1 For a hydraulic loading between 0.5 and 2.5 ngd.

KWH = [3(3.9 - 1.21 1d) + 7.12] 6,534 Qavg

2.41.5.4.5.2 For a hydraulic loading between 2.5 and 4.5 gpd/ft
2

KWH - (17.05 - 2 .5 d 6,534 Qavg

where

KWH - annual power consumption, kwh/yr.

Rd - hydraulic loading, gpd/ft 2
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Qavg - design flow rate, mgd.

2.41.5.4.6 Calculate annual operation and maintenance labor
requiruients.

2.41.5.4.6.1 For a plant with less than 30 shafts

Len - (1.25- 0.025 Nmp) 52N

2.41.5.4.6.2 For a plant with 30 shafts or more

Lou W 26 %p

where

LOM - annual operation and maintenance labor requirements,
pers on-hrs ./ yr.

N - minimum practical number of shafts needed.
mp

2.41.5.4.6.3 It is assumed that 70% of the man hour requirenent is
allocated for maintenance and the rest-to operation. Thus,

Operation man hour requirenent, 0R, man hr/yr

O1 a 0.3 x L
am

Maintenance man-hour requirenent, MMH, man-hr/yr

NMH - 0.7 x L

2.41.5.4.7 Other Operation and Maintenance Material Costs. This
iten includes repair and replacenent material cost and other minor
costs, such as lubricating oil. It is expressed as a percent of
installed costs of the RBC equipment.

OMNP - 2%

OKMP - percent of the installed RBC equipment costs

2.41.5.4.8 Other Construction Cost Itens. Fran the above es-
tiation, approximately 85% of the total construction costs have been
accounted for. Other minor cost items such as piping, site work,
control system, etc., would be the other 15 percent.

CF, correction factor would be --L - 1.18
.85

2.41.5.5 Quantities Calculations Output Data.

2.41.5.5.1 Minimum practical number of shafts need, N

2.41.5.5.2 Earthwork required, Vew, cu yd.
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2.41.5.5.3 R.C. wall quantity, VWS , cu yd.

2.41.5.5.4 R.C. slab quantity, Vwc, cu yd.

2.41.5.5.5 Annual power consumption, KWH, kwhr/yr.

2.41.5.5.6 Operational manhour requirement, man-hr/yr.

2.41.5.5.7 Maintenance manhour requirement, man-hr/yr.

2.41.5.5.8 Other operation and maintenance material cost, OMMP,
percent.

2.41.5.5.9 Correction factor, CF.

2.41.5.6 Unit Price Inputs Required.

2.41.5.6.1 Cost of earthwork, UPIEX, $/cu yd.

2.41.5.6.2 Cost of R.C. wall in-place, UPICW, dollars/cu yd.

2.41.5.6.3 Cost of R.C. slab in-place, UPICS, dollars/cu yd.

2.41.5.6.4 Standard size RBC equipment cost, COSRBC, $ (optional).

2.41.5.6.5 Marshall and Swift equipment cost index, MSECI.

2.41.5.7 Cost Calculations,

2.41.5.7.1 Cost of earthwork, COSTE.

COSTE - V x UPIEX
ew

where

COSTE - cost of earthwork, $.

Vew - quantity of earthwork, cu yd.

UPIEX - unit price input of earthwork, $/cu yd.

2.41.5.7.2 Cost of concrete wall in-place, COSTCW.

COSTCW - V x UPICW

where

COSTCW - cost of concrete wall in-place, $.

Vcw - quantity of concrete wall, cu yd.
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UPICW - unit price input cost of concrete wall in-place,

$/cu yd

2.41.5.7.3 Cost of concrete slab in-place COSTCS.

COSTCS - V x UPICScs

where

COSTCS - cost of R.C. slab in-place, $.

V es - quantity of concrete slab, cu yd.

UPICS - unit price input of R.C. slab in-place,
$/cu yd.

2.41.5.7.4 Cost of Installed Equipment.

2.41.5.7.4.1 Purchase cost of RBC equipment. This includes the
cost for the media, shaft and fiberglass cover. The first quarter,
1977 cost of a shaft with media surface area of 150,000 sq ft is
approximately $34,500. In this procedure, it is preferred that the
cost of equipment is input fron user. If no user input is given, the
default value should be used.

MSECI
COSRBC - 34,500 x -MC

where

COSRBC - purchase cost of standard size media with
surface area of 100,000 sq ft, $.

MSECI - current Marshall and Swift equipment cost
index fran input.

481.6 - Marshall and Swift cost index first quarter 1977

2.41.5.7.4.2 Installation cost. It is estimated that a 15% markup
should be added for installation of the RBC equipment. Thus, the
installed equipment cost, IEC.

IEC - 1.15 x COSRBC x N
mp

where

IEC - installed equipment cost, $.

2.41.5.7.5 Other Cost Items. This category includes cost of
piping, walkways, electrical control instruments, site work, etc.
Costs can be adjusted by multiplying the correction factor CF to the
sum of other costs.
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2.41.5.7.6 Total bare construction costs, TBCC.

TBCC - (COSTE + COSTCW + COSTCS + IEC) x CF

where

TBCC - total bare construction costs, $.

CF - correction factor for minor cost itens.

2.41.5.7.7 Operation and Maintenance Material Costs. Since this
item of the operation and maintenance costs is expressed as a per-
centage 9f the installed equipment cost, it can be calculated by:

OMMP
OMMC = -o x IEC

where

OMMC - operation and maintenance material costs,
S/yr.

ONMP - percentage of the total bare construction costs
as operation and maintenance material cost/percent.

2.41.5.8 Cost Calculations Output Data.

2.41.5.8.1 Total bare construction costs of the RBC system, TBCC,

2.41.5.8.2 Operation and maintenance material costs, O1MC, $/yr.
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2.41.6 Suspended Growth Nitrification (Diffused Aeration).

2.41.6.1 Input Data.

2.41.6.1.1 TS, summer operating temperature, °C

2.41.6.1.2 TW, winter operating temperature, °C

2.41.6.1.3 NO, influent total kjeldahl nitrogen concentration, mg/i
as N

2.41.6.1.4 NiS, effluent ammonia nitrogen concentration, summer
effluent standard, mg/I as N

2.41.6.1.5 NIW, effluent ammonia nitrogen concentration, winter
effluent standard, mg/i as N

2.41.6.1.6 DO, dissolved oxygen concentration, 20 mg/I

2.41.6.1.7 Qp, peak flow rate, mgd

2.41.6.1.8 Qavg* averge flow rate, mgd

2.41.6.1.9 Kd, decay coefficient, 0.05 day
-1

2.41.6.1.10 Yb, heterotrophic yield coefficient, 0.65 lb VSS
grown/lb BOD5 removed.

2.41.6.1.11 So, influent BOD5 (must be2 50 mg/10.

2.41.6.1.12 Km, metabolic factor, 15 hr"I at 20*C.

2.41.6.1.13 SSI, influent inert suspended solids, mg/l.

2.41.6.1.14 XW, sludge solids concentration, mg/l.

2.41.6.1.15 STE, standard transfer efficiency of diffusers, 5
percent.

2.41.6.1.16 ALPHA, oxygen transfer coefficient, 0.9.

2.41.6.1.17 BETA, oxygen transfer coefficient, 0.9.

2.41.6.1.18 P, prespure correction factor, 1.0.

2.41.6.1.19 CS, 02 saturation concentration at summer operating
temperature.

2.41.6.1.20 CL, minimum 02 concentration, 2.0 mg/l.

2.41.6.1.21 IALK, influent alkalinity, mg/i as CaCO3 .
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22.41.6.1.22 SLR, solids loading rate to clarifier, 25 lb/ft2/day.

2.41.6.1.21 OFR, maximum surface overflow rate to clarifier,
450 gpd/ft .

2.41.6.1.24 SAC, standard rated aerator capacity, 4.0 lb 02
transfer/HP-hr mechanical systems.

2.41.6.2 Process Design Calculations.

2.41.6.2.1 Detennine Sludge Retention Time (SRT). The sludge
retention time is calculated fran the temperature of the waste,
the pH of the waste, the effluent concentration of amonia nitro-
gen required and the dissolved oxygen concentration in the waste.
In many states the effluent concentration standards differ for
summer and winter operation. The design sludge retention time
must be calculated for both summer temperature and effluent
concentration and winter temperature and effluent concentration.
The longer retention time should be used in the design of the
nitrification systen.

2.41.6.2.1.1 The first step required to calculate the desired
sludge retention time in a plug flow nitrification systen is to
detemnine the growth rate of the nitrifying bacteria. Since the
maximum growth rate of nitrobactor is considerably larger than
the maximum growth rate of nitrosomonas and the value of sub-
strate concentration at half maximum growth rate is less than 1
mg l-N for both organisms, nitrite does not accumulate in large
amounts in biological treatnent systems. For this reason nitri-
fier growth can be modeled using the rate limiting step, ammonia
conversion to nitrite, and the growth rate is of the nitrosomonas
bacteria.

2.41.6.2.1.2 The growth rate of the nitrosomonas bacteria in
plug flow is given by:

for pH < 7.2

MUN -0.47 [ e 0.098(T-15)] x [1-0.833 (7.2-ph)]

x [ NO-Ni x[ DO day-I(NO-Ni) + 100.051T-1.158 In NO DO + 1.3
Nl

For pH 7.2

MUN - 0.47 e 0.098(T-15) ] x [ NO-Ni
(NO-Nl) + 100.051T-1.1581n NO]

DO " day"D 1+ da
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where

MUN - Growth rate, day
I

T - Temperature, °C (80C to 300C)

NO - Influent TKN concentration (NH 4 -N), mg/l

Ni - Effluent ammonia concentration (NH4+-N), mg/I

DO - Dissolved oxygen concentration, mg/l
default value of 2.0 mg/l

2.41.6.2.1.3 The minimum solids retention time is given by:

1
SRTMIN - MUN

where

SRTMIN - Minimumn SRT required, days

2.41.6.2.1.4 The minimum solids retention time is the time that is
theoretically required to obtain the desired effluent concentration
of NH -N. Variation in flow may significantly affect the operation of
a biorogical nitrification system. The degree of ammonia removal
required may necessitate a longer SRT to accommodate the variations
in flow. A safety factor must be multiplied by the minimum SRT to
obtain the design SRT. The value of this safety factor is dependent
on the allowable effluent ammonia concentration, the average flow
rate, and the ratio of the peak flow rate to the average flow rate.

Estimates for the safety factor can be obtained for the
following equations: Q

SF1 - 0.375 + 0.125 "p

Qavg

SF2 - 0.935 - 0.271 log (Q avg)

SF3 - 1.03 - 0.053 Nl

where

Qp W Peak flow, mgd

Qavg - Average flow, mgd

NI - Effluent anmonia limitation, NH3 -N mg/l

The safety factor to be used is the sum of SF1, SF2, and
SF3:
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SF -SF1 + SF2 + SF3

2.41.6.2.1.5 The design sludge retention time is calculated by:

SRT - (SF) (SRTMIN)

where

SRiT - Design sludge retention time, day

SF - Retention time safety factor

SRIMIN - Minimum sludge retention time

2.41.6.2.1.6 If the effluent concentration standards differ for summer
and winter, repeat the design sludge retention time calculation for each
season's parameters. The largest SRT is used in the design procedure
below.

2.41.6.2.2 Calculate Organic Removal Rate

1
SRT . Kd, (lb BOD removal/lb MLVSS/day)qb Y Yb

Yb= 0.65 lb VSS/lb BOD removal (heterotrophic yield
coef.)

K - 0.05 day (decay coefficient)

SRT - Sludge retention time

S- Organic removal rate, (lb BOD removal/lb MLVSS/day)

2.41.6.2.3 Hydraulic Detention Time

(So-S)
T )(MLVSS)

where

HT - Hydraulic detention time (days)

S - Influent BOD 5 (mgl)

S - Effluent soluble BOD 5 (assume S - 0 mg/l)

q b - Organic removal rate (lb BOD5 removal/lb MLVSS/day)
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MLVSS - Mixed liquor volatile suspended solids (- 2000 mg/1)

2.41.6.2.4 Volume of Aeration Tank

V Qavg (HT)

where

V - Volume, million gallons

HT - Hydraulic detention time, days

Qavg - Average flow rate, mgd

2.41.6.2.5 Calculate Effluent Soluble BOD5
So

K HT(24) + 1
m

where

S - Effluent soluble BOD5 , mg/I

S - Influent BODs, mg/Il

K - Metabolic factor - 15 hr'1 at 200C
m

HT - Hydraulic detention time, days

2.41.6.2.6 Recalculate MLVSS

So-S
- b)(HT)

where

So - Influent BODs, mg/I

S - Effluent soluble BOD5, mgI

qb - Organic removal rate, lb BOD5 renoval/Ib MISS/day

MLVSS - Mixed liquor volatile suspended solids, mg/

HT - Hydraulic detention time, days
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2.41.6.2.7 Calculate MISS in Aeration Tank

MISS - MLVSS + inert solids

inert solids - SSI M + 0.1 MLVSS
HT

MISS - 1.1 MLVSS + SSI SRT
HT

where

MLSS - Mixed liquor suspended solids, mg/l

MLVSS - Mixed liquor volatile suspended solids, mg/l

SSI = Influent inert suspended solids, mg/l
(a default value of 20 mg/l)

SRT - Sludge retention time, days

HT - Hydraulic detention time, days

2.41.6.2.8 Sludge Waste Schedule

2.41.6.2.8.1 Sludge inventory

I - 8.34 (MLSS)(V)
where

I - Sludge under aeration, lbs

MLSS - Mixed liquor suspended solids, mg/l

V - Aeration tank volume, million gallons

2.41.6.2.8.2 Total sludge wasted per day
I

SW I-

SRT

where

SW - Sludge wasted, lb/day

SRT - Sludge retention time, day

I - Sludge under aeration, lbs
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2.41.6.2.8.3 Waste sludge flow rate. For a conservative estimate,
assume that the effluent suspended solids is negligible compared to the
sludge MLSS.

106 SW
W=l

8.34(XW)

where

W - Sludge flow rate, gal/day

SW - Sludge wasted, lb/day

XW - Sludge suspended solids concentration, mg/l (12,000 mg1l)

2.41.6.2.8.4 Calculate return sludge rate

RSR = x 100
Qavg

RSR - Return sludge rate, Z of Qavg (usually 100%)

W - Sludge flow rate, mgd

Qavg - Average flow rate, mgd

2.41.6.2.9 Oxygen Requirement

2.41.6.2.9.1 Carbonaceous oxygen requirement

COR 1.5 (S o -S) 1.42 (MLVSS) (mg/1/hr)
(HT)24 (SRT)(24)

where

S - Influent BOD mg/i

S - Effluent BOd mg/l

HT - Hydraulic detention time, days.

MVSS - Mixed liquor volatile suspended solids mg/i

SRT - Design SRT, days.

2.41.6.2.9.2 Nitrogenous oxygen requirement

NOR= 4 .6 (NO-NI) (mg/i/hr)
HT
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NOR - nitrogenous oxygen requirement, mg/i

NO - Influent nitrogen concentration, mg/i

Nl - Effluent nitrogen concentration, mg/i

HT - Hydraulic detention time, hours

2.41.6.2.9.3 Oxygen demand safety factor

if -2 Z 2.2
Qavg

SFOX - (0.55) _..
Qavg

if <2.2
Qavg

SFOX - 1.2

where

SFOX - safety factor for oxygen demand

2.41.6.2.9.4 Oxygen requirement (OR)

OR - SFOX (COR + NOR) , (mg/i/hour)

2.41.6.2.9.5 Calculate oxygen requirement in lb/day

02 - (OR) (V) (200) lb/day

where

02 - Oxygen requirement, lbs/day

V - Aeration tank volume, million gallons

2.41.6.2.10 Design the Aeration System

2.41.6.2.10.1 Assume following parameters

STE - 5.0 percent

ALPHA - 0.9

BETA - 0.9

P - Pressure correction factor, 1.0
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2.41.6.2.10.2 Select summer operating temperature and de-

temine 02 saturation

TS - 25°C, CS - 8.2 mg/l

2.41.6.2.10.3 Determine operating transfer efficiency

OTE - STE [ (CS)(BETA)(P) - CL] ALPHA (1.0 2)T
S520

9.17

where

OTE - Operating transfer efficiency, percent

STE - Standard transfer efficiency, 5 percent

CS - 8.2 mg/l at 250 C

BETA - 0.9

P - 1.0

CL - Minimum dissolved oxygen, 2.0 mg/1

ALPHA - 0.9

TS - 25 0 C, summer operating temperature

9.17 - 02 saturation at 200 C

2.41.6.2.10.4 Calculate required airflow

Blowers are treated as a separate unit process since several
unit processes in a single plant may require air from the
blowers. The air requirements from all unit processes in a
treatment train which require air are summed and the total air
requirement is used to size the blower facility. The unit
process design for the blower facility is found in subsection
2.3.

02 (7.48)
CR4 - OTE(0.0176)1440(V) (103)

where

CM - Required air flow, cfm/1000 ft 3

OTE - Operating transfer efficiency, percent
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V - Aeration tank volume, million gal

0.0176 - lb 02 per ft3 air

1440 - Min per day

02 - lb 02/day

2.41.6.2.10.5 Check mixing requirement. To provide sufficient
mixing in an ativated sludge nitrification system, a minimum of
25 cfm/ 1000 ft is required. If CFM < 25 cfm, set

CFM - 25 cfm/1000 ft
3

If CFH > 25 cfm

CFH - CFM

2.41.6.2.11 Alkalinity Requirement

2.41.6.2.11.1 Alkalinity destroyed during nitrification

ALKD - 7.14 (NO-NI)

where

NO - Influent NH3-N, mg/l

Ni - Effluent NH3-N, mg/l

ALKD - Alkalinity destroyed, mg/l as CaCO3

2.41.6.2.11.2 Required alkalinity addition. The amount of alkalinity
which must be added, (ALKADD), is dependent upon the influent alkalinity
(IALK) and the alkalinity destroyed (ALKD). It is recommended that a

minimum value of 60 mg/i of alkalinity to be maintained in the aeration
basin. Thus,

If (IALK- ALKD) 260 mg/i

then ALKADD - 0

IF (TALK - ALKD) < 60 mg/l

then ALKADD - 60 - (IALK - ALKD)

Total alkalinity added is:

ALKT - ALKADD (Qa) 8.34

avg
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where

ALKT - Total alkalinity added, lb/day (CaCO 3 )

ALKADD - aount of alkalinity which must be added, mg/l
as CaCO3

Qavg - Average flow rate, mg/1

2.41.6.2.12 Effluent Quality

2.41.6.2.12.1 The effluent suspended solids (SS) concentration for a
suspended growth nitrification system followed by a secondary clarifier
should be in the range of 20 to 30 mg/l

ESS - 25 mg/1 (or as speclkied by user)

2.41.6.2.12.2 The effluent BOD c ,acentration can be estimated
frau the effluent SS concentratio,

EBOD5 - S + 0,9 ,.jLVSS/MLSS) ESS

where

EBOD5 - Effluent BOD 5, mg/1

S - Effluent soluble BOD 5 , mg/1

MLVSS - Mixed liquor volatile suspended solids in aeration
tank, mg/i

MLSS - Mixed liquor suspended solids in aeration tank,

ESS - Effluent suspended solids, mg/i

2.41.6.2.12.3 COD.

CODE - 1.5 EBOD5
CODES - 1.5 S

where

CODE - effluent COD concentration, mg/l.

EBOD5 - effluent BOD 5 concentration, mg/l.
CODES - effluent soluble COD concentration, ml.

S - effluent soluble BOD 5 concentration, mg/l.
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2.41.6.2.12.4 Nitrogen.

TKNE - (0.1) (ESS) + N1
NO3E - N03 + (NO - TKNE)

NO2E - N02

where

TKNE - effluent KJedahl nitrogen concentration, ms/1.

ESS - effluent suspended solids concentration, mgI.

Ni - effluent ammonia concentration, mg/i.

NO3E - effluent NO3 concentration, mg/i.

N03 - influent NO3 concentration, mali.

NO - influent Kjedahl nitrogen concentration, mg/ .

NO2E - effluent NO2 concentration, mg/l.

N02 - influent NO2 concentration, mg/i.

2.41.6.2.12.5 Phosphorus.

PO4E - 0.7 P04

where

P04E - effluent phosphorus concentration, mg/i.

P04 - influent phosphorus concentration, mg/i.

2.41.6.2.12.6 Oil and Grease.

OAGE - 0.0

where

OAGE - effluent oil and grease concentration, mg/i.

2.41.6.2.12.7 pH.

PH - 7.2

where

PH - effluent pH.

2.41.6.2.12.8 Settleable Solids.
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SETSO - 0.0

where

SETSO - settleable solids, mg/i.

2.41.6.3 Process Design Output Data.

2.41.6.3.1 SF, safety factor to account for flow and concen-
tration variations.

2.41.6.3.2 SRT, design sludge retention time, days

2.41.6.3.3 HT, hydraulic detention time, days

2.41.6.3.4 V, aeration tank volune, million gallons

2.41.6.3.5 MLVSS, mixed liquor volatile suspended solids in
aeration basin, mg/I

2.41.6.3.6 MSS, mixed liquor suspended solids in aeration
basin, mg/ I.

2.41.6.3.7 SW, total sludge wasted per day, lb/day.

2.41.6.3.8 W, waste sludge flow rate, MCD

2.41.6.3.9 RSR, return sludge rate, percent

2.41.6.3.10 OR, oxygen requireent, mg/i/hr

2.41.6.3.11 02, oxygen requirenent, lb/day

2.11.6.3.12 CFH, required airflow, diffuser systen, scfM/1000
ft

2.41.6.3.13 ALKT, total added alkalinity, lb/day as CaCO3

2.41.6.3.14 ESS, effluent suspended solids, mg/i

2.41.6.3.15 EBODs, effluent BOD5 , mg/i

2.41.6.3.16 NI, critical effluent amonia concentration, mg/I as
N

2.41.6.4 Quantities Calculations.

2.41.6.4.1 Selection of nunbers of aeration tanks. The fol-
lowing rule will be utilized in the selection of nunbers of ae-
ration tanks.
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Nunber of
Qava Aeration Tanks
(mxd) NT

0.5- 2 2

2-4 3

4- 10 4

10- 20 6

20- 30 8

30- 40 10

40- 50 12

50- 70 14

70- 100 16

When Q is larger than 100 mgd, several batteries of

aeration tanks wilfVie used. See next section for details.

2.41.6.4.2 Selection of nunber of tanks and number of batteries
of tanks when Q a_ is larger than 100 mgd. It is general practice
in designing largir sewage treament plants that several batteries
of aeration tanks, instead of a single group of tanks, are used.
This is due to land area availability and certain hydraulic limi-
tations. To simplify the modeling process, the following rules
will be used:

2.41.6.4.2.1 When Q 100 mgd, only one battery of aeration

tanks will be used.

NI-

where

NB - nuaber of batteries of units.

2.41.6.4.2.2 When 100 Q 200 mgd, the systes will be
designed as two identical bafflries of aeration basins. *Each
battery would handle half of the vastewater. The nunber of ae-
ration tanks in each battery would be selected according to the
rules established in subsections (c) and (d) by using half the
design flow as Qavg" Thus

NB -2
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2.41.6.4.2.3 When Qav 200 mgd, the design will be perfomed
to use three batteries 8f aeration basins, each handling one-third
of the wastewater. Thus

NB -3

2.41.6.4.3 Number of diffusers. The oxygen transfer rates used
in the first-order design dictate the use of coarse bubble dif-
fusers. These diffusers have an air flow fran 10 - 15 scfm; for
design purposes an average of 12 scfm will be used.

CFd
NDt  

-
12 (NT) (NB)

NDt must be an integer.

where

NDt - number of diffusers per tank.

2.41.6.4.4 Number of swing am diffuser headers. For ease of
maintenance swing am headers are usually used. The number of
diffusers per header is dictated by the number of connections
provided on each header by the manufacturer. This varies with
manufacturer and header size from 8 to 30. For our purposes an
average of 20 diffusers per header will be assumed.

NDt

NSA - N
t"

NSA t must be an integer.

where

NSA - number of swing ann headers per tank.

2.41.6.4.5 Design of aeration tanks.

2.41.6.4.6 Volume of each tank would be
N Vd

(NB) (NT)

where

VN - volume of single aeration tank, cu ft.

2.41.6.4.5.2 Depth and width of aeration tanks. The depth and
width of the aeration tanks will be fixed at 15 ft. and 30 ft.,
respectively.
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2.41.6.4.5.3 Length of aeration tanks.

L- VN
(15) (30)

If L is greater than 400 ft., then recalculate VN using NT - NT +

1, then recalculate L.

2.41.6.4.6 Aeration tank arrangements.

2.41.6.4.6.1 Figure 2.41-1 shows the schematic diagram of the
arrangements. A pipe gallery will be provided when the number of
tanks is equal to or larger than four. The purpose of the pipe
gallery is to house the various air and water piping systems and
control equipment.

PGW = 20 + (0.4) (avg)

where

PGW - pipe gallery width, ft.

Qavg - average influent wastewater flow, mgd.

2.41.6.4.7 Earthwork required for construction. It is assumed
that the tank bottan will be 4 feet below ground level. The earth-
work required can be estimated by the following equations:

2.41.6.4.7.1 When NT is less than 4, the earthwork required would
be:

V 6 NB (NT(31.5) + (15.5) (L + 17) + (NT(31.5) + 23.5) (L + 251,
ew 2

where

V - volume of earthwork required, cu. ft.ew

NT - number of tanks per battery.

L - length of aeration tanks, ft.

2.41.6.4.7.2 When NT is greater than or equal to 4, the earthwork
required would be:

; r (15. 75(NT) + (15.5)(2L + PGW + 20) + (15.75) (NT) + (23.5)(2L + PGW + 28Yev 6 L2

2.41.6.4.8 Reinforced concrete slab quantity. It is assumed
that a 1'-6" thick slab will be utilized regardless of the size of
the system. The volume of reinforced concrete slab will be the
same for both plug and caplete mix flow.
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2.41.6.4.8.1 For NT less than 4:

v = 1.5 NB [Q(T(31.5) + (15.5)(L + 17)]Cs

where

V
cs = R.C. slab quantity required, cu. ft.

2.41.6.4.8.2 For NT greater than or equal to 4:

V - 1.5 NB [(15.75(NT)(2L + PGW + 200)]Cs

2.41.6.4.9 Reinforced concrete wall quantity.

2.41.6.4.9.1 When NT is less than 4:

V - (NB)[75.3(L) + [29.4(NT) - 58.8] (L) + 1383.75(NT) + 33.75]Cs

2.41.6.4.9.2 When NT - 4, 8, 12, 16, 20, etc.:

Vow - (NB)(29.35(NT)(L) + 56.8 (L) + 1350(NT) + 45(PGW) + 185.65]

2.41.6.4.9.3 When NT - 6, 10, 14, 18, 22, etc.:

Vow- (NB)[15.15(NT)(L) + 28.5 (L) + 1367(NT) + 45 (PGW) + 168.751

2.41.6.4.10 Quantity of handrail for safety. Handrail is
required for safety protection of the operation personnel of
wastewater treatment plants. Waterway walls and the top of the
pipe gallery will require handrail. The quantity of handrail
required may be estimated as follows:

2.41.6.4.10.1 For NT - 2

LR - [(NT)(L) + 36.5 (NT) + 1.5] NB

2.41.6.4.10.2 For NT - 3

LE - [ (NT+ I)L + 36.5(NT) + 6.5] NB

2.41.6.4.10.3 For NT greater than or equal to 4:

LHR- [(NT + 4) (L)+ 34(NT)+ 2PGW+ 3]NB

2.41.6.4.11 Calculate operation manpower requirenents.

2.41.6.4.11.1 If CFMd is less than or equal to 3000 scfm, the
operation manpower can be calculated by:

o0E - 62.36 (CFMd) ° 3972
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where

OH - operation manpower required, man-hours/yr

2.41.6.4.11.2 If CFM is greater than 3000 scfm, the operation
manpower can be calcuated by:

OMH - 26.56 (CFd) 0 5 0 3 8

2.41.6.4.12 Calculate maintenance manpower requirenents.

2.41.6.4.12.1 If CFMd is less than or equal to 3000 scfm, the
maintenance manpower can be calculated by:

MMH- 22.82 (CFMd) 0 .4379

2.41.6.4.12.2 If CFMd 3000 scfm, the maintenance manpower can be
calculated by:

- 6.05 (CF1d)
0 .60 37

where

M)4H - maintenance man-hours per year required.

2.41.6.4.13 Energy requirenent for operation. The electrical
energy required for operation is related to the average wastewater
flow by the following equation:

KWH - 248,950.8 (Q avg)0.9809

where

KWH - electrical energy required for operation, kwhr/yr.

2.41.6.4.14 Operation and maintenance material and supply
costs. Operation and maintenance material supply costs include
itens such as lubricant, paint, replacenent parts, etc. These
costs are estimated as a percent of the total bare construction
Costs.

OMMP -3.57 (Q avg)0.2602

where

O =MP operation and maintenance material costs as percent
of total bare construction cost, percent.
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2.41.6.4.15 Other construction cost items. The majority of the
costs of the diffused aeration activated sludge process have been
accounted for. Other cost items, such as liquid piping system,
control equipment, painting, site cleaning and preparation, etc.,
can be estimated as a percent of the total bare construction cost.
This value depends greatly on site conditions and complexity of the
process. For a generalized model, an average value of 10 percent
will be used.

1CF - T-0 ::

where

CF - correction factor to account for the minor cost
items.

2.41.6.5 Quantities Calculations Output Data.

2.41.6.5.1 Number of aeration tanks, NT.

2.41.6.5.2 Number of diffusers per tank, NDt.

2.41.6.5.3 Number of process batteries, NB.

2.41.6.5.4 Number of swing an headers per tank, NSA t -

2.41.6.5.5 Length of aeration tanks, L, ft.

2.41.6.5.6 Width of pipe gallery, PGW, ft.

2.41.6.5.7 Earthwork required for construction, Vew , cu ft.

2.41.6.5.8 Quantity of R.C. slab required, V cs cu ft.

2.41.6.5.9 Quantity of R.C. wall required, Vcw , cu ft.

2.41.6.5.10 Quantity of handrail, LER, ft.

2.41.6.5.11 Operation manpower requirement, OME, man-hour/yr.

2.41.6.5.12 Maintenance manpower requirement, MM, man-hour/yr.

2.41.6.5.13 Electrical energy for operation, KWH, kwhr/yr.

2.41.6.5.14 Operation and maintenance material and supply cost
as percent of total bare construction cost, OMMP, percent.

2.41.6.5.15 Correction factor for minor construction costs, CF.
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2.41.6.6 Unit Price Input Required.

2.41.6.6.1 Cost of earthwork, UPIEX, $/cu yd.

2.41.6.6.2 Unit price input R.C. wall in-place, UPICW, $/cu yd.

2.41.6.6.3 Unit price input R.C. slab in-place, UPICS, $/cu yd.

2.41.6.6.4 Unit price input for handrails in-place, UPIER,
S/ft.

2.41.6.6.5 Cost per diffuser, COSTPD, $, (optional).

2.41.6.6.6 Cost per swing am header, COSTPH, $, (optional).

2.41.6.6.7 Current Marshall and Swift Equipment Cost Index,
MSECI.

2.41.6.6.8 Current CE Plant Cost Index for pipe, valves, etc.,
CEPCIP.

2.41.6.6.9 Equipment installation labor rate, LABRI, S/man-
hour.

2.41.6.6.10 Unit price input for crane rental, UPICR, S/hr.

2.41.6.7 Cost Calculations.

2.41.6.7.1 Cost of earthwork.
V

COSTE - ew UPIEX27

where

COSTE - cost of earthwork, dollars.

V w - quantity of earthwork, cu ft.

UPIEX - unit price input of earthwork, $/cu yd.

2.41.6.7.2 Cost of R.C. wall in-place.

COSTCW - UPICW

where

COSTCW - cost of R.C. wall in-place, $.

Vcw - quantity of R.C. wall, cu ft.

UPICW - unit price input for R.C. wall in-place, $/
cu yd.
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2.41.6.7.3 Cost of R.C. slab in-place.
V

UPICcosts = 2--uPICS

where

COSTCS - cost of R.C. slab in-place, $.

V - volume of concrete slab, cu yd.cw

UPICS - unit price of R.C. slab in-place, $/cu yd.

2.41.6.7.4 Cost of handrails in-place.

COSTHR - LHR x UPIHR

where

COSTHR - cost of handrails in-place, $.

LHR -"length of handrails, ft.

UPIHR - unit price input for handrails in-place, $/
ft.

2.41.6.7.5 Cost of diffusers.

2.41.6.7.5.1 The oxygen transfer values given in process design
calculations indicate the use of coarse bubble diffusers. The cost
of a coarse bubble diffuser with a capacity of 12 scfm for the
first quarter of 1977 is

COSTPD - $6.50

For a better estimate COSTPD should be obtained fram an equipment
vendor and treated as a unit price input. Otherwise, for future
escalation the equipment cost should be adjusted by using the
Marshall and Swift Equipment Cost Index.

COSTPD - 6.50 MSECI

where

COSTPD - cost per diffuser, $.

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index, first
quarter 1977.

2.41.6.7.5.2 Calculate COSTD.
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COSTD - COSTPD x NDt x NT x NB

where

COSTD - cost of diffusers for system, $.

NDt = number of diffusers per tank.

NT - number of tanks.

2.41.6.7.6 Cost of swing am diffuser headers.

2.41.6.7.6.1 Swing am diffuser headers cone in several sizes.
The cost used is for a header which will handle 550 scfm and up to
37 diffusers. The cost of this header for the first quarter of
1977 is

COSTP! - $5000

For a better estimate COSTPH should be obtained from an equipment
vendor and treated as a unit price input. Otherwise, for future
escalation the equipment cost should be adjusted by using the
Marshall and Swift Equipment Cost Index.

COSTPH - $5000 MECI
491.*6

where

COSTPH - cost per swing am header, $.

HSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index, first
quarter of 1977.

2.41.6.7.6.2 Calculate COSTH.

COST! - COSTPH x NSAt x NT x NB

where

COSTH - cost of swing am headers for system, $.

NSA t - number of swing am headers per tank.

NT - number of tanks.

NB - number of batteries.

2.41.6.7.7 Equipment installation man-hour requirement. The
labor requirement for field installation of the swing am headers,
including mounting the diffusers, is approximately 25 man-hours per
header.
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DIE - 25 NSAt x NT x NB

where

IMH - installation man-hour requirement, man-hours.

2.41.6.7.8 Crane requireent for installation.

CE= (.) (1ME)

where

CH - crane time requirement for installation, hr.

2.41.6.7.9 Cost of air piping. The air piping for the diffused
aeration system is very complex and includes many valves and
fittings of different sizes. This causes cost estimation by
material take-off to be very difficult for a wide range of flow.
In this case we feel the use of parametric costing is justified as
the overall accuracy of the estimate will not be affected to a
great extent.

2.41.6.7.9.1 If CFMd is between 100 scfm and 1000 scfm, the cost
of air piping can be calculated by:

0.2553 CEPCIP
COSTAP - 617.2 (CFMd) x 241.0

where

COSTAP - cost of air piping, $.

CFMd design capacity of blowers, scfm.

CEPCIP - current CE Plant Cost Index for pipe, valves, etc.

241.0 - CE Plant Cost Index for pipe, valves, etc., for
first quarter of 1977.

2.41.6.7.9.2 If CFMd is between 1000 scfm and 10,000 scfm, the
cost of air piping can be calculated by:

COSTAP - 1.43 (CFMd) 11337-x CEPCIPd 241.0

2.41.6.7.9.3 If CFM is greater than 10,000 scfm, the cost of air
piping can be calculated by:

COSTAP - 28.59 (CFMd) 0.8085

2.41.6.7.10 Other costs associated with the installed equipment.
This category includes the costs for weir installation, painting,
impection, etc., and can be added as a percentage of the purchased
equipment cost:
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PMINC - 10%

vhere

PHINC - percentage of purchase costs of equipment as minor
installation cost, percent.

2.41.6.7.11 Installed equipment costs.

PMINC
IEC - (COSTD + COSTH) (1 + T- - ) + (IM) (LABRI) + (CH) (UPICR)

where

IEC - installed equipment cost, $.

LABRI - labor rate, $/man-hour.

UPICR - crane rental rate, $/hr.

2.41.6.7.12 Total bare construction cost.

TBCC - (COSTE + COSTCW + COSTCS + IEC + COSTtR) CF

where

TBCC - total bare construction cost, $.

CF - correction factor for minor cost items.

2.41.6.7.13 Operation and maintenance material costs.

OMCC - TBCC
100

where

OMMC - operation and maintenance material supply costs,
$/yr.

OfleP - operation and maintenance material and supply costs

as percent of total bare construction cost, percent.

2.41.6.8 Cost Calculations Output Data.

2.41.6.8.1 Total bare construction cost TBCC, $.

2.41.6.8.2 Operation and maintenance material and supply

costs, OMHC, $/yr.
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2.41.7 Suspended Growth Nitrification (Mechanical Aeration).

2.41.7.1 Input Data.

2.41.7.1.1 TS, summer operating temperature, °C

2.41.7.1.2 TW, winter operating temperature, °c

2.41.7.1.3 NO, influent total kjeldahi nitrogen concentration,

mg/i1 as N

2.41.7.1.4 NiS, effluent ammonia nitrogen concentration,
summer effluent standard, mg/1 as N

2.41.7.1.5 N1W, effluent ammonia nitrogen concentration,
winter effluent standard, mg/1 as N

2.41.7.1.6 DO, dissolved oxygen concentration, 20 mg/1

2.41.7.1.7 Qp, peak flow rate, mgd

2.41.7.1.8 Qavg, averge flow rate, mgd

2.41.7.1.9 Kd, decay coefficient, 0.05 day
"1

2.41.7.1.10 Yb, heterotrophic yield coefficient, 0.65 lb VSS
grown/lb BOD5 removed

2.41.7.1.11 So, influent BOD5 (must be 50 mg/10.

2.41.7.1.12 Kin, metabolic factor, 15 hr"' at 20*C.

2.41.7.1.13 SSI, influent inert suspended solids, mg/i.

2.41.7.1.14 XW, sludge solids concentration, mg/i.

2.41.7.1.15 STE, standard transfer efficiency of diffusers, 5
percent.

2.41.7.1.16 ALPHA, oxygen transfer coefficient, 0.9.

2.41.7.1.17 BETA, oxygent transfer coefficient, 0.9.

2.41.7.1.18 P, pressure correction factor, 1.0.

2.41.7.1.19 CS, 02 saturation concentration at summer operating
temperature.

2.41.7.1.20 CL, minImum 02 concentration, 2.0 mg/i.
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2.41.7.1.21 TALK, influent alkalinity, mg/l as CaCO3 .

2.41.7.1.22 SLR, solids loading rate to clarifier, 25 lb/ft2

day.

2.41 7 1.23 OFR, maximum surface overflow rate to clarifier, 450
gpd/ft

2.41.7.1.24 SAC, standard rated aerator capacity, 4.0 lb 02
transfer/HP-hr mechanical systems.

2.41.7.2 Process Design Calculations.

2.41.7.2.1 Detezmine Sludge Retention Time (SRT). The sludge
retention time is calculated frem the temperature of the waste, the
pH of the waste, the effluent concentration of ammonia nitrogen
required and the dissolved oxygen concentration in the waste. In
many states the effluent concentration standards differ for summer
and winter operation. The design sludge retention time must be
calculated for both summer temperature and effluent concentration
and winter temperature and effluent concentration. The longer
retention time should be used in the design of the nitrification
systen.

2.41.7.2.1.1 The first step required to calculate the desired
sludge retention time in a plug flow nitrification system is to
detemine the growth rate of the nitrifying bacteria. Since the
maximum growth rate of nitrobactor is considerably larger than the
maximum growth rate of nitrosmonas and the value of substrate
concentration at half maximum growth rate is less than 1 mg/i-N for
both organisms, nitrite does not accumulate in large amounts in
biological treatnent systems. For this reason nitrifier growth can
be modeled using the rate limiting step, anmonia conversion to
nitrite, and the growth rate is of the nitrosomonas bacteria.

2.41.7.2.1.2 The growth rate of the nitrosomonas bacteria in

plug flow is given by:

for pH < 7.2

MUN - 0.47 [ e 0.098(T-15)] x [1-0.833 (7.2-ph)]

NO-Nl DO dayrl
( ) 100.051T-1.158 n NOO ; 1.3d(NO-NI) OD + 1.3

For pH 7.2

MUN = 0.47 [ e 0.098(T-15) I x [ NO-N1
(NO-NI) + 100.051T-1.158In NO]

DO

DO 3 day

o~ tLj3



where

MUN - Growth rate, day
1

T - Temperature, °C (8°C to 300C)

NO - Influent TKN concentration (NH44-N), mg/l

Ni - Effluent ammonia concentration (NH4+-N), mg/l

DO - Dissolved oxygen concentration, mg/l
default value of 2.0 mg/l

2.41.7.2.1.3 The minimum solids retention time is given by:

SRTMIN - --
MUN

where

SRIMIN - Minimum SRT required, days

2.41.7.2.1.4 The minimum solids retention time is the time that is
theoretically required to obtain the desired effluent concentration
of NH -N. Variation in flow may significantly affect the operation of
a biorogical nitrification system. The degree of ammonia removal
required may necessitate a longer SRT to accommodate the variations
in flow. A safety factor must be multiplied by the minimum SRT to
obtain the design SRT. The value of this safety factor is dependent
on the allowable effluent ammonia concentration, the average flow
rate, and the ratio of the peak flow rate to the average flow rate.

Estimates for the safety factor can be obtained for the
following equations: 0

SF1 - 0.375 + 0.125 -I

Qavg

SF2 - 0.935 - 0.271 log (Q avg)

SF3 - 1.03 - 0.053 Nl

where

% - Peak flow, mgd

Qavg " Average flow, mgd

Ni - Effluent ammonia limitation, NH3 -N mg/l

The safety factor to be used is the sum of SF1, SF2, and
SF3:

SF -SF1 + SF2 + SF3
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2.41.7.2.1.5 The design sludge retention time is calculated by:

SRT - (SF) (SRThIN)

where

SET - Design sludge retention time, day

SF - Retention time safety factor

SR2MIN - Minium sludge retention time

2.41.7.2.1.6 If the effluent concentration standards differ for-summer
and winter, repeat the design sludge retention time calculation for each
season's paraneters. The largest SET is used in t1 ,e design procedure
below.

2.41.7.2.2 Calculate Organic Renoval Rate

1
SET + Kd, (lb BOD renoval/lb MLVSS/day)

qb "

Y - 0.65 lb VSS/lb BOD removal (heterotrophic yieldcoef.)

K - 0.05 day (decay coefficient)

SET - Sludge retention time

% - Organic renoval rate, (lb BOD removal/lb HLVSS/day)

2.41.7.2.3 Hydraulic Detention Time

(so-5)
HiT =o- 

)
(q b) (MLVS)

where

HT - Hydraulic detention time (days)

S - Influent BOD5 (mg 1)

S - Effluent soluble BOD5 (assume S - 0 mg/l)

qh - Organic renoval rate (lb BOD5 renoval/lb MLVSS/day)
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MLVSS - Mixed liquor volatile suspended solids (-2000 mg/i).

2.41.7.2.4 Volume of Aeration Tank

V Qavg (HT)

where

V - Volume, million gallons

HT - Hydraulic detention time, days

Qavg " Average flow rate, mgd

2.41.7.2.5 Calculate Effluent Soluble BOD 5

S
K HT(24) + 1

where

S - Effluent soluble BODs, mg/l

S° - Influent BODs, mgl

K - Metabolic factor - 15 hr " I at 20 C
m

HT - Hydraulic detention time, days

2.41.7.2.6 Recalculate MLVSS

So-S
MLVSS - ( ) T

(qb) (lT)

where

S - Influent BOD 5, mg/l

S - Effluent soluble BOD5, mg/i

qb - Organic removal rate, lb BOD 5 renoval/Ib MSS/day

MVSS - Mixed liquor volatile suspended solids, mg/l

HT - Hydraulic detention time, days

2.41.7.2.7 Calculate MLSS in Aeration Tank

MLSS - MLVSS + inert solids
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inert solids - SSI SR-T + 0.1 MLVSS

MSS - 1.1 MLVSS + SSi SRT
HT

where

MLSS - Mixed liquor suspended solids, mg/i

MVSS - Mixed liquor volatile suspended solids, mg/i

SSI - Influent inert suspended solids, mg/.
(a default value of 20 mg/l)

SRT - Sludge retention time, days

HT - Hydraulic detention time, days

2.41.7.2.8 Sludge Waste Schedule

2.41.7.2.8.1 Sludge inventory

I - 8.34 (MLSS)(V)
where

I - Sludge under aeration, lbs

MLSS - Mixed liquor suspended solids, mg/i

V - Aeration tank volume, million gallons

2.41.7.2.8.2 Total sludge wasted per day
I

SW . I
SRT

where

SW - Sludge wasted, lb/day

SRT - Sludge retention time, day

I - Sludge under aeration, lbs

2.41.7.2.8.3 Waste sludge flow rate. For a conservative
estimate, assume that the effluent suspended solids is
negligible canpared to the sludge MISS.

106 SW
W- 1 o S

8.34(XW)

where
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W - Sludge flow rate, gal/day

SW - Sludge wasted, lb/day

XW - Sludge suspended solids concentration, mg/1 (12,000 mg/l)

2.41.7.2.8.4 Calculate return sludge rate

RSR - x 100Qavg

RSR - Return sludge rate, % of Qavg (usually 100Z)

W - Sludge flow rate, mgd

Qavg - Average flow rate, mgd

2.41.7.2.9 Oxygen Requirenent

2.41.7.2.9.1 Carbonaceous oxygen requirenent

COR 1.5 (S 0 -S) 1.42 (MLVSS) (mrgll/hr)(UT) (24) (SRT) (24)

where

S - Influent BOD mg/l

S - Effluent BOD mg/1

HT - Hydraulic detention time, days.

MLVSS - Mixed liquor volatile suspended solids mg/1

SRT - Design SRT, days.

2.41.7.2.9.2 Nitrogenous oxygen requirenent

NoR.- .6(N0 'N) ,(u/l/hr)NOR = (T) (24) (• /l r

NOR - nitrogenous oxygen requirenent, mg/l.

NO - Influent nitrogen concentration, mg/l.

Ni - Effluent nitrogen concentration, mg/l.

HT - Hydraulic detention time, days.
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OAC - operating aerator capacity, lbs of 02 transfer/hr-HP.

SAC - standard rated aerator capacity, lbs of 02 transfer/
hp-Hp use 4.0 as default value.

2.41.7.2.10.4 Calculate horsepower requirements.
02

HP = 02
-OAC

where

HP - horsepower requirement for aerator, hp.

2.41.7.2.10.5 Check mixing requirement: The minimum horsepower
requirement for mixing purposes should be 75 hp/MG of aeration basin.
Thus,

HPM - 75 x V

where

V - aeration tank volume, million gallons.

If HP > HPM use HP - HP

if HP c RPM, use

HP - PM

2.41.7.2.11 Alkalinity Requirenent

2.41.7.2.11.1 Alkalinity destroyed during nitrification

ALKD - 7.14 (NO-Ni)

where

NO - Influent TKN, mg/l

Ni - Effluent NH3 -N, mg/l

ALKD - Alkalinity destroyed, mgl as CaCO3

2.41.7.2.11.2 Required alkalinity addition. The mount of alkalinity
which must be added, (ALKADD), is dependent upon the influent alkalinity
(IALK) and the alkalinity destroyed (ALKD). It is recommended that a

minimum value of 60 mgfl of alkalinity to be maintained in the aeratnU
basin. Thus,

If (IALK - ALKD) k 60 mg/l

then ALKADD - 0
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IF (IALK - ALKD) < 60 mg/1

then ALKADD - 60 - (IALK - ALKD)

Total alkalinity added is:

ALKT - ALKADD (Q avg) 8.34

where

ALKT - Total alkalinity added, lb/day (CaCO3 )

ALKADD - MAount of alkalinity which must be added, mg/i
as CaCO3

Q - Average flow rate, mg/l
avg

2.41.7.2.12 Effluent Quality

2.41.7.2.12.1 The effluent suspended solids (SS) concentration for a
suspended growth nitrification systen followed by a secondary clarifier
should be in the range of 20 to 30 mg/l

ESS - 25 mg/i

2.41.7.2.12.2 The effluent BOD5 concentration can be estimated from

the effluent SS concentration.

EBOD 5 - S + 0.8 (MLVSS/MLSS) ESS

where

EBOD5 - Effluent BOD5 , mg'i

S - Effluent soluble BOD5, mgl

MLVSS - Mixed liquor volatile suspended solids in aeration
tank, mgli

MLSS Mixed liquor suspended solids in aeration tank,
mall

ESS = Effluent suspended solids, mg/1
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2.41.7.2.12.3 COD.

CODE - 1.5 EBOD5
CODES - 1.5 S

where

CODE - effluent COD concentration, mg/l.

EBOD 5 - effluent BOD5 concentration, mg/i.

CODES - effluent soluble COD concentration, mg/l.

S - effluent soluble BOD 5 concentration, mg/ .

2.41.7.2.12.4 Nitrogen.

-I" TKNE - (0.1) (ESS) + Ni
NO3E - N03 + (NO - TKNE)

NO2E - N02

where

TKNE - effluent Kjedahl nitrogen concentration, mg/l.

ESS - effluent suspended solids concentration, mg/l.

Ni - effluent ammonia concentration, mg/I.

NO3E - effluent NO3 concentration, mg/ .

N03 - influent NO3 concentration, mg/l.

NO - influent Kjedahl nitrogen concentration, mg/l.

NO2E - effluent NO2 concentration, mgl.

N02 - influent NO2 concentration, mg/l.

2.41.7.2.12.5 Phosphorus.

PO4E - 0.7 P04

where

PO4E - effluent phosphorus concentration, mg/i.

P04 - influent phosphorus concentration, mg/l.
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2.41.7.2.12.6 Oil and Grease.

OAGE - 0.0

where

OAGE - effluent oil and grease concentration, mg/1.

2.41.7.2.12.7 pH.

PH - 7.2

where

PH - effluent pH.

2.41.7.2.12.8 Settleable solids.

SETSO - 0.0

where

SETSO - settleable solids, mg/i.

2.41.7.3 Process Design Output Data.

2.41.7.3.1 SF, safety factor to account for flow and con-
centration variations.

2.41.7.3.2 SRT, design sludge retention time, days

2.41.7.3.3 HT, hydraulic detention time, day-

2.41.7.3.4 V, aeration tank volume, million gallons

2.41.7.3.5 MLVSS, mixed liquor volatile suspended solids in
aeration basin, mg/i

2.41.7.3.6 MLSS, mixed liquor suspended solids in aeration
basin, mg/i.

2.41.7.3.7 SW, total sludge wasted per day, lb/day.

2.41.7.3.8 W, waste sludge flow rate, MGD

2.41.7.3.9 RSR, reuarn sludge rate, percent

2.41.7.3.10 OR, oxygen requirement, mgi/hr
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2.41.7.3.11 02, oxygen requirement, lb/day

,,1.7.3.12 CFM, required airflow, diffuser system, scfm/1000

2.41.7.3.13 HP, horsepower requirement for mechanical aera-
tion, hp.

2.41.7.3.14 ALKT, total added alkalinity, lb/day as CaCO3

2.41.7.3.15 ESS, effluent suspended solids, mg/1

2.41.7.3.16 EBOD5, effluent BOD5 , mg/i

2.41.7.3.17 Ni, critical effluent annonia concentration, mg/l
as N

2.41.7.4 Quantities Calculations.

2.41.7.4.1 Selection of numbers of aeration tanks. The
following rule will be utilized in the selection of numbers of
aeration tanks.

Number of Number of Aerators
"avg Aeration Tanks Per Tank
(m gd) NT NA

0.5- 2 2 1

2- 4 3 1

4- 10 4 1

10- 20 6 2

20- 30 8 2

30- 40 10 3

40- 50 12 3

50- 70 14 3

70- 100 16 4
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When Q is larger than 100 mgd, several batteries of
aeration tanks w ifve used. See next section for details.

2.41.7.4.2 Selection of number of tanks and number of batteries
of tanks when Q is larger than 100 mgd. It is general practice
in designing lazier sewage treatment plants that several batteries
of aeration tanks, instead of a single group of tanks, are used.
This is due to land area availability and certain hydraulic
limitations. To simplify the modeling process, the following
rules will be used:

2.41.7.4.2.1 When Q -s 100 mgd, only one battery of aeration

tanks will be used. Rs

NB-I

where

NB - number of batteries of units.

2.41.7.4.2.2 When 100 < Q S- 200 mgd, the system will be
designed as two identical bafferies of aeration basins. Each
battery would handle half of the wastewater. The number of
aeration tanks in each battery would be selected according to the
rules established in Subsection 2.41.7.4.1 by using half the
design flow as Q av. Thus,

NB - 2

2.41.7.4.2.3 When Q > 200 mgd, the design will be perfomed
to use three batteriesVf aeration basins, each handling one- third
of the wastewater. Thus

NB -3

2.41.7.4.3 Mechanical aeration equipment design.

2.41.7.4.3.1 Usually the slow-speed, fix-mounted mechanical
surface aerators are used in domestic wastewater treatment plants.
The available sizes of this type aerator are 5 HP, 7.5 HP, 10 HP,
15 HP, 20 HP, 25 HP, 30 HP, 40 HP, 50 HP, 60 .P, 75 HP, 100 HP,
125 HP and 150 HP.

2.41.7.4.3.2 Horsepower for each individual aerator:

RPN - HPd
(NB) (NT) (NA)
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If HPN > 150 HP and NT - 2 or 3, repeat the calculation with
NT - NT+ 1.
If HPN > 150 HP and NT > 4, repeat the calculation with NT -

NT+ 2.

where

HPN - horsepower of each unit, horsepower.

HPd - design capacity of aeration equipment, horsepower.

NB - nuber of batteries.

NT - number of aeration tanks per battery.

N& - number of aerators per tank.

2.41.7.4.3.3 Sizing of aerators. Compare HPN with the available
off-the-shelf sizes and select the smallest unit with capacity
larger than EPN. The capacity of the selected unit would be
designated as HPSN. Thus, the total capacity of the aeration
units would be

PT - (NB) (NT) " (NA) * (HPSN)

where

EPT - total capacity of selected aerators, horsepower.

2.41.7.4.4 Design of aeration tanks.

2.41.7.4.4.1 Volume of each individual tank would be

Vd

where

VN - volume of single aeration tank, cu ft.

2.41.7.4.4.2 Depth of aeration tanks. The depth of an aeration
basin is controlled by the capacity of the aerators to be in-
stalled inside. If the water depth is too shallow, interference
with the mixing current and oxygen transfer would occur. If the
water depth is too deep, insufficient mixing would be extended at
the bottom of the tank and sludge accumulation would occur. Thus
proper selection of liquid depth of an aeration basin is Impor-
tant. The relationship between the reconmended basin depth and
the capacity of the aerators can be expressed as follows:
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When HPSN 9 100 HP

DW - 4.816 (HPSN)
0 .2467

When HPSN > 100 HP

DW - 15 ft

where

DW - water depth of the aeration tanks, ft.

HPSN - capacity of the aerator, HP.

2.41.7.4.4.3 Width and length of aeration tank. The ratio
between length and width of an aeration tank is dependent on the
number of aerators to be installed in this tanks, NA.

If NA - 1. Square tank construction, L/W - 1

If NA - 2. Rectangular tank construction, L/W - 2

If NA - 3. Rectangular tank construction, L/W - 3

If NA - 4. Rectangular tank construction, L/W - 4

and

11W - NA

where

NA - number of aerators per tank.

L - length of-aeration tank, ft.

W - width of aeration tank, ft.

After the volume, depth and V1W ratio of the tank are detennined,
the width of the tank can be calculated by:

V 0.5
W - (DW) (NA)

The length of the aeration tank would be:

L = (NA) (W)

2.41.7.4.5 Aeration tank arrangements.
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2.41.7.4.5.1 Figure 2.41-3 shows the schematic diagram of the
tank arrangemnts. Piping gallery wili be provided when the
nu.mber of tanks is equal or larger than four. The purpose of
piping gallery is to house various piping systems and control
equipment.

2.41.7.4.5.2 Size of pipe gallery. The width of this gallery
is dependent on the complexity and capacity of the piping sys tem
to be housed. An experience curve is provided to approximately
estimate this width. It is expressed as:

PGW - 20 +. (0.3) ( QaL)
NB

where

PGW - piping gallery width, ft.

Q ag- average influent wastewater flow, mgd.

NB - number of batteries.

2.41.7.4.6 Earthwork required for construction. It is as-
sued that tank botton would be 4 feet below ground level. Thus
the earthwork required would be estimated by the following equations:

2.41.7.4.6.1 When NT - 2, earthwork required would be:

V w- 3 [(2W + 18.5) (We+ 17) + (2W + 26.5) (W + 25)]

where

V ew- quantity of earthwork required, cu ft.

W - width of aeration tank, ft.

2.41.7.4.6.2 When NT - 3, earthwork required would be:

V ew- 3 [(3 W + 28) (W + 25).+ (3W + 20) (W + 17)]

2.41.7.4.6.3 When NT 2!4, the width and length of the concrete

slab for the whole aeration tank battery can be calculated by:

L -2L + PGW + 16

W s-;I (NT) (W) + 14.5

where

L- length of the basin slab, ft.

L - length of one aeration tank, ft.

PGW - piping gallery width, ft.
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W - width of the basin slab, ft.

NT - number of tanks per battery.

Thus the earthwork can be estimated by:

V ew- 3" (NB) [(L 8 + 4) (W + 4) + (L + 12) (W + 12)]

where

V - volume of earthwork, cu ft.ew

2.41.7.4.7 Reinforced concrete slab quantity.

2.41.7.4.7.1 It is assumed that a 1'-6" thick slab will be
utilized in this program regardless of the size of the system.

2.41.7.4.7.2 For NT - 2,

VCS- 1.5 (2 W+ 14.5) (W+ 13)

where

V - R.C. slab quantity, cu ft.Cs

2.41.7.4.7.3 NT - 3,

Vcs- 1.5 (3 W+ 16) (W+ 13)

2.41.7.4.7.4 When NT 2 4,

Vcs- 1.5 (Ls) (Ws)

where

L - length of slab, ft.

W - width of slab, ft.

2.41.7.4.8 Reinforced concrete wall quantity.

2.41.7.4.8.1 When NT - 2,

V w - W (1.25 DW+ 11) + (6 W + 9) (1.25 DW+ 3.75)

2.41.7.4.8.2 When NT - 3,

Vow M (1.25 DW+ 11) (3 W+ 6) + (1.25 DW + 3.75) (7 W+ 6)

2.41.7.4.8.3 When NT 2 4,
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V NT
V cw " (L+ 3) (1.25 DW+ 11) + [(0.5 XT+ 2) (L+ 3) +

2 (NT) (W)] (1.25 DW+ 3.75) (NB)

2.41.7.4.9 Reinforced concrete required for piping gallery
construction. The quantity of piping gallery slab has been
estinated with the aeration tanks slab calculations. Only the
quantity of reinforced concrete for ceilings and end wall is
necessary.

2.41.7.4.9.1 When NT < 4,

V -O
cg

where

Vcg - quantity of R.C. for gallery construction, cu ft.

2.41.7.4.9.2 When NT 2 4, assuming the ceiling thickness is 1.5
feet, then the quantity of reinforced concrete would be:

Vcg -(NB) (1.5) (PGW) [ (NT) 2(W) + 0.75 (NT) + 1.5]

where

V - volume of R.C. ceiling for piping gallery construction,
cu ft.

and for two end walls:

V -2 (PGW) (NB) (DW+ 3)cgw

where

V c - volume of R.C. walls for piping gallery construction,
cgw cu ft.

Thus total R.C. volume for piping gallery construc-
tion would be:

cg - cgc Vcgw

2.41.7.4.10 Reinforced concrete quantity for aerator supporting
platform construction.

2.41.7.4.10.1 Number of aerator-supporting platforms. Each
aerator will be supported by an individual platfom.

2.41.7.4.10.2 Figure 2.41-5 shows a typical supporting platfom
for the aeration equipment. The width of the platform would be a
function of the capacity of the aerator to be supported. The
following experience formula is given to approximate this relationship.

X - 5 + 0.078 (HPSN)

2 V- r6
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where

X - width of the platfom, ft.

HPSN - horsepower of the mechanical aerator, HP.

2.41.7.4.10.3 Volume of reinforced concrete for the construction
of the platfoms would be:

V - [X2+ 5.6 (DW + 2)] (NT) (NA) (NB)cp

where

V - volume of R.C. for the platform construction, cu
C) ft.

DW - water depth of the aeration basin, ft.

2.41.7.4.10.4 Volume of reinforced concrete for pedestrian
bridges. The pedestrian bridge links the aerator platfom to the
walkway-sidewalls for ease of operation and maintenance. By
using a width of 4 feet and slab thickness of 1 foot, the quan-
tity of reinforced concrete can be calculated by:

Vc - (2 (W- X)] (NB) (NT) (NA)

where

Vcwb - quantity of concrete for pedestrian bridge construction,

cu ft.

2.41.7.4.11 Summary of reinforced concrete structures.

2.41.7.4.11.1 Quantity of concrete slab.

cst - cs

where

Vcs t - total quantity of R.C. slab for the construction of
aeration tanks, cu ft.

2.41.7.4.11.2 Quantity of concrete wall.

Vcwt M Vcw+ Vcg + Vcp + Vcwh

where

VC - quantity of R.C. wall for the construction of
aeration tanks, cu ft.
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V w - quantity of aeration tank R.C. walls, cu ft.

V - quantity of R.C. for the construction of piping
cg gallery, cu ft.

V - quantity of R.C. for the construction of pedestrian
cp bridges.

2.41.7.4.12 Quantity of handrail for safety. Handrail is required
for the safety protection of the operation personnel of wastewater
treament plants. Waterway walls, aerator platforms and bridges, and
the top of the piping gallery will require handrail. Quantity of
handrail can be estimated thus:

2.41.7.4.12.1 When NT - 2

LHR - 4 W+ 11+2 (3+ W- 4)

where

LHER - handrail length, ft.

W - aeration tank width, ft.

X - width of aerator-supporting platfom, ft.

2.41.7.4.12.2 When NT - 3

LHR - 6 W+ 10 + 3 " (3+ W- 4)

2.41.7.4.12.3 When NT k 4

If NT is an even number

LUR- PGW+ (NT) (W)+ [L + 3- 4 (NA)] (NT)+ (NA)" (NT)

I (3X. W- 4) (NB)

If is an odd number

LHER- PGW+ (NT) (W)+ [L + 3- 4 (NA)] (NT+ 2)+

(NA) (NT) (31. W- 4) (NB)

where

PGW - width of the piping gallery, ft.

2.41.7.4.13 Operation and maintenance manpower requirements.
Patterson and Bunker's data will be utilized to project the operation
and maintenance manpower requirements. The man-hour per year requirement
is presented as a function of the total horsepower of the aeration
equipment.
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2.41.7.4.13.1 Calculate the total installed capacity of the aeration

equipment.

TICA - (NB) (NT) (NA) (HPSN)

where

TICA - total installed capacity of the aeration equipment,
horsepower.

HPSN - capacity of one individual aerator, horsepower.

2.41.7.4.13.2 The operation manpower requirement can be estimated as

follows:

When TICA < 200 HP

OMB - 242.4 (TICA) 0 . 3 7 3 1

When TICA 1 200 HP

OMH - 100 (TICA) 0.5425
where

0MH - operational man-hour requirenent, man-hour/yr.

2.41.7.4.13.3 The maintenance manpower requirement can be estimated as
follows:

When TICA : 100 HP

MMH - 106.3 (TICA) 0 . 4 0 3 1

When TICA > 100 HP

MM - 42.6 (TICA) 0 . 59 5 6

where

MMH - maintenance manpower requirement, man-hour/yr.

2.41.7.4.14 Energy requirement for operation. By assuming that all
the aerators will be operated 90 percent of the time year-round, the
electrical energy consumption would be:

KWH - 0.85 x 0.9 x 24 x 365 x (TICA)

where
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KWH - electrical energy required for operation, kwhr/yr.

0.85 - conversion factor fran hp-hr to kwhr.

2.41.7.4.15 Material and supply costs for operation and
maintenance. Material and supply costs for operation and main-
tenance include such itens as lubrication oil, paint and repair
material, etc. These costs are estimated as a percent of instal-
led costs for the aeration equipment and are expressed as fol-
lows:

OMMP - 4.225 - 0.975 log (TICA)

where

OMMP - percent of the installed equipment cost as O&M
material costs, percent.

TICA - total installed capacity of aeration equipment,
horsepower.

2.41.7.4.16 Other construction cost itens. Using the above
calculation, the majority of cost itens of the activated sludge
process have been accounted for. Other cost items, such as
piping systen, control equipment, painting, site cleaning and
preparation, etc., can be estimated as a percent of the total
bare construction cost. This percentage value has been shown to
vary fran 4 to 15 percent of the total construction cost of the
aeration tank systen. The value depends greatly on site con-
ditions and canplexity of the process. For a generalized model,
an average value of 10 percent would be adequate, Thus,

1
CF 1.11

where

CF = correction factor to account for the minor cost
itens.

2.41.7.5 Quantities Calculations Output Data.

2.41.7.5.1 Number of aeration tanks, NT.

2.41.7.5.2 Nuber of aerators per tank, NA.

2.41.7.5.3 Nunber of process batteries, NB.

2.41.7.5.4 Capacity of each individual aerator, HPSN, hp.
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2.41.7.5.5 Depth of aeration tanks, DW, ft.

2.41.7.5.6 Length of aeration tanks, L, ft.

2.41.7.5.7 Width of aeration tanks, W, ft.

2.41.7.5.8 Width of. pipe gallery, PGW, ft.

2.41.7.5.9 Earthwork required for construction, Vew, cu ft.

2.41.7.5.10 Total quantity of R.C. slab, V Cs cu ft.

2.41.7.5.11 Total quantity of R.C. wall, V cw, cu ft.

2.41.7.5.12 Quantity of handrail, LUR, ft.

2.41.7.5.13 Operation manpower requireent, OMR, man-hour/ yr.

2.41.7.5.14 Maintenance, manpower requirenent, MMH, man-
houi yr.

2.41.7.5.15 Electrical energy for operation, KWH, kwhr/yr.

2.41.7.5.16 Percentage for O&M material and supply cost, OMMP,
percent.

2.41.7.5.17 Correction factor for minor capital cost itens,

CF.

2.41.7.6 Unit Price Input Required.

2.41.7.6.1 Cost of earthwork, UPIEX, $/cu yd.

2.41.7.6.2 Cost of L.C. wall in-place, UPICW, $/cu yd.

2.41.7.6.3 Cost of R.C. slab in-place, UPICS, $/cu yd.

2.41.7.6.4 Standard size low speed surface aerator cost (20
HP), SSXSA, $, optional.

2.41.7.6.5 Marshall and Swift Equipment Cost Index, MSECI.

2.41.7.6.6 Equipment installation labor rate, S/man-hour.

2.41.7.6.7 Crane rental rate, UPICR, $/hr.

2.41.7.6.8 Unit price of handrail, UPIER, $/L.F.
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2.41.7.7 Cost Calculations.

2.41.7.7.1 Cost of earthwork, COSTE.

COSTE - Vew * UPIEX
27

where

COSTE - cost of earthwork, $.

V - quantity of earthwork, cu ft.cv

UPIEX - unit price input of earthwork, $/cu yd.

2.41.7.7.2 Cost of concrete wall in-place, COSTCW.

COSTCW - Vcwt UPICW

27

where

COSTCW - cost of concrete wall in-place, $.

Vw t - quantity of R.C. wall, cu ft.

UPICW - unit price input of concrete wall in-place, $1
cu yd.

2.41.7.7.3 Cost of concrete slab in-place, COSTCS.

COSTCS -Vest ° UPICS

where

COSTCS - cost of R.C. slab in-place, $.
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Vcst - quantity of concrete, $/cu yd.

UPICS - unit price input of R.C. slab in-place, $/
cu yd.

2.41.7.7.4 Cost of installed aeration equipment.

2.41.7.7.4.1 Purchase cost of slow speed pier-mounted surface
aerators. The purchase cost of aerators can be obtained by using
the following equation:

CSXSA - SSXSA * RSXSA

where

CSXSA - purchase cost of surface aerator, $.

SSXSA - purchase cost of a standard size slow speed pier-
mounted aerator. Motor horsepower is 20 HP.

RSXSA - ratio of cost of aerators with capacity of HPSN HP
and that of the standard size aerator with 20 HP.

2.41.7.7.4.2 RSXSA. The cost ratio can be expressed as

RSXSA - 0.2148 (HPSN)0.513

where

HPSN - capacity of each individual aerator, HP.

2.41.7.7.4.3 Cost of standard size aerator. The cost of pier-
mounted slow speed surface aerator for the first quarter of 1977
is

SSXSA - $16,300

For a better estimate, SSXSA should be obtained fron equipment
vendor and treated as a unit price input. Otherwise, for future
escalation, the equipment cost should be adjusted by using the
Marshall and Swift Equipment Cost Index.

SSXSA - 16,300 "

where

MSECI - current Marshall and Swift Equipment Cost Index
frao input.

491.6 - Marshall and Swift Cost Index, First quarter 1977.
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2.41.7.7.4.4 Equipment installation man-hour requirement. The
man-hour requirement for field installation of fixed-mounted
surface aerator can be estimated as:

When RPSN < 60 HP

IMH - 39 + 0.55 (HPSN)

When HPSN > 60 HP

MB - 61.3 + 0.18 (HPSN)

where

IMH - installation man-hour requirement, man-hour.

2.41.7.7.4.5 Crane requirement for installation.

CH - (0.1) •Dus

where

CH - crane time requ'-renent for installation, hr.

2.41.7.7.4.6 Other costs associated with the installed equip-
ment. This category includes the costs for electric wiring and
setting, painting, inspection, etc., and can be added as a per-
centage of purchased equipment cost:

PKINC - 23%

where

PMINC - percentage of purchase costs of equipment as
minor installation cost, percent.

2.41.7.7.4.7 Installed equipment cost, IEC.

PMINCIEC - [CSSA (1 - ) IHH LABRT + CH UPICR]

(NB) (NT) (NA)

where

IEC - installed equipment costs, $.

LABRI - labor rate, $/man-hour.

UPICR - crane rental rate, $/hr.
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2.41.7.7.5 Cost of handrail. The cost of installed handrail

system can be estimated as:

COSTHR - LHER x UPIUR

where

LHR - handrail quantity, ft.

UPIHR - unit price input for handrail cost, $ per
linear foot. A value of $25.20 per foot for the
first quarter of 1977 is suggested.

2.41.7.7.6 Other cost items. This category includes cost of
process piping system, control instruments, site work, etc.
Costs can be adjusted by multiplying the correction factor CF to
the sum of other costs.

2.41.7.7.7 Total bare construction costs, TBCC, dollars.

TBCC - (COSTE + COSTCW + COSTCS + IEC + COSTHR) * CF

where

TBCC - total bare construction costs, $.

CF - correction factor for minor cost itens.

2.41.7.7.8 Operation and maintenance material costs. Since
this item of the O&M expenses is expressed as a percentage of the
installed equipment costs, it can be calculated by:

OMC - IEC * OMMP
100

where

MMOC - operation and maintenance material and supply
costs $Iyr.

OMMP - percent of the installed aerator cost as O&M
material and supply expenses.

2.41.7.8 Cost Calculations Output Data.

2.41.7.8.1 Total bare construction cost of the mechanical
aerated activated sludge process, TBCC, $.

2.41.7.8.2 Operation and maintenance supply and material
costs, OMHC, $.
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2.41.8 Trickling Filter Nitrification.

2.41.8.1 Input Data.

2.41.8.1.1 TS, operating temperature, sunmer °C

2.41.8.1.2 TW, operating temperature, winter °C

2.41.8.1.3 NiS, summer effluent standard, mg/l as NH4-N

2.41.8.1.4 NiW, winter effluent standard, mg/i as NH 4-N

2.41.8.2 Process Design Calculations.

2.41.8.2.1 Calculate media surface area required.

2.41.8.2.1.1 The following equations can be used to calculate
the required surface area based upon effluent concentration and
operating teaperature. If different concentration standards are
given for summer and winter, detemnine the surface area required
for both summer and winter operating conditions and base the
design on the larger area required.

2.41.8.2.1.2 The critical ammonia effluent concentration is

given by:

LNHE - 4.5 - 0.115T

where

LNHE - Critical ammonia effluent concentration,
m 1 N4-N

T - Operating temperature, 0c

TS for summer

TW for winter

2.41.8.2.1.3 The required surface area is calculated:

when NKE is larger than LNHE

SNO - 6900 - 190T

when NRE is smaller than LNHE

SRKO - (21,246 - 52.733T) - 3409 NHE

where
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LNHE - Critical ammonia effluent concentration, mg/l as
NH -N

NHE - Desired effluent amonia concentration, mg/l as
NH 3-

T - Operating temperature, C

SRNO - Required surface area, ft
2

NEE - NiS, summer effluent standard

NHE - NiW, winter effluent standard

2.41.8.2.2 Calculate volume of media required

V- SRNO x (NO- NEE) (8.34) (Qa)
U avg

where

V - Volume of media, ft 3

SRNO - Required surface area, ft
2

n - Specific surface area, ft 2/ft 3

The value of n, the specific surface area, depends on the
type of media used. For nitrification process, high specific surface
media can be used in oider 3 to minimize the cost of structure. A
typical value is 41 ft /ft .

2.41.8.2.3 Calculate thI surface area of the filter. A surface
loading rate of 0.75 gp/ft at design average flow is recinmended.

694 QAVG
SA - SR

SLR

where

SA - Cross-sectional area of filter, ft 2

SLR - Surface loading rate, 0.75 gpm/ft 2

QAVG - Average design flow rate, mgd

2.41.8.2.4 Calculate depth of filter
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D VSA

where

D - Depth, ft

V - Volume, ft 3

SA - Cross-sectional area, ft 2

2.41.8.2.5 Check depth of filter. The maximum depth of

filter is 28 ft

If D - 28 ft, the design is acceptable

RCY - 0
RCR - 0

where

RCY - Recycle flow, mgd

RCR - Recycle ratio

2.41.8.2.5.1 If D > 28 ft; set depth at 28 ft

2.41.8.2.5.2 Calculate new surface area

SAl - 28 ft

where

V - Volume of media, cu.ft.

SAl - New cross-sectional area, sq.ft.

2.41.8.2.5.3 Detem-ine the ount of recycle necessary to obtain a
surface loading of 0.75 gpm/ft

- 0.75 SAl
694 "AVG

where

RCY - Amount of recycle, MGD

QAVG - Average flow, MGD

SAI - New surface area required, ft 2
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2.41.8.2.5.4 Detemine recycle ratio of recycled flow over QAVG

RCY
RCR - RCY

QAVG

where

RCR - Recycle ratio

RCY - Recycle flow, MGD

QAVG - Average flow, MGD

2.41.8.2.5.5 Set SA - SAl, this becoies the design filter cross-
sectional area.

2.41.8.2.6 Effluent Quality.

2.41.8.2.6.1 BOD5.

BODE - BOD

where

BODE - effluent BOD5 concentration, mg/l.

2.41.8.2.6.2 COD.

CODE - 1.5 BODE

where

CODE - effluent COD concentration, mgl.

BODE - effluent BOD5 concentration, mgl.

2.41.8.2.6.3 Suspended solids.

SSE - SS

where

SSE - effluent suspended solids concentration, mg/l.

SS - influent suspended solids concentration, mg/l.

2.41.8.2.6.4 Nitrogen.

TKNE - (0.1) (SSE) + NiE
NO3E - N03 + (TKN - TKNE)

NO2E - N02
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where

TKNE - effluent Kjedahl nitrogen concentration, mg/l.

SSE - effluent suspended solids concentration, mg/l.

NHE - effluent anmonia concentration, mg/l.

NO3E - effluent NO3 concentration, mgl.

N03 - influent NO3 concentration, mg/l.

NO2E - effluent NO2 concentration, mg/i.

N02 - influent NO2 concentration, mg/I.

2.41.8.2.6.5 pH.

PH - 7.2

where

PH - effluent pH.

2.41.8.2.6.6 Oil and Grease.

OAGE - 0.0

where

OAGE - effluent oil and grease concentration, mg/l.

2.41.8.2.6.7 Settleable solids.

SETSO - 0.0

where

SETSO - effluent settleable solids concentration, mg/l.

2.41.8.2.6.8 Phosphorus.

PO4E - 0.7 P04

where

PO4E = effluent phosphorus concentration, mg/l.

P04- influent phosphorus concentration, mg/l.
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2.41.8.3 Process Design Output Data.

2.41.8.3.1 SRNO, required media 'Aurf ace area, ft 2

2.41.8.3.2 V, volume of media, ft 3

2.41.8.3.3 SA, filter cross-sectional area, ft 2

2.41.8.3.4 D, depth of filter, ft (maximum depth of 28 ft)

2.41.8.3.5 RCY, recycle flow necessary to maintain total surface

wetting

2.41.8.3.6 RCR, recycle ratio necessary to maintain total surface

wetting

2.41.8.4 Quantities Calculations.

2.41.8.4.1 Select Number of Filters. Field experience indicates
that a single filter will be used when the total media volume is less
than approximately 50,000 cu ft. Above this value two towers are
generally utilized. The surface area of the filter tower is limited
by the available sizes of the distribution anus. The distribution
anus are generally in the range of 20 to 200 feet in diameter. Thus,
the maximum volume of a single trickling filter tower is limited by
the diameter of the distributor anus and the depth of the media.
Using the following values as the maximum

Diameter of tower - 150 ft

The aimum surface area of a f il ter tower would be:

2 1SA IM- (150) x T x -17,700 sq fta

The number of towers per stage, N, would be detenuined by the fol-
lowing rule:
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Surface Area of Single Stage
N (sq ft)

1 2,000
2 2,000 - 17,700
3 17,700 - 35,400
4 35,400 - 53,100
6 53,100 - 88,500
8 88,500 - 123,900

10 123,900 - 159,300
12 159,300 - 194,700
14 194,700 - 247,800
15 247,800 - 265,500
16 265,500 - 283,200
18 283,200 - 300,900
20 300,900 - Above

2.41.8.4.2 Calculate the volue of the filter tower.

The volume to be handled by one filter, V N' would be

VN N

where

VN -volume of each individual filter tower, cu ft.

2.41.8.4.3 Calculate the dianeter of the filter tower.

DIA - 1.128 .

where

DIA -diameter of the filter tower, ft.

D -depth of the tower, given by first order design, ft.

2.41.8.4.4 Trickling Filter Construction.

2.41.8.4.4.1 A typical section of a plastic media trickling filter
is shown in Figure 2.41-6. It can generally be divided into four
components: the minimum and the outside wall, the distributor ama,
the medium support system and the underdrain.
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2.41.8.4.4.2 The plastic medium usually is supplied and installed by
the manufacturers and the cost of the installed system is estimated as
dollars/cu ft. Polyester fiberglass, lightweight steel, and precast
double-tee constructions have been utilized as the medium containnent
structure. In this design, it is assumed a 6-inch reinforced concrete
wall will be utilized. The distributor ares include the center column
and rotary distributors and their support. They are available from
"several manufacturers with size ranging fron 20-feet to 200-feet dia-
meter.

2.41.8.4.4.3 The medium support system consists of precast beans and
concrete support posts as shown in Figure 2.41-7.

2.41.8.4.4.4 The underdrain systen includes the drainage floor and
channel, sidewall with air openings, and center column for distributor
support.

2.41.8.4.5 External Wall Construction. A reinforced wall with 6-
inch thickness will be assumed for the wall. Thus, the reinforced
concrete wall quantity would be

V - (D 3') x (DIA) x6

- 1.57 (D + 3) (DIA)

where

V - quantity of R.C. wall, cu ft.cw

D - depth of filter media, frou first-order design, ft.

DIA - diameter of the filter tower, ft.

2.41.8.4.6 The Media Support System.

2.41.8.4.6.1 The supporting system consists of concrete supporting
posts and precast concrete beans. The number of posts depend on the
size of the filter and can be approximated by the following equations:

When DIA - 40 ft

NCP - 0.00106 (DIA) 3 "°

When DIA 40 ft

NCP - 0.1739 (DIA)1 935

where

NCP - total number of posts.
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2.41.8.4.6.2 With the dimensions shown in Figure 2.41-7 and using an
average depth of two feet, the volume of concrete required for the
posts would be

V - NCP) 8 122V cwp M (NCP) (-f2) (j-:2) 2

- 1.333 (NCP)

where

V - volume of R.C. wall for the supporting post, cu ft.cwp

2.41.8.4.6.3 The precast concrete bean quantity, expressed as total
length, can be related to the size of the filter as follows:

When DIA - 40 ft

LCB - (0.0119) (N) (DIA) 2 . 9 6 3

When DIA > 40 ft

LCB - (0.364) (N) (DIA) 2 . 0 3 5

where

LCB - total length of the precast beans, ft.

2.41.8.4.7 The Underdrain System.

2.41.8.4.7.1 Floor concrete volume, assuming a thickness of 8"

Vf . DTr(D ) 2 (8) . 0.524 (DIA)
2

where

Vcsf - volume of R.C. slab, cu ft.

2.41.8.4.7.2 Drainage Channel. The quantity of concrete for the
drainage channel can be approximated by:

When DIA < 70 ft

Vowd - (10) (DIA)

When DIA 2 70 ft

Vowd - (17) (DIA)

where

V wd - volume of R.C. wall, cu ft.
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2.41.8.4.7.3 The center column for the distributor aims. The
quantity of concrete for the column can be estimated by:

When DIA < 70 ft

V - 4 (D+2)

When DIA > 70 ft

V c c - 16 (D+2)

where

V - volume of concrete for the center column, cu ft.

2.41.8.4.7.4 The outside ring wall quantity.

V -4 °Tr* (DIA) (1)cWr

- 12.6 (DIA)

where

V - volume of concrete for outside ring wall, cu ft.cvr

2.41.8.4.8 Earthwork. The volume of earthwork can be estimated
by:

Vewn - (1.15) x [0.035 (DIA) 3 + 4.88 (DIA) 2 + 77 (DIA) + 350]

where

Vewn - earthwork required for the construction of a single
tower, cu ft.

1.15 - safety factor for conservative design.

2.41.8.4.9 Total reinforced concrete wall quantity, Vcw*

vcW -N Ivvce cup + cwd + vcwc + vcwr

where

V - total quantity of R.C. wall in place, cu ft.cw

N - number of trickling filter towers.

2.41.8.4.10 Total reinforced concrete slab in place, V CS

cv - N " csf

where
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VCs - total quantity of R.C. slab in place, cu ft.

2.41.8.4.11 Total earthwork required, Vew*

V -N V
ew ewn

where

Ven - total earthwork required, cu ft.

2.41.8.4.12 Electrical energy required for operation. The electric
energy required for operation depends on the flow to be pumped and the
total dynamic head. It can be estimated by the following equation.

KWH- 21,000 (Q avg)0.961

where

KWH - electric energy required, kwhr/yr.

Q av - average daily flow, mgd.

2.41.8.4.13 Operation and'maintenance manpower requirenent.

2.41.8.4.13.1 Operation man-hours required, OMH.

When Q av g 1.0 mgd

OMH -128 (Q av)0 301

When 1.0 < Qavg 10 mgd

OH- 128 (Q av) 0.6088

When Qavg > 10 mgd

O(H - 68 (Q avg)08861

where

OMH - operational manpower requireuent, man-hour/yr.

Qavg - average daily flow, mgd.

2.41.8.4.13.2 Maintenance man-hour requirenent, MMH.
When Q av S 1.0 mgd

M H - 112 (Qavg) 0 . 2 4 3 0

When 1.0 < Q av S 10 mgd

MM- 112 (Qavg) 0 .6021
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When Qavg > 10 mgd

MM- 80(Q 07066

where

MMH - maintenance man-hours required, man-hour/yr.

2.41.8.4.14 Other operation and maintenance material costs. This
iten includes repair and replacement material costs. It is expressed
as a percent of total installed cost of equipment which includes the
plastic media and distributor az-s.

OMMP - 1%

OMMP - percent of the installed equipment costs for the
operation and maintenance material costs.

2.41.8.4.15 Other minor construction itens. Items such as piping,
walkways around the towers, and site cleaning would be approximately
20 percent of the total construction costs.

CF, the correction factor for this minor cost would be

1
. 1.25

2.41.8.5 Quantities Calculations Output Data.

2.41.8.5.1 Total volume of media, Vd, cu ft.

2.41.8.5.2 Number of filter towers, N.

2.41.8.5.3 Total R.C. wall in-place, Vcw , cu ft.

2.41.8.5.4 Total R.C. slab in-place, Vcs , cu ft.

2.41.8.5.5 Total earthwork, Vew , cu ft.

2.41.8.5.6 Total length of precast concrete media support bean,
LCB, ft.

2.41.8.5.7 Operational manpower requirement, OMH, man-hour/yr.

2.41.8.5.8 Maintenance manpower requirement, MMH, man-hour/yr.
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2.41.8.5.9 Electric energy requirenent, KWH, kwhr/yr.

2.41.8.5.10 Other operation and maintenance material costs, OMMP,
percent.

2.41.8.5.11 Correction factor for other capital costs, CF.

2.41.8.6 Unit Price Input Required.

2.41.8.6.1 Cost of earthwork, UPIEX, $/cu yd.

2.41.8.6.2 Cost of R.C. wall in-place, UPICW, $/cu yd.

2.41.8.6.3 Cost of R.C. slab in-place, UPICS, $/cu yd.

2.41.8.6.4 Unit price of filter media, UPFM, $/cu yd.

2.41.8.6.5 Unit price for a 50-foot dianeter distributor systen,
CODAS, $ (optional).

2.41.8.7 Cost Calculations.

2.41.8.7.1 Cost of earthwork, COSTE.

COSTE - Vew x UPIEX
27

where

COSTE - costs of earthwork, $.

V - volume of earthwork, cu ft.ew

UPIEX - unit price input for earthwork, $/cu yd.

2.41.8.7.2 Cost of reinforced concrete wall in-place, COSTCW.

COSTCW - cv x UPICW

where

COSTCW - cost of R.C. wall in-place, $.

Vow - total quantity of R.C. wall, cu ft.

UPICW - unit price input of R.C. wall in-place, $/cu yd.

2.41.8.7.3 Cost of R.C. slab in-place, COSTCS.
V

COSTCS - cs x UPICS

where

COSTCS - cost of R.C. slab in-place, $. ,:q /-7T



V - volume of R.C. slab, cu ft.Cs

UPICS - unit price input for R.C. slab in-place, $/cu yd.

2.41.8.7.4 Cost of the filter media, COSTFM.

COSTM - Vd * UPFM

where

COSTFM - cost of installed filter media, $.

Vd - volume of plastic medium, cu ft.

UPFM - unit price of plastic media installed, $/cu ft.

This media will be a high specific area media. (specific
surface area must be larger than 41 sq ft/cu ft).

The 1st quarter 1977 price for UPFM is $3.00/cu ft. For a
better estimate this unit price should be obtained from equipment
vendor.

2.41.8.7.5 Cost of distributor ars.

2.41.8.7.5.1 Purchase cost of distributor ars. The purchase cost
of distributor arms can be obtained by using the following equation:

CODA - CODAS * CRIODA

where

CODA - purchase cost of distributor arn with diameter of
DIA ft, $.

CODAS - purchase cost of a standard sized distributor arm
with diameter of 50 feet.

2.41.8.7.5.2 The st quarter 1977 price for CODAS is $39,000.
However, for a better estimate, CODAS should be obtaiend from equip-
ment vendors and treated as a unit price input. Otherwise, the
following equation will be utilized for cost escalation purposes:

CODAS - 39,000 x
491.*6

where

MSECI - current Marshall and Swift Equipment cost Index from
input.

491.6 - MSECI value, 1st quarter 1977.
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CROIDA - ratio of cost of distributor amn with diameter of DIA

feet to that of the standard size arn.

and CROIDA can be estimated by:

CROIDA - 0.367 + 0.01265 (DIA)

2.41.8.7-5.3 Installation costs. An additional 32 percent of the
purchase costs would be added for the installation costs.

2.41.8.7.5.4 Total installed costs for the distributor arms, ICODA.

ICODA - (N) (CODA) (1.32)

where

ICODA - total installed cost for the distributor am system,$.

2.41.8.7.6 Cost of the precast concrete media support beans:

2.41.8.7.6.1 The unit cost of the precast concrete beans can be
approximated by using five times the unit cost of reinforced concrete
wall in-place. The quantity of precast bean is Vpcb*

v 6 8
pcb m (-j) (y ) (LCB)

where

LCB - total length of beans fron second order design output,
ft.

6 width of the bean, ft.
18 - lidth of the bean, ft.

8 -length of the bea, ft.
12

2.41.8.7.6.2 Cost of precast concrete bean, CPCB.

CCB- (Vpcb ) (UPICW)

where

CPCB - cost of precast concrete beans, $.

UPICW - unit price input of R.C. wall in-place, $/cu yd.

2.41.8.7.7 Total bare construction cost of the trickling filter
system, $.

TBCC - CF (COSTE. COSTCW . COSTCS + COSTFM + TC'DA + CPCB)

where
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TBCC - total bare construction cost, $.

CF - correction factor for minor construction cost,
fran second order design output.

2.41.8.7.8 Operation and maintenance material cost, OMMC. Since
O&M material cost is estimated as a percent of the installed equipment
cost, it is thus:

OMMPOMMC = r1 (COSTFM + ICODA)

where

OMMC - operation and maintenance material cost, $/yr.

OMMP - O&M material cost as percent of equipment
cost, Z.

2.41.8.8 Cost Calculations Output Data.

2.41.8.8.1 Total bare construction cost of the trickling filter
systen, ThCC, $.

2.41.8.8.2 Operation and maintenance material cost, OMMC, $/yr.
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2.43 OXIDATION DITCH

2.43.1 Background. The oxidation ditch, developed in
the Netherlands, is a variation of the extended aeration process
that has been used in small towns, isolated communities, and
institutions in Europe and the United States. The typical
oxidation ditch (Figure 2.43-1) is equipped with aeration
rotors or brushes that provide aeration and circulation. The
sewage moves through the ditch at 1 to 2 fps. The ditch may be
designed for continuous or inteunittent operation. Because of
this feature, this process may be adaptable to the fluctuations
in flows and loadings associated with recreation area wastewater
production.

RETURN
SLUDGE

TO WASTE PUMP
SETTLED

ROTOR SLUDGE

INFLUENT EFFLUENT

OXIDATION DITCH FINAL
SETTLING

TANK

Figure 2.43-1. Typical Oxidation Ditch

2.43.2 Input Data.

2.43.2.1 Wastewater flow.

2.43.2.1.1 Average, mgd.

2.43.2.1.2 Peak hourly, mgd.

2.43.2.2 Wastewater characteristics.

2.43.2.2.1 BOD5 (average and peak).

2.43.2.2.2 COD (average and peak).

2.43.2.2.3 SS (average and peak).

2.43.2.2.4 VSS (average and peak).

2.43.2.2.5 Nondegradable VSS (average and peak).

2.43.3 Design Paraneters.
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2.43.3.1 MLSS, mgl, (Range 4000-8000; mean 5000).

2.43.3.2 Organic loading (F/M ratio), lb BOD 5/lb MLVSS/
day, (0.067).

2.43.3.3 Volumetric loading, lb BOD5/1000 ft
3/day, (12.5).

2.43.3.4 Recycle ratio, (50-100 percent).

2.43.3.5 Oxygen requirement, lb 02 removed, (2.35).

2.43.3.6 Wasted sludge, lb/lb BOD 5 removed, (0.68).

2.43.3.7 Effluent quality, excellent, approximately 90-95%

BOD and S.S. reduction.

2.43.4 Process Design Calculations.

2.43.4.1 Calculate Ditch Volume.

V = Qavg x So x 8.34 x 1000

12.5

where

V = volume of ditch, cu ft.

Qavg - average daily flow, mgd.

S - BOD5 in influent, mg/l.

12.5 - loading rate, lb BOD5/1000 cu ft/day.

2.43.4.2 Calculate Oxygen Requirements.

02 - 2.35 x Qavg x So x 8.34

where

02 - oxygen required, lb/day.

2.35 - oxygen utilization, lb 02/lb BOD 5 applied.

2.43.4.3 Effluent Quality.

2.43.4.3.1 Suspended solids. The effluent suspended solids are specified
by the user.

2.43.4.3.2 BOD5.

BODE - Se + .84 f' (Xv)
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where

BODE - effluent BOD 5 concentration, mg/l.

Se - effluent soluble BOD5 concentration, mg/i.

V - degradable fraction of MLVSS.

- effluent volatile suspended solids concentration, mg/l.

2.43.4.3.3 COD.

CODE - 1.5 BODE

CODES - 1.5 Se

where

CODE - effluent COD concentration, mg/l.

BODE - effluent BOD 5 concentration, mg/l.

CODES - effluent soluble COD concentration, mg/l.

Se - effluent soluble BOD 5 concentration, mg/i.

2.43.4.3.4 Nitrogen.

TKNE - (0.4) TKN
NH3E - TKNE

NO3E - (0.4) (TKNE)
NO2E - N02

where

TKNE - effluent Kjedahl nitrogen concentration, mg/i.

TKN - influent Kjedahl nitrogen concentration, mg/I.

NM3E - effluent ammonia concentration, mg/i.

NO3E - effluent NO3 concentration, mg/i.

NO2E - effluent NO2 concentration, mg/i.

N02 - influent NO2 concentration, mg/I.

2.43.4.3.5 Phosphorus.

PO4E - 0.7 P04
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where

PO4E - effluent phosphorus concentration, mg/l.

P04 - influent phosphorus concentration, mg/I.

2.43.4.3.6 Oil and Grease.

OAGE = 0.0

where

OAGE = effluent oil and grease concentration, mg/l.

2.43.4.4 Sludge Production. For municipal wastewater only.

bianass: 0.18 lb per lb of BOD5 removed

Xv = 0.18 x (So-Se) x Qavg x 8.34

Inert Mass: 0.50 lb per lb of BOD 5 reoved

X° 0- 0.50 x (S6-Se) x Qavg x 8.34

Total sludge produced

Xa - Xv + X = 0.68 x (SO-Se) x Qavg x 8.34

where

Xa - total sludge production, lb/day.

X - biumass wasted per day, lb/day.V

X - inert mass wasted per day, lb/day.0

So W influent BOD 5 , mg/l

Se - effluent BOD 5 , mg/i

Qavg - averaged daily flow, mgd.

2.43.5 Process Design Output Data.

2.43.5.1 Volume of aeration basin required, V, cu ft.

2.43.5.2 Oxygen requirenent, 02, lb/day.

2.43.5.3 Effluent BOD5, Se, mg/l.

2.43.5.4 Effluent suspended solids, (SS), eff., mg/l.

2.43.5.5 Sludge production, Xa, lb/day.
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2.43.6 Quantities Calculations.

2.43.6.1 Assumptions for quantities calculations.

2.43.6.1.1 The applicable flow range of the oxidation ditch
for the treatment of domestic waste is considered to be 0.5 to
10.0 mgd in this manual.

2.43.6.1.2 Based on field experience, it will be assumed
that for flows of 0.5 mgd to 1.0 mgd a single ditch will be
utilized, while for flows 1.0 mgd to 10.0 mgd two ditches will
be used. The shape and construction of the single and double
ditches are sketched in Figure 2.43-2 and 2.43-3, respectively.

2.43.6.1.3 For the range of applicability assumed, a 42-inch
diameter rotor will be appropriate over the entire range.
Figure 2.43-4 shows the oxygen transfer efficiency and power
consumption rate for the 42-inch diameter rotor. For design
purposes, an 8-inch submergence is assumed for oxygenation.

2.43.6.2 Rotor selection.

2.43.6.2.1 For oxygenation purposes, length required.

LRTO = 02
(3.74) (24)

where

LRTO - length of rotor required for oxygenation, ft.

02 - oxygen required, lb/day.

3.74 - oxygen transfer of 42 inch diameter rotor with 8

inch submergence, 02 lb/hr
ft

24 - conversion, hrs/day.

2.43.6.2.2 For couplete mix purposes, length required.

LRT - (7.48)(V)
21,000

where

LRTK - length of rotor required for mixing, ft.

V - volume of basin, cu ft.
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7.48 - conversion factor, gal/cu ft.

21,000 - mixing capacity, gal/ft of rotor.

2.43.6.2.3 Design length of rotor, LRT, is the larger of the
two LRTO and LRTM.

2.43.6.2.4 For selection of the number of rotors per oxi-
dation ditch, assume the following design procedure:

Total Volume of Each Nunber of Rotors
Basin, cu ft per basin, K

0 - 332,000 2
332,000 - 498,000 3

498,000 4

2.43.6.2.5 Selection of length of individual rotor, LRTK.

LRT
LRTK = M

where

LRTK = individual rotor length, ft.

LRT = total design length of rotor required, ft.

N - nunber of basins.

K = nunber of rotors per basin.

If LRTK > 50 feet, use one more rotor than the table suggests
and recalculate LRTK.

2.43.6.2.6 Motor horsepower required for rotor. The fol-
lowing table gives the motor horsepower required for the opera-
tion of the rotor.

LRTK HPK

7- 10 15
11- 13 20
14 - 16 30 HPK: HP of
17 - 22 40 electrical motor
23 - 27 50 for each individual
28 - 30 60 rotor.

> 30 75

2.43.6.3 Basin Design and Calculations.

2.43.6.3.1 The ditch bottam width Wb is deteimined by the
length of the rotor.
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LRTK 5 15.5', Wb = LRTK + I

LRTK > 15.5', Wb = LRTK + 4

2.43.6.3.2 Single Basin Design, Figure 2.21-2 configuration
will be assumed.

Assume:

Basin water depth, D = 6 ft
Basin bottom width, b = (as described above)
45 degree side walls
Basin water surface width, W = Wb + 6
Freeboard - 1.0 ft b
Median strip width = 1.0 ft

Volume of circular ends, Ve

V - 18.85 Wb2 + 150.8W + 2827Wb b- 2.

Volume of straight sections, V

sbV s - 36Ls + 12 Ls A

where

Ls - length of straight, ft.

Length of straight section, L
V-v

L es 36 + 12 W
b

where

V - volume required, cu ft.

Total length, Lt, and width, Wt, including freeboard

Lt -L s .+ 2 Wb + 14

Wt - 2 Wb + 15

2.43.6.3.3 Two basin design, Figure 2.43-3 configuration
will be assumed.

Assume:

Basin water depth, D - 12 ft
Basin top width - Wb ft
Freeboard - 1.5 ft V
Volume of each ditch, Vd OT
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Volume of circular ends, Ve
2

V =37.7 Wb + 18.9 Wb

Volume of straight section, VS

V -V - V
s b e

Straight volume length, L
S

L =
s 2 x 12W b

Total ditch length Lt Ls + 2 Wb

Total ditch width Wt  2 Wb + 1

2.43.6.4 Quantity of earthwork.

2.43.6.4.1 When N = 1, earth excavation would be the volume

of the ditch.

Vex - 1.1 (14 LsWb + 56 Ls + 44 Wb2 + 426.6 Wb + 1002.8)

where

V e volume of excavation, cu ft.ex

1.1 - add 10% for contingency.

2.43.6.4.2 When N = 2, more earth than the basin volume is
to be excavated for ease of concrete forming and safety of
workers. Backfill is also required.

Vex = 17.6 (2 Wt + Lt + 20) + 5 (2 Wt + 10) (Lt + 10)

Vbf - 16 (2 Wt + Lt + 20)

where

V - volume of earth excavated, cu ft.ex

Vbf - volume of earth to be backfilled, cu ft.

2.43.6.5 Quantity of concrete in-place.

2.43.6.5.1 When N - 1

Concrete wall in-place, Vcw, cu ft

cw L s
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Concrete slab in-place, Vcs, cu ft

V M 4 L + (WbLs + 10.5 L5 + 1.57 Wb + 21.6 Wb + 45.4)

2.43.6.5.2 When N = 2

Concrete wall in-place, VcwT cu ft.

V = 63 Ls + 340.1 Wb + 85.1CWb

Concrete slab in-place, Vcs, cu ft

Vcs - 1.33 WbL s + 20.7 Ls + 2.1 Wb2 + 52.5 Wb + 25.72

2.43.6.6 Adjustable effluent weir.

2.43.6.6.1 Length of effluent weir, LW, ft.

3 x Qav x106
LW -

N x 66.1 x 1440

where

LW - length of adjustable weir, ft.

Qavg - average daily flow, mgd.

66.1 - flow can be handled by one foot of weir, gpm.

2.43.6.6.2 Number of adjustable weirs is the same as number
of ditches, N.

2.43.6.6.3 Concrete work associated with weir, V cu ft.

V - 20 + 4 (LW)cew

2.43.6.7 Quantity of Handrailing for Safety. It is
assumed that only the slope side wall construction requires
handrailing for safety; the straight side wall construction does
not due to the fact that the above-ground wall construction
provides enough barricade for safety of workers.

2.43.6.7.1 N - 1. Handrail length LHR; feet is the length
of outside wall.

LHR - 2 L8 + 6.28 Wb + 47.1

2.43.6.7.2 When N = 2,

LHR - 0
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2.43.6.8 Operation and Maintenance Manpower Requirement.
Limited information is available in the literature. Data are
especially rare for larger installations. The curve provided by
"Estimating Staffing for Municipal Treatment Facilities",
published by EPA, March 1973, is used here.

OMMH 1 1000 Q avg0.544

where

OMMH - operation and maintenance man-hours required
per year, MH/yr.

Qavg - average daily flow of wastewater, mgd.

2.43.6.9 Energy Requirement for Operation. The operation
energy for the rotor with 8-inch submergence is 1.15 brake hp
per foot of rotor. The operation energy for the total system
is:

KWH - N x K x LRTK x 1.15 x 0.85 x 24 x 365

where

N - number of ditches.

K - number of rotors per ditch.

LRTK - length of each individual rotor, ft.

KWH - KWH per year, electrical energy requirement
for operation.

1.15 - brake hp set foot of rotor.

0.85 - conversion factor from hp-hr to kwhr.

2.43.6.10 Material and Supply Costs for Operation and
Ma int enance.

2.43.6.10.1 Material and supply costs include such items as
lubrication oil, paint, and repair materials, etc. These costs
are estimated as a percent of installed costs for the aeration
equipment. (No infomation is available specifically for rotor-,
it is assumed that material supply costs of operation and main-
tenance for rotor can be approximate by the equation for mechan-
ical surface aerators):

OMMP - 4.225 - 0.975 log (THP)
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where

OMMP - percent of the installed equipment costs such
as O&M material.

THP - total installed hp - (N) (K) (hpK).

2.43.6.11 Other construction cost items.

2.43.6.11.1 Fran the above calculation approximately 95 percent of
the construction cost has been accounted for.

2.43.6.11.2 Other minor items such as piping, site cleaning,
effluent weir, etc., would be approximately 5 percent.

2.43.6.11.3 (CF) correction factor would be 1 1.052.
0.95

2.43.7 Quantities Calculations Output Data.

2.43.7.1 Number of ditches, N.

2.43.7.2 Number of rotors per ditch, K.

2.43.7.3 Length of each individual rotor, LRTK, ft.

2.43.7.4 Sizes of each individual rotor, hpK.

2.43.7.5 Basin water depth, Ds, ft.

2.43.7.6 Basin bottan width, Wb, ft.
2.43.7.7 Total ditch length, LT, ft.

2.43.7.8 Total ditch width, WT, ft.

2.43.7.9 Earthwork volume for excavation, Vex , cu ft.

2.43.7.10 Earthwork volume for backfill, Vbf, Cu ft.

2.43.7.11 Quantity of concrete wall in-place, Vcw, cu ft.

2.43.7.12 Quantity of concrete slab in-place, Vs, cu ft.

2.43.7.13 Quantity of concrete wall for weir, Vcew, cu ft.

2.43.7.14 Lenght of effluent adjustable weir, LW, ft.

2.43.7.15 Operation and maintenance man-hour per year, OMH.
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2.43.7.16 Handrail quantity, LHR, ft.

2.43.7.17 Electrical energy requirement for operation, KWH,
kuih r/yr.

2.43.7.18 Percentage of installed equipment costs for O&M,
percent. OMMP, percent.

2.43.7.19 Correction factor for other minor costs, CF.

2.43.8 Unit Price Input Required.

2.43.8.1 Cost of earthwork, UPIEX, $/cu yd.

2.43.8.2 Cost of R.C. wall in-place, UPICW, $/cu yd.

2.43.8.3 Cost of R.C. slab in-place, UPICS, $/cu yd.

2.43.8.4 Standard size rotor cost, COSTDS, $ (optional).

2.43.8.5 Equipment installation labor rate, $/man-hour.

2.43.8.6 Cost of handrail per lineal foot, UPIHR, $/L.F.

2.43.8.7 Current Marshall & Swift Equipment Cost Index, MSECI.

2.43.9 Cost Calculations.

2.43.9.1 Cost of earthwork.

2.43.9.1.1 Total earthwork, Vet*

Vet = Vex + Vbf

2.43.9.1.2 Cost of earthwork, COSTE.

Vet

COSTE - e x UPIEX

2.43.9.2 Cost of rienforced concrete wall in-place.

2.43.9.2.1 Total quantity of concrete wall in-place, Vcw t , cu ft.

cwt Vcw Vcew
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2.43.9.2.2 Cost of concrete wall in-place, COSTCW.

vcwt

COSTCW - UPICW 27

2.43.9.3 Cost of rienforced concrete slab in-place.

V
COSTCS - UPICS x Cs

2.43.9.4 Cost of installed equipment.

2.43.9.4.1 Purchase cost of rotors. The purchase cost of rotors
can be obtained by using the following equation:

COSTRK = COSTDS * COSTRO

where

COSTRK - purchase cost of rotor with length of
LRTK feet, $.

COSiDS - purchase cost of standard size rotor. Rotor
with 42-inch diameter and 20-foot length, $.

COSTRO - ratio of cost of rotor with length of LRTK,
feet, and the cost of the standard size rotor.

2.43.9.4.2 COSTRO. The relationship between COSTRO vs. LRTK can
be obtained by:

2.43.9.4.2.1 If 6 ftS, LRTK S_20 ft.

COSTRO - 10 ( - .2672 + 0.001336 x LRTK)

2.43.9.4.2.2 If 20 ft < LRTK K 30 ft.

COSTRO - 100.02228 (LRTK-20)
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2.43.9.4.2.3 If LRTK > 30, divide the length by two.

LRTK - LRTK
2

Substitute into the other equations to find the ratio. The
actual cost ratio would be;

COSTRO - COSTRO (for LRTK/2) x 1.755

2.43.9.4.3 Cost of standard size rotor. The approximate
cost of a 42-inch diameter rotor with 20-ft length for the first
quarter of 1977 is $15,340. For a better estimation, COSTDS
should be obtained from equipment vendor and treated as a unit
price input. Otherwise the following equation will be utilized
for cost escalation purposes:

MS EC I
COSTDS = $15,340 x 491.6

where

MSECI - current Marshall and Swift Equipment Cost
Index.

491.6 - MSECI value, 1st quarter, 1977.

2.43.9.4.4 Equipment installation man-hour requirement. The
man-hour requirenent for field erection of rotor is a function
of the size of rotor and is expressed as:

IMH - 10 + 2.667 x LRTK

where

IMH - installation man-hour requirement, man-hours.

Installation cost would be:

ICOST - IMH x LABRI

where

ICOST - installation cost, $.

LABRI - installation labor rate, $/man-hour.

2.43.9.4.5 Other minor costs associated with the installed
equipment. This category includes the costs for electric works,
foundation, bridge, painting and other minor costs. It is
expressed as percentage of the equipment purchase cost:

PMINC - 52.04 - 0.34 x LRTK
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and PMINC is always larger than 40.

PMINC - percentage of purchasing cost of equipment as
minor cost, %.

2.43.9.4.6 Installed equipment cost, IEC.

IEC - [COSTRK x ( . + PMINC + ICOST ] (N) (K)

2.43.9.5 Other Cost Items.

2.43.9.5.1 Cost of handrail can be a major portion of the
capital costs of oxidation ditch process.

If N > 1. No handrail is required due to the straight
sidewall cons truction.

COSTHR - 0.0

If N - I

COSTHR - LHR x UPIHR

where

LHR - handrail quantity, feet.

UPIHR - unit price input for handrail cost, $/L.F.

UPIHR - unit price for aluminum pipe rail anodized
UPIHR - $25.20 per linear foot
for first quarter, 1977.

2.43.9.5.2 Other cost items such as effluent weir, piping,
site work, etc., can be adjusted by multiplying the correction
factor CF to the sun of other costs.

2.43.9.6 Total Bare Construction Costs.

TBCC- (COSTE + COSTCW + COSTCS + IEC + COSTHR) x CF

where

TBCC - total bare construction cost, $.

2.43.9.7 Operation and maintenance material costs. Since
this item of the operation and maintenance costs is expressed as
a percentage of installed equipment costs, it can be calculated
by:
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OMMP

OMMC - IEC x

where

OMMC - operation and maintenance material costs, $/yr.

IEC - installed equipment costs, $.

OMMP = percentage of installed equipment costs as
operation and maitenance material, Z.

2.43.10 Cost Calculations Output Data.

2.43.10.1 Total bare construction costs, TBCC, $.

2.43.10.2 O&M material costs, OMMC, $/yr.
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2.45 POSTAERATION

2.45.1 Background.

2.45.1.1 Kany states have established standards which
require minimum levels of dissolved oxygen in the effluent from
sewage treatnent plants. To maintain this desired oxygen level
postaeration is often used. Postaeration may be accomplished by
diffused or mechanical aeration in separate basins or by cascade
aeration.

2.45.2 Cascade Aeration.

2.45.2.1 Input Data.

2.45.2.1.1 Wastewater flow.

2.45.2.1.1.1 Average daily flow, mgd.

2.45.2.1.1.2 Peak flow, mgd.

2.45.2.1.2 Dissolved oxygen concentration of the postae-
ration influent, mg/i.
2.45.2.1.3 Desired dissolved oxygen concentration in ef-

fluent, mg/i.

2.45.2.2 Design paraneters.

2.45.2.2.1 02 saturation at selected summer tenperature, C.,
mg/1.

2.45.2.2.2 Temperature, T, *C.

2.45.2.2.3 Water quality parameter equal to 0.8 for a
wastewater treatment plant effluent, n.

2.45.2.2.4 Weir geometry parameter equal to unity for a free
wier and 1.3 for step weirs, m.

2.45.2.3 Process Design Calculations.

2.45.2.3.1 Calculate deficit ratio.
Cs - Ci

r s- . Ce

where

r - deficit ratio.

C- = 02 saturation at selected summer temperature, mg/l.
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C1 - dissolved oxygen concentration of the postaeration
influent, mg/i.

C - desired dissolved oxygen concentration in effluent,e mgi.

2.45.2.3.2 Calculate head required.

h ff= r-l
0.11 (n) (m) (1 + 0.046T)

where

h - required head, ft.

r = deficit ratio.

n = water quality parameter equal to 0.8 for wastewater
treatnent plant effluent.

m - weir geometry parameter equal to unity for free
weir and 1.3 for step weirs.

T - temperature, *C.

2.45.2.4 Process Design Output Data.

2.45.2.4.1 Required head, h, ft.

2.45.2.5 Quantities Calculations.

2.45.2.5.1 Assumptions. Several assumptions must be made
concerning the construction of the step aerator.

2.45.2.5.1.1 The steps will have a 6" drop with an 18" tread.

2.45.2.5.1.2 There is sufficient relief to provide for the
head required.

2.45.2.5.1.3 The step aerator will provide 40 sq ft of surface
area per mgd.

2.45.2.5.2 Calculate the number of steps required.

NS - h
0.5

NS must be an integer.

where

NS - tuber of steps.

h - required head, ft.
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2.45.2.5.3 Calculate width of cascade aerator. Using the surface
area criteria of 40 sq ftlmgd the width may be calculated by:

W Mfi (40) (Qavg)

where (NS-1) (1.5) + (NS) (0.5)

W - width of cascade aerator, ft.

Qavg - average daily flow, mgd.

NS - number of steps.

2.45.2.5.4 Calculate volume of R.C. slab required.

v = (W) (1.5) (NS)

where

Vcs - volume of R.C. slab required, cu ft.

W = width of cascade aerator, ft.

NS - nunber of steps.

2.45.2.5.5 There are virtually no power, operation, or maintenance
costs associated with cascade aeration where sufficient head is
available.

2.45.2.5.6 Other minor construction costs. The above
calculations account for approximately 90% of the construction
cost. The other items such as earthwork special piping, etc.,
would be about 10%.

CF , 1 - 1.11
0.9

where

CF - correction factor for other construction costs.

2.45.2.6 Quantity Calculations Output Data.

2.45.2.6.1 Nunber of steps, NS.
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2.45.2.6.2 Width of cascade aerator, ft.

2.45.2.6.3 Volume of R.C. slab required, Vcs, cu ft.

2.45.2.6.4 Correction factor for other construction costs,
CF.

2.45.2.7 Unit Price Input Required.

2.45.2.7.1 Unit price input for R.C. slab in-place, UPICS,
$/cu yd.

2.45.2.8 Cost Calculations.

2.45.2.8.1 Calculate cost of R.C. slab.

V
COSTCS ( 7) UPICS

where

COSTCS - cost of R.C. slab in-place, $.

V - volume of R.C. slab required.Cs

UPICS - unit price input for R.C. slab in-place, $/cu yd.

2.45.2.8.2 Calculate total bare construction cost.

TBCC - (COSTCS) (CF)

where

TBCC - total bare construction cost, $.

COSTCS - cost of R.C. slab in-place, $.

CF - correction factor for other construction costs, $.

2.45.2.9 Cost Calculations Output Data.

2.45.2.9.1 Total bare construction cost, TBCC, $.
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2.45.3 Diffused Aeration.

2.45.3.1 Input Data.

2.45.3.1.1 Wastewater flow.

2.45.3.1.1.1 Average daily flow, mgd.

2.45.3.1.1.2 Peak flow, mgd.

2.45.3.1.2 Dissolved oxygen concentration of the postae-
ration influent, mg/l.

2.45.3.1.3 Desired dissolved oxygen concentration in ef-
fluent, mg/l.

2.45.3.1.4 Detention time, min.

2.45.3.2 Design Parameters.

2.45.3.2.1 Standard transfer efficiency, STE, %, (from
manufacturer 5-8 percent).

2.45.3.2.2 02 transfer in waste/02 transfer in water, ac ,
0.9.

2.45.3.2.3 02 saturation in waste/O 2 saturation in water,A
V0.9.

2.45.3.2.4 Correction factor for pressure, P, 1.0.

2.45.3.2.5 Temperature, T, OC.

2.45.3.2.6 02 saturation at selected suammer temperature, C.,
mg/il.
2.45.3.2.7 Minimum dissolved oxygen to be maintained in the

basin, CL, mg/i.

2.45.3.3 Process Design Calculations.

2.45.3.3.1 Calculate oxygen required.

02 = (Ce - Ci) (Qavg) (8.34)

where

02 - oxygen required, lb 02/day.

Ce = desired dissolved oxygen concentration in effluent,

4mg/. .

2.45-5



C, dissolved oxygen concentration of the postaeration
influent, mg/i.

2.45.3.3.2 Calculate operating transfer efficiency.

OTE - STE [(CS) (A) (p) - CL] oC ( 1 . 0 2 ) T- 20

9.17

where

OTE - operating transfer efficiency, Z.

STE - standard transfer efficiency, %.

C5 - 02 saturation at selected summer temperature, mg/l.

A = 02 saturation in waste/02 saturation in water.

oc 02 transfer in waste/O2 transfer in water.

p - correction factor for pressure.

CL - minimum dissolved oxygen to be maintained in the

basin, mg/ .

T - temperature, *C.

2.45.3.3.3 Calculate tank volume.

V W (Qa v g ) (t) (10 )

1440

where

V - volume of basin, gal.

Qavg - average daily flow, mgd.

t - detention time, min.

.2.45.3.3.4 Calculate required air flow.

Blowers are treated as a separate unit process since several
unit processes in a single plant may require air from the
blowers. The air requirenents from all unit processes in a
treatnent train which require air are summed and the total air

requirement is used to size the blower facility. The unit
process design for the blower facility is found in subsection
2.3.
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R - 02 (100) (7.48)

a (OTE) (0.0176) (1440) (V)

where

Ra - required air flow, cfm.

02 - oxygen required, lb 02/day.

OTE - operating transfer efficiency, Z.

V - volume of basin, gal.

2.45.3.4 Process Design Output Data.

2.45.3.4.1 Oxygen required, 02, lb 02/day.

2.45.3.4.2 Operating transfer efficiency, OTE, Z.

2.45.3.4.3 Volume of basin, V, gal.

2.45.3.4.4 Required air flow, Ra, cfm.

2.45.3.5 Quantities Calculations.

2.45.3.5.1 Calculate dimensions of basin. Assume for
diffused air the basin will be 15 ft deep and 30 ft wide.

L- V
(7.48) (450)

where

L - length of basin, ft.

V - volume of basin, gal.

2.45.3.5.2 Calculate number of diffusers. The flow per
diffuser ranges from 10-15 cfm, we will assume a flow of 12 cfm.

ND R

where

ND - number of diffusers.

Ra - required air flow, cfm.

2.45.3.5.3 Calculate number of diffuser headers. It is
assumed that swing am diffuser headers will be used. These
headers have 8 to 30 diffuser connections depending upon the
manufacturer. An average of 20 diffusers per header will be
used.
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ND
NSA - -

where

NSA - number of swing am diffuser headers.

ND - nunber of diffusers.

2.45.3.5.4 Calculate volume of reinforced concrete for tank.

Assume the walls and slabs are 9" thick.

2.45.3.5.4.1 Volume of R.C. wall.

V - (22.5) (L) + 675ew

where

V - volume of R.C. wall required, cu ft.cw

L - length of basin, ft.

2.45.3.5.4.2 Volume of R.C. slab required.

V - (22.5) (L)cs

where

V - volume of R.C. slab required, cu ft.cs

L - length of basin, ft.

2.45.3.5.5 Calculate electrical energy required.

KWH - (Ra) (248.9)

where

KWH - electrical energy required, kwhr/yr.

R - required air flow, cfm.a

2.45.3.5.6 Calculate O&M manpower required.

2.45.3.5.6.1 Operation manpower required.

OMH - 509 (Q avg)01651

where
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OMH - operation manpower required, MW yr.

Qavg ' average daily flow, mgd.

2.45.3.5.6.2 Maintenance manpower required.

MMH - 160 (Q avg)0.301

where

MMH - maintenance -. anpower required, MH/yr.

Qavg ' average daily flow, mgd.

2.45.3.5.7 Other operating and maintenance material and supply
costs. This includes such itens as lubrication oil, paint, repair
parts, etc.

OMMP - 3.57 (Q avg) 0 .2602

where

OMMP - O&M material and supply costs as percent of
total bare construction cost, Z.

Qavg ' average daily flow, mgd.

2.45.3.5.8 Other minor construction costs. Fran the calculations
approximately 90% of the construction cost has been accounted for.
Other items such as miscellaneous piping, earthwork, painting, etc.
would be approximately 10%.

CF - = 1.11
0.9

where

CF - correction factor for other construction costs.

2.45.3.6 Quantities Calculations Output Data

2.45.3.6.1 Length of basin, L, ft.

2.45.3.6.2 Number of diffusers, ND.

2.45.3.6.3 Number of swing an diffuser headers, NSA.

2.45.3.6.4 Volume of R.C. wall required, Vcw, cu ft.

2.45.3.6.5 Volume of R.C. slab required, V C, cu ft.
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2.45.3.6.6 Electrical energy required, KWH, kwhr/yr.

2.45.3.6.7 Operating manpower required, OMH, MH/yr.

2.45.3.6.8 Maintenance manpower required, MMH, MH/yr.

2.45.3.6.9 O&M material and supply costs as percent of total bare
construction cost, OMMP, %.

2.45.3.6.10 Correction factor for other construction costs, CF.

2.45.3.7 Unit Price Input Required.

2.45.3.7.1 Unit price input for R.C. wall in-place, UPICW, $/cu
yd.

2.45.3.7.2 Unit price input for R.C. slab in-place, UPICS, $/cu
yd.

2.45.3.7.3 Cost per diffuser, COSTPD, $ (optional).

2.45.3.7.4 Cost per swing a= header, COSTPH, $ (optional).

2.45.3.7.5 Current Marshall and Swift Equipment Cost Index,
MSECI.

2.45.3.7.6 Current CE plant cost index for pipe, valves, etc.,
CEPCIP.

2.45.3.7.7 Equipment installation labor rate, LABRI, $/MH.

2.45.3.7.8 Unit price input for crane rental, UPICR, $/hr.

2.45.3.8 Cost Calculations.

2.45.3.8.1 Calculate cost of R.C. wall.

V
cw

where

COSTCW - cost of R.C. wall in-place, $*

V - volume of R.C. wall required, cu ft.
cw

UPICW - unit price input for R.C. wall in-place, $/cu yd.
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2.45.3.8.2 Calculate cost of R.C. slab.

Vcs
COSTCS- ( ) UPICS

where

COSTCS - cost of R.C. slab in-place, $.

V - volume of R.C. slab required, cu ft.cs

UPICS - unit price input for R.C. slab in-place, $/cu yd.

2.45.3.8.3 Cost of diffusers.

2.45.3.8.3.1 The cost of a coarse bubble diffuser with a capacity of
12 scfm for the first quarter of 1977 is:

COSTPD - $6.50

For a better estimate COSTPD should be obtained fran an equipment
vendor and treated as a unit price input. Otherwise, for future
escalation the equipment cost should be adjusted by using the Marshall
and Swift Equipment Cost Index.

MS EC I

COSTPD -$6.50 Mj-C

where

COSTPD - cost per diffuser, $.

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index,
first quarter 1977.
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2.45.3.8.3.2 Calculate COSTD.

COSTD - COSTPD x ND

where

COSTD - cost of diffusers for system, $.

ND - number of diffusers.

2.45.3.8.4 Cost of swing atm diffuser headers.

2.45.3.8.4.1 Swing am diffuser headers cane in several sizes.
The cost used is for a header which will handle 550 scfm and up
to 37 diffusers.

The cost of this header for t' first quarter of 1977 is:

CG'sTPH - $5,000

For better estimate COSTP I should be obtained fran an equipment
vendor and treated as a unit price input. Otherwise, for future
escalation the equipment coat should be adjusted by using the
Marshall and Swift Equi.ent Cost Index.

COSTPH = $5,000 4SECI
491.6

where

COSTPH - cost per swing arm header, $.

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index, first
quarter of 1977.

2.45.3.8.4.2 Calculate COSTH.

COSTH - COSTPH x NSA

where

COSTH - cost of swing ann headers for system, $.

NSA - nuuber of swing an headers.

2.45.3.8.5 Equipment installation man-hour requirement. The
labor requiresent for field installation of the swing arm headers,
including mounting the diffusers, is approximately 25 man-hours
per header.
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IMH = 25 NSA

where

IMR - installation man-hour requirement, MH.

2.45.3.8.6 Crane requirement for installation.

CH - (.l)(IMH)

where

CR - crane time requirement for installation, hr.

2.45.3.8.7 Cost of air piping. The air piping for the
diffused aeration system is very complex and includes many
valves and fittings of different sizes. This causes cost
estimation by material take-off to be very difficult for a wide
range of flow. In this case we feel the use of parametric
costing is justified as the overall accuracy of the estimate
will not be affected to a great extent.

2.45.3.8.7.1 If R is between 100 scfm and 1000 scfm, the cost
of air piping can be calculated by:

COSTAP - 617.2 (Ra) 0.2 5 5 3 x CEPCIP
'a' 241.0

where

COSTAP - cost of air piping, $.

Ra - required air flow, cfm.

CEPCIP - current CE Plant Cost Index for pipe, valves, etc.

241.0 - CE Plant Cost Index for pipe, valves, etc., for

first quarter of 1977.

2.45.3.8.7.2 If R is between 1000 scfm and 10,000 scfm, the
cost of air piping tan be calculated by:

COSTAP - 1.43 (R CEPCIP

2.45.3.8.7.3 If R is greater than 10,000 scfm, the cost of

air piping can be cliculated by:

COSTAP - 28.59 (R)0 .80
85 x CEPCIP

a 241.0

2.45.3.8.8 Other costs associated with the installed equipment.
This category includes the costs for weir installation, painting,
inspection, etc., and can be added as a percentage of the purchase
equipment cos t:
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PMINC - 10%

where

PMINC a percentage of purchase costs of equipment as minor

installation cost, percent.

2.45.3.8.9 Installed equipment costs.
PMINC.

IEC - (COSTD + COSTH + COSTAP) (1 + P (- (IMH) (LABRI) + (CH) (UPICR)

where

IEC - installed equipment cost, $.

LABRI = labor rate, $/MH.

UPICR - crane rental rate, $/hr.

2.45.3.8.10 Total bare construction cost.

TBCC - (COSTE + COSTCW + COSTCS + IEC) (CF)

where

TBCC - total bare construction cost, $.

CF - correction factor for minor cost items.

2.45.3.8.11 Operation and maintenance material costs.

OMCC - TBCC OMMP
100

where

OMMC - operation and maintenace material supply
costs, $/yr.

OMMP - operation and maintenance material and supply

costs as percent of total bare construction

cost, percent.

2.45.3.9 Cost Calculations Output Data.

2.45.3.9.1 Total bare construction cost, TBCC, $.

2.45.3.9.2 O&M material and supply costs, OMMC, $/yr.
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2.45.4 Mechanical Aeration.

2.45.4.1 Input Data.

2.45.4.1.1 Wastewater flow.

2.45.4.1.1.1 Average daily flow, mgd.

2.45.4.1.1.2 Peak flow, mgd.

2.45.4.1.2 Dissolved oxygen concentration of the postaera-
tion influent, mgl.

2.45.4.1.3 Desired dissolved oxygen concentration in ef-
fluent, mg/ i.

2.45.4.1.4 Detention time, min.

2.45.4.2 Design Paraneters.

2.45.4.2.1 Standard transfer efficiency, STE, lb/hp-hr.

2.45.4.2.2 02 transfer in waste/0 2 transfer in water, or,
0.9.

2.45.4.2.3 02 saturation in waste/02 saturation in water,
A - 0.9.

2.45.4.2.4 Correction factor for pressure, P, 1.0.

2.45.4.2.5 02 saturation at summer temperature, Cs, mg/1.

2.45.4.2.6 Minimum dissolved oxygen to be maintained in the
basin, CL, Mg/1.

2.45.4.2.7 Tenperature, T, *C.

2.45.4.3 Process Design Calculations.

2.45.4.3.1 Calculate oxygen required.

02 - (Ce - Ci) (Qavg) (8.34)

where

02 - oxygen required, lb 02/day.

C - desired dissolved oxygen concentration in effluent,
gmt .

Ci - dissolved oxygen concentration of the postaeration
influent, mg/ 1.
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2.45.4.3.2 Calculate operating transfer efficiency.

[(Cs ) d (P) - CL] c 1 T-20

9.17 C (1.02)

where

OTE - operating transfer efficiency, lb 02/ hp-hr.

STE - standard transfer efficiency, lb 02/hp-hr.

C- 02 transfer in waste/02 transfer in water, 0.9.

A 02 saturation in waste/0 2 saturation in water, 0.9.

Cs M 02 saturation of selected summer temperature, mg/i.

CL - minimum dissolved oxygen to be maintained in basin,

mg/1.

2.45.4.3.3 Calculate volume of basin.

V M ( Qa v &) W) (10 6

1440

where

V = volume of basin, gal.

Qavg - average daily flow, mgd.

t - detention time, min.

2.45.4.3.4 Calculate horsepower required.

HP- 02
OTE (24)

where

HP - horsepower required, hp.

02 - oxygen required, lb 0 2 /day.

OTE - operating transfer efficiency, lb 02/ hp-hr.

2.45.4.4 Process Design Output Data.

2.45.4.4.1 Oxygen required, 02, lb 02 /day.

2.45.4.4.2 Volume of basin, V, gal.

2.45.4.4.3 Average daily flow, Qavg' mgd.
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2.45.4.4.4 Horsepower required, HP, hp.

2.45.4.5 Quantities Calculations.

2.45.4.5.1 Deteimine number of aerators required. The number of
aerators must be one of the following: 1, 2, 3, 4, 6, 8. Also the
aerators must be one of the following sizes, 10, 15, 20, 25, 30, 40,
50, 60, 75, 100, or 150. The selection process will be trial and
error.

Assume number of aerators per basin (K) is 1. If AP > 150, go

HP HPto next trials K-2, 3, 4, 6, 8 until 1- 150, then compare

with values for individual aerators (HP a) given above. Select

the smallest value of HP that is greater thanM
aK

2.45.4.5.2 Calculate basin depth. The basin water depth
(Dw) is controlled by the aerator sizes used. This is true
because each size aerator has a maximum depth at which it can be
used and still achieve mixing without the use of a draft tube.

2.45.4.5.2.1 If HP a < 100 Hp

DW - 4.82 (HP a)0.2467

2.45.4.5.2.2 If 100 < HPa !! 150

DW - 15 ft

where

DW - basin water depth, ft.

HP a horsepower of individual aerators, hp.

2.45.4.5.3 Calculate basin dimensions.

2.45.4.5.3.1 Calculate length to width ratio.

If K 1 4, r - K

If K > 4, r - k/2

where
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-K- number of aerators.

r - basin length to width ratio.

2.45.4.5.3.2 Calculate length of basin.

L [(V) (r) 1 5

L(7.48) (DW)-J
where

L = length of basin, ft.

V = volume of basin, gal.

DW = basin water depth, ft.

r = length to width ratio.

2.45.4.5.3.3 Calculate width of basin.

L
Wir

where

W = width of basin, ft.

L - length of basin, ft.

r = length to width ratio.

2.45.4.5.4 Calculate volume of reinforced concrete required.
Assume walls and slab will be 0.75 ft thick.

2.45.4.5.4.1 Calculate volume of R.C. wall required.

Vew - [(2) (DW+ 2) (L + W)] (0.75)

where

V w - volume of R.C. wall required, cu ft.

DW - basin water depth, ft.

L - length of basin, ft.

W - width of basin, ft.

2.45.4.5.4.2 Calculate volume of R.C. slab required.

V = (L) (W) (0.75)
Cs

where

Vcs = volume of R.C. slab required, cu ft.



L = length of basin, ft.

W - width of basin, ft.

2.45.4.5.5 Calculate total horsepower installed.

HPT f (K) (HPa )

where

HPT - total horsepower installed, hp.

HPa - horsepower of individual aerators, hp.

K - number of aerators required.

2.45.4.5.6 Calculate electrical energy required.

KWH - (HPT) (365) (24) (.9) (.85) (.877)

where

KWH - electrical energy required, kwhr/yr.

HPT = total horsepower installed, hp.

2.45.4.5.7 Calculate O&M manpower required.

2.45.4.5.7.1 Operation manpower required.

OMH - 509 (Q avg)0.1651

where

OMH - operation manpower required, MH/yr.

Qavg - average daily flow, mgd.

2.45.4.5.7.2 Maintenance manpower required.

MMH - 160 (Q avg)0301

where

MMIl - maintenance manpower required, MH/yr.

Qavg - average daily flow, mgd.

2.45.4.5.8 Other operating and maintenance material and
supply cost. This iten includes such items as lubrication oil,
paint, repair and replacement parts. These costs are estimated
as a percent of the installed equipment costs.
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OMMP = 4.93 (HPT)
0 .1827

where

OMMP - O&M material and supply costs as percent of the
installed equipment cost, %.

HPT = total horsepower installed, hp.

2.45.4.5.9 Other minor construction cost itens. Fran the
calculations above approximately 90% of the construction costs
have been accounted for. Other minor itens such as handrails,
piping, paint, etc., would be 10%.

CF= 1 =I.11
0.9

where

CF = correction factor for other construction cost items.

2.45.4.6 Quantities Calculations Output Data.

2.45.4.6.1 Horsepower of individual aerators, HPa , hp.

2.45.4.6.2 Number of aerators, k.

2.45.4.6.3 Volume of R.C. wall required, Vcw, cu ft.

2.45.4.6.4 Volume of R.C. slab required, V cs cu ft.

2.45.4.6.5 Total horsepower installed, HP hp.

2.45.4.6.6 Electrical energy required, KWH, kwhr/yr.

2.45.4.6.7 Operation manpower required, OMH, MH/yr.

2.45.4.6.8 Maintenance manpower required, MMH, MR/yr.

2.45.4.6.9 O&M material and supply costs as percent of the
itutalled equipment cost, OMMP, Z.

2.45.4.6.10 Correction factor for other minor construction
costs, CF.
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2.45.4.7 Unit Price Input Required.

2.45.4.7.1 Unit price input for R.C. wall, UPICW, $/cu yd.

2.45.4.7.2 Unit price input for R.C. slab, UPICS, $/cu yd.

2.45.4.7.3 Equipment installation labor rate, LABRI, $/MH.

2.45.4.7.4 Current Marshall and Swift Equipment Cost Index,
MSECI.

2.45.4.7.5 Cost of standard size aerator, COSTSA, $ (op-
t ional).

2.45.4.8 Cost Calculations.

2.45.4.8.1 Calculate cost of reinforced concrete.

2.45.4.8.1.1 Cost of R.C. wall.

V
cw

COSTCW = UPICW

where

COSTCW - cost of R.C. wall in-place, $.

V " volume of R.C. wall required, cu ft.cw

UPICW " unit price input for R.C. wall in-place, $/cu yd.

2.45.4.8.1.2 Cost of R.C. slab.

V
COSTCS - - UPICS

where

COSTCS - cost of R.C. slab in-place, $.

V - volume of R.C. slab required, cu ft.cs

UPICS - unit price input for R.C. slab in-place, $/cu yd.
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2.45.4.8.2 Calculate purchase cost of aerators.

COSTA = (COSTSA) (COSTR) (K)100

where

COSTA - purchase cost of aerators, $.

COSTSA = cost of standard size aerator (50 hp), $.

COSTR - cost of aerator of horsepower HP as a percent
of the cost of the standard sizeaaerators, %.

K - nunber of aerators per basin.

2.45.4.8.2.1 Calculate COSTR.

If HPa S 25 hp; COSTR is calculated by:

COSTR - 20.7 (HPa) 0.2686

If HPa > 25 hp; COSTR is calculated by:

COSTR = 4.12 (HPa) 0.7878

2.45.4.8.2.2 Purchase cost of standard size aerator. The
standard size aerator is a 50 hp, high-speed floating aerator.
The cost of the 50 hp aerator in the first quarter of 1977 is:

COSTSA - $13,960

For better cost estimation, COSTSA should be obtained from the
equipment vendor and treated as a unit price input. However, if
COSTSA is not treated as a unit price input, the cost will be
adjusted by using the Marshall and Swift Equipment Cost Index.

COSTSA - $13,960 MSECI
491 .6

where

COSTSA - cost of standard size aerator (50 hp), $.

MSECI - current Marshall and Swift Equipment Cost Index.
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491.6 - Marshall and Swift Equipment Cost Index for 1st

quarter of 1977.

2.45.4.8.3 Calculate total installed equipment cost.

2.45.4.8.3.1 Calculate aerator installation labor.

IMH - 0.633 (HP a) + 40

where

IMH - aerator installation labor, MR.

HP - horsepower of individual aerators, hp.a

2.45.4.8.3.2 Calculate aerator installation cost.

AIC - (IMH) (K) (LABRI)

where

AIC = aerator installation cost, $.

IMH - aerator installation labor, MR.

K - number of aerators per basin.

LABRI - installation labor rate, $/MH.

2.45.4.8.3.3 Calculate installed cost for electrical/mechanical.

EMC - 0.589 (HP a)0.1465 (COSTA)

where

EMC - installed cost for electrical/mechanical, $.

HP - horsepower of individual aerators, hp.a

COSTA - purchase cost of aerators, $.

2.45.4.8.3.4 Calculate total installed equipment cost.

IEC - COSTA + AIC + EKC

where

IEC - total installed equipment cost, $.

AIC - aerator installation cost, $.

EMC - installed cost of electrical/mechanical, $.
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2.45.4.8.4 Calculate O&M material and supply costs.

OMC . (OMMPE

where

OMMC - O&M material and supply costs, $/yr.

OMMP - O&M material and supply costs as percent of
installed cost, %.

IEC - total installed equipment cost, $.

2.45.4.8.5 Calculate total bare construction cost.

TBCC - (COSTCW + COSTCS + IEC) (CF)

where

TBCC - total bare construction cost, $.

COSTCW = cost of R.C. wall in-place, $.

COSTCS = cost of R.C. slab in-place, $.

IEC - total installed equipment cost, $.

CF - correction factor for other minor construction
costs.

2.45.4.9 Cost Calculations Output Data.

2.45.4.9.1 Total bare construction cost, TBCC, $.

2.45.4.9.2 O&M material and supply costs, OMMC, $/yr.
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2.47 PRELIMINARY TREATMENT

2.47.1 Background. This section combines three pro-
cesses: grit chambers, comminution and screening. This has been
done because most of the cost information available combines
these processes. The cost estimates will be parametric in nature
for this same reason and also because the costs for these pro-
cesses are small in comparison with the entire facility so that
large errors in estimating the costs of the preliminary treatment
would result in a Very small error in the total treatment fa-
cility cost.

2.47.2 General Description Comminution.

2.47.2.1 Comminutors are screens equipped with a device
that cuts and shreds the screenings without removing them from
the waste stream. Thus, comminuting devices eliminate odors,
flies, and other nuisances associated with other screening
devices. A variety of comminuting devices are available com-
mercially.

2.47.2.2 Conminutors are usually located behind grit
removal facilities in order to reduce wear on the cutting sur-
faces. They are frequently installed in front of pumping sta-
tions to protect the pumps against clogging by large floating
objects.

2.47.2.3 The canminutor size is based usually on the volume
of waste to be treated. Treatment plants with a wastewater flow
below I mgd nomally use one canminutor. Table 2.47-1 summarizes
design characteristics of comminutors.

2.47.2.4 In wastewater treatment facilities for recreation
areas, one canminutor may be installed in the wet well to protect
the pump from large floating objects. In the treatment of vault
waste, a camminutor may be included as an integral part of a
vault waste holding station. Figure 2.47-1 shows a canminutor.

2.47.3 General Description Grit Removal.

2.47.3.1 Grit removal is classified as a protective or a
preventive measure. The process does not contribute materially
to the reduction in the pollutional load applied to the waste-
water treatment facility. Grit chambers are designed to remove
grit which may include sand, gravel, cinder, and other inorganic
abrasive matter. Grit causes wear on pumps, fills pump sumps and
sludge hoppers, clogs pipes and channels, and occupies valuable
space in sludge digestion tanks. Grit removal, therefore,
results in the reduction of maintenance costs of mechanical
equipment and the elimination of operational difficulties caused
by grit. Grit removal is recommended for small as well as large
treatment facilities and for those served by combined as well as
separate sewer systems. Bar screens are usually installed ahead
of grit chambers to remove large floating objects.
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2.47.3.2 Grit removal is normally accaiiplished through
control of velocity and settling time. The objective is to
settle the grit particles while keeping the putrescible matter in
suspension. Theoretically, it is desirable to remove all grit;
however, experience indicates that removing 65-mesh grit, i.e.
grit that is retained on a 65-mesh screen, provides sufficient
protection to mechanical equipment and eliminates the majority of
operational troubles caused by the grit. To remove the 65-mesh
grit with a minimum of putrescible matter, a flow-through ve-
locity of 0.75-1.25 fps must be provided at all flows.

2.47.3.3 The type of settling that normally takes place in
a grit chamber is classified as discrete settling, since each
particle retains its identity while settling at a constant rate.
The design of such a chamber is usually based on an overflow rate
that exceeds the settling velocity of the smallest particle
desired to be removed. Smaller particles are removed in pro-
portion, according to the ratio of their settling velocities to
the settling velocity of the smallest particle that is, theo-
retically, 100 percent removed. The overflow rates selected in
the design of a grit chamber must, therefore, exceed the settling
velocity of the 65-mesh particle. Grit settling velocities are
sumarized in Table 2.47-2.

2.47.3.4 Grit chambers may be classified generally as
either horizontal flow or aerated. In the horizontal flow type,
the velocity is controlled by the dimensions of the chamber or by
the use of a proportional weir or a Parshall flume at the ef-
fluent end of the chanber. Aerated grit chambers consist of a
spiral flow aeration tank with the spiral flow velocity con-
trolled by the dimensions and the quantity of air supplied to the
chamber. These chambers are very efficient and the grit will be
washed and easy to handle. Aerated grit chambers provide a
detention time of 3 min at the maximum rate of flow. Mechanical
grit removal equipment is usually recommended.

2.47.3.5 In summary, the design of grit chambers depends on
the type selected, type of grit removal equipment, specification
of the selected grit removal equipment, and the quantity and
quality of the grit to be handled.

2.47.3.6 As the trend toward mechanization of wastewater
treatment facilities continues to increase at a rapid rate, it is
becoming a common practice to include grit removal facilities in
the design of treatment systems serving small, as well as large,
communities. Picnickers and campers in some recreation areas
either maliciously or accidentally drop cans, bags, bottles,
sticks and rocks in vault toilets, trailer dump stations and
other facilities. Hence, wastewater characteristics should be
thoroughly examined to determine the need for grit removal
facilities in the design of systems for recreation areas, Figure
2.47-2 show a typical aerated grit chamber. Figure 2.47-3 shows
a typical horizontal flow grit chamber.
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2.47.4 General Description Screening.

2.47.4.1 Screening devices are used normally to remove
large floating objects that otherwise may damage pumps and other
equipment, obstruct pipelines, and interfere with the normal
operation of the treatment facilities. Screens used in waste-
water treatment facilities or in pumping stations are generally
classified as fine screens or bar screens.

2.47.4.2 Fine screens are those with openings of less than
114 in. These screens have been used as a substitute for sedi-
mentation tanks to remove suspended solids prior to biological
treatment. However, few plants today use this concept of solids
renoval. Fine screens may be of the disk, drum or bar type.
Bar-type screens are available with openings of 0.005 to 0.10 in.

2.47.4.3 Bar screens are used mainly to protect pumps,
valves, pipelines, and other devices from being damaged or clogged
by large floating objects. Bar screens are sometimes used in
conjunction with comnminuting devices. Bar screens consist of
vertical or inclined bars spaced at equal intervals (usually 3/4
to 3 in.) across the channel where wastewater flows. These
devices may be cleaned manually or mechanically. Bar screens
with openings exceeding 2- 1 in are termed trashracks.

2.47.4.4 The quantity of screenings removed by bar screens
usually depends on the size of the bar spacings. Since the
handling and disposal of screenings is one of the most disa-
greeable jobs in wastewater treatment, it is usually recommended
that the quantity of screenings be kept at a minimum. Amounts of
screenings sran normal donestic wastes have been reported from
0.5 to 5 ft /million gal of wastewater treated. Screenings may
be disposed of by burial, incineration, grinding, and digestion.

2.47.4.5 Design of bar screens is based mainly on average
and peak wastewater flow. Normal design and operating parameters
are usually presented in the manufacturer's specifications.
General characteristics of bar and fine screens are presented in
Tables 2.47-4 and 2.47-5, respectively. Figure 2.47-4 shows a
mechanically cleaned bar rack.
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Figure 2.47-4. Schematic of a mechanically cleaned bar rack.
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2.47.5 Ccuaminution.

2.47.5.1 Input Data.

2.47.5.1.1 Wastewater flow, mgd.

2.47.5.1.1.1 Average daily flow, mgd.

2.47.5.1.1.2 Maximum flow, mgd.

2.47.5.2 Design Paraneters. None.

2.47.5.3 Process Design Calculations.

2.47.5.3.1 Select size and number of conminutors frau equipment
manufacturer's catalog or Table 2.47-1 to correspond to maximum
wastewater flows.

2.47.5.4 Process Design Output Data.

2.47.5.4.1 Camminutor specifications.

2.47.5.4.2 Number of camminutors.

2.47-7



Z-4

0~00

0 t -4 0 a0 0 0

4 0I0= -4 0 -4 -

44 -CC

00

c~ 0 0 0 D 0 0
0W (D CD0eJ ~ 0 0

. d . - %a . 4 . t 0
s.'eq 0n 0 0 - 'r

4.11

-4 - 14

04-A 0 -44 44 4 U 4 44 0 W 0 4 0 0

04 -d 4 WN %0 C

0 1

00-P

00 %0 V . tn L)
kn vi -4 -&4 n C C4 .

-4 (N -4



2.47.6 Grit Removal.

2.47.6.1 Input Data.

2.47.6.1.1 Wastewater Flow.

2.47.6.1.1.1 Minimum and peak flows, mgd.

2.47.6.1.1.2 Average daily flow, mgd.

2.47.6.2 Design Parameters.

2.47.6.2.1 Horizontal Flow Grit Chamber.

2.47.6.2.1.1 Particle size, mm.

2.47.6.2.1.2 Specific gravity.

2.47.6.2.1.3 Maximum and average velocities, fps.

2.47.6.2.1.4 Current allowance (1.7).

2.47.6.2.1.5 Volume of grit, ft3.

2.47.6.2.1.6 Number of units.

2.47.6.2.2 Aerated Grit Chamber.

2.47.6.2.2.1 Detention time, min.

2.47.6.2.2.2 Air supply, cfm/ft.

2.47.6.2.2.3 Maximum and average veolcities, fps.

32.47.6.2.2.4 Volume of grit, ft

2.47.6.2.2.5 Number of units.

2.47.6.3 Process Design Calculations.

2.47.6.3.1 Horizontal flow grit chamber.

2.47.6.3.1.1 Select the number of units and calculate flow per
unit.

Q/unit -QT

where

OT - total flow to plant, mgd.

N - number of units.
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2.47.6.3.1.2 Select maximum controlled velocity, v 'P 1.25 fps.

2.47.6.3.1.3 Calculate cross-sectional area.
Omax

A --- x 1.54
V
max

where

2
A - cross-sectional area, ft

Qax ' maximum flow/unit, mgd.

Vmax = maximum controlled velocity, fps.

2.47.6.3.1.4 Assume depth and calculate width or vice versa.

A - WD

where

W - channel width, ft.

D - channel depth, ft.

2.47.6.3.1.5 Calculate settling velocity of the smallest particle
desired to be 100% removed (according to Table 2.47-2 or calcu-
lations).

Size s 0.2 mm

Specific gravity P 2.65

(4/3) (g/cd)(Ps - 1) (d P)
v s s 3.28 x 1I, 3"

cd - ( ) + (0.34)

n

where

vs a settling velocity of smallest particle that is
100% removed, fps.

2
g - gravitational acceleration, 32.2 fps

cd - drag coefficient.

Ps W specific gravity of the particle.

d - dismeter of the particle, mm.
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(vs ) (d )
Rn - Reynolds number S Y -3Y x 3.28 x 10 -

Y - kinematic viscosity of the liquid, ft2 /sec.

3.28 x 10- 3 - conversion factor, mm to ft.

2.47.6.3.1.6 Calculate the length of each channel.

Vma

L - D max (1.7)
max v

s

where

L - length of the channel, ft.

D - depth at maximum flow, ft.
max

v mx- velocity at maximum discharge, fps.

v5 - settling velocity of the smallest particle
that is 100% removed, fps.

1.7 - allowance for current.

2.47.6.3.1.7 Calculate detention time.

t- D)(W)(L)
Qx 1.54

where

t - detention time, sec.

D - channel depth, ft.

W - channel width, ft.

L - length of channel, ft.

Q - flow, mgd.

1.54 - conversion factor, mgd to cfs.

2.47.6.3.1.8 Calculate botton slope of channel.

v =149 R 2/3 S 1/ 2
avg n

where

v avg = velocity at average discharge, fps.

n - Manning's coefficient (a value of 0.03 may be used).
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R - hydraulic radius of cross section = A for

rectangular channel. 2D + w

S - slope.

2.47.6.3.1.9 Calculate approximite volume of grit. 3The volume of
grit may vary fran less than 1 ft to more than 12 ft per million
gal of wastewater. It must also be noted that the grit collected
fran a horizontal flow grit chamber will contain a high amount of
putrescible matter and should be washed before disposal.

Assume 4 ft 3/million gal (approximate)

V = 4Q
g

where

V - volume of grit, ft 3/day.g

Q - flow, mgd.

2.47.6.3.2 Aerated Grit Chamber.

2.47.6.3.2.1 Calculate the length of channel.

(t) (Qp ) (1.54) (1.7) (60)
A

where

L = length of channel, ft.

t - detention time, min.

% - peak flow, mgd.

2A - cross-sectional area, ft

2.47.6.3.2.2 Calculate air requirements, cfm.

Total air - L x 02 /ft

where

L - length of chamber.

02/ft - air supply per ft of length (Table 2.47-3).

2.47.6.4 Process Design Output Data.

2.47.6.4.1 Horizontal Flow Grit Chamber.
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2.47.6.4.1.1 Maximum flow, cfs.

2.47.6.4.1.2 Average flow, cfs.

2.47.6.4.1.3 Minimum flow, cfs.

2.47.6.4.1.4 Temperature, *C.

2.47.6.4.1.5 Maximnum flow-through velocity, fps.

2.47.6.4.1.6 Average flow-through velocity, fps.

2.47.6.4.1.7 Size smallest particle 100% removed, mm.

2.47.6.4.1.8 Specific gravity of particle.

2.47.6.4.1.9 Number of units.

2.47.6.4.1.10 Maximum flow/unit, cfs.

2.47.6.4.1.11 Width of channel, ft.

2.47.6.4.1.12 Depth of channel, ft.

2.47.6.4.1.13 Length of channel, ft.

2.47.6.4.1.14 Settling velocity of particle, fps.

2.47.6.4.1.15 Slope of channel bottom.

2.47.6.4.1.16 Allowance for currents.

2.47.6.4.1.17 Detention time, sec.

2.47.6.4.1.18 Manning's coefficient.

2.47.6.4.1.19 Volume of grit, ft 3/day.

2.47.6.4.1.20 Design outlet control section.

2.47.6.4.2 Aerated Grit Chamber.

2.47.6.4.2.1 Detention time, min.

2.47.6.4.2.2 Air supply, cfm/ft.

2.47.6.4.2.3 Length, ft.

2.47.6.4.2.4 Total air requirement, cfm.
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Table 2.47-2. Grit Settling Velocities

Settling Velocity Area Required
Particle Size 2
Mesh mm ft/min gpd/ft2  mgd/ft ft2/million gal

18 0.833 14.7 160,000 0.1600 6.3

20 0.595 10.5 114,500 0.1145 8.7

35 0.417 7.4 80,100 0.0801 12.5

48 0.295 5.2 56,700 0.0567 17.7

6 5 (a) 0.208 3.7 40,000 0.0400 25.0

100 0.147 2.6 28,200 0.0282 35.5

150 0.105 1.8 20,200 0.0202 49.5

(a)Minimum particle size desirable for removal.

Table 2.47-3. Design Parameters for Aerated Grit Chambers

1. Air supply - 3 cfm/ft of tank length.

2. Air diffusers - located 2 to 3 ft above tank bottom on one
side of tank.

3. Surface velocity - 1.5 to 2 fps.

4. Tank floor velocity - 1 to 1.5 fps.

5. Grit collectors - air lift pumps to decanting channels, grit
conveyors or grit pumps.

6. Detention time - 2 to 3 min.

7. Efficiency - 100% removal of 65-mesh grit.
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2.47.7 Screening.

2.47.7.1 Input Data.

2.47.7.1.1. Wastewater flow.

2.47.7.1.1.1 Average dail'y flow, mgd.

2.47.7.1.1.2 Maximumn daily flow, mgd.

2.47.7.1.1.3 Peak wet weather flow, mgd.

2.47.7.2 Design Parameters.

2.47.7.2.1 Type of bar screen.

2.47.7.2.1.1 Manually cleaned.

2.47.7.2.1.2 Mechanically cleaned.

2.47.7.2.2 Velocity through bar screen, fps (Table 2.47-4).

2.47.7.2.3 Approach velocity, fps (Table 2.47-4).

2.47.7.2.4 Maximum head loss through screen, in (Table 2.47-4).

2.47.7.2.5 Bar spacings, in (Table 2.47-4).

2.47.7.2.6 Slope of bars, deg (Table 2.47-4).

2.47.7.2.7 Channel width, ft.

2.47.7.2.8 Width of bar, in.

2.47.7.2.9 Shape factor.

2.47.7.3 Process Design Calculations.

2.47.7.3.1 Consult equipment manufacturer's specifications and select
a bar screen which meets design requirenents.

2.47.7.3.2 Calculate head loss through the screen. It should be
noted that when screens start to become clogged between cleanings in
manually cleaned screens head loss will increase.

h 4)/3 v 2 sin 2 09

he 4()2g
where

he = head loss through the screen, ft.

A- bar shape factor.
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- 2.42 for sharp-edged rectangular bars.

- 1.83 for rectangular bars with semicircular upstream

faces.

- 1.79 for circular bars.

- 1.67 for rectangular bars with semicircular
upstream and downstrean faces.

- 0.76 for rectangular bars with semicircular upstrean
faces and tapering in a symmetrical curve to a small
circular downstrean face (teardrop).

W - maximum width of bars facing the flow, in.

b - minimum width of the clear spacings between pairs

of bars, in.

v - longitudinal approach velocity, fps.

Q - angle of the rack with horizontal, deg.

g - gravitational acceleration.

2.47.7.3.3 Calculate average depth.

D = (Qav )(1.54)

(W)(V)

where

D - average depth, ft.

Qavg ' average flow, mgd.

W - channel width, ft.c

V - average velocity, fps.

2.47.7.3.4 Calculate maximum depth.

D -Dmax Qv

where

Dax - maximum depth, ft.

D - average depth, ft.

%p - peak flow, mgd.
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Q a - average flow, mgd.

2.47.7.4 Process Design Output Data.

2.47.7.4.1 Bar size, in.

2.47.7.4.2 Bar spacing, in.

2.47.7.4.3 Slope of bars from horizontal, deg.

2.47.7.4.4 Head loss through screen, ft.

2.47.7.4.5 Approach velocity, fps.

2.47.7.4.6 Average flow-through velocity, fps.

2.47.7.4.7 Maximum flow-through velocity, fps.

2.47.7.4.8 Screen channel width, ft.

2.47.7.4.9 Channel depth, ft.

Table 2.47-4. General Characteristics of Bar Screens

Mechanically
Item Hand Cleaned Cleaned

Bar screen size

Width, in. 1/4 to 5/8 1/4 to 5/8
Depth, in. I to 3 1to 3
Spacing, in. 1 to 2 5/8 to 3

Slope from vertical, deg. 30 to 45 0 to 30

Approach velocity, fps 1 to 2 2 to 3

Allowable head loss, in. 6 6
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Table 2.47-5. General Characteristics of Fine Screens

Item Disk Drum

Fine Screen

Openings, in. 0.126 to 0.009 0.126 to 0.009
(6 to 60 mesh) (6 to 60 mesh)

Dianeter, ft. 4 to 18 3 to 5
Length, ft. 4 to 12

rpm 4

2.47.8 Quantities Calculation.

2.47.8.1 Calculate operation manpower required.

2.47.8.1.1 If 0 < Q avg 3 mgd, the operation manpower is
calculated by:

OMH - 600 (Q avg) 03382

where

Qavg - average daily wastewater flow, mgd.

OMH - operation manpower required, man-hours/yr.

2.47.8.1.2 If 3 < Q avg 7 mgd, the operation manpower is
calculated by:

OMH = 469.3 (Q avg) 0.5618

2.47.8.1.3 If Qavg > 7 mgd, the operation manpower is calculated
by:

OMH - 255.3 (Q avg)08746

2.47.8.2 Calculate maintenance manpower required.

2.47.8.2.1 If 0 < Qavg 3 mgd, the maintenance manpower is
calculated by:

MMH - 340 (Qavg) 0.2946

where

MM - maintenance manpower required, man-hours/yr.
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2.47.8.2.2 If 3 < Qag 7 mgd, the maintenance manpower is
calculated by: 

avg

MMH 265.5 (Q )0.5197
avg

2.47.8.2.3 If Qavg > 7 mgd, the maintenance manpower is cal-
culated by:

MMH - 168.5 (Q avg)0.7534

2.47.8.3 Calculate the energy required for operation.

KWH - 16,000 (Q )0.4631
avg

where

KWH - energy required for operation, kwhr/yr.

2.47.8.4 Calculate the operation and maintenance material and
supply costs, The operation and maintenance material and supply
costs can be expressed as a percent of the total bare construction
cost.

OMMP - 2.5

where

OMMP - operation and maintenance material and supply
costs as percent of total bare construction
cost, percent.

2.47.9 Quantities Calculations Output Data.

2.47.9.1 Peak wastewater flow, %, mgd.

2.47.9.2 Average daily wastewater flow, Q avg mgd.

2.47.9.3 Operation manpower required, OMH, man-hours/yr.

2.47.9.4 Maintenance manpower required, MMH, man-hours/yr.

2.47.9.5 Energy required for operation, KWH, kwhr/yr.
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2.47.9.6 Operation and maintenance material and supply costs,
as percent of total bare construction cost, OMMP, percent.

2.47.10 Unit Price Input Required. (None paranetric costing

used).

2.47.11 Cost Calculations.

2.47.11.1 Total bare construction cost.

TBCC - 40,000 (Q p) 0.6233

where

TBCC = total bare construction cost, $.

% - peak wastewater flow, mgd.

2.47.11.2 Operation and maintenance material and supply costs.

OMMC = (OMMP) . TBCC
100

where

OMMC - operation and maintenance material and supply
costs, $/yr.

2.47.12 Cost Calculations Output Data.

2.47.12.1 Total bare construction cost, TBCC, $.

2.47.12.2 Operation and maintenance material and supply costs,
OMMC, $/yr.
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2.49 PUMPING

2.49.1 Background. There are several situations
throughout a sewage treatment facility which require pumping.
Typically at the head of the treatment facility pumping of the
raw waste is required. Other points in the treatment facility
which might require pumping are prior to trickling filters,
tertiary filters, carbon adsorption units, or any treatment
process which creates relatively high head losses. Generally
speaking two different type pumps are used for raw waste
pumping and pumping for other processes in the treatment
facility. For this reason the pumping has been divided into
raw waste pumping and intermediate pumping.

2.49.2 General Description Intermediate Pumping.

2.49.2.1 In intermediate pumping the wastewater is rela-
tively clean and free fron large solids so that miore efficient
pumps can be used for these processes than for raw waste
pumping.

2.49.3 General Description Raw Waste Pumping.

2.49.3.1 Pumping of raw sewage at the head of a treatment
facility is often required to produce the head required for
sewage to flow through the plant. This pumping is accomplished
with relatively inefficient low-head pumps which are capable of
passing large solids without damage to the pumps.

2.49.4 Intermediate Pumping.

2.49.4.1 Input Data.

2.49.4.1.1 Average daily wastewater flow, Q agmgd.

2.49 .4.1.2 Peak wastewater flow, %pk' mgd.

2.49.4.2 Design Parameters.

2.49 .4.2.1 Wastewater flow, mgd.

2.49.4.2.2 Number of pumps.

2.49.4.2.3 Total head on pumps', ft.

2.49.4.3 Process Design Calculations.

2.49.4.3.1 Calculate design capacity of pumps.
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2.49.4.3.1.1 Intermediate pumping.

(Qavg) (2) (106)
GPM = av

1440

where

GPM = design capacity of pumps, gpm.

2 = excess capacity factor to handle peak flows.

2.49.4.3.1.2 Return sludge pumping.

GPM = 
( Qavg) (RSR) (10 )

1440

where

GPM = design capacity of pumps, gpm.

RSR = return sludge ratio to average wastewater
flow, from Table 2.49-1.

TABLE 2.49-1

Activated Sludge Processes RSR

Conventional 1.0
Conplete-Mix 1.0
Step- Aeration 1.0
Modified-Aeration 1.0
Cont act- S tab il iza t ion 1.0
Extended-Aeration 1.5
Kraus- Process 1.0
High-Rate Aeration 5.0
Pure-Oxygen System 1.0

2.49.4.3.2 Detemnine the type, number and size of pumps
required. For the purposes of this program it has been assumed
the pumps will be horizontal single-stage, single-suction,
split casing centrifugal pumps designed for sewage applica-
tions. Also the head required is assumed to be 40 ft for all
applications. All pumps will be assumed to be the same size
with variable speed drives and the convention of sparing the
largest pump will be adhered to. The pumps will be arranged in
identical batteries, with each battery handling a maximum flow
of 80,000 gpm.
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2.49.4.3.2.1 Number of batteries. The number of batteries
will be calculated by trial and error; begin with NB = 1. If
GPM/NB > 80,000, then go the NB = NB + I and repeat until
GPM/NB 80,000. Then:

GPMB - GPM
NB

where

GPMB - design flow per battery,gpm.

NB - number of batteries.

2.49.4.3.2.2 Number of pumps per battery. The number of
pumps per battery will be calculated by trial and error. Start
with N - 2. If GPMB/N >20,000 gpm, go to N = N + H and repeat
until GPMB/N 9 20,000 gpm.

GPMP = GPMB
N

NP = N + 1

where

GPMP - design capacity of the individual pumps, gpm.

N - number of pumps required to handle design
flow.

NP - total number of pumps per battery, including

spare.

2.49.4.4 Process Design Output Data.

2.49.4.4.1 Design capacity of pumps, GPM, gpm.

2.49.4.4.2 Number of batteries, NB.

2.49.4.4.3 Design flow per battery, GPMB, gpm.

2.49.4.4.4 Number of pumps required to handle design flow,
N.

2.49.4.4.5 Total number of pumps per battery, including

spare, NP.

2.49.4.4.6 Design capacity of the individual pumps, GPMP,
gpm.

2.49.4.5 Quantities Calculations.

2.49.4.5.1 Detemine area of pump building.
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PBA - (0.0284 (GPMB) + 640] NB

where

PBA - pump building area, sq ft.

2.49.4.5.2 Calculate volume of earthwork required. The
pumping building is usually a bilevel building with the pumps
below ground and all electrical and control facilities above
ground. It is assumed that the average depth of excavation
would be 8 ft. The volume of earthwork will be estimated by:

V - (8)(PBA)
ew

where

V a volume of earthwork required, cu ft.ew

2.49.4.5.3 Calculate operation manpower required. The
operation manpower can be related to the firm pumping capacity.

2.49.4.5.3.1 Calculate firm pumping capacity.

FPC - (GPM) (1440)

10 6

where

FPC - firm pumping capacity, mgd.

2.49.4.5.3.2 If 0 < FPC - 7 mgd:

OMH - 440 (FPC)
0 .1 2 8 5

2.49.4.5.3.3 If 7 < FPC : 30 mgd:

OMH - 294.4 (FPC)
0 .3 3 5 0

2.49.4.5.3.4 If 30 < FPC 80 mgd:

OMH - 40.5 (FPC)
0 .8 6 6 1

2.49.4.5.3.5 If FPC > 80 mgd:

1.012
OM - 21.3 (FPC)

where

OMH - operating manpower required, man-hours/yr.

2.49.4.5.4 Calculate maintenance manpower.

2.49- 4



2.49.4.5.4.1 If 0< FPC S 7 mgd:

MMH - 360 (FPC)
0 .1478

2.49.4.5.4.2 If 7 < FPC <, 30 mgd:

MMH = 255.2 (FPC)
0 .3 24 7

2.49.4.5.4.3 If 30< FPC :, 80 mgd:

MMH = 85.7 (FPC)0 .6456

2.49.4.5.4.4 If FPC < 80 mgd:

0.8806
MMH - 30.6 (FPC)

where

MMH = maintenance manpower requirement, man-hours/
yr.

2.49.4.5.5 Calculate electrical energy required.

KWH = 6 7 ,000 (Qavg) 0 . 9 9 7 6

where

KWH - electric energy required, kwhr/yr.

2.49.4.5.6 Calculate operation and maintenance material and
supply costs. This iteu covers the cost of lubrication oils,
paint, repair and replacenent parts, etc. It is expressed as a
percent of the total bare construction costs.

OKMP - 0.7%

where

OMMP - operation and maintenance material and supply
costs, as percent of the total bare construction
cost, percent.
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2.49.4.5.7 Other minor construction cost itens. Fran the
calculations approximately 85 percent of the construction costs
have been accounted for. Other minor ites such as piping,
overhead crane, site cleaning, seeding, etc., would be 15
percent.

1
CF - = 1.18

where

CF = correction factor for other minor construction
cos ts.

2.49.4.6 Quantities Calculations Output Data.

2.49.4.6.1 Pump building area, PBA, sq ft.

2.49.4.6.2 Volume of earthwork required, Vew, cu ft.

2.49.4.6.3 Finn pumping capacity, FPC, mgd.

2.49.4.6.4 Operating manpower required, OMH, man-hours/yr.

2.49.4.605 Maintenance manpower required, MMH, man-hours/
yr.

2.49.4.6.6 Electrical energy required, KWH/kwhr/yr.

2.49.4.6.7 Operation and maintenance material and supply
costs, OMNP, percent.

2.49.4.6.8 Correction factor for other minor construction
costs, CF.

2.49.4.6.11 Design capacity of the individual pumps, GPMP,
gpm.

2.49.4.7 Unit Price Input Required.

2.49.4.7.1 Unit price input for building cost, UPIBC, $/sq
ft.

2.49.4.7.2 Unit price input for earthwork, UPIEX, $/cu ft.

2.49.4.7.3 Cost of standard size pump equipment, COSTPS, $
(optional).
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2.49.4.7.4 Marshall and Swift Equipment Cost Index, MSECI.

2.49.4.8 Cost Calculations.

2.49.4.8.1 Cost of earthwork.
V

COSTE= ewUPIEX
27

where

COSTE = cost of earthwork, $.

V = volume of earthwork, cu ft.ew

UPIEX - unit price input for earthwork, $/cu yd.

2.49.4.8.2 Cost of pump building.

COSTPB = (PBA) (UPIBC)

where

COSTPB = cost of pump building, $.

PBA - pump building area, sq ft.

UPIBC - unit price input for building cost,
$/sq ft.

2.49.4.8.3 Purchase cost of pumps and drivers.

2.49.4.8.3.1 Calculate COSTP.

- COSTRO (COSTPS)(NP)(NB)COS1? =100

where

COSTP - cost of pumps and drivers, $.

COSTRO - cost of pumps and drivers of capacity GPMP,
as percent of cost of standard size pump,
percent.

COSTPS - cost of standard size pump (3000 gpm), $.
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NP - total number of pumps per battery.

NB - number of batteries.

2.49.4.8.3.2 Calculate COSTRO.

If 0 < GPMP < 5000 gpm, COSTRO is calculated by:

COSTRO = 2.93 (GPMP) 0 . 4 4 0 4

If GPMP > 5000 gpm, COSTRO is calculated by:

COSTRO - .0064 (GPMP)
I1 1 6

2.49.4.8.3.3 Purchase cost of standard size pump and driver.
A 3000 gpm pump was selected as a standard. The cost of a 3000
gpm pump and driver for the first quarter of 1977 is:

COSTPS = $17,250

For better estimation, COSTPS should be obtained from the
vendor and treated as a unit price input. If this is not done,
the cost will be adjusted using the Marshall and Swift Equip-
ment Cost Index.

COSTPS - $17,250
491. .6

where

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index.

2.49.4.8.4 Installed equipment costs. Typically, the
installation cost of pumps is approximately 100 percent of the
equipment cost. This includes cost of piping, concrete, steel,
electrical, paint, and installation labor.

IPC - (COSTP) (2.0)

where

IPC - installed pumping equipment cost, $.

2.49.4.8.5 Total bare construction cost.

TBCC - [COSTE + COSTPB + IPC] CF

where

TBCC - total bare construction cost, $.
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CF - correction factor minor construction costs

2.49.4.8.6 Operation and maintenance material and supply

costs.

oMMc = (TBCC) O- -P

where

OMMC - operation and maintenance material and supply
cost, $.

O4MP - operation and maintenance material and supply
costs, as a percent of total bare construction
cost, percent.

2.49.4.9 Cost Calculations Output Data.

2.49.4.9.1 Total bare construction cost, TBCC, $.

2.49.4.9.2 Operation and maintenance material and supply

costs, OMMC, $/yr.
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2.49.5 Raw Waste Pumping.

2.49.5.1 Input Data.

2.49.5.1.1 Average daily wastewater flow, QavgI mgd.

2.49.5.1.2 Peak wastewater flow, %k' mgd.

2.49.5.1.3 Depth to the influent sewer, DS, ft.

2.49.5.1.4 Static head to be pumped, SH, ft. Static head

is defined as the vertical distance between the invert of the
incoming sewer and the maximum water level in the next unit
process.

2.49.5.1.5 Number of pumps, N, (include standby).

2.49.5.1.6 Variable speed or constant speed pumps.

2.49.5.2 Design Parameters.

2.49.5.2.1 Wastewater flow, mgd.

2.49.5.2.2 Number of pumps.

2.49.5.2.3 Total head on pumps, ft.

2.49.5.3 Process Design Calculations.

2.49.5.3.1 Calculate peak capacity of raw sewage pumps if

Qpk is not given in the input.

Qpk = 3.8 4 (Q avg)
0 9098

where

k - peak flow, mgd.

Qavg - average daily flow, mgd.

2.49.5.3.2 Calculate number of pumps, N. If the number of
pumps, N, is not given in the input, the following rule will be

used to decide the number of pumps.

N 
Q

2 Less than 2 mgd
3 2 mgd to 10 mgd
4 10 mgd to 150 mgd
5 Larger than 150 mgd
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N includes one standby pump. In this model all the pumps will

be the same size.

Thus each individual pump would handle:

q = Q x106 = 694.4 (Qpk)

1440(N-1) N- I

q - capacity of each individual pump, gpm.

2.49.5.3.3 Variable speed or constant speed pumps.

2.49.5.3.3.1 If no variable speed pump is specified in the

input, all constant speed pumps will be supplied.

NCS - N

where

NCS - number of constant speed pumps

N - total number of pumps.

2.49.5.3.3.2 If vazkable speed pump selection is made by the

user, the following rule will be used in deciding the number of
various pumps.

NVS- 2

NCS = N-2

where

NVS - number of variable speed pumps.

NCS - number of constant speed pumps.

2.49.5.4 Process Design Output Data.

2.49.5.4.1 Peak flow, %k' mgd.

2.49.5.4.2 Number of pumps, N.

2.49.5.4.3 Number of constant speed pumps, NCS.

2.49.5.4.4. Number of variable speed pumps, NVS.

2.49.5.5 Quantities Calculations.

2.49.5.5.1 Sizing the discharge header pipe. Based on

experience, for a municipal wastewater treatment plant, the

most econaical pumping system is when the peak velocity in the

discharge header is approximately 8 fps. Thus, the diameter

would be:

2.49- 11



DIAP = 5.955 ( Q pk ) 0.5

where

DIAP - header pipe diameter, inches.

Qpk = peak flow, mgd.

2.49.5.5.2 Calculation of total dynamic head.

2.49.5.5.2.1 If the static head, SH, is not given by the

user, the total dynanic head (TDH) would be assumed:

If %k < I mgd

TDR - 70

If I mgd Qpk - 100 mgd

TDH - 70- (15 Log Qpk)

If Qpk > 100 mgd

TDH - 40

where

TDH - total dynamic head, ft.

Qpk - peak flow, mgd.

2.49.5.5.2.2 If the static head is given, the total dynamic
head would take the following form:

TDH - SH+ 6 + 376,460 (Qpk)1.85

(DIAP)4.8655

where

SH - static head from input data, ft.

6 - drop from the sewer invert to the low level point
in the wet well, ft.

Qpk - peak flow, mgd.

DIAP - diameter of pipe, inches.

376,400 - Hazen-Williams coefficient with pipe length
assumed to be 500 ft.
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2.49.5.5.3 Pump Sizing. It is indicated that the pumip
discharge nozzle velocity should be in the range of frani 11 to
14 fps. Thus, the pump sizing procedure would be to calculate
the pump nozzle diameter.

Dpump - 0.1927(q0.

The available pump sizes are 4", 6", 8"1, 10"1, 12"1, 14", 16"1,
18", 20", 24", 30", 36", 4211, 48", 54", 60" and 72". The
actual pump size would be the smallest size available which is
larger than the value given from the above equation.

where

Dpump - pump size, inches.

q = pump capacity. gpm.

2.49.5.5.4 Pump speed. One of the most important charac-
teristics of centrifugal pumps is the parameter specific speed,
NS. It is defined by the following equation.

NS - (RPM) (g) 0.5

(TDH) 0. 7 5

where

NS - specific speed.

RPM - pump rotating speed, rpm.

For any pump operating at any given speed, q and TDH are taken
at the point of maximum efficiency. The computed value of
specific speed has no usable physical meaning, except as a type
number, but it is extremely useful because it is constant for
all similar pumps. It is usually considered a shape factor.
For the most often used centrifugal pumps in the raw sewage
pump station, a NS value of 4000 is a typical value. The
rotating speed for the pump selected would be:

RPM - 4000 (TDH) 0 .75

(q) 0 .
5

However, the calculated RPM should match the available RPM of
synchronous motor. It is available in 600, 900, 1200 and 1800
RPM. The final selected RPM should be the closest available
speed.
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2.49.5.5.5 Motor Sizing. Brake horsepower of the motor can
be calculated by the following equation:

BH -- (g) (TDH)

p 3959.7 (Pumpe)

where

BH ffi brake horsepower, hp.
p

q - pump capacity, gpm.

TDH = total dynamic head, ft.

Pumpe = Pump efficiency.

Pump efficiency can be calculated by the following equation:

Punpe - 0.63 + (2.42 x 10- 5 ) (q)

The available motor sizes in the market are rated in hp: 1, 2,
3, 5, 7.5, 10, 15, 20, 25, 30, 40, 50, 60, 75, 100, 125, 150,
200, 250, 300, 350, 400, 450, 500, 600, 700.

The actual motor size would be the smallest size available
which is larger than the calculated value.

2.49.5.5.6 Pump dimension: The length and width of a pump
with its' motor and other necessary valves and piping can be
calculated by the following formula:

The width of the pump system.

WP = 0.2 Dpump + 0.6

The length of the pump system.

LP - 0.333 [(0.084) Dpump + 6.38]2

where

WP - width of pump system, ft.

LP - length of pump system, ft.

Dpump - pump size, inch.

2.49.5.5.7 Dry well dimensions: The total length of the

dry well can be calculated by:
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L = N (WP) + (N + 1) 4

where

L - length of the dry well, ft.

And the width of the dry well would be:

WD - LP + 9

where

WD = width of dry well, ft.

2.49.5.5.8 Wet Well Dimensions: The length of the wet well
would be the same as that of the dry well. However, the width
of the wet well is dependent on various factors. The following
sections give the calculation procedures.

2.49.5.5.8.1 When constant speed pumps are used. The wet
well size is determined by the cycle time of the pump and the
cycle time, in turn, is dependent on the motor size. The
following rule of thumb will be used in deternining the cycle
time, CT.

BHP, HP of Motor CY, Cycle Time, In Minutes

0 -15 10
15 -50 15
50 -200 30
200 - 600 60
600 and above 120

The wet well volume would be.

VOLW (Q - Qmind CT
7.*48

where

VOLW - wet well volume, cu ft.

%rin - minimum inflow, gpai.

q -pump capacity, gpm.

CT - cycle time, min.

Assuming a 6 ft operating wet well depth, the width of the wet
well, WW, would be:

-VOLW

WW-6 L
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where

WW - wet well width, ft.

L - drywell length.

In some cases it may be possible for the wet well width cal-
culated in the above fashion to approach zero. In such cases,
wet well width is calculated as follows based on the standards
of the Hydraulic Institute:

WW - 0.32854 q 2 .04809

The larger WW will be utilized in design calculations. If WW
is calculated to be less than 8 ft WW will be set to 8 ft.

2.49.5.5.8.2 When variable speed pumps are specified, the
width of the wet well is determined by the distance required to
prevent vortexing and can be calculated by:

WW _ 10 + 420

where

WW - wet well width, ft.

q - pump capacity, gpxn.

Since it still requires 6 ft of operating depth for control
system to perform smoothly, the wet well volume is:

VOLW - (6) (WW) (L)

2.49.5.5.9 Depth of the pump station: The depth of the
pump station is defined as the vertical distance between the
bottan of the dry well to the ground level.

DP - DS + 6' + DM

where

DP - depth of the pump station, ft.

DS - depth of the sewer invert, ft.

DM1 - minimum depth of water in the wet well, ft.

2.49.5.5.9.1 Depth of the sewer, DS, if not in the input, a
value of 15 ft will be used.

2.49.5.5.9.2 Minimum depth of water in the wet well, DM. It

is related the pump capacity as:
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DM - 0.0544 (q) 0.5 + 2.033

where

q = pump capacity in gpm.

2.49.5.5.10 Reinforced concrete quantity for pump station
cons truct ion.

2.49.5.5.10.1 Top Slab:

VTS ff 0.833 (L) (W)

W - WW + WD

where

VTS - reinforced concrete slab, quantity, cu ft.

L = length of the pump station, ft.

W = width of the pump station, ft.

2.49.5.5.10.2 Walls.

DP D
V f1 + #) (DP) [2W + 3L + 4 (1 + DP

where

V - volume of R.C. walls, cu ft.cw

DP = depth of pump station, ft.

2.49.5.5.10.3 Bottom Slab: It is assumed that the thickness
of the bottom slab will vary to counter the uplift force of
ground water. The thickness of the bottom slab would be:

tBS ' (0.416) (DP) (L + X) (W + X) - VTS- Vcw
(L + 8) (W + 8)

where

X - 2 (1 + DP

and

TBS m thickness of the bottom slab, ft.

Thus, the volume of bottom slab is:

VBS - (L + 8) (W + 8) (tBS)
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where

VBS ' volume of R.C. slab, cu ft.

2.49.5.5.10.4 The total reiforcei concrete slab quantity
would be:

VCS - VTS + VBS

where

VCS , R.C. slab quantity, cu ft.

2.49.5.5.11 Earthwork required. The volume of earthwork
would include excavation and backfill quantities and can be
estimated by:

V = VBS + (DP) ((L + 8) (W+ 8)+ R-(W+ L + DP + 16)]

where

V W quantity of excavation, cu ft.exc

DP - depth of pump station, ft.

VBS - volume of the bottom slab.

VbfW Vexc - (L + X) (W +X) (DP)

where

Vbf - volume of backfill required, cu ft.

Thus, the total volume of earthwork would be:
V -1I.10(V V
ew (Vexc Vbf )

where

Vew - total earthwork volume, cu ft.

2.49.5.5.12 Determine area of pump building.

PBA - 1.05 (WD) (L)

where

PBA - pump building area, sq ft.

2.49.5.5.13 Calculate operation manpower required. The

operation manpower can be related to the finn pumping capacity.
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2.49.5.5.13.1 Calculate finn pumping capacity.

FPC = (N-i) (q) (0.00144)

where

FPC - finn pumping capacity, mgd.

2.49.5.5.13.2 If 0 < FPC 7 mgd:

OMH = 440 (FPC)
0 .12 8 5

2.49.5.5.13.3 If 7 < FPC ! 30 mgd:

OMH = 294.4 (FPC)0 .3350

2.49.5.5.13.4 If 30 < FPC 80 mgd:

OMH = 40.5 (FPC)
0 .8 6 6 1

2.49.5.5.13.5 If FPC > 80 mgd:

OMH - 21.3 (FPC)

where

OMH - operating manpower required, MH/yr.

2.49.5.5.14 Calculate maintenance manpower.

2.49.5.5.14.1 If 0 < FPC 7 mgd:

MMH - 360 (FPC)
0 1478

2.49.5.5.14.2 If 7 < FPC _< 30 mgd:

MMH - 255.2 (FPC)
0 .3 2 4 7

2.49.5.5.14.3 If 30 < FPC :5 80 mgd:

MMH - 85.7 (FPC)
0 6 4 5 6

2.49.5.5.14.4 If FPC > 80 mgd:

M - 30.6 (FPC)
0 .8 8 0 6

where

MNH - maintenance manpower requirement, MR/yr.
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2.49.5.5.15 Electrical energy required for operation.

2.49.5.5.15.1 Calculate the total dynamic head at average
conditions. If the static head, SH, is not given by the user,
the averaged total dynamic head would be 75% of the peak total
dynamic head.

ATDH - 0.75 TDH

where

ATDH - total dynamic head under average condition, ft.

If the static head, SH, is given.

376,460 (Qav) 1.85
ATDH = SH + 3 +

(DIAP)
4 . 8 6 55

where

ATDH - total dynamic head under average condition, ft.

SH - static head, ft.

DIAP - diameter of header pipe, inches.

2.49.5.5.15.2 The total annual electrical energy requirement
would be:

1
KWH 1352.65 x Q x ATDH x (-)

avg pumpe'

where

KWH - annual electrical energy required, kwhr/yr.

Qavg average flow, mgd.

Punpe = pump efficiency

2.49.5.5.16 Calculate operation and maintenance material and
supply costs. This item covers the cost of lubrication oils,
paint, repair and replacement parts, etc. It is expressed as a
percent of the total bare construction costs.

OMMP - 0.7%

where
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OMMP - operation and maintenance material and supply
costs, as percent of the total bare construction
cost, percent.

2.49.5.5.17 Other minor construction cost itens. Fran the
calculations approximately 85 percent of the construction costs
have been accounted for. Other minor itens such as overhead
crane, heat, ventilation, site cleaning, etc., would be 15
percent.

1CF - - 1.18

where

CF = correction factor for other minor construction
costs.

2.49.5.6 Quantities Calculations Output Data.

2.49.5.6.1 Design capacity of pump, q, gpm.

2.49.5.6.2 Pump size, DPump, inches.

2.49.5.6.3 Pump speed, RPM, rpm.

2.49.5.6.4 Motor size, BHP, horsepower.

2.49.5.6.5 Pump building area, PBA, sq ft.

2.49.5.6.6 Volume of earthwork required, V ew cu ft.

2.49.5.6.7 Volume of R.C. slab required, V cs , cu ft.

2.49.5.6.8 Volume of R.C. wall required, Vcw, cu ft.

2.49.5.6.9 Finn pumping capacity, FPC, mgd.

2.49.5.6.10 Operating manpower required, OMH, MH/yr.

2.49.5.6.11 Maintenance manpower required, MMH, MH/yr.

2.49.5.6.12 Electrical energy required, KWH, kwhr/yr.

2.49.5.6.13 Operation and maintenance material and supply
costs, ONMP, percent.
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2.49.5.6.14 Correction factor for other minor construction
costs, CF.

2.49.5.7 Unit Price Input Required.

2.49.5.7.1 Unit price input for building cost, UPIBC, $/sq
ft.

2.49.5.7.2 Unit price input for earthwork, UPIEX, $/cu ft.

2.49.5.7.3 Unit price input for R.C. wall, UPICW, $/cu yd.

2.49.5.7.4 Unit price input for R.C. Slab, UPICS, $/cu yd.

2.49.5.7.5 Cost of standard size pump COSTPS, $, (optional).

2.49.5.7.6 Cost of standard size motor, COSIMS, $ (optional).

2.49.5.7.7 Cost of variable frequency motor control, $,
(optional).

2.49.5.7.8 Current Marshall and Swift Equipment Cost Index,
MSECI.

2.49.5.8 Cost Calculations.

2.49.5.8.1 Cost of earthwork.

V
COSTE - 27 UPIEX

where

COSTE - cost of earthwork, $.

V - volume of earthwork, cu ft.ew

UPIEX - unit price input for earthwork, $/cu yd.

2.49.5.8.2 Cost of pump building.

COSTPB - (PBA) (UPIBC)

where

COSTPB - cost of pump building, $.
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PBA - pump building area, sq ft.

UPIBC - unit price input for building cost, $/sq ft.

2.49.5.8.3 Calculate cost of reinforced concrete walls.

V
COSTCW - 2- UPICW

where

COSTCW - cost of concrete walls, $.

V w - volume of reinforced concrete for walls, cu ft.

UPICW - unit price input for concrete walls, $/cu yd.

2.49.5.8.4 Calculate cost of reinforced concrete for slab.

V
COSTCS UPICS

where

COSTCS - cost of concrete slab, $.

V c- volume of reinforced concrete for slab, cu ft.

UPICS - unit price input for concrete slab, $/cu ft.

2.49.5.8.5 Purchase cost of pumps.

2.49.5.8.5.1 Cost of a single pump.

COSTP - (COSTRO) (COSTPS)

where

COSTP - cost of pump, $.
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COSTRO - cost pump as fraction of cost of standard size

pump,

COSTPS - cost of standard size pump (16 inches), $.

2.49.5.8.5.2 Calculate COSTRO.

If PumpD is smaller than 16 inches:

COSTRO - 0.041 (PumpD) 1.152

If PumpD is equal or greater than 16 inches

COSTRO - 0.01 (PumpD) 1 . 6 6 3

where

PumpD - pump size, inches.

2.49.5.8.5.3 Purchase cost of standard size pump. A 16 inch
pump was selected as a standard. The cost of a 16 inch pump
for the first quarter of 1977 is:

COSTPS - $13,630

For better cost estimation, COSTPS should be obtained fram the
vendor and treated as a unit price input. If this is not done,
the cost will be adjusted using the Marshall and Swift Equip-
ment Cost Index.

COSTPS - $13,630 MSECI
491.6

where

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index first
quarter 1977.

2.49.5.8.6 Purchase cost of motor.

2.49.5.8.6.1 Cost of a single motor.

COS N - (COTS) (5.4) (BHp + 5) 0 . 8 5

(RPM) 0. 7 5

where

COSIX - cost of motor, $.
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COS24S = cost of standard size motor. (100 Hp, 1200 RPM),

BHp = motor horsepower, hp.

RPM - speed of motor, rpm.

2.49.5.8.6.2 Purchase price of standard size motor. A 100
Hp, 1200 RPM synchronous motor was selected as a standard. The
cost of this motor for the first quarter 1977 is:

COSTIHS = $2,350

For better cost estimation, COSiMS should be obtained frao the
vendor and treated as a unit price input. If this is not done,
the cost will be adjusted using the Marshall and Swift Cost
Index:

COSIMS - 2350 * MSECI
491.6

2.49.5.8.7 Purchase price of pumps and driver.

COSTPM - COSTP + COSIM

where

COSTPM - cost of pump and drivers, $.

2.49.5.8.8 Installed equipment cost:

2.49.5.8.8.1 Guthrie gives the following factors to be used
to estimate field installation cost of punp and drivers.

Items Percent of Equipment Cost

Equipment cost 100.0%
Field Material

Piping 29.6%
Concrete 3.9%
Ins truments 2.9%
Electrical 30.3%
Insulation 2.5%

Paint 0.8%

70.0%

Field Labor

Material erection 59.0%
Equipment setting 8.9%

67.9%

Total Direct Cost 237.9%
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2.49.5.8.8.2 The installed equipment cost.

IPC - 2.379 x (COSTPM) N

where

IPC = installed pumping equipment cost, $.

N - total number of pumps.

2.49.5.8.9 Variable speed control module. It is assumed
the variable frequency drive system will be used.

2.49.5.8.9.1 If no variable speed pump is specified:

COSTV = 0

2.49.5.8.9.2 If variable speed pump is specified.

COSTV = (COSTVS) Exp (0.00432 BHp)

where

COSTV - purchase price of variable frequency drive
module, $.

COSTVS - cost of a standard size variable frequency drive,
$, (20HP).

BHp = horsepower of the motor, hp.

2.49.5.8.9.3 Cost of the standard size control module for a
20 HP motor.

COSTVS - $11,500 " MSEI

2.49.5.8.9.4 Installed cost. The following multipliers will
have to be added to the purchase price of the equipment for
installation cost.

Logic Control 20%
Motor Starter 10%
Installation 15%

Sum 45%

Thus the installed control module cost would be:

COSTVI - 1.45 (COSTV) (NVS)
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2.49.5.8.10 Total bare construction cost.

TBCC - CF (COSTE + COSTPB + COSTCW + COSTCS + IPC + COSTV)

where

TBCC = total bare construction cost, $.

CF = correction factor minor construction costs.

2.49.5.8.11 Operation and maintenance material and supply

costs.

fOMMP,
OMMC = (TBCC)

where

OMMC - operation and maintenace material and supply

cost, $.

OMMP - operation and maintenance material and supply
costs, as a percent of total bare construction

cost, percent.

2.49.5.9 Cost Calculations Output Data.

2.49.5.9.1 Total bare construction cost, TBCC, $.

2.49.5.9.2 Operation and maintenance material and supply
costs, OMMC, S/yr.
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2.51 PRESSURE FILTRATION

2.51.1 Background.

2.51.1.1 Belt pressure filters are marketed in the United States
by Passavant and Ralph B. Carter Comipany. The system is widely used
in Europe, where it was jointly developed by two firms, Degermont and
Phillipe. It is known as the "Flocpress" in Europe. Most of the
comments related to filter presses are also applicable to belt pres-
sure filters.

2.51.1.2 In this design the sludge is spread across a woven
synthetic fiber belt, which travels horizontally for a variable length
where the action of both capillarity and gravity will allow a natural
drainage. This belt, after running horizontally on supporting rol-
lers, wraps around a rubber-covered drum provided with grooves for
draining away the filtrate. The action of a continuous pressure be lt
of cloth reinforced rubber subjects a pressure by gradually decreasing
the gap between the f'lter belt and the pressure belt as they move
forward, so that the pressure applied increases over the whole length
of the filtration zone. The dried cake is then removed from the
filter belt by means of a flexible scraper. A second scraper is also
needed to clean the pressure belt.

2.51.1.3 Chemical conditioning is required for belt pressure
filters just as it is for filter presses. One notable exception is
that, while filter presses usually reauire media conditioning, belt
pressure filters do not generally require conditioning. Chemical
addition, mixing, flocculation, and gravity thickening are required.
In most instances a polymer addition is helpful.

2.51.1.4 There is a tendency for sludge to flow out the edges
between the belts and to limit the applied pressure to slightly more
than two atmospheres as pressure increases. Because of pressure
limitation, the dryness of the cake never approaches that of filter
presses. Table 2.51-1 indicates typical operating performances of the
"Flocpress"

2.51.2 Input Data.

2.51.2.1 Average wastewater flow, mgd.

2.51.2.2 Sludge volume, gallons/million gallons.

2.51.2.3 Raw sludge solids concentration, %.

2.51.2.4 Sludge produced by conditioning chemicals.
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Table 2.51-1. Operating Perfomance for the Flocpress

Cake
Feed Sludge Output in lbs Percent Polymer

Percent Per ft of Belt Dry lbs per
Type of Sludge Dry Solids Width Per Hr Solids Dry Ton

Municipal Sewage
Raw Primary 5-10 161-268 25-35 1.8-4
Anaerobic Digested -

Primary 4-10 168-235 26-36 2.0-6
Mixed Primary and

Waste Activated 4-9 87- 168 20-28 1.5-6
Anaerobic Digested

Primary and Waste 3.5-9 134-268 18-23 3.4-8
Activated

Aerobic Digested 1.5-2.5 54-101 12-18 4.0-8

Raw Slaughter House Waste 2.5-3.5 134-302 20-30 5.0-8

Lime Softening Sludge 10-15 335-670 55-70 0.4-1

Alum Sludge 3-6 54-85 14-18 1.5-5

White Water Sludge
Paper Mill 2.5-4 67-268 20-25 2.0-4

Manufacturer of Semi-Chem
Pulp

Fibers and Sawdust 4-7 134-335 25-32 0
Sawdust 8-15 402-670 30-35 0
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2.51.2.5 Cake solids, %.

2.51.2.6 Cake density, lb/ft3.

2.51.2.7 Belt speed, ft/hr.

2.51.2.8 Loading rate, lb/ft of width/hr.

2.51.2.9 Operating schedule, hr/day.

2.51.3 Design Parameters.

2.51.3.1 Sludge volume per million gallons treated.

2.51.3.2 Raw sludge solids concentration, Z. 1.5-15%

2.51.3.3 Conditioning sludge, from laboratory studies. Use 0.2
of sludge solids as an estimate if laboratory data are not available.

2.51.3.4 Type and amount of conditioning chemicals, %, fran
laboratory studies.

2.51.3.5 Cake solids. (Table 2.51-1).

32.51.3.6 Cake density. Approximately 70-80 lb/ft

2.51.3.7 Belt speed, frm laboratory studies. If unknown, use
10-15 ft/hr, or an average of 12 ft/hr.

2.51.3.8 2 Loading rate, from laboratory studies. If unknown, use
5-8 Ib/ft /hr, or an average of 6.5 lb/ft /hr.

2.51.3.9 Operating schedule, hours per day. (8-16 hr).

2.51.4 Process Design Calculations.

2.51.4.1 Calculate the pounds of dry solids in sludge flow per
day.

(Q avg) (SF) (SS) (8.34)
DSS - v 100

where

DSS - pounds of dry sludge solids per day.

Qavg - average wastewater flow, mgd.

SF - sludge flow, gallons/million gallons.
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SS = suspended solids in flow to pressure filter, %.

2.51.4.2 Calculate the total pounds of dry solids produced per
day.

PDSPD - DSS + (CS)(DSS)

where

PDSPD = dry solids produced daily, pounds.

CS - conditioning solids, expressed as a fraction of
sludge solids. (0.2)

2.51.4.3 Calculate the weight of the filter cake produced.

PFC - PDSPD x 100
CSC

where

PFC - pounds of filter cake produced per day, net weight.

CSC - cake solids content, %.

2.51.4.4 Determine the cake volume.

C mPFC
CD

where

CV - cake volume, ft 3/day.

3CD - cake density, lb/ft

2.51.4.5 Calculate the total area of pressure filter needed to
dewater the specific sludge at specified loading rate.

AF - PDSPD
(HPD) (SLR)

where

AF m area of pressure filter, ft 2 .

HPD - operating schedule for unit, hours per day.

LR - solids loading rate, lb/ft 2/hr.

2.51.4.6 Consult manufacturer's literature to select appropriate
filter, based on the area calculated and desired dewatering time
(typically 3-6 hours) and the belt speed determined fran laboratory
studies.
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2.51.5 Process Design Output Data.

2.51.5.1 Volume of filter cake, ft3.

2.51.5.2 Cake solids content, %.

32.51.5.3 Weight of filter cake, lb/ft

22.51.5.4 Area of pressure filter, ft

2.51.6 Quantities Calculations. Not Used.

2.51.7 Quantities Calculations Output Data. Not Used.

2.51.8 Unit Price Input Required. Not Used.

2.51.9 Cost Calculations.

2.51.9.1 Calculate operation and maintenance cost.

X - log (Q avg)

Z - 1.3906 - 0.73944(X) + 0.081625(X)
2

ez Qavg x 10 3

O&M- a-
100

where

O&M - operation and maintenance cost, $/yr.

2.51.9.2 Calculate total bare construction cost.

Y - -0.69698 - 0.12594(X) + 0.095578(X)
2

TBCC - e

where

TBCC - total bare construction cost, $.

2.51.10 Cost Calculations Output Data.

2.51.10.1 Total bare construction cost, TBCC, $.

2.51.10.2 Operation and maintenance cost, O&M, S/yr.
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2.53 RECARBONATION

2.53.1 Background.

2.53.1.1 Recarbonation is a unit process that has long been
used in lime-softening water treatment plants. In water treatment,
recarbonation is usually practiced ahead of the filters to prevent
calcium carbonate deposition on the grains which will result in
shortening of the filter runs. Recarbonation is also used to lower
the pH of the lime-treated water to the point of calcium carbonate
stability to avoid deposition of calcium carbonate in pipelines.

2.53.1.2 More recently, with the increased use of lime
treatment of wastewaters, recarbonation has been more widely used
in wastewater treatment. Recarbonation, in wastewater treatment,
is mainly used to adjust the pH following lime treatment for such
applications as phosphorus removal, ammonia stripping, or chemical
clarification.

2.53.1.3 Recarbonation may be practiced as either a two-stage
or a single-stage system. Two-stage recarbonation consists of two
separate treatment steps. In the first stage, sufficient carbon
dioxide is added in the primary recarbonation stage to lower the pH
of the wastewater to p1 - 9.3, which is near the minimum solubility
of calcium carbonate. The sludge produced, which is mainly calcium
carbonate, is then renoved through settling and recalcined if
recovery of the lime is desired. The time required to complete the
reaction is nomally 15-30 min. In the second stage, carbon
dioxide is added to lower the pH to a value of pH - 7. It is
possible, however, to add sufficient carbon dioxide to lower the pH
from 11 to 7 in a single stage. Single-stage recarbonation eliminates
the need for an intemnediate settling basin which is needed in the
two-stage system. However, single-stage recarbonation normally
results in an increase in the calcium hardness of the water.

2.53.1.4 The reactions involved in the recarbonation process
may be simplified as follows:

Ca(OH)2 + CO2 -- *CaCO 3 + H20

CaCO3 + CO2 + H2 0--*Ca(HCO3 ) 2

2.53.1.5 The amount of CO2 needed to complete the reactions,
.as calculated from the equations above is as follows:

Calcium hydroxide to calcium carbonate.

CO2 (lb/million gal) - 3.7 (OH" alkalinity in mg/l as CaCO3 )
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Calcium carbonate to calcium bicarbonate.

CO2 (lb/million gal) - 3.7 (CO; alkalinity in mg/l as CaCO3).

2.53.2 Input Data.

2.53.2.1 Wastewater flow.

2.53.2.1.1 Average flow.

2.53.2.1.2 Peak flow.

2.53.2.2 Wastewater characteristics.

2.53.2.2.1 Alkalinity.

2.53.2.2.2 Hydroxide alkalinity, mg/l as CaCO 3 '

2.53.2.2.3 pH.

2.53.3 Design Parameters.

2.53.3.1 Contact time, min (15-30).

2.53.3.2 Carbon dioxide dose, lb/million gal.

2.53.3.3 Desired effluent pH.

2.53.4 Process Design Calculations.

2.53.4.1 Two-stage.

2.53.4.1.1 Primary stage to pH - 9.3.

2.53.4.1.1.1 Calculate tank volume,
V = Q(0)10 6

60(24)

where

V - tank volume, gal.

Q - wastewater flow, mgd.

t - contact time, min (15-30).

2.53.4.1.1.2 Calculate CO2 requirement.

CO2 - (3.7)(OH" (Q)/0.116/1440)

where

CO2 - carbon dioxide requirement, cfm/mgd.
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3.7 - stochianetric value to convert hydroxide to

carbonate.

OH - hydroxide alkalinity, in mg/l as CaCO 3.

Q - wastewater flow, mgd.

3
0.116 - density of C02, lb/ft

1440 = min/day.

2.53.4.1.2 Secondary stage to pH = 7.

2.53.4.1.2.1 Calculate tank volume,

V = Q(t)106
24(60)

where

V - volume, gal.

Q - wastewater flow, mgd.

t = contact time, min (15-30 min).

2.53.4.1.2.2 Calculate CO2 requirement.

CO2 - 3.7(C0;+ OT')(Q)/0.116/1440

where

CO; - carbonate alkalinity, mg/l as CaCO3 '3aO 3

OH" - hydroxide alkalinity, mg/l as CaCO 3.

Q - wastewater flow, mgd.

2.53.4.2 Single-stage recarbonation to pH - 7.

2.53.4.2.1 Calculate volume of tank.

V - (Q)(t)/60/1440

where

V - volume, million gal.

t - contact time, min (5-30 min).

2.53.4.2.2 Calculate CO2 requirements.

CO2 (cfm/mgd) - 7.4(OHT) + 3.7 (C0;)(Q)/0.116/1440
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where

OH" - hydroxide alkalinity, mg/l as CaCO3.

CO; - carbonate alkalinity, mg/l as CaCO

2.53.5 Process Design Output Data.

2.53.5.1 Volume of tank, million gal.

2.53.5.2 Carbon dioxide requirenent, cfm/mgd.

2.53.5.3 Final pH.

2.53.5.4 Contact time, min.

2.53.6 Quantities Calculations. Not used.

2.53.7 Quantities Calculations Output Data. Not used.

2.53.8 Unit Price Input Required. Not used.

2.53.9 Cost Calculations. At present no cost data are
available for recarbonation units, As costs are made available
they will be included.

2.53.10 Cost Calculations Output Data. Not used.

2.53.11 Bibliography.

2.53.11.1 American Water Works Association, "Water Quality and
Treatment", 3rd Edition, McGraw-Hill Book Co., 1971.

2.53.11.2 Culp, R.L. and Culp, G.L., "Advanced Wastewater
Treatment", Van Nostrand Reinhold Company, 1971.

2.53.11.3 Sawyer, C.N. and McCarty, P.L.,"Chenistry for
Sanitary Engineers", McGraw-Hill Book Co., 2nd Edition, 1967.
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2.55 ROTATING BIOLOGICAL CONTACTOR SYSTEM

2.55.1 Background.

2.55.1.1 The rotating biological contactor (RBC^) system
consists of a series of plastic discs mounted on a shaft. These
discs are partially submerged in the wastewater and slowly rotated,
thus exposing then alternately to air and wastewater. The discs act
as supporting media for the biological growth which aerobically
treats the wastes. Growth thickness is controlled by the shear
forces produced by the water acting on the rotating discs. Covering
the shafts is necessary to prevent sun-induced algae growth as well
as to prevent freezing in colder climates. RBC shafts are available
in lengths of fron 10 to 25 feet and support from 40,000 to 150,000
square feet of media per shaft. In order to simplify the design
procedure, a shaft of 100,000 square feet of surface area is used in
this section.

2.55.1.2 The main advantages RBC has over activated sludge and
trickling filters are reduced land requirements and lower power
consumption. With increased concern in these areas, REC has been
receiving increased attention. Although this process is relatively
new to the U.S. (since 1969), it has been used successfully in
Europe for the past 20 years.

2.55.1.3 R.BC is applicable to both carbonaceous removal and
nitrification, however, this design procedure applies only to the
f omne r.

2.55.1.4 New developments in RBC drives, such as air drive
sys ten, are presently available fram sane manufacturers which reduce
maintenance costs, however only mechanical drives will be considered
here to represent a more accurate cross section of available units.

2.55.2 Input Data.

2.55.2.1 Influent soluble BOD, mg/l (optional).

2.55.2.2 Influent BOD, ing/l.

2.55.2.3 Design effluent total BOD, mg/l.

2.55.2.4 Design flow rate, mgd.

2.55.2.5 Peak design flow, mgd.

2.55.2.6 Wastewater temperature, 0 C.

2.55.2.7 Media surface area per shaft, ft. 2(default value of
100,000).
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2.55.3 Design Parameters.

2.55.3.1 Influent soluble, BOD, mg/l.

2.55.3.2 Hydraulic loading.

22.55.3.3 Media surface area per shaft, ft

2.55.4 Process Design Calculations.

2.55.4.1 The governing factor in the design of RBC system has
been shown to be the soluble BOD loadings to the media surface.
However, very few soluble BOD values of municipal sewage are availa-
ble. In this design, if soluble BOD value is not given, the fol-
lowing empirical equation is utilized to synthesize an influent
soluble BOD 5 value fram the total BOD given.

I = 0.6 IH

where

I = Influent Soluble BOD, mg/l

IH - Total Influent BOD, mg/

2.55.4.2 Calculate design hydraulic loading. The following design
procedure is suggested by one of the leading manufacturers of RBC sys-
tens.

2.55.4.2.1 If the design effluent total BOD is between 30 and 50
mg/l,

H - E-0.061 + 50
0.31 + 1.58

2.55.4.2.2 If the design effluent total BOD is between 10 and 29
mg/l,

H- E + 9.94
0.171 - 0.37

where

H - hydraulic loading, gpd/ft. 2

E - design effluent total BOD, mg/l.

I - influent soluble BOD, mg/l.

2.55.4.3 Temperature Effect. Since the empirical equation is
expressed with regard to temperature in OF, the influent temperature will
be corrected by using the following equation:

TF - 1.8 x T + 32
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If the average wastewater temperature is expected to be below
55°F, the hydraulic loading must be corrected to achieve complete treat-
ment. The following equation is provided for this correction:

C = 0.0225(TF) - 0.25

H CxHc

where

C - correction factor.

TF = average wastewater temperature, 0F.

2H - corrected hydraulic loading, gpd/ft.

2H - hydraulic loading, gpd/ft.

2.55.4.4 Safety Factor for Variation of Influent Flow. The design
fomula used in the above procedure was empirically obtained under the
condition that no great variation of flow was received at the plant.

One of the RBC manufacturers suggested that when the peak flow to
average flow ratio is more than 2.5, a safety factor should be used to
give a conservative design. The safety factor is calculated by using
the following equation.

SF - 1 + 0.143 -Pk - 2.5)(Qavg

where

SF = safety factor

Qpk = peak flow in mgd

Qavg - average design flow, mgd

and the design hydraulic loading, Hd would be:

Rd - Hc/SF

where

2
Hd - design hydraulic loading, gpd/ft.

Hc - corrected hydraulic loading.

2.55.4.5 Calculate the required media surface area.

A = Qavg x 106

Hd

2.55-3



where

2
A = required media surface area, ft.

Qavg = design flow rate, mgd.

2
Hd =-designed hydraulic loading, gpd/ft.

2.55.4.6 To ensure that the first stage is not overloaded, which
creates anaerobic conditions, it must contain a certain percentage of
the total media area.

The percentage is given as:

P = 2.09 x 10 - 3 H I
cA =PxA

Afs PxA

where

P - percent of total media surface area required in first
stage, decimal fraction.

2
H = corrected hydraulic loading, gpd/ft.c

I = influent soluble BOD, mg/l.

2A fs= media surface area required for first stage, ft.

A = total media surface area, ft. 2 .

2.55.4.7 Determine the recanmended nunber of stages using the fol-
lowing table:

E (mg/I) Nst

less than 30 4
between 30 and 50 3
between 50 and 120 2
greater than 120 1

where

E - design effluent BOD, mg/l.

Nst M recommended number of stages.
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2.55.4.8 Secondary Clarifier Loading. Secondary clarifier
following the rotating contactor can be designed in accordance with
accepted standards. However, it i recanmended that a surface
overflow rate of 400- 700 gpd/ft. should be used.

Because rotating contactor effluent will generally
contain 100 to 150 mg/l of suspended solids prior to reaching the
secondary clarifier, the solids loading on the clarifier is quite
low. Therefore, surface overflow rate is the only important design
factor.

2.55.4.9 Effluent Quality.

2.55.4.9.1 BOD 5 .

Both effluent BOD 5 and effluent soluU'l.e BOD 5 are specified by the
user.

2.55.4.9.2 Suspended solids,

The effluent suspended solids is specified by the user.

2.55.4.9.3 COD.

CODE = 1.5 BODE
CODES = 1.5 BODES

where

CODE - effluent COD concentration, mg/l.

BODE - effluent BOD 5 concentration, mg/l.

CODES - effluent soluble COD concentration, mg/l.

BODES - effluent soluble BOD 5 concentration, mg/l.

2.55.4.9.4 Nitrogen.

TKNE - 0.7 TKN
NH3E - TKNE

NO3E - N03 + 0.3 TKN
NO2E - 0.0

where

TKNE - effluent Kjedahl nitrogen concentration, mg/l.

TKN - influent Kjedahl nitorgen concentration, mg/l.
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NH3E = effluent ammonia concentration, mg/I.

NO3E = effluent NO3 concentration, mg/l.

N03 - influent NO3 concentration, mg/i.

NO2E = effluent NO2 concentration, mg/1.

2.55.4.9.5 Phosphorus.

PO4E - 0.7 P04

where

PO4E - effluent phosphorus concentration, mg/I.

P04 - influent phosphorus concentration, mg/1.

2.55.4.9.6 Oil and Grease.

OAGE = 0.0

where

OAGE - effluent oil and grease concentration, mg/l.

2.55.4.9.7 Settleable Solids.

SETSO - 0.0

where

SETSO - effluent settleable solids concentration, mg/l.

2.55.4.10 Sludge Production.

2.55.4.10.1 Sludge production by the rotating biological con-
tactor process has been shown to be related to the percent BOD
removal through the systen.

The total dry solids produced can be estimated by using:

SLDS - Y x l x 8.34 x Qavg (=A L

and the'volatile portion is usually 80% of the total solids. Thus

the volatile solids production rate is:

SLVDS - 0.8 x SLDS

where
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SLDS - sludge production rate, lbs. of dry solids/day.

SLVDS - volatile sludge product rate, lbs. of dry solids/day.

Y - sludge yield factor, lbs. of sludge/lb. BOD removed.

2.55.4.10.2 The RBC sludge from the bottom of clarifiers has
been shown to be in the range of 1 - 2% solids. Thus the sludge
flow rate is:

SLF - SLDS x 106
SLCON x 8.34X 'K 5Lr

SLF - sludge flow rate, gpd.

SLCON - sludge concentration, use 15,000mg/l.

2.55.5 Process Design Output Data.

2.55.5.1 Average design flow, Qavg, mgd.

2.55.5.2 Influent BOD concentration, IH, mg/I

2.55.5.3 Influent soluble BOD concentration, I, mg/1

2.55.5.4 Design hydraulic loading, Hd, gpd/sq. ft.

2.55.5.5 Required media surface area, A, ft.
2

2.52.5.6 Media surface area required for first sgate, Af s ,
ft.

2.55.5.7 Reconmended number of stages, Nst

2.55.5.1 Recommended secondary clarifier overflow rate,
gpd/ft.

2.55.5.9 Effluent suspended solids concentration, ESS, mg/I

2.55.5.10 Total sludge production, SLDS, lbs./day

2.55.5.11 Total volatile solids production, SLVDS, Ibs./day

2.55.5.12 Total sludge flow, SLF, gpd
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2.55.6 Quantities Calculations.

2.55.6.1 Calculate number of shafts necessary.
A

Nsh 
Ash

shhIf N sh is not an integer, use the next larger integer.

where

Nsh ' number of shafts necessary.

2
A = total media surface area, ft.

2
Ash = media surface area per shaft, ft.

(default value is 100,000)

2.55.6.2 Calculate number of shafts necessary in first stage.

N -SPNs
i Nfs -Psh

If Nfs is not an integer, use next larger integer.

where

Nfs = number of shafts in first stage.

P - percent of total media surface area required in first
stage, decimal fraction.

Nsh ' number of shafts necessary.

2.55.6.3 Calculate number of shafts in each subsequent stage,
N.
ss

2.55.6.3.1 If the design effluent total BOD is greater than 120
mg/l, then only one stage is required and there are no subsequent
stages.

If Nst - 1, then Nss = 0

2.55.6.3.2 If the design effluent total BOD is less than 120
mg/l, then the following fomula should be used.

N N sh - Nfs
ss N -1

St
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If N is not an integer, use next larger integer.
55

where
Nss - number of shafts in each stage following the first

stage.

Nsh = total number of shafts required.

Nfs - nunber. of shafts in first stage.

Nst - number of stages recommended.

2.55.6.4 Calculate minimum practical number of shafts needed.
This step is necessary due to rounding in previous calculations.

Nmp Nf (Nt1) Nss

where

N - minimum practical number of shafts needed.mp

Nfs - number of shafts needed in first stage.

Nst - number of stages reconmended.

N - number of shafts in each stage following the first
stage.

2.55.6.5 For simplicity of design, it is assumed that shafts
will be arranged in groups of eight. Each group will be called a
bank and will consist of two end shafts and six intennediate
shafts. Any shafts in excess of a multiple number of eight will
fo-n a partial bank of from one to seven shafts as needed. Many
other configurations are possible; however, varying the configu-
ration should not affect earth work and concrete requirements
significantly.

2.55.6.5.1 Calculate number of banks needed.

Nb - N /8mp

If Nb is not an integer, use next larger integer.

where

Nb - number of full and partial banks.
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N - minimum practical number of shafts needed.mp

2.55.6.5.2 Calculate number of end and intermediate shafts
needed.

Nes 2 Nb

N N -N
is mp es

where

N e nunber of end shafts needed.es

N b number of banks needed.

N is number of intermediate shafts needed.

N - minimum practical number of shafts needed.
mp

2.55.6.6 Calculate earthwork requirements.

Vew = 130 Nes + 142Nis

where
3

Vew - volume of earthwork required, yd.3

N - nunber of end shafts needed.es

Nis - number of intermediate shafts needed.

2.55.6.7 Calculate reinforced concrete requirements.

2.55.6.7.1 Vsc - 23 Nes + 20.7Nis

2.55.6.7.2 Vwc - 11.5 Nes Nis

where

V - volume of slab concrete needed, yd. 3sc

3V c - volume of wall concrete needed, yd..

N - number of end shafts needed.es

Nis = number of intermediate shafts needed.
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2.55.6.8 Calculate annual power consumption;

2
2.55.6.8.1 For a hydraulic loading between 0.5 and 2.5 gpd/ft

KWH - [3(3.9 - 1. 2 1 Hd)+ 7.12] 6,534 Qavg

2.55.6.8.2 For a hydraulic loading between 2.5 and 4.5 gpd/ft.
2

KWH - (17.05 - 2 .5Hd) 6,534 Qavg

where

KWH - annual power consumption, kwh/yr.

Hd - hydraulic loading, gpd/ft.2

Qavg - design flow rate, mgd.

2.55.6.9 Calculate annual operation and maintenance labor
requirements.

2.55.6.9.1 For a plant with less than 30 shafts

L -(1.25- 0.025 )52 N
mp mp

2.55.6.9.2 For a plant with 30 shafts or more.

L -26 N
om mp

where

L - annual operation and maintenance labor requirements,
om person-hrs./ yr.

N - minimum practical number of shafts needed.

2.55.6.9.3 It is assumed that 70% of the man hour requirement is allo-
cated for maintenance and the rest to operation. Thus,

Operation man hour requirement, OMH, man hr./yr.

OKH - 0.3 x L

Maintenance man-hour requirement, MMH, man-hr./yr.

MMH - 0.7 x Lan
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2.55.6.10 Other Operation and Maintenance Material Costs. This item
includes repair and replacement material cost and other minor costs,
such as lubricating oil. It is expressed as a percent of installed
costs of the RBC equipment.

AMP - 2%

OMMP - Percent of the installed RBC equipment costs.

2.55.6.11 Other Construction Cost Items. Frau the above estimation,
approximately 85% of the total construction costs have been accounted
for. Other minor cost items such as piping, site work, control system,
etc. would be the other 15 percent.

CF, correction factor would be = 1.18.85
2.55.7 Quantities Calculations Output Data.

2.55.7.1 Minimum practical number of shafts need, N
mp

2.55.7.2 Number of shafts in first stage, Nfs.

2.55.7.3 Earthwork required, Vew, Cu. Yd.

2.55.7.4 R.C. wall quantity, Vwe, Cu. Yd.

2.55.7.5 R.C. slab quantity, Vsc, Cu. Yd.

2.55.7.6 Annual power consumption, KWH, kwhr/yr.

2.55.7.7 Operational man hour requirement, OMH man-hr./yr.

2.55.7.8 Maintenance man hour requirement, MMH man-
hr./yr.

2.55.7.9 Other operation and maintenance material cost,
OMMP, percent.

2.55.7.10 Correction factor, CF.

2.55.8 Unit Price Inputs Required.

2.55.8.1 Cost of earthwork, UPIEX, $/cu yd.

2.55.8.2 Cost of R.C. wall in-place, UPICW, $/cu yd.
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2.55.8.3 Cost of R.C. slab in-place, UPICS, $/cu yd.

2.55.8.4 Standard size RBC equipment cost, COSRBC, $
(optional).

2.55.8.5 Marshall and Swift Equipment Cost Index,
MSECI.

2.55.9 Cost Calculations.

2.55.9.1 Cost of earthwork, COSTE.

COSTE - V x UPIEX

where

COSTE - cost of earthwork, $.

V ew- quantity of concrete wall, cu. yd.

UPIEX - unit price input of earthwork, $/cu yd.

2.55.9.2 Cost of concrete wall in-place, COSTCW.

COSTCW - VCW x UPICW

where

COSTCW - cost of concrete wall in-place, $.

Vw - quantity of concrete wall, cu. yd.

UPICW - unit price input cost of concrete wall in-
place. $/cu. yd.

2.55.9.3 Cost of concrete slab in-place, COSTCS.

COSTCS - Vcs x UPICS

where

COSTCS - cost of R.C. slab in-place, $.
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Vcs = quantity of concrete slab, cu. yd.

UPICS - unit price input of R.C. slab in-place, $/cu.
yd.

2.55.9.4 Cost of Installed Equipment.

2.55.9.4.1 Purchase cost of RBC equipment. This includes
the cost for the media, shaft and fiberglass cover. The
first quarter, 1977 cost of a shaft with media surface area
of 100,000 sq. ft. is approximately $30,500. In this pro-
cedure, it is preferred that the cost of equipment is input
fran user. If no user input is given, the default value is
given:

COSRBC = 30,500 x 4EC I
491.6

where

COSRBC - purchase cost of standard size media with
surface area of 100,000 sq. ft, $.

HSECI - current Marshall and Swift equipment cost index
fran input.

491.6 = Marshall and Swift cost index first quarter
1977.

2.55.9.4.2 Installation cost. It is estimated that a 15% ' -

markup should be added for installation of the RBC equipment.
Thus, the installed equipment cost, IEC.

IEC - 1.15 x COSRBC (N mp)

where

IEC - installed equipment cost, $.

N - minimum practical number of shafts needed.
mp

2.55.9.5 Other Cost Items. This category includes cost
of piping, walkways, electrical control instruments, site
work, etc. Costs can be adjusted by multiplying the cor-
rection factor CF to the sum of other costs.
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2.55.9.5.1 Total bare construction costs, TBCC.

TBCC - (COSTE + COSTCW + COSTCS + IEC) x CF
where

TBCC - total bare construction costs, $.

CF - correction factor for minor cost itens.

2.55.9.6 Operation and Maintenance Material Costs.
Since this iten of the operation and maintenance costs is
expressed as a percentage of the installed equipment cost, it
can be calculated by:

=MC - --M x IEC100

where

OMC = operation and maintenance material costs, $/yr.

OMMP = percentage of the total bare construction costs
as operation and maintenance material cost,
percent.

2.55.10 Cost Calculations Output Data.

2.55.10.1 Total bare construction costs of the RBC
systen cost, TBCC, $.

2.55.10.2 Operation and maintenance material costs,
OMMC, $/yr.

2.55.11 Bibliography.

2.55.11.1 Antonie, R.L., Fixed Biological Surfaces -
Wastewater Treatment, CRC Press, Inc. Cleveland, Ohio, 1976.

2.55.11.2 Antonie, R.L. "Response of the Bio-Disc Process
to Fluctuating Wastewater Flows", Proce. 25th Cenf. of Purdue
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2.55.11.3 Autotrol, Co., Biosurf Design Manual, January,
1979.
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2.57 SLUDGE DRYING BEDS

2.57.1 Background.

2.57.1.1 Sludge drying beds are a camon method for
dewatering digested sludge, especially in small plants. Drying
beds are usually constructed using 4-9 inches of sand over 8-18
inches of graded gravel. The beds are usually divided into at
least three sections for operational purposes. An underdrain
system usually of vetrified clay pipe, spaced 9-20 ft apart, is
used to remove water.

2.57.1.2 The design of sludge beds is influenced by many
factors, such as weather conditions, sludge characteristics,
land value, proximity of residences and use of sludge condi-
tioniing aids.

2.57.2 Input Data.

2.57.2.1 Sludge flow, gpd.

2.57.2.2 Solids in thickened sludge, %

2.57.2.3 Solids desired, %.

2.57.3 Design Parameters.

2.57.3.1 Depth of sludge applied (8-12 in).

2.57.3.2 Days (T) in which drainage is the primary drying
mechanism (1-8 days).

2.57.3.3 Solids after T days (15-25%).

2.57.3.4 Clearwater evaporation rate (available from the
U. S. Weather Bureau).

2.57.3.5 Correction of evaporation rate for sludge(
0.75).

2.57.3.6 Average rainfall in wet month (available from the
U. S. Weather Bureau).

2.58.3. -7 Fraction of rainfall absorbed by the sludge(
0.57).

2.57.3.8 Number of sections desired.
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2.57.4 Process Design Calculations.

2.57.4.1 Fill several coltuns with thickened/ digested
sludge to desired application depth. The bottom of the coliun
should contain sand and gravel in similar depths to that ex-
pected in the bed. Check the bed daily until drainage from the

bottom has essentially ceased. Record the number of days of
drainage (t d) and the percent solids in the sludge.

2.57.4.2 Calculate the required drying time.

301x H x S ~. 1  l\

aE - bRkS d~

where

T -total drying time, days.

H - depth to which sludge is applied, in.

S 0 initial solids, percent.

a - correction of evaporation rate for sludge,
0.75.

E - clearvater evaporation rate sludge,
in/month.

b - fraction of water absorbed by sludge,
0.57.

R - rainfall during wet month, in/month.

S 1 - solids content after t d days, percent.

S 2 - final solids content, percent.

t d ' time during which drainage is significant,
days.

2.57.4.3 Calculate the surface area.

Qsx T(12)

SA - H1(7.48)
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where

2SA - surface area required, ft

Qs = volumetric sludge flow, gpd.

2.57.4.4 Calculate the solids produced.

DTPY - QsS ( 8.34 lb/gal o(365 days!yr) 2n
100 2000 lb

where

DTPY = tons of dry solids per year.

2.57.4.5 Calculate weight of solids removed.

(DTPY) (100)

TPY = 2

where

TPY - total tons per year removed.

S2 = final solids content, %.

2.57.5 Process Design Output Data.

2.57.5.1 Area required, ft2.

2.57.5.2 Depth of sludge application, in.

2.57.5.3 Number of sections.

2.57.5.4 Area of each section, ft2.

2.57.5.5 Drying time in bed, days.

2.57.6 Quantities Calculations.

2.57.6.1 Uncovered drying beds with truck tracks for ease
of sludge pickup (See Figure 2.57-1) will be utilized in this
manual. A minimum of three beds will be provided for alternate
sludge application, drying and cleanup. A typical width of 20
feet is utilized. This limitation is imposed by the constraint
of manual sludge pickup and transfer to trucks. The length of
bed is limited to less than 150 feet. This is due to the
hydraulic constraint of the drainage pipes.
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2.57.6.2 Selection of the number of beds. The selection
of the number of drying beds is dependent on the total surface
area required. The following rule will be followed in this
s el ect ion.

N -3 + (SA - 9,000)
3000

N must be an integer and should always be larger than 3.

where

N - number of beds.

SA - total drying bed surface area required, sq ft.

2.57.6.3 Dimensions of drying beds.

2.57.6.3.1 Surface area of each individual bed, SAN, sq ft.

SA SA
N

2.57.6.3.2 Length of each bed, LN, ft.

LN =-A
20

where

20 - width of bed, ft.

2.57.6.4 Earthwork required for drying bed construction.
It is assumned that the depth of cut would be 4 feet and the
slope of cut would be 1:1. Thus the total volumne of cut can be
expressed by:

Vw [48 N (LN) + 224 N + 560 N 2 (LN) 2 + 4480 N2 (LN)]
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where

V = volume of earthwork in cu ft.ew

2.57.6.5 Quantity of reinforced concrete required.

2.57.6.5.1 This item includes the concrete dividing walls
and the truck tracks.

2.57.6.5.2 The typical cross section of the dividing wall is
shown in Figure 2.57-1. The quantity of wall would be:

V -f 5.06 [40 N + (N) (LN) + (LN)]cw

where

V =w volume of reinforced concrete in-place,
cu ft.

2.57.6.5.3 Volume of concrete required for the construction
of truck tracks:

V - 3 (N) (LN)
Cs

where

Vcs - volume of R.C. in-place, cu ft.

2.57.6.6 Quantity of sand and gravel.

2.57.6.6.1 It is assumed that a 12-inch depth of gravel and
a 9-inch depth of sand will be utilized in drying bed construc-
tion.

2.57.6.6.2 Volume of sand.

9Vds - 20 (N) (LN) T- M 15 (N) (LN)

where

V - volume of sand required, cu ft.
ds

2.57.6.6.3 Volume of gravel.

V - 20 (N) (LN)dg

where

Vdg - volume of gravel, cu ft.
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2.57.6.7 Perforated drain pipe required.

2.57.6.7.1 It is assumed that only the vitrified clay pipe
will be used for this purpose.

2.57.6.7.2 Size of pipe to be used. Only 4-inch, 6-inch,
and 8-inch diameter will be utilized. Selection of pipe size
depends on length of bed. The following rule will be used:

Clay Pipe Diameter

Length of Bed, LN (DICLP) In

< 100' 4"

100 - 200 6"

> 200 8"

2.57.6.7.3 Total length of pipe, CPL.

CPL - 2 (N) (LN)

2.57.6.8 Operation and maintenance manpower requirement.

2.57.6.8.1 Operation man-hours required, OMH.

When TPD < 0.09 (tons/day)

OMH - 360

When 0.09 - TPD - 0.8 (tons/day)

OMH = 964 (TPD)
0 .4 09

When TPD > 0.8 (tons/day)

OMH - 1066.4 (TPD)

where

TPD - sludge solids applied per day, tons/day.

OMH - operation man-hour requirement, man-hours/yr.

2.57.6.8.2 Maintenance man-hour requirement.

When TPD < 0.09 (tons/day)

MH - 160

When 0.09 S TPD S 0.8 (tons/day)

MMH - 432.8 (TPD) 0 . 4 0 9
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When TPD > 0.8 (tons/day)

MMH - 532.8 (TPD)

where

MMH - maintenance man-hour requirement, man-hour/yr.

2.57.6.9 Operation and material costs. This item is
principally related to replacement of sand removal in the bed
cleaning process. It is expressed as a percent of total bare
construction costs of the drying bed.

OMMP = 9%

where

OMMP - percent of the installed equipment costs for the
operation and maintenance material costs, percent.

2.57.6.10 Other construction cost items. Fran the above
calculations it can be seen that approximately 90 percent of the
construction costs have been accounted for. Other items such as
inlet piping, filtrate collection system, etc., would be 10
percent. Thus, the correction factor would be:

1

CF - 0 - 1.11

where

CF - correciton factor for minor construction costs.

2.57.7 Quantities Calculations Output Data.

2.57.7.1 Number of beds, N.

2.57.7.2 Surface area of each bed, SAN, sq ft.

2.57.7.3 Length of each bed, LN, ft.

2.57.7.4 Quantity of earthwork required, Vew , cu ft.
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2.57.7.5 Quantity of concrete wall, Vcw, cu ft.

2.57.7.6 Quantity of concrete slab, Vcs , cu ft.

2.57.7.7 Quantity of sand, Vds, cu ft.

2.57.7.8 Quantity of gravel, Vdg , cu ft.

2.57.7.9 Perforated pipe size, DICLP, in.

2.57.7.10 Length of pipe, CPL, ft.

2.57.7.11 Operation manpower requirement, OMH, man-hours/yr.

2.57.7.12 Maintenance manpower requirement, MMH, man-
hours/yr.

2.57.7.13 Operation and maintenance costs as a percent of
capital costs, OMMP, percent.

2.57.7.14 Other construction cost items, CF.

2.57.8 Unit Price Input Required.

2.57.8.1 Unit price input for earthwork, UPIEX, $/cu yd.

2.57.8.2 Unit price input for R.C. wall in-place, UPICW,
$/cu yd.

2.57.8.3 Unit price input for R.C. slab in-place, UPICS,
$/cu yd.

2.57.8.4 Current Engineering News Record Construction Cost
Index, ENRCCI.

2.57.9 Cost Calculations.

2.57.9.1 Cost of earthwork, COSTE.

Vcos'E -ew
COSTE - -2 x UPIEX

where

COSTE - cost of earthwork, $.

V ew - volune of earthwork, cu ft.

UPIEX - unit price input for earthwork, $/cu yd.
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2.57.9.2 Cost of reinforced concrete wall in-place,
COSTCW.

V
COSTCW =--- x UPICW x 0.7

27
where

COSTCW = cost of R.C. wall in-place, $.

V = total quantity of R.C. wall, cu ft.cw

UPICW - unit price input of R.C. wall in-place, $/cu yd.

0.7 - due to the simple construction, the unit price is
lowered to 70 percent.

2.57.9.3 Cost of R.C. slab in-place, COSTCS.

V
COSTCS = cs x UPICS x 0.6

27

where

COSTCS - cost of R.C. slab in-place, dollars.

V - volume of R.C. slab, cu ft.Cs

UPICS - unit price input for R.C. slab in-place,
$/cu yd.

0.6 - due to the simple construction, the unit price
is lowered to 60 percent.

2.57.9.4 Costs of sand and gravel media and drain pipe
system.

2.57.9.4.1 Cost of perforated clay piping system. The
installed piping cost for 1st quarter 1977 is summarized in the
following table:

Pipe Size Unit Cost of Installed Pipe
DICLP COSTCP, $/L.F.

4" $2.15/L.F.
6" $2.751L.F.
8" $4.25/L.F.

Cost of drain pipe systen, CDPS, dollars.

CDPS - COSTCP * CPL
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where

CDPS - cost of drain pipe systen, $.

COSTCP - unit cost of installed piping system, $/L.F.

CPL - length of pipe, ft.

2.57.9.4.2 Cost of sand and gravel. The 1st quarter 1977
costs of in-place sand and gravel are:

COSAND = $5.90/cu yd

COGRVL = $4 .30/cu yd

where

COSAND - unit cost of sand in-place, $,cu yd.

COGRVL - unit cost of gravel in-place, $/cu yd.

Thus cost of drying bed media, CODBM.

Vd V
CODBM - (COSAND) (- ) (COGRVL)

27 27)

where

Vds - volume of sand, cu ft.

Vdg - volume of gravel, cu ft.

3.57.9.4.3 For better estimates, the unit prices, COSAND,
COGRVL, and COSTCP, should be obtained from local vendors and be
treated as unit price input. Otherwise, the Engineering News
Record (ENR) Construction Cost Index should be used to update
these costs.

Thus, if unit prices are given from the input:

CODBMU - (CODBM + CDPS)

If no unit prices are given from the input:
ENRCCI

CODBMU - (CODBM + CDPS) 2470

where

CODBHU - updated costs of drying bed media and drainage
system, $.
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ENRCCI - Engineering News Record Construction Cost Index.

2470 - ENRCCI of 1st quarter, 1977.

2.57.9.5 Total bare construction costs of drying bed,
TBCC.

TBCC - CF (COSTE + COSTCW + COSTCS + CODBMU)

where

TBCC - total bare construction costs of sludge drying
bed, $.

CF - correction factors for minor construction items.

2.57.9.6 Operation and maintenance material costs, ONMC.
O&M material costs are estimated as a percent of the total bare
construction costs. Thus:

omMc= !! (TBCC)

where

OMMC - operation and maintenance material costs, $/yr.

OMMP - O&M material costs as percent of total

construction cost, percent.

2.57.10 Cost Calculations Output Data.

2.57.10.1 Total bare construction cost for sludge drying
bed, $.

2.57.10.2 Operation and maintenance material costs, $/yr.
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2.59 SLUDGE HAULING AND LANDFILLING

2.59.*1 Background.

2.59.1.1 Landfilling can provide an acceptable and inexpensive
method for ultimate sludge disposal, particularly for smaller facili-
ties. The method may be of special importance if it can be integrated
with solid waste disposal systems that have an operating sanitary
landfill. Other methods of sludge treatment, such as drying beds or
incineration, are cons idered to be methods of volume reduction that
produce a residue requiring ultimate disposal.

2.59.1.2 Sludge hauling and landfilling may be approached in a
manner similar to that for a typical solid waste disposal problem.
Most solid waste disposal systems have at least four definable com-
ponents: storage, collection, haul and disposal. In addition,
sludge disposal systems usually require some form of pretreatment if
associated costs are to be minimized.

2.59.1.3 Pretreatment of sludge is related to reducing the
volume to a minimum before transporting. Typical unit processes used
for volume reduction may include digestion, centrifugation, vacuum
filtration and sludge drying beds. Costs associated with these
processes are not considered to be part of sludge hauling or land-
filling but are very important in the overall sludge handling train.

2.59.1.4 Storage costs are site-specific and depend largely
upon the method selected in the sludge handling train. They may be
simply the costs associated with the purchase of bins for storage of
waste activated or primary sludge, a dump truck for storage of
digested sludge solids that have been centrifuged or vacuum filtered,
or the cost associated with sludge drying beds.

2.59.1.5 Collection costs are dependent upon a time-labor
relationship to transfer the sludge from storage to the transporting
vehicle, as a dunp or tank truck. There may not be a collection cost
associated with labor, however, a cost would be incurred to provide a
vehicle during the loading period. Larger facilities may require
that a driver be assigned to the vehicle during loading periods.
Collection costs may be significant when it is necessary to shovel
sludge from drying beds into trucks for transportation to the land-
fill. As Indicated in the above paragraphs collection costs are site
and system specific.

2.59.1.6 Transportation costs are associated with such para-
meters as truck cost, truck size, haul time, labor, and operating
costs per unit time for items such as depreciation, fuel, insurance,
maintenance, etc. Operating costs may be estimated from manufac-
turer's rating infounation and used in conjunction with estimates of
sludge production from various wastewater treatment processes.
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2.59.1.7 Disposal costs are related to the operation'and
management of the final disposal facility. This cost should be
minimal if the facility will integrate ultimate sludge disposal with
the disposal of refuse. When this is possible, the disposal costs
may only include the costs of unloading and a landfill fee. On the
other hand, if the landfill is to receive only waste sludge; costs
may be very significant as other equipment for operation of the
landfill will be required. The equipment used for landfill operation
may include units for excavation, placing, covering, and compaction
of fill.

2.59.1.8 The lowest possible moisture content attainable at a
reasonable costs should be produced for economical sludge hauling and
landfill operations. A reduction of moisture content will produce a
savings in storage, initial equipment, operating, and labor costs.

2.59.2 Input Data.

2.59.2.1 Average wastewater flow, Q avg mgd.

2.59.2.2 Sludge flow, SF, gallons/million gallons.

2.59.2.3 Raw sludge suspended solids concentration, SS, per-
cent.

2.59.2.4 Dewatered sludge solids concentration, CSS, percent.

2.59.2.5 Vehicle loading time, LT, hr.

2.59.2.6 Vehicle unloading time, ULT, hr.

2.59.2.7 Round trip haul time, HT, hr.

2.59.2.8 Solids capture in dewatering process, SCAP, percent.

2.59.2.9 Distance to disposal site, D, miles.

2.59.2.10 Work schedule, HPD, hrs/day.

2.59.3 Design Parameters.

2.59.3.1 Sludge volume per million gallons treated (Table 2.59-
1).

2.59.3.2 Raw sludge solids concentration (Table 2.59-1), 1.5-15
percent.

2.59.3.3 Concentrated solids (Table 2.59-1), .6-60 percent.

2.59.3.4 Vehicle capacity, yd 3/truck.
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2.59.3.5 Truck loading time, 0.5-2.0 hr.

2.59.3.6 Haul time, local conditions.

2.59.3.7 Daily work schedule, 6-8 hr.

2.59.3.8 Solids capture (Table 2.59-2), 70-99 percent.

2.59.4 Process Design Calculations.

2.59.4.1 Sludge volume hauled.

(Qavg )(SF)(SS)

(7.48) (27) (CSS)

where

SV - sludge volume hauled, cu yd/day.

Qavg = average wastewater flow, mgd.

SF - sludge flow, gallons/million gallons.

SS - raw sludge suspended solids concentration, percent.

CSS - dewatered sludge solids concentration, percent.

2.59.4.2 Capacity of trucks. The system which was selected to
haul the sludge is a semi-trailer with a tractor. The trailer is
equipped with a hydraulic ram for removal of the sludge. The fol-
lowing is given for selection of trailer size.

Qavg9 (mgd) Truck Capacity, CAP (cu yd)

0.5 to 12.5 19
12.5 to 25.0 22

25.0 30

2.59.4.3 Number of vehicles.

NjTR . (SV) (LT + HT)
(HPD) (CAP)

where

NTR - number of trucks required.

LT - vehicle loading time.

HT - round trip hauling time.

HPD - work schedule, hrs/day.

CAP - vehicle capacity, cu yd/truck.
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2.59.4.4 Tons of sludge hauled per day.

(Q avg) (SF) (SS) (SCAP) (8.34)
TSH ag

100 (CSS) (2000)

where

TSH = tons of sludge hauled per day, tons/day.

SCAP = solids capture, percent.

2.59.4.5 Number of round trips per day per truck.

RTD SV
(NTR) (CAP)

Round RTD up to next largest integer.

where

RTD - round trips per truck per day.

SV = sludge volume hauled, yd3/day.

NTR = number of trucks required.

CAP = vehicle capacity, yd 3/truck.

2.59.5 Process Design Output Data.

2.59.5.1 Average wastewater flow, Qavg' mgd.

2.59.5.2 Raw sludge suspended solids concentration, SS, per-
cent.

2.59.5.3 Dewatered sludge solids concentration, CSS, percent.

2.59.5.4 Sludge volume hauled, SV, cu yd/ day.

2.59.5.5 Vehicle capacity, CAP, cu yd.

2.59.5.6 Number of trucks required, NTR.

2.59.5.7 Tons of sludge hauled per day, TSH, tons/day.

2.59.5.8 Distance to disposal site, D, miles.

2.59.6 Quantities Calculations.

2.59.6.1 Sludge storage shed. Depending on the location of the
landfill site, there will be periods, especially during the winter
months, when landfilling operations cannot be continued. For this
reason, a storage shed, sized to handle the anticipated volume of
sludge produced during landfill shutdown periods, must be furnished.
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2.59.6.1.1 Sludge storage shed floor area.

SSSA - (SV) (T) (27)
h

whe re

SSSA - sludge storage shed area, sq ft.

SV - sludge volume hauled, cu yd/day.

T -maximum anticipated landfill downtime, use 30
days, days.

h - anticipated sludge storage height, use 8 ft, ft.

2.59.6.1.2 Length and width of storage shed slab. The length of
the shed is assumed to be twice the width.

L -2W

SSSA = (L)(W) - 2W2

W.SSSA 
0.

2

where

L - length of sludge storage shed slab, ft.

W - width of sludge storage shed slab, ft.

2.59.6.1.3 Volume of earthwork required for sludge storage shed.
It is assumed that the top of the slab will be at the natural ground
level. The side slopes of the excavation will bp I to 1.

0.5

Vew - [4W 2 + 15W + 25 + (4W4 + 30W3 + 50W
2 2) .5]

where

V - volume of earthwork, cu ft.ew

2.59.6.1.4 Volume of reinforced concrete required for slab.

V - W(13.74 + 2W)cs

where

V - volume of R.C. required for slab, cu ft.
c9
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2.59.6.1.5 Surface area of canopy roof for sludge storage shed.

SACR = SSSA

where

SACR = surface area of canopy roof, sq ft.

2.59.6.2 Operation manpower.

2.59.6.2.1 Calculate round-trip haul distance.

RTHD = 2D

where

D = distance to disposal site, miles.

RTHD = round trip haul distance, miles.

2.59.6.2.2 Calculate operation manpower.

If 0 < RTHD _ 16.5 miles, the operation manpower is calculated by:

OMH = (260) (TSH) (.0263) (RTHD)
0 .2 7 0 8

where

OMH = operation manpower required, man-hours/yr.

If RTHD > 16.5 miles, the operation manpower is calculated by:

OMH = (.0034)(260)(TSH)(RTHD)

2.59.6.3 Distance travelled per year per truck.

DTT = (RTHD) (RTD) (5) (50)

where

DTT - distance travelled per year per truck, miles/yr.

RTD = round trips per day per truck.

5 - days of operation per week.

50 - weeks of operation per year.
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2.59.6.4 Operation and maintenance material and supply costs.
These costs are given as a percent of the cost of the vehicle used
for hauling. The costs include the cost for maintenance labor as
well as the cost of repair and replacement parts.

2.59.6.4.1 For 19 cu yd vehicle:

OMMP - .0013 (DTT)

2.59.6.4.2 For 22 cu yd vehicle:

OMMP - .00106 (DTT)

2.59.6.4.3 For 30 cu yd vehicle:

OMMP - .00102 (DTT)

where

OMMP - O&M maintenance material and supply costs, as
percent of vehicle cost, percent.

2.59.7 Quantities Calculations Output Data.

2.59.7.1 Sludge storage shed area, SSSA, sq ft.

2.59.7.2 Volume of earthwork, V ew cu ft.

2.59.7.3 Volume of R.C. slab required, Vcs , cu ft.

2.59.7.4 Surface area of canopy roof, SACR, sq ft.

2.59.7.5 Round-trip haul distance, RTHD, miles.

2.59.7.6 Operation and maintenance material and supply costs,
as percent of vehicle cost, OMMP, percent.

2.59.7.7 Operation manpower required, OMH, man-hours, yr.

2.59.7.8 Distance travelled per year per truck, DTT, miles/yr.

2.59.8 Unit Price Input Required.

2.59.8.1 Cost of earthwork, COSTE, $/cu yd.
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2.59.8.2 Cost of R.C. concrete slab in-place, COSTCS, $/cu yd.

2.59.8.3 Cost of canopy-type roof, UPIR, $/sq ft.

2.59.8.4 Cost of flat monthly or yearly charge for landfilling
sludge, CMC or CYC, $Imo or yr.

2.59.8.5 Cost per cubic yard to landfill sludge, CPCY, $/cu yd.

2.59.8.6 Cost per ton of sludge to landfill, CPT, $/ton.

2.59.8.7 Cost of standard size vehicle, COSTSSV, $ (optional).

2.59.8.8 Marshall and Swift Equipment Cost Index, MSECI.

2.59.9 Cost Calculations.

2.59.9.1 Cost of earthwork.
Vew

COSTE -(ew UPIEX

where

COSTE = cost of earthwork, $.

V - volume of earthwork, cu ft.ew

UPIEX - unit price input for earthwork, $/cu yd.

2.59.9.2 Cost of concrete slab in-place.

VcosCS- cs
COSCS (*7=) (UPICS)

where

COSTCS - cost of R.C. slab in-place, $.

Vcs W volume of R.C. slab in-place required, cu ft.

UPICS - unit price input for R.C. slab in-place, $/cu yd.

2.59.9.3 Cost of canopy-type roof.

COSTCR - (SACR) (UPIR)
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where

COSTCR - cost of canopy-type roof, $.

SACR = surface area of canopy-type roof, sq ft.

UPIR - unit price input for canopy-type roof, $/sq ft.

2.59.9.4 Cost of sludge hauling vehicles.

2.59.9.4.1 Purchase cost of sludge hauling vehicles.

COSTSV - (NTR) (COSTSSV) (COSTRO)

where

COSTSV = cost of sludge hauling vehicle, $.

NTR - number of vehicles.

COSTSSV - cost of standard size vehicle, 22 cu yd, $.

COSTRO = ratio of cost of vehicle of desired capacity and
the cost of the standard size vehicle.

2.59.9.4.2 COSTRO. Vehicles in three sizes are available. The
cost ratio for each size is as shown:

Vehicle Size (cu yd) COSTRO

19 .82
22 1.00
30 1.04

2.59.9.4.3 Cost of standard size vehicle (22 cu yd). The cost of
a vehicle with a 22 cu yd capacity in the first quarter of 1977 is:

COSTSSV - $51,700

For better cost estimation, COSTSSV should be obtained fran the
vehicle manufacturer and treated as a unit price input. Otherwise,
for future escalation, the equipment cost should be adjusted by using
the Marshall and Swift Equipment Cost Index.

COSTSSV - (51,700) 49-CI
491.*6

where

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index for 1st
quarter 1977.
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2.59.9.5 Cost of landfilling dewatered sludge. Generally in a
private landfilling operation, the charges assessed to a municipality
to dispose of dewatered sludge, are computed one of three ways: 1)
Flat monthly or yearly charge, 2) Charge by the truck load (which
can be related back to a charge per cu yd), 3) If the landfill has a
set of scales, a charge per ton of sludge can be used.

2.59.9.5.1 Case I - Monthly or yearly disposal fee.

COSTLF - (12)(CMC) or CYC

where

COSTLF = cost to landfill dewatered sludge, $/yr.

CMC = constant monthly charge (local option - local
condition), $ per month.

CYC - constant yearly charge (local option - local
condition), $ per year.

2.59.9.5.2 Case II - Disposal fee based on yd3 of sludge de-
livered to landfill site.

COSTLF = (SV) (CPCY) (365)

where

COSTLF = cost to landfill dewatered sludge, $/yr.

SV = sludge volume hauled, yd 3/day.

CPCY - cost 3 per cubic yard of sludge to landfill,
$/yd (local conditions).

2.59.9.5.3 Case III - Disposal fee based on tons of sludge
delivered to landfill site.

COSTLF = (TSH) (365) (CPT)

where

COSTLF - cost to landfill dewatered sludge, $/yr.

TSH - tons of sludge hauled per day, tons/day.

CPT - cost per ton of sludge to landfill, $/ton
(local condition).
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2.59.9.6 Operation and maintenance material and supply costs.
In addition to the normal material and supply costs, the cost of
operating the landfill will be considered a part of this cost.

OMMC - (ML--) (COSTSV) + COSTLF

where

OMMC - operation and maintenance material and supply costs,
$/yr.

OHMP - operation and maintenance material and supply costs,
as percent of purchase cost of sludge vehicles, percent.

2.59.9.7 Total bare construction cost.

TBCC - COSTE + COSTCS + COSTCR + COSTSV

where

TBCC = total bare construction cost, $.

2.59.10 Cost Calculations Output Data.

2.59.10.1 Total bare construction cost, TBCC, $.

2.59.10.2 O&M material and supply costs, OKMC, $/yr.
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Table 2.59-1. Noxmal Quantities of Sludge Produced by
Different Treatment Processes

Gallons
Sludge/ Sludge

mg Solids Specific
Wastewater Treatnent Process Treated Percent Gravity

Primary sedimentation
Undiges ted 2,950 5.0 1.02
Digested in separate tanks 1,450 6.0 1.03

Trickling filter 745 7.5 1.025

Chemical precipitation 5,120 7.5 1.03

Primary sedimentation and
activated sludge

Undigested 6,900 4.0 1.02
Digested in separate tanks 2,700 6.0 1.03

Activated sludge
Waste sludge 19,400 1.5 1.005

Septic tanks, digested 900 10.0 1.04

Imhoff tanks, digested 500 15.0 1.04

Table 2.59-2. Process Efficiencies for Dewatering
of Wastewater Sludge

Unit Process Solids Capture, percent Cake Solids, percent

Centrifugation
Solid bowl 80-90 5-13
Disc-nozzle 80-97 5-7
Basket 70-90 9-10

Dissolved air flotation 95 4-6

Drying beds 85-99 8-25

Filter press 99 40-60

Gravity thickener 90-95 5-12

Vacuum filter 90+ 28-35
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2.61 THICKENING.

2.61.1 Background.

2.61.1.1 Thickening reduces the moisture content of a slurry.
Thickening is used at most waste treatment plants, as an economic
measure, to reduce the volume of sludge or for greater efficiency in
subsequent processes. Thickening is notmally accomplished by gravity
or flotation thickeners; centrifuges have also been used as sludge
thickeners.

2.61.1.2 In this section only gravity thickening and flotation

thickening will be addressed.

2.61.2 General Description Flotation Thickening.

2.61.2.1 Flotation is a solid-liquid separation process.
Separation is artifically induced by introducing fine gas bubbles
(usually air) into the system. The gas-solid aggregate with an
overall bulk density less than the density of the liquid; thus, these
aggregates rise to the surface of the fluid. Once the solid par-
ticles have been floated to the surface, they can be collected by a
skimming operation.

2.61.2.2 In wastewater treatment, flotation is used as a
clarification process to remove suspended solids and as a thickening
process to concentrate various types of sludges. However, high
operating costs of the process generally limit its use to clari-
fication of certain industrial wastes and for concentration of waste-
activated sludge.

2.61.2.3 Air flotation systems may be classified as dispersed
air flotation or dissolved air flotation. In dispersed air flo-
tation, air bubbles are generated by introducing air through a
revolving impeller or porous media. This type of flotation system is
ineffective and finds very limited application in wastewater treat-
ment. Dissolved air flotation may be subclassified as pressure
flotation or vacuun flotation. Pressure flotation involves air being
dissolved in the wastewater under elevated pressures and later
released at atmospheric pressure. Vacuum flotation, however, con-
sists of applying a vacutu to wastewater aerated at atmospheric
pressure. Dissolved air-pressure flotation, considered herein is the
most commonly used in waterwater treatment.

2.61.2.4 The principal components of a dissolved air-pressure
flotation systen as shown in Figure 2.61-1 are a pressurizing pump,
air injection facilities, a retention tank, a back pressure regu-
lating device, and a flotation unit. The primary variables for
flotation design are pressure, recycle ratio, feed solid
concentration, detention period, air-to-solids ratio, use of polymers
and solids and hydraulic loadings. Optimum design parameters must be
obtained from bench scale or pilot plant studies. Typical design
parameters are listed in Table 2.61-1.
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CHEMICALS LDBFE

TI1CKENED

SLUDGE

NBOTTOM SLUDGE COLLECTORMIX TrANK OFTEN INCLUDED

PRESSURIZING PRESSURE
PUMP REDUCING

VALVE

RqETE'NTION
TrANK From Metcalf and Eddy, 1972

Figure 2.61-1. Schematic of Dissolved-Air Flotation Tank

2.61.3 General Description Gravity Thickening.

2.61.3.1 Gravity thickening is the most common process cur-
rently used for dewatering and for the concentration of sludge prior
to digestion. Gravity thickening is essentially a sedimentation
process similar to that which occurs in all settling tanks. The
process is simple and is the least expensive of the available thic-
kening processes.

2.61.3.2 Gravity thickening may be classified as plain settling
and mechanical thickening. Plain settling usually results in the
fomation of scum at the surface and stratification of sludges near
the bottom. Sludges from secondary clarifiers usually cannot be
concentrated by plain settling. Gentle agitation is usually employed
to stir the sludge, thereby opening channels for water escape and
promoting densification. A common mechanical thickener consists of a
circular tank equipped with a slowly revolving sludge collector.
Primary and secondary sludges are usually mixed prior to thickening.
A ratio of secondary sludge to primary sludge of 8 to 1 or greater is
recommended to assure aerobic conditions in the thickener. Chlorine
has been used to prevent sludge septicity and gasification which
interfere with optimum solids concentration of organic materials. A
chlorine residual of 0.5 to 1.0 mg/l in the thickening tank overhead
prevents such problems. Organic polyelectrolytes (anionic, nonionic,
and cationic) have been used successfully to increase the sludge
settling rates, the overflow clarity, and the allowable tank loading.
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2.61.3.3 Design of Thickeners. In the design of thickeners,
concentration of the underflow and clarification of the overflow must
be achieved. Mechanical thickeners (fig. 2.61-2) are designed on the
basis of hydraulic surface loading and solid loading. These par-
ameters are nomnally obtained from laboratory batch settling tests.
Procedures for conducting the tests and evaluating the design para-
meters are well documented in literaure. In the absence of labo-
ratory data, Table 2.61-2 may be used as a guide for selecting solid
loading rates. Typical surface loading rates of 600 to 800 gpd/ft
are recommended 2for most thickeners. Hydraulic loading rates of less
than 400 gpd/ft were reported to produce odor problems. Detention
time of the thickener may range between 2 and 4 hours. Gravity
thickening is the most common method currently used at wastewater
treament plants for concentrating sludges.
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2.61.4 Flotation Thickening.

2.61.4.1 Input Data.

2.61.4.1.1 Sludge flow, mgd.

2.61.4.1.2 Suspended solids concentration in the feed, mg/l.

2.61.4.1.2.1 Average concentration.

2.61.4.1.2.2 Variation in concentration.

2.61.4.1.3 Polymer dosage, lb/ton dry solids.

2.61.4.2 Design Parameters. From laboratory or pilot plant
studies.

2.61.4.2.1 Air-to-solid ratio, A/S.

2.61.4.2.2 Air pressure, P, psig.

2.61.4.2.3 Detention time in flotation tank, DTFT, hr.

2
2.61.4.2.4 Solids loading, ML, lb/ft /day.

2.61.4.2.5 Hydraulic loading, RL, gpm/ft 2 .

2.61.4.2.6 Detention time in pressure tank, DTPT, min.

2.61.4.2.7 Float concentration, CF, percent.

2.61.4.3 Process Design Calculations.

2.61.4.3.1 Select air-to-solids ratio.

2.61.4.3.2 Assume air pressure (40 to 60 psig).

2.61.4.3.3 Calculate P in atmospheres - psig + 14.7
14.7

2.61.4.3.4 Calculate recycle flow.

R , (A/S) (Q) (Co)1.3 S a(0.5P-1)

where

A/S - air-to-solid ratio.
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Sa = air solubility at standard conditions, cc/l.

P = absolute pressure, atmospheres.

R = recycle flow, mgd.

Q = feed flow, mgd.

C 0 influent suspended solids concentration, mg/l.0

2.61.4.3.5 Calculate surface area required.

2.61.4.3.5.1 Select a solids loading rate and calculate surface
area. If no pilot data is available, use the following mass loadings:

With polymer addition: 30 lb/sq ft/day

Without polymer addition: 10 lb/sq ft/day

(Q) (Co ) (8.34)
ML

where

2
SA = surface area, ft

Q = feed flow, mgd.

C = influent suspended solids concentration, mg/l.O

ML = solids loading rate, lb/f t2/day.

2.61.4.3.5.2 Select a hydraulic loading rate and calculate the
surface area.

SA , (O+R) (10)
(HL) (60) (24)

where

2
SA - surface area, ft

Q - feed flow, mgd.

R - recycle flow. mgd.

2
HL - hydraulic loading rate, gpm/ft
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2.61.4.3.5.3 Compare the surface areas calculated and use the
larger of the two.

2.61.4.3.6 Select detention time in the flotation tank and
calculate the volume.

VO LFT = (Q + R) x (=
VhereR (.48) (T) (DTFT) (106)

where

VOLFT - volume of flotation tank, ft 3 .

Q = total flow, mgd.

R = recycle flow, mgd.

DTFT = detention time in flotation tank, hr.

2.61.4.3.7 Select pressure tank detention time and calculate
volume of pressure tank.

VOLPT - (R) (+)()(g)(DTPT) (106)

where

3VOLPT = volume of pressure tank, ft

R - recycle flow, mgd.

DTPT - detention t ro& in pressure tank, min.

2.61.4.3.8 Calculate volume of sludge.

(Q)(C o)(% removal)

VS - (CF) (specific gravity)

where

VS - volume of sludge, gpd.

Q - feed flow, mgd.

CO W influent suspended solids concentration, mg/l.

CF - solids concentration in float, percent.

2.61.4.3.9 Calculate polymer usage (if applicable).

(PD) (Q) (C0 ) 8.34
PU - 2000
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where

PU = polymer usage, lb/day.

PD - polymer dosage, lb/ton dry solids (if polymers
are used and no dosage rates are given in
input, use 10 lb/ton dry solids).

Q - sludge flow, mgd.

C W suspended solids concentration in the fe'.d, mg/l.o

2.61.4.4 Process Design Output Data.

2.61.4.4.1 Suspended solids concentration, Cop mg/l.

2.61.4.4.2 Air-to-solid ratio, A/S.

2.61.4.4.3 Air pressure, P, psig.

2.61.4.4.4 Solids loading, ML, lb/ft 2/day.

2.61.4.4.5 Hydraulic loading, HL, gpm/ft 2.

2.61.4.4.6 Recycle flow, R, mgd.

.22.61.4.4.7 Surface area, SA, ft

2.61.4.4.8 Volune of pressure tank, VOLPT, ft3.

2.61.4.4.9 Volume of flotation tank, VOLFT, ft3.

2.61.4.4.10 Pressure tank detention time, DTPT, min.

2.61.4.4.11 Flotation tank detention time, DTFT, hr.

2.61.4.4.12 Polymer usage, PU, lb/day.

2.61.4.5 Quantities Calculations.

2.61.4.5.1 Select number and size of flotation units. The
standard size units available commercially are 40, 50, 70, 100,
140, 200, 280, 350, 450, 570, 750, 960, and 1250 sq ft.

2.61.4.5.1.1 If SA is less than 1250 sq ft, then NU is one.
Compare SA to the commercially available units and select the
smallest unit that is larger than SA.
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2.61.4.5.1.2 If SA is greater than 1250 sq ft, then NU must be
two or greater. Try NU - 2 first, if SA/NU is greater than
1250, then NU - NU + 1. Repeat the procedure until SA/NU is
less than 1250, then compare SA/NU to the commercially available
units and select the smallest unit that is larger than SA/NU.

where

SA - calculated surface area, sq ft.

NU - number of units.

SAS = surface area of unit selected.

2.61.4.5.2 Calculate building area. In area where freezing
weather may be expected, flotation units would normally be
enclosed in buildings.

2.61.4.5.2.1 Calculate diameter of unit.

DIA = (4 SAS) 0.5

where

DIA = diameter of unit selected, ft.

2.61.4.5.2.2 Calculate building area.

AB - (DIA + 2) (DIA + 5) (NU)

where

A-B = area of building, sq ft.

2.61.4.5.3 Earthwork required for construction. The pro-
cedure to estimate the earthwork requirement is the same as that
for circular clarifier.

Vew- (1.15) NU[0.035 (DIA) 3  4.88 (DIA)2 + 77 (DIA) + 350]

where

V - earthwork required for construction, cu ft.ew

1.15 - 15 percent excess volume as safety factor.

NU - number of units.

2.61.4.5.4 Reinforced concrete quantities.
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2.61.4.5.4.1 Calculate side water depth. The side water depth
can be related to the dianeter by the following equation:

SWD = 6.72 + 0.0476 (DIA)

where

SWD = side water depth, ft.

2.61.4.5.4.2 Calculate the thickness of the slab. The thick-
ness of the slab can be related to the side water depth by the
fol lowing equation:

t = 7.9 + 0.25 SWD

where

t s - thickness of the slab, inches.

2.61.4.5.4.3 Calculate the wall thickness. The wall thickness
can be related to the side water depth by the following:

tw = 7 + (0.5) SWD

where

t - wall thickness, inches.

2.61.4.5.4.4 Calculate reinforced concrete slab quantity.

V =0.825 (DIA + 4)2 s (NU)

where

V = quantity of R.C. slab in-place, cu ft.cs

2.61.4.5.4.5 Calculate reinforced concrete wall quantity.

V = (3.14) (SWD + 1.0) (DIA) (tw) (NU)c12

where

V - quantity of R.C. wall in-place, cu ft.
cv

2.61.4.5.4.6 Quantity of concrete for splitter box.

Vcb - 100 (NU)
I 1 3
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where

Vcb - quantity of R.C. for splitter box, cu ft.

NU - number of units.

2.61.4.5.4.7 Total quantity of R.C.

wall: V = w + Vcb

slab: Vcst Vcs

where

Vcw t = total quantity of R.C. wall in-place, cu ft.

Vcst - total quantity of R.C. slab in-place, cu ft.

2.61.4.5.5 Calculate dry solids produced.

(Q) (CO) (8.34)
DSTPD - 00

2000

where

DSTPD = dry solids produced, tpd.

Q - sludge flow, mgd.

C = suspended solids concentration in the feed,
0 mgl.

2.61.4.5.6 Calculate operational labor.

2.61.4.5.6.1 If DSTPD is between 0 and 2.3 tpd, the opera-
tional labor is calculated by:

OM - 560 (DSTPD)
0 .4 9 7 3

2.61.4.5.6.2 If DSTPD is greater than 2.3 tpd, the operational
labor is calculated by:

OM - 496 (DSTPD)
0 .5 0 9 2

where

OM - operation labor, man-hour/yr.

2.61.4.5.7 Calculate maintenance labor.
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2.61.4.5.7.1 If DSTPD is between 0 and 3.0 tpd, the main-
tenance labor is calculated by:

MMH - 156.0 (DSTPD)
0 .4 17 6

2.61.4.5.7.2 If DSTPD is greater than 3.0 tpd, the maintenance
labor is calculated by:

MMH = 124.0 (DSTPD) 0 . 6 4 29

where

MMH = maintenance labor, man-hour/yr.

2.61.4.5.8 Calculate electrical energy requirenents for
operation.

KWH = 63,000 (DSTPD)
0 . 9 4 2 2

where

KWH = electrical energy requirenent for operation,
kwh r/ yr.

2.61.4.5.9 Operation and maintenance material costs. This
iten includes repair and replacenent material costs and other
minor costs. It is expressed as a percent of Lal bare con-
struction cost.

OMMP - 1%

where

OMMP - percent of air flotation total bare construction
cost as operation and maintenance materials
costs, percent.
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2.61.4.5.10 Other construction cost items.

2.61.4.5.10.1 Fran the above estimation, approximately 85
percent of the construction costs have been accounted for.

2.61.4.5.10.2 Other minor cost itens such as piping, electrical
wiring and conduit, concrete slab for pumps and pressure tanks,
etc., would be 15 percent.

2.61.4.5.10.3 The correction factor would be

CF - = 1.18
0.85

where

CF - correction factor for construction costs.

2.61.4.6 Quantities Calculations Output Data.

2.61.4.6.1 Surface area of unit selected, SAS, sq ft.

2.61.4.6.2 Number of units, NU.

2.61.4.6.3 Area of building, AB, sq ft.

2.61.4.6.4 Earthwork required, Vew , cu ft.

2.61.4.6.5 Total quantity of R.C. Wall in-place, Vcwt, cu
ft.

2.61.4.6.6 Total quantity of R.C. slab in-place, V cst, cu
ft.

2.61.4.6.7 Operational labor, OMH, man-hour/yr.

2.61.4.6.8 Maintenance labor, HHH, man-hour/yr.

2.61.4.6.9 Electrical energy requirement for operation, KWH,
kiw r/ yr.

2.61.4.6.10 Operation and maintenance material costs as
percent of air flotation total bare construction cost, percent.

2.61.4.6.11 Correction factor for construction costs, CF.
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2.61.4.7 Unit Price Input Required.

2.61.4.7.1 Unit price input for earthwork, UPIEX, $/cu yd.

2.61.4.7.2 Unit price input for R.C. wall in-place, UPICW,

$/cu yd.

2.61.4.7.3 Unit price input for R.C. slab in-place, UPICS,
$/cu yd.

2.61.4.7.4 Cost of standard size flotation equipment,
COSTFS, $, (optional).

2.61.4.7.5 Marshall and Swift Equipment Cost Index, MSECI.

2.61.4.8 Cost Calculations.

2.61.4.8.1 Cost of building.

COSTB - AB x UPIBC (.75)

where

COSTB - cost of building, $.

AB - building area, sq ft.

UPIBC - unit price input for building cost, $/ft 2 .

.75 - correction factor since slab is already accounted
for in concrete costs.

2.61.4.8.2 Cost of earthwork.
Vew

COSTE - - UPIEX

where

COSTE - cost of earthwork, $.

V - quantity of earthwork, cu ft.ew

UPIEX - unit price input for earthwork, $/cu yd.

2.61.4.8.3 Cost of R.C. wall in-place.
Vcwt UPICW

COSTCW -=2
27

where

COSTCW - cost of R.C. wall in-place, $.
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V - total quantity of R.C. wall in-p-lace, cu ft.

UPICW * unit price input for R.C. wall in-place, $/
cu yd.

2.61.4.8.5 Purchase cost of flotation equipment. The costs
given include the basic mechanism to be mounted in the concrete
tank, air pressurization tank, pressurization pump, pressure
release valve, air injection system, and electrical panel.

COSTRO
COSTF = COSTFS x 100

100

where

COSTF - purchase cost of flotation equipment of SAS
surface area, $.

COSTFS - cost of standard size air flotation unit of
350 sq ft, $.

COSTRO - cost of unit of SAS sq ft expressed as percent of
cost of standard size unit.

2.61.4.8.6 Calculate COSTRO.

2.61.4.8.6.1 If SAS is less than 240 sq ft, COSTRO is cal-
culated by:

COSTRO - 0.3 (SAS) + 25

2.61.4.8.6.2 If SAS is between 240 sq ft and 480 sq ft, COSTRO
is calculated by:

COSTRO - 0.092 (SAS) + 75

2.61.4.8.6.3 If SAS is greater than 480 sq ft, COSTRO is
calculated by:

COSTRO - 0.161 (SAS) + 43

2.61.4.8.7 Cost of standard size unit. The cost of a
dissolved air flotation unit with 350 sq ft of surface area for
the first quarter of 1977 is:

COSTFS - $44,200

For better cost estimation, COSTFS should be obtained fran
equipment vendor and treated as a unit price input. Otherwise,
for future escalation, the equipment cost should be adjusted by
using the Marshall and Swift Equipment Cost Index.
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COSTFS = $44,200 MSECI
491.6

where

MSECI - current Marshall and Swift Cost Index.

491.6 - MSECI first quarter 1977.

2.61.4.8.8 Equipment Installation Costs. These costs would
include mounting of a flotation mechanism in the flotation tank,
setting pumps and tanks, interconnecting piping, electrical
installation, etc. These costs are estimated as 75 percent of
the purchase cost of the equipment.

EIC = .75 COSTF

where

EIC - equipment installation costs, dollars.

2.61.4.8.9 Installed equipment cost.

IEC - (COSTF + EIC) NU

where

IEC = installed equipment cost, $.

NU - nunber of units of area SAS sq ft.

2.61.4.8.10 Total bare construction costs.

TBCC = (COSTB + COSTE + COSTCW + COSTCS + IEC) CF

where

TBCC - total bare construction costs, $.

CF - construction cost correction factor,

2.61.4.8.11 Operation and maintenance material costs.

OMMC - TBCC x
100

where

OMMC - operation and maintenance costs, $/yr.

2.61.4.9 Cost Calculations Output Data.

2.61.4.9.1 Total bare construction cost for dissolved air
flotation unit, TBCC, $.

2.61.4.9.2 Operation and maintenance material costs, OMMC,
$/Yr.

2.61-16



Table 2.61-1 Air Flotation Paraneters

Typical Value
Paraneter Thickening Clarification

Air pressure, psig 40 to 70 40 to 70

Effluent recycle, % 130 to 150 30 to 120

Detention time, hr 3 0.25 to 0.5

Air-to-solids ratio
(lb air/lb solids) (0.005 to 0.06)

Solid loading, lb/ft 2/day

Activated sludge

(mixed liquor) 5 to 15

Activated sludge
(settled) 10 to 20

50% primary

+50% activated 20 to 40

Primary only to 50

Hydraulic loading, gpm/ft 2  0.2 to 4 1 to 4

Detention time, min
(pressurizing tank) 1 to 3 1 to 3
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2.61.5 Gravity Thickening

2.61.5.1 Input Data.

2.61.5.1.1 Sludge flow (Q), gpd.

2.61.5.1.1.1 Average daily flow (Qavg). gpd.

2.61.5.1.1.2 Maximum flow (Qmax) and minimuu flow (Qmin), gpd.

2.61 5.1.2 Solids concentration (Co) percent - (mg/l) x
10

3
Note: 1 percent solids = 0.624 lb/ft

2.61.5.2 Design Parameters.

3
2.61.5.2.1 Desired underflow concentration (Cu), lb/ft =

(mg/l x 0.624 x 107 ).

2.61.5.2.2 Mass loading (ML), lb/ft 2/day (from settling
test).

2.61 .52.3 Hydraulic loading (HL), gpd/ft 2 (400 to 800

gpd/ft2).

2.61.5.2.4 Detention time (t), hr (2 to 6 hr).

2.61.5.2.5 Number of tanks (N).

2.61.5.3 Process Design Calculations.

2.61.5.3.1 Calculate unit area, using data from settling
test.

1 1

UA i u 1UA =x

where

UA - unit area, ft2/lb/day.

C, - solids concentration at settling velocity Ui ,
percent.

_ (mgtl x (1-4 COH 0( x(10- ) =~-- (settling test, Fig. 2.61-

3). Hi
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Co = initkal solids concentration, percent = (mg/i) x
(10, ).

Ho = initial height, ft.

Hi = intercept of tangent to the settling curve, ft
(Fig. 2.61-3).

C = underflow concentration, percent.U

U, = settling velocity at the interface, ft/day
(settling velocity, Fig. 2.61-3).

i

IL

z

0 0412
W "a

IL

TIMt

Figure 2.61-3. Typical settling curve fran laboratory test.

2.61.5.3.2 Calculate mass loading.

ML - 1
UA
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where

ML = mass loading, lb/ft 2/day.

UA = unit area, ft2/lb/day.

2.61.5.3.3 If settling data are not available, select mass
loading from Table 2.61-2.

2.61.5.3.4 Calculate total surface area.

TSA f (Qav g) (CO ) (0.624)

(ML) (7.48)

where

TSA = total surface area, ft 2 .

Qavg = average daily flow, gpd.

C 0 initial solids concentration, percent.0

ML = mass loading, lb/ft 2/day.

2.61.5.3.5 Check hydraulic loading.

L min 2HL - ( 400 gpd/ft)

Qmax 2
HL =---- ( 800 gpd/ft 2 )

where

2HL = hydraulic loading, gpd/ft

in = minimum flow, gpd.

%ax = maximum flow, gpd.

2SA - surface area, ft

2.61.5.3.6 Select nunber of tanks and calculate surface area
per tank.

SAPT - TSA

N
where

2SAPT - surface area per tank, ft
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TSA = total surface area, ft 2

N = nunber of tanks.

2.61.5.3.7 Select a detention time (2 to 6 hr) and calculate
tank volume.

1

avg (7-Z)

where

V - volume, ft3.

Qavg average daily flow, gpd.

t - detention time, hr.

2.61.5.3.8 Calculate depth.

D - (V)

where (SAPT)

D - depth, ft.

3V - volume, ft

2SAPT - surface area per tank, ft

2.61.5.3.9 Calculate volume of thickened sludge.

(Q) (CO) (0.9)
VTS = , (Cu) (Specific Gravity)

where

VTS - volume of thickened sludge, gpd.

Q - sludge flow, gpd.

Co = initial solid concentration, percent.

Cu U desired underflow concentration, percent.

2.61.5.4 Process Design Output Data.

2.61.5.4.1 Average sludge flow, mgd.

2.61.5.4.2 Initial concentration, percent.

2.61.5.4.3 Thickened concentration, percent.
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2.61.5.4.4 Mass loading, lb/ft 2/day.

2.61.5.4.5 Hydraulic loading, gal/day/ft 2 .

2.61.5.4.6 Detention time, hr.

2.61.5.4.7 Number of units.

2.61.5.4.8 Depth, ft.

2.61.5.4.9 Volume, ft3.

2.61.5.4.10 Surface area per tank, ft2.

2.61.5.4.11 Volume of thickened sludge, gpd.

2.61.5.5 Quantities Calculations.

2.61.5.5.1 Calculate diameter of each tank.

4 SAT 3 0.5

If DIA is not an integer, use the next larger integer.

where

DIA = diameter of the unit, ft.

2.61.5.5.2 Calculate earthwork required for construction.
The procedure to estimate the earthwork requirement is the same
as that for the circular clarifier.

V = (1.15) N [0.035 (DIA)3 + 4.88 (DIA)2 + 77 (DIA) + 350]ew

where

Vew = volume of earthwork required for construction,
cu ft.

1.15 - addition of 15 percent for safety factor.

2.61.5.5.3 Calculate reinforced concrete quantities.

2.61.5.5.3.1 Reinforced concrete slab quantity for tanks.

V s (N) (0.825) (DIA + 4) 2 s

where
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Vcst - quantity of R.C. slab in-place, cu ft.

t s - thickness of the slab, inches, can be obtained by:

t- 7.9 + 0.25 SWD

where

SWD - sidewater depth, ft.

2.61.5.5.3.2 Reinforced concrete wall quantity for tanks.
t

Vcst - (N) (3.14) (SWD + 1.5) (DIA) W

where

V '- quantity of R.C. wall in-place for tank, cu ft.

tw = wall thickness, inches, can be calculated by:

t - 7 + (0.5) (SWD)

2.61.5.5.3.3 Reinforced concrete for splitter boxes.

Vcb - (100) NI1 1 3

where

Vcb = quantity of R.C. for splitter boxes, cu ft.

2.61.5.5.3.4 Total quantity of reinforced concrete in-place.

Wall: Vow -Vcw t + Vcb

Slab: V s -V
cs cst

where

V - total quantity of R.C. wall in-place, cu ft.cw

V - total quantity of R.C. slab in-place, cu ft.cs

2.61.5.5.4 Calculate dry solids produced.

DSTPD - Qavg (C) 8.34

100 (2000)

where

DSTPD - tons of dry solids produced per day, tpd.

2.61-23



2.61.5.5.5 Calculate the maintenance manpower requirement.

2.61.5.5.5.1 If 0 < DSTPD 2.7 tpd, the maintenance manpower
is calculated by:

MMH = 141.36 (DSTPD)
0 .566

where

MMH - maintenance manpower requirements, man-hours/yr.

2.61.5.5.5.2 If 2.7 < DSTPD 13 tpd, the maintenance manpower
is calculated by:

MMH - 164.8 (DSTPD)
0 4093

2.61.5.5.5.3 If DSTPD > 13 tpd, the maintenance manpower is
calculated by:

M = 91.04 (DSTPD)
0 .64 15

2.61.5.5.6 Calculate the operation manpower reuqirement.

2.61.5.5.6.1 If 0 < DSTPD 5 2.7 tpd, the operation manpower is
calculated by:

OMH - 152.0 (DSTPD)
0 .7 0 6 6

where

OMH - operation manpower requirement, man-hours/yr.

2.61.5.5.6.2 If 2.7 < DSTPD . 13 tpd, the operation manpower
is calculated by:

OMH - 184.16 (DSTPD)
0 504 6

2.61.5.5.6.3 If DSTPD > 13 tpd, the operation manpower is
calculated by:

OMH - 93.12 (DSTPD)
0 .7704

2.61.5.5.7 Calculate the energy requirement for operation.

2.61.5.5.7.1 If 0 < DSTPD < 50 tpd, the energy requirement for
operation is calculated by:

KWH - 4500 (DSTPD)
0 .30 1

where
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KWH = energy requirement for operation, kwhr/yr.

,2.61.5.5.7.2 If DSTPD 50 tpd, the energy requirement for
operation is calculated by:

KWH - 1463.6 (DSTPD)
0 .5 8 8 1

2.61.5.5.8 Other operation and maintenance material costs.
This item includes repair and replacement material costs and
other minor costs. It is expressed as a percent of the total
bare construction cost of the sludge thickening system.

OMMP - 1%

where

OMMP - O&M material costs as percent of total bare
construction cost for sludge thickening system,
percent.

2.61.5.5.9 Other construction cost items.

2.61.5.5.9.1 Fra the above estimation, approximately 85
percent of the construction costs have been accounted for.

2.61.5.5.9.2 Other minor cost items sucr as piping, site
cleaning, control panel, etc., would be 15 percent of the total
bare construction cost.

2.61.5.5.9.3 The correction factor would be:

CF - - 1.18
where

CF - correction factor for other minor cost items.

2.61.5.6 Quantities Calculations Output Data.

2.61.5.6.1 Diaueter of unit, DIA, ft.

2.61.5.6.2 Quantity of earthwork required, Vew, cu ft.

2.61.5.6.3 Total quantity of R.C. wall in-place required,
V cu ft.

2.61.5.6.4 Total quantity of R.C. slab in-place required,
V ,cu ft.
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2.61.5.6.5 Maintenance manpower required, MMH, man-hours/yr.

2.61.5.6.6 Operation manpower required, OMH, man-hours/yr.

2.61.5.6.7 Energy requirenent for operation, KWH, kwhr/yr,

2.61.5.6.8 O&M material costs as percent of total bare
construction cost of sludge thickening system, ONMP, percent.

2.61.5.6.9 Correction factor for other minor cost itens, CF.

2.61.5.7 Unit Price Inputs Required.

2.61.5.7.1 Cost of earthwork, UPIEX, dollars/cu yd.

2.61.5.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd.

2.61.5.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd.

2.61.5.7.4 Standard size thickener mechanism (90-ft dia-
meter) cost, COSTTS, $, (optional).

2.61.5.7.5 Marshall and Swift Equipment Cost Index, MSECI.

2.61.5.7.6 Equipment installation labor rate, LABRI, $/man-
hour.

2.61.5.7.7 Crane rental rate, UPICR, S/hour.

2.61.5.8 Cost Calculations.

2.61.5.8.1 Cost of earthwork.

V
COSTE e 0e UPIEX27

where

COSTE - cost of earthwork, $.

Vew - volune of earthwork, cu ft.

UPIEX - unit price input for earthwork, $/cu yd.
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2.61.5.8.2 Cost of R.C. wall in-place.

V
COSTCW UPICW

where

COSTCW - cost of R.C. wall in-place, $.

Vcw - quantity of R.C. required for walls, cu ft.

UPICW - unit price input for R.C. wall in-place,
$/cu yd.

2.61.5.8.3 Cost of R.C. slab in-place.

V
COSTCS *s UPICS

where

COSTCS - cost of R.C. slab in-place, $.

Vcs - quantity of R.C. required for slab, cu ft.

UPICS - unit price input for R.C. slab in-place,
$/cu yd.

2.61.5.8.4 Cost of installed equipment.

2.61.5.8.4.1 Purchase cost of thickener equipment. The pur-
chase cost of the thickener mechanism can be obtained fran the
following equation:

COSTRO
COSTTr - COSTTS x 100

where

COSTIh - purchase cost of thickener mechanism with
diameter of DIA ft, $.
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COSTTS = purchase cost of standard size thickener
mechanism with diameter of 90 ft, $.

COSTRO = cost of mechanism with diameter of DIA ft,
as percent of cost of standard size
mechanism, percent.

2.61.5.8.4.2 Calculate COSTRO.

COSTRO = 2.16 (DIA) 0.8515

2.61.5.8.4.3 Cost of standard size mechanism. The cost of the
mechanism for a 90-ft diameter thickener for the first quarter
of 1977 is

COSTTS - $82,500

For better cost estimation COSTTS should be obtained fran equip-
ment vendor and treated as a unit price input. If COSTES is not
treated as a unit price input, the cost will be automatically
updated by using the Marshall and Swift Equipment Cost Index.

MSECI

COSTTS - 82,500 491.6

where

MSECI = current Marshall and Swift Equipment Cost Index
from input.

491.6 - Marshall and Swift Cost Index for first
quarter 1977.

2.61.5.8.4.4 Installation man-hours for thickener mechanism.
The man-hour requirement for field erection of thickener me-
chanism can be estimated by:

IMH - 2.04 (DIA)

where

IH - installation man-hour requirement, man-hours.

2.61.5.8.4.5 Crane requirement for installation, CH.

CH - (0.1) (IM)

where

CH - crane time requirement for installation, hr.
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2.61.5.8.4.6 Other minor costs associated with the installed
equipment. This category includes the cost for electrical
controls, influent pipe, effluent weirs, scum baffles, special
materials, painting, etc., and can be added as percent of
purchase equipment cost.

PMINC = 15%

where

PMINC - percentage of purchase cost of equipment as
minor costs, percent.

2.61.5.8.4.7 Installed equipment costs.

IEC - (N) [(COSTTM) (1 + PMINC + (IMH) (LABRI) + (CH) (UPICR)]

where

IEC = installed equipment costs, $.

LABRI - labor rate, $/man-hour.

UPICR = crane rental rate, $/hr.

2.61.5.8.5 Total bare construction cost.

TBCC - (COSTE + COSTCW + COSTCS + IEC) (CF)

where

TBCC - total bare construction cost, $.

CF - correction factor for minor cost items.

2.61.5.8.6 Operation and maintenance material costs.

- mc xOMMPOMHC - TBCC x O-TP

where

OMMC - operation and maintenance material costs,
dol I ars/ yr.

OKMP - percentage of total bare construction cost
as operation and maintenance material
costs, percent.
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2.61.5.9 Cost Calculations Output Data.

2.61.5.9.1 Total bare construction cost of the sludge
thickener, TBCC, $.

2.61.5.9.2 Operation rnd maintenance material costs, OMMC,
$/yr.

Table 2.61-2. Concentrations of Unthickened and Thickened
Sludges and Solids Loadings for Mechanical Thickeners

Solids
Loading for
Mechanical

Sludge, Solid, percent Thickeners

Type of Sludge Unthickened Thickened lb/f t 2 /day

Separate sludges

Primary 2.5 to 5.5 8.0 to 10.0 20 to 30
Trickling filter 4.0 to 7.0 7.0 to 9.0 8 to 10
Modified aeration e.0 to 4.0 4.3 to 7.9 7 to 18
Activated 0.5 to 1.2 2.5 to 3.3 4 to 18

Combined sludges

Primary and trickling filter 3.0 to 6.0 7.0 to 9.0 12 to 20
Primary and modified aeration 3.0 to 4.0 8.3 to 11.6 12 to 20
Primary and activated 2.6 to 4.8 4.6 to 9.0 8 to 16
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2.63 TRICKLING FILTERS.

2.63.1 Background.

2.63.1.1 Trickling filters were one of the earliest forms
of wastewater treatment used in the United States. They are
classified as low- or high-rate filters, depending on the hy-
draulic loading (1-4 mgad for low, 10-40 mgad for high). In the
trickling filtration process wastewater is distributed unifonly
over the filter media by a flow distributor. The majority of
such units use a reaction drive rotary distributor. A large
portion of the wastewater rapidly passes through the filter; the
remainder slowly trickles over the slime layer fomed on the
filter surface. BOD removal is achieved by biosorption and
coagulation from the rapidly moving portion of the flow and by
progressive removal of soluble constituents from the more slowly
moving portion of the flow.

2.63.1.2 The quantity of biological slime produced is

controlled by the available food; the growth will increase as the
organic load increases until a maximum effective thickness is
reached. The maximum growth is controlled by physical factors
including hydraulic dosage rate, type of media, type of organic
matter, amount of essential nutrients present, oxygen transfer,
and nature of the particular biological growth.

2.63.1.3 The use of recently developed synthetic media has
increased the popularity as well as the capability of trickling
filters in domestic wastewater treatment. The granite stone
medium is rarely used in modern sewage treatment systems due to
its higher capital costs (compared with synthetic media) and
other limitations such as growth of filter flies, odor, and
ponding problems. Thus only the synthetic medium filter tower
will be designed here.

2.63.2 Input Data.

2.63.2.1 Wastewater flow.

2.63.2.1.1 Average daily flow, mgd.

2.63.2.1.2 Peak hourly flow, mgd.

2.63.2.2 Influent BOD, mg/l.

2.63.2.3 Desired effluent BOD, mg/l.

2.63.2.4 Temperature, *C.

2.63.2.5 Recirculation ratio.

2.63.3 Design Parameters.
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2.63.3.1 Reaction rate constant, k (0.0015-0.003) (from
laboratory).

2.63.3.2 Specific surface area of the media, ft 2/ft3 , from
manufacturer - A

p
2.63.3.3 Media factor = n (fran laboratory).

22.63.3.4 Hydraulic loading, gpm/ft = Qo (fran laboratory).

2.63.3.5 Sludge production factor = PF (0.42-0.65) lb
solids/lb BOD 5.

2.63.4 Process Design Calculations.

2.63.4.1 Eckenfelder's design procedure will be utilized.

S -KAp . D-- =Exp[ p["

0 nQo
where 0

S = desired effluent BODs, mg/l, from input data.

S = influent BOD., mg/l, from input data.

K = treatability constant.

A - specific surface area of the media, ft 2 /ft 3 .

D - depth of the filter tower, ft.

2
Q0 W hydraulic loading, gpm/ft

n - media factor.

2.63.4.1.1 Treatability Constant, K. K is a parameter de-
pendent on the wastewater characteristics and temperature, but
independent of the type of media used. The values of K extracted
from the literature are presented in the following table:
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BOD TREATABILITY FACTORS OF SETTLED SEWAGE IN
TRICKLING FILTER WITH VARIOUS MEDIA

Type of Media Ap ( f t 2 / f t 3  K

I " Raschig rings 35 0.0023

2" slag 20 0.00145

1"- 3" gravel 19 0.00311

Surfpac 25 0.0020

Surf pac 25 0.0020

Surf pac 25 0.0018

Surf pac 28 0.00282

Average 0.00220

Thus K can be expressed as:

K - (1.0 3 5 )T-20 . (0.0022)

where

T - waste temperature, 0C.

1.035 - temperature correction factor.

2.63.4.1.2 Specific Surface Area, Ap.

Filter packings have been composed of 2 1 ts 3 inches
of rock with specific surface area of 9 t 203 (ft /ft ) and the
new plastic media of 20 to 35 or more (ft /ft ) specific surface
aria. 3As recommended by Eckenfelder, a maximum A of about 30
ft /ft is recammended for the treatment of carboRaceous wastes
to avoid filter plugging and ponding.

Note: It is to be emphasized that the treatability
factor or rate constant used by some media manufacturers is
different from the treatability constant K used in this section.
Their rate constant is equivalent to (KA p).
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2.63.4.1.3 Media Factor, n. The media factor, n, is an
empirical factor devised to relate the film fluid flow con-
ditions to various packing methods. It is shown that n does not
appear related to Q0 , the filter hydraulic loading. The media
factor is related to the specific surface area, Ap, in the
following way.

n = 0.91 - 6.45/A
P

It is suggested by Eckenfelder and plastic media manufacturers
that a media factor of 0.5 should be used for the surfpac and/or
vinyl core media.

2.63.4.2 When recirculation is employed, the following
equation should be used to consider dilution of the filter
influent:

Exp [-K Ap D/Qln]

So (1 + R) - R Exp [-K.Ap D/Q1
n

where

2
Q, - total hydraulic loading, gpm/ft

Q = Qo (1 + R)

R - the recirculation ratio.

There are two purposes for recycling the tower effluent back to
the filter tower. One is that the plastic media requires an
hydraulic loading of at least 0.5 gpm/ft for complete wetting
of the surface. The other reason is to enhance BOD removal when
high strength waste is treated. It has been shown that when the
influent BOD 5 concentration exceeds 400-500 mg/l, oxygen li-
miting can happen in the tower. Recirculation helps to lower
the influent BOD as well as increase aeration in the tower.

The following equation is given to relate the recamended

recirculation rate, R, to the influent BOD concentration.

R - 0.004 So - 0.6

R must always be larger than or equal to zero.

2.63.4.3 Sizing a trickling filter system.
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2.63.423.1 Select a hydraulic loading, usually use 0.75 gpm 2
per ft . If the hydraulic loading Q1 is smaller than 0.5 gpm/ft

set Q= 0.5 gpm/ft 2 and readjust R =0.5 - 1.Qo
2.63.4.3.2 Calculate the required depth, D, by using:

In( S + S R. Q n

D S 0K+ *
D KA

p

The height or depth of a plastic media trickling filter tower
can be up to 27 feet without external structural support. Thus,
it is to our advantage to limit the tower height below 30 ft to
avoid expensive structure.

2.63.4.3.2.1 If D is larger than 60 ft, it is recanmended that
other process should be tried.

2.63.4.3.2.2 If D is larger than 40 ft but smaller than 60 ft,
a 2 stage trickling filter system would be used. Thus

Nsg = 2

where

Nsg = nunber of stages

2.63.4.3.2.3 If D is larger than 27 ft but smaller than 40 ft,

a single stage system would be used.

Nsg - 1

and, a smaller hydraulic loading (such as 0.5 gpm per sq ft)
should be used and the sizing procedure should be repeated until
D is smaller than 27 ft.

2.63.4.3.2.4 If D is smaller than 27 ft, the sizing procedure
is capleted.

Nsg - 1

2.63.4.3.2.5 If D is smaller than 8 ft, use 8 ft as depth. It
is reconmended by some media manufacturers that a minimum D of
8-10 ft should be provided to insure good contact between

wastewater and the biofilm.
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2.63.4.3.3 Calculate surface area of filter.

SA Qav x 106

Qo (1440)
where

2SA - surface area, ft

Qavg - influent waste flow, mgd.

Q0 = hydraulic loading, gpm/ft2

2.63.4.3.4 Calculate the filter volume.

V = (SA) " D

where

V - media volume, cu ft.

2.63.4.3.5 The depth of each tower.

Df - D/Nsg

where

Df -depth of each tower, ft.

2.63.4.4 Filter feed pumping station design.

2.63.4.4.1 Pumping capacity: The largest of the three flow
values would be used to design the pump capacity.

2.63.4.4.1.1 To take care of peak loading

QpUMp - QpK

2.63.4.4.1.2 To take care of recirculation

Q P - (1 + R) Qavg

2.63.4.4.1.3 To take care of complete wetting

Qp - (SA) * (0.5) x 1440

where
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Qpunp fir pumping capacity of the filter feed pumpingstation, mgd.

2.63.4.4.2 Pumping head: The pump systems should have the
pumping head of

H PUMP - 1.5 (Df)

where

SP- pumping head, ft.

2.63.4.4.3 Number of pump stations: For a two stage system
double pumping is necessary. The number of filter feed pumping
station would be:

N =N
ps sg

where

N - number of pump stations.
ps

2.63.4.5 Sludge Production. The sludge production is
dependent on the loading rate of the trickling filter. However,
no infomation is available from the literature concerning this
relationship. Based on field measurements, the solids pro-
duction rate is in the range of 0.42 to 0.65 lbs solids per lbs
of BOD applied. A typical value of 0.45 lbs per lbs of BOD5

for a iypical domestic waste is suggested. Thus, the sludge
production rate would be:

SP - (8.34) (Q avg) (SO) (SPR)

where

SP - sludge solids produced, lbs/day.

SPR - solids production rate.

2.63.4.6 Effluent Quality.

2.63.4.6.1 Suspended Solids.

The effluent suspended solids concentration is specified by the user.
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2.63.4.6.2 BOD5.

BODE = Se + (0.84) (f') (SSE)

S e is specified by the user.

where

BODE = effluent BOD5 concentration, mg/l.

Se a effluent soluble BOD 5 concentration, mg/l.

V - degradable fraction of MLVSS.

SSE - effluent suspended solids concentration, mg/l.

2.63.4.6.3 COD.

CODE = 1.5 BODE
CODES - 1.5 Se

where

CODE = effluent COD concentration, mg/l.

BODE - effluent BOD5 concentration, mg/l.

CODES = effluent soluble COD concentration, mg/l.

Se - effluent soluble BOD 5 concentration, mg/l.

2.63.4.6.4 14itrogen.

TKNE - (0.7) TKN
NH3E - TKNE

NO3E - N03 + (0.3) (TKN)
NO2E - N02

where

TKNE - effluent Kjedahl nitrogen concentration, mg/1.

TKN - influent Kjedahl nitrogen concentration, mg/l.

NH3E - effluent ammonia concentration, mg/l.

NO3E - effluent NO3 concentration, mg/l.
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N03 = influent NO3 concentration, mg/l.3!

NO2E = effluent NO2 concentration, mg/i.

N02 = influent NO2 concentration, mg/l.

2.63.4.6.5 Phosphorus.

PO4E = (0.7) (P04)

where

PO4E - effluent phosphorus concentration, mg/l.

P04 = influent phosphorus concentration, mg/l.

2.63.4.6.6 Oil and Grease.

OAGE = 0.0

where

OAGE - effluent oil and grease concentration, 1mg/l.

2.63.4.6.7 Settleable Solids.

SETSO = 0.0

where

SETSO - effluent settleable solids concentration, mg/l.

2.63.5 Process Design Output Data.

2.63.5.1 Renoval efficiency, percent.

2.63.5.2 Volume of filter media, ft 3 . V.

2.63.5.3 Surface area, sq ft. SA

2.63.5.4 Total tower depth, D, ft.

2.63.5.5 Sludge production, lbs/day, SP.

2.63.5.6 Nmber of stages, Nsg.

2.63.5.7 Depth of individual filter, Df, ft.

2.63-9



2.63.5.8 Recirculation ratio, R.

2.63.5.9 Tower filter pump capacity, Q pup mgd.

2.63.5.10 Number of pump stations, N ps.

2.63.6 Quantities Calculations.

2.63.6.1 Select number of filters. Field experience
indicates that a single filter will be used when the total media
volume is less than approximately 50,000 cu ft. Above this
value two towers are generally utilized. The surface area of
the filter tower is limited by the available sizes of the
distribution arms. The distribution arms are generally in the
range of 20 to 200 feet in diameter. Thus the maximum volume of
a single trickling filter tower is limited by the diameter of
the distributor arms and the depth of the media. Using the
following values as the maximum

Diameter of tower - 150 f t

The maximum surface area of the f il ter tower would be:

SA - (150) 2 x 1/4 x =17,700 sq ft
max

The number of towers per stage, NTS, would be determined by the
following rule:

Surface area of Single Stage
NTS (sq ft)

1 2,000
2 2,000 - 17,700
3 17,700 - 35,400
4 35,400 - 53,100
6 53,100 - 88,500
8 88,500 - 123,900
10 123,900 - 159,300
12 159,300 - 194,700
14 194,700 - 247,800
15 247,800 - 265,500
16 265,500 - 283V200
18 283,200 - 300,900
20 300,900 - Above

Total number of towers -N -NTS Ksg

where
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N - total number of towers.

NTS = number of tower per stage.

Nsg = number of stages.

2.63.6.2 Calculate the volume of the filter tower.

The volume to be handled by one filter, VN, would be

V
N N

where

V = volume of each individual filter tower, cu ft.
N

2.63.6.3 Calculate the diameter of the filter tower.

(N)0.5
DIA = 1.128 (D

Df

where

DIA = diameter of the filter tower, ft.

D - depth of the tower, ft.
f

2.63.6.4 Trickling Filter Construction.

2.63.6.4.1 A typical section of a plastic media trickling
filter is shown in Figure 2.63-1. It can generally be divided
into four components: the medium and the outside wall, the
distributor arms, the medium support system and the underdrain.

2.63.6.4.2 The plastic medium usually is supplied and
installed by the manufacturers and cost of the installed system
is estimated as dollars/cu ft. Polyester fiberglass, lightweight
steel, and precast double-tee constructions have been utilized
as the medium containment structure. In this design, it is
assumed a 6-inch reinforced concrete wall will be utilized. The
distributor azms include the center column and rotary distri-
butors and their support. They are available from several
manufacturers with size ranging from 20-feet to 200-feet dia-
meter,

2.63.6.4.3 The medium support system consists of precast
beans and concrete support posts as shown in Figure 2.63-2.
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2.63.6.4.4 The underdrain system includes the drainage floor
and channel, sidewall with air openings, and center column for
distributor support.

2.63.6.5 External Wall Construction. A reinforced wall
with 6-inch thickness will be assumed for the wall. Thus, the
reinforced concrete wall quantity would be:

V ce= 1.57 (Df + 3') (MA)cwe . D(DA

where

V - quantity of RC wall, cu ft.cwe

D f- depth of filter media, ft.

DIA - dianeter of the filter tower, ft.

2.63.6.6 The Media Support System. The supporting system
consists of concrete supporting posts and precast concrete
beans. The number of posts depends on the size of the filter
and can be approximated by the following equations:

2.63.6.6.1 When DIA K 40 ft

NCP - 0.00108 (DIA)
3 0 8

2.63.6.6.2 When DIA > 40 ft

NCP - 0.0739 (DIA) 1 . 9 3 5

where

NCP - total number of posts.

2.63.6.6.3 With the dimensions shown in Figure 2.63-2 and
using an average depth of two feet, the volume of coficrete
required for the posts would be:

V - 1.333 (NCP)cwp

where

V - volume of R.C. wall for the supporting post, cu
w ft.

2.63.6.6.4 The precast concrete beam quantity, expressed as
total length, can be related to the size of the filter as
follows:
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2.63.6.6.4.1 When DIA - 40 ft

LCB - (0.0119) (N) (DIA)
2 .9 6 3

2.63.6.6.4.2 When DIA > 40 ft

LCB - (0.364) (N) (DIA)
2 .035

where

LCB = total length of the precast beams, ft.

2.63.6.7 The Underdrain System.

2.63.6.7.1 Floor concrete volume, assuming a thickness of 8"

Vcs f = 0.524 (DIA)
2

where

V csf  volume of R.C. slab, cu ft.

2.63.6.7.2 Drainage Channel. The quantity of concrete for
the drainage channel can be approximated by:

2.63.6.7.2.1 When DIA < 70 ft

Vcwd - (10) (DIA)

2.63.6.7.2.2 When DIA > 70 ft

Vcwd - (17) (DIA)

where

V wd - volume of R.C. wall, cu ft.

2.63.6.7.3 The center column for the distributor arms. The
quantity of concrete for the column can be estimated by:

2.63.6.7.3.1 When DIA < 70 ft

Vcwc - 4 (Df + 5')

2.63.6.7.3.2 When DIA 2 70 ft

Vcw c - 16 (Df + 5')
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where

V - volume of concrete for the center column, cu ft.cwc

2.63.6.7.4 The outside ring wall quantity.

V = 12.6 (DIA)
cwr

where

V = volume of concrete for outside ring wall, cu ft.
cwT

2.63.6.8 Earthwork. The volume of earthwork can be
estimated by:

V = (1.15) x [0.035 (DIA)3 + 4.88 (DIA)2 + 77 (DIA) + 350]ewn

where

V - earthwork required for the construction of a
ewn single tower, cu ft.

1.15 - safety factor for conservative design.

2.63.6.9 Total reinforced concrete wall quantity, Vcw

Vcw = N [Vcwe + Vcwp +Vcwd +Vcwc + Vcwr]

where

V = total quantity of R.C. wall in place, cu ft.cw

N - number of trickling filter towers.

2.63.6.10 Total reinforced concrete slab in place, Vcs.

V cs N V csf

where

Vcs - total quantity of RC. slab in place, cu ft.

2.63.6.11 Total earthwork required, VeW"

V raN"Vw
ew ewn

where

V - total earthwork required, cu ft.
en
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2.63.6.12 Electrical energy required for operation. The
electric energy required for operation depends on the flow to be
pumped and the total dynamic head. It can be estimated by the
fol lowing equation.

KWH = 21,000 (Q avg) 0.961

where

KWH electric energy required, kwhr/yr.

Qav = average daily flow, mgd.

2.63.6.13 Operation and maintenance manpower requirement.

2.63.6.13.1 Operation man-hours required, OMH.

2.63.6.13.1.1 When Qavg 1.0 mgd.

OMH = 128 (Q avg)0.301

2.63.6.13.1.2 When 1.0 < Q avg 10 mgd

OMH = 128 (Q avg) 06088

2.63.6.13.1.3 When Q avg>10 mgd

OMH = 68 (Q avg) 0.8861

where

OMH - operational manpower requirement, man-hour/yr.

Qavg ' average daily flow, mgd.

2.63.6.13.2 Maintenance man-hour requirement, MMH.

2.63.6.13.2.1 When Qavg ! 1.0 mgd

MMH - 112 (Q avg) 0.2430

2.63.6.13.2.2 When 1.0 < Qavg : 10 mgd

MMH - 112 (Q avg) 06021

2.63.6.13.2.3 When Qavg > 10 mgd

MMH - 80 (Q avg)0.7066
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where

MMH = maintenance man-hours required, man-hour/ yr.

2.63.6.14 Other operation and maintenance material costs.
This iten includes repair and replacement material costs. It is
expressed as a percent of total installed cost of equipment
which includes the plastic media and distributor ans.

OMMP = 1%

OMMP = percent of the installed equipment costs for the
operation and maintenance material costs, %.

2.63.6.15 Other minor construction items. Items such as
piping, walkways around the towers, and site cleaning would be
approximately 20 percent of the total construction costs.

CF, the correction factor for this minor cost would
be:

CF - = 1.25
0.8

2.63.7 Quantities Calculations Output Data.

2.63.7.1 Total volume of media, Vd, cu ft.

2.63.7.2 Number of filter towers, N.

2.63.7.3 Total R.C. wall in-place, Vcw , cu ft.

2.63.7.4 Total R.C. slab in-place, Vcs, cu ft.

2.63.7.5 Total earthwork, Vew , cu ft.

2.63.7.6 Total length of precast concrete media support
bean, LCB, ft.

2.63.7.7 Operational manpower requirement, OMH, MR/yr.
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2.63.7.8 Maintenance manpower requirement, MMH, MH/yr.

2.63.7.9 Electric energy requirement, KWH, kwhr/yr.

2.63.7.10 Other operation and maintenance material costs,
OMMP, percent.

2.63.7.11 Correction factor for other capital costs, CF.

2.63.8 Unit Price Input Required.

2.63.8.1 Cost of earthwork, UPIEX, $/cu yd.

2.63.8.2 Cost of R.C. wall in-place, UPICW, $/cu yd.

2.63.8.3 Cost of R.C. slab in-place, UPICS, $/cu yd.

2.63.8.4 Unit price of filter media, UPFM, $/cu ft.

2.63.8.5 Unit price for a 50-foot diameter distributor

system, CODAS, $ (optional).

2.63.9 Cost Calculations.

2.63.9.1 Cost of earthwork, COSTE, $.
V

COSTE . ew x UPIEX
27

where

COSTE - cost of earthwork, $.

V - volume of earthwork, cu ft.ew

UPIEX - unit price input for earthwork, $/cu yd.

2.63.9.2 Cost of reinforced concrete wall in-place,
COSTCW, $.

Vw

COSTCW - c x UPICW
27

where

COSTCW - cost of R.C. wall in-place, $.

Vcw - total quantity of R.C. wall cu ft.

2.63-17



UPICW - unit price input of R.C. wall in-place, $/cu yd.

2.63.9.3 Cost of R.C. slab in-place, COSTCS, $.
V

COSTCS - Csx UPICS
27

where

COSTCS - cost of R.C. slab in-place, $.

V - volume of R.C. slab, cu yd.Cs

UPICS = unit price input for R.C. slab in-place, $/cu yd.

2.63.9.4 Cost of the filter media, COSTFM, $.

COSTFM - Vd * UPFM

where

COSTFM = cost of installed filter media, $.

Vd - volume of plastic medium, cu ft.

UPFM - unit price of plastic media installed, $/cu ft.

The first quarter 1977 price for UPFM is $2.50/cu ft. For a
better estimate this unit price should be obtained from equip-
ment vendor.

2.63.9.5 Cost of distributor ars.

2.63.9.5.1 Purchase cost of distributor ars. The purchase cost of
distributor ares can be obtained by using the following equation:

CODA - CODAS * CRIODA

where

CODA - purchase cost of distributor am with diameter of
DIA ft, $.

CODAS - purchase cost of a standard sized distributor arm
with diameter of 50 feet.

The ist quarter 1977 price for CODAS is $39,000. However, for a better
estimate, CODAS should be obtained from equipment vendors and treated as
a unit price input. Otherwise, the following equation will be utilized
for cost escalation purposes:
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MS EC I

CODAS = 39,000 x 4916

where

MSECI - current Marshall and Swift equipment cost index
for input.

491.6 - MSECI value, st quarter 1977.

CROIDA = ratio of cost of distributor arm with diameter of
DIA feet to that of the standard size am.

and CROIDA can be estimated by:

CROIDA = 0.367 + 0.01265 (DIA)

2.63.9.5.2 Installation costs. An additional 32 percent of the
purchase cost would be added for the installation costs.

2.63.9.5.3 Total installed costs for the distributor arms, ICODA.

ICODA - (N) (CODA) (1.32)

where

ICODA - total installed cost for the distributor am
system, $.

2.63.9.6 Cost of the precast concrete media support beans:

2.63.9.6.1 The unit cost of the precast concrete beans can be
approximated by using five times the unit cost of reinforced concrete
wall in-place. The quantity of precast beau is Vpcb .

v6 8Vpcb - (-) (2) (LCB)

where

LCB - total length of beaus, ft.

6 - width of the bean, ft.
12

8 - length of beam, ft.
1 2

2.63.9.6.2 Cost of precast concrete bean, CPCB, $.
CPKB - 5 (V (UPICW)
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whe re

CPCB = cost of precast concrete beans, $.

UPICW - unit price input of R.C. wall in-place, $/cu yd.

2.63.9.8 Total bare construction cost of the trickling filter
system.

TBCC = CF (COSTE + COSTCW + COSTCS + COSTFM + ICODA + CPCB)

where

TBCC = total bare construction cost, $.

CF = correction factor for minor construction cost.

2.63.9.8 Operation and maintenance material cost, OMMC. Since O&M
material cost is estimated as a percent of the installed equipment cost,
it is thus:

OMMC - OMMP (COSTFM + ICODA)
100

where

OMMC - operation and maintenance material cost, $/yr.

OMMP - operation and maintenance material cost as
percent of installed equipment cost, Z.

2.63.10 Cost Calculations Output Data.

2.63.10.1 Total bare construction cost of the trickling filter

system, TBCC, $.

2.63.10.2 Operation and maintenance material cost, OMMC, $/yr.
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2.65 VACUUM FILTRATION

2.65.1 Background.

2.65.1.1 Vacuum f il tration is one of the most widely used
methods for mechanical dewatering of wastewater sludges. The
process is carried out using a slowly rotating drum, the outside
of which is covered by a filter medium. A portion (about 20-40
percent) of the drum is submerged in sludge in the vat below the
drum. Vacuum (10-26 in. of mercury) is applied to the submerged
portion of the trough. As a result, water is drawn into the
drum and a thin mat of sludge is formed on the f il ter medium.
As the filter rotates, the vacuum is continued, and further
moisture reduction occurs. In addition, the deposited cake is
further dried by air which rushes through the cake into the
drum. Before the filter cake reaches the sludge vat again, it
passes over a roller and is broken off onto a conveyor for
ultimate disposal. The tine the drum spends submerged in the
slurry is called the "filter time"; the time the cake spends on
the drum above the vat is called the "drying time".

2.65.1.2 Vacuum filtration facilities are generally sold
as a package by various f il ter manufacturers. In addition to
the filter itself, the package normally includes vacuum pumps,
sludge feed pumps, filtrate pumps, sludge conditioning tanks,
chemical feed pumps, and belt conveyors that transport devatered
fil1ter cake. Filter medium made of cloth (cotton, wood, nylon,
dacron, or other synthetic material), coil springs, or a wire-
mesh stainless steel fabric are available in various weaves of
different porosities.

2.65.1.3 Vacuum filter performance is measured by fil-
tration rate and dryness of the filter cake. Several factors
affecting the performance of a vacuum filter include:

2.65.1.3.1 Vacuum -- As the vacuum increases, the filtration
rate and the dryness of the cake also increase; this process is
limited, obviously, by capacity of the drum. An ideal filter
design would incorporate two independent vacuum systems: one
operating while the cake is being formed, and other after it
cones out of submergence and is being dried. A vacuum of at
least 20 in of mercury is desirable.

2.65.1.3.2 Feed Solid Concentration -- In general, the
sludge filtration rates increase directly in proportion to the
increase in feed sludge solids concentration; a smnaller filtrate
volume has to be removed per pound of filter cake formed. The
practical limit for optimum operation for sewage sludges is 4-8
percent.
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2.65.1.3.3 Drum Speed and Submergence -- The dru speed
influences the cycle time and consequently influences filter
yield and filter cake moisture. A decrease in filter cycle time
should increase the yield. However, lower filter cake moisture
will be obtained by increasing the filter cycle, thereby ex-
tending the drying cycle. A submergence level of 20-40 percent
has been used. It is usually more econamical to run the filter
at lower submergence since it will increase the ratio of dewa-
tering time to cake formation time, and will still allow a short
cycle for greater filtration rates.

2.65.1.3.4 Chemical Conditioning of Sludge -- Chemical
conditioning of sludge is usually a necessary step prior to
sludge vacuuu filtration. Chemical conditioning agglomerates
solids and causes a release of water, thereby making the sludge
easier to filter. A wide variety of chemicals have been eva-
luated for conditioning sludges prior to vacuum filtration. In
general, lime and ferric chloride are the most commonly used
conditioners. Recently, some organic polyelectrolytes have
becme popular as sludge conditioners. The amount and type of
conditioning chemicals required depend on the physical and
chemical characteristics of the sludge. Tables 2.65-1 and 2.65-
2 summarize chemical doses reported fran the operating records
of various treatment facilities.

2.65.1.4 Vacuun filter systems are designed from data
describing quantities of sludge to be filtered, sludge charac-
teristics, filtration rates, cake moisture, and filter operation
cycles. The data could be generated from laboratory or pilot
investigations of the sludge. The Buchner funnel test and the
filter leaf test are commonly used in laboratory testing programs
for estimating the filterability of sludges. The Buchner funnel
test evaluates the optimum chemical requirements and sludge
filtration characteristics measured in terms of specific re-
sistance. The filter leaf test determines the effect of dif-
ferent fabrics, fabric forms, and drying times on filter yield.
Table 2.65-3 summarizes specific resistance; Table 2.65-4 pre-
sents filter yields recamended for various sewage sludges.

2.65.1.5 Filter yield, or production rate, is the basic
factor used in determining the size of vacuum filIer instal-
lations. A conservative design rate of 3.5 lb/ft /hr has been
widely used. However, assuming the yield to be equal to the
solids concentration of the sludge to be filtered is more 2
accurate. Generally, the yield may vary from 2 to 10 lb/ft /hr.
The low values represent filtration of fresh and digested
activated sludge; the high values are typical for raw primary or
primary plus trickling filter humus sludge filtration.
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2.65.1.6 Vacuun filtration is being widely used for
dewatering sewage sludges in small treatment facilities because
of its flexibility, small space requirement, and the excellent
characteristics of the cake. Thus, vacuum filtration is a
viable alternative for sludge dewatering in treatment facilities
serving recreation areas.

2.65.2 Input Data.

2.65.2.1 Volume of sludge to be dewatered, gpd.

2.65.2.2 Initial moisture content of sludge, percent.

2.65.3 Design Paraneters.

2.65.3.1 Final moisture content of sludge, percent.

2.65.3.2 Specific resistance, sec2/g (Buchner funnel
test).

2.65.3.3 Applied vacuum, psi.

2.65.3.4 Fraction of cycle time for cake formation (fomation
time/cycle time), depends on degree of submergence.

2.65.3.5 Cycle time, min (usually 1.5 to 5 min).

2.65.3.6 Filtrate viscosity, centipoises.

2.65.3.7 Chemical dose, percent of dry weight in solids
fed to filter.

2.65.3.8 Operation per week, days.

2.65.3.9 Operation per day, hr.

2.65.3.10 Loading rate, lb/f t 2/hr.

2.65.3.11 Number of units.

2.65.4 Process Design Calculations.

2.65.4.1 Calculate filter loading rate.
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Table 2.65-1. Average Chemical Doses for Vacuum Filtration

Chemical Dose
Rate, percent Cake
Ferric Yield Moisture

Type of Sludge Chloride Lime lb/ft /hr percent

Raw primary 2.1 8.8 6.9 69.0

Digested primary 3.8 12.1 7.2 73.0

Elutriated digested primary 3.4 0.0 7.5 69.0

Raw primary plus filter humus 2.6 11.0 7.1 75.0

Raw primary plus activated 2.6 10.1 4.5 77.5

Raw activated 7.5 0.0 0.0 84.0

Digested primary plus filter
humus 5.3 15.0 4.6 77.5

Digested primary plus activated 5.6 18.6 4.0 78.5

Elutriated digested primary
plus activated:
Average without lime 8.4 0.0 3.8 79.0
Average with lime 2.5 6.2 3.8 76.2

Table 2.65-2. Polyelectrolyte Doses (Usual Ranges) for
Vacuum Filtration

Cake

Dose Rate Yied Moisture
Type of Sludge Percent lb/ft /hr Percent

Raw primary or raw primary

plus filter humus 0.2 to 1.2 6 to 20 63 to 72

Digested primary 0.2 to 1.5 4 to 15 66 to 74

Digested primary plus
activated 0.5 to 2.0 4 to 8 68 to 76
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Table 2.65-3. Specific Resistance of Somne Industrial
and Municipal Sludges

Specific
Resistance

sec 2/g x 10 7 Coef ficient of
Type of Sludge at 500 g/aii2 Comnpressibility

Neutralization of sulfuric acid with
lime slurry 1 to 2

Neutralization of sulfuric acid with

dolomitic lime slurry 3 0.77

Processing of alumninum 3 0.44

Paper industry 6 0.0

Neutralization of fatty acids with
sodium carbonate 7 0.0

Froth flotation of coal 80 1.6

Malt whisky distillery 200 1.3

Mixed chrome and vegetable tannery 300 0.0

Biological treatment of chemical
wastes 300 0.0

Activated (domestic) 2880 0.81

Raw conditioned (domestic) 3.1 1.00

Digested conditioned (domestic) 10.5 0.0

Digested and activated (conditioned) 14.6 1.10

Raw (domestic) 470 0.54
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Table 2.65-4. Expected Performance of Vacuum Filters
Handling Properly Conditioned Sludge

Type of Sludge Yield, lb/ft 2/hr

Fresh solids
Primary 4 to 12
Primary plus trickling filter 4 to 8
Primary plus activated 4 to 5
Activated (alone) 2.5 to 3.5

Digested solids (with or without elutriation)
Primary 4 to 8
Primary plus trickling filter 4 to 5
Primary plus activated 4 to 5
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LR = 35.7 (- )

R = r(10-7) - sec 2/g

1
C= Ci  Cf

100- Ci  100- Cf

where

LR = filter loading rate, lb/ft 2/hr.

X = fonm time/cycle time (0.1 to 0.6).

C = weight of dry solids in cake, g/ml.

P - applied vacuun, psi (5 to 15 psi).

R = filtrate viscosity, centipoises.

r = specific resistane (Buchner funnel test or
Table 2.31-3, sec /g.

t = cycle time (1.5 to 5 min), time of revolution
of drum.

C, = initial moisture content of sludge, percent.

C - final moisture content of sludge, percent, (31%).

2.65.4.2 If data are not available, select loading rate
fran Table 2.31-4 or use 3.5 lb/ft /hr.

2.65.4.3 Calculate required total filter area.

V(100 - Ci)(8.34)( 7)24 (100Cd)
TFA ,, LR(100) (HPD) (DPW)

where

TFA - total filter area, ft2.

V - sludge volume, gal/day.

Ci - initial moisture content of sludge, percent.
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LR - filter loading rate, lb/ft2 /hr.

HPD = operati-n per day, hr.

DPW - days/week.

2.65.4.4 Calculate mount of chemicals required.

CdV (100 - Ci)
CR - (HPD) (DPW) (100) (7)(8.34) 100

where

CR = amount of chemicals required, lb/hr.

Cd = chemical dosage, percent of dry weight of
solids fed to filter.

V - sludge volume, gal/day.

HPD = operation per day, hr.

DPW = days/week.

C, - initial moisture content of sludge, percent.

2.65.4.5 Select number of filters and calculate area per
filter.

APF - TFA
NF

where

2APF - area per filter, ft 2 .

TFA - total filter area, ft2.

NF - number of filters.

2.65.4.6 Effluent Sludge Characteristics.

2.65.4.6.1 Sludge Volume.

SF - V(100- Ci) (100 + Cd) (.9)
100 - Cf

where

SF - sludge volume after filtration, gpd.
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V - sludge volume before filtration, gpd.

Ci - initial moisture content of sludge, %.

Cf - final moisture content of sludge, %.

Cd - chemical dosage, percent of dry weight of solidsfed to filter, %.

2.65.4.6.2 Volatiles in sludge.

(SF) (Cf) (VOLAT)
PVOLAT = (V) (100 - Ci) (100 + Cd) (.9)

where

PVOLAT = percent volatile in effluent sludge, %.

SF - sludge volume after filtration, gpd>

Cf - final moisture content of sludge, %.

VOLAT - percent volatile in influent sludge, 2.

V - sludge volume before filtration, gpd.

Ci - initial moisture content of sludge, %.

Cd - chemical dosage, percent of dry weight of
solids fed to filter, %.

2.65.5 Process Design Output Data.

2.65.5.1 Loading rate, lb/ft 2/hr.

22.65.5.2 Total filter area, ft

2.65.5.3 Chemical requirements, lb/hr.

2.65.5.4 Initial moisture content, percent.

2.65.5.5 Final moisture content, percent.

2.65.5.6 Cycle time, min.

2.65.5.7 Fo--ation time, min.
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2.65.5.8 Chemical dose, percent.

2.65.5.9 Applied vacuum, psi.

2.65.5.10 Operation per day, hr.

2.65.5.11 Operation per week, days.

2.65.6 Quantities Calculations.

2.65.6.1 Filter Selection.

2.65.6.1.1 Units must be one of the following sizes (FAA) as these

are the sizes conmercially available: 60, 85, 100, 125, 150, 200, 250,
300, 360, 430, 500, 575, 675, 750 sq ft.

where

FAA - filter area of camercially available units,
sq ft.

2.65.6.1.2 If the total filter area is less than 750 sq ft, only one
filter will be used as it is assumed that plants of this size will run
the filter one shift per day and will have adequate sludge storage
should the filter be out of service for any period of time. The total
filter area (TFA) should be canpared to the conmercially available units
(FAA) and the smallest available unit which is larger than TFA should be
selected.

2.65.6.1.3 If the total filter area (TFA) is greater than 750 sq ft,
then a minimum of two units will be used. For maintenance purposes all
units will be the sane size.

TFA
F NF

where

AF - calculated filter area for a single
filter, sq ft.

NF - the number of filters.
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The selection of the correct filter size must be done by trial
and eiror. Since the minimum nunber of units is two, the first
trial will be:

Try NF - 2: If AF is greater than 750 sq ft, try NF - NF + 1

and repeat until AF is less than 750 sq ft. When an AF less

than 750 sq ft is obtained, compare AF to FAA and select the

smallest FAA that is greater than AF . If FAA x NF is larger

than TFA by more than 10%, go to NF ' NF + 1 and repeat the

procedure. When FAA x NF is larger than TFA by less than 10%,

then FAA -F%.

where

FAS - filter area of the conmercial unit selected,
sq ft.

2.65.6.2 Calculate building size for housing filters. The

area of the building was detemnined from the size of the equipment
to be installed such as vacuun filter, sludge pumps, vacuum
pumps, filtrate tanks, chemical pumps, belt conveyors, etc.

AB - [190 + 1.2 (FAs)] NF

where

AB - area of building, sq ft.

FA - filter area of the commercial unit selected,
sq ft.

NF - number of filters.

2.65.6.3 Calculate dry solids produced.

V (100- Ci) (8.34) (1 C d/100)
100 (2000)

where

DS - dry solids produced, tpd.

V - volume of sludge, gpd.

Ci - initial moisture content of sludge, percent.
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2.65.6.4 Calculate operational labor.

2.65.6.4.1 If the dry solids produced (DS) is betwen .01 tpd
and .09 tpd.

OMH - 520 manhours/yr

2.65.6.4.2 If the dry solids produced (DS) is between .09
tpd and 9.0 tpd,

OMH - 1760 (DS)
0 .504

2.65.6.4.3 If the dry solids produced (DS) is between 9.0

tpd and 300 tpd,

04 - 1200 (DS)
0 .734

where

OH - operating labor, man-hours/yr.

DS - dry solids produced, tpd.

2.65.6.5 Calculate maintenance labor.

2.65.6.5.1 If the dry solids produced (DS) is between .01
tpd and .09 tpd,

MMH - 64 man-hours/yr

2.65.6.5.2 If the dry solids produced (DS) is between .09
tpd and 9.0 tpd,

K-Il - 240 (DS)
0 .548

2.65.6.5.3 If the dry solids produced (DS) is between 9.0
tpd and 300 tpd,

MMH - 136 (DS) 0.808

where

144 - maintenance labor, man-hours/yr.

DS - dry solids produced, tpd.

2.65.6.6 Calculate energy requirement for operation.

KWH - 28,000 (DS)
0 .9 33
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where

KWH - energy requirement, kwhr/yr.

DS - dry solids produced, tpd.

2.65.6.7 Calculate O&M material and supply cost.

2.65.6.7.1 Material and supply costs include such items as
lubrication oil, paint, and replacement material, etc. These
costs are estimated as 5% of the installed equipment cost.

2.65.7 Quantities Calculations Output Data.

2.65.7.1 Filter area of the canmercial unit selected, FAS,
sq ft.

2.65.7.2 Number of filters, NF-

2.65.7.3 Area of building, AB, sq ft.

2.65.7.4 Dry solids produced, DS, tpd.

2.65.7.5 Operating labor, OMH, man-hours/yr.

2.65.7.6 Maintenance labor, MMH, man-hours/yr.

2.65.7.7 Energy requirement, KWH, kwhr/yr.

2.65.7.8 Chemical requirement, CR, lb/hr.

2.65.8 Unit Price Input Required.

2.65.8.1 Standard size vacuun filter cost, COSTSF, $,
(optional).

2.65.8.2 Equipment installation labor rate, LABRI, $/MH.

2.65.8.3 Building construction costs, UPIBC, $/sq ft.

2.65.8.4 Current Marshall and Swift equipment cost index,
MSECI.

2.65.9 Cost Calculations.

2.65.9.1 Calculate cost of installed equipment.
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2.65.9.1.1 Purchase cost of vacuum filter includes the cost
of the vacuum filter, vacuum pump, filtrate pump, filtrate tank,
sludge pump, chemical pumps, conditioning tank, conveyor belt,
electric motors, and electrical control panel.

COSTSF * COSTR • NF

COSTF 100

where

COSTF - purchase cost of vacuum filter and accessories
$.

COSTSF = purchase cost of standard size filter, 300 sq
ft, $.

COSTR - cost of filter of area FAS as percent of the cost
of the standard size filter, percent.

N F - number of filters.

2.65.9.1.2 Calculate COSTR. The percent of the cost of the
standard size unit is calculated by:

COSTR - 52 + .16 (FAs)

where

COSTR - cost of filter of area FAS as percent of the cost of
the standard size filter, %.

FAS - filter area of the ccmmercial unit selected,
sq ft.

2.65.9.1.3 Purchase cost of standard size filter. The 300
sq ft vacuum filter was selected as the standard size unit as it
is midrange of the sizes available. The costs of a 300 sq ft
vacuum filter and accessories for the first quarter of 1977 are:

COSTSF - $150,000

For better estimation, COSTSF should be obtained from the
equipment vendor and treated as a unit price input. If COSTSF
is not treated as a unit price input, the cost will be adjusted
by using the Marshall and Swift Equipment Cost Index.

COSTSF = $150,000 - MSEC
CTr9-1.6
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where

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index 1st
quarter 1977.

2.65.9.1.4 Calculate filter installation labor. If the
filter selected (FAS) is smaller than 400 sq ft, then:

IL - [544 + 0.32 (FAs)] NF

If the filter selected (FAS) is larger than 400 sq ft, then:

IL - [476 + 0.48 (FAs)] NF

where

IL - filter installation labor, man-hours.

FAS - filter area of the ccmmercial unit selected,
sq ft.

NF - ntmber of filters.

2.65.9.1.5 Calculate filter installation cost.

ICOST - (IL) (LABRI)

where

ICOST - filter installation cost, $.

IL - filter installation labor, man-hours.

LABRI - installation labor rate, $/man-hour.

2.65.9.1.6 Calculate other equipment installation costs.
This includes costs for installation of vacuum pump, filtrate
pump, filtrate tank, sludge tank, sludge pump, chemical pumps,
conveyor belt, electrical panel, and piping. These costs are
estimated as 60% of the purchase costs of the vacuum filter and
accessories.

OICOST - COSTF (.6)

where

OICOST - other equipment installation costs, $.
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COSTF = purchase cost of vacuum filter and accessories,

2.65.9.1.7 Calculate total installed equipment costs.

IEC - COSTF + ICOST + OICOST

where

IEC - total installed equipment costs, $.

COSTF - purchase cost of vacuun filter and accessories
s.

ICOST - filter installation labor, $.

OICOST - other equipment installation costs, $.

2.65.9.2 Calculate cost of filter building.

COSTB - AB - UPIBC

where

COSTB - cost of filter building, $.

= area of building, sq ft.

UPIBC - unit price input for building construction
costs, $/sq ft.

2.65.9.3 Calculate total bare construction costs.

TBCC - IEC + COSTB

where

TBCC - total bare construction costs, $.

IEC - total installed equipment costs, $.

COSTB - cost of filter building, $.

2.65.9.4 Calculate operation and maintenance material and
supply costs.

OMHC - (IEC) (.05)
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where

OMMC - operation and maintenance material and supply
costs, $.

IEC - total installed equipment costs.

2.65.10 Cost Calculations Output Data.

2.65.10.1 Total bare construction costs, TBCC, $.

2.65.10.2 Operation and maintenance material and supply
costs, OMMC, $/yr.
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2.67 WET OXIDATION

2.67.1 Background.

2.67.1.1 Wet oxidation, also known as wet air oxidation, wet
Incineration, and wet combustion, is based on the principle that any
substance capable of burning can be oxidized in the presence of
liquid water at temperatures between 250*F and 700*F. In general,
any degree of oxidation desired can be accomplished by providing the
proper temperature, pressure, reaction time, and sufficient com-
pressed air or oxygen.

2.67.1.2 The process has been patented and is commercially
known as the Zimpro process. Th process is capable of operating
satisfactorily at sludge solids concentrations as low as 1%, much
less than that required for conventional combustion processes.

2.67.1.3 The descriptions that follow are intended to be used
to evaluate the wet air oxidation process as a disposal technique.
It is not intended to give or lend the rights established by the
patent held on the process described herein.

2.67.1.4 The general flow diagrau of the wet air oxidation
system is illustrated in Figure 2.67-1. The raw sludge is ground,
reducing particle sizes to a maximum of 4 inch, and mixed with a
quantity of compressed air or oxygen. When the process is operated
continuously, the air-waste mixture is pumped through a series of
heat exchangers, thereby being brought to the initial reaction
tenperature, and then into the pressurized reactor. When the process
is operated as a batch system, the heat exchangers are eliminated as
a source of heating the reactor influent.

2.67.1.5 The oxidation taking place in the reactor causes an
increase in temperature. The oxidized effluent is cooled in the heat
exchangers. Gases are separated from the 1liquid, which is carrying
the residual oxidized material and released through a pressure-
reducing valve into an odor-control ling, catalytic oxidation unit.
These gases, when economical, may be expanded in a turbine as opposed
to the pressure released to the atmosphere. Liquid and solids
residue pass through a separate pressure- reducing valve and the
residue removed by conventional separation equipment. The solids are
inert and may be disposed of accordingly. Wet air oxidation process
wastewater must be returned to the beginning of the wastewater
treatment facilities. The process can be designed to be thermnally
autogenous. When additional heat is needed, as in the cases of batch
operation or process start-up, steam is injected into the reactor.
This may also be necessary when low levels of oxidation are being
used in process operation or if the sludge being oxidized has a low
energy value.
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2.67.1.6 There are certain disadvantages to using this system.
After a period of from 30 to 60 days the heat exchangers must be
isolated from the system and cleaned. Operationally, the need to
return the oxidized liquors, which are very high in organics, phos-
phorus, and nitrogen, through the wastewater treatment system re-
presents a considerable load and must be taken into consideration in
over-all treatment plant design. The high pressure-high temperature
system also introduces some safety problems which will play a role in
the design of the plant facilities.

2.67.1.7 Oxygen must be present in stoichiometric proportions
to prevent Impedement of combustion during the wet air oxidation
process. Oxygen in excess of the required stoichimetric quantity
will not accelerate the process. The chemical oxygen demand of the
waste has been found to be a very convenient parameter of the oxygen
required in the combustion process. Another parameter utilized and
verified through experiments is the stea-to-air ratio.

2.67.2 Input Data.

2.67.2.1 Average wastewater flow, mgd.

2.67.2.2 Sludge volume, gallons/million gallons.

2.67.2.3 Raw sludge solids concentration, %.

2.67.2.4 Sludge COD (mg/l).

2.67.2.5 Operating temperature, *F.

2.67.2.6 Operating pressure, psia. From steam tables, psia.

2.J7.2.7 Specific volume of saturate steam, from steam tables,
ft /lb.

2.67.2.8 Effluent COD, mg/l. To be recycled to head of separate
biological treatment facilities.

2.67.3 Design Parameters.

2.67.3.1 Sludge volume per million gallons treated.

2.67.3.2 Raw sludge solids concentration, %, 1.5-15%.

2.67.3.3 Sludge COD. (20-40 mg/l) Average 30 mg/l.

2.67.3.4 Operating temperature (250-700*F). May use 450*F as
an average.

2.67.3.5 Specific volume of saturated steam, from steam tables.

Use 1.446 ft3/lb at 450*F.

2.67-2



2.67.3.6 COD reduction. Approximately 60-90%. Typically 75%.

2.67.3.7 Sludge retention time, select from Figure 2.67-2 for
specified conditions. Use 1 hour.

2.67.4 Process Design Calculations.

2.67.4.1 Calculate the sludge volume per day.

SV - (Q avg)(SF)

where

SV = sludge volume, gallons/day.

Qavg average wastewater flow, mgd.

SF - sludge flow, gallons/million gallons.

2.67.4.2 Calculate the air requirements.

COD
A -778

where

A - air requirements, lb dry air/gallon of sludge.

COD - chemical oxygen demand of sludge, mg/i.

2.67.4.3 Calculate the stean-to-air ratio, assuming the gallon
of sludge produces stean.

S. 8.34
At 0.8A

where

S stean-to-air ratio, lb of steau/lb dry air.
It

0.8 - a factor to insure some water will be retained
in the liquid phase.

2.67.4.4 Calculate the reactor pressure.

P 53.3(T + 460)
t 144 E. v +p

where

Pt W reactor pressure, psia.
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T = operating temperature, *F.

Vs - specific volume of steam, ft 3 /lb.

Ps a saturated steam pressure, psia.

2.67.4.5 Calculate the reactor volume.

V M 8.34(SV)(Vs)(RT)
r 24

where

Vr = reactor volume, ft3.

RT - sludge retention time, hours.

2.67.4.6 Calculate the heating vLlue of the influent waste.

Hw - 50(COD r)

where

Hw - heating value of influent waste, btu/gallon.

COD r = chenical oxygen demand removed, mg/l.

2.67.4.7 Calculate additional heat required.

H - 1500- Hw - He

where

H ff= additional heat required, Btu/gallon.

H e heat supplied by the heat exchangers. Use
e 250 btu/gallon.

1500 - Btu/gallon required for an autogenous reactor.

2.67.4.8 Supernatant Return.

2.67.4.8.1 Quantity.

2.67.4.8.1.1 Activated Sludge and Oxidation Ditch.

QSUP - (Q avg) (0.02)

where

QSUP - quantity of supernatant returned, mgd.
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Qavg ' average daily wastewater flow, mgd.

2.67.4.8.1.2 Trickling Filter and Rotating Biological Contactor.

QSUP - (Q avg) (0.007)

where

QSUP = quantity of supernatant returned, mgd.

Qavg = average daily wastewater flow, mgd.

2.67.4.8.2 Supernatant Quality.

TSS - 100

BOD - 3000

COD - 9500

TKN - 800

NH3 - 700

PH - 7.1

where

TSS = total suspended solids concentration, mg/l.

BOD - BOD 5 concentration, mg/l.

COD - COD concentration, mg/l.

TKN - total Kjeldahl nitrogen concentration, mg/l.

NH3 - ammonia nitrogen concentration, mg/l.

PH - pH.

2.67.5 Process Design Output Data.

2.67.5.1 Sludge volume, gallons, day.

2.67.5.2 Air requirements, pounds of dry air per gallon of
sludge.

2.67.5.3 Reactor pressure, psia.
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2.67.5.4 Reactor tenperature, *F.

2.67.5.5 Reactor volume, ft 3 .

2.67.5.6 Additional heat required, Btu/gallon.

2.67.6 Quantities Calculations. Not Used.

2.67.7 Quantities Calculations Output Data. Not Used.

2.67.8 Unit Price Input Required. Not Used.

2.67.9 Cost Calculations.

2.67.9.1 Unit price costing is not available for this treatnent
process, therefore paranetric costing will be used.

2.67.9.2 Calculate operation and maintenance costs.

Z - 3.4263 - 0.50377(X) + 0.022872(X)2

O&M - e(X)100

where

O&M - operation and maintenance cost, $/yr.

X - sludge feed rate, 1000 gpd.

2.67.9.3 Calculate total bare construction cost.

Y - 4.3685 - 0.39095(X) + 0.013492(X)
2

TBCC - e

where

TBCC - total bare construction cost, $.

X - sludge feed rate, 1000 gpd.

2.67.10 Cost Calculations Output Data.

2.67.10.1 Operation and maintenance costs, O&M, $/yr.

2.67.10.2 Total bare construction cost, TBCC, $.
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3.1 ACTIVATED SLUDGE

3.1.1 Background. There are a number of variations of the
activated sludge process. However in the range of flows which are
being addressed (0- .5 mgd) the costs for the various systems are very
nearly the same. Also in this flow range activated sludge plants are
generally package units with everything except the foundations and
raw pumping stations furnished as a single unit. As a general rule
the extended air activated sludge process is selected for small
plants, because it is easier to operate than other modifications of
the activated sludge process and most small plants can not obtain
adequately skilled operators. The following calculations for sizing
and costing will be based on the extended air activated sludge
process.

3.1.2 Input Data.

3.1.2.1 Wastewater flow.

3.1.2.1.1 Average daily flow, Qavg' mgd.

3.1.2.1.2 Peak flow, Qp, mgd.

3.1.2.2 Influent wastewater characteristics.

3.1.2.2.1 COD, mg/l.

3.1.2.2.3 Total suspended solids, TSS, mg/l.

3.1.2.2.4 Volatile suspended solids, VSS, mgl.

3.1.2.2.5 Nonbiodegradable volatile suspended solids, SSi, mg/l.

3.1.2.2.6 pH.

3.1.2.2.7 Acidity and/or alkalinity, mg/l.

3.1.2.2.8 Nitrogen (kjeldahl or NHR3 ), ml1.

3.1.2.2.9 Phosphorus ( total and soluble), mgl.

3.1.2.2.10 Oils and greases, mg/l.

3.1.2.2.11 Heavy metals, mg/i.

3.1.2.2.12 Toxic or special characteristics, mg/l.

3.1.2.2.13 Temperature, OF or °C.
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3.1.2.3 Effluent quality requirements.

3.1.2.3.1 BODs, Fe, mg/l.

3.1.2.3.2 Suspended solids, SS, mg/l.

3.1.2.3.3 Total kjeldahl nitrogen, TKN, mg/l.

3.1.2.3.4 Phosphorus, P, mg/l.

3.1.3 Process Design Calculations.

3.1.3.1 McKinney's equations will be used for the design
calculations. Assume the following design parameters.

3.1.3.1.1 Metabolism constant, Ki, use 15/hr at 20 0 C.

3.1.3.1.2 Synthesis factor, K., use 10.4/hr at 200C.

3.1.3.1.3 Endogenous respiration factor, K use 0.02/hr at
200C. e"

3.1.3.1.4 Temperature correction t.,efficient, 0, use 1.0 to
1.03.

3.1.3.1.5 Hydraulic detention time, t, use 18 to 36 hours.

3.1.3.1.6 Solids retention Lime, ts, use 20 to 30 days.

3.1.3.2 Adjust constants for temperature. Must adjust the
metabolism constant, synthesis factor, and endogenous respiration
factor fron 200C to operating temperature.

- K20 (")(T-20)

where

- rate constant at operating temperature.

K20 - rate constant at 200C.

Q - temperature correction coefficient.

T - operating temperature, °C.

3.1.3.3 Detemine aeration tank volume.
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V = Q (t/24)

where

V - volume of aeration tank, million gal.

Qavg - average daily wastewater flow, mgd.

t - hydraulic detention time, hrs.

3.1.3.4 Calculate effluent soluble BOD5 .
F5.

Fe Fi
1+ Kt

Im
If Fe 10 mg/l, assume a longer detention time (t) and recalculate
Fe until Fe 10 mg/i.

where

Fe - soluble effluent BOD5 , mg/l.

Fi - influent BOD 5, mg/I.

K - metabolism constant at operating temperature, 1/hr.
m

t - hydraulic detention time, hrs.

3.1.3.5 Calculate MISS concentration and check it to be sure
it is between 3000 and 6000 mg/l.

3.1.3.5.1 Calculate (Ma) living active mass.

Ma = Ks Fe
Ke + I

24tS

where

Ma - living active mass, mg/i.

K8 - synthesis factor, l/hr.

Ke - endogenous respiration factor, 1/hr.

Fe - soluble effluent SODs, mg/1.

t s - solids retention time, days, use 20 to 30 days.
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3.1.3.5.2 Calculate (Me) endogenous mass.

Me = 0.2 Ke Ha ts (24)

where

Me - endogenous mass, mg/l.

Ke - endogenous respiration factor, 1/hr.

Ma - living active mass, mg/l.

ts - solids retention time, days.

3.1.3.5.3 Calculate (Mi) inert nonbiodegradable organic mass.
S SSi x 24 t

i t

where

Mi - inert nonbiodegradable organic mass, mg/I.

SSi - inert nonbiodegradable organic solids in influent,
Mg/i1.

t - solids retention time, days.

t - hydraulic detention time, hrs.

3.1.3.5.4 Calculate (Mii) inert inorganic suspended solids,
mg/i1.

M - ss 24t .1M+
M ii ii xts + -N + Me )

t
where

Mii - inert inorganic suspended solids, mg/l.

SSii - inert inorganic suspended solids in the influent, mg/l.

t s - solids retention time, days.

t - hydraulic detention time, hrs.

Ma - living active mass, mg/l.

Me - endogenous mass, mg(l.

3.1.3.5.5 Calculate (MLSS) mixed liquor suspended solids.

MLSS - M M M i + Mii
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where

MLSS - mixed liquor suspended solids, mg/I.

Ma - living active mass, mg/l.

Me - endogenous mass, mg/ i.

Mi - inert nonbiodegradable organic mass, mg/l.

Mii - inert inorganic suspended solids, mg/l.

3.1.3.5.6 Check organic loading (F/M).

F/H- 24 Fi

(HLSS)(t)

where

F/M - food to microorganism ratio.

Fi - influent BODs, mg/l.

MISS - mixed liquor suspended solids, mg/l.

t - hydraulic detention time, hr.

If F/M < 0.05 reduce t and recalculate MLSS.

If F/M 2 0.15 increase t and recalculate MLSS.

3.1.3.6 Calculate sludge production.

(MLSS) (V) (8.34)
MT t

where

MT - sludge produced, lb/day.

MISS - mixed liquor suspended solids, mg/l.

V - volume of aeration tank, million gal.

t- - solids retention time, days.

3.1.3.7 Calculate pounds of solids produced per pounds of BOD
renoved.

Mt
PSPBOD - (Qe Ma) (F8.34)

where
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where

PSPBOD - pounds of solids produced per pounds of BOD renoved.

- sludge produced, lb/day.

Qavg - average daily flow, mgd.

F- influent BOD5 mg/l.

Fe - soluble effluent BOD 5 , mg/.

8.34 - conversion factor.

3.1.3.8 Calculate sludge recycle ratio.
MLSS

R H - MLSS
U

where

RR - sludge recycle ratio (.75-1.50).

MLSS - mixed liquor suspended solids, mg/l.

M - solids concentration in return sludge (10,000 to
u 12,000 mg(i) mg/ i.

3.1.3.9 Effluent Characteristics.

3.1.3.9.1 Calculate total effluent BOD5.

BODE - F + (0.84) (SSeff) ( ) (0.76)
MLSS

where

BODE - total effluent BODs, mg/i.

Fe - effluent soluble BODs, mgl.

SSeff - suspended solids in effluent, mg/l.

Ma - living active mass, mg/l.

MLSS - mixed liquor suspended solids, mg/l.

3.1.3.9.2 COD.

CODE - 1.5 BODE
CODSE - 1.5 F

e
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where

CODE - effluent COD concentration, mg/l.

BODE - effluent BOD 5 concentration, mg/ i.

CODSE = effluent COD soluble concentration, mg/l.

Fe - effluent BOD 5 soluble concentration, mg/l.

3.1.3.9.3 Nitrogen.

The effluent Kjedahl nitrogen concentration is specified by the user.

NH3E = TKNE
NO3E = N03
NO2E - 0.0

where

TKNE = effluent Kjedahl nitrogen concentration, mg/l.

NH3E = effluent ammonia concentration, mg/l.

N03 = influent NO3 concentration, mg/l.

NO3E - effluent NO 3 concentration, mg/l.

NO2E - effluent NO2 concentration, mg(l.

3.1.3.9.4 Oil and Grease.

OAGE = 0.0

where

OAGE = effluent oil and grease concentration, mg/l.

3.1.3.9.5 Settleable Solids.

SETSO - 0.0

where

SETSO - effluent settleable solids concentration, mg/l.

3.1.4 Process Design Output Data.

3.1.4.1 Volume of aeration tank, V, million gal.

3.1.4.2 Hydraulic detention time, t, hrs.

3.1.4.3 Effluent soluble BODs, Fe, mg/l.

3.1.4.4 Mixed liquor suspended solids, MLSS, mg/l.

3.1.4.5 Food to microorganism ratio, F/M.
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3.1.4.6 Sludge production, MT, lb/day.

3.1.4.7 Sludge recycle ratio, RR.

3.1.4.8 Total effluent BODE, BOD 5, mg/l.

3.1.5 Quantities Calculations.

3.1.5.1 Calculate size of package plant.

3.1.5.1.1 Determine size of package plant required from flow.

DIA - 126.4 (Q 0.4943
avg

where

DIA - diameter of package plant, ft.

Qavg = average daily flow, mgd.

3.1.5.1.2 Determine size of package plant required from aeration
tank volume.

DTIA - 114.4 (V) 0.4957

where

DIA - diameter of package plant, ft.

V - aeration tank volume million gal.

3.1.5.1.3 Select the larger of the two diameters as the size of

the package plant.

3.1.5.2 Determine quantity of concrete slab.

Assume:
The slab thickness is 9 inches.
The slab diameter is 3 ft greater than the unit diameter.

V s - (0.589) (DIA + 3)2

where

V - volume of R.C. slab required, cu ft.Cs

DIA - diameter of package plant, ft.

3.1.5.3 Determine operation manhours required.

3.1.5.3.1 If Q avg .0.1 mgd

OMH - 1200
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3.1.5.3.2 If Qavg > 0.1 mgd

OMH - 1683 (Q avg) 0 .1469

where

OMH - operation manhours required, H/yr.

Qavg = average daily flow, mgd.

3.1.5.4 Deternine maintenance manhours required.

3.1.5.4.1 If Qavg 0.1

MMH = 640

3.1.5.4.2 If Qavg > 0.1

MMH - 1143 (Q avg)0.2519

where

MMH - maintenance manhour requirements, KH/yr.

Qavg = average daily flow, mgd.

3.1.5.5 Detemine energy requirement.

KWH - 75,000 (Q avg)

where

KWH - energy required, Kwhr/yr.

Qavg - average daily flow, mgd.

3.1.5.6 Operation and maintenance material and supply costs.

OMMP - 1.74 (Q avg) 0 2497

where

OMMP - O&M material and supply costs as percent installed
package plant cost.

Qavg - average daily flow, mgd.
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3.1.5.7 Other construction cost items. Most of the
cost associated with a package activated sludge plant have
been accounted for. Sane minor items such as painting,
electrical, minor piping, etc., have not been identified and
these costs would represent approximately 10% of the total
cost.

I
CF = - 1.11

0.90 11

where

CF = correction factor for other construction cost.

3.1.6 Quantities Calculations Output Data.

3.1.6.1 Diameter of package plant, DIA, ft.

3.1.6.2 Volume of R.C. slab required, Vcs , cu ft.

3.1.6.3 Operation manhours required, OMH, MH/yr.

3.1.6.4 Maintenance manhours required, MMH, MU/yr.

3.1.6.5 Energy required, KWH, Kwhr/yr.

3.1.6.6 O&M material and supply costs as percent

installed package plant cost, OMMP, %.

3.1.6.7 Correction factor for other construction
costs, CF.

3.1.7 Unit Price Input Required.

3.1.7.1 Unit price input for R.C. slab in-place,
UPICS, $/cu yd.

3.1.7.2 Cost of standard size package plant (100,000
gpd), COSTAS, $.

3.1.7.3 Current Marshall and Swift Equipment Cost
Index, MSECI.

3.1.8 Cost Calculations.

3.1.8.1 Cost of concrete.
VCs

COSTcS UPICS

where

COSTCS - cost of R.C. slab in-place, $.
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V -volume of R.C. slab required, cu ft.

UPICS - unit price input for R.C. slab, $/cu yd.

3.1.8.2 Cost of package plant installed.

COSTPP - (COSTAS) COSTRO
100

where

COSTPP - installed cost of package plant of diameter
DIA, $.

COSTAS - cost of standard size package plant (100,000
gpd), $.

COSTRO = cost of package plant of diameter, DIA as

percent of cost of standard unit.

3.1.8.3 Deteimine COSTRO.

COSTRO - 6.28 (DIA) 0.8316

where

COSTRO - cost of package plant of diameter, DIA, as
percent of cost of standard unit.

DIA - diameter of package plant, ft.

3.1.8.4 Detemine COSTAS. COSTAS is the cost of the
standard package extended aeration activated sludge plant.
The standard unit is a package plant capable of treating
100,000 gpd of municipal sewage of average canposition and
strength. This would include all equipment except raw wastewater
pumps. It does not include the slab or site preparation.
These type units are nomnally furnished to a general contractor
who prepares the site and furnishs the slab.

COSTAS - $36,500

For better cost estimation COSTAS should be obtained fran an
equipment vendor and treated as a unit price input. If this
is not done the equipment cost will be adjusted for inflation
using the Marshall and Swift Equipment Cost Index.

COSTAS - $36,500 W9ECI491.*6

where

COSTAS - cost of standard size package plant (100,000
gpd), $.

MSECI - current Marshall and Swift Equipment Cost
Index.
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491.6 - Marshall and Swift Equipment Cost Index for first

quarter, 1977.

3.1.8.5 Determine total bare construction cost.

TBCC - (COSTCS + COSTPP) CF

where

TBCC - total bare construction cost, $.

COSTCS - cost of R.C. slab in-place, $.

COSTPP = installed cost of package plant of diameter, DIA, $.

CF - correction factor for other construction costs.

3.1.8.6 O&M material and supply costs.

OMMC - (COSTPP) -- )

where

OMMC - O&M material and supply costs, S/yr.

COSTPP - cost of package plant of diameter, DIA, $.

OMMP - O&M material and supply costs as percent installed
package plant cost, %.

3.1.9 Cost Calculations Output Data.

3.1.9.1 Total bare construction cost, TBCC, $.

3.1.9.2 O&M material and supply cost, OMMC, $/yr.
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3.3 BAR SCREENS

3.3.1 Background. Bar screens are located at the head of
treatment plants to remove large objects which may damage or clog
pumps, valves, pipelines and other equipment vithin the treatmient
plant. Bar screens consist of vertical or inclined bars spaced at
equal intervals across the channel where the wastewater flows. Bar
screens may be manually or mechanically cleaned. Only the mechani-
cally cleaned screens will be considered here, as most small systems
do not usually have labor available for cleaning the screens.

The design of bar screens is based mainly on average and peak flows.
The main consideration is pressure loss through the bar screens
during peak flow periods when the largest quantity of debris would be
expected.

3.3.2 Input Data.

3.3.2.1 Wastewater flow.

3.3.2.1.1 Average daily flow, Qagmgd.

3.3.2.1.2 Maximum daily flow, %max' mgd.

3.3.2.1.3 Peak wet weather flow, %., mgd.

3.3.3 Design Parameters.

3.3.3.1 Velocity through the bar screen, Vb., fps. (Use 2 fps
for %max and 3 fps for Q)

3.3.3.2 Approach velocity, V, fps.

3.3.3.3 Maximum head loss through screen, h ev ft (G5 ft).

3.3.3.4 Bar spacing, B., in (1 in).

3.3.3.5 Width of bar, Bwi, in (5/16 in).

3.3.3.6 Bar shape factor, ,(1.67) See Table 3.3-1.

3.3.3.7 Slope of bars, Q, degrees. (100) See Table 3.3-2.

3.3.4 Process Design Calculations.

3.3.4.1 Calculate area of bar screen required.

3.3.4.1.1 Based on maximum daily flow.

(%max) (1.5470)
AN - 2
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where

2AN - net flow area of screen, ft

%ax = maximum daily flow, mgd.

1.547 - conversion from mgd to cfs.

2 - maximum velocity through screen, fps.

3.3.4.1.2 Based on peak wet weather flow.

A - (N ) (1. 54 7)N3

where

2- net flow area of screen, ft

% - peak wet weather flow.

Use the larger of the two net area.

3.3.4.2 Calculate total area of screen.

(AN) (Bs + Bw)
AT" B

S

where

2
AT - total screen area, ft

AN - net screen area, ft2.

Bs - bar spacing, inches.

B - width of bar, inches.

3.3.4.3 Calculate width of flow channel. The smallest me-
chanically cleaned bar screen available is 2 ft wide. In the flow
range we are concerned with a 2 ft wide screen should handle all the
flows.

W -2 ft

where

Wc - width of channel, ft.
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3.3.4.4. Calculate the depth of water in channel.

AT
D m -2

where

D = water depth in the channel, ft.

AT - total area of screen, ft.

2 - width of channel, ft.

3.3.4.5 Calculate the depth of channel. The channel shall
have 2 ft freeboard above the water in the channel.

D -D+ 2c

where

D - depth of channel, ft.

D - water depth in the channel, ft.

3.3.4.6 Calculate head loss through screen.

h B 133 1.547 Q a 2 Sin2  0

e 2D M

where

h - head loss through screen, ft.e

A - bar shape factor

B - width of bar, inches.w

B - bar spacing, inches.5

QaVg - average daily flow, mgd.

D - water depth in channel, ft.

0 - slope of bars, degrees.

3.3.5 Process Design Output Data.

3.3.5.1 Wastewater flow.

3.3.5.1.1 Average daily flow, Qavg, red.
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3.3.5.1.2 Maximum daily flow, Quax' mgd.

3.3.5.1.3 Peak wet weather Qp, mgd.

3.3.5.2 Width of channel, W ft.•C,

3.3.5.3 Depth of channel, Dc, ft.

3.3.5.4 Head loss through screen, ft.

3.3.5.5 Width of bars, B , inches.

3.3.5.6 Bar spacing, Bs, inches.

3.3.5.7 Bar shape factor, 0

3.3.6 Quantities Calculations.

3.3.6.1 Detemine length of channel. A uniform velocity
distribution across the width of the channel is desirable for screening
operation. To assure reasonably uniform velocity distribution the
channel should extend a distance of five times the width of the
channel upstream of the screen and two times the width downstrean.

L -7W
c c

where

Lc - length of channel, ft.

W - width of channel, ft.c

3.3.6.2 Calculate volume of earthwork required. Assume as
with other structures, it is 3 ft in ground. Assume 2 ft overexcavation.

ew (W + 4) (L c  4) (Dc +1)

where

Vew - volume of earthwork required, cu ft.

W - width of channel, ft.
cL length of channel, f t.

D - depth of channel, ft.

3.3.6.3 Calculate volume of concrete required. Assume con-
crete is 9" thick.

3.3.6.3.1 Volume of reinforced concrete wall.

V w- [(L c + 1.5) (2) + 2 Wc ] (Dc ) (.75) + (Wc ) (6) (.75)
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where

V = volume of R.C. wall required, cu ft.cw

L - length of channel, ft.C

W - width of channel, ft.C

D - depth of channel, ft.C

3.3.6.3.: Volume of reinforced concrete slab.

V (W c +1.5)(L c  1Cs

where

V - volume of R.C. slab required, cu ft.Cs

W - width of channel, ft.c

L - length of channel, ft.C

3.3.6.4 Calculate operation and maintenance manpower required.

3.3.6.4.1 Operation manpower required.

OMH = 46 (Q avg)1354

where

OMR = operation manpower required, MW/yr.

Qavg - average daily flow, mgd.

3.3.6.4.2 Maintenance manpower required.

MfH - 16.7 (Q avg)0372

where

MMH - maintenance manpower required, MH /yr.

Qavg - average daily flow, mgd.

3.3.6.5 Calculate electrical energy requirements.

Log (KWH) - 3.0803 + 0.1833 (Log Q avg) - 0.0467 (Log Q avg 2

+ 0.0428 (Log Qavg)

where
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KWH = electrical energy required, kwhr/yr.

Qavg = average daily flow, mgd.

3.3.6.6 O&M material and supply costs.

OMMP - 2%

where

OMMP - O&M material costs as percent of total bare construction
cost, %.

3.3.6.7 Other construction costs. The above calculations
account for approximately 90% of the construction cost. The other
10% consists of miscellaneous electrical, painting, etc.

1
CF = = 1.11

where

CF - correction factor for other construction costs.

3.3.7 Quantities Calculations Output Data.

3.3.7.1 Length of channel, Lc, ft.

3.3.7.2 Volume of earthwork required, Vewy cu ft.

3.3.7.3 Volume of R.C. wall required, Vcw, cu ft.

3.3.7.4 Volume of R.C. slab required, Vcs , cu ft.

3.3.7.5 Operation manpower required, OMH, MH/yr.

3.3.7.6 Maintenance manpower required, MMH, MH/yr.

3.3.7.7 Electrical energy required, KWH, kwhr/yr.

3.3.7.8 O&M material and supply costs as percent total bare
counstruction cost, OMMP, %.

3.3.7.9 Correction factor for other construction costs, CF.

3.3.8 Unit Price Inputs Required.

3.3.8.1 Unit price input for earthwork, UPIEX, $/cu yd.

3.3.8.2 Unit Price input for R.C. wall in-place, UPICW, $/cu
yd.
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3.3.8.3 Unit price input for R.C. slab in-place, UPICS, $/cu

yd.

3.3.8.4 Purchase cost of bar screen, COSTBS, $, (Optional).

3.3.8.5 Marshall and Swift Equipment Cost Index, MSECI.

3.3.9 Cost Calculations.

3.3.9.1 Calculate cost of earthwork.

V
COSTE = ew (UPIEX)

27

where

COSTE = cost of earthwork, $.

V = volume of earthwork required, cu ft.ew

UPIEX = unit price input for earthwork, $/cu yd.

3.3.9.2 Calculate cost of reinforced concrete.

3.3.9.2.1 Calculate cost of R.C. wall.

V
COSTCW - cw UPICW

27

where

COSTCW = cost of R.C. wall in-place, $.

V cw = volume of R.C. wall required, cu ft.

UPICW - unit price input for R.C. wall in-place, $/cu yd.

3.3.9.2.2 Calculate cost of R.C. slab.
V

COSTCS - -c UPICS
27

where

COSTCS - cost of R.C. slab in-place, $.

V =a volume of R.C. slab, cu ft.

UPICS - unit price input for R.C. slab, $/cu yd.
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3.3.9.3 Calculate installed cost of bar screens. For flows
of 500,000 gal and less a 2 ft wide bar screen is adequate. The
purchase cost of a 2 ft wide mechanically cleaned bar screen in the
first quarter of 1977 is $10,350. For better cost estimation the
cost of the bar screen should be obtained fran a vendor and treated
as a unit price input. If this is not done the cost will be updated
using the Marshall and Swift Equipment Cost Index.

COStBS = $10,350S
491.*6

where

COSTBS = purchase cost of bar screen, $.

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index st quarter,
1977.

3.3.9.3.1 Installed cost of bar screen. The installation cost
is about 20% of the equipment cost.

ICS = (1.2) (COSTBS)

where

ICS = installed cost of bar screen, $.

COSTBS - purchase cost of bar screen, $.

3.3.9.4 Calculate total bare construction cost.

TBCC = (ICS + COSTE + COSTCW + COSTCS) (CF)

where

TBCC - total bare construction cost, $.

ICS - installed cost of bar screen, $.

COSTE - cost of earthwork, $.

COSTCW - cost of R.C. wall in-place, $.

COSTCS - cost of R.C. slab in-place, $.

CF - correction factor for other construction costs.

3.3.9.5 Calculate O&M material and supply costs.

OMMPOMMC = TBCC 100
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where

OMMC - O&M material and supply cost, $/yr.

TBCC - total bare construction cost, $.

OMMP - O&M material and supply costs as percent of total
bare construction cost, %.

3.3.10 Cost Calculations Output Data.

3.3.10.1 Total bare construction cost, TBCC, $.

3.3.10.2 O&M material and supply cost, OMMC, $.
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TABLE 3.3-1

BAR SHAPE FACTORS

Shape Factor Description of Bar

2.*42 Sharp.-edged rectangular bars

1083 Rectangular bars with semicircular
ups tream faces

1.79 Circular Bars

1.67 Rectangular bars with semicircular

upstream and downstream faces

TABLE 3.3-2

GENERAL CHARACTERISTICS OF BAR SCREENS

Item Dimnens ions

Bar, sizes
Width, inches 1/4 to 5/8
Depth, inches 1 to 3
Spacing, inches 5/8 to 3

Slope fron Vertical, deg 0 to 30
Approach velocity, fps 2 to 3
Allowable head loss, inches 6
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3.5 CHLORINATION

3.5.1 Background. Chlorination is one of several processes
used in the disinfection of wastewater. Some of the other methods of
disinfection are use of other halogens, ozone, and ultraviolet
radiation. While these other methods are sometimes used, chlori-
nation is used almost exclusively in small plants.

Several factors influence the effectiveness of disinfection by
chlorine. The chlorine dosage rate, contact time, presence of
organic matter, pH, and temperature all have an affect upon the
disinfection with chlorine.

3.5.2 Input Data.

3.5.2.1 Wastewater flow.

3.5.2.1.1 Average flow, Q avg mgd.

3.5.2.1.2 Peak flow, %. mgd.

3.5.3 Design Parameters.

3.5.3.1 Contact time at peak flow, CT, min. (minimum of 15
min.).

3.5.3.2 Length to width ratio, RLW (40 to 1 to approach plug
flow).

3.5.3.3 Number of tanks, N (usually 1 for this flow range).

3.5.3.4 Chlorine dosage, CD, mg/l (about 8 mg/l for average
sewage).

3.5.4 Process Design Calculations.

3.5.4.1 Calculate contact tank volume. Select a contact time

(CT) at peak flow (15 minutes minimum).

VCT - Qp (CT) 
x 106

1440

where

VCT - volume of contact tank, gal.

QP - peak flow, mgd.

CT - contact time at peak flow, min.
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3.5.4.2 Calculate surface area of contact tank. Select a side
water depth (SWD).

SA = (VCT)
(7.48) (SWD)

where

SA - surface area of contact tank, sq ft.

VCT - volume of contact tank, gal.

SWD - side water depth, ft. 8 ft.

3.5.4.3 Calculate tank dimensions. Select a length to width
channel ratio (min. 40 to 1).

3.5.4.3.1 Calculate channel width.
( SA 0.5

where

CW - channel width, ft (CW is always 1 ft).

SA - surface area of contact tank, sq ft.

RLW - length to width channel ratio.

3.5.4.3.2. Calculate channel length.

SA
Cw

where

CL - channel length, ft.

SA - surface area of tank, sq ft.

CW - channel width, ft.

3.5.4.3.3 Calculate contact tank length and width. Assume tank
will have 4 baffles with minimum distance between baffles of I ft.
Also assume the baffles will be 6" thick concrete.

CTL - CL + CW

CTW - (CW + .5) 5

where

CTL - contact tank length, ft.
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CL - channel length, ft.

CW - channel width, ft.

CTW - contact tank width, ft.

3.5.4.4 Calculate chlorine requirement. Select a chlorine
dosage (See Table 3.5-1).

CR -(Qavg ) (CD) (8.34)

where

CR - chlorine requirement, lb/day.

Qavg - average flow, mgd.

CD - chlorine dosage, mg/i.

3.5.5 Process Design Output Data.

3.5.5.1 Average flow, Q avg, mgd.

3.5.5.2 Peak flow, Qp, mgd.

3.5.5.3 Contact time, CT, min.

3.5.5.4 Volume of contact tank, VCT, gal.

3.5.5.5 Chlorine requirement, CR, lb/day.

3.5.5.6 Contact tank length, CTL, ft.

3.5.5.7 Contact tank width, CTW, ft.

3.5.5.8 Side water depth, SWD, ft.

3.5.6 Quantities Calculations.

3.5.6.1 Calculate earthwork required. Assume tank is 4 ft in
ground and sides of excavation are at 1 to 1 side slope.

Vew - 4(CTL)(CTW) + 16 CTW+ 16 CTL+ 128

where

Vew - volume of earthwork, cu ft.

CTL - contact tank length, ft.

CTW - contact tank wldth, ft.
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3.5.6.2 Calculate quantity of concrete slab required.

V - (CTL+ 1) (CTW+ 1) (.5)Cs

where

V - volume of R.C. slab required, cu ft.
Cs

CTL - contact tank length, ft.

CTW - contact tank width, ft.

3.5.6.3 Calculate quantity of concrete wall required.

V - (6 CTL+ 2 CTW) (.5) (SWD+ 2)cw

where

Vcw - volume of R.C. wall required, cu ft.

CTL - contact tank length, ft.

CTW - contact tank width, ft.

SWD - side water depth, ft.

3.5.6.4 Calculate size and number of chlorine cylinders.

3.5.6.4.1 If chlorine requirement (CR) is less than 50 lb/day
use 150 lb cylinders. Assume that a minimum of 30 days supply will
be kept on hand. The minimum number of cylinders regardless of
chlorine requirement, will be two 150 lb cylInders.

N = (CR) 30
c 150

If Nc is not an integer, use next largest integer.

where

N - number of cylinders required.

CR - chlorine requirement, lb/day.

3.5.6.4.2 If the chlorine requirement is greater than 50 lb/day,
use 1-ton cylinders. The minimum number of cylinders is 2.

N a CR (30)
c 2010

where
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Nc - number of cylinders.

CR - chlorine requirement, lb/day.

3.5.6.5 Calculate chlorination building area. The chlori-
nation building size is detemined by the anticipated equipment to be
used for the various chlorine requirements. For flows less than 0.5
mgd only one chlorinater and one evaporator would be required.
Therefore, the same size building would be used between flows of 0 to
.5 mgd.

BC -220 sq ftc

where

BA - chlorination building area, sq ft.c

3.5.6.6 Calculate chlorine storage area.

3.5.6.6.1 If CR 50 l1/day then A = 16 x NS c"

3.5.6.6.2 If CR >50 lb/day then As - 140 x Nc*

where

A = area of chlorine storage building, sq ft.S

N = number of chlorine cylinders required.C

3.5.6.7 Calculate operational labor.

OMH - 40.48 (CR)
0 .5 3 16

where

OM - operational labor, HM/yr.

CR - chlorine requirement, lb/day.

3.5.6.8 Calculate maintenance labor.

3.5.6.8.1 If the chlorine requirement is between 0 and 55
lb/day,

- 15.82 (CR)
0 .3 14 1

3.5.6.8.2 If the chlorine requirement is greater than 55 lb/day,

MM - 7.83 (CR) 0 . 4 9 1 4
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where

MMH - maintenance labor, MW yr.

CR - chlorine requirement, lb/day.

3.5.6.9 Calculate energy requirement for operation. In this
low flow range the energy requirement is constant.

KWH - 118,000

where

KWH = energy requirement, kwhr/yr.

3.5.6.10 Calculate operation and maintenance material and
supply costs.

OMMP - 6.255 (CR) 0 . 0 79 7

where

OMMP - O&M material and supply cost as percent of construction
cost.

CR - chlorine requirement, lb/day.

3.5.6.11 Other construction cost items for chlorine contact
chanber. Fran the calculations, approximately 85% of the cost of the
chlorine contact chamber have been accounted for. Other minor costs
such as influent and effluent piping and weirs, handrails, painting,
etc. would account for the other 15%.

1CF - . 1.18

where

CF - correction factor for construction of chlorine contact
chember.

3.5.7 Quantities Calculations Output Data

3.5.7.1 Chlorine requirement, CR, lb/day.

3.5.7.2 Chlorination building area, BA , sq ft.

3.5.7.3 Area of chlorine storage building, As, sq ft.

3.5.7.4 Volume of earthwork, Vew , cu ft.

3.5.7.5 Volume of R.C. slab required, Vcs, cu ft.
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3.5.7.6 Volume of R.C. wall required, VowT cu ft.

3.5.7.7 Correction factor for construction cost of chlorine
contact chamber, CF.

3.5.7.8 Operation labor, OMH, MH/yr.

3.5.7.9 Maintenance labor, MMH, MW/yr.

3.5.7.10 Energy requirement for operation, KWH, kwhr/yr.

3.5.7.11 O&M material and supply costs, OMMP, Z.

3.5.8 Unit Price Input Required.

3.5.8.1 Standard size chlorinator costs, COSTCLE, $ (optional).

3.5.8.2 Unit price input building cost, UPIBC, $/sq ft.

3.5.8.3 Unit price input for excavation, UPIEX, $/cu yd.

3.5.8.4 Unit price input for R.C. wall in-place, UPICW,
$/cu yd.

3.5.8.5 Unit price input for R.C. slab in-place, UPICS,
$/cu yd.

3.5.8.6 Marshall and Swift Equipment Cost Index.

3.5.9 Cost Calculations.

3.5.9.1 Calculate cost of earthwork.

COSTE - V ew UPIEX
27

where

COSTE - cost of excavation, $.

V - volume of earthwork, cu ft.eW

UPIEX - unit price input for excavation, $/cu yd.

3.5.9.2 Cost of R.C. walls in-place.

V
COSTC - UPIC27
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where

COSTCW - cost of R.C. walls in-place, S.

V - volume of R.C. wall required, cu ft.cw

UPICW - unit price input for R.C. wall, $/cu yd.

3.5.9.3 Cost of R.C. slab in-place.
V

COSTCS , UPICS

where

COSTCS = cost of R.C. slab in-place, $.

V - volume of R.C. slab required, cu ft.cs

UPICS - unit price input for concrete slab, $/cu yd.

3.5.9.4 Calculate cost for chlorine contact chamber.

COSTCC - (COSTE + COSTCS + COSTCW) (CF)

where

COSTCC - cost of chlorine contact chamber, $.

COSTE - cost of excavation, $.

COSTCS - cost of R.C. slab in-place, $.

COSTCW - cost of R.C. wall in-place, $.

CF - correction factor for construction cost of chlorine
contact chamber.

3.5.9.5 Calculate cost of chlorination building.

COSTCB - BA x UPIBCC

where

COSTCB - cost of chlorination building, $.

BA - chlorination building area, sq ft.

UPIBC - unit price input building cost, $/sq ft.
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3.5.9.6 Calculate cost of chlorine storage building.

COSTS - As x (.5) (UPIBC)

where

COSTS - cost of chlorine storage building, $.

As - area of chlorine storage building, sq ft.

UPIBC - unit price input building cost, $/sq ft.

0.5 - factor to convert UPIBC to unit cost for
storage building.

3.5.9.7 Calculate installed chlorination equipment cost.

3.5.9.7.1 The equipment purchase cost includes all equipment
required such as chlorinator, evaporator, scales, leak detector,
flow recorder, and booster pump. In this flow range residua"
analyzers are not required as chlorine is controlled based on flow.

3.5.9.7.2 If CR is between 0 lb/day and 50 lb/day.

COSTCE - 4.33 x COSTCLE

3.5.9.7.3 If CR is greater than 50 lb/day.

COSTCE - 5.%Q x COSTCLE

where

COSTCE - purchase cost of chlorination equipment, $.

COSTCLE - purchase cost of standard size chlorinator (2,000
lb/day).

3.5.9.7.4. Deteimine cost of standard size chlorinator (COSTCLE).

The approximate cost of a 2,000 lb/day chlorinator for the first
quarter of 1977 is:

COSTCLE - $2,700

For a better cost estimation, COSTCLE should be obtained from
equipment vendor and treated as unit price input. If COSTCLE is
not treated as a unit price input, the cost will be adjusted by
using the Marshall and Swift Equipment Cost Index.
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MSECI

COSTCLE - $2,700 491.6

where

COSTCLE - cost of standard size chlorinator, $.

MECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index first quarter
1977.

3.5.9.7.5 Calculate installation cost of chlorination equipment.

ICOST - (0.3) (COSTCE)

where

ICOST - installation cost of chlorination equipment, $.

COSTCE - purchase cost of chlorination equipment, $.

3.5.9.7.6 Calculate installed equipment cost.

IEC - COSTCE + ICOST

where

IEC - installed equipment costs, $.

COSTCE - purchase cost of chlorination equipment, $.

ICOST - installation cost of chlorination equipment, $.

3.5.9.8 Calculate total bare construction cost.

TBCC - IEC + COSTCB + COSTS + COSTCC

where

TBCC - total bare construction cost, $.

IEC - installed equipment cost, $.

COSTCB - cost of chlorination building, $.

COSTS - cost of chlorine storage building, $.

COSTCC - cost of chlorine contact chamber, $.
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3.5.9.9 Calculate operation and maintenance material and
supply cost.

OMMC = (TBCC) 0MMP

where

OMMC - O&M material and supply cost, $.

TBCC - total bare construction cost, $.

OMMP - O&M material and supply costs as percent of construction
cost, %.

3.5.10 Cost Calculations Output Data.

3.5.10.1 Total bare construction cost, TBCC, $.

3.5.10.2 O&M material and supply cost, OMMC, $.

TABLE 3.5-1

CHLORINE DOSAGE

Wastewater Source Dosage Range (mg/I)

Untreated wastewater 6 to 25

Primary sedimentation 5 to 20

Chemical precipitation plant 2 to 6

Trickling filter plant 3 to 15

Activated sludge plant 2 to 8

Multimedia filter after activated sludge plant 1 to 5
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3.7 LAGOONS

3.7.1 Background. Lagoons have been extensively used for
municipal and industrial waste where sufficient land area is
available. Sone of the reasons for the popularity of lagoons are
operational stability with fluctuating loads, require relatively
unskilled operators, low O&M costs, and low construction costs.

Six different types of lagoons will be addressed; aerated aerobic
lagoons, aerated facultative lagoons, anaerobic lagoons, facu-
ltative lagoons, oxidation lagoons, and sludge lagoons.

3.7.2 General Description Aerated Aerobic Lagoons. The
contents of an aerobic aerated lagoon must be completely mixed so
that the inconing solids and the biological solids produced in the
lagoon do not settle. Effluent quality is a function of detention
time and will nonnally have a BOD ranging from one-third to one-
half of the influent value. This BOD is due to the endogenous
respiration of the biological solids escaping in the effluent.
Before the effluent is discharged, the solids may be renoved by
settling.

3.7.3 General Description Aerated Facultative Lagoon.

3.7.3.1 The contents of this type of lagoon are not com-
pletely mixed. Thus, portions of the incoming solids and the
biologically produced solids settle out and undergo anaerobic
decanposition. As a result, the effluent fram the facultative
lagoon would contain higher soluble BOD concentration than f ran
the aerobic one.

3.7.3.2 Algal growth is possible, due to the non-canplete
mixing. The contribution of effluent suspended solids can be very
high, dependent on the season, temperature and mixing intensity in
the lagoon.

3.7.4 General Description Anaerobic Lagoon. As the name
suggests these lagoons are anaerobic throughout their depth except
for a very shallow upper layer. These lagoons are constructed
deep in order to insure anaerobic conditions and to conserve heat.
Typically they are f ran 8 to 20 feet deep. Reductions of 70% of
the influent BOD are common with anaerobic lagoons and under
ideal condition ieductions of 85% are possible.

3.7.5 General Description Facultative Lagoon. In a
facultative lagoon three zones exist; aerobic, faculative and
anaerobic. The aerobic zone is near the surface and is like the
aerobic or oxidation pond with aerobic bacteria and algae existing
in a symbiotic relationship. The anaerobic zone is at the bottan
of the lagoon where accumulated solids are decanposed by anaerobic
bacteria. The facultative zone is an intermediate zone between
the surface and bottom of the lagoon which is partly aerobic and
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partly anaerobic. Decanposition of the waste in this zone is
accomplished by facultative bacteria. Normal depths for these
lagoons is 3 to 8 feet.

3.7.6 General Description Oxidation Lagoon. The aerobic
or oxidation lagoon is one in which aerobic bacteria and algae
coexist in an aerobic environment. The oxygen required for reduction
of the organic waste by the aerobic bacteria is supplied by algae
production of oxygen through photosynthesis and atmospheric re-
aertion. The pond depths are very shallow, usually not greater
than 4 feet, because of the dependency of algae photosynthesis
upon sunlight. Soluble BOD5 removal is high, but this is mis-
leading because the high concentration of algae in the effluent.

3.7.7 General Description Sludge Lagoons. Lagoons have
been used extensively in small systems for the dewatering of
sludge. Drying lagoons are similar to sandbeds in that they are
both designed for the dewatered sludge to be removed periodically
and the lagoon refilled. However they differ from sandbeds in
that they use earthern levees and are built on the natural ground,
therefore they are inherently cheaper to build.

Several factors must be considered in designing drying lagoons.
The major factors include climate, subsoil permeability, lagoon
depth, solids loading rates, and sludge characteristics.

3.7.8 Aerated Aerobic Lagoon.

3.7.8.1 Input Data.

3.7.8.1.1 Waste flow.

3.7.8.1.1.1 Average daily flow, mgd.

3.7.8.1.1.2 Peak (hourly) flow, mgd.

3.7.8.1.2 Wastewater characteristics.

3.7.8.1.2.1 BOD influent, mg/l.

3.7.8.1.2.2 Influent suspended solids, mg/l.

3.7.8.1.2.3 Influent volatile suspended solids, mg/l.

3.7.8.1.2.4 Nitrogen, mg/l as N.

3.7.8.1.2.5 Phosphorus, mgfl as P.

3.7.8.1.2.6 Non-biodegradable fraction of VSS.

3.7.8.1.3 Desired degree of treatment.

3.7.8.1.4 Temperature, 0C (summer and winter).
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3.7.8.2 Design Paraneters.

3.7.8.2.1 Reaction rate constant, 0.0007-0.002 1/mg-hr.

3.7.8.2.2 MLSS, 200-500mg/i.

3.7.8.2.3 MLVSS, 140-350 mg/i.

3.7.8.2.4 Fraction of BOD synthesized, 0.73.

3.7.8.2.5 Fraction of BOD oxidized for energy, 0.52.

3.7.8.2.6 Endogenous respiration rate per day, (b - 0.075/day,
bI - 0.15/day).

3.7.8.2.7 Temperature coefficient, 1.035.

3.7.8.2.8 Hydraulic detention time, 2-4 days.

3.7.8.2.9 Depth, 6-12 ft.

3.7.8.3 Process Design Calculations.

3.7.8.3.1 Calculate volume of lagoon.

3.7.8.3.1.1 Adjust reaction rate constant for winter and summer
temperatures.

- K2 0 " (T-20)

where

KT - adjusted reaction rate constant, 1/mg hr.

K20 - reaction rate constant at 200 C, 1/mg hr.

0 - temperature coefficient, (1.035).

T - temperature, 0C.

3.7.8.3.1.2 Calculate detention time.
It 1-

where 
24aKT Se-b

t - detention time, days.

a - fraction of BOD synthesized.

KT - adjusted reaction rate constant, 1/mg hr.

S - effluent soluble BOD, mg/i.
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b - endogenous respiration rate, 1/day.

Calculate the detention time based on summer temperature and
winter temperature and desired treatment, then select the larger
detention time.

3.7.8.3.1.3 Calculate lagoon volume.

V avg t

where

V - volume of lagoon, million gallons.

Qavg ' average daily flow, mgd.

t - detention time, days.

3.7.8.3.2 Calculate mixed liquor volatile suspended solids.

X + a (So - Se)
XV" l+bt

where

- mixed liquor volatile suspended solids, mg/l.

Xo - influent suspended solids, mg/I.

a - fraction of BOD synthesized.

S0 - influent BOD, mg/l.

Se - effluent soluble BOD, mg/l.

b - endogenous respiration rate, 1/day.

t - detention time, days.

3.7.8.3.3 Calculate oxygen requirement.

0 2 (a') (So - Se) (Qavg ) (8.34) (b') (XV) (V) (8.34)

where

02 - oxygen required, lb/day.

a' - fraction of BOD oxidized for energy (0.52).

S - influent BOD, mg/l.

Se - effluent soluble BOD, mg/i.
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Qavg n average daily flow, mgd.

b' - endogenous respiration rate, 1/day (0.15/day).

XV - mixed liquor volatile suspended solids, mg/l.

V - volume of lagoon, million gallons.

3.7.8.3.4 Design mechanical aeration system.

3.7.8.3.4.1 Assume the following design parameters.

3.7.8.3.4.1.1 Standard transfer efficiency, STE, lb/hp-hr P 5.

3.7.8.3.4.1.2 02 transfer in waste/02 transfer in water,
0.9.

3.7.8.3.4.1.3 02 saturation in waste/02 saturation in water,
0.9.

3.7.8.3.4.1.4 Correction factor for pressure, P, ̂  1.0.

3.7.8.3.4.1.5 02 saturation at selected summer temperature,
(Cs)T, Mtg i.

3.7.8.3.4.1.6 Minimum dissolved oxygen to be maintained in the
basin, 2.0 mg/l.

3.7.8.3.4.2 Adjust standard transfer efficiency to operating
efficiency.

[(Cs)T () (P) - T-20
OTE - STE 9.17 o (1.02)

where

OTE - operating transfer efficiency, lb 02/hp-hr.

STE - standard transfer efficiency, lb 02/hp-hr.

T - 02 saturation at selected summer temperature,

W 02 saturation in waste/02 saturation in water,

P - correction factor for pressure.

CL - minimum dissolved oxygen to be maintained in
basin, mg/ I.

OCi- 02 transfer in waste/02 transfer in water.

T - temperature, °C.
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3.7.8.3.4.3 Calculate horsepower for aerators.

HP - (02) (1000)

where (OTE) (24) (V) (106)

HP - aerator horsepower required per 1000 gallons,
hp/1000 gallonz.

02 = oxygen required, lb/day.

OTE - operating transfer efficiency, lb 02/hp-hr.

V - volume of lagoon, million gal.

3.7.8.3.4.4 Check the calculated horsepower versus minimum
required for ccmplete mixing.

If HP 0.06 hp/1000 gallons set hp - 0.06 hp/1000 gal.

3.7.8.3.4.5 Calculate total horsepower required.

THP -(RP) (v) (106)
1000

where

THP - total aerator horsepower required, hp.

HP - aerator horsepower required per 1000 gal.,
hp/1000 gal.

3.7.8.3.5 Calculate nutrient requirements.

BOD: Nitrogen: Phosphorus - 100:5:1

3.7.8.3.6 Effluent Characteristics.

3.7.8.3.6.1 Calculate total BOD of the effluent.

BODE - Se + 0.3

where

BODE - total BOD of effluent, mg/l.

-e - effluent soluble BODs, mg/l.

- mixed liquor volatile suspended solids, mg/l.
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3.7.8.3.6.2 Suspended Solids.
X

SSE = v
.8

where

SSE - effluent suspended solids concentration, mg/i.

X - mixed liquor volatile suspended solids, mg/l.V

3.7.8.3.6.3 COD.

CODE - 1.5 BODE
CODSE - 1.5 S

where

CODE - effluent COD concentration, mg/l.

BODE - effluent BOD5 concentration.
COD5E - effluent COD soluble concentration, mgl.

Se - effluent soluble BOD 5 concentration, mg/l.

3.7.8.3.6.4 Nitrogen.

TKNE - TKN
NH3E - .25 TKN

NO2E - 0.0

where

TKNE - effluent Kjedahl nitrogen concentration, mg/l.

TKN - influent KJedahl nitrogen concentration, mg/i.

NM3E - effluent ammonia nitrogen concentration, mg/i.

NO2E - effluent NO2 concentration, mg/l.

3.7.8.3.6.5 Oil and Grease.

OAGE - 0.0

where

OAGE - effluent oil and grease concentration, mg/I.
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3.7.8.4 Process Design Output Data

3.7.8.4.1 Average daily flow, Q avg mgd.

3.7.8.4.2 Peak flow, %, mgd.

3.7.8.4.3 Detention time, t, days.

3.7.8.4.4 Effluent soluble BOD, Se, mg/l.

3.7.8.4.5 Volume of lagoon, V, million gal.

3.7.8.4.6 Oxygen required, 02 lb/day.

3.7.8.4.7 Total aerator horsepower required, THP, hp.

3.7.8.4.8 Total BOD of effluent, BODeff, mg/l.

3.7.8.5 Quantities Calculations.

3.7.8.5.1 Calculate number of basins required, the Number of
basins may be designated, if not, it will be selected frum the
following, based on flow.

Flow Range (Qavg Number of Basins (N)

Less than 0.5 mgd I
Fram 0.5 to 2.0 mgd 2
Fran 2.0 to 5.0 mgd 3
Greater than 5.0 mgd 4

where

W - average daily flow, mgd.avg

N - number of basins.

3.7.8.5.2 Select size and number of aerators.

3.7.8.5.2.1 Calculate aerator horsepower per basin.

HPMTHPHb NT

where

HPb = aerator horsepower required per basin, hp.

THP - total aerator horsepower required, hp.

N - number of basins.
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3.7.8.5.2.2 Detennine numtber of aerators per basin. The number
of aerators per basin must be one of the following 2, 3, 4, 6, 8.
Also the aerators must be one of the following sizes, 10, 15, 20,
25, 30, 40, 50, 60, 75, 100 or 150. The selection process will be
trial and error.

Assume number of aerator per basin (K) is 2. If HP > 150, go

HPK HP
to next trials K -3, 4, 6, 8 until ~b < 150, then compare b

K K
with values for individual aerators (HP a) given above. Select the

smiallest value of HP that is greater than HP b. Compare HP x K
a a

with HP b*if HP ax K is larger than HPb by 5% or more, go to next

trial using the next larger K, until HP ax K is within 5% ofHPb

3.7.8.5.3 Calculate basin depth. The basin water depth (Dv)
is controlled by the aerator sizes used. This is true because
each size aerator has a maximumn depth at which it can be used and
still achieve mixing without the use of a draft tube'.

3.7.8.5.3.1 if HP a< 100 HP

DW - 4.82 (HP a)0.2467

3.7.8.5.3.2 if 100 -1 HP a 150

DW - 15 ft

where

DW - basin water depth, ft.

HP a horsepower of individual aerators, hp.

3.7.8.5.4 Calculate basin dimensions.

3.7.8.5.4.1 Calculate length to width ratio.

If K ,5 4, r -K

If K > 4, r -k/2

where

K - number of aerators per basin.

r - basin length to width ratio.
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3.7.8.5.4.2 Calculate the length of the basin at water level.

r 4/r A - 6/r (3DW) 2 + 2 (3DW) 2 0.5 + 3DW (l+r)L = aw 2

A = V x 106

a (N) (DW) (7.48)

where

L - length of basin at water level, ft.

r - length to width ratio.

s - side slope - 3 to 1 for all basins.

2Aa - average lagoon surface area, ft

DW - basin water depth, ft.

3.7.8.5.4.3 Calculate basin width at water level.

W Lw
w r

where

W - width of basin at water level, ft.

L - length of basin at water level, ft.w

r - length to width ratio.

3.7.8.5.5 Calculate volume of earthwork required. The fol-
lowing assumptions were made concerning basin construction.

Basins will be constructed using equal cut and fill.
Levee side slopes will be 3 to 1.
A 2 ft. freeboard will be used on all lagoons.
Common levee construction will be used where practical.

3.7.8.5.5.1 The volume of earthwork must be determined by trial
and error. Assume a depth of cut of 1 ft.

3.7.8.5.5.1.1 Calculate the length and width at original ground
level.

Lc L w - 6 (DW- DC)

W - Lc

r
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where

Lc - length of lagoon at original ground level, ft.

W - width of lagoon at original ground level, ft.C

r - length to width ratio.

DW - basin water depth, ft.

DC - depth of cut, ft.

3.7.8.5.5.1.2 Calculate the volume of cut.

Vc - (1.3)(N)(DC) [WcL, - 3(DC)(W c ) - 3(DC)(L c ) + 12(DC)2]

where

V - volume of cut, cu ft.C

N - number of lagoons.

DC = depth of cut, ft.

W - width of lagoon at original ground level, ft.C

Lc = length of lagoon at original ground level, ft.

3.7.8.5.5.1.3 Calculate length and width at top of levee.

S-Lw+ 12

WT LT
r

where

- length of lagoon at top of levee, ft.

WT - width of lagoon at top of levee, ft.

L - length of lagoon of water level, ft.w

r - length to width ratio.

3.7.8.5.5.1.4 Calculate the depth of fill.

DF - DW + 2 - DC

where

DF - depth of fill, ft.
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DW - basin water depth, ft.

DC - depth of cut, ft.

3.7.8.5.5.1.5 Calculate number of levees.

NL N + 1

N -2N
W

where

HL M number of levees of length, LT.

N = number of levees of width, WT -w

N - number of lagoons.

3.7.8.5.5.1.6 Calculate volume of fill.

2
VF - [IODF + 3(DF) ] (LT) (NL) + (WT) (Nw )

where

VF = volume of fill, cu ft.

DF - depths of fill, ft.

LT - length of lagoon at the top of the levee, ft.

WT - width of the lagoon at the top of the levee, ft.

NL - number of levees of length, LT.

Nw - number of levees of width, WT.

3.7.8.5.5.1.7 Compare Vc and Vf.

If V < VF then assume DC > 1 ft and recalculate V and VF .

If Vc > VF then assume DC < 1 ft and recalculate Vc and VF e

Repeat this procedure until Vc - VF . This is the volume of
earthwork required.

Vc - VF - VLEW

where

DC - depth of cut, ft.
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V - volume of cut, cu ft.

VF - volume of fill, cu ft.

VLEW - volume of earthwork required, cu ft.

3.7.8.5.6 Calculate reinforced concrete requirement.

3.7.8.5.6.1 Influent structure. The influent structure would
be a flow splitter box. The size of the structure would be
determined by the number of basins, since it would have to ac-
conmodate weirs for each basin. The following quantities will be
used.

N - I, or 2 VcWi = 81 cu ft33 cu ft

N - 3 V = 97 cuftvCwi
csi - 43 cu ft

N - 4 V = 135 cu ftvcwi
csi , 66 cu ft

where

V cw - volume of R.C. wall required for influent
structure, cu ft.

Vcs i - volume of R.C. slab required for influent
structure, cu ft.

N - number of basins.

3.7.8.5.6.2 Effluent structure. Each basin would have a
separate effluent structure. The size of the structure would be
approximately the sane regardless of flow.

V = (81) (N)cwe

Vcs e - (32) (N)

where

V - volume of R.C. wall required for effluent
cwe structure, cu ft.

V - volume of R.C. slab required for effluent
structure, cu ft.

N - number of basins.
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3.7.8.5.6.3 Total reinforced concrete required.
V V +V
cw Vcw+ Vcwe

Vcs Vcs i + Vcse

where

V = total volume of R.C. wall required, cu ft.cw

V = total volume of R.C. slab required, cu ft.
cs

V - volume of R.C. wall required for influent
structure, cu ft.

V - volume of R.C. wall required for effluent
structure, cu ft.

Vcs i . volume of R.C. slab required for influent
structure, cu ft.

V Cse = volume of R.C. slab required for effluent
structure, cu ft.

3.7.8.5.7 Calculate volume of concrete required for embank-
ment protection. In large lagoons and in aerated lagoons the
earthern levees require protection from the wave action of the
water. For this purpose concrete is placed around the interior of
the levee at the water line. The concrete would extend from the
top of the levee to about 1.5 ft below the water surface. Using a
3 to 1 side slope, the width of the slab would be 11 ft. The slab
would be 8 inches thick.

Vce p - (2L w + 2Ww) (11) (0.67) (N)

where

V - volume of concrete for embankment protection,cu ft.

Lw - length of levee at water level, ft.

W - width of levee at water level, ft.w

N - number of basins.

3.7.8.5.8 Calculate lagoon surface area.

A -(N) (Lw) (Ww)
s 43560

where
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As - lagoon water surface area, acres.

N - nuber of basins.

Lw - length of levee at water surface, ft.

Ww - width of levee at water surface, ft.

3.7.8.5.9 Calculate operation manpower required.

3.7.8.5.9.1 If AS S 4 acres, the operation manpower is cal-
culated by:

DMI=700 (As)0 ".2571

where

OMH - operation manpower required, MH/yr.

As - lagoon water surface area, acres.

3.7.8.5.9.2 If AS > 4 acres, the operation manpower is cal-
culated by:

OMH - 539.3 (AS)0.4453

3.7.8.5.10 Calculate maintenance manpower required.

3.7.8.5.10.1 If AS < 4 acres, the maintenance manpower is cal-
culated by:

MMH - 130.0 (As)0.2925

where

MMH - maintenance manpower required, M/yr.

As - lagoon water surface area, acres.

3.7.8.5.10.2 If AS > 4 acres, the maintenance manpower is
calculated by:

MM - 105 (As)0.4466

where

MM = maintenance manpower required, MR/yr.

AS - lagoon water surface area, acres.
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3.7.8.5.11 Calculate electrical energy required for operation.
Assuming that all the aerators operate 90% of the time and the
efficiency of the electric motors is 0.877.

3.7.8.5.11.1 Calculate total installed horsepower.

HPT - (HP a ) (K) (N)

where

HP = horsepower of individual aerators, hp.a

HPT - total installed horsepower, hp.

K - number of aerators per basin.

N - number of basins.

3.7.8.5.11.2 Calculate electric energy required.

KWH - (HPT) (365) (24) (.9) (.85) (.877)

where

KWH - electrical energy required, kwhr/yr.

HPT - total installed horsepower, hp.

3.7.8.5.12 Calculate quantity for lagoon liner. In some areas
the soils are such that lagoons must be lined to prevent loss of
water. User should designated whether liner is required.

3.7.8.5.12.1 Calculate area of the bottom of the lagoon.

SAB - (L - 6DW) (W - 6DW)

where

2SAB - area of the bottom of lagoon, ft2 .

L - length of basin at water level, ft.w

W - width of basin at water level, ft.w

*DW - basin water depth, ft.

3.7.8.5.12.2 Calculate area of lagoon embankment.

S - 2(LT WT) DWNI2 + 5)
3 + .3159
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where

2
SAE - area of lagoon embankment, ft2.

LT - length of basin at top of levee, ft.

WT - width of basin at top of levee, ft.

DW - basin water depth, ft.

3.7.8.5.12.3 Calculate total surface area required for liner.

SAL - N (SAB + SAE)

where

2SAL - total area of lagoon liner, ft

N - nunber of basins.

2
SAB - area of bottam of lagoon, ft2 .

2SAE = area of lagoon embankment, ft .

3.7.8.5.13 Other operation and maintenance material and supply
costs. This item includes such items as lubrication oil, paint,
repair and replacement parts. These costs are estimated as a
percent of the installed equipment cost.

OHMP - 4.93 (HPT)' 0 " 1827

where

OMIP - O&M maintenance and supply costs as percent of
the installed equipment cost, %.

3.7.8.5.14 Other minor construction cost items. Fran the
above calculations approximately 90% of the construction costs
have been accounted for. Other minor iteus such as piping, grass
seeding, etc., would be 10%.

1
CF - - 1.11

where

CF - correction factor for other construction costs
items.

3.7.8.6 Quantities Calculations Output Data.

3.7.8.6.1 Number of basins, N.
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3.7.8.6.2 Basin water depth, DW, ft.

3.7.8.6.3 Number of aerators per basin, K.

3.7.8.6.4 Basin length to width ratio, r.

3.7.8.6.5 Horsepower of individual aerators, HPa, hp.

3.7.8.6.6 Length of basin at water level, Lw, ft.

3.7.8.6.7 Width of basin at water level, WV, ft.

3.7.8.6.8 Volume of earthwork required, VLEW, cu ft.

3.7.8.6.9 Total volume of R.C. wall required, Vw, cu ft.

3.7.8.6.10 Total volume of R.C. slab required, Vs5 , cu ft.

3.7.8.6.11 Volume of concrete for embankment protection, Vcep,
cu ft.

3.7.8.6.12 Operation manpower required, OMH, MR/yr.

3.7.8.6.13 Maintenance manpower required, MMH, MH/yr.

3.7.8.6.14 Electrical energy required, KWH, Kwhr/yr.

23.7.8.6.15 Total area of lagoon liner, SAL, ft

3.7.8.6.16 O&M maintenance and supply costs as percent of the
installed equipment cost, OMMP, Z.

3.7.8.6.17 Correction factor for other minor construction

costs, CF.

3.7.8.7 Unit Price Input Required.

3.7.8.7.1 Unit price input for earthwork, UPIEX, $/cu yd.

3.7.8.7.2 Unit price input for R.C. wall in-place, UPICW,
$/cu yd.

3.7.8.7.3 Unit price input for R.C. slab in-place, UPICS,
$/cu yd.

3.7.8.7.4 Cost of standard size aerator (50 hp), COSTA, $,
(optional).

3.7.8.7.5 Current Marshall and Swift Equipment Cost Index,
MSECI.
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3.7.8.7.6 Installation labor rate, LABRI, $/MH.

3.7.8.7.7 Unit price input for lagoon liner, UPILL, $/ft2

3.7.8.8 Cost Calculations.

3.7.8.8.1 Cost of earthwork.
VLEW

COSTE - 2E UPIEX

where

COSTE - cost of earthwork, $.

VLEW - volume of earthwork required, cu ft.

UPIEX - unit price input for earthwork, $/cu yd.

3.7.8.8.2 Cost of reinforced concrete wall.

COSTCW - Vcw UPICW
27

where

COSTCW - cost of R.C. wall in-place, $.

V -f volume of R.C. wall required, cu yd.cw

UPICW - unit price input for R.C. wall in-place,
$/cu yd.

3.7.8.8.3 Cost of reinforced concrete slab.
V

COSTCS - UPICS

where

COSTCS - cost of R.C. slab in-place, $.

V - volume of R.C. slab required, cu ft.Cs

UPICS - unit price input for R.C. slab in-place,
$/cu yd.

3.7.8.8.4 Cost of concrete embankment protection.
V

COSTEP - cep (0.5)(UPICS)

3.1-19



where

COSTEP - cost of concrete embankment protection in-place,
$.

Vce - volume of concrete for embankment protection,
cVp cu ft.

UPICS - unit price input for R.C. slab in-place,
$/cu yd.

0.5 - factor to adjust R.C. concrete unit price
to nonreinf orced.

3.7.8.8.5 Calculate purchase cost of aerators.

COSTA - (COSTSA) (COSTR) (K) (N)100

where

COSTA - purchase cost of aerators, $.

COSTSA - cost of standard size aerator (50 hp), $.

COSTR - cost of aerator of horsepower HP as a percenta
of the cost of the standard size aerators, Z.

K - nunber of aerators per basin.

N - nunber of basins.

3.7.8.8.5.1 Calculate COSTR.

If HPa 25 hp; COSTR is calculated by:

COSTR - 20.7 (HP a) 02686

If HP a 25 hp; COSTR is calculated by:
COSTR - 4.12 (HP a) 0.7878

3.7.8.8:5.2 Purchase cost of standard size aerator. The stan-
dard size aerator is a 50 hp, high-speed floating aerator. The
cost of the 50 hp aerator in the first quarter of 1977 is:

COSTSA - $13,960

For better cost estJmation, COSTSA should be obtained from the
equipment vendor and treated as a unit price input. However, if
COSTA is not treated as a unit price input, the cost will be
adjusted by using the Marshall and Swift Equipment Cost Index.
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MSECI

COSTA = $13,960 Mj-C

where

COSTA - cost of standard size aerator (50 hp), $.

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index for 1st
quarter of 1977.

3.7.8.8.6 Calculate total installed equipment cost.

3.7.8.8.6.1 Calculate aerator installation labor.

IMH - 0.633 (HPa) + 40

where

IMH - aerator installation labor, MH.

HP - horsepower of individual aerators, hp.

3.7.8.8.6.2 Calculate aerator installation cost.

AIC - (IH) (K) (N) (LABRI)

where

AIC - aerator installation cost, $.

IMH - aerator installation labor, MH.

K - number of aerators per basin.

N - number of basins.

LABRI - installation labor rate, $/MH.

3.7.8.8.6.3 Calculate installed cost for electrical/mechanical.

EMC - 0.589 (HPa) -0.1465 (COSTA)

where

EMC - installed cost for electrical/mechanical, $.

HP - horsepower of individual aerators, hp.a

COSTA - purchase cost of aerators, $.
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3.7.8.8.6.4 Calculate total installed equipment cost.

IEC - COSTA + AIC + EMC

where

IEC - total installed equipment cost, $.

AIC - aerator installation cost, $.

KC - installed cost of electrical/mechanical, $.

3.7.8.8.7 Calculate cost of lagoon liner.

COSTLL = (SAL) (UPILL)

COSTLL - installed cost of lagoon liner, $.

SAL - total area of lagoon liner, ft 2 .

UPILL - unit price input for lagoon liner, $/ft 2 .

3.7.8.8.8 Calculate total bare construction cost.

TBCC - (COSTE + COSTCW + COSTCS + COSTEP + COSTLL + IEC) (CF)

where

TBCC - total bare construction cost, $.

COSTE - cost of earthwork, $.

COSTCW - cost of R.C. wall in-place, $.

COSTCS - cost of R.C. slab in-place, $.

COSTEP - cost of concrete enbankment protection in-place,
$.

COSTLL - installed cost of lagoon liner, $.

IEC - total installed equipment cost, $.

3.7.8.8.9 Calculate O&M maintenance and supply cost.

oMic - OM'P IEC
100

where

OMMC - O&H material and supply costs, $/yr.
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OMMP - O&H material and supply costs as percent of

installed equipment cost, %.

IEC - total installed equipment cost, $.

3.7.8.9 Cost Calculations Output Data.

3.7.8.9.1 Total bare construction cost, TBCC, $.

3.7.8.9.2 O&M material and supply costs, S/yr.
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3.7.9 Aerated Facultative Lagoon.

3.7.9.1 Input Data.

3.7.9.1.1 Wastewater flow.

3.7.9.1.1.1 Average daily flow, mgd.

3.7.9.1.1.2 Peak (hourly) flow, mgd.

3.7.9.1.2 Wastewater characteristics.

3.7.9.1.2.1 BOD influent, mg/I.

3.7.9.1.2.2 Influent suspended solids, mg/l.

3.7.9.1.2.3 Influent volatile suspended solids, mg/l.

3.7.9.1.2.4 Nitrogen, mg/i as N.

3.7.9.1.2.5 Phosphorus, mg/l as P.

3.7.9.1.2.6 Non-biodegradable fraction of VSS.

3.7.9.1.3 Desired degree of treatment.

3.7.9.1.4 Temperature, °C (summer and winter).

3.7.9.2 Design Paraneters.

3.7.9.2.1 Reaction rate constant/day (0.5-1.0, avg 0.75).

3.7.9.2.2 Temperature correction coefficient 1.075.

3.7.9.2.3 Fraction BOD removed for respiration (0.9-1.4).

3.7.9.2.4 BOD feedback from bottom or sediment (summer - 20
percent; winter - 5 percent).

3.7.9.2.5 MLVSS, mg/i, (50-150) average 100.

3.7.9.3 Process Design Calculations.

3.7.9.3.1 Select the rate constant, K. Adjust K for summer
and winter temperatures.

KT = K20(T- 2 0)

where,

K1 - rate constant for desired temperature, 0 C.

3.7-24



K20 ' rate constant at 20
0C.

0 - temperature correction coefficient.

T - temperature, °C.

3.7.9.3.2 For summer and winter efficiencies, calculate

detention times to meet winter efficiency.

S
e 1
S- 1 + Kt (1.05)

where

Se - effluent soluble BODs, mg/l.

s o - influent BODs, mg/l.

K - reaction rate constant.

t - detention time, days.

and simmer efficiency:

se 1
S 1 Kt

0

Select the larger of the detention times.

3.7.9.3.3 Calculate volume.

Q avgt

where

V - volume, million gal.

Qavg " average daily flow, mgd.

t - detention time, days.

3.7.9.3.4 Detemnine oxygen requirements, assume a'.

02 - a'SrQ(8 .34 ) (1.2)

where
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02 - oxygen required, lb/day.

a' - fraction of BOD oxidized for energy.

Sr - BOD removed, mg/i.

Q - flow, mgd.

3.7.9.3.5 Design mechanical aeration system and check horse-
power supply to allow solids to settle: horsepower required to
allow solids to settle (0.01-0.02 hp/1000 gal).

3.7.9.3.5.1 Assume the following design parameters.

3.7.9.3.5.1.1 Standard transfer efficiency, lb/hp-hr (02 dis-
solved oxygen, 20*C, and tap water).

3.7.9.3.5.1.2 02 transfer in waste/0 2 transfer in water - 0.9.

3.7.9.3.5.1.3 02 saturation in waste/02 saturation in water
5 0.9.

3.7.9.3.5.1.4 Correction factor for pressure 1.0.

3.7.9.3.5.2 Select summer operating temperature (25-300C) and
detennine (fran standard tables) 02 saturation.

3.7.9.3.5.3 Adjust standard transfer efficiency to operating

conditions.

(CS) T(V) (P) - CL

OTE = STE (1.02)--20
9.17

where

OTE - operating transfer efficiency, lb 02/hp-hr.

STE - standard transfer efficiency, lb 02/hp-hr.

(CS) - 02 saturation at selected summer temperature,
T Mg/i.

0- 02 saturation in waste/02 saturation in
water ft 0.9.

p - correction factor for pressure ~ 1.0.

CL - minimum dissolved oxygen to be maintained in
the basin s 2.0 mg/l.
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- 02 transfer in waste/02 transfer in water

0.9.

T - temperature, 0C.

3.7.9.3.5.4 Calculate horsepower requirement.

HP = 02 x 10001b 02 6

OTE hb (24) (V) (10 )

where

HP - horsepower required per 1000 gal.

02 = oxygen required, lb/day.

OTE - operating transfer efficiency, lb 02/hp-hr.

V - volume of the basin, million gal.

3.7.9.3.5.5 Calculate total hovrsepower requirement.

THP - (HP)(V)(10 
6)

1000

where

THP - total horsepower required, hp.

V - volume of lagoon, million gal.

HP - horsepower required per 1000 gal, hp/1000 gal.

3.7.9 .3.6 Effluent Characteristics.

3.7.9.3.6.1 Effluent suspended solids concentration. The
suspended solids from an aerated facultative lagoon can be divided
into three categories; inert solids, bacteria cells and algal
cells. The growth of algae in sewage lagoons is a very complex
process. Geographic location, temperature, season, organic load-
ing, nutrient concentration and light penetration are the factors
that govern the ecological system in a sewage lagoon. However,
White and Rich have presented the following which relates the
algal concentration with mixing level in aerated lagoon systems.

0.407 10.7AL -HP

where

SSAL - algal concentration of suspended solids, mg/l.

HP - horsepower required/ 1000 gal.
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The suspended solids due to inert material and bacteria cells is
more or less independent of the mixing level. It is usually in
the range of 25 to 30 mg/i and approximately 85% volatile.

SS oi = 25 mg/i

Thus, the total suspended solids concentration would be

(SS)eff ' SSAL + SS o

where

(SS)ef f - total suspended solids in effluent, mg/l.

SSAL - algal concentration of suspended solids, mg/l.

SS = suspended solids due to inert material and
bacteria cells, mgl.

3.7.9.3.6.2 Calculate BOD in the final effluent.

BODE = Se + 0.3 (0.85 x SS o) + 0.12 (SSAL)

where

BODE - BOD in effluent in mg/l.

Se - soluble effluent BOD, mg/l.

0.12 - BOD concentration contributed by algae in the
effluent.

3.7.9.3.6.3 COD.

CODE - 1.5 BODE
CODSE - 1.5 Se

vhere

CODE - effluent COD concentration, mg/l.

BODE - effluent BOD 5 concentration, ma/I.

CODE - effluent soluble CPD concentration, m/l.

So a effluent sollible 0OD5 concentration. m/I.

3.7- 2



3.7.9.3.6.4 Nitrogen.

TKNE = TKN
NH3E = TKNE
NO3E - N03
NO2E = N02

where

TKNE - effluent Kjedahl nitrogen concentration, mi 1.

TKN - influent Kjedahl nitrogen concentration, mg/l.

NH3E - effluent anmonia concentration, mg/i.

NO3E - effluent N03 concentration, mg/i.

N03 - influent N03 concentration, mg/i.

NO2E = effluent N02 concentration, mg/l.

N02 = influent N02 concentration, mg/l.

3.7.9.3.6.5 Phosphorus.

PO4E - 0.7 P04

where

PO4E - effluent phosphorus concentration, mg/l.

P04 - influent phosphorus concentration, mg/l.

3.7.9.3.6.6 Oil and Grease.

OAGE - 0.15 OAG

where

OAGE - effluent oil and grease concentration, mg/l.

OAG - influent oil and grease concentration, mg/l.

3.7.9.3.7 Dete-ine nutrient requirements.

BOD:Nitrogen:Phosphorus - 100:5:1

3.7.9.4 Process Design Output Data.

3.7.9.4.1 Average daily flow, Qavg" mgd.
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3.7.9.4.2 Peak flow, , mgd.

3.7.9.4.3 Detention time, t, days.

3.7.9.4.4 Effluent soluble BOD, Se, mg/i.

3.7.9.4.5 Volume of lagoon, V, million gal.

3.7.9.4.6 Oxygen required, 02, lb/day.

3.7.9.4.7 Total aerator horsepower required, THP, hp.

3.7.9.4.8 Total BOD of effluent, BODeff, mg/l.

3.7.9.5 Quantities Calculations.

3.7.9.5.1 Calculate number of basins required. The number of
basins may be designated, if not, it will be selected from the
following, based on flow.

Flow Range (Qavg) Number of Basins (N)

Less than 0.5 mgd 1
Fran 0.5 to 2.0 mgd 2
Fran 2.0 to 5.0 mgd 3
Greater than 5.0 mgd 4

where

Qavg = average daily flow, mgd.

N - number of basins.

3.7.9.5.2 Select size and number of aerators.

3.7.9.5.2.1 Calculate aerator horsepower per basin.

HP THP
b N

where

HPb - aerator horsepower required per basin, hp.

THP - total aerator horsepower required, hp.

N - number of basins.

3.7.9.5.2.2 Detemine number of aerators per basin. The number
of aerators per basin must be one of the following 2, 3, 4, 6, 8.
Also the aerators must be one of the following sizes, 10, 15, 20,
25, 30, 40, 50, 60, 75, 100, or 150. The selection process will
be trial and error.
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Assime nmber of aerator per basin (K) is 2. If HPb 150, go to

HPb HPb
next trials K-3, 4, 6, 8 until -K- 150, then compare -- K--

with values for individual aerators (HP a) given above. Select the
HPb

smallest value of HPa that is greater than ---. Compare HPa x K

with HPb. If HPa x K is larger than HPb by 5% or more, go to next

trial using the next larger K, until HP a x K is within 5% of HPb .

3.7.9.5.3 Calculate basin depth. The basin water depth (Dw)
is controlled by the aerator sizes used. This is true because
each size aerator has a maximum depth at which it can be used and
still achieve mixing without the use of a draft tube.

3.7.9.5.3.1 If HP a 100 HP

DW - 4.82 (HP a)0.2467

3.7.9.5.3.2 If 100 HPa 150

DW - 15 ft

where

DW - basin water depth, ft.

HP - horsepower of individual aerators, hp.a

3.7.9.5.4 Calculate basin dimensions.

3.7.9.5.4.1 Calculate length to width ratio.

IfK 4, r-K

If K 4, r -K/2

where

*K - number of aerators per basin.

r - basin length to width ratio.

3.7.9.5.4.2 Calculate the length of the basin at water level.

Lw - r 4/r Aa - 6/r (3DW)2 + 2 (3DW)2 0.5 + 3DW (1+r)

2



A - V x 10
6

a (N) (DW) (7.48)

where

L - length of basin at water level, ft.w

r - length to width ratio.

s - side slope - 3 to I for all basins.

2A - average lagoon surface area, fta

DW - basin water depth, ft.

3.7.9.5.4.3 Calculate basin width at water level.
LW

W - LWWwr

where

W - width of basin at water level, ft.w

L - length of basin at water level, ft.

r - length to width ratio.

3.7.9.5.5 Calculate volume of earthwork required. The fol-
lowing assumptions were made concerning basin construction.

Basins will be constructed using equal cut and fill.
Levee side slopes will be 3 to 1.
A 2 ft freeboard will be used on all lagoons.
Common levee construction will be used where practical.

3.7.9.5.5.1 The volume of earthwork must be detemined by trial
and error. Assume a depth of cut of 1 ft.

3.7.9.5.5.1.1 Calculate the length and width at original ground
level.

L-L - 6 (DW- DC)

W M Lc
c -

where 
r

Lc - length of lagoon at original ground level, ft.

Wc - width of lagoon at original ground level, ft.

r - length to width ratio.

DW - basin water depth, ft.

DC - depth of cut, ft.

3.7.9.5.5.1.2 Calculate the volume of cut.

V - (1.3)(N)(DC) WcLc - 3(DC)(W) - 3(DC)(L c ) + 12(DC)
2
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where

Vc- volume of cut, cu f t.

N - number of lagoons.

DC - depth of cut, ft.

WC - width of lagoon at original ground level, ft.

L c- length of lagoon at original ground level, ft.

3.7.9.5.5.1.3 Calculate length and width at top of levee.

LT- Lw + 12

W -LT
r

where

L- length of lagoon at top of levee, ft.

W T - width of lagoon at top of levee, ft.

L w- length of lagoon at water level, ft.

r - length to width ratio.

3.7.9.5.5.1.4 Calculate the depth of fill.

DF - DW + 2 - DC

where

DF - depth of fill, ft.

DW - basin water depth, ft.

DC - depth of cut, ft.

3.7.9.5.5.1.5 Calculate number of levees.

NL -N + 1

N 2 N

where

N- number of levees of length, LT.

NW- number of levees of width, WT.
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N - number of lagoons.

3.7.9.5.5.1.6 Calculate volume of fill.

VF - [IODF + 3(DF) 2  (LT) (NL) + (WT) (N )
where

VF - volume of fill, cu ft.

DF - depths of fill, ft.

LT - length of lagoon at the top of the levee, ft.

WT - width of the lagoon at the top of the levee, ft.

NL - number of levees of length, L.r

NW - number of levees of width, WT.

3.7.9.5.5.1.7 Compare V and Vfe
<sC

If V < VF then assume DC > 1 ft and recalculate Vc and VF-
If V > VF then assume DC < 1 ft and recalculate V~ and VF.

Repeat this procedure until Vc - VF . This is the volume of earth-
work required.

V - VF = VLEW

where

DC - depth of cut. ft.

V - volume of cut, cu ft.C

VF - volume of fill, cu ft.

VLEW - volume of earthwork required, cu ft.

3.7.9.5.6 Calculate reinforced concrete requirenent.

3.7.9.5.6.1 Influent structure. The influent structure would
be a flow splitter box. The size of the structure would be
detetmined by the number of basins, since it would have to accouodate
weirs for each basin. The following quantities will be used.

N - 1, or 2 Vcwi = 81 cu ft.
33 cu ft.
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N 3 Vcwi , 97 cu ft.

Vcsi = 43 cu ft.

N 4 Vcwi . 135 cu ft.

VCsi - 66 cu ft.

where

Vcw i = volume of R.C. wall required for influent
structure, cu ft.

Vcs i - volume of R.C. slab required for influent
structure, cu ft.

N - number of basins.

3.7.9.5.6.2 Effluent Structure. Each basin would have a sepa-
rate effluent structure. The size of the structure would be
approximately the sane regardless of flow.

vwe (81) (N)

v - (32) (N)

where

V - volume of R.C. wall required for effluent
structure, cu ft.

V - volume of R.C. slab required for effluent
CSe structure, cu ft.

N - number of basins.

3.7.9.5.6.3 Total reinforced concrete required.

Vcw V w + Vew e

VCs = cs i Vcse

where

V - total volume of R.C. wall required, cu ft.
cw

V - total volume of R.C. slab required, cu ft.

Vcw i - volume of R.C. wall required for influent structure,
cu ft.

V - volume of R.C. wall required for effluent structure,
cu ft.
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Vcs i = volume of R.C. slab required for influent structure,
cu ft.

V e - volume of R.C. slab required for effluent structure,
cu ft.

3.7.9.5.7. Calculate volune of concrete required for embankment
protection. In large lagoons and in aerated lagoons the earthern
levees require protection from the wave action of the water. For
this purpose concrete is placed around the interior of the levee
at the water line. The concrete would extend from the top of the
levee to about 1.5 ft. below the water surface. Using a 3 to 1
side slope, the width of the slab would be II ft. The slab would
be 8 inches thick.

Vce p - (2L w + 2Ww ) (ll) ( 0 .67) (N)

where

V - volume of concrete for embankment protection, cu
cep ft.

L - length of levee at water level, ft.

W - width of levee at water level, ft.w

N - number of basins.

3.7.9.5.8 Calculate lagoon surface area.

A -(N)(Lw)(Ww)
s 43560

where

A - lagoon water surface area, acres.

N - number of basins.

Lw - length of levee at water surface, ft.

Ww - width of levee at water surface, ft.

3.7.9.5.9 Calculate operation manpower required.

3.7.9.5.9.1 If AS : 4 acres, the operation manpower is cal-
culated by:

where 
O1H - 700 (AS)0.2571

04H - operation manpower required, M1/ yr.
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AS - lagoon water surface area, acres.

2.4.9.5.9.2 If AS > 4 acres, the operation manpower is cal-
culated by:

OMH - 539.3 (A s)0.4453

3.7.9.5.10 Calculate maintenance manpower required.

3.7.9.5.10.1 If AS  4 acres, the maintenance manpower is
calculated by:

MMH - 130.0 (As)0.2925

where

MMH - maintenance manpower required, MH/yr.

AS - lagoon water surface area, acres.

3.7.9.5.10.2 If AS > 4 acres, the maintenance manpower is
calculated by:

MMH - 105 (As)0.4466

where

MMH - maintenance manpower required, MH/yr.

AS - lagoon water surface area, acres.

3.7.9.5.11 Calculate electrical energy required for opera-
tion. Assuming that all the aerators operate 90Z of the time and
the efficiency of the electric motors is 0.877, the power re-
quired would be.

3.7.9.5.5.11.1 Calculate total installed horsepower.

HPT - (Hpa) (K) (N)

where

HPa - horsepower of 'individual aerators, hp.

HP T - total installed horsepower, hp.

K - number of aerators per basin.

N - number of basins.
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3.7.9.5.11.2 Calculate electric energy required.

KWH - (HPT) (365) (24) (.9) (.85) (.877)

where

KWH - electrical energy required, kwhr/yr.

HPT - total installed horsepower, hp.

3.7.9.5.12 Calculate quantity for lagoon liner. In some
areas the soils are such that lagoons must be lined to prevent
loss of water. User should designate whether liner is required.

3.7.9.5.12.1 Calculate area of the bottam of the lagoon.

SAB - (Lw - 6Dw) (Ww - 6Dw)

where

SAB - area of the bottom of lagoon, ft2.

L - length of basin at water level, ft.

W - width of basin at water level, ft.

DW - basin water depth, ft.

3.7.9.5.12.2 Calculate area of lagoon enbankment.

SAE - 2 (LT + WT) DI% 2

where

2
SAE - area of lagoon enbankment, ft2 .

LT - length of basin at top of levee, ft.

WT - width of basin at top of levee, ft.

DW - basin water depth, ft.

3.7.9.5.12.3 Calculate total surface area required for liner.

SAL - N AB +

where

2SAL - total area of lagoon liner, ft

N - nuber of basins.
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2
SAB = area of bottan of lagoon, ft

2
SAE - area of lagoon embanknent, ft

3.7.9.5.13 Other operation and maintenance material and
supply costs. This item includes such items as lubrication oil,
paint, repair and replacement parts. These costs are estimated
as a percent of the installed equipment cost.

OMMP - 4.93 (HPT)- 0 .1827

where

OMMP = O&M maintenance and supply costs as percent of the
installed equipment cost, %.

3.7.9.5.14 Other minor construction cost items. Fran the
above calculations approximately 90% of the construction costs
have been accounted for. Other minor items such as piping, grass
seeding, etc., would be 10%.

1CF 1.11

where

CF - correction factor for other construction costs
items.

3.7.9.6 Quantities Calculations Output Data

3.7.9.6.1 Nunber of basins, N.

3.7.9.6.2 Basin water depth, DW, ft.

3.7.9.6.3 Number of aerators per basin, K.

3.7.9.6.4 Basin length to width ratio, r.

3.7.9.6.5 Horsepower of individual aerators, HP , hp.

3.7.9.6.6. Length of basin at water level, L , ft.

3.7.9.6.7 Width of basin at water level, WV, ft.

3.7.9.6.8 volume of earthwork required, VLEW, cu ft.

3.7.9.6.9 Total volume of R.C. wall required, Vcw, cu ft.
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3.7.9.6.10 Total volume of R.C. slab required, Vcs, cu ft.

3.7.9.6.11 Volume of concrete for embankment protection,

Vcep , cu ft.

3.7.9.6.12 Operation manpower required, OMH, MR/yr.

3.7.9.6.13 Maintenance manpower required, MMH, MWyr.

3.7.9.6.14 Electrical energy required, KWH, Kwhr/yr.

2
3.7.9.6.15 Total area of lagoon liner, SAL, ft.

3.7.9.6.16 O&M maintenance and supply costs as percent of the

installed equipment cost, OMMP, %.

3.7.9.6.17 Correction factor for other minor construction
costs, CF.

3.7.9.7 Unit Price Input Required.

3.7.9.7.1 Unit price input for earthwork, UPIEX, $/cu yd.

3.7.9.7.2 Unit price input for R.C. slab in-place, UPICW,
$/cu yd.

3.7.9.7.3 Unit price input for R.C. slab in-place UPICS,
$/cu yd.

3.7.9.7.4 Cost of standard size aerator (50 hp), COSTA, $,
(optional).

3.7.9.7.5 Current Marshall and Swift Equipment Cost Index,
MSECI.

3.7.9.7.6 Installation labor rate, LABRI, $/MR.

3.7.9.7.7 Unit price input for lagoon liner, UPILL, $/ft2 .

3.7.9.8 Cost Calculations.

3.7.9.8.1 Cost of earthwork.

COSTE - LEW IEX

where

COSTE - cost of earthwork, $.

VLEW - volume of earthwork required, cu ft.
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UPIEX = unit price input for earthwork, $/cu yd.

3.7.9.8.2 Cost of reinforced concrete wall.
V
cwCOSTCW =f -- UPICW
27

where

COSTCW = cost of R.C. wall in-place, $.

V ff- volume of R.C. wall required, cu yd.cw

UPICW = unit price input for R.C. wall in-place, $/cu yd.

3.7.9.8.3 Cost of reinforced concrete slab.
V
=csCOSTCS !S UPICS

where

COSTCS = cost of R.C. slab in-place, $.

V = volume of R.C. slab requi*red, cu ft.cs

UPICS - unit price input for R.C. slab in-place, $/cu yd.

3.7.9.8.4 Cost of concrete embankment protection.

V

COSTEP cep (0.5) (UPICS)f 27

where

COSTEP = cost of concrete embankment protection in-place, $.

V - volume of concrete for embankment protection, cu
cep ft.

UPtCS - unit price input for R.C. slab in-place, $/cu yd.

0.5 - factor to adjust R.C. concrete unit price to non

reinforced.

3.7.9.8.5 Calculate purchase cost of aerators.

COSTA - (COSTSA) (COSTR) (K) (N)

where

COSTA - purchase cost of aerators, $.

COSTSA - cost of standard size aerator (50 hp), $.
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COSTR - cost of aerator of horsepower HPa as a percent of

the cost of the standard size aerators, Z.

K - nunber of aerators per basin.

N = nznber of basins.

3.7.9.8.5.1 Calculate COSTR.

If HP a 25 hp; COSTR is calculated by:

COSTR - 20.7 (HP a) 0.2686

If HP a 25 hp; COSTR is calculated by:

COSTR - 4.12 (HP a) 0.7878

3.7.9.8.5.2 Purchase cost of standard size aerator. The stan-
dard size aerator is a 50 hp, high-speed floating aerator. The
cost of the 50 hp aerator in the first quarter of 1977 is:

COSTSA - $13,960

For better cost estimation, COSTSA should be obtained from the
equipment vendor and treated as a unit price input. However, if
COSTA is not treated as a unit price input, the cost will be
adjusted by using the Marshall and Swift Equipment Cost Index.

COSTA - $13,960
491.*6

where

COSTA - cost of standard size aerator (50 hp), $.

MECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index for st
quarter of 1977.

3.7.9.8.6 Calculate total installed equipment cost.

3.7.9.8.6.1 Calculate aerator installation labor.

IMH - 0.633 (HPa) + 40

where

M- aerator installation labor, MH.
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RIa - horsepower of individual aerators, hp.

3.7.9.8.6.2 Calculate aerator installation cost.

AIC - (DM) (K) (N) (LABRI)

where

AIC - aerator installation cost, $.

DMB - aerator installation labor, MB.

K - nunber of aerators per basin.

N - nunber of basins.

LABRI - installation labor rate, S/MR.

3.7.9.8.6.3 Calculate installed cost for electrical/mechani-
cal.

EMC - 0.589 (HP a) -0.1465 (COSTA)

where

EMC - installed cost for electrical/mechanical, $.

HPa - horsepower of individual aerators, hp.

COSTA - purchase cost of aerators, $.

3.7.9.8.6.4 Calculate total installed equipment cost.

IEC - COSTA + AIC + E1C

where

IEC - total installed equipment cost, $.

AIC - aerator installation cost, $.

EMC - installed cost of electrical/mechanical, $.

3.7.9.8.7 Calculate cost of lagoon liner.

COSTLL - (SAL) (UPILL)

COSTLL - installed cost of lagoon liner, $.

2
SAL - total area of lagoon liner, ft

3.7-43



2
UPILL - unit price input for lagoon liner, $/ft

3.7.9.8.8 Calculate total bare construction cost.

TBCC - (COSTE + COSTCW + COSTCS + COSTEP + COSTLL + IEC) (CF)

where

TBCC - total bare construction cost, $.

COSTE - cost of earthwork, $.

COSTCW - cost of R.C. wall in-place, $.

COSTCS - cost of R.C. slab in-place, $.

COSTEP - cost of concrete embankment protection in-place, $.

COSTLL = installed cost of lagoon liner, $.

IEC - total installed equipment cost, $.

3.7.9.8.9 Calculate O&M maintenance and supply cost.

OMHC - OMMP IEC100

where

OMMC - O&M material and supply costs, S/yr.

OMMP - O&M material and supply costs as percent of installed
equipment cost, %.

IEC - total installed equipment cost, $.

3.7.9.9 Cost Calculations Output Data.

3.7.9.9.1 Total bare construction cost, TBCC, 5.

3.7.9.9.2 O&M material and supply costs, S/yr.
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3.7.10 Anaerobic Lagoons

3.7.10.1 Input Data.

3.7.10.1.1 Wastewater flow.

3.7.10.1.1.1 Average daily flow, mgd.

3.7.10.1.1.2 Peak hourly flow, mgd.

3.7.10.1.2 Wastewater strength, BOD5 , mg/i.

3.7.10.1.3 Other characteristics.

3.7.10.1.3.1 pH.

3.7.10.1.3.2 Temperature (maximum and minilmum).

3.7.10.2 Design Paraneters (See Table 3.7-1).

3.7.10.3 Process Design Calculations.

3.7.10.3.1 Calculate BOD5 in the waste.

BOD- (Q avg) (BODI) (8.34)

where

BOD - quantity of BOD5 in waste, lb/day.

Qavg = average daily flow, mgd.

BODI - concentration of BOD5 in influent, mg/l.

8.34 - conversion factor.

3.7.10.3.2 Detemine lagoon surface area.

- Based on type of lagoon and climate select a loading
rate (LBOD).

SA -BOD
LBOD

where

SA - lagoon surface area, acres.

BOD - quantity of BOD5 in waste, lb/day.

LBOD - lagoon loading rate, lb/day acre.
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3.7.10.3.3 Detennine volume of lagoon.

Based on type of lagoon select an operating depth.

V - (SA) (D) (0.32585)

where

V - volume of lagoon, million gal.

SA - lagoon surface area, acres.

D - lagoon operating depth, ft.

0.32585 - conversion factor, acre ft to million gallons.

3.7.10.3.4 Determine detention time.
V

DT M avg

where

DT - detention time, days.

V - volume of lagoon, million gal.

Qavg - average daily flow, mgd.

Check detention time against minimum detention time in Table 3.7-
1. If DT is less than minimum increase the surface area (SA)
until the minimum detention time is obtained.

3.7.10.3.5 Effluent Characteristics.

3.7.10.3.5.1 Detetmine effluent BOD5 concentration. The me-
chanisms in lagoons are complex and cannot be accurately pre-
dicted, therefore, effluent concentrations will be detetmined
based on percent reduction fron actual experience. The average
soluble BOD 5 reduction for lagoons is 65%.

BODE - (1- .65) (BODI)
S e 0.75 BODE

where

BODE - concentration of BOD 5 in effluent, mg/l.

BODI - concentration of BOD 5 in influent, mgl.

Se - effluent soluble BOD 5 concentration, agl.
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3.7.10.3.5.2 Suspended Solids.

SSE - 100

where

SSE - effluent suspended solids concentration, mg/i.

3.7.10.3.5.3 COD.

CODE - 1.5 BODE
CODSE - 1.5 Se

where

CODE - effluent COD concentration, mg/l.

COSE - effluent soluble COD concentration, mg/l.

BODE - effluent BOD5 concentration, mg/l.

Se - effluent soluble BOD 5 concentration, mgl.

3.7.10.3.5.4 Nitrogen.

TKNE - TKN
NH3E - TKNE
NO3E - N03
NO2E = N02

where

TKN - influent KJedahl nitrogen concentration, mg/i.

TKNE - effluent KJedahl nitrogen concentration, mg/l.

NH3E - effluent ammonia concentration, mg/l.

N03 = influent N03 concentration, mg/l.

NO3E = effluent N03 concentration, mg/l.

N02 - influent N02 concentration, mg/l.

N02E = effluent N02 concentration, mg/l.

3.7.10.3.5.5 Phosphorus.

PO4E - 0.7 P04

where
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P04 - influent phosphorus concentration, mg/l.

PO4E - effluent phosphorus concentration, mg/l.

3.7.10.3.5.6 Oil and Grease.

OAGE - 1.5 OAG

where

OAG - influent oil and grease concentration, mgi.

OAGE - effluent oil and grease concentration, mg/l.

3.7.10.3.5.7 pH.

PH - 6.8

where

PH = effluent pH.

3.7.10.4 Process Design Output Data.

3.7.10.4.1 Lagoon loading rate, LBOD, lb/day acre.

3.7.10.4.2 Lagoon surface area, SA, acres.

3.7.10.4.3 Lagoon operating depth, D, ft.

3.7.10.4.4 Volune of lagoon, V, million gal.

3.7.10.4.5 Concentration of BOD5 in effluent, BODE, mg/i.

3.7.10.5 Quantities Calculations.

3.7.10.5.1 Detemine quantity of earthwork.

The following assmptions are made concerning the construction of

the lagoons.

A minimun of 2 cells will always be used.
Anaerobic lagoon cells will not be greater than 2 acres
in surface area.
Lagoon cells will be constructed using equal cut and fill.
Levee side slopes will be 3 to 1.
An even nunber of lagoon cells will be used, such as 2,
4, 6, 8, etc.
Lagoon cells will be square.
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3.7.10.5.1.1.1 For Anaerobic lagoons.

If SA 4, NLC = 2

If SA 4, NLC -SA
2

NLC must be an even number.

CSA -

where NLC

NLC - number of lagoon cells.

SA - lagoon surface area, acres.

CSA - lagoon cell surface area, acres.

3.7.10.5.1.2 Determine lagoon cell dimensions.

L - 208.7 (CSA) 0.5 + 12
where

L - length of one side of lagoon cell, ft.

CSA - lagoon cell surface area, acres.

208.7 - conversion factor acres to sq ft.

12 - additional length required for 2 ft freeboard.

3.7.10.5.1.3 Calculate volume of earthwork required for lagoons.
The volume of earthwork must be detetmined by trial and error using the
following equations:

DC + DF - D + 2
VF- [3 (DF)2 5 10 DF] 5NLC + 21 (L)

VC - (1.3) (NM) (DC) [L2 - 6(DF)(L) + 12 (DF) + 120 DF - 60L + 1200]

Assume that the depth of cut (DC) is equal to 1 ft. Fran
the equations calculate the volume of fill (VF) required and the volume
of cut (VC) required. Capare VC and VF.

If VC < VF then assume DC >1 ft and recalculate VC and VF.
If VC > VF then assume DC <1 ft and recalculate VC and VF.

Repeat this procedure until VC - VF. This is the volume of earthwork

required for the lagoons.

VC - VF - VLEW

where

DC - depth of cut, ft.
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The smallest pipe to be used will be 4 inches. If DIA < 4
inches set DIA - 4 inches. DIA must be one of the following 4, 6, 8,
10, 12, 14, etc. Always use next higher diameter.

where

DIA - pipe diameter, inches.

Sax = peak hourly flow, mgd.

9.72 - combined conversion factors.

3.7.10.5.3.2 Detemine length of pipe.

LDIA = (6D + 10) 1NLC

where

LDIA - length of pipe of diameter DIA, ft.

D - lagoon operating depth, ft.

NLC - number of lagoon cells.

3.7.10.5.4 Valve for lagoons. Each lagoon cell will be capable of
being isolated by the use of valves. There will be one valve for each
lagoon cell and the valves will be the sane size as the pipe feeding
the cell. The valves will be butterfly valves.

NBV - NLC + I

DBV - DIA

where

1NBV - number of valves.

NILC - number of lagoon cells.

DBV - diameter of valves, inches.

DIA - pipe diameter, inches.

3.7.10.5.5 Effluent structure. The effluent structure for all
flown in this range is assumed to be a concrete structure 4 feet by 4
feet with 6" thick walls. The depth will be the sane as the total
depth of the lagoon.

Vw ( 8)(D+2)

V -8
cs
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where

Vcw - volume of concrete wall, ft 3 .

D - lagoon operating depth.

Vcs - volume of concrete slab, ft 3 .

3.7.10.5.6 Calculate operation and maintenance manpower.

If Qavg - 0.1 OMMH = 160

If Qavg > 0.1 OMMH - 313.8 (Qavg) 02925

where

Qavg = average daily flow, mgd.

OMMH - operation and maintenance manhours, MH/ yr.

3.7.10.5.7 Other miscellaneous construction costs. The item
already calculated represents approximately 90% of the construction
cost. The other 10% consists of items such as seeding, miscellaneous
concrete pads, walkways, etc.

CF =-= 1.11
.9

where

CF - correction factor for miscellaneous construction.

3.7.10.6 Quantities Calculations Output Data.

3.7.10.6.1 Volume of earthwork required for lagoon construction,
3VLEW, ft

23.7.10.6.2 Area of lagoon liner, ALL, ft

3.7.10.6.3 Pipe diameter, DIA, inches.

3.7.10.6.4 Length of pipe of diameter DIA, LDIA, ft.

3.7.10.6.5 Number of valves, NBV.

3.7.10.6.6 Diameter of valves, DBV, inches.

3.7.10.6.7 Volune of concrete wall, Vow , ft 3 .
3.7.10.6.8 Volume of concrete slab, Vcs, ft3 .

3.7.10.6.9 Operation and maintenance manpower, OMMH, MNHyr.
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3.7.10.6.10 Correction factor for miscellaneous construction, CF.

3.7.10.7 Unit Price Input Required.

3.7.10.7.1 Unit price input for earthwork, UPIEX, $/cu yd.

3.7.10.7.2 Unit price input for concrete wall, UPICW, $/cu yd.

3.7.10.7.3 Unit price input for concrete slab, UPICS, $/cu yd.

3.7.10.7.4 Cost of standard size pipe (12" 0), COSP, S/ft.

3.7.10.7.5 Cost of standard size valve (12" butterfly), COSTSV, 5.

3.7.10.8 Cost Calculations.

3.7.10.8.1 Calculate cost of earthwork.

=VLEW

COSTE = -- UPIEX27

where

COSTE = cost of earthwork, $.

VLEW = volume of earthwork required for lagoon construction,

ft3.

UPIEX - unit price input for earthwork, $/cu yd.

27 - conversion fran ft3 to cu yd.

3.7.10.8.2 Calculate cost of piping.

3.7.10.8.2.1 Installed cost of pipe.

- COST O
ICP (COSP) (LDIA)

where

ICP - installed cost of pipe, $.

COSTP - cost of pipe of dianeter DIA as percent of cost of
standard size pipe, Z.

COSP - cost of standard size pipe (12"P), S/ft.

LDIA - length of pipe of diameter DIA, ft.

3.7.10.8.2.2 Detennine COSTP.

COSTP - 6.842 (DIA)1.2255
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where

COSTP - cost of pipe of diameter DIA as percent of cost of
standard size pipe, Z.

DIA = pipe diameter, inches.

3.7.10.8.2.3 Determine COSP. COSP is the cost per foot of 12" JD
welded steel pipe. This cost is $13.50 per foot in 4th quarter, 1977.

3.7.10.8.3 Calculate cost of concrete.

3.7.10.8.3.1 Cost of concrete walls.

COSTCW - (Vcw) (UPICW)
27

where

COSTCW - cost of concrete wall, $.

V cw - volume of concrete wall, ft
3.

UPICW - unit price input for concrete wall, $/cu yd.

27 - conversion factor ft3 to cu yd.

3.7.10.8.3.2 Cost of concrete slab.

COSTCS - (VCS) UPICS
27

where

COSTCS = cost of concrete slab, $.

V - volume of concrete slab, ft3.cs

UPICS - unit price input for concrete slab, $/cu yd.

27 - conversion factor from ft3 to cu yd.

3.7.10.8.4 Calculate cost of valves.

3.7.10.8.4.1 Installed cost of valves.

IBV - (COSTBV) (COSTSV) (NBV)
100

where

IBV - installed cost of valves, $.

COSTBV - cost of valve of diameter DBV as percent of cost
of standard size valve, %.
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COSTSV - Cost of standard size valve, $.

NBV - number of valves.

3.7.10.8.4.2 Determine COSTBV.

COSTBV - 3.99 (DBV)
1 .39 5

where

COSTBV - cost of valve of diameter DBV as percent of cost
of standard size valve, %.

DBV - diameter of the valve, inches.

3.7.10.8.4.2 Determine COSTSV. COSTSV is the cost of a 12"
butterfly valve suitable for water service. This cost if $1004 for 4th
quarter, 1977.

3.7.10.8.5 Calculate total bare construction cost.

TBCC - (COSTE + ICP + COSTCW + COSTCS + IBV) CF

where

TBCC - total bare construction cost, $.

COSTE = cost of earthwork, $.

ICP - installed cost of pipe, $.

COSTCW - cost of concrete wall, $.

COSTCS - cost of concrete slab, $.

IBV - installed cost of valves, $.

CF - correction factor for miscellaneous construction.

3.7.10.9 Cost Calculations Output Data.

3.7.10.9.1 Total bare construction cost, TBCC, $.

3.7-55



3.7.11 Facultative Lagoon

3.7.11.1 Input Data.

3.7.11.1.1 Wastewater flow.

3.7.11.1.1.1 Average daily flow, mgd.

3.7.11.1.1.2 Peak hourly flow, mgd.

3.7.11.1.2 Wastewater strength, BOD5, mgt/.

3.7.11.1.3 Other characteristics.

3.7.11.1.3.1 pH.

3.7.11.1.3.2 Temperature (maximum and minimum).

3.7.11.2 Design Parameters (See Table 3.7-2).

3.7.11.3 Process Design Calculations.

3.7.11.3.1 Calculate BOD5 in the waste.

BOD- (Q avg) (BODI) (8.34)

where

BOD - quantity of BOD5 in waste, lb/day.

Qavg - average daily flow, mgd.

BODI - concentration of BOD5 in influent, mg/l.

8.34 - conversion factor.

3.7.11.3.2 Determine lagoon surface area.

- Based on type of lagoon and climate select a loading
rate (LBOD).

SAm BODLBOD

where

SA - lagoon surface area, acres.

BOD - quantity of BOD5 in waste, lb/day.
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LBOD - lagoon loading rate, lb/day acre.

3.7.11.3.3 Detemine volume of lagoon.

- Based on type of lagoon select an operating depth.

V - (SA) (D) (0.32585)

where

V - volume of lagoon, million gal.

SA - lagoon surface area, acres.

D - lagoon operating depth, ft.

0.32585 = conversion factor, acre ft to million gallons.

3.7.11.3.4 Determine detention time.
V

DT = -

where Qavg

DT - detention time, days.

V - volume of lagoon, million gal.

Qavg = average daily flow, mgd.

Check detention time against minimm detention times in Table 3.7-2. If
DT is less than minimum increase the surface area (SA) until the minimum
detention time is obtained.

3.7.11.3.5 Effluent Characteristics.

3.7.11.3.5.1 Deteimine effluent BOD5 concentration. The mechanisms in
lagoons are complex and can not be accurately predicted, therefore
effluent concentrations will be detemined based on percent reduction
from actual experience. The average soluble BOD 5 reduction for lagoons
is 65%.

BODE - (1 - .65) (BODI)

S - 0.75 BODE

where

BODE - concentration of BOD 5 in effluent, mgl.

BODI - concentration of BOD 5 in influent, mg/l.

Se - effluent soluble BOD 5 concentration, mg/I.
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3.7.11.3.5.2 Suspended Solids.

SSE = 100

where

SSE - effluent suspended solids concentration, mg/l.

3.7.11.3.5.3 COD.

CODE - 1.5 BODE
CODSE - 1.5 S

e

where

CODE - effluent COD concentration, mg/l.

CODSE - effluent soluble COD concentration, mgl.

BODE - effluent BOD 5 concentration, mg i.

Se - effluent soluble BOD 5 concentration, mg/l.

3.7.11.3.5.4 Nitrogen.

TKNE - TKN
NH3E - TKNE
NO3E - N03
NO2E - N02

where

TKN - influent Kjedahl nitrogen concentration, mg/l.

TKNE - effluent Kjedahl nitrogen concentration, mg/i.

NH3E - effluent anmonia concentration, mg/ i.

N03 - influent N03 concentration, mg/i.

NO3E - effluent NO3 concentration, mgl.

N02 - influent N02 concentration, mgl.

NO2E - effluent N02 concentration, mg/i.

3.7.11.3.5.5 Phosphorus.

PO4E - 0.7 P04

where

P04- influent phosphorus concentration, mg/l.
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PO4E - effluent phosphorus concentration, mg/l.

3.7.11.3.5.6 Oil and Grease.

OAGE - 0.15 OAG

where

OAG - influent oil and grease concentration, mg/i.

OAGE - effluent oil and grease concentration, mg/i.

3.7.11.3.5.7 pH.

PH - 6.8

where

PH = effluent pH.

3.7.11.4 Process Design Output Data.

3.7.11.4.1 Lagoon loading rate, LBOD, lb/day acre.

3.7.11.4.2 Lagoon surface area, SA, acres.

3.7.11.4.3 Lagoon operating depth, D, ft.

3.7.11.4.4 Volume of lagoon, V, million gal.

3.7.11.4.5 Concentration of BOD5 in effluent, BODE, mg/l.

3.7.11.5 Quantities Calculations.

3.7.11.5.1 Detennine quantity of earthwork.

The following assumptions are made concerning the construction of the
lagoons.

A minimum of 2 cells will always be used.
Facultative lagoon cells will not be greater
than 10 acres in surface area.
Lagoon cells will be constructed using equal cut and fill.
Levee side slopes will be 3 to 1.
An even number of lagoon cells will be used, such as 2,
4, 6, 8, etc.
Lagoon cells will be square.
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3.7.11.5.1.1 Detemine the number and size of lagoon cells.

3.7.11.5.1.1.1 For facultative lagoons.

If SA< 20 NLC = 2
SA

If SA > 20, NLC -

SACSA ft HENLC

where
NLC - nunber of lagoon cells.

SA - lagoon surface area, acres.

CSA - lagoon cell surface area, acres.

3.7.11.5.1.2 Detemnine lagoon cell dimensions.

L - 208.7 (CSA)0 .5 + 12

where

L - length of one side of lagoon cell, ft.

CSA - lagoon cell surface area, acres.

208.7 - conversion factor acres to sq ft.

12 - additional length required for 2 ft freeboard.

3.7.11.5.1.3 Calculate volume of earthwork required for lagoons. The
volume of earthwork must be detenmined by trial and error using the
following equations:

DC + DF - D + 2

2 5NLC
VF- [3 (DF)+ 10 DF] [ . 2+ 2 1 (L)

VC - (1.3) (NLC) (DC) L2 - 6(DF)(L) + 12 (DF)2 + 120 DF - 60L + 1200]

Assume that the depth of cut (DC) is equal to 1 ft. Fran
the equations calculate the volume of fill (VF) required and the volume
of cut (VC) required. Compare VC and VF.

If VC VF then assume DC I ft and recalculate VC and VF.
IF VC VF then assume DC 1 ft and recalculate VC and VF.

Repeat this procedure until VC - VF. This is the volume of earthwork
required for the lagoons.

VC - VF - VLEW
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where

DC - depth of cut, ft.

DF - depth of fill, ft.

D - lagoon operating depth, ft.

3VP - volue of fill, ft

VC - volume of cut, ft3 .

NLC - number of lagoon cells.

L - length of one side of lagoon cell, ft.

VLEW - volume of earthwork required for lagoon construction,
ft .

3.7.11.5.2 Detemine requirenent for lagoon liner. In some
areas due to soil conditiow the lagoons must be lined with an
Impervious material to prenant percoiation of the wastewater into
the natural ground.

3.7.11.5.2.1 Calculatia area to be lined.

ALL - NLC '4) (3D)(L-3D-6) + (L-6D-12) 2

where

ALL - area of lagoon liner, ft .

NIC - number of lagoon cells.

D - lagoon operating depth, ft.

L - length of one side of lagoon cell, ft.

3.7.11.5.3 Piping for lagoon cells.

Assume:

Pipes are flowing full.
Velocity is 3 fps.
Pipes going through the levee extend 10 ft past toe of
the levee.

3.7.11.5.3.1 Detemine pipe size.

DIA - 9.72 (Qmax) 0.5
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The smallest pipe to be used will be 4 inches. If DIA < 4 inches
set DIA - 4 inches. DIA must be one of the following 4, 6, 8, 10,
12, 14, etc. Always use next higher diameter.

where

DIA - pipe diameter, inches.

%ax = peak hourly flow, regd.

9.72 - combined conversion factors.

3.7.11.5.3.2 Detemnine length of pipe.

LDIA - (6D + 10) NLC

where

LDIA - length of pipe of diameter DIA, ft.

D - lagoon operating depth, ft.

NIL - number of lagoon cells.

3.7.11.5.4 Valve for lagoons. Each lagoon cell will be capable
of being isolated by the use of valves. There will be one valve for
each lagoon cell and the valves will be the sane size as the pipe
feeding the cell. The valves will be butterfly valves.

NBV - NLC + 1

DBV - DIA

where

NBV - number of valves.

NLC - number of lagoon cells.

DBV - diameter of valves, inches.

DIA - pipe diameter, inches.

3.7.11.5.5 Effluent structure. The effluent structure for all
flows in this range is assumed to be a concrete structure 4 felt by
4 feet with 6" thick walls. The depth will be the sane as the total
depth of the lagoon.

V - (8) (D2)
cw (8

V -8
cs
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where

3V - volume of concrete wall, ft3.cw

D - lagoon operating depth.

V - volume of concrete slab, ft 3 .
cs

3.7.11.5.6 Calculate operation and maintenance manpower.

If Qavg < 0.1 OMMH = 160

If Qavg > 0.1 OMMH - 313.8 (Q avg) 0 2925

where

Qavg = average daily flow, mgd.

OMMH - operation and maintenance manhours, MW yr.

3.7.11.5.7 Other miscellaneous construction costs. The item already
calculated represents approximately 90% of the construction cost. The
other 10% consists of items such as seeding, miscellaneous concrete
pads, walkways, etc.

CF = - 1.11
.9

where

CF = correction factor for miscellaneous construction.

3.7.11.6 Quantities Calculations Output Data.

3.7.11.6 1 Volume of earthwork required for lagoon construction,
VIEW, ft .

2
3.7.11.6.2 Area of lagoon liner, ALL, ft

3.7.11.6.3 Pipe diameter, DIA, inches.

3.7.11.6.4 Length of pipe of diameter DIA, LDIA, ft.

3.7.11.6.5 Nimber of valves, NBV.

3.7.11.6.6 Diameter of valves, DBV, inches.

3.7.11.6.7 Volune of concrete wall, Vcw, ft 3.

3.7.11.6.8 Volume of concrete slab, Vcs, ft 3 .

3.7.11.6.9 Operation and maintenance manpower, OMMH, MH/yr.

3.7.11.6.10 Correction factor for miscellaneous construction, CF.
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3.7.11.7 Unit Price Input Required.

3.7.11.7.1 Unit price input for earthwork, UPIEX, $/cu yd.

3.7.11.7.2 Unit price input for concrete wall, UPICW, $/cu yd.

3.7.11.7.3 Unit price input for concrete slab, UPICS, $/cu yd.

3.7.11.7.4 Cost of standard size pipe (12" 0), COSP, $/ft.

3.7.11.7.5 Cost of standard size valve (12" butterfly), COSTSV, $.

3.7.11.8 Cost Calculations.

3.7.11.8.1 Calculate cost of earthwork.

COSTE - VLEW UPIEX

where

COSTE - cost of earthwork, $.

VLEW - volume of earthwork required for lagoon construction,
ft .

UPIEX - unit price input for earthwork, $/cu yd.

27 - conversion from ft 3 to cu yd.

3.7.11.8.2 Calculate cost of piping.

3.7.11.8.2.1 Installed cost of pipe.

COSTPICP - - (COSP) (LDIA)

where

ICP - installed cost of pipe, $.

COSTP - cost of pipe of diameter DIA as percent of cost of
standard size pipe, %.

ODSP - cost of standard size pipe (12"b), $/ft.

LDIA - length of pipe of diameter DIA, ft.

3.7.11.8.2.2 Detemine COSTP.

COSTP - 6.842 (DIA)
1.2255
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where

COSTP = cost of pipe of diameter DIA as percent of cost of
standard size pipe, %.

DIA - pipe diameter, inches.

3.7.11.8.2.3 Detemine COSP. COSP is the cost per foot of 12" 6
welded steel pipe. This cost is $13.50 per foot in 4th quarter, 1977.

3.7.11.8.3 Calculate cost of concrete.

3.7.11.8.3.1 Cost of concrete wails.

COSTCW = (VCW) (UPICW)
27

where

COSTCW = cost of concrete wall, $.

Vcw - volume of concrete wall, ft3.

UPICW - unit price input for concrete wall, $/cu yd.

27 - conversion factor ft3 to cu yd.

3.7.11.8.3.2 Cost of concrete slab.
COSTCS = (Vcs) UPICS

27
where

COSTCS - cost of concrete slab, $.

3
V - volume of concrete slab, ft

UPICS - unit price input for concrete slab, $/cu yd.

27 - conversion factor fru ft3 to cu yd.

3.7.11.8.4 Calculate cost of valves.

3.7.11.8.4.1 Installed cost of valves.

IBV - (COSTBV) (COSTSV) (NBV)

where

IBV - installed cost of valves, $.

COSTBV - cost of valve of diameter DBV as percent of cost
of standard size valve, Z.



COSTSV = Cost of standard size valve, $.

NBV = number of valves.

3.7.11.8.4.2 Detennine COSTBV.

COSTBV = 3.99 (DBV) 1.395

where

COSTBV = cost of valve of diameter DBV as percent of cost
of standard size valve, Z.

DBV = diameter of the valve, inches.

3.7.11.8.4.3 Determine COSTSV. COSTSV is the cost of a 12" 6 butterfly
valve suitable for water service. This cost if $1004 for 4th quarter,
1977.

3.7.11.8.5 Calculate total bare construction cost.

TBCC = (COSTE + ICP + COSTCW + COSTCS + IBV) CF

where

TBCC - total bare construction cost, $.

COSTE = cost of earthwork, $.

ICP - installed cost of pipe, $.

COSTCW = cost of concrete wall, $.

COSTCS - cost of concrete slab, $.

IBV - installed cost of valves, $.

CF - correction factor for miscellaneous construction.

3.7.11.9 Cost Calculations Output Data.

3.7.11.9.1 Total bare construction cost, TBCC, $.
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3.7.12 Oxidation Lagoon.

3.7.12.1 Input Data.

3.7.12.1.1 Wastewater flow.

3.7.12.1.1.1 Average daily flow, mgd.

3.7.12.1.1.2 Peak hourly flow, mgd.

3.7.12.1.2 Wastewater strength, BODs, mg/i.

3.7.12.1.3 Other characteristics.

3.7.12.1.3.1 pH.

3.7.12.1.3.2 Temperature (maximum and minimum).

3.7.12.2 Design Parameters (See Table 3.7-3).

3.7.12.3 Process Design Calculations.

3.7.12.3.1 Calculate BOD5 in the waste.

BOD- (Q avg) (BODI) (8.34)

where

BOD = quantity of BOD 5 in waste, lb/day.

Qavg = average daily flow, mgd.

BODI - concentration of BOD 5 in influent, mg/l.

8.34 - conversion factor.

3.7.12.3.2 Determine lagoon surface area.

- Based on type of lagoon and climate select a loading
rate (LBOD).

SA -BOD
LBOD

where

SA - lagoon surface area, acres.

BOD - quantity of BOD 5 in waste, lb/day.

LBOD - lagoon loading rate, lb/day acre.
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3.7.12.3.3 Determine volume of lagoon.

- Based on type of lagoon select an operating depth.

V -(SA) (D) (0.32585)

where

V - volume of lagoon, million gal.

SA - lagoon surface area, acres.

D - lagoon operating depth, ft.

0.32585 - conversion factor, acre ft to million gallons.

3.7.12.3.4 Deternine detention time.
V

DT - -

Qavg
where

DT - detention time, days.

V - volume of lagoon, million gal.

Qav g - average daily flow, mgd.

Check detention time against minimum detention times in Table 3.7-3. If
DT is less than minimum increase the surface area (SA) until the minimum
detention time is obtained.

3.7.12.3.5 Effluent Characteris i c.

3.7.12.3.5.1 Detemine effluent BOD 5 concentration. The mechanisms in
lagoons are cuplex and can not be accurately predicted, therefore
effluent concentrations will be deteimined based on percent reduction
from actual experience. The average soluble BOD 5 reduction for lagoons
is 65%.

BODE - (1 - .65) (BODI)
Se - 0.75 BODE

where

BODE - concentration of BOD5 in effluent, mg/l.

BODI - concentration of BOD 5 in influent, mg/l.

Se - effluent soluble BOD 5 concentration, mg/l.
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3.7.12.3.5.2 Suspended Solids.

SSE - 100

where

SSE - effluent suspended solids concentration, mg/i.

3.7.12.3.5.3 COD.

CODE = 1.5 BODE

CODSE - 1.5 Se

where

CODE - effluent COD concentration, mg/i.

CODSE - effluent soluble COD concentration, mg/l.

BODE - effluent BOD 5 concentration, mg/l.

Se - effluent soluble BOD5 concentration, mg/l.

3.7.12.3.5.4 Nitrogen.

TKNE - TKN
NH3E - TKNE
NO3E - N03
NO2E - N02

where

TKN - influent Kjedahl nitrogen concentration, mg/l.

TKNE - effluent Kjedahl nitrogen concentration, mg/l.

NI{3E - effluent ammonia concentration, mg/ l.

N03 - influent N03 concentration, mg/l.

NO3E - effluent N03 concentration, mg/l.

N02 - influent N02 concentration, mg/ 1.

NO2E - effluent N02 concentration, mg/ .

3.7.12.3.5.5 Phosphorus.

PO4E - 0.7 P04

where
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P04 - influent phosphorus concentration, mg/1.

PO4E - effluent phosphorus concentration, mg/I.

3.7.12.3.5.6 Oil and Grease.

OAGE - 0.15 OAG

where

OAG - influent oil and grease concentration, mg/i.

OAGE - effluent oil and grease concentration, mg/l.

3.7.12.3.5.7 pH.

PH - 6.8

where

PH - effluent pH.
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3.7.12.4 Process Design Output Data.

3.7.12.4.1 Lagoon loading rate, LBOD, lb/day acre.

3.7.12.4.2 Lagoon surface area, SA, acres.

3.7.12.4.3 Lagoon operating depth, D, ft.

3.7.12.4.4 Volume of lagoon, V, million gal.

3.7.12.4.5 Concentration of BOD5 in effluent, BODE, mg/I.

3.7.12.5 Quantities Calculations.

3.7.12.5.1 Determine quantity of earthwork.

The following assumptions are made concerning the construction of
the lagoons.

A minimum of 2 cells will always be used.
Oxidation lagoon cells will not be greater
than 10 acres in surface area.
Lagoon cells will be constructed using equal cut and fill.
Levee side slopes will be 3 to I.
An even number of lagoon cells will be used, such as 2,
4, 6, 8, etc.
Lagoon cells will be square.

3.7.12.5.1.1 Detemnine the number and size of lagoon cells.

3.7.12.5.1.1.1 For oxidation lagoons.

If SA < 20 NLC - 2

If SA > 20, NLC - !A
10

CSA - SA
NLC

where
NLC - number of lagoon cells.

SA - lagoon surface area, acres.

CSA - lagoon cell surface area, acres.

3.7.12.5.1.2 Detemine lagoon cell dimensions.

L - 208.7 (CSA)0O5 + 12

where

L - length of one side of lagoon cell, ft.
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CSA - lagoon cell surface area, acres.

208.7 - conversion factor acres to sq ft.

12 - additional length required for 2 ft freeboard.

3.7.12.5.1.3 Calculate volume of earthwork required for lagoons.
The volume of earthwork must be determined by trial and error using
the following equations:

DC + DF - D + 2

VF- [3 (DF)2 + 10 DF ] 5 C + 2] (L)
2

VC - (1.3) (NLC) (DC) L 2 - 6(DF)(L) + 12 (DF)2  + 120 DF - 60L + 1200]

Assume that the depth of cut (DC) is equal to 1 ft.
From the equations calculate the volume of fill (VF) required and
the volume of cut (VC) required. Compare VC and VF.

If VC < VF then assume DC > 1 ft and recalculate VC and VF.
IF VC > VF then assume DC < 1 ft and recalculate VC and VF.

Repeat this procedure until VC - VF. This is the volume of earth-
work required for the lagoons.

VC - VF - VLEW

where

DC - depth of cut, ft.

DF - depth of fill, ft.

D - lagoon operating depth, ft.

VF - volume of fill, ft3.

3VC - volume of cut, ft

NLC - number of lagoon cells.

L - length of one side of lagoon cell, ft.

VLEW - volume of earthwork required for lagoon construction,
ft
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3.7.12.5.2 Detennine requirenent for lagoon liner. In some
areas due to soil conditions the lagoons must be lined with an
impervious material to prevent percolation of the wastewater into
the natural ground.

3.7.12.5.2.1 Calculate area to be lined.

ALL - NL [ (4) (3D)(L-3D-6) + (L-6D-12) 2

where

2ALL - area of lagoon liner, ft 2 .

NCW - nunber of lagoon cells.

D - lagoon operating depth, ft.

L - length of one side of lagoon cell, ft.

3.7.12.5.3 Piping for lagoon cells.

Assume:

Pipes are flowing full.
Velocity is 3 fps.
Pipes going through the levee extend 10 ft past toe of
the levee.

3.7.12.5.3.1 Determine pipe size.

DIA - 9.72 (Qax)0.5

The smallest pipe to be used will be 4 inches. If DIA < 4 inches
set DIA - 4 inches. DIA must be one of the following 4, 6, 8, 10,
12, 14, etc. Always use next higher dianeter.

where

DIA - pipe dianeter, inches.

%ax " peak hourly flow, mgd.

9.72 - combined conversion factors.

3.7.12.5.3.2 Detemine length of pipe.

LDIA - (6D + 10) NLC

where

LDIA - length of pipe of dianeter DIA, ft.
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D - lagoon operating depth, ft.

NLC - nunber of lagoon cells.

3.7.12.5.4 Valve for lagoons. Each lagoon cell will be capable
of being isolated by the use of valves. There will be one valve for
each lagoon cell and the valves will be the same size as the pipe
feeding the cell. The valves will be butterfly valves.

NBV - NLC + 1

DBV - DIA

where

NBV - number of valves.

NLC - number of lagoon cells.

DBV - diameter of valves, inches.

DIA - pipe diameter, inches.

3.7.12.5.5 Effluent structure. The effluent structure for all
flows in this range is assumed to be a concrete structure 4 feet by
4 feet with 6" thick walls. The depth will be the same as the total
depth of the lagoon.

Vow - (8)(D.2)

V -8
cs

where

V - volume of concrete wall, ft3 .

D - lagoon operating depth.

3
V - volume of concrete slab, ft3.cs

3.7.12.5.6 Calculate operation and maintenance manpower.

If Qavg 0.1 OMMH - 160

If Qavg > 0.1 OMMH - 313.8 (Q avg) 0.2925

where

Qavg a average daily flow, mgd.

OMflI - operation and maintenance manhours, MH/yr.
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3.7.12.5.7 Other miscellaneous construction costs. The item
already calculated represents approximately 90% of the construction
cost. The other 10% consists of items such as seeding, miscellaneous
concrete pads, walkways, etc.

CF 1CF - - 1.11
.9

where

CF = correction factor for miscellaneous construction.

3.7.12.6 Quantities Calculations Output Data.

3.7.12.6 1 Volume of earthwork required for lagoon construction,
VLEW, ft

3.7.12.6.2 Area of lagoon liner, ALL, ft2.

3.7.12.6.3 Pipe diameter, DIA, inches.

3.7.12.6.4 Length of pipe of diameter DIA, LDIA, ft.

3.7.12.6.5 Number of valves, NBV.

3.7.12.6.6 Diameter of valves, DBV, inches.

3.7.12.6.7 Voluine of concrete wall, Vcw, ft 3 .

33.7.12.6.8 Volume of concrete slab, Vcs ft3 .

3.7.12.6.9 Operation and maintenance manpower, OMME, MW yr.

3.7.12.6.10 Correction factor for miscellaneous construction, CF.

3.7.12.7 Unit Price Input Required.

3.7.12.7.1 Unit price input for earthwork, UPIEX, $/cu yd.

3.7.12.7.2 Unit price input for concrete wall, UPICW, $/cu yd.

3.7.12.7.3 Unit price input for concrete slab, UPICS, $/cu yd.

3.7.12.7.4 Cost of standard size pipe (12" 0), COSTSP, S/ft.
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3.7.12.7.5 Cost of standard size valve (12" butterfly), COSTSV,

3.7.12.8 Cost Calculations.

3.7.12.8.1 Calculate cost of earthwork.

COSTE - VLEW UPIEX
27

where

COSTE - cost of earthwork, $.

VLEW - volume of earthwork required for lagoon construction,
ft .

UPIEX - unit price input for earthwork, $/cu yd.

27 - conversion frau f t3 to cu yd.

3.7.12.8.2 Calculate cost of piping.

3.7.12.8.2.1 Installed cost of pipe.

ICP - COST (COSP) (LDIA)
100

where

ICP - installed cost of pipe, $.

aOSTP - cost of pipe of dianeter DIA as percent of cost of
standard size pipe, %.

WOSP - cost of standard size pipe (12"h), $/ft.

LDIA - length of pipe of dianeter DIA, ft.

3.7.12.8.2.2 Detemnine COSTP.

COSTP - 6.842 (DIA)
1 .2255

where

COSTP - cost of pipe of dianeter DIA as percent of cost of
standard size pipe, %.

DIA - pipe dianeter, inches.
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3.7.12.8.2.3 Detenine COSP. COSP is the cost per foot of 12"
b welded steel pipe. This cost is $13.50 per foot in 4th quarter,
1977.

3.7.12.8.3 Calculate cost of concrete.

3.7.12.8.3.1 Cost of concrete walls.

COSTCW - (Vcw ) (UPICW)
27

where

COSTCW - cost of concrete wall, $.

3V - volume of concrete wall, ftcw

UPICW - unit price input for concrete wall, $/cu yd.

27 - conversion factor ft3 to cu yd.

3.7.12.8.3.2 Cost of concrete slab.

COSTCS - (Vcs) UPICS
27

where

COSTCS - cost of concrete slab, $.

3V - volume of concrete slab, ftcs

UPICS - unit price input for concrete slab, $/cu yd.

27 - conversion factor from ft3 to cu yd.

3.7.12.8.4 Calculate cost of valves.

3.7.12.8.4.1 Installed cost of valves.

IBV - (COSTBV) (COSTSV) (NBV)
100

where

1BV - installed cost of valves, $.

COSTBV - cost of valve of diameter DBV as percent of cost
of standard size valve, %.

COSTSV - Cost of standard size valve, $.

NBV - number of valves.
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3.7.12.8.4.2 Determine COSTBV.

COSTBV = 3.99 (DBV) 1.3
95

where

COSTBV - cost of valve of diameter DBV as percent of cost
of standard size valve, %.

DBV - diameter of the valve, inches.

3.7.12.8.4.2 Determine COSTSV. COSTSV is the cost of a 12"
butterfly valve suitable for water service. This cost if $1004 for
4th quarter, 1977.

3.7.12.8.5 Calculate total bare construction cost.

TBCC - (COSTE + ICP + COSTCW + COSTCS + IBV) CF

where

TBCC - total bare construction cost, $.

COSTE - cost of earthwork, $.

ICP - installed cost of pipe, $.

COSTCW = cost of concrete wall, $.

COSTCS = cost of concrete slab, $.

IBV - installed cost of valves, $.

CF - correction factor for miscellaneous construction.

3.7.12.9 Cost Calculations Output Data.

3.7.12.9.1 Total bare construction cost, TBCC, $.
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3.7.13 Sludge Lagoon.

3.7.13.1 Input Data.

3.7.13.1.1 Sludge flow, Q., gpd.

3.7.13.1.2 Initial solids content in sludge, So, Z

3.7.13.1.3 Solids loading rate, LRS, lb/yr cu ft (2.2 to 2.4
lb/yr cu ft.)

3.7.13.2 Design Parameters.

3.7.13.2.1 Solids loading rate, lb/yr cu ft.

3.7.13.2.2 Sludge characteristics.

3.7.13.2.3 Soil pemeability.

3.7.13.3 Process Design Calculations.

3.7.13.3.1 Calculate dry solids produced.

DSP - (Qs) (So (8.34)(365)

100
where

DSP = dry solids produced, lb/yr.

S - initial solids content in sludge, %.0

8.34 = conversion from gal to lb, lb/gal.

365 = conversion, days/yr.

3.7.13.3.2 Calculate volume of lagoons.

LV.DSPLV --
LRS

where

LV - lagoon volume, cu ft.

•DSP - dry solids produced, lb/yr.

LRS - solids loading rate, lb/yr cu ft.
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3.7.13.3.3 Calculate lagoon surface area.

TLSA = LVD
where

TLSA - total lagoon surface area, sq ft.

LV - lagoon volume, cu ft.

D - sludge depth in lagoon, ft.

3.7.13.3.4 Calculate number of lagoons. There should always be
a minimum of 2 lagoons so that one is drying while the other is
being filled. In this flow range no more than 2 lagoons should be
required.

NL = 2

where

NL - number of lagoons.

3.7.13.3.5 Final Sludge Volume.

(Qs) (So)
qf " 30

where

Qf = final sludge volume, gpd.

Qs - initial sludge volume, gpd.

So - initial solids content, %.

30 - final solids content, %.

3.7.13.4 Process Design Output Data.

3.7.13.4.1 Dry solids produced, DSP, lb/yr.

3.7.13.4.2 Sludge flow, Qs" gpd.

3.7.13.4.3 Initial solid content in sludge, So, .

3.7.13.4.4 Solids loading rate, LRS, lb/yr cu ft.

3.7.13.4.5 Sludge depth in lagoon, D, ft.

3.7.13.4.6 Lagoon volume, LV, cu ft.

3.7.13.4.7 Total lagoon surface area, TLSA, sq ft.
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3.7.13.4.8 Number of lagoons, IlL.

3.7.13.5 Quantities Calculations.

3.7.13.5.1 Assumptions. The following assumptions are made
concerning the construction of the lagoons.

3.7.13.5.1.1 The levees will have a 3 to 1 side slope.

3.7.13.5.1.2 The levees will have a 10 ft wide flat top for

access.

3.7.13.5.1.3 The lagoons will be constructed with equal cut and

fil.

3.7.13.5.1.4 There will be a minimum of 2 lagoons for operational

purposes.

3.7.13.5.1.5 The sludge depth in the lagoons will be a maximum of

2 ft with 2 ft of freeboard.

3.7.13.5.1.6 Common levee construction will be used.

3.7.13.5.1.7 Lagoons will be square.

3.7.13.5.2 Calculate surface area per lagoon.

SAL _ TLS A
2

where

SAL - surface area per lagoon, sq ft.

TLSA - total lagoon surface area, sq ft.

2 - number of lagoons.

3.7.13.5.3 Calculate dimensions of lagoon.

L - (SAL) 0.5 + 12

where

L - length of one side of lagoon at top of levee, ft.

SAL - surface area per lagoon, sq ft.

12 - additional length for 2 ft freeboard.

3.7.13.5.4 Calculate volume of earthwork required. The volume
of earthwork must be deteunined by trial and error using the fol-
lowing equations:
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DF + DC - D + 2

VF - [3(DF)2 + 10 DF] [7L]

VC - (2.6)(DC) [L 2 - 6(DF)(L) + 12(DF)2 + 120 DF - 60L + 1200]

Assume that the depth of cut (DC) is equal to 1 foot. Fran the
equations calculate the volume of fill (VF) required and the volume
of cut (VC) required. Compare VC and VF.

IF VC < VF then assume DC>1 ft and recalculate VC and VF.
IF VC > VF then assume DC<1 ft and recalculate VC and VF.

Repeat this procedure until VC - VF. This is the volume of earth-

work required for the lagoons.

VC = VF - VLEW

where

DC = depth of cut, ft.

DF = depth of fill, ft.

D - sludge depth in lagoon, ft.

23VF - volume of fill, ft

VC - volume of cut, ft3.

L - length of one side of lagoon at the to of levee, ft.

3VLEW - volume of earthwork required, ft

3.7.13.5.5 Calculate concrete required for overflow-decant
structure. It is assumed that the sane structure will be used for
all flows. The structure will be 4' x 4' with 6" thick walls. The
height of the structure will be 3 ft above the depth of sludge in
the lagoon.

Vcw - 8+ (8) (D 3) 2

where

Vcw - volume of concrete wall required, ft 3 .

D - sludge depth in lagoon, ft.

2 - number of lagoons.

3.7.13.5.6 Calculate operation manpower required.

3.7.13.5.6.1 If DSP 73,000 lb/yr.
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OMH - 46

3.7.13.5.6.2 If DSP >73,000 lb/yr.

OMB - 5.81 (DSP)
0 .1847

where

DSP - dry solids produced, lb/yr.

OKH - operation man-hour requirenent, MB/yr.

3.7.13.5.7 Calculate maintenance manpower required.

3.7.13.5.7.1 If DSP 73,000 lb/yr.

MMH - 24

3.7.13.5.7.2 If DSP 73,000 lb/yr.

MMH - 1.47 (DSP) 0 . 2 4 9 1

where

DSP - dry solids produced, lb/yr.

MMH -maintenance man-hours required, MW yr.

3.7.13.5.8 Other construction cost items. The previous calcu-
lations account for approximately 80% of the cost of the drying
lagoons. The other 20% includes influent piping, slide gates for
decanting, grassing slopes, etc.

1CF - y -1.25

where

CF - correction factor for other construction cost items.

3.7.13.6 Quantities Calculations Output Data.

3.7.13.6.1 Volune of earthwork required, VLEW, ft3.

3.7.13.6.2 Volune of concrete wall required, Vc ft 3.
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3.7.13.6.3 Operation man-hour requirement, OMH, MH/yr.

3.7.13.6.4 Maintenance man-hour requirement, MMH, MH/yr.

3.7.13.6.5 Correction factor for other construction cost itens,
CF.

3.7.13.7 Unit Price Input Required.

3.7.13.7.1 Unit price input for excavation, UPIEX, $/cu yd.

3.7.13.7.2 Unit price input for R.C. wall in-place, UPICW, $/cu
yd.

3.7.13.8 Cost Calculations.

3.7.13.8.1 Calculate cost of earthwork.
VLEW

COSTE - 2---- (UPIEX)

where

COSTE - cost of earthwork, $.

3
VLEW - volume of earthwork required, ft

UPIEX - unit price input for excavation, $/cu yd.

3.7.13.8.2 Calculate cost of concrete
V-cv

COSTCW - -- (UPICW)

where

COSTCW - cost of R.C. wall in-place, $.

3
V - volume of R.C. wall required, ftcw

UPICW - unit price input for R.C. wall in-place, $/cu yd.

3.7.13.8.3 Calculate total care construction cost.

TBCC - (COSTE + COSTCW) CF

where

TBCC - total care construction cost, $.

COSTE - cost of earthwork, $.
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COSTCW - cost of R.C. wall in-place, $.

CF - correction factor for other construction cost.

3.7.13.9 Cost Calculations Output Data.

3.7.13.9.1 Total bare construction cost, TBCC, $.
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3.9 LAGOON UPGRADING

3.9.1 Background. Many small facilities have utilized
lagoons of one type or another for waste treatment because of their
ease of operation and low construction cost. For a long period of
time very little reliable data on the effectiveness of lagoons was
available. As more data is amassed and with the advent of stricter
effluent standards in many areas, it has becane clear that many
lagoon systems may require upgrading. Four potential methods of
upgrading lagoon effluents will be addressed; coagulation and
settling, dissolved air flotation, gravity filters, and intennit-
tant sand filtration.

3.9.2 General Description Coagulation and Settling.

3.9.2.1 Chemical coagulation involves the aggregation of
small particles into large, more readily settleable conglomerates.
Chemical coagulation is used in wastewater treatment to remove
colloidal and suspended matter from raw wastes, renove phosphorus,
remove algae from lagoon effluents, and enhance sludge dewater-
ability.

3.9.2.2 Wastewater can be coagulated using any of the coagulants
common in water treatment.* The coagul ants have been limited to
three for purpose of this program. They are alum, ferric chloride,
and lime.

3.9.2.3 The essential processes involved in chemical coagu-
lation are rapid mixing, flocculation, and sedimentation. These
processes can be carried out in separate basins or in a flocculator-
clarifier system. Because of its popularity and lower capital
costs, only the flocculator-clarifier systen will be considered.

3.9.3 General Description Dissolved Air Flotation.

3.9.3.1 Dissolved air flotation is a solid-liquid separation
process. Separation is accomplished by introducing fine gas bubbles
into the system. The gas bubbles become attached to the solid
particles, forming an aggregate which has a bulk density less than
water causing the aggregate to float to the surface. The aggregate
can then be removed frcm the surface by skimming. This process has
been evaluated for use in upgrading lagoons in small systems. The
main component to be removed is algae. While flotation has been
shown to work well when properly operated with the addition of
coagulants, its' use in small systems is hampered in that it
requires a relatively high degree of operator skill, which generally
will not be available at this level.
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3.9.4 General Description Gravity Filters.

3.9.4.1 Gravity filters are used in upgrading the effluents
from secondary treatment plants and stabilization ponds by removing
suspended solids. In the flow range addressed here the filters are
normally package, multimedia filtration units. These units cane
complete except for concrete slab and connecting piping, which
would be provided by the general contractor.

3.9.4.2 Tertiary filters are generally at the end of the
treament system and involve substantial head loss. For this
reason ptzping is usually required in front of the filters. Design
and costing of the pumping facilities is not included in this
section, this should be done in the section entitled, "Intermediate
Pumping".

3.9.5 General Description Intermittent Sand Filtration.

3.9.5.1 The intermittent sand filter has been used in waste-
water treatmient since the late nineteenth century. However, it was
used to treat raw or primary settled sewage. Little work has been
done in using the intemnittent sand filter as an effluent polishing
process until recent years. Recent studies show that it gives good
results when used as a polishing process for secondary treatmient
processes. For purposes of this program the intermittent sand
filter will be used only in conjunction with suspended solids
removal f ran lagoon effluent.

3.9.6 Coagulation and Settling.

3.9.6.1 Input Data.

3.9.6.1.1 Wastewater flow.

3.9.6.1.1.1 Average daily flow, Q avg' ingd.

3.9.6.1.1.2 Peak flow, %P, wngd.

3.9.6.1.2 Wastewater characteristics.

3.9.6.1.2.1 BOO, total and soluble, mg/I.

3.9.6.1.2.2 COD, total and soluble, iug/l.

3.9.6.1.2.3 Phosphorus, mg/l.

3.9.6.1.2.4 Suspended solids, tng/l.

3.9.6.1.2.5 PH.
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3.9.6.1.2.6 -Alkalinity, mg/l.

3.9.6.2 Design Parameters.

3.9.6.2.1 Coagulant used.

3.9.6.2.1.1 Alum.

3.9.6.2.1.2 Ferric chloride.

3.9.6.2.1.3 Lime.

3.9.6.2.2 Coagulant dosage, mg/i.

3.9.6.2.3 Desired quality of treated effluent, mg/l.

23.9.6.2.4 Surface loading rates for clarifier, gpd/ft

3.9.6.3 Process Design Calculations.

3.9.6.3.1 Calculate coagulant requirements. Select the type
of coagulant and the dosage rate required.

CR - (CD) (Qa) (8.34)
avg

where

CR - coagulant requirements, lb/day.

CD - coagulant dosage, mg/l.

Qavg - average daily flow, mgd.

3.9.6.3.2 Sludge frum suspended solids removal. This is the
sane regardless of the coagulant used.

Xs - (8.34) (Qavg) (SSinf - SSeff )

where

Xs - sludge produced due to suspended solids removed,

lb/day.

SSinf - influent suspended solids, mg/lI.

SSeff - effluent suspended solids, mg/l.

Qavg - average daily flow, mgd.
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3.9.6.3.3 Sludge production when alun is used as coagulant.

3.9.6.3.3.1 Sludge from phosphorus renoval.

X - (8,34) (4) (Q avg) (Pif" Peff )

where

X - sludge from phosphorus renoval, lb/day.
P

P fff ' ifluent phosphorus concentration, mg/i.

Peff -f effluent phosphorus concentration, mg/i.

Qavg - average daily flow, mgd.

3.9.6.3.3.2 Alun required for phosphorus precipitation.

AP (Pinf - Peff ) 9.6

where

AP - alum required for phosphorus precipitation, mg/l.

Pinf m influent phosphorus concentration, mg/l.

Peff " effluent phosphorus concentration, mg/l.

3.9.6.3.3.3 Sludge fonu hydroxide fonnation.

XOH- (8.34) (0.263) (Q avg) (CD - AP)

where

X OR- sludge fram hydroxide fonnation, lb/day.

Qavg " average wastewater flow, mgd.

CD - coagulant dosage, mg/l.

AP - alum required for phosphorus precipitation, mg/i.

3.9.6.3.3.4 Total sludge production when alum is the coagulant.

XAL - Xs + Xp + XOH

where

XAL - total sludge production with alum, lb/day.
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X - sludge produced due to suspended solids removed,
s lb/day.

X - sludge produced fram phosphorus removal, lb/day.p

X OH sludge form hydroxide formation, lb/day.

3.9.6.3.4 Sludge production when ferric chloride is used as
coagulant.

3.9.6.3.4.1 Sludge from phosphorus removal.

Xp-(8.34) (4.9) (Qavg) (Pinf" Peff )

where

Xp - sludge fran phosphorus removal, lb/day.

Qavg = average daily flow, mgd.
Pinf influent phosphorus concentration, ml.

Peff " effluent phosphorus concentration, mg/l.

3.9.6.3.4.2 Ferric chloride requirement for phosphorus removal.

FP - (Pinf" Peff ) (5.23)

where

FP - ferric chloride requirement for phosphorus removal,
mg/i.

Pinf ' influent phosphorus concentration, mg/l.

Peff ' effluent phosphorus concentration, mg/l.

3.9.6.3.4.3 Sludge from hydroxide formation.

XOH - (8.34) (0.65) (Qavg ) (CD - FP)

where

XOH - sludge from hydroxide formation.

Qavg - average daily flow, mgd.

CD - coagulant dosage, mg/i.

FP a ferric chloride required for phosphorus removal,
mt/.
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3.9.6.3.4.4 Total sludge production when ferric chloride is used
as coagulant.

XFe = X + Xp + XOR

where

X e = total sludge production with ferric chloride, lb/day.

X - sludge produced due to suspended solids removal,
s lb/day.

X = sludge produced from phosphorus removal, lb/day.P

XOH = sludge from hydroxide formation.

3.9.6.3.5 Sludge production when lime is used as a coagulant.

3.9.6.3.5.1 Chemical sludge production. The chemical reactions
involved in the lime precipitation process are quite complex.
Factors such as raw waste, hardness, alkalinity, calcium or mag-
nesium ratio, pH, and others can significantly affect the sludge
quantity. For preliminary estimation purposes, the following
equation will be used:

XCa -(8.34) (1.5) (Q avg) (CD)

where

XCa - chemical sludge production due to lime precipitation,
lb/day.

Qavg ' average daily flow, mgd.

CD - coagulant dosage, mg/l.

3.9.6.3.5.2 Total sludge production when lime is used as coagulant.

XCaT ' Xs + XCa

where

XCaT - total sludge production with lime, lb/day.

X - sludge produced due to suspended solids removal,
s lb/day.

XCa " chemical sludge production due to lime precipitation,
lb/day.
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3.9.6.3.6 Selection of flocculator-clarifier. This type of
system integrates the rapid mixing tank, flocculator, and clarifier (
into one unit. It is sometimes referred to as an upflow clarifier
or a sludge blanket clarifier.

3.9.6.3.6.1 The size of an upflow clarifier is based on overflow
rate. The design overflow rate varies with the type of coagulant
used.

3.9.6.3.6.1.1 Lime coagulation.

Qof W 630 gpd/ft
2

3.9.6.3.6.1.2 Alum coagulation.

Qof " 360 gpd/ft
2

3.9.6.3.6.1.3 Iron salt caogulation.

Qof , 500 gpd/ft
2

where

Q 2
Qof - design overflow rate, gpm/ft

3.9.6.3.6.2 Unit selection. Assume in this flow range only one
unit will be used.

DIA = 1.13 Qavg x 106

Qof

DIA must be an integer.

If DIA>200 ft. assume 2 units and recalculate DIA.

where

DIA - diameter of flocculator-clarifier, ft.

Qavg - average daily flow, mgd.

2
Qof - design overflow rate, gpd/ft

3.9.6.3.6.3 Detezmine the depth of clarifier. The side water
depth is a function of the diameter of the unit.

SWD - 10.67 + (0.067) (DIA)

where
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SWD = side water depth of flocculator-clarifier, ft.

DIA - dianeter of flocculator-clarifier, ft.

3.9.6.3 Effluent Characteristics.

3.9.6.3.1 BOD 5.

BODE = (BOD5) (1.0 - BODR

If BODE < BOD5S then BODE = BOD5S

where

BODE = effluent BOD 5, mg/l.

BODR = BOD 5 renoval rate, %.

BOD5 - influent BOD5 , mg/i.

BOD5S - effluent soluble BOD5, mg/l.

3.9.6.3.2 COD.

CODE , (COD) (1 - CODR

If CODE < CODS then CODE = CODS

where

CODE = effluent COD concentration, mg/l.

COD = influent COD concentration, mg/i.

ODR - COD renoval rate, %.

CODS - effluent soluble COD concentration, mg/l.

3.9.6.3.3 Phosphorus.
PO4R.

PO4E - P04 (1.0 - --04R

where

PO4E - effluent phosphorus concentration, mg/l.

P04 - influent phosphorus concentration, mg/l.

PO4R - phosphorus renoval rate, Z.

3.9.6.3.4 Suspended Solids.

SSE - ssI (1 - SSR
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where

SSE = effluent suspended solids concentration, mg/l.

SSI - influent suspended solids concentration, mg/l.

SSR - suspended solids removal rate, %.

3.9.6.3.5 Nitrogen.

TKNE = (TKN) (1 - TKNR)

If TKNE < NH3 then TKN NH3

where

TKNE - effluent TON concentration, mng/i.

TKN - influent TKN concentration, mg/l.

TKNR - Tn renoval rate, %.

NH3 - effluent ammonia concentration.

3.9.6.3.5 Oil and Grease.

OA. - 0.0

where

OAG - effluent oil and grease concentration, hg/i.

3.9.6.3.6 Settleable Solids.

SETSO - 0.0

where

SETSO -settleable solids concentration, mg/i.

3.9.6.4 Process Design Output Data

3.9.6.4.1 Coagulant used.

3.9.6.4.2 Coagulant dosage, CD, g/i.

3.9.6.4.3 Coagulant requirement, CR, lb/day.

3.9.6.4.4 Sludge production, X, lb/day.

2
3.9.6.4.5 Design overflow rate, Qof, gpd/ft

3.9.6.4.6 Diameter of flocculator-clarifier, DIA, ft.
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3.9.6.4.7 Side water depth of flocculator-clarifier, SWD, ft.

3.9.6.4.8 Number of units, N.

3.9.6.5 Quantities Calculations.

3.9.6.5.1 Detemine quantity of earthwork required.

V ew- (1.15) (N) [0.035 (DIA)3 + 4.88 (DIA)2 + 77 (DIA) + 350]

where

V - volume of earthwork required, cu ft.ew

DIA - diameter of flocculator-clarifier, ft.

N - number of units.

3.9.6.5.2 Calculate reinforced concrete required.

3.9.6.5.2.1 Calculate R.C. slab required.

V - (N) (0.825) (DIA + 4)2 (
cs12

T - 7.9 + 0.25 SWDs

where

Vcs - volume of R.C. slab required, cu ft.

DIA - diameter of flocculator-clarifier, ft.

t - thickness of slab, inches.

SWD - side water depth of flocculator-clarifier, ft.

N - number of units.

3.9.6.5.2.2 Calculate R.C. wall required.
tw

V -(3.14) (N) (SWD + 1.5) (DIA) tw
cv 1

t - 7 + (0.5) (SWD)

where

V - volume of R.C. wall required, cu ft.cv

SWD - side water depth of flocculator-clarifier, ft.

DIA - diameter of flocculator-clarifier, ft.
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t -wall thickness, inches.

N - nunber of units.

3.9.6.5.3 Determine electrical energy requirenent.

3.9.6.5.3.1 Calculate mechanism horsepower. The mechanism
horsepower is a function of the dianeter of the unit.

If DIA < 20 ft.
MHP - 1.0

If 20 < DIA < 90

MHP - 0.0053 (DIA) 1"7 5

If DIA > 90

MHP - 7.62 (DIA) 0 . 1 3 5 1

where

MHP - mechanism horsepower, hp.

DIA - dianeter of flocculator-clarifier, ft.

3.9.6.5.3.2 Calculate electric energy required for operation.

KWH - (6701) (N) (MHP)

where

KWH - electric energy requirement, kw hr/yr.

MHP - mechanism horsepower, hp.

N - number of units.

3.9.6.5.4 Operation and maintenance manpower requirement.

3.9.6.5.4.1 Operation manpower requirement.

IfQavg 0.1 mgd

OMH , 304

If Qavg > 0.1 mgd

OM - 1093.8 (Q avg)05561

3h.e-re
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OMH - operation manpower required, MH/yr.

Qavg - average daily flow, mgd.

3.9.6.5.4.2 Maintenance manpower required.

If Qavg 0.1 mgd

MMH - 128

If Qavg > 0.1 mgd

MMRH - 474.8 (Q avg)05693

3.9.6.5.5 Operation and maintenance material and supply cost.
This iten includes repair and replacement material costs and other
minor costs. It is expressed as a percent of the total bare construction
cost of the coagulation system.

OMMP - 1.0%

where

OMMP - O&M material and supply costs as percent of the total
bare costruction cost, %.

3.9.6.5.6 Calculate chemical quantity used.

3.9.6.5.6.1 When lime is used as coagulant.

LIME - (CR) (365)

where

LIKE = quantity of lime required per year, lb/yr.

CR - coagulant requirement, lb/day.

3.9.6.5.6.2 When alum is used as coagulant.

ALUM - (CR) (365)

where

ALUM - quantity of ALUM required per year, lb/yr.

CR - coagulant requirement, lb/day.

3.9.6.5.6.3 When ferric chloride is used as coagulant.

IRON - (CR) (365)
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where

IRON - quantity of ferric chloride required per year, lb/yr.

CR - coagulant requirenent, lb/day.

3.9.6.5.7 Other construction cost items. The calculations
account for approximately 85% of the construction cost of the
system. The remaining 15% covers other minor costs, such as
piping, control panel, painting, etc.

CF 1 1.18
0.85

where

CF = correction factor.

3.9.6.6 Quantities Calculations Output Data.

3.9.6.6.1 Volume of earthwork required, Vew , cu ft.

3.9.6.6.2 Volume of R.C. slab required, V cs cu ft.

3.9.6.6.3 Volume of R.C. wall required, Vcw , cu ft.

3.9.6.6.4 Electric energy requirenent, KWH, kw hr/yr.

3.9.6.6.5 Operation manpower required, OMH, M/yr.

3.9.6.6.6 Maintenance manpowet required, MMH, MH/yr.

3.9.6.6.7 Quantity of lime- required per year, LIME, lb/yr.

3.9.6.6.8 Quantity of alum required per year, ALUM, lb/yr.

3.9.6.6.9 Quantity of ferric chloride required per year, IRON,
lb/yr.

3.9.6.6.10 O&M material and supply costs as percent of the
total bare construction cost, OMKP, %.

3.9.6.6.11 Correction factor, CF.

3.9.6.7 Unit Price Inputs Required.

3.9.6.7.1 Cost of earthwork, UPIEX, $/cu yd.

3.9.6.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd.

3.9.6.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd.

3.9.6.7.4 Standard size flocculator-clarifier mechanism (60-
feet diameter) cost, COSTCL, $ (optional).
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3.9.6.7.5 Marshall and Swift Equipment Cost Index, MSECI.

3.9.6.7.6 Equipment installation labor rate, $/MH.

3.9.6.7.7 Crane rental rate, UPICR, $/hr.

3.9.6.8 Cost Calculations.

3.9.6.8.1 Calculate cost of earthwork.
Vew

COSTE - (UPIEX)

where

COSTE = cost of earthwork, $.

Vew - volume of earthwork required, cu ft.

UPIEX - unit price input for earthwork, $/cu yd.

3.9.6.8.2 Calculate cost of concrete wall.
VV cw

COSTCW - -- (UPICW)

where

COSTCW - cost of R.C. wall in-place, $.

V cw- volume of R.C. Wall required, cu ft.

UPICW - unit price input for R.C. wall in-place, $/cu yd.

3.9.6.8.3 Calculate cost of concrete slab.
VV cs

COSTCS - 2- (UPICS)

where

COSTCS - cost of R.C. slab in-place, $.

V - volume of R.C. slab required, cu ft.cs

UPICS - unit price input for R.C. slab in-place, $/cu yd.

3.9.6.8.4 Cost of installed equipment.

3.9.6.8.4.1 Purchase cost of clarifier mechanism. The purchase
cost of mechanisms can be obtained by using the following equation:
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COSTCM - COSTCL x COSTRO

where

COSTCM - purchase cost of mechanism with diameter DIA feet, $.

COSTCL = purchase cost of standard size mechanism with dia-
meter of 60 ft.

COSTRO - ratio of cost of mechanism with diameter of DIA, feet
and the cost of standard size clarifier.

3.9.6.8.4.2 COSTRO. The cost ratio can be expressed as:

COSTRO - (0.0164) x DIA
3.9.6.8.4.3 Cost of standard size mecahnism. The cost of mechanism
for a 60-foot diameter upflow clarifier for the first quarter of
1977 is:

COSTCL - $110,000

For better estimate, COSTCL should be obtained from equipment
vendor and treated as a unit price input. Otherwise, for future
escalation the equipment cost should be adjusted by using the
Marshall and Swift equipment cost index.

COSTCL - 110,000 x

where 491.6

MSECI - current Marshall and Swift Equipment Cost Index from
input.

491.6 - Marshall and Swift cost index 1st quarter of 1977.

3.9.6.8.4.4 Equipment installation man-hour requirenent. The
man-hour requirement for field erection of clarifier mechanism can
be estimated as:

1MB - 200 + (25) x (DIA)

where

DM - installation man-hour requirement, man-hours.

3.9.6.8.4.5 Crane requirement for installation, hr.

CR - (0.1) (1MH)

CH - crane time requirement for installation, hr.
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3.9.6.8.4.6 Other minor costs associated with the installed
equipment. This category includes the costs for electric wiring,
piping, painting, etc., and can be added as percent of purchased
equipment cost.

PMINC - 5%

where

PMINC - percentage of purchasing costs of equipment as minor
costs, %.

3.9.6.8.4.7 Installed equipment costs, IEC.
IEC - [COSTCM (1 + PMI C) + IMH x LABRI + CH x UPICR] x N

100

where

IEC = installed equipment costs, $.

LABRI - labor rate, $/MH.

UPICR - crane rental rate, $/yr.

3.9.6.8.5 Other cost items. This category includes costs of
piping, walkways, electrical control instruments, site work, etc.
Costs can be adjusted by multiplying the correction factor CF by
the sun of other costs.

3.9.6.8.6 Total bare construction costs, TBCC, $.

TBCC - (COSTE + COSTCW + COSTCS + IEC) x CF

where

TBCC - total bare construction costs, $.

CF - correction factor for minor cost itens.

3.9.6.8.7 Operation and maintenance material costs. Since
this iten of the operation and maintenance costs is expressed as a
percentage of the total bare construction costs, it can be cal-
culated by:

OMMC - TBCC x
100

where

OKMC - operation and maintenance material costs, $/yr.

OMP - percentage of the total bare construction costs as
operation and maintenance material cost, 2.
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3.9.6.9 Cost Calculations Output Data.

3.9.6.9.1 Total bare construction costs of the chemical
coagulation system TBCC, $.

3.9.6.9.2 O&M material and supply cost, OMMC, $
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3.9.7 Dissolved Air Flotation.

3.9.7.1 Input Data.

3.9.7.1.1 Wastewater flow, mgd.

3.9.7.1.2 Suspended solids concentration in the feed, mg/l.

3.9.7.1.2.1 Average concentration.

3.9.7.1.2.2 Variation in concentration.

3.9.7.1.3 Chemical dosage, mg/l.

3.9.7.2 Design Parameters. From laboratory or pilot plant
studies.

3.9.7.2.1 Air-to-solid ratio, A/S.

3.9.7.2.2 Air pressure, P, psig.

3.9.7.2.3 Detention time in flotation tank, DTFT, hr.

23.9.7.2.4 Hydraulic loading, HL, gpm/ft

3.9.7.2.5 Detentlion time in pressure tank, DTPT, min.

3.9.7.2.6 Float concentration, CF, percent.

3.9.7.3 Process Design Calculations.

3.9.7.3.1 Select air-to-solid ratio. A/S between .01 to .03
use .02 if none specified.

3.9.7.3.2 Assume pressure (40 to 60 psig).
3.9.7.3.3 Calculate P in atmosphere - psig + 14.7

14.7

3.9.7.3.4 Calculate recycle flow.

A l 3Sa (0.5P - 1)R
S QC°

where

A/S - air- to- sol id ratio.

Sa - air solubility at standard conditions, cc/i.

P - absolute pressure, atmospheres.
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R - recycle flow, mgd.

Q - feed flow, mgd.

Co - influent suspended solids concentration, mg/l.

3.9.7.3.5 Select a hydraulic loading rate and calculate surface

area.

SA - (Q+ R)(10 )

(HL) (60) (24)

where

2SA = surface area, ft

Q = feed flow, mgd.

Co - influent suspended solids concentration, mg/I.

R - recycle flow, mgd.

2
HL - hydraulic loadIng rate, gpm ft . HL is between

1 and gpm/ft , if no HL selected use 2.0
gpm/ft

3.9.7.3.6 Select detention time in the flotation tank and
calculate the volume.

1 16
VOLFT -(Q + R) x-'

where

VOLFT - volume of flotation tank, ft3 .

Q - feed flow, mgd.

R - recycla flow, mgd.

DTFT - detention time in flotation tank, hr.

3.9.7.3.7 Select pressure tank detention time and calculate
volume of pressure tank.

VOLPT - (R) (DTPT) (10 6 )

where

3
VOLPT - volume of pressure tank, ft

R - recycle flow, mgd.
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DTPT - detention time in pressure tank, rin.

3.9.7.3.8 Calculate volume of sludge.

S (Q)(Co)(% removal)

(CF) (specific gravity)

where

VS -volume of sludge, gpd.

Q - feed flow, mgd.

C - influent suspended solids concentration, mg/l.0

CF = solids concentration in float, percent.

3.9.7.3.9 Calculate chemical usage (if applicable).

CU + (CD) (Q) 8.34

where

CU - chemical usage, lb/day.

CD = chemical dosage, mg/ .

Q = feed flow, mgd.

3.9.7.3.10 Effluent Characteristics.

3.9.7.3.10.1 Suspended Solids.

SSE - Co (1- S-S

where

SSE - effluent suspended solids concentration, mg/l.

Co - influent suspended solids concentration, mg/l.

SSR - suspended solids removal rate, 2.

3.9.7.3.10.2 BOD 5.

BODE - BOD (1 - BODR

If BODE < BODSE set BODE - BODSE
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where

BODE - effluent BOD5 concentration, mg/l.

BODSE = effluent soluble BOD 5 concentration, mg/l.

BODR = BOD 5 removal rate, mg/l.

BOD = influent BOD5 concentration, mg/l.

3.9.7.3.10.3 COD.

CODE = COD (1- CODR,

If CODE < CODSE set CODE - CODSE

where

CODE = effluent COD concentration, mg/l.

COD - influent COD concentration, mgl.

CODR = COD removal rate, %.

CODSE = effluent soluble COD concentration, mg/l.

3.9.7.3.10.4 Nitrogen.

TKNE - TKN (1 TKNR,

NH3E = NH3
NO3E - N03
NO2E = N02

where

TKNE - effluent Kjedahl nitrogen concentration, mg/l.

TKN - influent Kjedahl nitrogen concentration, mg/i.

TKNR - Kjedahl nitrogen removal rate, %.

NH3E - effluent anmonia concentration, mgl.

NH3 - influent ammonia concentration, mg/l.

NO3E - effluent NO3 concentration, mg/l.

N03 - influent NO3 concentration, mg/i.
N02E - effluent NO2 concentration, m/l.

NO2 - influent NO2 concentration, mg/l.
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3.9.7.3.10.5 Phosphorus.

PO4E - P04 (1 - PO4R

where

PO4E - effluent phosphorus concentration, mg/l.

P04 = influent phosphorus concentration, mg/l.

PO4R - phosphorus removal rate, mg/l.

3.9.7.3.10.6 Settleable Solids.

SETSO - 0.0

where

SETSO - effluent settleable solids concentration, mg/l.

3.9.7.3.10.7 Oil and Grease.

OAGE = (0.05) (OAG)

where

OAGE - effluent oil and grease concentration, mg/i.

OAG = influent oil and grease concentration, mg/i.

3.9.7.4 Process Design Output Data.

3.9.7.4.1 Suspended solids concentration, CO, mg/i.

3.9.7.4.2 Air-to-solid ratio, A/S.

3.9.7.4.3 Air pressure, P, psig.

3.9.7.4.4 Hydraulic loading, HL, gpm/ft2.

3.9.7.4.5 Recycle flow, R, mgd.

3.9.7.4.6 Surface area, SA, ft2 .

3.9.7.4.7 Volume of pressure tank, VOLPT, ft3.

3.9.7.4.8 Volume of flotation tank, VOLFT, ft3.

3.9.7.4.9 Pressure tank detention time, DTPT, min.

3.9.7.4.10 Flotation tank detention time, DTFT, hr.

3.9.7.4.11 Chemical usage, CU, lb/day.
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3.9.7.5 Quantities Calculations.

3.9.7.5.1 Flotation units are usually sized based on surface
area. The smaller units from 40 sq ft to 100 sq ft are usually
supplied in one piece already assembled. Large units up to 1250 sq
ft are supplied with all coaponents to be installed in a concrete
tank supplied by the contractor. This equipment includes the basic
mechanism, air saturation tank, pressurization pump, air compres-
sor, pressure release valve, rotameter, air regulator, and throt-
tling valve. Both circular and rectangular flotation units are
available. For purposes of simplification we have chosen to use
the circular units. However, it should be noted that circular and
rectangular units of the same surface area are comparable in cost.

3.9.7.5.2 Select number and size of flotation units. The
standard size units available commercially are 40, 50, 70, 100,
140, 200, 280, 350, 450, 570, 750, 960, and 1250 sq ft.

3.9.7.5.2.1 If SA is less than 1250 sq ft, then NU is one.
Compare SA to the commercially available units and select the
smallest unit that is larger than SA.

3.9.7.5.2.2 If SA is greater than 1250 sq ft, then NU must be
two or greater. Try NU = 2 first, if SA/NU is greater than 1250,
then NU - NU + 1. Repeat the procedure until SA/NU is less than
1250, then compare SA/NU to the commercially available units and
select the smallest unit that is larger than SA/NU.

where

SA - calculate surface area, sq ft.

NU - number of units.

SAS - surface area of unit selected.

3.9.7.5.3 Calculate building area. In area where freezing
weather may be expected, flotation units would normally be enclosed
in buildings.

3.9.7.5.3.1 Calculate diameter of unit.

DIA - (1.13) (SAS) 0 . 5

where

DIA - diameter of unit selected, ft.

3.9.7.5.3.2 Calculate building area.

AB - (DIA + 2) (DIA + 5) (NU)

where
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AB - area of building, sq ft.

3.9.7.5.4 Earthwork required for construction. The procedure
to estimate the earthwork requirement is the same as that for
circular clarifier.

V - (1.15) NU[0.035 (DIA)3 + 4.88 (DIA)2 + 77 (DIA) + 350]ew

where

V - earthwork required for construction, cu ft.ew

1.15 - 15 percent excess volume as safety factor.

NU - number of units.

3.9.7.5.5 Reinforced concrete quantities.

3.9.7.5.5.1 Calculate side water depth. The side water depth
can be related to the diameter by the following equation:

SWD - 6.72 + 0.0476 (DIA)

where

SWD - side water depth, ft.

3.9.7.5.5.2 Calculate the thickness of the slab. The thickness
of the slab can be related to the side water depth by the following
equation:

t - 7.9 + 0.25 SWD

where

t s M thickness of the slab, inches.

3.9.7.5.5.3 Calculate the wall thickness. The wall thickness
can be related to the side water depth by the following:

t w - 7+ (0.5) SWD

where

t - wall thickness, inches.

3.9.7.5.5.4 Calculate reinforced concrete slab quantity.ts

Vcs 0.825 (DIA + 4) 2  (NU)

where
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Vcs - quantity of R.C. slab in-place, cu ft.

3.9.7.5.5.5 Calculate reinforced concrete wall quantity.
t

Vcw- (3.14) (SWD + 1.0) (DIA) (1 ) (NU)

where

V cw- quantity of R.C. w,-! l in-place, cu ft.

3.9.7.5.5.6 Quantity of concrete for splitter box.

Vcb ' 100 (NU)
I1 1 3

where

Vcb - quantity of R.C. for splitter box, cu ft.

NU - nunber of units.

3.9.7.5.5.7 Total quantity of R.C.

wall: Vowt = Vcw + Vcb

slab: Vcst =Vcs

where

Vcw t - total quantity of R.C. wall in-place, cu ft.

Vcst - total quantity of R.C. slab in-place, cu ft.

3.9.7.5.6 Calculate dry solids produced.

(Q) (CO) (8.34)
DSTPD -

2000

where

DSTPD = dry solids produced, tpd.

Q = feed flow, mgd.

C = suspended solids concentration in the feed, mg/l.0

3.9.7.5.7 Calculate operational labor.

3.9.7.5.7.1 If DSTPD is between 0 and 0.1 tpd, the operational
labor is calculated by:

OMH - 240
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3.9.7.5.7.2 If DSTPD is greater than 0.1 tpd, the operational
labor is calculated by:

OMH - 558.4 (DSTPD)0 .
3667

where

OMH - operation labor, man-hour/yr.

3.9.7.5.8 Calculate maintenance labor.

3.9.7.5.8.1 If DSTPD is between 0 and 0.1 tpd, the maintenance
labor is calculated by:

MMH - 64.0

3.9.7.5.8.2 If DSTPD is greater than 0.1 tpd, the maintenance
labor is calculated by:

MMH - 160.0 (DSTPD)
0 .39 79

where

MMH - maintenance labor, man-hour/yr.

3.9.7.5.9 Calculate electrical energy requirements for ope-
ration.

3.9.7.5.9.1 If DSTPD is between 0 and 0.35 tpd, the energy
requirement is:

KWH - 23,500

3.9.7.5.9.2 If DSTPD is greater than 0.35 tpd, the energy is
calculated by:

KWH - 63,000 (DSTPD)
0 .94 22

where

KWH - electrical energy requirement for operation,
kwhr/yr.

3.9.7.5.10 Operation and maintenance material costs. This item
includes repair and replacenent material costs and other minor
costs. It is expressed as a percent of total bare construction
Cost.

OMMP - 12

where

OMMP - percent of air flotation total bare construction cost
as operation and maintenance materials cost, percent.
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3.9.7.5.11 Other construction cost items.

3.9.7.5.11.1 Fran the above estimation, approximately 85 percent
of the construction costs have been accounted for.

3.9.7.5.11.2 Other minor cost items such as piping, electrical
wiring and conduit, concrete slab for pumps and pressure tanks,
etc., would be 15 percent.

3.9.7.5.11.3 The correction factor would be:

1
CF - z - 1.18

where

CF - correction factor for construction costs.

3.9.7.6 Quantities Calculations Output Data.

3.9.7.6.1 Surface area of unit selected, SAS, sq ft.

3.9.7.6.2 Nunber of units, NU.

3.9.7.6.3 Area of building, A., sq ft.

3.9.7.6.4 Earthwork required, Vew, cu ft.

3.9.7.6.5 Total quantity of R.C. wall in-place, Vcwt, cu ft.

3.9.7.6.6 Total quantity of R.C. slab in-place, Vcst, cu ft.

3.9.7.6.7 Operational labor, OMH, man-hour/yr.

3.9.7.6.8 Maintenance labor, MMH, man-hour/yr.

3.9.7.6.9 Electrical energy requirement for operation, KWH,
k:r- yr.

3.4.7.6.10 Operation and maintenance material costs as percent
of air flotation total bare construction cost, percent.

3.9.7.6.11 Correction factor for construction costs, CF.

3.9.7.7 Unit Price Input Required.

3.9.7.7.1 Unit price input for earthwork, UPIEX, $/cu yd.

3.9.7.7.2 Unit price input for R.C. wall in-place, UPICW,
$/cu.

3.9.7.7.3 Unit price input for R.C. slab in-place, UPICS, $/cu
yd.

3.9.7.7.4 Cost of standard size flotation equipment, COSTFS,
$, (optional).
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3.9.7.7.5 Marshall and Swift Equipment Cost Index, MSECI.

3.9.7.8 Cost Calculations.

3.9.7.8.1 Cost of building.

COSB - AB x UPIBC (.75)

where

COS7h - cost of building, S.

AB = building area, sq ft.

UPIBC - unit price input for building cost, $/sq ft.

.75 - correction factor since slab is already accounted
for in concrete costs.

3.9.7.8.2 Cost of earthwork.

V
COSTE - e~ UPIEX27

where

COSTE - cost of earthwork, $.

Vew - quantity of earthwork, cu ft.

UPIEX - unit price input for earthwork, $/cu yd.

3.9.7.8.3 Cost of R.C. wall in-place.
V

COSTCW - - UPICW
27

where

COSTCW - cost of R.C. wall in-place, $.

Vc - total quantity of R.C. wall in-place, cu ft.

UPICW - unit price input for R.C. wall in-place, $/cu yd.

3.9.7.8.4 Cost of R.C. slab in-place.

V
COSTCS - cst UPICS

27

where

COSTCS - cost of R.C. slab in-place, $.
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Vcst - total quantity of R.C. slab in-place, cu ft.

UPICS - unit price input for R.C. slab in-place, $/cu yd.

3.9.7.8.5 Purchase cost of flotation equipment. The costs
given include the basic mechanism to be mounted in the concrete
tank, air pressurization tank, pressurization pump, press,' , release
valve, air injection system, and electrical panel.

COSTF - COSTFS xCOSTRO
100

where

COSTF - purchase cost of flotation equipment of SAS

surface area, $.

COSTFS - cost of standard size air flotation unit of 350
sq ft.

COSTRO - cost of unit of SAS sq ft expressed as percent of
cost of standard size unit.

3.9.7.8.6 Calculate COSTRO.

3.9.7.8.6.1 If SAS is less than 240 sq ft, COSTRO is calculated
by:

COSTRO - 0.3 (SAS) + 25

3.9.7.8.6.2 If SAS is between 240 sq ft and 480 sq ft, COSTRO is
calculated by:

COSTRO - 0.092 (SAS) + 75

3.9.7.8.6.3 If SAS is greater than 480 sq ft, COSTRO is cal-
culated by:

COSTRO - 0.161 (SAS) + 43

3.9.7.8.7 Cost of standard size unit. The cost of a dissolved
air flotation unit with 350 sq ft of surface area for the first
quarter of 1977 is:

COSTFS - $44,200

For better cost estination, COSTFS should be obtained from equip-
ment vendor and treated as a unit price input. Otherwise, for
future escalation the equipment cost should be adjusted by using
the Marshall and Swift Equipment Cost Index.

COSTFS - $44,200 MSECI
491.6
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where

MSECI - current Marshall and Swift Cost Index from input.

491.6 - Marshall and Swift Cost Index first quarter 1977.

3.9.7.8.8 Equipment installation costs. These costs would
include mounting of flotation mechanism in the flotation tank,
settling pumps, and tanks, interconnecting piping, electrical
installation, etc. These costs are estimated as 75 percent of the
purchase cost of equipment.

EIC = .75 COSTF

where

EIC = equipment installation costs, $.

3.9.7.8.9 Installed equipment cost.

IEC - (COSTF + EIC) NU

where

IEC - installed equipment cost, $.

NU - number of units of area SAS sq ft.

3.9.7.8.10 Total bare construction costs.

TBCC - (COSTB + COSTE + COSTCW + COSTCS + IEC) CF

where

TBCC - total bare construction costs, $.

CF - construction cost correction factor.

3.9.7.8.11 Operation and maintenance material costs.

OMMC - TBCC x -MM-

where

OMMC - operation and maintenance material costs, dollars.

3.9.7.9 Cost Calculations Output Data.

3.9.7.9.1 Total bare construction cost for dissolved air
flotation unit, TBCC, $.

3.9.7.9.2 Operation and maintenance material costs, OMMC,
$/Yr.
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3.9.8 Gravity Filter.

3.9.8.1 Input Data.

3.9.8.1 . 1 Wastewater characteristics.

3.9.8.1.1.1 Average daily flow, Qavg' mgd.

3.9.8.1.1.2 Peak flow, %, mgd.

3.9.8.1.2 Influent suspended solids concentration SS, mg/l.

23.9.8.1.3 Hydraulic loading rate, LR, gpm/ft

3.9.8.2 Design Paraneters.

3.9.8.2.1 Hydraulic loading rate, gpm/ft2.

23.9.8.2.2 Backwash rate, gpm/ft

3.9.8.3 Process Design Calculations.

3.9.8.3.1 Calculate required filter surface area.

3.9.8.2.1.1 If no hydraulic loading rate is specified use 3.5
gpm/ft

(Qav ) (106)
SA- avg

(1440) (LR)

where

SA - filter surface area required, ft2.

LR - hydraulic loading rate, gpm/ft2.

3.9.8.3.1.2 Package filter units usually have four (4) filter
cells for operational reasons. The Ten State Standirds specify
that the filtration rate should not exceed 5 gpm/ft during maximum
flow with one filter cell out of service. Therefore, the filter
surface area should be calculated based on this requirement and
checked against the area calculated based on average flow.

SAP - ( ) ( 10 6 ) (NQ

(5) (1440) (NC-I)
where

2SAP - filter surface area based on peak flow, ft

% - Peak flow, mgd.

NC - number of filter cells (use 4 if not specified).



3.9.8.3.1.3 Compare SA and SAP and use the larger of the values

as the design filter surface area, SAD.

3.9.8.3.2 Backwash Requirenents.

3.9.8.3.2.1 Ten State Standards requije that provision be made
for a minimum backwash rate of 20 gpm/ft and a minimum backwash
period of 10 minutes. Usually, filtered water is used for backwash
purposes. It is assumed in this model that the filter unit will be
followed by chlorine contact tanks which would supply ample filtered
water for backwash purposes, therefore no additional storage will
be provided.

3.9.8.3.2.2 Ten State Standards also state that the rate of
return of waste filter backwash water to treatment units should not
exceed 15 percent of the design flow rate. Surge tanks should be
provided with a minimum capacity of twice the backwash water volume
required.

3.9.8.3.2.3 Calculate volume of backwash surge tank.

V - (SAD) (20) (10) (2)
bws (NC) (7.48)

where

3Vbw s - volume of backwash surge tank, ft

2
SAD - design filter surface area, ft

NC - number of cells

20 - backwash flow rate, gpm/ft2

10 - backwash period, min.

2 - number of backwash volumes.

37.48 - conversion factor, gal/ft

3.9.8.3.3 Effluent Characteristics.

3.9.8.3.3.1 Suspended Solids.

SSE - (0.4) (SS)

where

SSE - effluent suspended solids concentration, mg/l.

SS - influent suspended solids concentration, mg/i.
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3.9.8.3.3.2 BOD5.

BODE = BODS

where

BODE = effluent BOD 5 concentration, mg/l.

BODS = influent soluble BOD 5 concentration, mg/l.

3.9.8.3.3.3 COD.

CODE = CODS

where

CODE = effluent COD concentration, mg/l.

CODS - influent soluble COD concentration, mg/l.

3.9.8.3.3.4 Nitrogen.

TKNE = NH3 - N3E

where

TKNE - effluent Kjedahl nitrogen concentration, mg/l.

NH3 - influent ammonia concentration, mg/l.

NH3E - effluent ammonia concentration, mg/l.

3.9.8.3.3.5 Oil and Grease.

OAGE = 0.0

where

OAGE - effluent oil and grease concentration, mg/I.

3.9.8.3.3.6 Settleable Solids.

SETSO - 0.0

where

SETSO = effluent settleable solids concentration, mg/I.

3.9.8.4 Process Design Output Data.

23.9.8.4.1 Design filter surface area, SAD, ft

3.9.8.4.2 Number of filter cells, NC.

3.9.8.4.3 Volume of backwash surge tank, ft3.

34-33



3.9.8.5 Quantities Calculations.

3.9.8.5.1 Calculate reinforced concrete slab for package
filter. The concrete slab is assumed to be 1 ft thick.

V = 1.434 (SAD) + 32.8CS

where

3
V - volume of R.C. slab for filter unit, ftcs

SAD = design filter surface area.

3.9.8.5.2 Backwash surge tank design. The backwash water
would be drained fron the bottom of the filter unit into the surge
tank. It is assumed that the surge tank would be a concrete
structure built below grade.

Assumptions:

Water depth in surge tank is 7 ft.
Freeboard of 2 ft.
Length to width ratio of 2.
Concrete is 1 ft thick.
Excavation side slope is 1 to 1.
Slab extends 1-1/2 ft past wall of tank.

3.9.8.5.2.1 Calculate dimensions of surge tank.

0.5

W VbwsK14 )
L - 2W

where

3
Vbws - Volume of backwash surge tank, ft

W - width of backwash surge tank, ft.

L - length of backwash surge tank, ft.

3.9.8.5.2.2 Calculate earthwork required.

Vew - 0/3 (A + A2 + A 1 x A2)

A - (L + 5) (W + 5)

A2 - (L + 25) (W+ 25)

where

3
V - volume of earthwork required, ft
ew
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A1 = area at bottam of excavation.

A2 - area of ground level.

3.9.8.5.2.3 Volume of concrete required. Consider all concrete
as wall concrete because of forming required.

V f2W2 + 75W + 25
cw

dhere

V cw- volume of R.C. wall required, ft3.

W - width of backwash surge tank, ft.

3.9.8.5.3 Electric energy required for operation. The major
energy user in filtration is pumping of the main stream of wastewater.
Other energy requirements are power for backwashing, surface sprays,

and air blowers. The energy for pumping of the main wastewater
stream is included in the section entitled "Intermediate Pumping".
The following equations gives energy requirenents for filter
backwash, surface spray and air blowers.

KWH = (8213) (Q avg) 0 972

where

KWH - electrical energy required, kw hr/yr.

Qavg = average daily flow, mgd.

3.9.8.5.4 Operation and maintenance manpower requirement.

3.9.8.5.4.1 Maintenance manpower required,

if Qavg -< .1 mgd

MMH - 112

if Qavg > .1 mgd

MMH - 432 (Q avg)0585

where

MMH - maintenance manpower required, ME/yr.

Qavg - average daily flow, mgd.

3.9.8.5.4.2 Operation manpower required.

If Qavg .l mgd

OMH - 176



If Qavg > .1 mgd

OMH - 643.2 (Q avg) 0.572

where

OMH - operation manpower required, MH/yr.

Qavg = average daily flow, mgd.

3.9.8.5.5 Operation and maintenance material and supply costs.

OMMP - 5%

where

OMMP - O&M material and supply costs as percent of installed
package filtration equipment.

3.9.8.5.6 Replacenent Schedule.

3.9.8.5.6.1 Equipment. The service life of the equipment is
approximately 20 yrs.

RSE = 20

where

RSE - replacement schedule for equipment, yrs.

3.9.8.5.7 Other construction cost items. The preceding
calculations account for approximately 80 percent of the construction
cost. The renaining 20 percent would include costs for items such
as backwash auxiliary supply pumps, piping, housing, etc.

CF - - 1.250.8

where

CF - correction factor for other construction costs.

3.9.8.6 Quantities Calculations Output Data.

3.9.8.6.1 Design filter surface area, SAD, ft 2 .

3.9.8.6.2 Voltume of R.C. slab for filter unit, Vcs, ft 3 .

3.9.8.6.3 Volume of earthwork required, Vew ft 3 .

3.9.8.6.4 Volume of R.C. wall required, Vcw , ft 3 .

3.9.8.6.5 Electrical energy requirenent, KWH, kw hr/yr.

3.9.8.6.6 Maintenance manpower required, MMH, MB/yr.
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3.9.8.6.7 Operation manpower required, OMH, MH/yr.

3.9.8.6.8 O&M material and supply costs as percent of in-
stalled package filtration equipment, OMMP, %.

3.9.8.6.9 Correction factor for other construction costs, CF.

3.9.8.7 Unit Price Input Required.

3.9.8.7.1 Unit price input for earthwork, UPIEX, $/cu yd.

3.9.8.7.2 Unit price input for R.C. wall in-place, UPICW, $/cu
yd.

3.9.8.7.3 Unit price input for R.C. slab in-place, UPICS, $/cu
yd.

3.9.8.7.4 Cost of standard size filter, COSTSF, $ (optional).

3.9.8.7.5 Marshall and Swift Equipment Cost Index, MSECI.

3.9.8.8 Cost Calculations.

3.9.8.8.1 Calculate cost for earthwork.
(Vew)

COSTE 7---- (UPIEX)

where

COSTE - cost of earthwork, $.

3
V - volume of earthwork required, ftew

UPIEX - unit price input for earthwork, $/cu yd.

3.9.8.8.2 Calculate cost of reinforced concrete.

3.9.8.8.2.1 Cost of R.C. slab in-place.
V

cs
COSTCS - 2I (UPICS)

where

COSTCS - cost of R.C. slab in-place, $.

3
V cs volume of R.C. slab required for filter unit, ft

UPICS - unit price input for R.C. slab in-place, $/cu yd.
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3.9.8.8.2.2 Cost of R.C. wall in-place.
V

COSTCW -- E-- UPICW

where

COSTCW - cost of R.C. wall in-place, $.

3
V - volune of R.C. wall required, ft

UPICW - unit price input for R.C. wall in-place, $/cu yd.

3.9.8.8.2.3 Total cost of reinforced concrete.

COSTC - COSTCW + COSTCS

where

COSTC - total cost of reinforced concrete, $.

COSTCW - cost of R.C. wall in-place, $.

COSTCS = cost of R.C. slab in-place, $.

3.9.8.8.3 Calculate installed cost package multimedia filter
unit.

3.9.8.8.3.1 Calculate COSTF.

CO STRO
COSTF - C00 (COSTSF)

where

COSTF - cost of package filter of size SAD, $.

COSTRO - cost of package filter of size SAD as percent of
cost of standard size filter (120 sq ft), Z.

COSTSF - cost of standard size filter (120 sq t), $.
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3.9.8.8;3.2 Calculate COSTRO.

If SAD K175 ft
2

COSTRO - 65 (SAD) 0 . 0 89 8

If SAD > 175 ft
2

COSTRO - 14.5 (SAD) 0.381

where

COSTRO - cost of package filter of size SAD as percent of
cost of standard size filter (120 sq ft), Z.

2SAD = design filter surface area, ft

3.9.8.8.3.3 Detemine COSTSF. COSTSF is the cost of a 120 sq ft
package multimedia filter unit. These units nomally are complete
including blowers for air wash, backwash pumps, underdrain systen,
backwash troughs, filter media, control panel, valving and piping
connecting cells, and steel tanks. The general coitractor is
usually required to furnish the concrete slab, backwash surge tank,
and pumping of main waste stream. The cost of this unit for the
first quarter of 1977 is:

COSTSF - $73,760

For better cost estimation COSTSF should be obtained from a vendor
and treated as a unit price input. If this is not done the equip-
ment cost should be adjusted by using the Marshall and Swift
Equipment Cost Index.

COSTSF - $73,760 MSECI
491.6

where

MSECI - the current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index for 1st
quarter of 1977.

3.9.8.8.3.4 Calculate installed filter cost.

IFC - (1.5) (COSTF)

where

IFC - installed filter cost, $.

COSTF - cost of package filter of size SAD, $.
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3.9.8.8.4 Calculate total bare construction cost.

TBCC - (COSTE + COSTC + IFC) CF

where

TBCC - total bare construction cost, $.

COSTE = cost of earthwork, $.

COSTC - total cost of reinforced concrete, $.

IFC = installed filter cost, $.

CF - correction factor for other construction cost

itens.

3.9.8.8.5 Calculate O&M material and supply costs.

OMMP
OMMC - (IFC) --HP

where

OMMC - O&M material and supply costs, $/yr.

OMMP - O&M material and supply costs as percent of
installed filter cost, 2.

IFC - install filter cost, $.

3.9.8.9 Cost Calculations Output Data.

3.9.8.9.1 Total bare construction cost, TBCC, $.

3.9.8.9.2 O&M material and supply costs, OMMC, $.
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3.9.9 Intermittant Sand Filtration.

3.9.9.1 Input Data.

3.9.9.1.1 Average daily flow.

3.9.9.1.2 Wastewater characteristics.

3.9.9.1.2.1 BOD 5 (total and soluble).

3.9.9.1.2.2 Suspended solids.

3.9.9.1.3 Hydraulic loading rate. (200,000-800,000 gpad)
default 400,000.

3.9.9.1.4 Filter bed depth. (24 to 36 inches) Default 30
inches.

3.9.9.2 Design Parameters.

3.9.9.2.1 Hydraulic loading rate, gpad.

3.9.9.2.2 Filter bed depth, inches.

3.9.9.3 Process Design Calculations.

3.9.9.3.1 The following assumptions are made.

3.9.9.3.1.1 In this flow range three filter beds will always be
used.

3.9.9.3.1.2 The filter bed levees will be earthen.

3.9.9.3.1.3 The underdrain system will be perforated PVC pipe.

3.9.9.3.2 Calculate filter area required.

FA - Qavg (106)

HIR

where

FA - filter area, acres.

Qav, - average daily flow, mgd.

HLR - hydraulic loading rate, gpad.
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3.9.9.3.3 Calculate area per filter bed.

AFB - (FA) (43560)
3

where

2
AFB - area per filter bed, ft2 .

FA - filter area, acres.

2
43560 - conversion acres to ft

3 = number of filter beds.

3.9.9.3.4 Estimate effluent quality.

3.9.9.3.4.1 BOD5 concentration. The effluent BOD 5 concentration
does vary slightly with hydraulic loading rate, size of sand, and
depth of sand. However, the effluent can be estimated by the
following average renoval efficiency.

BODE - (1.0-0.7) (BOD)

If BODE < BODS, set BODE - BODS

where

BODE - effluent BOD 5 concentration, mg/l.

0.7 - average renoval.

BOD - influent BOD5 concentration, mg/l.

BODS - influent soluble BOD 5 concentration, mg/l.

3.9.9.3.4.2 Suspended solids concentration. The effluent suspended
solids concentration frau a well designed and operated filter will
be approximately 40% of the influent suspended solids concentration.

SSE - (0.4) (SS)

where

SSE - effluent suspended solids concentration, mg/l.

SS - influent suspended solids concentration, mg/l.

3.9.9.3.4.3 COD.

CODE - (0.3) (COD)

If CODE < CODS, set CODE - CODS
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where

CODE - effluent COD concentration, mg/l.

COD - influent COD concentration, mg/l.

CODS - influent soluble COD concentration, m/i.

3.9.9.3.4.4 Nitrogen.

TKNE - NH3 - NH3E

where

TKNE - effluent Kjedahl nitrogen concentration, mg/l.

NH3 - influent anmonia concentration, mg/i.

NH3E - effluent anmonia concentration, mg/l.

3.9.9.3.4.5 Oil and Grease.

OAGE - 0.0

where

OAGE - effluent oil and grease concentration, mg/l.

3.9.9.3.4.6 Settleable Solids.

SETSO - 0.0

where

SETSO - effluent settleable solids concentration, mg/l.

3.9.9.4 Process Design Output Data.

3.9.9.4.1 Average daily flow, Qavg, mgd.

3.9.9.4.2 Hydraulic loading rate, HLR, gpad.

3.9.9.4.3 Filter bed depth, FBD, inches.

2
3.9.9.4.4 Area per filter bed, AFB, ft
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3.9.9.4.5 Effluent BOD 5 concentration, BODe, MUl.

3.9.9.4.6 Effluent suspended solids concentration, SSe, mg/i.

3.9.9.5 Quantities Calculations.

3.9.9.5.1 The following assumptions are made concerning the
construction of the filter beds.

3.9.9.5.1.1 The beds will be square.

3.9.9.5.1.2 The levees will have 3 to 1 side slopes.

3.9.9.5.1.3 The top of the levees will be 10 ft wide for main-
tenance and access.

3.9.9.5.1.4 The levees will extend 2 ft above the top of the
sand media.

3.9.9.5.1.5 The filter beds will be constructed using equal cut
and fill.

3.9.9.5.1.6 The underdrain pipes will be 4" 6 perforated PVC
pipe.

3.9.9.5.1.7 Underdrains will be spaced 10 ft apart.

3.9.9.5.1.8 Gravel bedding 1 ft deep will be placed around and
over the underdrain pipes to prevent sand from entering the under-
drain system.

3.9.9.5.2 Calculate filter bed dimensions.

3.9.9.5.2.1 Calculate the length of filter bed at the top of
sand.

0.5

where

Ls - length of filter bed at the top of sand, ft.

2AFB - area per filter bed, ft2 .

3.9.9.5.2.2 Calculate length at top of levee.

LT - L + 12

where

- length of filter bed at the top of levee, ft.
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L - length of filter bed at the top of sand, ft.

12 = additional length due to 3 to 1 side slope.

3.9.9.5.3 Calculate volume of earthwork required. The volume
of earthwork required must be calculated by trial and error.
Assume a depth of cut (DC) of 1 ft.

3.9.9.5.3.1 Calculate the length of filter bed at original
ground level.

.FBD
Le W Ls - 6 (t==-+ 1 - DC)

where

Lc - length of filter bed at original ground level, ft.

L - length of filter bed at top of sand, ft.

FBD - filter bed depth, inches.

1 - one foot depth for underdrain system.

DC - depth of cut, ft.

3.9.9.5.3.2 Calculate the volume of cut.

V c (1.3) (3) (DC) [(L d 2 - 6(DC) (Lc) 12(DC) 2 ]

where

Vc - volume of cut, cu ft.

3 - number of filter beds.

DC - depth of cut, ft.

Le - length of filter bed at original ground level, ft.

3.9.9.5.3.3 Calculate the depth of fill.

DF - FBD + 3 - DC
12

where

DF - depth of fill, ft.

FBD - filter bed depth, inches.

DC - depth of cut, ft.

3 - additional depth for underdrain and freeboard, ft.
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3.9.9.5.3.4 Calculate volume of fill.

V F -(IODF+ 3(DF)2 ] (LT) (10)

where

VF = volume of fill, cu ft.

DF - depth of fill, ft.

LT - length of filter bed at the top of levee, ft.

10 -number of levees of length, LT.

3.9.9.5.3.5 Compare VC and VF-

If V < VF then assume DC > 1 ft and recalculate Vc and VF -

If V > VF then assume DC < 1 ft and recalculate VC and VF.

Repeat this procedure until Vc  VF . This is the volume of earth-
work required.

V VF - VEW

where

V c - volume of cut, cu ft.

VF - volume of fill, cu ft.

VEW - volume of earthwork required, cu ft.

3.9.9.5.4 Calculate volume of filter sand required.

VS - (3) (FBD) [(L)2 6 (FBD) (L) + 12 (FBD) 2]
12 I 12 \12

where

VS - volume of sand required, cu ft.

3 - number of filter beds.

FBD - filter bed depth, inches.

L - length of filter bed at top of sand, ft.

3.9.9.5.5 Calculate volume of gravel media required.

3.9.9.5.5.1 Calculate the length of filter bed at lop of gravel
media.
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L -L 6 FBD
G s

where

LG = length of bed at the top of gravel media, ft.

Ls - length of bed at the top of sand, ft.

FBD - filter bed depth, inches.

3.9.9.5.5.2 Calculate the volume of gravel media required.

VGL - [(LG)2 - 6 LG + 12] 3

where

VGL - volume of gravel media required, cu ft.

LG - length of bed at the top of gravel media, ft.

3 - number of filter beds.

3.9.9.5.6 Calculate quantity of drain pipe required. It is
assumed that 4 inch diameter perforated PVC pipe will be used.

L- 6(DC4)
LDP Lc 10 + (LT) (3)

where

LDP - length of drain pipe, ft.

Lc - length of filter bed at the original ground level,

ft.

DC - depth of cut, ft.

LT - length of filter bed at the top of the levee, ft.

3 - number of beds.

10 - spacing of drain pipe, ft.

3.9.9.5.7 Calculate size and quantity of influent pipe. The
flow for dosing the sand filters should not exceed 1 cubic foot per
second for every 5000 square feet of bed area.

3.9.9.5.7.1 Calculate flowrate.

S(AFB) (7.48) (60)
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where

Q Qd = flowrate to beds, gpm.

AFB - area per filter bed, sq ft.

3.9.9.5.7.2 Calculate pipe size. Assmne a 5 ft/sec velocity.

D = 0.286 (Qd) 0.5

D must be one of the following 2, 3, 4, 6, 8, 10, 12, 14, 16, 18,
20, 24, 30, 36, 42, 48.

where

D - influent pipe size, inches.

Qd - flow rate to beds, gpm.

3.9.9.5.7.3 Calculate length of pipe required.

LP - 3 (LT + 10 + (3) (DF)I

where

LP - length of influent pipe required, ft.

3 - number of filter beds.

- length of filter bed at the top of levee, ft.

DF - depth of fill, ft.

3.9.9.5.8 Calculate operation and maintenance manpower.

3.9.9.5.8.1 Operation manpower.

OMH - 1128.7 (Q avg)1016
whe reav

OMH - operation manpower required, MR/yr.

Q - average daily flow, mgd.
avg

3.9.5.8.2 Maintenance manpower.

MHH - 1128.7 (Qavg) 1 .016

where
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MMH - maintenance manpower required, M1/yr.

Qav g - average daily flow, mgd.

3.9.9.5.9 Operation and maintenance material and supply cost. The O&M
material and supply required for the intermittant sand filter is loss of
sand filter media from cleaning.

OHMP = 15%

where

OMMP = O&M material and supply costs as percent of sand

media cos t.

3.9.9.5.10 Other construction cost items. The preceding calculations
account for approximately 90% of the construction cost. The remaining
10% would include itens such as miscellaneous concrete structures,
drain collection pipe, valves, et .

CF - - = 1.11
0.9

where

CF - correction factor for other construction cost.

3.9.9.6 Quantities Calculation Output Data.

3.9.9.6.1 Length of filter bed at the top of levee, LT, ft.

3.9.9.6.2 Volume of earthwork required, VEW, cu ft.

3.9.9.6.3 Volume of sand media required, VS, cu ft.

3.9.9.6.4 Volume of gravel media required, VGL , cu ft.

3.9.9.6.5 Length of drain pipe required, LDP, ft.

3.9.9.6.6 Influent pipe size, D, inches.

3.9.9.6.7 Length of influent pipe required, LP, ft.

3.9.9.6.8 Operatio. manpower required, OMH, MR/yr.

3.9.9.6.9 Maintenance manpower required, MMH, MW/yr.
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3.9.9.6.10 O&M material and supply costs as percent of sand
media cost, OMMP, Z.

3.9.9.6.11 Correction factor for other construction cost items,
CF.

3.9.9.7 Unit Price Input Required.

3.9.9.7.1 Unit price input for earthwork, UPIEX, $Icu yd.

3.9.9.7.2 Unit price input for sand media installed COSAND,
$/cu yd.

3.9.9.7.3 Unit price input for gravel media installed, COGRVL,
$/cu yd.

3.9.9.7.4 Cost of 6" P perforated clay pipe installed, COSTCP,

$ft.

3.9.9.7.5 Cost of standard size pipe (12" diameter), $/ft.

3.9.9.8 Cost Calculations.

3.9.9.8.1 Calculate cost of earthwork.

COSTE - VEW UPIEX

where

COSTE = cost of earthwork, $.

VEW - volume of earthwork, $/cu yd.

UPIEX - unit price input for earthwork.

3.9.9.8.2 Calculate cost of sand media.
VS

COSM - -V (COSAND)

where

COSM - cost of sand media installed, $.

VS - volume of sand required, cu ft.

COSAND - unit price for sand media installed, $/cu yd.

3.9.9.8.3 Calculate cost of gravel media.

VGL
COGM - 27 (COGRVL)
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where

COGM - cost of gravel media installed, $.

VGL - volume of gravel media required, cu ft.

COGRVL - unit price for gravel media installed, $/cu yd.

3.9.9.8.4 Calculate cost of underdrain pipe.

COSTU - (LDP) (0.8) (COSTCP)

where

COSTU - cost of underdrain system, $.

LDP - length of drain pipe, ft.

COSTCP - cost of 6" 6 perforated clay pipe installed, $/ft.

0.8 - correction factor for 4" b pipe.

3.9.9.8.5 Calculate cost of influent pipe.

3.9.9.8.5.1 Calculate installed cost of influent pipe.

IPC - (LP) COSTP (COSP)

where

IPC - installed pipe cost, $.

LP - length of influent pipe required]' ft.

COSTRP - cost of influent pipe of diameter D as percent of
cost of standard size pike, %.

COSP - cost of standard size pipe (12" diameter), $/ft.

3.9.9.8.5.2 Calculate COSTRP.

COSTRP - 6.842 (D)
1 .2255

where

COSTRP - cost of influent pipe of diameter D as percent of
cost of standard size pipe, %.

D - influent pipe size, inches.
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3.9.9.8.5.3 Calculate COSP. COSP is the cost per foot of
12" diameter welded steel pipe. This cost is $13.50 per foot in
first quarter 1977.

3.9.9.8.6 Calculate O&M material and supply cost.

OHHC - OMMP COSH
100

where

OHMC - O&M material and supply cost, $/yr.

OMHP - O&M material and supply costs as percent of sand
media cost, Z.

COSM - cost of sand media installed, $.

3.9.8.7 Calculate total bare construction cost.

TBCC - [COSTE + COSM + COGM + COSTU + IPC] CF

where

TBCC - total bare construction cost, $.

COSTE - cost of earthwork, $.

COSH - cost of sandmedia installed, $.

COGM - cost of gravel media installed, $.

COSTUT - cost of underdrain system, $.

IPC - installed pipe cost, $.

CF - correction factor for other construction cost.

3.9.9.9 Cost Calculations Output Data.

3.9.9.9.1 Total bare construction cost, TBCC, $.

3.9.9.9.2 O&M material and supply cost, OHMC, $.
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3.11 LAND TREATMENT

3.11.1 Background.

3.11.1.1 Land treatment of wastewater involves the use of
plants, the soil surface and the soil matrix for wastewater
treatment. Although there are some differences in the use and
definition of tems, there are three principal processes of land
treatment. The "slow rate process" (also called crop irri-
gation) couples wastewater management with recycling of nu-
trients in crop production. "Rapid infiltration" (also known as
infiltration/percolation) emphasizes water reclamation rather
than direct nutrient recycling. The product water from rapid
infiltration may be reused for crop production, returned to
surface waters,* or allowed to recharge groundwaters. "Overland
flow" also emphasizes water reclamation. Unlike rapid infil-
tration, however, the product water from overland flow is almost
always discharged directly to surface waters.

3.11.1.2 Selection of the appropriate land application
method requires matching the management objectives and waste-
water characteristics to the characteristics of potential sites,
expected treatment efficiencies, and land requirements. Factors
such as wastewater quality, climate, soil geology, topography,
land availability and effluent quality requirements will deter-
mine which process is most suitable for a particular applica-
tion.

3.11.1.3 Typical design features for the various land
treatment processes are presented in Table 3.11-1. Site charac-
teristics are canpared in Table 3.11-2. Expected quality of
treated water and removal efficiencies for the three principal
land processes are summiarized in Table 3.11-3 and 3.11-4,
respectively.
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TABLE 3.11-3

EXPECTED QUALITY OF TREATED WATER FROM LAND TREATMENT PROCESSES
MG/L

a Rapid

Slow ratea  Infiltrationb Overland flowc

Constituent Average Maximum Average Maximum Average Maximum

BOD 2 5 2 5 10 15

Suspended sol ids 1 5 2 5 10 20

Ammonia nitrogen as N 0.5 2 0.5 2 0.8 2

Total nitrogen as N 3 8 10 20 3 5

Total phosphorus as P 0.1 0.3 1 5 4 6

a. Percolation of primary or secondary effluent through 5 ft (1.5 a) of soil.

b. Percolation of primary or secondary effluent through 15 ft (4.5 m).

c. Runoff of ccmminuted municipal wastewater over about 150 ft (45 m) of slope.
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TABLE 3.11-4

PERFORMANCE OF THE THREE PRINCIPAL LAND TREATMENT METHODS

Renovals (M)

Parazeter Slow Rate High Rate Overland Flow

BOD 5  90-994 95-99 80-95

TSS 90-99+ 95-99 80-95

Total-N 5 0 - 9 5 a 25-75 75-90

Total-P 8 0 - 9 9 b 0 - 9 0 d 30-60

Fecal Colifomn 99.9-99.99+ 90-99.9

a. Depending on nitrogen uptake of vegetation.

b. Diminishes when P uptake exhausted.

c. When applied counts are more than 104 HPN/100 ml.

d. Until flooding exceeds adsorptive capacity.
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3.11.2 General Description Overland Flow.

3.11.2.1 In overland flow land treatment, wastewater is
applied over the upper reaches of sloped terraces and is treated
as it flows across the vegetated surface to runoff collection
ditches. The wastewater is renovated by physical, chemical and
biological means as it flows in a thin film down the relatively
impermeable slope. Typical hydraulic pathway is presented in
Figure 3.11-1. As shown, there is relatively little percolation
involved either because of an impermeable soil or a subsurface
barrier to percolation.

3.11.2.2 The primary objective of overland flow is waste-
water treatment. A secondary objective of the system is for
crop production. Perennial grasses (Reed, Canary, Bermuda, Red
Top, Tall Fescue and Italian Rye) with long growing seasons,
high moisture tolerance and extensive root formation are best
suited to overland flow. Harvested grass is suitable for cattle
feed.

3.11.2.3 Biological oxidation, sedimentation and grass
filtration are the primary removal mechanisms for organics and
suspended solids. Nitrogen removal is attributed mainly to
nitrificatiori/denitrification and plant uptake. Permanent
nitrogen removal by plant uptake is only possible if the crop is
harvested and removed fran the field. Ammonia volatilization
can be significant if the pH of the wastewater is above 7.
Nitrogen removals normally range fron 75-90% with runoff ni-
trogen being mostly in the nitrate form. Phosphorus is removed
by adsorption, plant uptake and precipitation. Treatment effi-
ciencies are somewhat limited because of the incomplete contact
between the wastewater and the adsorption sites within the soil.
Phosphorus removals usually range fran 30-60%. Increased
removals may be accomplished through preapplication treatment
with aluminum or iron salts. Trace elements removal is re-
latively good with removal efficiencies ranging from 90-98%.

3.11.2.4 Loading rates and cycles are designed to maintain
active microorganism growth on the soil surface. The operating
principles are similar to a conventional trickling filter with
intermittent dosing. The rate and length of application is
controlled to minimize severe anaerobic conditions that result
f ran overstressing the system. The resting period should be
long enough to prevent surface ponding yet short enough to keep
the microorganisms in an active state. Surface methods of
distribution include the use of gated pipe or bubbling orifice.
Slopes must be steep enough to prevent ponding of the runoff yet
mild enough to prevent erosion and provide sufficient detention
time for the wastewater on the slopes. Slopes must also have a
uniform cross slope and be free fran gullies to prevent chan-
neling and allow distribution over the surfaces. Storage must
be provided for nonoperating periods when air temperatures fall
below freezing. Runoff is normally collected in open ditches.
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FIGURE 3.11-1
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3.11.2.5 Typical design criteria include field area
requirenents of 35-100 acres/mgd; terraced slopes of 2 to 8%;
terrace lengths of 120 to 140 ft; application rate of 11 to 32
ft/yr (2.5 to 16 in/wk); BOD loading rate of 5 to 50 lb/acre-d;
soil depth must be sufficieni to form slopes that are uniform
and to maintain a vegetative cover- soil permeability of 0.2
iv/hr or less; hydraulic loading cycle of 6 to 8 hours appli-
cation period followed by 16 to 18 hours resting period; ope-
rating period of 5 to 6 days/wk; soil texture of clay or clay
loans.

3.11.2.6 Common preapplication treatment include screening
or canminution for isolated sites with no public access, screening
or cauminution plus aeration to control odors during storage or
application for urban locations with no public access. Waste-
water high in metal content should be pretreated to avoid soil
and plant contanination.
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3.11.3 General Description Rapid Infiltration.

3.11.3.1 Rapid infiltration treats the wastewater with a
minimum of land area. Wastewater is applied to deep and per-
meable deposits such as sand or sandy loam usually by distri-
buting in basins or infrequently by sprinkling, and is treated
as it travels through the soil matrix by filtration, adsorption,
ion exchange precipitation and microbial action. Vegetation is
not usually used, but crops may be grown to help maintain
infiltration rates, however, harvest normally would not be an
objective. Typical hydraulic pathway for rapid infiltration is
shown in Figure 3.11-2. A much greater portion of the applied
wastewater percolates to the groundwater than with slow rate
land treatnent. An underdrain system may be incorporated into
the system to recover the renovated water for reuse, to control
groundwater mounding, or to minimize trespass of wastewater onto
adjoining property by horizontal subsurface flow. There is
little or no consumptive use by plants and less evaporation in
proportion to a reduced surface area. A cycle of flooding and
drying maintains the infiltration and treatment capacity of the
soil material.

3.11.3.2 Removal of wastewater constituents by filtering
and straining action of the soil are excellent. Suspended
solids, BOD, and fecal colifons are almost completely removed
in most cases. Removal of BOD is primarily accomplished by
aerobic bacteria that depend on the resting period to reaerate
the soil. BOD loading rates have some effect on removals but
too many other variables such as temperature, resting period,
and soil type are involved to allow estimation of removals from
loading rates alone.

3.11.3.3 Nitrogen removals are generally poor. The basic
mechanisms for nitrogen removal include nitrification-deni-
trification and ammonium sorption. Denitrification may be
enhanced through adjusting application cycles, supplying an
additional carbon source, using vegetated basins, recycling of
renovated water and reducing application rates. Rapid infil-
tration systems will produce a nitrified effluent at nitrogen
loadings up to 60 lbs/acre-day. Nitrification below a tem-
perature of 36*F and below a pH of 5 is minimal.

3.11.3.4 Phosphorus removals can range from 70-99% de-
pending on the physical and chemical characteristics of the
soil. 'The primary removal mechanism is adsorption with some
chemical precipitation. Consequently, long-ten capacity is
limited by the mass of the soil in contact with the wastewater.
Removals are also related to the residence time of the waste-
water in the soil and travel distance.
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3.11.3.5 Heavy metals are removed from solution by adsorp-
tive process and by precipitation and ion exchange in the soil.
The concern about heavy metals in rapid infiltration systems are
related to the high rate of application and low adsorptive
potential of the coarse soils. Microorganism removal is acca-
plished through sedimentation, predation and desiccation during
preapplication treatment, desiccation and radiation during
application; and straining, desiccation, radiation, predation
and hostile envirormental factors upon application to the land.

3.11.3.6 Typical design criteria include field areas of 3
to 56 acre/mgd; application rate of 20-400 ft/yr (4-92 in/wk);
BOD 5 loading rate of 20 to 100 lb/acre-d; soil depth of 10 to 15
ft or more; soil pemeability of 0.6 in/hr or more; hydraulic
loading cycle of 9 hours to 2 weeks application period followed
by 15 hours to 2 weeks resting period; soil texture - sand,
sandy loans; basin size of 1 to 10 acres with a minimum of 2
basins/site; height of dikes of 4 ft; underdrains of 6 or more
ft deep, application techniques -flooding or sprinkling.

3.11.3.7 Common preapplication treatment practices in-
clude: primary treatment for isolated locations with restricted
public access; biological treatment for urban locations with
controlled public access. Storage is sometimes provided for
flow equalization and for non-operating periods. Envirormental
impacts include potential for contanination of groundwater by
nitrites and nitrates. Heavy metals may be eliminated by
pretreatment techniques as necessary.
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3.11.4 General Description Slow Infiltration.

3.11.4.1 Slow rate inf il tration is the most common method
of treatment by land application. Wastewater is applied to
vegetated soils that are slow to moderate in permeability (clay
loans to sand loans) and is treated as it travels through the
soil matrix by f iltration, adsorption, ion exchange, preci-
pitation, microbial action and by plant uptake. Part of the
water is lost through evaporation and plant transpiration, part
is stored in plant tissue, and the renainder either percolates
to groundwater or is collected in an underdrainage sys tem and
reused (Figure 3.11-3a). Surface runoff is generally negli-
gible.

3.11.4.2 Wastewater application techniques include sprin-
kling or surface distribution (Figure 3.11-3b and 3.11-3c).
Sprinklers can be categorized as hand moved, mechanically moved
and pemanent set, the selection of which includes the following
considerations: field conditions (shape, slope, vegetation and
soil type), climate, operating conditions, and econonics.
Surface distribution employs gravity flow fran piping systems or
open ditches to flood the application area with several inches
of water. Application techniques include ridge and furrow and
surface flooding (border strip flooding). Ridge and furrow
irrigation consists of running irrigation streams along small
channels (furrows) bordered by raised beds (ridges) upon which
crops are grown. Surface flooding irrigation consists of
directing a sheet flow of water along border strips or cul-
tivated strips of land bordered by smail levees. The latter
method is suited to close-growing crops such as grasses that can
tolerate periodic inundation at the ground surface. A tail
water return system for wastewater runoff fron excess surface
application is usually employed. Advantages of sprinkler
application over surface distribution methods include: more
uniform distribution of water and greater flexibility in range
of application rates, applicability to most crops, less sus-
ceptibility to topographic constraints, and reduced operator
skill and experience requirements. Limitations to sprinkling
include adverse wind conditions and clogging of nozzles.

3.11.4.3 Slow rate treatnent systems produce the best
results of land treatnent systems. Organics are renoved sub-
stantially by biological oxidation within the top few inches of
soil. Filtration and adsorption are the initial mechanisms in
DOD removal but biological oxidation is the ultimate treatment
mechanism. Suspended solids removals are not as well documented
as DOD removals, but concentrations of 1 mg/l or less can
generally be expected in the renovated water. Filtration is the
major removal mechanism for suspended solids while volatile
solids are biologically oxidized and fixed or mineral solids
become part of the soil matrix.
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3.11.4.4 Nitrogen is removed primarily by crop uptake,
which varies with the type of crop grown and the crop yield.
Crop nitrogen uptake values, based on typical yields under
commercial fertilization, is presented in Table 2.16-1. Ni-
trogen removal can also be partially accomplished through
biological denitrification and volatilization. Losses due to
denitrification has been reported to range from 15% to 25% of
the applied nitrogen. To protect groundwaters, the percolate
nitrogen should be limited to 10 mg/l for design purposes.

3.11.4.5 Phosphorus renoval is extremely effective as a
result of soil adsoprtion, precipitation and crop uptake. Trace
metals are removed from solution by adsorptive process and by
precipitation and ion exchange in the soil.

3.11.4.6 Vegetation is a vital part of a slow rate system
and serves to extract nutrients, reduce erosion and maintain
soil petmeability. Considerations for crop selection include:
(1) Suitability to local climate and soil conditions, (2)
consumptive water use and water tolerance, (3) nutrient uptake
and sensitivity to wastewater constituents, (4) economic value
and marketability, (5) length of growing season, (6) ease of
management, and (7) public health regulations.

3.11.4.7 Typical design criteria include: field area 56
to 560 acres/mgd; application rate 2-20 ft/yr (0.5-4 in/wk);
BOD loading rate 0.2 to 5 lb/acre-d; soil depths 2-3 ft or
mora; soil pemeability 0.06-2.0 in/hr; minimum preapplication
treatment equivalent to primary; lower temperature limit 25*F.

3.11.4.8 Preapplication treatment include the following:
primary treatment for isolated locations with restricted public
access and when limited to crops not for direct human consump-
tion; biological treatment plus control of colifom to 1000
MPN/ 100 ml for agricul tural irrigation except for food crops to
be eaten raw, secondary treatment plus disinfection for public
access areas (parks). Wastewater high in metal content must
also be pretreated to avoid soil and plant contamination.
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3.11.5 Overland Flow.

3.11.5.1 Input Data.

3.11.5.1.1 Wastewater flow, Q, mgd.

3.11.5.1.1.1 Minimum flow, mgd.

3.11.5.1.1.2 Average flow, mgd.

3.11.5.1.1.3 Maximum flow, mgd.

3.11.5.1.2 Wastewater characteristics.

3.11.5.1.2.1 Suspended solids, mg/l.

3.11.5.1.2.2 Volatile suspended solids, % of suspended solids.

3.11.5.1.2.3 Settleable solids, mg/l.

3.11.5.1.2.4 BOD5 (soluble and total), mg/l.

3.11.5.1.2.5 COD (soluble and total), mgl.

3.11.5.1.2.6 Phosphorus (as P04 ), mg/l.

3.11.5.1.2.7 Total kjeldahl nitrogen (TKN), mg/l.

3.11.5.1.2.8 Amonia-nitrogen, NH3 , mg/l.

3.11.5.1.2.9 Nitrite-nitrogen, NO2 , mgl.

3.11.5.1.2.10 Nitrate-nitrogen, NO3 , mg/I.

3.11.5.1.2.11 Temperature, *C.

3.11.5.1.2.12 pH, units.

3.11.5.1.2.13 Oil and grease, mg/l.

3.11.5.1.2.14 Cations, mg/l.

3.11.5.1.2.15 Anions, mg/l.

3.11.5.2 Design Parameters.

3.11.5.2.1 Application rate.

3.11.5.2.1.1 Screened wastewater - 2.5 - 6 in/wk.

3.11.5.2.1.2 Lagoon or secondary effluent - 6 - 16 in/wk.
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3.11.5.2.2 Precipitation rate, P in/wk.

3.11.5.2.3 Evapotranspiration rate, ET, in/wk.

3.11.5.2.4 Runoff, R, in/wk (site dependent).

3.11.5.2.5 Wastewater generation period, WWGP, days/yr.

3611.5.2.6 Field application period, FAP, wks/yr.

3.11.5.2.7 Spray evaporation (percent of application rate)
2-8%.

3.11.5.2.8 Storage requirements (specify one).

3.11.5.2.8.1 No storage.

3.11.5.2.8.2 Minimum storage, days/yr.

3.11.5.2.9 Liner required (only used-with storage).

3.11.5.2.10 Embankment prot&,ion Xoniy used with storage).

3.11.5.2.11 Recovery system 'a,,'ify one).

3.11.5.2.11.1 Gravity pipe.

3.11.5.2.11.2 Open channel recovery system.

3.11.5.2.12 Buffer zone width, ft (site dependent) - 0.0 -

500 ft.

3.11.5.2.13 Current ground cover.

3.11.5.2.13.1 Forest, %.

3.11.5.2.13.2 Brush, Z.

3.11.5.2.13.3 Pasture, %.

3.11.5.2.14 Slope of land, % - 2.0 - 8.0%.

3.11.5.2.15 Monitoring wells.

3.11.5.2.15.1 Number.

3.11.5.2.15.2 Depth per well, ft.

3.11.5.2.16 Fraction denitrified, D, % - 75 - 90%.
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3.11.5.2.17 Ammonia volatilization, AV, % - 0.0%.

3.11.5.2.18 Removal of phosphorus, % - 80%.

3.11.5.2.19 Hours per day operation, hrs/day.

3.11.5.2.20 Days per week operation, days/wk.

3.11.5.3 Process Design Calculations.

3.11.5.3.1 Calculate water loss due to evaporation, E,

in/ wk.
E - (Ef)(Lw)/(100)

E - water loss due to evaporation, in/wk.

Ef - percent of total applied wastewater lost through

evaporation, Z.

L - hydraulic application rate, in/wk.w

3.11.5.3.2 Calculate percolation rate.

W = -(W p)f (Lw)/(100).

W - percolating water rate, in/wk.p

NOP f . percent of applied wastewater lost to
percolation, Z.

3.11.5.3.3 Calculate runoff, R, in/wk, from water balance.

R - L + P - ET- W -Ew r p

R - runoff, in/wk.

Pr = design precipitation, in/wk.

ET - evapotranspiration, in/wk (crops consumptive

use of water).

3.11.5.3.4 Calculate BOD5 loading, (L)BOD, lbs/acre-yr.

(L)oD = (TBOD)i a l (Lw) in/wk ( (3.785 71)

BO 10 gal

1 lb_ 1f - t) (52 Mks) (7.48 al) (43,560 ft 2/acre)
yr ft3
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- (11.77) (TBOD)i(Lw)

(L)BoD - total BOD 5 loading, lbs/acre-yr.

(TBOD)1 = total BOD 5 in applied wastewater, mg/i.

3.11.5.3.4 Calculate total BOD5 in runoff, mg/i.

(TBOD5)R - (L)Bo D /(R)(11. 7 7 )

(TBOD5)R - BOD5 concentration in runoff, mg/i.

3.11.5.3.5 Calculate soluble BOD 5 loading, (L)SBOD lb/
acre-yr. 5

(L) sBOD 5  (11.77) (SBOD5)i (Lw)

(L)SBOD - soluble BOD 5 loading, lbs/acre-yr.

(SBOD5)1 - soluble BOD 5 in applied wastewater, mg/il.
3.11.5.3.6 Calculate soluble BOD5 concentration in runoff,
(SBOD5)R, mg/i.

(SBODs)R - (L)sBOD 5/(R)(11.77)

(SBOD5)R = soluble BOD 5 concentration in runoff, mg/i.

3.11.5.3.7 Calculate total nitrogen concentration, Cn, in

applied wastewater.

C - (TKN)i + (NO2 )i + (N03)i

Cn - total nitrogen concentration in applied
wastewater, mg/i.

(TKN)i - total kjeldahl nitrogen concentration in applied
wastewater, mg/i.

(NO2)i - nitrite-N concentration in applied wastewater,
mg/I.

(10 3)i - nitrate-N concentration in applied wastewater,
mg/i .

3.11.5.3.8 Calculate wastewater nitrogen loading, lbs/acre-

yr.

L - (Cn) (Lv) (11.77)

Ln a wastewater nitrogen loading, lbs/acre-yr.
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3.11.5.3.9 Calculate total nitrogen loading, (Lt)N, lbs/
acre-yr.

(L N - Ln + (11.77) (P) (0.5)

(Lt)N - total nitrogen loading rate, lbs/acre-yr.

0.5 - assumed total nitrogen concentration in
precipitation, mg/1.

3.11.5.3.10 Calculate crop nitrogen uptake rate, (U)N.
lbs/acre-yr; use forage grass for ground cover.

(U)N - 0.891 (118.73) + (0.36) (Lt)N] lbs/acre-yr

3.11.5.3.11 Calculate nitrogen loss through denitrification,
D, lbs/acre-yr.

D - (Df)(dt)W(lOO)

D - nitrogen loss through denitrification, lbs/
acres/ yr.

Df - percent of total applied nitrogen lost through
denitrification, Z.

3.11.5.3.12 Calculate nitrogen loss due to volatilization,
AV, lbs/acre-yr.

AV - (AV)f (Lt)N/(100)

AV - nitrogen loss due to volatilization, lbs/acre-yr.

(AV)f = fraction of total nitrogen lost through
volatilization, Z.

3.11.5.3.13 Calculate sum of nitrogen losses, (I N)L,
lbs/acre-yr.

( I N)L  (U)N + (D) + (AV)

( N)L ' sum of nitrogen lost, lbs/acre-yr.

( N)L 1 (0.8) (LtN

3.11.5.3.14 Fran nitrogen mass balance calculate nitrogen
concentration in runoff, (C)N, mg/.

(CR)N - [(Lt) N - ( N)L/(R)(11. 7 7 )
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3.11.5.3.15 Calculate required field area, TA, acre.

TA - (36.83) (Q av) (WWGP)/(Lw) (FAP)

TA - required field area, acres.

Q = average wastewater flow, mgd.

WWGP = wastewater generation period, days/yr.

FAP - field application period, wks/yr.

3.11.5.3.16 Calculate phosphorus loading, Lp. lb/acre-yr.

Lp - (11.77)(TP)i (Lw)

Lp - total phosphorus loading, lbs/acre-yr.

(TP)i . total phosphorus concentration in applied
wastewater, mg/I.

3.11.5.3.17 Calculate soil removal of phosphorus, lbs/acre-

yr.

(SRP) - (SRP)f (Lp)/(100)

SRP - soil removal of phosphorus, lbs/acre-yr.

(SRP)f - percent of total phosphorus removed by the
soil, %.

3.11.5.3.18 Calculate removal of phosphorus, Up. lbs/acre-yr.

Up - 0.891 [(83.386) - (0.0373)(L)] lbs/acre-yr.

U - removal of phosphorus, lbs/acre-yr.

3.11.5.3.19 Fran phosphorus mass balance, calculate phos-
phorus concentration in runoff.

Lp- (Up) + (CP)R (R)(11.77)

(CP)R - [(Lp) - (Up)I/(11.77)(R)

(Cp) R - phosphorus content in runoff, mg/i.

(0.01) (TP)i
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3.11.5.3.20 Calculate volume of runoff, R, in mgd.

1 ft 2 wk ft 2

R(mgd) = [(R) in/wk (.'I i ) ]--)1 (TA) acre (43,560 acr

(7.48 ALL) (1/ 106)

ft
3

3.11.5.3.21 Calculate suspended solids concentration in
runoff, mg/l, assume 93% SS removal.

(SS)R = (SS)i(0.07)

(SS)R and (SS)i = suspended solids concentration in runoff
and applied wastewater, respectively, mg/l.

3.11.5.3.22 Calculate total and soluble COD in runoff.

(TCOD)R = [(TCOD)i - (TBOD5)i] (0.9) + (TBOD5)R

(SCOD)R = [(SCOD) i - (SBOD5 )i] (0.9) + (SBOD5)R

(TCOD)R and (SCOD)R = total and soluble COD in runoff,
respectively, mg/l.

(TCOD)i and (SCOD)i M total and soluble COD in applied
wastewater, respectively, mIg/l.

3.11.5.3.23 Nitrite-N concentration in runoff - 0.

3.11.5.3.24 Nitrate-N concentration in runoff = (0.7 5)(CR)N.

3.11.5.3.25 Anmonia-N concentration in runoff - (O.2 5)(CR)N.

3.11.5.3.26 Oil and Grease in runoff = 0.0.
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3.11.5.4 Process Design Output Data.

3.11.5.4.1 Hours per day operation, hours.

3.11.5.4.2 Days per week operation, days.

3.11.5.4.3 Application rate, in/week.

3.11.5.4.4 Runoff, in/week.

3.11.5.4.5 Percent denitrified, percent.

3.11.5.4.6 Percent ammonia volatilization, percent.

3.11.5.4.7 Removal of phosphorus, percent.

3.11.5.4.8 Spray evaporation, percent.

3.11.5.4.9 Wastewater generation period, days/yr.

3.11.5.4.10. Field application period, weeks/yr.

3.11.5.4.11 Buffer zone width, feet.

3.11.5.4.12 Current ground cover.

3.11.5.4.12.1 Forest, percent.

3.11.5.4.12.2 Brush, percent.

3.11.5.4.12.3 Pasture, percent.

3.11.5.4.13 Slope of site, percent.

3. 11.5.4.14 Nuber of monitoring wells, wells,

3.11.5.4.15 Depth of Monitoring wells, feet.

3.11.5.4.16 Treatment area required, acres.

3.11.5.4.17 Volume of runoff, mgd.

3.11.5.4. 18 Quality of runoff, tngd.

3.11.5.4.18.1 Suspended solids, mg/I.

3.11.5.4.18.2 Volatile solids, percent.

3.11.5.4.18.3 BOD 5, mg/I.

3.11.5.4.18.4 BOD 5 soluble, mg/l.
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3.11.5.4.18.5 COD, mg/I.

3.11.5.4.18.6 COD soluble, igl.

3.11.5.4.18.7 PO04, mg/i.

3.11.5.4.18.8 TKN, mg/I.

3.11.5.4.18.9 NO 2, mg/i.

3.11.5.4.18.10 NO 3, mg/i.

3.11.5.4.18.11 Oil and grease, mg/i.
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3.11.5.5 Quantities Calculations.

3.11.5.5.1 Distribution Pumping.

3.11.5.5.1.1 Calculate the design flow.

FLOW (Qavg) (WWGP) (24)
(FAP) (DPW) (HPD)

where

FLOW = actual daily flow to spray field, mgd.

Qavg ' average daily wastewater flow, mgd.

WWGP - wastewater generation period, days/yr.

FAP - field application period, wks/yr.

DPW - days per week treatment system is operated, days/wk.

HPD - hours per day treatment system is operated, hrs/day.

Using the flow calculated (FLOW), the distribution pumping will
be sized and the cost estimated from the existing chapter
entitled, "Intemediate Pumping".

3.11.5.5.2 Storage Requirements. Overland flow unlike rapid
infiltration is dependent upon weather. Storage is required to
hold the wastewater generated when application is not possible
due to cold weather or heavy rains. This, of course, varies
greatly for different parts of the country with different
climates.

For purposes of this program the number of days
of storage required will be assumed to be 50% of the number of
days which wastewater cannot be applied to the field.

3.11.5.5.2.1 Calculate storage volume,

SV - (.5) [365-(FAP)(7)] (GFxO 
6 )

2here

SV - storage volume, gal.

FAP - field application period, wks/yr.

GF - generated flow, mgd.

3.11.5.5.2.2 Calculate size and number of storage lagoons.

3.11.5.5.2.2.1 The following assumptions are made in detemining
size and number of lagoons:

3.11-21



A minimum of 2 lagoon cells will always be used.
An even number of lagoon cells will be used, such
as 2, 4, 6, 8, etc.
The largest single lagoon cell will be 40 acres
which represents approximately 85 million gallons

storage volume.

3.11.5.5.2.2.2 If SV :5 170,000,000 gal.

NLC = 2

3.11.5.5.2.2.3 If SV > 170,000,000 gal. a trial and error
solution for NLC will be used.

sv
Assume NLC - 4; If > 85,000,000 gal.

Redesignate NLC - NLC+2 and repeat calculation
until SV g85,000,000 gal.

NIL

where

SV - storage volume, gal.

NLC - number of lagoon cells.

3.11.5.5.2.3 Calculate storage volume per cell.

SVC sv
(NLC) (7.48)

where

3
SVC - storage volume per cell, ft

SV - storage volume, gal.

NLC - number of lagoon cells.

7.48 - conversion from gal to ft 3 .

3.11.5.5.2.4 Calculate lagoon cell dimensions.

The following assumptions are made concerning
lagoon construction:

The lagoon cells will be square.
Common levee construction will be used where
possible.

Lagoons will be constructed using equal cut and
fill.
Lagoon depth will be 10 ft. with 8 ft. water depth
and 2 ft. freeboard.
Minimum water depth will be 1.5 ft.
Side slopes will be 3 to 1.
A 30% shrinkage factor is used for fill.
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L = (0.615 SVC-1521)0 "5 + 60

2

where

L - length of one side of lagoon cell, ft.

3SVC - storage volume per cell, ft

3.11.5.5.2.5 Calculate volume of earthwork required for
lagoons.

3.11.5.5.2.5.1 The volume of earthwork must be determined by
trial and error using the following equations:

DC + DF - 10

VF [ 3(DF)2 + 1ODF ] + 2 1 (L)

VC = (l.3)(NLC)(DC) [ L2 -(6)(DF)(L)+12 DF2 + 120 DF - 60L + 1200]

3.11.5.5.2.5.2 Assume that the depth of cut (DC) is equal to 1
ft. Fran the equations calculate the volume of fill (VF)
required and the volume of cut (VC) required. Compare VC and
VF.

If VC < VF then assume DC > 1 ft. and recalculate VC and VF.

If VC > VF then assume DC < 1 ft. and recalculate VC and VF.

Repeat this procedure until VC - VF. This is the
volume of earthwork required for the storage lagoon.

VC - VF - VLEW

where

DC - depth of cut, ft.

DF - depth of fill, ft.

VF - volume of fill, ft 3 .

VC - volume of cut, ft3.

NLC - number of lagoon cells.

L - length of one side of lagoon cell, ft.

VLEW - volume of earthlork required for lagoon
construction,ft
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3.11.5.5.3 Overland Flow Distribution System.

3.11.5.5.3.1 In an overland flow treatment system the waste-
water is usually applied to the field with fixed sprinklers.
The pipes are nonnally buried and impact type irrigation sprin-
klers with flow from 6 to 15 gpm per sprinkler are used. There
are many ways to layout a sprinkler field and where there are
slopes of greater than 2% available, the natural topography of
the site dictates the layout. Though every layout is different
the amount and size of pipe and sprinklers used will not vary
greatly.

3.11.5.5.3.2 Assume:

Field will be square.
Arrangement of headers and laterals will be as shown
in Figure 2.35-4.
The treatnent area will be increased by 15% to account
for additional area for drainage ditches and service
roads.

3.11.5.5.3.3 Calculate number of headers. The number of
headers will be selected based on the following:

Flow 1 mgd; NH - 1
I mgd < Flow - 2 mgd; NH = 2
2 mgd < Flow < 4 mgd; NH - 3
Flow > 4 mgd; NH - 4

where

FLOW - actual daily flow to spray field.

NH - number of headers.

3.11.5.5.3.4 Calculate flow per header.

FPH (FLOW x 106)
(NH) (HPD) (60)

where

FPH - flow per header, gpn.

FLOW - actual daily flow to spray field, mgd.

NH - number of headers.

HPD - hours per day of operation, hrs/day.

60 - nunber of munites per hour, min/hr.
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3.11.5.5.3.5 Calculate flow per sprinkler (FPN).

FPN - 4051.7 (AR)
(DPW) (HPD) (FAP)

where

FPN - flow per sprinkler, gpm.

AR - application rate, in/wk.

DPW - days per week treatment system is operated,
days/wk.

HPD = hours per day treatment system is operated,
hrs/day.

FAP - field application period, wks/yr.

4051.7 - canbined conversion factors.

3.11.5.5.3.6 Calculate number of sprinklers per header.

SPH =- FPH
FPN

If SPH < 1 set SPH = 1. Note: Flow is not sufficient,

reduce operating period specification.

where

FPH = flow per header, gpm.

FPN - flow per sprinkler, gpm.

SPH - sprinklers per header.

3.11.5.5.3.7 Calculate number of laterals per header.

LPH - SPH/q

LPH must be an integer.

If LPH < I set LPH - 1 and recalculate the number of required sprinklers.

NSL = FPHFN

where

LPH - laterals per header.

SPH - sprinklers per header.
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NSL - number of sprinklers per lateral.

FPH = flow per header, gpm.

FPN - flow per sprinkler, gpm.

3.11.5.5.3.8 Calculate flow per lateral.
FPH

FPL - F PHL PH

where

FPL - flow per lateral, gpm.

FPH - flow per header, gpm.

LPH - laterals per header.

3.11.5.5.3.9 Calculate lateral dianater (DIAL).

DIAL - 0.286 (FPL) 0.5

DIAL must be one of the following: 2, 3, 4, 6,
8, 10, 12, 14, 16, 18, 20, 24, 30, 36, 42, 48. Always use the
next larger diameter above the calculated diameter.

where

DIAL - diameter of lateral pipe, inches.

FPL - flow per lateral, gpm.

3.11.5.5.3.10 Calculate header pipe sizes.

The header pipe nonally decreases in size due to
decreasing volume of flow as each set of lateral pipes removes
part of the flow frau the header pipe. There will nonnally be
four laterals taken off fran approximately the same location.
The header size will be calculated after each group of laterals.

DIAHN - 0.286 [ FPH - (N)(4)(FPL) ]0.5

where

DIAHN - diameter of header pipe, inches.

FPH - flow per header, gpm.

FPL - flow per lateral, gpm.

N - number of points at which flow is removed
from header.
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DIAHN must be one of the following: 2, 3, 4, 6, 8, 10, 12, 14,
16, 18, 20, 24, 30, 36, 42, 48.

Begin calculation with N - 0. This will give the diameter
(DIAHO) of the header before the first group of laterals remove
any flow. Then set N = N + 1 and repeat the calculation. This
will give the diameter (DIAH 1) of the header after flow has
been renoved by the first group of laterals. Repeat the cal-
culation each time redesignating N until the expression FPH-
(N)(4)(FPL) is equal to zero or yields a negative number. The
"N" used in this last calculation will be the number of slopes
which must be constructed.

3.11.5.5.3.11 Detemnine length of lateral pipe.

LDIAL = (SPH) (50) (NH)

where

LDIAL - length of lateral pipe required, ft.

S PH - sprinklers per header.

50 - distance between sprinklers, ft.

3.11.5.5.3.12 Determine length of header pipes. As can be
seen fram Figure 3.11-4 the spray field is laid out such that
the distance between lateral take-off points is 400 ft. There-
fore, to determine the length of each size pipe required for a
single header, sum the number of points at which the diameter is
the same and multiply by 400 ft. To determine the amount of
each size header pipe for the entire field, multiply by the
number of headers since they are identical.

LDIAHN - (NH) (400) 57 NbO

where

NH - number of headers.

LDIAHN - length of header pipe of diameter DIAHN, ft.

NO - number of points where same diameter pipe was
chosen.

For the length of pipe from pump station to the spray field use
the number of headers times the width of the spray field. The
diameter will be the diameter calculated before any flow is
removed frm the header.
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3.11.5.5.3.13 Calculate number of valves for distribution
system.

3.11.5.5.3.13.1 There will be a butterfly valve in each
header for flow control. These valves will be in the header
upstream from the spray field and will be the sane size as the
initial size calculated for the header.

NBV - NH

DBV - DIAN

where

NBV = number of butterfly valves.

DBV - diameter of butterfly valves, inches.

NH - number of headers.

3.11.5.5.3.13.2 There will be a plug valve in each lateral
pipe which will be automatic but will be either fully open or
fully closed. They will be the same size as the size calculated
for the lateral pipes.

NLV - (LPH) (NH)

DLV - DIAL

where

NLV - number of lateral valves.

LPH - laterals per header.

DLV - diameter of lateral valve, inches.

DIAL - diameter of lateral pipe, inches.

NH - number of headers.

3.11.5.5.4 Construction of Overland Flow Slopes. Overland
flow systems must have slopes from 2% to 8%, must be clear of
trees and brush, and must be leveled to a constant slope. Not
many land areas meet this criteria, therefore, in many cases the
area must be cleared, slopes foimed, and leveled.

3.11.5.5.4.1 Clearing and Grubbing. The areas will be classi-
fied in three categories; heavy, meadium, and light. Heavy
refers to wooded areas with mature trees. Medium refers to
spotted mature trees with numerous small trees and bushes.
Light refers to only small trees and bushes. The user must
specify the type of clearing and grubbing required as well as
the percent of the treatment Area requiring clearing and grub-
bing.
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N CAGII = (PCAGH) (TA)I100

(PCAGM)CAGM - -66-O (TA)

CAGL - (PCAGL) (TA)
100

where

CAGH - area which requires heavy clearing, acres.

PCAGH = percentage of treatment area requiring heavy
clearing, %.

CAGM = area which requires medium clearing, acres.

PCAGM - percentage of treatment area requiring medium
clearing, %.

CAGL - area which requires light clearing, acres.

PCAGL - percentage of treatment area requiring light
clearing, %.

TA - treatment area, acres.

3.11.5.5.4.2 Determine Earthwork Required.

3.11.5.5.4.2.1 For areas which are flat (0-2% slope) the over-
land flow slopes must be fonned by moving earth. For areas
where slopes of from 2% to 8% exist, very little earth moving is
required. The following assumptions are made to estimate the
quantities of earthwork required for slopes from 0-2%.

3.11.5.5.4.2.1.1 The slopes shall be as indicated in Figure

3.11-4.

3.11.5.5.4.2.1.2 Equal cut and fill will be used.

3.11.5.5.4.2.2 Calculate volume of earthwork.

VSEW - (55,100) (TA)

where

VSEW - volume of earthwsrk required for slope
construction, ft-.

TA - treatment area, acres.

55,100 - volume of earthwork required per acre, ft 3 .
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3.11.5.5.5 Runoff collection. The overland flow system does
not depend on infiltration for treatment and much of the water
runs off. This water must be collected and monitored. There
are basically two types of collection systems: open ditch and
buried drain pipe. With both systems, the runoff fra each
individual slope is carried to the main collection system by
small ditches or terraces.

3.11.5.5.5.1 Determine earthwork required for terraces.

VET = (N+2)(NH)(1000)(5)

where

VET = volume of earthwork for terraces, ft 3 .

N - number of points which flow is removed fran
header.

NH - number of headers.

1000 - length of individual slope.

5 - volume of earthwork required per foot of
terrace length.

3.11.5.5.5.2 Main Runoff Collection System. As stated before
there are two systems which may be used, open ditches or buried
drain pipe. One or the other would be used but never both.

3.11.5.5.5.2.1 Buried drain pipe.

3.11.5.5.5.2.1.1 Since an overland flow facility would not
nomally be operated when the site received a rainfall in excess
of 0.5 inches in 24 hours, this criteria will be used to size
the drainage system. The assumption of 100% runoff will be made
for design purposes.

3.11.5.5.5.2.1.2 The pipe size will vary as runoff from each
slope is added. Using the layout shown in Figure 3.11-4 ani the
assumed rainfall, the flow fra one slope would be 0.149 ft /sec.
The following assumptions are made:

Pipe will be concrete drain pipe.
Pipe will be flowing half full.
Pipe will be laid on a .2% slope.
Friction factor is 0.013.

3.11.5.5.5.2.1.3 Calculate pipe size.

CDIAN - 6.38(N) 0 . 3 75
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where

CDIAN = diameter of concrete drain pipe, inches.

N = number of points at which flow is removed from
header.

CDIAN must be one of the following 12, 15, 18, 21, 24, 27, 30,
33, 36, 42, 48, 54, 60, 66, 72, 78, 84, 90, or 96 inches.

3.11.5.5.5.2.1.4 As in sizing the header pipe, the collection
pipe will vary in size. Start with N=1 and calculate pipe size.
Then set N-N,+ and repeat the calculation. Redesignate N in
this manner until N is equal to total number of take off points
in header pipe calculation.

3.11.5.5.5.2.1.5 Again, the length of each size pipe required
will be detemined by summing the number of points at which the
same diameter is calculated and multiply by 400 ft. To de-
tennine the amount of pipe for the entire field multiply by NHil
since there will be NH+l identical collection lines.

LCDIAN = (400) (NH+ i) 2 NCDIAN

where

LCDIAN - length of drain pipe of given diameter, ft.

NCDIAN = number of points where same diameter pipe was
chosen.

NlH= number of headers.

3.11.5.5.5.2 Open ditches.

3.11.5.5.5.2.1 Assume that the ditches will be all cut and
erosion control will be required in construction.

LDIT - (N) (400) (NH+I-)

where

LDIT - total length of ditches for system, ft.

N - number of points at which flow is removed from
header.

400 - length of ditch between slopes, ft.

NH - number of headers.

3.11.5.5.6 Calculate total land area required.
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3.11.5.5.6.1 Ditches and service roads increase the area by

15%.

ADR = (.15)(TA)

where

ADR = area for ditches and roads, acres.

3.11.5.5.6.2 Area for storage lagoons.

ASL = 1.2(NLC)(L) 
2

43,560

where

ASL = area for storage lagoons, acres.

NLC = number of lagoon cells.

L - length of one side of lagoon cell, ft.

1.2 = additional area required for cross levee.

3.11.5.5.6.3 Area for buffer zone.

Assume:

Buffer zone will be around entire treatment area.
Assume facility will be essentially square.

3.11.5.5.6.3.1 Calculate dimensions of treatment area.

L TA+-ADR+ASL 0.5

LTA = ( 43,560

where

LTA - length of one side of treatment area, ft.

TA - treatment area, acres.

ADR - area for ditches and service roads, acres.

ASL - area for storage lagoons, acres.

3.11.5.5.6.3.2 Calculate area for buffer zone.

ABZ - 4WBZ (LTA + WBZ)
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where

ABZ = area required for buffer zone, acres.

LTA - length of one side of treatment area, ft.

WBZ = width of buffer zone (input by user), ft.

3.11.5.5.6.4 Total land area.

TLA = TA + ADR + ASL + ABZ

where

TLA = total land area required, acres.

TA = treatment area, acres.

ADR - area required for ditches and service roads,
acres.

ASL = area required for storage lagoons, acres.

ABZ - area required for buffer zones, acres.

3.11.5.5.7 Calculate fencing required

Assume

Entire facility is to be fenced.
Facility is square.

LF f 834.8 (TLA)0 .
5

where

LF - length of fence required, ft.

TLA - total land area required, acres.

834.8 - canbined constants.

3.11.5.5.8 Calculate operation and maintenance manpower.

3.11.5.5.8.1 Distribution System.

3.11.5.5.8.1.1 If TA < 70;

OMMHD - 77.91 (TA) 0 5 3 7 3
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3.11.5.5.8.1.2 If TA > 70;

OMMHD = 18.12 (TA)

where

OMMHD = operation and maintenance manpower for

distribution, MH/ yr.

TA = treatment area, acres.

3.11.5.5.8.2 Runoff collection by gravity pipe.

3.11.5.5.8.2.1 If TA 100;

OMMHP = 6.65 (TA) 0 4 2 2 4

3.11.5.5.8.2.2 If TA > 100;

OMMHP = 2.41 (TA)0 .64
34

where

OMMHP - operation and maintenance manpower for
runoff collection by gravity pipe, MH/hr.

TA - treatment area, acres.

3.11.5.5.8.3 Runoff collection by open ditch.

3.11.5.5.8.3.1 If TA 9 150;

OMMHO - 36.9 (TA)
0 3 578

3.11.5.5.8.3.2 If TA > 150;

OMMHO - 8.34 (TA)
0.6 538

where

OMMRO - operation and maintenance manpower for runoff
collection by open ditch, MITyr.

TA - treatment area, acres.

3.11.5.5.9 Calculate operation and maintenance material
costs.

3.11.5.5.9.1 Distribution System.

3.11.5.5.9.1.1 If TA - 500,
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-0.0673
OMMPD = 0.783(TA)

3.11.5.5.9.1.2 If TA > 500;

OMMPD - 9.46 (TA) - 0 4 7

where

OMMPD - O&M material costs for distribution system as
percent construction cost of distribution
system, %.

TA = treatment area, acres.

3.11.5.5.9.2 Runoff collection by gravity pipe.

3.11.5.5.9.2.1 If TA < 225;

OMMPP - 0.9566 (TA) - 0 2 5 3 9

3.11.5.5.9.2.2 If TA > 225;

OMMPP - .242%

where

OMMPP = O&M material costs for runoff collection
by gravity pipe as percent construction cost
for gravity pipe system, %.

TA = treatment area, acres.

3.11.5.5.9.3 Runoff collection by open ditch.

3.11.5.5.9.3.1 If TA < 60;

OMMPO - 25.4 (TA)
- 0 1383

3.11.5.5.9.3.2 If TA > 60;

OMMPO - 14.42

where

OMMPO - O & material costs for runoff collection
by open ditch as percent construction cost
for open ditch system, %.
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3.11.5.5.10 Other construction cost items. The quantities
conputed account for approximately 90% of the construction cost
of the systems. Other miscellaneous costs such as final land
leveling, connecting piping for lagoons, miscellaneous concrete
structures, etc., make up the additional 10%.

CF - = 1 1.1
0.9

where

CF = correction factor for other construction cost.

3.11.5.6 Quantities Calculation Output Data.

3.11.5.6.1 Vol ne of earthwork required for lagoon con-
struction, VLEW ft

3.11.5.6.2 Diameter of lateral pipes, DIAL, inches.

3.11.5.6.3 Diameters of header pipes, DIAHN, Inches.

3.11.5.6.4 Length of lateral pipes, LDIAL, ft.

3.11.5.6.5 Length of header pipes, LDIAHN, ft.

3.11.5.6.6 Number of nozzles, NON.

3.11.5.6.7 Diameter of butterfly valves, DBV, inches.

3.11.5.6.8 Number of butterfly valves, NBV.

3.11.5.6.9 Diameter of lateral valves, DLV, inches.

3.11.5.6.10 Number of lateral valves, NLV.

3.11.5.6.11 Area which requires heavy clearing, CAGH, acres.

3.11.5.6.12 Area which requires medium clearing, CAGM, acres.

3.11.5.6.13 Area which requires light clearing, CAGL, acres.

3.11.5.6.14 3Volume of earthwork required for slope construc-
tion, VSEW, ft3.

3.11.5.6.15 Volume of earthwork for terraces, VET, ft3.

3.11.5.6.16 Diameter of concrete drain pipe, CDIAN, inches.

3.11.5.6.17 Length of drain pipe of size CDIAN, LCDIAN, ft.

3.11.5.6.18 Total length of ditches for system, LDIT, ft.

3.11.5.6.19 Total land area required, TLA, acres.
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3.11.5.6.20 Length of fence required, LF, ft.

3.11.5.6.21 Operation and maintenance manpower for distri-
bution system, OMMHD, MR/yr.

3.11.5.6.22 Operation and maintenance manpower for runoff
collection by gravity pipe, OMMHP, MH/yr.

3.11.5.6.23 Operation and maintenance manpower for runoff
collection by open ditch, OMMHO, MH/yr.

3.11.5.6.24 Operation and maintenance material costs for
distribution system as percent construction cost of distribution
system, OKMPD, %.

3.11.5.6.25 Operation and maintenance material costs for
runoff collection by gravity pipe as percent construction cost
of gravity pipe system, OMMPP, %.

3.11.5.6.26 Operation and maintenance cost for runoff col-
lection by open ditch as percent construction cost for open
ditch system, OMMPO, %.

3.11.5.6.27 Correction factor for other construction cost,

CF.

3.11.5.6.28 Number of headers, NH.

3.11.5.7 Unit Price Input Required.

3.11.5.7.1 Unit price input for earthwork, UPIEX, $/cu yd.

3.11.5.7.2 Cost of standard size pipe (12"P), COSP, $/ft.

3.11.5.7.3 Cost of standard size valve (121D butterfly),
COSTSV, $.

3.11.5.7.4 Cost per sprinkler, COSTEN, $.

3.11.5.7.5 Cost of standard size drain pipe (24"P R.C.
pipe), COSTCP, $/ft.

3.11.5.7.6 Unit price input for heavy clearing and grubbing,
UPICG, $/acre.

3.11.5.7.7 Unit price input for fencing, UPIF, $/ft.

3.11.5.8 Cost Calculations.

3.11.5.8.1 Cost of earthwork.
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COSTE VLEWVSEWVET UPIEX
27

where

COSTE = cost of earthwork, $.

VLEW - volume os earthwork required for lagoon construc-
tion, ft .

VSEW - volume of earthwork required for slope construction,
ft

3VET - volume of earthwork for terraces, ft

UPIEX - unit price input for earthwork, $/cu yd.

3.11.5.8.2 Cost of Header pipes.

3.11.5.8.2.1 Calculate total installed cost of header pipes.

TICHP = ICHPN

where

TICHP - total installed cost of header pipes, $.

ICHPN - installed cost of various size header pipes, $.

3.11.5.8.2.2 Calculate installed cost of each size header
pipes.

ICHPN - (LDIAHN) 100 (COSTSP)100

where

ICHPN - installed cost of various size header pipes, $.

LDIAHN - length of header pipes of size DIAHN, ft.

COSTPN - cost of pipe of diameter DIAHN as percent of
cost of standard size pipe, %.

COSP - cost of standard size pipe (12" diameter), S/ft.

3.11.5.8.2.3 Calculate COSTPN

COSTPN - 6.842 (DIAHN) 1.2255

where

COSTPN - cost of pipe of diameter DIARN as percent of
cost of standard size pipe, Z.
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DIAHN = diameters of header pipes, inches.

3.11.5.8.2.4 Deteimine COSP. COSP is the cost per foot of 12"
diameter welded steel pipe. This cost is $13.50 per foot in 4th
quarter of 1977.

3.11.5.8.3 Cost of lateral pipes.

3.11.5.8.3.1 Calculate total installed cost of lateral pipes.

TICLP - (LDIAL) (COSTP) (COSP)
where 100

TICLP - total installed cost of lateral pipes, $.

LDIAL - length of lateral pipes, ft.

COSTP = cost of pipe of diameter DIAL as percent of
cost of standard size pipe, %.

COSP = cost of standard size pipe (12" diameter),
$/ ft.

3.11.5.8.3.2 Calculate COSTP.

COSTP - 6.842 (DIAL)
1 .2 2 5 5

where

COSTP = cost of pipe of diameter DIAL as percent of

cost of standard size pipe, %.

DIAL - diameter of lateral pipes, inches.

3.11.5.8.3.3 Deteimine COSP. COSP is the cost per foot of 12"
diameter welded steel pipe. This cost is $13.50 per foot in 4th
quarter of 1977.

3.11.5.8.4 Calculate cost of butterfly valves.

3.11.5.8.4.1 Calculate installed cost of butterfly valves.

COSTV = (COSTRV)( COSTSV)(NBV)
100

where

COS7V a installed cost of butterfly valves, $.

COSTRV a cost of butterfly valve of size DBV as
percent of standard size valve, Z.
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COSTSV = cost of standard size valve (12"0), $.

NBV - nunber of butterfly valves.

3.11.5.8.4.2 Calculate COSTRV.

COSTRV = 3.99 (DBV) 1 . 3 9 5

where

COSTRV - cost of butterfly valve of size DBV as percent
of standard size valve, %.

DBV - dianeter of butterfly valves, inches.

3.11.5.8.4.3 Detemine COSTSV. COSTSV is the cost of a 12"
0 butterfly valve suitable for water service. This cost is
$1004 for the 4th quarter of 1977.

3.11.5.8.5 Calculate cost of lateral valves.

3.11.5.8.5.1 Calculate installed cost of lateral valves.

COSTLV - (COSTRL) (COSTSV) (NLV)
100

where

COSTLV - installed cost of lateral valves, $.

COSTRL - cost of lateral valve of size DLV as percent of
cost of standard valve, %.

COSTSV - cost of standard size valve (12"1 butterfly), $.

NLV - nunber of lateral valves.

3.11.5.8.5.2 Calculate COSTRL.

COSTRL - 15.33 (DLV)'1 0 5 3

where

COSTRL - cost of lateral valve of size DLV as percent
of cost of standard valve, %.

DLV - dianeter of lateral valve, inches.

3.11.5.8.5.3 Dete-,ine COSTSV. COSTSV is the cost of a 12"
0 butterfly valve suitable for water service. This cost is
$1004 for the 4th quarter of 1977.
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3.11.5.8.6 Calculate cost of sprinklers.

3.11.5.8.6.1 Calculate installed cost of sprinklers.

COSTN = (1.2) (NON) (COSTEN)

where

COSTN - installed cost of nozzles, $.

NON = number of nozzles.

COSTEN - cost per nozzle, $.

1.2 - 20% cost of installation.

3.11.5.8.6.2 Detemine COSTEN. The cost of an impact type
rotor pop-up full circle sprinkler with a flow fran 6 to 15 gpa,
for the 4th quarter of 1977 is $65.00.

COSTEN - $65.00.

For better cost estimation, COSTEN should be obtained fran an
equipment vendor and treated as a unit price input. Otherwise,
for future escalation, the equipment cost should be adjusted by
using the Marshall and Swift Equipment Cost Index.

MS EC I
COSTEN - $65.00 518.4

where

MSECI - current Marshall and Swift Equipment Cost
Index.

518.4 - Marshall and Swift Cost Index 4th quarter 1977.

3.11.5.8.7 Calculate total cost of distribution system.

TCDS - TICHP + TICLP + COSTBV + COSTLV + COSTN

where

TCDS - total cost of distribution system, $.

TICHP - total installed cost of header pip,

TICLP - total installed cost of lateral pipe, $.

COSTBV - installed cost of butterfly valves, $.

COSTLV - installed cost of lateral valves, $.
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COSTN = installed cost of nozzles, $.

3.11.5.8.8 Deteunine cost of runoff collection by open
ditch.

COSTOD - (.57)(LDIT)UPIEX

where

COSTOD - cost of runoff collection by open ditch, $.

LDIT - total length of ditches for system, ft.

UPIEX - unit price input for earthwork, $/cu yd.

3.11.5.8.9 Dete-nine cost of runoff collection by gravity

pipe.

3.11.5.8.9.1 Calculate total installed cost of collection
system.

TICRC - ICRCN

where

TICRC - total installed cost of runoff collection by
gravity pipe, $.

ICRCN - installed cost of each size drain pipe, $.

3.11.5.8.9.2 Calculate installed cost of each size drain pipe.

ICRCN - (LCDTAN) (COSTRN) (COSTSC)
100

where

ICRCN - installed cost of each size drain pipe, $.

LCDIAN - length of drain pipe of size CDIAN, ft.

COSTRN - cost of drain pipe of size CDIAN as percent of
cost of standard size (24"P) drainage pipe, %.

COSTCP - cost of standard size (24"D R.C. pipe), $/ft.

3.11.5.8.9.3 Calculate COSTRN.

COSTRN - 0.7044 (CDIAN)
1 6 5 8 7

where

COSTRN - cost of gravity pipe of size CDIAN as percent
of cost of standard size (24"0) gravity pipe, %.
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CDIAN - dianeter of concrete drain pipe, inches.

3.11.5.8.9.4 Determine COSTCP. COSTCP is the cost per foot of
24"D reinforced concrete drain pipe with gasket joints. This
cost for the 4th quarter of 1977 is $10.76/ft.

COSTSC = $10.76/ft.

3.11.5.8.10 Calculate cost for clearing and grubbing.

COSTCG - (CAGH + 0.306 CAGM + 0.092 CAGL) UPICG

where

COSTCG = cost for clearing and grubbing site, $.

CAGH = area which requires heavy clearing, acres.

CAGM - area which requires medium clearing, acres.

CAGL = area which requires light clearing, acres.

UPICG - unit price input for heavy clearing and
grubbing, $/acre.

3.11.5.8.11 Calculate cost of fencing.

COSTF - (LF) (UPIF)

where

COSTF - installed cost of fencing, $.

LF - length of fencing required, ft.

UPIF - unit price input for fencing, $/ft.

3.11.5.8.12 Calculate 0 & M material costs.

OKMC (OMHPD) (TCDS)+ (OMMPP) (TICRC)+ (OMMPO) (COSTOD)
100

where

OMHC - total O&M material cost, $.

OGHPD - OM material costs for distribution system as
percent construction cost for distribution
system, %.

TCDS - total cost of distribution system, $.
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OMMPP - O&M material costs for runoff collection by
gravity pipe as percent of construction cost
of gravity pipe system, %.

TICRC - total installed cost of runoff collection by

gravity pipe, $.

OMMPO - OM material cost for runoff collection by open
ditch as percent construction cost for open
ditch systen, %.

COSTOD - cost of runoff collection by open ditch, $.

3.11.5.8.13 Total bare construction cost.

TBCCOF - (1.11) (TCDS+TICRG+COSTOD+ COSTFCOSTCG+ COSTF

+COSTL)

where

TBCCOF = total bare construction cost for overland
flow, $.

TCDS = total cost of distribution system, $.

TICRC = total installed cost of runoff collection by
gravity pipe, $.

COSTOD - cost of runoff collection by open ditch, $.

COSTE - cost of earthwork, $.

COSTCG - cost of clearing and grubbing site, S.

COSTF - installed cost of fencing, $.

COSTL = cost of land for facility, $.

3.11.5.9 Cost Calculations Output Data.

3.11.5.9.1 Total bare construction cost for overland flow,

TBCW)F, 
$.

3.11.5.9.2 O&M material cost, OMMC, $/yr.
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3.11.6 Rapid Infiltration.

3.11.6.1 Input Data.

3.11.6.1.1 Wastewater flow, Q, mgd.

3.11.6.1.1.1 Minimum flow, mgd.

3.11.6.1.1.2 Average flow, mgd.

3.11.6.1.1.3 Maximum flow, mgd.

3.11.6.1.2 Wastewater characteristics.

3.11.6.1.2.1 Suspended solids, mg/l.

3.11.6.1.2.2 Volatile suspended solids, % of suspended solids.

3.11.6.1.2.3 Settleable solids, mg/l.

3.11.6.1.2.4 BOD 5 (soluble and total), mg/l.

3.11.6.1.2.5 COD (soluble and total), mg/l.

3.11.6.1.2.6 Phosphorus (as PO4), mg/l.

3.11.6.1.2.7 Total kjeldahl nitrogen (TKN), mg/l.

3.11.6.1.2.8 Ammonia-nitrogen, NH3 , mgl.

3.11.6.1.2.9 Nitrite-nitrogen, NO2, mg/I.

3.11.6.1.2.10 Nitrate-nitrogen, NO 3, mg/1.

3.11.6.1.2.11 Temperature, *C.

3.11.6.1.2.12 pH, units.

3.11.6.1.2.13 Oil and grease, mg/l.

3.11.6.1.2.14 Cations, mg/l.

3.11.6.1.2.15 Anions, mg/l.

3.11.6.2 Design Paraneters.

3.11.6.2.1 Application rate, Lw, in/wk - 4.0 - 150 in/wk.

3.11.6.2.2 Precipitation rate, Pr' in/wk.

3.11-45



3.11.6.2.3 Evapotranspiration, ET, in/wk.

3.11.6.2.4 Runoff, R, in/wk = 0.0.

3.11.6.2.5 Wastewater generation period, WWGP, days/yr.

3.11.6.2.6 Field application period, FAP, wks/yr.

3.11.6.2.7 Recovery systems (specify one).

3.11.6.2.7.1 Recovery wells (nunber; diameter, in., and depth,
ft).

3.11.6.2.7.2 Underdrains.

3.11.6.2.7.3 No recovery.

3.11.6.2.8 Buffer width, ft (site dependent) = 0.0 - 500 ft.

3.11.6.2.9 Monitoring wells.

3.11.6.2.9.1 Nunber.

3.11.6.2.9.2 Depth per well, ft.

3.11.6.2.10 Fraction denitrified, D, % = 30-60%.

3.11.6.2.11 Ammonia volatilization, AV, % = 0.0%.

3.11.6.2.12 Renoval of phosphorus, % - 90%.

3.11.6.3 Process Design Calculations.

3.11.6.3.1 Calculate total nitrogen concentration, Cn, in
the applied wastewater.

Cn - (TKN)i + (NO)i + (N03)i

where

C - total nitrogen concentration in applied wastewater,
" mg/l.

(TKN)i . total KJeldahl nitrogen concentration in applied
wastewater, mg/l.

(NO2)i M nitrite-N concentration in applied wastewater,

mg/ 1.

(NO3)i - nitrate-N concentration in applied wastewater,

mg3.
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3.11.6.3.2 Calculate wastewater nitrogen loading, L
lbs/acre-d. n

Ln -11.77 C nLw

where

L n - wastewater nitrogen loading, lbs/acre-yr.

L W - wastewater hydraulic loading rate, in/wk.

3.11.6.3.3 Fran water balance, calculate percolating water
rate, Wp, in/wk.

Wp i Lw + (Pr - ET) - R

where

W M percolating water rate, in/wk.p

Pr = design precipitation, in/wk.

ET - evapotranspiration (or crops consumptive use
of water), in/wk.

R - net runoff, in/wk.

3.11.6.3.4 Calculate total nitrogen loading, (Lt) N' lb/acre-
yr.

(Lt)N = Ln + 11.77 (Pr)(0. 5 )

where

(L )N = total nitrogen loading rate, lb/acre-yr.

0.5 - assumed nitrogen concentration in precipitation
water, mg/ .

3.11.6.3.5 Assume crop nitrogen uptake, (U)N, lb/acre-yr.

3.11.6.3.6 Calculate nitrogen loss through denitrification,
D, lb/acre-yr.

D - (Df) (Lt)W (100)

where
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D = nitrogen loss through denitrification,
lb/acre-yr.

Df a nitrogen loss as a percent of total applied

nitrogen, %.

3.11.6.3.7 Calculate nitrogen loss due to volatilization,
AV, lb/acre-yr.

AV - (AV)f (Lt)M (100)

where

AV - nitrogen loss due to volatilization, lb/acre-yr.

(AV)f - percent of total nitrogen applied lost to

volatilization, %.

3.11.6.3.8 Calculate sui of nitrogen losses, (IN)L, lb/
acre-yr.

( N)L = (U)N + D + AV

where

(IN) L - sum of total nitrogen lost, lb/acre-yr.

3.11.6.3.9 Check total nitrogen against 0.8 (Lt)N.

(IN)L 0.8 (Lt)N

if (IN)L 0.8 (Lt)N

set (MN) L - 0.8 (Lt)N

3.11.6.3.10 Fran nitrogen balance, calculate nitrogen con-
centration in percolate, (CP)N, mg/I.

(Lt)N - (11.77)(Wp) (CP)N + ( N)L

(Cp)N = [(Lt)N - (MN)L]/(11. 7 7 )(Wp)

where

(C p) - nitrogen concentration in percolate, mg/l.

3.11.6.3.11 Calculate required treatment acre, TA, acres.
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TA - (258.5) (Q)/(L W)

where

TA = required field area, acres.

Q - average wastewater flow, mgd.

3.11.6.3.12 Calculate phosphorus loading, Lp, lb/acre-yr.

L - 11.77 (TP) i(L W)

where

L - total phosphorus loading, lbs/acre-yr.

(TP)i  total phosphorus concentration in applied
wastewater, mg/ I. 1

3.11.6.3.13 Calculate soil removal of phosphorus, Up, lb/
acre-yr.

(Up) = 0.891 [(94.544 - 0.0041) (LP)]

where

U - soil removal of phosphorus, lbs/acre-yr.

3.11.6.3.14 Fran phosphorus mass balance, calculate phos-
phorus concentration of percolate water.

(Cp~ = [ (Lp) - (SRP) - (Up)]/(11.77)(WP)

where

(Cp)p - phosphorus content of percolate water, mg/l.
(0.10) (TP)i

3.11.6.3.15 Calculate percolate rate, WP, mgd.

1 ft I wk ft 2
Wp (mgd) - [(Wp) in/wk )7- )] (TA) acre (43,560 fP P f_ in (t- Ia yacre )

(7.48 Lg) (1/10 6 )

ft
3

3.11.6.3.16 Calculate suspended solids concentration in
percolate, mg/l, assume 99% removal.

(SS)p = (3.o1)(ss)
i
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where

(SS) p = suspended solids concentration in percolate,
mg /.

(SS)i = suspended solids concentration in applied
wastewater, mg I.

3.11.6.3.17 Calculate total and soluble BOD concentration in
percolate, mg/l, assume 99% removal of total BOD 5.

(TBOD5)P = (TBOD5 )1 (0.01)

(SBOD5)P - (SBOD5)i (0.01)

where

(TBOD 5 ) P - total BOD 5 concentration in percolate, mg/l.

(TBOD 5) total BOD 5 concentration in applied wastewater,
Mg/1.

(SBOD5) - soluble BOD 5 in percolate, mg/l.

(SBODs)i soluble BOD 5 in applied wastewater, mg/l.

3.11.6.3.18 Calculate total and soluble COD concentration in
percolate, mg/i.

(TCOD)p = [(TCOD)i - (TBOD51i] (0.5) + 0.01 (TBODs)i

(SCOD)p - ((SCOD)i - (SBOD5)1 ] (0.5) + 0.01 (SBOD5)i

where

(TCOD)p and (TCOD)i = total COD concentration in percolate
and applied wastewater, respectively,
mg/I .

(SCOD)p and (SCOD)i - soluble COD concentration in percolate
and applied wastewater, respectively,
Mg/ N.

3.11.6.3.19 Nitrite-N concentration in percolate - 0.0.

3.11.6.3.20 Nitrate-N concentration in percolate - (C P)N.

3.11.6.3.21 Ammonia-N concentration in percolate - 0.0. Total
KJeldahl-nitrogen concentration in percolate - 0.0.

3.11.6.3.22 Oil and grease concentration in percolate - 0.0.

3.11-50



3.11.6.4 Process Design Output Data.

3.11.6.4.1 Application rate, in/week.

3.11.6.4.2 Evapotranspiration rate, in/week.

3.11.6.4.3 Precipitation rate, in/week.

3.11.6.4.4 Runoff, in/week.

3.11.6.4.5 Percent denitrified, percent.

3.11.6.4.6 Percent ammonia volatilization, percent.

3.11.6.4.7 Removal of phosphorus, percent.

3.11.6.4.8 Wastewater generation period, days/yr.

3.11.6.4.9 Field application period, weeks/yr.

3.11.6.4.10 Surface flooding.

3.11.6.4.11 Buffer zone width, feet.

3.11.6.4.12 Number of monitoring wells, wells,

3.11.6.4.13 Depth of monitoring wells, feet.

3.11.6.4.14 Treatment area required, acres.

3.11.6.4.15 Volume of percolate, mgd.

3.11.6.4.16 Quality of percolate.

3.11.6.4.16.1 Suspended solids, mg/l.

3.11.6.4.16.2 Volatile solids, percent.

3.11.6.4.16.3 BOD 5 , mg/1.

3.11.6.4.16.4 BOD 5 soluble, mg/I.

3.11.6.4.16.5 COD, mg/l.

3.11.6.4.16.6 COD soluble, mg/l.

3.11.6.4.16.7 PO4, mg/1.

3.11.6.4.16.8 TKN, mg/l.

3.11.6.4.16.9 NO2, mg/l.

3.11.6.4.16.10 NO3, mg/l.

3.11.6.4.16.11 Oil and grease, mg/l.
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3.11.6.5 Quantities Calculations.

3.11.6.5.1 Distribution Pumping. Distribution pumping will
be taken from the section entitled "Intermediate Pumping".

3.11.6.5.2 Detemxine number and size of basins required.

3.11.6.5.2.1 Assume:

Use minimum depth of 4 feet.
Use a minimum of 4 infiltration basins.
Infiltration basins will be a maximum of 10 acres
in area and will be square.

3.11.6.5.2.2 If TA 4 acres

NIB 2

IBA -TA2

If IBA .1 set IBA = .1

where

TA = treatment area, acres.

NIB - number of infiltration basins.

IBA - area of individual infiltration basins, acres.

3.11.6.5.2.3 If TA is less than or equal to 40 acres use 4
equal sized basins.

If 4 < TA : 40; NIB - 4

IBA - TA
4

where

TA - treatment area

NIB - number of infiltration basins

IBA - area of individual infiltration basins

3.11.6.5.2.4 If TA is greater than 40 acres.

TA > 40; NIB - TA

NIB must be an integer.
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IBA = TA
NIB

3.11.6.5.3 Calculate volune of earthwork for basins.

3.11.6.5.3.1 Assume:

Levees will be bitlt on top of natural ground with
fill hauled in from off the site.
Levee side slopes will be 3 to 1.
Top of the levee will be 10 feet wide.
Basins will be 4 feet deep.
Basins will be square.

3.11.6.5.3.2 Calculate dimensions of basins.

L - 208.7 (IBA) 0.5

where

L = Length of one side of the basin.

3.11.6.5.3.3 Volume of earthwork.

V - NIB (352L + 11,968)ew

where

V = volume of fill required to construct levees.ew

L = length of one side of the basin.

NIB - number of infiltration basins.

3.11.6.5.4 Calculate header size to feed infiltration
basins.

If GF 40 mgd calculate PIPE using GF if GF > 40
mgd calculate PIPE using GF/2.
Assume velocity (V) - 4 fps.

PIPE - 8.42 (GF)
0 "5

Pipe must be one of the following: 2,3, 4, 6, 8, 10, 12,
14, 16, 18, 20, 24, 30, 36, 42, 48.

Check velocity (V) using selected pipe size.

V a (283.6) (GF) or (283.6) (GF/2)

(PIPE) 2  (PIPE)2
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If V < I fps use next smallest diameter.

If V > 5 fps use next largest diameter.

where

PIPE - diameter of pipe (inches).

GF = generated flow (mgd).

V - velocity of water in pipe (fps).

3.11.6.5.5 Calculate quantity of header pipe required.

If GF < 40 mgd LPIPE - (NIB) (L)

If GF > 40 mgd LPIPE - 2(NIB)(L)

where

LPIPE - length of header pipe required, ft.

3.11.6.5.6 Calculate pipe size for lateral to each infil-
tration basin.

3.11.6.5.6.1 Calculate flow.

FLOW - (.012) (AR) (IBA)

If FLOW _5 62 ft3/sec calculate DIA using FLOW.

If FLOW > 62 ft3/sec calculate DIA using FLOW/2.

3.11.6.5.6.2 Calculate diameter.

Assume velocity (V) - 4 fps.

DIA - 6.77 (FLOW)0 .
5

DIA must be one of the following 2, 3, 4, 6, 8, 10, 12,

14, 16, 18, 20, 30, 36, 42, 48.

3.11.6.5.6.3 Select diameter closest to the calculated dia-
meter.
3.11.6.5.6.4 Check the velocity (V) using the selected dia-

meter.

V - (183.3) FLOW

(DTA)
2
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If V 1 fps use next smallest diameter.

If V > 5 fps use next largest diameter.

where

FLOW - the wastewater flow to each basin (ft 3/sec).

DIA - diameter of lateral pipe (inches).

V - velocity of water in pipe (ft/sec).

AR = application rate, (in/wk).

3.11.6.5.7 Determine size and number of valves for distri-
bution system.

3.11.6.5.7.1 Assume:

Each lateral will have a valve to cut off flow to
that infiltration basin.
Valves will be butterfly valves suitable for use in
water service.

Valves will be the same size as lateral pipe (DIA).

3.11.6.5.7.2 If FLOW < 62 ft3/sec.

NBV - NIB

3.11.6.5.7.3 If FLOW >62 ft 3/sec

NBV - 2 NIB

where

NBV - Number of butterfly valves.

NIB - Number of infiltration basins.

FLOW - the wastewater flow to each basin, ft 3/sec

DIA = diameter of lateral pipe, inches.

3.11.6.5.8 Calculate quantity of lateral pipe required.

If FLOW - 62 ft 3/sec; LLAT- (100) (NIB)

If FLOW > 62 ft 3/sec; LLAT - (2) (100) (NIB)

where
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FLOW - the wastewater flow to each basin (ft 3/sec).

LLAT - length of lateral pipe of diameter DIA, (ft).

NIB - number of infiltration basins.

3.11.6.5.9 Recovery of renovated water.

Two recovery systems are commonly used, underdrains
and recovery wells. The user must designate which system is to
be used if the water is to be recovered.

3.11.6.5.9.1 Underdrain system.

3.11.6.5.9.1.1 The following assumptions are made:

Perforated PVC pipe 6 inches in diameter will be used
for underdrain laterals in basins.

100% of the applied wastewater will be recovered.
The 6 inch pipe will be laid on 1% slope and assumed
to flow 1/2 full.
Concrete sewer pipe will be used as collection
headers.

3.11.6.5.9.1.2 Calculate quantity of underdrain pipe required.

DPIPE - (.0105)(L)(IBA)(AR)(NIB)

where

DPIPE - length of 6" drain pipe required (ft).

L - length of one side of infiltration basin, (ft).

IBA - area of individual infiltration basins, (acres).

AR - application rate, (inches/wk).

NIB - number of infiltration basins.

0.0105 - accumulated constants.

3.11.6.5.9.1.3 Calculate size and quantity of collection header
pipe.

Assume:

Class III concrete sewer pipe will be used.
Pipe will be laid on 1% slope.
Pipe will be sized by Manning formula assumed flowing
half full with "N" factor 0.013.
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CDIA - 9.56 (FLOW)

where

CDIA - diameter of collection header pipe, inches.

FLOW - the wastewater flow to each basin, ft 3/sec.

9.56 - accum,lated constants.

LDCH = (L)(NIB)

where

LDCH - length of drain collection header pipe of
diameter CDIA, ft.

L - length of one side of infiltration basins, ft.

NIB - number of infiltration basins.

3.11.6.5.9.2 Recovery wells.

User must specify number of wells (NW), size of wells
(WDIA), and depth of wells (DW).

where

NW = number of recovery wells required.

WDIA - diameter of recovery wells, inches.

DW - depth of recovery wells, ft.

3.11.6.5.10 Monitoring System.

Monitoring wells shall be 4" in diameter. User must
specify the number of monitoring wells, (NMW) and depth of
monitoring wells (DMW).

where

NKW - number of monitoring wells.

DMW - depth of monitoring wells, (ft).

3.11.6.5.11 Operation and maintenance manpower requirements.

3.11.6.5.11.1 Distribution System.
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3.11.6.5.11.1.1 If TA < 15

OMMHD = 128.5 (TA)
0 .628 5

3.11.6.5.11.1.2 If TA > 15

OMMHD = 78.8 (TA)0
809 2

where

TA - treatment area, acres.

OMMHD - operation and maintenance manpower for
distribution, M[/yr.

3.11.6.5.11.2 Water recovery by wells.

OMMHW = 384.64 (GF) 0 . 5 9 8 1

where

OM[OHW - operation and maintenance manpower for water
recovery by wells, M/yr.

GF - generated flow, mgd.

3.11.6.5.11.3 Water recovery by underdrains.

3.11.6.5.11.3.1 If TA - 80

OMMHU - 54.71 (TA) - 0 " 2 4 1 4

3.11.6.5.11.3.2 If TA > 80

OMMHU - 10.12 (TA)
0 "6255

where

MMHU- operation and maintenance manpower for water
recovery by underdrains, MH/y-r

TA - treatment area, acres.

3.11.6.5.11.4 Monitoring wells.

OMMEM - 6.39 (NMW) (DMW) 0 .2760

where

OHMHM - operation and maintenance manpower for monitoring
wells, MH/yr.
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NMW = number of monitoring wells.

DMW - depth of monitoring wells, ft.

3.11.6.5.12 Operation and Maintenance Materials Cost. This
item includes repair and replacement material costs. It is
expressed as a percentage of the capital costs for the various
areas of construction of the rapid infiltration system.

3.11.6.5.12.1 Distribution System.

3.11.6.5.12.1.1 If TA 19

OMMPD - 2.64 (TA)-
0 2 10 1

3.11.6.5.12.1.2 IF TA > 19

OMMPD - 1.59 (TA)
- 0 0 39 9

where

OMMPD - O&M material cost for distribution system
as percentage of construction cost of
distribution system.

TA - treatment area, acres.

3.11.6.5.12.2 Water recovery by wells.

3.11.6.5.12.2.1 If GF 9 5

OMMPW - 1.53 (GF)0 .6 5 70

3.11.6.5.12.2.2 If 5 < GF 9 10

OMMPW - 2.76 (GF)
0 .2 89 4

3.11.6.5.12.2.3 If GF>1O

OMMPW - 4.55 (GF)
0 .0 7 1 5

where

OMMPW - O&M material cost for water recovery wells
as percentage of construction cost of recovery
wel ls.

GF - generated flow, mgd.

3.11.6.5.12.3 Water recovery by underdrains.
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3.11.6.5.12.3.1 If T K 200

OMMPU = 14.13 (TA) - 0 1392

3.11.6.5.12.3.2 If TA >200

OMMPU = 30.95 (TA)- 0 28 60

where

OMMPU - O&M material costs for water recovery by underdrains
as percentage of construction cost of underdrains.

TA = Treatnent area, acres.

3.11.6.5.12.4 Monitoring wells.

OMMPM = 2.28 (DMW) 0.0497

where

OMMPM = O&M material cost for monitoring wells as percentage
of construction cost of monitoring wells.

DMW - depth of monitoring wells.

3.11.6.5.13 Electrical energy requirements.

3.11.6.5.13.1 Recovery wells.

Assume:

Pump efficiency of 60%.
Motor efficiency of 90%.
Total head is equal to the well depth plus 40 ft.

KWH - (12.6) (GF) (DW.40) (DPW) (HPD)

where

KWH - energy required, kwhr/yr.

GF - generated flow, mgd.

DW - depth of well, ft.

DPW - days per week of operations, day/wk.

HPD - hours per day of operation, hr/day.
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3.11.6.5.14 Other construction cost items.

The quantities and items conputed account for appro-
ximately 85% of the cost of the systems. Other miscellaneous
items such as concrete head walls, pneumatic piping, etc., make
up the other 15%.

CF = f 1.18
0.85

where

CF - correction factor for other construction costs.

3.11.6.6 Quantities Calculations Output Data.

3.11.6.6.1 Area of individual infiltration basins, IBA,
acres.

3.11.6.6.2 Number of infiltration basins, NIB.

3.11.6.6.3 Length of side of basin, L, ft.

3.11.6.6.4 Volume of earthwork for infiltration basins, Vew ,
cu.ft.

3.11.6.6.5 Diameter of distribution header, PIPE, inches.

3.11.6.6.6 Length of distribution header pipe required,
LPIPE, ft.

3.11.6.6.7 Diameter of lateral pipe, DIA, inches.

3.11.6.6.8 Length of lateral pipe of diameter DIA, LLAT, ft.

3.11.6.6.9 Length of 6 inch diameter drain pipe required,
DPIPE, ft.

3.11.6.6.10 Number of recovery wells, NW.

3.11.6.6.11 Diameter of recovery wells, WDIA, inches.

3.11.6.6.12 Depth of recovery wells, DW, ft.

3.11.6.6.13 Number of monitoring wells, NMW.

3.11.6.6.14 Depth of monitoring wells, DMW, ft.

3.11.6.6.15 Operation and Maintenance manpower for distri-
bution, OMMHD, MR/yr.

3.11.6.6.16 Operation and maintenance manpower for recovery

wells, OMMHU, ME/yr.

3.11.6.6.17 Operation and maintenance manpower for underdrain
systen, OHMU, M/yr.
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3.11.6.6.18 Operation and maintenance manpower for monitoring
wells, OMMHM, MH/yr.

3.11.6.6.19 O&M material costs for distribution system,

OMMPD, %.

3.11.6.6.20 O&M material costs for recovery wells, OMMPW, %.

3.11.6.6.21 O&M material cost for underdrain system, OMMPU,

3.11.6.6.22 O&M material costs for monitoring wells, OMMPM,

3.11.6.6.23 Diameter of drain collection header pipe, CDIA,
inches.

3.11.6.6.24 Length of drain collection header pipe, LDCH, ft.

3.11.6.6.25 Nunber of butterfly vlaves, NBV.

3.11.6.6.26 Energy required for recovery wells, KWH, Kw
hr/ yr.

3.11.6.6.27 Correction factor for other construction costs,
CF.

3.11.6.7 Unit Price Input Required.

3.11.6.7.1 Unit price input for earthwork assuming hauled
fran offsite and canpacted, UPIEW, $/cu yd.

3.11.6.7.2 Cost of standard size steel pipe (12"0), COSP,
$/ft.

3.11.6.7.3 Cost of standard size butterfly valve (12"D)
COSTSV, $.

3.11.6.7.4 Unit price input for 6" PVC perforated drain
pipe, UPIPP, $/ft.

3.11.6.7.5 Cost of standard size (24") reinforced concrete
drain pipe (Class III) COSTCP, $/ft.

3.11.6.8 Cost Calculations.

3.11.6.8.1 Cost of earthwork.

COSTE - (V ew) (UPIEW)

27

where

3.11-62



COSTE - Cost of earthwork for levees, $.

V = Volume of earthwork for infiltration basins, cu ftew

UPIEW = unit price input for earthwork assuming hauled from
offsite and compacted, $/cu.yd.

3.11.6.8.2 Cost of header pipe.

3.11.6.8.2.1 Calculate installed cost header pipe (excluding
trenching and backfilIing).

COST? - (COSP) (COSTRP)

100

where

COSTP = cost of pipe of diameter PIPE, S/ft.

COSP - cost of standard size pipe (12" diameter), $/ft.

COSTRP = cost of pipe of diameter PIPE as percent of cost of
standard size pipe, percent.

3.11.6.8.2.2 Calculate COSTRP.

COSTRP - 5.48 (PIPE) 1
16 5 5

where

PIPE - diameter of header pipe, inches.

COSTRP - cost of pipe of diameter PIPE as percent of cost of
standard size pipe, percent.

3.11.6.8.2.3 Deternine COSP.

COSP is the cost per foot of 12" diameter welded
steel pipe in place (excluding cost for trenching and back-
filling).

3.11.6.8.2.4 Calculate cost for trenching and backfilling.
This cost is computed as a fraction of the cost of the pipe.

-0.6840
If PIPE 12" EBF - 0.334 (PIPE)-

If PIPE 12" EBF - 0.061

where

EBF - fraction of pipe cost for trenching and backfilling.

PIPE - dianeter of header pipe, inches.

3.11.6.8.2.5 Total installed cost of header pipe.

TICHP - (1 + EBF) (COSTP) (LPIPE)
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where

TICHP - total installed cost of header pipe, $.

EBF - fraction of pipe cost for trenching and backfilling.

COSTP - cost of pipe of diameter PIPE, $/ft.

LPIPE - length of header pipe req-.red, ft.

3.11.6.8.3 Cost of lateral piping to infiltration basins.

3.11.6.8.3.1 Calculate installed cost of lateral piping
(excluding trenching and backfilling).

COSTLP - (COSP) (COSTRL)
100

where

COSTLP = cost of lateral pipe of diameter DIA, /ft.

COSP = cost of standard size pipe (12" diameter), $/ft.

COSTRL - cost of lateral pipe of diameter DIA as percent of
cost of standard size pipe, percent.

3.11.6.8.3.2 Calculate COSTRL

COSTRL - 5.48 (DIA) 1 . 1 6 5 5

where

DIA - diameter of lateral pipe, inches.

COSTRL - cost of lateral pipe of diameter DIA as percent
of cost of standard size pipe, percent.

3.11.6.8.3.3 Calculate cost of trenching and backfilling.
This cost is computed as a fraction of the cost of the pipe.

If DIA 12" EBFL - 0.334 (DIA) 0 . 6 84 0

If DIA>12" EBFL - 0.061

where

EBFL - fraction of pipe cost for trenching and backfilling.

DIA - diameter of lateral pipe, inches.

3.115.6.8.3.4 Total installed cost of lateral pipe.

TICLP - (1 + EBFL) (COSTLP) (LLAT)

where

TICLP - total installed cost of lateral pipe, $.

EBFL - fraction of pipe cost for trenching and backfilling.

COSTLP - cost of lateral pipe of diameter DIA, $/ft.

LLAT a length of lateral pipe required, ft.
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3.11.6.8.4 Cost of butterfly valves.

3.11.6.8.4.1 Calculate installed cost of butterfly valves.

COSTBV - (COSTSV) (COSTRV) (NBV)

100
where

COSTBV - installed cost of butterfly valves, $.

COSTSV - cost of standard size valve (12" 1), $.

COSTRV = cost of valve of size DIA as a percent of the cost
of the standard size valve, Z.

NBV - nunber of butterfly valves.

3.11.6.8.4.2 Calculate COSTRV

COSTRV - 3.99 (DIA)1.3
9 5

3.11.6.8.4.3 Determine COSTSV

COSTSV is the installed cost of a 12" butterfly
valve suitable for water service.

3.11.6.8.5 Total cost of distribution system.

TCDS = COSTE + TICHP + TICLP + COSTBV

where

TCDS = total cost of distribution system, $.

3.11.6.8.6 Cost of underdrain system.

3.11.6.8.6.1 Cost of underdrain laterals.

COSTUL - (DPIPE) (UPIPP) (1.1)

where

COSTUL - installed cost of underdrain laterals, $.

DPIPE - length of 6" drain pipe required, ft.

UPIPP - unit price input for 6" PVC perforated drain pipe,
$/ ft.

1.1 - 10% adjustment for trenching and backfilling.

3
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3.11.6.8.6.2 Cost of underdrain collection header pipe.

ICUCH = (COSTRC) (COSTSC) (LDCH) (1 + EBFD)
100

where

ICUCH - installed cost of underdrain collection header.

COSTRC = cost of underdrain collection header pipe of
dianeter CDIA as percent of standard size pipe, %.

COSTCP - cost of standard size pipe (24"D reinforced concrete
pipe Class III), $/ft.

LDCH - length of underdrain collection header required,
ft.

EBFD - cost for trenching and backfilling as fraction of
pipe cost.

3.11.6.8.6.2.1 Calculate COSTRC.

COSTRC - 0.489 (CDIA)1 .68
6

where

CDIA - dianeter of underdrain collection header pipe,
inches.

3.11.6.8.6.2.2 Determine COSTCP.

COSTCP is the cost per foot of 24"0 Class III reinforced
concrete sewer pipe with gasket joints.

3.11.6.8.6.2.3 Calculate EBFD

EBFD - 0.392 (CDIA)- 0' 2871

where

EBFD - cost for trenching and backfilling as a fraction of
pipe cost.

3.11.6.8.6.3 Calculate total cost of underdrain system.

TCUS - COSTUL + ICUCH

where

TCUS - total cost of underdrain system, $.
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3.11.6.8.7 Calculate cost of recovery wells and pump.

3.11.6.8.7.1 Calculate cost of well.

3.11.6.8.7.1.1 Calculate COSTW.

COSTW - RWC (DW) (NW) (COSP)

where

COSTW = cost of recovery wells, $.

RWC - recovery well cost as fraction of cost of
standard pipe.

COSP = cost of standard size pipe (12"D welded steel),
$/ft.

3.11.6.8.7.1.2 Calculate RWC.

3.11.6.8.7.1.2.1 If 4" - WDIA < 10"

RWC - 160.4 (DW) - 0 7 0 3 3

3.11.6.8.7.1.2.2 If 12" _ WDIA < 20"

RWC - 159.8 (DW) - 0 6 2 09

3.11.6.8.7.1.2.3 If 24"e WDIA S 34"

RWC - 142.7 (DW) - 0 5 28 6

3.11.6.8.7.1.2.4 If 36" - WDIA < 42"

RWC - 206.5 (DW) - 0 4 4 5

where

WDIA - diameter of the well, inches.

RWC - recovery well cost as fraction of cost of
standard size pipe.

DW - depth of recovery wells, ft.

3.11.6.8.7.1.3 Detetnine COSP.

COSP is the cost per foot of 12"D welded steel
pipe. This cost in the 1st quarter of 1977 is $13.50/ft. For
the best cost estimation COSP should be a current price input
from a vendor, however, if this is not done the cost will be
updated using the Marshall and Swift Equipment Cost Index.
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COSP - $13.50 MSECI
491.6

where

COSP = cost of standard size pipe (12"O welded steel),
$/ft.

MSECI - current value for Marshall and Swift Equipment
Cost Index.

3.11.6.8.7.2 Calculate cost of pump for recovery wells.

3.11.6.8.7.2.1 Calculate COSTWP.

COSTWP- (COSTPS) (WPR) (NW)

where

COSTWP - cost of pumps for recovery wells, $.

COSTPS = cost of standard size pump (3000 gpm), $.

WPR - cost of well pump as fraction of cost of
standard pump.

NW - number of recovery wells.

3.11.6.8.7.2.2 Calculate WPR.

WPR - 0.00048 (WDIA)1 .
79 1 (DW)0 .658

where

WPR - cost of well pump as fraction of cost of standard
pump.

WDIA - diameter of recovery wells, inches.

DW - depth of recovery wells, ft.

3.11.6.8.7.2.3 Determine COSTPS.

COSTPS is the cost of a 3000 gpm pump. This cost
is $17,250 for the first quarter of 1977. For the best cost
estimate the user should input a current value for COSTPS,
however, if this is not done the cost will be updated using the
Marshall and Swift Equipment Cost Index.

COSTPS - $17,250 lSECI
491.*16

3.11-68



where

COSTPS - cost of standard size pump (3000 gpm), S.

MSECI - current Marshall and Swift Equipment Cost Index.

3.11.6.8.7.3 Calculate total cost of recovery wells.

COSTRW = COSTW + COSTWP

where

COSTRW - total cost of recovery wells, $.

COS1W = cost of recovery well, $.

COSTWP = cost of pumps for recovery wells, $.

3.11.6.8.8 Cost of monitoring wells and pumps.

3.11.6.8.8.1 Calculate cost of wells.

3.11.6.8.8.1.1 Calculate COSTM.

COSIM - (RMWC) (DMW) (NKW) (COSP)

where

COSIX - cost of monitoring wells, 5.

RMWC - cost of well as fraction of cost of standard
pipe.

DMW - depth of monitoring wells, ft.

NMW - nunber of monitoring wells.

COSP - cost of standard size pipe (12" welded steel), S/ft.

3.11.6.8.8.1.2 Calculate RMWC.

RMWC - 160.4 (DMW) - 0 7 0 3 3

where

IMWC - cost of well as fraction of cost of standard pipe.

DMW - depth of monitoring wells, ft.

3.11.6.8.8.1.3 Detemine COSP.
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COSP is the cost per foot of 12"D welded steel
pipe. This cost in first quarter of 1977 is $13.50/ft. For the
best cost estimate COSP should be a current price input fra a
vendor, however, if this is not done the cost will be updated
using the Marshall and Swift Equipment Cost Index.

COSP = $13.50 MSECI
491.6

where

COSP - cost of standard size pipe (12"0 welded steel),
$/ft.

MSECI - current Marshall and Swift Equipment Cost Index.

3.11.6.8.8.2 Calculate cost of pumps for monitoring wells.

3.11.6.8.8.2.1 Calculate COSIMP.

COST P = (COSTPS)(MWPR)(NMW)

where

COSIMP = cost of pumps for monitoring wells, $.

COSTPS = cost of standard size pump (3000 gpm), $.

MWPR - cost of well pump as fraction of cost of
standard pump.

NMW - number of monitoring wells.

3.11.6.8.8.2.2 Calculate MWPR.

MWPR - 0.0551 (DMW) 0 .658

where

MWPR - cost of well pump as fraction of cost of
standard size pump.

DMW - depth of monitoring wells, ft.

3.11.6.8.8.2.3 Detemnine COSTPS.

COSTPS is the cost of a 3000 gpm pump. The cost
is $17,250 for the first quarter of 1977. For the best cost
estimate the user should input a current value of COSTPS,
however, if this is not done the cost will be updated using the
Marshall and Swift Equipment Cost Index.
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MSECI
COSTPS = $17,250 MS1.6

where

COSTPS = cost of standard size pump (3000 gpm), $.

MSECI - current Marshall and Swift Equipment Cost
Index.

3.11.6.8.8.3 Calculate total cost of monitoring wells.

COSTMW = COSTM + COSTMP

where

COSIMW = total cost of monitoring wells, $.

COSIM - cost of monitoring wells, $.

COSTMP = cost of pumps for monitoring wells, $.

3.115.6.8.9 Operation and maintenance material cost.

OMMC - (TCDS) (OMMPD)+ (TCUS) (OMMPW)+ (COSTRW) (OMMPW)+ (COSThW) (OMMPM)
100

where

OMMC = O&M material costs, $/yr.

3.115.6.8.10 Total bare construction cost.

TBCCRI - (TCDS+ TCUS* COSTRW+ COSTRW) (1.18)

where

TBCCRI - total bare construction cost for rapid infiltration,
$.

TCDS - total cost of distribution system, $.

TCUS - total cost of underdrain system, $.

COSTRW - installed cost of recovery wells, $.

COSTKW - installed cost of monitoring wells, $.

3.11.6.9 Cost Calculations Output Data.

3.11.6.9.1 Total bare construction cost for rapid infil-
tration, TBCCRI, $.

3.11.6.9.2 Operation and maintenance material cost, OMMC,
$/yr.
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3.11.7 Slow Infiltration.

3.11.7.1 Input Data.

3.11.7.1.1 Wastewater flow, Q, mgd.

3.11.7.1.1.1 Minimum flow, mgd.

3.11.7.1.1.2 Average flow, mgd.

3.11.7.1.1.3 Maximum flow, mgd.

3.11.7.1.2 Wastewater characteristics.

3.11.7.1.2.1 Suspended solids, mg/l.

3.11.7.1.2.2 Volatile suspended solids, % of suspended solids.

3.11.7.1.2.3 Settleable solids, mg/l.

3.11.7.1.2.4 BOD5 (soluble and total), mg/l.

3.11.7.1.2.5 COD (soluble and total), mg/l.

3.11.7.1.2.6 Phosphorus (as PO4 ), mg/i.

3.11.7.1.2.7 Total Kjeldahl Nitrogen (TKN), mg/l.

3.11.7.1.2.8 Ammonia-Nitrogen, NH3, mg/l.

3.11.7.1.2.9 Nitrite-Nitrogen, NO2, mg1l.

3.11.7.1.2.10 Nitrate-Nitrogen, N2 03 , mg/l.

3.11.7.1.2.11 Temperature, *C.

3.11.7.1.2.12 pH, units.

3.11.7.1.2.13 Oil and Grease, mg/l.

3.11.7.1.2.14 Cations, mg/1.

3.11.7.1.2.15 Anions, mg/i.

3.11.7.2 Design Parameters.

3.11.7.2.1 Crops classification (specify).

3.11.7.2.1.1 Forage grass.
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3.11.7.2.1.2 Corn.

3.11.7.2.2 Application rate, Lw .

3.11.7.2.2.1 Average application rate, in/wk - (0.5 - 4
in wk).

3.11.7.2.2.2 Maximum application rate, in/hr - (0.1-0.5
irV hr).

3.11.7.2.3 Precipitation rate, Pr' in/wk.

3.11.7.2.4 Evapotranspiration rate, ET, in/wk.

3.11.7.2.5 Runoff, R, in/wk.

3.11.7.2.6 Wastewater generation period, WWGP, days/yr.

3.11.7.2.7 Field application period, FAP, wks/yr.

3.11.7.2.8 Piping classification (specify one).

3.11.7.2.8.1 Solid set piping.

3.11.7.2.3.2 Center pivot piping.

3.11.7.2.9 Storage requirements, days/yr (specify one).

3.11.7.2.9.1 Minimum storage, days/yr.

3.11.7.2.9.2 No storage.

3.11.7.2.10 Liner required (liner should only be used with
storage).

3.11.7.2.11 Embanknent protection (should only be used with
storage).

3.11.7.2.12 Recovery system (specify one).

3.11.7.2.12.1 Underdrains recovery system.

3.11.7.2.12.2 No recovery system.

3.11.7.2.13 Buffer zone width, ft (site dependent) 0.0-500
ft.

3.11.7.2.14 Current ground cover, Z.
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3.11.7.2.14.1 Forest, % (require heavy clearing).

3.11.7.2.14.2 Brush, % (require medium clearing).

3.11.7.2.14.3 Pasture, % (require light clearing).

3.11.7.2.15 Slope, %.

3.11.7.2.15.1 Cultivated land 20%.

3.11.7.2.15.2 None cultivated land 40%.

3.11.7.2.16 Monitoring wells.

3.11.7.2.16.1 Number.

3.11.7.2.16.2 Depth per well, ft.

3. 11.7.2. 17 Fraction denitrified, D, % - 15 - 25%.

3.11.7.2.18 Ammonia volatilization, AV, % = 0.0%.

3.11.7.2.19 Soil removal of phosphorus, % - 80%.

3.11.7.2.20 Hours per day operation, HPD, hrs.

3.11.7.2.21 Days per veek operation, DPW, days.

3.11-74



3.11.7.3 Process Design Calc ulations.

3.11.7.3.1 Calculate total nitrogen concentration, Cn, in
the applied wastewater.

Cn = (TKN)i + (NO2 )i + (N03)i

where

C = total nitrogen concentration in applied wastewater,
n Mg/l.

(TKN)i = total Kjeldahl nitrogen concentration in applied
wastewater, mg/ I.

(NO2 )i = nitrite-N concentration in applied wastewater,
Mtg/l.

(NO3)i . nitrate-N concentration in applied wastewater,
mg/i.

3.11.7.3.2 Calculate wastewater nitrogen loading, Ln,
lbs/acre-d.

- 11.77 C Lw

where

L - wastewater nitrogen loading, lbs/acre-yr.

L - wastewater hydraulic loading rate, in/wk.

3.11.7.3.3 Fran water balance, calculate percolating water
rate, Wp, in/wk.

Wp - Lw + (Pr - ET) - R

where

W - percolating water rate, in/wk.P

Pr a design precipitation, in/wk.

ET - evapotrarpiration (or crops consumptive use
of water), in/wk.

R - net runoff, it%',.k.

3
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3.11.7.3.4 Calculate total nitrogen loading, (Lt)N, lb/acre-
yr.

(L -N = L + 11.77 (Pr)(0.5)

where

(Lt)N = total nitrogen loading rate, lb/acre-yr.
water, mg I.

3.11.6.3.5 Assume crop nitrogen uptake, (U)N, lb/acre-yr =
0.9.

3.11.7.3.5.1 For forage grass.

(U)N = 0.891 ((118.73) +0.36 (Lt)N] lb/acre-yr

3.11.7.3.5.2 For corn.

(U)N = 0.89 1[(1 7 6.53 )-0.0476 (Lt)N] lb/acre-yr

where

(U)N = crop nitrogen uptake, lb/acre-yr.

3.11.7.3.6 Calculate nitrogen loss through denitrification,
D, lb/acre-yr.

D - (Df)(Lt)N/(100)

where

D - nitrogen loss through denitrification,
lb/acre-yr.

Df = nitrogen loss as a percent of total applied
nitrogen, %.

3.11.7.3.7 Calculate nitrogen loss due to volatilization,

AV, lb/acre-yr.

AV - (AV)f (Lt)N/(l00)

where

AV - nitrogen loss due to volatilization, lb/acre-yr.
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(AV)f percent of total nitrogen applied lost to
volatilization, %.

3.11.7.3.8 Calculate stun of nitrogen losses, ( N)L, Ib/

acre- yr.

( N)L = (U)N + D + AV

where

( N)L  sum of total nitrogen lost, lb/acre-yr.

3.11.7.3.9 Check total nitrogen against (0.8 (Lt)N-

( N)L  0.8 (Lt)N

if (N)L 0.8 (Lt)N

set ( N) L = 0.8 (Lt)N

3.11.7.3.10 Fram nitrogen balance, calculate nitrogen con-
centration in percolate, (CP)N, mg/l.

(CP)N - [(Lt)N - (N)L]/(11. 7 7 )(Wp)

where

(CP)N - nitrogen concentration in percolate, mg/l.

3.11.7.3.11 Calculate required treatment acre, TA, acres.

TA - (258.5)(Q)I(LW)

where

TA - required field area, acres.

Q - average wastewater flow, mgd.

3.11.7.3.12 Calculate volume of required storage, acre-ft.

(SV) - ($R) (Qave) ( 1 0 6)/(7.48) (43,560)

where

SV - volume of required storage, acre-ft.

3.11.7.3.13 Calculate phosphorus loading, Lp. lb/acre-yr.

L - 11.77 (TP) i(L W)
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where

Lp = total phosphorus loading, lbs/acre-yr.

(TP)i . total phosphorus concentration in applied
wastewater, mg/i.

3.11.7.3.14 Calculate soil removal of phosphorus, lb/acre-yr.

(SRP) - (SRP)f (LP)/(100)

where

SRP - soil removal of phosphorus, lb/acre-yr.

(SRP)f - percent of total applied phosphorus removed by
the soil, %.

3.11.7.3.15 Calculate plant uptake of phosphorus, Up, ib/
acre-yr.

U = 0.891 [215.54 - 37.11 loge (L p)

where

up - plant uptake of phosphorus, lbs/acre-yr.

3.11.6.3.16 Fran phosphorus mass balance, calculate phos-
phorus concentration of percolate water.

(Cp)p a [(Lp) - (SRP) - (Up)]/(11.77)(Wp)

where

(C p)p phosphorus content of percolate water, mg/I.
(0.01) (TP)i

3.11.7.3.17 Calculate percolate rate, WP, mgd.

I ft I wk 2

W (m gd) (W )?Iin (T d' (-7y- (TA) ac re ( 43, 560 LLS P2 7in day j  acre

(7.48 S11 06

ft
3

3.11.7.3.18 Calculate suspended solids concentration in
percolate, mg/1, assume 97% removal.

(SS)p - (0.03) (SS)i

where
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(SS)p - suspended solids concentration in percolate,
m&/I.

(SS)i = suspended solids concentration in applied
wastewater, mg/ .

3.11.7.3.19 Calculate total and soluble BOD concentration in

percolate, mg/l, assume 95% renoval of total BOD 5 .

(TBOD 5 )P - (TBOD5 )1 (0.05)

(SBOD5 )P - (SBODs)i (0.05)

where

(TBOD5 )P - total BOD 5 concentration in percolate, mg/l.

(TBOD5)i - total BOD 5 concentration in applied wastewater,
mgl.

SBOD 5 - soluble BODs5 mg/l.

3.11.7.3.20 Calculate total and soluble COD concentration in
percolate, mg/i, assume COD renoval of 95%.

(TCOD)P - (TCOD)i (0.05)

(SCOD)p . (SCOD)i (0.05)

where

(TCOD)p and (TCOD)i - total COD concentration in percolate

and applied wastewater, respectively,
mg/ .

(SCOD)p and (SCOD)i - soluble COD concentration in percolate
and applied wastewater, respectively,
m/l.

3.11.7.3.21 Nitrite-N concentration in percolate - 0.0.

3.11.7.3.22 Nitrate-N concentration in percolate - (CP)N-

3.11.7.3.23 Ammonia-N concentration in percolate - 0.0. Total
KJeldahl-nitrogen concentration in percolate - 0.0.

3.11.7.3.24 Oil and grease concentration in percolate - 0.0.

3
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3.11.7.4 Process Design Output Data.

3.11.7.4.1 Hours per day operation, hours.

3.11.7.4.2 Days per week operation, days.

3.11.7.4.3 Forage grasses.

3.11.7.4.4 Application rate, in/week.

3.11.7.4.5 Maximumn application rate, in/hour.

3.11.7.4.6 Evapotransportation rate, in/week.

3.11.7.4.7 Precipitation rate, in/week.

3.11.7.4.8 Runof f, in/ week.

3.11.7.4.9 Percent denitrified, percent.

3.11.7.4.10 Percent ammonia volatilization, percent.

3.11.7.4.11 Removal of phosphorus, percnet.

3.11.7.4.12 Wastewater generation period, days/yr.

3.11.7.4.13 Field application period, weeks/yr.

3.11.7.4.14 Solid set piping and pumping.

3.11.7.4.15 Calculated storage required, acre-ft.

3.11.7.4. 16 Buffer zone width, feet.

3.11.7.4.17 Current ground cover.

3.11.7.4.17.1 Forest, percent.

3.11.7.4.17.2 Brush, percent.

3.11.7.4.17.3 Pasture, percent.

3.11.7.4.18 Slope of site, percent.

3.11.7.4.19 Number of monitoring wells, wells.

3.11.7.4.20 Depth of monitoring wells, feet.

3.11.7.4.21 Treatment area required, acres.

3.11.7.4.22 Volume of percolate, mgd.

3.11.7.4.23 Quality of percolate.
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3.11.7.4.23.1 Suspended solids, mg/l.

3.11.7.4.23.2 Volatile solids, percent.

3.11.7.4.23.3 BOD5, mg/l.

3.11.7.4.23.4 BOD5 soluble, mg/l.

3.11.7.4.23.5 COD, mg/l.

3.11.7.4.23.6 COD soluble, mg/l.

3.11.7.4.23.7 P04 , mg/i.

3.11.7.4.23.8 TKN, mg/l.

3.11.7.4.23.9 NO2, mg/l.

3.11.7.4.23.10 NO3, mg/l.

3.11.7.4.23.11 Oil and grease, mg/l.

3.11.7.5 Quantities Calculations.

3.11.7.5.1 Distribution pumping. User must input the operating
schedule, days per week (DPW) and hours per day (HPD) of operation.

3.11.7.5.1.1 Calculate the design flow.

FLOW - (Qavg) (WWGP) (24)
(FAP) DPW) (HPD)

where

FLOW - actual daily flow to spray field, mgd.

Q - average daily flow, mgd.

WWGP - wastewater generation period, days/yr.

PAP - field application period, wks/yr.

DPW - days per week treatment system is operated,
days/wk.

HPD - hours per day treatment system is operated,
hrs/day.

24 - conversion from days to hours, hrs/day.
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Using the flow calculated (FLOW), the distribution pumping will
be sized and the cost estimated froa the existing section en-
titled "Intetnediate Pumping".

3.11.7.5.2 Storage requirements. The slow rate system, like
overland flow, is dependent upon weather. Also if crops are
grown it is dependent upon growing seasons. The user must input
the number of days of storage required based on anticipated
crops, and climatic data for the particular area.

3.11.7.5.2.1 Calculate storage volume.

SV - (SR) (Q x 106)

where

SV = storage volume, gal.

SR = storage required, days/yr.

Q - average daily flow, mgd.

3.11.7.5.2.2 Calculate size and number of storage lagoons.

3.11.7.5.2.2.1 The following assumptions are mad= in detenuining
size and number of lagoons:

A minimum of 2 lagoon cells will always be used.
An even number of lagoon cells will be used, such as
2, 4, 6, 8, etc.
The largest single lagoon cell will be 40 acres
which represents approximately 85 million gallons
storage volume.

3.11.7.5.2.2.2 If SV < 170,000,000 gal.

NLC - 2

3.11.7.5.2.2.3 If SV >170,000,000 gal. a trial and error so-
lution for NLC will be used.

Assume NLC - 4; if H > 85,000,000 gal.

Redesignate NLC - NLC + 2 and repeat calculation until SV

85,000,000 gal. N -

where

SV - storage volume, gal.
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NLC - number of lagoon cells.

3.11.7.5.2.3 Calculate storage volume per cell.

SVC = SV

(NLC) (7.48)

where

SVC - storage volume per cell, ft3.

SV - storage volume, gal.

NLC - number of lagoon cells.

7.48 - conversion fran gal. to ft3, gal/ft 3 .

3.11.7.5.2.4 Calculate lagoon cell dimensions. The following
assumptions are made concerning lagoon construction:

The lagoon cells will be square.
Common levee construction will be used where possible.
Lagoons will be constructed using equal cut and fill.
Lagoon depth will be 10 ft with 8 ft water depth and 2 ft freeboard.
Minimum water depth will be 1.5 ft.
Side slopes will be 3 to 1.
A 30% shrinkage factor will be used for fill.

L ( (0.615 SVC - 1521) 0.+ 60
2

where

L - length of one side of lagoon cell, ft.

SVC - storage volume per cell, ft 3 .

3.11.7.5.2.5 Calculate volume of earthwork required for la-
goons. The volume of earthwork must be determined by trial and
error using the following equations:

DC+ DF - 10

VF [3 (DF) 2 + 1ODF ] 5 LC 2] (L)

VC - (1.3)(NLC)(DC) [ L - (6)(DF)(L) + 12 (DF)2 + 120 DF - 60L + 1200]
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Assume that the depth of cut (DC) is equal to 1 ft. From the
equations calculate the volume of fill (VF) required and the
volume of cut (VC) required. Compare VC and VF.

If VC <VF then assume DC >1 ft and recalculate VC and VF.

If VC>VF then assume DC< 1 ft and recalculate VC and VF.

Repeat this procedure until VC - VF. This is the volume of
earthwork required for the storage lagoon.

VC - VF = VLEW

where

DC - depth of cut, ft.

DF - depth of filL, ft.

3VF - volume of fill, ft

3VC -volume of cut, ft

NLC - number of lagoon cells.

L - length of one side of lagoon cell, ft.

VLEW - volume of earthwork required for lagoon construction,
ft .

3.11.7.5.3 Slow rate distribution system. In a slow rate
land treatment system the wastewater is usually applied to the
field in one of two ways, buried solid set sprinklers or center
pivot sprinkler systems. Both of these distribution methods
will be addressed.

3.11.7.5.3.1 Buried solid set sprinklers. The selection of
the optimum sprinkler type, size, spacing is very dependent on
the site conditions. Certain assumptions will be made on these
parameters to simplify the calculations. While these assump-
tios, if used to design some systens, would drastically affect
perfonance, they will have little affect on the overall costs.

Assume:

The treatment area will be square.
The spacing between laterals will be 50 ft.
The spacing between sprinklers will be 50 ft.
Sprinklers will be arranged in square patterns.
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3.11.7.5.3.1.2 Calculate dimensions of treatment area.

LTA = [(TA) (43,560)] 0.5

where

LTA - length of one side of treatment area, ft.

TA - treatment area, acres.

43,560 - conversion fran acres to ft . ft /acre.

3.11.7.5.3.1.3 Calculate flow per sprinkler.

FPS - 2,500 (MAR)
96.3

where

FPS - flow per sprinkler, gpm.

MAR -Maximum application rate, inches/hr. (Must be
input by user based on crop and infiltration rate)

2500 - application area for each sprinkler, ft2

96.3 - combined conversion factors.

3.11.7.5.3.1.4 Calculate number of headers. This will be a
trial and error process. The governing assumption will be that
the header pipes will be less than 48"0. Assume NH -1.

3.11.7.5.3.1.4.1 Calculate the length of laterals.

LL - LTA2NH

where

LL - length of laterals, ft.

LTA - length of one side of treatment area, ft.

NH - number of headers.

3. 11.7.5.3.1.4.2 Calculate number of sprinklers per lateral.

*LL
NiL

where

NL - number of laterals per header.

LTA - length of one side of treatment area.
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3.11.7.5.3.1.4.3 Calculate number of laterals per header.

NL - LTA
50

where

NL - number of laterals per header.

LTA = length of one side of treatment area, ft.

50 = spacing of laterals on header, ft.

3.11.7.5.3.1.4.4 Calculate number of sprinklers per header.

NSH = (NL) (NSL)

where

NSH = number of sprinklers per header.

NL = number of laterals per header.

NSL = number of sprinklers per lateral.

3.11.7.5.3.1.4.5 Calculate flow per header.

FPH - (FPS) (NSH)

If FPH 16,000 gpm; assume NH = NH + 1 and recalculate FPH
until FPH 16,000 gpm.

where

FPH - flow per header, gpm.

FPS - flow per sprinkler, gpm.

NSH - number of sprinkler per header.

3.11.3.1.5 Calculate pipe size for laterals.

DIAL - 0.286 [(NSL) (FPS)] 0.5

DIAL must be one of the following: 2, 3, 4, 6, 8, 10, 12, 14,
16, 18, 20, 24, 30, 36, 42, 48. Always use the next larger
diameter above the calculated diameter.

where

DIAL - diameter of lateral, inches.

NSL - number of sprinklers per lateral.

FPS - flow per sprinkler, gpm.

0.286 - combined conversion factors.
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3.11.7.5.3.1.6 Calculate quantity of lateral pipe required.

TLL = (LL) (NLH) (NH)

where

TLL = total length of lateral pipe, ft.

LL = length of laterals, ft.

NLH = number of laterals per header.

NH - number of headers.

3.11.7.5.3.1.7 Calculate pipe sizes for headers. The header
pipe nonnally decreases in size due to decreasing volume of flow
as each lateral pipe renoves part of the flow fram the header
pipe. The header size will be calculated after each lateral on
the header.

DIAHN = 0.286 [FPH - (N) (FPL)] 0.5

Begin calculation with N 0 0. This will give the diameter of
the header (DIAHO) before any flow is removed. Then set N = N +
1 and repeat the calculation. This will give the diameter (DIAH
1) of the header after the first lateral has removed a part of
the flow. Repeat the calculation each time redesignating N
until N = NLH.

DIAHN must be one of the following: 2, 3, 4, 6, 8, 10, 12, 14,

16, 18, 20, 24, 30, 36, 42, 48.

where

DIAHN = diameter of header pipe, inches.

FPH - flow per header, gpm.

N - number of laterals.

FPL - flow per lateral, gpm.

0.286 - combined conversion factors.

3.11.7.5.3.1.8 Calculate length of header pipe.

LDIAHN - (50) (SUM) (NH)

where
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LDIAHN = length of header pipe of diameter DIAHN, ft.

SUM = the number of points with the same diameter.

50 - spacing between laterals, ft.

3.11.7.5.3.1.9 Calculate number of butterfly valves for dis-
tribution system. There will be a butterfly valve in each
header for flow control. These valves will be in the header
upstream from the spray field and will be the sane as the
initial size calculated for the header.

NBV = NH

DBV DIAHN

where

NBV = number of butterfly valves.

NH = number of headers.

DBV = diameter of butterfly valves, inches.

DIAHN - diameter of header calculated when N = 0, inches.

3.11.7.5.3.1.10 Calculate number of valves for lateral
lines. There will be a plug valve in each lateral line which
will be automatic but will be either fully open or fully closed.
They will be the same size as the size calculated for the
lateral pipes.

NLV = (NLH) (NH)

DLV = DIAL

where

NLV - number of lateral valves.

NLH - number of laterals per header.

NH - number of headers.

DLV - diameter of lateral valves, inches.

DIAL - diameter of lateral pipes, inches.

3.11.7.5.3.1.11 Calculate number of sprinklers.

NS - (NSL) (NLH) (NH)
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where

NS = number of sprinklers

NSL - nunber of sprinklers per lateral.

NLH - number of laterals per header.

NH = number of headers.

3.11.7.5.3.2 Center pivot systen.

3.11.7.5.3.2.1 Detemnine size and number of center pivot sys-
tens. Center pivot systens are available in sizes which cover
fran 2 to 450 acres. Because of weight and structural con-
sideration, the largest pipe available in the system is 8
inches. For this reason, hydraulics sometimes control the
sizing rather than area of coverage.

3.11.7.5.3.2.1.1 The following assumptions will be made:

The systens will operate 24 hours per day, 7 days per week.
A minimum of 2 units will be used.
Ten percent of the treatment area will not be irrigated because
of the circular configuration.

SCP = (TA) (1.1)
N

Begin with N = 2 and if SCP ) 450 redesignate N = N + 1 and
recalculate.

3.11.7.5.3.2.1.2 Because of hydraulic considerations check
systen velocity.

V - (.017) (AR) (SCP)

If V > 10 fps redesignate N - N + 1 and recalculate SCP and V.
When V C 10 fps use the calculated SC? and N.

where

SCP - size of center pivot system, acres.

TA - treatment area, acres.

N - number of center pivot systems.

V - velocity in systen, ft/sec.

AR - application rate, in/hr.
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2.89 - combined constants and conversion factors.

3.11.7.5.3.2.2 Determine size of header pipe. Assume each
center pivot system takes flow from header consecutively.

CDIAHN - 0.832 [(N) (AR) (SCP)] 0.5

This gives the header size to the first unit. DIAHN must be one
of the following: 2, 3, 4, 6, 8, 10, 12, 14, 16, 18, 20, 24,
30, 36, 42, 48 inches. Always use next higher pipe size.

Set N - N - 1 and repeat the calculation. This gives the
dianeter of the header pipe between the first and second unit.

Redesignate N after each calculation until N - 0.

where

CDIAHN - diameter of segments of header, inches.

N - number of center pivot systems.

AR - application rate, in/hr.

SCP - size of center pivot system, acres.

3.11.7.5.3.2.3 Determine length of segments of header pipe.

LCDIAN - 235.5 (SCP) 0.5

Each segment of header pipe is approximately the same length and
is essentially equal to the diameter of the center pivot system.

where

LCDIAN - length of segment of header pipe of diameter
CDIAHN, ft.

SCP - size of center pivot system, acres.

235.5 - coubined constants and conversion factors.

3.11.7.5.4 Underdrain system for groundwater control.
Practical drainage systems for wastewater applications will be
at depths of 4 to 8 ft and spaced 200 ft apart. The following
assumptions will be made concerning the drainage system.
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6" diameter perforated PVC pipe will be used.
Spacing will be 200 ft.
Depth of burial will be 4 to 8 ft.

=LTALDP [ =-- + 2] LTA

where

LDP = length of drain pipe, ft.

LTA - length of one side of treatment area, ft.

3.11.7.5.5 Land preparation. Unlike overland flow there is
very little land forning required for slow rate. The land will,
however, require clearing and grubbing.

For clearing and grubbing the areas will be classified in three
categories: heavy, medium and light. Heavy refers to wooded
areas with mature trees. Medium refers to spotted mature trees
with numerous small trees and bushes. Light refers to only
small trees and bushes. The user must specify the type of
clearing and grubbing required as well as the percent of the
treatment area requiring clearing and grubbing.

CAGH - PCAGH (TA)
100

CAGM - PCAGM (TA)
100

CAGL - PCAGL (TA)
100

where

CAGH - area which requires heavy clearing, acres.

PCAGH - percentage of treatment area requiring heavy
clearing, %.

CAGM - area which requires medium clearing, acres.

PCAGM - percentage of treatment area requiring medium
clearing, %.

CAGL - area which requires light clearing, acres.

PCAGL - percentage of treatment area requiring light
clearing, %.

TA a treatment area, acres.
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3.11.7.5.6 Detemine total land requirement. The land
requirement will be different depending on which application
method is used center pivot, or fixed sprinklers.

3.11.7.5.6.1 Total treatment area.

3.11.7.5.6.1.1 Center pivot. The actual treatment area for the
center pivot system will be increased by 10% because there will
be unwetted areas due to the circular configuration.

TTA - (TA) (1.1)

where

TTA- total treatment area, acres.

TA - treatment area, acres.

1.1 - factor for unwetted area.

3.11.7.5.6.1.2 Buried solid set sprinklers. The treatment area
will be increased by approximately 5% for service roads.

TTA - (1.05) (TA)

where

TTA - total treatment area, acres.

TA - treatment area, acres.

1.05 - factor for service roads.

3.11.7.5.6.2 Area for storage lagoons.

ASL - (1.2) (NLC) (L)
2

43,560

where

ASL - area for storage lagoons, acres.

NIC - nuaber of lagoon cells.

L - length of one side of lagoon cell, ft.

1.2 - additional area required for cross levee.

3.11.7.5.6.3 Area for buffer zone.

Assume:

Buffer zone will be around entire treatment area.
Facility will be square.
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ABZ - 4 WBZ f (43,560 TTA) 0.5 + WBZ I
43,560

where

ABZ - area required for buffer zone, acres.

WBZ - width of buffer zone (must be input by user), ft.

TTA - total treatment area, acres.

3.11.7.5.6.4 Total land area

TLA - TTA+ ASL + ABZ

where

TLA - total land area required, acres.

TTA - total treatment area, acres.

ASL - area required for storage lagoons, acres.

ABZ - area required for buffer zone, acres.

3.11.7.5.7 Calculate fencing required.

LF - 834.8 (TLA) 0 5

where

LF - length of fence required, ft.

TLA - total land area required, acres.

834.8 - conbined conversion factors and constants.

3.11.7.5.8 Calculate operation and maintenance manpower.

3.11.7.5.8.1 Distribution system.

3.11.7.5.8.1.1 Solid set sprinklers.

3.11.7.5.8.1.1.1 If TA:560;

OMHD - 158.32 (TA) 0 . 4 2 17

3.11.7.5.8.1.1.2 If TA >60;

OMMHD - 26.73 (TA) 0 . 8 5 6 1
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3.11.7.5.8.1.2 Center pivot.

3.11.7.5.8.1.2.1 If TA5 100;

OMMHD = 209.86 (TA)0.4
467

3.11.7.5.8.1.2.2 If TA >100;

OMMHD - 32.77 (TA)
0 .84 81

where

TA - treatment area, acres.

OMMHD - O&M manpower for distribution system, MR/yr.

3.11.7.5.8.2 Underdrain system.

3.11.7.5.8.2.1 If TAe80;

OMMHU - 54.71 (TA)
0'24 14

3.11.7.5.8.2.2 If TA>80;

OMMHU - 10.12 (TA)
0 .625 5

where

TA - treatment area, acres.

OMMHU - O&M manpower for underdrain system, MR/yr.

3.11.7.5.8.3 Monitoring wells.

OMMHM - 6.39(NMW)(DMW)
0.2760

where

OMMHK - operation and maintenance manpower for monitoring
wells, MB/yr.

NMW - number of monitoring wells.

DMW - depth of monitoring wells, ft.

3.11.7.5.9 Calculate O&M material costs.

3.11.7.5.9.1 Distribution system.

3.11.7.5.9.1.1 Solid set sprinklers.

O(MPD - 0.906 (TA) - 0 0 8 6 0
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3.11.7.5.9.1.2 Center pivot.

3.11.7.5.9.1.2.1 If TA 175;

OMMPD - 1.06 (TA)0 .0
69 6

3.11.7.5.9.1.2.2 If TA 175;

OMMPD - 2.92 (TA)
0 .126 1

where

TA - treatment area, acres.

(OMPD - O&M material cost as percent of construction
cost of distribution system, 2.

3.11.7.5.9.2 Monitoring wells.

OMMPKi - 2.28 (DMW) 0.0497

where

OMMLPM - O&M material cost as percent of construction
cost of monitoring wells.

DMW - depth of monitoring wells, ft.

3.11.7.5.9.3 Underdrain systen.

3.11.7.5.9.3.1 If TA 200;

OMMPU - 14.13 (TA)
0 .139 2

3.11.7.5.9.3.2 If TA 200;

OMMPU - 30.95 (TA)
0 .286

0

where

OMMPU - O&M material cost as percent of construction cost

of underdrain system, 2.

TA - treatment area, acres.

3.11.7.5.10 Other construction cost items. The quantities
ccmputed account for approximately 85% of the construction cost
of the systems. Other miscellaneous costs such as connecting
piping for lagoons, lagoon influent and effluent structures,
miscellaneous concrete structures, etc., make up the additional
15%.
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CF -11

where

CF -correction factor for other construction costs.
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3.11.7.6 Quantities Calculations Output Data.

3.11.7.6.1 Vol19 e of earthwork required for lagoon con-
struction, VLEW, ft .

3.11.7.6.2 Diameter of lateral pipes, DIAL, inches.

3.11.7.6.3 Total length of lateral pipe, TLL, ft.

3.11.7.6.4 Diameters of header pipes, DIAHN, inches.

3.11.7.6.5 Length of header pipes of diameters DIAHN,
LDIAHN, ft.

3.11.7.6.6 Number of butterfly valves, NBV.

3.11.7.6.7 Diameter of butterfly valves, DBV, inches.

3.11.7.6.8 Number of lateral valves, NLV.

3.11.7.6.9 Diameter of lateral valves, DLV, inches.

3.11.7.6.10 Number of sprinklers, NS.

3.11.7.6.11 Number of center pivot systems, N.

3.11.7.6.12 Size of center pivot system, SCP, acres.

3.11.7.6.13 Diameter of segments of header pipe for center
pivot, CDIAHN, inches.

3.11.7.6.14 Length of segment of header pipe of diameter
CDIAHN for center pivot, LCDIAN, ft.

3.11.7.6.15 Length of drain pipe, LDP, ft.

3.11.7.6.16 Area which requires heavy clearing, CAQI, acres.

3.11.7.6.17 Area which requires medium clearing, CAGM, acres.

3.11.7.6.18 Area which requires light clearing, CAGL, acres.

3.11.7.6.19 Total land area required, TLA, acres.

3.11.7.6.20 Length of fencing required, LF, ft.

3.11.7.6.21 O&M manpower for distribution system, OMMHD,
M/yr.

3.11.7.6.22 O&M manpower for underdrain system, OMMHU, MB/yr.
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3.11.7.6.23 O&M material costs as percent of construction
cost of distribution system, OMMPD, %.

3.11.7.6.24 O&M material costs as percent of construction
cost of underdrain system, OMMPU, %.

3.11.7.6.25 Correction factor for other construction costs,
CF.

3.11.7.7 Unit Price Input Required.

3.11.7.7.1 Unit price input for earthwork, UPIEX, $/cu yd.

3.11.7.7.2 Cost of standard size pipe (12"0), COSP, $/ft.

3.11.7.7.3 Cost of standard size valve (12"P butterfly),
COSTSV, $.

3.11.7.7.4 Cost per sprinkler, COSTEN, $.

3.11.7.7.5 Unit price input for 6" PVC perforated drain
pipe, UPIPP, $/ft.

3.11.7.7.6 Unit price input for heavy clearing and grubbing,
UPICG, $/acre.

3.11.7.7.7 Unit price input for fence, UPIF, S/ft.

3.11.7.8 Cost Calculations.

3.11.7.8.1 Cost of earthwork.

- VLEWCOSTE 2- UPIEX

where

COSTE - cost of earthwork, $.

VLEW - volnue of earthwork required for lagoon construction,
ft .

UPIEX - unit price input for earthwork, $/cu yd.

3.11.7.8.2 Cost of distribution system for solid set sprinklers.
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3.11.7.8.2.1 Cost of header pipes.

3.11.7.8.2.1.1 Calculate total installed cost of header pipe.

TICHP = ICHPN

where

TICHP - total installed cost of header pipes, $.

ICHPN - installed cost of various size header pipes, $.

3.11.7.8.2.1.2 Calculate installed cost of each size header
pipe.

COSTPN
ICHPN - (LDIAHN) 100 (COSP)

where

ICHPN - installed cost of various size header pipes, $.

LDIAHN - length of header pipes of size DIAHN, ft.

COSTPN - cost of pipe of diameter DIARN as percent of cost
of standard size pipe, Z.

COSP - cost of standard size pipe (12" diameter), S/ft.

3.11.7.8.2.1.3 Calculate COSTPN.

COSTPN - 6.842 (DIAHN) 
1.2255

where

COSTPN - cost of pipe of diameter DIARN as percent of cost
of standard size pipe, %.

DIAHN - diameters of header pipes, inches.

3.11.7.8.2.1.4 Detenine COSP. COSP is the cost per foot of 12"
diameter welded steel pipe. This cost is $13.50 per foot 4th
quarter, 1977.

3.11.7.8.2.2 Cost of lateral pipes.

3.11.7.8.2.2.1 Calculate total installed cost of lateral pipe.

TICLP - (TLL) 100C , (COSP)

where

3.11-99



3.11.7.8.2.2.1 Calculate total installed cost of lateral pipe.

TICLP - (TLL) (COSTP) (COSP)
100

where

TICLP - total installed cost of lateral pipe, $.

TLL = total length of lateral pipe.

COSTP - cost of pipe of diameter DIAL as percent of cost

of standard size pipe, %.

COSP - cost of standard size pipe (12" diameter), $/ft.

3.11.7.8.2.2.2 Calculate COSTP.

COSTP - 6.842 (DIAL)1.2255

where

COSTP = cost of pipe of diameter DIAL as percent of cost
of standard size pipe, %.

DIAL - diameter of lateral pipes, inches.

3.11.7.8.2.2.3 Detemine COSP. COSP is the cost per foot of 12"

diameter welded steel pipe. This cost is $13.50 per foot in 4th
quarter, 1977.

3.11.7.8.2.3 Calculate cost of butterfly valves.

3.11.7.8.2.3.1 Calculate installed cost of butterfly valves.

COSTBV - (COSTRV) (COSTSV) (NBV)
100

where

COSTBV - installed cost of butterfly valves, $.

COSTRV - cost of butterfly valve of size DBV as percent of

standard size valve, %.

COSTSV - cost of standard size valve, $.

NBV - number of butterfly valves.

3.11.7.8.2.3.2 Calculate COSTRV.

COSTRV - 3.99(DBV) 1.395
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where

COSTRV - cost of butterfly valve of size DBV as percent of
standard size valve, %.

DBV - diameter of butterfly valves, inches.

3.11.7.8.2.3.3 Determine COSTSV. COSTSV is the cost of a 12" 46
butterfly valve suitable for water service. This cost is $1,004
for 4th quarter, 1977.

3.11.7.8.2.4 Calculate cost of lateral valves.

3.11.7.8.2.4.1 Calculate installed cost of lateral valves.

cosmv . (COSTRL) (COSTSV) (NLV)100

where

COSTLV = installed cost of lateral valves, $.

COSTRL = cost of lateral valve of size DLV as percent of

cost of standard size valve, %.

COSTSV = cost of standard size valve (12" 6 butterfly), $.

NLV - number of lateral valves.

3.11.7.8.2.4.2 Calculate COSTRL.

COSTRL - 15.33 (DLV) 1
05 3

where

COSTRL - cost of lateral valve of size DLV as percent of
cost of standard size valve, %.

DLV - diameter of lateral valves, inches.

3.11.7.8.2.4.3 Dete-,ine COSTSV. COSTSV is the cost of a 12" 6
butterfly valve suitable for water service. This cost is $1004
for the 4th quarter of 1977.

3.11.7.8.2.5 Calculate cost of sprinklers.

3.11.7.8.2.5.1 Calculate installed cost of sprinklers.

COSTS - 1.2 (NS) COSTEN

COSTS a installed cost of sprinklers, $.

NS - number of sprinklers.
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COSTEN - cost per sprinkler, $.

1.2 - 20% for cost of installation.

3.11.7.8.2.5.2 Determine COSTEN. COSTEN is the cost of an
Impact type rotary pop-up, full circle sprinkler with a flow
fran 6 to 15 gpm. This cost is $65.00 for the 4th quarter of
1977.

COSTEN - $65.00

For better cost estimation, COSTEN should be obtained from an
equipment vendor and treated as a unit price input. Otherwise,
for future escalation, the equipment cost should be adjusted by
using the Marshall and Swift Equipment Cost Index.

COSTEN - $65.00
51804

where

MSECI - current Marshall and Swift Equipment Cost Index.

518.4 - Marshall and Swift Equipment Cost Index 4th
quarter of 1977.

3.11.7.8.2.6 Calculate total cost of distribution system for
solid set sprinklers.

TCDSS - TICHP + TICLP + COSTBV + COSTLV + COSTS

where

TCDSS - total cost of distribution system, $.

TICHP - total installed cost of header pipes, $.

TICLP - total installed cost of lateral pipes, $.

COSTBV - installed cost of butterfly valves, $.

COSTLV - installed cost of lateral valves, $.

COSTS - installed cost of sprinklers, $.

3.11.7.8.3 Cost of distribution system for center pivot
system.

3.11.7.8.3.1 Cost of center pivot systems.

3.11.7.8.3.1.1 Calculate cost of center pivot systems.
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COSTCP = (N) (COSTRC) (COCP)COSTCPI00

where

COSTCP - total cost of center pivot systems, $.

N - number of center pivot systems required.

COSTRC - cost of center pivot system of size SCP as percent
of standard size system, %.

COCP - cost of standard size system (200 acres), $.

3.11.7.8.3.1.2 Calculate COSTRC.

COSTRC - 12.25 (SCP)

where

COSTRC - cost of center pivot system of size SCP as percent
of standard size system, %.

SCP - size of center pivot system, acres.

3.11.7.8.3.1.3 Dete--ine COCP. COCP is the cost of a center
pivot sprinkler system capable of irrigating 200 acres. The
cost is $29,200 for the 4th quarter of 1977.

COCP - $29,200

For better cost estimation, COCP should be obtained fron an
equipment vendor and treated as a unit price input. Otherwise,
for future escalation, the equipment cost should be adjusted by
using the Marshall and Swift Equipment Cost Index.

MSECI
COCP - $29,200 518.4

where

MSECI - current Marshall and Swift Equipment Cost Index.

518.4 - Marshall and Swift Cost Index 4th quarter of 1977.

3.11.7.8.3.2 Cost of header pipe for center pivot.

3.11.7.8.3.2.1 Total cost header pipe.

TCHPC - JCHPCN

where

TCHPC - total cost header pipe for center pivot, $.
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CHPCN = cost of various size header pipe for center pivot,

3.11.7.8.3.2.2 Calculate cost of each size header pipe.

CHPCN - (LCDIAN) (COSTPN) (COSP)
100

where

CHPCN - installed cost of various size header pipe, $.

LCDIAN - length of header pipes of diameter CDIAHN, ft.

COSTPN - cost of pipe of diameter CDIAHN as percent of cost
of standard size pipe, %.

COSP - cost of standard size pipe (12" diameter), $/ft.

3.11.7.8.3.2.3 Calculate COSTPN.

COSTPN - 6.842 (CDIAHN)
1 .2 25 5

where

COSTPN - cost of pipe of diameter CDIAHN as percent of cost
of standard size pipe, %.

CDIAHN - diameter of segments of header pipe, inches.

3.11.7.8.3.2.4 Deteimine COSP. COSP is the cost per foot of 12"
diameter welded steel pipe. This cost is $13.50 per foot in 4th
quarter of 1977.

3.11.7.8.3.3 Calculate total cost of distribution system for

center system.

TCDCP - COSTCP + TCHPC

where

TCDCP - total cost of distribution system for center pivot
system, $.

COSTCP a cost of center pivot systems, $.

TCHPC - total cost of header pipe for center pivot, $.

3.11.7.8.4 Cost of underdrain system.

COSTU - (LDP) (UPIPP) (1. 1)

where
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COSTU = cost of underdrain system, $.

LDP - length of drain pipe, ft.

UPIPP - unit price input for 6" PVC perforated drain pipe,
$/ft.

1.1 - 10% adjustment for trenching and backfilling.

3.11.7.8.5 Calculate cost of clearing and grubbing.

COSTCG - (CAGH + 0.306 CAGM + 0.092 CAGL) UPICG

where

COSTCG - cost for clearing and grubbing site, $.

CAGH - area which requires heavy clearing, acres.

CAGM - area which requires medium clearing, acres.

CAGH = area which requires light clearing, acres.

UPICG = unit price input for heavy clearing and grubbing
$/ acres.

3.115.7.8.6 Calculate cost of fencing.

COSTF - (LF) (UPIF)

where

COSTF - installed cost of fencing, $.

LF - length of fencing required,ft.

UPIF - unit price input for fencing, S/ft.

3.11.7.8.7 Cost of monitoring wells and pumps.

3.11.7.8.7.1 Calculate cost of wells.

3.11.7.8.7.1.1 Calculate COSTM.

COSIM - (RMWC) (DMW) (NMW) (COSP)

where

COS'T( - cost of monitoring wells, $.

R WC - cost of well as fraction of cost of standard
pipe.
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DMW - depth of monitoring wells, ft.

NMW - number of monitoring wells.

COSP - cost of standard size pipe (12" welded steel), $/ft.

3.11.7.8.7.1.2 Calculate RMWC.

RMWC - 160.4 (DMW)
- 0 7 0 3 3

where

RMWC - cost of wLU' as fraction of cost of standard pipe.

DMW - depth of monitoring wells, ft.

3.11.7.8.7.1.3 Detetmine COSP.

COSP is the cost per foot of 12"D welded steel
pipe. This cost in first quarter of 1977 is $13.50/ft. For the
best cost estimate COSTSP should be a current price input fran a
vendor, however, if this is not done the cost will be updated
using the Marshall and Swift Equipment Cost Index.

MS EC I
COSP - $13.50 491.6

where

COSP = cost of standard size pipe (12"0 welded steel),
$1 ft.

MSECI - current Marshall and Swift Equipment Cost Index.

3.11.7.8.7.2 Calculate cost of pumps for monitoring wells.

3.11.7.8.7.2.1 Calculate COSTMP.

COSTIP - (COSTPS) (MWPR) (NMW)

where

COSTH(P - cost of pumps for monitoring wells, $.

COSTPS - cost of standard size pump (3000 gpm), $.

MWPR - cost of well pump as fraction of cost of

standard pump.

NMW - number of monitoring wells.
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3.11.7.8.7.2.2 Calculate MWPR.

MWPR = 0.0551 (DMW)
0 .6 58

where

MWPR - cost of well pump as fraction of cost of
standard size pump.

DMW - depth of monitoring wells, ft.

3.11.7.8.7.2.3 Detemine COSTPS.

COSTPS is the cost of a 3000 gpm pump. The cost
is $17,250 for the first quarter of 1977. For the best cost
estimate the user should input a current value of COSTPS,
however, if this is not done the cost will be updated using the
Marshall and Swift Equipment Cost Index.

COSTPS - $17,250 MSECI
491.6

where

COSTPS - cost of standard size pump (3000 gpm), $.

MSECI - current Marshall and Swift Equipment Cost
Index.

3.11.7.8.7.3 Calculate total cost of monitoring wells.

COSTIMW - COS2M + COSTMP

where

COSIMW - total cost of monitoring wells, $.

COSTH - cost of monitoring wells, $.

COSTMP - cost of pumps for monitoring wells, $.

3.11.7.8.8 Calculate 0&M material costs.

OMMC = (OM PD)(TCDSS)+ (OMMHDTCDCP)O4. PU(COSTU)+OMMPM(COSTKW)
100

where

OMHC - total O&M material cost, $.

OMMPD - O&M material cost for distribution system as
percent of construction cost for distribution
system, $.
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TCDSS - total cost of distribution system for solid set
sprinklers, $.

OMMPM - O&M material cost for monitoring well as percent
of construction cost of monitoring well, %.

COSMhW - total cost of monitoring wells, $.

TCDCP - total cost of distribution system for center
pivot, $.

OMMPU - O&M material cost for underdrain system as percent
of construction cost of underdrain system, $.

COSTU - cost of underdrain system, $.

3.11.7.8.9 Total bare construction cost.

TBCCSR = (1.18) (TCDSS. TCDCP+ COSTU+ COSTE+COSTCG COSTF+ COSthW)

where

TBCCSR = total bare construction cost for slow rate land
treatment, $.

TCDSS - total cost of distribution system for solid set
sprinklers, $.

TCDCP - total cost of distribution system for center pivot,
S.

COSTU = cost of underdrain system, $.

COSTE - cost of earthwork, $.

COSTCG - cost of clearing and grubbing, $.

3.11.7.9 Cost Calculations Output Data.

3.11.7.9.1 Total bare construction cost for slow rate land
treatent, TBCCSR, $.

3.11.7.9.2 O&M material cost, OMMC, $.
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3.13 OXIDATION DITCH

3.13.1 Background. The oxidation ditch, developed in the
Netherlands, is a variation of the extended aeration process that
has been used in small towns, isolated communities, and institutions
in Europe and the United States. The typical oxidation ditch is
equipped with aeration rotors or brushes that provide aeration and
circulation. The sewage moves through the ditch at 1 to 2 fps. The
ditch may be designed for continuous or intermittent operation.
Because of this feature, this process may be adaptable to the fluc-
tuations in flows and loadings associated with recreation area
was tewater production.

3.13.2 Input Data.

3.13.2.1 Wastewater flow.

3.13.2.1.1 Average, mgd.

3.13.2.1.2 Peak hourly, mgd.

3.13.2.2 Wastewater characteristics.

3.13.2.2.1 BOD 5 (average and peak).

3.13.2.2.2 COD (average and peak).

3.13.2.2.3 SS (average and peak).

3.13.2.2.4 VSS (average and peak).

3.13.2.2.5 Nondegradable VSS (average and peak).

3.13.3 Design Parameters.

3.13.3.1 MISS, mg/l, (Range 4000-8000; mean 5000).

3.13.3.2 Organic loading (F/M ratio), lb BODs/lb MLVSS/day,
(0.067).

3.13.3.3 Volumetric loading, lb BOD5/1000 ft
3/day, (12.5).

3.13.3.4 Recycle ratio, (50-100 percent).

3.13.3.5 Oxygen requirement, lb 02 removed, (2.35).

3.13.3.6 Wasted sludge, lb/lb BOD5 removed, (0.68).

3.13.3.7 Effluent quality, excellent, approximately 90-95% BOD
and S.S. reduction.
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3.13.4 Process Design Calculations.

3.13.4.1 Calculate Ditch Volume. The design of oxidation
ditch activated sludge systen is based on the volunetric BOD5
loading.

V . Qavg x S x 8.34 x 1000

12.5

where

V - volume of ditch, cu ft.

Qavg - average daily flow, mgd.

So = BOD5 in influent, mngl.

12.5 - loading rate, lb BOD5/1000 cu ft/day.

3.13.4.2 Calculate Oxygen Requirements.

02 - 2.35 x Q., x S0 x 8.34

where

02 - oxygen required, lb/day.

2.35 - oxygen utilization, lb 02/lb BOD5 applied.

3.13.4.3 Effluent Characteristics.

3.13.4.3.1 Suspended Solids.

SSE - ss (1 - SSR

where

SSE - effluent suspended solids concentration, mgl.

SS - influent suspended solids concentration, mg/l.

SSR - suspended solids removal rate, .

3.13.4.3.2 SOD 5.

BODE - BOD (1 _ BODR

If BODE < S, set BODE - Se

where

BODE - effluent BODS concentration, mg/l.

3.13-2



BOD - influent BOD 5 concentration, mg/l.

BODR - BOD 5 removal rate, %.

Se = effluent soluble BOD 5 concentration, mg/i.

3.13.4.3.3 COD.

CODE = 1.5 BODE

CODSE = 1.5 Se

If CODE < CODSE, set CODE - CODSE

where

CODE = effluent COD concentration, mg/l.

CODSE - effluent soluble COD concentration, mugl.

BODE - effluent BOD 5 concentration, mg/l.

Se - effluent soluble BOD 5 concentration, mg/l.

3.13.4.3.4 Nitrogen.

TKNE - TKN (I -TKN

NH3E - TKNE

where

TKNE - effluent Kjedahl nitrogen concentration, mg/i.

TKN - influent Kjedahl nitrogen concentration, mg/ l.

TKNR - Kjedahl nitrogen removal rate, mg/l.

NH3E - effluent ammonia concentration, mg/l.

3.13.4.3.5 Phosphorus.

PO4E - P04 (1 -

where

PO4E - effluent phosphorus concentration, mgl.

P04 - influent phosphorus concentration, mg/l.

PO4R - phosphorus removal rate, Z.
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3.13.4.3.6 Oil and Grease.

OAGE = 0.0

where

OAGE = effluent oil and grease concentration, mg/l.

3.13.4.3.7 Settleable Solids.

SETSO = 0.0

where

SETSO - effluent settleable solids concentration, mg/l.

3.13.4.4 Sludge Production. For municipal wastewater only.

bianass: 0.18 lb per lb of BOD 5 removed

Xv - 0.18 x (So-S e ) x Qavg x 8.34

Inert Mass: 0.50 lb per lb of BOD5 renoved

X° = 0.50 x (So-S e ) x Qavg x 8.34

Total sludge produced

Xa - Xv + X0 = 0.68 x (So-S e ) x Qavg x 8.34

where

Xa - total sludge production, lb/day.

X - bianass wasted per day, lb/day.

X = inert mass wasted per day, lb/day.

So  influent BOD 5 , mg/l

S, - effluent BOD 5 , mg(I

Q av g averaged daily flow, mgd.

3.13.5 Process Design Output Data.

3.13.5.1 Volume of aeration basin required, V, cu ft.

3.13.5.2 Oxygen requirement, 02, lb/day.

3.13.5.3 Effluent BOD5 , Se, mg/1.

3.13-4



3.13.6 Quantities Calculations.

3.13.6.1 Assumptions.

3.13.6.1.1 In this flow range only one oxidation ditch will
ever be required.

3.13.6.1.2 Two size rotors will be used: 42" 6 and 2 "
,6.

3.13.6.1.3 The following parameters will be used for the
42" h and 27 " 6 rotors.

42" 6 27"

Water Depth 12 ft 5 ft
Oxygen Transfer 3.74 lb/hr ft 2.85
lb/hr ft
Rotor Speed 72 RPM 91 RPM
Rotor Immersion 8 inches 6 inches
Mixing Requirement 21,000 gal/ft 16,000 gal/ft
Motor Requirement 1.126 BHP/ft 0.838 BHP/ft

3.13.6.1.4 The ditch will be constructed as shown in Figure

3.13-1.

3.13.6.1.5 Two rotors will always be used.

3.13.6.2 Rotor selection. Rotor length will be calculated
based on oxygen requirements and mixing requirements and the roto'r
of the greatest length will be used. The length of 42" .6 rot,%
required will be calculated first.

3.13.6.2.1 Length required based on oxygen requirement for
42" /) rotor.

LRTO - 02

(3.74) (24)

where

LRTO - length of rotor required for oxygenation, ft.

02 - oxygen required, lb/day.

3.74 - oxygen transfer of 42 inch diameter rotor with 8 inch
submergence, 02 lb/hr ft.

24 - conversion, hrs/day.

3.13.6.2.2 Length required based on complete mix criteria
for 42" b rotor.
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LRTM - (7.48)(V)

where 21,000

LRTM - length of rotor required for mixing, ft.

V = volume of basin, cu ft.

7.48 - conversion factor, gal/cu ft.

21,000 = mixing capacity of 42" A) rotor, gal/ft.

3.13.6.2.3 Design length of rotor. If either LRTO or LRTM
is greater than or equal to 12 then select the larger of the two
values for the design length of rotor, LRT and select the rotor
diameter, DRT, to be 42". The number of rotors will be 2 and the
length per rotor will be:

LRT
LRTK - 2

LRTK must be an integer.

However, if LRT is less than 12 the 42" h rotor is too large.
Select the rotor diameter, DRT, of 27" and recalculate LRTK.

3.13.6.2.4 Length required based on oxygen requirement for

27" 6 rotor.

LRTO = 02
(2.85) (24)

where

LRTO - length of rotor required for oxygenation, ft.

02 - oxygen required, lb/day.

2.85 - oxygen transfer of 27" rotor with 6" submergence,
02 lb/hr ft.

24 - conversion, hrs/day.

3.13.6.2.5 Length required based on canplete mix criteria for
27" h rotor

16,000

where

LRTh - length of rotor required for mixing, ft.

V - volume of basin, cu ft.

7.48 - conversion, gal/cu ft.

16,000 - mixing capacity of 27 " 6 rotor, gal/ft.

3.13.6.2.6 Design length of rotor. Select the larger of the two
values for the design length of rotor, LRT. If LRT is less than 6
ft, then set LRT - 6 ft. The nunber of rotors will always be 2 and
the length per rotor, LRTK, will be:
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LRTK LRT
2

LRTK must be an integer.

where

LRTK - length of each rotor, ft.

LRT = design length of rotor, ft.

3.13.6.3 Determine basin design and dimensions.

3.13.6.3.1 Calculations when 42" 6 rotor is selected.

If LRTK < 15.5 ft; then W - LRTK + 1

If LRTK > 15.5 ft; then Wb = LRTK + 4
where t

Wb - ditch bottan width, ft.

LRTK - length of each rotor, ft.

3.13.6.3.1.1 Basin configuration

Basin water depth - 12 ft.
Side walls are 45 degrees.
Basin water surface width, Ws Wb + 12

Freeboard - 1.0 ft
Median strip width - 1.0 ft.

3.13.6.3.1.2 Calculate volume of circular ends.

Ve - 37.71 Wb 2 + 490.2 Wb + 2045.8

where

Ve - volume of circular ends, cu ft.

Wb - ditch bottan width, ft.

3.13.6.3.1.3 Calculate volume of straight section.

whereV s  (24 Wb + 144) Ls

V - volume of straight section, cu ft.

Ls - length of straight section, ft.

Wb - ditch bottan width, ft.

3.13.6.3.1.4 Calculate length of straight section.

V-We
s ' 24 Wb + 144

where

Ls = length of straight section, ft.

V - volume required, cu ft.
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Ve volume of circular endse

3.13.6.3.1.5 Calculate total length, Lt, and width, Wt, including
f reeboard.

Lt = Ls + 2Wb + 26

Wt = 2 Wb + 27

where

L = total length of ditch, ft.

Wt  total width of ditch, ft.

L - length of straight section, ft.

Wb - ditch bottom width, ft.

3.13.6.3.1.6 Calculate volume for excavation.

Vex - 42.4 Wb2 + 636.3 Wb + 27 WbLs + 209.2Ls + 2983.5

where

V - volume of excavation required for ditch, cu ft.ex

Wb - ditch bottom width, ft.

Ls - length of straight section, ft.

3.13.6.3.2 Calculations when 27" 6 rotor is selected.

If LRTK - 15.5 ft; then Wb = LRTK + 1

If LATK > 15.5 ft; then Wb - LRTK + 4

where

Wb - ditch bottan width, ft.

LRTK - length of each rotor, ft.

3.13.6.3.2.1 Basin Configuration.

Basin water depth - 5 ft
Side walls are 45 degrees
Basin water surface width, W - Wb +5
Freeboard - 1.0 ft
Median strip width - 1.0 ft
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3.13.6.3.2.2 Calculate volume of circular ends.

Ve - 15.72 Wb2 + 94.3 Wb + 174.2

where

Ve - volume of circular ends, cu ft.

Wb - ditch bottom width, ft.

3.13.6.3.2.3 Calculate volume of straight section.

Vs - (10 Wb + 25) Ls

where

V - volume of straight section, cu ft.5

Ls - length of straight section, ft.

Wb - ditch bottom width, ft.

3.13.6.3.2.4 Calculate length of straight section.

V-Ve
Ls " 10 Wb + 25

where

V - volume required, cu ft.

Ls - length of straight section, ft.

Wb - ditch bottom width, ft.

V - volume of circular ends, cu ft.e

3.13.6.3.2.5 Calculate total length, Lt, and width, Wt, including
freeboard.

Lt - L s+ 2 Wb + 12

Wt =2 Wb+ 13

where

Lt - total length of ditch, ft.

Wt - total width of ditch, ft.

L - length of straight section, ft.
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Wb - ditch bottom width, ft.

3.13.6.3.2.6 Calculate volume for excavation.

Vex m 20.43 Wb 2 + 163.44 Wb + 13 WbLs + 55.25 Ls + 388.17

where

V - volume of excavation required for ditch, cu ft.ex

Wb - ditch bottom width, ft.

Ls - length of straight section, ft.

3.13.6.4 Determine quantity of concrete required.

3.13.6.4.1 Volume of concrete wall required.

Vcw (Dw  1) (Ls )

where

V - volume of concrete wall, cu ft.cw

Dw - depth of water in ditch, ft.

Ls - length of straight section, ft.

3.13.6.4.2 Volume of concrete slab required.

V -4.4DwWb + 4.4Wb 2.2D w 2 4.4D + LsWb + 1.4 Ls Dw + 1.4 Ls

+ 2.2

where

V c- volume concrete slab, cu ft.

D - depth of water in ditch, ft.
w

Wb - ditch botta width, ft.
L - length of straight section, ft.

3.13.6.5 Determine quantity of handrail required.

LHR - 2 L + 6 . 2 8 Wb + 6.28 Dw + 6.28

where
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LHR - length of handrail, ft.

Ls - length of straight section, ft.

Wb - ditch bottom width, ft.

D = depth of water in ditch, ft.w

3.13.6.6 Operation and maintenance manpower requirement..

OMMH - 2386.3 (Q avg)04693

where

OMMH - operation and maintenance manpower, ME/yr.

Qavg - average daily flow, mgd.

3.13.6.7 Energy Requirement for Operation. The energy requirement
depends on the rotor chosen. The 42" h rotor at 72 RPM and 8"
submergence requires 1.126 BHP/ft. The 2N" h rotor at 91 RPM and
6" submergence requires 0.838 BHP/ft.

3.13.6.7.1 Calculate BHP.

3.13.6.7.1.1 For 42" D rotor.

BHP - (1.126) (LRTK)

3.13.6.7.1.2 For 27" D rotor.

BHP - (0.838) (LRTK)

where

BHP - brake horsepower required per rotor.

LRTK - length of each rotor, ft.

1.126 - horsepower required per foot of 42",6 rotor, BHP/ft.

0.838 - horsepower requirenent per foot of 2'" h rotor,
BHP/ft.

3.13.6.7.2 Calculate KWH.

KWH - BHP x 2 x 0.85 x 24 x 365

where

KWH - energy requirement for operation, Kwhr/yr.

3.13-11



2 - unber of rotors.

BEP - brake horsepower required per rotor.

0.85 - conversion factor and efficiencies.

24 - hours per day.

365 - days per year.

3.13.6.8 Detemine total installed horsepower. The total
installed horsepower (THP) will be greater than the brake horsepower
since motors notmally available cone in only certain sizes. Using
BHP Just calculated the motor size will be one of the following: 2,
3, 5, I, 10, 15, 20, 25, 30, 40, 50. Select the motor size which
is nearest the calculated BHP but larger. This will be the motor
horsepower, MHP.

THP - (MHP) (2)

where

THP - total installed horsepower.

MHP - motor horsepower.

2 - nunber of rotors.

3.13.6.9 - Operation and maintenance material and supply costs.
O&M material and supply costs include such items as lubrication oil,
paint, and repair materials. These costs are estimated as a per-
centage of. installed costs for the aeration equipment.

OMMP - 4.225 - 0.975 log (THP)

where

OMMP - O&M material supply cost as percent of installed cost

of aeration equipment, Z.

THP - total installed horsepower.

3.13.6.10 Other construction cost iteus. Frau the calculations
approximately 95% of the construction cost has been accounted for.
Other minor costs such as effluent weir, influent and effluent pipe,

etc., would be about 5%.
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I

CF- - 1.052

where

CF = correction factor for construction cost.

3.13.7 Quantities Calculations Output Data.

3.13.7.1 Length of each rotor, LRTK, ft.

3.13.7.2 Diameter of rotor, DRT, inches.

3.13.7.3 Ditch bottan width, Wb, ft.

3.13.7.4 Depth of water in ditch, Dw, ft.

3.13.7.5 Total ditch length, Lt, ft.

3.13.7.6 Total ditch width, Wt, ft.

3.13.7.7 Volme of excavation required for ditch, Vex , cu ft.

3.13.7.8 Voltme of concrete wall, Vcw, cu ft.

3.13.7.9 Volune of concrete slab, Vcs , cu ft.

3.13.7.10 Length of handrail, LHR, ft.

3.13.7.11 Operation and maintenance manpower, OMMH, MH/yr.

3.13.7.12 Energy requirenent for operation, KWH, Kwhr/yr.

3.13.7.13 O&M material and supply cost as percent installed
cost aeration equipment , OtMP, Z.
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3.13.7.14 Correction factor for construction cost, CF.

3.13.8 Unit Price Input Required.

3.13.8.1 Unit price input for earthwork, UPIEX, $/cu yd.

3.13.8.2 Unit price input for concrete wall, UPICW, $/cu yd.

3.13.8.3 Unit price input for concrete slab, UPICS, $/cu yd.

3.13.8.4 Unit price input for handrail, UPIHR, $/ft.

3.13.8.5 Standard size rotor cost, COSTDS, $ (Optional).

3.13.8.6 Installation labor rate, LABRI, $/hr.

3.13.8.7 Current Marshall and Swift Equipment Cost Index,
MSECI.

3.13.9 Cost Calculations.

3.13.9.1 Cost of earthwork.
COSTE - (V ex) (UPIEX)

27
where

COSTE - cost of earthwork, $.

V - volume of excavation required for ditch, cu ft.

UPIEX - unit price input for earthwork, $/cu yd.

3.13.9.2 Cost of concrete walls.

COSTCW (Vow) (UPIC W)

27
where

COSTCW - cost of concrete walls, $.

V - volume of concrete walls, cu ft.cv

UPICW - unit price input for concrete walls, $/cu yd.
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3.13.9.3 Cost of concrete slab.
(VCs) (UPICS)

COSTCS 27,
27

where

COSTCS - cost of concrete slab, $

V - volume of concrete slab, cu ft.cs

UPICS - unit price input for concrete slab, $/cu yd.

3.13.9.4 Cost of installed equipment.

3.13.9.4.1 Purchase cost of rotors.

COSTRK - (COSTDS) (COSTRO)
100

where

COSTRK - purchase cost of rotor of LRTK feet, $.

COSTDS - purchase cost of standard size rotor, 42" b and
20 ft long, $.

COSTRO = cost of rotor of length LRTK as percent of cost
of standard size rotor, %.

3.13.9.4.2 Calculate COSTRO.

3.13.9.4.2.1 For rotor diameter of 42 inches.

If LRTK 9 18 ft

COSTRO - 39.51 (LRTK) 0 .2790

If LRTK > 18 ft

COSTRO - 16.59 (LRTK)
0 .579 2

3.13.9.4.2.2 For rotor diameter of 274" inches.

If LRTK e 9.0 ft

COSTRO - 44.23 (LRTK)
0 .1781

If LRTK > 9.0 ft

COSTRO - 27.63 (LRTK)
0 .39 32
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3.13.9.4.3 Cost of Standard Size Rotor, COSTDS. The cost
of a 42" diameter rotor 20 feet in length for the first quarter of
1977 is $15,340. For better cost estimation, COSTDS, should be
obtained from an equipment vendor and treated as a unit cost input.
However, if this is not done the Marshall and Swift Equipment Cost
Index will be used to update the cost.

COSTDS - $15,340 x MSEC I
491.*6

where

COSTDS - purchase cost of standard size rotor, $.

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - MSECI for 1st quarter 1977.

3.13.9.4.4 Equipment Installation Cost.

3.13.9.4.4.1 Calculate installation labor required.

IMH = 10 + 2.667 (LRTK)

where

IMB - installation labor required, MH.

LRTK - length of each rotor, ft.

3.13.9.4.4.2 Calculate installation cost.

ICOST = (1MH) (LABRI)

where

ICOST - installation cost, $.

IMB - installation labor, MH.

LABRI - installation labor rate, $/MH.

3.13.9.4.5 Other minor costs associated with installation of
equipment. These costs include electrical work, foundations,
bridge, painting, etc. It is expressed as percentage of the eqt, .p-
ment purchase cost.

PMINC - 52.04 - 0.34 (LRTK)

PMINC is always greater than 40.

3.13.9.4.6 Installed aeration equipment cost.

PMINCIEC - [(COSTRK) (I + 100NC + ICOSTJ(2)
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where

IEC - installed equipment cost, $.

COSTRK = purchase cost of rotor of length LRTK, $.

PMINC = minor costs as percent of purchase cost of
equipment, %.

ICOST = installation cost, $.

3.13.9.5 Cost of handrails.

COSTIR = (LHR) (UPI{R)

where

COSTHR - installed handrail cost, $.

LHR = length of handrail required, ft.

UPIHR - unit price input for handrails, $/ft.

3.13.9.6 Total bare construction cost.

TBCC - (COSTE + COSTCW + COSTCS + IEC + COSTHR) (CF)

where

TBCC - total bare construction cost, $.

COSTE - cost of earthwork, $.

COSTCW - cost of concrete wall, $.

COSTCS - cost of concrete slab, $.

IEC - installed equipment cost, $.

COSTHR - installed handrail cost, $.

CF - correction factor for other cost items.

3.13.9.7 Operation and maintenance material and supply costs.

OMMPOMMC - (IEC) fOMP

where
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OMMC = O&M material and supply cost, $/yr.

OMMP - O&M material and supply costs as percent of
installed equipment costs, %.

IEC - installed equipment cost, $.

3.13.10 Cost Calculations Output Data.

3.13.10.1 Total bare construction cost, TBCC, $.

3.13.10.2 O&M material and supply cost, OMMC $/yr.
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3.15 PUMPING

3.15.1 Background. There are several situations throughout
a sewage treatment facility which require pumping. Typically at the
head of the treatment facility pumping of the raw waste is required.
Other points in the treatment facility which might require pumping
are prior to trickling filters, tertiary filters, carbon adsorption
units, or any treatment process which creates relatively high head
losses. Generally speaking two different type pumps are used for
raw waste pumping and pumping for other processes in the treatment
facility. For this reason the pumping has been divided into raw
waste pumping and intemediate pumping.

3.15.2 Intermediate Pumping.

3.15.2.1 In intermediate pumping the wastewater is relatively
clean and free from large solids so that more efficient pumps can be
used for these processes than for raw waste pumping.

3.15.3 Raw Waste Pumping.

3.15.3.1 Pumping of raw sewage at the head of a treatment
facility is often required to produce the head required for sewage
to flow through the plant. This pumping is accomplished with
relatively inefficient low-head pumps which are capable of passing
large solids without damage to the pumps.

3.15.4 Intermediate Pumping.

3.15.4.1 Input Data.

3.15.4.1.1 Average daily wastewater flow, Qavg mgd.

3.15.4.1.2 Peak wastewater flow, %k' mgd.

3.15.4.2 Design Parameters.

3.15.4.2.1 Wastewater flow, mgd.

3.15.4.2.2 Number of pumps.

3.15.4.2.3 Total head on pumps, ft.

3.15.4.3 Process Design Calculations.

3.15.4.3.1 Calculate design capacity of pumps.
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3.15.4.3.1.1 Intennediate pumping.

GPM - (Qavg ) (2) (106)

1440

where

GPM = design capacity of pumps, gpm.

2 - excess capacity factor to handle peak flows.

3.15.4.3.1.2 Return sludge pumping.

(Q av) (RSR) (106)
GPM - ag

1440

where

GPM - design capacity of pumps, gpm.

RSR - return sludge ratio to average wastewater

flow, from Table 3.15-1.

Table 3.15-1

Activated Sludge Processes RSR

Conventional 1.0
Complete-Mix 1.0
Step- Aeration 1.0

Modified-Aeration 1.0
Contact- Stab il ization 1. 0
Extended- Aeration 1.5
Kraus- Process 1.0
High-Rate Aeration 5.0
Pure-Oxygen Systen 1.0

3.15.4.3.2 Deteruine the type, number and size of pumps re-
quired. For the purposes of this program it has been assumed the
pumps will be horizontal single-stage, single-suction, split casing
centrifugal pumps designed for sewage applications. Also the head
required is assumed to be 40 ft for all applications. All pumps
will be assumed to be the same size with variable speed drives and
the convention of sparing the largest pump will be adhered to.

3.15.4.3.2.1 Number of batteries. The number of batteries will be
calculated by trial and error, begin with NB - I. If GPW/NB >
80,000, then go the NB - NB + 1 and repeat until GPH/NB 5 80,000.
Then:

GPMB - GPM
NB
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where

GPMB - design flow per battery,gpm.

NB - number of batteries.

3.15.4.3.2.2 Number of pumps per battery. The number of pumps per
battery will be calculated by trial and error. Start with N - 2.
If GPMB/N > 20,000 gpm, go to N - N+1 and repeat until GPMBIN 5
20,000 gpm.

GPMP =- PMBN

NP - N + 1

where

GPMP = design capacity of the individual pumps, gpm.

N - number of pumps required to handle design
flow.

NP - total number of pumps per battery, including
spare.

3.15.4.4 Process Design Output Data.

3.15.4.4.1 Design capacity of pumps, GPM, gpm.

3.15.4.4.2 Number of batteries, NB.

3.15.4.4.3 Design flow per battery, GPMB, gpm.

3.15.4.4.4 Number of pumps required to handle design flow, N.

3.15.4.4.5 Total number of pumps per battery, including spare,
NP.

3.15.4.4.6 Design capacity of the individual pumps, GPMP, gpm.

3.15.4.5 Quantities Calculations.

3.15.4.5.1 Detemine area of pump building.

PBA - [0.0284 (GPMB) + 100] NB

where

PBA - pump building area, sq ft.

3.15.4.5.2 Calculate volume of earthwork required. The pumping
building is usually a bilevel building with the pumps below ground
and all electrical and control facilities above ground. It is
assumed that the average depth of excavation would be 8 ft. The
volume of earthwork will be estimated by:
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V ffi (8) (PBA)ew

where

V - volume of earthwork required, cu ft.ew

3.15.4.5.3 Calculate operation manpower required. The operation
manpower can be related to the fim pumping capacity.

3.15.4.5.3.1 Calculate firm pumping capacity.

FPC - (GPM) (1440)

106
where

FPC - fitm pumping capacity, mgd.

3.15.4.5.3.2 If 0 < FPC < 7 mgd:

OMH - 440 (FPC)
0 .1 28 5

3.15.4.5.3.3 If 7 < FPC S 30 mgd:

OMR - 294.4 (FPC)0.3350

3.15.4.5.3.4 If 30 < FPC < 80 mgd:

OMH - 40.5 (FPC) 0 . 8 6 6 1

3.15.4.5.3.5 If FPC > 80 mgd:

OMH - 21.3 (FPC)
I1 0 12

where

OKH - operating manpower required, man-hours/yr.

3.15.4.5.4 Calculate maintenance manpower.

3.15.4.5.4.1 If 0 < FPC : 7 mgd:

MMH - 360 (FPC)
0 .14 78

3.15.4.5.4.2 If 7 < FPC S 30 mgd:

MMH - 255.2 (FPC)0 .
3 2 4 7

3.15.4.5.4.3 If 30 < FPC S 80 mgd:

MMR - 85.7 (FPC) 0.6456
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3.15.4.5.4.4 If FPC > 80 mgd:

MMH - 30.6 (FPC)0 .8 80
6

where

MMH -maintenance manpower requirenent, man-hours/
yr.

3.15.4.5.5 Calculate electrical energy required.

KWH - 67,000 (Q avg) 0.9976

where

KWH - electric energy required, kwhr/yr.

3.15.4.5.6 Calculate operation and maintenance material and
supply costs. This item covers the cost of lubrication oils,
paint, repair and replacement parts, etc. It is expressed as a
percent of the total bare construction costs.

OMMP - 0.7%

where

OMHP - operation and maintenance material and supply
costs, as percent of the total bare construction
cost, percrent.

3.15.4.5.7 Other minor construction cost items. Fron the
calculations approximately 85 percent of the construction costs have
been accounted for. Other minor items such as piping, overhead
crane, site cleaning, seeding, etc., would be 15 percent.

CF - - 1.18
0.*85

where

CF - correction factor for other minor construction
costs.

3.15.4.6 Quantities Calculations Output Data.

3.15.4.6.1 Pump building area, PBA, sq ft.

3.15.4.6.2 Volume of earthwork required, Vew , cu ft.

3.15.4.6.3 Finn pumping capacity, FPC, mgd.
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3.15.4.6.4 Operating manpower required, OMH, man-hours/yr.

3.15.4.6.5 Maintenance manpower required, MMH, man-hours/ yr.

3.15.4.6.6 Electrical energy required, KWH/kwhr/yr.

3.15.4.6.7 Operation and maintenance material and supply costs,

OMMP, percent.

3.15.4.6.8 Correction factor for other minor construction

costs, CF.

3.15.4.6.9 Design capacity of the individual pumps, GPMP, gpm.

3.15.4.7 Unit Price Input Required.

3.15.4.7.1 Unit price input for building cost, UPIBC, $/sq ft.

3.15.4.7.2 Unit price input for earthwork, UPIEX, $/cu ft.

3.15.4.7.3 Cost of standard size pump equipment, COSTPS, $

(optional).

3.15.4.7.4 Marshall and Swift Equipment Cost Index, MSECI.

3.15.4.8 Cost Calculations.

3.15.4.8.1 Cost of earthwork.

V e
COSTE - ew UPIEX
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where

COSTE - cost of earthwork, $.

Vew - volume of earthwork, cu ft.

UPIEX - unit price input for earthwork, $/cu yd.

3.15.4.8.2 Cost of pump building.

COSTPB - (PBA)(UPIBC)

where

COSTPB - cost of pump building, $.

PBA - pump building area, sq ft.

UPIBC - unit price input for building cost,
$/sq ft.

3.15.4.8.3 Purchase cost of pumps and drivers.

3.15.4.8.3.1 Calculate COSTP.

- COSTP COSTRO
COST? - (COSTPS) (NP) (NB)

A 100

where

COSTP - cost of pumps and drivers, $.

COSTRO - cost of pumps and drivers of capacity GPMP,
as percent of cost of standard size pump,
percent.

COSTPS - cost of standard size pump (3000 gpm), $.

NP - total number of pumps per battery.

NB - number of batteries.

3.15.8.3.2 Calculate COSTRO.

If 0 < GPMP £ 5000 gpm, COSTRO is calculated by:

COSTRO - 2.93 (GPMP) 064404

If GPMP > 5000 gpm, COSTRO is calculated by:

COSTRO - .0064 (GPMP)
1 .16

j
3.15-7



3.15.4.8.3.3 Purchase cost of standard size pump and driver. A
3000 gpm punp was selected as a standard. The cost of a 3000 gpm
pump and driver for the first quarter of 1977 is:

COSTPS - $17,250

For better estimation, COSTPS should be obtained from the vendor and
treated as a unit price input. If this is not done, the cost will
be adjusted using the Marshall and Swift Equipment Cost Index.

COSTPS - $17,250 MSECI
491.6

where

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index.

3.15.4.8.4 Installed equipment costs. Typically, the installa-
tion cost of pumps is approximately 100 percent of the equipment
cost. This includes cost of piping, concrete, steel, electrical,
paint, and installation labor.

IPC - (COSTP) (2.0)

where

IPC - installed pumping equipment cost, $.

3.15.4.8.5 Total bare construction cost.

TBCC - (COSTE + COSTPB + IPC] CF

where

TBCC - total bare construction cost, $.

CF - correction factor minor construction costs

3.15.4.8.6 Operation and maintenance material and supply costs.

OMMC - (TBCC) . 10)

where

OMMC - operation and maintenance material and supply
cost, $.

OKMP - operation and maintenance material and supply
costs, as a percent of total bare construction
cost, percent.
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3.15.4.9 Cost Calculations Output Data.

3.15.4.9.1 Total bare construction cost, ThCC, $

3.15.4.9.2 Operation and maintenance material and supply costs,

OMMC, $/Yr.
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3.15.5 Raw Waste Pumping.

3.15.5.1 Input Data.

3.15.5.1.1 Wastewater flow.

3.15.5.1.1.1 Average wastewater flow, Qavg" mgd.

3.15.5.1.1.2 Peak wastewater flow, 0%, mgd.

3.15.5.1.2 Pump head, PH, ft.

3.15.5.2 Process Design Calculations.

3.15.5.2.1 Detenmine the number of pumps. In this flow range a
minimum of two pumps will always be used. One pump must be capable
of handling the average wastewater flow, the other pump will be used
as a spare and also to handle the additional flow when the peak
wastewater flow occurs.

avg

Qavg must be an integer.

where

N number of pumps.

3.15.5.2.2 Determine size of pumps.

(Q avg) (106)

1440

where

GPM " size of each pump, gpm.

Qp - peak wastewater flow, mgd.

3.15.5.2.3 Detemine wetwell dimensions.

3.15.5.23.1 Assumptions for wetwell.

Wetwell will be circular.

Three (3) minutes pumping time will be provided
between low water and high water control levels.
Low water cut-off will be a minimum of 2 ft above
bottom of wetwell.
A minimum of 3 ft will be provided between high

water and low water levels.
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A 2 ft freeboard will be required above the high
water level.
Minimum diameter for access purposes will be 4 ft.

3.15.5.2.3.2 Calculate diameter.

D - .4125 (GPM)
0 .5

D must be an integer.
If D < 4 ft set D - 4 ft

where

D - diameter of wet well, ft.

GPM - size of each pump, gpn.

3.15.5.2.3.3 Depth of wetwell. Fran the assumptions the total
depth of the wetwell is fixed.

DW - 7 ft

where

DW - depth of wetwell, ft.

3.15.5.3 Process Design Output Data.

3.15.5.3.1 Wastewater flow.

3.15.5.3.1.1 Average wastewater flow, Qavg" mgd.

3.15.5.3.1.2 Peak wastewater flow, %, mgd.

3.15.5.3.2 Pump head, PH, ft.

3.15.5.3.3 Number of pumps, N.

3.15.5.3.4 Size of each pump, GPM, gpm.

3.15.5.3.5 Diameter of wetwell, D, ft.

3.15.5.3.6 Depth of wetwell, Dw, ft.

3.15.5.4 Quantities Calculations.

3.15.5.4.1 Determine size of pump building. For flows in this
range we will assume that a building with 100 sq ft is sufficient
for the entire flow range.

PBA - 100 ft
2
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where

2PBA - area of the pump building, ft2 .

3.15.5.4.2 Calculate volume of earthwork.

V = 5.5D2 + 98.96D + 535ew

where

V = volume of earthwork required, cu ft.ew

D - diameter of wetwell, ft.

3.15.5.4.3 Calculate volume of concrete required.

Assume wall thickness of 9 inches.

V - .59D2 + 20.7D + 7.2
cw

where

V - volume of R.C. wall required, cu ft.
cw

D = diameter of wetwell, ft.

3.15.5.4.4 Calculate finn pumping capacity.

FPC - (GPM) (1440) (10 - 6) (N - 1)

where

FPC - finn pumping capacity, mgd.

GPM - size of each pump, gpm.

3.15.5.4.5 Calculate operation manpower required.
0,1133

OMB - 519.2 (FPC)

where

OMH - operation manpower required, MB/yr.

FPC - finn pumping capacity, mgd.

3.15.5.4.6 Calculate maintenance manpower required.

MMH - 440.3 (FPQ)
0 .1386
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where

MMH - maintenance manpower required, MH/yr.

FPC - finn pumping capacity, mgd.

3.15.5.4.7 Calculate operation andmaintenance material and
supply costs.

OMMP = 0.6

where

OMMP - O&M material and supply costs as percent of total
bare construction cost, %.

3.15.5.4.8 Calculate operation energy costs.

KWH = 2121.4 (Q avg) (PH)

where

KWH = operation energy costs, kw hr/yr.

Qav g average wastewater flow, mgd.

PH i pump head, ft.

3.15.5.4.9 Other construction cost items. The above calculations
would account for approximately 80% of the total cost of the pumping
station. The other 20% would be for such items as piping, valves,
painting, etc.

CF - = 1.25
.8

where

CF - correction factor for other construction cost items.

3.15.5.5 Quantities Calculations.

3.15.5.5.1 Area of pump building, PBA, ft2.

3.15.5.5.2 Volume of earthwork required, Vew , cu ft.

3.15.5.5.3 Volume of R.C. wall required, Vcw, cu ft.

3.15.5.5.4 Operation manpower required, OMH, ME/yr.
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3.15.5.5.5 Maintenance manpower required, DMM, MH/yr.

3.15.5.5.6 O&M material and supply costs as percent of total
bare construction costs, OMMP, %.

3.15.5.5.7 Correction factor for other construction cost itens,
CF.

3.15.5.6 Unit Price Input Required.

2
3.15.5.6.1 Unit price input for building cost, UPIBC, $/ft

3.15.5.6.2 Unit price input for earthwork, UPIEX, $/cu yd.

3.15.5.6.3 Unit price input for R.C. wall in-place, UPICW, $/cu
yd.

3.15.5.6.4 Cost of standard size pump and drive, COSTPS, $.
(optional).

3.15.5.6.5 Marshall and Swift Equipment Cost Index, MSECI.

3.15.5.7 Cost Calculations.

3.15.5.7.1 Calculate cost of pump building.

PBC - (PBA) (UPIBC)

where

PBC - cost of pump building, $.

2
PBA - area of pump building, ft 2 .

UPIBC - unit price input for building cost, $/ft2 .

3.15.5.7.2 Calculate cost of earthwork.

COSTE - Vew (UPIEX)
27

where

COSTE - cost of earthwork, $.

V e- volume of earthwork required, ft3.
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UPIEX - unit price input for excavation, $/cu yd.

3.15.5.7.3 Calculate cost of concrete.

COSTC - V cw (UPICW)
27

where

COSTC = cost of concrete in-place, $.

3V - volume of R.C. wall required, ft

UPICW - unit price input for R.C. wall in-place,
$/cu yd.

3.15.5.7.4 Calculate purchase cost of pumps and drivers.

COSTRO
COSTP -, 100 (COSTPS) (N)

where

COSTP - purchase cost of pumps and drivers, $.

COSTRO - cost of pump and driver of capacity GPM, as
percent of cost of standard size pump, %.

COSTPS - cost of standard size pump and driver (100
gpm), $.

N - number of pumps.

3.15.5.7.4.1 Calculate COSTRO.

COSTRO - 13.44 (GPM)
0 .4466
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where

COSTRO - cost of pump and driver of capacity GPM, as
percent of cost of standard size pump, %.

GPM = size of each pump, gpm.

3.15.5.7.4.2 Detemnine COSTPS. COSTPS is the cost of a standard
size pump and driver. A pump and driver capable of pumping 100 gpm
at 40 ft of head. The cost for the first quarter of 1977 is:

COSTPS = $2,800

For better cost estimation, COSTPS should be obtained from the
vendor and treated as a unit price input. If this is not done, the
cost will be adjusted using the Marshall and Swift Equipment Cost
Index.

COSTPS - $2,800
491.6

where

COSTPS - cost of standard size pump and driver (100 gpm),

MSECI - current Marshall and Swift Equipment Cost Index.

491.6 - Marshall and Swift Equipment Cost Index first
quarter of 1977.

3.15.5.7.5 Calculate installed equipment cost. Typically, the
installation cost of pumps is approximately 100 percent of the
equipment cost.

LEC - (COSTP) (2.0)

where

IEC - installed equipment cost, $.

COSTP - purchase cost of pumps and drivers, $.

3.15.5.7.6 Calculate total bare construction cost.

TBCC - (IEC + PBC + COSTE + COSTC) CF

where

TBCC - total bare construction cost, $.

IEC - installed equipment cost, $.
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PBC - cost of pump building, S.

COSTE - cost of earthwork, $.

COSTC - cost of concrete in-place, $.

3.15.5.7.7 Calculate O&M material and supply costs.

OMC - OHMP (TBCC)
100

where

OMC - O&M material and supply costs, $.

OMMP - O&M material and supply costs as percent of total
bare construction cost, %.

TBCC - total bare construction cost, $.

3.15.5.8 Cost Calculations Output Data.

3.15.5.8.1 Total bare construction costs, TBCC, $.

3.15.5.8.2 O&M material and supply costs, OMMC, $.

3.15.6 Bibliography.

3.15.6.1 Keefer, C.E., Public Works, vol. 98, p. 7.

3.15.6.2 Metcalf and Eddy, "Water Pollution Abatement Tech-
nology: Capabilities and Cost, Public Owned Treatment Works", 1975,
PB-250690-03, NTIS, Springfield, Virginia 22161.

3.15.6.3 Metcalf & Eddy, Inc., Wastewater Engineering:
Collection. Treatment, Disposal, 1972, McGraw Hill, Inc., New York.

3.15.6.4 Patterson and Banker, "Estimating Costs and Manpower
Requirement for Conventional Wastewater Treatment Facilities", WPCR
Series 17090 DAN 10/71, USEPA.

3.15.6.5 Popper, Herbert, Modern Cost-Engineering Techniques,
McGraw Hill Book Company, New York, 1970.
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3.17 SEPTIC TANKS AND TILE FIELDS

3.17.1 Background. Septic tanks and soil absorption
systems have been used extensively for treating sewage in non-
sewered areas from single and multiple residences, businesses,
recreational areas, and small communities. The concept of the
septic tank system appears simple but it is actually a complex
physical, chemical and biological system. The systen is popular
because once it is constructed, assuming adequate design, it
functions without controls with almost no maintenance.

3.17.2 Input Data.

3.17.2.1 Average daily flow, mgd.

3.17.2.2 Soil percolation rate, min/in.

3.17.3 Design Paraneters.

3.17.3.1 Flow, mgd.

3.17.3.2 Soil percolation rate, min/in.

3.17.4 Process Design Calculations.

3.17.4.1 Calculate septic tank volume.

3.17.4.1.1 If Q avg 0.0015 the septic tank volume is given
by:

VN - (1.5) (Qavg) (106)

3.17.4.1.2 If Qavg > 0.0015 the septic tank volume is given
by:

VN - 1125 + 0.75 (Qavg) (106)

where

VN - net volume of septic tank, gal.

Qavg - average daily flow, mgd.

3.17.4.2 Calculate the length of tile for absorption field.
Assume a 2 ft wide trench will be used with 4 inch perforated
pipe.

Qavg ( '1 0 6 0.5

L 10

3.17-1



where

L - length of tile, ft.

Qav = average daily flow, mgd.

t - percolation rate, min/ inch.

3.17.4.3 Detennine dosing tank requiremient.

3.17.4.3.1 If L - 500 no dosing tank is required.

3.17.4.3.2 If L > 500 the reconmended voltume of the dosing
tank is 75 percent of the capacity of the tile.

VD - (0. 75) (.65) (L)

where

VD - volme of dosing tank, gal.

L - length of tile required.

0.65 - interior capacity of I ft of 4" pipe in £81.

3.17.5 Process Design Output Data.

3.17.5.1 Average daily flow, Q avg' mgd.

3.17.5.2 Soil percolation rate, t, min/ inch.

3.17.5.3 Net volue of septic tank, V N, gal.

3.17.5.4 Length of tile, L, ft.

3.17.5.5 Voltume of dosing tank, VD, gal.

3.17.6 Quantities Calculations,.

3.17.6.1 Calculate dimensions of septic tank.

3.17.6.1.1 The following assumnptions are made concerning
septic tank dimensions.

The depth of liquid will be 5 ft.
The distance from the top of the tank to the liquid will be 20%
of the liquid depth.
The baffles at the inlet and outlet will extend from the top of
the tank to a depth equal to 40% of the liquid depth.
The outside walls and top of the septic tank will be 6" reinforced
concrete,
The length of the septic tank is twice the width.
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3.17.6.1.2 Calculate septic tank length and width.

LS - (0.231) (VN)
0 .5

WS - L/2

where

LS - length of septic tank, ft.

WS - width of septic tank, ft.

VN - net volume of septic tank, gal.

3.17.6.2 Calculate dimensions of dosing tank. Assume
dosing tank is same depth as septic tank and is square.

LD - (0.163) (VD)0.5

where

LD - length of dosing tank, ft.

VD - volume of dosing tank, gal.

3.17.6.3 Calculate volume of irthwork required. Assume 2
ft over-excavation on all sides of structure. Also assume the
top of the septic tank will be 2 ft below natural ground.

3.17.6.3.1 Calculate volume of e-arthwork for septic tank.

VES - (LS*3) (WS*3)(9.0)

where

VES - volume of earthwork for septic tank, cu ft.

LS - length of septic tank, ft.

WS - width of septic tank, ft.

3.17.6.3.2 Calculate volume of earthwork for dosing tank.

VED - (9.0)(LD*3)
2

where

VED - volume of earthwork for dosing tank, cu ft.

LD - length of dosing tank, ft.
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3.17.6.3.3 Calculate total volume of earthwork required.

VEW - VES + VED

where

VEW - total volume of earthwork required, cu ft.

VES - volume of earthwork for septic tank, cu ft.

VED - volume of earthwork for dosing tank, cu ft.

3.17.6.4 Calculate volume of reinforced concrete required
for septic tank.

3.17.6.4.1 Calculate quantity of R.C. wall required for
septic tank.

VS - (6.5)(LS) + (8.0)(WS) + (0.5(LS)(WS) + 0.5cw

where

VScw - volume of R.C. wall required for septic tank, cu

ft.

LS - length of septic tank, ft.

WS - width of septic tank, ft.

3.17.6.4.2 Calculate quantity of R.C. slab required for
septic tank.

VS - (0.5) (LS) (WS)Cs

where

VS - volume of R.C. slab required for septic tank, cu

ft.

LS - length of septic tank, ft.

WS - width of septic tank, ft.

3.17.6.5 Calculate quantity of reinforced concrete required
for dosing tank.

3.17.6.5.1 Calculate R.C. wall required for dosing tank.
Assume dosing tank has one common wall with septic tank.

VDcw - (0.5)(LD)2 + (10)(LD) + 0.5
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where

VDCW - volume of R.C. wall required for dosing tank, cu
ft.

LD - length of dosing tank, ft.

3.17.6.5.2 Calculate R.C. slab required for dosing tank.

VD = (0.5)(LD)2 + LD + 0.5

where

VD - volume of R.C. slab required for dosing tank, cu

ft.

LD - length of dosing tank, ft.

3.17.6.6 Calculate total volume R.C. concrete required.

Vcw - VScw + VDcw

Vcs - VScs + VcS

where

V c- total volume of R.C. concrete wall required, cu ft.

V c- total volume of R.C. concrete slab required, cu ft.

VScw - volume of RC. wall required for septic tank, cu
ft.

VScs - volume of R.C. slab required for septic tank, cu
ft.

VDcw - volume of R.C. wall required for dosing tank, cu
ft.

VDce - volume of R.C. slab required for dosing tank, cuCS ft.

3.17.6.7 Calculate volume of gravel for absorption field.

Assume the tile will have 9" of gravel below it and 3" above it.

VG - (3) (L)

where

VG - volume of gravel required, cu ft.

L - length of tile, ft.
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3.17.6.8 Operation and maintenance manpower. Septic tanks
require virtually no operation or maintenance. The only require-
ment is that the sludge accunulation in the tank should be
checked once a year. If the accuulation is excessive the tank
should be pumped out. This probably would not be required on a
yearly basis.

MMH - 8

where

MMH = maintenance manpower required, KV /yr.

3.17.6.9 Other construction cost items. The preceding
calculations account for approximately 90% of the construction
cost. The remaining 10% would include costs for items such as
miscellaneous piping, dosing siphons, etc.

1CF - - 1.11

where

CF = correction factor for other construction costs.

3.17.7 Quantities Calculations Output Data.

3.17.7.1 Length of septic tank, LS, ft.

3.17.7.2 Width of septic tank, WS, ft.

3.17.7.3 Length of dosing tank, LD, ft.

3.17.7.4 Total volume of earthwork required, VEW, cu ft.

3.17.7.5 Total volume of R.C. wall required, Vcw, cu ft.

3.17.7.6 Total volume of R.C. slab required, Vcs, cu ft.

3.17.7.7 Volume of gravel required, VG, cu ft.

3.17.7.8 Maintenance manpower required, MMH, MV yr.

3.17.7.9 Correction factor for other construction costs,
CF.

3.17.8 Unit Price Input Required.

3.17.8.1 Unit price input for earthwork, UPIEX, $/cu yd.

3.17.8.2 Unit price input for R.C. wall in-place, UPICU,
$/cu yd.
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3.17.8.3 Unit price input for R.C. slab in-place, UPICS,
$/cu yd.

3.17.8.4 Cost of 6" P perforated clay pipe installed,
COSTCP, $/ft.
3.17.8.5 Unit price for gravel media installed, COGRVL,

$/cu yd.

3.17.9 Cost Calculations.

3.17.9.1 Calculate cost of earthwork.
VEW

COSTE - 2-W-UPIEX

where

COSTE - cost for earthwork, $.

VEW - total volume of earthwork required, cu ft.

UPIEX - unit price input for earthwork, $/cu yd.

3.17.9.2 Calculate cost of R.C. wall in-place.

V
COSTCW - -- UPICW

where

COSTCW - cost of R.C. wall in-place, $.

Vcw - total volume of R.C. wall required, cu ft.

UPICW - unit price input for R.C. wall in-place, $/cu yd.

3.17.9.3 Calculate cost of R.C. slab in-place.

V
COSTCS UPICS

where

COSTCS - cost of R.C. slab in-place, $.

V - total volume of R.C. slab required.Cs

UPICS - unit price input for R.C. slab in-place, $/cu yd.

3,17.9.4 Calculate cost of pipe for absorption field.
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COSTDP - (L) (0.8) (COSTCP)

where

COSTDP - cost of drain pipe for absorption field, $.

L - length of tile, ft.

COSTCr - cost of 6" 6, perforated pipe installed, $/ft.

0.8 - correction factor for 4" b pipe.

3.17.9.5 Cost of gravel bedding.

COSTGV - !G COGRVL

where

COSTGV - cost of gravel bedding, $.

VG - volume of gravel required, cu ft.

COGRVL - unit price for gravel media installed, $/cu yd.

3.17.9.6 Calcuiate total bare construction cost.

TBCC - (COSTE + COSTCW + COSTCS + COSTDP + COSTGV) CF

where

TBCC - total bare construction cost, $.

COSTE - cost of earhtwork, $.

COSTCW - cost of R.C. wall in-place, $.

COSTCS - cost of R.C. slab in-place, $.

COS7DP - cost of drain pipe for absorption field, $.

COSTGV - cost of gravel bedding, $.

3.17.10 Cost Calculations Output Data.

3.17.10.1 Total bare construction cost, TBCC, $.

3.17.11 Bibliography.
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1945.
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3.19 SLUDGE DRYING BEDS

3.19.1 Background.

3.19.1.1 Sludge drying beds are a common method for
dewatering digested sludge, especially in small plants. Drying
beds are usually constructed using 4-9 inches of sand over 8-18

inches of graded gravel. The beds are usually divided into at
least three sections for operational purposes. An underdrain
system usually of vetrified clay pipe, spaced 9-20 ft apart, is
used to remove water.

3.19.1.2 The design of sludge beds is influenced by many
factors, such as weather conditions, sludge characteristics,
land value, proximity of residences and use of sludge condi-
tioning aids.

3.19.2 Input Data.

3.19.2.1 Sludge flow, gpd.

3.19.2.2 Solids in thickened sludge, %.

3.19.2.3 Solids desired, 2.

3.19.3 Design Paraneters.

3.19.3.1 Depth of sludge applied (8-12 in).

3.19.3.2 Days (T) in which drainage is the primary drying
mechanism (1-8 days).

3.19.3.3 Solids after T days (15-25%).

3.19.3.4 Clearwater evaporation rate (available from the
U. S. Weather Bureau).

3.19.3.5 Correction of evaporation rate for sludge (I
0.75).

3.19.3.6 Average rainfall in wet month (available from the
U. S. Weather Bureau).

3.19.3.7 Fraction of rainfall absorbed by the sludge (4
0.57).

3.19.3.8 Number of sections desired.
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3.19.4 Process Design Calculations.

3.19.4.1 Fill several columns with thickened/digested
sludge to desired application depth. The bottom of the column
should contain sand and gravel in similar depths to that ex-
pected in the bed. Check the bed daily until drainage from the
botta has essentially ceased. Record the number of days of

drainage (td) and the percent solids in the sludge.

3.19.4.2 Calculate the required drying time.

30xHxS . .
30 Hxo 1 1

aE - bR S1  S2 d

where

T - total drying time, days.

H - depth to which sludge is applied, in.

So M initial solids, percent.

a - correction of evaporation rate for sludge,
= 0.75.

E - clearwater evaporaation rate sludge,
in/month.

b - fraction of water absorbed by sludge,

__ 0.57.

R - rainfall during wet month, in/month.

S1 - solids content after td days, percent.

S2 - final solids content, percent.

td - time during which drainage is significant,
days.

3.19.4.3 Calculate the surface area.

Qs x T(12)

sA = 1H(7.48)

where

SA - surface area required, ft 2 .

Q- volumetric sludge flow, gpd.
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The drying bed is divided into several sections which are filled
in turn so that one is always available to accept additional
sludge.

N
SA - SA N --- -

where

N - number of sections.

The area of each section can be given by:

SA
AS -N

where

AS - the area of each section, ft2.

3.19.4.4 Calculate the solids produced.

QsSo ( 8.34 Ib/gal ton
D 0P 100 g (365 days/yr) ( 2000 lb

where

DTPY - tons of dry solids per year.

3.19.4.5 Calculate weight of solids removed.

(DTPY) (100)
TPY = 2

where

TPY - total tons per year removed.

S2 - final solids content, %.

223.19.5 Process Design Output Data.

3.19.5.1 Area required, ft 2 .

3.19.5.2 Depth of sludge application, in.

3.19.5.3 Number of sections.

3.19.5.4 Area of each section, ft2.

3.19.5.5 Drying time in bed, days.
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3.19.6 Quantities Calculations.

3.19.6.1 Uncovered drying beds with truck tracks far ease
of sludge pickup (See Figure 2.53-1) will be utilized in this
manual. A minimum of three beds will be provided for alternate
sludge application, drying and cleanup. A typical width of 20
feet is utilized. This limitation is Imposed by the constraint
of manual sludge pickup and transfer to trucks. The length of
bed is limited to less than 300 feet. This is due to the
hydraulic constraint of the drainage pipes.

3.19.6.2 Selection of the number of beds. The selection
of the number of drying beds is dependent on the total surface
area required. The following rule will be followed in this
selection.

N - 3 * (SA - 18,000)
6000

N must be an integer and should always be larger than 3.

where

N - number of beds.

SA - total drying bed surface area required, sq ft.

3.19.6.3 Dimensions of drying beds.

3.19.6.3.1 Surface area of each individual bed, SAN, sq ft.

-SANI

N

3.19 .6.3.2 Length of each bed, LN, ft.

LN -SA 20

where

20 - width of bed, ft.

3.19.6.4 Earthwork required for drying bed construction.
It is assumed that the depth of cut would be 4 feet and the
slope of cut would be 1:1. Thus the total volume of cut can be
expressed by:,

2 - )2 24
V ew- [48 N (LN) + 224 N + /560 N2 (LN) + 4480 N2 (LN)] l
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where

V - volume of earthwork in cu ft.ew

3.19.6.5 Quantity of reinforced concrete required.

3.19.6.5.1 This item includes the concrete dividing walls
and the truck tracks.

3.19.6.5.2 The typical cross section of the dividing wall is
shown in Figure 3.19-1. The quantity of wall would be:

V - 5.06 [40 N + (N) (LN) + (LN)]cw

where

V w - volume of reinforced concrete in-place,
cu ft.

3.19.6.5.3 Volume of concrete required for the construction
of truck tracks:

V - 3 (N) (LN)

where

V - volume of R.C. in-place, cu ft.Cs

3.19.6.6 Quantity of sand and gravel.

3.19.6.6.1 It is assumed that a 12-inch depth of gravel and
a 9-inch depth of sand will be utilized in drying bed construction.

3.19.6.6.2 Volume of sand.

Vd - 20 (N) (LN) 12 - 15 (N) (LN)

where

Vds - volume of sand required, cu ft.

3.19.6.6.3 Volume of gravel.

Vdg - 20 (N) (LN)

where

Vdg - volume of gravel, cu ft.
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3.19.6.7 Perforated drain pipe required.

3.19.6.7.1 It is assumed that only the vitrified clay pipe
will be used for this purpose.

3.19.6.7.2 Size of pipe to be used. Only 4-inch, 6-inch,
and 8-inch diameter will be utilized. Selection of pipe size
depends on length of bed. The following rule will be used:

Clay Pipe Diameter
Length of Bed, LN (DICLP) In

< 10' 4"

100 - 200 6"

> 200 8"

3.19.6.7.3 Total length of pipe, CPL.

CPL - 2 (N) (LN)

3.19.6.8 Operation and maintenance manpower requirement.

3.19.6.8.1 Operation man-hours required, OMB.

When TPD < 0.09 (tons/day)

OMB - 360

When 0.09 < TPD - 0.8 (tons/day)

OMH - 964 (TPD) 0 . 4 09

When TPD > 0.8 (tons/day)

0KH - 1066.4 (TPD)

where

TPD - sludge solids applied per day, tons/day.

0MB w -operatioft man-hour reqUirenent, man-hours/_yr.

39.1.8.2 M9igtenance man-h6ur requirement. -"-

When TPD < 0.09 (tons/day)

=fl - 160

When 0.09 S TPD 1 0.8 (tons/day)

M - 432.8 (TPD) 0 . 4 0 9
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When TPD 0.8 (tons/day)

MMH - 532.8 (TPD)

where

MM - maintenance man-hour requirement, man-hour/yr.

3.19.6.9 Operation and material costs. This item is
principally related to replacement of sand removal in the bed
cleaning process. It is expressed as a percent of total bare
construction costs of the drying bed.

OHMP - 0.9%

where

OHMP - percent of the installed equipment costs for the
operation and maintenance material costs, percent.

3.19.6.10 Other construction cost items. From the above
calculations it can be seen that approximately 90 percent of the
construction costs have been accounted for. Other items such as
inlet piping, filtrate collection system, etc., would be 10
percent. Thus, the correction factor would be:

1CF -. - 1.11

where

CF -correciton factor for minor construction costs.

3.19.7 Quantities Calculations Output Data.

3.19.7.1 Number of beds, N.

3.19.7.2 Surface area of each bed, SAN, sq ft.

3.19.7.3 Length of each bed, IN, ft."

3.19.7.4 Quantity of earthwork required, V- , tu ft..we

3.1i.7.5 Quantity of concrete wall, V cs cu ft.

3.10.7.6 Quantity of concrete slab, V 8 *e cu ft.

3.19.7.7 uantity of sand, Vds, cu ft.

3.19.7.8 Quantity of gravel, Vdg, cu ft.
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