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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 canputer based cost estimating models
have been developed. All of these models have various limitations
resulting in difficulties in application or camputation. The
Conputer Assisted Procedure for the Design and Evaluation of
Wastewater Treatment Systems (CAPDET) is designed to overcome,
where possible many of the difficulties associated with campu~-
terized cost estimating. This, by no means however, is meant to
imply that CAPDET overcames 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 docunent provides technical infomation 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 EREATME‘IT SYSTEMS (CAPDET)

1.1 INTRODUCTION

1.1.1 Purpogse. The purpose of this report is to present the
design, quantities and cost estimating algorithms implemented within
the Camputer Assisted Procedure for Design and Evaluation of Waste-
water I‘reatment 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 treatment
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 comsulted during preparation of this report.
Additional references are also given at the end of each unit process
design segment presented in Sectioms 2 and 3 of this report.

l.1.4 General. The need for a method of accurate and rapid preli-
minary design, and cost estimating for wastewater treatment plant
coms truction projects has long been recognized., Various models have
been developed which purport to prepare planning or design level cost
estinates. Few of these models are responsive to the requirements of
the planner or engineer responsible for accurately projecting con-
struction 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 treatment
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 techaniques, 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 accammodate 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 Limitatioms. 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 algoritims developed
for any generalized estimating procedure must include many simplifying
assumptions. Such itens as engineering judgement, equipment design
limitations, site limitations, and regulatory reliability and main-
tainability standards all enter into fomulation of the algorithms.
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
degign 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 comstruction within
unit process battery limits is camputed using unit costing techniques.
The problems associated with engineering judgement and equipment
design limitations were addressed through use of a natiomally re-
cognized engineering fim for algoritim development and comsultation
with a variety of equipment manufacturers to detemine equipment
limitations. Site specific costs are addressed through use of sta-
tistically generated cost curves based on national average costs.
These curves are obtained fram the U. S. Envirommental Protection
Agency publication entitled "Comstruction Costs for Municipal Waste-
water Treatment Plants" (FRD1ll).

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 fram a cost generation viewpoint. The generation of ef-
fluent quality predictioms 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 mathematical optimization model. The CAPDET approach
is to prepare cost estimates for user input alternatives. The model
will then rank these al ternatives by least annual cost but does not
purport to provide the "mathematically optimal™ solution to an infi-
nite universe of alternatives. CAPDET approaches the facility plan-
ning process in the same 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 l.4),

Sections 2 and 3 of this report contain the design, quantities and
cost equations for speciiie unit processes available within the
CAPDET Program. Section 2 contains unit processes suitable for
wastewater treatment of flows within the 0.3 to 300 mgd range. The
library of available processes includes conventional, secoundary,
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. 0.0l to 0.5 mgd.
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1.2 CAPDET COST ESTIMATING 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 coet 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 fomulations 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 refinement 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 refinement 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 %20 percent for operation and mainte-
nance costs. The goal of process algoritim development is to provide
this accuracy level.

Two basic methods have been conmsistently utilized for planning level
cost estimating. First, parametric 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 flows and fomulation 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 {n a clarifier are quan-
tified, to which an input cost value for reinforced comcrete in place
is applied to detemine comstruction 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 detemined
as a function of some characteristic of the process. The major
disadvantages of the parametric approach which result fram the sta
tistical nature of the system are: wupdating is difficult requiring
large data sets; the effects of local econanic conditions are dif-
ficult to include in the cost analysis; and projecting the effects of
iaflation on project costs is camplicated and of temn inaccuyrate,
relying primarily on cost indices.

The unit costing approach has the advantage of more closely reflecting
actual engineering concepts applicable to a specific facllity. The
unit costing approach to cost estimating has several basic advaantages
over parametric costing including: ease of updating to reflect
increases in costs of various canponents of the facility; the effects
of inflation are easily evaluated by adjusting unit price inputs;

1-2’1




local conditions may 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
prol iferation of required unit cost inputs has tended to make such
models cunbersame and difficult to use. '

CAPDET successfully avoids the propensity for unit costing models to
sel f destruct by utilizing a "modified cost element” approach. In the
true cost element approach, comstruction details are well enough
defined to adequately estimate the quantities of material, man-hours
of labor, etc, necessary to comstruct and operate the facility. The
modified cost element approach limits the detail required by selecting
for in depth study only ghose cost elaments which have a major impact
on the cost of the treatment process.

CAPDET has cambined both parametric and unit costing techaniques to
provide a technique for estimating total project costs. Costs as~
sociated with comstruction of a wastewater treatment facility are
divided into three categories; wunit process costs, other direct

coms truction costs, and indirect project costs. Treatment process
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
detemine the costs of the unit process within these battery limits.
Other direct comstruction costs are those construction items more site
specific, such as yard piping, site electrical, etc., which are used
to "tie" the treatment processes together to fom a functional treat-
ment facility. The costs of these items are derived parametrically
fran EPA developed cost curves based on bid data. Other direct
comstruction costs included in the CAPDET model and their respective
equations are presented in Table 1.,2-1,

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

The reanainder of this section describes the detailed cost estimating
process used by the CAPDET model.

1.2.2,1 Unit Process Comstruction Costs. The unit process con-
struction coats are developed using a unit price cost estimating
technique. In order to apply this method, each unit process is
defined within battery limits. In general, battery limits are es-
tablished to be the physical dimensions of the process plus five feet.
The modified coat element approach is utilized to provide an estimate
of the comstruction costs associated with a specific unit process
within the battery limits of that process.
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More specifically, the coet of each process is developed using aa
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 comsists 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 comstruction. The cost estimating procedure for CAPDET was
developed based on the pramise 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 comstruction cost is developed and displayed without

the exceedingly burdensome task of identifying each individual item
contributing to the cost of the fac..ity.

CAPDET utilizes a three-step process for unit process design and cost
estimating, entailing three sistinct levels of effort. Figure l1.2-1
presents this process in schesatic fom. The process design calcula-
tioms section (first-order d--inn) is the basic sanitary process
design of the proposed *traszim«n’ process. This design level identifies
such items as volume of tankage, air requirements, etc. The quantities
calculations section (second~ordér design) identifies and quantifies
the major cost items, i.e. volume of earthwork, voiume of coucrete,
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 1s the "basic sanitary process design" level of detail. At
this stage, we are concerned with volumes, detention times, overflow
rates, etc. A nationally recognized process design fomulation was
selected for each unit process, For the sake of convenience, the
process design algoritims 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 quaatifies the major cost
items. The following is & discussion of the general methodology
enployed.
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1.2.2.3.1 Structural Component. The major cost items for comstruction
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, countrol 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 general {zed model to be applicable to a wide range of flows

(fram 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 flows in

excess of | 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

nunber of smaller basins when the sewage flow is more than 100 mgd.

The blower system, for econamnic reasons, would continue to be cen-

tral ized 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 comstructed for each unit
process may be detemined by econamic considerations and/ or regula-
tioms 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 dowm 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 anumbers and capacity of installed mechanical
equipment. Both the theoretically derived techniques fram academic
research and the practical aspects of design are given equal counsideration
in fomulating the model for each individual unit process.
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The size and dimensions of concrete or steel structures caun be cal-
culated after the number of tanks, vessels, or pieces of equipment is
detemined. The dimensions of the basins are governed by the physical
comstraints of the individual mechanisms to be installed in these.
basins. For example, 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
fomulate a general ized model. It is assumed that structures, except
punp statioms, will be built 3 feet below grade for concrete struc-
tures and at grade for steel structures, Having made these assump~
tioms, the quantity of reinforced concrete, structural steel, and
earthwork can be easily calculated by computer methods.

1.2.2.3.2 Equipment Component. The second most important cost
item 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, auad
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 of f-the-shelf equipment items fram
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 econanical and cammon 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 fram the empirical fomulae established fram 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,
aunber of reaction vessels, and canplexity of the process require-
ments. For instance, the piping systems for a contact stabilization
activated sludge are more canplex than those for a canplete mixed
activated sludge. Due to the tremendous number of piping systems
within a sewage treatment 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
detemined 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 comstruction 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 ingtalled equipment costs.

The output data fram the quantities calculations section is used as
imput 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 canbined cost of reinforced concrete,
earthwork, structures, and piping.

The comstruction of earthen basins (such as aerated lagoons or sludge
lagoons) is generally atteampted with equal cut-and-fill quantities.
In other words, excavated material is utilized in embankments so that
borrowing of dirt fram 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 cousiderations 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 concrete 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 treatment 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
nunber of unit cost input entries, it is very difficult to maintain a
relfable 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 components: 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
mul tiple of the standard unit purchase cost. This cost ratio versus
size relationship has been developed for each major item of equipment
required. These relatiomships assume the fomm showm:

(COST) , _ A,
T_cosr)s F(g)
where

A = gome characteristic size measurement such as
volume, area, horsepower, or weight.

O and S = subscripts designating other and standard
sizes, respectively,

F = a2 function of.

The exact fomm of the cost-versus-size relationship and the selection
of the standard sizes for each major equipment item were detemined
from a review of manufacturer's infomation 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 optiomn is for the
user to obtain fram equipment manufacturers the current cost of the
standard size equipment F,0.,B. (Free-On-Board) at the treatment plant
site. The purchase cost of any other size item of like equipment is
then autaomatically 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 program. The latter of the above methods is the least
accurate; however, 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 relatiounships 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 geuneralized fom:

MH = F (4)
where
Mi = man-hours required for installation.
A = gize measuranents as defined previously.

The cost of installation is estimated by mul tiplying the man-hour
requirenents 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 cai-
culate the cost of equipment installation. These factors, in general,
were obtained from equipment manufacturers and published sources.

The other minor costs for each type of equipment may comsist 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 fowmmula:
Purchase Cost of Equipment $ M
Man-Hours Required for Installation = MH
MH x Labor = $ L
Other Minor Items = X2

M x X2 $ XM

Total Installed Costs

(1+ XZ) 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 enviromment. 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 fomula:

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

1.2,2,4.4 Costs of Piping System. Piping costs may vary fram 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 caupletely
detailed drawings is an ardous, time-consuming task much beyond the
scope of CAPDET. Evaluation on any other basis may produce widely
varying regults, 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 materiali 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:

- Cost of Pipe any size

N Cogst of reference size pipe

= F (pipe size)
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With these factors stored in CAPDET for cast iromn pipe, steel pipe,
fittings and valves, the user will have to input only a limited number
of unit costs of the reference canponents, The field erection costs
for the piping systam can be estimated by use of the cost-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 costs of handling, hanging pipe
placament, 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 well as the fraction for placing and
insulating, are evaluated in the quantities calculationms section. The
field erection cost of the piping system will be estimated based on
the labor requirements and unit labor price inputs.

The total piping system costs would be the sum of the following
items:

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

In many cases it is impractical, at the planning level, to identify
piping quantities and sizes. In such cases, a percentage of other
comtruction cost factor is used to estimate piping costs. The
method used is specified for each process.

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

1.2.2,4.5.1 Energy. Energy costs are derived from the calculated
use of fuel oll, natural gas or electric power. The quantities cal-
culations section generates the quantities of energy use whereas the
cost calculations section applies user input unit prices to calculate
the unit process energy cost. The total energy cost of the treatment
facility 1s simply the sum of the energy costs for the unit processes.

The cost of electric power is by far the predominant energy cost for
most processes. Thus, electric power has been placed in a separate
category on the program output fomats. Since natural gas and fuel
oil is consumed in relatively few processes, the cost of these fuels
is tabulated as a materials costs. The procedure for calculating
power cost is presented below. Similar techniques are also applied to
the calculation of fuel o0il and natural gas costs.
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The electric power comsumption has been detemined for each unit
process and is part of the output data from the quantities calcu~
lations section of each process. The power consumption for the
treatment facility is simply the sum of the power comsumptions for the
unit processes. The power consumption is counverted to costs by

mul tiplying the power comsumption 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 comsumption. Because of the tremendous variability of
power costs no general value cam 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)
where
EPC = electric power costs, $/yr.
PC = total power comsumption, kwhr/yr.
UPIPC = uynit 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 camputed for
the treatment facility as a whole.

Recommended 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 gsize of the facility, or man-hours
required, the camplete 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 nunber of inputs, the weighted average
salaries were expressed as a percentage of the Operator II salary.
Graphs were then made of percent Operator Il salary versus man-hours
required for the four labor groups. These curves were expressed in
equation fom and are presented in the discussion of each labor group
which follows:
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TABLE 1.2-1, ESTIMATED PLANT STAFFING COMPLEMENT

Adninistrative Group

Superintendent

Assistant Superintendent
Clerk Typist
Storekeeper

Operation Labor

Operatioms Supervisor

Shift Foreman

Operator II

Operator 1

Automotive Equipment Operator

Maintenance Labor

Maintenance Supervisor
Mechnical Maintenance Foreman
Maintenance Mechanic II
Maintenance Mechanic 1
Electrician II

Electrician I

Painter

Maintenance Helper

Laborer

Custodian

Laboratory

Chemist
Laboratory Technician

End Table 1.2" ln
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The administrative labor group consists 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:

0.7829
AMH = 348.7 (Qavg)

where
AMH = 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.

-0c3210 (

SALA = 20.92 (AMH) SALOP)

where

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

SALOP = salary for operator II, fram input, $/hr.

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

COSTA = (SALA) (AMH)
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 treatment. The man-hour requirement for this group
is calculated by the following equations.

For 0.01< Qavg“‘ 20 mgd

0.1515

LMH = 2450 (Qavg)
Qav

LMH = 1062 (Qavg)

g 2 20 mgd
0.4426
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where
LMH = laboratory man-hours required, man-hours/yr.
Qavg = gverage 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:

COSTL = (SALL) (LMH)
where
COSTL = annual cost for laboratory labor group, $/yr.
The maintenance man-hours required have been calculated for each
individual unit process. The total requirement is the sum of the
requirenent for each unit process to be used in the treatment facility.
MMET = £ MMH
where

MMHT = total maintenance man-hour required, man-hour/yr.

MMH = maintenance man~bours required for each unit
proce man-hours/ yr,

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

0.085 (SALOP)

SALM = ,388 (MMHT)
where

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

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

COS™ = (SALM) (MMHT)
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where

COSTM = 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 requirements for each unit process to be used in the treatment
facility.

OMHT = < OMH

where

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

OMH = 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 operatiomn labor group, $/hr.
The total annual cost for the operation labor group is given by:
COSTO = (SALO) (OMHT)
where
COSTO = annual cost for operation labor, $/yr.

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

TOMLC = COSTA + COSTL + COST™™ + COSTO
where

TOMLC = 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 fram the cost calculations section for each unit process. The
total operation and maintenance material and supply costs for the
treatment facility are the sum of the costs for each unit process to
be ugsed in the treatment facility.
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TOMLC = £ OMMC
where

TOMMC = total annual operation and maintenance material
and supply costs, $/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
chemicals are lime, alum, ferric chloride, polymers, and chlorine.
Quantities of each chemical required by the treatment 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, $/yr.
UPLIME = unit price input lime, $/1b.
LIME = lime dosage rate, lb/day.
CALUM = annual cost of ALUM, $/yr.
UPALUM = unit price input for alum, $/1b.
ALUM = alun dosage rate, lb/day.
CIRON = annual cost of ferric chloride, $/yr.
UPIRON = unit price for ferric chloride, $/1b.
IRON = iron dosage rate, lb/day.

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

PLMER

polymer dosage rate, lb/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 = CLIME + CALUM + CIRON + CPLMR + CCLR
where

COSICT = total annual chemical costs for the treatment
facility, $/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.

AOMC = EPC + TOMLC + TOMMC + COSTCT

where

AOMC = total annual operation and maintenmance costs,
$/yr.

1.2.2.5 Other Facility Comstruction Costs. The comstruction of
wastewater treatment facilities involves not only the construction of
unit processes, but also the supporting facilities and interconnecting
piping which must also be campleted in order to create a functional
facility. These other facility comstruction costs have been found to
represent fram 35 to 50 percemt of total facility comstruction cost.
Other direct comstruction costs fomulations available to the model
ugser 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 comstruction
elements. The cost curves used in the model are derived from the U.
S. Enviromental Protection Agency Technical Report, "Construction
Costs for Municipal Wastewater Treatment Plants: 19731978, "FRDII.
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TABLE 1.2-2, Other Facility Comstruction Cost Fomulatious

Item Description Fomulation
Special Foundations 55129 Qo°57
Ef fluent Pumping 55776 Q0-6!
Outfall Diffuser 29988 Qo'56
Mobilization 52967 Q0+9°
Clearing and Grubbing and Site Preparation 92734 Qo'57
Site Electrical 139519 q°+73
Yard Piping 96076 Q0.71
Laboratory, Maintenance and

Administration Building 161240 Qo'58
Raw Waste Pumping 109443 Qo‘63
Instrumentation and Control 64997 Qo'78
Non-Ocean Outfall 50962 Q%+ 77
Ocean Outfall . 251468 106
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The curves found in FRD1l were developed fram a statistical analysis
of over 737 wastewater treatment plant comstruction projects repre-
senting approximately 5.8 billion dollars of grant eligible treatment
plant comstruction 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 comstruction stage (Step 3) since inception of the construction
grants program. For further infomation on development of these
curves, the reader is referred to FRDLI.

Another significant facility comstruction cost is the allowance for
contractor profit and overhead. Since this item should be calculated
based on total facility comstruction cost, the bare costs of the unit
processes plus the cost of other facility construction cost is mul-~
tiplied by a percentage to detemine 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 comstruction costs are calculated as the sum of unit
process costs, other facility comstruction costs and coantractor profit
and overhead.

1.2,2.6 Noncons truction Costs. The calculation of total
project costs involves not only the cost of comstruction but also
noncoms truction costs associated with the Step !l and Step 2 planning
and design effort as well as noncomstruction costs associated with the
Step 3 come‘ruction effort. These costs are presented in Table 1.2-3,

The CAPDET cost estimating techniques again utilizes the data collected
in the FRD11l 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 FRDll for detailed fomulation
of these values.

Land requirements are generated using infomation derived fram 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 lagoous 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.




Table 1.2-3. Noncomstruction Cost Percentages

Iten Description

Percentage of
Total Conmstruction Cost*

Contingencies
Administrative/Legal

201 Planning

Inspection

Technical

Miscel laneous Nonconstruction
Design

*May be changed by program user.

3.5
2.0
2.0
5.0
4,0-12.0
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1.3 INPUT SOURCE DEVELOPMENT

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
descriptioms and facility design flow. The model user is referred to
the User's Guide for detailed infomation 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 ioputs.

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

1.3.3 Scheme Descriptions. The CAPDET model contains over 90
treatment processes in the program library. ‘Each of these processes may
be utilized by the model user to comstruct various wastewater treatment
process trains (cambinations of treatment processes). Selection of a
process train will depend on numerous factors including:

Stream 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 exclusioms of certain processes.

Possible requirements for future expansion and/ or
upgrading.

The process substitution diagram in Figure l.3~1 is useful in
systen design and evaluation. In practice, the diagram is entered
from 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,
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there may be 30 or more viable treatment processes; a cauplete
treatment system may employ fram 1 to 20 processes., Thus, there
are literally thousands of possible cambinations and it is vir-
tually impossible for an individual designer or design team to
evaluate all viable processes and cambinations of processes
without the aid of the camputer. 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 comsideration. This practice places a great
burden on the designer and occasionally results in designs that
are not cost effective,

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

1.3.4 Wastewater Characteristics. The CAPDET model
allows input and tracking of 20 wastewater coustituents. Default
values are included for all values other than average, minimum
and maximum flows. Infomation 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 infomation presented in this chapter will
allow the engineer to prepare a "first-look" design and obtain
rudimentary cost data for the area. Subsequent iteratioms in the
planning process demand that these average values be replaced
with site-specific values.

One of the most important parameters 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 parameter to forecast. Many factors
dramatically affect the flow reading of a waste treatment fa-
cility; among these are (a) geographical locatiom, (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) stom event his-
tory, and (f) precipitation and resulting runoff.
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Metcalf and Eddy have found that between 60 and 30 percent of the
per capita consumption of water will became sewage. Based on
studies by the U. S. Public Heal th 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 (gped). This therefore
represents an average wastewater flow fram 88 to 118 gped or
about the 100-gped figure frequently reported in the literature.
It should again be emphasized that this value represents only an
average value which must be used with cautionm.

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 l.3~l provides some camparisions
found by Clark and Viessman in their research on domestic flow
fluctuations.

The tems "inflow" and "infiltration" are used to describe flows
into the sanitary sewer system fram sources other than nomal
sewage connections. Inflow refers to connections of wastewater to
the systan which may not be septic in the biologic sense of the
tem. Such coannectioms include roof drains, parking lot drains,
misconnected stom 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 nomally is better disposed of by other means. Frequently
nomns tructural solutioms (e.g., sewer ordinances) are required to
deal with areas of excessive inflows. On the other hand, in-

fil tration refers to the inward seepage of groundwater into the
collection systam. The volume of such infiltration is a direct
function of the length, size and conditiom of the collection
system as well as the depth of the groundwater. Current EPA
procedure is to detemine 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 fram regionm to
region, Table 1.3-2 gives a set of typical characteristics of
damnestic sewage representative of most urban areas, It must
likewise be realized that heavy industrial or cammercial 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 curreat unit
prices if model accuracy is to be maintained. Default uanit price
data is available within the model and will be utilized in the
calculation process 1if the user fails to inmput unit price data.
While the CAPDET cost estimating methodology has reduced the
aumber of unit price inputs required, there are some inputs still
required.
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Table 1,31 Residential Sewage Flows
as Ratios to the Average

Flow

Maximum
Maximum
Minimum
Minimun

daily
hourly
daily
hourly

Ratio
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Table 1,32 Typical Characteristics of Domestic Sewage
{(mg/1 unless noted otherwise)

Amount

Parameter High Average Low

BOD5 350 200 100
CoD 800 400 200
TOC 300 200 100
pH (units) 7.5 7.0 6.5
Total solids 120 700 400
Suspended, total 350 200 100
Fixed 100 50 25
Volatile 250 150 75
Dissolved, total 850 500 300
Fixed 500 300 200
Volatile 350 200 100
Settleable solids (ml/Ll) 20 10 5
Total nitrogen (as N) 60 40 20
Free ammonia (as NH,) 30 15 10
Total phosphorus (as P) 20 10 S
Chlorides (as Cl) 150 100 50
Sulfates (as SO,) 40 20 10
Alkalinity (as éaC03) 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 Comstruction
Costs. The Dodge Guide is a yearly publication fram the McGraw-
Hill Infomation Systems Campany. This publication contains unit
costs for labor, materials, and equipment for a wide range of
public works construction projects. The costs are generated fram
sources throughout the United States and generally represent an
average cost., The publication can be obtained fram:

McGraw-Hill Infomation Systems Campany
1221 Avenue of The Americas
New York, New York 10020

1.3.5.2 Means Building Comstruction Cost Data. The Means Cost
Data is a yearly publication produced by the Robert Snow Means
Company, Inc. This publication like the Dodge Guide preseats
average unit costs gathered fram throughout the United States.

The Means Building Comstruction Cost Data can be obtained fram:

Robert Snow Means Company, Inc.
Comstruction Consul tants & 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 treatment 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

1.3.5.4 "Engineering News Record”. "Engineering News Record" is
a weekly magazine published by the McGraw-Hill Publications

Company. The publication discusses a wide range of comstruction
problems and techniques as well as comstruction management. This
publication may be otained by writing:
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Engineering New Record
P. O. Box 430
Hightstown, New Jersey 08520

1.3.5.5 "Journal Water Pollution Comtrol Federation"”. The
"Journal Water Pollution Conmstruction Federation" is a monthly
publication by the Water Pollution Control Federatiou. 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 tem "local" appearing in Table 1.3-3
indicates that this cost input is so variable that it must be
obtained fram sources in the local area where the facility is to
be built.

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

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

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

1.3.7 Indirect Project Costs. Total project costs also
include various noncomstruction costs As in the case of the
"other direct comstruction costs", the CAPDET model uses data
collected by the EPA in preparation of FRD1l., 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 econamic
optimization in which a system's output or production is maxi-
mized while minimizing its cost., In pollution coutrol, the
basic objective or output has been established by law or regu-
lation. There remains the procegs of developing the least cost
waste treatment management system to meet preestablished objec-
tives rather than detemining the econanic tradeoffs resul ting
fram improvements or degradation of water quality.

Af ter the engineer or planner perfoms the initial cost calcu-
lations and detemines estimates of the capital and operating
and maintenance costs for each cost canponent in a waste treat-
ment management system a cost analysis of altermative systems
must be prepared., Before a true camparisoun of altermative
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 detemines the sum 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 alternmative waste treatment manage-
ment systems.

The CAPDET model generates both present worth 1 equivalent
annual costs for each alternative waste treatment management
system. The methodology used for these calculations is based as
closely as possible on the cost-effectiveness analysis proce-
dures pranulgated 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 guidel ines.

1.4.2 EPA Cost Effectiveness.
l1.4.2.1 General
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Cost- affectiveness analyses guidelines have been pramulgated by
the Enviromental Protection Agency under the authority of
Sections 212(2)(e¢) 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 CFR 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 camply as closely as possible with
these regulatioms.

An Appendix A cost~effectiveness analysis is defined as "an
analysis perfomed to detemine which waste treatment management
system or component part will result in the minimum total
resources costs over time to meet Federal, State or local
requirenents.” The total resource costs include both monetary
and nommonetary opportunity costs. The analysis of nomonetary
costs is based on a descriptive preseantation of their signi-
ficance and impacts. Nomonetary factors include but may not be
limited to such items as primary and secondary euviromental
effects, implementability, operability, perfomance 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-ef fective al ternative is that waste treatment manage-
ment systemn which the analysis detemines to have the lowest
present worth or equivalent annual value unless the nomouetary
costs are overriding. In addition, the most cost-effective

al ternative must also meet the minimum requirements of appli-
cable effluent limjitatioms, 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
fomulation 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 comstruction 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 comstruction 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 1 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 comsideration

of the annual costs for operation and maintenance of the waste-

water treatment 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 relationship 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
cons idering 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 fror 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 them
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 present worth of the fixed
cost as detemined fram a unifom gseries and the preseat worth
of the variable costs as detemined from a unifom gradient
series.
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l.4.2.4 Revenues.

At the present stage of development, the CAPDET model does not
calculate revenues which may result fram 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 inflation on the cost of waste treatment management
systeams. The assumption is made that the general rate of
inflation will affect all alternatives by approximately the same
percentage. Two exceptioms to the general rule are authorized.
First, the cost of natural gas shall be escalated at a campound
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 campound 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 for™
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 cost
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 detemining the
useful life of various waste treatment management system al-
ternatives. This general guidance is summarized as follows:

Land: pemanent

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 infomation on
anticipated equipment and structural service lives,
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1.4.2.8 Salvage Value,

Appendix A provides only limited guidance oun 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
corsidered as a present worth value.

Depreciation is accamplished using a unifomm depreciation over
the useful life (straight line depreciation). Salvage values

for unit processes are calculated for the structural component
and equipment component. Items included as other direct con-

struction costs and indirect costs are assumed to have a zero

sal vage value.

Calculation of a salvage value for land is somewhat unique. As
stated above, Appendix A requires escalation of land values at
the canpound 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 allows the calculation of interest during counstruc-
tion by two alternative methods, depending on the length of the
coms truction project. Section 1.4.3.2.1.5 includes detailed
discussion of interest during comstruction.

1.4.2,10 Total Present Worth.

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

1.4,3 Cost Effectiveness Calculations.
l.4.3.1 Unit Processes.
1.4,3.1.1 Capital Costs.

Each unit process is made up of various comstruction elements
such as equipment, structures, earthwork, etc., which have a
capital cost associated with than. 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 comstruction. This is detemined by adding the
contractors overhead and profit to the calculated costs.

CEC = (CC) ﬁl_.‘io%li

where
CEC = construction element cost, §$.
CC = calculated comstruction 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 1ife less than the planning period and must therefore be
replaced during the planning period. The guidelines for cost
effective analyses do not allow for inflatiom 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 comstruction elements except
land which is pemanent.

The unit processes can be broadly divided by comstruction
elements into two components structural component and equipment
canponent.,

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

RSST -PP

SVSC = CEC RSST

where
SVSC = sal vage value of structural component, $.

RSST

service 1ife 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 1s different for equipment with a
service 1ife 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= [—P% (NR)RS) ]

NR = % NR must be rounded down to an integer.

where

SVEC = salvage value of equipwment camponent, $.
CEC = comstruction 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 (R—sR'si)

where
SVEC = salvage value of equipment camponent, $.
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
thogse 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 from
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 Incremental O&M Costs.

_ TOMCF - TOMCI

IOMC PP

where
IOMC = O&M incremental costs, $.

TOMCF = 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.
Unitial

TOMCI = )
design

TOMCF

1.4,3.1.3.2 Fixed O&M costs.
FOMC = TOMCI - IOMC
where
FOMC = fixed O&M costs, $.

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

IOMC = incremental O&M costs, $.

1.4.3.1.4 Revenues. Sgme processes produce revenues fram
sale of products such as sludge or in the case of land treatment
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.

1.4.3.1.5.1.1 1Initial 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 Replacement Costs. The replacement cost must be
adjusted by a present worth factor since the expenditure will be
made sometime in the future.,

1 * 1 + seeee * ! .
1+ DR (14 1)3S (1 + 1) MR RS)

PWRC = CEC [
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where
PWRC = present worth of replacement costs, $.
CEC = comstruction element costs, $.

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

RS = service life, or replacement schedule, yrs.

NR = nunber of replacements required during the
planning period.

1.4.3.1.5.2 Salvage Value. The salvage value must be ad-
justed to detemine 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.

l1.4.3.1.5.2.1 Present worth of salvage of equipment
canponent.

1
(a+ 1)fP

PWSEC = (SVEC) | ]

where

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

SVEC = galvage value of equipment component, $.

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
camnponent.
1

(1+ i)pP

PWSSC = (SVSC) [ ]

where

PWSSC = present worth salvage value for structural
camnponent, $.

SVSC = salvage value of structural campouent, $.

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.

PP
( -
PWFOMC = (FOMC) [(1 + igp 1]
i (1+ 1)

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.

1.4.3.1.5.,3,2 Present worth of incremental O&M costs.

pp 1 a1+ PP -1

i—( T )] | T ]
1+ 1) -1 i(l+ 1)

PWIOMC = (IOMC) [ T -
where
PWIOMC = present worth of incremental O&M costs, $.
IMC = 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 + PWIOMC
where
PWTOMC = present worth of unit process O&M costs, $.
PWFOMC = present worth of fixed O&M costs, S§.
PWIOMC = present worth of incramental O&M costs, §.
1,4.3.1.5.4 Revenues.
1. fP .

1+ 1)ff
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where
PWR = present worth of unit process annual revenues.
AR = unit process annual revenue, $/yr.

1 = 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 detemined by adding the present worths of the

costs involved in the unit process.

1.4,3,1.5.5.1 1Initial Capital Costs.

UPCC = zczc

UPCC = unit process comstruction cost, $.

where

CEC = construction element capital costs, $.
1.4.3.1.5.5.2 Replacement 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.

UPWsSv -EPWSEC +§PWSSC

UPWSV = unit process present worth of salvage value,
S.

where

PWSEC = present worth of salvage for equipment
camnponents, $,.

PWSSC = present worth of salvage value for structural
canponents, $.
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1,4.3,1.5.5.4 Calculate Total Unit Process Preseant Worth.
UPPW = UPCC + UPWRC + PWIOMC - UPWSV -~ PWR
where
UPPW = total unit process present worth, S$.
UPCC = unit process construction cost, $.

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

UPTOMC = present worth of unit process 0&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 them. 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.

l1.4,3.2.1.1 Calculate Total of Unit Process Costs.

TUPC -EUPCC

TUPC = total of unit process costs, $.

where

UPCC = unit process comstruction 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 camplete facility. These
costs include items such as yard piping, clearing and grubbing,
instrunentation and administrative facilities. The other direct
costs will be canputed 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
canputed as described in Section 1.2.2.6, however, Step 1l and

Step 2 costs are not counsidered in the cost effectiveness analysis.

l1.4.3.2.1.5 Interest During Construction. The interest

during comstruction can be treated as capital cost. The interest
is calculated based on total capital expenditures, the period of
coms truction and the interest rate set by the Water Resources
Council. The comstruction period is assumed to be 3 years if
none is specified.

IDC =

(TUPC +# ODC + IC + LC) (P) (1)
2

where
IDC = interest during coumstruction, $.
TUPC = total of unit process costs, $.
ODC = other direct costs, $.
IC = indirect costs, $.
P = comstruction period, yrs.

i = interest rate or discount rate set by the
Water Resources Council, fractiomn.

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, $.
IC = land costs, $.
IC = indirect costs, $.
IDC = interest during construction.
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1.4.3.2.2 Salvage Value.
1.4.3.2.2.1 Construction Elements. The salvage value of the

comstruction elements for the total treatment facility is the
sun of the salvage value calculated for each unit process.

TCESV -zsvzc +§svsc

TCESV = total comstruction element salvage value, §$.

where

SVEC = salvage value of equipment camponent, $.
SVSC = salvage value of structural camponent, §.

1.4.3.2.2.2 Indirect Cost, Other Direct Costs, and Interest
Dutring Comstruction.

These items are assumed 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 from
other iteas in that it may be escalated at a compound rate of 3%
annually. A higher rate may be used if it can be justified by
local conditiouws.

PP

SVLC = Lu (-%%O—EE)

where

SVLC = galvage 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 treatment facility is the sum of
the 0&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 Calculatious.
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 treatment facility is the sum of the
present worth of the replacement costs for each unit process.

PWRCTF = E%JPWRC

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

where

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

1.4.3.2.5.3 Salvage Value., The present worth of the salvage
value for the treatment 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.

]
a i)PP

PWTFS = UPWSV + SVLC [
where

PWIFS = present worth of treatment facility salvage
value, $.

UPWSY = unit process present worth of saivage 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 treatment
facility is the sum of the present worth of the O0&M costs for
the unit processes plus the present worth of the administrative
and laboratory labor and expenses.

ac [(1+ 3P% - 13

1 (1+ )PP

OMPWTF = PWTOMC +
where

OMPWIF = 0&M present worth for the treament facility,
$.

PWTOMC = 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 -zm

PWRTF = present worth of revenues for the treatment
facility, $.

vwhere

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

1.4.3.2.5.6 Treatment Facility Total Present Worth.
TPWIF = TPC + OMPWTF + PWRCTF - PWIFS - PWRTF
where

TPWIF = total present worth of the treatment facility,
S.

TPC = total project costs, $.

MPWIF = O&M present worth for the treatment facility
$.

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

PWIFS = 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 i3 to build it. This requires large sums of money
which are generally obtained from several sources; granmts,
loans, or bonds., The foremost councern of a municipality buil-
ding a wastewater treatment plant is how to obtain the portiom
of the cost of the treatment facility which is not covered by a
grant. This is nomally 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 from the revenues generated fram the wastewater
treatnent system. The CAPDET model develops the rate required
to generate the revenues to operate the system and repay the
bonds and loans, The methodology used is described below.

1.5.2 Funding Procedures.
l1.5.2.1 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 amount of grants by federal or state agencies are detemined
as a percentage of the eligible project costs. Federal (EPA)
grants are usually 752 unless the project is declared to be
innovative or al ternative in which case it is 85X1. State grants
vary fran state to state. The CAPDET model allows the user to
ianput variable rates.

1.5.2,2,2 Local Share.

The local share is detemined by subtracting the grant amount
from the total project cost. The usual fom of fund raising by
municipalities is fram the sale of bonds., Bonds sold for
comstruction 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
revenue bonds.

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 comstruction 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 fram these calculations.
Table 1.5~1 1llustrates how the amount of revenue bonds to be
sold is detemined.

1.5.3 Devel opment of User Charge.

Af ter 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,
debt service on the bonds.

l1.5.3.1 Annual Principle and Interest Payments.

Af ter bonds have been sold or loans have been procured, a table
which shows the principle amortized each year together with the
interest required is supplied. This is cammonly 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 cambined
annual payment of principle and interest.
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TABLE 1l.5~1

LOCAL SHARE CALCULATION EXAMPLE

A. ESTIMATED PROJECT COST
EPA ..op 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)
0ld $ 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 Comstruction $2,230,000
Other Costs

Allowance for Financing $120,000
Sub~Total - Other Costs 120,000
Revenue Bonds Required(l) 32,350,000

L 30- year revenue bonds.
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1.5.3.2 Debt Service Coverage.

Revenue bonds ordinances usually require that user charges be
maintained during the l1ife of the bond issue to insure adequate
revenues to repay principle and pay current interest outstaanding
plus an additional percentage to create adequate surplus and
fund reserve accounts.

"Debt Service Coverage' is the tem 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 tem net revenue is defined as the
annual revenues derived fram use service charges less the opera-
tion and maintenance cost of the system. Debt service coverage
varies fram 1.3 to 1.7 and depends primarily oun the credit
rating of the wastewater treatment system.

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 Calculatious.

1.5.4,1 Input Data.

1.5.4.1.1 EPA grant participation, EPAG, 2.
1.5.4.1.2 Other grant participation, 0G, %.
1.5.4.1.3 Revenue Bonds,.

1.5.4.1.3.1 Interest rate oun Bonds, IB, Z.
1.5.4.1.3.2 Nunber of years bounds financed, NB, yrs.
l.5.4.1.4 I sans.

1.5.4.1.4.1 Amount of Loan 1, L1, %.

1.5.4.1.4.2 Interest rate on Loan 1, I1, %.
1.5.4.1.4.3 Number of years Loan 1 financed, N1, yrs.
1.5.4,.1.4.4 Amount of Loan 2, L2, Z.

1.5.4.1.4.5 Interest rate on Loan 2, L2, %.
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1.5.4.1.4.6 Nunber of years Loan 2 financed, N2, yrs.

1.5.4.1.5 Allowance for financing, AFF, Z%Z.
1.5.4.1.6 Number of billing units, BU, 1000 gal.
l.5.4.1.7 Persons per household, PPH.

l1.5.4.1.8 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, §.
COST1l = Step 1 costs, $.
COST2 = Step 2 costs, $.
1.5.4.2.2 Land treatment projects.
TEC = TCC + COSTL + COST2 + LCOST
where
TEC = total eligible project costs, $.
TCC = total comstruction costs, $.
COST1l = Step 1 costs, $S.
COST2 = Step 2 costs, $.

LCOST = land costs, $.

1.5.4.3 Calculate local share to be financed.
1.5.4.3.1 For all projects except land treatment.
. _ EPAG + 0G AFF
LS [(1.0 oo )} (TEC) + LCOST] [1 + 160
where
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EPAG

0G

TEC

AFF

local share to be financed, $.

EPA grant participation, Z.
= other grant participation, Z.
= total eligible project costs, $.

= allowance for financing, Z.

LCOST = land cost, $.

1.5,4.3.2

where

EPAG
0G
TEC
AFF

l1.5.4.4

ADS = (LS - Ll - L2) [

where

ADS

LS

IB

NB

Ll

N1

Land Treatment Projects.

- EPAG + OG AFF
LS = (1.0 - oo ) (TEC) (1 + 356

= local share to be financed, $.

EPA grant participation, Z.

= other grant participation, Z.

= total eligible project costs, $.
= allowance for financing, Z%.

Calculate the annual debt service.

I8/ 100 (1 + IB/ 100)“31
(1+ 18/100)"® - 1
12/100 (1 + 12/100)2
(1 + 12/100°% - 1

+ L1

+ L2 |

]

= annual debt service, $.

= local share to be financed, $.

= interest rate on bonds, Z.

= nummber of years bonds financed, vrs.
= amount of loan 1, L1, $.

= nunber of years Loan 1 financed, vrs.

1.5-6

(L/100 (1 + 11/ 100y

a+ 17100 - 1

]




L2 = amount of loan 2, $.

I2 = interest on loan 2, Z.

N2 = nunber of years loan 2 financed, yrs.

1.5.4.5

1.5.4.5.1

where
PIR
ADS

1.5.4.5.2

where

where
TAOCN
TOAMN
ADS
PIR
CR

1.5.4.6
system.

where

Calculate annual reserve accounts.,

Principle and interest reserve.

PIR = 435

annual principle and interest reserve, $.
annual debt service, $.
Contingency reserve.
ADS
R =5
annual contingency reserve, $.

annual debt service, §.

Calculate total annual operating cost of new

TAOCN = TOAMN + ADS + PIR + CR

total annual operating cost for new system, S$.
total annual O&M cost for new system, $.
annual debt service, §.

annual principle and interest reserve, §$.
annual contingency reserve, §S.

Calculate cost per 1000 gallons treated for new

. TAOCN x 1000

CPTG Qave
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CPIG
TAOCN
Qave
1.5.4.7
system.
where
CPIT
TAOCN
EOMR
Qave
1.5.4.8
where
CTTN
1.5.4.9

annual cost per 1000 gallons treated new system. $.
total annual operating cost for new system, $.
design flow, mgd.

Calculate cost per 1000 gallons treated for total

T o (TAOCN + EGMR) 1000

CPT Qave

cost per 1000 gallons treated total system, S.
total annual operating cots for new system, $.
annual operating cost for existing system, $.
design flow, mgd.

Calculate cost per 1000 gallons for new system.

TAOCN
CPIN = 55—

annual cost per 1000 gallons for new system, $.

Calculate cost per 1000 gallons of water billed

for new system,

where

TAOCN x 1000

CPIN = Qave

CPTIN = annual cost per 1000 gallons treated for new system,

$.

TAOCN = total annual operating cost for new sytem, $.

BU = billing units.

1.5‘4. 10

Calculate cost per 1000 galloms water sold for

total system.

where

CPTT = CPTN + EBUR

CPIT = cost per 1000 gal. for total system,
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CPTN
EBUR

1‘5.4. 11

where
CPHN
CPIN
PPH
GPCD

1.5.4.12

where
CPHT
CPTN
PPH

GPCD

cost per 1000 gal. for new portion of system,
existing sewer rate,

Calculate cost per household for new system.

. CPTN(PPH) (GPCD)
CPHN 060

cost per household for new systenm,

cost per 1000 gal. for new portions of system.
persons per household.

gallons per capita per day.

Calculate cost per household for total system.

. (EBUR) (PPH) (GPCD)
CPHT = CPHN + 1505

cost per household for total system.
cost per 1000 gal. for new portion of system.
persons per household.

gallonsper capita per day.

1.5-9




2.0 TREATMENT PROCESS DESIGNS (MAJOR SYSTEM)

2.01 Contents of Sectiom.

This section includes the equation: and algoritims which are used
to generate sizes and quantities of =quipment and materials, cost
of comstruction, and effluent quality for the unit procesgses 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 infomation 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 Sectioa.

Each unit process is presented in a separate subsection and ar-
ranged in al phabetical order. Those unit processes which have a
nunber of variations, have each variation presented as a separate,
canplete subsection. This causes some repetition but is con-
venient in that all the infommation 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 infomation. Each unit process
subsection is further divided into three calculation sectioms:
Process Design Calculations, Quantities Calculations, and Cost
Calculations. Each of these is concluded with an output data
subsection which emumerates the data which was generated.

Each unit process subsection ié concluded with a bibliography with
the references arranged in alphabetical order,
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2.1 ACTTVATED 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 floc previously found." Similarly,
the activated-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 fram 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 variatious 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 removed organics occur in a separate aeration
tank,

2.1.1.3 1In the following paragraphs, seven activated sludge process
modifications and variations will be comsidered: conventional plug
flow, conplete mix, step aeration, modified-aeration or high-rate,
contact stabilization, extended aeratiou, and pure oxygen system. 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 Camplete Mix Activated Sludge.

2.1.2.1 There has been much discussion and some counfusion concerning
the definition of complete mix activated sludge. Nevertheless, any
definition will be arbitrary and many differences of opinion will be
aired., 1In this manual it will be assumed that a complete mix activated
sludge is achieved when the oxygen uptake rate is unifomm 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.

11411

COMPLETE MIX
mewewr | 4 4 4 4
Y Y ¥ ¢

AERATION TANK

YYYVYY

SLUDGE RETURN WA
Figure 2.1-1, Camplete Mix Activated Sludge GE
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2.1.,2.2 Organic loading and oxygen demand are unifomm 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 defined as "a modifi-
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

sol ids 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".

INFLUENT :
\ #-{ CONTACT TANK EFFLUENT
ALTERNATE
WASTE @ STABILIZATION | SLUDGE RETUAN
SLUDGE TANK }

WASTE SLUDGE

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 floc, 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 volume requirement for aeration is approximately omne-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 deratioun Activated Sludge

2.1.4.1 The extended aeration process is defined as "a modification of
the activated sludge process which provides for aercbic 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/M ratio
and long detention time. In the process, the aeration detention time is
detemined 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 accunulation of so!'ids occurs in

the system. Sludge storage facilities should be pravided; 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 EFFLUENT

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 requirements and, hence, less power consumption. Modified
aeration is also characterized by a poor settling sludge and low BOD
removal efficiencies.

INFLUENT AERATION TANK EFFLUENT
SLUDGE RETURN WASTE
scooee >

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 tanmk, and a sludge return line to treat wastewater.

INFLUENT AERATION TANK EFFLUENT
SLUDGE RETURN WASTE >
SLUDGE

Figure 2.1-5. Plug Flow Activated Sludge
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2.1.6,2 Wastewater and returned sludge from the secoudary 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
decreagses with aeration time. Absorption, flocculation, and synthesis
of the organic matter take place during aeration. The mixed 1i7uor
(sludge floc plus liquid in the aeratiom 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 system may be used for aeration in activated
sludge systems that operate in either the plug flow or caomplete mix
hydraulic regimes. It is readily adaptable to new or existing camplete
mix systems and can be used to upzrade and extend the l1ife 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 tack volume, decreased siudge 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
nunber 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-
nismg 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

EREE

AERATION TANK

| SLUDGE RETURN

Figure 2,1-6, Step Aeration Activated Sludge
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2.1.8.3 Flexibility of operation is a prime factor to comnsider in
the design of the process. The oxygen demand is essentially unifomm

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 1is 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 Wagtewater Strength.

2.1.9.1.2.1 BOD5 (soluble and total), mg/l.
2.1.9.1.2.2 COD and/ or TOC (maximum and minimum), mg/1.
2.1.9.2.2.3 Suspended solids, mg/l.

2.1.9.1.2.4 Volatile suspended solids (VSS), mg/1l.
2.1.9.1.2.5 Nonbiodegradable fractiom of VSS, mg/l.
2.1.9.1.3 Other Characterizationm.

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,l mg/l.

2.1.9.1.3.4 Phosphorus (total and soluble), mg/l.
2.1.9.1.3.5 Oils and greases, mg/l.

2.1.9.1.3.6 Heavy metals, mg/1.

2.1.9.1.3.7 Toxic or special characteristics (e.g., phenols), mg/1l.
2.1.9.1.3.8 Temperature, °F or °C.

2.1.9.1.4 Effluent Quality Requirements.

2.1.9.1.4.1 BODg, mg/1.

1

The fom of nitrogen should be specified as to its biological

availability (e.g., NH3 or Kjeldahl).
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2.1.9.1.4.
2.1.9.1.4.
2.1.9.1.4.
2.1.9.1.4.
2.1.9.1.4.
2.1.9.2

2.1.9.2.1

2 ss, mg/l.

3 TKN, mg/ 1.

4 P, mg/l.

S Total nitrogen (TKN + NO3 - N), ng/l.

6 Settleable solids, mg/1l/hr.

Design Parameters.

Reaction rate coustants and coefficients.
Cons tants Range
Eckenfelder

k 0.0007-0.002 l/mg/ hr

a 0.73

a' 0.52

b 0.075/ day

b' 0.15/ day

f 0.40

£' 0.53

2.1.9.2.2
2.1.9.2.3
2.1.9.2.4
2.1.9.2.5
2.1.9.2.6
2.1.9.2.7
2.1.9.2.8
2.1.9.2.9
2.1.9.2.10
2.1.9.2.11
2.1.9.2.12
2.1.9.3

2.1.9.3.1
unknown.

F/M = (0.3-0.6).

Volumetric loading = 50-120.

t = (3-6) hr.

t, = (3~7) days.

MLSS = (3000 - 6000) mg/l.
MLVSS = 0.7 MLSS = (2100 - 4200) mg/1l.
Q/Q = (0.25 - 1.0).

1b Ozllb BODr 2 1.25.

lb solids/1b BOD = (0.5 - 0.7).
0= (1.0 - 1.04),

Efficiency = (>90 percent).
Process Design Calculations,

Assume the following design parameters from above when
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2.1.9.3.1.1

2.1.9.3.1.2

2.1.9.3.1.3

2.1.9.3.1.4

2.1.9.3.1.5

2.1.9.3.1.6

2.1.9.3.1.7

2.1.9.3.1.8

2.1.9.3.1.9

2.1‘9.3.l.10

2‘1.9.

where

2.1.9.

3.2

BOD removal rate constant (k).

Fraction of BOD synthesized (a).

Fraction of BOD oxidized for emnergy (a').
Endogenous respiration rate (b and b').

Mixed liquid suspended solids (MLSS).

Mixed liquid volatile suspended solids (MLVSS).
Food-to-microorganism ratio (F/M).
Nonbiodegradable fraction of VSS in influeut (f).
Degradable fraction of the MLVSS (f').
Temperature correction coefficient (0).

Adjust rate constant for temperature.

K = K020

o
Kr = rate constant at desired temperature, C.

KZO = rate constant at 20°C.

0 = temperature correction coefficient.

T = temperature, °c.

3.3

Detemine the size of the aeration tank by first de~

temining the detention time t °

where

F/M

248
0

M ¢ SR

hydraul ic time, hr
influent BOD,, mg/l.
MLVSS, mg/1l

food-to-microorganism ratio
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2.1.9.3.4 Check detention time for treatability
Se . 1 __

5° 1+ kXV:

where

S = BODg (soluble) in effluent, mg/l.

S, = BODg in influent, mg/l.

k = BOD removal rate constant, l/mg/ hr

X, = MLVSS, mg/1.

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.
t
v Qavg X7
where

V = volume, million gal.

Qavg = gverage daily flow, mgd.

t = detention time, hr.

2.1.9.3.6 Calculate oxygen requirements.
1
4o a’'s
T Ty
or
02 =3 (Sr) (Qavg) (8.34) + b' Xy) M (8.34)
where

d0/dt = oxygen uptake rate, mg/ l/hr.

a' = fraction of BOD oxidized for energy.
S_ = BOD removed (So - se)' ng/ 1.

t = detention time, hr.
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b' = endogenous respiratiom, l/hr.
XV = MLVSS.

0, = oxygen requirement, lb/day.

o
L}

average flow rate, mgd.

<
]

volume of aeration tank, milliom gal.

and check the oxygen supplied against 2 1.25.

0,
1b 0/1b 80D, = qG ) x 8.34

where

02 = oxygen required, lb/day.

Q = flow, mgd.

Sr = BOD removed, mg/l.
2.1.9.3.7 Assume the following design parameters and design
aeration system and check horsepower supply for mixing against

horsepower required for camplete mixing 0.l hp/ 1000 gal.

2.1.9.3.7.1 Standard transfer efficiency, percent, fram
manufacturer (5~8 percent).

2,1.9.3.7.2 02 transfer in waste/O2 transfer in water a3 0.9.

2,1.9.3.7.3 02 saturation in waste/ 02 saturation in water &
0.9.

2.1.9.3.7.4 Correction factor for pressure = 1.0.

2.1.9.3.8 Select summer operating temperature (25-30°C) and
detemine (fram standard tables) 02 saturation.

2.1.9.3.9 Adjust standard transfer efficiency to operating

oTE = stE LCdT(A @ = &1 . (1,02)F20
9,17

where
OTE = operating transfer efficiency, percent.

STE = standard transfer efficiency, percent.
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(C.)m = 0, saturation at selected summer temperature T, %,
s'T m%/l

02 saturation in waste/ 02 saturation in water = 0.9.

A

correction factor for pressure = 1.0,

©
L}

%

minimum dissolved oxygen to be maintained in the
basin 2.0 mg/l.

<= 02 transfer in waste/O2 transfer in water 270.9.
T = temperature, °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 requiremeat is
used to size the blower facility. The unit process design for
the blower facility is found in subsection 2.3.

02(105) (7.43)
a 1b O

OTE)  0.0176 —=% 1440 3L v
ft air y

where

R = required air flow, cfm/ 1000 £e3,

0, = required oxygen, 1b/ day.

OTE = operating transfer efficiency, percent.

V = volume of basin, gal.

2.1,9.3.11 Calculate sludge production.
AXV = [aeravg - vaV + £Q (VSS) + Q(Ss - ¥ss)] 8.34

where

ax, = sludge produced, lb/day.
a = fraction of BOD removed synthesized to cell material.
S_ = BOD removed, mg/l.

= average flow, mgd.

b = endogenous respiration rate/day.
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<3
L}

VSS =
S =

2.1.9.3.12
removed and

where

ax, =
S =
r

Q’
2.1.9.3.13

where

Q/Q =

a

X =
u

2.1.9.3.14

where

SRT =

MLVSS, mg/1.

volume of basinm, gal.

nonbiodegradable fraction of influent VSS.
flow, mgd.

volatile suspended solids in effluent, mg/l.
suspended solids in influent, mg/1l.

Calculate solids produced per pound of BOD

check X.v against value given. >

1b solids _ aXy
(15 B0D) ~ 5, (Q) (8.34)

sludge produced, 1b/day.
BOD removed, mg/l.
flow, mgd.
Calculate sludge recycle ratio.
QU - X
Ch Xo " %

sludge recycle ratio.

volume of recycled sludge, mgd.

flow, mgd.

MLSS, mg/1l.

sol ids concentration in return sludge, mg/1l.

Calculate solids retention time.
(V)Xa(8.34)
Axa

SRT =

gol ids retention time, days.
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a
Ax .'—xv———
a % volatile

2.1.9.3,15 Effluent Characteristics.

2.1.9.3.15.1 BODS.

BODE = Se + 0,84 (Xv)eff £

where
BODE = effluent BOD5 concentration, mg/ 1.
Se = effluent soluble BOD5 concentration, mg/l.
(Xv)eff = effluent volatile suspended solids, mg/l.

£' degradable fraction of MLVSS.
2.1.9.3.15.2 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 BOD5 concentration, mg/l.
Se = effluent soluble BOD5 concentration, mg/l.
2,1.9.3.,15.3 Nitrogen.
TKNE = (0.7) TKN
NH3E = TKNE
where

TKNE = effluent total Kjeldahl nitrogen concentrationm,

mg/l.

TKN = influent total Kjeldahl nitrogen concentration,

mg/l.

NH3E = effluent ammonia nitrogen concentration, mg/1l.
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2.1.9.3.15.4 Phosphorus.
PO4E = (0.7) (P0O4)

where
PO4E = effluent phosphorus concentration, mg/l.
PO4 = influent phosphorus concentration, mg/l.
2.1.9,3.15.5 011 and Grease.

OAGE = 0.0
where

OAGE = effluent oil and grease concentration, mg/l.

2.1.9.3.15.6 Settleable Solids.

SETSO = 0.0
where

SETSO = settleable solids, mg/l.
2.1.9.3.16 Detemine nutrient requirements, lb/day.

for nitrogen
N = 0.123 An.r(o: aXy)

and phosphorus

P = 0.026 aMp(or AXy)
vhere
MT = gludge produced, 1lb/day.
AXV = gludge produced, 1lb/day.
and check against BOD:N:P = 100:5:1.

2.1.9.4 Process Design OQutput Data

2,1.9.4,1 Aeration Tank,

2.1.9.4.1.1 Reaction rate comstant, 1l/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 (£').
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2.1.9.4.1.7
2.1.9.4.1.8
2.1.9.4.1.9
2.1.9.4.1.10
2.1.9.4.1.11
2.1.9.4.1.12
2.1.9.4.1.13
2.1.9.4.1.14
2.1.9.4.1.15
2.1.9.4.1.16
2.1.9.4.1.17
2.1.9.4.2
2.1.9.4.2.1
2.1.9.4.2.2
2.1.9.4.2.3
2.1.9.4.3
2.1.9.4.4
2.1.9.4.5
2.1.9.4.6

2.1.9.4.7
TKNE, mg/ 1.

2.1.9.4.8
mgl.

2.1.9.4‘9
2.1.9.4.10
2,1.9.5

1b BOD/lb MLSS-day (¥/M ratio).

Mixed liquor SS, mg/l (MLSS).

Mixed liquor VSS, mg/l (MLVSS).
Aeration time, hr.

Volune of aeration tank, million gal.
Oxygen required, lb/day.

Sludge produced, 1b/day.

Nitrogen requirement, 1b/day.
Phosphorus requirement, 1b/day.

Sludge recycle ratio, percent.

Sol ids retention time, days.

Aeration System.

Standard transfer efficiency, percent.
Operating transfer efficiency, percent,
Required air flow, cfm/1000 ft3.
Effluent BOD5 concentration, BODE, mg/l.
Effluent soluble BOD5 concentration, Se, mg/l.
Effluent COD conceantration, CODE, mg/l.

Effluent soluble COD concentration, CODST, ag/l.

Effluent total Kjeldahl nitrogen concentration,
Effluent ammonia nitrogen concentration, NH3E,

Effluent phosphorus concentration, PO4E, mg/l.

Effluent o1l and grease concentration, OAGE, mg/l.

Quantities Calculations.

2.1.9.5.1 Design values for activated sludge system.
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cmd = (Ra) (V) (133.7)
where
V = volume of aeration tanks, million galloms,
2.1.9.5.2 Selection of numbers of aeratiom tanks. The

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

Number of
Qavg Aerati;; 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

vwhere
NT = nunber of aeration tanks per battery.

When Q is larger than 100 mgd, several batteries of aeration
tanks 98] be used. See next section for details.

2.1.9.5.3 Selection of nunber of tanks and number of batteries of
tanks when Q is larger thaa 100 mgd. It is general practice
in designingai§rget 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 model ing process, the following
rules will be used:

1 When Q € 100 mgd, only one battery of aeration

2.1.9.5.3.
t 11 be used. s

nks wi

NB =1
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where
NB = number of batteries of units.

2.1.9.5.3.2 When 100 < Qavg £ 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 2.1.9.5.2 by using half the
design flow as Qavg' Thus

NB = 2

2.1.9.5.3.3 When Qavg > 200 mgd, the design will be perfomed
to use three batteries of aeration basins, each handling one-
third of the wastewater. Thus

NB = 3

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

CPM,
Yoo~ TTNT) (NB)
NDt must be an integer.
where
ND: = nuber 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 aumber 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 fram 8 to 30. For our purposes an
average of 20 diffusers per header will be assumed.

NSAt = _Nit_

20

NSAt must be an integer.
where

NSAt = nunber of swing am 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

e
(NB) (NT)

VN =
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
L= cor

If L is greater than 400 ft, then recalculate VN using NT = NT +
l, then recalculate L.

2.1.9.5.7 Aeration tank arrangements.

2.1.9.5.7.1 Figure 2.1-7 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) (&N‘%a)
where
PGW = pipe gallery width, ft,
stg = 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 equatiouns:

2.1.9.5.8.1 When NT is less than 4, the earthwork required

would be:

V_ =6NB [ NT(31.5) +# 15.5) (L + 17) + (NT(31.5) + 23.5) (L + 25 )
ew 2

where

Vew = volume of earthwork required, cu ft,
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NT = nunber of tanks per battery.

L= leﬁgth 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:

15.75(NT)*+ 15,5 2L+ PGW 20) + (15.75(NT)}+2.5 2Ly PGWr 28) ]
vew =6 N8 [ 2

2.1.9.5.9 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 same for both plug and complete mix flow.

2.1.9.5.9.1 For NT less than 4:

Veg = 1.5 NB [ (NT(31.5) + 15.5) (L + 17)]

where

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

2.1.9.5.9.2 For NT greater than or equal to 4:

Vcs = 1.5 NB {(15.75(NT) + 15.5) (2L + PGW + 200)]

2.1.9.5.10 Reinforced concrete wall quantities,

2.1.9.5.10.1 The wall constructions are different for camplete

mix and plug flow systams. In order to achieve camplete mix, the
ioflows to the aeration tanks must be distributed unifommly along

one side of the aeration tank, flowing across the width of the
tank and being discharged along the other.

2.1.9.5.10.2 When NT is less than 4:
Vcw » [(L(30.3) + NT ((L)(29.4) » 1372.5)] » 22.5] (NB)
where

Vcw = 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:

Vcw = [30.3(NT) (L) # S57(L) + 1417.5 (NT) + 45(PGW) + 135] NB
2.1.9.5.11 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' 18




BLOWER BLOWER
BUILDING BUILDING

|

! [

OIFFUSERGS

(Tye)

= Y-WALL FOR _l/ =
NT=2 AIR PIPING (TYR) NT=3

BLOWER
BUILDING

NT=4

BLOWER
BUILDING

FIGURE 2.1.-7 AERATION TANK ARRANGEMENT




SANVL NOILVY3IV 03SNAJI0 XIW ILITdWOD 40 NO1LD3S-TWII4AL - 8-°"1°2Z 3ynoid

S R
T P )
-
. 7 i
‘.  Fe
et mzmm?._..:oIM.I 4o
* 4
¥NVL HOILVH3V WRVI NOILVEIV |'§
SHIAVIH WHVYONIMS — \
N\ 7\ = )
N “ T
- .n ~— q.!.!n aw J-o—
- - 1




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(NT) (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 CFM, is less than or equal to 3000 scfm, the
operation manpower can be calculated by:

OMH = 62.36 (csua)°'3972

where
OMH = operation manpower required, MH/ yr.

2.1.9.5.12.2 1f CFM, is greater than 3000 scfm, the operation
manpower can be calcufated by:

OMH = 26.56 (crud)°'5°38

2.1.9.5.13 Calculate maintenance manpower requiraements.

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

MM = 22,82 (CFnd)o“379

2.1.9.5.13.2 1f CFMd > 3000 scfm, the maintenance manpower can
be calculated by:

M = 6,05 (CRt,)0-00%7
where

MMH = maintenance manpower required, MH/ yr.
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 = (CFMd) (241.6)
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where

KWH = electrical energy required for operatiom, kwhr/yr.

2.1.9.5.15 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 coustruction costs.

~0.2602

OMMP = 3057 (Qavg)

where

OMMP = operation and maintenance material costs as percent
of total bare comstruction 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 eatimated as a percent of the total bare comstruction 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 -ml . 1.11

where
CF = correction factor to account for the minor cost
items.
2.1.9.6 Quantities Calculation Output Data.
2.,1.9.6.1 Number of aeration tanks, NT,
2.1.9.6.2 Number of diffusers per tank, ND, .
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2.1.9.6.3

2.1.9.6.4

2.1.9.6.5

2.1.9.6.6

2.1.9.6.7

2.1.9.6.8

2.1.9.6.9

2.1.9.6.10

2.1.9.6.11

2.1.9.6.12

2.1.9.6.13

2.1.9.6.14

Nunber of process batteries, NB.

Number of swing am headers per tanmk, NSA,.
Length of aeratiomn tanks, L, ft.

Width of pipe gallery, PGW, ft.

Earthwork required for construction, Vew, cu
Quantity of R.C. slab required, vcs' cu ft.
Quantity of R.C. wall required, Vcw, cu ft.
Quantity of handrail, LHR, ft,

Operation manpower requirement, OMH, MH/yr.

Maintenance manpower requirement, MMH, MH/yr.

fe.

Electrical emergy for operation, KWH, kwhr/yr.

Operation and maintenance material and supply cost

as percent of total bare comstruction cost, OMMP, perceant.

2.1.9.6.15

2.1.9.7

2.1.9.7.1

2.1.9.7.2

2.1.9.7.3

2.1.9.7.4
$/ft.

2.1.9.7.5

Correction factor for minor construction costs, CF.

Unit Price Input Required.

Cost of earthwork, UPIEX, $/cu yd.

Upnit price 4imput R.C. wall in-place, UPICW, $/cu yd.

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

Unit price input for handrails in-place, UPIHR,

Cost per diffuser, COSTPD, $, (optional).
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2.1.9.7.6

2.1,9.7.7
MSECI.

2.1.9.7.8

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

Current Marshall and Swift Equipment Cost Index,

Current CE Plant Cost Index for pipe, valves,

etc,, CEPCIP.

2.1.9.7.9
2.1.9.7.10
2.1‘9.8

2.1.9.8.1

where
COSTE
v
ew

UPLEX

201.9'8.2

where
COSTCW
v
cw
UPICW

2.1.9.8.3

where

COSTCS

cs
UPICS

Equipment installation labor rate, LABRI, $/MH.
Unit price input for crane remtal, UPICR, $/hr.

Cost Calculations.

Cost of earthwork.

COSTE = 'ew UPIEX

7

= cost of earthwork, $S.

= quantity of earthwork, cu ft,

= ynit price input of earthwork, $/cu yd.

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

COSTCW = Vew UPICW
27

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

= quantity of R.C. wall, cu ft.

= ynit price input for R.C. wall in-place, $/cu
yd.

Cost of R.C. slab in-place.

COSTCS = 'cs UPICS

27

= cost of R.C., slab in-place, §$.
= yolume of concrete glab, cu yd.

= unit price R.C. slab in-place, $/cu vd.
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2.1.9.8.4 Cost of handrails in-place.
COSTHR = LAR x UPIHR

where

COSTHR = cost of handrails in-place, $.

LHR = 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 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 ZM%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.

2.1.9.8.5.2 Calculate COSTD,
COSTD = COSTPD x NDt x NT x NB
where
COSTD = cost of diffusers for system, $.
NDt = nunber of diffusers per tank.

NT = number of tanks.

2.1.9.8.6 Cost of swing am diffuser headers.
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2.1.9.8.6.1 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 gshould 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.

COSTPH = §5,000 32T
where
COSTPH = cost per swing ama header, §.
MSECIL = 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 = COSTPH x NSAt x NT x NB
where -
COSTH = cost of swing am headers for system, $.
l‘ISAt = nunber of swing am headers per tank.
NT = number of tanks.
NB = m.nbef of batteries,
2.1.9.8.7 Equipment installation man-hour requirement. The
labor requirement for field installation of the swing amm headers,
including mounting the diffusers, is approximately 25 man-hours
per header.
IHH-ZSNSAthTxNB
where
IMH = installation man-hour requirement, MH,

2.1.9.8.8 Crane requirement for installatinn.

CE = (.1)(DMB)
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where
CH = crane time requirement for installatiom, hr.

2.1.9.8,9 Cost of air piping. The air piping for the dif-
fused geration system is very cmmplex and includes many valves
and fittings of differeut sizes. This causes cost estimatiom 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.

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

0.2553 x CEPCIP

COSTAP = 617.2 (CFHd)

where

COSTAP

cost of air piping, §$.

CFMd design capacity of blowers, scfm.

CEPCIP

current CE Plant Cost Index for pipe, vialves, etc.

241.0

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

2.1.9.8.9.2 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 (CFM,) x S

2.1.9.8.9.3 If CFM, is greater than 10,000 scfm, the cost of
air piping can be cal.gulated by:

0.8085 x CEPCIP

COSTAP = 28,59 (CFMd)
2.1.9.8.10 Other costs associated with the installed equipment,
This category includes the cost for weir installation, psainting,
inspection, etc., and can be added as a percentage of the pur-
chased equipment cost:

PMINC = 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 + 3‘1’-&‘03) + (IMH) (LABRI) + (CH) (UPICR)

where
IEC = installed equipment cost, $.
LABRI = labor rate, $/MH.
UPICR = crane rental rate, $/hr.
2.,1.9.8.12 Total bare comstruction cost.
TBCC = (COSTE + COSTCW + COSTCS + IEC + COSTHR + COSTAP) CF
where
TBCC = total bare conmstruction cost, §.
CF = correction factor for minor cost items.
2.1.9.8.13 Operation and maintenance material costs.
OMCC = TBCC oo
where

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

OMMP = operation and maintenance material supply costs,
as percent of total bare constructiom cost, percent,

2.1.9.9 Cost Calculations Output Data.
2.1.9.9.1 Total bare construction cost of diffused aeration

activated sludge system, TBCC, dollars.

2.1.9.9.2 Operation and maintenance material and supply
costs, OMMC, dollars.
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2.1.10 Conplete 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/1l.
2,1,10.1.2.2 COD and/ or TOC (maximum and minimum), mg/l.
2.1.10.1.2.3 Suspended solids, mg/l. |
2.1.10.1.2.4 Volatile suspended solids (VSS), mg/1l.
2.1,10.1.2.5 Nonbiodegrable fraction of VSS, mg/1l.
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/l.
2.1.10.1.3.3 Nitrogen,! mg/1.

2.1.10.1,3.4 Phosphorus (total and soluble), mg/l.
2.1,10,1,3,5 O0ils and greases, mg/l.

2.1.10,1,3.6 Heavy metals, mg/1.

2.1.10.1,3.7 Toxic or special characteristics (e.g., phenols),
mdlo

2.1.10,1.3.8 Temperature, °F or °C.

2.1.10.1.4 Effluent Qual ity Requirements.
2.1.10.1.4.1  BODg, mg/1.

2,1.10.1.,4.2 SS, mg/1.

2,1.10.1,4.3 TRN, mg/l.

2.1.10.1,4.4 P, mg/l,

2,1.10,1,4.5 Total nitrogen (TKN + N03 - X), mg/l.
2.1,10.1.4.6 Settleable solids, mg/l/hr.

2.1.10.2 Design Parvameters.
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2.1.10.2,1

2.1.10.2.2
2.1.10.2.3
2.1.10.2.4
2.1.10,2.5
2.1.10.2.6
2.1.10.2.7
2.1.10,2.8
2.1.10.2.9
2.1.10.2.10
2.1,10.2.11
2.1.10.2.12
2.1.,10.3

2.1.10.3.1

when unknown,
2.1.10.3.1.1
2.1.10.3.1.2
2.1.10.3.1.3

2.1.10.3.1.4

Reaction rate constants and coefficients.

Constants Range
Eckenfelder

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

f 0.53

F/M = (0.3-0.6).

Volumetric loading = 50-120,

t = (3-6) hr.

ts s (3-7) days.

MLSS = (3000-6000) mg/1l.
MLVSS = 0.7 MLSS = (2100-4200) mg/l.
Q/Q = (0.25-1.0).

1b 0,/1b BOD. 2 1.25.

1b solids/1lb BOD_ = (0.5-0.7).
0= (1.0-1.04).

Efficiency = (>90 percent).
Process Design Calculations.

Assume the following design parameters from

BOD removal rate constant (k).
Fraction of BOD synthesized (a).
Fraction of BOD oxidized for energy (a').

Endogenous respiration rate (b and b').

1

availability (e.g., Nﬂ3 or Kjeldahl).
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2.1.10,3.1.5
2.1.10,3.1.6
2.1.10.3.1.7
2.1,10.3.1.8
2.1.10.3.1.9
2.1.10.3.1.1

2.1.10,3.2

where

2.1.10.3.3
detemining

where
t -

S =
o

xv-
F/IM =

2.1.10.3.4

vhere

Mixed liquid suspended solids (MLSS).

Mixed 1iquid volatile suspended solids (MLVSS).

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

Nonbiodegradable fractiom of VSS in influent (f).

Degradable fraction of the MLVSS (f').

0 Temperature correction coefficient (0).

Adjust rate constant for temperature.

(T=20)
o0

kr =K,

rate constant at desired temperature,

rate constant at 20°C.
tamperature correction coefficient.

temperature, %.

°c.

Detemine the size of the aeratiom tank by first

the detention time t.
t = zaso
Zlv) (1"7 M)

hydraulic time, hr.
influent BODS, ag/l.
MLVSS, mg/1l.

food-to~microorganism ratio.

Check detention time for treatability.

S 1

[+

BOD5 (soluble) in effluent, mg/l.

BOD5 in influent, mg/l.
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k = BOD removal rate constant, 1/mg/ hr.
YV = MLVSS, mg/1l.
t = detention time, hr.
Solve for t and compare with t above and select the larger.

2.1.10.3.5 Calculate the volume of aeration tank.
V= Qavg x'f%
where
V = yolume, million gal.
Q = average daily flow, mgd.
t = detention time, hr.
2.1.10.3.6 Calculate oxygen requirements.
d0 = 25 s by

dt t

or

02 = a'(Sr)(Q )(8.34) + b'(xv)(V)(8.34)

avg
where
do/dt = oxygen uptake rate, mg/l/hr.
a' = fraction of BOD oxidized for energy.
Sr = BOD removed (S° - Se), mg/l.
t = detention time, hr,

b' = endogenous respiration, l/hr.

Xv = MLVSS

02 = oxygen requirement, lb/day.

Qavg = average flow rate, mgd.

V = volune of aeration tank, million gal.
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and check the oxygen supplied against 1.25.
)
1b 02/ 1b BODr “ oG =534 sr) = 8.34

where
02 = oxygen required, 1b/day.
Q = flow, mgd.
S = BOD removed, mgf/l.
2.1.10.3.7 Assume the following design parameters and design
aeration system and check horsepower supply for mixing against

horsepower required for camplete mixing 0.1 hp/1000 gal.

2.1.10.3,7.1 Standard transfer efficiency, 1b/hp-hr (0 dis-
solved oxygen, 20°C, and tap water) (3-5 lb/hp~hr).

2.1.10.3.7.2 02 transfer in waste/O2 transfer in water & 0.9.

2,1,10.3.7.3 02 saturation in waste/()z saturation in water =~
0.9.

2.1.10.3.7.4 Correction factor for pressure = L,0.

2.1.10.3.8 Select summer operating temperature (25-30°C) and
detemine (fram standard tables) 02 saturation.

2,1.10.3.9 Adjust standard transfer efficiency to operating
conditions.

OTE = STE [(cs)-r(/g) (®) - CL]‘ (I.OZ)T-ZO
9.17

where
OTE = operating transfer efficiency, 1b Ozlhp-ht.
STE = standard transfer efficiency, 1b 02/ hp-hr.

(C ). = 0, saturation at selected summer temperature T, %,
8T mgdl

A= 0, saturation in waste/0, saturation in water 20.9.
p = correction factor for pressure &1.0.

= minimum dissolved oxygen to be maintained in the

CL
basin 2.0 mg/l.

oCm 02 trangfer in waste/ O2 transfer in water.
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T = temperature, °C.
2.1,10.3.10 Calculate horsepower requirement,

1b 02

OTE Boohr (24) (V)

hp = x 1000

where
hp = horsepower required/ 1000 gal.
02 = oxygen required, lb/day.
OTE = operating transfer efficiency, 1lb Ozlhp-ht.
v

volume of basin, gal.
2.1.10.3.11 Calculate sludge production.
oxy = [aS‘,Qavg - bX,V + £Q(VSS) + Q(SS - VsS)] 8.34
where
Axv = gludge produced, 1b/day.
= fraction of BOD removed synthesized to cell material.
= BOD removed, mg/l.
Q

= agverage flow, mgd.

= endogenous respiration rate/day.

a
S
avg
b
xV = MLVSS, mg/1.
V = volume of basin, gal.
f = nonbiodegradable fraction of influent VSS
Q = flow, mgd.
VSS = volatile suspended solids in effluent, mg/l.
SS = suspended sol’ids in influent, mg/l.

2.1.10.3.12 Calculate solids produced per pound of BOI)s
removed and check Axv against value given.

1b solids _ Ay
o Bop)  S.(Q)(8.34)
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where
AXV = gludge produced, lb/day.
Sr = BOD removed, mg/l.
Q = flow, mgd.

2.1,10.3.13 Calculate sludge recycle ratio.
Q » -2
q

L%

where
Qtj Q = sludge recycle ratio.
Qt = volume of recycled sludge, mgd.
Q = flow, mgd.
Xa = MLSS, mg/1.

Xu = g0l ids concentration in return sludge, mg/1l.

2.1.10.3.14 Calculate solids retention time,

V) Xa(8.34)
SRT =

a

where
SRT = solids retentiom time, days.
a
o, = fvof%ir:
2.1.10.3.15 Effluent Characteristics.
2.1.10.3,15.i BOD..

5
BODE = Se + 0.84 (xV)eff £'

where
BODE = effluent BOD, concentratiom, mg/l.
Se = effluent soluble BODS‘ conceantration, mg/l.
(xv)eff = effluent volatile suspended solids, mg/1l.
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/l.
CODSE = effluent soluble COD concentration, mg/l.
BODE = effluent 130D5 concentration, mg/1l.

Se = effluent soluble BOD5 concentration, mg/1l.
2.1.10.3.15.3 Nitrogen.
TKNE = (0.7) TKN
NH3E = TKNE

where

TKNE = effluent total Kjeldahl nitrogen concentration,
mg/l.

TKN = influent total Kjeldahl nitrogen concentrationm,

mg/ 1.

NH3E = effluent ammonia nitrogen concentration, mg/l.
2.1,10.3.15.4 Phosphorus.

PO4E = (0.7) (P0O4)
where

PO4E = effluent phosphorus concentration, mg/l.
PO4 = influent phosphorus councentration, mg/l.

2.1.10.3.15.5 0il and grease.
OAGE = 0,0

where
OAGE = effluent oil and grease concentration, mg/l.
2.1.10.3,'5.6 Settleable Solids.

SETSO = 0,0

where
SETSO = settleable solids, mg/1l.
2.1.10.3.16 Detemine nutrient requirements, lb/day.

for nitrogen
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N = 0,123 Au.r(or Axv)
and phosphorus

. P = 0.026 AMy(or aXy)
where

AM,, = sludge produced, 1b/ day.

8X, = sludge produced, 1b/day.
and check against BOD:N:P = 100:5:1
2.1.10.4 Process Design Output Data.
2.1.10.4.1 Aeration Tank.
2.1.10.4.1.1 Reaction rate counstant, 1/mg/hr.
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 1Influent nonbiodegradable VSS (f).
2.1.10.4,1.6 Effluent degradable VSS (f').
2.1.10.,4.1.7 1b BOD/1b MLSS-day (¥/M ratlo).
2.1.10.4.1.8 Mixed liquor SS, mg/l (MLSS).
2,1.,10.4.1.9 Mixed liquor VSS, mg/l (MLVSS).
2,1.10,4.1,10 Aeration time, hr.
2.1.10,4,1,11 Volume of aeration tank, milliom gal.
2.1.10.4.1.12 Oxygen required, 1b/day.
2.1.10.4.1,13 Sludge produced, 1b/day.
2.1.10.4.1.14 Nitrogen requiresent, lb/day.
2.1.10.4,1.15 Phosphorus requirement, lb/day.
2.1.10.4,1.16 Sludge recycle ratio, perceant.
2.1.10.4.1,17 Solids retention time, days.
2.1.10.4,2 Aeration System.
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2.1.10.4.2.1 Standard transfer efficiency, lb Ozlhp-hr.
2.1.10.4.2.2 Operating transfer efficiency, lb Ozlhp-hr.
2.1.10.4,2.3 Horsepower required.

2.1.10.4.3 Effluent BOD5 concentration, BODE, mg/1l.
2.1.10.4.4 Effluent soluble BOD5 concentration, Se, mg/l.
2,1.10.4.5 Effluent COD concentration, CODE, mg/1l.
2.1.10.4.6 Effluent soluble COD concentration, CODSE, mg/ 1.

2.1.10.4.7 Effluent total Kjeldahl nitrogen concentration,
TKNE, mg/1.

2.1.10.4.8 Effluent ammonia aitrogen concentration, NH3E, mgf/l.
2.1.10.4.9 Effluent phosphorus concentration, NH3E, mg/l.
2.1.10.4.10 Effluent 0il and grease concentration, OAGE, mg/l.

2.1.10.5 Quantities Calculations.

2.1.10.5.1 The design values for activated sludge system would be:
6
. 10 .
VeV ' Tm

HP; = (HP) (V) (133.7)
where
v 4 = design volume of aeration basin, cu ft,
V = yolume of aeration basin miliion galloms.
2.1.10.5.2 Selection of number of aeration tanks and mechanical

serators 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
Q avg Aeration Tanks Per Tank

_@gd) 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 Qav is larger than 100 mgd, several batteries of aeration tanks
will be ed, See next section for details.
2.1.10.5.3 Selection of number of tanks and number of batteries of

tanks when Qav is larger than 100 mgd. It is general practice in
designing latggr 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 limitatioms. To
simplify the model ing process, the following rules will be used:

2.1.10,5.3.1 When Qav < 100 mgd, only one battery of aeration tanks
will be used. Thus °'8

NB = |
where
NB = nunber of batteries of units.

2,1,10.5.,3.2 When 100 < Qav < 200 mgd, the system will be designed as
two identical batteries of 2epation basims. Each battery would handle
half of the wastewater. The nunber 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 Qavg‘ Thus

NB = 2
2.,1.10,5.3.3 When Qav > 200 mgd, the design will be perfommed to use
three batteries of ae?ation basins, each handling one-third of the
wastewater, Thus

NB = 3
2.1.10.5.4 Mechanical aeration equipment design.
2.1,10.5.4.1 Usually the slowspeed, fix-mounted 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 BP, 15 HP, 20 BP, 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:

HPd

BPN = TRBY(NT) (RA)
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
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HPN = horsepower of each unit, horsepower,

HPd = design capacity of aeration equipment, horsepower.

NB = nunber of batteries.

NT = nummber of aeration tanks per battery.

NA = nunber of aerators per tank.
2.1.,10.,5.4.3 Compare HPN with the available off-the-shelf sizes and
gselect 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) °* (HPSN)

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

where
VN = volume of single aeration tanmk, 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 cccur at the bottam of the tank and sludge
accunulation 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 HPSN < 100 BP
DW = 4.816 (apsN)?-2467
When HPSN > 100 BP
DW = 15 ft
where
DW = water depth of the aeration tanks, ft.

HPSN = 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 NA = 1, Square tank coustruction, L/W = 1
If NA = 2, Rectangular tank comstruction, /W = 2
If NA = 3. Rectangular tank construction, /W = 3
If NA = 4. Rectangular tank comstruction, L/W = 4
and
W = NA
where
NA = nunber of aerators per tank.
L = length of aeraéion tank, ft.

W = width of aeration tank, ft.

Af ter the volume, depth and L/W ratio of the tank are detemmined, the
width of the tank can be calculated by:

A R
The length of the aeration tank would be
L = (NA) (W)
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 countrol equipment.

2.1,10,5.6.2 Size of pipe gallery. The width of this gallery is
dependent on the camplexity 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
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PGW = piping gallery width, ft.
Qavg = average influeat wastewater flow, mgd.
NB = number of batteries.
2.1.10.5.7 Earthwork required for construction. It is assumed that
tank bottam would be 4 feet below ground level. Thus the earthwork
required would be estimated by the following equations:
2.1.10.5.7.1 VWhen NT = 2, earthwork required would be:
Voy = 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.
2.1.10.5.7.2 VWhen NT = 3, earthwork required would be:
Voy = 3 [(3W+ 28) (W+ 25)+ (3 W+ 20) (W+ 1D}

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

Ls = 2L+ PGW+ 16
Ws =% (NT) (W) + 14.5

where

[
[}

length of the basin slab, ft.

-
[ ]

length of one aeration tank, ft,

g

piping gallery width, ft.

]
[}

width of the basin slab, ft.

NT = number of tanks per battery.
Thus the earthwork can be estimated by:

Vow = 3 ° (NB) [(Ls *4) (W 4) ¢ (Lg+ 12) (Wg + 12)]
where

vew = volune 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 1'-6" thick slab will be utilized in
this program regardless of the size of the system.

2.1.10.5.8,2 For NT = 2,
vcs = 1,5 (2 W+ 14.5) (W+ 13)

where -

Vcs = R.C. slab q\lantity, 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 = 1.3 (Ls) (“s)

where

Ls = length of slab, ft.

W; = width of slab, ft.
2.1.10.5.9 Reinforced Concrete Wall Quantity.
2,1,10,5.9,1 The wall comstructions are different for camplete mix and
plug flow systans. In order to achieve camplete mix, the inflows to the
aeration tanks would be distributed unifomly 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 canplete mix aeration tank.
2,1.10.5.9.2 When NT = 2,

Vcw = W [8.,75 DW + 88]

where

vcw = R.C, wall quantity, cu ft.
W = width of individual aeratiom 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 + 3]
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When NT > 3,

V=~ (NB) 4 L * [1.25 (DW+ 3) + 9,7] + (NT~ 2) * L °

(1.25 DW + 31) ¢+ 2,5 (NT) (W) (DW « 3)
2.1.10.5.10 Reinforced concrete required for piping gallery coon-
struction. 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.

2.1.10.5.10.1 When NT < 4,

v
<g
where

vc8 = quantity of R.C. for gallery comstructiomn, cu ft.

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:

Vege = (NB) ° (1.5) (BGW) [ M. 0,75 @) + 1.5]

chc = volume of R.C. ceiling for piping gallery comstruction,
cu ft.

and for two end walls:

vcsw = 2 (PGW) (NB) (DW + 3)

chw = volume of R.C. walls for piping gallery construction,
cu fto

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

=V +Vc

cg cge gv

2.1.10.5.11 Reinforced coucrete quantity for aerator supporting
platfom comstruction.

2.1.10.,5.11.1 Number of aerator-supporting platfomms. Each aerator
will be supported by an individual platfom.

2.1.10,5.11.2 Figure 2.1-11 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
fomula 1is given to approximate this relationship.
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X =5+ 0.078 (HPSN)
where
X = width of the platfom, ft.
HPSN = horsepower of the mechanical aerator, HP.

2.1.10,5.11.3 Volume of reinforced concrete for the construction of the
platfoms would be:

V., - (X% + 5.6 (W + 2)] (NT) (NA) (NB)

where

ch = volume of R.C. for the platfomm construction, cu ft.

DW = water depth of the aeration basin, ft,
2.1.10.5.11.4 Volume of reinforced councrete for pedestrian bridges.
The pedestrian bridge links the aerator platfomm 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:

vcwb = [2 (W~ X)] (NB) (NT) (NA)
where

Vc“b = gquantity of concrete for pedestrian bridge construction,
cu ft.

2.1.10.5.12 Summary of reinforced concrete structures.
2,1.10.5.12.1 Quantity of concrete slab.
vcst = vcs

where

vcst = total quantity of R.C. slab for the construction of
aeration tanks, cu ft.

2.1.10.5.12.2 Quantity of concrete wall,
vcvt = vcv ¥ vcg * vcp * vcub
where
vcvt = quantity of R.C. wall for the construction of aeration
tanks, cu ft.
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V., = Quantity of aeratiom tank R.C. walls, cu ft.

ch = quantity of R.C. for the construction of piping gallery,
cu ft.

Vc = quantity of R.C. for the construction of aerator-supporting
P platfoms, cu ft,

v = quantity of R.C. for the construction of pedestrian
cwb
bridges.

2.1.10.5.13 Quantity of handrail for safety. Handrail is required
for the safety protection of the operation personnel of wastewater
treatment plants. Waterway walls, aerator platfomms and bridges, and
the top of the piping gallery will require handrail. Quantity of
handrail can be estimated thus:
2.1.10.5.13.1 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.
2.1,10.5.13.2 Wwhen NT = 3,
LHR =6 W+ 10+ 3 * (3X+ W~ 4)
2.1.10.5.,13,3 When NT 2 4,
NT
if 3~ 13 an even number,
LHR = {PGW*- (NT) (W) + [L+ 3 -4 (NA)] (NT) + (NA) ° (NT)
*(3X+ W~ 4)§ * (NB)
NT
If T is an odd number,
LHR -{PG&H- (NT) (W) + [L+ 3 -4 (NA)] (NT+ 2) »
(NA) (NT) (3X + w - 4)} * (NB)

where

PGW = 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
manpovwer 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,

HPSN = capacity of one individual aerator, horsepower,

2.1.10,5.14.2 The operation manpower requirement can be estimated a
follows: :

When TICA < 200 hp

OMH = 242.4 (TIcA)Y+3731

When TICA 2 200 hp
OME = 100 (TICA)?-342°
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 £ 100 hp
MMH = 106.3 (TICA)O-4031
When TICA > 100 hp

WMH = 42.6 (TICA)0+3%38
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 = 0,85 x 0.9 x 24 x 365 x (TICA)

2.1-45




‘ where

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

0.85 = conversion factor fram hp~hr to kwhr.

2.1.10.5.16 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:

. where

OMMP = percent of the installed equipment cost as O0&M material
costs, percent,

OMMP = 4.225 -« 0.975 log (TICA)

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

i systen, control equipment, painting, site cleaning &nd preparation,

. etc., can be estimated as a percent of the tnial bare ciwgtruction

cost. This percentage value has been shown ¢ vary fram 4 to 15
percent of the total comstruction cost of the aeration tank system.
The value depends greatly on site conditions and camplexity of the
process. For a generalized model, an average value of 10 percent
would be adequate. Thus,

CF = U:ér- 1.11

vhere

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

2.1.10,6 Quauntities Calculations Output Data.

. 2.1.10,6.1 Nunber of aeration tanks, NT.

2.1‘“




2.1.10,6.2 Nunber 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 comstruction, V

ew’ cu ft.

2.1.10.6.10 Total quantity of R.C. slab' Vcs:, cu ft.
2.1.10.6.11 Total quantity of R.C. wall, Vcwt, cu ft.

2,1.10.6.12 Quantity of handrail, LHR, ft.

2,1.10.6.13 Operation manpower requirement, OMH, MH/yr.
2.1.10.6.14 Mairt’ enance manpower requirement, MMH, MH/ yr.
2.1.10.6.15 Electrical energy for operation, KWH, 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 sminor 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.
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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, UPICR, $/hr.

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

2.1.10.8 Cost Calculations.
2.1.10.8.1 Cost of earthwork, COSTE.
v
COSTE = ew . UPLEX
27
where

COSTE = cost of earthwork, $.

ew ™ 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.
COSTCH = —C¥E + UPICH
27
where

COSTCW = cost of concrete wall in place, §.

vcwt = quantity of R.C. wall, cu yd.
UPICW = unit price input of concrete wall in-place, $/
cu yd.
2.1.10.8.3 Cost of concrete slab in-place, COSTCS.

Vest . UPICS

COSTCS = 57

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.
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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 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.

2.1.10.8.4.2 RSXSA. The cost ratio can be expressed as

RSXSA = 0.2148 (mpsN)¥°7%3

where
HPSN = 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

$SXsSA = $16,300

For a better estimate, SSXSA should be obtained fram 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
SSXSA = 16,300 * 2=

where

MSECT = 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 HPSN < 60 hp

IMH = 39 + 0.55 (HPSN)
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When HPSN > 60 hp
IMH = 61.3 + 0.18 (HPSN)
where
IMH = installation man-hour requirement, man-hour.
2.1.10.5.4.5 Crane requirement for installation.
CH = (0.1) *° IMH
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:
PMINC = 237

where

PMINC = percentage of purchase costs of equipment as minor
installation cost, percent.
2,1.10.8.4.7 Installed equipment cost, IEC.

PMINC
100

* (NB) ° (NT) ° (NA)

IEC = [CSXSA (1 + ) + IMH * LABRIL + CH ° UPICR]
where
IEC = installed equipment cost, dollars.
LABRI = labor rate, dollars/man~hour.
UPICR = crame rental rate, dollars/hr.

2.1.10.8.5 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 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 sum of other
costs.

2.1.10.8.7 Total bare comstruction costs, TBCC, dollars.
TBCC = (COSTE + COSTCW + COSTCS + IEC + COSTHR) ° CF
where
TBCC = total bare constructijon 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 0&M expenses is expressed as a percentage of the installed
equipment costs, it can be calculated by:

. oMMP

OMMC = IEC 100

where

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

OMMP = percent of the installed aerator cost as 0&M material
and supply expenses.

2.1.10.9 Cost Calculations Output Data.
2.1.10.9.1 Total bare coustruction 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
2.1.11.1
2.1.11.1.1

CONTACT STABILIZATION (Diffused Aeration)

Ingut Data.

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 BOD5 (soluble and total), mg/l.
2.1.11,1,2.2 COD and/ or TOC (maximum and minimum), mg/l.
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/l.
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 Nif:rcgen,1 mg/l.

2.1.11.1.3.4 Phosphorus (total and soluble), mg/l.
2.1.11.1.3.5 0Oils and greases, mg/l.

2.1.11.1.3.6 Heavy metals, mg/l.

2.1,11.1,3.7 Toxic or special characteristics (e.g., phenols),
ag/l.

2.1.11.1.3.8 Temperature, °F or °c.

2.1.11.1.4 Effluent Quality Requirements.
2.1.11.1.4,1 BOD, mg/1.

2,1.11.1.4.2 SS, mg/1l.

2,1,11,1.4,3 TKN, mg/1,

2.1.11.1.4.4 P, mg/l.

2,1.11.1.4,5 Total nitrogen (TKN + N03 - N, ng/l.

1

The fom of nitrogen should be specified as to its bilological

availability (e.g., NH3 or Kjeldahl).
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2.1,11.1.4.6

2.1.11.2

2.1.11.2.1

2.1.11.2.2

2.1.11.2.3

2.1.11.2.4

2.1.11.2.5

2.1.11.2.6

2.1.11.2.7

2.1.11.2.8

2.1.11.2.9

2.1.11.2.10

2.1.11.2.11

2.1.11.2.12

Settleable solids, mg/1l.
Design Parameters.
Contact tank detention time, t.
- (0.5-1.0) hr
System organic loading (F/M).
F/M = (0.2-0.6)
Volumetric loading = 60-75.
Stabilization tank detention time, tye
ty = (2-4) hr
Contact tank MLSS, Xac'
Xe ™ (2500-3500) mg/1
Contact tank MLVSS, ch.
Kpe = 07X, = (1750-2450) mg/1
Stabilization tank MLSS, xas'
S (4000-8000) mg/1
Stabilization tank MLVSS, Xvs'
Xos ™ (2800-5600) mg/1
Air requirement (lb 02/1b BODr).
1b 0,/1b BOD, = 1.25-1.5
1b solids/1lb BODt = (0.2-0.4).
Recycle ratio, Qt/Q.
Q/Q = (0.25-1.00)

Efficiency = ( > 90 percent).
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2,1.11.3
2.1.11.3.1
2.1.11.3.1.1
2.1.11.3.1.2
2.1.11.3.1.3
2.1.11.3.1.4
2.1.11.3.1.5
2.1.11.3.1.6
2.1.11.3.1.7
2.1.11.3.1.8

2.1.11.3.2

where

2.1.11.3.3

where

Process Design Calculations.

Assume the following design parameters.
Aeration time in contact tank, hr.
Aeration time in stabilization tank, hr.
MLSS in contact tank, mg/1l.
MLSS in stabilization tank, mg/l.
MLVSS in contact tank, mg/l.
MLVSS in stabilization tank, mg/l.
02 requirements, lb/day.
Sludge produced, lb/day.
Detemine contact tank volume.
t
vc = Qavg ﬁlf
volune of contact tank, million gal.
average flow, mgd.
detention time in contact tank, hr.
Detemine stabilization tank volume.
t
V:': = Qavg Ti—
volume of stabilization tank, milliom gal.
average flow, mgd.

detention time in stabilization tank, hr.
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2.1.11.3.4

Calculate system organic loading and check against

degired loading.

Kys =

2.1.11.3.5

Qavg (5)

system = vc(xvc) + vs(xvs)

(F/ M)

food~to-microorganism ratio.

average flow, mgd.

influent BODS, ag/l.

volune of contact tank, milliom gal.
MLVSS in contact tank, mg/l.

volune of stabilization tank, million gal.
MLVSS in stabilization tank, mg/l.

Calculate volumetric loading and check against

desired loading.

Q =
S =

V =

<3
[ ]

where

02-

Q...(S.)(62.4)
1b/1000 £t = ~2¥&_0O

_+ V) x 10°

average flow, mgd.

influent BOD, mg/1l.

coutact tank volume, million gal.
stabilization tank volume, million gal.

Calculate the systam oxygen required and select
02/ 1b BODt.

02 = (1.251.5)Q x S.(8.34)

avg

required oxygen, lb/day.

Q = average flow, mgd.

avg

Sr-

BOD removed (S, - Se), mg/l.
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Supply approximately one-half of 0, for coutact 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, perceant, fras manu~
facturer (5~8 percent).

2.1.11.3.7.1.2 02 transfer in waste.loz transfer in water == 0.9.

2.1.11.3.7.1.3 02 saturation in waste/ 02 saturation in water ==
0'9.

2.1.11.3.7.1.4 Correction factor for pressure == l.0.

2.1.11.3.7.2 Select summer operating temperature (25-30°C) and
detemine (from standard tables) 02 saturation.

2.1,11.3.7.3 Adjust standard transfer efficiency to operating
conditions,

€ (8 @ - ¢
9.17

0

OTE = STE o (1.02) T2
where
OTE = operating transfer efficiency, percent.

STE = gtandard transfer efficiency, percent.

(C) = 0, saturation at selected summer temperature T, %,
't wmgl.

L= 02 saturation in waste/ 02 saturation in water = 0.9.
p = correction factor for pressure = 1.0.

CL = minimum dissolved oxygen to be maintained in the basin
2.0mg/l.

o= 02 transfer in waste/Oz transfer in water = 0.9.
T = temperature, .
2.1.11.3.7.4 Calculate required air flow.

Blowers are treated as a separate unit process gince 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,
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02(105)(7.48)

R =
a 1b 0
(OTE) 0.0176—3-—-2- 1440:—1-‘; v
ft air ay

where
R = required air flow, cfm/ 1000 fts.

02 = required oxygen, lb/day.
OTE = operating transfer efficiency, percent.

V = volume of basin (“7s * vc), gal.

2.1,11.3.8 Detemine sludge production. Select 0.2-0.4 lb solids/lb
BOD .,
r

ax; = (O.Z-O.A)Q(Sr)8.3lo

where

Axv = gludge produced, 1lb/day.
Q = flow, mgd.

Sr = BOD removed, mg/1l.

2.1.11.3.9 Effluent Characteristics.
2.1.11.3.9.1 BOD5.
= 1 ]
BODE = Se + 0,84 (xv) efff

where
BODE = effluent B()D5 concentration, mg/l.
Se = effluent soluble BOD5 coucentration, mg/l.
(xv)eff = effluent volatile suspended solids, mg/l.
f' = 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/l.

CODSE = effluent soluble COD concentratiom, mgfl.
BODE = effluent BOD; concentration, mg/l.
Se = effluent soluble BOD5 concentration, mg/l.
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2.1.11.3.9.3 Nitrogen.
TKNE = (0.7) TKN
NH3E = TKNE
where

TKNE = effluent total Kjeldahl nitrogen concentratiom,
mg/l.

TKN = influent total Kjeldahl nitrogen concentrationm,
mg/l.

NH3E = effluent ammonia nitrogen concentration, mgf/l.
2.1,11.3.9.4 Phosphorus.
PO4E = (0.7) (PO4)
where
PO4E = effluent phosphorus concentration, mg/l.
PO4 = influent phosphorus concentration, mg/l.
2,1.11,3.9.5 Oil and Grease.
OAGE = 0.0
where
OAGE = effluent oil and grease concentratiom, mg/l.
2.1,11.3.9.6 Settleable Solids.
SETSO = 0.0
where
SETSO = settleable solids, mg/1l.
2.1.,11.3.10 Detemine nutrient requirements for nitrogen.
N = 0.123 8%,
and phosphorus k
P = 0.026 aX,
where

A%y, = sludge produced, 1b/ day.
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and check ag

where

X
ac

X
as

2.1.11.4

2.1.11.4.1

2.1.11.4.1.1
2.1.11.4.1.2
2.1.11.4.1.3
2.1.11.4.1.4
2.1.11.4.1.5
2.1.11,4.1.6
2.1.11.4.1.7
2.1.11.4.1.8
2.1.11.4.1.9
2.1.11.4.1.1
2.1.11.4.1.1
2.1.11.4.1.1
2.1.11.4.1.1
2.1.11.4.2

2.1.11.&.2.1

ainst rule of thumb BOD:N:P = 100:5:1,

Detemine recycle ratio required and check against

Xac
X

as

< L

volume of recycled sludge, mgd.
total flow, mgd.

MLSS in contact tank, mg/l.

MLSS in stabilization tank, mg/l.

Process Design Output Data.

Aeration Tank.
1b BOD/1b MLSS-day.
Mixed liquor SS contact tank, mg/l (MLSS).
Mixed liquor SS stabilization tank, mg/l (HLSS)S.
Aeration time coutact tank, hr (tc).
Aeration time stabilization tank, hr (ts).
Volune of contact tank, million gal (Vc).
Volume of stabilization tank, million gal (Vs)'
Oxygen required, lb/day.
Sludge produced, 1b/day.
0 Nitrogen requirement, lb/day.
1 Phosphorus requirement, 1lb/day.
2 Sludge recycle ratio, percent.
3 Volumetric loading, lb BOD/million fta.
Aeration Systenm.

Standard transfer efficiency, percent.
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2,1,11.4,2.2 Operating efficiency, percent.

‘ 2.1.11.4.2.3 Required air flow, cfm/1000 ft>.
2.1.11.5 Quantities Calculatiouns.
2.1.11.5.1 Design values for activated sludge system.
6

. 10
Vi (Vo * V) 773

cmd = (CFM) ° (Vc + vs) (133.7)
where

<
[}

d design volume of aeration tanks, cu ft.
V. = volune of contact tanks, million gallons.

V_ = volume of stabilization tanks, million gallomns.

s
cmd = design capacity of blowers, scfm.
CFM = blower capacity, scfm/1000 cu £t 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 fram 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 Comtact
(MGD) NT or Stabilization Process
0.5~ 10 4 *c: 1
g: 3
10 « 20 6 c: lor 2
s: 4dor$
20~ 30 8 c: 1, 2o0r 3
8: S5, 6or7
30 - 40 10 c: 1, 2, 30t 4
s: 6,7, 80r9
40 -« 50 12 c: 1,2, 3or 4
s: 8,9, 10orll
50 « 70 14 c: 1,2, 3oré
s: 10, 11, 12 or 13
70 - 100 16 : 2,3,4, 50r 6

c
s: 10, 11, 12, 13 or l&

* ¢: Possible number of tanks to be used as countact basin.
s: Possible nmber of tanks to be used as stabilization dbasin.
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is larger than 100 mgd, several batteries of units will

Where Q
aVgSee subsection 2.1.11.5.3 for details,

be used.

2.1.11.5.3 Selection of nunber of tanks and number of ba-
tteries of tanks when Qav is larger than 100 mgd. It is general -
practice in designing 1ar§er sewvage 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. ﬁ&s

NB = 1
where
NB = nunber of batteries of units.

2.1.11.5.3.2 VWhen 100< Q £ 200 mgd, the system will be
designed as two identical bg‘ﬁeries 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 Qavg‘ Thus

NB = 2

2,1.11.5.3.3 When Qav > 200 mgd, the design will be perfomed
to use three batteries gf aeration basins, each handling one-third
of the wastewater. Thus

NB = 3

2,1.11.5.4 Nunber of diffusers. The oxygen transfer rates
used dictate the use of coarse bubble diffusers. These diffusers
have an air flow fram 10-15 scfm; for design purposes an average
of 12 sefm will be used.

CFM

4
ND, = I3 ") (8B}

NDt must be an integer

where

NDt = number of diffusers per tank.

2.1.11.5.5 Nunber of swing amm diffuser headers. For ease of
maintenance swing am headers are usually used. The number of
diffusers per header is dictated by the nunber of counections
provided on each header by the manufacturer. This varies with
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manufacturer and header size fram 8 to 30. For our purposes an
average of 20 diffusers per header will be assumed.
NSA, = ot
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 Volume of each tank would be
v
d

W= on

where

VN = volune of single aeratiom tank, cu ft.
2.1.11,5.6.2 Depth and width of aeration tanks. The depth and
width of the aeration tauks will be fixed at 15 £t and 30 ft,
respectively.
2.1.11.5.6.3 Length of aeration tanks.

UN
L= Goy

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

2.1.11.5.7 deration 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 1s to house the various air and water piping systems and
control equipment,

pGW = 20 + (0.4) (Qavg)
NB

where
PGW = pipe gallery width, ft.
Qavg = gverage 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
canplete mix flow. This Y wall would be required to carry the air
piping and headers.

2.1.11.5.9 Earthwork required for comstruction. 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:

vew - 6 NB [(XT(31.5)7+ 15.5) (L + 17) + éNT(31.5) + 23.5) (L + 2§l}

where

vew = yolume of earthwork required, cu ft.

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:

(15.75(NTH*15,5) (2L+PGW20)+ (15.75(NT)+23.5) (2L+ PG 28)
Vew = & W0 T !

2.1.11.5.10 Reinforced councrete 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 tae
sane for both plug and camplete mix flow.
2.1.11.5.10.1L For NT less than 4:
Vcs = 1,5 NB [ (NT(31.5) + 15.5) (L + 17)]
where
vﬁs = R,C. slab quantity required, cu ft.
2.1.,11,5.10.2 For NT greater than or equal to 4:
Vcs = 1,5 NB [(15.75(NT) + 15.5) (2L + PGW + 200)]
2.1.11.5.11 Reinforced concrete wall quantity.
2.1.11,5.11.1 When NT 1is less than 4

vcw = (NB)[75.3(L) + [29.4(NT) - 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.

Vc"7 = (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.

Vcw = (NB) [15.15(NT) (L) + 28.5 (L) + 1367 (NT) + 45 (PGW) + 163.75]
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 1If CFM, is less than or equal to 3000 scfm, the
operation manpower can be calculated by:

OMH = 62.36 (crud)°°3972

where
OMH = operation manpover required, MH/ v-,

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

OMH = 26.56 (cm.d)°'5°38

2.1.11.5.14 Calculate maintenance manpower requirements.

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

WH = 22.82 (cmd)°"379
2.1,11.5.14,2 1If cmd > 3000 scfm, the maintenance manpower can
be calculated by:
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MMH = 6.05 (CFMd)0°6037

where
MMH = maintenance manpower required, MB/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:

0.9809

KWH = 248,950.8 (Q,,.)

avg

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
items such as lubricant, paint, replacement parts, etc. These
cogts are estimated as a percent of the total bare comstruction
costs.

=0.2602

OMMP = 3.57 (Q__..)

avg

where bl

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

2.1,11.5.17 Other comstruction 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 coustruction cost,
This value depends greatly on site conditions and complexity of the
process. For a general ized model, an average value of l0 percent
will be usedu

CF '675'6' 1.11

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

2.1.11.6

2.1.11.6.1

2.1,11.6.2

2.1.11.6.3

2.1.11.6.4

2.1.11.6.5

2.1.11.6.6

2.1,11.6.7

2.1.11.6.8

2.1.11.6.9

2.1.11.6.10

2.1.11.6.11

2.1.11.6.12

2.1.11.6.13

2.1.11.6.14

Quantities Calculations Qutput Data.

Number of aeration tanks, NT.

Number of diffusers per tank, NDt'

Number of process batteries, NB.

Nunber of swing am headers per tank, NSAt.
Length of aeration tanks, L, ft.

Width of pipe gallery, PGW, ft.

Earthwork required for comstruction, Vew' cu ft.
Quantity of R.C. Salb required, vcs' cu ft.
Quantity of R.C. wall required, ch, cu ft.
Quantity of handrail, LHR, ft.

Operation manpower requirement, OMH, MH/ yr.
Maintenance manpower requirement, MMH, MH/yr.

Electrical energy for operation, KWH, kwhr/yr.

Opveration and maintenance material and supply cost

as percent of total bare comstruction cost, OMMP, percent.

2.1.11.6.15

2.1.11.7

Correction factor for minor comstruction costs, CF.

Unit Price Input Required.
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2.1.11.7.1

2.1.11.7.2
yd.

2.1.11.7.3
yd.

2.1.11.7.4
$/cu ft,

2.1.11.7.5
2.1.11.7.6

2.1.11.7.7
MSECI.

2.1.11.7.8
CEPCIP.

2.1.11.7.9
2.1.11.7.10
2.1.11.8

2.1.11.8.1

where
COSTE =
v -
ew
UPIEX =

2.1.11.8.2

where

COSTCW =

vcw
UPICW =

Cost

Unit

Unit

Unit

Cost

Cost

of earthwork, UPIEX, $/cu yd.

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

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

price input for handrails in-place, UPIHR,

per diffuser, COSTPD, $§, (optional).

per swing am header, COSTPH, §, (optiomnal).

Current Marshall and Swift Equipment Cost Index,

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

Equipment installation labor rate, LABRI, $/MH.

Unit

Cost

price input for crane remntal, UPICR, $/hr.

Calculations.,

Cost

cost of

of earthwork.

COSTE = 'ew UPLEX

27

earthwork, $.

quantity of earthwork, cu ft,

unit price input of earthwork, $/cu yd.

Cost

cost of

of R.C. wall in-place.
COSTCW = 'ew UPICW
27

R.C. wall in-place, §.

quantity of R.C. wall, cu ft.

unit price input for R.C. wall in-place, $/cu vd.
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2.1,11.,8.3 Cost of R.C. slab in-place.

COSTCS = 'es UPICS
77

where
COSTCS = cost of R.C. slab in-place, $.
cs ™ volune of concrete slab, cu yd.
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 UPIHR
where
COSTHR = cost of handrails in-place, $.
LHR = length of handrails, ft.
UPIHR = ynit price imput for handrails in-place, $/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 fram an equipment
vendor and treated as a unit price inmput. Otherwise, for future
escalation the equipment cost should be adjusted by using the
Marshall and Swift Equipment Cost Index.
MSECL
COSTPD = 6.50 1.6
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 ND, x NT x NB
where
COSTD = cost of diffusers for system, $.

NDt = number of diffugsers per tank.

NT = number of tanks.
2,1.11.8.6 Cost of swing am diffuser headers.
2.1,11.8.6.1 Swing amm 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 = $5000

For a better estimate COSTPH 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.

MSECI
COSTPH = $5000 BT
where
COSTPH = cost per swing am header, §$.
MSECI = current Marshall and Swift Equipment Cost Index.

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

2.1.,11.8.6.2 Calculate COSTH.

COSTH = COSTPH x NSAt x NT x NB

where
COSTH = cost of swing am headers for system, $.
l‘lSAt = number of swing am headers per tank.
NT = aumber of tanks,
NB = number of batteries.
2.1.11.8.7 Equipment installation man-hour requirement. Tie

labor requirament for field installation of the swing am headers,
including mounting the diffusers, is approximately 25 man-hours
per header.
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IMH = 25 NSA, x NT x NB
where
IMH = installation man-hour requirement, MH.
2.1.11.8.8 Crane requirement for installationm.
CH = (.1) (IMH)
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 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.

2,1.11.8.9.1 If CFM, 1s between 100 scfm and 1000 scfm, the cost
of air piping can be calculated by:

0.2553 x CEPCIP

COSTAP = 617.2 (CFM,) XS

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

1.1337 x CEPCIP
241.0

2.1.11.8.,9.3 If CFME is greater than 10,000 scfm, the cost of

COSTAP = 1.43 (CFMd)

air piping can be caléulated by:
CEPCIP
COSTAP = 28.59 (cmd)°"’°85 X 7410

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) (1 + ZJERC) + (DMH) (LABRI) + (CH) (UPICR)
where
IEC = installed equipment cost, $.
LABRI = labor rate, $/MH,
UPICR = crane reantal rate, $/hr.
2.1.11.8.11.1 Total bare comstruction cost.
TBCC = (COSTE + COSTCW # COSTCS + IEC + COSTHR + COSTAP) CF
where
TBCC = total bare construction cost, $.
CF = correction factor for minor cost items.
2,1.11.8.12 Operation and maintenance material costs.
oec = T8cC 2R

where

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

OMMP = operation and maintenance material and supply costs as
percent of total bare comnstruction 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
2.1.12.1

2.1.12.1.1

CONTACT STABILIZATION (Mechanical Aeration)

Ingut Data.

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), mg/l.
"'2.1.12,1.2,2 COD and/ or TOC (maximum and minimum), mg/l.
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,! mg/l.

2,1.12.1,3.4 Phosphorus (total and soluble), mg/l.
2.1.12,1.3.5 Oils and greases, mg/l.

2.1.12.1.3.6 Heavy metals, ag/l.

2.1.12.1,3.7 Toxic or special characteristics (e.g., phenols),
mg/l.

2.1,12.1,3.8 Temperature, °F ot °C.

2.1.12,1.4 Effluent Quality Requirements,
2,1,12.1.4.1  BODg, mg/1.

2.1.12,1.,4.2 SS, mg/1l.,

2.1.12.1.4.3 TKN, mg/1.

2,1.12,1.4,4 P, mg/l.

2,1,12,1,4,5 Total nitrogen (TKN + N03 - N), mg/1l.

1

The formm of nitrogen should be specified as to its bilological
availability (e.g., NH

3 of Kjeldahl).
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2.1.12.1.4,6

2.1.12,2

2.1.11.2.1

2.1.12,2.2

2.1' 12.2.3

2.1.12.2.4

2.1.12,2.5

2.1.12,2.6

2.1.12,2.7

2.1.12.2.8

2.1.12.2.9

2.1.12.2.10

2.1.12,2,11

2.1.12.2,12

Settleable solids, mg/l.
Design Parameters.
Contact tank detention time, tl.
t, - (0.5-1.0) hr
System organic loading (F/M).
F/M = (0.2-0.6)
Volumetric loading = 60-75.
Stabilization tank detention time, t,.
ty = (2-4) hr
Contact tank MLSS, xac’
X, o = (2500-3500) mg/l
Contact tank MLVSS, Xyg.
X, = 0.7X = (1750-2450) mg/l
Stabilization tank MLSS, xas'
Xe" (4000-8000) mg/1
Stabilization tank MLVSS, X__.
Xe " (2800-5600) mg/1
Alr requirement (1b 02/ 1b BODr).
1b 0,/1b BOD, = 1.25-1.5
1b solids/1lb BOD = (0.2-0.4).
Recycle ratio, QIJQ.
Q/Q = (0.25-1.00)

Efficiency = ( > 90 percent).
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2.1.12.3
2.1.12.3.1
2.1.12,3.1.1
2.1.12.3.1.2
2.1.12.3.1.3
2.1.12.3.1.4
2.1.12.3.1.5
2.1.12.3.1.6
2.1.12.3.1.7
2.1.12.3.1.8
2.1.12.3.2

where

2.1.12.3.3

where

Process Design Calculations.

Assume the following design parameters.
Aeration time in contact tank, hr.
Aeration time in stabilization tank, hr.
MLSS in contact tank, mg/l.

MLSS in stabilization tank, mg/l.

MLVSS in contact tank, mg/l.

MLVSS in stabilizatioan tank, mg/l.

02 requirements, 1b/day.

Sludge produced, 1b/day.

Detemine countact tank volume.

t
vc = Qavg 24
volume of contact tank, million gal.
average flow, mgd.

detention time in contact tank, hr.

Detemine stabilization tank volume.
t
2

s Qavg 2%

volume of stabilization tank, milliom gal.
average flow, mgd.

detention time in stabilizatiom tank, hr.
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2.1.12.3.4 Calculate system organic loading and check against
desired loading.

. Qavg (s,)
system V(X ) + Vg (X;e)

(F/ %)

where
F/M = food~to-microorganism ratio.
Q = average flow, mgd.
S = influent BODs, mg/ 1.
V_ = volume of contact tank, million gal.
X__ = MLVSS in contact tank, mg/l.
V = yolume of stabilizatioan tank, million gal.
Xvs = MLVSS in stabilization tank, mg/l.

2.1.12.3.5 Calculate volumetric loading and check against
desired loading.

Q..(S.)(62.4)
1b/ 1000 £t° = J.".E_i___s-
(Vc > Vs) x 10
where
Q = average flow, mgd.
S = influent B0Dg, mg/l.
V_ = contact tank volume, million gal.

Vs = gtabilization tank volume, milliom gal.

.6 Calculate the system oxygen required and select
1b Ozllb BODr.

02 = (1.25-1..5)Qa,vg x Sr(8.34)
where
02 = required oxygen, lb/day.
average flow, mgd.

S_ = BOD removed (So = Sa), mg/l.
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Supply approximately one-half of 02 for contact tank and one-half
for stabilization tank. ’

2,1.12.3.7 Design aeration system.

2.1.12.3.7.1 Assume the following design parameters and design
aeration gsystem and check horsepower supply for mixing against
horsepower required for complete mixing 2 0.1 hp/ 1000 gal.

2.,1.12.3.7.1,1 Standard transfer efficiency, 1b/hp-hr (0 dissolved
oxygen, 20°C, and tap water) (3-5 lb/hp-hr).

2.1.12,3.7.1.2 02 transfer in wast:e/O2 transfer in water &~ 0.9.

2.1.12.3.7.1.3 02 saturation in wa:at:e/O2 saturation in water ms
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 (25-30°C) and
detemine (from standard tables) 02 saturation.

2.1.12.3.7.3 Adjust standard transfer efficiency to operating
conditions.,

) (&) ® - ¢

OTE = STE ~—» <TT o (1.02) 20

where
OTE = operating transfer efficiency, lb 02/ hp~hr.
STE = gstandard transfer efficiemcy, 1b OZ/hp-hr.

(Cs) = 0, saturation at selected summer temperature T, °C,
T ng/l.

/d- 02 saturation in waste/ 02 gsaturation in water a¢ 0.9.
p = correction factor for pressure =21.0.

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

ol= 02 transfer in waste/ 02 transfer in water =& 0.9.
T = temperature, °c.

2.1.12,3.7.4 Calculate horsepower requirement.
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0y
hp = 1b 02

OTE (24) (V)

x 1000

where hprhr
hp = horsepower required/ 1000 gal.
0, = oxygen required, 1b/ day.

OTE = operating transfer efficienmcy, 1lb Ozlhp-hr.
V = volume of basin, gal.

2.1,12,3.8 Detemine sludge production. Select 0.2-0.4 1lb solids/1lb
BOD_,
r

Axv - (O.Z-O.d)Q(Sr)8.34
where

Axv = gludge produced, 1b/day.
Q = flow, mgd.

St = BOD removed, mg/1l.

2.1.12.3.9 Effluent Characteristics.

2.1.12.3.9.1 BODS.

= ]

BODE = Se + 0.84 (xv) efff
wvhere

BODE = efflu~at BOD5 concentration, mg/l.
Se = efiluent goluble BOD5 concentration, mg/1l.
(xv)eff = effluent volatile suspended solids, mg/l.

f' = degrajable fraction of MLVSS. ’
2.1.12.3.9.2 cob.
CODE = (1.5) (BODE)

CODSE = (1.5) (Se)
where

CODE

effluent COD concentration, mg/l.
CODSE = effluent soluble COD concentration, mg/l.

BODE

effluent BOI)5 concentration, mg/l.

Se

effluent soluble BOD5 concentration, mg/l.
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2.1.12,3.9.3  Nitrogen.
TKNE = (0.7) TKN

NH3E = TKNE

vhere
TKNE = effluent total Kjeldahl nitrogen concentrationm,

mg 1.
TKN = influent total Kjeldahl nitrogen concentrationm,

mg/l.

NH3E = effluent ammonia nitrogen concentration, mg/1l.

2.1.12.3,9.4 Phosphorus.
PO4E = (0.7) (PO4)

where
PO4E = effluent phosphorus concentration, mg/l.

PO4 = influent phosphorus concentration, mg/l.

2.1.12.3.,9.,5 0il and Grease.
OAGE = 0,0

where
OAGE = effluent_oil and grease comceatration, mg/l.
2.1.12.3,9.6 Settleable Solids,
SETSO = 0.0

where
SETSO = settleable solids, mg/l,

Detemine nutrient requirements for nitrogen.

N =0,123 Axv

2.1.12.3,10

and phosphorus
P = 0.026 Axv

where

X, = sludge produced, 1b/ day.
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2.1.12,4,2,2 Operating efficiency, 1b Ozlhp-hr.
2,1.12.4,.2.3 Horsepower required, hp.

2,1.12.5 Quantities Calculatious.

2,1.12.5.1 Design values for activated sludge system.

°
7.48

BP, = (hp) (V, + V.) (133.7)

V= (V, + V)

where

<
]

P design volume of aeration tanks, cu ft.

<3
]

volune of contact tanks, milliom gallous.

<3
[ ]

volume of stabilization tanks, million galloms.

o]
-]
[]

d design capacity of aeration equipment, hp.

HP

calculated aerator horsepower required, hp.

2.1.12.5.2 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 coutact tank
generally ranges fram 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 Posgible Tank Number
Qavg of Tanks Selections for Contact
(MGD) NT or Stabilization Process
0.5~ 10 4 *c: 1
s: 3
10 - 20 6 c: lor2
s: 4orHd
20 - 30 8 e: 1, 2o0r3
s: 5, 6or 7
30 - 40 10 c: 1, 2, 3or 4
s: 6,7, 8or9
40 - 50 12 c: 1,2, 304
s: 8,9, 10 or 1l
506 - 70 14 c: 1,2, 3o0r 4
s: 10, 11, 12 or 13
70 « 100 16 ¢: 2,3, 4, 50t 6
sg: 10, 11, 12, 13 or 14

* c: Possible nunber of tanks to be used as contact basin.
s: Possible number of tanks to be used as stabil{zation basin.
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Where Qg 18 larger than 100 mgd, several batteries of units will
be used, “See subsection 2.1.12.5.3 for details.

2.1.12.5.3 Selection of number of tanks and number of ba-
tteries of tanks when Qav is larger than 100 mgd. It is general.
practice in designing 1ar§er 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 < 100 mgd, ouly one battery of aeration
tanks will be used. s

NB =1
where
NB = nunber of batteries of units.

2.1.12.5.3.2 When 100< Q___< 200 mgd, the system will be
designed as two identical ba¥8eries 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 Qavg' Thus

NB = 2
2,1.12.5.3.3 When Q > 200 mgd, the design will be perfommed

to use three batterie3' Bf aeration basing, 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 slowspeed, 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 RP,
15 gp, 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:

BP,
HPN =
(NB) (NT) (NA)
If HPN > 150 HP and NT = 2 or 3, then reﬁeat the calculation with
NT = NT + 1.
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If HPN > 150 HP and NT 2 4, then repeat the calculation with NT =
NT + 2.

where

HPN = horgsepower of each unit, horsepower.

HP

design capacity of aeration equipment, horsepower,

d

NB = nunber of batteries.

NT = number of aeration tanks per battery.
NA = nunber of aerators per tank.

2.1.12.5.4.3 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 = (NB) ° (NT) ° (NA) * (HPSN)
where
HPT = total capacity of selected aerators, horsepower.
2.1.12.5.5 Design of aerationm tanks.

2.1.12.5.5.1 Volume of each individual tank would be

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 gxygen transfer would occur. If the
wvater depth is too deep, insufficient mixing would occur at the
bottan of the tank and sludge accunulation would occur. Thus
proper selection of liquid depth of an aeration basin is impor-
tant, The relationship between the recammended basin depth and
the capacity of the aerators can be expressed as follows:

When HPSN < 100 HP

DW = 4.816 (mPSN)?+2467
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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 tamnk, NA.

If NA = 1, Square tank construction, L/W = 1

If NA

2. Rectangular tank coustruction, L/W =
2

If NA = 3, Rectangular tank comstruction, L/W =
3

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

and
WW=NA
where
NA = nunber of aerators per tank.
L = length of aeration tank, ft.
W = width of aeration tank, ft.

Af ter the volume, depth and L/W ratio of the tank are detemined,
the width of the tank can be calculated by:

Ve mweay
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 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.

2.1.12.5.6.2 Size of pipe gallery. The width of this gallery is
dependent on the camplexity 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.

Qavg = average influent wastewater flow, mgd.

NB = number of batteries.
2.1.12.5.7 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:
2.1.12.5.7.1 When NT = 2, earthwork required would be:
vew =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:

vew =3 [(3W«+ 28) (We 25)« (3 W 20) (W+ 17)]

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:

Ls = 2L+ PGW + 16
ws =% (NT) (W) + 14.5

where
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o
[}

length of the basin slab, ft.

length of one aeration tank, ft.

PGW

piping gallery width, ft,

W
]

width of the basin slab, ft.
NT = nunber of tanks per battery.
Thus the earthwork can be estimated by:
Vew = 3 (NB) [(Ls + 4) (Ws + 4) + (Ls + 12) (Ws + 12)]

where

vew = yolume of earthwork, cu ft,
2.1.12.5.8 Reinforced concrete slab quantity.

2.1.12,5.8.1 It is assumed that a 1'-6" thick slab will be
utilized in this program regardless of the size ¢f the system.

2.1.12.5.8.2 For NT = 2,
Vcs = 1.5 (2 W+ 14.5) (W+ 13)
where

vcs = R.C. slab quantity, cu ft.
2.1,12.,5.8,3 NT = 3,
Vcs = 1.5 (3W+ 16) (W+ 13)
2.1.12.5.8.4 When NT 2 4,

Vcs = 1.5 (Ls) (ws)

where
Ls = length of glab, ft,.
Ws = width of slab, ft.
2.1.12.5.9 Reinforced Concrete Wall Quantity.

2,1.12.5.9.1 1In 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., Omne would be gsimple straight side wall and the
other would be enlarged on top so that walkways can be proviced.
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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:
Vo, = (L25DW+ 11) (3 W+ 6) + (1.25DW+ 3.75) (T W+ 6)

2.1.12,5.9.,4 When NT 2 4:

vcw-gt- (L+3) (1.25DW+ 11) + [(0.5 NT + 2) (L + 3) +

2 (NT) (W] ° (1.25 DW + 3.75) * (NB)
2.1.12.5.10 Reinforced concrete required for piping gallery
conmstruction. The quantity of piping gallery slab has been
estimated with the aeration tanks slab calculations. Ouly the

quantity of reinforced concrete for ceilings and end wall is
necessary.

2.1.12.5.10.1 When NT < 4,

v
cg
where

ch = quantity of R.C. for gallery construction, cu ft.

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

. NT) (W
chc = (NB) (1.5) (PGW) [ 0.75 (NT) + 1,5]
where

chc = yolune of R.C. ceiling for piping gallery construction,
cu ft.

and for two end walls:
chw = 2 (PGW) (NB) (DW + 3)
where

vcgw = yvolune of R.C. walls for piping gallery comstructionm,
cu ft.

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

=YV * Vc

v¢8 cgc gw

2.1.12.5.11 Reinforced concrete quantity for aerator supporting
" platfom construction.
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2.1.,12.5.11.1 Number of aerator-supporting platfoms. Each
aerator will be supported by an individual platfom.

2,1.12,5.11.2 Figure 2.1-16 shows a typical supporting platfomm
for the aeration equipment. The width of the platfomm 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 platfom, ft,
HPSN = horsepower of the mechanical aerator, HP,

2.1.12,5.11.3 Volume of reinforced concrete for the coanstruction
of the platfoms would be:

Vep ™ (x% + 5.6 (DW+ 2)] (NT) (NA) (NB)
where

ch = volume of R.C. for the platfomm construction, cu
fr.

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
wal kway~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:

Voo = [2 (W= X)] (NB) (NT) (NA)

where

Vcwb = quantity of concrete for pedestrian bridge construction,
cu fto

2.1.12,5.12 Summary of reinforced concrete structures.
2.1.12,5.12.1 Quantity of concrete slab.
Vest = Ves

where
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v
cst

= total quantity of R.C. slab for the comstruction
of aeration tanks, cu ft.

201.12,5.12.2 Quantity of concrete wall,

vcwt = vcw * vcg * vcp * vcwb

where
vcwt = quantity of R.C. wall for the coustruction of
aeration tanks, cu ft.
ow ™ quantity of aeration tank R.C., walls, cu ft.
ch = quantity of R.C. for the comstruction of piping

gallery, cu ft.

Vc = quantity of R.C. for the construction of aerator-
P supporting platfoms, cu ft,

Vcwb 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
wastewvater 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:

2.1.12.5.13.1 When NT = 2,

where

LHR = 4 W+ 11+ 2 ° (3X+ W~ 4)

LHR = handrail length, ft.
W = aeration tank width, ft.

X = width of aerator-supporting platfom, 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,

1f #}1 is an even number,

LHR = PGW + (NT) (W) + [L+ 3 - &4 (NA)] (NT) + (NA) * (NT)

*(3X+ W~ 4) ° (NB)
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1f ¥ is an odd number,
LHR = PGW + (NT) (W) + [L+ 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 (T1ca)?*3731
When TICA 2 200 hp
OMH = 100 (TICA)O-5425
where

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

2.1,12,5.14.3 The maintenance manpower requirement can be es~
timated as follows:

When TICA < 100 hp

MME = 106.3 (TICA)0+403!

When TICA > 100 hp

WME = 42.6 (TICA)0+3936
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where
MMH = maintenance manpower requirement, man-hour/ yr.

2.1.12,5.15 Energy requirement for operation. By assuming that
all the aerators will be operated 90 percent of the time year-
round, the electrical energy counsumption 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 = couversion factor fram 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

OMMP = percent of the installed equipment cost as 0&M
material costs, percent.

TICA = total installed capacity of aeration equipment,
horsepower.

2.1.12,5.17 Other comstruction 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, coatrol equipment, painting, site cleaning and preparation,
etc,, can be estimated as a percent of the total bare comstruction
cost. This percentage value has been shown to vary fram 4 to 15
percent of the total comstruction cost of the aeration tank system.
The value depends greatly on site conditions and camplexity of the
process. For a general ized model, an average value of 10 percent
would be adequate. Thus,
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wherer

L1 .
CF =530 = !

CF = correction factor to account for the minor cost

2.1.12.6

2.1.12.6.1
2.1.12:6.2
2.1.12.6.3
2.1.12.6.4
2.1.12.6.5
2.1.12.6.6
2.1.12.6.7
2.1.12.6.8
2.1.12.6.9
2.1.12.6.10
2.1.12.6.11
2.1.12.6.12
2.1.12.6,13
2.1.12.6.14
2.1.12.6.15

2.1.12.6.16
percent.

items.

Quantities Calculations Output Data.

Number of aeration tanks, NT.

Number of aerators per tank, NA.

Nunber of process batteries, NB.

Capacity of each individual aerator, HPSN, hp.
Depth of aeration tanks, DW, ft.

Length of aeration tanks, L, ft.

Width of aeration tanks, W, ft.

Width of pipe gallery, PGW, ft,

Earthwork required for comstruction, vew’ cu ft.
Total quantity of R.C. slab, vcst’ cu ft.
Total quantity of R.C. wall, vcwt' cu ft.
Quantity of handrail, LHR, ft.

Operation manpower requirement, OMH, MH/ yr.
Maintenance manpower requirement, MMH, MH/ yr.
Electrical energy for operation, KWwH, kwhr/yr.

Percentage for O&M material and supply cost, OMMP,
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2.1.12.6,17 Correction factor for minor capital cost items, CF.

2.1.12.7 Unit Price Input Required.
2,1.12.7.1 Cost of earthwork, UPIEX, $/cu 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‘aerat;or cost (20
hp), SSXSA, $, optional.
2.1.12.7.5 Marshall & Swift Equipment Cost Index, MSECI.
2.1.12.7.6 Equipment installation labor rate, $/MH.
2.1.12.7.7 Crane rental rate, UPICR, $/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.

COSTE = ;;g . UPIEX
where

COSTE = cost of earthwork, $.
vew = quaatity of earthwork, cu ft.

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

2.1.12.8.2 Cost of concrete wall in-place, COSTCW.

Vewt . UPICW

COSTCW = =7

where
COSTCW = cost of coancrete wall in place, §$.

vcwt = 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.

v
COSTCS = cst . UPICS
27
where
COSTCS = cost of R.C. slab in-place, $.

V‘;st = 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

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)Q-313

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 from equipment
vendor and treated as a unit price input. Otherwise, for future
escalation, the equipment ccst should be adjusted by using the
Marshall and Swift Equipment Cost Index.
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. MSECI

41.

SSXSA = 16,300

where

MSECI = current Marshall and Swift Equipment Cost Index
fran 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 requirement for field installation of fixed-mounted
surface aerator can be estimated as:

When HPSN £ 60 hp
IMH = 39 + 0,55 (HPSN)
When HPSN > 60 hp
IMH = 61.3 + 0.18 (HPSN)
where
IMH = installation man-hour requirement, man-hour.
2.1,12.8.4.5 Crane requirement for installationm.
CHd = (0.1) * IMH
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 1Installed equipment cost, IEC.

IEC = [csxsA (1 + BXEFE) & n@ + LasrI + ca * UPICR]

' (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 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 suggested.
2.1.12.8.6 Other cost items. This category includes cost of process
piping system, control instruments, site work, etc. Costs can be adjusted
by mul tiplying the correction factor CF to the sum of other costs.
2.1.12.8.7 Total bare coustruction costs, TBCC, dollars.

TBCC = (COSTE + COSTCW + COSTCS + IEC + COSTHR) ° CF

where

TBCC = total bare construction costs, dollars.

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

2.1.12.8.8 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:
- . OMMP
OMMC = IEC =150
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 costé.
OMMC, 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 BOD5 (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, mg/l.
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/1l.
2.1.13.1.3.3 Nitrogen,! ag/1.

2.1.13.1.3.4 Phosphorus (total and soluble), mg/l.
2.1.13.1.3.5 O0ils and greases, mg/1l.

2.1.13.1.3.6 Heavy metals, mg/l.

2.1.13.1.3.7 Toxic or special characteristics (e.g.,
phenols), mg/1l.

2.1.13.1.3.8 Temperature, °F or %c.
2.1.13.1.4 Effluent Quallity Requirements.
2.1.13.1.4.1 BODS, mg/1l.

2.1,13.1.4.2 SSs, mg/1l.

2.1.13,1.,4.3 TKN, mg/l.

2,1.13.1.4.4 P, mg/l.

1'I.'he fomm of nitrogen should be specified as to its biological
availability (e.g., NH3 or Kjeldahl).
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2.1.13.2 Design Parameters.

2.1.13.2.1 Reaction rate constants.
Cons tants ' Range
Eckenfelder

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
f! 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 t, = (20-30) days.

2.1.13.2.6 MLSS = (3000-6000) mg/1l.

2.1.13,2,7 MLVSS = (2100-4200) mg/l.

2.1.13.2.8 Q/Q = (0.75-1.5).

2.1.13.2.9 1b 0,/1b BOD, 2 L.5.

2.1.13.2.10 1b solids/1lb BOD, 2 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 Design Calculatious.
2.1.13.3.1 Assumne the followving parameters.
2.1.13.3.1.1 Fraction of BOD synthesized (a).
2.1.13.3.1.2 Fraction of BOD oxidized for energy (a').
2.1.13.3.1.3 Endogenous respiration rate (b and b').

2.1.13,3.1.4 Fractiom of loo, syathesized to degradable
sol ids (ao).

2.1.13.3.1.,5 ‘Yonbiodegradable fraction to VSS in influent
(£).
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2.1,13.3.1.6 Mixed liquor suspended solids (MLSS).

2.1.13.3.1.7 Volatile 30lids in mixed liquor sugpended
sol ids (MLVSS).

2.1.13.3.1.8 Temperature correction coefficient (8).
2,1.13.3.1.9 Degradable fraction of the MLVSS (f').
2.1.13.3.1.10 Food~to-microorganism ratio (F/M).

2.1.13.3,1.11 Effluent soluble BOD5 (Se).

2.1.13.3.2 Adjust the BOD removal rate comstant for
temperature.
- (T-20)
Kp = Kyo0
where

l(r = rate constant for desired temperature.
KZO = rate constant at 20°C.
0= tenp;rature correction coefficient.
T = temperature, °c.
2.1.13.3.3 Detemine the size of the aeration tank.

8,(S, - se)Qavg_

L e YT

where
V = aeration tank volune, milliom gal.

a_ = fraction of BOD5 synthesized to degradable solids.
S, = influent BODg, mg/l,
S = effluent soluble BODS, mg/l.
Q = yagte flow, mgd.

X, = MLVSS, mg/l.

f' = degradable fraction of the MLVSS.,

b = endogenous respiration rate, l/day.
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2.1.13.3.4 Calculate the dete.ntion time.

-1"4
t Q..

where
t = detention time, hr,
V = volune, million gal.
Q = flow, mgd.

2.1.13.3.5 Assume the organic loading and calculate
detention time.

where xV
t = detention time, days.
So = influent BOD,, mg/l.
Xv = volatile solids in raw sludge, mg/l.
F/M = organic loading (food-to-microorganism ratio).

Select the larger of the two deteantion times fram 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 summer.

02 = a'SrQ‘vs(8.34) * b'va(s.Sa) * 0.6(4.57)(TKN)(Qavg)8.3a
where

0, = oxygen required, lb/day.

fraction of BOD oxidized for energy.

(7]
[ ]

BOD5 removed, mg/l.
Q = average waste flow, mgd.

b' = endogenous respiration rate, l/day.

Xv = MLVSS, mg/1l.
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V = aeration tank volume, million gal.
TKN = total Kjeldahl nitrogen, mg/l.
and calculate oxygen requirement ( 2 1.5).
ib 0, . 0,
1b BOD, ()] er) (8.34)

where

0, = oxygen required, 1%/ day.

Q = waste flow, mgd.

S = BOD; removed, ag/l.
2.1,13.3.7 Design aeration system and check horsepower
supply for complete mixing against horsepower required for
canplete 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, perceant, fram
manufacturer (5~8 percent).

2.1,13.3.7.1.2 02 transfer in waste/()2 transfer in water =
0.9.

2.1.13.3.7.1.3 02 saturation in wasteloz saturation in water =
0.9‘

2.1.13.3.7.1.4 Correction factor for pressure s 1.0,

2.1.13.3.7.2 Select summer operating temperature (25~30°C)
and detemine (from standard tables) 02 saturation.

2.1.13.3.7.3 Adjust standard transfer efficiency to ope-
rating conditiouns.

Sy (B) @) - ¢

OTE = STE 317 oc (1.02)

T- 20

where
OTE = operating transfer efficiency, percemt.

STE = standard transfer efficiency, perceut.
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(Cs)'r - 02 saturation at gselected summer temperature T,
o
C, mdl.

L= 02 saturation in waste/ 0, saturation in water
=~ 0.9.

p = correction factor for pressure &51.0,

CL = minimum dissolved oxygen to be maintained in the
basin 2,0 mg/1.

oC = 02 transfer in wasteloz trausfer in water = 0.9.
T = temperature, °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 fram the
blowers. The air requiraments 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, (10°) (7.48)

R = 1b 0
a ) 2 4n
(OTE) 0.0176 3 1440’:—- v
where ft° air ay
3

Ra = required air flow, cfm/ 1000 £t~ .
02 = oxygen required, 1b/day.

OTE = operating tramsfer efficiency, perceat.
V = volume of basin, gal.

2.1.13.3.7.5 Calculate gludge production.

axX, = 8.34 [a(5.) (@ - (b) Xy) (V) = Q(SSep) + QVSS)E' + Q(SS - VSS)]
where
oX; = volatile sludge produced, 1b/ day.
as= frac(:ion of BOD synthesized.

Sr = BODg removed, mg/1l.
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Q = waste flow, mgd.
b = endogenous respiration rate, 1/day.

X, = volatile solids in raw sludge, mg/l.
V = aeration tank volume, milliom gal.

SS,¢¢ = effluent suspended solids, mg/l.

VSS = volatile suspended solids in influent, mg/1l.
f' = degradable fraction of the MLVSS.

2.1,13.3.7.6 Calculate solids produced per pound of BOD removed.

1b sol ids “v
D e — 2B ﬁ
1b BODt Q So Se)8 34

where

aX; = volatile sludge produced, 1b/day.
Q = waste flow, mgd.

So = influent BODS, mg/l.
Se = ef fluent soluble BODS, mg/l.

2.1.13.3.7.7 Calculate the solids retention time.

X, (V) (8.34)
t e ———
] Axv

where

2]
[

solids retention time, days.

X = MLSS, mg/l.

<
[ ]

volume of aeration tank, million gal.

volatile sludge produced, 1b/day.

o,
2.1.130307.8 Effluent char“teristms.
2.1.,13.3.7.8.1 BODS.
- '
BODE Se + 0,84 (Xv) efff
where

BODE = effluent BOI)5 concentration, mg/l.
Se = e¢ffluent soluble l!OD5 concentration, mg/l.

(Xy) gg¢ = effluent volatile suspended solids, mg/l.
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f' = 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, mg/l.

CODSE = effluent soluble COD conceuntratiom, mg/l.
BODE = effluent BOD5 concentration, mgfl.

Se = effluent soluble BOD; concentratiom, mg/l.
2,1.13.3,7.8.3 Nitrogen.

TKNE = (0.4) TKN

NH3E = TKNE
NO3E = TKNE
where
TKNE = effluent total Kjeldahl nitrogen concentration,
mg/l.
TKN = influent total Kjeldahl nitrogem concentration,
mgfl.
NH3E = effluent ammonia nitrogen concentration, mg/l.
NO3E = effluent nitrate concentration, mg/l.

2.1.13.3.7.8.4 Phosphorus.
PO4E = (0.7) (PO4&)
where
PO4E = effluent phosphorus concentration, mg/l.
PO4 = influent phosphorus concentration, mg/l.
2.1,13.3.7.8.5 011 and Grease.

OAGE = 0.0
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where
OAGE = effluent oil and grease concentratiom, mg/l.
2.1.13.3.7.8.6 Settleable Solids.
SETSO = 0.0
where
SETSO = settleable solids, mg/l.

2.1.13.3.7.9 Calculate sludge recycle ratio.

where

L
[}

volume of recycled sludge, mgd.

fol
[]

average flow, mgd.

tal
[ ]

MLSS, mg/l.

b
[}

" suspended solids concentration in returned sludge,
mg/l.

2.1.13,3.7.10 Calculate the nutrient requirements for nitrogen.
N = 0,123 oxy

and phosphorus
P = 0,026 8X,

where

Axv = sludge produced, 1b/day.

2.1.13.4 Process Design Output Data.

2.1.13.4.1 Aeration Tank.

2.1.13.4.1,1 Reaction rate coumstant, l/mg/hr.

2.1.13.4.1.2 Sludge produced per BOD removed,

2.1-104




2.1.13.4.1.3
2.1.13.4.1.4
2.1.13.4.1.5
2.1.13.4.1.6
2.1.13.4.1.7
2.1.13.4.1.8
2.1.13.4.1.9
2.1.13.4.1.10
2.1.13.4.1.11
2.1.13.4.1.12
2.1.13.4.1.13
2.1.13.4.1,14
2.1.13.4.1.15
2.1.13.4.1.16
2.1.13.4.1.17
2.1.13.4,2
2.1.13.4.2,1
2.1.13.4.2.2
2.1.13.4.2.3
2.1.13.5
2.1.13.5.1

where

Endogenous respliration rate (b, b').
02 utilized per BOD removed.

Influent nonbiodegradable VSS, mg/l.
Effluent degradable VSS, mg/1l.

1b BOD/1b MLSS~-day (F¥/M).

Mixed liquor SS, mg/1l (MLSS).

Mixed liquor VSS, mg/l (MLVSS).
Aeratioun time, hr.

Volume of aeration tank, milliom gal.
Oxygen required, lb/day.

Sludge produced, lb/day.

Nitrogen requirement, 1b/day.
Phosphorus requirement, lb/day.

Sludge recycle ratio, percent.

Solids retention time, days.

Aeration System.

Standard transfer efficiency, perceat.
Operating transfer efficiency, percent.

Required air flow, cfm/1000 ft3.

Quantities Calculations.

Design values for activated sludge system.

6
10
Vi V958

CPM; = (CFM) (V) (133.7)

V = volune 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 Aerati;; 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

When Q.yg 18 larger than 100 mgd, several batteries of
aeratidh®tanks 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 design‘{ﬁg 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
model ing process, the following rules will be used:

2.1.13.5.3.1 When Qav € 100 mgd, only one battery of
aeration tanks will be &sed. Thus

NB =1
where
NB = nunber of batteries of units,

2.1.13.5.3.2 when 100 < Q £ 200 mgd, the system will be
designed as two identical bat8eries of aeration basins. Each
battery would handle half of the wastewater. The nuber 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 avg* Thus

NB = 2
2,1,13,5.3.3 +when Qav > 200 mgd, the design will be
perfomed to use three 8atteries of aeration basins, each
handling oune-third of the wastewater. Thus

NB = 3
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2.1.13.5.4 Nunber 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
fran 10~15 scfm; for design purposes an average of 12 scfu
will be used.

CFMd
ND =
t NT) (NB

NDt must be an integer.

where

NDt = nunber of diffusers per tank:

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

ND

-t

20

NSAt must be an integer.

NSAt =

where
NSAt = number of swing amm headers per tank.
2.1.13.5.6 Design of aeration tanks.

2.1.13.5.6.1 Volume of each tank would be

W= Y4

TB) (NT)

where
VN = volune 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 L5 £t and 30
ft, respectively,

2.1.13.5.6.3 Length of aeration tanks.

VN

L=y oo
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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
nunber 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) (-%}3-)
where
PGW = pipe gallery width, ft.

Qavg = average influent wastewater flow, mgd.

NB = nunber of batteries.

2.1.13,5.8 Earthwork required for comstruction. 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, = 6B [(NT(BI.S) + 15.5) (L + 17)_:2 (NT(31.5) + 23.5) (L + 25)]

where

Vew = yvolume of earthwork required, cu ft.

NT = nunber 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 =6 NB [(15.75(NT)+15.5) (2L+PGWr 20) + (15.75(NT)»+2.5) (2L+PGW~28)]
w &

e 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 systan. The volume of reinforced concrete
slab will be the same for both plug and conplete mix flow.

2.1.13.5.9.1 For NT less than 4:
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Vcs = 1,5 NB [ (NT(31.5) + 15.5) (L + 17)]

where

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

2.1.13.5.9.2 For NT greater than or equal to 4:
Vcs = 1,5 NB [(15.75(NT) + 15.5) (2L + PGW + 200)]
2.1.13.5.10 Reinforced concrete wall quantities,

2.1.13.5.10.1 1In 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 anot 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:

Vcw =W (1,25 DW + 11) + (6 W+ 9) (1.25 DW + 3.75)

2.1.13.5.10.3 When NT = 3:

Vcw = (1,25 DW+ 11) (3 W+ 6) + (1.25DW+ 3,75) (7 W+ 6)

2,1.13.5.10.4 When NT 2 4:

NT
Vew ™ 7 @+ 3) (1.25DW+ 11) + [(0.5NT + 2) (L + 3) +

2 (NT) (W)] * (1.25 pw + 3.75) * (NB)
Vcw = R.C. wall quantity required, cu ft.

L = length of aeration tanmks, ft.

2.1.13.5.11 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:
2.1.13.5.11.1 1If NT is less than 4:

LHR = [2(NT) (L) + 2(L) # 61.5(NT) + 1.5] NB
2.1.13.5.11.2 1If 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

LHR = handrail length, ft.
2.1.13.5.12 Calculate operation manpower requirements.
2.1.13.5.12.1 1f CFM, is less than or equal to 3000 scfm,

the operation manpowel can be calculated by:

OMH = 62.36 (csud)°'3972

where

OMH = operation manpower required, MH/ yr.

2.1,13.5.12.2 1f CFM, is greater than 3000 scfm, the operation
manpower can be calcufated by:

OMH = 26.56 (crnd)°°5°38

2.1.13.5.13 Calculate maintenance manpower requirements,

2.1.13.5.13.1 1If CFMd is less than or equal to 3000 scfa,
the maintenance manpower can be calculated by:

MME = 22.82 (cyud)o’“379

2.1.13.5.13.2 1If CFM, > 3000 scfm, the maintenance manpower
can be calculated by:

wE = 6,05 (cmu,)0-80%7
where

MMH = maintenance manpower required, MH/ 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 snpply 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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OMMP = 3.57 (Qws)‘°°26°2

where

OMMP = operation and maintenance material costs as
percent of total bare comstruction cost, percent.

2.1.13.5.16 Other conmstruction 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 comstruction cost.
This value depends greatly on site conditions and complexity of the
process. For a general ized model, an average value of 10 perceant
will be used.

CF = 535 = L.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 Number of diffusers per tank, NDt.
2,1.13.6.3 Number of process batteries, NB.
2.1.13.6.4 Number of swing am headers per tank, NSAt.
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 comstructioa, V“, cu ft.
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2.1.13.6.8

2.1.13.6.9

2.1.13.6.10

2.1.13,6.11

2.1.13.6.12

2.1.13.6.13

2.1.13.6.14

Quantity of R.C, slab required, vcs' cu ft.
Quantity of R.C. wall required, Vcw' cu ft.
Quantity of handrail, LHR, ft.

Operation manpower requirement, OMH, MH/ yr.
Maintenance manpowér requirement, MMH, MH/ yr.
Electrical energy for operation, KWH, kwhr/yr.

Operation and maintenance material and supply cost

as percent of total bare comstruction cost, OMMP, percent,

2.1.13.6.15

2.1.13.7

2.1.13.7.1

2.1‘13.7.2

2.1.13.7.3

2.1.13.7.4
$/ft.

2.1.13.7.5

2.1.13.7.6

2.1.13.7.7
MSECI.

2.1.13.7.8
CEPCIP.

Correction factor for minor construction costs, CF.

Unit Price Input Required.

Cost of earthwork, UPIEX, $/cu yd.

Unit price input R.C. wall in~place, UPICW, $§/cu yd.

Unit price input R.C. slab Ln-place, UPICS, §/cu yd.

Unit price input for handrails in-place, UPIHR,

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

Cost per swing amm header, COSTPH, §, (optiomnal).

Current Marshall and Swift Equipment Cost Index,

Current CE Plant Cost Index for pipe, valves, etc.,
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2.1.13.7.9 Equipment installation labor rate, LABRI,
$/MH.

2.1.13.7.10 Unit price input for crane remtal, UPICR,
$/hr.

2.1.13,8 Cost Calculations.
2.1.13.8.1 Cost of earthwork.

COSTE = 'ew UPIEX

27
where
COSTE = cost of earthwork, $.
ow * 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 = Yew UPICW
27
where

COSTCW = cost of R.C. wall in-place, $.
v ™ quantity of R.C. wall, cu ft.

UPICW = unit price imput for R.C. wall in-place, §/cu
yd.

2.1.13.8.3 Cost of R.C. slab in-place.

COSTCS = Ves UPICS
77

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

vﬁs = volume of concrete slab, cu yd.

UPICS = unit price R.C. slab in-place, $/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, §/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 imput. Other-
wise, for future escalation the equipment cost should be

adjusted by using the Marshall and Swift Equipment Cost
Index.

COSTPD = 6.50 %;-%%

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 NDt x NT x NB
where
COSTD = cost of diffusers for system, $.

NDt = nmber of diffusers per tank.

NT = aumber 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

scfm and up to 37 diffusers. The cost of this header for the
first quarter of 1977 is
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COSTPH = $5,000

For a better estimate COSTPH should be obtained fram 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 JoTor
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, §.
NSAt = aunber of swing am headers per tank.
NT = nunber of tanks.

NB

nunber 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.
mH-ZSNSAtxm.‘xNB

where

IMH = installation man-hour requirement, MH,
2.1.13.8.8 Crane requireament for installation.
CH = (,.1)(IMH)

where

CH = crane time requirement for installatiom, hr,
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2.1.13,8.9 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. 1In 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 CFM, is between 100 scfm and 1000 scfm, the
cost of air piping can be calculated by:

0.2553 x SEBCIP
241.0

COSTAP = 617.2 (CFHa)
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, is between 1000 scfm aand 10,000 scfm,
the cost of air piping can be calculated by:

1,1337 x CEECIP
.0

2.1.13.8,9.3 1f CFM, is greater than 10,000 scfm, the cost
of air piping canm be calculated by:

COSTAP = 1.43 (CRM,)

0.8085 g CEPCIP

COSTAP = 28,59 (CFHa)
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:

PMINC = 10Z

where

PMINC = percentage of purchage costs of equipment as
ainor installation cost, percent.

2.1.13.8.11 Installed equipment costs.
IEC = (COSTD + COSTH) (1 + 2‘1‘&%—) + (IMH) (LABRI) + (CH) (UPICR)
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where
TEC = installed equipment cost, $.
LABRI = labor rate, $/MH,
UPICR = crane reantal rate, $/hr.
2.1.13.8.12 Total bare construction cost.

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

where
TBCC = total bare comstructiom cost, $.
CF = correction factor for minor cost items.
2.1,13.8.13 Operation and maintenance material costs.
amcc = Tcc ZRE
where

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

OMMP = operation and maintenance material supply costs,
as percent of total bare comstruction 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, OMMC, dollars.
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2.1.14

2,1.14.1

2.1.14.1.1

EXTENDED AERATION ACTIVATED SLUDGE (MECHANICAL
AERATION) .

Ingut Data.

Wastewater Flow (Average and Peak). In case

of high variability, a statistical distribution should be

provided.
2.1.14,1.2
2.1.14,1.2,1
2.1.14,1.2.2
2.1.14.1.2.3
2.1.14.1.2.4
2.1.14,1.2,5
2.1.14,1.3
2.1.14,1.3.1
2.1.14.1.3.2
2.1.14,.1.3,3
2.1.14,1.3.4
2,1.14,1.3.5
2.1.14.1.3.6

2.1.14.1.3‘7

Wastewater Strength.

BOD5 (soluble and total), mg/l.

COD and/ or TOC (maximum and minimum), mg/l.
Suspended solids, mg/l.

Volatile suspended solids (VSS), mg/l.
Nonbiodegradable fraction of VSS, mg/l.
Other Characterization.

pH.

Acidity and/ or alkalinity, mg/l.
Nitrogen," mg/l.

Phosphorus (total and soluble), mg/l.
Oils and greases, mg/l.

Heavy metals, mg/1l.

Toxic or special characteristics (e.g.,

phenols), mg/ 1.

2.1.14.1,3.8 Temperature, °F or °C.
2.1.14,1,4 Effluent Quallity Requirements.
2.1.14.1.4.1  BOD,, mg/1.

2.1.14,1,4.2 SS, mg/1.

2.1.14,1.4.3 TKN, mg/l.

2.1.14,1.4,4 P, mg/l.

1

The fomm of nitrogen should be specified as to its biological

availability (e.g., NH

3 of Kjeldahl),
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2.1.14,2 Design Parameters.

2,1.14,2.1 Reaction rate constants.
Cons tants Range
Eckenfelder

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
£ 0.40
£ 0.53

2.1.14.2,2 F/M = (0.05-0.15).
2.1,14.2.3 Volunetric loading = 10-25.
2.1.14.2.4 t = (18-36) hr.

2.1.14,2.5 t, - (20-30) days.
2.1.14.2.6 MLSS = (3000-6000) mg/1l.
2.1.14.2.7 MLVSS = (2100-4200) mg/1l.
2.1.,14.2.8 QrIQ = (0,75~1.5).
2.1.14.2.9 lb Oz/lb BOD 2 1.5.
2.1.14.2.10 1b solids/1lb 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 Design Calculations.
2.1,14.3.1 Assune 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 emergy (a').
2.1.14.3.1.3 Endogenous respiration rate (b and b').

2.1.14,3.1.,4 Fraction of I!»OD5 synthesized to degradable
sol ids (ao).
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2.1.14.3.1.5 Nonbiodegradable 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 1liquor suspended
sol ids (MLVSS).

2.1.14.3.1.8 Temperature correction coefficient (8).
2.1,14,3.1.9 Degradable fraction of the MLVSS (f').
2.1.14.3.1.10 Food-to-microorganism ratio (F/M).

2.1.14.,3.1.11 Effluent soluble BODS (Se).

2.1.14.3.2 Adjust the BOD removal rate constant for
temperature.
- (T-20)
Kp = Kg0
where

Kr = rate constant for desired temperature.
KZO = rate constant at 20°C.
0 = temperature correction coefficient.
T = temperature, °c.
2.1.14.3.3 Detemine the size of the aeration tank.

3,(S; - So)Qy

VTR E ®

where
V = ageration tank volume, million gal.

a_ = fraction of BOD5 synthesized to degradable
sol ids.

S = influent BOD,, mg/l.
S_ = effluent solubdble BODS, mg/l.
Q = waste flow, mgd.

X, = MLVSS, mg/l.
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f' = degradable fraction of the MLVSS.

b = endogenous respiration rate, l/day.
2.1.14.3,4 Calculate the detention time.

:-%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.

248

e
| ]
o

KIW'

where

t = detention time, days.

S
o

Xy

F/M = organic loading (food-to-microorganism ratio).

influent BODS. mg/l.

volatile solids in raw sludge, mg/1l.

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 Detemine the oxygen requirement allowing 60
percent for nitrification during summer.

02 = a'SrQavg(8.34) + b'XvV(8.34) + 0.6(4.57)(TKN)(Qav8)8.34

where
02 = oxygen required, 1b/day.

a' = fraction of BOD oxidized for energy.

"4
|

BODg removed, ng/1l.

Q = average waste flow, mgd.
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b' = endogenous respiratioan rate, 1l/day.

Xv

v

MLVSS, mg/1.

aeration tamk volume, million gal.

TKN = total Kjeldahl nitrogen, mg/l.
and calculate oxygen requirement ( 1.5).

1b 02 . 0,

1b BOD.  (Q)(5.)(8.34)

where

02 = oxygen required, 1b/day.

Q = waste flow, mgd.

S, = BODg removed, mg/1l.
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 camplete mixing 0.1 hp/ 1000
gal.

2.1.14.3.7.1.1 Standard transfer efficiency, lb/hp-hr (0
dissolved oxygen, 20°C, and tap water) (3-5 1b/hr-hr).

2.1.14,3.7.1.2 02 transfer in wasteloz transfer in water =
0.9.

2.1.14.3.7.1.3 02 saturation in waste/ 02 saturation in water =
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 detemine (from standard tables) 02 saturation.

2.1.14.3.7.3 Adjust standard transfer efficiency to operating
conditions,

otE = sTE [(Cp( 8@ - Gl (1,0)™20
ey

where
OTE = operating transfer efficiency, 1b Ozlhp-hr.

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

Y-

p-

CL -

02 saturation at selected summer temperature T,
°c, mg/l.

0, saturation in waste/ 0, saturation in vater

2 0.9,
correction factor for pressure =1.0.

minimun dissolved oxygen to be maintained in the
basin = 2.0 mg/ 1.

o= 02 transfer in waste/ 02 transfer in water,

T = temperature, °c.

2.1.14,3,7.4 Calculate horsepower requirement.

where
hp =
02 =
OTE =
V=
2.1.14.3.8
AXV = 8,34
where

Axv-

0

ib 02
OTE fphr (24) (V)

2

hp = x 1000

horsepower required/ 1000 gal.

oxygen required, lb/day.

operating transfer efficiency, 1b Ozlhp-hr.
volunme of basin, gal.

Calculate sludge production.

[a(5,) (@ - (0) (X)) (V) = QUSS,ep) + QUSS)E' +
Q(sSs ~ VsSs)]

volatile sludge produced, 1b/day.
fraction of BOD synthesized.
BoD5 removed, mg/1l.

wagte flow, mgd.

endogenous respiration rate, l/day.
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X, = volatile solids in raw sludge, mg/l.

<
[ ]

aeration tank volume, million gal.
SSeff = effluent suspended solj.ds, mg/l.
VSS = volatile suspended solids in influent, mg/l.
f' = degradable fraction of the MLVSS.
2.1.,14.3.9 Calculate solids produced per pound of BOD removed.

1b solids . __ %%y
A ﬁ
To B0D_  ~ Q(S, - 5,)8.3%

where
AX, = volatile sludge produced, 1b/ day.
Q = waste flow, mgd.
S = influent BODS, mg/l.
S_ = effluent soluble BODs, mg/l.
2.1.14.3,10 Calculate the solids retention time.

. - Xa(V) (8.34)

] Axv

where
t = solids retention time, days.
X, = MLSS, mg/l.
V = volume of aeration tank, million gal.
AX# = yolatile sludge produced, 1b/day.
2,1.14,3,11 Effluent Characteristics.
2.1.14,3,11.1 BOD..

S
= 1]
BODE = Se + (.84 (xv) efff
where
BODE = effluent BODS concentration, mg/l.
Se = effluent soluble BOD5 concentration, mg/1l.

(Xy) gz¢ = effluent volatile suspended solids, mg/l.

2. l‘ 124




f' = degradable fraction of MLVSS.
2'1.14.3.11.2 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 g concentration, mg/l.
Se = effluent soluble BODS concentration, mg/l.
2.1.14.3.11.3 Nitrogen.
TKNE = (0.4) TKN
NH3E = TKNE
NO3E = TKNE
where

TKNE = effluent total Kjeldahl nitrogen concentration,
mg/l.

TKN = influent total Kjeldahl nitrogen concentrationm,
mdlc

NH3E = effluent ammonia nitrogen concentration, mg/l.

NO3E = effluent nitrate concentration, mg/l.
2.1.14.3.11,4 Phosphorus.

PO4E = (0.7) (PO4)

where

PO4E = effluent phosphorus councentration, mg/l.

PGs4 = influent phosphorus concentration, mg/l.
2.1,14,3,11.,5 O1il and Grease.
OAGE = 0.0

where

OAGE = effluent oil and grease concentration, mg/l,
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2,1.14,3,11.6 Settleable Solids.
SETSO = 0.0
where
SETSO = settleable solids, mg/l.
2.1.14.3.12 Calculate sludge recycle ratio.

L %

qug L

where

volune of recycled sludge, mgd.

Lo
.‘O
] (]

average flow, mgd.

e
[}

MLSS, mg/1l.

”
[ ]

" suspended sol ids concentration in returned sludge,
mg/l.

2.1.14.3.i3 Calculate the nutrient requirements for nitrogen.
N =0,123 axy

and phosphorus
P = 0,026 axy

where

dxv = gludge produced, 1lb/day.

2.1.14.4 Process Design Output Data.
2.1.14,4,1 Aeration Tank.

2.1.,14,4.1,1 Reaction rate constant, l/amg/hr.
2.1.14,4.1,2 Sludge produced per BOD removed,
2.,1.14.4.1.3 Endogenous respiration rate (b, b').
2.1.14,4.1.4 02 utilized per BOD remgved.
2.1.14.4.1.5 Influent nonbiodegradable VSS, mg/1l.
2,1.14,4,1.6 Effluent degradable VSS, mg/l.

2.1.14.4.1.7 1b BOD/1b MLSS-day (F/M).
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2.1.14.4.1.8
2.1.14,4.1.9
2.1.14,4.1.10
2.1.14.4.1.11
2.1.14,4.1.12
2.1.14,4,1,13
2.1.14.4,.1.14
2.1.14.4.1.15
2.1.14,4.1.16
2.1.14.4.1.17
2.1.14,4,2
2.1.14.4,2.1
2.1.14.4.2.2
2.1.14.4.2.3
2.1.14.5

2.1.14,5.1
would be:

where

Mixed liquor SS, mg/1l (MLSS).

Mixed liquor VSS, mg/l (MLVSS).

Aeration time, hr.

Volume of aeration tank, million gal.
Oxygen required, lb/day.

Sludge produced, lb/day.

Nitrogen requirement, lb/day.

Phosyudrus requirement, lb/day.

Sludge recycle ratio, percent.

Sol ids retention time, days.

Aeration System.

Standard transfer efficiency, lb Ozlhp-hr.
Operating transfer efficiency, 1b 02/hp-hr.
Horsepower required, hr,

Quantities Calculations.

The design values for activated sludge system

. 108
:.Eg

BP, (hp) * (V) (133.7)

Vd-V

V = volune of aeration basin million gallons.

2.1.1“.5.2

mechanical aerators per tank.

Selection of nunber of aeration tanks and
The following rule will be

util ized in the selection of number of aeration tanks and
mechanical aerators per tank.
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MNumber 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 mgd, several batteries of aeration
tanks 3181 be used. See next section for details.

2.1.14.5.3 Selection of nmber of tanks and number of
batteries of tanks when Q is larger than 100 mgd. It is
general practice in desigﬂﬁg 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 model ing
process, the following rules will be used:

2.1.14.5.3.1 When Qav £ 100 mgd, only one battery of
aeration tanks will bé Gsed. Thus

NB =1

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 bdt8eries of aeration basins. Each
battery would handle half of the wvastewater, The aumber 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
avg

NB = 2
2.1.14,5.3.3 When Q > 200 mgd, the design will be perfommed
to use three batteried' Bf aeration basins, each handling one-
third of the wastewater, Thus

NB =3

2.1.14,.5.4 Mechanical aeration equipment design.
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2.1.14.5.4.1 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 #p, 10 HP, 15 BP, 20 HP, 25 HP, 30 HP, 40 HP, 50 HP, 60
HP, 75 HP, 100 HP, 125 HP and 150 HP.

2.1.14,5.4,2 Horsepower for each individual aerator:
BPy
HEN = TWE) (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.

HP 4" design capacity of aeration equipment, horsepower.
NB = number of batteries.
NT = nunber of aeration tanks per battery.

NA = nunber 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
be

HPT = (NB) ° (NT) ° (NA) ° (HPSN)

where

HPT = 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

d
W = Ty

where

VN = volume of single aeratiom 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 bottam of the tank and sludge
accunulation would occur. Thus proper selection of liquid
depth of an aeration basin is important. The relatiounship
between the recammended basin depth and the capacity of the
aerators can be expressed as follows:
When HPSN < 100 HP
DW = 4.816 (PSN)O+2467
When HPSN > 100 HP
DW =15 ft
where
DW = water depth of the aeration tanks,6 ft,
HPSN = capacity of t%¢ aerator, HP,

2,1.14,5.5.3 Width awd _esmth of aeration tank. The ratio
between length and width of an aeration tank is dependent on
the mmber of aerators to he installed in this tank, NA,

If NA = 1, Square tank construction, L/W = 1

If NA = 2, Rectangular tank construction, /W =
2

If NA = 3, Rectangular tank construction, L/W =
3

If NA = 4, Rectangular tank construction, L/W =
4

and
L/W = NA
where
NA = nunber 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 detemmined,
the width of the tank can be calculated by:

R R
The length of the aeration tank would be
L= (NA) (W)
2.1.14.5.6 Aeration tank arrangements.

2.1.14,5.6.1 Figure 2.1-19 shows the schematic diagram 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 coatrol
equipment.

2.1.14,5.6.2 Size of pipe gallery. The width of this
gallery is dependent on the camplexity and capacity of the
piping system to be housed. An experience curve is provided
to approximately estimate this width. It 13 expressed as:

PGW = 20 + (0.3) (Yavg)
NB

vhere
PGW = piping gallery width, ft.
Qav g " average influent wastewater flow, mgd.
NB = nuber of batteries.
2.1.14,.5.7 Earthwork required for construction. It is
assuned that tank bottam 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:
Vey = 3 [(2 W+ 18.5) (W+ 17) + (2 W+ 26.5) (W+ 25))
where
V“ = quantity of earthwork required, cu ft.
W = width of aeratiom tank, ft.
2.1.14,5.7.2 When NT = 3, earthwork required would be:

vew- 3[(3We+ 28) (W+ 25)+ (3 We 20) (W+ 1])]

2. 1’ 131




NT s NT 2 '
2 Tes3 AERATOR

STRAIGHT SIDE walLl
EDESTRIAN BRIDGE

WALKWAY WALL

NT: &

7
18

| ———t—PIPE GALLERY

-

NT2 6

P 7!
K

i#}#_——i—i
PIPE GALLERY

FOR LARGER NT'S THE ARRANGEMENT WOULD BE SIMILAR TO
THOSE WHEN NT34 AND NT=6.

E

FIGURE 2.1-19 EXAMPLES OF TANK ARRANGEMENTS
ACTIVATED SLUDGE PROCESSES




2.1.14,5.7.3 VWhen NT 2 4, the width and length of the
concrete slab for the whole aeration tank battery can be
calculated by:
Ls =2 L+ PGW+ 16
Ws =1 (NT) (W) + 14.5

where

[
[ ]

length of the basin slab, ft.

length of one aeration tank, ft.

g

piping gallery width, ft.

=
]

width of the basin slab, ft.
NT = number of tanks per battery.

Thus the earthwork can be estimated by:

vew = 3 ° (NB) [(Ls+ 4) (ws+ 4) » (Ls + 12) (Ws+ 12)]

where
vew = yolume of earthwork, cu ft.
2.1.14,5.8 Reinforced concrete slab quantity.

2.1.14,5.8.1 It is assumed that a 1'-6" thick slab will be
util ized in this program regardless of the size of the system.

201.14.5.8'2 For m = 2’
vcs = 1.5 (2W+ 14.5) (W+ 13)
where

vcs = R,C. slab quauntity, cu