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FOREWORD

This report presents design gquidelines for rest-area wastewater treatment
systems that are capable of complying with the requirements of PL 92-500,
Federal Water Pollution Control Act Amendments of 1972. Each system is
described in detail. This report will be of interest to engineers involved
in the design of rest areas.

The final report presents the results of a two-phase study conducted for
the Federal Highway Administration, Office of Research, Washington, D.C.,
at the U.S. Army Engineer Waterways Experiment Station, Vicksburg,
Mississippi, Environmental Effects Laboratory during the period of June
1974 to July 1977.

Acknowledgment is given to Mr. A. J. Green, Jr., and to Dr. John Harrison
for supervision of the study. Special thanks is given to Dr. A. Schindale
of Mississippi State University and Mr. E. A. Disque, Consultant to FHWA
on Land Use Planning and Design, who were the contributing authors to

the final report.

Sufficient copies are being distributed by FHWA Bulletin to provide

a minimum of one copy to each FHWA Regional office, FHWA Division office,
and each State highway agency. Direct distribution is being made to the
Division offices.

Metric equivalents are not provided within the text of this report as this
research was initiated before this requirement became operational.
Appendix D contains appropriate conversion factors.

N , P
CZ«Q Z.
Charles F. Sc
Director, Office of Research

Federal Highway Administration

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. Tha United States
Government assumes no liability for its contents or use thereof.

The contents of this report reflect the views of the U.S. Army Engineer
Waterways Experiment Station, which is responsible for the facts and the
accuracy of the data presented herein. The contents do not necessarily
reflect the official views or policy of the Department of Transportation.

This report does not constitute a standard, specification, or regulation.
The United States Government does not endorse products or manufacturers.

Trade or manufacturers' names appear herein only because they are
considered essential to the object of this document.
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PREFACE

The study described in this report is the second phase of a two-
phase investigation funded by the Department of Transportation, Federal
Highway Administration (FHWA), under Intra-Goverrment Purchase Order
No. 4-1-0188. Mr. Byron N. Lord was the FHWA project manager for the
Environmental Design and Control Division of the Office of Research.

The study was conducted during the period June 1974 - July 1977
by the Envirommental Effects Laboratory (EEL) of the U. S. Army Engi-
neer Waterways Experiment Station (WES), Vicksburg, Mississippi.

Messrs. G. W. Hughes, D. E. Averett, and N. R. Francingues, Jr., of
EEL were principal authors. The investigation was accomplished under
the direct supervision of Mr. A. J. Green, Jr., Chief, Environmental
Engineering Division, and under the general supervision of Dr. John
Harrison, Chief, EEL.

‘ Contributing authors were Dr. A. Shindala of Mississippi State
University and Mr. E. A. Disque, Consultant to FHWA on Land Use Planning
and Design. '

Directors of the WES during.the conduct of this study and prepara-
tion of the report were COL G. H. Hilt, CE, and COL J. L. Cannon, CE.

Technical Director was Mr. F. R. Brown.
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SAFETY REST AREA SEWAGE TREATMENT MANUAL

1. INTRODUCTION

1-1. BACKGROUND

The advent of the interstate highway system has resulted in an in-
crease in travel by a more mobile American public. Today more motorists
are traveling longer distances at a greater frequency than in the past.

To accommodate the highway travelers, the concept of providing
safety roadside rest areas¥* on the Nation's highways was introduced in
the Federal Aid Highway Act of 1938 administered at that time by the
Secretary of Agriculture. At the present time Federal responsibility
rests with the Department of Transportation Federal Highway Administra-
tion (DOT FHWA). Originally, a few rest areas were planned and con-
structed on the major highway networks. These areas became increasingly
popular with the motorist, and people began demanding more facilities.

With the request for more rest areas also came the demand for more
conveniences. Most major rest areas now furnish drinking water foun-
tains, telephones, solid waste containers, picnic facilities, travel in-
formation, and modern rest rooms equipped with flush toilets.

One of the major problems recognized in the construction of a rest
area is provision of adequate wastewater treatment and disposal facil-
ities. Many rest-area facilities are located in remote areas and do not
lend themselves to connection with municipal wastewater treatment sys-
tems. 1In addition, wastewaters produced at such facilities are subject
to high seasonal as well as daily variations in flow and composition.
This, in most cases, makes design and operation of waste-treatment sys-
tems different from conventional municipal designs. Finally, the dif-
ficulty of providing properly trained operating personnel presents a
major problem at sophisticated waste-treatment systems that require fre-

quent attention of a skilled operator.

* Hereafter referred to simply as "rest areas."
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In the past, wastewater-treatment and disposal facilities at rest
areas received limited attention, and, in many instances, a minimum level
of treatment was provided. However, the enactment of the Federal Water
Pollution Control Act (FWPCA) Amendments of 1972 Public Law 92-500 and
the increasing public concern for environmental quality have resulted
in a search for more efficient methods of wastewater-treatment and dis-
posal practices at all rest areas.

The FHWA has clearly staﬂed that efforts will be made to minimize
the. environmental impact of the highway system. In recognition of this
poliey, Public Law 92-500, and as part of the ongoing Federally Coor-
dinated Programs of Research and Development in Highway Transportation
(FCP), the FHWA has, as one of its objectives, the development of an
effective rest-area waste-treatment technology to comply with the 1977
requirements of the FWPCA 1972 Amendments, Public Law (PL) 92-500.

Presently, there are nearly 7700 rest areas being operated and
maintained by State highway departments on interstate, primary, and
secondary highways. However not all rest areas provide wastewater
treatment and disposal facilities. Although it is recognized that many
of these facilities are meeting (or are capable of meeting) the 1977
standards, a great many of them will have to be upgraded, modified, or
redesigned in order to comply. Therefore, FHWA-funded research is de-
signed to assist the State highway depértments by providing information
and guidelines to be used in designing or upgrading rest-area wastewater-

treatment and disposal systems to comply with future requirements.
1-2. PURPOSE

The objective of this study was to develop recommendations and
guidelines for bringing rest-area sanitary wastewater-treatment and dis-
posal systems into compliance with the 1977 requirements of the FWPC .
Amendments of 1972, PL 92-500. The specific objective of this report is

to present final results of the second phase of the study.

1-3. BSCOPE

This report presents the requirements of Publie Law 92-500 as well



as state water-quality standards and effluent limitations. Water usage,
wastewater production, and wastewater characteristics at rest areas are
discussed with emphasis placed on estimating thesé parameters for design-
ing new rest areas. The majority of this report presents design guide-
lines for rest area wastewater treatment facilities. Facilities dis-
cussed include septic tank--adsorption field systems, lagoons, extended
aeration package plants, rotating biological filters, land treatment,

and plastic media trickling filters. A glossary of the terms used is

included as a help to the reader.
1-4. COMPANION STUDIES

Companion studies being conducted by Ultra-Systems¥* relate to
cost-effective rest-area components and drinking water sources and
treatment. Most State highway departments have been surveyed, and data
have been collected which have been prepared on components generally
common to Interstate Highway System rest areas. The surveys are gener-
ally limited to rest areas having flush toilets and potable water systems
in service for one year or more. Criteria and design specifications for
rest area components tend to be site specific and vary significantly
from state to state. The potable water systems survey contains data re-
lating to water sources, supply and distribution systems, and water-
treatment methods and materials. Both surveys report the costs of
services, practices, and materials as they affect the operation and

maintenance of rest areas.

¥ Ultra-Systems, Inc., Irvin, CA, has prepared Report Nos. FHWA-RD-
T76-62, "Cost-Effective Rest Area Components,”" FHWA-RD-T6-63, "Handbook
on Components for Safety Rest Areas," and FHWA-RD-T6-103, "Safety Rest
Area Water Supply Systems."
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2. RESULTS OF PHASE I STUDY

2.1. BACKGROUND

The following sections briefly discuss the results of the Phase I
study. For a complete discussion of the Phase I study the reader is
referred to the Federal Highway Administration Report FHWA-RD-76-6L,
"Safety Rest Area Sewage Treatment Methods, State of the Practice, Cur-~
rent Technology, Interim Design Criteria, and Regulations," published

1 December 1975.
2~-2. DESIGN

In order to design any wastewater~treatment system the flow and
the concentration of the various constituents in the wastewater must be
known. In the design of a municipal wastewater-treatment system, total
flow is estimated by assuming an equivalent per capita volume for waste-.
water production. Concentrations of pollutants are estimated from data
collected on similar wastewaters in similar situations. In this manner,
the total flow and constituent concentrations can be determined and the
wastewater-treatment system can be designed accordingly.

The design of a treatment system for rest-area-generated waste-
water also requires that the flow and constituent concentrations be
known. In a rest-area situation the flow is generated not by a station-
ary population, as in the case of a municipality, but by a percentage of
the traffic using the roadway where the rest area is located. To obtain
flow estimates in this situation, it is necessary to determine the num-
ber of vehicles using the roadway. An estimate of the percentage of
those vehicles that enter the rest area, the average number of occupants
per vehicle, and the amount of wastewater produced per user are also

needed.
2-3. PUBLISHED LITERATURE

Previously, obtaiﬁing the concentrations of rest-area wastewater
constituents had been an "art" rather than a science. Until 1971 there

were few rest-area water usage, wastewater production, and wastewater
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characteristics studies. Rest areas were designed using the concentra-
tions of an average domestic wastewater (Table 2-1).

Since 1971 four important studies have been performed on rest-srea
wastewafer and wastewater-treatment fe.cilitiefs.e_5 Among the parameters
studied were the number of vehicles entering a rest area, the number of
occupants per vehicle, the wastewater produced either per person or per
vehicle, and the concentration of the wastewater constituents.

Sylvester and Seabloom studied wastewater characteristics at four
rest areas in Washington.2 In comparing the characteristics of the rest-
area wastewater with those of domestic wastes, the investigators con-
cluded that rest-area wastewater:

. Had essentially no grease or scum materials.

o' |p

. Was high in nitrogen, indicating a preponderance of urine.

Contained suspended solids (SS) and 5-day biochemical
oxygen demand (BODS) between a weak and average domestic
sewage.

{o

Had a chemical oxygen demand (COD) of a strong sewage due
to paper content.

e

Had a phosphate content corresponding to weak sewage.

Evidenced settleable solids much greater than domestic
sewage due to high paper content.

= o

Also from this study, Sylvester and Seabloom determined that the amount
of wastewater produced per user varied from site to site, and there was
a large fluctuation in the flow rate from hour to hour and from day to
day. An assumed flow of 3.5 gal/cap/day (13.2 %/cap/day) and 0.0048 1v
(2.2g) of BOD/capita were used for sizing different types of
wastewater-treatment systems applicable in Washington.

In a similar study, Etzel et al. sampled seven rest areas in
Indiana.3 Analysis of influent and effluent samples led Etzel to con-
clude that "the plants are for the most part substantially underloaded
(hydraulically) and accordingly BOD loadings are low."

As a result of their findings, Etzel et al. proposed a design flow
of 5.0 gal/cap/day (18.9 %/cap/day) and a BOD loading of 0.007 to 0.0l 1b
(3.18 to L.54g) of BOD/capita. They also recommended that comprehensivé

traffic data be collected before a rest-area facility is designed.
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Table 2-1. Typical Composition of Domestic Wastewater.l

(A1l values except settleable solids are expressed in mg/%)

Constituent

Solids, total
Dissolved, total

Fixed
Volatile

Suspended, total

Fixed
Volatile

Settleable solids (mf/liter)

Biochemical oxygen demand, 5-day,
20°C (BOD5 20°)

Total organic carbon (Toc)®
Chemical oxygen demand (COD)
Nitrogen (total as N)

Organic
Free ammonia
Nitrites
Nitrates

Phosphorus (total as P)

Organic
Inorganic

Chloridesb
Alkalinity (as CaCO3)

Grease

Concentration
Strong Medium Weak
1200 T00 350
850 500 250
525 300 145
325 200 105
350 200 100
5 50 30
275 150 T0
20 10 5
300 200 100
300 200 100
1000 500 250
85 Lo 20
35 15 8
50 25 12
0 0 0
0 0 0
20 10 6
5 3 2
15 T in
100 50 30,
200 100 50
150 100 50

&Values reported in Reference 1; however TOC cannot be equal to
BODg unless all of the organic carbon is completely biodegradable.

bValue should be increased by amount in carriage water.



Pfeffer conducted a study on rest-area characteristics in Tllinois
and Iowa.h Pfeffer, in comparing the results of his study with those of
the previous two, concluded that "the range of average BOD5 for the
various rest areas is from 110 to 204 mg/% (average 150 mg/%). The sus-
pended solids range from 56 to 230 mg/f with an average of 149 mg/%.
These data suggested that rest-area wastewater is comparable with normal
municipal waste."

Pfeffer also conducted a mail survey to determine design assump-
tions in various states. He recommended that 12 percent of the highway
traffic be assumed as entering a rest area. He also recommended that an
occupancy of 3.1 persons per vehicle and a wastewater production of
5 gal/cap/day (18.9 %/cap/day) could be used as design values for rest-
area treatment facilities. This hydraulic flow rate yields an organic
loading of 0.0063 1b (2.86 g) of BOD/capita.

Zaltzman et al., at West Virginia University (WVU), conducted an E
extensive study of rest areas for the FHWA.5 Various rest-area param-
eters were monitored in Florida, Tennessee, New Hampshire, Colorado, and
Towa.

. The most important parameter, according to Zaltzman, was the accu~
rate forecasting of average daily traffic (ADT) and the percentage of
ADT stopping at the rest area. After monitoring tréffic-approaching and
entering rest areas, regression models were developed to predict the ADT
entering the rest areas surveyed.

Zaltzman et al. also sampled the rest-area wastewater. The re-
sults are shown in Table 2-2. In analyzing the data, Zaltzman said the
wastewater produced corresponds to a weak to medium strength domestic
wastewater with respect to BOD, COD, SS, and pH. Nitrogen and phos-
phorous concentrations often exceed those of strong domestic wastewater.

There were several basic assumptions made by WVU in the interpre-
tation of their data. The first was that a weekend consisted of three
days: Friday, Saturday, and Sunday instead of the normal weekend days
of Saturday and Sunday. This was felt to be a better representation of
the sustained peak flow conditions that exist at rest areas with the

majority of usage occurring over this newly defined weekend. The seeond;

ool
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Table 2-2. Wastewater Strengths at Various Rest Areas.
Parameter
State Strength BOD mg/R COD mg/ & SS mg/2 pH
Colorado High 156 507 50L 8.3
Low 23 145 72 7.8
Mean 78 203 208 8.0
Standard L5 103 118 0.14
deviation
Florida High 300 440 530 8.6
Low 140 216 28 6.8
Mean 181 342 186 7.4
Standard 43 60 111 0.55
deviation
Iowa High 561 787 652 8.5
Low 59 1ko 38 7.1
Mean 210 383 224 7.9
Standard 137 209 153 0.35
deviation
New Hampshire High 330 480 624 8.4
Low 90 197 1 6.4
Mean v 203 330 208 T.2
Standard 62 82 165 0.65
deviation
Tennessee High 233 883 310 8.7
Low 63 160 16 7.1
Mean 158 362 124 7.7
Standard 52 174 72 0.45
deviation v '
A1l areas Average 166 3h)y 190 7.6
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'majof assumption was that ADT was not a good basis from which to derive
wastewater production. Instead, the average of the six peak three-day
weekends occurring throughout a year (18 days) on the average of the
three ﬁeak usage months of a year (90 days) gave a better indication of
rest-area usaée and reéulting wastewater production.

The following discussion is a summary of the results of the WVU
regression analysis of the data. |

Prediction of the wastewater production rates from the traffic
data known 1is accomplished by multiplying the average of the six pesk
three-day weekends or the average of the three peak months (called
HIWAY 2L) by 9 percent. This value is the design number of vehicles
entering the rest area and is called REST 24. Multiplying REST 24 by
the values given in Table 2-3 (values given were developed from one rest
area in each state listed) or by 5.50 gal/vehicle (20.8 %&/vehicle)
(average weighted value for all rest areas surveyed) yields a design
wastewater production rate in gallons per day. This may also be accom-
plished by multiplying HIWAY 2L by 0.L495 (0.09 x 5.50). Rest area water
nsage and wastewater production may also be arrived at by using actual
traffic counts and by simultaneously monitoring the water usage and B

wastewater production.

Table 2-3. Rest-Area Design Values, Gal/Vehicle5

from the WVU Study of 1975.

Location of

Study Rest Water Usage Wastewater Production
Area Peak Average Minimum Peak Average Minimum
Florida 5.0 4.5 L.o 5.0 4.25 3.5
Tennessee 7.0 h,5 2.5 7.0 4.5 2.5
New Hampshire 7.0 6.5 5.5 6.0 5.75 k.25
Colorado 5.5 L.25 2.25 5.0 h.25 3.0
Iowa 5.5 L.25 2.25 5.5 L.25 2.25

The results of these studies and the data collected by the WES

have been incorporated in this report to develop design criteria (see
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Section 14) for predicting rest-area wastewater flows and characteristics.

Zaltzman5 and Pfeff‘erbr have shown that in recent years rest areas
have been sized as a function of the predicted 20-year ADT for that
roadwey upon which they are to be located. The predicted 20-year ADT
is recommended by the FHWA as well as the American Association of State
Highway and Transportation Officials (AASHO) for the design basis for
highway systems. As a result, the rest-area wastewater-treatment system
was designed based on a predicted 20-year ADT. Various factors were ap-
plied to that ADT, such as percent stopping, seasonal correctional fac-
tors, number of occupants per vehicle, percent of occupants utilizing
the rest rooms, and assumed water usage per person utilizing the rest
rooms. Eventually from these manipulations and assumptions, wastewater
production rates and wastewater characteristics were determined and a
design was formulated.

Because there were so many assumptions associated with predicting
wastewater production rates at rest areas a definition of the problem
and development of design criteria were needed. WVU began to formulate
the design criteria correlating water usage and wastewater production to
vehicles rather than per capita. Similarly, by defining the percent of
vehicular traffic entering a rest area, water usage and wastewater pro-

duction were defined as a function of roadway traffic.
2-4. SURVEY OF REST AREAS

To obtain information on rest area site selection criteria, facil-
ities provided at the rest area, water supply sources, rest area water
supply treatment, wastewater characteristics and types and sizes of
wastewater treatment plants provided so that a base, state-of-the-
practice, could be determined to develop guidelines from, it was deter-
mined that the WES should contact State highway departments in each of
the nine FHWA regions. Because this report deals with wastewater treat-
ment it was decided to concentrate efforts on rest areas providing com-
fort facilities with flush toilets as opposed to rest areas which pro-
vide only picnic facilities and places to safely stop along the highway.

While, at present, there are nearly TT700 rest areas (Table 2-k4)

2-7



Teble 2-k.

Number of Rest Areas by State and Highway System, Summer 1975.

6

Rural Highways

Urban Highways

1206

Remainder Urban
of All Other Extensions All Other
Federal-Aid  Highways of Federal-Aid Highways
Interstate Primary Except Primary Except

State Nontoll System Local Roads Systems Local Roads Total
Alabans 8 229 4o - - 277
Alaska - 35 5 - - Lo
Arizons 41 99 Ly 5 1 190
Arkensas 20 64 17 - - 101
California 51 ko 26 2 - 119
Colorado 2k 25 7 2 - 58
Connecticut 6 24 27 5 6 68
Delaware - 13 1 1 - 15
Florida 12 169 39 17 - 237
Georgia 27 77 36 9 - 2kg
Idskho 28 27 6 9 - 70
Illinois 1k 188 N - - 206
Indiana 28 30 33 3 3 97
Iowa 48 156 - k1 - 2Ls
Kansas 32 107 12 — - 151

* Kentucky 20 69 3k 1 - 124

Louisiane 15 52 13 5 - 85
Maine 11 Th 56 2 - 143
Maryland 6 55 L 3 - 68
Massachusetts 12 113 13 61 14 213
Michigan WA 163 28 13 - 248
Minnesota 17 102 37 63 7 226
Mississippi 23 88 3 6 - 120
Missouri 28 6k - 2 - 99
Montana 39 66 5 - ~ 110
Nebraska 2k 101 12 3 - 140
Nevada 13 28 T 1 - L9
New Hampshire 7 1Lh 117 1 - 269
New Jersey 16 b 2 13 - 35
New Mexico 37 g 17 - - 101
New York Y7 221 33 20 —e 321
North Carolina 35 63 27 — - 125
North Dakota 27 29 - - - 56
Ohio 63 155 46 2 1 267
Oklahoma 27 120 29 1 - 177
Oregon 36 35 8 1 - 80
Pennsylvania 57 Lo 2 - - 101
Rhode Island 3 11 8 6 6 34
South Carolina 43 93 17 3 - 156
South Dakota 18 Sk 5 2 - 79
Tennessee 48 284 2 22 — 356
Texas 149 640 283 9 1 1082
Utah 12 12 — 3 - 27
Vermont 28 29 14 - - 71
Virginia 10 L L 1 _— 59
Washington 26 22 5 1 - 54
West Virginia 7 76 10 6 - 95
Wisconsin 19 206 66 7 2 300
Wyoming 53 k6 2 - - 101
Puerto Rico —_ 1 - - - 1
Totals 1359 4736 352 b1 T€QkL
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throughout the United States, only 16 percent of these have toilet
facilities. Privies are used in 23 percent of the rest areas but the
remainder of the areas (61 percent) provide no rest room facilities.
Howevér, it should be noted that 60 percent of the rest areas along the
Interstate Highway system provide flush toilets.6

The WES team visited states in each of the nine FHWA regions
(Figure 2-1). The following factors served as the basis for selection
of the states included in the Phase I Study.

1. A sufficient number of states would be chosen to generate an
adequate data base.

2. The data base would be representative of each region and would
yield a cross section of conditions across the country.

3. ©States considered must have a well—develéped rest-area program.
Puerto Rico, Delaware, the District of Columbia, Hawaii, and Alaska were
eliminated from consideration because they contain no Interstate High-
way system rest areas.

The 21 states selectéd are shown by the crosshatched areas in
Figure 2-1. _.

| Each state visit included an onsite survey of at least one rest
area and a meeting to obtain data for the information summary. Meetings
were held with FHWA Division Office personnel and State highway depart-
ment personnel responsible for design, construction, and maintenance of
rest areas. In some cases, the meetings were also attended by members
of the State health agency and pollution control or regulatory agency'
responsible for issuing pe?mits for (and, in some instances, the testing

of) sewage-treatment facilities at rest areas.
2-5. DATA ANALYSIS

~ One of the main objectives of the field visits was to determine
the types of wastewater-treatment systems in use at rest areas in order
to evaluate their ability to meet the 1977 requirements of PL 92-500.
(Requirements of PL 92-500 are discussed in Section 3 of this report.)
The data were plotted on maps of geographical location, climate, soil

type, geologic formation, soil moisture content, precipitation,
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evaporation, and normal annual temperature. The only relationship of
treatment method to any of those parameters was the predominant use of
evaporative lagoons in regions of low precipitation and high evaporation
in the Midwest and the West. The reader is referred to Report No. FHWA-
RD-76-6k, Appendix B for a detailed account of each FHWA region.

The principal types of rest-area wastewater-treatment and disposal
systems are: septic tanks followed by (either) leach fields or sand
filters; extended aeration activated sludge package plants; chemical
vault holding tanks; discharge into a municifal wastewater-treatment
system; and use of faéultative, aerobic, or totally evaporative lagoons.

Table 2-5 shows the results of the data gathered by the WES on the

Table 2-5. Wastewater Treatment Types by FHWA Region Based on
WES Survey Information Collected in Summer 19T7kL.

Total of
Type of FHWA Region, No. Each Type Facilities
Wastewater Treatment 1 3 4 5 6 7 8 _9 10 _Reported
Septic tank-leach field 11 16 16 11 24 -~ 11 67 30 180
lLagoon (aerobic,
facultative, or a
evaporative) -— 2 10 2 -~ 1 12, 4 1 22
Extended aeration
package plantP — 23 T2 = 10 == 6 5 == 116
Chemical vault holding
tank -— = - 1 == -- 3 15 18 37
Discharge to a
municipality 1 13 1 2 1 -—- L4 3 - 25
Recirculation~ .
incineration 1 - - - 1 - 1l -
Physical-chemical S | 7
Septic tank-sand filter 1 26 4 - ax - -~ —— 1 31
Total of facilities for
FHWA Region 14 80 93 16 36 1 37 94 51 koo

Note: This does not represent all facilities, only those reported.
In some cases it does not represent all facilities in state
interviewed.

8Used in conjunction with EA plants, does not show in totals.

Some EA plants are supplemented with leach fields, sand filters,
Or spray irrigation.
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number of each type of wastewater-treatment system being used in each
FHWA region. In Region 9, there were 10 instances where facultative
ponds were uséd as the tertiary treatment method after the employment
of extended aeration activated sludge package plants. In Regions 3, 4,
6, and 10, spray irrigation was used as a tertiary treatment either
after the use of lagoons or after the use of package plants.

While it is apparent from Table 2-5 that discharge to a munici-
prality is not the most common disposal method used throughout the FHWA
regions, it has been stated by most of the states visited that it is
the most desirable method. Discharge to a municipality is desirable for
four reasons: (1) a National Pollutant Discharge Elimination System
(NPDES) permit is not required; (2) the State highway department is
relieved of the responsibility of designing and constructing onsite
wastewater-treatment and disposal systems, but not of designing and
constructing a transport system; (3) operation and maintenance costs
are reduced; and (L) the obligation of the state to provide a means of
wastewater treatment and disposal of wastewaters generated at rest areas

is fulfilled.
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3. REQUIREMENTS OF PUBLIC LAW 92-500

3-1. INTRODUCTION

The 1972 Amendments to the Federal Water Pollution Control Act
(FWPCA), PL 92-500, set forth effluent limitations for publicly owned
wastewater-treatment systems. In particular, Section 301(b) requires
that by 1 July 1977 all point sources from publicly owned treatment works
produce an effluent that reflects the application of secondary treatment
and that does not violate applicable water-quality standards for the
receiving stream.

To emphasize application of this act to highway rest areas, FHWA
regulationsl published 25 September 1974 included the following
statment: '

"It is the policy of the Federal Highway Administra-
tion that on-site sewage treatment facilities shall
be designed, constructed, and operated to meet the
1977 effluent limitations pursuant to PL 92-500 or
State standards, whichever is more restrictive, and
water quality standards for receiving the water."

The effluent limitations and water quality standards of PL 92-500
and state effluent limitations will be briefly discussed in this sec-
tion. Detailed discussion of the regulations and permit procedures of
the National Pollutant Discharge Elimination System (NPDES), -established
by Section 402 of PL 92-500, are included in Appendix A. Particular
emphasis will be given to the permit requirements that are important in
the design and operation of wastewater-treatment facilities.

PL 92-500 limitations that reflect secondary treatment are given
in Table 3-1. These limits establish the minimum national standard for
secondary treatment that must be achieved in all states. However, state
water-quality standards and state effluent limitations or regulations
may reguire a higher degree of treatment for wastewater discharges from
reét areas than that defined as secondary.

The Envirommental Protection Agency (EPA) has included in the
September 2, 1976 copy of the Federal Register a proposed rule change
to PL 92-500. This proposed rule change would allow the use of lagoons
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Table 3-1. Secondary Treatment Requireménts of PL 92—500.2

Parameter 30-Day Mean : T-Day Mean

Biochemical oxygen demand
(5-day) (arithmetic mean)

Influent > 200 mg/% ‘ 30 mg/2 45 mg/g
Influent < 200 mg/% 15% of influent U5 mg/%

Suspended solids
(arithmetic mean)

Influent > 200 mg/% 30 mg/2 45 mg/e
Influent < 200 mg/% 15% of influent 45 mg/s
pH of effluent > 6.0 , < 9.0 > 6.0, <9.0

NOTES: (1) These requirements represent the minimum effluent standards
that must be achieved by 1977 by publicly owned facilities.

(2) The pH limitation is applicable only where chemical addition
is used for wastewater treatment and/or where industrial
sources affect the pH of the discharge.

as the sole means of achieving secondary treatment if the T-day and

30-day BOD requirements were met and the suspended solids value in the
effluent "...is equal to the effluent concentration achieved 90 percent
of the time within a state or appropriate contiguous geographical area
by waste stabilization ponds that are achieving the levels’'of effluent

quality established for biochemical oxygen demand."3
3-2. 1983 REQUIREMENTS OF PIL 92-500

PL 92-500 also requires that publicly owned treatment works pro-
vide for the application of best practicable waste-treatment technology
by 1 July 1983. A recent Environmental Protection Agency (EPA) report
entitled "Alternative Waste Management Techniques for Best Practicable
Waste Treatment" was published on 17 October 1975. Included in the EPA
report is a chapter describing general criteria for "best practicable
treatment.”" A supplement was also published in the Federal Register on
11 February 1976 and is‘included as Appendix C of this report. Regula-
tions establishing numerical limitations for best practical treatment

have not yet been promulgated.
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3-3. STATE WATER-QUALITY STAN-

DARDS AND EFFLUENT LIMITATIONS

Each state has adopted water-quality standards to protect or
enhance the water quality of its lakes and stfeams. A summary of these
standards is given in Appendix C of the Phase I report (FHWA-RD-T6-64).
PL 92-500 requires that all state water-quality standards be upgraded to
meet standards established in Federal regulations. A few states have
standards that are more restrictive than those of most states; all of
the states' standards are not the same due to differences in climate,
éeography, and the major uses of staﬁe waters. Therefore, it is impos-
sible to generalize the standards for all of the states. In the cases
of an individual state, there are many details and specifics for water
bodies or stream segments that can only be extracted directly from the
state regulation; even then 1t may require an explanation, interpreta-
tion, or judgment from the state pollution control agency on a site-
specific basis. Since many rest areas are located on small streams,
water-quality standards often govern the degree of treatment required.

Table 3-2 lists states that have established effluent limitations
either for all domestic wastewater discharges, or for certain receiving
waters that are more stringent than the secondary requirements given in
Table 3-1. Many states have similar unpublished criteria that are used
for guidance in establishing wastewater-treatment requirements necessary

to protect the water quality of the receiving streams. Therefore, the

State agency should always be consulted prior to planning wastewater-

treatment systems at rest areas.




Table 3-2. State Effluent Limitations for Rest Areas that

Are More Stringent than PL 92-500.

Total

BOD Total
5 1TSS Nitrogen Phosphorus
State Applicable Discharges mg/f mg/l mg/ L me/ L
Florida All domestic wastewater discharges, 90% treatment
Advanced wastewater treatment required as deemed 5 5 1 1
necessary by the Department of Pollution Control
Illinois- Dilution ratio of receiving stream to effluent less L 5
than 1:1
Dilution ratio of receiving stream to effluent less 10 12
than 5:1
Discharges to Lake Michigan L 5 1
Discharges to Fox River Basin if waste load is 1
greater than 1500 population equivalents
Discharges from third-stage-treatment lagoons 30 30
treating less than 2500 population equivalents
exempt from dilution ratio requirements
All other discharges _ 30 30
Michigan Best practicable waste treatment for removal of 1
phosphorus with goal of 1 mg/% as phosphorus '
Minnesota Dilution ratio of receiving stream to effluent 5 5
less than 10:1
Discharges to lakes or reservoirs 1
All other discharges 25 30
Missouri Discharges to lakes and reservoirs 20 20
Discharges to "losing streams" 5 10
New discharges to wild and scenic rivers prohibited
North Dakota All discharges 25 30

(Continued)



Table 3-2 (Concluded). State Effluent Limitations for Rest Areas that

Are More Stringent than PL 92-500.

Total

BOD Total
5 TsS Nitrogen Phosphorus
State Applicable Discharges mg/f mg/L mg/L mg/ %
Ohio Discharges to water-quality-limited receiving 10 12 1.5 1.0
waters (most stringent requirement) NH3-N
(Jul-Oct)
Oregon Discharges to selected waters 5 5
Discharges to selected waters 10 10
Discharges to selected waters 20 20
Discharges to other waters must provide secondary 30 30
treatment or meet water-quality standards
South Dakota Discharges to cold-water fisheries 10 10
Utah Compliance for all discharges by 30 Jun 1977 25 25
Compliance for all discharges by 30 Jun 1980 10 10
Virginia Discharges to Potamac River embayments from Jones 3 1 0.2
Pt. to Rt. 301 Bridge2 (unoxi-
' : dized N
(Apr-
Oct))
Discharges to Aquia Creek, provide 100 days storage
to eliminate discharge during low flow months
or provide nutrient removal?
Discharges to Chickahominy Watershed above Walker's 6 5 0.2 0.1
Dam@ (NH3—N)
Discharges to Rappahannock River above Salem Church 1 0 1 0.1
a

For rest areas and other small discharges, a no-discharge system is encouraged.



3-L. REFERENCES

1. Federal Register, "Water Supply and Sewage Treatment at Safety
Rest Areas," Vol 39, No. 187, September 19Tk, pp 34366-34L00.

2. Federal Register, "Secondary Treatment Information," Vol 38,
No. 159, August 1973, pp 22298-22299.

3. Federal Register, "Secondary Treatment Information," Vol L1,
No. 172, September 1976, pp 37222-37223.

3-6



L. WATER USAGE, WASTEWATER PRODUCTION, AND
WASTEWATER CHARACTERISTICS

4-1. GENERAL

At present the majority of the rest areas in use ﬁhat are equipped
with flush toilets employ wastewater-treatment systems that have been
hydraulically overdesigned. To define the extent of the overdesigns the
FHWA contracted with West Virginia University (WVU) for the collection
of data on rest-area traffic, facility usage, water-usage rates, and
wastewater flows. The collection and compilation of these data are com-
plete and the results have been published. From the data collected by
WVU (Zaltzman et al.) and from the data collected by the WES, design
guldelines for use in predicting water-usage rates, wastewater production
rates, and wastewater characteristics have been developed.

‘The following rest-area design guidelines are based on information
collected from six rest areas. If more detailed information is avail-
able for a given state or for a given locale, or if the amount of waste-
water generated at a rest area is already known, then that information
should be used. However, if no data are available within a given state
or region; then the formulations presented in this section may be help-
ful in determining the size of a rest-area wastewater-treatment system.

It must be pointed out that the methods currently in use for pre-
dicting water usage and wastewater production have resulted in the over-
sizing of water supply systems and wastewater-treatment systems. Thus
it is felt that instead of assuming an occupancy of 3.1 persons per
vehicle and a water usage and wastewater production of approximately
5 gal per person as has previously been used by many states for design
purposes the following method will yield a more accurate prediction of

what is expected at a rest area.

4-2, WATER USAGE

Total water usage at a rest area is the sum of the water used in
rest-room fixtures (lavatories, toilets, urinals, sinks) and cleanup of

rest rooms, water supplied to drinking fountains, water supplied for
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cleanup and refill at trailer dumping station, and, in some instances,
water used for landscape irrigation and cleanup of service vehicles. Be-
cause a rest-area water supply is available for such divergent uses the
vater demand at rest areas varies considerably from site to site.

Another factor influencing rest-area water usage is climate. In
some instances, as demonstrated by the data collected by WVU in Florida,
there is very little variation in weather throughout the year, the de-
mand for water remains high and is a function of rest-area traffic,
which may be computed directly from highway traffic data. In other in-
stances, as in the New Hampshire data, large seasonal fluctuations in
traffic are evidenced and reflected in highly variable water demand. 1In
this situation the use of average daily water demand as a design value
may prove inadequate for periods of high sustained use. The design ap-
proach formulated by Zaltzman et al. based on the traffic data for the
three peak months of the year enables the design engineer to size a
water supply system that will prove adequate for the entire year. This
approach will allow for designing a system that will handle heavy de-
mands without being overdesigned.

Other factors influencing the water demand at a rest area are the
site specific conditions at each location. Such factors may include fhe
proximity of the rest area to large urban centers and recreational areas,
speed limits, the size of the rest area, the volume of highway traffic,
and proximity to two previous rest areas. Because these factors may in-
fluence water demand at a_rest area, design of a water supply should
reflect good engineering judgment when determining the final water sup-
ply requirements.

When designing the water supply, if the water-usage rate at a rest
area or an analagous site is known then this rate should be used in
sizing the water supply system. If the water usage rate at an analagous
rest area is not known it may be possible to monitor the rest area to

determine this value. Monitoring of the rest area is accomplished by

counting the traffic entering the rest area and metering (with a
water meter) the total water used in the rest area. Both studies must

be performed simultanecusly, in this manner the average water usage per
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vehicle entering the rest area may be determined. If, however, there
is little or no water-usage information available and none can be ob-
tained then the following method and values developed by Zaltzman et al.l
may be used.

The following method is based on average design rest-area traffic
(REST 24). REST 24 is determined by multiplying the average 24-hour
traffic of the six peak three-day weekends (Friday, Saturday, and Sunday)
of the year (18 days) or the three peak months of the year (90 days) by
9 percent to determine the number entering the rest area. The value of
9 percent is a weighted average arrived at from data obtained for FHWA
by Zaltzman et al. If the design engineer knows that more or less of the
roadway traffic will stop at his rest area then it is recommended that
he should adjust the 9 percent accordingly. If, however, the design
engineer does not know the expected percent stopping then he should use
the 9 percent figure for design purposes. A note should be made that if
a rapid growth is expected in highway traffic then this factor must also
be included in obtaining REST 2hy i.e., if the highway traffic is
expected to increase 300 percent in the next 20 years than the amount of
vehicles entering the rest area must also be expected to increase
300 percent. In such an instance it may be necessary to construct the
rest area in phases.

Expected water usage is arrived at by multiplying the rest area
traffic (REST 24) by the expected average water usage per vehicle
(6.7 gallons/vehicle based on the data obtained for FHWA by Zaltzman
et al.). This value is called WATER 24 and it is the design daily water
usage for the rest area. This is the sustained water usage that may be
used for designing the rest area water supply system.

Zaltzman et al. have shown that two thirds (67%) of the average
daily water usage occurs between the hours of 8§ A.M. and 4 P.M., an
8-hour period. Thus the design engineer may wish to calculate this

value (called WATER 8) to use in designing his water supply system.

WATER 8 may be calculated by multiplying WATER 24 by 0.67 or by multi-
plying REST 24 by 4.5 gallons per vehicle. This is the peak 8-hour

sustained flow that must be available at the rest area.
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The peak instantaneous water demand that will occur at a rest area
is a function of the fixtures at that rest area. To prediect this value
Zaltzman et al. first determined the peak volume of traffic that might
enter the rest area. This value was called PK VOL 1 and may be calcu-
lated by multiplying REST 24 by 0.16 (based on the data collected by
Zaltzman et al.). Peak one hour water demand is then calculated by
multiplying PK VOL 1 by 6.7 gallons/vehicle. This value is called WATER
1 and is the peak one-hour period of flow. WATER 1 may then be used by
the design engineer to determine the maximum size of the water pumps
that are required or both WATER 1 and WATER 8 may be used to design a
water storage facility if it is determined that one is desirable or
necessary.

When the location of a rest area is not fixed by distance or pre-
determined by other constraints, the location of an adequate water sup-
ply may become the determining factor in rest-area site selection. In
such instances where an adequate source of potable watef is available
throughout a stretch of highway, rest-area site selection may become
independent of water needs.

Once the total daily water demand for a rest area has been deter-
mined the water supply system can be located. If a supply of water is
located at the rest area but it will not provide a sufficient supply to
meet the design demand water usage, water conservation measures may have
to be instituted. Flow restrictions or flow reduction fixtures and
plumbing are among the conservation methods which may be used. Another
alternative would be to pump water from some other site where an adequate
supply of potable water exists. This decision must be based on the
economics of a distribution system versus recycle, hauling, etc.

The reduced water demand (RWD) through the use of flow reduction
fixtures may be computed by multiplying the daily water demand (WD),
determined by the ratio of the nonstandard fixtures (NSF) to standard
fixtures (SF). The formulation follows:

NSF

RW'D=WD><§§.—‘
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When nonstandard fixtures are used then the reduction of water for each
fixture must be taken into account. That is, if flow reduction fixtures
are used only on the water closets, urinals, and lavatories but not on
outside drinking fountains and hose bibs then total RWP must be deter-
mined by monitoring eéch separate facility (hose bibs, urinals, etc.) to
determine the net flow reduction achieved for the entire facility.
Another method of reducing total water demand may be the use of
a recycle system for flushing of water closets and urinals.2 Again it
must be pointed out that the effect of using such a system on the total
water demand must be determined by monitoring each water closet and
urinal. Therefore, the use of either nonstandard fixtures or recycle
will reduce the total water demand of a rest area facility but deter-
mining how much the demand will be reduced can only be accomplished
through field monitoring of the rest area. It should be pointed out
that the use of NSF may increase the constituent concentrations in the
wastewater (expressed as mg/k) but will not reduce the total constituent

loads to the wastewater—treatment plant (expressed as pounds per day).

4-3. WASTEWATER PRODUCTION RATES

Total wastewater production at a rest area is the sum of the water
used for flushing of urinals and toilets, water used in lavatories, and
water used for cleaning the rest rooms, lobby areas, etc. It may also
include the water from drinking fountains that has not been consumed and
the wastewater from the trailer dump stations including trailer wastes
and washdown water. As with water usage, wastewater production will
vary from site to site and is affected by many of the factors that af-
fect water usage. However, in each instance wastewater production can
be directly related to highway traffic.

Once a rest-area location has been established and an adequate
supply of potable water located, the rest-area designer can estimate a
daily volume of wastewater to be treated. If the wastewater production
rate at a nearby rest area with similar characteristics is known then
this value can be used for design. The designer may also wish to mea-

sure flows at a nearby rest area to determine a design value.
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Wastewater flow may be determined by monitoring just the water used at
the comfort building with water meters and equating this to wastewater
production or by measuring the wastewater flow as it proceeds down the
sewer line to the wastewater treatment facility. If, however, no data
are available to the design engineer and none can be obtained then the
following method may be used in determining rest area wastewater
production.

Wastewater production at a rest area may be determined through use
of the weighted average design value of 5.5 gal/veh (developed by
Zaltzman et al.) multiplied by REST 24. This will yield the expected
average dally wastewater flow for the rest area.

Zaltzman has pointed out that, at a rest area, two-thirds of the
wastewater flow will be generated in the 8-hr pericd ffom 8 a.m. to

4 p.m. (see Figure 4-1). Thus, on an hourly basis, four times as much
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Figure 4-1. Hourly wastewater flow generation.
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wastewater is produced between 8 a.m. and 4 p.m. than is produced
between 4 p.m. and 8 a.m. Therefore, the designer of a rest-area
vastewvater-treatment system must design not only for the average daily
wastewater production rate but must check the effects of seasonal daily
and hourly flow variations on the operation characteristics of the

plant.
L-l4, WASTEWATER CHARACTERISTICS

In the design of a rest-area wastewater-treatment system not only
must the expected wastewater production rate in gallons per day be de-
termined but also the concentration of the wastewater constituents. in
particular, the primary design parameters, BOD5 and SS.

A summary of the rest-area wastewater characteristics found in the
published literature and from the WES field study is given in Table 4-1.

From these data it is seen that the average BOD_. ranges from 78 to

210 mg/% and the average SS concentration rangez from 124 to 224 mg/2.
As expected, analysis of the available data reveals that the wastewater
characteristics will vary hourly, daily, seasonally, and from site to
site in much the same way as the wastewater flows.

Rest-area wastewater-treatment systems have been designed using
the constituent concentrations found in typical domestic wastewater of
medium strength (Table 2-1). However, from the data shown in Table L-1
it is seen that most rest-area wastewaters are characterized by a lower
BOD5 and a lower S8SS than domestic wastewater. A more representative
basis on which to design a rest-area wastewater-treatment system would
be to assume that the wastewater had an average BOD5 ranging from 125 to
175 mg/% and an average SS in the 125 to 200 mg/ % range.

Since many treatment systems are checked for both hydrualic load-
ing rate and organic (BODS) loading rate, it is necessary to determine
both flow in gallons per day and expected BOD5 in pounds per day. To

obtain pounds of BOD. per day, use the following equation or determine

5
directly from Figure u4-2.

BOD5(lb/day) =Q x Ci x 8.34 x 10"6 (b-1-1)
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Table L-~1. Wastewater Strengths at Various Rest Areas.

Parameter
State Strength BOD, mg/t  p mg/%  SS mg/f pH
Colorado® High 156 507 50k 8.3
: Low 23 1Ls T2 7.8
Mean 78 203 208
Standard L5 103 118
deviation
Florida® High 300 ¥40 530 8.6
: Low 140 216 28 6.8
Mean 181 342 186
Standard L3 60 111
deviation
Towa® High 561 787 652 8.5
Low 59 1ko 38 T.1
Mean 210 383 22
Standard 137 209 153
deviation
New Hampshire®  High 330 480 684 8.4
Low _ 90 197 1 6.4
Mean 203 330 208
Standard 62 82 165
deviation
Tennessee™ High 223 883 310 8.7
Low 63 160 16 7.1
Mean 158 362 124
Standard 52 17k 72
deviation
Mississippi® High 132 979° 839 6.7
Low 12 225 i 9.1
Mean 12k 563 140
Standard 86 145
deviation

%Data collected by Zaltzman et al.

b
Data collected by WES.
€cop data for Mississippi collected for T days only; do not re-

flect the BOD5 and SS data which were for 43 days.
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 Figure 4-2. Nomograph for use in determining flow and BOD_ per day.

5

where

BOD5 = 5-day bilochemical oxygen demand
Q = wastewater flow, gal/day
Ci = constituent concentration, BOD53 mg/ L
8.34 x 10_6 = conversion factor
Or
BODS(kg/day) = BODS(l’b/day) x 0.45359
where

0.45359 = conversion factor

Total constituent weight (M) in pounds per day is determined in
Figure 4-2 by drawing a straight line from the known constituent con-
centration (C) in mg/f to the known flow (Q) in gallons per day. Where
this line crosses the M scale this value is the total constituent weight
in pounds per day. An example of this is shown in Figure 4-2 where con~

stituent concentration (C) is 150 mg/% and flow (Q) is 10,000 gallons
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per day. By connecting these points with a straight line it is seen

that total constituent weight (M) is 12.5 pounds per day.
h-5. EXAMPLE CALCULATIONS

The design engineer is now able to select from three different
methods of obtaining predicted water usage, wastewater production,
and wastewater characteristics. These three methods are: (1) use the
data that are available from an analagous rest area; (2) monitor an
analagous rest area to obtain the necessary data; and (3) use the pre-
dictive method set forth previously in this section. To correctly use
the predictive method, example calculations follow.

a. Traffic data must be collected for a full year on the roadway
where the rest area is to be located. The data for the six
peak three-day weekends or the three peak months is then
selected. In this example the data for the six peak three-
day weekends is used. Ranked in order, the six peak three-
day weekends are:

Friday Saturday Sunday Total

1. 11,364 13,426 12,978 37,768
2. 11,027 13,1h2 13,264 37,433
3. 10,642 12,976 12,718 36,336
L. 9,267 13,179 12,653 ... 35,099
5. 10,117 12,3k9 12,1kk : 34,610
6. 9,870 11,957 11,643 33,470

TOTAL 214,716

b. Calculate the design daily traffic (HIWAY 24) of the six peak
three-day weekends.

21k ,716 vehicles
18 days

HIWAY 2k = 11,929 veh/day
¢. Calculate the design average 2U4-hr rest area traffic (REST 24).
REST 24 = 0.09 x HIWAY 24 ' '
REST 24 = 0.09 x 11,929 veh/day
REST 24 = 1074 veh/day

HIWAY 24 =

d. Calculate the design average 8-hr rest area traffic (REST 8).
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This. value may be used for computing WATER 8 and it may be
used for sizing of parking facilities.

REST 8 = 0.67 x REST 24
REST 8 = 0.67 x 10Tk veh/day
REST 8 = 720 vehicles/8 hours

Calculate the peak l-hr rest area traffic (PK VOL 1). This
value may be used for computing WATER 1 and for sizing the
parking facilities.

PK VOL 1 = 0.15 x REST 24
PK VOL 1 = 0.15 x 1074 veh/day
PK VOL 1 = 161 vehicles/1l hour

Water supply requirements may now be obtained from the rest
area traffic; calculate the daily water requirements (WATER 2L).

WATER 24 = 6.7 gal/veh x REST 24
WATER 24 = 6.7 gal/veh x 1074 veh/day
WATER 24 = 7196 gal/day

This is the amount of water that must be available continu=-
ously at the rest area.

Calculate the 8~hr water demand (WATER 8).

WATER 8 = 0.67 x WATER 24
WATER 8 = 0.67 x T196 gal/day
WATER 8 = 4822 £al/8 hr

This is the amount of water that must be available throughout
the peak 8-hr period of 8 a.m. to 4 p.m.

Calculate the peak l-hr water demand (WATER 1)

WATER 1 = 6.5 x PK VOL 1
WATER 1 = 6.5 x 161 veh/hr
WATER 1 = 1047 gal/l hr

This is the amount of water that must be available during the
peak hour of the day.

The wastewater production rates must now be determined for the
proposed rest area. Calculate the design wastewater produe-

tion rate (WASTE 2k).
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WASTE 24 = 5.50 gel/veh x REST 2k
WASTE 24 = 5.50 gal/veh x 1074 veh/day
WASTE 2L = 5907 gal/day

For the purpcse of clarity and conservation WASTE 29 will be
rounded off to 6000 gal/day. The value for WASTE 2b may now
be used in designing the wastewater treatment facilities,

J. Calculate the 8-hr wastewater production (WASTE 8).

WASTE 8 = 0.67 x WASTE 2
WASTE 8 = 0.67 x 6000 gal/day
WASTE 8 = L020 gal/8 hr

This is the peak B-hr wastewater production rate for the pro-
posed rest area. This flow should occur between 8 a.m. and
4 p.m.

k. The organic (BODg) and suspended solids (SS) loadings must now
be computed. A Concentration of 165 mg/f BOD5 and 190 mg/& SS
will be assumed for this example. Calculate the organic (BOD_)
lecading in pounds per day. ¢ >

BODS(lb/day) = WASTE 24 x BOD5 x 8.34 x 107
BODS(lb/day) 6000 gal/day x 165 mg/L x 107

BODS(lb/day) 8.26 1b/day

.

1

i

Calculate“organic loading (BODS) in kilograms/day.
BODs(kilograms/day) = BOD5(lb/day) x 0.45359
BOD.(kilograms/day) = 8.26 1b/day x 0.45359

5
BODS(kilograms/day) = 3.75 kilograms/day

m. Calculate the solids (SS) loading in pounds/day.
WASTE 2k x S8 x 8.34 x 10’6

Ss(1lb/day) = ;
SS{1b/day) = 6000 gal/day x 190 mg/f x 8.3k x 10~
Ss(1b/day) = 9.5 lb/day

n. Calculate the solids (88) loading in kilograms/day.

8s(kilograms/day) = SS 1b/day x 0.45359
Ss(kilograms/day) = 9.5 1b/day x 0.45359
Ss(kilograms/day) = L4.31 kilograms/day

A tabulation of the results of this example appears in Table 4-2. The
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Table 4-2. Calculated Example Values.

Symbol Values
HIWAY 2k 11,929 veh/day
REST 24 1,074 veh/day
REST 8 720 veh/8 nr
PK VOL 1 161 veh/1 hr
WATER 24 7,196 gal/day
WATER 8 4,822 gal/8 hr
WATER 1 1,047 gal/l hr
WASTE 24 6,000 gal/day
WASTE 8 4,000 gal/day
BOD5 8.26 1b/day = 3.75 keg/day
8s 9.5 1b/day = 4.31 kg/day

calculated values in this table will be used in the remainder of the

examples in this report.
4-6. SUMMARY

The design engineer is‘pow able to determine water requirements
at a proposed rest area. He is able to determine these requirements by
monitoring nearby rest areas or by using the values proposed in this re-
port based on work by Zaltzman. In a similar manner, he is able to
predict daily flow of wastewater throughout the year. With these values
and expected wastewater strengths he can determine the daily organic
(BOD5) and solids (SS) loads that he must design the wastewater treat-
ment facility to remove.

With wastewater flow and daily loads of wastewater constituents
determined, the design engineer is able to start designing the rest-area
wastewater~-treatment facility. Design guidelines for wastewater-

treatment systems that may be used at rest areas are included in the

following sections.
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5. REST AREA DESIGN STTUATIONS

5-1. INTRODUCTION

Previcus discussion of water usage, wastewater production, waste-
water characteristics, and wastewater-treatment system design has been
directed toward rest areas that receive fairly uniform usage, serve one-
way traffic, have an abundant supply of potable water, and use standard
fixtures. However, in many instances these situations do not exist; in
these instances the design engineer must adjust his design to reflect
the true situation. Therefore, modifications that must be made to the
design procedure to reflect the true situation of a given rest area are

outlined below. ' |
5-2. SEASONAL USE REST AREAS

In many instances, particularly in northern latitudes, rest areas
are operated on a seasonal basis; i.e. they are closed for a period of
time each year. In such instances the design engineer must consider the
fact that there will be a period of zero flow of wastewater to the waste-~
water treatment plant. Because biological treatment systems require a
sustained supply of food (wastewater), prolonged periods of nonuse will
eliminate the possible use of some treatment systems at rest areas.
Those treatment systems which are particularly affected are extended
geration and the rotating biological filter systems. Lagoons and septic
tanks, because they are able to function anaerobically, are better able
to withstand periods of zero wastewater flow.

5-3. REST AREAS WITH INSUFFICIENT
WATER SUPPLIES

In many instances rest areas have been built or the rest-area loca-
tion preselected in an area that is unable to produce an adequate supply‘
of potable water. In such instances various steps may be taken by the
design engineer to reduce the water requirement of the rest area. Among
the options available to the design engineer are recirculation of treated

wastewater for flushing purposes, use of grey water from sinks and



drinking fountains for flushing purposes, use of flow reduction fixtures,

and use of waterless toilet systems.
5-4. JOINT USE REST AREAS

- In some instances rest areas may be designed to accommodate visi-
tors from both directions of travel, or may be used in conjunction with
néarby park and camping facilities. In such cases the design engineer
must anticipate the additional water demand and wastewater production
based not only on roadway traffic, but also on anticipated use by park
visitors. In designing such an area it is recommended that the design
engineer consult with the local park service personnel to obtain predic-

tive use data.
5-5. IRRIGATED REST AREAS

Many rest areas use irrigation as a means of enhancing the beauty
of the area. As such, the anticipated demand for irrigation water must
be added to the water demand calculated for the rest-area comfort facil-
ities to obtain the total water demand for the rest area. In this man-
ner a water supply system may be properly sized for the entire rest area,
or the design engineer may wish to design two separate systems, one for

irrigation and one for comfort facilities.
5-6. REST AREAS WITH TRAILER DUMPS

At many rest areas, trailer dump stations have been installed to
accommodate the traveler with camping trailers equipped with toilets and
holding tanks. Most trailer dump stations are also equipped with a
water hose for flushing out the holding tanks after the contents have
been emptied into the trailer dump. At present the trailer dump stations
use one of three methods for disposing of trailer dump wastes: drainage
into a holding tank that is later pumped out and disposed of at a munic-
ipal treatment piant; separate treatment system for the trailer dump '

station such as a septic tank leach field; or connection with the waste-

water treatment facilities that service the comfort stations.
At rest areas where the trailer dump stations have been connected

with the wastewater-treatment facilities the design engineer must take
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into account the added flow from the dump station and the high constit-
uent concentration of the trailer dump waste. Because of the high
strength of the trailer dump wastes, the design engineer may wish to
design a holding tank for the dump wastes and ha&e the wastes pumped
throughout the day to the treatment plant, thus avoiding any possible
shock loading to the plant.

5-T. GENERAL DESIGN PROCEDURE

The previous sections of this report have dealt with the problems
existing at rest-area wastewater-treatment systems, the 1977 effluent
requirements of PL 92-500, and methods for determining water usage,
wastewater production, and wastewater-constituent concentrations. The
following sections (Chapters 6-16) are design guidelines for wastewater-
treatment processes at rest areas. The treatment processes discussed
will, if correctly designed, constructed, and operated, produce an ef-
fluent that will meet or surpass the requirements of PL 92-500. A
logic flow chart for the proposed general design procedures is shown in
Figure 5-1. The first two pages of this figure may be used as a key to
the individual modules contained in the flow chart itself.

A few notes on use of the logic flow chart will -help the design
engineer responsible for rest area design and/or construction. Coordi—
nation should be made and maintained throughout the design and construc-
tion of the rest area with other State agencies such as the State En-
vironmental Agency, and the State Health Agency. Coordination should
also be maintained with State, and/or Federal agencies that may have’
knowledge of the rest area location such as the Soil Conservation
Service or the State Geological Service or the National Weather Service.
It is also not necessary to produce a design for each and every treat-
ment process given in Chapters 6-16. If some systems are not allowed
by various state and/or local agencies then disregard those systems. In
short, select the system you believe in your engineering judgement will

work best at your particular rest area location.
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KEY TO LOGIC FLOW DIAGRAM
MODULES 1-8

MODULE 1 MODULE 2 MODULE 3 MODULE 7
/A\
MODULE 4
E MODULE 8
MODULE S MODULE 6

"

Figure 5-1. ‘Logic flow diagram.

(sheet 1 of 21)
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KEY TO LOGIC FLOW DIAGRAM
MODULES 8-11

MODULE 8

()

MODULE 10

{

O HH GG

®)

’A"- MODULE 1‘1

Figure 5-1 (Continued).
(sheet 2 of 21)
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MODULE 1.

Is
Rest Area (RA)
Existing?

Is
RA location
preplanned?

REST AREA WASTEWATER TREATMENT SYSTEMS,

GENERAL DESIGN PROCEDURE

.
See section on
evaluation of
existing RA's

Consult Reference ll

for site selection
criteria

Select appropriate RA
location; review site
characteristics

Yes

Are current
traffic counts
known for

highway?

Go to (B)
Module 2 on
RA percent
stopping

Base traffic on
projections or similiar
RA located elsewhere

Has highway
been built

Collect daily traffic
counts for one year
cr three peak months Go

B

! "A Guide on Safety Rest Areas for the National System of
Interstate and Defense Highways," published by American
Association of State Highway Officials, 341 National Press
Building, Washington, DC 20C0L.

Figure 5-1 (Continued).
(sheet 3 of

21)



MODULE 1 (CONTINUED). REST AREA WASTEWATER TREATMENT
SYSTEMS, GENERAL DESIGN PROCEDURE

Are
parking lot

sizing requirements
known?

Consult reference 12
for ‘parking lot
sizing requirements

No

Go to (D)
Module 3 on
sizing water

supply systems

Are water
supply requiﬁements
known?

Go to (F)

Is water Module L on

supply adequate? water supply
supplement

alternatives

Go to (H)
Are wastewater Module 5 on
production rates wastewater
known? production

Go to (J)

Are wastewater Module 6 on
characteristics wastewater
characteristics

knmown?

5 Lo Lo L

2 Ibid 1.

3 Based upon data collected at similar RA
locations and usage patterns elsewhere
in the State.

Figure 5-1 (Continued).
(sheet L of 21)
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MODULE 1 (CONTINUED). REST AREA WASTEWATER TREATMENT
SYSTEMS, GENERAL DESIGN PROCEDURE

Check with State

regulatory agency

for guidance and
coordination

Bvaluation of
treatment alternatives

Will Can gystem Eliminate systems
regulatory agencles be installed as from altervatives
allow use of demonstration suggested in report

?
some systems? project

Yes

Perform preliminary
system design
(See sections 6-16 of
report)

Go to (M)
Module 7 on
on effluent
criteria

Figure 5-1 (Continued).
(sheet 5 of 21)
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MODULE 1 (CONTINUED). REST AREA WASTEWATER TREATMENT
SYSTEMS, GENERAL DESIGN PROCEDURE

Go to (0)
Module 8 on
system
tradeoffs

Perform economic
analysis on remaining
systems

Perform detailed
system design

Figure 5~1 (Continued).
(sheet 6 of 21)
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MODULE 2. REST AREA TRAFFIC

Define weekend as
Friday, Saturday,
and Sunday

Compute peak 1 hr
RA traffic. Call
PKVOL1
PKVOLL = 0.16 X REST2L

From traffic counts
seléct 6 peak weekends
(18 days) or 3 peak
months* of year for
design (90 days)

Use PKVOLL for
sizing parking
lot and water
supply system

Compute average traffic
per day for the 6 peak

weekends (18 days) or
3 peak months (90 days)
of year. Call HIWAY 242

Compute RA daily
traffic. Call REST 24

REST 2L = 0,09 X HIWAY 2L

Y

Compute 8 hr
RA traffie.
Call REST 8
REST 8 = 0.67 X REST 2L

1 peak months or weekends do not have to be consecutive.

2 If RA serves both directions of traffic use 1.0 X HIWAY 2k;
if RA serves one direction of traffic use 0.5 X HIWAY 24.

Figure 5-1 (Continued).
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MODULE 3. WATER USAGE

Compute daily water
demand in gallons.
WATER 2 =
6.7 x REST 2L

Compute 8 hr
water demand in gallons .
WATER 8 =
0.67 x WATER 2L

Compute peak 1 hr
water demand in gallons.
WATER 1 =
6.7 x PKVOL 1 =
0.16 x WATER 24

Figure 5-1 (Continued).
(sheet 8 of 21)
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MODULE 4. WATER SUPPLY SUPPLEMENT ALTERNATIVES

. Calculate water WD = WATER 24 x
?11% stan((iard demand (WD) using - NSF
ixtures (SF) nonstandard fixtures (NSF) TSF
be used?
Yes
Is
- No water supply
now adequate?
Yes
Can recycle of No Can additional
wastewater for water supplies Yes
flushing be be developed?
used?

Is Can system No Change RA
water supply which does not require location
now adequate? water for flushing Return to

be used? (E)
Is

water supply No .

now adequate?/

Figure 5-1 (Continued)
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MODULE 5. WASTEWATER PRODUCTION

Compute daily
was tevater production
WASTE 2 ~
5.5 x REST 24

Compute 8 hour
wastewater production
WASTE 8 »
0.67 x WASTE 24

Compute seascnal
variations in
wastewater production

1

See section 4
of report

Compute wastewater

production (WP) using

nonstandard fixtures
(NSF)

will No
standard Cfixtures (SF)
be used?

NSF
hall P = 5 ==
WP WASTE 24 x SF

Yes

Figure 5-1 (Continued).
(sheet 10 of 21)
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MODULE 6. WASTEWATER CHARACTERISTICS

See section 4
of report for
wastewater
characteristics

Compute BOD; and
SS loading in lb/day

BODs (1b/day) =
QX C,X8.3LX10 -6

SS (1b/day) =
Q X ¢, X8.3kx10”

Go to
()

* Q = flow, gal/day.
Cy= constituent concentration, mg/l.

Figure 5-1 (Continued).
(sheet 11 of 21)
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MODULE 7. EFFLUENT CRITERIA

Do wastewater
reatment systems have
point source
discharge?

Do systems:
meet groundwater
standards?

Do gystems
meet 1977 effluent

No

No

Eliminate systems

requirements of
PL 92=-500?

Do systems
meet stream standards

No

and/or local
requirements?

Will systems
meet 1983 effluent
requirements of
L 92-500?

A\
s
P ~

, < Can systems > ~
~ " be upgraded to meet Ny

No

1983* requirements? <
~
~ 7
N 7
~ ,

Yes l

#* 1983 requirements not yet available.

Figure 5-1 (Continued).

5-15

(sheet 12 of




MODULE 8. SYSTEM TRADE OFFS

Are systems
aesthetically
acceptable?

Elininate systems,|
Return to (0)

Take remedial
measures

Is land N Can more
area at RA sufficient land be No
for systens? acquired? -

Is climate Can system s
at RA suitable e protected from " >
for systems? adverse weather?
Can soil
Do soil characteristics be us

4 + in . .
chax:'fc..e;htitt:sma'];low czanged to allow
~tse of systems? use of systens?

Figure 5-1 (Continued).
(sheet 13 of 21)
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MODULE 8 (CONTINUED). SYSTEM TRADE OFFS

Can system
perform without
skilled operator?

Can sicilled
operator be
provided?

Bliminate systems,
Return to (0)

Are operation

and maintenance Yo

requirements —
acceptable?
Are operation
costs for chemical, No
power, etc., i

acceptable?

Is capital

. No
cost acdeptable?

Figure 5-1 (Continued).
(sheet 14 of 21)
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MODULE 9. EVALUATION OF EXISTING REST AREAS

Collect daily traffic
counts for 1 yr or
three peak months

Are current
traffic data known
for highway?

Define weekend
as Friday, Ssturday,
and Sunday

Fiom traffic counts Compute 8 hr RA
select 6 pesk weekends traffic. Call
(18 days) or 3 peak REST 8. REST 8 =
monthst of year (90 0.67 X REST 24
days) for design
/
Compute average y
traffic per day for gxmi’:;;ff:ak éa}ﬁ‘
the 6 weekends (18 days) PKVOLL HEVOLI .
or 3 months (?0-days). . 0.16 XREST a
Call HIWAY 2L2 . :
Compute RA daily Use PKVOL1 for 3
traffic. Call sizing parking lot.
REST 2k. and water supply
REST 24 - 0.09 X HIWAY 24 systems

LPeak months or weekends do not have to be consecutive.

zlf RA serves both directions of traffic use 1.0 x HIWAY 24;

if RA serves one directfon of traffic use 0.5 x HIWAY 24,
3"A Guide on Safety Rest Areas for the National System of
Interstate and Defense Highways," published by American

Association of State Highway Officials, 341 National Press
Building, Washington, DC 20004,

Figure 5-1 (Continued).
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MODULE 9 (CONTINUED). EVALUATION OF EXISTING REST AREAS

Parking lot size
controls peak traffic,
water usage, and
wastewater production,
Adjust for size

Can parking
lot size be
increased?

Is RA parking
lot adequate for
peak l-hr

traffic?

Go to (8)
Module 10 on water
supply
alternatives

Is water
supply adequate?
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from report section &

Is wastewater
production rate
known?

No Measure or compute
from report section 4

Are wastewater
characteristics
known?

Yes

Compuste size of Wastewater
Treatment Systems from
Report Sections 6 to 16

Figure 5-1 (Continued).
(sheet 16 of 21)
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MODULE 9 (CONTINUED}. EVALUATION OF EXISTING REST AREAS

Is treatment
system correctly
sized?

Is treatmant

ayetom working? Design new system.
orl ?

Go to (L)

Check operational

- procedures and adjust

for optimun
treatment
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1977 efflumt
requiremznte of
PL 92-700?
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existing
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Figure 5-1 (Continued).
(sheet 17 of 21)
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MODULE 9 (CONTINUED). EVALUATION OF EXISTING REST AREAS

ill treatment
system meet stream
and/or local
standards?

Can treatment
system be upgraded
to produce a

better effluent?

ld

e S

L
ZWill treatment Go to (V)

~ No section on
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) ? ,
N~ of FL 92-5007% systems

Treatment
system is (K
at present.

Check system
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usage

1 1983 effluent criteria not yet defined.

Figure 5-1 (Continued).
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MODULE 10.

Must standard
fixtures (SF) be
used?

Yes

WATER SUPPLY ALTERNATIVES

Calculate water
demand (WD) using
nonstandard fixtures
(NSF)

WD = WATER 24 X
NSF
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flushing be
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supply now
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Can additional
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be developed?
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Is water
supply now
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Change RA
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Figure 5-1 (Continued).
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MODULE 11

See report section 5
for proper design of
treatment systems

UPGRADING EXISTING SYSTEMS

Design new
Is land area No Can more No treazment
at RA sufficient 1and be system.
for sy§tem acquired? Go to (L)
upgrading?
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Is climate No Can system No
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Yes
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Figure 5-1 (Continued).
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'MODULE t1 (CONTINUED). UPGRADING EXISTING SYSTEMS

Are operation
and maintenance
costs acceptable?’

Is capital
cost acceptable?

Is system
aegthetically
acceptable?

Design new

treatment system.

Go to (L)

Can remedial
measures be
taken?

Take remedial
measures and
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Figure 5-1 (Continued}.
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6. EQUALIZATION OF WASTEWATER FLOWS

6~1. PROCESS DESCRIPTION

‘BEqualization is a unit operation designed to dampen peak loadings,
thereby providing an evenly distributed loading on downstream wastewater-
treatment processes. An equalization system may be designed to equalize
fluctuating loadings caused by variations in wastewater flow or waste-
water concentration. As has been stated previously, rest-area-generated
wastewater generslly exhibits significant variations in flow, but rela-
tively small variations in strength. However, dumping of recreational
vehicle wastewaters, where such facilities are provided at rest areas,
would result in high concentration loadings of short duration to the
treatment system. Discussion in this section will center on waste-
water flow equalization, but the same principles may be applied toward
equalizing concentration variations.

In addition to the flow fluctuations caused by changes in rest
area usage, many small wastewater-treatment systems at rest areas ex-
perience shock hydraulic loadings as a result of pump station design.
Raw wastewater must be pumped to the treatment plant where the elevation
of the plant influent port is greater than the elevation of the sewer
line from the rest-area facilities. This pumping is often provided by
centrifugal sewage pumps. To prevent clogging of the pump due to raw
wastewater solids, engineers specify that the pump be capable bf passing
a 2-1/2- to 3-in. sphere. The minimum size centrifugal pump that will
meet this specification and operate efficiently is 50 to 100 gpm. The
flow for a 10,000-gpd treatment plant averaged over a 2hk-hr day is only
7 gpm, or 21 gpm if all the flow is received in 8 hr. Wet wells are
generally sized to allow the pump to run at least 2 min between high and
low levels.  Therefore, to pump 10,000 gal, a 100-gpm pump would pump
200 gal 50 times during the day. These surges may be of sufficient
magnitude to affect the performance of the treatment systems. More
uniform pumping rates may be achieved using equalization systems, using
pneumatic or air-lift pumps, or providing flow splitter boxes to recycle

a portion of the flow back to the wet well.
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Flow equalization can benefit any wastewater-treatment system,
particularly where wide fluctuations in flow are experienced. Most
fundamental process design equations assume steady-state conditionms,
i.e., flows and concentrations that are constant with time. Obviously
this rarely occurs in domestic wastewater-treatment systems; therefore,
operational data are relied on for design guidance. Such operational
data can indicate the degree of load fluctuation that the treatment
system can withstand. Larger wastewater-treatment systems, such as
those for municipalities, do not experience the degree of load fluctua-
tion occurring at rest areas, and can usually accommodate the diurnal
load variations without flow equalization. Flow equalization for rest
.area wastewater will provide a constant load so that the treatment sys-
tem can be designed with more confidence using steady-state design
equations.

Treatment systems that are most susceptible to severe load fluc-
tuations include extended aeration, rotating biological discs, and
physical-chemical systems, Primary problems for extended aeration plants
include washout of solids in the final clarifier due to increased over-
flow rates, unsteady food-to-microorganism ratios in the aeration tank,
and increased oxygen requirements for peak-loading periods. Flow equali-
zation at an extended aeration plant would allow design of the final
clarifier and aeration equipment to be based cn average flows, thereby
reducing the size of these units. A higher quality effluent could be
achieved because the microbial mass will function more efficiently in a
stabilized environment, i.e., & constant F/M ratio. Rotating biodiscs
do not perform as well under fluctuating flows because of decreased de-
tention times in the reactor under peak loading conditions and loss of
solids from the final clarifier as a result of hydraulic surges.
Physical-chemical systems are more difficult to operate under fluctuat-
ing loading conditions because of the disruption in chemical feeding

schedule, increased overflow rates in settling tanks during peak load-
ings, and channeling or short circuiting in filtration systems. Uniform
flow to physical-chemical systems would reduce the magnitude of such

problems.



Equalization of flow is a technique that can be applied to upgrad-
ing existing plants, as well as to design of new plants. Metcalf and
Eddyl in EPA's Technology Transfer publication "Flow Equalization"
report several case histories of municipal wastewater-treatment systems
that have been upgraded to an increased capacity or a higher quality
effluent through employment of equalization systems. Gaines2 reported
operational difficulties and their solutions for a municipal flow
equalization system. Operational data are not available for equaliza-
tion of flow at rest areas, but, as in the case of municipal systems,
e@ualization may be the most economical method of improving the perfor-
mance of an existing system that presently will not comply with state
and Federal regulations.

Two flow schemes, termed in-line and side~line, may be used to
accomplish equalization. Flow diagrams for these two schemes are pre-
sented in Figure 6-1. An in-line eqhalization basin is connected
directly to the influent line for the treatment system. All of the
wastewater flow enters and exits thé in-line basin before being sub-
Jected to secondary treatment. An important advantage of the in-line
system is its ability to dampen fluctuations in waste strength as well
as hydraulic fluctuations. In contrast, a side-line equalization basin
receives influent wastewaters only when the flow rate exceeds the design
average daily flow. The wastewater thus stored in the side-line basin
is then pumped to the treatment system during periods when the influent
flow is less than the design daily average. Since only a portion of the
influent flow is stored, dampening of concentration variations is less
with a side-line basin than with an in-line basin. One advantage of a
side-line basin is the reduced pumping requirement since only a portion
of the flow must be pumped.l

The method of determining the size of an equalization basin
depends on the desired effect ¢f the basin. Dampening of influent con-
centrations may be based on statistical evaluation of the variation in
waste strength in order to estimate the desired level of confidence for
an equalization basin.3 The method that will be discussed here is a

graphical technique using measured or estimated concentrations or flows.
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CONTROLLED FLOW METER AND

BAR SCREEN AND/OR
COMMINUTOR FLOW PUMPS CONTROL DEVICE
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a. Inline flow equalization.
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Sideline flow equalization. .

Figure 6-1. Flow equalization in secondary treatment plant.



The basic data needed for design are the variations in wastewater
flow, preferably on an hourly basis, for the time period chosen for
equalization. For municipal systems, equalization of the diurnal varia-
tion is usually sufficient. However, at rest areas equalization may be
most beneficial over a weekly period. Wallace3 reports that at least
ten of the selected equalization periods (usually of one week duration
each) should be evaluated in order to determine the most extreme condi-
tions. If equalization is being provided for an existing plant, actual
flow data should be collected. For new rest-area treatment systems where
flow data are not available, highway traffic flow variations may be used
in conjunction with estimates of rest-area usage and wastewater produc-
tion for each vehicle. An equalized highway traffic flow could be deter-
mined and then converted to a required liquid volume of equalization.
Once traffic or wastewater flow data have been collected, a hydrograph
should be constructed to graphically illustrate the variations in flow
over the given time period. An example of hourly traffic volumes for an
Illinois rest area’ is given in Figure 6-2.

Graphical determination of equalization volume is achieved by con-
struction of a cumulative flow diagram, that is, a plot of cumulative
flow or volume versus time. Cumulative flow is the area under the hydro-
graph curve for a given time interval and is therefore the volume for
that interval of time. An example of a cumulative flow diagram using
traffic flow as the equalized parameter is given in Figure 6-3 for the
hydrograph shown in Figure 6-2. A simplified example is given in
Figure 6~k.

The slope of a line drawn from the point of origin to the last
point on the cumulative flow line (the dashed line in Figure 6-3)
represents the average flow rate and is the equalized flow rate to the
wastewater-treatment facility. In construction of a cumulative flow
diagram the cycles of flow must be over a complete time period; i.e.,
each cycle is a full 24 hours. Next, two lines A and B are drawn par-
allel to the average flow line such that one is tangent to each ex-
tremity of the cumulative flow line. The vertical distance between

lines A and B is the minimum equalization volume of traffic. This
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equalization volume of traffic is then converted to flow by multiplying
by 5.5 gal/veh.

The equalization volume calculated above is the.minimum require-
ment for the time period evaluated. Design fof future increases in
average flow will reqﬁire provision of additional capacity. Also, mix-
ing and aeration equipment may require a minimum volume to be maintained
in the tank. If future flows are projected to be considerably greater
than present flows, the equalization basin should be staged or compart-
mented to allow for increased equalization capacity. For rest areas,
pfovision for this flexibility should be considered on a seasonal basis
as well. v

Equalization tanks receive raw wastewater that has been subjected
only to comminution or other preliminary treatment. The wastewater
solids must be kept from settling in the tank since rémoval of set-
tleable solids from the tank would increase the cost of equalization
with little benefit to the downstream wastewater-treatment system.
Additionally, detention of the wastewater in a quiescent tank may result
in septic odor problems caused by anaerobic decomposition of the or-
ganics in the wastewater. Aeration and mixing may be provided by me-
chanical mixing, mechanical aeration, or diffused aeration. For
smaller systems and for systems that already use diffused aeration for
treatment ‘processes, diffused aseration is the likely choice. If the
equalization basin is large enough to warrant construction of an earthen
basin, then floating surface aerators may be more advantageous. Ailr
requiremeﬂts to achieve complete mixing are normally in excess of that
required for oxygen transfer. Metcalf and Eddy5 report that 20 to
30 efm/1000 cu ft of tank volume are required to ensufe good mixing
with a diffused seration system. This requirement for mechanical aera-~
tors varies from 0.5 to 1.0 hp/1000 cu ft. Complete mixing may not be
necessary; suspended solids will not settle out if 0.15 to 0.30 hp/

1000 cu ft are maintained.l Variances in requirements are due to
different aerator and basin designs and geometry of the basin. The
oxygen transfer capacity of the aeration system should be checked

against the oxygen uptake rate of the raw wastewater to insure that
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septic conditions will not develop. An uptake rate of 15 mg/&/hr has
been reported for domestic wastewater.  Aerobic conditions can be
maintained by supplying air at a rate of 9.4 to 15 ¢fm/1000 cu ft of
storage and Metcalf and Eddy suggest that the most economical design
is to provide mixing equipment to hold solids in suspension and satisfy
minimum oxygen requirements with a diffused aeration system.l

Perhaps the most difficult aspect of the design of flow equaliza-
tion systems for the relatively small rest-area flows is the mechanism
for metering wastewater flow into the plant at the average daily flow
rate. Centrifugal sewage pumps capable of handling sewage solids will
not operate efficiently at rates in the 10-gpm range typical of many
rest-area flows. Allowing the pump to cycle on a timed schedule will
provide flow during periodé of little use, but the surges produced when
the pumps begin operating may reduce to some extent the benefits of
equalization. Pneumatic ejectors and air-lift pumps are often used in
lieﬁ of centrifugal pumps for smaller flows. Clogging is less of a
problem with pneumatic ejectors than with air-1ift pumps. In some cases,
gravity discharge from the equalization tank to the treatment system may
be possible, but an automatically controlled flow-regulating device
would be required.l Instrumentation to regulate flow may be a signifi-

cant cost to the system.
6-2. PERFORMANCE

A flow equalization basin will likely improve the performance of
the wastewater-treatment facility by dampening peak loadings and re-
ducing severe underlbading conditions. Additionally, as much as 10 to
20 percent BOD reduction may occur in an in-line equalization system;l
The tank will operate similarly to an aerated lagoon, except that the
detention time and sludge age will be low and variable. The plant ef-
fluent discharged to the stream will be more uniform and will not degrade
the stream's water quality as much as with an unequalized system. Equal-
ization will also result in more uniform operation of treatment plant

equipment , thereby increasing service life and reducing wear.
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6-3. - OPERATION

The equalization system will require some additional maintenance

by the(plant operator, but the reduced operational problems experienced
by the rest of the plant should outweigh the time spent on the equaliza-~
tion system. Foaming and buildup of solids are the primary problems
associated with the tank. Periodically, the tank must be drained to
remove any buildup of grit or other sediment in the tank. Provision to
use an alternate tank or bypass to the treatment plant will be necessary
for cleaning the tank. TFrequent inspection of any flow-regulating device
and adjustments for increases or decreases in wastewater production are

necessary.
6-4. DESIGN

1. Input required.

Variations in hourly flow or traffic flow for peak weekly

period.

2. Design procedure..

Construct cumulative flow diagram as in Figure 6-3.

Determine equalization traffic volume as in Figure 6-3
and convert to wastewater volume.

o |®

Equalization traffic x 0.09

Wastewater volume = _ 5.5 gal/veh

where
0.09
5.5

percent traffic stopping at rest area

n

gallons of wastewater produced per vehicle
stopping

Determine mixing requirements.
(1) Diffused aeration: 20-30 ¢fm/1000 cu ft.
(2) Mechanical mixing: 0.15-0.30 hp/1000 cu ft.

|o

d. Determine oxygen transfer requirements for aerobic
conditions. O2 required = 9.4 to 15 ¢fm/1000 cu ft.

e. Select larger system calculated in ¢ or 4.

3. Example calculations.

a. From Figure 6-3 equalization volume = 800 vehicles.
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b. Wastewater volume = 800 vehicles x 0.09 x 5,5 gal/veh

Wastewater volume = 396 gal.

For conservation let wastewater volume = LOC gal.

c. Determine mixing requirements.

(1) Wastewater volume = 400 gal = 53.5 cu ft.
Diffused aeration = 30 c¢fm/1000 cu ft.
Diffused aeration = 30 efm x 53.5/1000.
Diffused aeration = 1.6 cfm.

d. Determine oxygen transfer requirements.

Oxygen requirement = 15 cfm/1000 cu ft.

: = 53.5
Oxygen requirement 15 cfm x 1000 °
Oxygen requirement = 0.8 cfm.
€. ©BSelect larger system.

Air requirement = 1.6 cfm
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T. SEPTIC TANK-ABSORPTION FIELDS

T-1. PROCESS DESCRIPTION

- The primary purpose of the septic tank is to remove settleable and
floatable materials. Wastewater enters directly into a septic tank
where it is detained for a period of time, determined by the design of
the tank size and actual wastewater flows. While in the septic tank,
materials undergo anaerobic decomposition and their volume is reduced
slightly. Other portions of the solids in the wastewater (particularly
the toilet paper) rise to the surface and are retained in the septic
tank in the form of a floating scum layer. The liquid fraction contain-
ing the unsettleable percentage of the suspended solids, bacteria,
soluble organics, and nutrients (nitrogen and phosphorus) occupies the
majority of the tank volume and is that portion of the wastewater that
is to be discharged for further treatment. A well designed septic tank
will provide an effluent relatively low in suspended solids, but high in
organics, nutrients, and bacteria. A typical analysis of septic tank

effluent is given in Table T-1. This effluent is not acceptable for

direct discharge to surface waters.

Table T-1. Septic Tank Effluent Characteristics.l

Kjeldahl Suspended Settleable
Nitrogen UNitrate Solids COD BOD Solids
Rest Area pH as N as N mg/ % mg/% mg/l mg/L
1 8.70 237.2 0.25 49.0 217 103 0.1
2 8.70 272.8 0.45 66.2 233 135 0.1
3 T.78 221.1 0.0 58.4 221 133 0.1
b 7.50 163.6 0.1 78.8 264 - 160 0.4
Mean® 8.2  233.0 0.2 63.2 233 133 0.2

aOne sample taken at each rest area.

The most commonly used method of disposing of the liquid fraction
of the wastewaters from septic tanks is absorption by the soil in what
has been called an "adsorption system" in this publication (Figure 7—1).

Adsorption system is synonymous with "leach field" and refers to
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Figure T7-~1l. Septic tank leach field.

subsurface disposal of the wastewater and subsequent percolation into the
groﬁndwater with negligible loss attributable to evapotranspiration.
Little operational data are available on rest-area use of éeptic
tanks. However, Sylvester and Seabloom; did monitor the influent and
effluent of septic tanks showing the reduction of suspended solids,

chemical oxygen demand, and biochemical oxygen demand (Table T-2). From

Table T7-2. Septic Tank Reduction of Wastewater Parameters.l

S8 COD BODS

Parameters ng/% mg/% ng/%
Septic Tank ‘

Influent Mean 165 405 165
Septic Tank

Effluent Mean 63 233 133
Percent, .

Reduction 62 43 _ 20

this work they were able to recommend the use of septic tanks followed

by leach fields in areas where the soil porosity is high and where the
groundwater table is low. Data collected in the WES survey (Table 2-5)

have shown the use of septic tanks followed by leach fields to be one of
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the most frequently used forms of sewage treatment employed at rest
areas. Problems encountered at rest areas with septic tank leach fields
are mainly due to improper sizing, construction, and operation of leach

fields and inadequate soil investigations.

T-2. ABSORPTION SYSTEMS

Septic tank effluent may be disposed of in three types of soil
absorption systems: narrow trench, seepage bed, or seepage pit. ' The

narrow trench system (Figure 7-2) employs trenches 12 to 18 in. wide
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Figure 7-2. Narrow trench system.

see  tm cesaal @

with a b4-in. tile line (perforated or open jointed) resting on 8 in. of
coarse material, gravel or stone, in the bottom of the trench. The
depth of the trench determines the type of treatment provided. Shallow
trenches 2 to 3 ft deep are preferable since this will allow aercobic
biological activity for conversion of organic material to less harmful,
stable materials. In deeper systems, a design requifed for cold regions
where the frost line penetrates several feet below the surface, little
opportunity for aerobic stabilization of organics is available. How-
ever, partial anaerobic treatment will occur which may lead to the per-
colation of insufficiently treated wastewater to the groundwater. There-
fore, care must be taken to design a system that is below the frost line
yet has its bottom at least 4 feet above the high water table. In this

manner only sufficiently treated wastewater reaches the groundwater. The
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shallow, narrow trench system is recommended because it provides maximum
infiltrative surface in the aerobic zone activity.

The seepage bed (Figure 7-3) or wide trench system employs trenches
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Figure T-3. Seepage bed.

2 to 3 ft wide or wider. Little sidewall area is provided per volume of'
trench; therefore, the effective infiltrative surface is less than that
for a narrow trench system of similar area. Construction may be sim-
pler, but the degree of treatment and 1life of the field will be less
than those for a narrow trench system. -

The seepage pit system is a deep pit extending as far as 70 ft
into the ground. Little aercbic treatment is possible and unstable mate-
rial including organics, ammonium, and bacteria may be discharged to the

groundwater. The seepage pit 1s not recommended for rest areas.

T7-3. PERFORMANCE

Septic tank leach field systems are capable of effectively dispos-
ing of and treating rest-area-generated wastewater in any of the FHWA re~
gions provided that they are properly designed and constructed. If the
procedureé outlined in the design section are followed, with particulaf
emphasis placed on thorough soil investigations and proper and thorough
inspections and ‘supervision of construction and installation, then septic
tank leach field systems can be used for treating rest-area-generated

wastewater and will be in compliance with the reguirements of PL 92-500.
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Septic tanks are ideally suited for use at rest areas, partic-
ularly those that experience only limited use. Septic tanks function
satisfactorily in cold as well as warm climates provided that the leach
fields have been designed to operate below thé frost line in cold cli-
mates. Excessive rainfall may cause failure of a leach field if the
soil becomes saturated. However, if the leach field is designed with
a properly graded surface most rainfall will run off and the leach field
will continue to operate properly.

Even though large fluctuations in wastewater flow are experienced
at rest areas, septic tank leach field systems can perform adequately
when the septic tank has been properly sized to handle the expected peak
flows. If the septic tank is undersized, solids may be washed out of
the tank during periods of peak flow and may ultimately clog the leach
field.

7-4.. FLEXIBILITY

Septic tank leach field systems do not readily lend themselves to
expansion. Because the sYstem is constructed underground, expansion
wquid require the excavation and replacement of the existing septic
tank. It would also require the lengthening of existing leach field
lines or the construction of additional leach fields. A method for-add-
ing flexibility to the septic tank leach field system is the installa-
tion of a splitter box on the effluent line from the septic tank. In
this manner as the first leach field becomes hydraulically overloaded

or clogged flow may be diverted to a second leach field.
T-5." RELIABILITY

Septic tank leach field systems can consistently and effectively
treat the wastewater produced at a rest area. Leach fields should

operate up to 20 years without clogging.

7-6. OPERATION

Failure of absorption systems is normally caused by clogging of the

infiltrative surface. Sometimes high seasonal groundwater conditions
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result in pooling of septic wastewater in trenches and seepage to the
surface. The volume of effluent that can be absorbed by the soil is
related to available surface area, characteristics of the soil, and
reactions between the constituents of the soil and the wastewater.
Traditionally the ability of a soil to accept waste effluent is measured
by the percolation test, which was first developed by Henry Ryon in
1926.2 Simply described, this test measures the amount of clean water
that can move through the soil in a given time. A description of the
test as recommended by U. S. Public Health Service is given in Reference
3.‘ While this test does define the percolative capacity of the soil, it
does not define the infiltrative capacity of the soil. Infiltration as
defined by McGauheyh is the rate at which liquid will pass through the
soilwater interface. Percolative and infiltrative capacity are equal at
the beginning of an operation, but chemical, biological, and physical
phenomena change the characteristics of the first few inches of soil and
may reduce the infiltrative capacity to the point of completely clogging
the soil surface. élogging.results in unsaturated conditions in the
soil below the surface thereby reducing the hydraulic conductivity of
the soil to less than that for saturated conditions as measured by
permeability tests. The most significant cause of soil clogging is
anaerobic biological activity which produces slimes, ferrous sulfide,
and polysaccharides that form an impermeable crust on the surface.

These materials may be formed irrespecﬁive of the type of soil present
when oxygen is continuously excluded from the soil. Therefore, the rate
at which septic tank effluent can be applied to the soil cannot be
directly computed from the percolation test. Henry Ryon performed his
test on a number of sites in New York State; he evaluated existing soil
absorption systems and related the success or failure of these systems
to the results of the percolation tests. The results indicated that
infiltrative rates were significantly less than the percolation rates.

A curve was developed for Ryon's data relating loading rates that did
not produce system failure to percolation test measurements. The re-
sults of Ryon's study have been used for design purposes even when

conditions have been significantly different.
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Septic tank leach field systems are perhaps the simplest waste-
water treatment systems to operate.  Once every six months (if adequately
sized) the septic tank should be investigated to determine the thickness
of the scum layer and the depth of the sludge layer. .If the bottom of
the scum layer or the top of sludge layer is approaching the bottom of
the outlet structure (Figure T-1) then the contents of the tank must be
pumped out; this is normally accomplished by a local septic tank clean-
out service.

Operation of alternating leach fields is accomplished by switching
the flow from one fleld to another. This duty and the septic tank in-
vestigation can be performed by the person performing custodial service
on the rest area. It is recommended that leach fields be switched every
7 days. This allows each field to dry out and become aerobic.

Among operational problems that may occur in a septic tank leach
field system at a rest area is the clogging of the leach field. This
will become evident by the surfacing of wastewater in the leach field or
the backup of the toilets in the rest rooms. If such conditions occur
they must be immediately reported to the State highway department and
remedial action taken. A recently recommended method of unclogging
leach fields has been the addition of an oxidant into the leach field.
Because of its low cost the recommended oxidant has been hydrogen
peroxide.

Hydrogen peroxide treatment of leach fields may be performed in
two manners; 1t may be added to a clogged field for remedial action or it
may be added periodically as preventive action. When hydrogen péroxide
is used on a clogged field all wastewater must be removed from the field.
This is performed by excavating a pit near the field and pumping all
water from the pit. After the leach field has been pumped dry hydrogen
peroxide (which is obtained commercially at 50% solution) is diluted
with water using one part hydrogen peroxide to every 20 to 40 parts
water. This mixture is then added to the leach field just prior to the
leach field lines. The solution of hydrogen peroxide and water is added
continuously to the field until the field is no longer clogged and the

water being added goes into the surrounding soil and does not pond.
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- As a preventive actlon hydrogen peroxide may be added to the leach
- field system each time the septic tank is pumped out. In this manner
proper functioning of both the septic tank and the leach field may be

assured.
T-7. PRELIMINARY DESIGN

The most widely used reference for the sizing of septic tanks and

leach fields is the USPHS Manual of Septic-Tank Practice.3 From this

and other design manuals the correct size of a septic tank for a given
flow can be determined. However, it should be noted that it is better
to oversize a septic tank than to undersize one. Since the primary pur-
pose of a septic tank is to remove settleable solids (with anaerobic di-
gestion of the settled material), oversizing may increase retention times
and thus promote settling. Undersizing, however, may allow for some
short-circuiting or washout of solids during periods of high flow and
allow suspended solids to enter the leach field (or sand filter) and thus
clog the infiltrative surfaces. For larger leach fields, i.e., those
with greater then 500 lineal ft of tile, the USPHS recommends thét a
dosing tank be used to optimize distribution of sewage throughout the
leach field and to give the absorption lines time to dry out between
loadings. If the leach field is so designed that the field lines cannot
dry out between loadings (i.e. the leach field is continuously receiving
wastewater), an alternate field should be provided whereby two siphons
can alternately dose the two absorption fields. The rest period pro-
longs the life of the leach field by allowing the system to dry out and
become aerobic, thus minimizing the clogging of the soil that occurs
under anaerobic conditions. There is no set method for determining
when a leach field has dried out. One manner of determining this would
be to take moisture readings at various depths of the leach field during
the period of nonuse. This may be achieved by taking a soil sample and
noting the moisture content at various depths throughout the period of
nonuse.

The primary parameter to be determined for an absorption system

is the land area required to treat a given volume of wastewater. This
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area is directly related to the characteristies of the soil, the type
of operation, configuration of the field, construction procedures, and
type of effluent applied. Soill characteristics are site dependent and,
therefore, must be quantified as to their absorption capacity.
Evaluation of the soil characteristics should begin with collec-
tion of available soil maps of the area in question, history of septic
tank usage in the area or on comparable soils, and soil borings to fill
data gaps. ©Soil maps may be obtained from the Soil Conservation Service
(sCS). A history of septic tank failures in the area may be avallable
from either the SCS or the local or state health environmental organiza-
tion. A history of septic tank performance may also be obtained by
interviewing local owners of septic tanks. A soil scientist or engineer
familiar with soils and their ability to accept septiec tank effluent
should be consulted in order to qualitatively determine if evaluation of
an absorption system may proceed. If this initial evaluation proves
the feasibility of this process, then the absorptive capacity of the
specifiec area available for the absorption system must be determined.
Although the limitations of the percolation test are recognized,
it continues to be used by regulatory agencies in sizing absorption
areas. Methods to replace the percolation test with other medsurements,
most notably the crust test for hydraulic conductivity (Bouma),5 have
been proposed. The crust test attempts to relate the conditions that
will exist after septic tank effluent reacts with soil constituents to
form a crust resulting in an unsaturated soil beneath the crust. The
percolation test saturates the soil resulting in faster rates of percola-
tion through the soil. The percolation test measures the rate of fall
of a water column in the soil and is normally reported in minutes per
inch. The USPHS requires the percolation rate to be faster than
60 min/in. for absorption trenches. If the rate is faster than 1 min/in.
then retention in the soil may not be sufficient to remove bacteria and

unstable brganics thereby increasing the chances. of groundwater pollu-

tion. Note: Absorption systems should not be located where the sea-

sonal high groundwater table or impervious stratum is within 4 ft of

the trench bottom. Guidance for'conducting the percolation test is
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given in the Manual of Septic-Tank Practice.3

a. Septic tanks may be designed using the following procedure.

(1) Input required:

Q:

average daily flow, gpd

(2) Design criteria:

(a)

(p)

Divide septic tank into a minimum of two compartments
with the first compartments being 50 to 67 percent of
the total volume.

The depth of liquid in the tank should be 30 to 60 in.
with 20 percent of the total depth of the tank being
left for freeboard at the top.

) The smallest plan dimension should be 4 ft.

The inlet device should meet the following
specifications:

1. Invert elevation should be at least 3 in. above
liquid level.

2. A vented tee or baffle should be installed to
divert incoming sewage downward. .The baffle
should extend at least 6 in. below the liquid
level, but it must be 3 in. higher than the out-
let baffle (see Figure T-k).

. DOSING
REMQVABLE D
7 = T for
n._ Al .
INLET] T : VENT
——{ ii scow LI B i mgHON!L“
e '
T:I 2/3L /3L OQUTLET
SLUDGE — T

(e)

(£)

Figure T-4. Septic tank with dosing tank.

The outlet device should include a baffle that extends
below the liquid to a depth equal to 40 percent of the
liquid depth and above the liquid line to within 1 in.
of the top of the tank.

Access manholes or ports should be provided for each
tank compartment, inlet, and outlet in order to check
sludge and scum accumulation.
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(3) Design procedure:
(a) Use 1.25 x average daily flow (Q) for design flow.

(b) Calculate volume (V) of septic tank, in gallons.
Note: The smallest size tank for use at rest areas
shall be 1500 gals.

1. If Q x 1.25 < 1500 gpd, V
2. If Q x 1.25 > 1500 gpd, V

1500 gallons
1125 + 0.75 (Q x 1.25)

b. Absorption fields may be designed using the following
Procedure.

(1) Input reguired:

Q
t

average daily flow, gpd

percolation time, min/in.

(2) Design criteria:

(a) "Percolation" rate must be between 5 and 30 minutes
per inch. (This converts to maximum and minimum in-
filtration rates of 2.2 to 0.9 gal/sq ft/day)
(Figure 7-5).
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Figure T-5. Determination of percolation rate.
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(b) Seasonal high groundwater table must be greater than
4 £t below bottom of trench.

(c) Absorption field must be at least 100 ft from source
of water supply and at least 50 ft from surface waters.
Whenever possible adsorption fields should be located
as distant as possible from water supplies. They must
also be located at a lower elevation than the water
supply. In this manner possible contamination of a
water supply by wastewater from an adsorption field
will be minimized.

(d) The drain tile field distribution lines should be laid
level.

(e) The length of any individual line should not exceed
100 feet.

(3) Design procedures:

Application rates for soil-absorption trenches have been
determined from empirical data and described by the

equation:
Qa = -'/—-E (T"'l)
t
where
Qa = allowable rate of application of wastewater, gal per sq ft of
trench sidewall area per day
t = percolation time, min/in.

McGauheyh stresses that the sidewall area is the most effective absorp-
tive surface of the trench. Intermittent loading of the system, with
sufficient intervals between loadings to allow drying, permits aerobic
conditions to be established at the infiltrative surface on the side-
walls. The bottom area may remain inundated and be clogged by the poly-
saccharide and ferrous sulfide slime layers created by anaerobic con-
ditions. Equation T-1l includes a statistical allowance for the sidewall
area of a 2-ft-wide trench. Application rates for deeper or wider
trenches must be adjusted for the increase in infiltrative surface.

Factors for this adjustment are given in the Manual of Septic-Tank

Practice.3 The maximum infiltration rate used should not exceed
2.2 gals/sq ft/day, and if the infiltration rate is less than 0.9 gal/
sq ft/day, septic tank systems should not be used.
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Only the sidewall area of the trench below the invert of the pipe
should be used in determining the length of trench required. The side-
wall depth below the pipe inlet should be between 6 in. and 4 ft. The
infiltration rate used in design should be the minimum value of the
soils encountered in this region.

The trench sidewall area should be designed for a peak factor of
at least 2.

The design flow for sizing a septic tank absorption field system
should be 1.25 times the average daily flow (Q, gpd). Then trench side-

wall area A, (in sq ft) can be determined as follows:

A = 16229 x peak factor (7-2)
a

The length of tile drain required, L (in ft), is given by:

A
} t (7-k)
2 x depth below pipe invert

L

Laterals should not be greater than 100 ft in length, and for rest-area
flows many laterals may be required. The spacing between laterals must
bevat least twice the depth of gravel in the trench in order to allow
for percolation of effluent through the sidewalls. As a matter of
practice due to construction considerations, 6~ft centers, as a mini-
mum, are generally used. The total land surface area (A) of the field

would then be given by:
A=Lx6 C(7-4)

If dosing siphons are to be used and two adsorption fields provided
then the total land surface area will be doubled. When dosing siphons
are used the following criteris should be met.

(a) A dosing siphon or pump should be provided to flood
the drain tile field. The dosing rate should be at
least twice th