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ABSTRACT (Continued) .

the other hard, desipn criteria tor pressure sewer systems are limited and
difticult to obtain. This report codities design criteria for pressure sewer

systems.

The desipn ot pressure sewer systems is accomplished by evaluating the
requirements ot the two major components of the system: the onsite pressur-
toation umt and the ottsite pressure sewer main. Design criteria and stan-
dards are presentea t o both the onsite and otfsite portions of the system.
Onsite facility design criteria include standards for septic tanks and wet-
wells, pressurization units, onsite piping, and onsite appurtenances. Off-
site facility design criteria include standards for hydraulic design, mate-
rials of construction, appurtenances, installation and testing, and special
construction requirements.

In addition to the specitic design criteria, information is also pro-
vided on general system design considerations, estimation of design flows,
and system costs. The emphasis in each of these areas is placed on the unique

requirements assovciated with US Army Corps of Engineers,recreation areas.
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PREFACE

The study reported herein was funded by the Office, Chief of Engineers,
US Army, from Civil Works Appropriation 96X3123, "General Investigations -
Research and Development,'" Work Unit 31687, "Innovative/Alternative Wastewater
Collection, Transportation, and Treatment Systems for Recreation Areas."

The study was conducted during 1983 by personnel of the Environmental
Engineering Division (EED) of the Environmental Laboratory (EL), US Army
Engineer Waterways Experiment Station (WES).

The study was conducted by Mr. M. John Cullinane, Jr., under the direct
supervision of Mr. Norman R. Francingues, Chief, Water Supply and Waste Treat-
ment Group, and the general supervision of Mr. Andrew J. Green, Chief, EED,
and Dr. John Harrison, Chief, EL.

The information presented in this report is adapted from design and spec-
ification guidelines for low pressure sewer systems developed by a technical
advisory committee to the State of Florida Department of Environmental Regu-
lation. Appreciation is extended to the Department for allowing use of these
guidelines as the foundation for developing low pressure sewer design criteria
for recreation areas. Appreciation is also extended to Mr. W. Carroll Murphy
of Engineering Service, Inc., Jackson, Miss., for furnishing the cover
photographs.

Commander and Director of WES during the study and preparation of this

report was COL Tilford C. Creel, CE. Technical Director was Mr. F. R. Brown.

This report should be cited as follows:

Cullinane, M. J., Jr. 1985, 'Design and Specification of Low Pressure
Sewer Systems for Recreation Arcas,” Technical Report EL-85-1,
US Army Engineer Waterways Experiment Station, Vicksburg, Miscissippl.
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CONVERSION FACTORS, US CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

US customary units of measurement used in this report can be converted to

metric (SI) units as follows:

_Multiply By ___To Obtain

Fahrenheit degrees 5/9 Celsius degrees or
Kelvins®

feet 0.3048 metres

feet per second 0.3048 metres per second

gallons per ¢y 3.785412 cubic decimetres per
day

gallons per hour 3.785412 cubic decimetres per
hour

gallons per minute 3.785412 cubic decimetres
per minute

gallons (US liquid) 3.785412 cubic decimetres

horsepower (electric) 746.0 watts

inches 25.4 millimetres

miles (US statute) 1.609347 kilometres

pounds (force) per 6894.757 pascals

square inch

To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,
use the following formula: C = (5/9)(F - 32). To obtain Kelvin (K) read-
ings, use K = (5/9)(F - 32) + 273.15.
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DESIGN AND SPECIFICATION OF LOW PRESSURE
SEWER SYSTEMS FOR RECREATION AREAS

PART I: INTRODUCTION

Background

1. The objective of a wastewater collection system is to convey wastes
from the point of generation to the point of treatment or disposal. Depending
on site conditions and cost of construction, the US Army Corps of Engineers
(CE) has traditionally used either trucked transport or gravity pipe systems
for collection and transmission of wastewaters (Cullinane 1981). The use of
trucked transport systems is limited to the collection and transport of small
volumes of wastewater such as septic tank sludge, vault toilet wastes, recir-
culating and portable chemical toilet wastes, and isolated low volume flush
toilet wastes. Gravity pipe systems, on the other hand, are the systems of
choice in the majority of cases where waterborne sewerage is provided.

2. Gravity sewer systems consist of a network of underground pipes that
slope continually downhill to some termination point such as a discharge into
a treatment plant or a regional sewer system. To obtain proper flow veloci-
ties, piping must be installed with sufficient slope in spite of the topo-
graphic and geologic characteristics of the site. Gravity systems also
usually incorporate lift stations and force mains to avoid deep excavations
that would be necessary in flat or undulating terrain.

3. Unfortunately, the topography and geology of many CE recreation areas
are complex and not well suited for economical use of gravity wastewater col-
lection systems. The very characteristics that make for an aesthetically
pleasing recreation area often complicate the design and construction o! nec-
essary sanitary facilities. Hilly or rocky terrain may increase the cost ot
construction of traditionally designed gravity sewer systems, making otherwise
desirable locations unsuitable for development as recreation areas (Office,

Chief of Engineers, 1980).

4. Various innovative/alternative (I/A) wastewater collection tech=-
nologies have been proposed and/or developed for municipal applications where 3-1
topographic, geologic, or development density constraints had previously 4

been found to make gravity collection systems economically inteasible

1
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(Cullinane 1981). Three I/A collection and transport systems have been iden-
tified as viable alternatives in the municipal sector (National Utility Contrac-
tors Association 1979): low pressure-small diameter systems, vacuum systems,
and small diameter gravity systems. To date, low pressure sewer systems have
received the most attention and appear to have the most applicability to CE

recreation area facilities.

Purpose and Scope

5. One of the purposes of Work Unit 31687, "Innovative/Alternative Waste-
water Collection, Transportation, and Treatment Systems for Recreation Areas,"
is to develop and disseminate information concerning the applicability of T/A
wastewater collection systems to the requirements of CE recreation areas.

This report presents a summary of design criteria and standards for the con-
struction of low pressure sewer systems at CE recreation area facilities. The
contents of this report are intended to supplement existing CE design guidance
(EM 1110-2-501, Part 2 of 3).

Organization of Report

6. The remainder of this report is organized into six primary parts gen-
erally described below:

a. Part Il. Part II provides a general overview of the concepts and

planning criteria for the design of low pressure sewer systems.

b. Part III. Part III presents a detailed analysis of various
design flow development techniques and provides currently avail-
able information concerning the wastewater generation character-

istics of various CE recreation area sanitary facilities.

c. Part IV. Part IV describes design procedures and criteria for
construction of onsite facilities associated with low pressure
sewer systems. These facilities include onsite pressurization
units as well as onsite piping and appurtenances.

d. Part V. Part V discusses the design and construction of the
major offsite facilities associated with low pressure sewer
systems. These facilities primarily consist of offsite piping
and appurtenances.

e, Part VI. Part V] presents a summary of planning level cost esti-

mates for various compenents of a low pressure sewer system.

f. Part VII. Part VIl discusses the applicability of low pressure
sewer systems in CE recreation areas and presents a general sum-
mary of the report.

'
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PART II: GENERAL DESIGN CONSI{DERATIONS

Background

7. A gravity flow sewer system is usually considered first when water-
borne waste disposal is to be provided at a CE recreation area. Unfortunately,
unique site-specific constraints found at many CE recreation areas, such as
topography, geology, low population density, and intermittent system use, dis-
courage consideration of conventional gravity flow concepts. Pressure collec-
tion systems using low pressures provided by small pumps to assist in the col-
lection and transmission of the generated wastewaters have been proposed as a
solution to the limitations associated with conventional gravity sewer system
design.

8. Pressure sewer systems are analogous to potable water distribution
systems operating in reverse (Kriessel, Cooper, and Reyek 1977). A pressuriza-
tion unit is required at each point of entry of the wastewater into the collec-
tion system. The collection system eventually empties the waste into a larger
pumping station or wastewater treatment facility. Because pressure sewers
transmit wastes independent of terrain constraints, they are most commonly
used for lakeside communities where tlow must travel uphill, areas with very
hilly or very flat terrain, or areas where excavation is hindered by high
water tables or rock formations. The primary advantage reported tor pressure
sewer systems 1s the reduction in excavation and pipe installation costs.
lhis advantage is somewhat offset because of the construction, operation, and
marntenance (osts associated with the 1astallation of PU's at each service
connection,

9. Positive pressire sewer systems eliminate the need to lav collection
svstem piping te strict hvdraulic grade Tines and the necessity tor internedi-

ate pumping stations that are often sosocrated with conventioaal gravity cotl-

levtion svstems.  Smaller diawcter polyvinvl chiorode (PVCD pipe s substy-
tuted tor Targer diameter tVC ) vitritied clav, ar concrete pipe general v onsed
I Rravily cvstems. Pvpieal pipe siZes Loroa pressinre sewer susbem o yanee des
tween =100 and 4 o™ P sizes ap to s b way beoapprepriate b

A table ot tactors tor earrvertang LS o tomery o ana U ot meanitreme b e

metore (ST s presented n page .
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recreation area use; however, the actual size selected is a function of the
design flow ot the system.

10.  The use of relatively small diameter PVC pipe with solvent welded or
compression joints, the absence of manholes, and the low-pressure environment
virtually eliminate infiltration/inflow in pressure sewer systems. On the
other hand, because of the small pipe si1zes, pressure sewer systems are more
susceptible to hvdraulic design errors and may have limited capabilities tor
expansion. As o result, a more detailed assessment of system requirements
should be conducted during the planning and preliminary design phases if use

of a4 pressure sewer system is selected tor a particular site.

System Components

Pi. Pressuare sewer svstems have two basic compenents: offsite small-
drameter pressarizod collectors and an onsite pressurization system.

ittete pressuryzed collectors

corc oot e rorst tasks in the Jdengon 0! g pressure sewer system is
Che o srepasdlion s osyster schemst oo In developrug the initial system lay-
at s the desaignor snoula attempt to annimize the length ot the reguired sewer.
veoshe it e pemenbered, however, that prescuare sewer systems can follow a
clatrvel unconastraiaed ol gnment .

}s Voo oa gescdt. the desipner bas much wvreater latituade in developing
thoosvsten o aligome . The dower construction cost oper linear toot also allows
Ui slesipies ey tlesabaodity o system design.

1. scveral tactors should be constdered n developing a preliminary

entoob e pressuare sewer susteoen:
Site eaviyocnment,

Right -ot=was , acvess, b cascments.,
Reordent ar trattoo disruptioon.

oo baet vt e wain breecharge s veparr tome, and number of nsers

e tant oy pressures an the svatem.

Pt b g et al

! et and ve rt oo d ol i 1ot
I et on b he et abanmer 0 pressare cewern o svstbems s the
I Lot i Vo ceern e SN The maintetance of poortive
Vo | ' (e Chataoy b oL b aod preane s potential g accumulation
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requires knowledge of the number of visitors, types of facilities, and re-
quired peaking factors. The average daily ftlow trom a facility is calculated
as the product of design visitation and estimated average daily wastewater
generation per visitor. The design should be based on the peak visitation day
estimated for the facility. An additional peaking factor must be applied to
determine peak hourly design flows for pressure sewer system pumping units.

51. Over the vears, surprisingly little definitive guidance has been

developed concerning water usage and wastewater generation at recredtion areas.

Francingues and Green (1976) investigated water use and wastewater generation
at the North Abutment Recreation Area, Arkabutla lLake, Mississippi. Table 8
summdrizes wastewater production at o CE camping area.

52. A imore recent study (Mills 1983) investigated water usage at two CL
recreation areas on Oreers Ferry Lake near Heber Springs, Arkansas. The study
analyzed water usage at toilet/shower facilities. Because of data collection
deticiencies, the study only developed a range of per capita water usage.
Average daily per capita use was tound to range between 5 and 44 gal per day

depending on the season. Figure Y illustrates the average daily per capita

JEK HASED ONLY UN CAMPERS IN CAMP
AREA 2 AND CAMPSITES Y7-Y 14
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B HEBER SPRINGS BASED ONLY UN CAMPERS
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provides an ostimate of the minimun number ot fixtures required based on the
aumber ot camping or pionie sites.,

+Y.  When using the fixture unit basis, the engineer or planner must al-
faow tor special features such as tratler hookups and wastewater disposal sta-
t1ons, which may be included in the per capita use rate but which do not appear
when the tixture unit method 15 used. The engineer should also realize that
the tixture unit rate, presented 1n Table 5, is an hourly rate generally used
to estimate total daily flow and may not be directly related to tixture units
a< usually used in plumbing codes to determine pipe sizes. Also, some caution
shonld also be used in applyving the tixture unit basis since 1t is valid only
when fixtures are properiy proportioned to user population. Areas where use is
Limited and minimum fixture comfort stations are provided can indicate several

times the actual reguirements if the fixture unit method is followed blindly.
Per Capita Use Method
50. The per capita use method of calculating design tlows is based on

the development of 4 darly water nse or wastewater generation rate for a

recreation area visitor. The per capita use method of design flow calculation
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PART TH1: DESIGN FLOWS

Background

wa. The major design parametor tor low pressure sewer systems is the
prak ricw gencrated by the type of facility and the number of people being
cerve by the system.  To oa lesser degree, some (onsitderation must afso be
coven o the varioos physical and chemical constituents contained in the waste-
viler.,  Water usage rates, wastewater production rates, and wastewater charvac-
terization data have been well documented for domestic sewage generated tfrom
the municipal environment . These data, however, are not well documented for
sl waste~-generating facilities such as those found in CE recredtion areas.
45.  There are two basic approaches to determining sewage flow rates
trom recreation areas:  the fixture unit method and the per capita use method
(Office, Chief of Engineers, 1980). Each ot these methods has limitations and
<houid be used with cantion when developing design flows for recreation area
low pressure sewer systems.  Detailed procedures for the application of both
methods, as well as design examples  are presented in EM 1110-2-501, Part 2 of

Vit fice, Chiet ot kngineers 198G;.

Fixture Unit Method

st The tixtnre unit method ot calculating design flows is hased on the
devel pment ot oan hourly use rate for cach type of fixture proposed for in-
bt ion. The tizture use method of Jdesign flow calculation requires knowl-

e c b e b ot brstures to o be anstalled, the type of fixtures to be in-

P SO N S . e .

el oad the dication of e tor whieh the tacilities are designed.,
ST o e nneed to predic U wastewater tlows on the basis ot the number of
Can G e cvaivanta burean of Resanroos Programming 1972, US Depart-
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warning signs along the sewer route, off set markings, and inductive wire
burial with the pipe are effective measures in eliminating pressure sewer main

breakage and reducing repair times should breakage occur.

42. The previous sections of Part [l have provided a general overview
of the basic concepts associated with the design of low pressure sewer systems.
Although the design of a particular system is site-specific, there are certain
aspects ot the design that are common to all situations. A basic sequence for
design ot low pressure sewer systems is presented below (Florida Department of
Environmental Regufation 1981):

a. Determine required data for the planning area including the
location of buildings to be served, types of buildings to be
served, population to be served (present and design), water
use. geotechnical data (soils profiles), ground-water and sur-
{ace water characteristics, wastewater treatment requirements,
climate, and topography.

b,  Compile Federal, state, and local regulations that may be appli-
cabie tv the site.

¢. Evaluate alternative treatment plant Jdesigns and locations and
choose the most cost-effective.

d. Prepare a preliminary layout of pressure sewer mains based on
minimized pipe lengths.

e. Locate and determine minimum quantity of air-release and
pressure-sustaining valves, in-line and terminal cleanouts, and
maitn |ine shut-otf valves.

f. Determine design tlows.

g. Pertorm hydraulic analyses to determine pipe sizes, transition
points, and valve and cleanout locations.

. Analyze altevnutive ounsite components with respect to the
pressurization unit, control and alarm equipment, contingency
plane, residuals Jisposal plan, and capital and operating costs.
Determine the most cost-etfective, generic onsite system.

1. Prepare detailed plans and specifications including operation
and mdaintenance plans for the proposed system.

- Keview plans and specifications with appropriate approval
AReNnCcies.
4%.  The above step-by-step procedure helps to ensure that the proposed
svstems are efficiently designed and constructed.  lo addition, the develop-
ment of the preliminary operation and maintenance plan ensures that the system

is both operable and maintainabie.
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Contingency Planning

39.  The contingency needs for grinder pump units are grealer than tor
septic tank-effluent pumping units. The greater onsite storape (apacities of
septic tank-effluent pumping systems reduce operation and marntenance person-
nel requirements by permitting repairs to he made during normal vworking hours
and minimizing the need tor extra working shitts and assocrated additional
manpower. Connection to abandoned soil-absorption svstems where groand-water
conditions are faverable, enlarped pump chambers and vetwells with quick dis-
connect arrangements, and adjorining overtlow tanks with gravity dratnage back
to the wetwell during normal operation are possitle contiogencs solations that
are simple and economi gl to mplement

Y. The general gequirement bor o contingency planning s to proviode

Cctorvage tor an o asverage lae ot flow, The exact contingency vegny eient s st

ject to locat conditoon and some gudgment e reqprore s Tlos U contrngeetn
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Component Recommended Material of Construction

Pump impellers Plastic, bronze, cast iron

Appurtenances Plastic, 316 stainless steel

31. Electrical connections to the main panel should be constructed in
accordance with appropriate electrical and construction codes. Approved
underground wiring is recommended for both pump and control circuits. Sepa-
rate fuses or circuit breakers should be provided. Control systems should be
located in full view of the pressurization unit and placed in a lockable
tamperproof and weatherproof circuit breaker box. The pump panel should have
a smaller fuse or breaker than the service panel. The pump motor connections
should be watertight.

32. The potential for power outages at CE recreation areas requires con-
sideration of reserve holding capacity, either in the grinder pump wetwell or
the septic tank in the septic tank-effluent pumping system. Depending on the
site, the loss of power may not be critical if the water supply to the site
also terminates when the power fails.

33. In those cases where several facilities are to be served by the
pressure sewer system, consideration should be given to the use of hydrauli-
cally similar pressurization equipment. Use of similar equipment will sim-
plify both design and operation and maintenance tasks. Spare parts and equip-
ment inventories should be maintained based on system maintenance experience.
No guidance is available for recreation area facilities; however, the tavula-

tion below provides guidance on systems serving residential developments.

Pressurization Units Number of Spare
~ Installed ~Units Required
1-10 1
10-20 2
20-40 3
40-60 4
60-100 5
100-200 6
2200 3%
34. The typical CE recreation area should have one spare for each type
of pressurization unit installed. Additronal spare parts regquirements should
be developed based on system operating experience.
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26. Serviceability of the onsite components is important to both mini-
mize the time lost because of equipment malfunctions and to keep the cost of
inspection and maintenance to a minimum. Quick disconnect features are recom-
mended tor both piping and electrical connections so that the pressurization
unit can be quickly removed for inspection, repair, or replacement. For shal-
low wetwell installations (less than 3 ft), a simple union arraugement is
often acceptable.  For deeper wetwells, slide-awiy coupling arrangements with
shide radv! and liftang chaius should be considered. Complete packages are
penerally empioved which incorporate simplified removal arrangements.

SO0 Satety problems associated with pressure vewer svstems in CE rec-
reatron areas are pgencrally rvelated to the protection of the visitor and main-

tenance personnel .

8. tme ot the move frequent concerns s that of uneuthorized access to
the pressurizatyon unt. Fhis concern can be gideviated by (prorporating a
tocking mechaimse o the wetvwell covers only authorized matuteirance personnel

should be able to ¢hiain acoess ta the pressariesstion unit.

2% inoaddition te normal satets considerations, maintenance personnel
shoale be particulariy aware ot the potential of talls an deep wetwells and
the accumulation of texie or explosive gases n the wetweli. Proper venting
of the wetwell can minmize the potential tor accumulation of hazardous and
potentially explosive gases. LEmergency pressure reliet devices should also be
tncorporated in the design.

30, Materisls of construction must be capable ot withstanding the envi-
ronaental conditions of service.  Grinder pump systems are generally packaged
by the manutacturer in such a manner that these considerations have been incor-
porated ot the factory. Septic tank-etfiuent pumping systems are generally
lecally designed and tield erected, thus requiring the designer to be more

cognizant of the highly corrosive nature of septic tauk effluent. All compo-

nents of the septic tank-effluent pumping system exposed to the atmosphere
wunt o be hyghly resaistant to vorrosien. Materials that have been found to be
ccoeptabde for o vartour svetem o ocompenents are listed below:
Compenent Kecommended Material of Construction .
Septaoe tank and werwelld Concrete, plastic, coated steel .
Valves sronze, plastic i
.‘
Framp housing Cast i1ron, plastic, bronze, coated cast iron
(Conti1nued)
14 'q
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designing pressure sewer systems are similar to those of conventional gravity
sewers. At a minimum, the following information should be developed before

final design (Peabody Barnes, Inc., 1977).

a. Topographic map of the area to be served.

b. Site plan indicating locations of wastewater generating
facilities.

¢. Geologic conditions including soil and water table conditions.

d. Location of wastewater treatment plant.

e. Types and capacities of wastewater generating facilities to be
served.

f. Climatic conditions (frostline).

g- Location of present utilities including sewer systems.

h. Power requirements, location of existing power sources, and
power outage data.

i. Applicable local, state, and Federal codes and construction

criteria.

j. Type of system (total pressure or pressure-gravity combination)
and proposed system layout.

23. The major capital and operation and maintenance costs of pressure
sewer systems are usually related to the onsite pressurization facilities.
Factors affecting onsite component design include:

a. Type of pressurization system selected.

b. Single versus multiple service.

c. Location of the pressurization system.
d. Alarms and control systems.

e. Aesthetics and safety.

f. Component serviceability.

g. Materials of construction.

h. Electrical requirements.

24. The first basic design decision is the specification of the generic

type of pressurization unit. This decision affects the remainder of the sys-
tem design. Unless local conditions preclude one of the two primary alterna-
tives, both the grinder pump and septic tank eftluent pump system should be
evaluated. Table 1 presents a qualitative comparison of the Lwo systems.

25. Economics tend to favor multiple services per pressurization unit
if the sources of wastewater are within reasonable proximity. The cost-
effective separation distance is a4 function ot local construction costs and

system design.

13
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Typical septic tank-effluent pumping pressurization
unit installation

essence, the septic tank-effluent pumping concept removes large solids and

other materials via sedimentation rather than reducing the size ot the objects

by grinding as in the case of the grinder pump system.

Because septic tank-

effluent pumping pumps handle only supernatant from the septic tanks, these

pumps are generally smaller and require less maintenance than grinder pumps.

Design Factors

22. The iunitial step in planning for the use of a low pressure sewer

system is to detine the area to be served and inventory the wastewater callec-

tion and treatment requirements.

Information requirements for planning and
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Figure 2. Typical grioder pump pressurization unit installation

21 Septic tank etfluent pumping systems. Septic tank-effluent pumping
systems consist of a conventionat septic tank, the onsite pressurization unit,
ared the collection system piping. o the seplic tank-etfluent pumping system,

wiastewalers are collected by the building sewer and transported to a septic

tank.  fhe prevsurization anit may be placed either inside the septic tank or
ontorde the ceptic tank an g separate structure.  Figure 3 illustrates a tyvpi-
cal septic tank-eftlucent pumping system installation. The septic tank pro-

vides signticant levels ot treatment by removing from 80 to 90 percent of the
preane, J0 to 90 percent of the suspended solids, and 50 to 80 percent of the

brochemcal ncvgen demand (BOD) (Kriessel, Cooper, and Reyek 1977). In
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system. Two basic concepts are available for pressurization unit design. The

v

1irst uses a grinder pump to g.oind the wastes 1uto a slurry and then punp the
sturry through the piping system. The second concept is the septic tank-
erfinent pumping svstem. The septic tank-etfluent pumping system concept

emplovs a septic tank tor ancerobic treatment and removal of gross solids from

the wastewater prior to injection of the wastes into the collection system
with small ceutrifugal pumps. Figure 1 illustrates the tvpical components of

A4 Pressure sewey system.

N\
N\
AN
N\
N\
AN
_CoNTRQL PANE AND LIOUID N
<7 LEVE] ALARM .
AN
N\
N\
AN
PLASTIC PIPE FUR ELEC ~—a PRESSURE SEWER MAIN —

_ - /’____iff_—§::>

SERVICE LINE ¢ \?"
A &
N\

N
— 1 &"5\(\
O v
BULDING SEWER — ‘}

\
—GarTe vacve

CHECK VALVE

Figure 1. Typical components of pressure sewer systems

3

20. Grinder pump systems. Grinder pump systems usually consist of a

holding tank, the grinder pump, associated electrical and mechanical appurte-
nances, building sewer, service line, and collection system piping (Hydr-0-
Matic Pumps 1978). The grinder pump is installed slightly above the bottom of
the holding tank, which may be located in a building basement or separate
structure.  The holding tank receives wastewater flows by gravity. Level

sensors activate the grinder pump operation pump at preset levels. Emergency

overtlow and high water level alarms are also generally provided. Figure 2

i1lustrates a typical grinder pump installation.
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at high points, and possible siphoning eftects on pumping unit« (Peabodv Bernes,
Inc., 1977). Positive pressures can be maintained through the use of positive
pressure regulating valves or by locating the system terminals at the highest ¢

poiit in the system.

15,0 Nir gcounualation at svstei hign poants can have g detrmmental ettect
on the operation of pressure sewer s=voteoas.  The panber of hrgh points o the ’
svatem o be minimized by rnntaiing iprag oo o0 unitorm gooode shere poanhle 1
5 Precise =urvoyv protiles, bhowever, are not poquareds Mtthougls ot voommeiated

- at system hiigh pornts can be purged o sattreient wastewater velocities gve

- maintained, sowme form of posttive air relictf at major high points should he

provided (Hydy -U-Matic Pumps 19781, ¢
It..  The selection of an appropriate horizental alignment for the pro-

posed pressure sewer system i primarily a function ot the locatien of facili-

ties to be served. The normai CE recreation area will have a fimited number
of facilities to be served when compared to a residential development using q
pressure sewer systems. As a result, system alignment should be simplified.
17. Residential applications of pressure sewer systems have been based
on either dendriform or grid layouts. Dendritform lavouts usually require the
least amount of pressure sewer main construction; however, any damage to the q
main sewer interrupts service to all upstream conunections. Grid layouts over-
come the loss ot service problems, but result in uneven flow patterns which
adversely aftfect scouring velocities and thus mav be Jdetrimental to proper
functioning of the svstem. «
18. A compromise to either the dendriform or grid layout has beon the

clustered feeder approach, where smaller branched systems service multiple

connections and feed 1nto a0 main scewer. o this decigo, service of waintine
breakage is more likely to o aftect oniy the partionlar cluster an which break- [
age oceurs ared tlows wonld vemara predretable as oan the dendritorm Fayeut o A

reduction o the number ot antycpatd service cpterruptions can also be
accomplished by the rastal{atooy o connestor hiner between cluster-. The
connecior Line would noomaily be valved fiom sevvice: however, the connedcton {
pine could be opened to servive of pecensary to provide conlinidous service
nsite pressurization svstem
19, The onsite pressurization anat serves twe basio bictions:  domovs
ing objects capable ot todeing 1o the small-diameter piping system and pro- (

viding the pressure necessary to degve the wastewater through the pirping
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water consumption for the two sites investigated. An i1mportant aspect of the

Mills study is the development of hourly per capita use rates. These rvates =~
are presented in Figures 10-13.

53. Irn addition *to the Francingues and Green (1976) and Mills (14983)
studies, various other sources of guidance on water use 1n recreation areas
are avairlable. Table 9 presents basic information for the calculation of
daily per capita wastewater gencration rates.  lThe quantities presented :n
Table 9 agree with water usage values reported for vacious CE recrestion arias.
Tables 10 and 11 may also be used as add:itional guidance where s:te-specitic
data are wot available. It should be remembered that (n a zeco jufiltyotion
svstem, such as found in low-pressure sewer systems, water usage mav he re-
disced by up to 20 percent to determine average Jdaily wastewater flowe.

5. Estimating visitation iz another importapt variable in the use ot
the per capita method for generation of wastewater flows. Although visitation
estimation 1s more art than science, standardized technigues have been dovel-
oped. Mischon and Wyatt (1979) provide general guidance on valceulating atten-
dance at CE recreation areas. Research is currently under wav to update aad
standardize appropriate procedures.® For existing recreaticn areas, 4o esti-
miate of design population estimates can be obtatned from current visitalion
records.  For proposed facilities, the visitation records of comparable recro-
4t ton areas at other projects can be reviewed.

55. Although the per capita use method for generating wastewater tiows
has heen very popular, the method is more suited for estimating average or peak
daily tlow: rather than the peak minute or peak hourly flows required for
propesr design of pressure sewer systems. The fixture unit method of design
flow estimation provides a better estimate of the peak hourly flows needed tor
design purposes.  However, the per capita use method can be used as a general
check ot flow projections generated by the fixture unit method to ensure

reasonable, cost-effective designs.

Personal Communication, January 1984, R. Scott Jackson, Outdoor Recreation (
Planner, US Army Enginee, Waterways Experiment Station, Vicksburg,
Mississippi.




ek i

7T

R

— MT‘_._‘_.

JUNE
JuLy
ALGUST e =

d

N

-
L1 I A 1 1 1 1 1 | I W | 1 1 ) U W W U J
é & 9 W T 12 v 3% W g g 0 2t D v A

er

HOUNKS OF The DAY

Figure 10.  Mean bourly water use for Loop 7 campground at

Heber Springs recreation arca

HeT Lt FR S SN SN 7S S SN0 R U GV NRU U S |

v

Y

@
caaud £ p g 1 2

MBI ¢




30~
25 b
20}
2
&
x
<
&
x
5 Y
v
r4
= 15 p=
3
1
z
<
H

JUNE ——
JULY e
AUGUST e =

OUARS b THE DAY

Flgure 12, Moan hourly water usce for all campsites at
Heber recreation areil

30 -

e

Cop e

JUNE —

N # I .
’ ALGUST oo
|
t
!
i

|
A A
W/

! \

\ d
(NN Wil PSS PP A NS NS SRS WA R NN W NN G (Y G SO SRS SR S W O S

3 3

Taep

fvure Ioo o Mean honrly water usc o tor o allocamgpn o Lt

P

JIUK recreativa area

od.

A}
-6 S




...

PART 10 ONSTIE PACTLITY CONSTRUCTION

BRackground

S, Unsite tacility constenction includes those ftacilities that must be
consiructed fmeediately adjacent to the pornt ol wastewater generation.  n
traditional pressure sewer construction oriented towards providing service to
v oresidence, onsite construction reters to the facilities that are constructed
on the individual property owner's lot. This definition is not suitable for
application to the construction ot pressure sewers at recreation areas; there-
fore, a somewhat artiticial definition must be developed. For purposes of this
studv, onsite tacility construction is defined as those facilities that must be
constructed between the point ol wistewater generation and the pressure sewer
main.  Specifically, onsite facilities include: septic tank and/or wetwell,
pressurization unit, service connection, and all structural and electrical

appurtenances thereto.

Septic Tank and Wetwell

Vo Septic tank.  Septic tank sizing is normally based on a specified

b time, o tunction of wastewater fiow. Detention time in a septic

con oai b he o oacndme of 10 hr. When septic tanks are used in conjunction
b e ey aainawe trelds . g minimum ot 24 hr detention time based on
tows 1 neuabby recommended. The septic task must not only provide
o e e ter the desagn flow but must oalso anclude anoadditional
ce ety wi e i nhidee sterage and oany reserve storage requirements.
e o ! cotens dbarger than 1H00 gal/day may be determined by the tollowing
[ e o Chret o bBnpincers 198G )
\ [ DA S RN (1)
o
v veqn oo tank capacity, gl )
b ape newage thow, gal/day e
oo baenre 14 gives the regnired volume of septic tank tor o given s ®
roat 1
R
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Figure 14. Volume ot septic tank tor various design flows

59. In addition to the additional volume required for sludge storage,
1t is also desirable to include some reserve capacity in case of pressuriza-
tion unit or power failure. Figure 3 illustrates the freeboard within a septic
tank that is usually available for reserve storage. Additional storage can be
provided if deemed necessary.

60. Wetwell. Wetwell sizing is normally a function of the wastewater
generating facility being served, pressurization unit hydranlic characteris-
tics, and desired reserve capacity. Reserve capacity is the volume available
for storage between the elevations of the high water alarm float switch and
the invert of the overflow pipe. Typical wetwell reserve capacity tor a resi-
dentral tnstallation is 50 gal. For recreation area applications, re:ervve
capacitly requirements can be estimated as the product of the hourlyv wistewater
generation rate and the length ot time that it will take to replace a pressar-
ization unit. A 1-day (8-hr) holding capacity is usually sufficieot.
Structural design and materials

61. Structural design. The structural design ot septic tanks must con-

sider soil loading resulting from their buried installation, hvdrostati

28

ok L

®
p

)




loadings that may occur because of high water tables, and external loads that
may result from vehicular traffic. Loads on septic tank and wetwell walls,
floors, and roofs should be evaluated. Septic tanks are usually located in
areas not subject to vehicular traffic; however, a vehicle may occasionally
pass over the tank and, therefore, the septic tank roof should have sufficient
strength to resist collapse. All septic tanks should have an approved struc-
tural design.

62. Malerials. Prefabricated septic tanks in standard sizes are avail-
able in three basic materials: concrete, plastic, and steel. For larger non-

residential sizes the choices are probably limited to concrete or steel.

63. The most common material of construction for septic tanks is con-
crete. Concrete septic tanks should be constructed in accordance with recom-
mendations of the American Concrete Institute cr an approved equal. Concrete

has proven to be a very durable material for septic tank construction. Weibul,
Straub, and Thoman (1949) conducted a study of 150 concrete septic tanks rang-
ing in age from 0.5 to 39 vears of age. Of the 150 tanks inspected, 91 percent
were judged to be in good to excellent structural condition. Corrosion at or
above the water line was found in some tanks.

64. Septic tanks are available in three plastic materials: fiberglass,
polyethylene, and acrylonitrile-butadiene-styrene (ABS). Fiberglass-reinftorced
plastic is probably the most common. Fiberglass septic tanks should be con-
structed in accordance with American Society of Testing and Materials (ASTM)
D3299 or International Association of Plumbing and Mechanical Officials 16C-74
as applicable. Wall and bottom thicknesses should be determined trom a struc-
tural evaluation of the most severe structural loading conditions. Because of
their light weight, hydrostatic loads are of particular importance in the
design of plastic septic tanks. The need for antiflotation measures should be
specifically evaludated for all plastic septic tank installations.

65. Common carbon steel with coal tar epoxy coatings has also been used

for the construction of bhoth wetwells and septic tanks.

bt The impact of corrosion on the materials used tor septic tank and
wetwell construction may be significant. The interior surtaces ot septic
tanks are subject to corroston from several sources.  As wastewater is re-

tained in the septic tank for long periods of time, oxvgen is depleted and

anaerobic conditions develop. Hydrogen sulfide generated under these condi-
tions is released within the tank. Kacterial organisms on moist intertor
29 '
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surfaces convert the hvdrogen sulfide into sulturic acid which may attack the
materiral used tor construction.

67, Varioeus materials have been applied to the interior surfaces of
sepltic tanks; however, many ot these have shown little success in reducing
COrCOS1on. terresion protection os more important in steel septic tank con-
struction than an crther concrete or plastic tanks. Prior to fabrication, the
Leel shoald be sandbiasted or shotblasted to o "white metal” tinish as recom-
wesrded by the stee! structural painting specitication SP=5-63 or NACE#Z . After
cieantny, fabeicatoon, dnspection, and spot recleaning, the surface must be
oo ted betore oxirdairen can cesccur. Coal tar epexy or bituminous products
fre citen dpplied 1o ocne or teo coats to o dry tilm thickness of B mils.
cotea e protect son o vay w30 be used o conjunction with steel tanks.  Magne-
e anodes are normaciv o nsed for cathodic protection.

o i oadditvon Lo vorrosion considerations, tiberglass has been shown
Looeteriorate frowm moisture wicking along the glass tibers should the edges
become edposed to meisture.  Wicking may be reduced by application of resin-
rich (oating or ge! conat to all surtfaces.

fusiallation

6%,  Septic tanks should be installed in accordance with sound engineer-
tug practice.  The excavation backfill adjacent to the installed septic tank

should be placed in 6-in. lifts, moisture to be optimum, and compacted to 90-
pervent relative densitv (AASHTO T-99 or T-180 for standard and moditfied
proctor).  Stones or debris having a diameter of 4 in. or larger should not be
included in the backtill material. Backf{ill in the vicinity of the septic
tank inlet and outlet piping should be manually placed and should consist of
¢rushed rock or washed gravel to a depth of 6 in. over the inlet and outlet
pipes with the remaining backtfill placed in the same manner as that adjacent
to the septic tank. Septic tanks installed in soft or yielding soils should
be bedded on crushed rock or gravel having a thickness not less than 6 in.
For particularly sott soils, a toundations analysis should be performed. If
the area 1s subject to high ground water, i.e. ground water ahove the septic
tank tloor, the septic tank should be secured against flotation.
Testing

70, Septic tanks should be watertight and must be tested for leakage.
Septic tanks should be tested tor watertightness by filling with water to the

soffit, lett standing tor 24 hr, and examined for leakage.
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Pressurization Units

Grinder punps
Jle 0 fwo tvpes oi ogriader pumps are generally available:  submersible
citciturval or senlpositive displacement progressive cavitv,  The performance
voothie U Lopes o of pumips is different with respect to cuapacities ond shut-orr
deads. dne centritucal vpe pumps uperate at reduced delivery at high susten
Qodiis winreas Lhe positive displaceunent punps provide a constant delivery rel-
alive Looindependent o svstea heads.  Figare 1D illustrates the head=dischar

terationsihips for typical centritugal and semipositive displacement pumps.

SEMIPOSITIVE DISPLACEMENT PUMP

AL H

$eE

CENTRIFUGAL
PUMP

Dy SaMic

GTAL

T,

CAPACHTY

Vlgure 15,0 Tupical capacitv-head charac-
teristics ror contritusal and seriipositive

displacenent srinder pumps

S Lubneraib e centritugal and semipesitive displaceneat punps are .i
Goabado b b variet s of ralings. One to LW porseposer satps are notnal b
S Bt e o e shdent Dol o appeileationss cor dnstallations where Jarcer ot lows ic
dare e Caboddy saber=ibte coatritusal cviader punps are oavaiiable din osivos . A
Gpoto oand inclading 5 hp. o Toe semipositive displacement pump is nol present s .i

ol bable in o sizes exceeding U ohp.,

s
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73.  The grinder pump unit (both centritugal and semipositive Jdisplace-

ment} must be capoable of communitioy (pranding) ail material expecled to be

tound in the wastewater heing bhandled.  Reasenable gmounts of fore.gn maleria):
such as glass, ecgpshells, sanitary vapkinn . and dosposable diapers most he
ground inte particles that wo bl poss throueh the bt rpe pipioe wind dow-
stream vajves., Stattonary datd rotatrag cntter boasd chould be wade ot Vg 1=

ened stainless Lteel.

T4 Lot o srngle-phase and U o sr b e e to s e e o sy e
phase metars are available oy Toh- ang G0 cern g e L S PO A BT
of the caprcitor start/oapa ctor cun tope tor hagh of rtene o o Phoe -
phase motors ave availabre tor 0= 2038-0 460- o 5 T Co Yoo !
pump.. shouh b e of stanaard censtrnotion. The grinmder iy ot b b

tested to inchnde visual inspoction to confirm constiuctaon o avcerdanee with

the specitreations, wncloding s medel, horseprwer, cord lergta, mapeller gize,
voltage, phise, and hertes. 01 special tmportance, 1he poang aid seal hlousing
should be tested for moisture snd insulation deteots.  Alter connection to the

discharge piping, the grinder pump shouwld bhe submecgea aod amper ige readiogs
taken 1 each electrical lead to check o tmbhalanced stator winding.

Etfluent pumps

75.  Ettluent punips are usually ot the centritugal tvpe with o subners-
ible motor.  Typival construction may include cast rren, bronze . ardzor plas-
tre.  The pump is usually mounted in the wetwell or septic tank on Uhiree jote-
gral support teet or base. Effluent pumps are available in sizes vangieg trom
0.25 to 2 hp. Ettluent pumps with ratings up to O.75 hp are available tor

either 115- or 230-v service and pumps with ratings over 0.75 hp are avaaiabic
for 230-v service.  Effluent pumps are generally capacitor start with erther
permanent split capacitor or split-phase motors. Motor starters and capacitors
can be located in the motor or adjacent housing. Fither a control box housing
or 4 junction box is required to connect the pump and level controls to the
‘ll)\»l’r SOUrce .

6. Etfluent pumps should undergo the same testing as required tfor

grinder pumps.

Onsite Piping

By lding sewer

/i fhe building sewer, also called the service connectinn, service

PR S
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cibredt dav, concrete, aad tactohe o cast o dren. Jdorntys o and oworkmenship oon
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construction st burading cewers shonld be equivalent te those fomud g con-

Structaion of conventiona !l gravily sewer oystonin. Sirrioe the baibaing sewer
represents the major source of qniiliration/intlow 1o pressore Sewer »vstems,
particalar attention should be pard to jointing techniques and the compaction
of hedding and backiall material. American Socicty ot tavil kngineers (198.2)
and ITllinors Society of Protessional Engineers (1973) provide detailed infor-
matlion concerning the design, construction, and specification of gravity suni-
tary sewer systems.
Service lines

78. The service line consists of the piping and appurtenances between
the pressurization unit and the pressure sewer main. Service line piping 1is
sized to ensure the maintenance of minimum flow velocities. Service line
piping usually vartes between 1-1/4 and 2 in. in diameter. Small residential
installations usually use 1-1/4-in. service lines which have heen recognized to
otfer the best compromise between costs, provision of ncecessary scouring veloc-
ities, and minimization ot head losses. The larger pump nstallations tound
at recreation area ftacilities will generally nse the larger pipe diameters

vI=1/72 andt 2 o).

79, Service lines are normally constructed with PVC pipe, although some
poldvethviene FE)Y pipe service lines have also bheen anstalled.  Beth PV Sotied-
ale a0 ant SLR-21 PVC pape have been used tor scervive Lines. Solvent webl
cornts are neowa iy oused. Carve most Fe Cakenooin the installatien of both I
aed poloerthvber ppes Manutactnrer s sactroctions shoaia e tollosed G the
tastallation ot both kinds of prpe.  GUher paping mate: iads Lave besnoaset ton

seervice Dines, however, ey are general iy consideiod to e boehor o vond
than PVC constiract pon, The Tocat oo of the woervice Tore shoald b owed b mocked

to prevent possihle disicige becanse of batyre eacovation or development o Lae
area.
KO.  Although 4 chevk o valve os ormalby anstalbed ou the prossnrsaty

unit's discharge piping, vt 1s aloo desorable te anstaotd an wddetvenaed cheow
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valve either directly outside the pump -wetwell or near the pressure sewer main
connection.

81. 1In addition to the check valves, a gate or ball valve will normally
be located 1n the wetwell on the discharge side of the pressurization unit.
These valves serve to prevent backflow when the pressurization unit is removed
from service. Maintenance on the service line is also facilitated by the
itnstallation of a corporation stop or other type of valve on the service line
near the pressure sewer main.

82. Service lines must be installed at a depth sufficient to prevent
damige from either mechanical loads or freezing. The installation depth de-
pends on the site; however, a minimum depth of 1 ft is recommended. In most
Casrs, the service line slopes upward to the pressure sewer main connection.
In those cases where the service line slopes downward to the pressure main, a
svring-iorded check valve sthould be installed in the pressurization unit wet-
well to minumize the potential for siphoning problems.

3. Pressuie sewer service lines and potable water supply piping should
be installed with at least 10-tt horizontal separation. Where pressure sewer
mains are instalied on one side ot a street or road, service line connections
trom the opposite side ot the street should be installed by boring (if the
roadwayv has been surtaced), or installed within a4 bored casing in heavily
trafttficled areas.  The potable water supply line and the pressure sewer ser-

Vi bane way be bored beneath the street surface in the same proximity pro-

tded that exthes Jine is installed in an approved casing.

B4, N corporation or "V owvalve should be lTocated at the street or prop-
ity line fo isclate the service line trom the pressure sewer main.  The valve
ci-es oand cap o should be iocated ont o of access ot road traffic to prevent
damace Lo the ciser winch conld, in tarn, orush the service iitne.  Some pres-

are ewers doonot previde a4 ciser or valve bhox to locate or service the check
valve Jocated near the strect on the assumption that tailure woald be a rare

weoareenee and that these conponents conbd, 1t necessary, be Jocated, exca-

vated, vl oo parred.
Ay Service Cines Can o be jorcted on the surtface and then placed into the
excavated trench. Pipes shall be goiated an accordance with the manutac=

Uicer ' praontod ansirnetions.,
R e trench shoald not be excavated {or o distance greater than can

he backtylled during the same day of excavataion.
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88. The operation of both grinder pump and septic tank-effluent pumping

svstems os controlied Dy measuring the level in the septic tank ocr the wetwell.

Mhere are four basice types ot level sensors used with grinder pump and septic
tank-etfluent pimpiug systems. lThese include mercury level control switches,
magnet o welrght drsplacement switchies, pressure-sensing switches, and dira-
phragm switches.

7. Mercury level control switches. Mercury level switches contain a
mercury contact switch encased in a polyurethane ball. In the simplest
system, three separate switches are required with each switch designated to
either turn the pump on, oft, or activate the high level alarm. Differential
mercury switches that combine the functions of the on and off switches have
recently been introduced. A separate mercury switch is still required to
aotivate the high level alarm.

90 Magnetio weight dispiacement switches. Up-off level 1s controlled
by two adjustable plastor displacvement weights connected to 4 magonetic switch.
Durtng operation, water rises 1n the wetwel]l or septie tank until about one
nalt b the appe e wesght 0w snbmerzed. Thirs reduces the weight ot displace-

il owesphts by the werght of the volome of water displaced by the plastis

coght Phee o hieed werght ot the plastio werghts causes o spring Lo reloase,
I Pt N T AT R A toddbower o move apward and te attract o peoranent magnet
S RS R AN I I D S Fhoe cprsataon s Chie swrtch ane tarts the
RITREE Chepaop ot i b e et e r ibout one halt oot v Tower wereht
Pt N AR R v g enuttray s eane 10 loadine on the spring catses

st ompree e T U teh e away b the wagnet o Thos opens the

o oh el e s the e Aomvcre ey lewe b oo ntr i o switch o mav o bhe o ased for Uhe
ool water ol arn, Prie wateh o cont e s o bedd nousany . AL parts o
e cwateh g be taken apart b ceptacenort o o mintenanee withoat diss

Parbine the tanep 0 the paping.
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91. Pressure-sensing switches. Pressure-sensing switches can be used

in conjunction with a bubbler system to measure liquid depth and thus control
the operation of the pumps. Bubbler systems measure liquid level by determin-
ing the air pressure required to force a small stream of air through the lower
end of a tube extending to the bottom of the wetwell or septic tank. The back
pressure in the pipe depends on the depth of liquid over the open end of the
pipe. A pressure switch senses the hydrostatic pressure and activates the
pump. A similar switch can be installed as a high water alarm. Bubbler sys-
tems require a source of compressed air and must be vented to the atmosphere.

92. Diaphragm switches. Pressure diaphragm box type sensors operate on
the principle that air in a diaphragm box compresses as the water level rises.
The draphragm box is fixed at a location that becowmes the reterence point for
the measurement (Metcalt and Eddy 1981). As the liguid level rises above the
draphragm, the pressure on the diaphragm compresses the air trapped 1n a
viosed tubing system connected to a pressure-sensing element. The pressure-
senstng element transmits the on-off signal to the pump. Fhe diaphragm switch
can be used in oseptic tank-ettluent pumping svstems; however, 1t 1s not gener-
ally recommended tor grinder pump systems because of the potential for solids
buttdup around the diaphragm.  Diaphragm switches must e vented to the atmo-
sphere. A second diaphragm switch, mercory switch, or pressure-scusing switch
must o be used b g high water aiarm 1s installed.
Flectrioal

93, Flectrical appurtenances primarily depend on the tvpe ot pump and
moator selected tor the installation. Additional atlention must also be given

to the pump and alarm svstem wiring.

9. Grander pumps.  Most grinder pump anstallatirons require cither o
JOS- or 230-v single-phase power source.  Some larger installations will use a
three-phase service. In ei1ther case, the tollowing recommendat ions can he

made concerning the electrical rnstallation.

95 . Since the single~-phase submersihle grinder pumpe have o capactilor
Start tvpe motor, the capacitors and starter relavs must he tocated rnoa sepas
rate contiod panel endlosare. The control panel can he Tocated erther outside
Herne o NEMA S endlosure or gnsade the service locatton wning o NEMA T enclo-
cure. For satety reasons, it as usually recomnended that the contyol panel be

placed within sight of the pump wetwell or septic tank.

Y AU o minamum, the control panel should gnclude o magnetio starte:

36 J
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with ambirent compensated bimetaliro overload vetay. fhe velay shoula have o
test button tor simulation ot overload trop and o manco resel botton. baut
protection should be provided via o molded Caose magnetic crrcutt breaker and
tnternai commen trip or multiple poles. N hand-otl-outcmat o0 Lowaie switoh
tor hand operation with o green light to indrcate the pamp coucntong mode oo
be provided for each grinder pump and wounted on g hras ket sreeide the controd
panel enclosure.  The control panel should be ot hygh quality construction
that meets oIl satety codes gs well as uaticnal electrical coder o Pump con-
trefs and wisitng mu=t be accessible and complyv with ati code vegilations to
eusure the satety of the service user or operating personned cn Che event ot
power tailure, pump failuire, or tlooded wetwell.  Jn extrome cases, as oan
alternative to the above tnstallation, an explosion-proot combiwation motoy
control, junction box mav be installed 1nside the wetwe!l e seplic tank.

47. Semipositave displacement pumps having the startor and capacizor on

the pump «ore require onlv o standard junctiovo box hookup to the power sourc:

Y8, Septac tank ettluent pumps.  The control systems for septic tank
ettluent systems are somewhat less complicated than those for grinder pump
systems. Since the motor starters and capacitors are {ocated 1nside the motor
housing, a separate control panel containing these components 1s not requived.
A separate control panel may be required, however, for the level control sen-
sors and other components.

9. Wiring and alarm systems.  Wiring ‘o coennect the pump moters to th
power scurce miust be ot the corrvect size and curtabico for direct barval.  wie-
tng shoutd comply with all applicable cicctrical codes.  Wicing Yor the Teved

sensors and control panel (1 f reguired) shontd also comply with applicable

SNUTS FRENN
TaG.  An andio and/or visnal high water alavie should beoooroy Sded o bt
tprees oo pramp vnstal ot s, Phos adarm o alorte servior poraaning gy Do pass i
b oo d bt oo Phe viarm shontd e devpnea oo le thoat ol can b ren
bt o i tunc tion, bt not he dreat bed tey totio e mab bt ey Thee by
svatem s e omeanbed e o ot nde e e e Lo catlien. [T N T
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stem. ihe actual Jocation ot cleanouts is o tunction of the svstem Lavout.

core cbenasctorm Tavont reguives only one terminal cleanout while a multiple
e teeder desten would require o terminal cleanout for each cluster.
coanests ander shtott valves should be provided at all pipe junctions and
it locations where prpe siges change.  Line cleanouts for small-diameter force
durng iay be copstructed using meter boxes as illustrated in Figure 21. Where
neere space s reguired for cleaning equipment, cleanouts may be constructed 1n
manholes or vaults., [t it 1s considered necessary to isolate a section of the
pressi s sewer matih, o valve may be installed ahead of the wve (Figures 18-20).
Lhen the cleanont s placed in g vanlt or manhole, a sump should be con-
Stracted o the Hloor. Grodind witer, condensate, or wastewater that accumu-
Pates o the atructure can be more veadily removed with a portable sump pump.
P rmrs b omanholbes

o The pressmie sewer snain o wi bl terminate ot oa treatment facility,

1Lt n g o gravity o sewedr svstem. Pressure sewers should be designed to
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construction «f
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other devives which are pushed or pulled

on of valves should be compat-
the pressure sewer system.
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aodyv, bronze wmounted with

zes, valves mav be all bronze

tedd an the shiop gt 250 psi.
veooin the open position aned
ves shonld remarn tight and

thiee test shoald te regected
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plpe are common materials ot construction for water distribution piping and
wastewdter force mains. Variocus linings such as cement portar and coal tar
epoxy are otten used with DI or UL pipe to minimize corrvsion problems.  The

relatively high cost ot I oand O pipe Limits 1ts application In pressure

sewer installatrons.  LEond O pape may bave application 1n those cases where
severe stractural loadings sre expecoed Lo nrog
Leds B prpe s s babe oo e tany e from 3oan. L 54w, and a
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Care shoutd be taken ducrny tne hacktolbing poecesn S0 cnstre thal the b k-
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manufactured in accordance with the requirements of ASTM D2239, ASTM D3035, or
AWWA C901. PE pipe has performance characteristics similar to PVC pipe. PE
pipe joints are heat fused in accordance with the requirements of ASTM D3261.

118. Acrylonitrile-butadiene-styrene pipe. ABS pressure pipe is not

normally used for pressure sewer system piping. However, ABS pressure rated
pipe has been used in water distributior systems and could have application in
the construction of pressure sewer systems. ABS has performance characteris-
tics simitar to PVC or PC pressure pipe. ABS pressure pipe should be manutac-
tured in accordance with ASTM D2282. ABS pressure pipe can be jointed using
either tlexible elastomeric seals in accordance with ASTM D3139 and ASTM Fa77
or cement joints in accordance with ASTM F545 and ASTM D2235.

Uther piping materials

119, Fiberglass reintorced thermosetting resin (FTR) pressure pipe.

FIRK pipe is used commonly in the chemical process industries for the transport
ot water and wastewaters with elevated temperatures (up to 125° F). The rela-
tively high cost of FTR pipe has precluded its general use for pressure sewer
service.  However, FTR pipe would be an acceptable alternate pipe material for
severe service.,  FITR pipe should be manutactured in accordance with ASTM D299t
D23510, or D3754 with dimensions as specitired by ASTM D3567.

1200 Pressure sewer pipe is notmally specitied by either the pressuie
rating or the required resistance to the anticipated hyvirostatic stress as
determined in accordance with ASTM DIS98, D159, or D3/, Fhe anticipated
pressures in the system must he quantitied tor both wmagnitude and trequency.
' the cases where this is not possible, U s common practice to spectfy prpe
cated at twice the normal anticipated operating pressine

121, The sustained pressure capacity f pressure PVC pipe 15 o banction
ot 1ts operating temperature and the lenglh ot time that the sustained pres-
e acts upon the prpe. Tables and charts are availbable from PVC prpe manu-
tactures to determine the allowable sustarned pressure tor the design water
Cempetatures and length ot pressure (Lni=Bel! Plastic Pipe Assecuation 19827

120 For temperatuves higher than toe 749 F standard rating temperdture,
the pressure-sustatning capacity of the PVC pressure prpe decreases sipgniti-
cantiv. Fhe reduction an pressure ralting must be consideved dnring the desien

provess o those cascs where there s any possibility of encountering elevated

wastewater temperatures.,

(Y

1273, Ductile tron pressare pipe. Ductile iron (D) and cast tren t01)
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terminal node, a lift station, or a controlling elevation 1s accumulated and
the required pump head at each node may be determined. Figure 17 illustrates
the calculation of the required pump heads. The required pump head s the dif-
terence between the required pump discharge datum sud the pipe «levation. It
the required pump pressure becomes excessive, the user may wish to install

intermediate ittt stations at selected points in the system.

Materials of Construction

Pherzoplastic materials

Lie. Polvvinyl chloride. Pressure sewer mains have generallyv been con-
stracted of PVC. PVC pressarve sewer pipe should be manutactured in accordance
wilh the requirements oi ASTM Specifications D1785, D2241, or D2672. American
Water Works Asrocration (AWWA) Standard €200 is also suitable for use in pres-
S sewer constin tion: however, it o is usually more expensive than the ASTH
P beoguse U ds desagned tooa higher standard. The ASTM designations are
Spoaeable Lo pressure pirpe having nominal diameters between 178 and 12 in.
Fhe Sy 0900 designation is applicable tor pressure pipe having nominal diam-
clors petween 4o oand P2 oia.

in PV pipe can withstand shoert-term pressure surges significantly
Breher toan the long-torm pressure rvating of Che pipe without damage. For
cxarple. Jlass 150 PVO pipe contorming to AWWA (900 can withstand an internal
vrcnsure of 5% psy o ter ahent 1 omin but Wil tar! it the same pressure 1s ap-

Tied feroabont S mins The came pipe will, however, normally wvithstand an

pteval o wockiny prossuce of UG pey thronghont the design perioa without

A e den e cf PVC puessure pipe must be based on the long-term work-
S EU A NN fothe pape. I pressurve pipe omey have tlexible bell joints
ot v st e 0 weals or way o be solvent weddod. Jaints shonld conferm Lo

St e prtrrenenc: ot SNIM ORFSTT AN D0 0 as gt FSGs  or ASTM D2RO4G .

e Loorroas ot angs hase been deveioped tor PV pipes The titoaogs
Coob e et e weth the presture papee gt cise omnst be designed to with-
o bbbt anp pre s e s wWe o pated Sulrge pressures
cherdt faniure . Steel o or v oape it ings may o alss oe utailisod 1t the ap-
peopraate YT or AWWA cpecrt ioalions e et aterna i oond external corros

o peotect ton st be constdered when fercoa s metal tattings are wsed.

it/ Polycthylene pipes Polvechvieos precsine pape shoald be
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tterdtions to determine sveotem chavacterrstios under ceveral operating condi-

tions to stmulate the Cime-varving iature of the Sv=tem; 1.e. the ovstem

| shonbd he anadyvered woth vartons combinat tone b pampe 1o rmulianeons

p

: cperaltion,

g P | e ' 1 [ . ! R v )

b o Bt e to trad s trer s bt oo b e conoeris i iy o

S
st e boome . and o sarge condiUrons moan oamet e b e nary s wale v flanm e
el e anctys s norma by o wa Dl ot be iy or 0 e an SR uec e gt ion arca

4 i | q B ‘ i i

t desapn boc g ot thie o smallosyve ot the wcsteme gt T e bt oo by fow heads
TRENE U O IS For Taree svatems or syvelem oper st nn st o Datove e horet hea te
Pareestes thon 100 Pt the system should b anglyvsed tor poteat i cater ham-

ceeroand soree problems.
11 Cemputer programs are avaalable tor the e 01 beernnre sewey
wwetems b b Mvers Compa y 1984, Systec 1980 floe se pocvrams ate usually

sode raented. Figure 16 is typical of a simplaited sostem nodal osohemat

Phe wodutyon ot the network is usuvally accomplisned 0 two passes.  The first
pann ot the svstem s conducted (o the direction ¢ flow Flows, 1f they oc-
vt are acceumiulated gt oeach node along the networ k. The magnitude of the

tlhows entering gt cach node as usually 1tnput by the user: however, 1o some
programs tormulated tor the design of resident tal nstaillations, the user in-
puts the number ot honses served by the node and tlows are calculated within

the program.

1. The tirst path through the syvstem s designed to accumulate tlows
dand assign rnitial values for prpe sizes.  Two options are generally available
tor selecting pipe si1zes.  In the tirst option the user preassigns the sizes
ot pipe between each node.  In the second option, the program will select pipe

stzes based on the maintenance of a4 minimum specified velocity fur the tiows
accumulated in the upstream node of that pipe segment. Typically, the pro-
grams will select the minimum commercially available pipe size that will pro-
duce a velocity at design flow between 2 and 3 fps.

112. Once the pipe size has been selecte i, the head loss in each pipe

segment is calenlated for design flows. In addition, it 1s customary to cal-
culate wastewater residence time in the pipe at design flows. The residence

time can be used to estimate the wastewater characteristics at the treatment

plant. 1
113, Atter completion of the first pass through the svstem, a second L

pass is made an the direction opposite the tlow. The head loss trom the ’;
R

40
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Rarnes, lnc. €1977), recommends using o C=tactor ot 150 tor septic tank-

ettluent pumping svstems.  For grinde: pump svstems o Cstactor ol 140 provides
4 safety factor tor anticipated grease and solird boyldup problens.

100, Although the hvdraalo design ot 3 pressure sewer system must Lake
tnto aceount several tacters, the pormary concern s the head discharge char-
acteristics of the selected pressucization uintts.  The spmplest and mest com-
mon installation emplovs use of centrifugal pumprng units that exhibit the sren-
cval capacity-head curves tilnsteated o Fogare 15 fn sddition to matching
capacityv-head requirements ot the ondiordaal pressurization unrts, 1t s abso
recommended that o centritagal pump should et be specrtied under conditions
requiring greater than 85 percent of the avarlable head when opevating alone

1e2. the toltlowing procedure 1s tvprcalbly ased to appro<smate the o, -

tial hvdrauiic design of o [ow pressure sewer syvsted,

AL Determine the ultimate namber ot tacilities to he served by
the svstem and choose o desiyn peak flow value tor each
faciivty.

b Prepare s condensced plan and profirie of the svstem 1ncluding

appropriate nodes for changes 1u direction, changes in pirpe
si1ze, and points of entry ftor wastewater | lows.

¢, Evaluate the requircment for air release and pressure-
sustatning valves.

d. Determine and plot hydraulic grade lines (HGL) corresponding
to various pipe sizes.  Pipe sizes that indicate an excessive
tetal dvnomic head (HHH) should be efiminated from further
constderation. Appropriate adjustments must be made where

Jrressdro-sustaining valves are used Lo maintain positive press
sure and preveont Tine dranage.

eLoSelect dmtral pressure maan configurations and sizes based on
coonomics, pressure Timitatrons, and a reasonable approxima-

tion ot pump characterestics,

f. Prepare o dvoamic HGL based on the contiguration and pipe
dzes sefected o ostep eoabove and select gndividual pressur-

Pt

quieed tiow capacities.  individoal pressurization wmt char-

ten o nnats based on cate-specstie head conditions and re-

g lerpat oy dertved trom o manad cctinrer's Literature, nnst be

1

tested tor subticrency by ocompartng Uhe pamp carves with the

svetem 6L where the pinep tater sl antersects the pressure

COWOr YT Phe pomp capacrtesteead curves most o beoad jasted tor

head Tonses an the seprvice Lo

1GA . The selection of an approprrate pressurization unit depends on the

hvdranbic protile of the system and the characteristic (capacrtyv-head) cuarves

of the pump chosen for the svstem.  The analvsis should anclude several




PART V.  PRESSURE SEVER MAIN CONSTRUCTION
‘ Hydraulic Design

O, Pressure sew o svetems e ogenerally designed as a biranched system.

Locped svstens simitar te woater b atribution systems are technically feasibleg

however, branchea svetoms ave cons dered to bave both operational and mainte-
nabee advantages Ftoprobiiems develop in one ot the branches, the branch can
e rmcoated tor rovain witnont attecting the remainder of the system.  The
oranches and mains spould e Jaod o out to provide the shortest run and the
fewent changes of Jdivection.,  interconnecting prpiity between branches may be
installea te provice e aeyprec ot svstew redundancy; however, the opportu-
ity U evoromcallyv rpstal ]l theao Tooping niterconpections does not occur
very o often, Inoany caesel valves an oappropriate pidoees ensure that the system
15 cperated foothe laanched mode and as such must be analvzed as a branched
system.

102, fthe hyaracliic design of pressure sewer systems is normally based
on s Compromise between maintenance ot scouring velocities and minimization of
head losses tn the system.  Marntenance of scouring velocities 1s particularly
important for grinder pump systems where grease and solids may present prob-
lems an system operation.

103, Minimum scouring velocities can be estimated by the following

cquation (Kriessel, Cooper, and Revek 1977):

3

N =
< (2)
where
Vo = minimum scouring velocity, tps
s
N = inside diametler of pipe, in.
P04, Experience in ‘he operation of severvsl pressure sewet systems andi-

cates that an absolute minimum velocity ot 2 tps should be maintarined 1t at

all possible.
109, Head loss calculations ftop pressure sewer svstoms are gencraliy
hascd on the Hazin-Williams tormula.  For PVC or other rel.tively simooth pipe

materials, a4 Hazin-Williams Clactor ot 140 to 150 1s normally used.  Peabody

38
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are constructed using PVC or PH materials, this section (s restricted to g dis-
cussion ot coempatible materials. However, similar connections could be made

' were other nonplastic materials and compatible fittings utilized,

. 155, Wve and tee saddles are available to install 1-1/4 to 2-in. 1D ser-

vice lines to the pressurc sewer main. ‘The pressure sewer main in the street

or right-ot-wav location can vary between 172 and 12 in. 1D,

136. A popular method ot connection of PVC service lines to PVL pres-

sure sewer main s bv wet tapping and fnstallatien of o tee connection.  Soi-

MAMMAGREE g

vent weld service connections of this tvpe are avatlabic o 12~ to Z-in. di-

ameters.  Tvpical service vonnections arc illustrated in Figure 23,

CGRPORATION STOP
\

CHECK VALVE \

foptionall \

RN

\\\\\\© WY i\ -—-TtE OR SADDLE
-z
SERVICE L INE

TO PUMP VAULT
|-4—— PRESSURE SEWER MAIN

PRESSURE SEWER MAIN . _

| S |

SOLVENT WELD SA DDLE/

MITES 1 THE USE OF A PRECLACED WYE CONNECTION
1SOALST AN ACCEPTARLE FRACTICE

= UHECK VALVE

LOTHE USE PO THE CORPORATION STOP
L RECOMMENDED aND THE USE OF THE
CHECK vA_VE 18 OPTICNAL

DISCHARGE LINE-T

Figure 23, Tvpical service connections Lo pressure Sewer malns
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137 Polvethyvliene pipe cannot be solvent welded but must be head tused
to provide installation of connecting seivice bines.  Polyethvlene can torm a
solid joint at high temperatures so toal the jornt 1tselt is stroenger than the
pipe wall. A varicty of transition irttings tor polyethvlene pipe are

avallable.

Instalistion and Testing

Pipe anstaliation

P38, Pipe tuying.  Pressure sewer main rnstallation should be in sccor-
dance with AWWA (000 o fervous pressure pipe, ASTM D2774 vor thermoplastic
proessure sewer prpe ooond ASTM D3y tor thermosetting pressure sewer pipe.  As
arc aiternative, approved manufactarers” wrilten fastallation 1nstructions can
e ioed

P33, Fittaings and connect ions used where grade alignment changes re-
quire olisets gzreater than those recommended by the pressure sewer pipe manu-
tacturer should be cortified by the fitting or connection manufacturer for
compatibility vith the pressure sewer pipe.  Prior to installation, all pipe
and fittings should be cleaned and inspected tor detects. All imperfections
on the face of the spigot, tongue end, or shoulder should he cut away or re-
vaived.  Cracked, broken, or detfective pipe or ancillary items should be re-
jected and removed from the job site.

140. During installation, all open pressure sewer main pipelines should
be sealed with appropriate plugs when actual construction is not in progress.
As installation progresses, the interior 2f the pressure sewer main should be
kept free of dirt and debris.

141. Pressure sewer main installation should be approved only in dry
trenches having a stable bottom. Where ground water is encountered, every
effort should be made to secure a trench bottom free of water.

142, Pipe jointing. The requirement for pipe jointing for pressure
sewer main installation shall be in accordance with AWWA C600 for ferrous
pressure pipe, ASTM D2774 for thermoplastic pressure sewer pipe, and ASTM D3839
for thermosetiing pressure sewer pipe. As an alternative, approved manufac-
turecs’ written jointing instructions can be followed.

143.  Plugs, dnchorage, and thrust restraints. Plugs for pressure sewer

pipe wyes or Lees, stubs, and valves which are not to be used immediately

54
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~houbd be omade ot an approved material and should be secured in place with 1

it conpar dhle to the pressuce sewer matn joint.

’ Tas. Anchiers on pressuace sewer mains should be placed at bends greater
thar o0 dee and Changes o pipe s:ioe. Anchors should also be provided for
iopn o tetoances such oo tees, stops, oand valves. Ihe anchors should consist of
heanl o hiocks, restraned joints, or tire-rods depending on the piping material

I weed oand the tiench cenbhitions.

P45, dThrust boccks should be concrete placed on and against undisturhed

o CTH e thrust plocks st be constructed such that the thrust forces are
gismitted to the andistnrhed vor ) [he concrete should have a minaimum

K cemday coempressive strength ot 2000 psi,

Tt Restrained push-on jornts, mechanical jornts utilizing set screw
cotarter wbands, or wetal harnesses ot Cie-rode or clamps may be used instead
vt conerete throst blecking.,  Tie-rods, clamps, or other components of dis-

@ Ciartar o wetal shoald be protected against corrosion by hand application of a

betuminous coating or by encasement of the entire assemblv with 8-mil-thick,
foose polvethviens folm applied in accordance with AWWA C105H.
147, Pipe warking.  The pressuve sewer main should be color coded or

clrariy macked to indicate the function of the piping system. Nomnmetallic

Y

ressure sewer svstem piping should be traced with underground magnetic mark-
} L 8

taw ape . e marckiog Lape sl d be o installed directly over the pipeline 4
AN O T T vl Lartace o pavement . Marking tape shonld be made ot
E N TR B STRR R ceate ool owith g awinimiam thickness of 4 mids.  The mark-
’ cree toe wheand e e colar codded Usatety green” as adopted by the American Fub-
. N Lot [he Lape shouid hear privted ddentitication describing
. Phe tene b e beang mor ked he mprint should cont inuously repeat it-
L% o Chie et are Tenetho o the taye fhe marking tape should have a 1-mil-
'
N ' oot i t [ BT
,
' v e ddcia le g s artaitod s 0 aemel sheet of tnevt green pelyv- R
3
b N P
, Galane orowidtn af twtor the e e ter b bd he taad directly oo
t. Co o e taetone the tyencl b bbb e o
. ' t iy -
>’ Fo by oo, 1.0 et e ; . 4 Teakapge Lests T4
I s [ PN [ R Dot corpte o e gl e re i e Kage sSUs ]
cot oo b L b bhe tec e on b bt he palyvpageed o tlhashed toores o
nrccvesen e b oot hat oy reman ot the e sewerr main The tlushing pro- .j
codtore bt Aol vt weboc gty oo the pressute sewer mati sectirons ot 3
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at least 2.5 tps and should result 1o at feast o 10C-percent tareoenr 0 the

water in the pressure sewer main.

150, Pressure test. Aftter the pressore sewer moo hes boen tastal Dot
partly backfilled, and fully charged with water, 1t stouid be wubjected Lo
hvdrostatic pressure equal to either 150 percent of the maximum operating pres-
sure or the maximumm pressure obtainable during the leaning operation, which-
ever 1s greater, but not to exceed the pressure rating of the tvpe of pressure
pipe specified. The duration of this pressure test should be tor a period of
not less than 1 hr.  The basic provisions of AWk (600 and C602 sheual i te
applied.

151, Leakage test. After completion obf the pressure test oo deakage
test should be conducted to determine the quantity of water tost by leakige
under the specified test pressure.  The test pressare is defined s the man-
mum operating pressurve of the pressure sewer wain.  Applicable provisions of
AWWA C600 and C6073 will applv. Duration of each leakage test stould be o omin-
imum of I hr for the pressure test period.

152.  Leakage i1s detined as the guantity of water to bhe supplied in the
newly constructed pressure sewer or valved section under test, which 12 neces-
sary to maintain the specified leakage test pressure after the pressure sewer
main has been filled with water and the air expelled., The aliowable leakage
in gallons per hour tor pressure sewer mains should not be greater than that
determined by the formula (Florida Department ot Eovironmental Regulation

1981):

NDyP
. I 3)
! 7,400 ¢
where:
[ = allowable leakage, gal/hr
N = number of pipe joints in length of pressure sewer main tested

=
)

nominal diameter of the pressure sewer main pipe, 1n.

P = average test gauge pressure Jduring leakage test, psi

Vilowable Teakage rates at various pressures are shown an Tabile 12 based upon :;
womeaa ] pressure pipe sections havang o length of 20 fr, e
‘o

Specral Construction
®
]
195, The itnstallation of pressare sewer mains may requirve consideration ;
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Rea-dway drossings

154, Al requived vermct o and constructyen vegotements eald heooh-
tamed from the roadwav owner prior (o conatriction.  Ia those vases snore ok
roadways will he cross-d, appropriate rnternal cocrdination shontd be
accomplished.
katlroad crossings

155,  The railroad owner has jurisdiction cver ol ratlroad tracks that
way be (rossed by pressure csewer mains. All required permits and construction
vequirements should be obtained from the railroad ownec prior to construction.
The railroad owner must approve and authorize the under-crossing and must be
notified in advance of any construction within the railroad right-of-way. Ftor-
mal permitting procedures are normally implemented by each railroad owner.
The method of installing casing and carrier pipes under the railroad tracks,
either by open trench excavation, jacking, or boring, must receive the written
approval of the railroad owner.
Bridge ¢rossings

156, Bridee crossings design and construction nust conform to all regu-
Pations ol the agency having jurisdiction over the work regarding the methods
ot constrection and the protection of the site ot the bridge crossing during
the ccustroction period.  Pressure pipe and fittings installed at bridge
crossings must meet the reguirements tor ductile iron pressure pipe. Al
bolts, pipe hangers, nuts, studs and bolt anchors tor pipe hangers, clamps,
and snpports shonld bhe series 300 staanless stoel ov shop coated for corrosion
poroetection. Pipe suspension systems st pecerve wridten o approval prace to
orstruction ot the pressure pioe materiais and prpe hangeo spacing.

Ih7. Fhe word “"WASTIWATER )Y an casile discernible Tettervs, shoula be

)

¢

stenciled o otherwise printed wath tade yesictant paint ot cach end and
cach midpornt between pipe hangers after anotadbation.

Petable water supply erossings

']

155, Under normal conditions, pressure sewers crossing doader potable

water supply wmains shall be conctrncted to provide o separation ot gt dea-t

Rumimiietnsiantodnsteiionteihunedmaiontsimesmnedioons st oo tfindhesaut et e S Ao B oa e




18 in. between the bottom of the water main and the top of the pressure sewer.

159. When location conditions are such that pressure sewer mains Cross-
ing under water mains will have less than 18 in. of vertical separation, the
pressure sewer main shall be concrete encased or installed within a carrier
pipe for a distance of about 10 ft measured perpendicularly on either side of
the potable water supply main.

160. When pressure sewer mains cross over potable water supply mains,
additional protection ot the potable water supply shall be achieved by either
providing adequate structural support for the pressure sewer main to prevent
excessive detlection of joints and settlement, or centering the pressure sewer
main pipe at the crossing such that the joints will provide about 10 ft ot
clear distance from the potable water supply main.

161. Under normal conditions, all pressure sewer mains should be lo-
cated with at least a 10-tt horizontal clearance from potable water supply
mirtns or should bhe provided with an approved method of iastallation.
Fastaclation o victnity
ot potable water supply well

162. While no general statement can be made to cover all conditions, it
o generally receognized that sewers should meet the requirements of the appro-
priate reviewing axencies (or in the case of CE recreation, reviewing agencies
i1 the gvea)d with vespect to monimum distances from public water supply wells.
'vprca! Leparaticn valves range trom 50 to 300 ft. For example, the state of
vlorrda dFlovida Jepaciment of Envirenmental Regulation 1981) requires that
2ty puabire water =upp iy well “"shall be located a minimum of 100 feet from any
potentoel source of contamination unless otherwise justitied by natural or
A% piate S atwent barriers. Jabbitt, Doland, and Cleasley (1962) recommend

towtiomen eparataon o of 5 4t but state that 300 ft ois preferred.
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[ Pev e ete s L et e b bl thie pos i ble
S O O N S A TN Phe totad vapatal ot of g speca oo sestem
oot b tea g the s ot the costa o the individual components. The
v M e Lot pressure secor o sestem may o anclode s gravaty piping anel

P tensices o pPle st e sewer mans, convent tondal pumping stalions, grinder

i

paip tiataons o ettlaent pamps . oand septre tanks.  The costs presented in the

Flowing disvussion are based on April 1984 manufacturers' and contractors'
oo tieia Tt shonld alse be noted that most costs are based on resident ol
pplrcations since fow pressare sewers have not been widely applied in recre-
AL areas .
Gravity piping and appurtensnces

l64.  The cost of gravity piping is primarily a function of pipe mate-

realy diameter, and depth of burial. The following tabulation presents typical
nnrt ocosts tor 8-in. vitritired clay, ABS truss pipe, and PVC sewer pipe tor
beprhs of barial up to 12 tt based on recent bid prices updated to April 1984

b asang the hovironwental Protection Agency Sewer Construction [ndex.

PVC Sewer Pipe

Depith Siteitied olay ABS Truss Pipe (SDR-26)

b S/l bt Sebin tt S/lin ft

vl N VR S A 1i.59-21.00 [5.00-16.00
reh L= s T4 00=-22.50 15.00-19.00
RERE IR L= 27 00 18.00-22.00

- S = 5 a0 =3 o0 20 A00-26.00
oot vty papang appootenacces consasts primarrly oot manboles. The
| ! v it commont appastenances are sne badedd o the costo ot the piping.
et ey tabe i a Ui presaop e e b cnats gaueted for o construction ot oa

desdam omanho e Ay

Bepth, ft
(1_{7

$r-

Fasag

footimated Cost Kange, 5

N7O= 1L 000
LLGRG-1, 350
P 200=-1,400

I, %h=1,600

-
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Pressure sewer mains

165. Pressure sewer main costs can be estimated as a function of pipe
s1ze and pipe material. Depth of burial is generally not a determining factor
since pressure sewer mains can be buried at a minimal depth to provide protec-
tion from frost or concentrated loads. The estimated costs (April 1984) of
pressure sewer mains of various materials buried at a depth of 4 ft are pre-

sented in the following tabulation.

Diameter DR 26 C900 (DR 25) C900 (DR 18)

S/Lin it $/lin 1L S/1in U
11/4 1.50-2.25 -- --
3 2.00-3.50 -- --

4 3.00-4.25 3.50-4.5 4.50-5.50

6 3.50-5.00 4.25-5.75 6.00-7.00

8 4.50-8.00 6.00-~8.50 10.00-11.00

10 7.50-11.00 10.00-11.50 13.060-14.00

Conventional pumping stations

166, Puomping station costs are primarily a function of station capacity
ared depth of the station. For those flows associated with recreation areas,
pump stations are usually purchased as package units. VFor o tvpical recreas

tion area {design tlow 100 gpm, depth 15 tt) pump station costs ave estimated
to range trom S17,000 to 525,600 for 4 station using submersible pumps and
520,000 ta $30,000 for a station using selb-priming pumps.  Costs may be
higher where depths of dinstatlations are cexcessive o unusual soitl condit:ons
exist. These prices are based on manufactirers’ quotes ceceived in Apr:sl 1984
brinder pump stations

lo7.  Grinder pump stations arve Timited an both cvircable capacities and
head ranges. Furthermore, the cost of grainder pump ipstailations may be qute
vartable depending on the proect. Guantity and/or distrobat o loooonnts mav
e substantial.  optional accessortes and gppurtenances wicl also atte t U

cost of the nstallation,  For general planning purposes, it as only possibile

to develop o range ot possitle costs based on the size of the pumps st aboed
Anoestimate ot the installed cost tor both simplex (one pamp) oand ddopioy it

pumps ) grinder pump stattons ob varyous sizes s presented oo the tollowiny

tabulation.

60
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of
Pump sSize k
hp ] Simplex Station, o buplex Staton,
2 4.125-5,500 6,000-8, 000 '.“
; F,500- 10,000 TO,000-13.500 '
% i2,500-16,000
P R 12,500+ Tb 000
Recoammended tor residential nse oniyv.
Usualtly turmashed in duplex statoon cniv.
PoAvaalabie in o high head capacity.
Efttuent pumps
los,  Etfluent pumps tor septic bank-cifinent puspiog avstems have been
promarviy uttitzed in residentoal appltications and are generally avatiable oo
saaller ~izes than grinder pumps.  Typrcal erzes used tn oresrdentral applica-
ticn vange from 1/2 to 2 hp.o The installed cost o of the punping svstem tor a
septrc tank-cttluent pumping svstem is estimated to range belween S1.500 and
53,000, depending on the pump and appurtenances selected tor installation.
septic tanks
lo9. It a septic tank-etfluent pumping system i1s selected, a septic
tank must be installed as an integral part of the system. The cast of Lhe
septic tank will depend primarily on the size of the system being installed.
tvpe ot excavation, and materials of constraction. The installed cost of n
tvpreal residential size septic tank (1,000 to 2,000 gal’ is cxtimated to
range between 51,500 and $2,5000 Dittirenlt excavation conditions could signi-
froant iy oattect svstem cost. fhe cost oot larger septio tank should be esti-
mated] based on osite-specaitic conditions.
Operation and Marntenance
[ booonperatyen o and maantenance costy ansoct i With o pressule Sewer
G s we D detined than o svstom camatad o ont Phe operating exper- ‘1
v tE prensure sewner o svstems as o relatively o short o te v, A bene-term e .‘i
Pl et s tem o aptne gre ot vel cestablaoshed. Fortheroe o, most cost studyes .-,_‘
v feen pertormed on opressure scwer svslems o instoal e oo ovesaodentoal rathis _
oo
Phoan crednstiral ory more specrtically, recreat conal aocs apptrcations. Varys e
vy entomates have been provided by gamerous authors.  These ostimates have '.j
been syvnthesised and are sumnarrzed below, <
"
-1
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Gravity prpiag
; !

<

Lol e cpeyation st matntenanes cost ot gravity sewer piping 1s es-
trnated (o range Sctweer S0t and 2406 per s de per vear.  This estimate is
oo an muiicipal appricateen anoan ucbar el scburban eonvivonment. fU 1S

strerpated that the cporat o and moantenaitce ©osts g recreation area en-

N

vironment wonld o he g the Tow range.

Pressiure oesver na, ns

crel stV e connieclions
I7o. The cpe o atoon and naintenance costs associated with pressure sewer
Azinn and worvios cognections are 11l detined; however, it is reported

(Kriessel, Loospes o aned Reyvel 1977) that they are Lrkely to be less than the
Costoot crerating aod maintaining gravity collection systems. Estimates of
pressure sewer maan oand service connection operation and maintenance costs
range trom 100 to 5300 per mile per vear. As in the case of gravity sewer
svstems, Lhe cost of maintaining pressure sewer systems in recreation areas
will prohably be 1 the lower range.
Lonventironai pumprog stations

17, The operation and mointenance costs tor conventional pumping sta-
ti1ons have bheon detined in g number of studies (Weston Environmental
Consultantsbesigners 1Y77: vnllinane, Harris, and Sun 198i). Although a num-
ber of tictors attect the cost of opervation and maintenance, a range of costs
can be developed for statior s1zes that will normally be found in recreation
areas. Maintenance costs (labor and materials) are estimated to range between
5500 and 51,500 per vear. The cost ot operation is primarily a function of
the quantity pumped, pumping head, and power cost. Annual power cost can bhe

estimated using the following expression:

1536 » 0 X TDH
- P aV(‘ — . —

AFC = - — x PC (4)
e
where
APC = annual power cost, $/year
0 = average flow, mgd

TDOH = total dynamic head, ft

e T wire to water efticiency, %/100
PC = cost per kilowatt hour, §
02

A A bt ok dmian.




: " p—p——
crinder pumping stations

174,  Grinder pump maintenance is estimated to range between $200 and
2300 por year.  However, these estimales are based oo data coflected from
resodential application, 1.e., pumps ltess than 2 hp. Maintenance ot larger
sronder pamping stations assocrated with recreation area development will

probabiv approach ce ostightly exceed that of conventional pumping stations.
Service manpowe: requitements for grinder pump rtostallations have been esti-
rle ey s sveragse |oman=aay per year (Rriessel, Cooper, and Reyek 19771,
Seoin, st ommst be o pornted ont that these data were developed trom residentig!
Gt lateen nsrng pumps less than 2 hp.o Service manpower reguirements 1o
i 0ovreas sl oprobsbiv be shightly greater.
' Dty Sts consest privarily of power ultilization, whrch s
! Dot pump stoe s pumpiny fead, and quantity of wastewater pumped. Powe:
. i oan b estimated using the tormula presented above or oasaing
o UanhT ot T watt per wallon pamped. Tt should be pointed oul, hows
v thas the saide o thamb was developed trom residential applications and
( oot b stractdy applicable to recreation area installations. Using the
et thumb appaoach, the total power cost can be estimated by multiplving
Phe i of wastewater pumped, in ogallons, times the cost per watt of
[N T K[j\'.
b Dient prapny syvslen
Ve Phe peraton and maintenance Ccosts assoctated with septic tiank-
S bue st panpane s iems have beer o eslimated Lo be slightly dess than grinder
Cap cperaton and maontenance (Kriessel . Cooper, and Revek 197700 Estimates
Cange hetwieen 560 and SZ00 pev vear for puinp maintenance.  Again, these eslis
wtters g based on o resadentiaf o applicattons. The savings 1o punp maintenance
ot g ot taet by the coste gssocrated with septic tank maintenance which
pre Pan iy e N te T vears at o cont canging from S 100 o Sl00 per
Gl Sp VL Oty oo bieeenn oo Unaa b ol Loty helaeen G,y and
TR e Y N N e I O TPV TR
' P et it s can beoestrmateo dnany the cspression presetited
by SEE e b convent o posprne Pt o s o by g o e
P Dot vt e el lon st wartesaler hamped.
63
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PART VIi:  SUMMARY

178, Tonovative and alternative vastewater colloction and Uraispert
svstems niay provide 4 cost-ettective alternastave Uo o watesbarpe Dransjort o
waste materials generated o recreatton areas Lo pressns sews o sye e
technotony 1s well developed and has substantial o tential tor application ot
CE recreation areas.  System Jdesign precedures have heen developed Tor tradi-
.
:

tional restdential community applications and regurre some modiircation tor

use an receeation areas.  Both grinaer pump el septic tank ot luent e
systems mav be suitable for recreation scea use.  For very small thos generat-
g facilities, septic tank-etffluent pumping systems may otier tho sbvantage
ot reduced operation and maintenance cost over grinder pump cvstems.  Hosever,
tor general applications to recreation areas, the grinder pump svslein s prob-
ably the system of choice.

179. Although the design concepts have heen substant ially developed,
each manufacturer ofters equipment with somewhal ditterent design criteria,
This report attempts to svnthesize suitable design criteria from a variety of
sources.  The information presented in this report can be used 1 conjunction
with manufacturers’™ information to make apprepriate design decisions.

180.  The most important aspect of wastewater svstem design in recre-
ation areas 1s the accurate projection ot quantity and strength of wastewater
that will require collection, transport, and treatment. Although the intorma-
tion developed in recent vears has improved the accuracy of projection, the
uncertainties associated with the projection of wastewater flows continue to

he a major obstacle to the design of cost-effective systems.

181. the cost of low pressure sewer systems must be estimated on a
project=specitic basis. Cost estimates must be developed in c¢lose coordina-
tion with equipment vendors and manufacturers. Although capital costs are

relatively well detined, operation and maintenance costs are lacking in both
reliability and detail. This 1s particularly true for those systems using
larger pump sizes. Extreme care must be exercisced if accurate estimates of
operation and maintenance costs are to be developed.

182, Generally, a traditional gravity sewer system is the least costly
means of collecting and transporting wastewater.  However, low pressure sewer
svstems otter o teasible alternative where topographic and geologic con-

straints predlade gravity collection systems.  The craiteria for design and
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Table 1

Comparison of Grinder Pump and Septic Tank-Etfluent

Pump Pressurization Svstems

Septic Tank-
ltem of Comparison B urinder Puamp Fttluent Fump

Onstite capital cost
Pressurization unit More: lLess

Appurtenances jess More

nsite operation und management (0O&M)

Pressurization unit More lLess
Residuals handling Less More
Sewer main capital cost Similar Simtlar

Sewer main O&M

Present Population . Similar Similar
Design FPopulation

Present Population c<l More Less
Design Population

Ireatment plant

Capital cost More Less
O&M cost More Less
Corrosion and odor potential Levs More
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Table 2

Ivprcal Grindec Pump Vistewater Characteristics

Parameter :\V(ﬁ;ag(-- quzgv
Booohemical oxygen demad {iwlhq Y, omg Y 350 216-504
Cremival oxveen demand (C0D), me/e 855 570-1,450
Fotal suspended sclids (USs), mg/#¥ 350 138-468
Total Kielaahl nitrogen (TRN), mg/e &0 41-144
I-tal phosphorus, mg/¥ 16 8-50
Greasc, mg/ 2 81 31-141
pil tunits) -- 7.1-8.7

Table 3

Typical Septic Tank-Effluent Characteristics

Paraﬁétéf 7' ; - - -AYEEQ&S _Rénge
Buhg, mg/ 9 150 7-480
(oD, mg/L 311 25-780
rSs, mg/e 95 10-695
Total nitrogen, mg/% 40 9-125




Table 4

Kecreation Areca and Domestic Waslewater Characteristics™

Parameter (1) (2) (3) (4)  (5) (b))

Potal organie carbon

Coc) 120 158 144 1,980 -- 200
B 203 2249 196 5,320 145 200
Cul) 430 439 536 &,370 388 500
BOobh, Tae l.6Y 1.45 1. 36 1.68 -- 1.007
ceh o 5,08 2.78 S0 3.22 -- 250w
Fovad phospnaas -- 10,06 10.3 166 10 10
SOrthephesphate -- 8.0 7.5 72 8 /
TRN a8 4409 82.8 1,040 114 40
Ammciira UAH X s 4005 82.4 1,000 64 25
Chilertne (0] )¢ -~ B4.4 1.9 1,070 -- 50
pH (range) (7.2-8.7) (7.3-8.3) (8.0-8.3) --
Note:  61) Denaten campane area without trarler waste dump: (2) denotes

camping ated woth tegiier waste dmu(v; (3) denotes prenic area waste;
(a) denoten trader waste dump, (5) Jdenotes average ot three combination
campitg and pronac are s, Shetbhyerlbe o TH L and (6) denotes data trom
Metoalt and Bddy 9790
AN values exeept pHoand rataos gaven o mi i bigrams per ditre,
Stightly lower than calucs wiven an other princripal texts.

Fooshould be adynsted for 08 an sapply water.

L Sl S O LA Wl UL ALY G UL S S Sl N < o

s

PO R




Table 5

Estimate of Water Use by Fixture

Rate o 'I)nra?;_ion. hy ]
o dltem gal/hr/tixture Camping Picnic Fishing

Water . loset 36 3 10 -
Wiater tountain 10 4 8 --
trinal 10 I 10 --
Laundry 50 4 - -
Lavatory 15 8 10 -
Dump station 10 4 - -
Shower 100 3 - -
Fish cleaning station 50 - -- 4
Service sink 10 ) 2 .
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Table 6

Fixture

Fixture Description Unit Value

Bathroom group, consisting of lavatory. bath-
tub or shower, and (direct flush) water closet 8

Bathroom group, consisting of lavatory. bathtub

or shower, and (flush tank) water closet 6
Bathtub with 1-1/2-in. trap 2
Bathtub with 2-in. trap 3
Bidet with 1-1/2-in. trap 3
Dental unit or cuspidor 1
Drinking fountain 1/2
Dishwasher domestic type 2
Kitchen sink domestic 2
Kitchen sink domestic with waste grinder 3
Lavatory with 1-1/2-in. waste plug 1
Lavatory barber or beauty stiop 2
Laundry tray two-compartment 2
Shower stall 2
Shower (group) per head 3
Sink (direct flush valve) 8
Sink (service type with floor drain) 3 :
Sink {scullery) 4 .
Sink (surgeons) 3 :
Urinal (with flush valve) 8 . 1
Urinal (with tlush tank) 4 ®
Water closet (flush valve) 8
Water closet (flush tank) 4 1
Swimming pools (per each 1,000-gal. capacity) 1 ]
Unlisted fixture with 1-1/4-1n. trap size 1 ."
Unlisted fixture with 1-1/2-in. trap size 2
Unlisted fixture with 2-in. trap size 3 E
Untisted fixture with 2-i/2-in trap size 4 .j
Unlisted fixture with 3-in. trap size 5 .
Unlisted fixture with 4-in. trap size G ".-:1
Water softener (domestic) 4 -l
[ }
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Table 8

Camping Area Wastewater Production

>Da{ly 74WE;kl} Wastewater Production
- Flow gal gal gosd* gpcd™*
Minimum 71 5,222 34 9.7
Max tmum 7,345 16,375 205 30.2
Range 7,274 11,153 171 20.5
Mean 1,406 9,947 105 18.8
Standard
deviation 1,403 3,796 46 7.1
]
.f
..1
R
.9
)
Y
‘:‘
2ol vatlans per cocupred campsitle per dav. -
gpod = watlons per caprta per oday, o
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Table

Average Wastewater Flows from Kecreation Areas

- Source

Apartment, resort bathhouses
Bathhouses

Cabin, resort

Cafeteria

Camps
Camping, tent
Canmping, trailer
Day camp (no meals)
Resorts, limited plumbing
Tourist, central hath and toilet
tacilities

Cottages (seasonal occupancy)
Cocktail louuge
Cottee shop

Country c¢lub

Dining hall
Dormitory, bunkhouse
Hotel, resort
Laundromat

Store, resort
Swimming pool

Theater
Visitor center

Parks
Overnight, tlush toilets
Trailers, 1ndividual bath

Protc
Bathhonse, showers, and flush toilets
fevlet only
Vanlt

gpud = gallons per unit per day.

WA PR - .
L, L A R RN

10

Ugjt

Prrson
Person
Person
Customer
Eniployvee

Person
Person
Person
Person

Person

Person
Seat
Customer
Employee

Member present

Empioyee
Meal served
Person
Person

Wash

Customer
Employee
Customer
Emplaoyee
Seat
Visitor

Person
Person

Person
Person
Person

T»_vp 1cal
Flow. gpud®

N
¥

20
50

20
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Tabie 11

Miscetlaneous Water Lsage Eotimasies

dater closet, tank
ater Closet, tlush valve, 25 psi

ash basin

athiub

hower head

arden hose, 5/8 1n., 25-ft head
arden hose, 3/4 1n., 1/4-in. nozzle,
ire hoze, 1-1/2 in., 1/2-in. nozzle,
ontinuous flowing drinking fountain
.awn sprinkler

atomatic home laundry machine

nshwashing machine, home type

iishwashing machine, commercial (does

include water to fill wash tank)
Stationary rack type, at 1[5 psi
Conveyor type, at 15 psi

iarbage grinder, home type

25-ft head

70-tt head

not

Normal Wiater
Consumpt 196

4~6 gal/use

30 gal/mon
1-1/2 gal/use
30 gal/use
25-30 gal/use
200 gal/hr
300 gal/hr
2400 gal/hr
75 gal/hr

120 gal/hr
30-50 gal/load
6 gal/load

6-9 gal/min
4-6 gal/min

1-2 gal/day/
person

o
‘a

.
+




[iabtle 12

Altowable L

akage per 1000 Ft ot Pressure Sewer Main (gph®

¢ Size i ) Test Pressure
L. ol pei BO psi 100 psi 125 psi
2 0Lt .12 0. 14 0. 15
3 [ 0. 1K .20 0.273
+ ST 0.24 0.27 0.30
t [C 0. 36 0.41 0.45
= ULay (). 48 (.54 (.60
il (.5 0.60 0.68 U. 76
Por pagpe with v nomonad teneth other than 20t the recommended gl lowvable -<
Peabage moy beo bt itned by madtipiving the Teakage calculated brom Table 10 ]
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