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FOREWORD

The Environmental Protection Agency was created because of increasing
public and government concern about the dangers of pollution to the health
and welfare of the American people. Noxious air, foul water, and spoiled
land are tragic. testimony to the deterioration of our natural environment.
The complexity of that environment and the interplay between its components
require a concentrated and integrated attack on the problenm.

Research and development is that necessary first step in problem
solution and it involves defining the problem, measuring its impact,
and searching for solutions. The Municipal Environmental Research
Laboratory develops new and improved technology and systems for the pre-
vention, treatment, and management of wastewater and solid and hazardous
waste pollutant discharges from municipal and community sources, for the
preservation and treatment of public drinking water supplies, and to
minimize the adverse economic, social, health, and aesthetic effects of
pollution. This publication is one of the products of that research;
g most vital communications link between the researcher and the user
community. ‘

Variations in flow rate and composition are characteristics of
wastewaters treated at municipal treatment facilities. Improved efficiency,
reliability, and control of various physical, chemical and biological
treatment processes are believed possible at or near constant plant
conditions. This publication presents data gathered.from all sewage treat-
ment plants having equalization facilities that could be located throughout
the United States and analyses of plant operations are made. Analysis
proc dures and design principles are presented to cover the spectrum of
cor“cions to which equalization may be applicable.

Francis T. Mayo, Director
Municipal Environmental Research
Laboratory



EXECUTIVE SUMMARY

. The executive summary presents a detailed overview of the
major segments of the manual including purpose and scope, pro-
cedures, supporting data, and major recommendations.

Section Contents Description

®* Section 1l: Introduction; establishes the purpose and
intent of the manual. Basic problems are defined and
included with major problem subcategories. The purpose
of providing the manual is identified, and the scope of
subject material coverage is established.

* Section 2: Design and Operation Practices Recommenda-
tions; typical wastewater system situations requiring
evaluation for applicability of equalization are de-
scribed. Conditions favoring applicability of equaliza-
tion are summarized according to magnitude of input
variations, characteristics of sewer systems, size and
type of treatment facilities, etc. Recommendations are
made concerning size, type, location, and required appur-
tenances of equalization facilities appropriate for
typical sewerage and treatment system configurations.

®* Section 3: Quantitative Methodology; presents and sum—
marizes established procedures for sizing equalization
facilities as a function of typical or critical influent
variations. Quantitative comparison is made between
flow and concentration smoothing afforded by in-line and
side~line equalization configurations. Methodology is
presented for evaluating collection system flow vari-
ations to determine when equalization is appropriate and
when collection system improvements are dictated. Pro-
cedures are outlined for using treatment plant operating
data to establish effects of equalization on unit process
and overall treatment plant performance.

* Section 4: PFacilities Summary; contains results of the
nationwide survey of equalization facilities. Data pre-
sented define the characteristics of existing equaliza-
tion facilities and the nature of applications in terms
of basic sewerage system and treatment system features.
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®* Section 5: Performance Evaluation; presents all avail-
able information collected from the literature, past
studies not published, and data from operating treatment
facilities that could be used to identify effects of
flow equalization on individual treatment processes and
overall treatment plant performance. Criteria for
selecting and evaluating operating data used are summa-
rized. Detailed data on the performance of individual
plants is presented and analyzed. General operating

- performance of plants with equalization is compared to
plants not having equalization. Theoretical effects of
influent variations on unit process and treatment system
performance are summarized as a guide to evaluating
equalization performance. ‘

®* Section 6: Equalization Cost; unit costs of basic
equalization facility types and conventional appurte-
nances are presented as developed from the national
survey and Brown and Caldwell design files. Capital
costs and costs for operation and maintenance are pro-.
vided. Examples are given to illustrate cost comparison
of treatment facilities designed with and without equal-
ization. , - S :

This report is submitted in partial fulfillment of Contract
No.- 68-03-2512 by Brown and Caldwell, Inc., under the sponsor- .
ship of the U. S. Environmental Protection Agency. This report
covers the period March'7, 1977, to September 7, 1977.
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SECTION 1

INTRODUCTION

BACKGROUND AND PURPOSE

Background

Equalization as the term is applied to wastewater treatment,
refers to facilities and procedures for minimizing variations in

the flow rate and composition of wastewater processed at munic-
ipal treatment facilities.

Variations occur characteristically in domestic wastewater
flow rate and composition as a result of cyclic activities of
the human population. Additional variations are commonly im-~
posed by a combination of (1) random and cyclic activities in
the collective industrial-wastewater-generating segment of the
rcommunity and (2) by storm-related effects of infiltration and
inflow. In addition, the average wastewater flow rate at
typical municipal treatment plants may be expected to increase
by 25 to 100 percent or more over the design life of the facil-
ities. These variations and resulting problems are accepted in
wastewater treatment, and the vast majority of municipal treat-
ment plants today routinely operate under such conditions.

Operation of wastewater treatment plants at or near con-
stant conditions is commonly assumed to be advantageous. Im-
proved efficiency, reliability, and control of various physical,
chemical and biological treatment processes are believed possible
under such conditions. Cost savings are assumed to result from
elimination of excessive peak treatment capacity and from re-
duced periods of operation under peaking conditions. Examples
supporting these assumptions are widespread in chemical process
industries and in water treatment where constant operating con-
ditions are maintained routinely and permit process optimization.

Equalization is not a new idea. Industrial applications
of equalization using lagoons, in-line sewer capacity and tanks
were discussed in early work by King, 1942 (1); Rudolfs, 1943
(2), 1946 (3); and Gurnham, 1955 (4), respectively. However,
municipal applications of equalization received little attention
until the advent of the Federal Water Pollution Control Act



amendments of 1972. The Act has resulted in stricter water
quality standards requiring more extensive, more sophisticated,
and more reliable wastewater treatment. This in turn has con-
tributed to significant interest in the potential of flow equal-
ization for improving performance and reducing capital and oper-
ating costs at municipal wastewater treatment plants.

Basic Problem Categories

Equalization Definition--

For the purposes of this study, equalization will be de-
fined as any facilities and procedures for minimizing variations
in the flow through treatment plants, as long as the total flow
is ultimately processed through the treatment plant. Consider-
ation is limited to municipal wastewater treatment facilities.
The term "equalization” is applied most commonly to minimizing
diurnal variation at wastewater treatment plants regardless of
the source of variation. Minimizing variations during storm-
influenced periods only is commonly referred to as storm flow
retention, or as combined sewer overflow control where variations
result from the existence of combined sewers. These practices
will also be considered as equalization as long as storm flows
are ultimately processed by the normal treatment system, and not
bypassed receiving only partial treatment before disinfection
and discharge. Procedures for identifying storm flow character-
istics that can be accommodated by equalization are detailed in
Section 2. Temporary storage of industrial waste, or other
occasional sludge discharges that would be detrimental to normal
treatment, is also considered as equalization where the stored
flow is ultimately processed by the normal treatment facilities.
Applications of this type are common in communities with appre-
ciable manufacturing or food processing industry for example.

Equalization Applications--

Equalization may be applied elther as a means of upgrading
existing facilities, or as an integral component of entirely
new facilities. Planning and design considerations for the
respective applications differ markedly. Upgrading of treat-
ment plants may be required for one or more of three major
reasons (5): first, to meet more stringent treatment require-
ments; second, to increase hydraulic and organic loading capac-
ity; and/or third, to correct or compensate for performance
problems resulting from improper plant design and/or operation.
Equalization may help a plant attain higher effluent quality by:

* permitting process optimization and improving
performance of existing treatment components;

®* improving reliability by minimizing flow and load
peaking and/or reducing or eliminating bypassing;



* reducing effects of shock loading of toxic or other
upsetting influent waste components.

Increased effective hydraulic and organic loading capacity may
result from allowing continued operation at constant average
flow in treatment units that have reached capacity under peak
flow conditions.

Equalization may help to overcome design deficiencies and
reduce operational problems by:
'7,oompensating for one or;more design deficiencies more
~economically than correcting the deficiencies themselves;
~® providing for simplified operation; thus minimizing
potential difficulties from operational error.

Equallzatlon is one of many alternatives available for appli-
cation to.each of these problem categories. Procedures for
identifying problem areas and evaluating available alternative
solutions, including equallzatlon, are detailed in the U. S.
Env1ronmental Protection Agency's (EPA) Technology Transfer
Manual on upgradlng existing . wastewater treatment plants (5) .

Equallzatlon may be‘lncluded in new treatment facilities:
* to assist in achievement of effluent requirements;
particularly where effluent requirements are strict,
and where advanced and sensitive treatment processes
are included;

to minimize peaking capa01ty of olanned treatment
components;

to permit process optimization, and to’simplifYZ
operational requirements.

Application of equalization in the design of new facilities.

is not constrained by existing phy51cal fa0111t1es.v Accordingly,
the most favorable application is permitted consistent with cur-
rent knowledge of hydraulic, siting, operation, and maintenance
factors. ‘ o ' ’

Equalization Design Requirements

The design of equalization fac111t1es requlres evaluation
and selection of a number. of features:

type and magnitude of input variations
required volume
facility configuration

L]
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pumping/control mode
type of construction
®* appurtenances; aeration, mixing, odor control, cover,
flushing
®* cost and benefits

Design decisions must be based on the specific details and
unique requirements of each individual plant. Major influencing
factors will include the type and degree of treatment employed,
local site conditions, and cost relative to benefits in compari-
son to feasible alternatives.

Quantitative procedures are available for establishing
ability to equalize input variations according to their type
and magnitude, and for determining required equalization volume.
Criteria for establishing equalization benefits in terms of ef-
fects on unit process and treatment plant performance are pre-
sented in Section 2 along with illustrative examples. Costs of
egqualization construction, operation, and maintenance have been
developed from an extensive survey of existing facilities and
are detailed in Section 5. Equalization facility configurations,
construction type, and appurtenance requirements are governed
by constraints of existing or planned facilities and conventional
design fundamentals.

Equalization Facility Configuration--

Equalization may be accomplished by an assortment of dif-
ferent kinds of facilities and procedures. The type of system
employed may be dictated to a significant degree by the nature
of existing collection and/or treatment facilities, by siting
conditions or constraints, or by required characteristics of
planned facilities.

Equalization may be accomplished in conjunction with ele-
ments of the tributary sewer system. Excess capacity in major
interceptors may be used to smooth flows to the treatment plant.
To justify development of the storage capacity available volume
must be a significant fraction of required equalization volume.
Such conditions are more likely to exist in combined sewer sys-
tems. Facilities required to take advantage of available stor-
age capacity may range from automatic flow regulating gates with
real time computer control, to manually controlled gates or in-
flatable dams. Variable speed pump stations in conjunction with
excess interceptor capacity or wet well volume, with suitable
controls may also be used to reduce flow peaking. The use of
an in-sewer storage remote from the treatment plant for equali-
zation will require regular procedures to prevent occurrence of
problems resulting from accumulation of solids. Nightly draw-
down of the storage system, with flushing where required, is
essential to prevent excessive discharge of accumulated solids
during daytime peak flow and loading periods.



FEqualization capacity may be provided in the form of off-
line storage tanks located at appropriate points in the collec-
tion system. This may provide economical relief for overloaded
collection system components in addition to equalizing downstream
flow. Location of such tanks adjacent to reguired pump stations
minimizes duplication of facilities. Tanks located within the .
community remote from the treatment are generally relatively ex-
pensive due to required appurtenances to control solids accumula-
tion, . provide for fail safe operation, and prevent odor and
aesthetic problems, :

Currently the most common means of providing equalization
is through the use of specially designed basins at sewage treat-
ment plants. Tanks are located near the headworks to provide
equalization benefits for all downstream units. Location down-
stream of screening and grit removal eliminates the need for
handling accumulations of such materials. Location upstream of
primary clarifiers provides optimum conditions for clarifier
operation, but regquires equipment to prevent excessive solids
accumulation and to maintain aerobic conditions. Either mechan-
ical mixing or diffused aeration, suitably designed, can satisfy
both requirements. Equalization located downstream of primary
clarifiers may be the most economical and troublefree applica-
tion. Although constant flow benefits would not be available to
the primary units, their performance is relatively insensitive
to flow peaking compared with secondary or tertiary treatment
components. Lower capital and operating costs, and reduced
maintenance requirements for storing primary effluent without
problems of solids accumulation may outweigh disadvantages of
operating with normal (unequalized) primary effluent variability.

Location of equalization basins following secondary treat-
ment may be justifiable in special circumstances. Where all or
part of a plant's secondary effluent is reclaimed or processed
by tertiary treatment components, particularly where influent
peak~-to-average flow ratios are low, equalization of this type
may be practical. In such cases equalization provides protec-
tion against poor effluent quality due to upsets in the biologi-
cal secondary treatment. ’

Egqualization basins may be designed as either in-line or
side-line units. In the in-line design, Figure 1l(a), all flow
passes through the equalization basin. This system uses the
pump station to provide essentially constant flow through the
plant. Since continuous pumping is required, design must be
coordinated with other influent pumping requirements to elimi-
nate costly duplication. In the side-line design, Figure 1(b),
only flows greater than the daily average are diverted to the
equalization basin. Depending on unequalized plant pumping re-
guirements, this scheme may minimize additional pumping required.
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Figure 1l(b) Schematic flow diagram of equalization facilities:
side-line equalization

Where equalization facilities are used to provide protection
against toxic or process upsetting materials, side-line facil-
ities would be regquired.

Provision for wvariable volume in key process units may
satisfy requirements for dry weather equalization. The acti-
vated sludge process is adaptable to this type of application.
Significant treatment capacity reductions, as well as improved



performance, may be possible when applied to package type ex-
tended aeration treatment systems. (6) Application to an oxida-
tion ditch system has been shown to contribute to excellent
overall plant performance while requiring relatively low capital
expenditure. (7)

Pumping and Control Mode---

Addition of equalization to a wastewater treatment plant
adds to the total head required for plant operation. The head
required is equal to the sum of the maximum water surface level
variation and dynamic losses through the equalization system.
Additional head may be required for dewatering depending on the
equalization configurations. Very few treatment plant locations
afford sufficient head for operation without additional pumping.

Pumping requirements are established by plant and siting
constraints, and by the equalization configuration selected.
Required head may be developed either by pumping into or out of
equalization. Designing equalization tanks to f£ill by gravity
and empty by pumping permits filling even at excessive peak
rates and allows installed pump capacity to be minimized. 1In
order to maintain desired constant flow effects, effluent pumps
generally require variable speed drives to accommodate day-to-
day and long-term changes in influent conditions.

Filling by means of pumps, and emptying by gravity requires
pump capaclity to accommodate anticipated peak flows. This con-
figuration also generally requires variable speed pumping to
take full advantage of desired flow smoothing. Gravity dis-
charge systems require regulating controls for effluent flow in
addition to influent pump controls. Effective flow control
requires location of a flow measuring device downstream of equal-
ization to monitor final flows. Instrumentation and controls
should be provided to maintain preselected equalized flow rate
with a minimum of operator attention by automatic adjustment of
pump and valve settings.

Type of Construction--

Equalization basins can be provided through the construc-
tion of new facilities or by modifying existing facilities of
sufficient volume. Egualization may -be implemented with relative
ease in an upgrading plan that calls for the abandonment of
existing tankage. Facilities that may be suitable for conver-
sion to equalization basins include aeration tanks, clarifiers,
digesters, and sludge lagoons.

New basins may be constructed of earth, concrete, or steel.
Earthen basins are generally the least expensive. They can
normally be constructed with side slope varying between 3:1 and
2:1 horizontal to vertical, depending on the type of lining
used. Drainage facilities should be provided for ground water



control to prevent embankment failure in areas of high ground
water. Precaution should be taken in design to prevent erosion
in large basins where a combination of aerator action and wind
forces may cause the formation of large waves. It is also
customary to provide a concrete pad directly under the equaliza-
tion basin aerator or mixer. The top of the dikes should be
wide enough to insure a stable embankment. For economy of con-
struction, the top width of the dike should be sufficient to
accommodate mechanical compaction equipment.

In-line basins should be designed to achieve complete mix-
ing in order to maximize concentration damping. Elongated tank
design enhances plug flow and should be avoided where concentra-
tion of load damping is desired. Inlet and outlet configura-
tions should be designed to prevent short circuiting. Designs
which discharge influent flow as close as possible to the basin
mixers are preferred.

Compartmentation--

Design of equalization should follow established sanitary
engineering practices, dividing required volume into two or more
compartments or basins. This permits dewatering for maintenance
and repair without interrupting service, and allows for opera-
ting flexibility. .Where equalization is designed to accommodate
wet weather flows, compartmented tankage allows dry weather
equalization using only a portion of the facilities, helping to
minimize maintenance requirements. When upgrading, existing
facilities tanks being considered for abandonment should be
analyzed carefully to determine possible suitability for equali-~-
zation.

Aeration and Mixing--

The successful operation of both in-line and side-line
basins may require mixing and aeration if placed upstream of
primary clarifiers. Mixing equipment should be designed to
blend the contents of the tank, and to prevent deposition of
solids in the basin. To minimize mixing requirements, grit
removal facilities should precede egqualization basins wherever
possible. Aeration is required to prevent the wastewater from
becoming septic. Mixing requirements for blending municipal
wastewater having a typical suspended solids concentration of
approximately 200 mg/l range from 0.02 to 0.04 hp per 1,000 gal-
lons of storage. To maintain aerobic_conditions, air should
be supplied at a rate of 1.25 to 2 ft3/min per 1,000 gallons of
storage. (8)

Mechanical aerators are one method of providing both mix-
ing and aeration. The oxygen transfer capabilities of mechani-
cal aerators operating in tap water under standard conditions
vary from 3 to 4 pounds O, per horsepower-hour. Baffling may
be necessary to insure proper mixing, particularly with a



circular tank configuration. Minimum operating levels for
floating aerators generally exceed 5 feet, and vary with the
horsepower and design of the unit. Low-level shutoff controls
should be provided to protect the unit. The horsepower require-
ments to prevent deposition of solids in the basin may greatly
exceed the horsepower needed for blending and oxygen transfer.

In such cases, it may be more economical to install mixing equip-
ment to keep the solids ‘in suspension and furnish the air re-
guirements through a diffused air system, or by mounting a sur-
face aerator blade on the mixer.

It should be cautioned that other factors, including maxi-
mum operating depth and basin configuration, affect the size,
type, quantity, and placement of the aeration equipment. In all
cases, the manufacturer should be consulted. ‘

Purpose of the Manual

The purpose of this manual is to assemble and disseminate
all available information on equalization applications to munic-
ipal wastewater treatment developed to date. The manual is not
simply a compilation of data; rather, available information from
all sources has been reviewed and evaluated and, combined with
experience of the investigators, reasonable conclusions are pre-
sented. Procedures for evaluating equalization applicability
and performance are presented. Information on benefits and
costs of equalization have been analyzed. Recommendations con-
cerning equalization in the planning and design of municipal
sewerage systems are presented for consideration and use.

Information developed and presented in this manual rests .
on experience gained through municipal applications of equaliza-
tion occurring almost exclusively over the last five years.

Many new and recently installed equalization systems in an in-
creasingly broad spectrum of applications will add significantly
to understanding equalization uses and utility. It may well be
that continuing developments in the field will require the re-
vision of this manual in the future. Knowledge of treatment
system performance related to equalization and equalization sys-
tem performance is not exhaustive. However, the body of current
knowledge is extensive and provides a firm basis upon which in-
tegrated treatment systems may be planned.

SCOPE OF THE MANUAL

Coverage of Subject Material

This manual presents information gathered from all sewage
treatment plants having equalization facilities that could be
located throughout the United States. Analysis and recommenda-
tions are based largely on this information. Analysis proce-
dures and design principles along with case examples are
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presented to cover the spectrum of conditions to which equali-
zation may be applicable. The vast diversity of individual col-
lection system-sewage treatment plant combinations prevents
exhaustive coverage of all possible conditions. Attention is
concentrated on equalization facilities or systems located at
treatment plants, because of the predominance of existing appli-
cations and the greatest potential effectiveness. Biological
secondary treatment plants and such plants with tertiary treat-
ment elements (most commonly nutrient removal and effluent f£il-~
tration) have received the most widely distributed application
of equalization. The bulk of the remaining applications are
those upstream of treatment plants including in-line flow con-
trol and pump station control applications. The entire spectrum
of system sizes is covered from package facilities serving
limited commercial or residential developments, to facilities
with major metropolitan service areas.

Information Sources Used

Information used in the preparation of this report
included:

* Current project reports and data accumulated and
supplied by the U. S. EPA Municipal Environmental
Research Laboratory.

A national survey to identify existing and proposed
equalization facilities and to provide information on
their design, cost, and performance.

®* Direct communication with operating personnel at
treatment facilities throughout the country.

Private communication with investigators active in
the field.

®* The general literature.

Experience of individuals involved in preparation of
this manual.

GUIDE TO THE USER

Table of Contents

The table of contents provides an overview of general
subject coverage provided in the manual.
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SECTION 2

CONCLUSIONS AND RECOMMENDATIONS

Flow equalization is seldom the only alternative for
dealing with real or anticipated performance problems at

a wastewater treatment plant. Care must be taken to demon-
strate that flow equalization is the most effective and
least expensive alternative.

Flow equalization benefits may be categorized as follows:
®* Reduction of peaking requirements.

* Reduction of process overloads at existing plants under
some conditions.

®* Protection against toxic upsets.
* Potential reduction of operational problems.

®* Provides increasing benefits with increasing plant
complexity.

Feasibility of equalizing storm flows from infiltration/
inflow sources and in combined sewer systems should be
assessed, as would any treatment system component, using
conventional infiltration/inflow analysis procedures.

Where equalization is used to provide for treatment of
storm flow peaking in addition to equalizing diurnal flows,
sufficient treatment capacity must be provided to permit
emptying storage volume.

Side-line and in-line equalization provide approximately
equal degrees of BOD load equalization where storage volume
is provided to level only diurnal flow variations.

In-line equalization provides greater flexibility for in-

fluent waste load equalization using storage volume in
excess of the minimum required for daily flow equalization.

12
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Use of side-lineé equalization generally will not require
duplication of in-plant pumping. In-line equalization will
generally require an additional pumping station.

Placement of equalization following primary treatment mini-
mizes operation and maintenance, and minimizes requirements
for solids removal, aeration, and odor control equipment.

Application of flow equalization in an activated sludge
system will more than likely not reduce the soluble or-
ganics concentration of the effluent from the biological
process.

Although design factors considerably influence the accep-
table loading range:of activated sludge sedimentation fa-
cilities, flow equalization may provide increased TSS and
organics (particulate fraction) removals when applied to
systems with peak hydraulic loading rates beyond about
1,000 gpd/ft2, ]

The removal of soluble organics in a trickling filter
would probably not be enhanced through application of flow
equalization ahead of the trickling filter.

Efficient removal of particulate materials in a trickling
filter sedimentation tank would probably not be signifi-
cantly improved by equalization of upstream flow.

The cost of the storage volume required for equalization
of the peak flows is likely to be less than the cost of
the incremental treatment capacity in plants, of all
sizes, where the degree of treatment exceeds simple
secondary requirements.

Flow equalization should be considered as an alternative

to additional treatment capacity wherever influent P/A
ratios exceed levels of 1.3 to 1.5:1.
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SECTION 3
QUANTITATIVE METHODS

DETERMINATION OF EQUALIZATION APPLICABILITY

The applicability of equalization in any wastewater treat-
ment situation depends on its ability to function as an integral
element of the most cost effective treatment system available,
and as required to meet imposed discharge requirements.

Facility Planning

Equalization provides an alternative to building excess
plant capacity to accommodate input peaking; it also has addi-
tional benefits derived from plant operation under more stable
conditions and an ability to control intermittent plant upset-
ting inputs.

Conventional facility planning and design procedures formu-
lated to assess applicability of alternatives resulting in a
recommended optimum treatment scheme are as follows:

1. Identify treatment requirements (discharge permits);

2 Identify influent conditions;

3. Establish design flows for treatment;

4, Identify all feasible alternatives for meeting
treatment requirements;

5. Establish cost effective treatment scheme consistent
with requirements;

6. DNetalled design.

Identifying influent conditions (item 2) may include conduct of
a Sewer System Evaluation Survey if the infiltration/inflow
analy51s element of the facility plan indicates potentially ex-
cessive infiltration/inflow; or if the system is combined, re-
sulting in overflows of combined sewage, development of a pro-
gram to control the overflows will be required. The outcome of

14



either or both of these analyses will impact item 3, the flows
that have to be accommodated at the treatment plant. The ap-
plicability of equalization is determined through this process
by three major factors: discharge criteria establishing the
degree and reliability of treatment required; the design capac-
ity of the treatment plant; and plant input variation and peak-
ing characteristics.

The degree of treatment required, and resulting feasible
treatment process schemes, establish the potential magnitude
of cost economy available by using equalization and minimum
peaking condition design. As the degree of treatment required
increases, the number of treatment processes with potential cost
savings from reduced design peaking increases. Thus, the ap-
plicability of equalization tends to increase with increasingly
stringent discharge requirements. It is essential in consider-
ing the potential of equalization to recognize the importance
of both specific effluent discharge requirements and convention-
al design criteria for affected treatment components. If dis-~
charge requirements are all established on a 30-day or 7-day
average basis, then treatment components can be designed for
30-day or 7-day average conditions in the critical month of
operation. The success of such designs depends on better-than-
required performance occurring in below-average flow periods,
balancing the excess discharges occurring in the above-average
flow periods. ‘

For example, the conventional activated sludge process,
with requirements only for carbonaceous BOD removal, may common-
ly be designed for average conditions in the most critical
month. In such a case, equalization is of limited benefit.
However, if discharge requirements specify absolute limits on
effluent components, designs must ensure acceptable performance
under peak loading conditions.

For example, activated sludge processes designed for
biological nitrification and for denitrification have been
shown (8) to reguire factors of safety equal to or greater than
the influent peak-to-average ratio to ensure desired performance.
In such cases equalization effectively reduces required design
capacity, and its applicability then depends on the relative
cost of equalization volume and treatment capacity. Specifical-~-
"ly, applicability must be determined in each individual case
according to design requirements for all unit processes in the
treatment scheme affected by equalization. Examples of cost
comparisons for treatment schemes with and without equalization
are provided in Section 5. The result of this process is iden-
tification of the most cost effective treatment scheme for
meeting imposed discharge requirements.
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The general range of treatment plant capacity is a major
factor in determining the type of treatment process to be
selected, and in establishing the unit cost of treatment com-
ponents. Generally, unit costs of treatment components decrease
with increasing size (economy of scale). In addition, peak-to-
average flow ratios typically decrease with increasing plant
size. These factors tend to reduce the economic benefit of
equalization as size increases. This may be balanced off by the
economy of scale factors involved in required equalization
volume. The relative costs of treatment and equalization for a
range of treatment plant capacities are illustrated by examples
in Section 5.

The magnitude of plant input variations and peaking charac-
teristics, and to a more limited extent, the source of those
variations, is a major factor in determining the applicability
of equalization. As the peak-to-average ratio (or other suit-
able measure input peaking characteristics) increases, the need
for peaking capacity in treatment components designed without
equalization increases. Thus, the advantage of equalization is
greater where input peaking is greater.

Where the source of peaking variations is due to ground-
water and storms, the determination of the most cost-effective
overall solution to reducing impacts of peaking on the treatment
facility will require evaluation of alternatives within the col-
lection system in addition to consideration of egualization
measures at the treatment plant site.

Design Flow Peaking Considerations

The flow received at a treatment facility reflects the
input to, and the characteristics of, the tributary collection
system. The influent flow characteristics in turn directly
affect the performance efficiency of the treatment facility.
Hydraulic and organic loading wvariations, outside the design
range of the treatment units, will result in variable effluent
gqualities. From a national perspective, the most common ex-
treme loading variation encountered is rainfall influenced,
specifically if the tributary system has combined sewer ele-
nments. The major loading parameter of rainfall~influenced
flows is hydraulic, often accompanied by discharge of inorganic
solids carried into the sewer with the drainage flow. Flow
variations exceeding 100 times normal non-storm influenced
wastewater flows can result from storm effects, forcing storm
flows to become the controlling factor in determining the load-
ing parameter for plant design.

In this section, guidelines are developed to identify those

systems that are storm-flow dominated. Flow equalization analy-
sis techniques for wastewater system optimization will differ
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depending on whether wastewater-influenced varlatlons or storm
flow are the dominant design factors.

Factors Affecting Influent Flows--

The influent flow at a treatment plant is made up of
wastewater discharged by served customers, infiltration of
groundwater entering the collection system due to system defects,
and storm inflow entering the collection system from runoff dur-
ing rainfall and/or snowmelt. The location and characteristics
of the discharge from customers can easily be monitored, and in
most cases predicted; but the same cannot be said for infiltra-
tion and storm inflow. The impact of all these flows measured
at the treatment plant is dependent on the specific characterls—
tics of the collection system.

Sanitary Sewer Design——Conventional sanitary-only collec-
tion system design is based on sizing sewers for the estimated
peak sewage flow, plus an allowance to accommodate infiltration
and inflow. As the number of tributaries flowing into a specif-
ic pipe section increases, the sewage peaking factor is reduced
nominally by the effect of grav1ty flow in the sewer. Flow
peaking and minimum flow variations from varying size communi-
ties, excluding impacts of industrial or storm flows, are shown
in Figure 2. Diurnal peaking flows of up to 5:1 can be expected
from small systems serving 1,000 people or less, reducing to
1.5:1 for populations of 1,000,000; decreasing in proportion to
increasing population.

10
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Figure 2. Dependence of extreme flow ratios in municipal

sewers on population
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Combined Sewer Design-~-Sewers designed for sewage plus
storm drainage (combined sewers) are normally sized to accept
all sewage flows and runoff from a storm having a specific
intensity. The storm intensity is based on a storm of a
specific occurrence frequency. Storm flows that exceed the
design maximum are allowed to overflow at relief points through-
out the collection system. In combined sewers the major capac-
ity in the collection system is reserved for storm flows.

The hydraulic impact of combined sewers at a treatment
plant is dependent on a combination of factors, namely:

1. The proportion of combined sewers within the tributary
collection system;

2. Flow characteristics of the wastewater dischargers;
3. Development density;

4. Collection system size and hydraulic characteristics;
5. Rainfall patterns.

For the majoxrity of collection systems that have tributary com-
bined sewers the treatment plant peak flow is determined by the
limits of the interceptor system transfer capacity. Flows ex-
ceeding collection system capacity overflow at relief points
within the system. Because of the large flows generated by
storm runoff, even limited areas of tributary combined sewers
can have a dramatic impact on treatment plant flows during
storm periods. :

Assuming that no overflows occur a theoretical relation-
ship can be developed to determine the impact of combined
sewered areas on storm flow peaking characteristics for differ-
ent values of development density, runoff characteristics of

the combined sewered area and storm intensity. These factors
have been combined in a simplified way in Figure 3 and assume
a per capita sewage contribution of 70 gallons per day.

Figure 3 has been constructed using the following data as
the base condition:

Line V1 - population density, 10/acre
Line V2 - combined sewered area percent impervious,

30 percent
Line V3 - rainfall intensity, 1.00 inch/hour

Line A, which joins the three variables V1, V2 and V3 together,

expresses the relationship between flow peak-to-average ratio
and percent combined sewer. For the above-assumed variables,
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(Assuming that no overflows occur)

this shows that with 10 percent of the tributary collection
system combined, a peak flow ratio exceeding 30:1 can occur.

To use the figure for differing variables of V1, V2 and V3,
.use the following procedure as illustrated in the following
example:

Assumptions: V1 - 7 people/acre

V2 - 20 percent

V3 - 1.5 inches/hour
Step-l:' On V1 measure difference between 7 and Line A
Step 2: On V2 measure difference between 20 and Line A

Step 3: On V3 measure difference between 1.5 and Line A

Step 4: Sum the three values to determine net distance
from Line A

Step 5: Draw line parallel to Line A offset by the amount
determined in Step 4.

‘
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The line drawn in Step 5 is the relationship between storm
flow peaking characteristics and percent combined sewer. This
graph indicates that even small percentage combined sewered
areas can produce storm flows far outside the hydraulic effi-
ciency range of wastewater treatment units.

Treatment Plant Influent Flows--Influent interceptor
capacity at a treatment plant is the critical peak flow control-
ling element of the sewerage system. Regardless of upstream
conditions, flow at the plant can never exceed the influent
sewer capacity. For the sanitary-only case of a system with
no storm influences, designed in accordance with conventional
criteria, peaking characteristics reflect the discharge to the
system. For the system that is totally combined the maximum
flow at the plant reflects the hydraulic limitations of the col-
lection system network. Regardless of what is the hydraulic
controlling factor, it is the flow characteristics at the plant
that impact performance. In establishing the balance point for
a specific system (whether it be storm flow dominated or waste-
water dominated) the plant tolerance to all flow variations and
not only the peaking characteristics of the plant influent has
to be considered.

Stormflow Dominance Determination

The determination of whether a system is stormflow domi-
nated requires the sequential consideration of the following:

1. Analysis of influent flow characteristics;

2. Determination of treatment plant process unit loading
sensitivity.

This determination is significant, for if a system is storm
dominated, then optimization of treatment requires the collec-
tion network to be included as an integral part of the analysis.
The analysis emphasizes the treatment facility in the case of
non-storm influenced systems.

Treatment Plant Influent Peaking Characteristics--

For any given treatment plant historic plant flow data
should be analyzed, and peak hydraulic and organic loading peak-
ing and volume characteristics identified. An example of a
plot of annual hydraulic loading peaking characterisitcs for
two similar size communities having measurable rainfall events
of 50 times per year is shown in Figure 4. Community A has
sanitary-only sewers; peak flows are contained within a small
range with the exception of a few heavy storm days. Community
B has tributary combined sewers; peak flows occur for all
measurable rainfall events, with maximum flows being controlled
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by collection system limitations. Similar plots can be made

for both peak organic and daily volume. The significance of the
influent peaking characteristics is dependent on treatment unit
sensitivity to peak loadings and the specific effluent quality
requirements. Where discharge requirements are based on absolute
limits, process units have to be sized to handle the peak load-
ing. For suspended solids and biochemical oxygen demand, dis-
charge requirements are normally based on monthly averages with
higher allowances for 7-day averages and one-day values. Thus,
process units can be sized for average conditions and intermit-
tent peak loading-induced effluent deteriorations can be accepted
even if they exceed the 30~day average values, but are within

the one-day maximum allowance.

To evaluate the case where only average values have to be
met requires a further plot by month of peak loading variation.
An example for a community with seasonal infiltration/inflow
for hydraulic peaking characteristics by month is shown in
Figure 5. This example has plots for each month of minimum
daily peak, peaks exceeded 7 times per month, 3 times per month
and the monthly peak values. Similar plots can be made for
organic and volume daily loadings depending on the treatment
unit critical loading parameter. This data is applied to the
performance characteristics of proposed treatment unit processes
to determine critical loading conditions as described below.

Treatment Unit Sizing--

Process units are normally sized using average dry weather
hydraulic and organic loadings. From analysis of the influent
characteristics information plotted, as described above, apply
the critical month loading data to the plant sized for dry
weather only loads. Then check the deteriorated effluent qual-
ities with the discharge requirements.

Case 1. If the discharge requirements can be met then
the system is not stormflow dominated. The optimization
of equalization basin-treatment plant sizing can proceed
without further consideration of the tributary collection
system as discussed under the heading of EQUALIZATION
SIZING METHODS.

Case 2. If the discharge requirements cannot be met then
the system may be storm dominated, requiring the following
analyses.

Identify potential for operating the treatment plant on a
temporary basis in differing modes. Examples are:

a. Contact stabilization for activated sludge systems;

b. Chemical addition to improve process unit performance.

22



MONTHLY PEAK VALUES

T

EXCEEDED 3/MONTH

6 —— EXCEEDED 7/MONTH

MONTHLY MINIMUM

5 }— PEAK VALUE \

3 / //
—
L—]

i
-/

N

\
N

7y
/e

NN
\
/4

RN

RATIO PEAK FLOW TO AVERAGE DRY WEATHER FLOW

JUN JUL AUG SEP OCT NOV ~ DEC JAN FEB MAR "APR MAY
TIME OF YEAR

Figure 5. Daily peak flow monthly distribution

If effluent quality requirements can be met by changing the
operation mode or temporary chemical addition, then the case
would be considered non-storm influenced, and optimization of
equalization basin-treatment plant sizing can proceed as dis-
cussed under the heading of EQUALIZATION SIZING METHODS.

If temporary operating changes are not sufficient. to meet
discharge standards then the system is considered storm dominated,

requiring inclusion of the tributary collection system in the
optimization of equalization considerations. The methodology
for collection system analysis is described below.
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Analysis of Storm Dominated System

For those systems that are storm dominated, optimal use of
wastewater facilities requires that the analysis go beyond treat-
ment plant/equalization basin capacity consideration, and include
the collection system. The objective of including the collection
system is to reduce the flows received at the treatment plant.

Literature has been published by federal and technical
groups on approaches to analysis of storm-influenced and combined
sewer systems. In most publications, equal emphasis is given to
the hydraulic and pollutant constituents of the stormwater con-
tribution. However, with respect to the analysis of storm flow
dominated systems, it is the hydraulic contribution that is the
significant parameter.

Infiltration and Storm Inflow--

An infiltration/inflow analysis is required for projects
financed using EPA grants (PL 92-500, Title II, Section 201 (g)(3)).
In this analysis sources of infiltration and inflow are identi-
fied, quantified hydraulically, and deemed excessive or nonexces-
sive by economic evaluation. 2An infiltration/inflow source is
considered excessive if costs for its removal exceed transport
and treatment costs. Following conduct of the sewer system
evaluation survey, grant conditions require that all economically
excessive sources be removed.

When equalization is considered and found to be a cost-
effective treatment component, the lower unit cost of treatment
will result in shifting the treatment-sewer improvement balance
so0 that more infiltration and inflow will be treated. The
approach to be taken for analyses of infiltration and inflow in
noncombined systems is covered in the EPA Handbook for Sewer
System Evaluation and Rehabilitation, December 1975.(9)

For sanitary-only systems, and combined systems with no
overflows, the analysis requires that the most cost-effective

program be selected to address all infiltration/inflow. For
systems with combined sewer overflows, the level of control is

determined by a cost/benefit analysis. Specifically, EPA
Program Requirements Memorandum 75-34 (10) states that controls

will only be funded to a level where marginal benefits of over-
flow reduction exceed the marginal cost of the overflow control.

Implementation of the findings of an infiltration/inflow

analysis will result in reduced plant influent flows in cases
where excessive infiltration/inflow is eliminated.

Combined Sewer Overflow Control--

Where sewer systems include combined sewer service areas
the process is principally the same, although somewhat different
rules apply. Infiltration analysis is required, and is identical
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to that for separate sewers. If no overflows occur from the
combined system upstream of the treatment plant, then optimiza-
tion of treatment (including equalization) and sewer system
improvement is as described above. If combined system overflows
occur, then a separate cost effectiveness analysis for overflow
elimination must be conducted to determine the degree of over-
flow reduction that can be justified in terms of upgrading re-
ceiving water quality and restoring beneficial uses. Details
of the requirements for overflow reduction and justification
for the EPA construction grant allotment are specified in EPA
PRM 75-34. However, the analysis does not directly affect the
process of optimizing treatment with or without equalization
and sewer system improvement.

The analysis of combined sewer systems is complex, often
requiring the aid of computer-~-based mathematical modelling to
optimize system alternatives and varying control levels. Publi-
cations covering the analysis approach for combined systems are
referenced in the EPA published Areawide Assessment Procedures
Manual, Volume 1, Section 6.(11)

In general, where overflows occur from combined sewer
areas, overflow control evaluation, including equalization con-
siderations, can be summarized as follows: Recognizing that
overflows normally occur because of the limitations of the col-
lection system capacity for transport to the treatment plant,
four major alternatives are available for correction. The
object of the analysis will be to identify the least cost means
of reducing overflows as a function of frequency of occurrence.
The alternatives available include:

a. Source Control

1. Infiltration reduction by sewer system rehabili-
tation.

2. Stormwater inflow reduction by removal of storm-
water connections from the sanitary sewer, i.e.,

removal of downspouts, illicit drainage connections,
etc. v :

b. Storage

1. In-line storage by using existing sewer capacity
or enlarging specific sections.

2, Off-line storage using surface retention basins
and subgrade storage chambers.

Storage of overflow at individual or consolidated sources

is a form of flow equalization. However, location of equaliza-
tion facilities some distance from the treatment plant in order to
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accommodate storm flow peaks for a portion of the total collec-
tion generally does not satisfy requirements enabling treatment
influent equalization. However, this approach should be con-
sidered where applicable to the circumstances.

The last two alternatives are indirectly related to
equalization requirements in that the most economical means of
control may include one or the other in combination with equal-
ization.

The available alternatives must be evaluated to establish
the means of least-cost overflow control. An appropriate level
of control must then be established based on the requirements
of PRM 75~-34. This process will ultimately establish the
amount of stormflow delivered to treatment. If applied only
to reduce existing overflows, none of the alternatives will
reduce existing plant flows. Remote treatment and discharge
will leave plant flows unchanged. Upstream holding will in-
crease the total quantity of wastewater to the plant without
increasing existing maximum flow rates. Increasing transport
capacity will increase peak treatment requirements proportion-
ately. This last case should be recognized as virtually the
same as the conventional infiltration-inflow analysis process.
This would result only if the combination of increased collec-
tion system capacity and increased optimum treatment system
(including equalization) capacity had been found to be less
costly than all other feasible control alternatives.

The sewer system evaluation, whether for separate or com-
bined systems, in combination with projections for expansion of
the service area during the design period, establishes design
flows and peaking characteristics; on which the design of all
individual treatment process components will be based.

EQUALIZATION SIZING METHODS

Numerous methods have been developed that may be used to
estimate the impact of equalization on normally varying waste-
water flows and concentrations. Each of these methods requires
some amount of data, computation, and the making of assumptions
based on observations of the influent; methods differ greatly in
these regards. Various methods may be used to compute required
basin volume. Ability to estimate effects of equalization on
wastewater characteristics varies depending on the level of
detail employed in individual methods. For example, methods
taking into account influent concentration or mass loading in-
formation, and assumptions concerning mixing and reaction within
the equalization basin, can vield detailed information on con-
centration and mass loading in the effluent.
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The principal methods are:

1. Simple flow balance ("mass diagram")

2. Simple concentration balance

3. Combined flow and concentration balance
4. Sine wave method

5. Rectangular wave method

6. Batch dumping

7. Random concentration

Method 1 is simplest and directly appllcable to municipal
wastewater treatment problems. Method 2 is oversimplified for
most applications and is presented mainly as an introduction to
Method 3. Method 3 is more detailed requiring greater computa-
tional effort. The method is, however, versatile and can be
used for more detailed and thorough problem analysis. Methods
4 through 7 may be useful in some municipal plants, but are not
expected to be as useful in this area as Methods 1 and 3. They
are described briefly, accompanied by references and a summary
of their applicability, advantages, and disadvantages.

Method 1-~Simple Flow Balance

Simple flow balances are easily performed either graphically
(mass diagram), or with a note pad and simple arithmetic. Only
two inputs are required; the flow entering the system as a
function of time, and either the discharge as a function of
time or the schedule of basin volume regulation. The output
results in the basin volume schedule if the discharge record is
given, or in the discharge record if the basin volume schedule
is given. These simulations may be used with any flow pattern,
and easily handle diurnal variations and storm flows. The
analyses may be applied to both in-line and side-line Jbasins.
This method is useful as an operating tool, since flows and
volumes are easily measured.

A 81mple flow balance has two main drawbacks: First, no
1nformatlon is provided on concentratlons or mass flows (mass
flow being the product of concentration and flow rate). Second,
data is assumed to be known exactly, not just statistically.

As in any method, care must be taken to anticipate conse-
guences in cases where actual inputs are different from projec-
tions. For example, a typical design may provide an equaliza-
tion basin volume and treatment plant capacity sized to accom-
modate measured and predicted domestic, commercial and industrial
flows, with allowances for infiltration and inflow based on
infiltration/inflow analysis. Infiltration/inflow analyses are
frequently based on flow measurements taken during only moderate-
ly intense rainfall. However, flow measurements are seldom
available for relatively intense storms (e.g. the 5-10 year
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storm). Effects of larger storms on total plant flows may be
significant. Consequences on system design and performances
must therefore be considered.

The basic equation for application of the simple flow
balance is:

Q;, At = AV + Q. At (2-1)
where Qin = f%ow into the system, average rate during At,
L°T™
At = time interval, T
AV = change in stored volume during At, L3
Qo = flow_out of system, average rate during At,
ut L3T—

This equation is applied stepwise, or iteratively, for succes-
sive time intervals. Cumulative sums for all values up through
the last step are computed and recorded. For instance, if Qjp
and Q out are given, and basin volumes are desired, a record of
LAV must be generated. The record is comprised of the sum of
AV values up through the time step in question. The flow
balance equation (Equation 2-1) and the cumulative sum may be
recorded on a graph or in a table.

The relation between the physical system and system varia-
bles for this method is shown in Figure 6. Note that for a
side~line basin, the flow into the basin is Q at - Ql (This
quantity is negative when flow is being dlscharged from the
basin.) Any consistent units may be used. For instance, if
Qin and Qout are in millions of gallons per day, then At is in
days and AV is in millions of gallons. If Qin and Qoyt are in
liters per second, At is in seconds, and AV is in liters.

out

IN—LINE BASIN SIDE~LINE BASIN

Figure 6. Simple flow balance schematics
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The following three examples demonstrate use of simple flow
balances, and illustrate some common phenomena in equalization.

Example l--Graphical Solution, Diurnal Variation--

This example, drawn from the EPA Process Design Manual for
Upgrading Existing Wastewater Treatment Plants, (12) describes
the graphical solution for a flow balance applied to a diurnal
flow variation. The flow balance illustrated in the example is
used to determine the equalization volume required to exactly
balance diurnal variations, producing constant effluent flow.
The flow variation before equalization is shown in Figure 7.
This is a typical diurnal wastewater flow pattern, with a peak-
to~average ratio of 1.7 and a minimum-~to-average ratio of 0.45.
There is one daily peak, at about 6:00 p.m.

The average flow rate for each hour interval is used to
compute the corresponding volume increment. Successive volumes
are plotted to form a hydrograph or mass diagram as illustrated
in Figure 7. A straight line drawn from the origin to the cumu-
lative volume at 24 hours (dashed line, Figure 8) has a slope
equal to the average flow rate over the day. In this case the
average daily flow is approximately 4.3 mgd. ‘

To equalize the diurnal varying flow, tank volume must be
provided to accommodate flows in excess of the equalized flow
rate. For normal diurnal variations this volume typically
ranges from 10 to 20 percent of the average daily flow. The
volume required for equalizing flow variations in this example
is equal to the vertical distance (measured in millions of
gallons) between parallel lines of slope equal to the average
flow line (dashed line, Figure 8) and tangent to the extremities
of the inflow mass diagram. These lines are shown as A and B on
Figure 8. In this illustration, the required volume for equali-
zation is 740,000 gallons. This volume is approximately 17 per-
cent of the average daily flow.

8

FLOW RATE

FLOW RATE, mgd

o] ’ 6 12 18 24
MIDNIGHT NOON MIDNIGHT
TIME OF DAY

Figure 7. Wastewater flow variation before equalization
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A physical interpretation of the hydrograph is as follows.
At 8:00 a.m., the equalization basin is empty, as shown by the
tangency of the inflow mass diagram with the bottom diagonal.
At this point plant flow begins to exceed the average flow rate
and the tank begins to fill. Accordingly, inflow mass diagram
and the bottom diagonal begin to diverge at this point. At 5:00
p.m., the basin is full, as shown by the tangency of the inflow
mass diagram with the top diagonal. Finally, the tank is drawn
down from 5:00 p.m. to 8:00 a.m. on the following day, when the
flow is below average.

Importantly, the equalization basin volume used for actual
design must be greater than that obtained with the hydrograph
for several reasons: to provide freeboard, minimum depth for
aeration, and mixing equipment that might be used, and to pro-
vide for storm flows occurring in excess of normal diurnal
variations.

Example 2--Tabular Solution, Diurnal Variation--

This example illustrates a tabular solution (Table 1) of
the problem used in Example 1. Computations are summarized in
Table 1. A uniform time increment (At) of 2 hours is used as a
suitable value compatible with normal diurnal variations.
Variations from one hour to the next do not greatly affect the
equalization volume but variations over several hours are im-
portant. :

The basin is assumed to be at a reference level of 0 at
midnight. For this example, the reference level must represent
at least 0.759 million gallons or the basin will not run dry .
before it starts to refill. The total working volume required
is the maximum ZAV minus the minimum XAV, or 0.786 million gal-
lons. This figure approximates the 0.74 million gallons of
Example 1. -

Note that the average flow estimated by the graphical
method (Example 2, Figure 8) is estimated to be 4.57 mgd. This
difference is due to limited accuracy of reading and plotting
the graphs. Totals for QipnAt and QputAt can easily be made as a
check of computational accuracy; these values should correspond
to the total flow over the day. The final ZAV is very small,
as required for a periodic variation. The total of AV values
should be very small as in the example; it is not identical to
the last AV because of round-off errors. The calculations
should be carried to three significant figures, the least count
corresponding to 1,000 gallons. The results, as always, cannot
be more accurate than the input values~-5 percent at best.

Example 3--Tabular Method, Storm Inflow--

Example 3 describes the impact of storm flow variation
superimposed on the diurnal variation of Example 2. Examples
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TABLE 1.

EXAMPLE 2--TABULAR METHOD

0. 0. At Q At Av LAV
Time Interval i %n gut 6 6
(mgd) }(10° gal) | (10" gal) {10~ gal) (10~ gal)

2400 - 200 3.0 0.250 0.381 -0.131 -0.131
200 -~ 400 1.6 .133 .381 - 247 - .378
400 -~ 600 1.6 .133 .381 - .247 - .625
600 -~ 800 3.0 .250 .381 - .131 - .756
800 - 1000 5.1 .425 .381 + .044 - .7;2
1000 - 1200 5.6 -467 .381 .086 - .6206
1200 - 1400 5.9 .492 .381 .111 - .515
1400 - 1600 6.3 .525 . 381 .144 - .370
1600 ~ 1800 6.6 .550 .381 .169 - .201
1800 ~ 2000 6.5 .542 .381 .161 - .040
2000 - 2200 5.4 .450 .381 .069 + .030
2200 ~ 2400 4,2 .350 .381 - .031 - .001
(final)
TOTAL 54.8 4.57 4.57 - .003 - .o001

AVERAGE 4.57 - - - -

Qout = 4,57 mgd, constant
At = 2 hours = 0.0833 days
ZAV = running total of AV values
Working volume reguired = 0.030 -(-0.756) = 0.786 106 gal.
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4 and 5, discussed under Method 3, illustrate equalization of
concentrations and loads.

For this example it is assumed that the Qj, in Table 1 rep-
resents the maximum wastewater flow from domestic, commercial,
and industrial sources, plus the highest seasonal infiltration.
In addition, storm inflow and storm-related infiltration are to
be considered. Assume that the effect of a 5-~year storm is as
shown in Table 2, and that the storm is followed by another
storm, half as large, starting six hours after the initial storm
ends. This example illustrates computation of Quy+ and basin
volumes to provide for flow equalization. The 5-year storm in
Table 2 is representative of a separate sewer system, with no
combined sewers and moderate amounts of infiltration and inflow.

This example demonstrates that additional flow could not be
handled in treatment components designed for equalized flow with
a capacity of 4.6 mgd, as in Example 2. The 4.6 mgd treatment
capacity held constant through the day is required for the non-
storm flows. Accordingly, no excess capacity is available for
storm flows. Treatment capacity must exceed 4.6 mgd to permit
discharge of stored storm flow.

Whether or not the storm effect in Table 2 is adequate for
design depends upon regulatory policy. When a larger storm than
the 5-year storm occurs, producing flows as assumed in Table 2,
it is likely that sewer overflows or bypassing will occur. Such
overflows or bypassing may be acceptable by wvirtue of the rarity
of occurrence, If not, system modifications would be required.
Collection system improvements to reduce infiltration and in-
flow or development of storage volume in the collection system
would reduce storm effects on existing treatment. Alternatively,
flows could be equalized at the plant or additional treatment
capacity provided. 1In the work that follows, the 5-year storm
hydrograph in Table 2 is used.

If no storage is provided, the required treatment capacity
may be calculated as follows:

6.6 mgd peak non-storm flow (Table 1)
+ 4.2 mgd peak storm effect (Table 2)

10.8 mgd peak flow

If equalization is located between primary sedimentation and
activated sludge, the primary sedimentation tanks will need
10.8 mgd peak capacity.

If downstream process components are sized for 6.6 mgd peak
flow, so that equalization is not required in dry weather, the
ability of equalization to handle the storm effect can be deter-
mined. The storm produces an average flow over 20 hours of 2.1
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mgd. The available capacity is 6.6 minus 4.6 mgd, or 2.0 mgd
during the storm itself. With 6 hours until the next signifi-
cant storm, the small remaining volume could easily be treated.
In fact, the peak treatment rate could be reduced slightly, as
discussed below. In that case, equalization would have to be
operated during dry weather. ‘

Treatment capacity could be sized to accommodate peak dry
weather flow. Using 6.6 mgd for the maximum Qnuyt+, the equaliza-
tion volume required to accommodate storm flows would be about
1.03 million gallons, as derived in Table 3. Note that the
storm has been assumed to occur at roughly the worst time, that
is, the storm peak will coincide with the non-storm peak at
about 6:00 p.m. This assumption is conservative. Also observe
that the basin is empty shortly before 10:00 a.m. (ZAV is
slightly negative at 10:00 a.m.), so a subsequent storm could
occur at any time thereafter, and be of any size smaller than
the Table 2 storm without overloading the egqualization basin
treatment system. Finally, note that Qgut may be reduced in the
last 2 hours of the storm effect without causing any difficulty
in computation. ' : '

If treatment capacity is designed for the assumed peak dry
weather flow and only one million gallons of storage volume is
provided, it can be shown that flow equalization may still be

used in dry weather. The working basin volume required for the
storm (1.0 million gallons) is greater than the requirement for
diurnal variation (0.8 million gallons, from Example 2). There~

fore, if 1.0 million gallons are available, the flow may be
fully equalized in dry weather.

A smaller maximum Qn,+ could not be used, with equalization
required in dry weather, using 1.0 million gallons of storage.
A greater storage volume is required is Qgut cannot reach 6.6
mgd.

A smaller maximum Qnut could be used -if storage volume were
increased. For instance, if Qgu+t is limited to 5.5 mgd, the
gsolution is about 2.3 million gallons. As shown in Table 4, if
the basin is empty at noon on Monday, the maximum stored volume
will be 1.61 million gallons, occurring late Tuesday night
during the following storm. Note that the following sterm is
significant in this case. Also note that the 8:00 a.m. volume
is decreasing; since the storm peaks are more than 24 hours
apart, the flow from following storms will eventually be treated.
The tabulation was based on an empty basin at noon on Monday;
but by then the basin could easily have about 0.7 million
gallons. Therefore, a total working volume of about 2.3 million
gallons will be needed. To verify this estimate, a pattern of
preceding storms would have to be assumed, and a longer calcu-
lation would be needed. Finally, note that the basin must be in
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TABLE 2.

EXAMPLE 3--5-YEAR STORM EFFECT

Hours after
storm begins

Storm effect
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TABLE 3. EXAMPLE 3--TABULAR METHOD, FIRST CASE
Time interval Qin (mgd) . Qout QinAt QoutAt AV LAV
Non-storm | Storm Total (mgd) (lO6 gal) (106 gal) (10‘6 gal) ‘(106 gal)

1200 - 1400 . 5.9 0.9 6.8 6.6 0.567 0.550 +0.017 0.017
1400 - 1600 6.3 2.8 9.1 6.6 .758 .550 .208 225
1600 - 1800 6.6 4.2 10.8 6.6 .900 550 . 350 .575
1800 - 2000 6.5 3.5 10.0 6.6 .833 .550 .283 .858
2000 - 2200 5.4 3.2 8.6 6.6 .717 .550 .167 1.025
2200 - 2400 4.2 2.3 6.5 6.6 .542 .550 - .008 1.017
2400 - 0200 3.0 1.9 4.9 6.6 .408 .550 - .142 .875
0200 - 0400 1.6 1.4 3.0 6.6 .250 .550 - .300 .575
0400 .- 0600 . 1.6 0.8 2.4 6.6 .200 .550 - .350 .225
0600 - 0800 3.0 0.3 3.3 5.0 .275 .417 - .1l42 .083
0800 -~ 1000 5.1 4] 5.1 6.6 .425 .550 - .125 - .042
1000 - 1200 5.6 0 5.6 5.6 .467 .467 0 - .042
TOTAL (54.8) (21.3) (76.1). ——— 6.342 6.384 -0.042 -0.042
AVERAGE 4.57 1.78 . 6.34 - - - —_ -




TABLE 4.

K

EXAMPLE 3--TABULAR METHOD, SECOND casg?

Time interval Oin (m9D QénAt QgUtAt 6Av éAV
Non-storm Storm Total (10~ gal) (10” gal) (10~ gal) (107 gal)

Monday:
1200 - 1400 5. 6.8 0.567 0.458 +0.109 0.109
1400 ~ 1600 6.3 9.1 .758 .458 + .300 .408
1600 - 1800 6.6 10.8 .900 .458 + .442 .850
1800 - 2000 6.5 3.5 10.0 .833 .458 + .375 1.225
2000 -~ 2200 5. 3.2 8.6 .717 .458 + .259 1.483
2200 - 2400 4.2 2.3 6.5 .542 .458 + .084 1.567

Tuesday:
2400 ~ 0200 3.0 1.9 4.9 .408 .458 - .050 1.517
0200 - 0400 1.6 1.4 3.0 .250 L4538 ~ ,208 1.308
0400 ~ 0600 1.6 0.8 2.4 . 200 .458 -~ .258 ©1.050
0600 -~ 0800 3.0 0.3 3.3 .275 .458 ~ .183 .867
0800 -~ 1000 5.1 0 5.1 .425 .458 - .033 .833
1000 ~ 1200 5.6 0 5.6 .467 ,458 + .009 .B842
1200 -~ 1400 5.9 0 5.9 .492 . 458 + .034 .876
1400 ~ 1600 6.3 0.4 6.7 .558 .458 + 100 .876
1600 - 1800 6.6 1.4 8.0 667 .458 + .208 1.184
1800 - 2000 6.5 2.1 8.6 L7177 .458 + .258 1.443
2000 - 2200 5.4 1.8 7.2 .600 .458 + .142 1.584
2200 -~ 2400 4.2 1.6 5.8 .483 .458 + .025 1.609

Wednesday @
2400 - 0200 3.0 1.2 4.2 . 350 .458 - .108 1.501
0200 - 0400 1.6 1.0 2.6 . 217 .458 - .242 1.259
0400 - 0600 1.6 0.7 | 2.3 .192 .458 - .267 .993
0600 ~ 0800 3.0 0 3.0 . 250 .458 - .208 .784

TOTAL 97.5 31.5 130.4 10.87 10.08 +0.788 0.784

AVERAGE 4.43 1.43 5.93 5.93b 5.50C — -

%4t = 2 hours = 0.0833 days; Q_,, = 5.5 mgd

> 3% = 5.93

cx %% = 5,50
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continuous use for at least 2 days (probably more), and is not
empty at the end of the calculation. That is why the total
QinAt is greater than the total QgutAt. This alternative does
not appear to be attractive, since a much smaller basin could be
used with a small increase in Q- '

Method 2--Simple Concentration Balance

This method is based on straight-forward principles, but
may require extensive calculation for some applications. It is
also limited to a constant flow rate, constant equalization
volume, and in-line basins.

For a completely mixed basin, and a material that is un-
changed during storage, the concentration balance equation is:

Ac = %At (cin-c) 7 (2-2)
where Ac = change of concentration in basin during At
Q = flow rate, constant
v = basin volume, constant
At = time interval
Cin = influent concentration, average over At
c = concentration in basin, at beginning of At

Note that Q/V is the reciprocal of the basin detention time.

This equation is easily modified if necessary for a material

that decomposes during storage, provided that there is a good
model for the rate of decomposition as a function of c¢. For

example, if first order decay occurs, then the equation is:

Ac = %At(cin—c) - cKAt . (2-3)

where K = decay coefficient

Units of Q, V and At must be consistent with each other, as in
Method 1. Units of Ac, cjpn, and c must be the same, but they
need not be consistent with Q and V; for instance, ¢ can be in
milligrams per liter, and V in millions of gallons. The units
of K must be the reciprocal of the units for At.

Equations 2-2 and 2-3 may also be extended to model an
equalization basin that is not completely mixed, but the equa-
tions will become more complex..

In these equations, an initial value for ¢ must be dssumed.

After a few detention times, this initial value has little im-
pact on ¢ and its variations. Q, V, and values of cipn as a
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function of time must be supplied to perform the solution; the
result is ¢ as a function of time.

The time interval At should be much less than the detention
time V/Q. Also, At should be shorter than the time-scale of
variations in cjp.

In the case of Equation 2-2, fewer steps are needed if the
following equation is used:

QAL

bc = [1 -~ exp(-*57)1(cjp-c) (2-4)

where exp = the exponential function

This type of equation was developed by Reynold, Gibbon, and
Attwood. (13)

Method 2 is deterministic, not stochastic; that is, it is
assumed that cj, is exactly known at each time interval.

The previously listed equations require that Ac be much less
than c¢. This means that At must be small compared to V/Q and to
1/K; hence, many steps are required for the calculations, es-
pecially for Equations 2-2 and 2-3. For a larger At, so that
fewer steps are needed, ¢ is appreciably different from the
average concentration during At. A better approximation to this
average concentration is ¢ + Ac/2. By rearranging Equation 2-3,
the balance equation becomes:

QAt(cln -c) ~ cKAt
Ac = 9 (2-3a)
1+ TT(V + K)

This equation is preferred to 2-3 if a relatively large At must
be used.

Method 3--Combined Flow and Concentration Balance

This method is an extension of Methods 1 and 2 and is par-
ticularly useful for realistic applications. Any realistic
pattern of flow and concentration variations may be used, and
any realistic operating rule may be used for the equalization
basin. For instance, with this method a basin could be analyzed
that would produce a constant COD load in the outflow stream.
Like Method 2, Method 3 may be adapted to reactions within the
basin and to basins that are not completely mixed. The equa-
tions are fairly simple to understand. The method has one major
drawback: It requires a lot of arithmetic, particularly if
flows and concentrations fluctuate rapidly.
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The basic equations are balances on flow and load. Equation
2-1 from Method 1 is the balance on flow. For a completely mixed
in-line basin and no reactions within the basin, the load
balancing equation is:

Qin Cin At = Qout cAt + (V+AV) (c+Ac) - Ve (2-5)

Mass in Mass out Increase in stored mass

"For reactions within the basin that are adequately represented
by first-order decay, the equation is:

QincinAt = QoutcAt + (V+AV) (c+Ac) - Ve + VcKAt (2-6)

where K = decay constant

Similar equations may be developed for side-line basins,
but equations applied during basin filling will be different
than those applied during basin emptying. Also, the concentra-
tion in the basin is not the same as the concentrations in Qjp
and Qqout (@s defined in Figure 9). This is true for a side-line
basin even if mixing is complete and there are no reactions,
unlike the case for Qgut ©f a simple completely mixed in-line
basin. For a completely mixed basin with first-order decay, the
equations during filling are:

0:0 > Que (2-7)

in
AV = (Qin - Qout)At (2-8)
out = Sin (2-9)
AVcin = (V+AV)(cB + AcB) - VcB + VcBKAt (2-10) .
Mass into basin Stored mass increase © Decay
where Cout = concentration in outlet, average over At
cq = concentration in equalization basin at beginning
of At
AcB = change in Cg during At

When the basin is neither being filled nor emptied, the
equations are:

Q. =0

in out (2-11)

AV = 0 (2-12)
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o] = C. (2-13)
Ac, = —cBKAt (2-14)

When the basin is being emptied, AV is negative and the
equations are:

Qin < Qut (2-15)
AV = (Qin - Qout) At (2-16)
AcB = —cBK At (2~17)
c; Q. + c,(Q - Q..)
_ inTin B '~out in -
Cout ~ 0 (2~18)

out

Figure 9 shows the application of the variables for com-
pletely mixed basins.

Qm, Cin an,com
> -
Qin = Qout
Cin if Qin>Qout
CB lf Qin< Qout

IN—- LINE BASIN SIDE-LINE BASIN

Figure 9. Flow and concentration iteration schematics
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The most convenient form of the equation will depend on the
items that are given, and those that are required. For instance,
suppose that an in-line basin is under study and the given quan-
tities are K, Qins Cin: and Quput, Plus initial conditions of c
and V, so that the desired outputs are ¢ and V as functions of
time. Then Equation 2-1 may be written:

= Qinbt = Quuelht (2-19)

and Equation 2-6 may be written:
QincinAt - c(QoutAt + AV + VKAL)

fe = V + AV - (2m20)

Equation 2-19 may be solved iteratively and its results
will supply the V and AV values for each step of Equation 2-20.
Each step of Equatlon 2-20 requires the previous Ac to generate
the new ¢, which is required to go on.

Equation 2-20 requires that Ac be much smaller than c for
much accuracy; otherwise Ac will tend to oscillate during the
calculations. This oscillation may be avoided in two ways. One
is to select a small At so that AV and Ac are small, which re-
quires more steps to the calculation. If a fairly large At is
required, better results will occur by refining the mass balance
equation 2-6 by using c + Ac/2 for the average concentration
during At, as shown in Method 2:

A
Q: i At = O (c+52) At + (VHAV) (c+Ac) - Ve + V(c+%§)KAt (2-21)

Mass in Mass out Increased stored Decay
mass

In this case, the iteration equation becomes:

Q. At - c(AV + Qouedt + VKAL) ,
Ac = inin T : (2-22)
Av 4+ AV + > (Qout + VK)

This equation is based on a completely mixed in-line equallza—
tion volume and first-order decay.

For a side-line basin, the necessary refinement depends on
the magnitude of KAt. If K is small, KAt can be small even
though At is appreciable. Thus, refinement only applies to
gquatlon 2-18, for concentration of the blended stream, which

ecomes ¢
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Ac
Cin®Rin T . + —2) Qout ~ %n)
_ B 2
Cout = o (2-23)
out

The other equations (Equations 2-7 through 2-17) are unchanged.
Equation 2-10 may be rearranged into an iteration equation:

V(cin - cB) - VcBKAt

Acg = V + AV (2-24)

Thus, equations are available for side~line fully mixed basins
with slow first-order decay. Equations for fast first-order
decay could be developed if needed.

These Method 3 equations may be worked using units as
described in Methods 1 and 2. For example, a possible set is:

V, AV (millions of gallons)

Qin' Qout (millions of gallons per day)

At (days)

Ac, Cinr ©r Souer Sp (milligrams per liter)
K (per day)

These units, however, yield an odd combination for load rates.
The input load rate is:

Win = 9nCin (2-25)

The output rate for an in-line basin is:

W = Q

out c (2-26)

out

The output rate for a side-line basin is:

Wop = Q

ou (2-27)

out Sout
The units of W;, and Wgout will be mgd-mg/%, which must be multi-
plied by 8.34 (pounds per million gallons) per (milligram per
liter) to be in the common units of pounds per day.

The initial conditions of ¢ (or cg) and V affect the calcu-
lations. If Qjp, Cin, and Quout are constant or periodic (e.g.
diurnally varying only), ¢ (or cg) and V will eventually reach
periodic variation, and the initial condition of ¢ (or cg) will
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become unimportant.
value of V .decreases;

This will occur more rapidly as the initial
it also helps to start with a roughly

realistic value for the concentration in the basin.

A programmable calculator is very helpful for these calcu-
lations. The examples were performed on a calculator with eight
memories, "stack," and 50 program steps. The calculator's total

capacity was almost a

Examples 4 and 5.

necessity.

illustrate the usé of these equations.

Example 4--In-Line Basin--
This example uses the flow variation in Example 2 (see

Method 1), a diurnal

variation in input BOD concentration, a

decay rate, and initial conditions to calculate the output con-

centratlon.

The 1nput variations in flow and concentratlon are shown in
Figure 10. This information is drawn from EPA's Process Design

Manual for Upgrading

Existing Wastewater Treatment Plants. (12)

Note that mass loading is expressed in pounds per day, which
signifies a rate, not the duratlon of that loadlng rate. Other

input values are:

8

FLOW RATE, magd

_ —15,000
—1300
BOD CONCENTRATION =—_/ >
. . <l o
: = >
£ 2
FLOW RATE
Jd200 2 —10,000 ¢
o =
— o
o <
o« (o]
[ad i
P
g 8
100 g —5,000 =
(=] [a]
\\~BOD MASS LOADING O o
[14] m
1 I I 0 |
6 12 18 24 °
MIDNIGHT

BOD MASS LOADING:
PEAK:AVERAGE = 1.97
MINIMUM: AVERAGE = 014
PEAK: MINIMUM = 14.59

NOON : MIDNIGHT

TIME OF DAY

Figure 10. Wastewater flow and BOD variation before equalization
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V, 0.1 million gallons at 8:00 a.m.

¢, initially assumed at 150 mg/l at 8:00 a.m.
K, 0.1 per day

Qoutr constant, 4.57 mgd

This V of 0.1 million gallons at 8:00 a.m., coupled with the
basin operation from Example 2, requires a maximum V of 0.88
million gallons at about 10:00 p.m. The K value is roughly
correct for BOD in domestic sewage when the cell residence time
is shorter than the critical cell residence time for biological
growth. Much larger K values will apply if a biomass can
develop.

The first few steps of the calculation are shown in Table
5. The calculation was begun at 8:00 a.m. to minimize the im-
portance of the initial assumption for c; the calculation
reached within one percent of its eventual steady variation
after only two steps (4 hours). The calculation was carried
out over three full days to verify that ¢ was the same (within
one percent) at each step from one day to the next.

The results are plotted in Figure 11 together with the
results from Example 5. The in-line basin produces a delay in
the peak concentration in the flow to treatment. But it does
not appreciably reduce the peak, because the volume in storage,
V, is small at 8:00 a.m. Thus, very little weak wastewater is
in the basin to dilute the stronger mid-day wastewater. If a
much larger V were maintained during the early morning hours,
there would be more concentration smoothing, as illustrated
below.

In~line storage reduced the average load from 7,415 to
7,185 pounds per day by virtue of BOD decomposition in the
basin; a reduction of approximately 3 percent. The peak-to-
average ratio for BOD mass loading was reduced from 1.92 to
1.48, and the minimum~to-average ratio was raised from 0.1l5 to
0.62, by in-line equalization. The overall peak-to-minimum
load ratio was reduced from 13.08 to 2.40.

Example 5--Side-Line Basin--

The same conditions as in Example 4 were applied to a side-
line basin. The first few lines of the calculations plus the
first transition from basin filling to basin emptying are shown
in Table 6. The results are plotted in Figure 1l1l. The solu-
tion took 15 steps (more than a complete day) for the periodic
output to stabilize. Through the initial 15 steps the basin
concentration, cg, is affected more than one percent by the
initial value for cp (150 mg/l). The calculation was carried
out for three full days (36 steps) to verify output stability.
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TABLE 5.

BEGINNING FLOW AND CONCENTRATION ITERATIONS:
EXAMPLE 4, IN-LINE BASIN

Time interval

0800 to 1000

1000 to. L200

1200 to 1400

1400 to 1600

Qin (mgd)
cin (mg/1)

v (10% gal)
av (10° gal)

QinCinAt
(106 gal-mg/1)

Qoutht (108 gal)r

VKAt = 0.00833V
(108 gal)

QoutAt+AVHVKAL
(10% gal)

Ac (mg/1)
c {(mg/1)

Woue (1b/day)

5.1
180
0.100

0.044

76.5

0.381
0.001

0.046
37.6
150

6434

‘5.6
253
0.144

0.086

118.1

0.381
0.001 ~

0.468
71.97
- 187.5

8522

5.9
288
0.230

0.111

141.6

0.381
0.002

0.494
25.10
259.6

10372

6.3
270
0.341

0.144

141.8

0.381

0.003

0.528
-12.57
284.7

10611

TABLE 6.

BEGINNING FLOW AND CONCENTRATION ITERATIONS:
EXAMPLE 5, SIDE-LINE BASIN:

Time interval

0800 to 1000

1000 to 1200

1200 to 1400

2200 to 2400

Qi (mgd)
cin (mg/1)
v (108 gal)
AV (10% gal)
cg (mg/l) -

ACB (mg/1y

Cout (mg/1);

Qout (méﬁ)‘

Wout (lb/day)

5.1

180
0.100.
ofo44
156
8:30
180

4.57

6,860

70.230
0.111
192.9
29.884j:

288
4.57

10,977 -

1400 to 1600 | 2000 to 2200
6.3 5.4

270 140
0.341 0.815
0.144 0.069
.222.8 210.7
12.72 -7.14
270 140
a.57 4.57
10,291 5,336

4.2
153
0.884
f0‘031>
203.57
-1.70

157.03

5,985
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Figure 1l1. Examples 4 and 5, flow and concentration balance
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The results have some interesting features. The side-line
basin had a higher average concentration than the in-line basin
because the weak early morning wastewater did not enter the
side-line basin, and the decay was thus slightly increased. The
equalized flow had considerable fluctuation in concentration and
mass load during the night, as the equalized flow was composed
of different proportions of weak, entering wastewater and
strong, stored wastewater. As expected, the side-line basin was
not effective at reducing the daily concentration peak, but
neither was the in-line basin. For raising minimum concentra-
tions in the early morning, the side-line basin was decidedly
better. Generalizations in this regard are hazardous. It has
been assumed in previous reports (14) that in-line basins provide
concentration equalization, but side-line basins do not.
Examples 4 and 5 show that this is not necessarily correct, and
that in this case the side-line basin is more effective for
raising the minimum concentration.

The side-line basin affected the péeak-to-average BOD
loading through flow leveling only, lowering this ratio from
- 1.92 to 1.53. The minimum-to-average BOD loading was raised
from 0.15 to 0.74. The overall peak-to-minimum load ratio was
reduced from 13.08 to 2.05. Overall, given the input assump-
tions of this example, the side-line equalization configuration
produced load and concentration leveling performance in every
respect comparable to the in-line system.

Example 6--Excess Volume for Load Equalization-- .

Examples 4 and 5 have used equalization volumes calculated
by Method 1 procedures to just satisfy requirements for the
equalization of daily diurnal variations in plant influent flow
rate. Only a minimal -dead volume of 0.1 x 10° gallons, or a
total volume equal to 113 percent of required volume, was used
to reflect conditions required for aeration of mixing equipment.
This example is provided to illustrate the potential for more
complete load and concentration leveling made possible by in-
creasing the excess equalization volume.. .

The same conditions used in Example 4 were applied to an
in-line basin. The basin volume used in this case' included
1.6 x 10° gallons dead volume, or a total volume equal to 300
percent of that required for equalizing diurnal flow variations.
Equalized BOD loads and concentrations were computed as in
Example 4. The results are shown graphically in Figure 12,
along with input variations and the output from Example 4 using
only minimal dead volume. It can be seen that increasing the
total storage volume from 0.88 x 106 gallons to 2.34 x 10° gal-
lons, corresponding to 19 percent and 51 percent of the rated
daily average treatment plant capacity (4.57 mgd), reduced the
peak-to-average BOD load ratio from 1.92 to 1.20; compared with
the reduction from 1.92 to 1.48 realized using minimal dead
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Figure 12. Example 6, excess volume for load equalization

48



volume. The peak-to-average BOD concentration ratio was reduced
from 1.69 to 1.20, compared to the reduction from 1.69 to 1.51
realized by just meeting requirements for flow equalization.
The. average load reduction due to BOD decay increased to approx-
imately 6 percent, compared to 3 percent for Example 4.

The average residence time in' the larger basin (assuming
well mixed conditions) is approximately one half day compared
to approximately 4-1/2 hours for Example 4. The large dead
volume and longer residence time would warrant serious consid-
"eration of aeration and/or mixing equipment to prevent odor
problems and solids accumulation. Increased costs for the
larger volume, and any additional equipment, should be justified
in terms of balancing cost savings in downstream.processes; such
as reduced peaking capacity in biological processes designed for
nitrification and denitrification.

Method 4--Sine Wave Method

In Method 3, stepwise equations were presented, based on
conservation of volume of wastewater and on mass balance of con-
stituents. If influent concentration, flow, and outflow are
certain very simple functions, then it is not necessary to solve
the equations stepwise; a direct 'solution is possible. Such a
direct solution requires little computation and little inlet
data, since 51mple functions are represented by very -few
numbers.

A direct solution has been obtained assuming that both flow
and concentration may be represented by sine waves, in phase
with each other and with a period of one day. (15) The flow
equation used was of the form:

Qi (8) =0, ~ (0, - Q) sin 2rt (2-28)
where Qin(t) = influent flow as a function of time
Q = average flow
QP = peak influent'flow‘
t = time, in days

From such equations, simple and rapid estimates can be made of
certain equalization operations. For instance, if a constant
outflow is desired, Equation 2-28, minus the constant outflow,
may be integrated from t = 0.5 to t = 1.0 day, yielding the
working volume of storage:
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Also, the rectangular wave approach could be used for concentra-
tion and mass loading.

Generally, the rectangular wave method has similar limita-
tions to the sine wave method. For peak-to-average input ratios
less than (m-1) the rectangular wave model gave a somewhat more
conservative estimate; for ratios greater than (w-1) the sine
wave model becomes rapidly more conservative (see Figure 13).
When a rough estimate is required and iteration is impractical,
the rectangular wave or sine wave methods may be used to esti-
mate volumes required to equalize daily diurnal variations.
Nevertheless, it should be recognized that iteration is more
flexible and provides reasonable accuracy.

50 |
40 |-
RECTANGULAR WAVE
MODEL:
V= (P/A—-1)?
30 I (P7A)2-)

SINE WAVE MOODEL

EQUALIZATION VOLUME,% OF DAILY AVERAGE INPUT RATE

V= P/A ]
20 L
10 -
| ! - J
1.0 2.0 3.0
PEAK. AVERAGE INPUT RATIO
Figure 13. Equalization volume estimation by sine wave

and rectangular wave models
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1.0 , , o
v= T (0. - 09ydt o (2~-29)
0,5 in A ,
Q. - Q
VvV = _P___é. . ’ ) (2_30)

Equations such as 2f307are very easy to compute. Concentration
and mass loading fluctuations as above were considered, (15)
assuming completely mixed basins and first-order decay.

‘For comparison, Equation 2-30 was applied to the flow
variation of Example 2, Method 1. Eguation 2-30 yielded a
working volume of 0.65 million gallons, whereas 0.79 million-
gallons were indicated in Example 2. Therefore, Equation 2-30
"and similar equatlons must be used with great caution, because
they may give a lower answer.

The limitation of this approach is that municipal waste-
water variations do not follow simple sine waves. This was
recognized in the reported work because a rough approximation
was sufficient for the purpose of the example illustration.
Considering that iterative methods are quite workable for di-
urnal variations, that the sine wave method may give lower
answers, and that the sine wave method is applicable only to
diurnal variations, it should be considered as approx1mate and
used only to develop rough estimates.

Method 5--Rectangular Wave Method

The rectangular wave method is similar to the sine wave
method, except that flows are approximated by rectangular waves.
This method has been described (16) and applied assuming the
peak-to~average flow ratio to equal the average-~to-minimum -
ratio; which is a rough but reasonable approximation for many
sewer systems. With this assumption, and constant outflow,
the necessary volume is:

where V .equalization volume, working range

QA = average flow

X peak~to-average flow ratio = average-to-minimum

flow ratio
This equation is easily solved. A similar equation, not much

more difficult, could be developed without assuming that the
peak-to-average ratio equals the average-to-minimum ratio.
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Specialized Analytical Methods

Procedures described in Methods 1 through 5 are sufficient
for most routine analytical needs in planning and preliminary
design of equalization for typical municipal wastewater treat-
ment applications. However, not all wastewater treatment appli-
cations lend themselves to simple routine analysis. This sec-
tion briefly summarizes two additional, more sophisticated and
ultimately more powerful analytical methods for analyzing
speclilalized equalization requirements. Other methods include
auto-covariance and power spectrum. Application of these
methods to equalization analysis can bé found in references
11, 19, 20 and 21.

Method 6--Batch Dumping Method--

For wastes produced in large numbers of batches (each batch
being of equal size, but occurring randomly), a method developed
by Beaudry is useful.(17) It requires no data besides the
volumes of the batches and of the equalization basin, and easily
computes a prediction for reduced scatter of the data due to
equalization. The method, however, appears to be of limited use
for municipal wastewater because the flows have periodic tenden-
cies; they do not occur at strictly random times. Beaudry's
method, or a development of it, may be useful for very small
treatment systems serving, say, 20 families, where batch effects
may be noticeable. Also, the common fill-and-draw lift station
produces batches of wastewater, so a batch dumping method may be
useful for systems with many such lift stations.

Method 7--Random Concentration Method--

This method is simple to apply, but requires considerable
data and is limited in application. An autocovariance method
will require more computation, but will give more accurate
results from the same data, without such strict limits of
application.

The random concentration method is described in detail in
the Areawide Assessment Procedures Manual, Volume 1,(1ll) and in
more simplified form elsewhere. (18, 19 and 20)

The basic basin formula is:

Se
g - (2-32)

N| >
ﬁh+

where Se = variance of effluent concentration
S. = variance of influent concentration
At = interval between samples

t = detention time of basin
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This equation is easily computed, yielding a statistical result.
However, it only applies to an in-line basin with constant flow
and volume; the basin must be fully mixed and no significant
reactions may occur in the basin. (Equations of reference 12
permit first—order decay.) To establish Sij, it is necessary to
have a large number of samples collected at intervals of At.

At least 80, and preferably 150, samples should be taken,
covering at least ten times the length of the time scale of the
unacceptable effluent variation. Furthermore, the data must not
have any periodic tendencies, and At must be sufficiently long
that any autocovarience effect would be negligible. If there
are any appreciable periodic or autocovariant effects, Equation
2-32 will show better equalization than will actually occur.
Nevertheless, At must be much less than t unless the equation
is made more complex. The random concentration method is ex-
pected to find very little use in municipal applications.

MEASUREMENT AND EVALUATION OF EQUALiZATION EFFECTS

Introduction

In the planning and design of treatment systems including
equalization, effects of equalization on the prospective treat-
ment system must be estimated to enable the making of reasonably
accurate comparisons between equalized and unequalized treatment
schemes. Final comparisons will be made on the basis of the
cost of alternative systems. Effects of equalization on unit
process and treatment system performance must be determined to
enable treatment component sizing prior to cost comparison.

The critical parameter for design of individual treatment com-
ponents will be a combination of influent flow rate, concentra-
tion, loading of typical BOD, and/or suspended solids. Avail-
able data projected for design conditions must be evaluated
accordingly.

Data for this study were collected from treatment plants
throughout the United States. Data collected consist primarily
of existing plant operating records. No new performance inves-
tigations were conducted. Extensive data from previous EPA
sponsored detailed studies of equalization performance were
also used. ' o :

Performance Evaluation Method

In an effort to identify and assess the magnitude of equal-
ization effects on unit process and treatment plant performance,
two types of comparisons can be made: Between equalized and
unequalized periods of operation at the same plant (or between
equalized and unequalized parallel treatment plant sections
during the same period). And between a long-term average per-
formance of those treatment plants that have and do not have
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equalization facilities; possible comparisons could be based on
several years of operating data. Frequency distributions or
probability plots of average daily observations have been used,
since the available data is generally in the form of average
daily values of flow rate, concentration, etc., and to facili-
tate comparison of the large (annual) data sets. Performance
characteristics of unit process or treatment systems may be
identified by summarizing operating records in this form.

Probability Plot Characteristics--

A probability plot is a graphic presentation of the cumula-
tive frequency distribution of observations in a data set, pre-
senting the magnitude of individual or groups of observations
as a function of their frequency of occurrence. This method has
been used to summarize both influent and effluent characteris-
tics of municipal sewage treatment plants.(22) Data have
generally been found to be approximately log normally distri-
buted. (23) In such cases the data form a straight line on log
probability paper indicating that the logjgp of individual ob-
servations are normally distributed. The well established
characteristics of these distributions may conveniently be used
to describe both level and variability of treatment performance.
It should be recognized that these distributions apply only to
completely random observations. Thus, some approximation may be
involved in applying treatment plant influent and effluent char-
acteristics that have occasionally been shown to have signifi-
cant, periodic influence. (24) A plot of daily average influent
suspended solids concentration for one year of operation
(Figure 14) illustrates an observed log normal distribution.

The primary operating characteristics illustrated by proba-
bility plots are the level of performance and the variability
of performance. They are significant because they relate to
well established sewage treatment system capabilities, common
effluent discharge requirements, and anticipated effects of
equalizing input variations.

Level of operating performance--The efficiency of unit
process or treatment system is interpretable from the median,
mean and range of a given distribution, or set of data. The
median may be seen at a glance from the midpoint oxr 50 percent
value of the log distribution. The mean (mg) of the data set
can be computed from the median (mg) using the relationship:

)

m_ = exp (2.650902

m
e d loglo

%

where %6 = the standard deviation of the log distribution,
10 determined graphically as:
loggg (x) @ 50% - logyg (%) @ 50% % 34.15%

and where exp(x) = &%
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Variability of operating performance--The variability or
stability of treatment system performance on a daily average
basis can be interpreted from a slope and range of comparable
distributions. The slope of a distribution may be characterized
by the standard deviation of the logarithms of the observations.
Strictly speaking, since it is the logarithms of the observed
values that are normally distributed, and not the values them--
"selves, the standard deviation has no meaning in terms of the
values; concentration for example. Nevertheless, the slope of
a distribution will provide a useful tool for evaluating the
variability of comparable data sets, if considered along with
the range of values of the distribution covered; for example,
by 80 percent (10 percent to 90 percent) or 98 percent (1 per-
cent to 99 percent) of the observations.

Simple visual comparison of distribution slopes should be
made with caution. If two distributions have identified median
values their slopes will be directly comparable. In this case
visual comparison is sufficient to identify differences in
variability.

If median values are significantly different the respective
ranges of observed values must be examined to assess relative
variability in average daily performance. For example, as shown
in Figure 15, two log normal secondary effluent BOD distribu-
tions having median values of 11 mg/l and 18 mg/l are parallel
by visual comparison. However, variability of the two data sets
differs by more than a factor of 2, with ranges of observed
values encompassing 98 percent of the data (from 1 percent to
99 percent) from 5 mg/l to 23 mg/l, and from 8 mg/l to 40 mg/l.

Application to Plant Operating Records--

A wide variety of process design, operating, and environ-
mental factors contributes to the establishment of these process
performance characteristics. Although observed differences
between individual data sets presented as comparable may appear
to be related to equalization effects, conclusions should be
drawn cautiously. Similar patterns observed to correspond to
each other in unrelated data sets should increase the proba- '
bility that the effects are due to equalization. General un-
availability of data prevents use of more rigorous quantitative
analysis.

.Care must be taken in examining the presented figures in
order that appropriate associations will be made between the
distributions and characteristics of the physical systems they
represent. For example, although distributions shown typically
provide an estimate of observed median influent and effluent
quality, observed median removal efficiencies cannot be deduced;
yet the value computed will be reasonably close to that computed
from the distribution of observed daily removal efficiencies.
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Strictly speaking the difference between influent and effluent
‘median should be interpreted as just that; or that the median of
observed effluent values was a given percentage of observed in-
fluent values. .

It should be remembered that the individual observations in
each distribution were daily average values, and that the range
is the range of daily average values observed in the period of
record used.

Influent and effluent distributions—--Influent distributions
are used to illustrate comparability of conditions imposed on
the plants being compared, or of the different periods compared
for the same plant. Effluent distributions are used to illus-
trate observed performance at a given level of treatment (pri-
mary, secondary, or tertiary) that can be compared between
plants or different operating periods for the same plant. If
performance is improved by equalization, the median level of
performance would be expected to be lower than for a comparable
unequalized period or plant. If stability of performance is
improved by equalization, then observed effluent variability or
the slope and range of the distribution should be reduced.

There is no implication that effects of equalization on
plant unit processes will not result in lower effluent concen-
trations. Influent and effluent distributions expressed as
daily average loads allow the evaluation of effects of equali-
zation on the combined variations in concentration and flow at a
given plant. Flow equalization has been shown to have a greater
effect than concentration on leveling daily diurnal mass load
variations. Such effects are not reflected directly in the
probability plots because they are developed from daily compo-
site average observations. Loading variations expressed on this
basis will be affected by equalization insofar as daily average
concentrations are affected by beneficial influence on process
performance. In the case of comparing equalized treatment
operations concurrently supplied from the same waste source
(illustrated by observations of ¥Ypsilanti Township and the MERL
pilot plant studies), it was shown that distributions of concen-
tration and loading observations should be in direct proportion
to one another. ‘

Comparison of average annual performance--Using probability
plots the mean annual effluent BOD and TSS concentrations were
computed from available data for all plants with equalization
data compiled in this study. The distributions of average
annual effluent composition enable the making of a general com-
parison and distinction between equallzed plant performance and
unequalized plant performance.
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Performance Requirements

Performance requirements are imposed on all municipal
sewage treatment plants by a combination of State and Federal
regulatory requirements. The Federal (EPA) minimum requirement
for meeting the definition of secondary treatment (25) is the
common denominator of performance requirements. State regula-
tory agencies commonly impose more stringent requirements to
meet the needs of local receiving waters.

Performance requirements are typically established in the
form of fixed limits on amount of pollutant materials acceptable
in a treated effluent. The EPA definition of secondary treat-
ment requires that: ‘

(a) Maximum 30-day average effluent BOD and total sus-
pended solids (TSS) shall not exceed 30 mg/l each.

(b) Maximum 7-day average effluent BOD and TSS shall not
exceed 45 mg/l each.

(c¢) A 30-day average minimum of 85 percent removal of
influent BOD and TSS must be achieved.

The ability of a treatment plant to meet imposed perfor-
mance requirements depends on many interrelated factors per-
taining to its de51gn, operation and general influent condi-
tions. A baseline for evaluating treatment plant performance
characteristics has been established by a recent statistical
study for 27 activated sludge plants in the United States. (26)
The plant sample was selected to provide a broad cross-section
of typical well operated plants ranging in size from 0.59 mgd
to 333 mgd. Considering the distribution of daily average,
7-day average and 30-day average effluent concentrations, sta-
tistical analysis was used to compute the distributions of
effluent BOD and TSS required for compliance with EPA secondary
treatment standards. The resulting distributions (Figure 16)
are based on daily operating data for one recorded year from
each of the 27 treatment plants. The significance of these
distributions as they pertain to evaluating equalization bene-
fits are as follows:

(1) Annual distributions of average daily effluent con-
centrations coincident with or below the calculated
distributions of Figure 16 will consistently comply
with secondary treatment requirements.

(2) The calculated secondary effluent concentration dis-

tributions were observed to be approximately log
normally distributed.
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(3) Activated sludge secondary BOD effluent performance
may be expected to be slightly more stable than TSS
effluent performance, as indicated by the relative
slopes of the distributions. This comparison may be
expressed numerically in terms of the log standard
deviations: 1log ogpp = 0.21 and log opgg = 0.27.
For activated sludge treatment plants designed to
meet EPA secondary treatment requirements, mean
monthly BOD and TSS of 30 mg/l, the median annual
BOD5 concentration may be expected to be slightly
higher than the mean annual TSS concentration
= 15 mg/1 BOD versus =~ 10 mg/l TSS.
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SECTION 4

SUMMARY OF EXISTING FLOW EQUALIZATION FACILITIES

EQUALIZATION FACILITIES SURVEY

A nationwide survey was conducted to identify communities
having flow equalization facilities as an integral part of their
wastewater system. And to determine design details, operating
practices and costs of the broadest possible range of equaliza-
tion facilities. Wastewater systems with equalization facili-
ties were located throughout the United States by contacting the
ten EPA Regional Offices, and then central and district office
personnel in water pollution control agencies in each of the 48
contiguous states. Some states, notably Michigan and New York,
maintain a comprehensive list of all municipal treatment systems
in the state coded to identify unit process components in each
treatment plant. Treatment plants including ‘equalization fa-
cilities in those states were thus readily identifiable. 1In
other states central and district office personnel provided
plant references from their records and personal contacts. Ad-
ditional plants were located by references provided in direct
interviews with operating personnel of wastewater systems having
equalization facilities, and through articles in the current
literature.

Survey Scope

The survey of existing equalization facilities was conduc-
ted by phone interviews with plant operating personnel, by dis-
tribution of written requests, by interviews with state regula-
tory agency engineering staffs and inspection of state main-~
tained operating records, and by direct site visits and inter-
views with design engineers and plant operating personnel.

Specific information requested from each wastewater agency
using flow equalization is summarized as follows:

1. Treatment and hydraulic capacity of wastewater treat-

ment plant, including plant efficiency and discharge
requirements.
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2. Flow range and frequency of occurrence of plant in-
fluent flow; including minimum, average, and peak dry
and wet weather flows.

3. Treatment plant type and schematic diagram.
4. Type and size of equalization structure installed.

5. Location of egualization structure within collection
system or sewage treatment plant.

6. Means utilized to f£ill and empty equalization
structure.

7. Aeration or mixing provided in egqualization structure.
8. Methods used for scum and solids removal.

9. Odor control provided during operation of flow equali-
zation facility.

10. Type and guantity of flow to equalization facility.

11. Comments or problems associated with operation of the
flow equalization facility.

12. Equalization facility cost information including
component costs, total construction cost, bid year
and month, and yearly operating and maintenance costs.

One hundred ten municipal and sewerage agencies owning and
operating 147 equalization systems responded in varying degrees
of completeness to the survey. Tables 7, 8, 9, and 10 summarize
the physical features and responses of each respondent for fa-
cilities smaller and larger than 1 mgd, respectively. An addi-
tional 66 equalization facilities are identified for which no
detailed information was obtained. These are listed in Table 11.

Principal respondents to the survey included plant opera-
ting personnel, municipal engineering staff personnel, and con-
sulting engineers. One or more of these sources provided in-
formation for each contact resulting in detailed information.
Available time and budget limited practlcal survey procedures
to telephone and written correspondence in thé majorlty of
- cases. Reliance on these methods resulted in varying degrees
of detail obtained from plant to plant. In some cases informa-
tion received must be considered qualitative. This is particu-
larly the case for plant flows reported and used in establishing
peak-to-average flow ratios for typical dry and wet weather
periods.
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TABLE 7.

EQUALIZATION FACILITIES SUMMARY:
THAN 1 MGD~--TREATMENT PLANT CHARACTERISTICS

PLANTS SMALLER

Plant
Size, Degree When
mgd of Equali- Location of
Treatment Plant Treat B/A P/A Plant Treag— zation Equalization Type of
and Location (Hyd) (D.W.) (W.W.) | Type ment Constr® Facility Structure
i. <California Institute| 0.2 1.50 Act s AP with Following Tank
for Women sludge expansion headworks conc
tontana, CA covered
2. Decr Creek STP 0.33 3.0 Act S,P WP Following Basin
L}l Derade, CA (0.5) sludge headworks earthen,
lime
. stabilized
1+ FRancho Bernardo STP 1.0 1.66 2.57 Act s AP with Following PVC liner
an Diego, CA (1.75) sludge upgrading headworks covered
4. Wixllits STP 0.64 1.56 3.75 Act S AP with Following 5 basins,
Willits, CA sludge expansion | headworks 1 asphalt
lined,
4 unlined
%, Northcast WWTP 0.98 1.15 15.95 Trickling { S AP with Following Basin
dskalooska, IA (3.3) filter upgrading | meter pit earthen
lined
4. Southwest WWTP 0.81 1.4 1.96 Act S WP Following 2 basins
Oskaloaska, IA (2.5) sludge inlet struc unlined
Tv  Boyne City WWTP 0.7 1.43 4.29 Act s,F AP with Following Basin
Boyne City, MI (2.3) sludge upgrading headworks clay
bar screen lining
3, Dimondale WWTP 0.2 . Act s AP Following Tank
imondale, MI sludge No other headworks conc
change
7. Essoxville STP 0.75 1.14 2.99 Trickling S AP with Following Tank
Lgsexville, MI (1.87) filter upgrading wet well conc
a9, Dawson WWTP 0.26 2.0 3.29 ox s WP Following Basin
Dawson, MN ditch headworks conc
i, Blarkwood WWTP 0.63 1.28 1.60 Act s WP Following Tank
Hlackwood, NJ sludge headworks conc
Z. Borough of Palmyra 0.53 1.75 Trickling | s ‘AP Following Tank
WaTP, Burlinaton filter No other pump station conc
ZJounty, NJ change
£3. Clemeonton STP 0.64 1.71 1.95 Act s AP Following Tank
Clementon, NJ sludge No other headworks steel
change
(continued)
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TABLE 7

(continued)

- Plant
Size, Degree When
mgd of Equali~ Location of
Treatment Plant Treat P/A P/A Plant Treat- zation Equalization Type of
and Location? (Hyd) (D.W.) (W.W.)} Type ment Constr® Facility Structure

14. °E. Windsor WWTP 0.20 1.12 1.59 Act . S AP with Followiné Tank
E. Windsor, NJ sludge expansion pump station conc

15. Service Area 3-S 0.08 1.55 2.73 Trickling" S,F AP with Following Tank
N.J. Turnpike Auth filtex expansion | -headworks conc
Cherry Hill Twp, NJ -

16. Service Area 4-N 0.80 Trickling s AP with _Following Tank
N.J. Turnpike Auth filter expansion wet well conc
.Mt. Laurel, NJ

17. Ramblewood STP 0.5 1.21 1.36 Act s AP Before Tank
Mt. Laurel, NJ sludge No other ‘headworks conc

. change .

18. Stratford Sewerage 1.0 1.80 3.6 Trickling s AP with Following Tank
Authority, Camden filter ’ upgrading headworks conc
County, NJ -

19. Chautauqua STP 0.84 1.79 2.62 Act S AP with Following Tank
Chautauqua Inst, NY (2.1) sludge " upgrading | headWworks conc

20. Fishkill WWTP '0.40 2.5 Act S, R, wp Before Pipe
Fishkill, NY (0.60) sludge F wet well conc

21. Hauppauge WWTP 0.10 1.15 Act S,N,F wp Tank
Suffolk Co., NY (0.29) sludge conc

22. Mohawk WWTP 0.025 Act S wp Before Tank
Colonie, NY (0.040) sludge headworks steel

23. Oakwood Knolls 0.20 1.09 Act s AP with ~ Before Pipe
South S.D. {(0.20) sludge expansion wet well conc
Wappinger, NY -

24. Ravenwood WWTP 0.038 Act S,F WP Before Tank
Colonie, NY sludge headworks conc

25. Strathmore Ridge 0.05 Rotating [* S,F WP Following Tank
S.D. #8 (0.05) disc 1 headworks conc
suffolk Co., NY covered

26. Waverly STP 0.6 3.33 Act’ AP Following Tank .
Waverly, NY sludge headworks conc

i

27. Weatherford WWTP 0.52 1.59 1.72 1 s AP 2 miles 3 basins

Weatherford, OK (1.2) ’ No other upstream unlined
change of WWTP
(continued)

65



TABLE 7 (continued)

Plant
Size, Degree When
mgd of Equali- Location of
Treatment Plant Treat P/A P/A Plant Treat- zation Equalization Type of
and Lecation (Hyd) (D.W.) (W.W.) Type ment Constr® Facility Structure
25. Payctte Twp 0.13 1.31 2.29 Act S AP Following Tank
MoAllisterville, PA sludge clarifier conc
o2 Ingelside WWTP 0.50 1.27 3.18 Act S AP Following Tank
ingelside, TX sludge pump station conc
3%, Woodsboro WWTP 0.16 1.23 2.31 ox s WP Following Basin
Woodsboro, TX (0.30) ditch wet well unlined
31. Zalina STP 0.30 1.5 1.5 Act s wp Following Basin
aalina, UT (0.60) sludge primary bentonite
clarifiers lined
3. shelburne Fire Dist 0.38 2.0 7.2 Act S AP with Following Tank
#1 WwTl', Shelburne, sludge expansion | headworks conc
VT
ij. take Samish STP 0.23 2.61 Oox Inter- WP Following 2 basins
Whatcam County pond mediate flow BVC liher
Zewer Dist #12 splitting
Bellingham, WA structure
34. Stevens Pass & 0.062 1.46 1.46 _ Act s,F WP Upstream Tank
Yodelin WWTE (2.0) sludge 10,000 ft conc
Stoevens Pass, WA from WWTP covered
15. Neloosa WWTP 0.498 1.13 1.29 Act 8 WP Following Basin
hokoosa, WI (0.750) sludge wet well bentonite
J6.  Northern Moraine STP | 0.60 1.0 1.67 ‘Aot s WP Following Tank
Glenbeulah, WI (0.60) sludge pump station conc
- . covered
37. Port Edwards WWTP 0.56 1.23 1.68 Act S WP Following Bentonite
ort Edwards, W1 (0.56) sludge wet well
3f. Valders WWTP 0.15 1.3 2.63 Act s WP Following Basin
Village of valders, (0.376) sludge wet well asphalt
Wi :
dSTP = sewdge trezatment plant bs = secondary Cap = After primary dTreatment plant capacities
WWTP = wastewater treatment plant F = multi-media filtration WP = With primary listed are the design
NR = Nitrogen removal capacity. Values in parens
N = Nitrification are hydraulic capacity
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TABLE 9.

EQUALIZATION FACILITIES SUMMARY:

THAN 1 MGD--TREATMENT PLANT CHARACTERISTICS

"PLANTS LARGER -

71

Plant
size, 2 Degree When
mgd of Equali~- Location of
Treatment Plant Treat P/A P/A Plant Treat-— zation Equalization Type of
and Location (Hyd) (D.W.) (W.W.) Type : ment Constr Facility "1 Structure
1. Cypress Creek WWTP 10.0 | 1.40 5.00 Act S WP Following 2 basins
Florence, AL sludge headworks unlined
2. 5 Mile Creek WWTP 10 s Concrete
5 Mile Creek, AL lined
pond
3. Valley Creek WWTP 35 1.31 4.23 Act S,N AP with - Following Basin
Birmingham and sludge upgrading | headworks conc
Bessemer, AL - lined
4. Central Contra 60 1.60 4.67 . Act S AP with Following 3 ponds
Costa San Dist sludge upgrading primary
Walnut Creek, CA sed tanks
5. Chino Basin Muni 3.0 1.60 2.40 | Act s AP Following Basin
Water Dist (3.0) sludge No other splitter earthen
Cucamonga, CA change structure lined
6. Laguna WWTP 2.5 1.60 6.00 Act S WP Following Basin
Santa Rosa, CA (15) sludge primary conc
sed tanks lined
7. Pismo Beach Water 1.2 Act’ s AP Between Basin
Reclamation Plant sludge No other primary sett gunite
Pismo Beach, CA change tanks & aera- lined
tion tanks -
8. Redlands STP 6.0 1.43 Trickling | S AP with Following Basin
Redlands, CA (12.0) filter expansion trickling asphalt
filter lined
9. Rohnert Park WWTP 1.7 1.78 3.70 Act Following Basin
Rohnert Park, CA (12.0) ;sludge headworks gunite
lined
10. Rossmore Sanitation 4.0 5.0 6.12 Act S wp Following Basin
Inc., Laguna Hills, sludge control conc
ca structure gunite
lined
11. Sacramento Regional | 115 1.36 10.33 Act s WP Following 3 basins,
WWTP, Sacramento, (240) sludge primaxry 2 conc
ca sed tank lined, 1
4 earthen
lined
12. San Luis Rey WWTP 4.8 1.75 1.75 Act S we Following Tank
Oceanside, CA sludge ’ headworks conc
covered
13. Valley Community 4.0 2.00 3.00 Act S,F WP Following Basin
Service Dist STP (12.0) sludge ‘primary asph lined
Dublin, CA treatment Tank conc
-14. Water Reclamation 19.7 1.8 2.33 Act S,F AP with Following 2 basins,
Plant, Livermore, sludge & upgrading headworks gunite
[02: trickling lined,
filter earthen
lined
15. Upper Thompson WWIP 1.5 1.2 2.8 Act s,p wp Following Tank conc
Estes Park, CO (2.0) sludge effluent
pumping
(continued)



TABLE 9 (continued)

Planta
Size, Degree | When
mgd of Equali- Location of
Treatment Plant Treat p/A P/A Plant Treat-—~ zation Equalization Type of
and Location (Hyd) (W.W.) (W.W.) Type *# ment Constr Facility Structure
16. Broomfield WWTP 3.6 | 1.03 1.10 Act s AP with Following Basin
Broomfield, CO sludge upgrading headworks earthen
lined
17. Clavey Road STP 17.8 1.22 6.67 Act S,F AP with Following 6 tanks
Highland Park, IL (36) sludge upgrading | distribution conc
chamber covered
18. Ankeny WWTP No. 3 1.2 1.30 5.45 Act S WP Following Basin
Ankeny, IA (3.0) sludge flow splitter | unlined
13. Lawrence WWIP 18 1.22 4.44 Act s WP Following Basin
Lawrance, XA (45) sludge settling conc
basin lined
23. Manhatten WWTP 6.25 3.10 6.25 Act 5 WP Following Basin
ransas City, KA (12.5) sludge primary clay
settling lining
basin
2. Corrina STP 1.2 2.42 3.60 Act s 7 Wp Following Tank
Corrina, MA (4.32) sludge headworks conc
32, Paris Utility Dist 1.85 | 3.24 5.89 Act s WP Following Tank
m.m,‘ South Paris, (10.9) sludge headworks conc
MA
23. Chapaton Pumping N/A N/B Pumping 12)4 Before Tank
Station, Detroit, MI station WWTP conc
only
]
a4%. Dowaglac STP 2.0 1.40 8.00 Act s,P wp Follows 2 basins,
Dowagiac, MI (4.0) sludge flow asph lined
diverter clay lined
25. Eaton Rapids WWTP 1.2 2.0 Act S,P AP Following 2 tanks
Eaton Rapids, MI sludge No other grit chamber conc
change .
3G, E. Lansing WWTP 18.7 1.4 3.49 Act S,P,F AP with Following Tank conc
E. Lansing, MI (48) sludge upgrading grit covered
chamber
27. Grand Haven Spring- 5.0 1.43 4.00 Act s,P AP with Following Tank
lake WWTP, Grand (7.0) sludge expansion | headworks steel
Haven, MI
8. Grand Rapids WWTP 66 1.75 3.75 Act s,pP, WP Following Basin
Grand Rapids, MI (150) sludge N,F primary conc
treatment lined
23. Hancock St. Pollu- 32 1.13 3.64 cso Storm WP At pump sta Tank
tion Control Fac (120) pri- 5 miles up- conc
Saginavw, MI mary stream of
plant
2. Jackson STP 17 1.2 1.47 Act s,P WP Following Basin
Jackson, MI sludge primary conc
treatment
(continued)
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TABLE 9 - (continued)

Plant .
Size, Degree | When
mgd of Equali- Location of
Treatment Plant Treat P/A P/A Plant Treat- zation Equalization Type of
and Location (Hyd) (D.W.) (W.W.) Type ment Constr Facility Structure
31. Lansing STP ' 45 1.02 1.76 Act S,P AP with Follows - Tank
Lansing, MI (50) : sludge + expansion primary cone
treatment
32, Midland WWTP 6.5 1.67 2.08 Trickling S,p,F AP with Following Tank
Midland, MI (13.25) . filter upgrading| flow splitter cone
33. Mt. Clemens STP 4.0 1.07 Trickling S 1 mile Tank
Mt. Clemens, MI filter upstream conc
of plant
34. Pontiac WWTP 25.5 1.4 2.5 Act s,P,F AP with Following Tank
pPontiac, MI (50) ' sludge upgrading primary conc
treatment covered
35. Port Huron WWTP 20 2.36 3.14 Act s,p AP with Following Tank
Port Huron, MI (58) sludge expansion| | primary conc
sed tanks
36. Southeastern Oakland 63 Storm 12 miles Tank
Co., Red Run Drain flow upstreanm conc
Madison Heights, MI control’ of WWTP
37. Tecumseh WWTP 1.4 1.31 1.31 Act sS,P AP Following Tank
Tecumseh, MI sludge ’ No other headworks conc
- mods covered
38. Trenton WWTP 7.5 1.2 ~2.00 Act S,P AP with 1/4 mile Basin
Trenton, MI {17.5) sludge upgrading upstream asph
. of plant lined
39. Walled Lake Novi STP 2.1 1.51 3.33 Act s,P,F wp Following Tank
Novi, MI sludge wet well conc
40. Warren STP 36 1.26 4.69 Act s,P,F AP Following Basin
" Warren, MI - {50) sludge No other grit conc
change chamber lined,
- covered
41. Ypsilanti Twp. WWTP 4.0 1:5 Act s,P AP, Before Tank
Ypsilanti, MI sludge No other bar rack conc
- change covered
42. Brookhaven WWTP 2.0 1.36 1.32 Act S AP with Following Basin
Brookhaven, MS (5.0) sludge upgrading headworks earthen
) lined
43. Greneda WWTP 3.5 | 1.27° 2.31 | Act s AP Followihg Basin
Greneda, MS sludge No other |, headworks .. earthen
change _lined
44. Shoal Creek WWTP 4.5 3.03 5.39 " Act 5 AP Parallel to Basin
Joplin, MO sludge No other headworks clay
"change lined
45. Warrensburg STP 1.7 1.73 4.93 Ox s wp Following Basin
Warrensburg, MO (3.4) : ditch ' wet well conc
. lined
46. Reno Sparks STP 22 Act S,p AP Before Interceptor
- Reno, NV sludge No other plant sewers
o change
(continued)



TABLE 9 (continued)

Plant
Size, Degree When \
mgd of Eguali- Location of
Treatment Plant Treat P/A BP/A Plant Treat~ zation Equalization Type of
and location (Hyd) {D.W.) (W.W.) Type ment Constr Facility Structure
47. MHerrimack WWTP 5.0 1.26 1.05 Act S WP Following 2 tank
Merrimack, NH (10.0}) sludge influent conc
pump station
48. Elmwood STP 1.5 1.30 Act S AP Following Tank
Marliton, NJ sludge & No other influent steel
trickling change pump station
filter
49, New Providence STP 4.5 1.11 3.89 Trickling | S WP Following Tank
New Providence, NJ (6.0) filter influent stecl
pump station
53. Woodstream STP 1.25] 1.31 Act S,F AP with Following Tank
Marliton, NJ (3.0) .sludge expansion influent steel
pump station
51. Amherst STP 15.0 1.88 Act s,p,F | Wwp Following 2 tanks
Armherst, NY sludge grit conc
chamber
52. Delaware STP 2.5 1.28 2.22 Act s AP with Following Tank
Delaware, OH {5~6) sludge upgrading | hecadworks cone
53. Hatficld Twp WWTP 2.25 4.00 Act s,F WP Following 2 tanks
Colmar, PA (4.5) sludge raw sewage conc
pumps
54. 04l City STP 8.0 1.33 4.13 Trickling s AP with Following Tank
il City, PA (14) filter upgrading headworks conc
5%. Watertown STP 4.0 1.22 2.00 Act S AP Following Basin
Watertown, SD (6.0) sludge with control clay
expansion house lined
56. Amarillo River Rd 12.0 1.2 Act [ WP Following Basin
WWTP, Amarillo, TX (20) sludge primary earthen
clarifier lined
57. Duck Creek WWTP 11.5 1.5 3.43 Trickling | S,P, AP with Following Basin
Garland, TX {30) filter (o 24 upgrading headworks conc
lined
$8. Guadalupi-Blanco 3.0 1.33 4,00 Act s WP Following Basin
River, Victoria, TX (13.0) sludge wet well unlined
59. Midland WWTP 6.0 Trickling ] WP Following Basin
Midland, TX {8.0) filter settling conc
basin
60. Odessa STP 6.0 1.20 2.55 Act s AP with Following 2 tanks
Odessa, TX (8.5) . sludge - expansion primary
clarifiers
61. 080 WWTP 12.0 4.09 Act s wp Before Interceptor
Corpus Christi, TX (15.0) sludge plant sewer
62. Sandy Suburban STP 1.5 1.85 2.04 Act s WP Following Basin
Sandy City, UT sludge primary plastic &
effluent conc lined
(continued)
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TABLE 9 (c‘ontinued)

Plant
Size, Degree When
mgd ) of Egquali~ Location of
Treatment Plant Treat r/a P/A Plant Treat- zation Equalization Type of
and Location (Hyd) (D.W.) {(W.W.) Type ment Constx Facility Structure
63. Lower Potomac Poll 36 1.43 2.04 Advanced s,P,C, Following Basin
Control Plant ' (68) waste NR,F secondary PVC
Fairfax Co., VA treat ' chlorination lining
64. Moore Creek WWTP 15 1.4 5.0 Advanced s,P, .wp Following . Basin
Charlottesville, VA waste . N,F headworks
: treat ’
63. Potomac Reg WWTP 12.0 S WP Following Basin
Woodbridge, VA (32) secondary BPVC
. chlorination lined
66. Roanoke WWTP 35 1.40 3.45 Advanced /P, WP Following 2 tanks
Roanoke, VA (90) Waste N,F primary conc
Treat sed basins
67. Upper Occoquan 15.0 6.00 Act s,p,c, | wp 3 locations:
Sewage Authority (30) sludge N,F a) Following a) Emerg
Manassas Park, VA ' headworks pond
b) Following b) 2 ballast
2nd stage ponds,
recarb concrete
basin lined,
2. backup
N ponds
¢) Before c) Filter
filters backwash
eq tank
68. Lacy-Olympia- 14 2.35 2.71 Act S AP with Following 2 basins
Tumwater Thurston (19.2) sludge upgrading headworks asphalt
County STP lined
Olympia, WA
12
69. Muni of Métro 350 1.36 4.0 cso Pri- WP Before Interceptor
Seattle, West Point sTP - mary plant sewers
Seattle, WA
70. Ada STP 1.2 1.17 9.5 Act s AP with 2 miles 2 tanks
Bluefield, wWv sludge expansion ubstream conc
of STP
71. Westside sTP 2.8 1.79 1.43 Act s AP with Following 2 tanks
Bluefield, WV (3.5) sludge upgrading | lift station
72. Chippewa Palls WWTP 3.50 1.27 s AP with Upstream Basin
Chippewa Falls, WI expansion of’ plant asphalt
1600 ft
73. Reedsburg STP 1.7 Act s WP with Following Basin -
Reedsburg, WI sludge upgrading | wet well unlined
74. Dry Creek WWTP 4.5 1.10 1.10 Act s WP Following 2 basins
Cheyenne, WY (9.0) sludge & headworks earthen
trickling . lined
filter

a‘I‘reatment plant capacities listed are

the design capacity.

values in parens

are hydraulic capacity where reported
as different from treatment capacity-
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TABLE 11. PLANTS WITH EQUALIZATION INFORMATION INCOMPLETE

Size
Plant {mgd) Comments
Westside, AL No information
Pomona, CA No information
San Francisco, CA Preliminary planning stage
Dover, DE No information
Gulf Gate, FL No information
University Shores, FL No information
Augusta, GA 30 Step 1
Coosa River (Floyd Co.), GA 0.5
Gainesville, GA 5 Step 1
La Grange, GA 7 Step 1
Napa City, ID
Plano, IL
Sterling, IL out for bid; Delaney w/state
Fort Wayne, IN Surge pond, storm runoff
Indianapolis (Belmont), IN Planning surge tank
Rockville, IN Surge tank
Salem, IN Surge tank
Southbend, IN Series of surge basins around
city
Bardstown, KY Jim Stantley w/state
Harrowsburg, KY Jim Stantley w/state
Lawrenceburg, KY Unable to contact
Mt. Sterling, KY Jim Stantley w/state
Richmond, KY - Jim Stantley w/state
Herculaneum, MO
Springfield, MO Unable to contact
Exeter, NH No information
Freehold, NJ 0.05 No information
Greenbrier, NJ In operation; no information
Leesburg, NJ (state prison) No information
S. Lakewood Co., NJ No information
Stafford, NJ No information received
Toms River, NJ 5 (2) Industrial
Akron, OH Storm water surge tank
Altus, OK Proposed; R. Beach (405)447-1950
Duncan, OK Proposed; T. Lee (405) 252-0250
Meeker, OK Emergency only, hot yet used
Muskogee, OK Proposed; E. Kernes (918)682-6602
Stillwater, OK Proposed; F. Louise (415)372-0025
Coraopolis, PA Under construction
Derry Twp., PA 5.0 Town and industry under
construction
Fairview, PA 0.050 Race track in operation
Franklin, PA 4 Letter sent; no response
Borough of Grove City, PA Construction not yet begun
(continued)
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TABLE 11 (continued

Size.

Plant (mgd) Comments
Municipality of Hermitage, PA Letter sent; no response
Borough of Lamoyne, PA '
Liberty Township, PA Letter sent; no response
Lower Salford, PA 0.007 Housing development in operation
Borough of Middleboro, PA ‘ Step 3 construction
Milford Twp., PA 0.007 High school in operation
New Milford Twp., PA 0.026 Two schools under design (1975)
Peddlers Village, Solebury Twp., . :

PA 0.05
Pocono Country, Monroe Co., PA 0.05 Housing development under .con-

struction

Shohola Twp., PA 0.075 Campground in operation
Oconee Co., SC 5 '

Beeville, TX

- Borger, TX .

Ciblo Crk./Universal, TX
Longview, TX

Sequin, TX

Tibeoli, TX

N. Bonneville, WA

S. Hunt w/state; adding 2 new
plants; third to be used for
excess flows; (512)358~-4641

No information :

No information

No information

No information . )

S. Hunt w/state; (512)286-3313

No information ‘
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Suxrvey Response

Survey results provided information on individual flow
equalization projects located in 26 of the 48 contiguous states.
All major geographical sections of the United States are repre-
sented. Figure 17 shows the location of all treatment plants
identified with flow equalization facilities.

EQUALIZATION FACILITIES SUMMARY

Treatment Plant Characteristics

Applicability of equalization, in terms of the range and
degree of potential benefits, is dependent in varying degrees
on the particular characteristics of the specific treatment
plant.

The type of treatment used is generally related to how
sensitive plant performance is to influent variations and
peaking characteristics. For example, activated sludge systems,
including the secondary clarifier, are typically more sensitive
to flow peaking than comparable fixed film biological treatment
systems. This is largely due to differences in settling char-
acteristics of the respective biological solids and may be
partially compensated for by greater operational flexibility in
typical sludge systems.

The degree of treatment, in combination with the specific
processes used, establishes the magnitude of potential cost
savings by using equalization to minimize peaking capacity.
Potential cost savings increase as the number of unit processes
downstream of equalization benefitting from reduced peak flows
and/or loadings increases. Thus, a treatment plant incorpora-
ting activated sludge secondary treatment, designed for nitri-
fication, chemical addition for phosphorus removal, and efflu-
ent filtration, will find equalization of significantly greater
potential benefit than a comparably sized conventional activated
sludge plant with no additional treatment requirements.

The timing of equalization construction with respect to
treatment plant construction may be significant in terms of
potential design applicability and flexibility. Equalization
additions to existing plants have design constraints imposed by
the facilities in operation. The addition of equalization to
existing facilities may increase effective plant capacity and/or
reduce or eliminate existing operational problems.

Treatment Plant Type--

The distribution of basic treatment types at plants cur-
rently using equalization is as follows:
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Activated sludge 80
Oxidation ditch, activated sludge 3
Activated sludge with advanced
waste treatment®
Activated sludge with trickling
filters
Trickling filters 1
Rotating disc
Oxidation pond
Pump station
Combined sewer overflow control,
primary

w

W HEREFHEWW

The distribution is similar for both large and small plants,
with approximately 80 percent of equalization systems accompany-
ing activated sludge plants. This is due in part to the pre-
dominance of activated sludge plants throughout the country.

The smaller number of equalization installations at trickling
filter plants does not necessarily lower potential for benefits
at such plants. On the other hand, the small number of appli-
cations at advanced waste treatment plants is primarily a reflec-
tion of a small number of plants of this type currently in use.
Detailed assessment of costs and benefits must be made in the
specific context of each local sewerage system.

The pump station and combined sewer overflow control appli-
cations are a special case as far as this report is concerned.
These equalization applications exist almost exclusively to
accommodate peak storm flows. Many other such systems exist
throughout the country. However, the focus of this report is
on non-storm equalization, accordingly no effort was made to
include all such systems in the survey.

Degree of Treatment-—-

Survey response indicates that equalization currently used
at treatment plants, with degrees of treatment ranging from
primary to advanced waste treatment, is distributed as follows:

Primary 2
Primary with chemical coagulation 1
Secondary 69
Secondary with phosphorus removal 11
Secondary with nitrification 3
Secondary with effluent filtration 11
Secondary with phosphorus removal

and effluent filtration 6

Secondary with nitrification,
phosphorus removal and effluent
‘filtration 3

*Any additional unit processes following secondary treatment
for removal of BOD, suspended solids, nutrients, etc.
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Secondary with phosphorus removal,
effluent filtration, and carbon
adsorption ' 1.

Secondary with nitrification, ‘ '
phosphorus removal, effluent
filtration and carbon adsorption 1

Secondary with nitrogen and
phosphorus removal, effluent
filtration and carbon adsorption 1

Equalization systems in use at secondary treatment plants
account for 64 percent (69 of 108) of the facilities currently
in use. Equalization at secondary treatment plants, including
- between one and' four additional tertiary processes (nutrient
removal, effluent filtration, carbon adsorption), account for
nearly all of the remaining systems identified; 37 of 108 or
34 percent. Treatment plants with degrees of treatment higher.
than secondary accounted for 22 percent of equalized plants
smaller than 1 mgd compared to 42 percent of plants larger than
1 mgd. The distribution of equalized flow plants between secon-
dary and higher treatment, and between large and small plants,
is' in reasonable correspondence with the proportlons of the
respective categories in existence.

Timing of Equalization Construction-- ~

Survey response indicates that approximately half of
equalization facilities currently in use were built as an in~
tegral part of a new treatment plant. The other half were
added to existing facilities. The distribution of construction
timing is as follows: ’

With treatment plant (WP) 51
After treatment plant with no other

plant changes (APm) 15
After treatment plant, as part of

plant upgrading (APu) 22 - -
After treatment plant, as part of

plant expansion (APe) - 16

The distribution of construction timings is virtually the same
for both large (>1 mgd) and small (<1 mgd) treatment plants.

Approximately 70 percent of new treatment plants including
equalization, in both large and small plant categories, are
designed for secondary treatment only. The large proportion
of plants being in this category is due largely to wet weather
peaking. ' Only 4 of 34 plants in this group report wet weather
peak to average flow ratios less than 3:1.

it is of interest to note the relatively small number of

treatment plants (15) to which equalization facilities have been
added as the only plant modification.
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Equalization Facility Characteristics

The basic features of an equalization system that define
its characteristics with respect to. treatment plant performance
and overall cost include:

Volume

Type

Location in treatment system
Physical details
Appurtenances

Equalization Volume--

Equalization volume is conveniently expressed as a percen—
tage of the design treatment capacity. Volumes of equalization
systems at 35 treatment plants smaller than 1 mgd capacity
range from 5 percent to 2,300 percent. The average volume of
29 systems with volumes less than 200 percent is 54 percent.
Twenty-five of the 34 volumes are encompassed by a band ranging
from 15 to 70 percent at 1.0 mgd. The band increases in width
with decreasing plant capacity to from 15 to 130 percent at
0.1 mgd. Three plants with equalization volumes less than 10
percent use either influent interceptor, or influent pump sta-
tion wet well volume for partial flow equalization.

Volumes of equalization systems at 68 treatment plants
larger than 1 mgd capacity ranged from 5 percent to 4,000 per-
cent. The average volume of 63 systems with volumes less than
500 percent is 69 percent. Considering the 56 systems with
volumes less than 150 percent, the average equalization volume
is 45 percent. Three out of four treatment plants larger than
1 mgd and having equalization facilities use equalization
volumes ranging from 10 to 100 percent of design treatment
capacity. Equalization volumes used in the majority of
equalized flow plants are significantly larger than minimum
volumes required for equalization of daily diurnal variations.
Response to the survey indicates that in a great proportion of
the cases where larger equalization volumes are used, the spe-
cific purpose is to accommodate peak flows occurring during
storm periods. A significant excess volume is also used at
plants expecting occasional spills of toxic or other process
upsetting materials.

Type and Location of Equalization--

Of the flow equalization facilities surveyed, approximately
39 percent have in-line equalization systems processing all flow
entering the treatment plant. An additional 56 percent of the
facilities have side-line equalization systems processing excess
(diurnal and storm/sanitary) flow over a set flow rate. Approxi-
mately 5 percent of the systems surveyed use up-stream equal-
izing; incorporating storage capacity in the collection system
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with suitable controls, with variable speed ?umping equipment as
required to equalize influent flow to the treatment plant.

> *Depending on the specific characteristics and requirements
of individual treatment plants, the type of equalization system
and its location within the treatment plant may have substantial
effects on overall system cost and operability. Awvailable
storage capacity in oversized interceptor sewers may enable
significant flow smoothing at minimal capital expense. Pumping
requirements of in-line equalization are generally greater than
for side-line systems. However, in-line systems provide greater
flexibility for concentration and load smoothing, and more
positive protection against shock load effects. Side-line
systems provide the potential lowest cost in-plant equalization
capability, and may enable use of existing structures that would
otherwise be abandoned.f :

Of the 95 agencies reSpondlng to the survey, 91 of the 130
flow. equalization facilities pumped either in or out of the
equalization structure. Only 14 installations pumped both in
and out. Gravity flow operation (both in and out) of the
equalization structure was reported in only 25 installations.

The distribution of those facilities which pumped flow into the
equalization structure versus those which used gravity was
approximately 50 percent. Similarly, emptying the equalization
structure was evenly divided between pumping and gravity systems.:

The location of the equalization structure within a collec-
tion system or sewage treatment plant has a significant impact
on the type of flow equalization facility components desired or
required. Of the 95 responding agencies (a total of 130 struc-
tures) the distribution of facilities by location is as follows:

In or adjacent to the collection system 8
Upstream of the sewage treatment plant
headworks 18
Downstream of the headworks or influent
structure- ‘ 92
Downstream of primary treatment 20
No information provided 1.

Equalization at treatment plants smaller than 1 mgd capac-
ity is most commonly located at the headworks, receiving raw
sewage (31 of 37 plants in this size range were of this type).
A major reason for this apparent preference is that a large
proportion of smaller plants are designed as integrated package
units, and not compatible with an intermediate equalization
stage. Many such plants are also designed without prlmary
sedimentation.
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Approximately 56 percent (36 of 64) of equalization systems
at treatment plants greater than 1 mgd capacity are located
before primary treatment. An additional 30 percent (19 of 64)
systems are located following primary treatment. Four systems
are located following secondary treatment to minimize peaking in
tertiary treatment components.

Physical Characteristics and Appurtenances—-—

Requirements for design of an equalization system, including
the type of structure and major equipment features, are highly
dependent on the details of the specific local situation.

The type of structure chosen depends on costs of construc-
tion associated with required volume, site constraints, whether
construction will be at or below grade, and the type of mechani-
cal equipment to be installed. Existing structures that would
otherwise be abandoned or made available for collection system
capacity must be evaluated in terms of compatibility with
equalization needs, and in comparison to new facilities.

Major equipment requirements—--such as aeration and/or
mixing, solids removal, covering, and odor control~-depend
largely on the characteristics of the wastewater to be stored
and on site requirements. Equalization storage of raw sewage
generally requires solids removal or mixing egquipment to
sufficiently prevent solids deposition. Experience with
equalization of municipal wastewater following primary sedi-
mentation indicates that solids accumulation is very slight,
and that solids removal or mixing for solids suspension is not
necessary. ' A

Requirements for aeration of wastewater in temporary
storage depend on particular characteristics of the incoming
wastes, length of storage, sensitivity of subsequent biological
treatment, and sensitivity to potential odors of the surrounding
area. Typical raw or settled municipal wastewater, unseeded by
active biological populations, may be stored in equalization
systems, with residence times of up to a half day, without
creating difficulties. However, the longer the residence time,
the more potential the system will have for generating odors,
floating sludge, and contributing to operational problems in
the following biological treatment process.

Requirements for covering and odor control depend on waste
characteristics, desired equalization conditions (including
whether or not aeration is provided), and the sensitivity of the
local environment. Treatment plants close to, or upwind of
residential areas will require closer attention to the problem
of odors.
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Type of structure--Survey response indicated the range of
conventional tank and basin types currently used to provide
required equalization volume. The distribution of types of
equalization as evidenced in 130 structures is summarized below:

Concrete pipe 8
Asphalt-lined earthen basin 9
Concrete~lined earthen basin -18
PVC-lined earthen basin 4
Clay-lined earthen basin 6
Gravel-lined or soil stabilized
earthen basin ‘ 2
Unlined earthen basin : 26
Open concrete tank 40
Covered concrete tank ' 12
Steel tank ‘ , 5
No information provided 17

‘ Structure types at 38 plants with treatment capacity less
than 1 mgd include 24 tanks (63 percent) and 14 basins (37 per-
cent). A basin is distinguished from a tank by the use of an
earth work for sides and bottom, as opposed to structural walls
and floor. Structure types at 70 plants with treatment capacity
larger than 1 mgd include 39 basins (56 percent) and 31 tanks
, (44 percent). Overall the distribution between basins and tanks
was nearly equal; including approximately 50 percent basins,

44 percent tanks, with the remaining 6 percent consisting of
pipe and wet well volume in the collection system. Approxi-
mately 40 percent of the basin systems are reported to be un-
lined. An additional 40 percent are equipped with a pavement
lining of either asphalt or concrete; the remaining 20 percent
have flexible plastic or rubber, clay, or stabilized soil
lining. It is interesting to note that several agencies with
unlined earthen basins indicated that they would prefer lined
basins to minimize operation and maintenance requirements.

Aeration, mixing, and solids removal--Overall, mixing or
aeration is provided as an integral part of the flow equaliza-
tion system in only approximately 50 percent of the facilities
surveyed. The distribution of methods, or combination of
methods used, is as follows:

No mixing or aeration systems 66
Mechanical mixing 14
Air diffuser system C 24
Surface aerators 18
Combination of air diffusers and

surface aerators 1
Combination of mixer and air

diffusers 3
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Combination of mixer and surface
aerators 1
No information provided 3

Washdown or solids removal facilities in most of the instal-
lations surveyed are of the manually-operated type; the majority
of these use fire hydrants and hoses. The general distribution
of washdown facilities for the 130 equalization structures is
as follows:

No washdown or solids removal

systems 38
Manual system 74
Automated system 11
No information provided - 7

Survey response concerning aeration, mixing and solids
removal equipment at plants with treatment capacity less than
1l mgd reflects the influence of the equalization facility's
location before primary treatment. Twenty-two of 31 plants with
equalization before primary treatment provide aeration for com-
bined requirements of oxygenation, and to prevent solids set-
tling. None of the plants smaller than 1 mgd are equipped with
mechanical aeration or mixing. Only two of the 31 plants have
mechanical solids removal equipment, but 21 of the 31 have a
manual system for basin flushing and cleaning. Seven plants
with equalization prior to primary treatment have no provision
for either aeration or solids removal. These plants are pre-
dominantly in the southwest and use lagoon type facilities for
equalization. Such systems function essentially as oxidation
ponds, and, therefore, can provide successful trouble-free
operation.

Survey response for plants with treatment capacity greater
than 1 mgd provides comparison of equipment requirements for
equalization facilities located before and after primary sedi-
mentation. Mechanical solids removal equipment is used in less
than 10 percent of all these facilities, regardless of location.
However, approximately 75 percent of all systems, both before
and after primary sedimentation, are provided with manually
operated flushing or washdown equipment.

Aeration and mixing equipment is used in 67 percent (24 of
36) of the systems located before primary settling. Only 16
percent (3 of 19) of the systems located after primary settling
use aeration. This is consistent with requirements in light of
differences between settled and unsettled sewage, and illus-
trates potential cost savings for equalization systems located
after primary sedimentation.
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Odor control, covers--The vast majority of flow equalization
facilities currently in use are not fitted with any type of odor
control system. Of those having this feature, by far the larger
percentage used some type of chlorination system. The exact
distribution by type is as follows:

No odor control system 101
Chlorination system 22 .
Ozonation system o 2
No information provided - 5

Three of the 24 equalization odor control systems are at
treatment plants smaller than 1 mgd; less than 10 percent of
the plants in this group. The remaining 21 odor control systems
accompany equalization at approximately 30 percent of the treat-
ment plants larger than 1 mgd. The higher proportion at larger
treatment plants is due to a combination of circumstances, in-
cluding more sensitivity to odor potential .in larger communi-
ties, increasing potential for significant odors parallel with
increasing plant capacity, and a greater flexibility in the
"design of larger facilities due to economies of scale.

As noted previously, 12 equalization systems (5 at plants
less than 1 mgd, 7 at plants greater than 1 mgd) are covered,
and may also be considered as having odor control. Only three
equalization systems currently in use are equipped with covers
and chemical odor control capability.

EQUALIZATION FACILITIES CONSTRUCTION COSTS

Typically, detailed breakdown of construction costs by
equipment element incorporated in the various flow equalization
facilities is not available for the majority of installations
responding to the survey. In addition, costs associated with
equipment common to other areas of the wastewater treatment
plant are generally unavailable, or were impossible to separate
from the cost records of treatment plant and flow equalization
facility installation. Included in this category are items
such as pumping stations, electrical equipment and controls,
ventilation systems, yard piping, and chlorination equipment.

Construction Costs

No apparent correlation was noted between construction cost
figures received and the level of complexity of the individual
facilities. Based on this observation, it would seem that the
construction cost of an egualization facility is not solely
related to the size and type of equipment included. Local in-
fluences are more likely to play a significant role in deter-
mining such costs. Some of the more significant factors that
must be addressed when evaluating a given site or facility in-
clude the following: '
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1. Location of the equalization facility in relation to
other unit processes or, alternatively, location within
the collection system.

2. Shared use of equipment and piping with unit processes
at the treatment plant.

3. Site conditions.

4. Labor and material costs and availability.

5. Competitiveness of construction and supplier market.
6. Time allotted for construction.

7. The existence of the equalization facility as an
addition to existing facilities or as an integral
part of a new treatment plant.

Table 12 summarizes construction cost data for existing
equalization facilities. To make these data comparable, all
construction cost information has been trended to a common cost
level-—-an Engineering News Record (ENR) construction cost index
of 2600. The construction costs listed in Table 12 do not in-
clude any allowance for engineering, legal, or administrative
costs. Cost information for this analysis was obtained from
72 of the 95 responding agencies. Figure 18 presents a log-log
regressional plot of the construction cost data.

Operation and Maintenance Costs

Operation and maintenance (0O&M) costs for wastewater
treatment facilities can be separated typically into labor,
materials, energy, and chemical components. Cost data for 0&M
provided by 34 of the 95 responding agencies were, for the most
part, incomplete and inconclusive. By far the great majority
of agencies surveyed had no breakdown of 0O&M costs for their
flow equalization facilities, and the information that was re-
ceived was not generally classified by individual 0&M compo-
nents. Tables 13 and 14 summarize available data for equali-
zation tanks and basins.

The most prevalent response related to the yearly 0&M cost
was "minimal." It was assumed that "minimal" cost was in rela-
tion to the yearly O&M cost of the associated sewage treatment
plant. Of course, if plant O&M costs were high, the amount
spent on 0&M for the flow equalization facility could be sub-
stantial. But because of the inconclusive nature of this type
of response, the agencies classifying such costs as "minimal"”
were considered as non-responsive.
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TABLE 12. CONSTRUCTION COST DATA FOR ETLCWV\EK)EUXLJZZZXT]K)N

FACILITIES

Equal

Fac Year of o ENR Type

Vol Constr Constr 2600 (tank)
Plant Name. Ref No (108 gal) | or Bid cost. (103 $)| cost (103 $)| (basin)
Capacity <1 mgd Tables 7 &8
Fontana, CA . 1 0.1 : T
Deer Creek STP, CA 2 3.0 1974-76 | o : ’ "B’
Rancho Bernardo Pt., ‘ ,

ca , 3 | 0.2 1972 3 5. B
Wwillits, CA 4 16.0 . 1977 153 209 B
Northeast/Oskaloosa, ‘

ia 5 4.07 1972 B
southwest/Oskalcosa,

IA i : 6 4.07 1973 34 : 46 - B
Boyne City, MI 7 74.5 1976 300 _ 411 B
Dimondale, MI . 8. 0.138 | 1974 . 58 : 74 T
Essexville, MI ~ -9 0.60 19269-70 © 280 512 T
Dawson. STP, MN 10 0.26 1972 100 165 B
Blackwood, NJ 11 0.25 1970 113 213 T
Borough of Palmyra, ) . B ‘

NJ - 12 0.132 1973 150 L~ 171 T
Clementon, NJ 13 | 0.35 1973 90 124 T
Windsor, NJ 14 2.0 1974 355 . 486 T
NJ Turnpike Auth. Ser—

vice Area 3-S, NJ i5 0.085 1972 129 190 T
NJ Turnpike Auth. Ser- : '

vice Area 4-N, NJ 16 0.017 1973 21 29 T
Ramblewood, NJ 17 0.102 1968-69| T .
Stratford, NJ . 18 0.297 1973 340 465,800 T
Chautauqua, NJ - 19 0.0371 | 1976 ©20 T
Waverly STP, NY 26 0.12 1976 75 77 T
Weatherford, OK 27 8.15 1968 69 B
McAlisterville, PA 28 0.039 1973-75 T
Salina, UT 31 0.5 1976, B
shelburne, VT 32 . 0.15 1977 77 79 T
Bellingham, WA 33 0.202 1976 720 850 B
Stevens Pass, WA 34 0.076 1976 150 162 T
Capacity >1 mgd Tables 9 & 10
Cypress Creek STP, AL 1 2.0 1970~72 150 282 B
5 Mile Creek STP, AL 2 30 1975-77 1,000 - 1,180 B
Valley Creek STP, AL 3 5.0 1973-76 700 959 B
Central Contra Costa ‘ .

San Dist, CA 4 164.0 B

(continued)
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TABLE 12 (continued)

Equal

Fac Year of ENR Type

Vol Constr Constr 2600 3 (tank)
Plant Name Ref No| (10® gal) | or Bid |Cost (1038)| Cost (10~ $)| (basin)
Chino Basin Muni W.D.,

Cca 5 1.2 1977 200 206 B
Santa Rosa, CA 6 17.0 1966-67 138 351 B
Pismo Beach STP, CA 7 0.38 1975 ‘ B
Redlands, CA 8 1.25 1972 B
Rohnert Park, CA 9 0.75 1970~71 495 930 B
Rossmoor San Inc., CA 10 2.5 1971-75 188 354 B
Sacramento, CA 11 207.0 1976 959 1,035 B
San Luis Rey TP, CA 12 1.08 1973-75 408 560 T
Dublin, CA 13 2.3 1972 180 266 B
Livermore, CA 14 20.0 1974 491 634 B
Estes Park, CO 15 0.238 1975 120 154 T
Broomfield, CO 16 1975 ' B
Highland Park, IL 17 21.0 1973 8,700 12,876 T
Ankeny STP, IA 18 4 1974-75 125 16l B
Lawrence STP, KA 19 6.7 1975-77 380 448 B
Manhattan, Ka 20 0.25 1976 252 267 B
Corrina, ME 21 0.40 1969-71 T
South Paris, ME 22 0.21 1973 190 262 T
Detroit, MI 23 28.0 1968 5,875 15,747 T
Dowagiac, MI 24 4.9 1977 310 365 B
Eaton Rapids, MI 25 0.07 T
E. Lansing, MI 26 5.0 1976 1,935 2,864 T
Grand Haven-Spring

Lake, MI 27 0.80 1973 T
Grand Rapids, MI 28 10.0 1972 674 1,267 B
Saginaw, MI 29 3.6 1975-77 7,167 8,457 T
Jackson, MI 30 12.5 1972 750 1,410 B
Lansing, MI 31 4.0 1966 73 204 T
Midland, MI 32 3.25 1971-72 T
Mt. Clemens, MI 33 30.0 1974 4,560 5,882 T
Pontiac, MI 34 3.0 1974-~-75 T
Port Huron, MI 35 5.7 1972-73 2,500 3,700 T
Southeastern Oakland 36 6340 1972 25,000 47,000. T

Co., MI
Tecumseh, MI 37 1.0 1969~72 525 1,076 T
Trenton, MI 38 13.5 1971 B
Walled Lake-Novi, MI 39 0.315 1971-72 150 247 T
Warren, MI 40 50.0 1969 5,102 10,580 B
Ypsilanti, MI 41 0.624 T
Brookhaven, MS 42 81.0 1965 B
Greneda, MS 43 72.0 1965 314 839 B
Joplin, MO 44 12.2 1972-73 80 132 B
Warrenburg, MO 45 0.53 1977 B
Reno Sparks, NV 46 B
Merrimack, NH a7 0.956 1969-70 197 444 T

(continued)
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TABLE 12 (continued)

Equal ) :
Fac Year of ENR Type
: : Vol Constr Constr 2600 (tank)
. Plant Name . Ref No (106ga1) or Bid |Cost (1035) Cost(103$) {basin)
Elmwood STP, NJ 48 0.258 1973 144 197 T
New Providence, NJ 49 0.426 1971 162 ' 334 T
Woodstream STP, NJ 50 0.299 1976 72 77 T
Amherst, NY i 51 0.623 1976~77{ 1,310 1,545 T
Delaware, OH 52 1.0 1973 32 ’ T -
Colmar, PA 53 - 0.22 - 1972 ) T-
0il city, PA 54 0.52 1976 oo13r 179 T
Watertown, SD 55 10.0 142 154 - B
Amarillo, TX 56 3.0 1965-68] .25 65 B
Garland, TX 57 11.8 1974-76 840 1,243 B
Odessa, TX 60 2.80 1976 800 T
Sandy City, UT 62 0.70 | 1961 : © B
Lower Potomac Poll '

Cont, VA 63 14.3 1974 540 696 B
Moore Creek STP, VA 64 4.6 1976 , 750 810 B
Potomac Reg. STP, VA 65 | 14.3- 1976 750 810 B
Roanoke, VA 66 30 1973 2,193 3,005 T
Upper Occoguan Sewer A

Auth, VA 67 10 1974 530 683 B
Lacy~Olympia-Tumwater,

WA 68 2.5 1,600 B
Seattle, WA 69 B
Ada STP, WV 70 . 0.4 1974-75 850 1,164 T
Westside STP, WV 71 1978-79 2.0 M 2.16 M T
Cheyenne, WY 74 1.35 1975-76 201 260 B
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CONSTRUCTION COST, DOLLARS (10°%)
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TABLE 13.

OPERATION AND MAINTENANCE COSTS FOR EQUALIZATION

101

TANKS
Equalization
Table a facility Annual

Plant name ref no. Type vol., mg ‘O&M _cost ., $
Capacity < 1 mgd Tables 7& 8
cC.I.W., CA . 1 A 0.100 _
Dimondale, MI 8 B 0.138 - Minimal
Essexville, MI 9 B 0.600 500-1,000
‘Blackwood, NI 11 A 0.248 :
Palmyra, NJ 12 A 0.132
Clementon Sew Auth

Plant, NJ 13 A 0.350 16,300
E. Windsor, NJ 14 A 0.200 4,000
Cherry Hill, NJ 15 A 0.085 Minimal
Mt. Laurel, NJ 16 A 0.017 Minimal
Ramblewood, NJ 17 A 0.102
Stratford, Sew Auth, v v

NJ 18 A '0.297
Chautaugua, NY 19 A 0.036
Waverly, NY 26 A g.110
Shelburne, VT 32 A 0.150
Stevens Pass, WA 34 A 0.076
Capacity > 1 mgd Pables 9 & 10
San Luis Rey TP, CA 12 ‘A 1.160
Valley Comm., CA 13 A 0.150 Minimal
Upper Thompson, CO 15 A 0.238 Minimal
Clavey Road, IL 17 B 21.000 15,000
Lawrence, KA 19 B 5.000 5,000
Manhattan, KA 20 A - 2.900 4,000
Corrina Sew Dist Plt, »

MA 21 A . 0.400 14,500
Paris Utility Dist, MA: 22

Equal tank 0.210 27,000

Ind waste holding tank 0.130 11,800
Chapaton P.S., MI 23 B 28.000 200,000
Eaton Rapids, MI 25 A ©0.140
E. Lansing, MI 26 A 5.000 29,000
Grand Haven/Spring A '

Lake, MI 27 A 0.800 2,500
Hancock St. P.S., MI 29 B 3.600. 45,000
Lansing, MTI 31 B 4,000 Minimal
Midland, MI . 32 A 3.250
Mt. Clemens, MI 33 B 30.000
Pontiac, MI 34 A 3.000

(continued)



TABLE 13 (continued)

PR

Equalization
Table facility Annual

Plant name ref no. Type? vol., mg O&M cost, §
Capacity > 1 mgd, continued
Port Huron, MI 35 A 6.000 4,186
Southeastern Oakland

Co., MI 36 B 63.000 800,000
Tecumseh, MI 37 A 1.000 Minimal
Walled Lake-Novi, MI 39 A 0.315
Ypsilanti, MI 41 A 0.624
Merrimack, NH 47 A 0.952 4 17,200
Elmwood, NJ 48 A 0.258
New Providence, NJ 49 A 0.426 Minimal
Woodstream, NJ 50 A 0.299
Amherst, NY 51 A 1.250 56,000
Delaware, OH 52 A 1.000 Minimal
Hatfield Twp., PA 53 A 0.220 2,500
0il city, PA 54 B 0.476 Not yet used
Odessa, TX 60 A 2.800 Minimal
Roanoke, VA 66 B 22.000 Minimal
Ada 8TP, WV 70 B 0.4090
Westside STP, WV 71 A
Ely, MN A 0.055

a -
A = BEqualization facility for diurnal flows

(in~line and side-line).

B = Equalization facility for storm flows.

102



TABLE 14. OPERATIONS AND MAINTENANCE COSTS FOR EQUALIZATION

BASINS
Equalization
a facility - Annual

Plant name Ref no. | Type® vol., mg O&M cost , S
Capacity < 1 mgd Tables 7 & 8
Deer Creek, CA 2 A 3.000
Rancho Bernardo 3 A 0.200 Minimal
Willits, CA 4 B 16.000 800
Northeast Oskaloosa, ‘

IA 5 B 4.070 Minimal
Southwest Oskaloosa, ’ ’

IA 6 B 4.070 Minimal
Boyne City, MI 7 A 57.000
Dawson, MN 10 A 0.260 13,414
Weatherford, OK 27 A 8.150 2,252
Salina, UT 31 A 0.500 :
Lake Samish, WA 33 A 8.020 1,095
Capacity > 1 mgd Tables 2 & 10
Cypress Creek, AL 1 B 4.000 5,000
5 Mile Creek, AL 2 B 30.000
Valley Creek, AL 3 B 5.000 10,000
Central Contra Costa, CA 4 B 164.000 20,000
Chino Basin, CA 5 A 1.200 Minimal
Laguna, CA 6 B 17.000 ‘Minimal
Pismo Beach, CA 7 A 0.375
Redlands, CA 8 A 1.250 .
Rohnert Park, CA 9 A 0.750 Minimal
Rossmoor San Inc., CA 10 A 2.500 33,435
Sacramento, CA 11 A 222.000
Valley Comm., CA 13 - o 2.300 1,872
Livermore, CA 14 B 20.000 Minimal
Broomfield, CO 16 A - 2.000
Ankeny, IA 18 B 4,000 3,000
Dowagiac, MI 24 B 4,900 Under const
Grand Rapids, MI 28 A 10.000 14,728
Jackson, MI 30 A 12.500
Trenton, MI 38 .B 13.500 "Minimal
Warren, MI 40 A 50.000
Brookhaven, MS 42- A 81.000 Minimal
Greneda, MS 43 B 72.000 . "Minimal
Joplin, MO 44 A 14.660 - Minimal
Warrensburg, MO 45 A 0.530 Minimal
Watertown, SD 55 B 2.000 Minimal
Amarillo, TX 56 A 3.000
Duck Creek, TX 57 A 11.80¢0 32,500
Sandy Suburban, UT 62 A 0.700 .

(continued)
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TABLE 14 (continued)

Equalization
facility Annual

Plant name Ref no Typea vol., mg O&M cost, $
Capacity > 1 mgd, continued
Lower Potomac, VA 63 A 14.00 50,000
Moore Creek, VA 64 a 4.60 25,000
Potomac Regional, VA 65 A 14.30 20,000
Upper Occaguan, VA 67 A 45 & 10 Minimal
Lacy~Olympia-Tumwater,

WA 68 B 2.50 Not const
Dry Creek, WY 74 A 2.50 3,500
qa = Equalization facility for diurnal flows

(in-line and side-line).
Equalization facility for storm flows.

A log-log regressional analysis of 0O&M cost data is shown
in Figure 19. An attempt was made in the analysis to develop
cost curves for both in-line facilities (used for either all or
excess daily flow) and side-line installations (used primarily
for storm inflow). No apparent correlation was observed between
type of use and complexity or size of the equalization structure.

The O&M cost data listed in Tables 13 and 14 were also com-
pared on the basis of size of the associated treatment plants.
A log~log regressional analysis of these data is shown in Figure
20. Although these data varied greatly, a more reasonable
pattern emerged that indicates that 0&M costs associated with
equalization facilities are more closely related to the size of
the wastewater treatment plant than to the size of the equali-
zation facility installed.

A flow equalization facility must obviously produce some
additional O&M costs for a wastewater agency because of the
additional equipment and controls involved in such an operation.
Recorded observations at several plants previously studied by
others, and survey data received during this study indicate that
only a negligible amount of operator time is required on a day-
to-day basis for routine operation and maintenance procedures
for both in-line and side-line installations. Major cost fac-
tors were primarily for repair of equipment and control systems.
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. SECTION 5
EQUALIZATION PERFORMANCE EVALUATION
CASE. HISTORIES. ' -

Introduction

Increased treatment process stability and improved perfor-
mance are presumed benefits of equalization frequently cited in
favor of including it as a treatment component. Treatment pro-
cess design relationships and extensive qualitative reasoning
generally support these assumptions. : But current understanding
of the complex interactions between treatment process compo-
nents under typically variable diurnal loading conditions is
not sufficient to quantitatively predict the benefits of equall—
zation. Nevertheless, efforts to define its cost effectiveness
require quantitative information. Recent EPA sponsored equali-
zation studies and treatment plant operating records obtained
in this study have, therefore, been analyzed to determine quan-
titative effects of equalization on both performance level and
day-to-day variability of ‘conventional wastewater treatment
fac111t1es.

To evaluate effects of equalization on treatment process
and plant performance using only existing plant operating
records, a careful selection of the different types of data is
essential. A broad range of influent, environmental and
operatlonal factors affect treatment plant performance. To
minimize the influence of extraneous variables, treatment plants
.should be selected for analysis primarily if equalization has_
been added to an existing plant as the only significant physical
or operational change during the period of interest. In such
cases existing plant operating records can be analyzed for the
years preceding and following the time equalization began.
Significant effects of equalization on average daily performance
may be identified, giving appropriate consideration to differ-
ences in influent conditions of the respective periods of
operations. Very few suitable treatment plants are in exis-
tence, and fewer yet have operating records adequate for thor-
ough analysis. In a few cases, where data are available, two -
-years of equalized flow performance data are presented in
separate comparisons. Before and after data is supplemented
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with data from additional treatment plants (with and without
equalization) having detailed operating records available for
analysis. The performance analysis includes treatment facili-
ties in a range of sizes, treatment types, and types of equali-
zation facilities (Table 15).

Performance characteristics of plants studied are estab-
lished by means of probability plots, as described in Section 2.
Data are analyzed uniformly for plant influent and secondary
effluent; where available, primary and tertiary effluent analyses
are included. Typically, operating records reflect daily average
flows and concentrations, with concentrations composited pro-
portional to flow. One year (365 consecutive days) of operating
data is used where possible to provide a description of typical
operating conditions. Performance characteristics are estab-
lished for each plant on the basis of BOD and TSS concentra-
tions. Characteristics are also examined for some plants in
terms of BOD and TSS loadings to illustrate the significance of
differences between flow and concentration distributions over a
typical annual cycle.

In most cases, logarithmic transformations are found to
normalize both influent and effluent distributions. Comparisons
must be made in terms of the logarithmic standard deviations and
coefficients of variation in spite of the lack of physical sig-
nificance. In an effort to best describe observations of plant
performance characteristics and effects of equalization,
graphic presentations are used, permitting the reader to supple-
ment comparisons discussed. Effects on the performance level
are reflected by median and mean values of respective data sets.
Effects on day—-to-day process variability are shown by the
slopes of the respective distributions.

The treatment plants for which data are analyzed have
widely varying characteristics, so comparison of plant perfor-
mance should be made with due caution. In spite of the variety
of characteristics among plants, and the wide range of design
and operating factors other than equalization (or the lack of
it) , general patterns may be found that can be attributed to
equalization effects. The annual performance characteristics
required for compliance with secondary treatment standards
(Figure 16), as described in Section 2, provide a generalized
basis for evaluating performance of individual plants.

Activated Sludge Plants

EPA MERL Pilot Plant--

An in-house study of the effects of input variations on
activated sludge treatment was conducted by the EPA at the
Municipal Environmental Research Laboratory, Cincinnati, Ohio.
Facilities consisted of two independent, parallel, 20 gpm
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TABLE 15.

TREATMENT FACILITIES

FOR PERFORMANCE EVALUATION

_ Plant type Design Equalizétion, Operating
and location capacity - type " -data
Activated sludge: -
EPA Pilot Plant, '

" Cincinnati, OH 2 @ 20 gpm Constant flow Side-by=-side
Walled Lake-Novi, MT 0.7 mgd Side-line - Equalized
Tecumseh, ML 1.4 mgd In-line Before/after
Ypsilanti Twp, MI 3.7 mgd, In-line- Side-by~side

' 3.8 mgd unequalized )
Pontiac, MI 8.5 mgdl Side-line Equalized
Amarillo, TX 9.5 mad Side-line Before/after
Warren, MI 35 mad Emergency Unequélized
3§nton, WA 29 mgd Influent Part.

regulation equalized
Newark, NY 1.8 mgd In-line Unegualized/
equalized
Trickling filter:
Palmyra, NJ 0.53 mgd In-line Before/after
Midland, MI 6.5 magd Side-line Equalized
Bay City, MI 12 mgd - Unequalized
Oxidation ditch:
Dawson, MN 0.26 mgd Variable Equalized
A.S. vol.
Arlington, WA ' - Unequaliied
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capacity activated sludge treatment trains. Flow to one plant
was maintained at a constant 20 gpm, and the other was maintained
at a daily average flow of 20 gpm, with diurnal peak to average
variations of 1.5, 2.0 and 2.5:1 imposed during consecutive study
periods of approximately 3 months each. Since flow to the plants
was provided by pumping directly from the raw sewage source, no
concentration equalization was provided in the constant flow
system; as shown by values (Table 16) determined from diurnal
sampling during each of the peak-to-average flow periods. Unit
process loading rates were maintained as follows: primary
clarifier overflow rate = 1,200 gpd/ft2; aeration tank loading

= 35 1lb BOR/1,000 ft3; secondary clarifier overflow rate =

650 gpd/ft2.

TABLE 16. EPA INHOUSE STUDY: PEAK-TO-AVERAGE
(P/A) FLOW AND LOAD RATIOS

P/A Load (COD) P/A Load (COD)
P/A Flow Date Constant Flow Varying Flow
1.5 Feb "74 1.6 2.1
1.5 Apr '74 1.8 1.7 1.6 1.85
2.0 Jul '74 1.7 2.4
2.0 oct '74 1.4 1093 2.2 2-1
2.5 Jan '75 1.4 2.5
2.5 Jan '75 1.3. (TSS) 2.4 [(TS8)
2.5 Feb '75 1.7 2.3
2.5 Apr '75 1.8 2.7

Influent, primary effluent, and secondary effluent TSS and
BOD concentration distributions of the parallel constant and
diurnally varying flow pilot plants are shown in Figures 21 and
22 for a peak-to-average flow ratio of 1.5; Figure 23 and 24 for
a peak-to-average flow ratio of 2.0; and Figures 25 and 26 for a
peak-to-average flow ratio of 2.5. Differences between distri-
butions of primary effluent TSS and BOD concentrations and loads
at all three levels of peak-to-average flow were slight. 1In
addition removals observed were not typical of conventional ex-
perience. Accordingly, little emphasis is placed on this.in-
formation, and more detailed comparison will not be made.

Distributions of secondary effluent BOD and TSS at a peak-
to-average ratio of 1.5 were virtually the same for constant
and varying flow conditions. The pattern of similarity between
TSS and BOD distributions was observed to continue in the other
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two peak-to-average ratio periods. As the peak-to-average ratio
was increased, the difference between distributions for constant
and varying flow conditions is observed to increase. At a peak-
to-average ratio of 2.0, performance under constant flow was
better in terms of both TSS and BOD, with differences in mean
values of approximately 10 percent and 25 percent respectively.
Variability of BOD performance was slightly greater for constant
flow conditions. But variability of TSS performance was slightly
less for constant flow. At the peak-to-average ratio of 2.5,
TSS and BOD performances were again both better under constant.
flow conditions, with differences between mean effluent concen-
trations each approximately 20 percent. The variability of BOD
and TSS distributions was observed to be greater under constant
flow conditions during this period.

The data from this study suggest that the increasing
effectiveness of equalization for improving process performance
runs parallel to the increase of influent variability. It is
not possible to distinguish, however, between the relative im-
portance of simple flow equalization and a somewhat lower degree
of influent load equalization provided (Table 15).

Walled Lake-Novi, Michigan-- '

-A study of flow equalization at the Walled Lake-Novi,
Michigan, wastewater treatment plant (27) was conducted from
January 1974 to February 1975. The facilities consist of a
0.7 mgd activated sludge "package" plant and effluent filters,
with a 0.34 million gallon sideline equalization tank. The
plant has stringent effluent discharge requirements (Table 17).
These discharge requirements dictated conservative design:
secondary clarifier overflow rates = 360 gpd/ft2; effluent £il-
tration rates = 1 gpm/ft2. Complete details of plant design and
operation are given by Foess et al. (27) The aerated equalization
tank is operated to maintain essentially constant flow through
the plant on a daily basis. Average plant flow is estimated at
the beginning of each day. Controls then provide for either
pumping excess raw wastewater from the influent wet well to the
equalization tank, or for allowing stored wastewater to flow
back into the secondary process during deficient flow periods.
The plant does not have a primary clarifier.

TABLE 17. EFFLUENT DISCHARGE REQUIREMENTS
FOR WALLED LAKE-NOVI PLANT

Parameter
(mg/1) 30-day average 7-day average Daily maximum
BOD 10
TSS 10 15 |
NH ;=N S 2
Total-P 20% of influent
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During the study period the plant was operated continuously
according to routine equalized flow procedures. For one week
(October 28 to November 3, 1974), the equalization tank was not
used, so that plant performance could be observed under un-
equalized flow conditions. The peak-to-average flow ratio under
typical dry weather conditions in 1977 is approximately 1.5.

Influent, secondary effluent and filtered final effluent
TSS and BOD concentration and load distributions for equalized
and unequalized flow periods during the 1974 study are shown in
Figures 27 through 30. Differences between the respective con-
centration and load distributions are attributable to differences
in the distribution of average daily flows experienced between
the equalized and unequalized periods studied. The influent
loading distributions (Figures 31 and 32) indicate the compara-
bility of loading conditions experienced in the respective
periods.

Comparison of distributions from equalized and unequalized
flow periods shows that some differences occurred both between
the level of performance and degree of performance variability.
The variability in all distributions of the one-week unequalized
period may be artificially low compared to the rest of the one-
vear equalized period. One week of consecutive average daily
concentration measurements benefits from the natural homogeneity
of conditions experienced in relatively short periods of time;
effects of the full range of typical annual influent conditions
are simply not represented.

Distributions of influent and effluent BOD (Figure 28)
indicate that secondary effluent in the equalized flow period
was both better and less variable than in the unequalized period,
and that filtered final effluent was better but more variable.

It may be noted that influent BOD loading conditions were some-
what lower and less variable during the equalized flow period.
However, because of the very light loading rates imposed on this
plant, the differences observed in influent conditions should
have had slight, if any, effect on overall performance.

Influent and effluent TSS concentration distributions
(Figure 27) indicate that, contrary to observed BOD performance,
secondary effluent in the equalized flow period was both of
poorer quality and more variable than in the unequalized flow
period. Filtered final effluent, on the other hand, was both
better and less variable under equalized conditions. Influent
TSS loading under equalized conditions was somewhat higher, but
had similar variability to that under unequalized conditions.

By virtue of the differences observed between respective influ-

ent distributions, conclusions about the effect of equalization

as opposed to other process variables are difficult to draw.

The uniformly better quality of filtered final effluent observed
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during equalized operation suggests that equalization is a posi-
tive influence on effluent filter performance. These observa-
tions correspond closely to those reported in the original study.

Distribution of equalized influent and effluent TSS and BOD
concentrations for the year from August 1976 to July 1977
(Figures 29 and 30) are compared to the unequalized distribu-

" tions from the 1974 study (Figures 27 and 28). The distribu-
tions of influent TSS and BOD concentrations for 1976-1977 are
comparable to those of the equalized 1974 period, and corres-
pondingly lower and somewhat more variable than those of the
1974 equalized flow period.

The 19276-1977 distribution of secondary effluent TSS shows
improved performance compared to the equalized 1974 period, but
still slightly poorer performance than the corresponding un- -
equalized period. The median 1976-1977 filter effluent TSS per-
formance is approximately 3 mg/l, with 80 percent of effluent
concentrations between 1 mg/l and 7 mg/l. Corresponding 1974
equalized and unequalized filter effluent medians are 3.5 mg/l
and 5 mg/l, with 80 percent ranges of 1 mg/l to 6 mg/l and
1 mg/l to 13 mg/l, respectively.

The 1976-1977 distribution of effluent BOD concentrations
shows significantly better but more variable performance than in
the corresponding 1974 periods. Effluent filter BOD performance
during 1976-1977 is not quite as good as during the 1974
equalized period, but still substantially better than during
the unequalized period. This is in reasonable agreement with
patterns observed for TSS performance.

Tecumseh, Michigan--

In 1972 a 1 mgd equallzation/emergency storage basin
(Figure 33) was added to the Tecumseh, Michigan sewage treatment
plant. No other physical or significant operational changes
were made at this plant during the period from 1970 through the
present. The facilities consist of a 1.4 mgd contact stabiliza-
tion, activated sludge process with conventional headworks, and
primary and secondary clarifiers. The peak-to-average flow
ratio during typical dry weather conditions is about 1.3.
Average dry weather flow in 1976 was approximately 1.1 mgd.

The equalization basin is divided into two equal 500,000
gallon compartments. One compartment is normally kept empty to
provide emergency bypass storage from the headworks in the event
of industrial spill detection. Oils and plating wastes from
local manufacturing industry periodically contributed to severe
plant upsets before the equalization addition. The second com-
partment is routinely used for equalization of daily flow varia-
tions. Effluent from the primary clarifier flows by gravity to
the equalization basin.  Flow to the activated sludge process is
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Figure 33. Equalizatibn tank, 1 million gallon capacity,
Tecumseh, Michigan :

pumped from storage at the estimated average daily flow preset
by the operator and maintained by wet well level pump controls.
Mixing and aeration are provided in the equalization tank by a
coarse-bubble, diffused air system.

Influent and effluent distributions of TSS and BOD concen-
trations and loads observed during the year before equalization
(1970) and two years following equalization are shown in Figures
34 through 43. Comparison of influent loadings for the three
years (Figures 38 through 41) show that loadings in equalized
periods are significantly higher than in the unequalized period.
Mean values of the various distributions (Table 18) illustrate
the differences observed in influents and effluents during the
periods of record. In general, differences between loading
distributions for the periods compared were similar to those
observed between concentration distributions.

The distribution of effluent BOD concentrations was sig-

nificantly lower in the two equalized flow periods than in the
period before equalization. In 1973, the equalized effluent BOD
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TABLE 18.

MEAN BOD AND TSS. LOAD AND

CONCENTRATION SUMMARY

Item 1970 1973 1976
Mean BOD load, lb/day:
| Plén£ iﬁfluent 1,829 2,923 2,489
Plant effluent 98 76 134
Mean TSS load, 1lb/day:
Plant influent 3,376 5,351 4,505
Plant effluent 136 94 115
MeaanOD conc., mg/l:
Plant effluent 28 8 12
Mean TSS conc., mg/1l:
Plant effluent 13 9 14

performance was less varlable than before equalization. However,
although performance in 1976 was still significantly better than
before equalization, it was slightly more wvariable.

The distributions of effluent TSS concentrations for the
three years examined does not show a consistent pattern. In
the equalized 1973 period the mean effluent TSS concentration
was lower and slightly less variable than before equalization.
However, in 1976 the mean effluent TSS concentration was nearly
the same although slightly more varlable than in the year before
equallzatlon.

No consistent relationship was apparent between effluent
guality and influent loading. When loadings were lowest before
equalization, effluent quality was poorest. However, during the
equalized flow periods effluent quality was generally best
during the period of higher loading. Although this suggests a
s1mple inverse relationship between loading and performance, it
is generally accepted that the opposite relation should exist
for plants such as Tecumseh operating at loadings approaching
the design capacity. Overall, with the exception of 1976 TSS
concentrations, effluent performance appears to have benefitted
from equalization. This is in agreement with observations of
plant operating personnel.

137



Ypsilanti Township, Michigan--

A side-by-side comparison of equalized and unequalized
activated sludge treatment performance (28) was conducted from
June 1974 to July 1975. The Ypsilanti Township sewage treatment
facilities consist 'of two parallel, but independent, activated
sludge plants on a common site. Separate interceptors serve the
two plants. Although influent sewage to the two plants is not
identical, characteristics are similar, and local factors
affecting sewage composition and influent variations are common
to both. Plant No. 1 is equipped with an in-line equalization
basin for diurnal flow smoothing; Plant No. 2 has no flow
equalization. Plant No. 1 has a capacity of 3.7 mgd rated at a
secondary clarifier overflow rate of 800 gpd/ft2, and has no
primary clarifier. Ferric chloride is added to the aeration
tank effluent for phosphorus removal.

Average daily flows to both plants under typical operating
conditions in 1974-1975 were about 4.0 mgd. Hourly average
flows ranged from 1.5 to 6.0 mgd, with raw sewage peak-~to-
average ratios of about 1.5 under typical dry weather conditions.
During the study period, average influent BOD was approximately
200 mg/l, with average hourly concentrations ranging from 50 to
400 mg/l. Influent wastewater to both plants contains about
25 percent industrial wastewater.

The in-line equalization system consists of two converted
anaerobic digesters providing a total capacity of 624,000 gal-
lons. The tanks are aerated to prevent solids deposition and
to maintain aerobic conditions in the untreated wastewater.
Flow is pumped to the tanks from the plant influent pump sta-
tion. Constant gravity flow to the downstream treatment pro-
cesses is maintained by automatic control of the equalization
tank discharge valve.

During the experimental period, the unequalized Plant No. 2
was not altered from its normal operating routine. Data from
this plant provide a basis for comparing performance character-
istics for constant and varying flow conditions. Plant No. 1
was observed under three modes of operation: (1) equalized flow
at approximately design capacity, maintained for all but five
weeks of the June 1974 to July 1975 study period; (2) equalized
flow for hydraulically stressed conditions in the secondary
clarifier for brief periods between March 17 and April 17, and
from June 3 to July 3, 1975; and (3) unequalized flow conditions
were maintained from May 14 to June 14, 1975.

Operating data from the two plants for the calendar year

1976 are presented to provide an additional comparison of
equalized and unequalized performance.
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Influent and effluent BOD and TSS concentrations and load
distributions from the 1974-1975 study of equalized Plant No. 1
and unequalized Plant No. 2 are shown -in Figures 44 through 47.
The obvious similarity between distributions of BOD and TSS con-
centration and BOD and TSS load results from the concurrence of
operating periods with nearly identical influent wastewater com-
'ponents. Due to the similarity of the distributions only the
concentration figures will be discussed. Influent and effluent
BOD and TSS concentratlon dlstrlbutlons for 1976 are shown in
Flgures 48 and 49.

The distribution of effluent BOD from equalized Plant No. 1
was lower than the unequalized distribution; approximately 7 mg/l
difference in median values. The annual means can be calculated
as 15.8 mg/l and 23.3 mg/l respectively. Variability of the
equalized performance was slightly greater than unequalized per-
formance; approximately 20 percent difference in log standard
deviations. The observed difference between TSS performances
was approximately 20 percent in log standard deviations. The
observed difference between TSS performance levels of equalized
and unequalized plants was negligible; both population means
approximately 17 mg/l. In this case, performance variability
of the equalized plants was less than for the unequalized plant;
approximately 27 percent difference in log standard deviations.
Considering the comparability of the plant loading conditions
over the study period, and the concurrent period of observation,
equalization appears to have contributed to improved plant per-
formance.

Observations of Plant No. 1 performance during alternating
consecutive 3l-day unequalized, eqgualized, and unequalized
operating periods (from April 13 to July 14, 1975) should be
considered along with the comparison of Plant No. 1 and No. 2
above. The performance summary (28) indicates that little dif-
ference was observed between equalized and unequalized flow
periods. If anything, performance during the equalized flow

. period was judged to be slightly better. However, differences
in flow and loading conditions during the respective periods
were large enough to have had as much or more influence on per-
formance ‘as the existence or absence of flow equalization.

Comparing concentration distributions for the 1974-1975
study (Figures 44 and 45) and for 1976 (Figures 48 and 49)
reveals that plant performance was remarkably similar during
the two periods. Almost no difference can be seen between
effluent TSS distributions of the two plants during the two
periods. Median annual performance is approximately 13 to 15
mg/l; each with approximately the same level of variability.
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Figure 50. Equalization tank (background), 3 million gallon
capacity, Pontiac, Michigan

Pontiac, Michigan--

Two activated sludge plants, East Boulevard and Auburn,
treat wastewater from the City of Pontiac. Flow in a single
major interceptor passes the East Boulevard plant, where the
desired quantity is diverted for treatment. The remainder is
conveyed to the Auburn plant for treatment. The existing East
Boulevard activated sludge facilities have been in operation for
more than 30 years. A 3 million gallon side-line equalization
tank (Figure 50) was added in 1975 to limit peak daily flows to
the effluent filters, to stabilize operating conditions for
phosphorus removal, and to provide some protection against toxic
spills from extensive local manufacturing industry. No other
changes were made in the plant, but the capacity of the Auburn
plant was expanded at the same time, reducing flows to East
Boulevard. This reduced process loading at both plants, so that
performance characteristics before and after equalization are
not directly comparable. For example, average BOD loading to
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the East Boulevard plant was apprbxiﬁately 28 percent lower in
1976 than in 1973 (Figure 51).

The East Boulevard plant has a capacity of about 10 mgd.
Average dry weather flow to the plant in 1977 was maintained
between 8 and 9 mgd. The facilities consist of primary clarifi-
cation followed by equalization, activated sludge, and secondary
clarification. Ferric chloride and polymer are added to aera-
tion tank effluent for phosphorus removal. Final effluent is
piped to the Auburn plant for effluent flltratlon and disinfec-
tion.

The Auburn plant is also a'conVentional'activated'sludge
plant with primary and secondary clarification. It does not
have equalization facilities of its own. However, flows to the
plant are partlally equallzed by operation of the East Boulevard
and Auburn plants in series, equallzatlon at East Boulevard, and
the location of the Auburn plant at the downstream end of the
system. Effluent filters and chlorine contact facilities at the
Auburn plant treat the combined flow from both plants. Total
average dry weather flow to the tWo'plants in 1977 was about
- 20 mgd, with a peak-to-average ratio typlcally 1.3 to 1.4. Wet

weather flows may exceed 50 mgd.

Durlng typical dry weather flow operating periods, primary
effluent is diverted to the equalization tank when flows at the
East Boulevard and Auburn plants exceed 8 and 12 mgd, respec-
tively. Stored wastewater is pumped to secondary treatment in
deficit flow periods. The stored wastewater is not mixed or
aerated.

Annual distributions: of average daily influent and effluent
TSS and BOD concentrations at the East Boulevard plant are shown
in Figures 51 and 52. Data from 1973 are representative of
operation prior to the addition of equalization at East Boule-
vard and extensive additions to the Auburn plant downstream.
Data from September 1976 to August 1977 cover the year imme-
diately following commencement of equalization at East Boulevard.

The secondary effluent TSS distribution in the egualized
period indicates better and slightly less variable performance
than in the unequalized period. However, lighter influent and
primary effluent loadings in the equalized period could easily
have resulted in the observed secondary effluent differences.
Comparison of secondary effluent BOD distributions (Figure 52)
reveals very little difference in performance between the
equalized and unequalized periods. In fact, the secondary pro-
cess performance in the unequalized period could be considered
superior because of the substantially higher loadings during
that period.
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Annual distributions of average daily influent and effluent
TSS and BOD concentrations at the Auburn plant are shown in
Figures 53 and 54. The 1973 and 1976-1977 data used correspond
to those used to characterize operation prior to and following
equalization use at the East Boulevard plant. The major im-
provements in primary and secondary TSS and BOD effluent dis-
tributions are attributed to individual unit process loading re-
ductions resulting from expansion of the Auburn plant; including
primary clarifier, activated sludge, and secondary clarifier
capacity.

Comparison of Auburn and East Boulevard plant performances
for the 1976~1977 period does not permit any conclusions to be
drawn with respect to the significance of equalization. Secon-
dary effluent BOD performance of the Auburn plant is signifi-
cantly better than that of East Boulevard. Performance of the
two plants, with respect to BOD, in 1973 was virtually identical.

Amarillo, Texas--

A 3 million gallon equalization lagoon (Figure 55) was
added to the Amarillo River Road treatment plant in September
1965 to reduce peak flows, which were creating significant
solids loss from the secondary clarifiers almost daily. At that
time, the plant capacity was 7.5 mgd, but it was receiving an
average dry weather flow of 10.5 mgd, with afternoon peak flows
of 17 mgd. Secondary clarifier overflow rates during peak flow
periods were approximately 1,100 gpd/ftz. Consistent effluent
quality at this plant must be maintained because the reclaimed
wastewater is subsequently used for cooling water (after addi-
tional treatment) by a steam-electric power generating plant and
an oil refinery. The excess effluent is discharged to a dry
stream bed. No other significant changes were made in the plant
at that time, but some operational modifications were intro-
duced. Details of operating conditions and changes have been
reported in the literature. (29)

The River Road treatment facilities consist mainly of
primary clarifiers, plug flow activated sludge, and secondary
clarifiers. Chlorinated effluent is discharged to two 9 million
gallon effluent storage ponds before reuse or discharge. The
3 million gallon equalization lagoon receives primary effluent
that is pumped to storage during excess flow periods. Flow is
returned by gravity to the influent channel of the primary
clarifiers during deficit flow periods, with the desired rate
maintained by an operator preset, automatic flow control valve.

Distributions of influent and effluent BOD and TSS concen-

trations and loads observed during corresponding 3-month periods
(August~-October) before (19264) and after (1966) instituting
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B e T

"Figure 55. Egualization basin, 3 million gallon capacity,.
Amarillo, Texas '

equalization are shown in Figures 56 through 59. The concentra-
tion and loading distributions of both BOD and TSS show similar
patterns, attributed to the similarity of influent flow distri-
butions in the equalized and unequalized periods examined.

v The distribution of effluent BOD concentrations was ob-
served to be lower and less variable during the egualized flow
period, with the difference in distribution means being approxi-
mately 8 mg/l (or 20 percent), and approximately 20 percent
difference in the log standard deviations. Very slight dif-
ference was observed between distributions of equalized and un-
equalized TSS concentrations; equalized performance was approxi-
mately 5 percent lower but more variable. These observations
correspond generally to recollections of plant operating per-
sonnel. Although significant deterioration of effluent TSS
guality was reported almost daily, (29) plant records reflected
by Figure 56 indicate relatively small improvement. It is
possible that effluent sampling procedures permitted some bias
in favor of better effluent quality. Overall reported perfor-
mance and performance characteristics described herein indicate
a slight but positive influence of equalization on effluent
quality.
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Figure 60. Equalization Tank, 50 million gallon capacity,
(center, behind building, underground),
Warren, Michigan

Warren, Michigan--

The City of Warren, Michigan has a large activated sludge
treatment plant serving a major urban and industrial center in
southeastern Michigan adjacent to Detroit. The treatment plant
has a design treatment capacity of 36 mgd, hydraulic capacity of
80 mgd, and pumping capacity of 150 mgd. Flows as high as 50
mgd during storm periods can be treated successfully. Average
dry weather flow in 1977 was 32 mgd, with peak-to-average ratio
about 1.2:1. Nearly half of the waste flow is of industrial
oxrigin.

Facilities consist of conventional headworks, two parallel
(essentially identical) trains of primary clarifiers, diffused
air activated sludge, and secondary clarifiers; all of which
comprise "east" and "west" plants, and effluent rapid sand
filters prior to chlorination and discharge. The plant also has
a 50 million gallon equalization/emergency storage tank (Figure
60) that is divided into 7 and 43 million gallon compartments,
and covered. The tank is currently used for temporary storage
of storm flows and influent waste when industrial spills are
detected. The tank can be filled by gravity directly from the
headworks or following primary sedimentation. Storm flows in
excess of 80 mgd are automatically diverted to the tank. The
plant is also equipped with continuous automatic cyanide moni-
toring for industrial spill detection. Flow during spills is
diverted, treated, and returned to the plant so as to avoid
process upsets. The plant is currently being provided with
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computerized control of pumping and valving that will permit use
of the retention tank to equalize dally varlatlons in plant in-
fluent flow when completed. .

Influent and effluent TSS and BOD concentration distribution
observed for the Warren plant in the calendar year 1976 are shown
in Figures 61 and 62. The plant can be seen to provide consis-
tent high quality performance. The somewhat high secondary
effluent TSS concentrations are not critical because of the sub-
sequent effluent filtration.

Renton, Washington--

The metropolitan area of Seattle, Washlngton is served in
part by a large activated sludge secondary treatment plant
located at Renton, Washington. This plant, from the headworks
through to the secondary clarifiers, has many similarities to
the Warren, Michigan plant. The Renton plant has a design
treatment capacity of 36 mgd, hydraulic capacity of 96 mgd, and
pumping capacity of 194 mgd. The plant is designed for treating
peak dry weather flows of 72 mgd; flows of this magnitude
averaged over 24 hours have been treated successfully in recent
months. Typical peak-to-average flow ratios during dry weather
are about 1.3 to 1.4:1; average daily flows of 50-60 mgd -have
been experienced for several days at a time during wet weather.
Slightly less than half of the waste loading is of industrial
origin.

FPacilities at Renton consist of conventional headworks
followed by parallel arrangement of primary clarifiers, aeration
tanks and secondary clarifiers, similar to facilities at Warren.
The activated sludge system is designed to permit operation
ranging from plug flow to contact stabilization with a wide
range of step aeration, feeding, and solids return options in
between. The plant is not equipped with equalization facilities.
The influent interceptor, however, is designed for an ultimate
hydraulic capacity of 375 mgd, and therefore has excess volume
that can be backed up behind the influent pump station during
peak wet weather flows. Available volume at current wet weather
flow is between 4 and 6 million gallons. This volume is used
only during excessive flow conditions because of the problems
involved with solids deposition during storage. Very heavy
solids discharge occurs as storage volume is reduced to normal
flow levels, creating excessive solids loading and oxygen demand
conditions.

Influent and effluent TSS and BOD concentration distribu-
tions observed for the Renton plant for the calendar year 1976
are presented in Figures 61 and 62, along with data for the
Warren plant. The Renton plant prOV1des consistent high quallty
performance. Comparison of Renton and Warren performance shows
that the degree of secondary effluent variability is similar for
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the two plants. Average effluent TSS at Renton is significantly
lower than at Warren; the reverse is true for effluent BOD.

Several factors may contribute to these observed differen-
ces, Operation of the Renton plant is focused specifically on
maintaining low effluent TSS. This objective is used to estab-
lish desirable operating conditions in the activated sludge
system, and adjustments are continuously made in order to main-
tain optimum settling conditions in the secondary clarifiers.
The Warren plant, on the other hand, has effluent filters to
maintain desired effluent TSS, allowing aeration conditions to
be optimized for BOD removal. In addition, the Warren plant
uses alum addition to achieve required phosphorus removal. The
use of alum undoubtedly contributes to the observed differences
in secondary effluent quality.

Newark, New York-- } .
The sewage treatment plant at Newark, New York was used for

a full-scale study of simulated flow equalization sponsored by

the EPA from March to July, 1971. (30) Newark has a conven-

tional activated sludge plant with an average flow (1971) of

approximately 1.8 mgd, with a peak-~to~average ratio of about

1.4 under typical dry weather conditions.

Treatment facilities consist of conventional headworks
followed by parallel sets of primary clarifiers, aeration tanks,
and secondary clarifiers. The plant is not equipped with
equalization facilities. For the purposes of the study all
plant flow was processed through half of the parallel treatment
units, effectively doubling all process loadings. This was done
in an effort to generate operating conditions that would result
in effluent performance varying with flow rate. Under the high
loading study conditions the primary clarifier overflow rate was
approximatelg 1,000 gpd/ft2 at average flow of 1.8 mgd, or
1,700 gpd/ft“ at peak flows of 3.0 mgd during unequalized flow
conditions. The plant was operated for two consecutive periods:
the first with flows unequalized to establish plant performance,
with diurnal variation at the elevated flow rates; the second
with flows equalized, using the second aeration tank to estab-
lish plant performance under essentially constant flow condi-
tions.

Data generated in the study are somewhat controversial, and
difficult to interpret clearly. Bulking problems were experi-
enced during the equalized Phase 2 period, so that comparing
equalized and unequalized secondary performance is not possible.
Evaluation of equalization effects on primary sedimentation
using the study data is complicated by several factors: signi-
ficant increases in all waste constituents, including BOD, COD,
TS8S, VSS, etc., were observed across the equalization tank;
samples taken were not composited proportional to flow; influent
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flows during the unequalized period were 15 to 20 percent higher-
than in the equalized period. Due to the limitations of the
data, the original investigators relied primarily on the two
2-day equalized and unequalized flow sampling periods, during
which bi-hourly sampling was conducted. Conclusions based on
these data are that primary sedimentation TSS efficiency-was - - .-
59 percent during equalized flow, as opposed to:23 percent. . o
during unequalized flow. Also the coefficient of the variation .
of diurnal concentrations was approx1mately 50 percent less
during equalized flow. =

Primary sedimentation. performance data from the study have.
been reviewed and interpreted independently. -Probability plots: .
of the daily average TSS and BOD-data, adjusted by appropriate.
factors to approximate flow weighted composite concentrations,
are presented in Figure 63. Distributions of TSS and BOD re-
moval percentages calculated from the same adjusted data are .
presented in Figure 64. Distributions of influent and-primary
effluent BOD concentrations (Figure 63) -show that little dif- :
ference was observed between equalized and unequallzed perlods.;
This corresponds to orlglnal study conclusions. - e

Distributions of plant influent and primary:effluent, K TSS
concentrations (Figure 63) show that primary effluent concentra-
tions during unequalized flow were consistently below those
during the equalized period. However, primary sedimentation
performance during the equalized flow period should be deter-
mined with respect to primary clarifier influent concentrations
(equalization tank effluent concentrations). . As shown, TSS
levels in the equalization tank were substantially higher than
in the plant influent, which resulted in the observed higher re-
movals across the primary. tank during equalized flow. . The dis-— -
tributions of equalized and unequalized flow TSS removal percen-
tages (Figure 64) show mean TSS removal to be approximately 40
percent for the 6-week equalized flow period, and approx1mately
35 percent for the correspondlng unequalized flow period.

Differences in day-to-day primary effluent varlablllty
observed between equalized and unequalized periods can be seen
in the TSS distributions of Figure 63. The broader range of
daily average primary effluent TSS concentrations observed
during the unequalized period appears to result largely from
the broader range of influent concentrations.

The conclusion of this analysis is that a modest improve- -
ment in primary sedimentation TSS removal was observed during
equalized flow conditions. However, differences in influent
conditions between the two periods, and the undefined increases
in major waste constituents across the equalization tank prevent
development of general conclusions with respect to equalization.
effects on primary clarifier performance.
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Trickling Filters

Performance data for a recent year of operation from three
trickling filter secondary treatment plants are analyzed in this
section. The plant at Palmyra, New Jersey is the only trickling
filter plant located during the equalization survey that had
equalization added as the only plan modification at the time of
construction. The plant at Midland, Michigan is the only addi-
tional trickling filter plant with equalization located during
the survey for which reasonably complete operating records were
obtained. Performance data from the unequalized trickling filter
plant at nearby Bay City, Michigan are used to provide comparison
to Midland data.

The performance data in this section are presented as
available information of this type, but not necessarily repre-
sentative of performance at typical trickling filter plants.

Palmyra, New Jersey--

The Borough of Palmyra, New Jersey is served by an approxi-
mately 30-year old standard rate trickling filter secondary
treatment plant with design capacity of 530,000 gallons per day.
The facilities consist of an influent pump station followed by
an in-line aerated equalization tank, primary clarifiers, stan-
dard rate trickling filter, secondary clarifiers, and chlorina-
tion Q;ior to discharge.

The equalization tank, with a capacity of 130,000 gallons,
was added to the plant in 1975 to accommodate an anticipated
flow increase of 200,000 to 250,000 gpd from new tributary resi-
dential developments. Current (1977) flows during typical dry
weather periods average approximately 0.4 mgd, with peak flows
of 0.6 to 0.7 mgd.

Only secondary effluent data are available for analysis.
Unequalized data from the calendar year 1974 and equalized data

for equalized operation from the year 19276 are summarlzed 1n
Flgures 65 and 66.

The annual distributions of secondary effluent TSS (Figure
65) show that effluent in the equalized year is substantially
better than in the unequalized year. The equalized mean efflu-
ent TSS (50.6 mg/l) is 35 percent lower than the unequalized
mean effluent (78.5 mg/l). Equalized effluent TSS is also sig-
nificantly less variable. In the equalized year effluent TSS
is between 26 and 70 mg/l for 80 percent of the time, compared
to a range of 24 and 160 mg/1l for 80 percent of the unequalized
period.

The annual distributions of secondary effluent BOD (Figure
66) show that equalized BOD performance is better than in the
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unequalized year. The equalized mean effluent BOD (76 mg/l) is
18 percent lower than the unequalized mean effluent (93 mg/l).
Secondary effluent variability is approximately the same for
both periods; with 80 percent of effluent BOD's between 35 mg/1l
and 130 mg/l in the equalized year, and between 40 and 150 mg/1l
in the unequalized year.

Equalization appears to have significantly improved treat=-
ment performance of the Palmyra facilities.

Midland, Michigan--

Treatment facilities at Midland consist of two-stage, high
rate, plastic media trickling filters; primary and intermediate
clarification; chemical flocculation before secondary clarifi-
cation; and effluent filtration. The plant has a treatment
capacity of about 6.5 mgd, with hydraulic capacity about 13 mgd.
It is equipped with a 3.25 million gallon equalization tank.
Daily average dry weather flows are approximately 6 mgd, with
peak-to~average flow ratio ranging from 1.5 to 1.65. Average
daily flows during wet weather are typically 8 to 8.5 mgd, with
peak wet weather flows occurring in the range of 10 to 12.5 mgd.
The equalization tank is used to smooth daily diurnal flow
variations, and to supplement treatment capacity during wet
weather conditions. A summary of operating conditions has been
recently reported in the literature.(31)

Equalization was added to the existing secondary treatment
plant in 1972. Significant additional plant modifications were
made concurrently, including chemical addition for phosphorus
removal.

Bay City, Michigan--

Treatment facilities at Bay City are similar to those at
Midland, but they have no equalization. Treatment processes
include primary and secondary clarification, and single-stage,
standard-rate, plastic-media trickling filters. Ferric chloride
is added to second stage filter effluent for phosphorus removal.
Average daily flows are about 12 mgd, with a typical peak-to-
average flow ratio of approximately 1.3.

Distributions of influent and effluent BOD and TSS concen-
trations for the equalized 6.5 mgd trickling filter plant at
Midland, and the unequalized 12 mgd trickling filter plant at
Bay City (Figures 67 and 68), are presented primarily as back-
ground information. The distributions provide an example of
secondary effluent quality observed over one-year periods at the
respective plants. The similarity of the influent and effluent
distributions may be attributed at least in part to the simi-
larity of physical characteristics of the two plants, and to the
similarity of environmental factors. Their geographical proxi-
mity contributes to waste variations and influences process per-
formance.
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dxidation Ditch Plants

Oxidation ditch activated sludge treatment plants have re-
ceived widespread application recently. ' Typically, applications
in predominantly rural areas are in plants of no greater capac-
.ity than 5 mgd. A recent study (32) has surveyed oxidation use,
performance and costs, providing detailed reference information.
Another EPA sponsored study at Dawson, Minnesota (33) provides
information on the operation of an oxidation ditch treatment
plant with facilities for flow equalization. Performance data
from this study are compared to data from an unequalized plant
of similar size at Arlington, Washington.

Dawson, Minnesota--

Dawson, Minnesota is served by a 260 000 gallon per day
secondary treatment plant, W1th an ox1datlon ditch and activated
sludge facilities. The plant is designed to meet effluent re-
guirements of 5 mg/l TSS and BOD, and 0.1 mg/l ammonia nitrogen.

Follow1ng screenlng, raw wastewater is pumped dlrectly to -
the "oxidation ditch" aeration channel. The aeration channel is
designed to provide 83,000 gallons of equalized storage by vary-
ing the mixed ligquor depth between a low level of 3 feet and a
high level of 4 feet. At design flows the mixed liquor depths
will correspond to aeration times of 17.7 and 25.4 hours. Use
of storage volume during initial operation is reported to have
reduced peak flows by approximately 31 percent. (34) Flows
averaged approximately 160,000 gallons per day. Following the
oxidation ditch, the Dawson plant has two secondary clarifiers
in series. Design overflow rates are 580 and 400 gpd/ft4, re-
spectively. The plant has facilities for chemical addition and
flocculation between two clarifiers to insure desired solids
removal. Chemical addition has not been necessary during the
initial operation. - '

Performance data for the Dawson plant developed in an EPA
sponsored study (33) are summarized in Figures 69 and 70. Dis-
tributions of influent and final secondary clarifier effluent
TSS (Figure 60) indicate that the average performance is good,
but that a relatively high degree of effluent variability is
observed. Distribution of influent and secondary clarifier
effluent BOD (Figure 70) indicates excellent BOD performance,
and stable overall performance..

Arllngton, Washington—--

Arlington, Washington is served by an unequallzed oxidation
ditch, activated sludge, secondary treatment plant. Design
capacity is 1.5 mgd; current flows (1977) average approximately
400,000 gpd. The Arlington facilities consist of conventional
headworks followed by the oxidation ditch aeration channel and
secondary clarifier.
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Annual distributions of secondary effluent TSS and BOD con-
centrations for 1976 are summarized in Figures 60 and 70, along
with corresponding distributions for Dawson, Minnesota. The dis-
tribution of effluent TSS was similar to that observed for
Dawson, with an annual mean of 19.1 mg/l1 and variability slightly
higher than at Dawson. The observed mean effluent BOD (Figure
70) is approximately 9 mg/l, again with the level of variability
typical of other activated sludge plants although somewhat
higher than the high quality Dawson effluent.

General Performance Observations

Inspection of influent and effluent distributions (Figures
21 through 70) reveals some general performance patterns.

Primary Sedimentation--

At the primary treatment level, mean BOD and TSS concentra-
tions and overall removals were better under equalized than un-
equalized conditions. As with secondary effluent, the pattern
of change in effluent variability was not consistent. Slightly
less variability was observed in equalized primary effluent con-
centrations in 1973; but in 1976 slightly more variability
occurred in the equalized primary effluent.

Secondary Processes-—-

Performance of the five full-scale activated sludge plants
was better almost across-the-board under equalized conditions
(Table 19). Greater differences were observed in BOD than in
TSS performance under equalized and unequalized conditions.
Also, differences in equalized and unequalized performances
tended to be greater for the smaller plants. Performance varia-
bility (Table 20), on the other hand, showed no consistent
pattern. A slight overall tendency was indicated toward less
variability of effluent BOD under equalized conditions. And a
similarly slight overall tendency toward greater variability of
effluent TSS was apparent under equalized conditions. The rela-
tively slight and inconsistent correspondence between influent
variability under equalized conditions and variability of sus-
pended solids concentrations in secondary clarifier effluent is
not surprising. But as described in detail in Appendix B, the
influence of the biological process directly preceding the
secondary clarifier is far greater than the influence of plant
influent. Although typical plant influent TSS concentrations
may range from 200 to 300 mg/l, secondary clarifier influent TSS
concentrations range from 1,500 to 4,000 mg/l. In addition,
settling characteristics are strongly influenced by conditions
in the biological process preceding the clarifier.

Effluent Filtration--

Mean effluent BOD and TSS concentrations of filtered secon-
dary effluent at Walled Lake-Novi were significantly better
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A

TABLE 19. EFFECTS OF EQUALIZATfON ON . PERFORMANCE
OF ACTIVATED SLUDGE PLANTS

=

7 Seéondary effluent,
Plant name . mean concentration (mg/l)
and
study period Unequalized - Equalized % Change

Tecumseh, 70/73 ’ B

BOD - 28.4 7.7 -73

TSS 12.8 . 9.1 - -29
Tecumseh, 70/76 . , - :

BOD 28.4 ) 11.9 " =58

TSS , 12.8 14.4 +13
Walled Lake-Novi, 74 ,

BOD - 13.7 . 6.8 -50

TSS 21.5 : 9.5 -56
Walled Lake—Ndvi,
74/76-177

BOD 14.2 11.1 =22

TSS ' : 9.5 13.6 +43
Ypsilanti Township,
74/75 :

BOD . T 24.7 ) 17.6 -29

TSS : - 17.0 18.0 +6
Ypsilanti Township,
76 .

BOD 22.8 15.0 -34

TSS | 17.0° 15.1 -11
Amarillo ,

BOD - 34.4 26.7 ' -22

TSS 17.9 17.8 -=
Pontiac, 73/76-77

BOD 12.3° 12,0 -

TSS 13.6 10.1 -26
Average change, BOD - - -36
Average change, TSS - - ‘ - -8
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TABLE 20.

EFFECTS OF EQUALIZATION ON VARIABILITY
OF ACTIVATED SLUDGE PLANTS

Secondary effluent,
Plant name log standard deviation
and 10
study period Unequalized Equalized % Change

Tecumseh, 70/73

BOD 0.43 0.30 -30

TSS 0.36 .31 -14
Tecumseh, 70/76

BOD .43 .56 +30

TSS .36 .32 -11
Walled Lake-Novi, 74

BOD .10 .06 -40

TSS .18 .28 +56
Walled Lake-Novi,
74/76-77

BOD .83 .33 -60

TSS 97 .25 ~74
Ypsilanti Township,
74-75

BOD .17 .20 +18

TSS .33 .24 =27
¥Ypsilanti Township,
76

BOD .18 .22 +22

TSS .28 .28 -
Amarillo

BOD .26 .20 -23

TSS .17 .21 +24
Pontiac, 73/76-77

BOD .16 .18 +13

TSS .25 .25 -
Average change, BOD - - -9
Average change, TSS - -— -6
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under equalized conditions. The variability of filter effluent
BOD concentrations was substantially greater under equalized than
unequalized conditions. In fact, during both equalized and un-
equalized periods filter effluent variability was greater than
the clarifier effluent feed. -This result may perhaps be due to
biological activity in the filters. The variability of filter
effluent TSS concentrations was less under equalized conditions.

Secondary effluent and final filter effluent distributions
for equalized flow plants are summarized in Flgures 7l and 72.

As the peak- to-average flow ratlo was 1ncreased the mean-
effluent BOD and TSS concentrations of the EPA MERL pilot study
of activated sludge systems under constant flow conditions was
observed to improve compared to the variable flow systems. No
consistent pattern of influence on effluent varlablllty was
observed.

EQUALIZED VERSUS UNEQUALIZED PLANT PERFORMANCE

Average annual performances of equalized and unequalized
sewage treatment plants are compared in this section. Only a
small portion of equalized plants could be analyzed directly,
assessing the influence of equalization on individual plant per-
formance. However, comparison of average annual performance of
equalized and unequalized plants, at comparable levels of treat-
ment, provides an alternative means of assessing the effective-
ness of equalization. Performance data for 43 flow equalized
facilities are compared to data for unequalized periods at 16
equalized flow plants and 35 plants with no equalization.

Activated Sludge Plants

Average annual influent and effluent BOD and TSS concen-
trations for 31 equalized and 46 unequalized activated sludge
plants are summarized in Table 21 and Figures 73 and 74. Dif-
ferences in mean annual effluent concentrations between the
equalized and unequalized plants in the sample are insignificant.
At the primary treatment level, the range of BOD and TSS perfor-
mance for unequalizéd plants is actually somewhat better than
for plants with equalization prior to primary treatment. At the
secondary treatment level the case is just the opposite. In
both cases it must be recognized that the broad range of design,
operating, and environmental factors contributing to performance
characteristics at each treatment plant may well have more sig-
nificance than would flow equalization. Accordingly, generali-
zations concerning the effects of equalization on plant perfor-
mance using the data in this section should be made with caution.
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TABLE 21. ACTIVATED SLUDGE PLANT PERFORMANCE
Influent Primary Effluent
BODg 1 TSS BODS TSS
Freq # of # of # of # of
of Conc | Data Conc | Data Conc | % Data Conc | % Data
Plant pata® mg/l| Points| mg/l | Points | mg/l | Rem | Points mg/l { Rem | Points
Equalized
Rossmoor,
CA M 213 ° 227 9
Valley Community Ser-
vices District, CA D 298 419 297 422 163 45 420 93 69 422
Bloomsfield,
co D 202 100 175 100
Freeport,
IL W 120 8 136 8
Bast Lansing, MI
{north side) D 142 365 117 365 73 49 324 93 21 324
East Lansing, MI
{south side) D 142 365 117 365 70 51 333 94 20 333
Grand Rapids,
MI D 114 335 118 355 90 21 342 63 47 357
Jackson,
MI D 9l 364 149 360 a7 — 364 147 1 362
Lansing,
MI D 162 366 311 366 125 23 366 187 40 366
Pontiac, MI
(Auburn Plant) 80 12 122 12 49 12 55 12
Pontiac, MI
(E. Blvd. Plant) 82 12 96 12 48 12 96 12
Port Huron,
MI D 53 338 85 366 73 - 322 119 - 365
Tecumseh, MI
(1973) D 303 207 562 187 129 57 176 138 75 192
Tecumseh, MI
(1976) D 273 241 479 241 135 51 231 118 75 231
Trenton,
MI D 318 366 417 366 279, {12 366 246 41 366
Walled Lake/Novi, )
MI (1974) D 263 8 258 8
Walled Lake/Novi,
MI (1976) D 165 328 185 303
wWarren,
MI D 113 364 129 366 100 12 364 109 16 363
Ypsilanti Township,
MI (1974-1975) D 200 346 170 357
¥Ypsilanti Township,
MI (1976) D 189 363 208 362
Clementon,
NJT M
Marlton, NJ (Elmwood
STP #2) D
(continued)
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TABLE 21 (continued)

Influent ’ ' Primary Effluent
BOD5 TSS . BODg - TSs
Freq # of # of # of # of
of Conc | Data Conc | Data Conc | % Data Conc | % Data
Plant Data | mg/l | Points| mg/l | Points | mg/1 | Rem | Points | mg/1 | Rem | Points
Equalized
Ramb lewood,
NJ D
Woodstream,
NJ W
Dept. of Environmental
Conservation, NY M
Fishkill,
NY 151 12 176 12
Newark,
NY 212 23 142 23 176 17 24 97 32 23
Wappinger, ’
NY 150 40 162 40 92 40 55 40
. Hatfield Township,
PA M 101 21 169 19 87 14 20 88 48 17
Amarillo,
TX M 263 15 293 15
Austin,
TX M
Odessa,
TX ’ M
M = monthly
D = Daily
W = weekly
(continued) J
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TABLE 21 (continued)

Secondary Effluent Filter Effluent
BODg TSS BODg . Tss
# of # of # of # of
Conc| % Data Conc| % Data Conc | % Data Conc | % Data
Plant mg/l | Rem | Points | mg/1 | Rem | Points | mg/1l | Rem | Points | mg/l | Rem| Points
Equalized
Rossmoor,
CA 13 94 9 11 95 9
valley Community Ser—
vices District, CA 10 97 76 11 26 140 3.2 99 400 2.2 99 422
Bloomsfield,
co 38 81 101 32 82 100
Freeport,
IL 20 83 8 26 81 8
East Lansing, MI
(north side) 3 98 324 7 24 324 2 99 331 4 9l 333
East Lansing, ML
(south side) 5 26 364 11 91 364 2 99 331 4 91 333
Grand Rapids,
MI 19 83 348 22 81 362
Jackson,
MI 4 96 366 2 94 366
Lansing,
MI 15 91 366 28 91 366
Pontiac, MI
{Auburn Plant) 6 12 9 12 4.4 12 1.4 12
Pontiac, MI
(E. Blvd. Plant) 11 12 10 12
Port Huron,
MI 10 81 | 328 11 87 | 364
Tecumseh, MI
(1973) 8 97 | 212 9 98 | 189
Tecumseh, MI
(1976) 12 96 | 236 14 97 | 241
Trenton,
MI 18 94 | 366 . | 33 92 | 366
Walled Lake/Novi,
MI (1974) 10 926 8 18 9 8 4.3 |98 8 4.2 | o8 8
Walled Lake/Novi,
MI (1976) 12 93 | 358 12 94 | 359 4 98 | 327 3 98 | 326
Warren,
MI 7 94 | 361 16 88 | 361 1.6 |99 | 356 1.4 |99 | 357
¥psilanti Township,
MI {1974-1975) 17 92 | 335 19 89 | 371
Ypsilanti Township,
MI (1976) 14 93 359 14 93 358
Clementon,
NI 20 12 19 12
Marlton, NJ (Elmwood
STP #2) 10 64 23 126
(continued)
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TABLE 21 (continued)

Secondary Effluent . Filter Effluent
BOD © 1TSS BODg 4 TSS
# of # of # of # of
Conc | % Data Couc | % Data Conc | % Data Conc | % Data
. Plant - .. .. mg/1l| Rem | Points mg/l. | Rem Points | mg/1 | Rem ; Points | mg/1 | Rem | Points
Equalized
Ramblewood, .
NJ 22 87 80 97
Woodstream,
NJ ' 11 41 42 66
Dept. of Environmental
Conservation, NY 44 4 58 4
Fishkill, :
NY 1.6 12 1.4 : 12
Newark,
NY
Wappinger,
NY 12 40 8 40 12 40 8 40
Hatfield Township, i *
PA 24 76 20 56 67 20 , 8.0 92 20 8.7 95 21
Amarillo, ’
TX 26 90 15 17 94 15
Austin,
X 11 12 13 12
Odessa, ’
Tx 13 12 32 S 12

(continued)
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TABLE 21 (continued)

Secondary Effluent Filter Effluent
BODS TSS BODg TSS
# of # of # of ¥ of
Conc | & Data Conc | % Data Conc!| % Data Conc | % Data
Plant mg/l | Rem | Points | mg/1 | Rem | Points | mg/1 | Rem | Points | mg/l | Rem | Points
Unequalized
Lodi,
CA 15 365 21 365
District 26,
L.A., CA 12 365
District 32, L.A.,
CA (1973) 7 365 8 365
District 32, L.A.,
cA (1976) 3 365 2 365
Hyperion, L.A.,
CA 8 365 6 365
Long Beach, L.A.,
CA (1973) 5 365 9 365
Long Beach, L.A.,
CA (1976) 8 365 5 365
Los Coyotes, L.A.,
cA (1973) 9 365 12 365
los Coyotes, L.A.,
CA (1976) 8 365 14 365
Pomona, L.A.,
CA 11 365 7 365
San Jose Creek, L.A.,
CA (1973) 9 365 8 365
San Jose Creek, L.A.,
CA (1976) 4 365 2 365
Valley Selling Basin,
L.A., CA 10 365 23 365
Whittier Narrows,
L.A., CA 12 365
Palo Alto,
CA 18 365 24 365
Rossmoor,
CA 48 24 53 26
Sacramento,
CA 10 365 15 365
San Jogse-Santa Clara,
CA 26 365 33 365
Calumet, Chicago,
IL 19 365 18 365
Hanover Park,
Chicago, IL 10 365 10 365
Hazelcrest,
Chicago, IL 16 365 23 365
(continued)

186



TABLE 21 (continued)

Secondary Effluent

Filter Effluent

BOD TSS BODsg TSS
# of # of # of # of
7 Conc | % Data Conc | % Data Conc | % Data Conc | % Data
Plant mg/1 | Rem|{ Points | mg/l | Rem | Points | mg/1 | Rem | Points | mg/1l | Rem | Points
Unequalized
'Northside, Chicago,
IL 13 365 16 365
Indianapolis #1, -
IN 28 365 25 365
Indianapolis #2, .
IN 17 365 12 365
Pontiac, MT
(Auburn Plant) 9 89 24 20 85 24
Pontiac, MI
(E. Blvd. Plant) 12 86 20 14 87 20
Port Huron, R
MI 10 365 11 365 .
Tecumseh,
MI 28 91 62 13 97 60
Walled Lake/Novi,
MI 14 94 7 9.5 26 7 7.0 97 7 6.9 97 7
Ypsilanti Township,
MI (1974) 24 12 19 12
Ypsilanti Township,
MI (1976). 25 17
Lincoln, .
.~ NB 66 365 81 365
Newark, .
NJ
Philadelphia,
PA ) 63 365 77 365
Amarillo,
X 32 85 11 17 94 11
Leon Creek, San
Antonio, TX 9 365 17 365
Rolling Road, San
Antonio, TX 11 365 11 365
Salado Creek, San
Antonio, TX 32 365 12 365
Pullman, WA
(1972) 28 36 56 36
Pullman, WA
(1974) 45 28 52 32
Pullman, WA
(1975) 25 32 4 32
Renton, WA
(1974) 5 365 7 365
Renton, WA
(1976) 11 12 8 12
East Milwaukee,
WI 16 365 15 365
West Milwaukee,
. WI 14 365 21 365
Winnipeg-Manitoba,
Canada 31 365 26 365
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Trickling Filter Plants

Average annual influent and effluent BOD and TSS concentra-
tions for 8 trickling filter plants with equalization, and 65
unequalized trickling filter plants, are summarized in Table 22
and Figures 75 and 76. Data on unequalized plant performance
was obtained from an EPA MERL report, "Upgrading Trickling Fil~
ters", 430/9-78-004, June 1978.

Comparison of secondary effluent distributions for the two
groups shows that the range of effluent BOD and TSS concentra-~
tions is about the same. The differences between mean values
and slopes of the distribution appear to be a result of having
such a small sample of equalized plants.

EFFECTS OF EQUALIZATION ON UNIT PROCESS AND TREATMENT
SYSTEM PERFORMANCE

The theoretical benefits of flow equalization vary depend-
ing upon whether the plant is proposed (new) or existing. Flow
equalization at a new plant is advantageous in that unit pro-
cesses can be designed for constant, average rates of flow
and damped variations in input organics. Cost/benefit ratios
for such a situation are analyzed in Section 5.

For existing plants where treatment performance is to be
improved or treatment capacity increased, analyzing flow equali-
zation is more complicated. Factors such as the cost and
efficiency of correcting "bottle-necks" (i.e., insufficient
aeration capacity, limitation in hydraulics, etc.), design de-
ficiencies (i.e., poor clarifier hydraulics, poor sludge settle-
ability due to excessive floc shear in aeration, etc.), and
site conditions (land limitation) all play a role in the
selection of the preferred alternative remedy for a given prob-
lem.

Table 23 summarizes a number of performance problems, and
alternative solutions for each situation. The purpose of Table
23 is to illustrate that flow equalization is one possible
remedy for a number of treatment plant performance problems.
This is not meant to be an exhaustive index of alternatives,
but an indication of other potential solutions that must be
considered. Most often routine monitoring data required for
monthly NPDES compliance reports will not be sufficient to fully
define the nature of a given problem. For example, if the
effluent from an activated sludge plant is high in TSS (Table
23, symptom II), it is first necessary to identify why the re-
moval of suspended material is not adequate. Is the system
hydraulically overloaded at peak flows? Are the sludge particles
heavy and well flocculated, or are they light and diffuse? Is
there some other difficulty? Details of this type must be pro-
vided before benefits of equalization can be assessed.
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TABLE 23.

SUMMARY OF ALTERNATIVES IN IMPROVING
EXISTING TREATMENT PLANT PERFORMANCE

Symptom

Possible Cause(s)

Possible Remedies

PRIMARY CLARIFIER

I. Carxyover of settle-
able solids at peak

flows.

ACTIVATED SLUDGE SYSTEM

IX. High secondary
effluent TSS

Hydraulic overload
of clarifier.

Clarifier design
deficiency -
hydraulic

Hydraulic overload
of clarifier @
peak flows.

Poor sludge settle-
ability; sludge is
"light" or diffuse.

Sludge blanket
rises up and
overflows at peak
conditions.

{continued)
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Flow equalization ahead of
primary clarifier.

Add additional primary
clarifiers.

Add chemicals, particularly
at peak flows.

Design downstream processes
to accommodate solids carry=-
over.

Modify inlet hydraulics
(e.g. extend or shorten
skirt in center-feed cir-
cular clarifier; provide
inlet baffles in rectangu-
lar clarifier).

Modify outlet hydraulics
(e.g. add weir length:
move weirs).

Add additional clarifiers.

Distribute flow equally to
multiple clarifiers.

Provide wind screen to re-
duce effect of wind action.

Flow equalization to con-
stant flow.

Add additional clarifiers.
Add chemicals, particularly
at peak flow.

Add more air if DO<2 mg/l.
Add chemicals.

Reduce energy intensity of
aeration
(contributes to floc breakup).

Adjust F/M and MCRT for
improved SVI.

Check nutrient balance
(N and P).

Flow equalization.

Flow equalization.
Pace RAS rate with feed rate.

Install sludge blanket
controls; pace RAS with
sludge blanket.



TABLE 23 (continued)

Symptom

Poséible Cause (s)

' Possible Remedies

III. High secondary
effluent particu-
late BOD

IV. High secondary ef-

fluent soluble BOD

4.

“hydraulic

Shock loads of
toxic materials.

Clarifier design
deficiency -

Clarifier design
deficiency - sludge
withdrawal

See Causes and Remedies undér

a.
b.

a.

a.

b.

‘Adjust F/M and MCRT. * =

(e.qg.

Analyze sludge settle-

ability and den51flcatlon o
routinely; manually seti. L ae
RAS rates.- .. . S I

Flow egualization.

Add emergency storage basin
(if shocks can be detected
and diverted).

If activated sludge sYstem
is plug flow, modify to
complete mix (depending upon

-amount and concentration of
‘toxicant).

Add powdered activated

.carbon to aeration basin.

2Add "roughing" biofilter
upstream from activated
sludge.

(See I.2.)

Modify sludge scraper
add suction withdrawal).

Modify sludge hopper.

"II. High'

Secondary effluent TSS™.

High average daily
soluble BOD loading}

a.

High peak soluble
BOD loading.
(continued)
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Increase contact time by
adding additional aeration
volume.

Decrease F/M by increasing
MLVSS.

If aeration system is
"completely mixed", add
baffles to.change residence
time distribution.

Add additional oxygenation
capacity if DO is low.

Add "roughing" biofilter
upstream from activated
sludge. .

(See 1IV.l.)

Flow equalization

{(volume required for smooth-
ing peak BOD loading would
probably be greater than

that required for flow smooth-
ing) .



TABLE 23 (continued)

Symptom Possible Cause(s) Possible Remedies
3. Shock loadings of a. (See II.4.)
toxic materials.
4. Shock loadings of a. (See II.4.)
slowly degradable
materials. b. Increase MLVSS.
¢. Increase contact time by
adding additional aeration
volume.
TRICKLING
FILTER SYSTEM
V. High secondary 1. Hydraulic overload [ a. (See II.l.)
effluent TSS of clarifier at
peak flows. b. Add tube settlers.
2. Clarifier design a. (See I.2.)
deficiency -
hydraulic b. Add tube settlers.
VI. High secondary See Causes and Remedies under "V. High
effluent particu- secondary effluent TSS".
late BOD
VII. High secondary 1. High soluble BOD a. If existing biofilter
effluent soluble loading. is rock, change to
BOD plastic media.
b. Increase media depth.
c. Add additional biofilter
- units. .
d. Add aeration basin down-
stream from biofilter
{(upstream from clarifier).
e. Add or increase biofilter
recirculation. :
£. Provide positive, continuous
ventilation of biofilter.
2. High peak soluble a. (See VII.1.)
BOD loading.
3. Shock loadings of a. Flow equalization.
toxic materials. b. Add emergency storage
basins if shocks can be
detected or anticipated.
c. (See VII.l.)
4, Shock loading of a.(See VII.3.)

poorly degradable
materials.

196



This report is not intended to provide information on the
broad range of alternative solutions to existing plant perfor-.
mance problems. Information on alternative upgrading techniques,
for example, are provided in the USEPA Design Manual on Upgrading
Existing Wastewater Treatment Plants.(35)

Significant Flow Equalization Benefits

This section is intended to identify those circumstances
which separately, or combined, represent the most likely situa-
tions in which flow equalization will be useful and appropriate.
The categories have been developed from analysis of data on

existing flow equalization applications, and evaluation of
benefits theoretically attainable from typical wastewater treat-

ment unit processes operating under equalized flow conditions.
Flow equalization benefits may be categorized as follows:
[

reduction of peaking requirements;

reduction of process overloads at existing plants
under some conditions;

®* protection against toxic upsets;

potential reduction of operational problems;

provides increasing benefits with increasing treatment
plant complexity; and

reduction of plant recycle impacts from intermittent
side-streams such as batch sludge dewatering..

Peaking Requirements--

The term "peaking” in this context is intended to cover
peak hydraulic flow as well as peak mass loading of organics.:
Planning and design methodology for reducing peaking conditions
by providing flow equalization is given in Section 2. Costs of
providing peaking capacity in wastewater treatment components
are compared to costs of providing flow equalization in Section

Wastewater treatment processes are affected by peaks in
different w