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FOREWORD

The formation of the Environmental Protection Agency marked a new era of
environmental awareness in America. This Agency's goals are national in scope
and encompass broad responsibility in the areas of air and water pollution,
solid wastes, pesticides, hazardous wastes, and radiation. A vital part of
EPA's national pollution control effort is the constant development and
dissemination of new technology.

It is clear that only the most effective design and operation of pollution
control facilities will be adequate to ensure continued protection of this
Nation's natural resources. It is essential that we achieve the maximum
performance possible of existing Publicly Owned Treatment Works (POTWs) to
achieve maximum benefit from our expenditures.

The purpose of this Handbook is to provide POTW owners/administrators and the
engineering community with a new source of information to be used in improving
the performance of POTWs through application of the Composite Correction
Program (CCP) approach. It is the intent of the manual to supplement the
existing body of knowledge in this area.

This Handbook is one of several publications available from Technology
Transfer to describe technological advances and present new information.
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' CHAPTER 1
INTRODUCTION

1.1 Purpose and Scope

This Handbook provides information on methods to economically improve the
performance of existing publicly owned treatment works (POTWs). It s
"how-to" oriented and describes :an approach that POTW owners can use to
achieve qimprovements in treatment without major capital expenditures. The
approach consists of an eva]uat1on phase and a performance improvement phase.

The evaluation phase is a thorough review and analysis of a POTW's design
capabifities and associated administration, operation, and maintenance
practices. It is conducted to provide information for POTW administrators to
make decisions regard1ng efforts necessary to improve performance. The
primary objective is to determine 'if significant improvements in treatment can
be achieved without mak1ng major capital expend1tures. This objective is
accomplished by assessing the capability of major unit processes and by
jdentifying and prioritizing those factors that 1imit performance and can be
corrected to improve performance. '

The performance improvement phase is a systematic approach to e11minating
thosé factors that 1imit performance in existing POTWs. Its major benefit is
that it optimizes the capability of existing facilities to perform better and/

or treat more wastewater. ‘

!

This document has been prepared for the benefit of POTW owners and
administrators. It is expected that consultants for POTWs, regulatory
personnel, and administrators ofiprivate1y owned treatment works will also
find the information useful. This Handbook focuses on POTWs treating typical
municipal wastewater compatible with common biological wastewater treatment
pgocesses. It has been written ma1n1y for POTWs with flows up to about 40,000

/d (10 mgd), which dncludes over 95 percent of existing POTWs in the
Un1ted States (1) The scope of the Handbook is further focused on mechanical
plants using activated sludge (suspended growth), trickling filters (fixed
film), and variations of these processes for secondary treatment. Variations
of suspended growth processes .included are:

- Plug flow - Contact stabilization - Oxidation d1tches
- Complete mix - Tapered aeration - Step feed
- Extended aeration :




Fixed film processes incliuded are:

- Conventional rock filters - Activated biofilters (ABFs)
- Plastic media filters - Rotating biological contactors (RBCs)
- Redwood media filters

1.2 Background

A 1980 General Accounting Office report indicated that 87 percent of 242 POTWs
surveyed were in violation of the effluent requirements in their discharge
permit (2). At 9 of the 15 POTWs studied further, operation and maintenance
problems were determined to be a significant cause of poor performance. A
comprehensive national study to identify and quantify the specific causes of
inadequate POTW performance was conducted in the 1late 1970s (3-6). This
study, involving site visits to 287 facilities and detailed evaluations of 103
of these facilities, identified the most predominant problems at POTWs. The
top factors identified included problems in all four major areas that affect
plant performance: design, administration, operation, and maintenance. A
major conclusion from this study is that each POTW usually has a number of
performance-1imiting probiems that are unique to that facility.

In response to these needs, a program that effectively eliminates all
performance-1imiting factors at an individual POTW has been developed and
demonstrated. It is called the Composite Correction Program (CCP) because it
brings together the positive features of many individual programs to correct
all the specific performance-1imiting problems identified at a subject plant.

CCPs have been successfully demonstrated at a number of facilities (6-8). The
most successful of these demonstrations have occurred in POTWs where a
combination of minor design changes, process adjustments, operator training,
and appropriate administrative actions led to improving plant performance to
the desired level.

Application of the CCP approach has been made more attractive by recent
congressional actions. In December 1981, the EPA Construction Grants Program
was changed to provide (starting October 1984) for 55 percent rather than 75
percent as the Federal funding share for POTW construction (9). In addition,
the Federal share of planning and design phases will not be paid until the
construction phase is approved and funded (10). These changes, and trends at
both the national and State levels, make it more important than ever to
achieve maximum utilization of existing facilities and to avoid or delay the
need for capital improvement projects.

It is apparent that improved performance is not achievable in some facilities
without making significant capital improvements. To identify facilities where
performance could be improved using a nonconstruction-oriented approach, a
Comprehensive Performance Evaluation (CPE) phase was developed. A CPE is
performed to determine if a CCP could result in significant improvement in
plant performance and/or capacity.




The 1981 changes to the EPA Construction Grants Program also added the
requirement that, one year after being placed in operation, grantees either
certify that their facilities are capable of meeting the treatment levels for
which they were designed or propose a corrective course of action (10). A
CPE, with its emphasis on identification of problems, and a CCP, with its
emphasis on making existing plants perform to their optimum level, can be
valuable tools for POTW owners to use in satisfying this grant requirement.

1.3 Overview

Many parties are involved in achieving optimum performance from wastewater
treatment facilities (11). The following discussion provides perspective to
the roles of these parties.

A recent project conducted to develop a strategy to improve POTW performance
and achieve compliance with effluent permit requirements concluded that local
owners and administrators of wastewater treatment facilities should be made
more aware that they are clearly responsible for their plant's performance
(8). Compliance with effluent permit requirements was found to be only a
secondary objective of many 1local administrators. Often their primary
concerns were obtaining facility grants, avoiding problems with State and
Federal reguiatory personnel, and providing safe working conditions for
employees. Although each of these concerns 1is important, local facility
administrators must recognize that their primary objective in treating
wastewater is to achieve the required effluent quality. Once local priorities
have been focused toward cost-effectively achieving adequate treatment, owners
can direct their technical staffs or consultants toward the ultimate goal.
Technical assistance is avai1ab1e from a variety of sources: engineers,
operators, suppliers, contractors, trainers, contract operators, and financial
consultants. :

It is assumed that POTW owners ahd administrators have already recognized a
need to improve the performance of their wastewater treatment facilities and
will use this Handbook to economically accomplish the required wastewater
effluent quality.

]
1
\

1.4 References

N

When an NTIS number is cited in aireference, that reference is available from:

National Technical Information Service

' 5285 Port Royal Road ' 1
Springfield, VA 22161
(703) 487-4650 : )




9‘

10.

11.

The 1980 Needs Survey - Conveyance, Treatment and Control of Municipal
Wastewater, Combined Sewer Overflows, and Stormwater Runoffs, Summary of
Technical Data. EPA-430/9-81-008, NTIS No. PB-82-131533, U.S.
Environmental Protection Agency, Office of Water Program Operations,
Washington, DC, 1981.

Costly Wastewater Treatment Plants Fail +to Perform as Expected.
CED-81-9, Report by the Comptroller General of the United States,
Washington, DC, 1980.

Hegg, B. A., K. L. Rakness, and J. R. Schultz. Evaluation of Operation
and Maintenance Factors Limiting Municipal Wastewater Treatment Plant
Performance. EPA-600/2-79-034, NTIS No. PB-300331, U.S. Environmental
Protection: Agency, Municipal Environmental Research  Laboratory,
Cincinnati, OH, 1979.

Gray, A. C., Jr., P. E. Paul, and H. D. Roberts. Evaluation of Operation
and Maintenance Factors Limiting Biological Wastewater Treatment Plant
Performance. EPA-600/2-79-087, NTIS No. PB-297491, U.S. Environmental
Protection Agency, Municipal Environmental Research  Laboratory,
Cincinnati, OH, 1979.

Hegg, B. A., K. L. Rakness, J. R. Schultz, and L. D. Demers. Evaluation
of Operation and, Maintenance Factors Limiting Municipal Wastewater
Treatment Plant Performance - Phase II. EPA-600/2-80-129, NTIS No.
PB-81-112864, U.S. Environmental Protection Agency, Municipal
Environmental Research Laboratory, Cincinnati, OH, 1980.

Hegg, B. A., K. L. Rakness, and J; R. Schultz. A Demonstrated Approach
for Improving Performance and Reliability of Biological Wastewater
Treatment Plants. EPA-600/2-79-035, NTIS No. PB-300476, U.S.

Environmental Protection Agency, Municipal Environmental Research
Laboratory, Cincinnati, OH, 1979.

Hegg; B. A., K. L. Rakness, and J. R. Schultz. The CCP Way to Better

Effluents. Water Engineering and Management, 12910 40-43, September
1982.

Schuitz, J. R., B. A. Hegg, and C. S. Zickefoose. Colorado CCP
Demonstration and Development of Areawide Compliance Strategy. Draft
report, U.S. Environmental Protection Agency, Municipal Environmental
Research Laboratory, Cincinnati, OH, 1983.

Municipal Wastewater Treatment Construction Grant Amendments of 1981.
Public Law 97-117, December 29, 1981.

Grants for Construction of Treatment Works; Interim and Proposed Rules.
40 CFR Part 35, Vol. 47, No. 92, May 12, 1982.

Hi11, W. R., T. M. Regan, and C. S. Zickefoose. Operation and
Maintenance of Water Pollution Control Facilities - A WPCF White Paper.
JWPCF 51:899-906, 1979.




- CHAPTER 2
APPROACH TO CONDUCTING COMPREHENSIVE PERFORMANCE EVALUATIONS

2.1 Objective

The objective of a Comprehensive Performance Evaluation (CPE) is to establish
whether a major facility upgrade 1is necessary or if a Composite Correction
Program (CCP) is capable of producing the desired effluent qu~?**-.

2.2 - Methodology

A CPE achieves the above objective through several activities: evaluation of
the major unit processes; identification of all performance-1imiting factors;
prioritization of performance-l1imiting factors; assessment of ability to
improve performance with a CCP; and reporting CPE results. Although these are
distinct activities, some of them:are conducted concurrently with others. For
example, evaluation of the major unit processes and identification of
performance-1imiting factors are generally conducted at the same time.

Although this Handbook presents all the information required to conduct a CPE,
many references are available on techniques for evaluation of treatment plant
performance, reliability, etc. :(1-14). It 1is recommended that these
references be consulted for further specifics on the subject.

2.2.1 Evaluation of Major Unit Processes

Major unit processes are evaluated to assess the general ability of the CCP
approach, as opposed to a major construction approach, to achieve desired
performance levels. If the CPE indicates that the major unit processes are
adequate, a major plant expansion! or upgrade is not necessary and a properly
conducted CCP should achieve the gesired performance. If, on the other hand,
the CPE shows that major unit processes are inadequate, owners should consider
the expansion of these processes as the focus for achieving desired
performance. E

Results of evaluation of major unit processes can be summarized by
categorization of plant type, as illustrated in Figure 2-1. :
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. Type 1 plants are those POTWs where a CPE shows that current performance
difficulties are not caused by limitations in the size or capabilities of the
existing major unit processes. In these cases, the major problems are related
to plant operation, maintenance, or administration, or to problems that can be
corrected with only minor facility modifications. POTWs that fall into this
category are most 1likely to 'achieve desired performance through the
implementation of a nonconstruction-oriented CCP.

Identification of a POTW as Type 2 represents a situation where the marginal
capacity of major unit processes will potentially prohibit the ability to
achieve the desired performance level. For Type 2 facilities, implementation
of a CCP will lead to 1improved performance but may not achieve required
performance levels without significant physical plant improvements.

A Type 3 plant is one in which the existing major unit processes are
inadequate. Although other 11m1t1ng factors may exist, such as the operators

process control capability, minor design features, or the administration's
unfamiliarity with plant needs, {performance cannot be expected to improve
significantly until physical 1imitations of major unit processes are
eliminated. In this case, implementation of a nonconstruction-oriented CCP is
of 1imited value and is not recommended. Owners with a Type 3 facility would
best meet their needs by pursuing development of wastewater treatment
facilities suitable for handling present and future waste loads as well as
addressing factors identified in the CPE. A more detailed study of treatment
alternatives and financing mechanisms would be warranted. CPEs that identify
Type 3 facilities are still of benefit to POTW administrators in that the need
for construction is clearly defined for facility owners. Additionally, the
CPE provides an understanding of the capabilities and weaknesses of existing
operation and maintenance practices and administrative policies. POTW owners
can use this information to evaluate use of existing facilities as part of any
major plant upgrade and as a gu1de11ne for optimizing operation, maintenance,
and administration. :

L
+

2.2.2 Identification of Performance-Limiting Factors

Whereas the evaluation of major unit processes in a plant is used to broadly
categorize performance potential by assessing only physical facilities, the
identification of performance-1imiting factors focuses on one facility and the
factors unique to that facility.

To assist in this identification, a list of 70 different factors that could
potentially 1imit a POTW's performance is provided in Appendix A (1). These
factors are divided 1into the categories of administration, maintenance,
design, and operation. Suggested definitions of each factor are also
provided. This 1list was developed as a result of many plant studies and is
provided for convenience and reference. If alternate names or definitions
provide a clearer understanding to those involved in conducting a CPE, they
should be used instead. If different terms are used, each factor should be
defined and these definitions should be readily available to those conducting
the CPE and those interpreting the results.




Note that the 1list includes factors on capacity of major unit processes. If
the evaluation of major unit processes results in a Type 2 or Type 3
classification, these same limitations should be documented in the list of
factors 1imiting the POTW's performance. Completing the identification of
factors is difficult in that true problems in a POTW are often masked. This
concept is illustrated in the following discussion.

A contact stabilization plant was routinely losing sludge solids over
the final clarifier weirs, through the chlorine contact tank, and to the
receiving stream, resulting in noncompliance with the plant's permit.
Initial observations could lead to the conclusion that the plant had an
inadequately sized final clarifier. However, further investigation
indicated that the solids 1oss was a result of the operator's routinely
wasting less sludge than was produced. It was determined that, to
properly control the sludge mass, increased operator time and additional
equipment to adequately monitor and waste activated sludge to the
digester would be required. It was further determined that the digester
was undersized and would not provide adequate residence time for
complete digestion.

The most obvious problem is the operator's lack of knowledge of how to
apply the concept of sludge mass control. The needed 1laboratory
equipment was within the approved budget for the facility and therefore
was not assessed as a major problem. Plant administrators indicated
that they could not afford additional operator time. This
administrative policy was a significant factor 1limiting performance.
The undersized digester was not a significant problem in this case
because unlimited cropland for disposal of partially digested sludge was
available. (Note: Disposal of partially digested sludge on cropland can
no longer be considered a permanent solution since enactment of Federal
regulations for land disposal of POTW sludges). It was concluded that
four factors contributed to the solids loss that caused poor plant
effluent quality:

1. Inadequate operator knowledge to apply the concept of sludge
mass control.

2. Restrictive administrative policy that prohibited needed
operator time.

3. Inadequate test equipment.

4. Inadequate digester capacity.

The above discussion illustrates that a comprehensive analysis of a
performance problem is essential to identify the true performance-limiting
factors. If the initial obvious problem of lack of clarifier capacity had
been jdentified, improper corrective actions and unnecessary expenditures of
funds would T1ikely have occurred. In almost all CPEs, several factors are
identified as limiting performance. Initially, each factor identified should
be listed without regard to order of severity.




It is emphasized that the purpose of identifying performance-1imiting factors
is to identify, as accurately as possible, causes of poor performance unique
to a particular plant. Observation that a factor does not meet the "industry
standard" does not necessarily constitute cause for identifying that factor as
1imiting the POTW's performance. An actual 1link between poor plant
performance and an identified factor must exist.

2.2.3 Prioritization of Performance-Limiting Factors

t

After the factors that 1imit performance have been identified, they are
prioritized as to their adverse effect on achieving desired plant performance.
The purposes of this prioritization are to establish the type of followup
activities necessary to achieve compliance and the emphasis that would have to
be put on each factor. If the highest ranking factors, i.e., those having the
most negative impact on performance, are related to physical limitations in
unit process capacity, initial corrective actions are directed toward defining

plant modifications and obtaining administrative funding and action for their
" implementation. If the highest ranpking factors are process control oriented,
the dnitial emphasis of followup activities would be directed toward
plant-specific operator training.

The prioritization of factors is accomplished by a two-step process. First,
all factors that have bzen identified are individually assessed with regard to

adverse impact on plant performance (Table 2-1); second, those factors
receiving "A's" and "B's" are listed in order of priority.

TABLE 2-1

CLASSIFICATION: SYSTEM FOR PRIORITIZING
PERF ORMANCE -L IMITING FACTORS

i Adverse Effect of Factor

Rating ! on Plant Performance
A Majorieffect on long-term repetitiVe basis
B ' Minimum effect on routine basis or major

effect on a periodic basis

C Minoh effect

Each factor previously identified as 1imiting performance is now assigned an

“A," "B," or "C" rating. The checklist of factors in Appendix A includes a

column to enter this rating. |




The factors that receive an "A" are the major problems that cause a
performance deficiency. They should be the central focus of any subsequent
program to improve plant performance. An example of an "A" factor would be
“ultimate sludge disposal" facilities, i.e., drying beds, that are too small
to allow routine wasting of sludge from an activated sludge POTW.

A11 "B" factors (as well as "A's") typically must be eliminated before a plant
will achieve consistent desired performance. Two categories of factors
receive a "B" rating:

1. Those that routinely contribute to poor plant performance but are
not the major problems. An example would be a shortage of
person-hours to complete required process control testing in a small
activated sludge plant where the underlying problem is that the
operator does not understand how to run or dinterpret the tests or
understand the need for a better testing program.

2. Those that.cause a major degradation of plant performance, but only
on a periodic basis. Typical examples are an inadequate spare parts
inventory that causes excessive process downtime once or twice a
year, or marginal oxygen transfer capacity that causes an oxygen
shortage only during the hottest month of the year. As a comparison,
the example "A" factor above ("ultimate sludge disposal") would
receive a "B" rating if adequate drying bed capacity were available
in the summer but winter weather inhibited drying bed use.

Factors that receive a "C" rating can be shown to contribute to a performance
problem but their effect is minor. They would 1ikely be corrected with little
effort and/or time during followup activities. For example, if a critical
process stream were accessible, but difficult to sample, it could indirectly
contribute to poor performance by making process control less convenient and
more time consuming. The problem would not be a major focus of a subsequent
corrective program. As a further comparison, the example "A" factor above
(“ultimate sludge disposal") would receive a "C'rating if adequate drying bed
capacity were available but cleaning the beds with a front loader has crushed
several underdrain tiles.

In the illustration presented in Section 2.2.2, "inadequate operator knowledge
to apply the concept of sludge mass control" is assigned an "A" because of its
continuous detrimental effect on plant performance; "administrative policy" a
“B" because of its routinet effect; and "testing equipment" a "C" because its
effect is only a minor contributing factor. "Inadequate digester size" is
given a "B" because it made proper sludge mass control more difficult and
labor intensive. It is not given an "A" because it did not limit performance
in a major way since adequate sludge disposal capacity is available by
utilizing nearby cropland.

Once each identified factor is assessed individually and assigned an "A," "B,"
or “C" classification, those receiving "A's" and "B's" are listed on a
one-page summary sheet in order of priority. This requires that the evaluator
assess all the "A's" and "B's" to determine the most serious cause of poor
performance, second most serious, etc. A summary sheet for ranking the

10




prioritized factors 1imiting plant performance in order of severity is
presented in Appendix B. This process is effective in reducing the identified
factors to a one-page summary and serves as a valuable reference for the next
step of the CPE: assessing ability to improve plant performance.

2.2.4 Assessing Ability to improve Performance

By definition of a CCP, all performance-1imiting factors can theoretically be
eliminated. Nevertheless, it is necessary to specifically assess the ability
of a CCP to improve performance in each POTW. An effective approach is to
evaluate each identified factor individually to determine whether there are
any practical reasons a factor cannot be addressed. Examples of factors that
may not be feasible to address are replacement of key personnel, drastic
jncreases in funding, or extensive training of owners or administrators to
support POTW needs.

Some factors have a variety of potential solutions or combinations of
corrective actions that can effectively address the problem. For example, an
activated sludge clarifier may be improved by installing baffles to decrease
short-circuiting, by utilizing partial flow equalization to reduce hydraulic
peaks, or by switching to other activated sludge mass modes to better control
sludge settling characteristics and to reduce clarifier loading. Often a
combination of these corrective actions would be appropriate. The systematic
assessment of the prioritized factors helps assure that all factors can
realistically be addressed, thus providing the basis for the comprehensive
approach to improving performance.

It is the prioritization and assessment phase of a CPE that requires maximum
application of the evaluators' judgment and experience. It should be noted
that it is often necessary to later modify the original corrective steps and
requirements as new or additional information becomes available during the
conduct of a CCP phase. This concept is illustrated by the following:

A CPE conducted at an activated sludge plant didentified the major
performance-1imiting factors as:

1. Inadequate operafor understanding to make process adjustments
to control sludge settling characteristics.

2. Inadequate staffing to make operational adjustments.
3. Inadequate program to keep equipment functioning continuously.

Based on these factors, a CCP was implemented to improve performance of
the existing facilities. It was decided that this plant could perform
best when the activated sludge settling rate was relatively siow. The
plant operator's understanding was improved through training, and he
became capable of making process control adjustments to achieve the
desired slower sludge settling rate. Once the desired slower sludge
settling rate was achieved, p@or clarifier performance was observed and
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effluent quality deteriorated. Further dinvestigation indicated that
modifications made a year earlier to the clarifier inlet baffles were
allowing short-circuiting to occur. This short-circuiting only became
apparent after the slower settling had been achieved. These baffle
modifications were reassessed and changed to reduce short-circuiting and
effluent quality improved dramatically.

In this illustration, a minor design modification was determined to be a
performance-1imiting factor. This factor was not identified in the original
CPE. An awareness that it may not be possible to identify all performance-
Timiting factors in the CPE, as well as an awareness that the CCP approach
allows further definition and identification of factors during its
implementation,  is an important aspect of assessing a POTW's capability to
achieve improved performance.

2.2.5 CPE Report

The results of a CPE should be summarized in a brief, written report %o
provide guidance for facility owners and administrators. An example s
included in Appendix C. A typical CPE report is 8-12 pages in length and
includes the following topics:

Facility background

Major process evaluation
Performance-1imiting factors
Projected impact of a CCP
CCP costs

A CPE report should not provide a list of specific recommendations for
correcting individual performance-1imiting factors. This often leads to a
piecemeal approach to corrective actions where the goal of improved
performance is not met. For Type 1 and Type 2 plants, the necessity of
comprehensively addressing the combination of factors identified by the CPE
through the implementation of a CCP should be stressed. For Type 3 plants, a
recommendation for more detailed study to support the anticipated upgrade may
be warranted.

2.3 Personnel Capabilities for Conducting CPEs

Persons responsible for conducting CPEs should have a knowledge of wastewater
treatment, including the following areas:

Regulatory requirements
Process control

- Process design

Sampling

Laboratory testing
Microbiology
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Hydraulic principles

Operator training f
Wastewater facility budgeting
Safety :
Maintenance ?
Management

Consulting engineers who routinely work with POTW design and startup, and
regulatory agency personnel with experience in evaluating wastewater treatment
facilities, represent the types iof personnel with adequaté backgrounds to
conduct CPEs. This Handbook is: not intended as a quide to the design or
operation of POTWs. ‘

2.4 Estimating CPE Costs

}

The cost of conducting a CPE depends on the size and type of facility.
Activated sludge plants tend to be more complex than trickling filter plants
or other fixed film facilities.  Guidelines for estimating CPE costs and
person-days are presented in Table 2-2. These estimates are for contracting
with a consultant who normally performs this type of service. The cost to a
community for conducting a CPE with municipal employees would probably be Tless
than the amounts shown in Table 2-2. However, municipal employees may not
have the necessary qua11ficatidns or may be too close to the existing
operation to be able to perform a truly objective evaluation.

i

' TABLE 2-2
TYPICAL COSTS FOR CONDUCTING CPEs?

‘ Typical
| Person-days Typical Cost
Type and Size of Facility | Onsite (1984 $)
Suspendgd Growth:Ps¢C |
<800 m°/d (9.2 mgd) ! 2 1,500- 3,000
800-8,000 m°/d_(0.2-2 mgd) | 5 2,000-10,000
g,000-38,000 m3/d (2.0-10 mgd) 7 4,000-16,000
Fixed Film:d }
<2,000- m3/d (0,5 mgd) ‘ 2 1,500- 4,000
2,000-38,000 m°/d (0.5-10 mgd) 5 3,000-12,000

8For contract consultant. ;

bIncludes all variations of activated sludge.

CABF systems, which combine suspended and fixed growth, require an
effort similar to activated sludge.

dincludes trickling filters with both plastic and rock media and RBCs.

f
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CHAPTER 3
HOW TO CONDUCT COMPREHENSIVE PERFORMANCE EVALUATIONS

3.1 Introduction

This chapter provides guidance for persons conducting Comprehensive
Performance Evaluations (CPEs). If a person associated directly with the POTW
is the evaluator conducting the CPE, some of the steps may not be necessary.

3.2 Initial Activities

To determine the magnitude of the fieldwork required, and to make the onsite
activities most productive, as much initial information as possible should be
gathered by telephone. This information includes basic data on the POTW and
sources for any needed additional information.

3.2.1 Personnel

The evaluator should obtain the names of those persons associated with the
POTW who will be the primary sources of information for the CPE. The POTW
superintendent, manager, or other person in charge of the wastewater treatment
facility should be identified. If different persons are responsible for plant
maintenance and process control, they should also be identified.

The person most knowledgeable about the details of the POTW budget should be
identified by name, position, and physical location. A 1- to 2-hour meeting
with this person during the fieldwork will have to be scheduled to obtain a
copy of the budget and discuss it. In many small communities, this person is
most often the city clerk; in larger communities, the utilities director,
wastewater superintendent, or person of similar title can usually provide the
best information on the budget.

The key administrative person or persons should also be identified. In many
small communities or sanitation districts, an operator or plant superintendent
may report directly to the elected governing administrative body, usually the
city council or district board. In larger communities, the key administrative
person 1is often the director of public works, city manager, or other
nonelected administrator. In all cases, the administrator(s) who has the
authority to effect a change in policy or budget for the POTW should be
identified.
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If a consulting engineer is currently involved with the POTW, that individual
should be informed of the CPE and be provided a copy of the f1na1 report for
comment. Normally, the consulting engineer will not be d1rect1y involved in
conduct of the CPE. An ‘exception may occur if there 1is an area of the
evaluation that could be supp]emented by the expertise available through the
consul tant. ;

3.2.2 MWastewater Treatment Plant

The initial information contained in Table 3-1 should be obtained by telephone
to estimate field time required. The plant superintendent and/or chief
operator should be the contact for this information. This information should
be collected bearing in mind that some of the data may later be found to be
inaccurate. Generally, the data that a chief operator can provide
extemporaneously or from a read11y available reference is sufficient at this
time.

Irregularities that may warrant special consideration when planning or
conducting the fieldwork should ibe identified, and more specific questions
should be asked to define the potent1a1 effect on the evaluation. Frequently
occurring irregularities include: major process or pieces of equipment out of
service; key persons on vacation or scheduled for other priority work; and new
or uncommon treatment ‘processes. .

The single trickling filter, aeration basin, or final clarifier being out of
service will probably necessitate postponing fieldwork in small plants. In
plants with two or more duplicate unit processes, a CPE can be conducted with
one unit out of service if the results of the evaluation are needed before
normal operation can be resumed. .

i
i

3.2.3 Performance E

An indication of past plant overa11 performance should be obtained from plant
personnel. Most likely, a CPE will not be conducted unless a performance
problem is at least suspected. & However, an evaluator should not expect to
learn on the telephone the exact details of a performance problem. That is,
after all, the purpose of the CPE.

3.2.4 Scheduling |

The major criterion for scheduling the time for a CPE should be the ability to
get commitment of Tlocal personnel availability. Usually, one-half to
two-thirds of the time scheduled for fieldwork will require the availability
and help of these persons.
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TABLE 3-1
PRELIMINARY PLANT INFORMATION TO COLLECT BY TELEPHONE

Plant Name

Phone Contact

Position
Design Flow Current Flow |

Service Population

Year Plant Built Most Recent Upgrade

Directions to Plant .

Major Processes (type and size):

Preliminary treatment

Primary treatment

Secondary treatment

Aeration basin

Trickling filter

Clarifier

Disinfection

STudge treatment

Unusual processes or equipment

Any processes or major equipment currently not operational
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TABLE 3-1 (continued)

'
4

Who does performance monitoring tests?

'
I

Who does process control tests?

What process control test equipmént is available?

Plant coverage (8 am-5 pm, 24 hri etc.)

Work hours of key individuals

Known conflicts with scheduling fieldwork

Contact for scheduling fie]dworki

Administrator or owner (responsih]e:officia1)

Who has records on the budget?

Who is consu1tant?

Information resources (avai]abi1ity):

As-built construction plans

0&M manual

Monitoring records

Equipment literature
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Scheduling should be coordinated with the availability of at least the major
process control decisionmaker, the major administrative decisionmaker, and the
person most knowledgeable of the plant budget. A commitment of time from
these key persons is essential to the successful conduct of a CPE. It may
also be beneficial to inform State and Federal regulatory personnel of the CPE
schedule to avoid possible dinterference with enforcement activities.
Responsibility for this task should be clearly identified between the
evaluator and local personnel during the scheduling of activities.

During the fieldwork, the process control decisionmaker should be prepared to
devote at least half of his/her time to the evaluation. The administrative
decisionmaker should be available for 1 hour for a kickoff meeting, several
hours for reviewing the budget, another several hours for talking about
general administration, and 1-2 hours for a summary meeting.

The persons required for the conduct of a CPE are often very busy; however,
the evaluator should make every effort to include all necessary individuals to
ensure success of the CPE.

3.3 Data Collection

Initial onsite CPE activities are 1largely devoted to collection of data
required for later evaluation of the POTW. As a courtesy, and to promote
efficient data collection, the fieldwork is initiated with a Kickoff meeting
and a plant tour. These activities are followed by a period of time where a
large amount of detailed data on the POTW is gathered.

3.3.1 Kickoff Meeting

A short meeting of key POTW personnel (including key administrators) and the
evaluator should be held to initiate the fieldwork. The major purposes of
this meeting are to explain and gain support for the CPE effort, to coordinate
and establish the schedule, and to initiate the administrative evaluation
activities. The objectives of the CPE should be presented along with the
proposed activities. Specific meeting times with nonplant personnel should be
scheduled. Information. and resource requirements should be spelled out.
Specific items that are required and may not be readily available are: budget
information to provide a complete overview of costs associated with wastewater
treatment; schedule of sewer use and tap charges; discharge permit (NPDES) for
the POTW; historical monitoring data (2 years); utility bills (1 year); sewer
use ordinance (if applicable); and any facility plans or other engineering
studies completed on the existing facility. Administrative factors should be
noted during this meeting, such as the priority put on permit compliance,
familiarity with plant needs, and policies on increased funding. These
initial perceptions often prove valuable when formally evaluating
administrative factors later in the CPE effort.
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3.3.2 Plant Tour

A plant tour should follow the k1ckoff meeting. The objectives of the tour
are to familiarize the evaluator with the physical plant, make a preliminary
assessment of design operational flexibility of the existing unit processes,
and provide an initial basis for. d1scuss1ons on performance, process control,
and maintenance. A walk-through, tour following the flow of wastewater is
suggested. It 1s then appropriate to tour the sludge treatment and disposal
facilities, followed by the support facilities such as. maintenance areas and
laboratories. The evaluator should note the sampling points established
throughout the plant for both process control and compliance monitoring.
Suggestions to Help the evaluator meet the objectives of the plant tour are
provided in the following sections.

3.3.2.1 Preliminary Treatment

Major components of preliminary treatment typically include coarse screening
or comminution, grit removal, andflow measurement.

Although inadequate screening rarely has a direct effect on plant performance,
if, for example, surface mechanical aerators must be shut down twice a day to
remove rags in an activated sludge plant with marginal oxygen transfer
capacity, it could become a , significant performance-limiting factor.
Screening could be an identified area that could improve performance with
minor design improvements (at least in a small plant that could utilize hand-
- cleaned bar screens). Indications of screening problems are:

Plugging (with rags) of raw sewage or primary sludge pumps

Plugging of trickling filtér distributors

Rag buildup on surface mechanica1 aerators

Plugging of activated s]udge return pumps where primary clarifiers

are not used

Grit removal generally only has ah,indirect effect on plant performance. For
example, inadequate grit removal (can cause excessive wear on pumps or other
downstream equipment resulting 1n excessive downtime, and replacement/repair
costs, and could deprive critical. 'processes of needed operator time.

Raw wastewater flow measurement facilities are dimportant to accurately
establish plant 1loadings. The plant tour should be used to observe the
primary measuring device and to ask several questions regarding p]ant flows.
If flow is turbulent or nonsymmetrical through flumes and over weirs commonly
used as primary flow measurement devices, the flow records are immediately
questionable. If flow is nonturbulent and symmetrical, there is a good chance
the primary device is sufficiently accurate. The eva]uator should always plan
to check the accuracy of flow measurement later during the fieldwork.
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3.3.2.2 Primary C]arificatioh

The value of primary clarification in relation to overall plant performance is
in decreasing the load on subsequent secondary treatment processes. As such,
the evaluator should determine what performance monitoring of the primary
processes is conducted. As a minimum, sufficient data to calculate average
BODg loadings on the secondary portion of the plant should be available.
The areas of major concern that should be discussed during the tour are
flexibility available for changing operational functions and clarifier
performance.

The major operational variable that affects primary clarifier performance and
can be controlled in most plants is sludge removal. The evaluator should
discuss the process control method used to adjust sludge withdrawal. In
general, primary clarifiers work best with a minimun of sludge 1in the
clarifier (low sludge detention times and low blanket level). The practical
1imit for minimizing the sludge in the clarifier is when the sludge becomes
too thin, i.e., too much water for the sludge handling facilities. A primary
sludge concentration of greater than 5 percent total solids is an indication
that primary clarifier performance may be improved by increased sludge pumping
and warrants further investigation. A primary sludge concentration of less
than 3 percent total solids indicates there is likely 1ittle opportunity to
improve performance with increased sludge pumping. The operational approach
used to improve primary clarifier performance must be weighed against the
impact on the sludge handling processes.

The surface overflow rate (SOR), which is the daily average flow divided by
clarifier surface area (CSA), can be a good indicator of the performance that
can be expected from a primary clarifier handling typical domestic wastewater.
A clarifier operating at_.an SOR of less than 25 md/m2/d (600 gpd/sq ft)
will typically remove 35-45 percent of the BQDg in domestic wastewater. A
clarifier operating at an SOR of 25-40 |n3/m2/d (600-1,000 gpd/sq ft) will
typically remove 25-35 percent of the BODg.

3.3.2.3 Aerator

The term "aerator" is used in this Handbook to describe the unit process that
provides the conversion of dissolved and suspended organic matter to
settleable microorganisms. Examples of an aerator are: aeration basin,
trickling filter, and rotating biological contactor (RBC). The aerator
represents a critical process in the wastewater flow stream in determining
overall plant performance capability. Evaluation of POTW capability will
require careful analysis of the aerator unit in all plants. During the plant
tour, the evaluator should determine if current operating conditions represent
normal conditions and inquire about what operational flexibility is available.
For example: Can trickling filters be run in parallel as well as series? Can
recirculation be provided around the filter only? Can aeration basins be
operated in a contact stabilization mode as well as plug flow and complete
mi x? B
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3.3.2.4 Secondary Clarification

In all biological wastewater treatment plants, the main function of secondary
clarification is to separate the,K sludge solids from the treated wastewater.
Another purpose is to thicken the sludge before removal from the clarifier.
Characteristics that should be noted on the plant tour are configuration,
depth, and operational flexibility.

The evaluator should note the general configuration of the clarifier,
including shape, sludge removal mechanism, and weir and launder arrangement.
A circular clarifier with a "donut" launder located several feet from the
clarifier wall and a siphon-type, rapid withdrawal sludge collector typically
provides optimum performance. A long, narrow, rectangular clarifier with
effluent weirs only at the end and countercurrent sludge removal should signal
an immediate concern about clarifier performance. Clarifiers with depth less
than 3 m (10 ft) provide limited sludge storage and thickening capability and
create concerns about capacity, especially in activated sludge plants.

The SOR caqabe‘used to roughly estimate final clarifier capacity. An SOR less
than 25 m /m2/d (600 gpd/sq ft) for a circular clarifier indicates good
clarifier capacity. A significantly higher SOR would mean that other
processes would have to be fairly conservative to make the system perform

adequately, and they should be evaluated with consideration of this higher
clarifier loading. ‘

When touring activated sludge facilities, the evaluator should become familiar
with operation and flexibility of the return sludge scheme: how sludge is
withdrawn from the clarifier; ability to operate at higher or lower loadings;
availability of return sludge flow measurement; and flexibility to direct
return sludge to different aeration basins or points in the flow stream.

3.3.2.5 Disinfection

Disinfection facilities should be toured to become familiar with the process
and equipment available and because inspection of disinfection facilities
often provides insight into performance of the secondary treatment process.
Where disinfection 1is required, nearly all POTWs use chlorine as the
disinfectant and incorporate a chlorine contact basin of sufficient size to
provide 10 minutes to 2 hours of contact time.

In biological wastewater treatment facilities that periodically lose sludge
solids over the final clarifier weirs, chlorine contact basins generally
contain a buildup of sludge solids. If more than 5-10 cm (2-4 in) of sludge
has built up on the bottom of the basin, there is a good chance that
significant solids loss is occurring from the secondary clarifier.
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3.3.2.6 Sludge Handling Capability

The evaluator's major concern with sludge handling facilities 1is in
identifying any potential "bottlenecks" and possible alternatives if capacity
problems are indicated. During the plant tour, the evaluator should become
familiar with the general flow pattern of sludge from the point at which it is
removed from the primary and secondary clarifiers to the point of final
disposal.

A1l return flow streams should be identified during the tour and the piant
personnel should be questioned regarding each stream's volume and strength and
the availability of data. Return supernatant streams from anaerobic digesters
are the most common return streams that cause performance problems.
Supernatant from aerobic digesters and filtrate from dewatering operations are
generally not a serious problem.

3.3.2.7 Laboratory

The laboratory should be included as part of the plant tour. Performance
monitoring and process control testing should be discussed with laboratory
personnel. Available analytical capability should also be determined.
Sampling and analytical support are often essential parts of the evaluation
effort and the evaluator should determine what level of support is available
from the laboratory for the CPE.

3.3.3 Detailed Data Gathering

Following the plant tour, a major effort is initiated to collect all data
necessary to assess the performance potential of the existing facilities.
This data collection effort may require two or three persons for 3-7 days in a
larger plant, and one or two persons for 1-2 days in a smaller plant.

Information 1is collected to document past performance, process design,
maintenance, management, budget, process control, and administrative policies.
Collecting information for many of these items requires the assistance of POTW
and other personnel. As such, the data gathering should be scheduled around
their availability. The time when key personnel are not available should be
used by the evaluator to initially review documents such as 0&M manuals and
construction plans, to summarize notes and questions for POTW personnel, and
to check completeness of data collection.

The forms in Appendix D have proven to be valuable working quidelines for the
data collection effort (1-2). The items covered by these forms are 1listed
below:

- General POTW Information, Forh D-1
- Administrative Data, Form D-2
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Design Data, Form D-3

Operations Data, Form D-4
Maintenance Data, Form D-5
- Performance Data, Form D-6

1
'
!

When collecting data using these forms the evaluator should be aware that the
data are to be used to evaluate the performance capability of the existing
POTW. The evaluator should cont1nuous1y be asking "How does this affect plant
performance?" If the area of inquiry is 'directly related to plant
performance, such as a clarifier des1gn or an administrative policy to cut
electrical costs to an unreasonable 1level, the evaluator should spend
sufficient time and effort to fully understand and define the effect on plant

performance. If the area of 1nqu1ry is not directly related to plant
performance, such as an operator's certification or the appearance of the

plant grounds, the condition should be noted and efforts directed toward areas
that specifically impact performance.

Completion of Form D-1 requires that values be selected to represent current
plant hydraulic and organic loadings. Peak month loads should be used for
these calculations to be compatible with the definition of secondary treatment
requirements used as the basis for this Handbook. In POTWs where special
allowance has been made for high infiltration/inflow, such as permitted

bypassing above a selected flow, 'that flow at which secondary treatment is.
required should be used.

3.4 Evaluation of Major Unit Procésses

Once data collection has been substantially comp]eted data evaluation is
initiated. Initial focus is on evaluation of the POTW's major unit processes
to determine the general applicability of a CCP to 1mprove performance, i.e.,
define the facility as Type 1, 2, or 3 as described in Chapter 2.

Performance cannot be improved to a desired level unless existing major
processes have adequate capacity to handle current loadings. The three basic
unit processes whose capacities most frequently affect biological wastewater
treatment plant performance are:| aerator (the unit that provides for the
conversion . of nonsettleable organics), the <clarifier (solids/liquid
separator), and the sludge handling system (1-4).

A point system is used to quantify the evaluation of these three basic unit
processes. Key loading and process parameters are calculated and results for
each parameter assigned a score by comparison with standard tables.
" Subsequently, each of the three major unit processes receives a total score by
adding together the points assigned the loading and process parameters. The
totals are then compared with standards to assess whether a Type 1, Type 2, or
Type 3 capability is indicated for that unit process. The overall plant type
is determined by the "weakest 1ink" among the three major process areas. It
must be remembered in using this: point system that this simplification can

prov1dL valuable assistance but, cannot replace the overall Jjudgment and
experience of the evaluator.
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3.4.1 Suspended Growth Major Unit Processes

Suspended growth facilities include those plants using variations of the
activated sludge process. The three significant unit processes within these
types of facilities that determine capacity and performance are the aeration
basin, secondary clarifier, and sludge handling system.

3.4.1.1 Aeration Basin

Parameters that are used for scoring the capability of an aeration basin are:
hydraulic detention time, organic loading, and oxygen availability. The point
system for scoring these parameters is presented in Table 3-2. To obtain the
necessary parameters, information is required on wastewater flow to the
aeration basin, aeration basin BODg loading, aeration basin liquid volume,
and oxygen transfer capacity.

TABLE 3-2

PARAMETERS FOR SCORING CAPABILITY OF AE&ATION BASINS
IN SUSPENDED GROWTH POTWs

Current Operating Condition Points

Hydraulic Detention Time, hr:

24 10 (max.)

10 \ 6

5 0

3 -6

Organic Loading, kg BODg/m3/d (1b/d/1,000 cu ft):

0.24 (15) 10 (max.)

0.40 (25) 6

0.80 (50) 0

1.28 (80) -6

Oxygen Availability, kg 0o/kg BODg load: 7
2.5 10 (max.)

1.5 5
1.2 0
1.0 -5
0.8 -10

*Interpolate to nearest Whole number between loadings listed.
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Oxygen transfer capacity is usually the most difficult information to obtain
if the original engineering data are not available or if there is some reason
to question the original design data based on current conditions. Generally,
the evaluation proceeds by using .available data on oxygen transfer capacity
and assuming it  is correct unless -the transfer capacity appears to be
marginal. If oxygen transfer capacity appears marginal, further investigation
is warranted. Any of the fo11ow1ng conditions wou]d lead an eva1uator to
suspect marginal oxygen transfer

- Difficulty in maintaining minimum DO

- Continuous operation of a11 blowers, or all aerators set at h1gh
speed

- Design data show1ng less than 1.4 kg oxygen transfer capac1ty per
kg actual BODg Toad ‘

If design oxygen transfer capacﬁty is unavailable or 1is believed suspect,

oxygen transfer rates presented {in Table 3-3 can be used to estimate oxygen
transfer capacities. .

TABLE 3-3
TYPICAL STANDARD OXYGEN TRANSFER RATES2

Standard Oxygen

Aeration System . Transfer Rate
1 Tb 0,/hp-hr

Coarse bubble diffusersP 2.0

Fine bubble diffusersC 6.5

Surface mechanical aerators 3.0

Submerged turb1ne aeratorsd 2.0

Jet aerators® 2.8

g ‘

aGu1dance for adjusting to field conditions is
presented in Appendix F.

bFor 2.7-3.6 m, (9-12 ft) submergence.

CFor 18-26 w/m3 (0.7-1.0 hp-hr/100 cu ft).
Includes both blower and mixer horsepower.

eIncludes both blower and pump horsepower.
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Additional data required to make the estimate are field measurements to-
calculate wire horsepower and calculations to adjust oxygen transfer rates
from standard conditions to the local conditions of the subject plant. The
oxygen transfer capacity (kg/d) is equal to the wire horsepower (from Appendix
E) times the actual oxygen transfer rate (1b/hp-hr, from Appendix F) times 24
hr/d times 0.454 kg/1b. When using Table 3-3 and Appendixes E and F, the
evaluator should remember that data obtained through these estimating
procedures are only approximate, but generally have the same degree of
accuracy with which oxygen demands can be predicted.

Once data are available on wastewater flows, BODg of influent to the
aeration basin, aeration basin volume, and oxygen transfer capacity, the
following calculations should be completed by the evaluator:

Aeration Basin Volume

Hydraulic Detention Time in Aerator = Average Daily Wastewater FTow

BODg Loading
Aeration Basin VoTume

Organic Loading =

Oxygen Transfer Capacity
BODg Loading

Oxygen Availability =

When the above calculations have been completed for the subject POTW, the
results are compared to the values given in Table 3-2 and appropriate points
are assigned each parameter. If the parameters for the subject POTW fall
between the values 1isted, interpolation is used to assign appropriate points.

3.4.1.2 Secondary C1érifiers

Parameters that are used for scoring the capability of suspended growth
secondary clarifiers are: configuration, SOR, depth, return sludge removal
mechanism, and return sludge control. The scoring system for these parameters
is presented in Table 3-4. The configuration score addresses the influence of
the weir location on the rise rate of the sludge blanket. A lower score is
assigned when the effective clarifier surface area is judged to be decreased
due to the location of effluent weirs and launders. ;br example, a clarifier
15 m Tong and 3 m wide (total surface area of 45 m?) with a fwo-sided 1l-m
wide weir located 1 m from the end is judged to have 9 m¢ of Tlaunder
coverage [(3 m wide) x (1 m+ 1 m + 1 m)], or only 20% of the surface area.
The parameter that needs to' be determined to complete the clarifier's
evaluation is SOR:

SoR = Flow from the Clarifier
Clarifier Surtace Area
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TABLE 3-4

PARAMETERS FOR SCORING CAPABILITY OF CLARIFIERS

IN SUSPENDED GROWTH POTWs

Current Operating Condition

+

Configuration:

Circular with "donut" or interior launders
Circular with weirs on walls

Rectangular with 33% covered with launders
Rectangular with 20% covered with launders
Rectangular with launder at 'or near end

Surface Overflow Rate, m3/m2/4 (gpd/sq ft):
|

12 (300)
20 (500)
27 (650)
33 (800)
41 (1,000)
49 (1,200)

Depth at Weirs, m (ft):
4.6 (15)

Return Sludge Removal:

Circular, rapid withdrawal
Circular, scraper to hopper
Rectangular, cocurrent scraper
Rectangular, countercurrentxscraper
No mechanical removal

Return Activated Sludge Contﬁo1:

Actual RAS flow range completely within recommended RAS
flow range; capability to measure RAS flow

Actual RAS flow range comp1ete1y within recommended RAS
flow range; no capability. 'to measure RAS flow

50% of recommended RAS flow range covered by actual RAS
flow range; capability to measure RA

50% of recommended RAS flow range covered by actual RAS
flow range; no capability to measure RAS flow

Actual RAS flow range comp]ete]y outside recommended
RAS flow range

29

Points

10

-5
-10

15
10

-10
-15

10

-5
-10

1 =
TONO

10

-5




Evaluation of return activated sludge control 1is based on the ability to
control the return activated sludge flow rate volume within the range normalily
recommended for the particular type of activated sludge plant. Typical ranges
for return activated sludge pumping rates are presented in Table 3-5.

TABLE 3-5

TYPICAL RANGES FOR RETURN ACTIVATED
SLUDGE PUMPING CAPACITIES

Process Type Return Activated Sludge
% of average daily wastewater flow

Conventional A.S. and ABF

(plug flow or complete mix) 25-75
‘Extended Aeration

(including oxidation ditches) 50-100
Contact Stabilization 50-125

3.4.1.3 Sludge Handling Capability

The capability of sludge handling facilities associated with an activated
sludge plant is scored by the controllability of the wasting process and the
capability of the available sludge treatment and disposal facilities. Scoring
for sludge handling capability is not as straightforward as for the aerator or
clarifier. This 1is because the capacity of existing facilities cannot be
easily assessed due to the variability that exists 1in precalculated
"standards" for process or loading parameters. To evaluate the sludge
handling capacity, the evaluator must first calculate expected sludge
production based on current loadings to the wastewater treatment processes.
The evaluator then assesses the capability of the existing sludge facilities
to handle the calculated siudge production.

The criteria and point system for evaluating sludge handling capability are
presented in. Table 3-6. As indicated by the 1lower points allocated,
controllability is much less important than capacity.
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TABLE 3-6

. CRITERIA FOR SCORI“G SLUDGE HANDLING CAPABILITY
FOR SUSPENDED GROWTH POTWs

Current Operating Condition Points
Controllability:
Automated sampling and voiume control 5
Metered volume and hand sampling 3
Hand measured volume and hand sampling 2
Sampling or volume measurement by hand not practical 0
Capacity:
150% of calculated ]ong-térm average sludge production 25
125% of calculated long-term average sludge production 20
100% of calculated long-term average sludge production 15
75% of calculated 1ong-term average sludge production : 0

50% of calculated long-term average sludge production -10

Controllability of the wasting process is indicated by the type of waste
sludge volume measurement and thé type of waste sludge sampling available.
The optimum control for an activated sludge wasting system includes automatic
volume control and automatic sampling. A positive displacement pump and
automatic sampler, both controlled by an accurate and precise clock, is an
example of this type of control.

Most small activated s]udge p]ants can manually measure a wasted volume (rise
in holding tank or digester, or the number of tank trucks filled) and manually
sample (from a tap or the open end of the waste sludge 1line). Most larger
plants have flow measuring and tota11ng devices on waste sludge lines.

Capacity of existing sludge hapd11ng facilities 1is eva]uated using the
following procedures: ' :

- Calculate expected sludge production.
- Establish capacity of existing studge handling unit processes.

- Determine percentage of the calculated sludge production each unit
process can handle.

- Identify the "weakest 1ink" process as the overall capacity of the
ex1st1ng sludge handling fac111t1es and compare to scoring values
in Table 3-6.
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Expected sludge production is calculated using current BODs loadings (unless.
believed inaccurate) and typical unit sludge production values for the
existing wastewater treatment processes (5). Typical unit sludge production
values for various processes dre shown in Table 3-7. For example, an
oxidation ditch removing about 1,000 kg BODg/d would be expected to have an
average sludge production of about 650 kg TSS/d (1,000 kg BODg/d x 0.65 kg
TSS/kg BODg removed).

TABLE 3-7

TYPICAL UNIT SLUDGE PRODUCTION VALUES
FOR SUSPENDED GROWTH POTWs

Process Type : kg TSS (sludge)/kg BODr removed
Primary Clarification 1.7
Actiﬁated STudge w/Primary Clarification 0.7
Activated S]udge w/0 Primary Clarification
Conventional 0.85
Extended Aerationb 0.65
Contact Stabilization 1.0

dIncludes tapered aeration, step feed, plug flow, and
complete mix with wastewater detention times <10 hours.
bIncludes oxidation ditch.

If plant records include sludge production data, the actual unit sludge
production value should be compared to the typical value. If a discrepancy
greater than 15 percent exists between these values, further evaluation is
warranted. The most common causes of inaccurate recorded sludge production
are:

Excessive solids loss over the final clarifier weirs
Inaccurate waste volume measurement .

Insufficient waste sampling and concentration analyses
Inaccurate determination of BOD removed

Using the determined unit sludge production values and actual BODg removals
for the subject plant, the expected mass of sludge produced per day can be
calculated. To complete the scoring of sludge handling capability, the
expected volume of sludge produced per day should also be calculated.
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Typical waste sludge concentrations for activated sludge plants are presented
in Table 3-8 and can be used to convert the expected mass of sludge produced
per day to the expected volume of ‘sludge produced per day.

~ TABLE 3-8

TYPICAL SLUDGE CONCENTRATIONS
FOR SUSPENDED GROWTH POTWs

Sludge Type i Waste Concentration
' ‘ mg/1
Primary | 50,000
Activated .
Return S]udge/Convent1ona1 6,000
Return Sludge/Extended Aeration . 7,500
Return Sludge/Contact Stabilization N 8,000
Return Sludge/small p1ant with Tow SOR 10,000

Separate waste hopper 1n secondary clarifier 12,000

waste sludge in c]ar1f1ers with SORs less than 20

Returns can often be shut off for short per1ods tomghi ken
(500 gpd/sq ft).

The capacity of each of the compohents of the sludge handling process must be
evaluated with respect to its ab111ty to handle the calculated 1long-term
average sludge production for current loadings. Any process that may become a
"bottleneck" should be considered critical. Typical components found in

activated sludge facilities are: vth1cken1ng, digestion, dewatering, hauling,
and disposal. !

Guidelines for the capacity evaluation of the components of the existing
sludge handling processes are provided in Tables 3-9 and 3-10. The guidelines
provided in Table 3-9 are used to compare existing facility capacity to
expected sludge production. For- examp]e, an existing aerobic digester with a
volume of 380 m (100,000 gal):'in a plant with a calculated waste sludge
volume of 19 m3/d (5,000 gal/d) would have a hydraulic detention time of 20
days. This is 133 percent of the guidel'ines provided for aerobic d1gesters in
Table 3-9.° Thus, this component of the sludge handling process in this
particular POTW would have capacity for 133 percent of the long-term average
sludge production. If the aerobic digester proved to have the lowest capacity
to handle long-term average s]udge production of all the components of the
sludge handling processes in this POTW, sludge handling capability would score
22 points (interpolated from Table 3-6). The sludge handling capability
evaluation is illustrated as part of the CPE example presented in Section 3.9.
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TABLE 3-9

GUIDELINES FOR EVALUATING CAPACITY OF |
EXISTING SLUDGE HANDLING PROCESSES '

Parameters That Can Be Used
to Represent 100% of Required

Process Sludge Handling Capacity?
Gravity Thickeners
Primary Sludge 125 kg/m?/d (25 1b/d/sq ft)
Activated Sludge 20 kg/m2/d (4 1b/d/sq ft)
Primary + Activated 50 kg/m2/d (10 1b/d/sq ft) ;
Fixed Film 40 kg/m2/d (8 1b/d/sq ft) |
Primary + Fixed Film 75 kg/mz/d (15 1b/d/sq ft) ;
Dissolved Air Flotation |
Primary Sludge 125 kg/gz/d (25 1b/d/sq ft) .
Activated Sludge 50 kg/m éd (10 1b/d/sq ft)
Primary + Activated 100 kg/? /d (20 1b/d/sq ft)
Fixed Film 75 kg/m%/d (15 1b/d/sq ft)
Primary + Fixed Film 125 kg/m?/d (25 1b/d/sq ft)
Digesters
Aerobic 15 days' hydraulic detention timeP
Anaerobic
Single Stage 40 days' hydraulic detention time ;
Two Stage 30 days' combined hydraulic detention time :
Drying Beds Worst season turnover time
Mechanical Dewatering
Single Unit 30 hours of operation/week
Multiple Units 60 hours of operation/week (with one unit

out of service)

Liquid Sludge Haul
Short Haul (<3 km) 6 trips/day maximum
Long Haul (>20 km) 4 trips/day maximum

aCapacity of existing unit processes should not be downgraded to these
values if good operation and process performance are documented at
higher loadings. For example, if records appear accurate and show that
all sludge production has been successfully thickened in a gravity
activatgd sludge thickener for the past year at an average loading of

25 kg/m¢/d (5 1b/d/sq ft), the existing thickener should be considered
to have 100% of required capacity.

bHydrau1ic detention time = Volume of digester/Volume of waste sludge
expected to be produced.
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TABLE 3-10

MISCELLANEOUS UNIT VALUES USED IN EVALUATING
CAPACITY OF SLUDGE HANDLING CAPABILITY2

Digester®  Total Solids  Output Solids

HDT Reduction Concentration
days % mg/1
Aerobic Digesters 10 10 12,000
Following Extended i15 : 20 15,000
Aeration (MCRT>20 days) 120 30 17,000
>30 35 20,000
Aerobic Digesters ‘10 20 - 12,000
Following Conventional 15 35 15,000
A. S. (MCRT<12 days) >20 40 17,000
Anaerdbic Digesters for ‘EZO 25 Equal to input
Activated + Primary, and 130 35 10% greater than input
Fixed Film (Supernating 40 45 20% greater than input
Capability Useable) 1
Volatile Solids Content |
of Waste Activated Sludge, :
Conventional (MCRT<12 days) ! 80%

Extended Aeration (MCRT>20 days) 70%

aValues in table are intended for use in allowing an evaluation of sludge
handling capability to proceed in the absence of available plant data. Many
other variables can affect the values of the parameters shown.

bHydrau]ic detention time = Volume of digester/Volume of waste sludge
expected to be produced. K :

3.4.1.4 Suspended Growtﬁ Major Unit Process Analysis

i
[

Once individual major unit processes are evaluated and given a score, these
results should be recorded on agsummary sheet, as shown in Table 3-11, and
compared with standards for each major unit process and the total plant. This
analysis results in the subject iPOTW being rated a Type 1, Type 2, or Type 3
facility, as described in Chapter 2. The sum of the points scored for
aeration basin, secondary clarifier, and sludge handling capability must be 60
or above for the subject POTW to be designated a Type 1 facility.
Furthermore, regardless of total' points, the aerator must score at least 13
points, the secondary clarifier at least 25 points, and sludge handling
capability at least 10 points for the plant to be considered Type 1.
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TABLE 3-11
SUSPENDED GROWTH MAJOR UNIT PROCESS CAPACITY EVALUATION

Points Required”

Points Scored Type 1 Type 2 lype 3
Aeration Basin 13-30 0-12 <0
Secondary Clarifier 25-55 0-24 <0
Sludge Handling Capability 10-30 0- 9 <0
Total 60-115 20-59 <20

*Each unit process as well as the overall total points must fall in the
designated range for the plant to achieve the Type 1 or Type 2 rating.

If the subject POTW meets the criteria for a Type 1 plant, the evaluation has
indicated that all major processes have adequate capacity for a CCP to be able
to bring the plant into compliance. If the total is less than 60 points, or
if any one major unit process scores less than its minimum, the facilities
must be designated as Type 2 or Type 3.

The minimum criteria for a Type 2 plant are 20 total points and zero for each
individual process. If the total is less than 20, or if any major process
scores a negative value, the POTW must be considered inadequate and the plant
designated as Type 3. Type 3 plants generally require major construction
before they can be expected to meet secondary treatment effluent 1imits.

A suspended growth POTW that scored the following during the evaluation of
major unit processes would meet the criteria for a Type 3 plant:

Aeration Basin 14 points
Secondary Clarifier ‘ -8 points
STudge Handling Capability 10 points

Total 16 points

The point system in Table 3-11 has been developed to aid in assessing the
capability of a POTW's major physical facilities. It cannot replace the
overall judgment and experience of the evaluator, which is often the deciding
factor in determining the applicability of a CCP.
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3.4.2 Fixed Film Major Unit_Processes

Fixed film facilities include those plants using rock or plastic media plus
those using the RBC or ABF var1at1ons of the basic trickling filter process.
The wunit process in fixed film wastewater treatment p]ants that most
significantly affects capacity and performance is the "aerator" portion of the
plant, j.e., the amount and type bf trickling filter media, RBC media, etc.
Other significant unit processes are the secondary clarifier and sludge
handling capability.

|

3.4.2.1 PAerator

a. Trickling Filters

An approach to develop "equiva]ency" is used to evaluate the capacity of
trickling filters of varying f ? types. The unit surface area for common
rock media is typically 43 m (13 sq ft/cu ft) (6). This 1nformation
can be used to convert data from ‘trickling filters with art1f1c1 media to
equivalent volumes of common rock media. For example, 1,000 3,500 cu
ft) of a plastic media with a specific surface area of 8 £§/m (27 sq
ft/cu ft) is equivalent to (89/43) x (1,000 m) or 2,070 m (7,300 cu ft)
of common rock media. Unit surface area 1nformat1on for various media types
is generally available in manufactUrers Titerature.

Using the equivalency calculation, organic loadings can be calculated for all
types of media. Despite fixed film performance being a function of surface
area, loadings for trickling f11ters are typically expressed as mass of BODg
per volume of media. The vo]umetr1c 1oading can be calculated using the
equ1va1ency calculation presented above. Results can be compared with
criteria in Table 3-12 to compute a "score" for the trickling filter.

The capacity of a trickling f11ter can be significantly decreased if the media
becomes plugged. Ponding on the f11ter is a common indicator of plugging and
is generally due to overgrowth of microorganism mass or disintegration of the
media. The evaluator should 1nspect the filter in several places by removing
media to a depth of at least 15 cm (6 in) to ensure that ponding or plugging
underneath the upper layer of rocks is not occuring.

b. RBCs

Parameters for scoring RBCs are presented in Table 3-13 (7). The key
parameters to be evaluated are: organic loading on the first stage and on the
entire system; number of stages prov1ded and whether or not sidestreams from
anaerobic’ sludge treatment are received. Organic loading used for evaluating
RBCs 1is soluble BODg (SBODg) per wunit of media. If data are not
available, SBODg is estimated for typical domestic wastewater as one-half

+
'
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TABLE 3-12

PARAMETERS FOR SCORING AERATOR CAPABILITY
FOR TRICKLING FILTER POTWs

Current Operating Condition Points
‘ Covered Filter
Organic Loading, kg BOD5/m3/d Freezing or Nonfreezing
(1b/d/1,000 cu ft):2 Temperaturesb Temperatures
0.16 (10) 20
0.32 (20) 15 20
0.48 (30) 0 10
0.80 (50) ‘ -10 -5
1.12 (70) -20 -10

Recirculation, ratio to raw flow:

2:1 3
1:1 2
None 0
Anaerobic Sidestreams:¢
Not returned ahead of the trickling filter 0
Returned to the wastewater stream
ahead of the trickling filter -10

3Based on primary effluent gnd common rock media having a specific
surface area of about 43 m®/mS (13 sq ft/cu ft).

bTemperatures below freezing for more than one month.

CSupernatant from anaerobic digesters or filtrate/concentrate from
the dewatering processes following anaerobic digesters.

the primary effluent total BODsg. If significant industrial contributions
are present in the system, SBODg should be determined by testing.

Surface area data for RBCs are generally available 1in manufacturers'
literature or in plant 0&M manuals. If these sources are unavailable or do
not contain the needed information, the manufacturer's representative or the
manufacturer should be contacted to obtain the data.

First-stage media loading is calculated by dividing the mass of SBODg going
to it by the total surface area of only the first-stage media. System media
loading is calculated by dividing the total SBODg load to the RBCs by the
total surface area of all RBC media. In most cases, the mass of SBODg will
be the same for these calculations. They should only be different in plants
where some of the SBODg load is bypassed around the first stage.
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. TABLE 3-13

PARAMETERS FOR SCORING AERATOR CAPABILITY
FOR RBC POTWs3 (7)

Current Operating Condition Points

First-Stage Loading, g SBQD5/m2/d (1b/d/1,000 sq ft):

12 (2.5) 10
20 (4.0) | 0
29 (6.0) ! -6 .

System Loading, g SBOD5/m%/d (1b/d/1,000 sq ft):

2.9 (0.6) i 10
4.9 (1.0) 0

7.3 (1.5) ; ‘ -6

Number of Stages:

4 g 10
3 ; 7
2 N 4

Anaerobic Sidestreams:P

Not returned ahead of RBC ' 0
Returned to wastewater stream ,
ahead of RBC . -10

d1ncludes mechanical and éir drive RBCs.
bSupernatant from anaerobic digesters or filtrate/concentrate
from the dewatering processes following anaerobic digesters.

c. ABFs

Parameters for evaluating ABF aerators are presented in Table 3-14 (8). The
key parameters are: biocell organ1c Toading and aeration basin detention time.
A criterion of lesser 1mportance is recirculation directly around the biocell.

Organic 10ad1ngs on the b1oce11 are ca1cu1ated in a manner similar to
trickling filter loadings: primary effluent BOD5 is divided by the volume of
the biocell media. Aeration bas1n detention time is calculated in a manner
similar to activated sludge aerat1on basin hydraulic detention time: the
aeration basin liquid volume 1sjd1v1ded by the average daily wastewater flow.
Sludge recirculation is not 1nc1uded in the calculation.
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TABLE 3-14

PARAMETERS FOR SCORING AERATOR CAPABILITY
FOR ABF POTWs (8) :

Current Operating Condition Points

Biocell Organic Loading, kg BOD5/m3/d (1b/d/1,000 cu ft):

1.6 (100) 15
2.4 (150) 10
2.8 (175) 5
3.2 (200) 0
4.0 (250) -5
4.8 (300) -10
Aeration Basin Detention Time, hours:
4 20
3 15
2 12
1 5
0.75 0
0.5 -10

1.0 10
0.75 = 7
0.5 3
0.4 0
0.3 -15

Recirculation - Directly Around Biocell, ratio to raw flow:

1:1
None

O w

Oxygen availability in the aeration basin of an ABF plant is calculated by
dividing mass of oxygen transfer capacity by the total mass of BODg applied
to the biocell. This is done because the removal attributed to the biocell
versus that occurring in the aeration basin is not easily distinguished. Most
ABF plants provide for recirculation directly around the biocell.
Recirculation is calculated as a ratio to raw flow.
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3.4.2.2 Secondary Clarifier

Criteria for scoring the capability of secondary clarifiers in trickling
filter and RBC plants are presented in Table 3-15. The calculations require
that wastewater flow.rate and the clarifier configuration, surface area, and
depth be known (see Section 3. 4 1.2). For ABF plants, the criteria for
suspended growth secondary c]ar1f1ers presented - in Table 3-4 are more
appropriate and should be used. t

o

'TABLE 3-15

PARAMETERS FOR SCORING CAPABILITY OF CLARIFIERS
IN TRICKLING FILTERS AND RBCs™

t

Current Operating Condition Points
Configuration:
Circular with "donut" or interior launders 10
Circular with weirs on walls 7
Rectangular with 33% covered with launders 0
Rectangular with 20% covered with launders -5
Rectangular with 1aunder at or near end -10

Surface Overflow Rate, m3/m2/d (gpd/sq ft):

12 (300) | 15
20 (500) | 10
27 (650) | 5
33 (800) | 0
41 (1,000) -10
49 (1,200) ! -15

Depth at Weirs, m (ft):

3.7 (12) 5
3.0 (10) ; 3
0

2.1 (7) |

*For ABF plants, criterﬁa for suspended growth clarifiers
(Table 3-4) should be used.

|
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3.4.2.3 Sludge Handling Capability

Criteria for scoring sludge handling capability associated with fixed film
plants are presented in Table 3-16. The criteria for controllability in Table
3-16 are self-explanatory. The capacity of sludge handling associated with
fixed film is evaluated using the same four-step approach presented in Section
3.4.1.3 for suspended growth POTWs.

TABLE 3-16

CRITERIA FOR SCORING SLUDGE HANDLING CAPABILITY
FOR FIXED FILM POTWs

Current Operating Condition Points
Controllability:
Automated sampling and volume control 5
Metered volume and hand sampling 3
Hand measured volume and hand sampling 2
Sampling or volume measurement by hand not practical 0
Capacity:
125% of calculated long-term average sludge production 25
100% of calculated long-term average sludge production 15
75% of calculated long-term average sludge production 5
50% of calculated long-term average sludge production -10

Different. unit sludge productioh values are used ‘in determining expected
sludge production from fixed film facilities. A summary of typical unit sludge

production values for the various types of fixed film plants is presented in
Table 3-17.

Frequently, secondary sludge from fixed film facilities is returned to the
primary clarifiers. Typical underflow concentrations of the combined sludge
from the primary clarifier are shown in Table 3-17 as well as sludge
concentrations from the individual fixed film processes.

The gquidelines presented in Tables 3-9 and 3-10 can be used to help an

evaluator determine the capacity 1imits of existing sludge treatment and
disposal facilities.
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TABLE 3-17

TYPICAL WNIT SLUDGE PRODUCTION VALUES AND SLUDGE CONCENTRATIONS
FOR FIXED FILM POTWs

Process Type i kg TSS (s1ddge)/kg BODg removed
Primary Clarification % ‘ 1.7

Trickling Filter | 1.0

RBC | 1.0

ABF : ; 1.0

Sludge Type ! Waste Concentration, mg/1
Primary \ | 50,000

Primary + Trickling Filter 45,000

Primary + RBC o 45,000

Primary + ABF | 35,000
Trickling Filter | 30,000

RBC | 30,000

ABF E 12,000

|

3.4.2.4 Fixed Film Major Unit Process Analysis

Once major fixed film processes dre evaluated, they should be summarized and
compared to standards for each type of fixed film facility. Tables 3-18,
3-19, and 3-20 can be used for thils purpose.

The standards are arranged similar to .those for suspended growth facilities
presented in Table 3-11 and discussed in Section 3.4.1.4. This analysis
results in the subject POTW being rated Type 1, Type 2, or Type 3, as
described in Chapter 2. Using these tables, the subject plant must score the
minimum number of points listed for each individual process and the minimum
number total points for all processes for the plant ‘to qualify for a specific
plant type. For example, a trickling filter plant scoring the following would
meet the criteria for a Type 1 facility for overall points, aerator, and
secondary clarifier, but would be classified Type 2 because of its score for

i

sludge handling capability. . :

Trickling Filter X 21 points

Secondary Clarifier | 27 points
Sludge Handling Capability _6 points
Total f 54 points

st
i
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TABLE 3-18
TRICKLING FILTER MAJOR UNIT PROCESS

CAPACITY EVALUATION

Points Required*

Points Scored Type 1 Type 2 Type

"Aerator" 17-23 0-11 <0

Secondary Clarifier 17-30 0-16 <0

Sludge Handling Capability __ 10-30 0- 9 <0

Total . 45-83 15-44 <15
TABLE 3-19

RBC MAJOR UNIT PROCESS CAPACITY EVALUATION
Points Required*

Points Scored Type 1 Type 2 Type

"Aerator" _ 14-30 0-13 <0

Secondary Clarifier __ 17-30 0-16 <0

Sludge Handling Capability __ 10-30 0-9 <0

Total 48-90 15-47 <15
TABLE 3-20

ABF MAJOR UNIT PROCESS CAPACITY EVALUATION
: Points Required”

Points Scored Type 1 Type 2 Type

"Aerator" . 15-48 0-14 <0

Secondary Clarifier __ 20-55 0-19 <0

Sludge Handling Capability 10-30 . 0-9 <0

Total 50-133 15-49 <15

*Each unit process as well as the overall total points must fall in the
designated range for the plant to achieve the Type 1 or Type 2 rating.
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3.5 Evaluation of Performance—Lihiting Factors

The identification of performance-1imiting factors should be completed at a
Tocation other than the POTW so . that all potential factors can be discussed
objectively. The checklist of ! performance-limiting factors presented in
Appendix A, as well as the guidelines for interpreting these factors, provide
the structure for an organized review of problems in the subject POTW. The
jntent is to identify as clearly as possible the factors that most accurately
describe the causes of 1imited, performance. For example, poor activated
sludge operation may be causing poor plant performance because the operator is
improperly applying activated sludge concepts. If the operator is solely
responsible for process control ;decisions as well as for testing for these
decisions, the factor of improper application of concepts should be
identified. .,

Often, operator inability can b¢ traced to another source, such as an 0&M
manual containing 1inaccurate information or a technical consultant who
provides routine assistance to the operator. In this case, improper
application of concepts plus the 'source of the problem (0&M manual or improper
technical guidance) should be identified as performance-1imiting factors,
since both must be corrected in a CCP to achieve desired plant performance.

Whereas the checklist and guidelines in Appendix A provide the structure for

the identification of- performance-limiting factors, notes taken during the

plant tour and detailed data-gathering activities (including the completed

;orms from Appendix D) provide the technical resources for identifying these
actors. ¥

Each factor identified as limiting performance should be weighed with respect
to impact on plant performance 'and assigned an "A," "B," or "C" rating as
discussed in Section 2.2.3. ‘Further prioritization is accomplished by
completing the summary sheet presented in Appendix B. Generally, only those
factors receiving either an "A" or "B" rating are prioritized on this sheet.

Additional guidance for <dentifying and prioritizing performance-1imiting
factors 1is provided in the following sections for the -general areas of
administration, design, operatioq, and maintenance.

3.5.1 Administration Factoﬁs

The budget 1is the mechanism whereby POTW owners/administrators generally
implement their objectives. Therefore, evaluation and discussion of the
budget 1is an effective mechanism for identifying administrative
performance-1imiting factors. iFor this reason, early during the onsite
fieldwork - the evaluator should schedule .a meeting with the key POTW
decisionmaker and the "budget person." This meeting should be scheduled to
occur after the evaluator is technically familiar with the plant.

45




Nearly every POTW budget is set up differently so it helps to review the
budget with the assistance of plant personnel to realistically rearrange the
budget 1line ditems 1into categories emphasizing various - costs. Forms for
collecting budget data are presented in Appendix D. Analysis of these data
can be supported by comparison with typical va1ues for wastewater treatment
plants (1)(4)(9)(10). POTWs larger than 8,000 m3/d (2 mgd) in size usually
have budgets that clearly describe wastewater treatment costs. Budgets for
smaller POTWs are often combined with budgets for other utilities, such as
wastewater collection, water treatment and distribution, or even street
repairs and maintenance. For this reason, it is often more difficult and time
consuming to establish realistic costs for small POTWs.

Key POTW administrators should be didentified and interviews scheduled with
them as described in Section 3.2.1. As a general rule, the POTW operating
staff should not attend the interviews with POTW administrators because their
presence may inhibit open discussion.

The evaluation of administrative performance-limiting factors 1is by nature
subjective. Typically, all administrators verbally support goals of low
costs, safe working conditions, good treatment performance, high employee
morale, etc. An important question that the evaluator must ask is, "Where
does good treatment fit in?" Often this question can be answered by observing
the priority of items implemented or supported by administrators. The ideal
situation is one in which the administrators function with full awareness that
they want to achieve desired performance as an end product of their wastewater
treatment efforts. Improving working conditions, lowering possible costs, and
other similar goals would be pursued within the realm of first achieving
adequate performance.

At the other end of the spectrum is an administrative att1tude that "we just
raised the monthly rates 100 percent last year; we aren't spending another
dime on that plant." POTW administration can be judged by the following
criteria:

Excellent: Reliably provides adequate wastewater treatment at
Towest reasonable cost.

Normal: Provides best possible treatment with the money
available.

Poor: Spends as little as possible with no correlation made

to achieving adequate plant performance.

Administrators who fall into the "poor" category typically are identified as
contributing to inadequate performance during the factor identification
activities. ‘

Technical problems identified by the plant staff or the CPE evaluator, and the
potential costs associated with correcting these problems, often serve as the
basis for assessing administrative factors 1imiting plant performance. - For
example, the plant staff may have correctly identified needed minor
modifications for the facility and presented those needs to the POTW
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administrators, but had their réquest turned down. The evaluator should
solicit the other side of the story from the administrators to see if the
administrative policy is indeed| nonsupportive in correcting the - problem.
There have been many instances in which operators or plant superintendents
have convinced administrators to spend money to "correct" problems that
resulted in no improvement in plant performance. ‘

Another area in which administrators can significantly, even though
jndirectly, affect plant performance is through personnel motivation. If
administrators encourage professional growth through support of training,
tangible awards for initial or upgrading certification, etc., a positive
influence exists. If, however, administrators eliminate or skimp on essential
operator training, downgrade operator positions through substandard salaries,
or. otherwise provide a negative influence on operator morale, administrators
can have a significant detrimental, effect on overall plant performance.

i
¢

3.5.2 Design Factors

Data gathered during the plant tour, completed Form D-3, and the previously
completed evaluation of major unit process capabilities provide the bulk of
the. information needed to complete the identification and prioritization of
design-related performance-1imiting factors. However, to complete the-
evaluation of design factors in' many CPEs, the evaluator must make field
investigation of the operational flexibility of the various unit processes. :

Field investigations should be compieted in cooperation with the POTW
operator. The evaluator must not make any changes unilaterally. Any field
testing desired should be discussed with the operator, whose cooperation
should be obtained in making any needed changes. This approach is essential
since the evaluator may wish to implement changes that, while improving plant
performance, could be detrimental to specific equipment at the plant. The
operator has worked with the equipment, repaired past failures, and read the
manufacturers' literature and is in the best position to evaluate any adverse
impact of proposed changes. i

Field investigation of process flexibility defines the 1limitations of the
equipment and processes and also jpromotes a better understanding of the time
and difficulty required to implement better process control. This 1is
illustrated by the following discussion: :

A 38 m3/d (0.1 mgd) extended aeration facility has airlift sludge
return pumps that have been operated to provide return rates of 200-300
percent of influent flow rates. The evaluator desired to know if
returns could be held under 100 percent since this would substantially
reduce solids loading on the final clarifier and potentially improve
clarifier performance. i

]
Discussions - with the plant operator revealed that he had previously
tried to reduce the return rate by reducing the air to the airlift
return pumps. The operator abandoned the ideas because the airlifts

)
)
i
)
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repeatedly plugged overnight when left at the low rates. The evaluator -
convinced the operator to again try reducing returns so that the Tlimits ?
of return sludge flow control available could be defined. |

An airlift pump consists of a vertical pipe with one end submerged,
usually 2-3 m (6-10 ft), in the basin from which liquid is to be pumped
and an air supply that introduces air into the pipe near its lower end.
Air introduced into the pipe decreases the specific gravity of the pipe
contents (air bubble and 1iquid mixture), and the heavier liquid in the
surrounding basin forces the air/liquid mixture up the pipe. The i
pumping force created is proportional to the differential weight inside : g
and outside the pipe. Increased flow is achieved by increasing the 5
amount of air dintroduced thus reducing the specific gravity of the ‘
mixture further and increasing the driving force.

The air rate was initially reduced to produce a return flow rate of 100
percent of incoming wastewater flow as measured by a bucket and
stopwatch. The airlift return pumps plugged completely in less than 2
hours because, as the sludge thickened due to reduced flow, the specific
gravity increased. The air rate that produced the desired flow with
thinner sludge was no longer adequate. The flow was reset to 100
percent by dincreasing the airflow substantially above the previous
setting. An hour 1later the return flow rate was measured as 220
percent. Because the pumping rate affects specific gravity and specific
gravity, in turn, affects the pumping rate, a "snowballing" effect was
produced when the airlift pump was changed in either direction. These
results supported the operator's contention that return flow rates could
not be controlled at reasonable levels.

The air supply was again adjusted to provide a flow rate halfway between
the current and the desired rate. This setting allowed better control
to be exercised but plugging still occurred with existing sludge
characteristics at return sludge flows of less than about 125 percent.
It was concluded that this was the practical lower 1imit for return
sludge flow rate control with the existing facilities and sludge
character. To maintain a return sludge in the range of 125-150 percent
required frequent checking, including an evening check not before asked
of the operator. In this manner, part - but not all - of the design
Timitation could be overcome with increased operator attention.

The areas in a POTW that frequently require field investigations to determine
process flexibility are:

1. Suspended Growth Systems

- Control of return sludge flow rate within the ranges presented
in Table 3-5

- Control of aeration basin DO within the ranges presented in
Figure 3-1 ‘
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- Sludge mass control by wast1ng expected sludge production

presented in Table 3-7, and actual waste concentrations or
representative waste concentrat1ons shown in Table 3-8

- Flow splitting to prevent unnecessary overloading of individual

process units

y
Available mode changes to provide maximum use of existing
facilities: _

o Contact stabi1izatiod when the final clarifier appears to be
the most Timiting process

o Plug flow when oxygen;transfer is marginal

Trickling Filters i

Al ternate disposal methbds for anaerobic digester supernatant

Abitity to lower sludge levels in clarifiers without thinning
out sludge to concentrat1ons that wou]d cause sludge treatment
or handling problems

Recirculation to the f11ter without excess hydraulic loads on
the primary or secondar& clarifiers

RBCs }

Alternate disposal methbds for anaerobic digester supernatant

Ability to lower sTudde levels in clarifiers withbut thinning
out sludge to concentrations that would cause sludge treatment
or handling problems

Ability to red1str1bute individual stage Toadings to provide
unit loadings within the ranges shown in Table 3-13

ABF's \

Control of return s1udge flow rates within 50-100 percent of
influent flow

Abi]ity to waste a pre@ise mass of sludge on a daily basis

Ability to spread a day's sludge wasting over a 24-hour period,
or at least an extended period of time

b
Ability to provide recirculation directly around the biocell

i
[

Ability to maintain aedation basin DO at 2-3 mg/1
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3.5.3 Operation Factors

Significant performance-l1imiting factors often exist in the process control
activities of POTW unit processes (4)(11). The approach and methods used in
maintaining process control can significantly affect the performance of plants
that have adequate physical facilities. This section provides guidance to
evaluators for identification and prioritization of operational factors that
Timit plant performance.

The evaluator starts collecting data for the process control evaluation by
identifying the key POTW person for process control strategies implemented at
the plant. The plant tour and data-gathering phases also provide opportunity
to assess the process control applied. In addition, the process control
capability of an operator can be subjectively assessed during the process
capacity evaluation. If an operator recognizes the unit process functions and
their relative influence on plant performance, a good grasp of process control
is indicated. An approach to evaluating process control is discussed in the
following sections.

3.5.3.1 Suspended Growth Faéi]ity Process Control

The process controls that should be available to an operator of an activated
sludge facility are: sludge mass control, aeration basin DO control, and
return sludge rate control. Techniques and approaches to improving these
controls are presented in Chapter 5.

a. Sludge Mass Control

The activated sludge process removes colloidal and dissolved organic matter
from wastewater resulting in a net increase in the sludge solids in the
system. Control of the amount of sludge maintained in the system by wasting
(removing) excess sludge is a key element in controlling plant performance.
A11 variations of the activated sludge process require sludge mass control and
periodic wasting. In 1ine with this requirement, an operator who properly
understands activated sludge mass control should be able to show the evaluator
a recorded history of a controlled sludge mass, e.g., records of mean cell
residence time (MCRT), mixed liquor volatile suspended solids (MLVSS), plots
of aeration tank concentration in the aeration basin, total mass of sludge in
the plant, etc.

The following are common indicators that sludge mass control is not applied
adequately at an activated sludge plant:

- A sludge mass indicator parameter or calculation (MLVSS, MCRT,
total sludge units) is not run _on a routine basis (12). Routine
would be daily for an 8,000 m/d (2 mgd) or larger plant and 3
times a week for a 400 m°>/d (0.1 mgd) plant.
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- 0Only a settled sludge test 1is wused to determine wasting
requirements, e.g., waste, if the 30-minute settled sludge volume in
a graduated cylinder is greater than 600 mg/11

- The operator does not relate mass control to control of sludge
- settling characteristics: and sludge removal performance, i.e.,

sludge character. |

- Significantly Tless masé is wasted than produced; 1i.e., the
clarifiers lose solids over the weirs routinely.

- Poor performance persists and the mass of sludge maintained
provides an MCRT significantly out of the ranges in Table 3-21.

j

TABLE 3-21

TYPICAL MFAN CELL RESIDENCE TIMES
FOR SUSPENDED GROWTH POTWs

Process Type i Typical MCRT
' ] ! days
Conventional Aera&ion 6-12
Extended Aeration 20-40
Contact Stabilization 10-30

b. Aeration Basin Db Control
| .
The aeration basin DO level is a:s1gn1f1cant factor in promoting the growth of
either filamentous or zoogleal-type sludge organisms (13). Higher DO tends to
speed up or slow down the relative populations of these major organism types

toward primarily zoogleal. Conversely, lower DO encourages the growth of
filamentous organisms and a bu1ky, slow settling sludge.

5
A general guideline for re]at1ngtsludge characteristics to DO concentration in
an aeration basin is presented in Figure 3-1. This information can be used to
evaluate the DO control approach’ at the POTW under study.
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FIGURE 3-1

EFFECT OF AERATION BASIN DO "‘CONCENTRATIONS
ON SLUDGE SETTLING CHARACTERISTICS
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The following are common indicatbrs that aeration basin DO control is not
applied adequately at an activated%s]udge piant:

The objective of return studge control

DO testing is not run on the aeration basin on a routine basis.
Routine ranges from da11y for an 8,000 |n3/d (2 mgd) or larger
plant to weekly for a 400 m3/d (0.1 mgd) plant.

The operator does not understand or use the re1at1onsh1p between DO
and sludge character; 1.e., s1udge settling is very slow and DO is
very lTow, or sludge sett11ng is very fast, effluent is turbid, and
DO is very high.

Cc. Return Sludge Contro]

is to optimize sludge distribution

between the aerator and secondany clarifier to achieve and maintain good
character. The anoxic condition of the sludge in the secondary
clarifiers is usually not conducive to producing desired sludge character.

sludge

Thus, return sludge flow
mass and sludge detention

mass and sludge detention time in- the clarifiers.

The following are common 1nd1catqrs that return sludge flow rate control
not adequately applied at an activated.sludge plant:

Returns are operated ouﬁside the ranges (especially higher)
indicated in Table 3-5 and Figure 3-2.

The operator believes that a high sludge blanket condition in a
final clarifier can categqr1ca11y be improved by increasing the
sludge return rate. ' }

MLSS concentrations f1uctuate widely on a diurnal basis, but return
rates are not adjusted thnoughout the day to account for diurnal
flow variations.

The operator has not dev1sed a method to estimate or measure the
return sludge flow rate if: measurement was not provided for in the
original design.

The operator does not realize that increasing the return sludge
flow rate increases the solids loading to the final clarifier and
decreases the settling time in the final clarifier.

3.5.3.2 Fixed Film Faciﬂity Process Control

rate cohtro] should be used to maximize the sludge
time in the aeration basins and minimize the sludge

is

There is a lesser amount of procees control that can be applied to fixed film

facilities than to suspended growth facilities.
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FIGURE 3-2

TYPICAL RETURN SLUDGE FLOW RATES
WITH VARIOUS CLARIFIER SURFACE OVERFLOW RATES
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facility performance is so dependent on media loading, process control, which
may at first seem unimportant, can make a significant difference in plant
performance. The fo]]ow1ng are|common indicators that process control at a
fixed film facility is not optimum. (1)(4):

- Sludge blankets in either‘the primary or secondary clarifiers are
maintained at a high 1eve1 j.e., 0.3 m (1 ft).

- Organic loads from return, process streams are not m1n1m1zed despi te
poor plant performance. i

i

- Lack of good maintenance, indicated by:

0 Distributors on trick]ing filters are plugged, or Tleaky
distributor seals are not fixed.

o Filter media is parfia11y plugged and measures such as
chlorination, flooding, and recirculation are not used to address
the problem. :

0 Tr1ck11ng filter underdra1n collector outlets are submerged or
air vents are plugged.

- High recirculation, which: increases primary or secondary clarifier
overflow rates, is provided without regard to clarifier
overloading. Some trickling filter plants provide recirculation
that is directed to the raw wet-well and must pass through the
primary clarifier a second time as well as the trickling filter.
Likewise, some trickling filters provide recirculation through the
secondary clarifier s]udge return to the head of the plant.
Recirculation provided by:these methods should not be used.

'
{
i
i

3.5.4 Maintenance Factors :

i

General information on POTW maintenance 1is gathered during the detailed data
collection phase and is recorded on Form D-5. However, the evaluation of
maintenance performance-1imiting factors is done throughout the CPE by
observation and questioning . concerning the reliability and service
requirements of pieces of equipment critical to process control and thus
performance. -If these units -are out of service routinely or for extended
periods of time, maintenance practices may be a direct cause of, or a
significant contributing cause to, a performance problem. An adequate spare
parts inventory, to prevent undue ‘delays 1in restoring critical process

functions while ‘awaiting arrival of parts on order, 1is essential to the
“conduct of a good maintenance program. Equipment breakdowns are often -used as
excuses for process control prob1emso For example, one operator of an
activated sludge- plant blamed ithe repeated loss of sludge over the final
clarifier weirs on the per1od1c breakdown of one sludge return pump. Even
with one pump out of service, the return sludge capacity was over 200 percent
of influent flow. The real cause of the sludge loss was inadequate process

'
i

55




control, including inadequate sludge mass control and excessively high return
sludge flow rates.

Observation and documentation are necessary portions of the approach utilized
to evaluate emergency and preventive maintenance practices. Important aspects
are examination and verification of spare parts inventories and recordkeeping
systems. An example approach to a preventive maintenance scheduling system
that has been applied successfully at several plants is presented in Appendix
G. A good preventive maintenance program includes a schedule to distribute
the workload evenly. Evaluation of these items provides a basis for
discussion from which the specific vresults of maintenance, or lack of
maintenance, of the unit processes can be assessed. This approach is
illustrated by the following:

A poorly performing trickling filter plant has acceptable organic
Toadings to the filter and very capable secondary clarifiers, but also
has a 1large buildup of sludge in both the primary and secondary
clarifiers. The excessive amount of sludge in the clarifiers indicates
that inadequate process control by the operator might be contributing to
poor plant performance. However, if sludge is not removed adequately
because the heated anaerobic digesters are upset every time that more
than a normal amount of sludge is added, a digester operation or loading
problem could be suspected. Further investigation revealed that the
boiler is being operated manually and just during the day because the
operator had tried unsuccessfully to fix the automatic controls. Thus,
inadequate maintenance is in fact a cause of poor plant performance.

The above discussion illustrates how a maintenance-related problem can
initially be identified as something else and requires careful evaluation to
identify the true cause of poor plant performance. Often, investigation of
maintenance scheduling records, work order procedures, and spare parts
inventories provides an adequate assessment of maintenance problems 1imiting
performance. The evaluator must, therefore, evaluate maintenance during all
phases of the CPE and should not expect to 1dent1fy these factors solely in a
formal evaluation of maintenance procedures.

3.6 Performance Evaluation

The plant performance evaluation 1is directed toward two goals: 1)
establishing, or verifying, the magnitude of a POTW's performance problem; and
2) projecting the level of improved treatment that can be expected as the
result of implementing a CCP.

3.6.1 Magnitude of the Performance Problem

During the CPE, the evaluator should develop a clear understanding of the
performance problem associated with the subject POTW. As a first step of this
assessment, recorded historical performance data can be used. These data are
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available from copies of NPDES permit reports in small POTWs and from monthly
monitoring summary sheets in 1arg§r POTWs.

Once historical data are reviewed, the evaluator should attempt to verify the
accuracy of the reported plant performance. It should be stressed that the
purpose is not to blame the individual responsible, but rather to assist in
jdentifying and substantiating the true cause(s) of poor plant performance.

The evaluator can indirectly collect data to establish authenticity of the
monitoring results throughout the CPE. For example, major unit processes are
assessed for their capability to achieve desired performance. If a POTW is
rated a Type 3 plant (inadequate major process capability), recorded excellent
effluent quality should be suspect. If recorded performance is consistent
with the results of the overall evaluation, the validity and accuracy of the
data are reinforced. Limitations of these comparisons are their subjective
nature. |

Fortunately, recorded monitoring data accurately represent the true
performance in many plants. Sma1ﬂ activated sludge plants have been shown to
have the most variance between historical records and actual performance.

In small activated sludge plants|- such as package extended aeration plants
and contact stabilization plants and oxidation ditches - several days' or even
an entire week's sludge production can be lost as the result of sludge bulking
in a single afternoon. Effluent SS may be less than 10 mg/1 before and after
bulking occurs, but may reach 1,000-2,000 mg/1 while bulking. Yet there fis
sufficient time between bulking periods to collect more than enough samples to
meet permit monitoring requirements and show a good effluent quality. This
situation is frequently revealed during the evaluation of major unit processes
when expected sludge production is compared to actual sludge wasted or when
bulking is actually observed during the CPE.

Another sampling procedure that can result in nonrepresentative monitoring is
sometimes seen in fixed film facilities where performance degrades
significantly during peak daytime loads. Samples collected from 6 a.m. to 10
a.m. may meet the required compositing criteria (e.g., three samples at 2-hour
increments"), but would probably indicate better than overall average effluent
quality. Likewise, samples collected from Noon to 4 p.m. may indicate worse
than actual average effluent qualjty.

Occasionally, errors in laboratory procedures will cause a discrepancy between
reported and actual effluent quality. A quick review by an evaluator
experienced in laboratory procedures may identify a problem and assist the
analyst as well as provide the evaluator insight into what the true analytical
results should be. Major test parameters critical for completion of the CPE
are influent BODg and flow. The evaluator can roughly check both BODg and
flow data by calculating a per capita BODg contribution. Per capita BODg
contributions are usually 0.07-0.09 kg (0.15-0.20 1b)/d for typical domestic
wastewater. When estimating BODg loads to a plant without actual data, or
checking reasonableness of existing plant data, loads from significant
industrial contributors must be added to the calculated per capita loads.

i
1
|
J
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3.6.2 Projected Improved Performance with a CCP

The plant performance that is achievable through implementation of a CCP is
initially estimated by evaluating the capability of major unit processes. If
major unit processes are deficient in capacity, secondary treatment cannot be
achieved with a CCP and the existing POTW is incapable of achieving the
desired performance; i.e., it is a Type 3 plant.

If the evaluation of major unit processes shows that the major facilities have
adequate capacity, the CCP approach is applicable and can 1ikely be used to
achieve improved POTW performance; i.e., it is a Type 1 or Type 2 plant. For
plants of this type, all other performance-limiting factors are considered as
possible to correct with adequate training of the appropriate POTW personnel.
The training is addressed toward the operational staff for improvements in
ptant process control and maintenance; toward the POTW administration for
improvements in administrative policies and budget 1limitations; and toward
both operators and administrators to achieve minor design modifications.
"Training" as used in this context describes activities whereby information is
provided to facilitate understanding and encourage implementation of the CCP
approach.

Once the plant's major unit process capability has been established and the
performance-1imiting factors have been identified and prioritized, the
evaluator is in a position to assess the potential for improved performance
with implementation of a CCP. During this effort, the evaluator must assess
the practicability and potential time frame necessary to address each
identified factor. Additionally, it is necessary to project levels of effort,
activities, time frame, and costs associated with the CCP implementation. On
occasion, for Type 1 and Type 2 plants, the approach to addressing a
performance-1imiting factor may be so unreasonable as to discourage a
recommendation to implement a CCP; i.e., the number and/or magnitude of minor
modifications exceeds the POTW's funding capability.

3.7 Presentation to POTW Administrators and Staff

Once the evaluator has completed the fieldwork for the CPE, a meeting should
be held with the POTW administrators and staff. A presentation of preliminary
CPE results should include brief descriptions of the following:

- Evaluation of major unit processés (Type 1, 2, or 3)
- Prioritized performance-l1imiting factors
- Performance potential with a CCP

If a CCP appears warranted, the evaluator should discuss the specific
performance-1imiting factors that the CCP will address and ask for 7local
officials' support on how the identified factors can be eliminated. The
attitude of the staff is critical to the success of the CCP, particularly in
borderline cases where the evaluator feels a CCP can definitely help but where
process control has to be precise and requires full cooperation from the POTW
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operating staff. If the staff is not behind the CCP approach, the CCP will
take longer, require more qua]ifigd leadership, and may have to include some
POTW personnel changes to be successful. The administrators should realize
these requirements before deciding on a course of action.

In general, it is desirable to present all findings at the meeting with local
officials. This approach eliminates surprises when the CPE report is received
and begins the cooperative approach necessary for implementing a CCP. In
situations where administrative or staff factors are difficult to present, the
evaluator must use good judgment 'in presenting the results. Throughout the
discussions, the evaluator must,kemember that the purpose of the CPE is to
jdentify and describe facts to be used to improve the current situation, not
to place blame for any past or current problems.

1t should be made clear that, during conduct of the CCP, other factors are
often identified and must be addressed to achieve the desired performance.
The CCP approach targets plant performance as the end point, and any factors
that interfere with achieving this goal must be addressed whether they were
identified during the CPE or not. This understanding is often missed by Tocal
officials, and efforts may be developed to address only the items prioritized
during the CPE. The evaluator should stress that a local commitment must be
made to achieving the desired jmproved performance, not to addressing a
"Jaundry 1ist" of currently identjfied problems.-

3.8 CPE Report :

The objective of a CPE report is to summarize the CPE findings and
conclusions. It is particularly important that the report be kept brief so
that the maximum amount of resources are used for the evaluation rather than
for preparing an a]]-inc]usive! report. The report should present. the
important CPE conclusions necessary to allow the decisionmaking officials to
progress toward achieving desireq performance from their facility. Eight to
twelve typed pages are generally isufficient for the text of a CPE report. An
example CPE report is presented in Appendix C. Typical contents are:

- Introduction ﬁ
Facility background *

- Major unit process-evaluation
Performance-1imiting factors
Projected impact of a CCP

CCP costs

The CPE report should be distributed to POTW administrators and key plant
personnel, as a minimum. Further distribution of the report, e.g., to the
design engineer or regulatory agencies, depends on the circumstances of the
CPE but should be done at the direction, or with the awareness, of local

administrators.

i
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3.8.1 Introduction

The introduction of the CPE report should be brief and cover the following
topics:

- Reason(s) for the CPE
- Objectives of the CPE
- Plant effluent performance requirements

3.8.2 Facility Background

This section should include general information about the POTW that will serve
as the reference basis for the remainder of the report. The following
information should be included as a minimum:

POTW description (oxidation ditch, RBC, etc.)
Design and current flows

Age of plant and dates of upgrades

Service population

Significant industrial wastes

Significant infiltration/inflow

- Unit process and/or flow diagram

Staff number and plant coverage

| I S I B |

3.8.3 Major Unit Process Evaluation

This section should include a description of the plant type (Type 1, 2, or 3)
and a summary of data sources for calculating current loading. For example,
"current Tloadings were calculated using plant laboratory results for
concentrations and plant flow records lowered by 10 percent to adjust. for high
calibration of flow recording equipment."”

Results should be presented for each major unit process (aerator, secondary
clarifier, sludge handling capability). The evaluator may choose to present
capacities of other unit processes if these data are pertinent to assessing
the POTW's treatment capability. ‘

3.8.4 Performance-Limiting Factors

Factors 1imiting performance that were identified during the CPE should be
Tisted. Generally, the more serious factors (those receiving "A" or "B"
ratings) are 1listed in order of priority and short, two- or three-sentence
explanations of each are included.
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3.8.5 Projected Impact of aéCCP

The expected impact of a CCP on iplant performance is discussed briefly with
reference to treatment requirements. Any additional benefits, such as
reduction in energy consumption, improved safety, etc., should also be
indicated.

3.8.6 CCP Costs |

Costs associated with a CCP should be projected as accurately as possible.
‘Ranges of costs can be used if an evaluator does not feel comfortable
projecting specific dollar amounts. Each cost projected should be indicated
as a "one-time" or "annual" cost.! Costs for a CCP facilitator (consultant) or
for a piping modification are examples of "one-time" costs. Increased sludge
handling and electrical or chemical costs are examples of "annual" costs.

|
3.9 Example CPE ‘ ¢

A 4,500 m/d (1.2 mgd) oxidation ditch serves a primarily residential
community with a population of 8,500. The wastewater is mainly domestic. The
city council was notified by the State health department that a district
engineer's field inspection report has confirmed data provided in the city's
self-monitoring reports that improved POTW performance is required to meet the
city's NPDES permit requirements of 30 mg/1 (30-day maximum) for BODg and
TSS. |

i
After researching several a1ternét1ves, the public works director recommended
to the city council that a CPE be conducted to determine the causes of their
performance problem and provide direction in selecting corrective actions. A
consultant who specializes in copducting CPEs and CCPs was subsequently hired
to conduct the CPE. |

!

3.9.1 Plant Data .

A flow diagram is presented in F%gure 3-3. The following data were extracted
from the completed data collection forms as presented in Appendix D.

DESIGN DATA i

1

Design Flow: 4,500 m3/d (1.2 mgd)
Hydraulic Capacity: 11,300 m3/d (3.0 mgd)
Organic Loading: 1900 kg (2,000 1b) BOD5/d

900 kg (2,000 1b) TSS/d
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FIGURE 3-3
FLOW DIAGRAM OF POTW IN EXAMPLE CPE
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Preliminary Treatment:

Flow Measurement:

Oxidation Ditch:

Final Clarifiers:

Disinfection:

Sludge Return:

Aerobic Digester:

Sludge Drying Beds:

CURRENT LOADING

Flow:
Influent BODg:
Influent TSS:

Mechanical Bar Screen, Aerated Grit Chamber

Pérshd]] Flume, Sonic Level Sensor, Strip Chart
Recorder

Volume - 4,500 m3 (160,000 cu ft)

02 Transfer - 1,800 kg (4,000 1b)/d
@ 38° C (100° F) with 2.0 mg/1 residual
DO brush rotors

Number of Clarifiers - 2
Diameter - 0.7 m (35.0 ft)

Area - 90 (962 sq ft) each
Sidewater Depth - 2.7 m (9.0 ft)
Center Depth - 3.1 m (10.5 ft)
Center Feed and Peripheral Weirs

_ Numbef of Chlorinators - 2

Capac1ty - 113 kg (250 1b)/d each
Contact Basin - 142 m3 (37,500 gal)

C1ar1f1er Scraper to Center Hopper

Number of Vortex Pumps - 2

Flow Contro] - 1.9-5.7 m3 (500-1,500 gal)/min
Measurement - 90° V- notch Weir w/o Recording

- Sampling - Manual @ Weir

Volume - 680 mS (180,000 gal)

S1udge Remova1 - Bottom Pipe to Drying Beds

Supernatant Removal - Muliple-port Drawoff to
Oxidation Ditch

Number of Beds - 8

Size - 15.2 m x 45.0 m (50 ft x 150 ft)
Dried' Sludge Buried to 0.5 m (1.5 ft)
Summer Drying Time - 3 weeks

Winter Drying Eliminated December-March
Subnatant Returned to Head of Plant

1
3,600/ m3/d (0.95 mgd)
190 mg/1 or 680 kg (1,500 1b)/d

205 mg/1 or 740 kg (1,600 1b)/d




3.9.2 Major Unit Process Evaluation

AERATOR ‘
Hydraulic Detention Time: [(160,000 cu ft x 7.5)/(950,000 gpd)] x 24 = 30 hr

From Table 3-2, Score = 10 points v

Organic Loading: [(1,500 1b/d)/(160,000 cu ft)] x 1,000 = 9.4 1b/d/1,000 cu ft : i
From Table 3-2, Score = 10 points

Oxygen Availability: (4,000 1b 0,/d)/(1,500 kg BODg/d)
= 2.6 1b 02/1b BODg

From Table 3-2, Score = 10 points

Aerator Subtota11= 10 + 10 + 10 = 30 points

SECONDARY CLARIFIER

Configuration: Circular with Weirs on Wall

From Table 3-4, Score = 7 points

Surface Overflow Rate: (950,000 gpd)/(1924 sq ft) = 4% gpd/sq ft

From Table 3-4, Score = 10 points

Depth at Weirs: 9.0 ft , i

From Table 3-4, Score = -3 points

Return Sludge Removal: Scraped to Center Hopper

From Table 3-4, Score = 8 points

Return Sludge Control:

From Table 3-5, Typical Range is 50-100% of Raw Wastewater Flow.

Desired Range = (50% x 0.95 mgd) to (100% x 0.95 mgd)

0.47-0.95 mgd

Actual Range = (500 gpm x 1,440 x 10-6) to (1,500 gpm x 1,440 x 10-6)

0.72-2.16 mgd

Actual Return Sludge Control is 50% (0.72 to 0.95 mgd) of Desired Range. %
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Return Sludge Measurement Provi@ed.

From Tab]é 3-4, Score = 5 points

Secondary Clarifier Subtotal = 7 + 10 - 3 + 8 + 5 = 27 points

SLUDGE HANDLING CAPABILITY

Controllability: Waste Volume Mdnué]]y Calculated
‘Waste Stream Manually Sampled

From Table 3-6, Score = 2 points

|
'

Capacity:
a. Expected Sludge Production .| .
Unit Sludge Production, Froﬁ Table 3-7: 0.65 1b TSS/1b BODg removed
BODg Removed = (Influent BODg - Effluent BODg Achievable™) x Flow
= (190 mg/1 - 15 mg/1) x (0.95 mgd) x (8.34)
= 1,385 1b/d;

(0.65 1b TSS/1b BODg) x (1,385 1b BODg/d)
900 Tb TSS/d

Expected Sludge Mass

Expected Sludge Concentratiqn, From Table 3-8: 7,500 mg/1

(900 1b/d) /(7,500 mg/1 x 8.34 x 10-6)
14,400 gpd

Expected Sludge Volume

b. Percentage of Expected Sludge Production Each Process Can Handle

1. Aerobic Digester |

From Table 3-9, standard for evaluating aerobic digesters is a
hydraulic detention timg of 15 days.

(180,000 gal)/{(15 days)

Sludge Volume Existing Qigester Can Handle
| 12,000 gpd

Percentage of Expected $1udge Production = (12,000 gpd)/(14,4000 gpd)

83 percent

|
i
*Assumed value for a well operatéd oxidation ditch facility.
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Drying Beds

From Table 3-9, the standard for evaluating drying beds is the worst

season turnover time as demonstrated by past experience.

Essentially, no drying is experienced from December through March so

that beds operate only as storage during that per1od Storage volume
required must first be calculated. :

Digester Hydraulic Detention Time = Digester Volume/Sludge Volume -

HDF = (180,000 gal)/(14,400 gpd)
= 12 days

From Table 3-10, for HDT = 12 days, total solids reduction of 14% and
output solids concentration of about 13,000 mg/1 is expected.

Sludge to Drying Beds = (900 1b TSS/d) x (1.00 - 0.14) = 774 1b/d

Sludge Volume = (774 1b/d)/(13,000 mg/1 x 8.34 x 10-6)

7,140 gpd

(8) x (50 ft x 150 ft x 1.5 ft)
90,000 cu ft

Storage Capacity of Existing Beds

Storage Capacity Available (90,000 cu ft x 7.5)/(7,140 gpd)

94 days

Storage Capacity Required = 31 (December)
31 (January)
28 (February)
30 (March)

121 days

Drying bed capacity is availablie for 8 months of the year, but only
78% (94/121) of required storage capacity is available during the
winter 4 months. ‘

[(4/12) x (78)]1 + [(8/12) x (100)]
26 + 67 = 93 percent

nn

Existing Drying Bed Adequacy

Hauling

From discussions with theiPOTw staff and administrators, "Hauling
dried sludge is not a problem. If we have to, we can get the street
crew down to the plant to help out."

Hauling Adequacy = 100 percent

Landfill

From discussions with the POTW staff and administrators, "If we can
get it through the beds, we can get rid of it at the landfill."

Landfill Adequacy = 100 percent
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&
From the capacity evaluation, the aerobic digester is the "weakest 1ink" at 83
percent capacity.

l

From Table 3-6, Score = 3 points

Sludge Handling Capabi]ity Subtotal = 2 + 3 = 5 points .

Scores for each major unit prpceés are presented in Table 3-22.
| TABLE 3-22

SUSPENDED GROWTH MAJOR UNIT PROCESS CAPACITY EVALUATION
FOR EXAMPLE CPE

Points Required

Points Scored Type 1 Type 2 Type 3
Aeration Basin : 30 . 13-30 0-12 <0
Secondary Clarifier P27 25-55 0-24 <0
Sludge Handling Capability | 5 10-30 0-9 <0
Total L 62 60-115  20-59 <20

The data in Table 3-22 indicate that the aerator, secondary clarifier, and
total points scored for the example POTW are sufficient to rate a Type 1
plant. However, the points scored for sludge handling capability are only
sufficient for a Type 2 rating. Therefore the overall plant rating is Type 2.
This rating- indicates that a CCP is general]y app11cab1e and that improvement
in plant performance is 1likely, but that improvement in performance to the
desired level without any upgrade of major processes cannot be determined
until a CCP is implemented.

3.9.3 Performance—LimitingfFactors

The fo]]ow1ng performance- 11m1tmng factors were identified during the CPE and
given rankings of "A" or "B." Further ranking of these identified factors was
also completed as indicated by the number assigned to each factor.

1. Operator Application of Concepts and Testing to Process Control ("A")

Less sludge. was wasted than was produced on a routine basis. Excess
sludge periodically bulked from the final clarifiers. Mixed 1iquor
concentrations were monitored routinely, but the concept of controlling
total sludge mass at a desired level was not implemented. Operation of
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return sludge flow rates at‘excessiveTy high rates, typically 150-200
percent of wastewater flow, contributed to solids loss.

2. Sludge Wasting Capability ("B")

An unders1zed digester and dry1ng beds that do not prov1de adequate
sludge disposal capability dur1ng winter months result in 1inadequate
sludge wasting capacity.

3. Improper Technical Guidance ("B")

The above process: control and inadequate sludge disposal situation
continued despite annual plant dinspections by the State district
engineer. "Periodic solids loss" was given the same emphasis in the
annual 1inspection reports as plant housekeeping, timely submittal of

monitoring reports, leveling and cleaning of clarifier weirs, and other"

items far removed from the true performance-1imiting problems and
potential solutions.

4, Clarifier ("B")

The final clarifiers have sidewater depths of only 2.7 m (9.0 ft). This
shallow depth promises loss of sludge solids and makes precise sludge
mass and return control mandatory.

5. Performance Monitoring ("B")

Performance monitoring samples were collected only during periods when
clarifiers were not bulking sludge to conceal performance problems.

6. Familiarity with Plant Needs ("B")

Administrators were not familiar enough with the plant requirements for
performance and operations to recognize that a performance problem even
existed.

7. Process Controllabjiity ("B")"

Oversized return activated é]udge pumps were provided in the plant
design. This promoted poor operation with excessively high return flows
and would require a modification to improve process control.

3.9.4 Potential Impact of a CCP

The most serious of the performance-limiting factors identified were -process
control oriented. The evaluation of major unit processes resulted in a Type 2
rating because of marginal, but not drastically deficient, sludge handling
capability. The POTW appears to be a good candidate for a CCP. This
recommendation should be presented to the city council. Performance of the
POTW can be improved with a CCP.: Continual compliance will depend on the
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ability to dispose of adequate quant1t1es of waste sludge. Documentation of
improved performance may be difficult because existing monitoring data do not
reflect true past effluent quality.

: 1

3.10 CPE Results %

The success of conducting CPE' activities can be measured by POTW
administrators selecting an approach and implementing activities to achieve
the required performance from their wastewater treatment facility. If
definite followup activities are not initiated within a reasonable time frame,
the objectives of conducting a CPE 'cannot be achieved.

|
|
;

3.11 CPE Worksheets

Worksheets that can be used for éva]uat1ng POTW capability are presented in
Appendices L through 0. These worksheets are used to evaluate the capacity of
existing major unit processes, 1.ek, aerator, secondary clarifier, and sludge

handling system, and determine whether the POTw is a Type 1, Type 2, or Type 3
plant. ;
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' CHAPTER 4
APPROACH TO CONDUCTING COMPOSITE CORRECTION PROGRAMS

i
4.1 Objective .
|

The overall objective of a Compésite Correction Program (CCP) is to improve
the performance of an existing POTW (1). If the results of a Comprehensive
Performance Evaluation (CPE) indicate a POTW is a Type 1 plant (see Figure
2-1), then the existing major pnit processes have been determined to be
adequate to meet current treatment requirements. For Type 1 facilities, the
CCP focuses on systematically eliminating performance-limiting factors to
achieve the desired effluent quality. This can be done without Tong-term
planning or major plant modificatﬁons (2).

For Type 2 plants, the existing major unit processes have been determined to
be marginal but improved performance is 1ikely through the use of a CCP and
the POTW may meet performance objectives without a major plant upgrade. For
these plants, the CCP focuses on clearly defining the optimum capability of
existing facilities. ﬂ

A factor that influences the conduct of a CCP at Type 2 plants is the
projected future growth in the service area. In an area with Tittle projected
growth, there is generally more jncentive to make existing facilities perform
adequately to meet long-term needs. Also, implementation time is not as
important in low- or no-growth areas. A CCP of 12 months' duration that leads
to long-term adequate performancé with existing facilities is generally well
worth the time. Even if the CCP does not achieve the desired effluent quality
and some construction is indicatgd, plant administrators can be confident that
any such construction is indeed necessary.

In a growth situation, implementation of a CCP for a Type 2 plant should
closely parallel analysis of fpture treatment needs. The POTW should be
planning expansion while the existing plant capability is being verified by a
CCP. This parallel effort will allow administrators to make knowledgeable
short-term decisions that will be compatible with 1ong-term needs.
i

For Type 3 plants, major construction is indicated and a more comprehensive
study is warranted rather thania CCP. A study of this type would look at
Tong-term needs, treatment alternatives, potential location changes, financing
mechanisms, and other factors beyond the scope of a CCP.

|
1
|
i
|
|
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4.2 Methodology

The methodology for conducting a CCP 1is a combination of implementation of
activities that support process requirements and systematic training of the
staff and administrators responsible for wastewater treatment (2-4).

4.2.1 CPE Results

The basis for implementation and training efforts is the prioritized 1list of
performance-1imiting factors that was developed during the CPE (see Section

2.2.3). For example, if all of the prioritized factors were process control
oriented (highly unlikely), the initial CCP effort would naturally be directed
toward operator training in process control. More commonly, a combination of
performance-1imiting factors is identified during the CPE and a combination of
implementation/training activities is therefore required. In addition,
performance-1imiting factors not identified in a CPE often become apparent
during conduct of the CCP and must be addressed to achieve the desired level
of treatment (3).

4.2.2 Process Control Basis

The areas in which performance-limiting factors have been broadly grouped
(administration, design, operation, and maintenance) are all important in that
a factor in any one of these areas can individually cause poor performance.
Aithough no one area is more important than any other, it helps when
jmplementing a CCP to understand the relationship of these areas to each other
and the the goal of achieving a good, economical effluent.

Administration, design, and maintenance activities all lead to a plant
physically capable of achieving desired performance. It is the operation, or
more specifically the process control, that takes a physically capable plant
and produces adequately treated wastewater, as indicated by Figure 4-1.

A CCP continually focuses toward the goal of achieving desired plant effluent
quality. It often becomes difficult to prioritize the changes needed to
achieve this performance level, .due to the typical multiple performance-
Timiting factors that exist. However, by focusing on the needs of the
biological treatment process, as established through process control efforts,
priorities for changes to achieve improved performance can be developed.

For example, if good performance in an extended aeration activated sludge
plant cannot be maintained because bulky sludge has developed as a result of
inadequate oxygen transfer capability, better performance requires meeting the
oxygen deficiency. Limitations in meeting process needs (inadequate DO)
establish the need for design changes. The plant must be improved to the
point where it is capable of providing an adequate level of DO to allow
desired performance to be achieved.
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FIGURE 4-1

RELATIONSHIP OF PE‘ERFORMANCE—LIMITING FACTORS
TO ACHIEVING A PERFORMANCE GOAL
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On the other hand, a plant may exhibit extensive 1limitations in grounds
maintenance and housekeeping. If these limitations do not dinterfere with
meeting the needs of the biological treatment process, low priority for
addressing these T1imitations is indicated

Figure 4-1 and the above example illustrate how the process control basis can
be wused to prioritize dimprovements in physical facilities. Proposed
improvements must alleviate a deficiency in the existing "incapable plant," as
identified by process requirements, so that progress toward the performance
goal can be pursued. In this way the most direct apprcach %o improved
performance is implemented. Nonperformance-related improvements can properly
be delayed until the plant has achieved the treatment objective for which it
is intended.

4.2.3 Long-Term Involvement:

Implementation of a CCP is a 1ong term effort, typically involving one year,
for several reasons:

- Inherently long response times associated with making changes and
achieving stability 1n biological systems. Biological systems
Typically respond sTowly to process control adjustments that affect
the environment in which the microorganism population lives. New
environmental conditions eventua11y result in changes in the
relative numbers of different microorganisms. Al though some
changes can be accomplished for activated sludge systems in the
period of three to five MCRTs, it is not uncommon for some chanqes
to take weeks and even months . before desired shifts in
microorganism populations are accomplished (6).

- Time required to make physical and procedural changes. This is
especially true for those changes requiring financial expenditures
where governing board or council approval is necessary.

- Greater effectiveness of repetitive training techniques. Operator
and admninistrator training can be conducted under a variety of
actual operating and administrative experiences.

- Time required for identification and elimination of any additional
performance-1imiting factors that may be found during the CCP.

4.3 Personnel Capabilities for Conducting CCPs

Persons responsible for conducting a CCP must have a comprehensive
understanding of wastewater treatment (see Section 2.3) as well as extensive
hands-on exper1ence in biological wastewater treatment operations and strong
capabilities in personnel motivation. Authoritative understanding of, and
experience 1in, biological wastewater processes are necessary because the
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current state-of-the-art in biological treatment Tleaves room for much
individual judgment 1in both design and process control. For example,
references can be found to support the use of a variety of activated sludge
process control strategies. Those responsible for implementing a CCP must
have sufficient process experience to determine which of these is wmost
applicable to the POTW in question. Leadership and motivational skills are
required to implement changes required. These dndividuals must implement
changes, direct activities, provide training, set priorities, exercise
‘judgment, and, in general, facilitate those functions that lead to improved
performance. The term "facilitator" will therefore be used to describe those
individuals responsibie for implementing a CCP.

Individuals who routinely work inithe area of improving wastewater treatment
plant performance will 1ikely be best qualified to be CCP facilitators. These
persons are, typically, engineersior operators who have focused their careers
on wastewater treatment plant troubleshooting and have gained experience in
correcting deficiencies at severaj plants of various types. It is important
that CCP facilitators have experience in a variety of plants because the
ability to recognize true causes of limited performance is a skill developed
only through experience. Simiﬂar]y, the successful implementation of a

i

cost-effective CCP is greatly enhanced by experience.

By the very nature of the CCP approach, the CCP facilitator must often address
improved operation, maintenance, and minor design modifications with personnel
already responsible for these wastewater treatment functions. A "worst case
situation" 1is one in which the |POTW staff is trying to prove that "the
facilitator can't make it work either." The CCP facilitator must be able to
get all parties involved to focus on the common goal of achieving desired
plant performance. ; : '

A CCP facilitator must be able to conduct training in both formal classroom
and on-the-job situations. Training capabilities must also be broadly based,
i.e., effective with both the operating as well as the administrative
personnel. When addressing process control limitations, training must be
geared to the specific process control decisionmakers. Some may be
inexperienced and uncertified; others may have considerable experience and
credentials. Administrative "training" is often a matter of clearly providing
information to Jjustify or support CCP activities. Although many
administrators are competent, successful, and experienced, some may not know
what their facilities require initerms of manpower; minor modifications, or
specific funding needs. 3

CCP facilitators can be either consultants or utility employees. When local
administrators decide to use a consultant to implement the CCP, they should
conduct interviews and check references thoroughly. Nearly every CCP involves
correction of some administrative factors, actual expenses to the POTW, and
could involve a substantial conq;ruction cost if the CCP is not capable of
bringing the POTW to the desjred 1level of treatment. As such, the
administrators should have compiete confidence in the abilities of the CCP
facilitator. An important attribgte of a consultant providing CCP services is
the ability to explain problems and potential solutions clearly to a variety
of audiences, both technical and nontechnical.
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When local administrators decide’ to conduct a CCP without the services of
outside personnel, they should recognize that some <inherent problems may
exist. The individuals implementing the CCP, for example, often find it
difficult to provide an unbiased assessment of the area in which they normally
work: operating personnel tend to look at design and administration as
problem areas; administrators typically feel the operating personnel should be
able to do better with what they have; the engineer who designed a facility is
often reluctant to adnit design limitations, etc. These biases should be
recognized and discussed before personnel closely associated with the POTW
initiate a CCP.

4.4 Estimating CCP Costs

CCP costs vary widely depending on the size and complexity of the facility,
who implements the CCP, the number and nature of performance-limiting factors,
and the capability and cooperation available from the POTW technical and
administrative staff. The cost of a CCP falls into two main areas: 1) cost of
a consultant to implement the CCP; and 2) cost of implementing activities to
support the CCP effort, such as minor plant modifications, additional
staffing, more testing equipment, and certain process changes. Estimated
costs for using a CCP consultant are presented in Table 4-1.

TABLE 4-1
TYPICAL COSTS FOR CONDUCTING A CCPa

Facility CCP Consultant Cost
(1984 %)

Suspendeg Growth:D

<800 m>/d (0.2 mgd) | 3,000~ 20,000

800-8,000 m3/d_(0.2-2 mgd) 5,000~ 50,000

8,000-38,000 m3/d (2-10 mgd) 15, 000-100, 000
Fixed Film:C

<2,000 m3/d (0,5 mgd) - 3,000- 25,000

2,000-38,000 m°/d (0.5-10 mgd) 5,000- 80,000

AFor contract facilitator.
bIncludes all variations of activated sludge, and ABF systems.

Céng]udes trickling filters with both plastic and rock media and
BCs. ‘ ‘
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Wide ranges are presented in ;Tab1e 4-1 because the perfcrmance-11m1t1ng
factors generally vary widely from plant to plant and require different types
and amourits of training before they can be eliminated.

The costs of implementing actvv1t1es to support the CCP effort and for
operating the POTW at a h1gher level of performance are difficult to
generalize. They must be developed on an individual POTW basis since they are
more dependent on the particular performance—11m1t1ng factors than the size or
type of facility. In most CCPs [these costs equal or exceed the typical costs
of a CCP consultant, as presenteq in Table 4-1. .

]
|
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CHAPTER 5
HOW TO CONDUCT COMPOSITE CORRECTION PROGRAMS

5.1 Introduction

This chapter presents techniques, schedules, and guidelines that have been '

successfully used in implementing Composite Correction Programs (CCPs). The
methods presented should not be taken as the only workable methods, since
experience has shown that no single approach will work at every POTW (1).
When implementing a CCP, it must be remembered that the concept of correcting
performance-1imiting factors until the desired POTW performance is achieved
must remain the controlling guidance, with the specifics left to the CCP
facilitator.

5.2 CCP Activities

A CCP facilitator should schedule ‘periods of onsite involvement interspersed
with offsite 1imited involvement. During the onsite periods, the facilitator
assumes a Tleadership role 1in making process control decisions, assigning
responsibilities, training POTW staff, and checking progress. When not
onsite, POTW personnel are responsible for this Tleadership and the CCP
facilitator monitors their progress as well as the process control and
performance of the plant.

The CCP should be scheduled and implemented using the following tools, keeping
their advantages and limitations in mind:

- Telephone calls, because of convenience and low cost, for routine
monitoring of CCP progress. Use of the telephone promotes
acceptance by POTW personnel of responsibility for making critical
plant observations, interpreting data, and summarizing important
indicators and conclusions. The effectiveness of telephone calls
is Timited in that the CCP facilitator must rely on observations of
the POTW personnel rather than his/her own. To ensure common
understanding of the telephone conversations, the CCP facilitator
should always summarize important points, decisions that have been
reached, and actions to be taken subsequent to the call. Both the
CCP facilitator and POTW personnel should keep written phone logs.
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- Site visits to verify or| clarify plant status, indicate major
process control changes,  test completed facility modifications,
provide onsite operator training, ~and report progress to POTW
administrators. Specific dates for site visits should be scheduled
as indicated by the plant status and training requirements.

- Written reports to promoté clarity and continuity. Because the
Cost of written reports depletes funds available for action-
oriented work by both the POTW staff and the CCP facilitator, only
concise, quarterly status reports are recommended. Short (1-page)
written summaries should | also be prepared for each facility
modification. Initially, these may be prepared by the CCP
facilitator, but this |responsibility should uitimately be
transferred to the POTH st%ff.

- Final CCP report to summarize activities, since all major
recommendations should have been implemented during the CCP.
Current status of the POTW performance and capacity should be
presented.

The approach of interspersing onsite with offsite involvement is illustrated
in Figure 5-1. As the CCP progresses; fewer site visits and telephone calls
should be used. This is in line with the transfer of responsibility back to
the permanent POTW staff. Typical levels of effort required by CCP
facilitators are presented in Taﬁ]e 5-1. For any particular POTW, the Tevel
of effort is dependent on the spegific performance-1imiting factors.

I

|

5.3 Initial Site Visit g
. 1

i

|

The initial site visit is used té establish the working relationship between
the CCP facilitator and the POTW staff and administration. A good working
relationship - based on mutual respect, communication, and understanding of
the CCP - greatly enhances the potential for a successful CCP. ‘

5.3.1 CPE Results i

If the CCP facilitator was notéinvo]ved in the CPE, 25-50 percent of the

initial site visit time may 'be required to re-create or confirm the
conclusions of the CPE. | ‘

A CCP is often implemented by in¢1vidua1s more experienced in identifying and
correcting factors 1limiting POTW performance than those who conducted the CPE.
During the dinitial site visit, the CCP facilitator should schedule time with
key plant personnel and key administrators to' discuss confirmation and/or
modification of the original performance-1imiting factors identified in the
CPE. This discussion should also address the Type 1 or Type 2 status of the
POTW and the improvement in plant performance and/or capacity expected from
implementation of a CCP. |

1




FIGURE 5-1

TYPICAL SCHEDULING OF ONSITE AND OFFSITE INVOLVEMENT

Telephone
Consultation

ejoce | oo joe | o ofe [ ) ® -

1 2'3 4 5 6 7 8 9 10 11 12

Onsite
Consultation j ﬂ ] I] ﬂ u [
‘Months of Involvement
- TABLE 5-1
TYPICAL CCP FACILITATOR INVOLVEMENT
. Initial Site Telephone Additional
Facility Size and Type Visit Consultation Site Visits
days no. /wk no./yr
‘ Tnitial end
Suspended_Growth: :
3,800 m3/d (1 mgd) 3- 5 2-6 2-4 4-12.
38,000 m3/d (10 mgd) 4-10 3-8 2-4 6-20
Fixed Fi]g:
3,800 m2/d (1 mgd) 2- 5 1-3 1-4 3-8
38,000 m3/d (10 mgd) ©4-10 2-3 1-4 5-12
1 .

*Suspended growth facilities have greater process control fl exibility
and typically require a greater level of effort by the CCP facilitator.
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The initial site visit should also be used to begin the elimination of all
major performance-limiting factors (rated "A" or "B" in the CPE) and as many
other factors as possible. It is usually most advantageous to first work on
improving process control. Existing process control testing should be
reviewed and modified so that all necessary process control elements are
adequately monitored. Sampling frequency and location, collection procedures,
and laboratory analyses shou]dg be standardized so that subsequent data
collected by POTW personnel and reviewed by the CCP facilitator can be used to
evaluate the results of CCP activities and represent the complete process
control monitoring needs of the POTW. New or modified sampling or analyses
procedures should be demonstrated by the CCP facilitator and then performed by
plant personnel under the supervision of the CCP facilitator.

5.3.2 Monitoring Equipment
|

Any needed sampling or testing equipment should be obtained. The CCP
facilitator should assist the IPOTW personnel in obtaining any required
administrative approvals.

|
i

5.3.3 Process Control Summiries

The CCP facilitator should, withwthe help of plant personnel, draft a precise
weekly summary form for process control parameters and performance monitoring
results. Monthly records are loften available, but monthly data are too
infrequent to allow timely process control adjustments. POTW personnel should
provide the weekly summaries to the CCP facilitator throughout the CCP.

In some small plants, process dontro] and monitoring results can often be
recorded on a single page. An example process control form used both for in-
plant records and as a summary s%nt to the CCP facilitator is shown in Figure
5-2. '

A

|

5.3.4 Process pontro] Adjuétments

The CCP facilitator should, as much as possible, initiate process control
adjustments during the initial site visit. Where process controls are grossly
out of 1ine, e.g., 300 percent estimated return sludge flows, the CCP
facilitator should initiate adqutments toward more reasonable values at the
earliest possible time. Fine tuning’ of process control and training of the
POTW staff cannot legitimately progress until this first level of effort is
initiated. N

During major process control adjustments, every effort should be made to
minimize adverse impact on the POTW operators' morale. Recommendations for
process control changes should be explained in terms of attempting to optimize
plant capabilities through process adjustments with both the CCP facilitator

i
!
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and POTW operators involved in all aspects. Even with this approach, a CCP
facilitator should not expect to| obtain immediate complete support from POTW
personne1 on all changes. A response such as "well, let's try it then and
see" is often the best that can, ‘be expected. Some changes may be made with
only the degree of consensus expressed by the statement: "I don't think it'11
work, but we can try it."

I
I
5.3.5 Minor Design Changes!
|
{
Any minor design changes 1dent1f]ed as necessary by the CPE and confirmed by
the CCP facilitator should be initiated during the initial site visit. Minor
design changes often require significant amounts of time for approvals,
delivery of parts or equipment, or construction. It is necessary, therefore,

to start the process as soon as needs are identified so that the effect of any
changes can be evaluated during the majority of the CCP.

|
5.4 Improving DeSign Performance-Limiting Factors

| , ‘ A
The performance of Type 1 and Type 2 POTWs can often be improved by making
minor modifications or additions| to the original design. Examples of design

limitations didentified in a CPE are included in Appendix H. Examples of
common minor modifications 1mp1e@ented during CCPs are: '

- Return sludge flow measurement in small activated sludge POTWs
| .

- Sample taps on sludge draﬁoff Tines

- Piping to operate in alternative activated sludge modes (plug flow,
contact stabilization, etc.)

- Piping to provide recirculation without overloading clarifiers

i
ol

- Time clocks on waste and ﬁeturn sludge pumps
i

- Bypasses on "polishing" ponds

- Supplemental air in aeration basins

- Supplemental sludge dispo§a1 - usually land application capability

5.4.1 Identification and J$stif1cation
|
The CCP facilitator and POTW personnel must be able to justify each proposed
modification based on the resulting increased capacity or operability the
modification will prov1de. The degree of justification required for each
modi fication usually varies w1th the associated costs and specific plant
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circumstances. For example, 1ittle justification may be required to convince
a superintendent to add a sampling tap in a sludge 1ine if the necessary staff
and tools to do the job are already available. The same tap would require
more justification if a part-time operator would have to buy or rent tools and
complete the installation on his/her own time or obtain authorization for
additional paid time.

5.4.2 Implementation

The CCP facilitator should ensure that each minor design modification or
addition is formally documented in writing. This documentation 1is more
valuable in terms of training and commitment if it is completed by POTW
personnel. It should include: ‘

Purpose of the proposed change

Detailed description of the change

Quantitative criteria for evaluating success or failure of the
change

Individual(s) responsible for completing the change

Cost estimate

Anticipated improvement in plant performance

i

Schedule

Another role of the CCP facilitator is to assist POTW personnel 1in
understanding and implementing their responsiblity 1in regard to the
modi fication. Ideally, the CCP facilitator should be a technical and
managerial reference throughout the qimplementation of the modification, and
the POTW staff should have, or develop, the technical expertise, available
time, and motivation to complete the modification. If there is a breakdown in
completing assigned responsibilities, the CCP facilitator must become more
aggressive in assuring completion of the modification.

5.4.3 Assessment

Following completion of a minor modification, the CCP facilitator should
perform an evaluation of the improved POTW capability. This assessment should
compare the quantitative criteria established for the project with the
capability of the actual modification. A one-page summary is often helpful in
informing, and maintaining support from, POTW personnel and administrators.

r
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_ 5.5 . Improving Maintenance Performapce-Limiting Factors
| |

Plant maintenance can generally be 1mproved in nearly all POTWs, but it is a
serious performance-1imiting factow in only a small percentage of them (2-4).
Nevertheless, adequate maintenance [is essential to achieve consistent effluent
quality. As such, a CCP facilitator may end up improving the maintenance
program during a CCP to ensure that'1mproved performance achieved during a CCP
is maintained afterwards.

The first step in addressing maintenance factors that 1imit plant performance
is to review any undesirable resulks of the current maintenance effort. If
plant performance is degraded as a result of equipment breakdowns that could
have been avoided with better prevent1ve ma1ntenance, the problem is eas11y
documented. Likewise, if high lcost of major corrective maintenance is
experienced, a need for improved preventive maintenance is easily recognized.

These situations should have been |identified during the CPE when filling out
the appropriate form in Appendpx D and identifying and prioritizing
performance-1imiting factors. However many POTWs lacking good maintenance
programs do not have such obvijous evidence directly correlating poor
maintenance practices with poor performance. For these POTWs, maintenance
wou]d not have been identified as a significant factor 1imiting performance.

Once the need for improved prevent1ve maintenance is established, the next
step is to gain the commitment, of the plant operating staff Simply
formalizing recordkeep1ng will genera]]y improve maintenance practices to an
acceptable level in many POTWs, particularly smaller ones.

|

A suggested four- step procedure for developing a maintenance recordkeeping
system is to: 1) 1list all equ1pment 2) gather manufacturers' literature on
all equipment; 3) complete equ1pment -information summary sheets for all
equipment; and 4) develop t1me-based preventive maintenance schedules.

A 1ist of equ1pment can most eas11§ be developed by touring the POTW. As new

equipment is purchased it can be added to the 1ist. Existing manufacturers'

1iterature should be inventoried to identify missing but needed materials.
Maintenance literature can be obta1ned from the factory (usually a source is
identified on the ‘equipment | nameplate) or from Tlocal equipment
representatives. !

An equipment 1nformat1on sheet is| presented in Appendix G. Once sheets are
completed for each piece of equ1pment a time-based schedule can be developed.
This schedule typically includes daily, weekly, monthly, quarterly,
semiannual; and annual checkoff 11sts of requ1red maintenance tasks. An
example of this scheduling system is also presented in Appendix G.

\ ‘
In many small POTWs, the number ' of pieces of equipment is so small that
scheduling is not critical. In Targer plants, preventive maintenance
activities should be spaced to provide an even workload throughout the year.
Similarly, all monthly ma1ntenance activities should be scheduled for
accomplishment over the entire 4—week period.




The above system for developing a maintenance recordkeeping system has worked
successfully at several small POTWs. However, there -are many other good
maintenance references available for use by CCP facilitators and POTW staffs
(5‘7). ‘

5.6 Improving Administrative Performance-Limiting Factors

Frequently encountered administrative factors that 1imit plant performance are
administrators who are unfamiliar with plant needs and policies that conflict
with plant needs. For example, such items as minor modifications, testing
equipment, expanded operator coverage, or increased utility costs may be
recognized by plant operating personnel as performance-limiting factors but
changes cannot be pursued due to lack of appreciation of their importance by
nontechnical administrators. Nearly all POTW administrators want to provide
adequate treatment capacity and performance. Their support and understanding
is essential to the successful implementation of a CCP. The following
techniques have proven useful in overcoming administrative limitations:

- Involve plant administrators from the start of the CCP. The
initial site visit should include time with key administrators at
the plant to increase their understanding of plant processes and
problems.

- Educate administrators in the fundamentals of biological wastewater
treatment and 1n the specific needs of the plant’'s processes.
Administrators may be reluctant to pursue corrective actions
because of lack of understanding of treatment processes and the
role the desired change plays in improving such processes.

-~ Listen carefully to the concerns of administrators so that they can
be addressed during the CCP. Some of their concerns or ideas may
be technically unimportant, but must be addressed to ensure
continued progress of the CCP.

- Use technical data based on process needs to persuade
adaninistrators to take appropriate actions; do not rely on
"authority." Alternatives should be presented, when possible, and
the administrators left with the decision.

5.7 Improving Operational Performance-Limiting Factors

Improvement of POTW operations during a CCP is achieved by providing training
while improved process control procedures, tailored for the particular plant,
are developed and qimplemented. The initial training efforts should be
directed at the key process control decisionmakers. In most plants with flows
less than 1,900 /d (0.5 mgd), one person typically makes and implements
all major process control decisions. In these cases, on-the-job training is
usually more effective than classroom training and is recommended. As the
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number of operators to be tra1ned increases with plant size, the need for and
effectiveness of combining classroom training with on-the- Job training also
increases. !
. i .
As discussed in Chapter 4, proceés control is the primary goal in implementing
a CCP because it represents the essential step that enables a capable plant
to achieve the ultimate goal of cost-effectively producing a good quality
effluent. A detailed discussion of process control for suspended growth and
fixed film fac111t1es is therefore presented.

5.7.1 Suspended Growth Proéess Control

'
[
'

Process control of suspended gro@th facilities can be achieved through control
of the following important parameters associated with the process:

- Activated sludge mass
- Return sludge flow |
- Aeration basin DO ;

These items can be utilized to app1y 'pressure" to the biological environment.
If a particular pressure is held for an adequate 1length of time to get
biological system response, a desired change 1in activated sludge
characteristics - such as setF]ing velocity - will result. The inter-
relationships between sludge |characteristics, pressure, and - - time for
biological system response to occur relative to sludge mass control, return

sludge control, and DO control aTe discussed in the following sections.
!
5.7.1.1 Activated Sludge Characteristics

The primary objective of activated sludge process control is achieving good
performance by maintaining proper sludge character. Sludge character is
defined as those physical and r'lo1og1ca1 characteristics of a sludge that
determine its ab111ty to remove organic material from wastewater. Good sludge
character requires filamentous and zoogleal bacteria to be in proper balance.
Enough filaments should be present to form a skeleton for the floc particles,
but the filaments should not extend significantly beyond the floc.

More filaments tend to produce ;a slower settling, larger sludge floc that
produces a clearer supernatant. | Too many filaments, however, produce a sludge
that will not adequately settle and thicken in the final clarifier, often
causing sludge to be carried over the clarifier weirs. Having fewer filaments
produces a more rapid settling !sludge but also leaves more turbidity. The
faster settling, small sludge floc exhibits discrete settling and produces
“pin floc" or "straggler floc" as well as higher turbidities.

A representat1on of a m1croscophc view of this desirable type of sludge is
shown in Figure 5-3.

|
|
i




FIGURE 5-3
REPRESENTATIONS OF ACTIVATED SLUDGE FLOC

Desirable Activated Sludge Floc

Filament
Backbone

Extended
Filament

Filament
Backbone

Dispersed
Particle

88




It is desirable to obtain good sol
characteristics of a faster settl

effluent produced by a slower settli

the sludge character to obtain the

ids/1iquid and the good sludge thickening
ing sludge along with the high quality
ng sludge. This is achieved by control of

best balance of fast- and slow-settling
characteristics.

Settling tests can be used to mon1¢or the sludge conditions shown in Figure
5-3.

5.7.1.2 Activated Sludge Mass Control

Activated sludge mass is controlled to achieve and maintain desired sludge
character and, as such, represents a critical aspect of good process control.
There are severa1 ways to control s]udge mass in a POTW. These variations put
emphasis on different calculations|or different control parameters, but the
basic objective of each is to obtain the desired mass of microorganisms in the
system. E

Some mass control techniques. are ba$ed on the assumption that sludge can best
handle diurnal and day-to-day var1at1ons in influent wastewater strength and
the cyclic nature of sludge growth rates by maintaining relatively constant

MLVSS concentration.
produce a desired food to microorgar

Another techn1que attempts to adjust sludge mass to

nism ratio (F/M). Yet another attempts to

maintain a consistent average age of the activated sludge in the system, i.e.,

mean cell residence time (MCRT).

Mass control by monitoring only
aeration basin and wasting sludge
variations in the amount of s
insignificant. A preferred approa
control monitoring program.

The F/M method of sludge mass con

method to quickly and accurately mon

not commonly available. Typically,
used to indicate the amount of foo

d available.

the MLSS or MLVSS concentration in the
to maintain a desired level assumes that
ludge in the secondary clarifiers 1is
ch includes secondary sludge in the mass

trol dis difficult to implement because a
itor the food portion of this parameter is

BODg or chemical oxygen demand (COD) are
The BODg test requires five

days to complete and is therefore unsat1sfactory for process control purposes.

Although the COD test can be comp‘eted in only several hours,

equipment and 1laboratory capab111
smaller plants.

this technique is to select a des
(i.e., both the aeration basin and

of sludge wasted to approach the se]

one of these two strategies be se
following discussion identifies the

|

|
Mass control using the MCRT approat
sludge in the aeration basin and the secondary clarifier (10).

it requires
ies that are not wusually available in

h can be set up to include the mass of
A variation of
ired level of total mas$ for the system
secondary clarifier) and adjust the amount
ected total mass. It is recommended that
lected for controlling sludge mass. The
fdifferences between the two strategies.
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Activated sludge mass control using the MCRT approach requires that the total
sludge mass be measured each day and that total be divided by the target MCRT.
This calculated mass 1is then attempted to be wasted. Actual MCRTs are
calculated by dividing the total sludge mass in the system by the actual

sludge mass wasted. Actual data for a 3-week period of sludge mass control

using the MCRT approach are shown 1in Figure 5-4. During this period the
target MCRT was kept constant at 10 days. The data in Figure 5-4 show that
fairly constant MCRT can be maintained. An advantage of mass control by this
method is that it requires daily wasting.

Sludge mass control using the total mass in the system approach requires that
wasting be varied depending on increases or decreases in the total sludge
mass. For example, if the total sludge mass was increasing above the selected
target level, wasting would be increased until the desired sludge mass was
again achieved. Actual data for a 3-week period of sludge mass control using
the target total mass approach are shown in Figure 5-5. An important
observation from Figure 5-5 is that total mass was held relatively constant
despite individual MCRTs ranging from 10 to infinity (no wasting that day).
Control of total sludge mass can be a useful process control parameter,
especially in activated sludge plants where wasting is not done every day.

5.7.1.3 Return Sludge Flow Rate Control

The return sludge flow rate determines the distribution of sludge between the
aeration basin and secondary clarifier. In general, return sludge flow rate
control should be used to maximize the sludge mass and sludge detention time
in the aeration basin and minimize the sludge mass and sludge detention time
in the final clarifier. This represents the optimum condition for an aerobic
biological treatment system and can be summarized as maximizing the sludge
distribution ratio (aerator sludge mass divided by clarifier sludge mass).

A general misconception concerning the use of return sludge flow rates for
process control is that increasing the flow of return sludge decreases the
sludge blanket 1level 1in +the secondary clarifier. This 1is not as
straightforward as it first appears. Within the normal range of operation for
sludge settling characteristics, increasing the return rate will remove the
sludge mass from the clarifier faster. However, the return sludge ultimately
contributes to the total hydraulic l1oad to the clarifier and therefore to the
total solids load on the clarifier from the aeration basin (see Figure 5-6).

Depending on the sludge settling characteristics, increased solids loading on
the clarifier may or may not increase the solids mass in the clarifier in
conjunction with the faster solids removal rate. Although the sludge
detention time in the clarifier may go down, the sludge mass in the clarifier
may go up. When the mass of sludge in the clarifier is increased along with
the rate of sludge removal, the objective of maximjzing the sludge
distribution ratio 1is obviously not achieved. The positive aspect of a
decreased detention time in the clarifier must be weighed against the negative
aspect of a decreased sludge  distribution ratio and a decreased sludge
detention time in the aerator.
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| FIGURE 5-6
SIMPLIFIED ACTIVATED SLUDGE PROCESS DIAGRAM
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Two levels of improved sludge return control are typically encountered -when
implementing a CCP: gross adjuskments to bring the operation into normal
operating ranges followed by fine tuning to optimize performance. Thus, a
grossly out of line return rate should first be adjusted to fall in the middle
of the appropriate range presented in Table 3-5.
Most activated sludge plants witﬁ flows less than 7,500 m/d (2.0 mgd) are
designed conservatively enough that, at wastewater flows less than design,
gross adjustments to bring the sludge return rate within normal ranges often
provide sufficiently improved control. Furthermore, most plants that have
been determined to be Type 1 | (major unit processes are adequate) are
conservatively enough loaded that such gross adjustments may be all that is
necessary for current loadings. The applicability and results of gross sludge
return adjustments are i11ustrate$ by the following discussion:

An activated sludge plant was experiencing almost continuous problems
with sludge bulking in the final clarifier. This continued despite
repeated efforts by the plant superintendent to control the filamentous
nature of the sludge. The superintendent had chlorinated and dumped the
entire activated sludge mass| to polishing ponds twice and was now
considering adding clay as a settling aid.

i
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A
Review of plant operation indicated that the return sludge flow rates
were about 150 percent of the raw wastewater flow rate. After a
discussion of the advantages of a lower return rate, the superintendent

reduced the return sludge rate to about 50 percent of the raw wastewater
flow. Solids loss from the clarifiers stopped in about 3 hours.

This gross return rate adjustment did not solve all of the plant
problems, but it did significantly improve process control and
performance. At the higher return rate, hydraulic loading to the final
clarifier had been 2.5 times the raw wastewater flow. After the
adjustment, the hydraulic loading was reduced to 1.5 times the raw
wastewater flow. Although overflow rates were not affected, detention
time in the clarifier for settling was increased by 67 percent and
solids loading to the clarifier was reduced by 40 percent. This greatly
enhanced the solids/liquid separation function of the clarifier.

Most Type 2 plants (major unit processes are marginal) or plants where gross
return sludge flow adjustments do not produce the desired results will require
a higher 1level of return sludge flow control, such as diurnal adjustments
based on variations in wastewater flow and sludge character that occurs due to
variations in POTW loadings over a 24-hour period.

Fine tuning return sludge flow rates is an area in which several differing
philosophies exist within the technical community. A complete explanation of
each 1is beyond the scope of this Handbook. The selection of a specific
technique, and evaluation of the: results, is best left to the skill and
judgment of an experienced CCP facilitator.

5.7.1.4 Aeration Basin DO Control

Oxygen levels in an aeration basin can be used to promote or hinder the growth
rates of filamentous organisms in the activated sludge process (8-11). DO
control can therefore be used to promote the desired balance between
filamentous and zoogleal microorganisms, control sludge character, and improve
plant performance.

In most activated sludge plants, regardiess of size, the greatest single use
of energy is for aeration and mixing in the aeration basin. The desire to cut
energy and associated costs while maintaining good performance makes the
decision as to how much oxygen to use a critical one. Some guidelines and
tests that have been used to aid in making this decision in other plants are
presented below. ‘

Oxygen supply in an aeration basin can be thought of as satisfying two needs:
oxygen demand and residual DO. Typically, these are satisfied without
differentiation, but an understanding of both may be helpful when evaluating
oxygen needs. Oxygen demand is the mass of oxygen required to meet BOD and
nitrification demand and maintain a viable microorganism population. The
required residual DO is that mass of oxygen needed to provide the environment
that produces good sludge character. The residual DO, which exists in an
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aeration basin when the oxygen demand is satisfied, varies with the type of.
process.  Generally, the higher the organic loading rate on the activated
sludge system, the higher the residual DO will be when the demand is met. A
general guideline for residual bulk DO is shown in Figure 3-1. Higher oxygen
rates are, in general, associated with activated sludge systems that have
higher organic loadings. ;

t
Operating experience has shown that DO becomes a growth-limiting factor for
zoogleal-type microorganisms before becoming a 1imiting factor for filamentous
microorganisms. Do control at Tow; levels in an aeration basin can therefore
be used to apply pressure to shift sludge characteristics toward slower
settling. Conversely, higher DO levels can be used to apply pressure for
faster settling. | ’

If a decision is made to lower DO by reducing aeration, proper tesing is
essential as it is a necessity to recognize when too little oxygen is being
transferred. Tests that will be most beneficial are residual DO measurements
and oxygen uptake rate tests (12).. Residual DO measurements should be taken
initially at several 1locations throughout the aeration basin and verified
periodically to determine a sample point that can be considered "average."

When determining residual DO, it :is important to take measurements several
times during the day to be coincident with diurnal flow variations, since
residual DO demand typically varies with loadings. Where 24-hour operator
coverage or in-basin DO meters. with recorders are available, diurnal
fluctuations should be obtainable as often as needed. In other plants, a few
“special DO tests" 1in the middle of the night may be sufficient. The
importance of getting DO readings for all major plant load conditions is that
anoxic, or DO-deficient, conditjons promote the growth of filamentous
organisms leading to bulky sludge character.

In general,.plants operating at low DO levels during peak loading may still
provide good treatment if considerably higher D0 residuals exist before the
day's peak loading is received. i For example, a plant may operate very
successfully with a DO of 0.4-0.6; mg/1 during the day if the morning DO is
1.0-1.5 mg/1. This daily fluctuation in DO levels can produce the desired mix
of zoogleal and filamentous organisms.

The oxygen uptake test can also be used as a measure of adequacy of oxygen
transfer (13). For example, if the oxygen uptake test indicates an oxygen
demand significantly greater than: 0.65 kg 0p/kg BODg removed plus 0.1 kg
02/kg total sludge in an activated: sludge system, the test may be indicative
of an 1inadequate oxygen supply.! This analysis is 1illustrated by the
following. i ‘

An activated sludge facility was removing approximately 240 kg (530 1b)
BOD5/d with a total sludge mass in the aeration basin and secondary
clarifier of about 2,000 kg (4,500 1b). The calculated oxygen demand is
[(240 kg BODg/d) x (0.65 kg:0s/kg BOD5)] + [(2,000 kg sludge) x
(0.1 kg 0,/kg sludge/d)], or ;35% kg (783 1b) 0,/d.  However, the
measured oxygen uptake in the 760 (200,000 gal) aeration basin was
30 mg/1/hr, or 550 kg (1,200 1b) Op/d, or 150 percent of calculated
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oxygen demand. This indicated that the realistic oxygen: requirements
are not being met with the current residual DO of 0.5-0.8 mg/1. Oxygen
supply was increased, turbidity of the effluent dropped, and the oxygen
demand measured by the oxygen uptake rate decreased to 110 percent of
the calculated demand.

The above illustrates the use of a successful troubleshooting technique for
identifying and correcting a DO deficiency. Like return sludge control, the
capability to use DO control to: fine tune activated sludge processes is a
function of the experience and technical judgment of the CCP facilitator.

5.7.1.5 Process Contro]zPressure

As discussed in Section 5.7.1.1, overall activated sludge plant treatment
performance is primarily a function of the sludge character. Process control
tests and adjustments should be made with the purpose of achieving changes in
the direction of desirable sludge character. The specific process controls
discussed earlier (sludge mass, sludge returns, and aeration basin DO) are
used to apply a "pressure" to' change sludge character by changing the
environment for the sludge mass.

When a change in sludge character is desired, a combination of operational
adjustments may be necessary to provide enough pressure to achieve that
desired range. For example, if sludge settling has slowed to an undesirable
level and a wet weather season (which will cause higher average and peak
clarifier hydraulic loadings) 1is approaching, it would be advantageous to
expedite efforts to increase the settling rate. Simultaneous adjustments of
several process control parameters could provide more pressure in the desired
direction than making a change in only one control. In general, a raise in
the sludge inventory, a raise in aeration basin DO, and more frequent return
rate adjustments to minimize sludge mass and sludge detention time in the
clarifier would all be appropriate to achieve faster settling and better
clagifier performance in a minimal time under the higher hydraulic loading
conditions.

5.7.1.6 Time for Biological System Response

When adjusting process control at activated sludge plants, it is important to
realize that changes in sludge character develop slowly and time must be
allowed for the biological system to respond to the pressures applied.

Adjustments may change the environment of the activated sludge very quickly,
but a considerably Tlonger period of time may be required before s1udge
character changes to reflect the new environment. For example, if low DO in a
diffused air aeration basin is believed to be a cause of slow-settling sludge,
it would be appropriate to increase the oxygen transfer by increasing blower
output. Two changes should be monitored, one immediate and one long-term.
Mixed 1iquor DO measurements a few hours after the change as well as the next
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day should indicate whether the increased blower output selected was
sufficient to change the environment (DO level) in the aeration basin, but it
may take several weeks of sludge settling tests to determine if that new
environment applied enough pressure to cause the sludge to settle more
rapidly. :

There 1is a tendency to return 'to status quo if a desired result 1is not
achieved quickly. In the above|example, a person using a trial and error
approach may decide after 3 days of higher DO that additional aeration was the
wrong adjustment and a waste of |energy. However, a person directing a CCP
must have enough experience and confidence to hold the changed environmental
conditions long enough to produce| the desired result. If the desired change
in sludge character has not started to take place in a length of time equal to
two or three MCRTs, additional pressure should be applied. As a general
reference, a time equal to threé to five MCRTs may be necessary to produce
changes in sludge character due to process control adjustments.

An appreciation for the time required for a biological system to respond to
new pressures should be a major training objective of the CCP effort to
improve process control. Graphing monitoring results to produce trend charts
can enhance this appreciation. }
|
|
5.7.1.7 Activated S]udg% Testing

Activated sludge plant monitorin& for effective process control must include
studge character, sludge mass, return sludge, and DO. Several references are
?v?21a?1e ;or selecting tests and| their frequency for activated sludge plants
9)(14)(15). |

The tests and schedule shown in Table 5-2, developed for a 190 m3/d (50,000
gpd) plant operating under highly variable conditions due to drastic climate
changes and wide seasonal population fluctuations, are applicable to many
small activated sludge plants. The concept of providing two different
frequency schedules is a compromise between the desirable higher frequencies
and the minimum operator time typically allocated to this function in small
facilities. Under normal operating conditions, with little stress on the
processes, the "routine" frequenty is adequate. When the system 1is under
stress, the "“critical" frequency 1is appropriate. This occurs during
transitions to higher loadings, during peak seasonal populations, and can
occur unpredictably if bulky s]udQe character develops or equipment fails.

Even in small activated sludge plants a concentrated process control effort
based on reliable testing and |understanding of process fundamentals is
necessary, as illustrated by the prgcess control testing schedule and
recording sheet developed for a 950 m°/d (0.25 mgd) contact stabilization
plant and shown in Figure 5-7. ({Note: When the CCP was initiated, moni toring
of aeration basin DO was not included because the testing capability was not

available at the time.)
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TABLE 5-2

PROCESS CONTROL MONITORING AT A
SMALL ACTIVATED SLUDGE PLANT -

F requency L
Test, Parameter, or Evaluation Routine Critical

Flow Equalization:

Water Level ‘ . Daily ‘2/day
Pump Setting vs. Daily Flow, DO 3/week Daily

Activated Sludge:

Control Tests : 3/week Daily
Centrifuge Spins (Aeration Tank Conc./
Return Sludge Conc./Clarifier Core Sample
Conc.), Settleometer Test, Depth to Blanket,
Aeration Basin DO ‘

Control Calculations 3/week Daily
Total Sludge Mass, Aerator Sludge Mass,
Clarifier Sludge Mass, Return Sludge
Percentage, Sludge Distribution Ratio,
Clarifier Solids Loading, MCRT '

Control Plots 3/week Daily
Graph 1: Settling Results, Return Sludge
Conc., MCRT, DO, Aerator Conc.
Graph 2: Total Sludge Mass (Aerator and
Clarifier), Wasted Sludge Mass

Wasting | 3/week Daily
Volume, Concentration, Mass ' .

Digester:
DO, Concentration, Temperature, pH Weekly 2/week
Waste Activated Sludge, Digested Sludge Monthly 2 /month
Volatile Solids Percentage, Volatile
Solids Reduction

Chlorine Residual: 5/week Daily

*ucpitical" refers to periods of transition to higher loadings and
during peak loadings and periods of stressed operation, i.e., bulky
sludge, process out of service, or major change in process control. °
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, FIGURE 5-7 |
PROCESS CONTROL TESTING AT A 950 m>/d
CONTACT STABILIZATION POTW*

|
|
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*Acronyms for test parameters are; defined on the following page.
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FIGURE 5-7 (continued)
ACRONYMS FOR TEST PARAMETERS

Contact Tank Concentration

Reaeration Tank Concentration

Return Sludge Concentration

Digester Sludge Concentration

Digester Sludge Units (Mass of sludge)

Depth to (STudge) Blanket (in final clarifier)
Return Sludge Flow Percentage (of wastewater flow)
Contact Tank S]udge Unifs (mass of sludge)
Reaeration Tank Sludge Units (mass of sludge)
Clarifier Sludge Units (mass of sludge)

Total Sludge Units (masé of sludge in contact tank, reaeration
tank, and clarifier)

Settled Sludge Volume (volume of settled sludge in a sett]eometer
jar after the indicated number of minutes)

Settled Sludge Concentration (ca]cu1ated concentration of sludge
in the settled sludge volume in the settleometer jar after
the indicated number of minutes)

Waste Sludge Concentratﬁon

Waste Sludge Units (mass of sludge wasted)

Sludge Concentration

Sludge Units (mass of digested sludge hauled out)
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Larger activated sludge POTWs require that the same parameters be monitored,
but these plants are often designed less conservatively and therefore require
mgre frequent monitoring and process adjustments. For example, at a 21,000
m°/d (5.5 mgd) activated sludge plant, settling and mass control tests were
conducted once per 8-hour shift,i 7 ‘days per week. At the contact
stabilization plant mentioned above, sludge settling and mass control tests
were conducted only once per day, 5 days per week.

To dimprove process control, all 'jactivated sludge plants should dinclude
monitoring for at least the following:

STudge settling !

- Total sludge mass control |

- Sludge wasting L

Return sludge concentration and flow control
Aeration basin DO control

Appendix I contains an example prokess control daily data sheet that has
proven to be useful in monitoring activated sludge POTWs. However, the
specific tests and sampling frequency must be selected for each individual
POTW. |

5.7.2 Fixed Film Process COntm;ﬂ

| !
The performance of fixed film (tripk]ing filter and RBC) POTWs 1is not as
critically affected by process control adjustments as suspended growth .
facilities (1)(3). There are onlyla limited number of process controls in
fixed film systems that can be optimized by a CCP, and the resulting
improvement in effluent quality is apcording]y less. Two areas of fixed film
process control that can be optimized are return process stream loadings and
clarifier performance.

5.7.2.1 Reducing Return Process Stream Loadings
|

The CCP facilitator should strive 'to reduce the organic loading returned
through the plant from anaerobic! digestion and from sludge dewatering
operations. Disposal of all digester supernatant with the digested sludge can
significantly reduce plant organic loadings. This has been implemented most
frequently in smaller POTWs where sﬂudge disposal 1is by liquid haul to nearby
farmland. Another way to achieve organic l1oad reduction is by filtering the
digester supernatant through a dryin? bed.

When dewatering digester sludge yith a belt press, vacuum filter, or
centrifuge, chemical dosages are often optimized to lower costs. If a low, or
relatively Tow, solids capture is bejng accomplished, increased chemical usage
to increase capture and reduce return flow through the plant should be
considered.

|
!
I
e
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Since Tland disposal of anaerobic digester supernatant or increased chemical
usage to improve dewatering capture can result in significantly higher
operating costs, a short-term (e.g., one month) trial period should be
conducted before advocating a permanent change in these controls.

5.7.2.2 Optimizing Clarifier Operation

Optimizing primary clarifier process control will decrease organic loading on
subsequent fixed film processes. Optimizing secondary clarifier process
control will improve overall organic removal for any fixed film system.
Organic removals in both primary and secondary clarifiers can be optimized by
minimizing overflow rates and controlling sludge quantities in the clarifiers.

Overflow rates can be minimized: by eliminating any unnecessary flow through
the clarifiers. The most common situation that can be addressed by process
control occurs when trickling filter recycle also goes through either the
primary or secondary clarifier. At normal organic loadings associated with
domestic secondary treatment facilities, recirculation does not provide
significantly improved organic removals in fixed film processes (16). This is
especially true if the recirculation results in increased clarifier overflow
rates. If recirculation does in fact increase soluble BOD removal in the
fixed film process and the existing recirculation flow pattern is through the
primary or secondary clarifier, a facility modification to provide
recirculation only through the fixed film process may be justified (see
Section 5.4). :

Keeping sludge blankets and sludge detention times low in both primary and
secondary clarifiers also tends to optimize organic removals. This can often
be accomplished by increasing sludge pumping, but must not be carried to the
extreme that removed sludge is so thin that it adversely affects sludge
treatment processes. Experience and judgment of the CCP facilitator must be
used to achieve the best compromise.

5.7.2.3 Fixed Film Testing

Process control monitoring for fixed film facilities is generally simpler than
for suspended growth systems. It is normally comprised of process 1oading and
performance monitoring. The performance of the primary clarifier, fixed film
reactor, and final clarifier should be monitored on a routine basis. Fixed
film reactor performance can best be monitored by measuring soluble BODg
removals. The soluble BOD test more directly addresses the primary function
of the biological reactor, to convert dissolved and colloidal organics to
microorganism solids. Measuring soluble BODg5 across the fixed film reactor
monitors this conversion process.

An example process control summary sheet developed for a 7,500 m/d (2.0
mgd) RBC POTW during a CCP is presented in Appendix dJ.
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5.7.3 ABF Process Control |
' ‘ N
The ABF design contains e1ement4 of both suspended growth and fixed film
facilities as does ABF process control. Sludge character (settling rates,
compaction capability, appearance, etc.) is more 1ike that of fixed film
sludge. in that wide f]uctuationsiare not common and are not as dependent on
process control adjustments. Consequently, overall sludge return rates and
diurnal adjustments are not as critical in the ABF system as in activated
studge. . The same is true for aeration basin DO. DO must be provided to meet
the demand in an ABF system without special consideration for the residual DO
and its effect on sludge character (17). A DO residual of 2-3 mg/1 is usually
sufficient. ‘ ; =

The process control in an ABF system that is similar to an activated sludge
system and slightly more susceptible to problems is suspended growth sludge
mass control. Mass control is ve}y critical in an ABF system because a large
fraction of the mass, usually one-quarter to one-half, is wasted daily. Any
error in wasting has a significant effect because the MCRT is usually only 2-4
days. |

Process control parameters monitored in two ABF POTWs are presented in
Appendix K. C ‘ '

5.8 Example CCP

1
An example CCP is difficult to| present because many of the performance-
limiting factors are addressed through training, interpersonnel relationships,
weekly data review, phone consu]tqtions, and other activities conducted over a
long period of time. These actiyities do not lend themselves readily to an
abbreviated discussion (18). As such, an overview of a CCP is presented based
on the example CPE presented in Section 3.9.

i

5.8.1 Addressing Performance-Limiting Factors
The most serious 'performance-limiting factors identified in the CPE were
process control oriented. The [major emphasis, therefore, of the initial
portion of the CCP was directed at improving plant operations {(process
control). !

1. Operation (Process Control)

- Process control testing to monitor sludge settling, sludge mass,
sludge wasting, sludge return concentration and flow, and aeration
basin D0 was initiated using the guidelines in Table 5-2.

- A process control summary was developed and process control
calculations were implemented as shown in Appendix I.
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- Trend graphs were initiatéd to monitor activated sludge mass
inventory and wasting, and activated sludge character and return
concentrations.

- On-the-job training was pkovided in the areas of biological
treatment fundamentals and specific process control tasks and
monitoring requirements (see Section 5.7)

- Effluent TSS was monitored closely to detect excess sludge losses
and provide justification for adequate sludge disposal capability.

Results of the improved process .control activities led to the following
sequence of events:

- Operational tests showed that actual sludge production averaged
0.81 kg TSS produced/kg BODg; removed. It was estimated that the
amount of sludge produced that was discharged as effluent SS would
decrease from 40 percent to 10 percent if adequate sludge disposal
facilities were available and used properly. New sludge wasting
requirements were 0.73 kg TSS/kg BODg removed. This actual value
was higher than the projected sludge production of 0.65 kg TSS/kg
BOD5 removed used in the CPE example, further aggravating the
capacity limitation of the anaerobic digester.

- POTW administrators were presented with the sludge production
values and existing plant capabilities by using the following
explanation: "Your POTW treats about 350 million gallons of
wastewater a year which results in about 5.5 million gallons of
sludge. This sludge must be disposed of properly. The existing
aerobic digester is too small to handle the total sludge produced.
This one deficiency negates ‘a significant portion of the pollution
control already accomplished in the rest of the plant. If you want
to bring your plant into compliance and obtain full benefit from
the rest of the plant, additional acceptable sludge handling
capacity will have to be provided."

- After considering various obtions, including construction, it was
decided to utilize a contract hauler to dispose of liquid sludge in.
a nearby large POTW at a charge of $15.85/m> ($0.06/gal).

- The first month of contract. hauling resulted in a supplemental
sludge disposal cost of $4,500 and all involved believed a.
significant effort to reduce this cost was justified. An effort
was made to increase the concentration of the sludge fed to the
digester by thickening the sludgé in an old clarifier available on
the plant site. Polymer was used to aid in the sludge thickening.
After several trial tests, a polymer was found that significantly
improved waste sludge concentrations from the "thickening tank."
The concentration fed to the digester was increased about 250
percent by adding 20-25 1b polymer/ton sludge solids. The net
effect was to decrease supplemental sludge disposal cost by 56
percent from the $4,500/month initially incurred.
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5.

. Maintenance

|
!
Design E

Minor piping changes and a polymer feed system had to be provided
to use the available tankage'at the plant as a "thickener." Major
design changes, such as enlarging the aerobic digester, were

avoided as a result of the CCP efforts.
|
|

Suggested preventive maintenance forms (similar to those in
Appendix G) were provided the plant superintendent during the CCP.
However, the lack of a documented preventive maintenance program
had not been. a significant performance-limiting problem before the
CCP was implemented and did not become significant during the CCP.

Consequently, emphasis was p1aced on factors more directly related
to performance. |

. . . l
. Adm1n1strat1on :
|

Administrators' familiarity w1th plant needs and their ability to
make appropriate decisions regarding the plant was increased during
the CCP by explaining procesg fundamentals at the plant, providing
oral status reports, and involving them in correction of the sludge
capacity deficiency. |

|
|
I
8.2 Plant Performance ’

, ‘ |
Plant performance was improved dram?tica11y by implementation of the CCP.

results are summarized below:

Effiuent Effluent
__BOD5 _TIss
mg/1 mg/1
Before CCP
Reported ' 14 15
Estimated Actual | 44 75
After CCP }
Actual ; 14 17

The

The reported values prior to the CCP were collected only during periods when

the clarifiers were not bulking sludge.

The estimated actual effluent quality

was projected by comparing sludge wasted pr1or to the CCP with sludge wasted

after the CCP was initiated.
have been consistently lost from the system

periods of bulking sludge. Actual results are based on proper testing
represent a true picture of plant performance after the CCP was initiated.

i
|
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The d1fference in these values was projected to
in the plant effluent during
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5.8.3 CCP Costs

The costs for the example CPE and CCP described in Sections 3.9 and 5.8 are
summarized below:

CPE Consultant ‘ $ 3,500 (one-time)
CCP Consultant , 12,000 (one-time)
Test Equipment : 700 (one-time)
Polymer Addition Equipment 550 (one-time)
S1udge Disposal 26,500 (annual)
Polymer ‘ 2,500 (annual)
Total 1 $45,750 (first year)

$29,000 (ongoing annual costs)

5.8.4 Summary

This example illustrates severa1‘important points of the CCP approach and
includes several problems and associated solutions that occur frequently
during CCP implementation. These are:

- The primary objective of a CCP is attaining adequate performance.
The second is minimizing costs within the framework of adequate
treatment.

- Some potential performance-1imiting factors identified during a CPE
are later found to be incorrect or less significant when actually
eliminating problems with a CCP. This was true of the digester
design Timitations in this iplant.

- The degree of administrative support is sometimes difficult to
assess during a CPE but often becomes a major concern during a CCP.
This was true when the administrators were faced with supporting
dramatically increased sludge handling costs in the example CCP.

- A Type 2 POTW was brought into compliance without a major plant
upgrade. !

5.9 CCP Results

The success of conducting CCP activities can often be measured by a variety of
parameters, such as improved operator capability, cost savings, improved
maintenance, etc. However, the true success of a CCP should be documented
improved performance to the degree that the plant has achieved compliance.
Given this measure, the results of a successful CCP effort should be easily
depicted in graphical form. Results from an actual CCP are presented in
Figure 5-8. It is desirable to present CCP results in this format.
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CLASSIFICATION. SYSTEM FOR PRiGRITIZING PERFORMANCE-LIMITING FACTORS

Rating Adverse Effect of Factor on Plant Performance
‘ |
A - Major effect on a Tong-term repetitive basis
"B  Minimum effect on a routine basis or major effect on

a periodic basis

C - Minor effect%

m




CHECKLIST OF PERFORMANCE-LIMITING FACTORS

Factor . |Rating Comments

A. ADMINISTRATION | | |

1. Plant Administrators

a. Policies

b. Familiarity with
Plant Needs

2. Plant Staff

a. Manpower

1) Number

2) Plant Coverage

b. Morale

1) Motivation

2) Pay

3) Supervision

4) Working Conditions

c. Productivity

d. Personnel Turnover

3. Financial

a. Insufficient Funding

b. Unnecessary Expenditures

c¢. Bond Indebtedness

B. MAINTENANCE | |

1. General

a. Housekeeping

b. Equipment Age | i
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CHECKLIST OF PERFORMAFCE—LIMITING FACTORS (continued)

Factor Rating Comments

c. Scheduling & Recording

|
t
I
I
i
]
|
l

d. Manpower

2. Preventive -I

a. Léck of Program

b. References Available

c. Spare Parts Inventory

d. erk1oad Distribution

3. Emergency y

a. Staff Expertise

b. Critical Parts
Procurement

c. Technical Guidance

C. DESIGN

1. Plant Loading

a. Organic’

mlWMaMic

c. Industrial

d. Toxic

e. Seasonal Variation

f. Infiltration/Inflow

g. Return Process Streams

2. Unit Design Adequacy

a. Preliminary

b. Primary

(2]

. Secondary
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CHECKLIST OF PERFORMANCE-LIMITING FACTORS (continued)

Factor f Rating Comments _ i

1) Process Flexibility

2) Process ,
Controilability

3) "Aerator" - !

4) Clarifier

'd. Advanced Waste Treatment

1) | .
2) |
3) f , i
4) |

. e. Disinfection | ;

f. Sludge Wasting . i
Capability : i

g. Sludge Treatment

h. Ultimate Sludge ‘ ' ‘ I
Disposal

3. Miscellaneous

a. Plant Location

b. Unit Process Layout

c. Lack of Unit Bypass | ;

d. Hydraulic Profile

1) Flow Backup ' ?

2) Submerged Weirs

3) Flow Proportioning
to Units

e. Alarm Systems

f. Alternate Power Source : ” ;

g. Process Automation
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CHECKLIST OF PERFORMANCE—LIMITING FACTORS (continued)

Factor i Rating Comments

1) Monitoring l

2) Control

h. Lack of Standby Units

___for Key Equipment

i. Laboratory Space and
Equipment

J. Process Accessibility t
for Sampling

k. Equipment Access1b111ty

. for Maintenance

1. Plant Inoperability Due

To_Weather |

m.

n.

D. OPERATION

a. Ability

1) Aptitude

|

i

|

|

1. Staff Qualifications i
B

|

|

|

|

2) Level of Education"

b. Certification ,
1) Level of ;

|

!

Certification

2) Training

c. Sewage Treatment

. Understanding

d. Insufficient Time on |
the Job (Green Crew)

2. Testing

]
a. Performance Monitoring;

b. Process Control Testiné

3. Process Control Adjustments
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CHECKLIST OF PERFORMANCE—LIMITING FACTORS (continued) '
Factor | Rating Comments B
a. Operator Application of :
Concepts and Testing to :
Process Control ‘ |
b. Technical Guidance |
4. 0&M Manual ;
I
a. Adequacy E
b. Use by Operators %
5. Miscellaneous %
a. Equipment Malfunction g
b. Shift Staffing Adequacy - ;
(Operations) : :
Cl :
d.
?
e. |
?
f. |
g. |
h.
.i‘ E
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GUIDELINES FOR INTERPRETJNG PERFORMANCE-LIMITING FACTORS
!

| Category - ! Explanation

i

A. ADMINISTRATION

|
1. Plant Administrators |

a. Policies , Bo the appropriate staff members have
‘the author1ty to make required decisions
{regarding operation (e.g., adjust valve),
maintenance (e.g., hire electrician),
and/or administration (e.g., purchase ‘
critical piece of equipment) decisions,
or do the administration policies
require a strict adherence to a "chain

~'of command” (which has caused critical
~decisions to be delayed and in turn has
affected plant performance and
reliability)? Does any established
administrative policy Timit plant
performance?

b. Familiarity with Do the administrators have a first-hand
Plant Needs ﬂknow1edge of plant needs through plant
. wisits, discussions with operators, etc.?
If not, has this been a cause of poor
plant performance and retiability -
{through poor budget decisions, poor staff
mora]e, poor operation and maintenance
procedures, poor design decisions, etc.?

!

2. Plant Staff |

!

a. Manpower w

|
1) Number Does a limited number of people employed

have a detrimental effect on plant oper-

‘ations (e.g., not getting the necessary
rork done)?

boes the time period of plant operation
cause unnecessary operational adjust-
ments to be made or inefficient use of
the number of people on the staff (e.g.,
operators getting in each other's way)?

2) Plant Coverage




b. Morale

1) Motivation

2) Pay

3) Supervision

4) Working Conditions :

c.‘Productivity
d. Personnel Turnover

3. Financial

a. Insufficient Funding

b. Unnecessary
Expenditures

¢. Bond Indebtedness

Does the plant staff want to do a good
job because they are motivated by
self-satisfaction?

Does a low payscale discourage more
highly qualified persons from applying
for operator positions or cause
operators to leave after they are
trained?

Does the working relationship of the
plant superintendent and operator or
supervisor and operator cause adverse
operator incentive?

Does a poor working environment create a
condition for more "sloppy work habits"
and lower operator morale? .

Does the plant staff conduct the daily
operation and maintenance tasks in an
efficient manner? Is time used effi-
ciently? '

Does a high vpersonnel turnover rate
cause operation and/or  maintenance
problems that affect process performance
or reliability?

Does the lack of available funds cause
poor salary schedules, insufficient
stock of spare parts that results in
delays in equipment repair, insufficient
capital outlay for improvements, etc.?

Does the manner in which available funds
are dispersed cause probiems in obtaining
needed equipment, staff, etc.? Are funds
spent on lower priority items while
needed, higher priority items are
unfunded?

Does the -annual bond debt payment limit
the amount of funds available for other
needed items such as equipment, staff,
etc.?
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B. MAINTENANCE
1. General

a. Housekeéping

b. Equipment Age

¢. Scheduling and
Recording

d. Manpower

2. Preventive

a. Lack of Program

b. References Available

¢. Spare Pgrts Inventory

d. Workload Distribution

[

Does a lack of good housekeeping
procedures (e.g., grit channel cleaning;
bar screen cleaning; unkempt, untidy, or
cluttered working environment) cause an
excessive equipment failure rate?

Does the age or outdatedness of critical
pieces of equipment cause excessive
equipment downtime and/or inefficient
process performance and reliability (due
to unavailability of replacement parts)?

Does the absence or lack of an effective
maintenance scheduling and recording
procedure tcreate a condition for an
erratic preventive maintenance program
that results in unnecessary equipment
failure?

Does the 1lack of adequate maintenance
manpower result in preventive main-
tenance functions (to prevent equipment
breakdown) not being completed or in
emergency equipment repairs being
delayed?

Does the absence or lack of an effective
maintenance program cause unnecessary
equipment failures or excessive downtime
that results 1in plant performance or
reliability?

Does the absence or lack of good equip-
ment reference sources cause unnecessary
equipment failure and/or downtime for
repairs (includes maintenance portion of
0O&M manual)?

Does a critically low or nonexistent
spare parts inventory cause unnecessary
long delays in equipment repairs that
result in degraded process performance?

Does uneven distribution of preventive
maintenance tasks cause neglect of other
important duties at certain times of the
month or year?
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30

Emergency

a. Staff Expertise

b. Critical Parts
Procurement

¢. Technical Guidance

C. DESIGN

1.

Plant Loading

a. Organic

b. Hydraulic

¢. Industrial

d. Toxic

e. Seasonal Variation

f. Infiltration/Inflow

g. Return Process
Streams

Unit Design Adequacy

a. Preliminary

Does the plant staff have the necessary
expertise to keep the equipment
operating and to make smaller equipment
repairs when necessary?

Do delays in getting replacement parts
cause extended periods of equipment
downtime?

If technical guidance for repairing or
installing equipment 1is necessary to
decrease equipment downtime, is ‘it
available and retained?

Does the presence of "shock" loading
characteristics over and above what the
wp]ani was designed for, or over and
labove what 1is thought to be tolerable,
cause degraded process performance by
‘one or more of the loadings (a-e) listed
below?

Does excessive infiltration or inflow
cause degraded process performance
‘because the plant cannot handle the
extra flow? ’

‘Does excessive volume and/or a highly
organic or toxic return process flow
stream cause adverse effects on process
performance .equipment problems, etc.?

Do the design features of any prelim-

inary treatment unit cause upsets in

‘downstream equipment wear and tear that

has led to degraded plant performance?
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b. Primary

¢. Secondary

1) Process
Flexibility

2) Process
Controllability

3) "Aerator"

4) Clarifier

d. Advanced Waste
Treatment

|
|
|

:Does the shape or location of the unit
‘contribute to its accomplishing the task
of primary treatment? Does the unit
‘have any design problem area within it
;that has caused it to perform poorly?

Does the unavailability of adequate
iva]ves, piping, etc., limit plant
'performance and reliability when other
modes of operation of the existing plant
.can be utilized to 1improve performance
(e.g., operate activated sludge plant in
‘plug, step, or contact stabilization
mode; operate trickling filter with
‘constant hydraulic Tloading or recir-
.culation ratio; discharge good secondary
treatment effluent as opposed to a
.degraded "polishing pond" effluent)?

!Do the existing process control features
iprovide adequate adjustment and measure-

‘ment  over the appropriate flows (e.g.,
‘return sludge) in the range necessary to
joptimize process performance, or is the
flow difficult to adjust, variable once
-adjusted, not measured and recorded, not

‘easily measurable, etc.?

iDoes the type, size, shape, or location
iof the ‘“aerator" (aeration basin,
ltrickling filter, RBC, etc.) hinder its
fability to adequately treat the sewage
‘and provide for stable operation? Is
joxygen transfer capacity inadequate?

‘Does a deficient design cause poor

,sedimentation due to the size, type, or

‘depth of the clarifier; placement or
Tength of the weirs; or other
‘miscellaneous problems?

|Advanced waste treatment is any process
,0of wastewater treatment that upgrades
‘water quality to meet specific effluent
‘Timits that cannot be met by conven-
itional primary and secondary treatment
jprocesses (i.e., nitrification towers,
:chemical treatment, multimedia
filters). (Space 1is available in the
‘Checklist to accommodate  advanced
‘processes encountered during the CPE.)
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e. Disinfection
f. Sludge Wasting

Capability

g. Sludge Treatment

h. Ultimate Sludge
Disposal

3. Miscellaneous

a. Plant Location

b. Unit Process Layout

Does the shape or location of the unit
contribute to its accomplishing disin-
fection of the wastewater (i.e., proper
mixing, detention time, feed rates,
feeding rates proportional to flow,
etc.)?

Does the plant have sludge wasting facil-
jties? If so, can desired volume of
siudge be wasted? Can sludge wasting be
adequately controlled? Can sludge
wasted be sampled without extreme
difficulty?

Does the type or size of the sludge
treatment process hinder sludge
stabilization (once sludge has been
removed from the wastewater treatment
system), thereby causing process
operation problems (e.g., odors, limited
sludge wasting, etc.)?

Is the ultimate siudge disposal program,
including facilities and disposal area,
of sufficient size and type to adequately
handle the sludge production from the
plant? Are there any specific areas
that 1imit ultimate sludge disposal such
as seasonal weather variations or crop
harvesting?

The design "miscellaneous" category
covers areas of design 1inadequacy not
specified in the previous design
categories. (Space 1s available in the
Checklist to accommodate additional
items not listed.) :

Does a poor plant Tocation or poor roads
leading into the plant cause it to be
inaccessible during certain periods of
the year (e.g., winter) for chemical or
equipment delivery or for routine
operation? ;

Does the arrangement of the unit pro-
cesses cause inefficient utilization of
operator's time for checking various
processes, collecting samples, making
adjustments, etc.?
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. Lack of Unit Bypass

. Hydraulic Profile

1) Flow Backup

2) Submerged Weirs

3) Fiow Proportioning
to Units

. Alarm Systems

. Alternate Power

Source

. Process Automation

1) Monitoring

. Does the lack of a unit bypass 1) cause

Iplant upset and long-term poor treatment
|when a short-term bypass could have
'minimized pollutional load to the
jreceiving waters; 2) cause necessary
| preventive or emergency maintenance
 items to be cancelled or delayed; or 3)
rcause more than one unit to be out of
| service when maintaining only one unit?

i

|

|Does “an insufficient hydraulic profile
| cause ground flooding or flooding of
;upstream units, except clarifiers? Does
i periodic release of backed-up flow cause

rhydraulic surge?

:Does an insufficient hydraulic profile
~cause flooding of clarifiers and sub-
 merged clarifier weirs?

' Does inadequate flow proportioning or
 flow splitting to duplicate units cause
. problems or partial unit overloads that

 degrade  effluent quality or hinder

i achievement of optimum process

» performance?

Does the absence or inadequacy of a good
ralarm system for critical pieces of
i equipment cause unnecessary equipment
| failure or 1in any way cause degraded

process performance?

. Does the absence of an alternate power

source cause problems in plant operation

i leading to degraded plant performance?

. Does the lack of needed automatic
I monitoring devices (DO meter, pH meter,
; etc.) cause excessive operator time to
| watch for slug loads or process upset to
1 occur because of slug loads? Does the
| breakdown or improper workings of
, automated process monitoring features
i cause disruption of automated control
.+ features and subsequent degradation of
ﬁ process performance?




2) Control

. Lack of Standby

Units for Key
Equipment

Laboratory Space
and Equipment

Process
Accessibility
for Sampling

. Equipment

Accessibility
for Maintenance

. Plant Inoperability

Due To Weather

D. OPERATION

1.

Staff Qualifications

a.

Ability
1) Aptitude

Does the Tlack of a needed automatic
control device (time clock, flow
activated controls, etc.) cause
excessive operator time to make process
control changes or necessary changes to
be cancelled or delayed? Does - the

breakdown or the improper workings of

automatic control features cause
degradation of process performance?

Does the lack of standby units for key
equipment cause degraded process per-
formance during breakdown or necessary

preventive maintenance items to be
cancelled or delayed?

Does the absence of an adequately
equipped laboratory Timit plant

performance by the Tlack of operational
testing and performance monitoring?

Does the inaccessibility of various
process flow streams (e.g., recycle
streams) for sampling prevent needed
information from being obtained?

Does the inaccessibility of various
pieces of equipment cause extensive
downtime or difficulty in making needed
repairs or adjustments? .

Are certain units in the plant extremely
vulnerable to weather changes (e.qg.,
cold temperatures) and, as such, do not
operate at all or do not operate as
efficiently as necessary to achieve the
required performance?

Does the lack of capacity for learning
or understanding new ideas by critical
staff members cause poor O0&M decisions
leading to poor plant performance or
reliability?
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2) Level of
Education

b. Certification
1) Level of
Certification

2) Training

¢. Sewage Treatment
Understanding

d. Insufficient Time
on Job (Green Crew)

2. Testing

a. Performance
Monitoring

b. Process Control
Testing

3. Process Control
Adjustments

a. Operator Application
of Concepts and
Testing to Process
Control

Does a low level of education cause poor
0&M decisions? Does a high level of
education or a Tack of process
understanding cause needed training to
be overlooked?

Does the lack of adequately certified
operators cause poor process . control
decisions?

Does the operator's inattendance at
available training programs cause poor
process control decisions?

Is the operator's Tlack of understanding
of sewage treatment, in general, a
factor in poor operational decisions and
poor plant performance or reliability?

Does the short time on the job cause
improper process control adjustments to
be made (e.g., opening or closing a
wrong valve, turning on or off a wrong
pump, etc.)?

Are the required monitoring tests being
completed in  compliance with the
discharge permit and are they truly
representative of plant performance?

Does the absence or wrong type of pro-

i cess control testing cause improper

operational control decisions to be made?

Is the operator deficient in the applica-
tion of his/her knowledge of sewage
treatment and interpretation of process
control testing to process control
adjustments?
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b. Technical Guidance

4., 0&M Manual

a. Adequacy

b. Use by the Operator

5. Miscellaneous

a. Equipment
Malfunction

b. Shift Staffing
Adequacy (Operations)

t

Does false operational information
'received from a technical consultant
‘cause improper operational decisions to
be continued? Does a technical person
(e.g., design engineer, equipment
‘representative, State trainer or
inspector) fail to address obvious
operational deficiencies while being in
'a position to correct the problem?

Does a poor O&4 manual used by the
‘operator result 1in poor or improper
‘operational decisions?

Does a good 0& manual not used by the
operator cause poor process control and
‘poor treatment that could have been
;avoided?

iThe operation ‘“"miscellaneous" category
deals with any pertinent operational
information not covered in the previous
.operational sections. (Space is
'available 1in the Checklist to accom-
'modate additional items not listed.)

Does malfunctioning equipment cause de-
. teriorated process performance?

' Does the improper distribution of ade-
"quate manpower prevent process controls
 from being made or made at inappropriate
_times, resulting 1in poor plant per-
’formance?
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CPE SUMMARY SHEET FOR RANKING PERFORMANCE-LIMITING FACTORS

!

Plant Name/Location

b
4

CPE Performed by v Date

Plant Type: f ‘ g
Design Flow: ﬁ i
Actual Flow:

Year Plant Built: |
Year of Most Recent Upgrade: |

PTlant Performance Summary:

RANKING TABLE

Ranking Performance-Limiting Factors
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CPE SdMMARY SHEET TERMS

PLANT TYPE

DESIGN FLOW

ACTUAL FLOW

YEAR PLANT BUILT

YEAR OF MOST RECENT UPGRADE
PLANT PERFORMANCE SUMMARY
RANKING TABLE

RANKING

PERFORMANCE-LIMITING FACTdRS

|
E
|
|
i
:
|
l
|
:
|
|
|
|
|
s
|

|
|
![

Brief but specific description of type
of plant (e.g., two-stage trickling
filter with anaerobic digester or
extended aeration activated sludge with
polishing pond and without sludge
digestion).

Plant design flow rate as of most recent
upgrade.

. Wastewater flow rate for current

operating condition (e.g., for past

©oyear). Also, significant seasonal

variation in flows should be noted.

Year initial units were put into
operation.

Year last additional major units were
put into operation (e.g., digester,
chlorine contact chamber, etc.).

Brief description of plant performance
as related to present and anticipated
treatment requirements.

In descending order, a 1ist of the major
causes of decreased plant performance
and reliabjlity.

Causes of decreased plant performance
and reliability, with the most critical
ones listed first.

Categories listed 1in the Checklist
(Appendix A).
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RESULTS OF A CPE[AT THE SPRINGFIELD, KS, POTW
¥
FACILITY BACKGROUND |
| .
The Springfield POTW is a roﬁating biological contactor (RBC) type of
treatment plant ; designed for a}’n average daily wastewater flow of 7,600
m3/d (2.0 mgd). The plant jwas originally completed as a primary
treatment plant in 1965 and upgraded for secondary treatment in 1980. The
plant serves the City of Springfield with an estimated population of

9,000. A railcar washing operation is thought to be the source of the
only significantrindustria] wasﬁe, but sampling has not confirmed this.

Plant records indicated that wastewater flows had been averaging close to
design flow; however, flow ca]ﬁbration during the CPE indicated that flow
was actually about 4,500 m2/d ! (1.2 mgd), or only 60 percent of design
flow. Current organic 1oad1ng§was estimated to also be about 60 percent

of design. ,
The Springfield p]ant consists df the following unit processes:

- Vortex grit chamber f

- Mechanical bar screen !

- 23-cm (9-in) Parshall flume

~ Lift station

- One 18-m (60-ft) diameter primary clarifier

- Four-stage RBCs (12 shafts)

- Two 6 X 33 m (20 x 110 ft) secondary clarifiers

- Two-cell chlorine contact chamber

- Two 17-m (35-ft) diameten anaerobic digesters (Note: During
the CPE, the second-stage digester was not in service.)

- 2,800 m2 (30,000 sq ft) qrying beds

|
The Springfield plant is required to meet standard secondary treatment
effluent requirements with 20,000/40,000 fecal coliform 1limits. NPDES
monitoring data indicate performance of the plant has generally been
within standards, but 1nd1v1dua1 analyses 1indicate erratic performance.

During the CPE, sludge was bu}king from both the primary and secondary
clarifiers. : ' :

MAJOR UNIT PROCESS EVALUATION f

Major plant processes were evaluated for their capacity to adequately
treat current loadings and the general applicability of a CCP to improve
performance. Current hydraulic loadings were estimated with flow data
measured during the CPE. Organic loading on the RBC as measured by
soluble BODs was estimated usjing 30 percent total BOD removal in the
primary clarifier and 50 percent of the primary effluent total BOD as
soluble BOD.

131




The ability to handle current loads was assessed using a numerical point
system, which resulted in the plant's being categorized Type 1, 2, or 3 as
described below: z -
- Type 1. Loadings are conservatively low, but performance problems
could be alleviated with training and/or minor facility
modifications.

- Type 2. Loadings are not conservatively low but also not so high
as to preclude improved performance from existing facilities.

- Type 3. Loadings are so high in relation to capacity that it is
not considered reasonably possible to consistently meet effiuent
requirements without a majqr facility upgrade. ‘

The results of the major process evaluation are shown in Table C-1.

TABLE C-1
SPRINGFIELD, KS, POTW MAJOR UNIT PROCESS EVALUATION

Points ' Assessed Type
Aerator ‘ 26 1
Secondary Clarifier 18 1
Sludge Handling Capability ’ 5 2
Total of Major Processes ‘ 49 1

As shown in Table C-1, the aerator, secondary clarifier, and the total of
major processes all received sufficient points to receive a Type 1
classification. Sludge handling capability received a Type 2
classification. The major Tlimitation regarding sludge handling was
ultimate sludge disposal capability in winter.

The evaluation of major unit processes indicates that sludge handling will
Tikely require supplemental capacity, but the other major processes have
adequate capacity. In general,! the CCP approach appears applicable if
additional ultimate sludge disposal capacity can be provided.

The potential capacity of major unit processes in the Springfield plant is
411lustrated in Table C-2. The horizontal bar graph associated with each
major process depicts the potential capacity of that process.

Primary clarifiers, secondary clarifiers, and anaerobic digesters are 311'

believed to have capacities a little greater than design capacities. The
chlorine contact basin has capacity sufficient for design flows; however,
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it appears that the RBCs may not have quite enough capacity to adequately
tre?t design loadings. RBC capac1ty should be evaluated as flows approach
design.

The ultimate sludge disposal capab111ty as represented by the sludge
drying beds appears to be the only major process that will be Timiting at
current flows. The 1limitation in ultimate sludge disposal is dur1ng the
winter when the drying beds freeze and do not dry.

PERFORMANCE-LIMITING FACTORS

During the CPE, the plant's pérformance 1imiting factors in the areas of
design, administrat1on, operation, and maintenance were identified. These
factors are listed below and the most significant ones briefly discussed.

1. Sewage Treatment Understandinq (Operation). A lack of
understanding of biological treatment process fundamentals and
operational requirements and goals significantly 1imit plant
performance. This Tlimitation could be addressed with onsite
training over a period of months or by periodic attendance at
seminars, schools, etc., over a period of many years.

2. Process Control Testing (Operation). An almost complete lack of
process control testing existed prior to the CPE. Base-level
testing was initiated during the CPE. Onsite training is
required to optimize process control testing and to teach the
operational staff to properly apply the test results to process
controls.

3. Return Process Streams (Design). Secondary sTudge being returned
to the primary clarifier was causing primary clarifier "bulking."

Anaerobic digester supernatant return will also adversely impact
plant performance. The capability to minimize the adverse impact
of return process streams can be acquired through 7long-term,
onsite training. .

4, Equipment Malfunction (Maintenance). The waste gas burner, the
digester gas mixing system, the heat exchanger temperature
control system, and the primary sludge pump were all out of
service during the CPE. A significant safety problem, as well as
operational problems, had developed. Administrative and operator
training are needed.

5. Improper Training Guidance (Operation). Current operation and
equipment problems have been existing for years despite formal
grant-supported startup of the expanded facilities and periodic
State inspections.

6. Administrative Familiarity With Plant Needs (Administration).
Through past poor communication and improper operation, the plant
administrators have been misled regarding plant needs. Increased
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fam11iar1ty in the areas of treatment fundamenta1s, operation and
maintenance requ1rements, funding needs, and safety concerns is
needed ]

7. ProCess VContro11abi11ty (Design). “Existing flow-splitting
capability to the RBCs is 1nadequate Correction of this
deficiency will 1ikely'require minor design modifications.

8. U1t1mate Sludge Disnosa] (Design) Ex1st1ng drying beds are

- inadequate for needed year-round sludge disposal. Additional
beds may be a Tong- -term solution. Liquid sludge haul to farmland
may be .a workable interim solution. Documentation for the need
and administrative trafning are necessary.

9. Performance Monitoring (Operation). Improved sampling to
represent actual performance and flow discharge is needed.
Onsite. training coupled with administrative support to eliminate
problems are required..

‘ | ‘
10. Insufficient Funding (Administration). Administrative
unfamiliarity with plant needs, inadequate technical guidance,
and improper past operation and maintenance have all led to
1nsuff1c1ent funding. [Administrative training is needed.

Other factors that contributed to limited performance, but in a Tless
significant way, include: an ;inadequate spare parts inventory, limited
staff expertise in handling emergency maintenance, a lack of an alternate
power source, a marginally equ1pped laboratory, poor accessibility for
maintenance 1in part .of the p]ant a lack of needed sample taps, and a

relatively “green“ staff. ;
|
|

PROJECTED IMPACT‘OF A CCP

Improved effluent quality, tol within NPDES permit 1imits, and overall
operational stability, safety, and administrative ability to protect the
existing capital investment and provide for future wastewater treatment
needs, are expected 1f a Cccp 1si1mp1emented

I
CCP COSTS I

Costs assoc1ated with a 12—month CCP at Springfield would be for the CCP
facilitator and for equipment repairs, minor modifications, and
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supplemental winter sludge d1sposé].

at Springfield are l1isted below:

CCP Facilitator

City Costs
Minor Modifications
Lab Equipment ,
Suppiemental Sludge Disposal

Total CCP Costs |

Estimated costs for conducting a CCP

136

$ 9,500 (one-time)

1,000 (one-time)
400 (one-time)
18,000 (annual)
$19,400

$28,900




APPENDIX D
; ;

1
i

DATA COLLECTION FORﬁS USED IN CONDUCTING CPEs

;
i
i
i

i

Form ; Title

j 4
1 ¢enera1 POTW Information
2 ‘Administration Data
3 Design Data.
-4 Operations Data
5 Maintenance Data
6 Performance Data
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FORM D-1
GENERAL POTW INFORMATION |
A. NAME AND LOCATION:

Name of Facility
Type of Facility
Owner

Administrative Office:

Mailing Address ; |

Primary Contact
Title
Telephone No.

Treatment Plant:

Mailing Address

Primary Contact
Title
Telephone No. ‘ |

Directions to Plant | i

B. RECEIVING STREAM AND CLASS:FICATION:

Receiving Water . :
Tributary to ‘ §‘
Major River Basin ‘ ' i

Comments:
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FORM D-1 (continued)
GENERAL |POTW INFORMATION

: | |
C. PERMIT INFORMATION: |

I

Plant Classification Assigned by State
Discharge Permit Requirementsifrom Permit Number

Date Permit Issued |

Date Permit Expires {

- Effluent Limits and Monitoriné Requirements:

Maxi@um Max imum Monitoring Sample
Monthly Weekly Frequency Type
‘ Parameter } Average Average Required Required

Flow, mgd

BODs5, mg/1

TSS, mg/1

Fecal Coliform,
no./100 ml

Chlorine Residual,
mg/1 ‘

pH, units

Ammonia, mg/1

0i1 & Grease, mg/1

Others

Compliance Schedule:

139
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FORM D-1 (continued)
GENERAL POTW INFORMATION

¢
I
p

MAJOR PROCESS TYPE'

DESIGN FLOW: |
Present Design Flow L mgd X 3,785 =

PROPOSED UPGRADES:

SERVICE AREA:
Number of Taps

me/d

UPGRADING AND/OR EXPANSION HISTORY (original ' construction,  date
completed, plant upgrade, date completed):

|

i
General Description (re§1dent1a1, approximate commercial and/or

industrial contribution, etc.):

| 140



FORM D-1 (continued)

b

GENERAL POTW INFORMATION

!
I. PLANT FLOW DIAGRAM: i
| |

|
]
i
I
t
|
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FORM D-2
ADMINISTRATION DATA

A. ORGANIZATION:

I

Governing Body
Scheduled Meeting Dates and Times
Authority and Responsibility:

Members' Names (notes on 1eadersh1p, funding preferences, know1edge
of plant needs, etc.):

Chain of Command (from governing body through major in-plant
decisionmakers): ‘
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FORM D-2 (continued)
ADMINISTRATION DATA
IsT .

[

i
1

PLANT PERSONNEL:

Personnel Classification :

t

L 3 Fraction of Time Spent
Title ~ Certification Pay Scale  with Wastewater Treatment

i
'

C. PLANT COVERAGE:

Weekdays

weekends & Holidays




FORM D-2 (continued) | i
ADMINISTRATION DATA |
D. PLANT BUDGET (Attach copy of actual budget if available):

(Budget Year ) %.
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'FOR@ D-2 (continued)
' ADM;[NISTRATI ON DATA

E. BOND RETIREMENT: ?

|

|

‘%. . Interest
Bond Type . Year Issued Duration Rate Project Financed

|

|

I

|

|

l

|

|

Comments:

i
!
|
|
! 145
|
|
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FORM D-2 (continued)

ADMINISTRATION DATA

F. REVENUE:

Type of Tap Jap Fee User Fee

! 41
I .
i
b
: i
Other Sources of Revenue: :
! a
| | |
} Ll
‘t 2
. o
Comments: L ?
|
i

|
i
| H
I |
! i
i
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FOR$ D-2 (continued)
ADMINISTRATION DATA

i

. |
G. DISCUSSION OF EXPENDITURES:|

Budget for: ‘ Dollar Amount Percent of Total

Salaries (incl. friﬁgés) $
Utilities g
Training |
Other i

Operations Subtotal  $

Capital Outlay

(incl. bond debt
retirement and

~capital replacement)

Total | 100

|

Operational Cost Per Thousand Gh]]ons (Operations Subtotal $ + Yearly Flow)

i
o :
$ + Mgal/yr = 10 = ¢/1,000 gal x 0.264 = ¢/m3

|

Approximate Annda] Cost Per Tap (Total $ + No. of Taps)

| : .
$ % taps = § /tap

)

Comments:
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FORM D-2 (continued)
ADMINISTRATION DATA

H. POLICY, SUPPORT, AND ATTITUDE:!

~ Owner Responsibility:

Attitude toward staff?

Attitude toward regulatory agency?
Self-sustaining facility attitude?
Attitude toward consultants?
Future plans? ]
Policies?

i

Performance Goal: ;
- Is plant in compliance? !
o If yes, what's making it that way?
o If no, why not?
- Is regulatory pressure f?lt for performance?
- What are performance requirements?

i

v

Administrative Support:
— Budget
o Within range of other plants?
o Covers capital 1mproyements?
0 "Drained" to general fund?
0 Unnecessary expendit@res?
o Sufficient? '
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FORM DTZ (continﬁed)
ADMINISTRATION' DATA

i
rsonnel i
o Within range of othé? plants?

0o AlTows adequate timé?
o Motivation, pay, supervision working conditions?
0 Productivity? ‘ '

0 Turnover?

|

ae .
|

volvement o

0o Visits to treatment plant?

0 Awareness of faci]ity performance?

0 Request status reports (performance and cost-related)?
o Familiarity with p]abt needs?

e Assessment: o
|

1lent: ReliabiTity | prov1des adequate treatment at 1owest
‘ reasonable cost

Normal: | Provide as good a treatment as possible with the
money ava11ab
Poor: Spend as ]1t¢1e as'possible with no correlation made

to achieving plant performance.
|

I

|
I
i
!
|

!
|
i
)
i
c i
t
i
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FORM D-2 .(continued) ' N
ADMINISTRATION DATA o N

I. ENERGY CONSUMPfION:

Electricity
Source of Information
Base Cost ¢/kWh (Attach rate schedule if available)

Days in  Energy Enefgy

Month/ Billing Usage Demand ECA* Base Total Flow i
Year Period (kWh) Cost Cost Cost Cost {Mgal) .
%
—_— %é

Total o §

Total Flow (Mgal) __

kWh/d ‘

kwh/1,000 gal x 0.264 = kWh/m3

$/d i : g
¢/1,000 gal x 0.264 = _ ¢/m3

*ECA = Energy Cost Adjustment, which is the pass-through cost allowed .to
public service companies for increased fuel cost to generate electricity.
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FORM D-2 (continued)
ADMINISTRATION DATA
i
J. ENERGY CONSUMPTION: ,
Natural Gas

|
|
!

Source of ‘Information

Unit Cost J | (Attach rate scheduTe if available)
] B
‘ - Days in Bil]ingi Usage .
Month/Year . Period i {(cu ft) Cost
|
Total |
Average |

| i :
Miscellaneous (Fuel 0il, Digester Gas, etc.)

|
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' FORM D-3
DESIGN DATA

i

A. INFLUENT CHARACTERISTICS: | | ‘ i

Average Daily Flow: Design __ mgd x 3,785 = m /d
Current _ mgd x 3,785 = " m/d
Maximum Monthly Flow:  Design __ mgd x 3,785 = ___ mi/d
| _
Current _ mgd x 3,785 = ___ m3/d _
Maximum Hourly Flow: Desfgn _ mgd x 3,785 = m3/d ‘
Current _ mgd x-3,785 = m3/d | L
Average Daily BOD: Design __ b x 0.454 = ___ kg
Current _ 1b x 0.454 = kg
Average Daily TSS: - Design _ b x 0.454 = kg
Current _ 1b x 0.454 = kg

b

Inf11trat1on/1pf1ow:
Seasonal Vériatioﬁs; ; i
Major Industrial Wastes:
Collection System:

Comments:
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FORM q—s (continued)
DESIGN DATA

|
i

B. UNIT PROCESSES: §
|
Flow Measurement

(Form for eachjflow measuring device)

|
!
|
|

Flow Stream Measured

Control Section:
Type and Size
Location

Comments (operational problems, maintenance problems, unique
features, preventive main;enance procedures, etc.):

|
|
!
i

Recorder: SR f
Name | Model
Flow Range '
Calibration Frequency
Date of Last Calibration _
Location :
Totalizer 3

Comments (operation and désign problems, unique features, etc.):
, | ,
|
|
Accuracy Check‘During CPE: ;

Method of Check:

Results: ;
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FORM D-3 (continued) 3 |

DESIGN DATA : N
B. UNIT PROCESSES: |
Pumping E
(Complete as many forms as necessary) :

Flow Stream No. of |

Pumped Tvype  Pumps Name Mode] HP  Capacity Head
Comments (flow control, suitability of installed equipment, results of o
capacity check during CPE, etc.): :

B
Comments: * . ‘ =
| |
! b
P I‘
Comments: | .
§ 154 R B
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FORM D-3 (continued)
DESIGN DATA

B. UNIT PROCESSES: f

i
i

Pre]imﬁnarv Treatment

P
1

Mechanical Bar Screen:

|
f

Name ’

Model ___ : ? Horsepower

Bar Screen Width f inch x 2.54 = cm
Bar Spacing "inch, 0.C. x 2.54 = cm, 0.C.
Within Building? | Heated?

Description of Operation:

Hand-Cleaned Bar Screen: !

Bar Screen Width I inch x 2.54 = _cm
Bar Spacing “inch, 0.C. x 2.54 = cm, 0.C.
Cleaning Frequency 3

Within Building? | Heated?

Screenings Volume:

Normal f cu yd/d x 0.75
Peak L cu yd/d x 0.75

m /d
m /d

Sereening Disposal: |

Comments:




FORM D-3 (continued)
DESIGN DATA
|

¥
i

B. UNIT PROCESSES:

Pre]iminary‘Treatment

Comminutor:
Name

Mode1l 1 Horsepower

Within Building? Heated?
Maintenance:

Comments:

Grit Removal:
Description of Unit::

Grit Volume: )
Normal cu yd/d x 0.75
Peak ____ecu yd/zd x 0.75

Disposal of Grit:

Comments:
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FORM D-3 (continued)
DESIGN DATA
‘E

B. UNIT PROCESSES: |

o |
Primary Treatment
; J

Primary Clarifier(s):

|
| |
* Number ‘

Surface Dimensions
Water Depth (Shallowest): ft x 0.3 = m
Water Depth (Deepest) B ft x 0.3 = m
Weir Location i
Weir Length | ft x 0.3 = m
Total Surface Area | ' sq ft x 0.093 = m2
Total Volume | cu ft x 0.028 = m>
Flow (Design) E , mgd x 3,785 = m3/d
(Operating) { ~__mgd x 3,785 = m/d
Weir Overflow Rate E
(Design)  gpd/ft x 0.012 = _ m/m/d
(Operating) f gpd/ft x 0.012 = m3/m/d
Surface Settling Rate
(Design) . gpd/sq ft x 0.04 = mo/m’/d
(Operating) . » de/sq‘ft X 0;04 = m3/m2/d
Hydraulic Detention Timef(Des1gn) hr (Operating) hr -
Collector Mechanism Name 7
Model 5 Horsepower
Scum Collection and Treatment:
Scum Volume: :
© Normal: __ cu ft/d x 0.028 = mo/d
Peak: ____ cu ft/d x 0.028 = m>/d .
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FORM D-3 (continued)
DESIGN DATA

UNIT PROCESSES

Secondary Treatment

Aeration Basin(s): |
No. of Basins ' Surface Dimensions

Water Depth | ft x 0.3 = m
Total Volume ‘ cu ft x 0.028 = o
Flow (Design) ‘ mgd x 3,785 = mo/d
(Operating) mgd x 3,785 = m3/d
Sewage Detention Time (Design ' hr
(Operating) ’ hr
BODLoading | «
(Design) 1b/d/1,000 cu ft x 0.16 = kg/m>/d
(Operating) 1b/d/1,000 cu ft x 0.16 = kg/m3/d
Covered? |
Type of Aeration | No. of Aerators
Name Model Horsepower
Modes of Operation (Current and Other Options):
Types of Diffusers ‘ Manufacturer
Model Depth ft x. 0.3 = m
No. of Blowers Name
Model | Horsepower
Air Capacity (cfm) j Location
Oxygen Transfer Capacity i Tb/d x 0.454 = kg/d
Comments:
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FORM b—3'(cont1nued)
DESIGN DATA

H
t

B. UNIT PROCESSES:

Secohdarv Treatment

1

Contact Basin:
Surface Dimension
Water Depth . N ft x 0.3 = m

Volume i cu ft x 0.028 = __ m
Flow (Design) T mgd x 3,785 = m3/d
(Operating) K mgd x 3,785 = i
Sewage Detention Time (Design) min (Operating) min
Covered? ] ‘
" Comments:

Reaeration Basin:

Surface Dimensions

Water Depth _ ftx0.3-= m
‘Volume . cu ft x 0.028 = __ m
Hydraulic Detention Timé%at 100% Return

(Design) i hr  (Operating) - “hr

Filexibility to Operate a$ Conventional or Step Feed:

Covered?

Comments:




FORM D-3 (continued)
DESIGN DATA

'
f

B. UNIT PROCESSES:

Secondary Treatment

¢
b

Oxygen Transfer:

Type of Aeration No. of Aerators __ - Name :
Model Horsepower ;g
Capacity ~ cfm x 0.028 = m3/min

| b/d x 0.454 = kg/d

No. of Blowers Name Model
Horsepower Capacity _ cfm x 0.028 = ma/min

Location v

Type of Diffusers ‘ Manufacturer j

Model _ Depth ft x 0.3 = m ;
Comments:
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FORM D-3
lDESIGN'DATA
B. UNIT PROCESSES: |

Secondary Treatment
V. ! :

, |
Trickling Filter: E

No. of Filters E' - Covered?
Surface Dimensions ' '
Media Type ;
" specific Surface sq ft/cu ft x 32.8 = m’/m°
Media Depth . ft x 0.3 = _ m
Surface Area _ i __ ft x 0.093 = m’
Media Volume | cu ft x 0.028 = m
Flow (Design) . mgd x 3,785 = mo/d
(Operating) | mgd x 3,785 = m/d
Organic Loading :
(Design) '1b/d/1,000 cu ft x 0.016 = kg/m3/d
(Operating) f1b/d/1,ooo cu ft x‘0.016 = kg/m3/d
Hydraulic Loading |
(Design)  gpd/sq ft x 0.04 = mS /mé /d
- mS/m/d

(Operating) | gpd/sq ft x 0.04
. i
: i

Recirculation (descript?on, ranges, current operation):

t

!
Mode of Operation: ‘
' |
|
|

Comments:
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FORM D-3 (continued)
DESIGN DATA

B. UNIT PROCESSES:

I

Secondarv Treatment

Rotating Biological Contactor (RBC):

No. of Shafts ____ Length of Shafts ft x 0.3 = _m
No. of Cells Cell Volume cu ft x 0.028 = _m3
Name
Disc Diameter , ft x 0.3 = m
RPM ' H
Peripheral Velocity ft/sec x 0.3 = m/sec
Total Surface Area sq ft x 0.093 = imz
Percent Submergence :
Flow (Design) | mgd x 3,785 = | m>/d
(Operating) mgd x 3,785 = m3/d
Hydraulic Loading: ' '
(Design) gpd/sq ft x 0.04 = m3/m?/d
(Operating) gpd/sq ft x 0.04 = malm?/d
Temperature (Design) | oC (Operating) OC
Organic Loading (Design) . b SBOD/d/1,000 sq ft x 4.88
| - g SBOD/m’/d
(Operating)__ ‘ 1b SBOD/d/1,000 sq ft x 4.88
? - g SBOD/m/d
Total Detention Time (Design) hr (Operating) hr

Covered? -Heated?

Flexibility to Distribute Load to Stages:

|
Comments: :
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FORM D-3 (continued)
DESIGN DATA

B. UNIT PROCESSES

Secondary Treatment

Activated Biofilter (ABF)

Biocell: Model '} No. of Cells
- Surface Dimensions |
Total Surface Area E sq ft x 0.093 = m2
Media Depth o ft x 0.3 = m’
Total Media Volume ; cu ft x 0.028 = nF
Media Type Specific Surface sq ft/cu ft x 32.8
| = me/m°
BOD5 Loading ,
(Design) ’ 1b/1,000 cu ft/d x 0.016 = kg/m3/d
{Operating) ? 1b/1,000 cu ft/d x 0.016 = v kg/m3/d
Recirculation Tank: Dihensioné (LxWxD)  ft = m
Volume cu ft x 0.028 = m
Aeration Basin: Surface%Dimensions |
Total Surface Area % sq ft x 0.093 = m?
Depth : i ft x 0.3 = - m
Volume %cu ft x 0.028 = m
Hydrau]ic Detention Timé (Design) min (Operating) __min

Comments:
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FORM D-3 (continued)
DESIGN DATA

B. UNIT PROCESSES .

Secondary Treatment

Secondary Clarifier(s):

No. of Clarifiers | Dimension(s)
Water Depth (Shallowest) | ft x 0.3 = m
(Deepest) ? ft x 0.3 = m.
Weir Location ? | i
Percent of Clarification Déve]oped by Launders
Weir Length . ‘ f - ft x 0.3 = m
Surface Area | $q ft x 0.093 =_ me
Volume _cu ft x 0.028 = m
Flow (Design) ___mgd x 3,785 mo/d
(Operating) mgd x 3,785 m3/d
Weir Overflow Rate
(Design) | gpd/ft x 0.012 = m>/m/d
(Operating) _ gpd/ft x 0.012 = m /m/d
Surface Settling Rate ' ‘ ‘ ‘
(Design) _gpd/sq ft x 0.04 = __ mS /m2/d
(Operating) _ gpd/sq ft x 0.04 = m3/m2/d
Hydraulic Detention Time |
(Design) _ hr (Operating) hr
Collector Mechanism Name | Model Horsepower __
Return Sludge Collector Mechanism Type ‘.
Scum Collection and Removal: |
Scum Volume: (Normal) 5 __gpd x 0.028 = mS/d
(Peak) ? gpd x 0.028 = m3/d
Comments: '
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!
FORM Df3 (continued)
DESIGN DATA

!

UNIT PROCESSES:

‘Return Sludge

i
l

Description of Sludge Movehen& (i.e., scrap to clarifier hopper, pump
to aeration basin inlet channgl):

Controllable Capacity Range: | A
(Low) ___mgd x 3,785 m /d
(High) . mgd x 3,785 = m3/d

]

Method of Control:
Sampling Location:
Comments: :

[

|
wﬁstevSIUdge

Description of Waste Procedure (i.e., variable-speed pump wastes
from separate clarifier hopper, continuous or by timeclock):

Method of Waste Volume Measurément:
Sampling Location:
Comments:

|
)
i
!
|
|
|
|
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FORM D-3 (continued)
DESIGN DATA

B. UNIT PROCESSES:

Disinfection

Contact Basin(s):
No. of Separate Basins
Surface Dimension(s)
Channel Length-to-Width Ratio No. of Bends
Water Depth ' ft x 0.3 = m
Total Volume ‘ cu ft x 0.028 = m
Detention Time (Design)_ min (Operating) _ min
Drain Capability:
Scum Removal Capability:
Comments:

Chlorinator(s):

Name No. of Chlorinators
Capacity _ 1b/d x 0.454 kg/d
Type of Injection : Flow Proportioned? -
Feed Rate (Operating) 1b/d x 0.454 = kg/d
Dosage (Operating) ' mg/1
Chlorine Diffusion | '
Comments:
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For¢ D-3 (continued)
| DESIGN DATA

B. UNIT PROCESSES:

, A Sjudqe Hand1ing
Aerobic Digestion: ‘

No. of Basins ' f Surface Dimension(s)

Water Depth _ ftx0.3= | m
Volume E cu ft x 0.028 = m
Covered? 3 Heated?

Type of Aeration ‘ | -

Supernatant Capabi]ity‘;

No. of Aerators i Name

Modei . ! Horsepower

Typé of Diffusers f Manufacturer

Mode1 - Depth ft x 0.3 = m
No. of Blowers v -% ‘ Name

Model 5 Horsepower

Air Capacity - cfm x 0.47 = ' 1/s
Oxygen Transfer Capacity 1b/d x 0.454 = kg/d
Location _ i}

Mode of Operation:

Comments:
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FORM 'D-3 (continued)
DESIGN DATA

B. UNIT PROCESSES: | | N

Sludge Handling

Anaerobic Digestion:

No. of Digesters Diameter ft x 0.3 = m

Sidewall Depth o ftx0.3= m ;
Center Depth | ft x 0.3 = m ;
Total Volume | cu ft x 0.028 = m> B

Floating Cover? | - | ‘f

Flow (Design) mgd x 3,785 = mo/d |

(Operating) mgd x 3,785 = m°/d §

) Detention Time (Design) . days (Operating) days E

Heating: : ‘ é

|

Mixing: %

Sampling Ports: | : . a
Mode of Operation:

Comments:
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FORM D-3 (continued)
DESIGN INFORMATION

B. UNIT PROCESSES: , !

Slﬂdge Hand]ing

Studge Dryind Beds: ,
No. of Beds ISize of Beds
Covered? _ : %Subnatant Drain To

Dewatered Sludge Removal}

Mode of Operation: ,

Comments:

Other Dewatering Unit(s):

No. of Units Type:of Unit(s) Manufacturer_
Modet . _ Horsepower Hr/Wk
toading Rate __Ib/hr x 0.454 = kg/h
Polymer Used ! _ ‘

1b/dry ton x 0.5 = g/kg
Cake Solids __ % Solids

|
I
Comments: |
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FORM D-3 (continued)
'DESIGN DATA

UNIT PROCESSES:

Summary of Plant Horsepower

Item HP ! Usage (%)

170
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FORM Dt3 (continued)

DESIGN DATA

OTHER DESIGN INFORMATION:

Standby Power (description bf unit; automatic activation? capacity
for which processes? frequency of use, etc.):

f

Alarm Systems (description of system, units covered, etc.):

Miscellaneous: ﬁ

171




i
'

FORM D-3 (continued)

DESIGN DATA
i
[N

PLANT AUTOMATION (description of  any plant automation not covered
under more specific topics)~

LABORATORY CAPABILITY:

Location Floor Dimensions
Counter Space ft x 0.3 = m Hot Water?
File Cabinet? v Desk? '

Tests Performed by Whom?
Monitoring Tests Conducted (TSS, BOD, pH, Fecal Coliform, Gthers),
According to Permit
Tests Conducted More Frequently
Tests Conducted Less Frequently
Tests with Suspected or Known Analytical Problems

Operational Test Capab111ty (Equipment/Chemicals):
(Check if available)

DO meter
8005
Mallory-type settleometer

|

Graduated cylinder
Imhoff cone
Turbidity .
Ammonia |
Nitrate

T
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FORM D-3 (continued)
DESIGN DATA

E.  LABORATORY CAPABILITY: ‘

Dperationa1 Test Capabi11iy: kCheck if available)

Total Kjeldahl nitrogen
Suspended s§1ids

Volatile suspended solids

Sludge b]ahket depth measurement
Core sample, taker

Alkalinity

Volatile acids

pH meter :

Centr1fugeﬁso11ds concentrations

Oxygen uptike rates

RERRERRRN

i
i
i
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FORM D-4
OPERATIONS DATA

PROCESS CONTROLS:

Who sets major process control strategies and decisions?
Where is help sought when desired performance ‘is not achieved?
Are staff members asked their opinions?

SPECIFIC PROCESS CONTROLS:

Primary Clarification
1. Sludge Removal:

2. Performance Monitoring:
3. Other:

Suspended Growth POTW Secondary Systems
1. Sludge Mass Control:

2. Return Sludge Control:
3. DO Control:
4, Clarifier Solids Loading:

I

5. Other:
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FORM D-4 (continued)
]
OPERATIONS DATA

Fixed Film POTW Secondary! Systems

- 1. Secondary Clari%ier Sludge Removal:
. I

2. Anaerobic Sides&ream Returns:
3. Other:

Sludge Handling
1. Purpose Relat1ve to Other Processes;

2. Sludge Stabilization:

3. Sludge Disposal:

'
|

4, Otﬁer:
;
PROCESS CONTROL REFERENCES USED (Specifically note references that

are the source of poor process control decis1ons or strateg1es,
suspected or definitely 1deqt1f1ed)




'FORM -D-5
MAINTENANCE DATA

- [}
EQUIPMENT OR PROCESSES OUT .OF SERVICE DUE TO BREAKDOWNS (Identify
equipment or process, description of problem, length of time out of
service, what has been done, what remains to be done, estimated time
before repair, how it affects performance):

DURING THE CPE (List and explain): . .

DURING THE LAST 24 MONTHS (L{st and explain):
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FORM '
]
MAINTENANCE DATA

-5 {continued)

L

B. PREVENTIVE MAINTENANCE ?ROGRAh:x
Method of Scheduling:  '%
%Method of Documenting Mbﬁkiéomp1eied:
Adequacy of kesources Avéi]abie:

Lubricants:

Tools:

Others:

C. EMERGENCY MAINTENANCE PROGRAH:

Small Spare Paris (fuséé, belts, bearing, packing diffusers, etc):

Major Spare Parts '(iargetmotors, gear boxes, blowers, flowmeter, efc.

Manpower: E
Expertise:

i

References: g

: |

0&M Manual:
Accurate‘ASABui1t§;

Manufacturer's Literature:

1
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FORM D-5

MAINTENANCE DATA

GENERAL HOUSEKEEPING:

DC
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| FORM D-6
PERFORMANCE DATA

A. SOURCE OF DATA:

B. REPORTED MONITORING DATA FQR PREVIOUS 12 MONTHS (flows in mgd; others
in mg/1, except as noted):

Raw { __Primary Effluent

Mo/Yr  Flow BOD, TSS g BOD, TSS

AVG : i
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FORM D-6 (continued) | ‘
PERFORMANCE DATA

B. REPORTED MONITORING DATA FOR PREVIOUS 12 MONTHS (cont.)
' Final Effluent X . Other

5; —— St e . 1 e

Mo/Yr Flow BOD. TSS ; BOD,. TSS

5

\

I

:

i

i

| i

[

AVG l

]

H

H
g E
! |
! g |
D
[

i
|
|
180 ;|
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|
|
FORI‘EI. D-6 (continued)
PERFORMANCE DATA

PERMIT PERFORMANCE VIOLATIONS WITHIN LAST 12 MONTHS (30-day averages,
1-day averages, finstantaneous vioTations, effluent mass wviolations,
percent removal violations): :

|

4 - i B o

No. of Months Without a‘QiolatTon
No. of Months With a Viojatjon '

REASONS (if any) REPORTED MONITORING DATA ARE NOT BELIEVED TO
REPRESENT ACTUAL EFFLUENF QUALITY (unrepresentative sampling,

improper lab analyses, unaccounted-for sludge loss, selective
reporting, etc.): '
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 APPENDIX E

GUIDELINES FOR FIELD ESTIMATING
EQUIPMENT POWER USAGE
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FIELD ESTIMAﬁING EQUIPMENT POWER USAGE

The power a particular p1ece of equipment is drawing can be estimated in
the field by measuring the current being drawn by the motor. The measured
power being drawn by a motor (1nduct1ve user) is "apparent power" and must
be multiplied by the power factor (PF) to calculate actual power. Four
methods are ava11ab1e to arrive at a suitable power factor:

1.

Assume a power factor:

Use 0.9 for recently constructed plants that 11ke1y included use
of capacitors to adjust the power factor toward 1.0. Use 0.75
for old and small p]ants where it is unlikely that capacitors
have been added. W

Measure the "nlant power factor" using an ammeter and the p1ant
kilowatthour meter and assume the power factor applies for larger
pieces of equipment. *See Table E-1 for calculation worksheet.
(WARNING: DO NOT USE THIS METHOD UNLESS QUALIFIED.)

Ask the electric company to measure the power factor or actua1
power usage of spec1f1c equipment.

Rent an appropriate 1nstrument and measure power factor or actual
power usdge. (WARNINGg DO NOT USE THIS METHOD UNLESS QUALIFIED.)

Once the PF has been determ1nedi the following ca]culations can be used to
estimate power drawh by a particular piece of equipment:

|
i

_ Méasure: :
Average Voltage (line-to-line) = Volts
\ ‘ |
Average Amperage = 4 Amps
Calculate: —
kVA = VxAXxV3 (ﬁ—phase power) .
1000 1
kW = KkVA x PF
whp = _EE__
0.746
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TABLE E-1
WORKSHEET FOR CALCULATION OF POWER FACTOR

Apparent Power
Line-to-Line Voltage on Incoming Power:

V]_2 = Volts
V2_3 = Volts
Vi = . Volts
v = Volts
avg ;

Amperage for Each Phase on Inéoming Power:

I] = Amps
12 = Amps
13 f Amps
Iavg = Amps
KVA = Voltsix Amps x V3 _
1000
Actual Power
Kh = watthours/revolution (from meter)
cTR® = : | pTRP : |
TR® = CTR x PR = X =
Disc Speed = Seconds/ Revolution(s)
KW =Ky X TR X Disc Rev , 3600 Sec , 1 kW -
Sec : Hour 1000 Watts
Power Factor '
kW _
PF= va =

i
'

aCTR (Current Transformer Ratio) - ratio of primary to secondary current.

For current transformer rated 200:5, ratio is 200/5 or 40/1.

bpTR (Potential Transformer Ratio) - ratio of primary to secondary volt-
age. For potential transformer rated 480:120, ratio is 480/120 or 4/1.

CTR (Transformer Ratio) - total ratio of current and potential trans-
formers. For CTR = 200:5 and PTR = 480:120, TR = 40 x 4 = 160.

i
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APPENDIX F .

|

PROCEDURE FOR CONVERTING STANDARD OXYGENATION
" RATES TO ACTUAL OXYGENATION RATES

t
I
t

!
}
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PROCEDURE FOR CONVERTING STANDARD OXYGENATION
RATES (SORs) TO ACTUAL OXYGENATION RATES (AORs)

[ BCsw - C1] o (T-20)

y
AGR = SOR (a) E
| ¢s | I i
Where: |§
AOR = actual oxygen transfer rate, 1b 0s/hp-hr l§
SOR = standard oxygen transfer rate, 1b 0p/hp-hr (from Table !f
3-3) .
@ = prelative rate of oxygen transfer in wastewatér compared to Eé
water. Estimate from Table F-1. ig
|
B = relative to oxygen saturation value in wastewater compared l‘
to water. Estimate B = 0.95 for mixed liquor. %%
© = temperature correction constant, & = 1.024 !f
Cs = oxygen saturation value of clean water at standard |
conditions, Cs = 9.17 mg/] |
Cow = oxygen saturation value of clean water at site cond1tions §§
of temperature and pressure, mg/] i ;
.
Cow = Ci14.7 | —— L
\14.7 [
P
CL = mixed liquor DO concentrations, mg/1 i5
T = temperature of the liquid, OC i%
Cig.7 = oxygen saturation value of clean water at standard pressure ?
of 14.7 psi and actual water temperature (see Table F-2). L
P = actual pressurejat oxygen transfer point
|

|
I
g
|
!.

a) For surface aerators, use atmospheric pressure (see
Figure F-1).

b) For others, use atmospheric pressure from Figure F-1,
plus the pressure at mid-depth of the tank from 'the
surface to the diffusers (i.e., diffuser depth in. feet
x 0.5 x 0.434 psi/ft).
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TABLE F-1
]
TYPICAL VALUES OF ALPHA (a) USED FOR ESTIMATING AOR/SOR

Aeration Device - Typical

Course Bubble Diffusers'f 0.85
Fine Bubble Diffusers f 0.50
Jet Aeration : ié 0.75
Surface Mechanical Aeratérs 0.90
. Submerged Turbines ﬂ | 0.85.
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TABLE F-2 N
OXYGEN SATURATION AT STANDARD PRESSURE AND ACTUAL WATER TEMPERATURE ['
l

: Dissolved Oxygen
Temperature Saturation Level

(°C) (mg/1) ;
0 14.62 i
1 14.23 i
2 13.84 f
3 13.48 !
4 ! 13.13 N
5 12.80 |
6 12.48 iR
7 12.17 !
8 11.87 ;
9 11.59 g

10 11.33 |
11 11.09 |
12 10.83 ‘
13 10.60 l‘
14 10.37 | -
15 10.15 ;
16 9.95 |
17 9.74 L
18 9.54 |
19 9.35 b
20 9.17 | |
21 8.99 ;
22 | 8.83 lf
23 8.68 |
24 8.53 |?
25 8.38 |
26 8.22 |
27 ' 8.07 L
28 7.92 |
29 7.77 !
30 7.63 i
i
| |
i i
] |
188 : %f
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: 5
APPENDIX 6 I
1 |
EXAMPLE FORMS FOR ESTABLISHING A PREVENTIVE }
MAINTENANCE PROGRAM FOR SMALL POTWs |
|
)
Form : Title ‘ l.
G-1 Equﬁpment Information Sheet
G-2 Daily Preventive Maintenance
G-3 Weekly Preventive Maintenance
G-4 Monthly Preventive Maintenance ,
I
L
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' FORM G-1

EQUIPMENT INFORMATION SHEET

Plant Equipment Number

__Original Installation Date

Serial No:

|EQUIPMENT|

Location |
Manufacturer ModeTE

Type Rated Capacity _.

Additional Data

Rated Pressure or Head

Type

. _ Manufacturer

Description

HP RPM

Manufacturer
Frame Enclosure Type S.F.
Type Ra%ed Amperage
Rated Voltage ;

SUPPLIER(S): |

Company Name & Address

Contact Person Telephone No.

Additional Information and cOmmehtkz
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FORM G—l (continued)
EQUIPMENT INFORMATION SHEET

RECOMMENDED PREVENTIVE MAINTENANCE:
: Frequency

RECOMMENDED LUBRICANTS: ’ | ‘ ’ i
Part Lubricant Name & Description Source

RECOMMENDED SPARE PARTS:
Part Description C Number ‘ ‘Quantity

192
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i
|
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|
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' FORM G-2
DAILY PREVENTIVE MAINTENANCE

'
i

TIME INITIALS
Inlet Building ’
- Check operation of grit pump, cyclone, . a.m.
grit bin, pump seal water pressure p.m
(psi), leakage (drops/min).
- Check grit collector for unusua] noise a.m.
or torque. , p.m.
- Check flow meter operation, cha1n, float, a.m.
' sti]ling well. p.m.
- Check auto sampler operation and bottle a.m.
installation. . p.m.
6rit Separator #2 Building |
—  Check for unusual noise or vibration a.m.
in collector or conveyor. . p.m.
Primary Clarifier |
-  Check for unusual noise or Vibration a.m.
in drive unit. . p.m.
Aeration Building
- Check blowers for unusual noise or a.m.
vibration. : p.m.
E
Temperature: :
# Inlet - %% | Outlet O¢
#2 Inlet °c |, Outlet oc
#3 Inlet oc ,; " Outlet Oc
~  Check auto sampler operat1oh and bottle a.m.
installation. p.m.

i

(Form continued to ‘include all process units and buildings requiring daily
maintenance.)
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FORM G-3

WEEKLY PREVENTIVE MAINTENANCE

DATE ’INITIALSK
Inlet Building

|

| %
- Grit #1 Collector Drive: Apply grease to upper !l
and Tower bearings in worm gear housing. li
‘ H

i

- G@rit # Collector Drive: Check oil level in
gear housing; remove condensate in gear drive.

- Grit #1 Collector Drive: Lubricate cha{n
between drive unit and motor gear.

- Grit # Collector Drive: Check torque
overload alarm for proper operation.

box (lower).

-~ Communitor: Check oil level in motor gear unit.

H
i
v |
- Communitor: Check oil level in main gear | i’

- Automatic Sampler: Remove and clean sampling
tube and strainer. .

- Grit #2 Drive Unit: Check oil level in
Philadelphia gear reducer.

Grit Separator #2 Building | J "
|
|

- Grit #2 Conveyor Unit: Apply grease to all
bearings of chain drive and support sprockets.

- Grit #2 Conveyor Unit: Check oil level in
conveyor drive reducer.

Aeration Building

~ Automatic Sampler: Remove and clean sampling
tube and strainer.

~  Aeration Blowers: Check oil level - 3 points
(gears, two bearings)

- Aeration Blowers: Operate blower(s) (10 min
each) not in service. Check 011 level and
temperature.

(Form continued to include all process units and buildings requiring
weekly maintenance.)
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. FORM G-4
MONTHLY PREVENTIVE MAINTENANCE
; N
. DATE
Inlet Building |

- Automatic¢ Sampler: Check pdmp tubing for

INITIALS

signs of failure. Remove from pump housing
to inspect. !

Grit Separator #2 Building

f

- Gear Reducer: Apply grease:to upper and
lower bearings. ?

Primary Clarifier ;

- Drive Mechanism: Check gear Tubrication

(dipstick). Check base plate lubrication
(o1 cap) ,

-  Gear Reducer: Apply grease. to upper, lower,

and two side bearings.

St

(Form continued to include all process units and buildings requiring

monthly maintenance.)

Porvide Similar Forms For:

QUARTERLY PREVENTIVE MAINTENANCE
SEMIANNUAL PREVENTIVE MAINTENANCE
ANNUAL PREVENTIVE MAINTENANCE

!
I
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APPENDIX H

DESIGN-RELATED PERFORMANCE-LIMITING
FACTORS IDENTIFIED IN ACTUAL CPEs

[
!
L
!
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I
i

DESIGN-RELATED PéRFORMANCE—LIMITING FACTORS

The design problems listed in this appendix were identified during actual
comprehensive performance evaluations. Most of these problems have
resulted 1in unnecessary or excessive maintenance, difficult process
control, inaccurate or excessiveﬁsamp11ng, and poor POTW performance.

These design-related problems Eare discussed in the -context of the
following categories: :

i

Plant Layout ? Secondary Clarifiers
Flow Measurement . % Return Sludge Flows
~Bar Screens é Polishing Ponds
‘Comminutors =~ ; Chlorination
Grit Rgmova1 ‘ !§>Wast1ng Capability
Primary Clarifiers ‘E STudge Holding Facilities

Aeration Bésins Aerobic Digesters

Aerators Anaerobic Digesters

Trickling Filters i Sludge Dewatering‘& Ultimate Disposal
ABF Towers ’ % Laboratory Facilities

RBCs o ‘ E Miscellaneous
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Plant Layout

Individual process trains, without <interconnection, require
operation of units as if three separate activated sludge p]ants
exist at one POTW rather than just one

Covered basins w1thout adequate observation access preVent
observation of processes

Return sludge air compressors are located outs1de and repeated]y
break down

No flow sp]itting.f]ex15111ty to parallel units

Bar screen Tocated downstream from comminutor
Freezing of influent sahp]er Tocated outside

Plant Tocation 1naccessjb1e during inclement weather
Excessive compressor noise

Disinfection before po]ﬁshingvpond

Parallel secondary treatment units not capable of being operated
as one facility ' :

Inadequate piping flexibility requires shutdownvof one trickling
filter if one clarifier is down

One scraper drive for primary and final clarifiers requires
shutdown of both for maintenance on either i

Lack of bypasses on individual treatment units such as aeration
basins, trickling filters, chlorine contact basins, etc.

Use of a septic tank for inplant domestic and laboratory wastes
and overflow from the séeptic tank to the plant effluent

Both trickling filter and activated sludge processes in very
small plant causes excessive operational requirements ,

Flow Measurement

Discharge through a pipe rather than the control section for
which the recorder is appropriate

Downstream channel s1ope and geometry causes backup in Parshall
flume throat

198
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1

Parshall flume oversizéﬁ

Flow measurement inaccurate due to upstream barminutor placement

No flowirecorder |
Excessive upstream Qe]ocity causes turbulent flow through
Parshall flume : S

|
Control section not accessible for inspection and maintenance

Level transmitting instrumentation not compatible with Tevel
receiving instrumentation

Parshall flume on POwaeff1uent submerged during high river flows
Recycle flows (cooling water) included in plant flow measurement

Rol1lup flow chart requhres removal to observe flow for more than
the preceding 4 hours

Wires crossed in totalizer, resulting in wrong reading

Humid 1influent structhe causes problem with moisture-sensitive
Tevel sensor !

t

' |
Flow velocity too high in Kennison nnzzle
Liquid level sensing float freezes

Downstream bar screen @acks flow into flume throat as screen plugs

Bar Screens :
I
- Bar spacing too narrow

Backed-up flow re]easéd after cleaning causes hydraulic surges
through aeration basin;and into clarifier

and causes excessive blinding

Freezing problems with!mechanical bar screen located outside

Comminutors ‘ b

- Repeated mechanical fai]ure of hydraulic drive-type comminutor




Grit Removal

Excess wear on grit screw center bearing because of exposure to
grit

Odors from organics setf]ing out in oversized grit channel

Pump discharge to grit chamber directed at grit buckets, and
washes grit from buckets :

Grit auger not functional

Grit auger discharges too low for disposal in truck

Primary Clarifiers
-~ QOverloaded by excessive1y large trickling filter humus return bump
- Overload due to trickling filter recirculation designed to routea
through primary clarifier
- Improper placement of valve 1imits scum pumping
- Short-circuiting due to inlet baffle construction
- Preaeration in center of clarifier reduces effective clarifi-
cation area ‘ ‘ -
Aeration Basins

Pipe outlet plugs with rags

Lack of piping to operate as conventional as well as step- -load or
contact-stabilization activated sludge

Receives hydraulic surges when the bar screen is cleaned and from
oversized return pump on timeclock

Loss of solids caused by flooding due to aeration basin design
elevation and lack of drainage control

Action of aeration rotors and revolving bridge and configuration
of basin creates swells and voids that result in wavelike
stresses on bridge ‘

Leakage between contact and reaeration basins of contact »

stabilization plant due to movable wall design

No wall between contact and reaeration areas of contact
stabilization plant

t
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Aerators

Inadequate capacity forjoxygen transfer

Surface mechanical aerafors overheat and shut off under increased
flows due to infiltration/inflow

Inadequate DO control bécause blowers provided are too large

With floating aerators, repeated breaking of cables when operated
on intermittent basis

With submerged turbine aerators, repeated downtime due to bearing
and shaft failure

Surface aerators that do not provide adequate bottom mixing in a
deep oxidation ditch

Inadequate freeboard for splashing with surface mechanical

. aerators |

Brush aerators provided:in cold climate without ice protection
Icing problems with surface mechanical aerators
Rag accumulation on surﬁace mechanical aerators

Inadequate DO control %

|

Trickling Filters |

Recirculation only throﬂgh primary clarifier
Inadequafe capacity of frickling filter arms

Poor flow splitting to frickTing filters
|

ABF Tower

Inadequately sized for organic load

}

Undersized pipe carry1n§ tower underflow back to recirculation tank

No f]ex1b111ty to vary percent tower underflow returned to
recirculation tank

Sludge return and towe} recycle flow are directed into the same
pipe, which 1imits their volume recycled

No flow measurement on direct recycle flow around tower

}
i
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No positive flow splitting to various trains

No access provided through covers to take dissolved oxygen
measurements

Inadequate shaft design causes excessiQe downtime

Secondary Clarifiers

Poor flow splitting to clarifiers
Poor development of surface area with weirs

S1udge scraper mechanism directing contercurrent to wastewater
flow

Hydraulically connected clarifiers not of the same elevation
causes unequal flow splitting ‘

Freezing during cold weather

Inlet and outlet on circumference, a large diameter, a large
design overflow rate, and failure to consider process recycle
flows cause problems with hydraulic washout of solids

Scum returned to aeration basin; no ultimate disposal of scum:

Combined primary and final clarifier unit a11ows mixing of two
with scraper mechan1sm

Hydraulic restriction causes submerged overflow weirs
Short-circuiting due to:in1et baffle construction

Placement of trickling filter recirculation drawoff over1oads
final clarifier ‘ v

Weirs on single launder not balanced to pull evenly from each side
No skimming device

Shallow depth promotes thin underflow concentrations and solids
washout

202
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Return Sludge Flows

Constant-speed centrifugal pumps make it difficult to adjust flow
Oversized constant—speedfpumps provided
Return sludge flow not vﬁsible at any point

No measurement

|
1
i

Single pump returning from multiple clarifiers; ba]anc1ng return
flow difficult .

Variable-speed return puhps too large even at lowest sefting
Plugging of telescoping ya1ves at lower flows

Sludge returned to a poiht near the outlet of the aeration basin

Not accessible for sampling

Piping proh1b1ts return sludge flow for seVera1 hours while
sludge is being removed from the aerobic digester

Measurement with 900 V—nutch weir not sensitive enough for
needed flow adjustments :

Oversized pump ‘on timéc]ock draws down final clarifier, then
hydraulically over]oads‘aeration basin

Waste piping and appurtenances require excess return rate to
accomplish wasting ;

|
Stilling box ahead of V-notch weir too small

Location of return measurement requires operator to walk out on
narrow wall over basins, resulting in unsafe working conditions

Sludge return from clarifiers controlled by plug valve into wet
well. Excess operator time required to match variable-speed pump
with valve-controlled rate

Return adjustment requ1?es alternate operationFof pump from first
clarifier, second clarifier. and both clarifiers to set desired
total return A v -

Partial plugging with Erags of butterfly valve used for return
sludge flow control 1

Rapid withdrawal sludge removal designed without sampling or
adjustment capability from various ports
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Polishing Ponds

- No pond bypass

i
!
!
!
%
- Sludge wasted to polishing pond L
— Pond located after disihfection

i

i

Chlorination

- Chlorine diffuser 1ocated at center of contact tank rather than
at inlet

- Chlorine diffuser 1ocatéd at outlet of contact tank

-~ Single contact tank prohibits disinfection during cleaning and
discourages cleaning of contact basin

~ Rotometer on ch]orinator too large for present application
- Poor mixing !
~ Chlorine dosage paced by effluent flow, but filter backwash water

removed from combined contact-backwash storage tank shuts off
chlorination until it is again filled and discharging

- No depth control device on contact tank results in inadequate
contact time and short-circuiting

- Short-circuiting over baffles during high flows
- Short-circuiting due to‘1n1et design

|
Wasting Capability

- No digester or sludge ho]d1ng facility; 1nadequate drying beds

~ Downtime of exotic s1udge treatment facility causes inadequate
wasting

- Wasting capability onTy from mixed liquor requires excessive
waste volume

- Insufficient wasting capacity

- Sludge lagoons uhdersized

204

|
- Inadequate chlorine contact time in outfall pipe ‘
|




Sludge Holding Facilities ;

|
|

H
'
P

No waste flow measuremeﬁt

1
Partial plugging of waste pump prevents use of pumping rate to
calculate waste volume

Valve choice for directing return sludge to waste requires excess
operator time ?

Undersized waste pump |

Odors from unaerated, uncovered sludge storage

Undersized storage capacity given ultimate sludge disposal
Timitations 1

Potential gas bu11dup; problem with covered, unaerated sludge

storage ;

Aerobic Digesters !

Anaerobic Digestérs

High groundwater and; pressure relief valve prevents batch
operation

Inadequate air supply

Inadequate supernating éapabi]ity

Undersized {

Pump used for sludge reﬁova] prevents thickening of sludge

small digesters and minimum freeboard make foam containment
difficult !

i
Freezing problems |

Common wall with aeration basin structurally insufficient to
allow batch operation ' :

Provided with "automatic® supernating device that cannot work
F
Inadequate supernatant drawoffs

With multiple units, %nf]ex1b111ty to waste to desired primary
digester
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Plugging problem between bottom of primary digester -and
second-stage digester '

Water seal on sludge rec1rcu1ation pump Toads digester with cold
water

Sludge pumping 1line from clarifier plugs prevents digester
loading at concentrat1ons above about 6 percent _

No gas meters

No mixing _

Cold digester produces poor supernatant quality and poor digesfion
Single gas meter for two:digesters |

Uninsulated heating pipes outside

Sludge Dewatering & Ultimate Disposal

Truck ramp too steep for‘use during winter

Excessive maintenance on sludge incineration facilities
Insuffi;ient studge drying lagoons

Disposal of sludge in polishing lagoon

Truck capacity too small for sludge produced

Insufficient drying beds for wet or cold weather operation

Land application not possible during certain times of the year;
no alternate disposal or storage

Laboratory Facilities

Vibrations prevent use of scale

Inadequately equipped

Humidity difficult to work in and hard on equipment
Noise from blowers limits usability

Poor 1ighting

Insufficient floor space,
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Miscellaneous

- Stabilization of s]udgé with chlorine releases heavy metals to
recycled superpatant

- Wooden gates in flow 'diversion structure swell and cannot be
removed .

- No automatic restart af;er power outage

- Butterfly valve used ibetween mixed Tliquor and final effluent
leaks mixed liquor into effluent
~ Undersized raw 1ift pumﬁs
i

iR
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APPENDIX I

EXAMPLE PROCESS MONITORING SUMMARY
FOR AN ACTIVATED SLUDGE POTW
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COLUMN INFORMATION FOR DAiLY CONTROL CALCULATION SHEET

Column Symbol Symbol| Meaning 1 Explanation
] DATE Sel f-Explanatory
2 ATC Aeration Tank Concentration Average of values recorded during the day

on the Daily Data Sheet.

3 RSC Return Sludge Concentration Average of values recorded during the day
on the Daily Data Sheet. :

4 cse Clarifier Sludge Concen+r§+ion Average concentration of sludge within the
‘ clarifier as determined from a core sample
» (Method 1) or by calculation (Method 2).

Method 1. Core Sample - average of values
recorded during the day on the Daily Data
Sheet. ‘

Method 2. Calculation - average of ATC
and RSC. '

_ ATC + RSC
2

5 DTB Depth to (Siudge) Blanket Average of values recorded during the day
on the Daily Data Sheet.

CsC

6 TURB Turbidity " Average of values recorded during the day
on the Daily Data Sheet. ‘

7 FLOW Daily Wastewater Flow ' Total wastewater flow for a given 24-hour
. ‘ time period (e.g., 8:00 a.m. to 8:00 a.m.).

8 RSF Return Sludge Flow Total daily return sludge flow. (Note:

[ Time period for determining this rate

should be the same as the time period used

for determining daily wastewater flow rate

[e.g., 8:00 a.m. to 8 :00 a.m.1) ;

9 RFP Return Sludge Flow Percentage Return sludge flow divided by averaée
; daily wastewater flow. ‘

| RSF

RFP = x 100%
FLOW
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COLUMN INFORMATION FOR DAiLY CONTROL CALCULATION SHEET (continued)

Column

14

15

Symbol

RsP

ASU

csu

SDR

TSU

ESU

Symbol Meaning

Return Sludge Percentage

|

" Aerator Studge Units

Clarifier Sludge Units

Sludge Distribution Ratio

!
i
i

Total Sludge Units

" Effluent Sludge Units

!

i

211

Explanation

Return sludge flow percentage based on
mass balance.

Total aeration tank volume (AV) times ATC.
ASU = (AV) (ATC)

Method I. Core Sample - clarifier sludge
concentration times the clarifier volume
Y.

CSU = (CSCY (CV)

Method 2. Calculation - clarifier sludge
concentration +imes +the fraction of the
clarifier filled with sludge, times +the
clarifier volume (CV).

CSU = (CSC) EE.%BEIE v

Ratio of +the quantity of solids under
aeration vs the quantity of solids in the
clarifier.

sor = "SY

Ccsu
TSU = ASU + CSU

Quantity of sludge lost in the effluent
each day.

ESU = Effluent suspended solids (TSS)
+imes FLOW divided by ratio of MLSS to
percent solids by centrifuge (e.g., ratio
= MLSS divided by ATC).,

(TSS) (FLOW)
Ratio

ESU =




COLUMN INFORMATION FOR DAILY CONTROL CALCULATION SHEET (continued)

Column Symbol
16 Xsu
17 wsu
18 MCRT
19 RSU
20 SDTp
21 SDT¢
22 SDTp %
ATC
23 CsL

Symbol Meaning

Intentionally Wasted Sludge

Units

'

Total Waste Sludge Units

Mean Cel] Residence Time

Return Sludge Units i

e

Studge Detention Time in

the Aerator f

I

Studge Detention Time in
the Clarifier ‘

See meanings above

Clarifier Solids Loading

|
B
'

I

Explanation

Quantity of Sludge intentionally wasted
from the system each day = average
concentration of wasted sludge +imes the
volume of sludge wasted (from +the Daily
Data Sheet).

WSU = ESU + XSU

Average of number of days a given quantity

of sludge remains in the system.

MCRT = 15V

Wwsu
Return sludge flow rate times the return
siudge concentration.

RSU = (RSF) (RSC)

Average number of hours a given quantity
of sludge ramain in the aerator.

(AV) (24 hr/d)

FLOW + RSF

Average length of time a given quantity of
sludge remains in the clarifier.

SDTp =

(CSV) (24 hr/d)
RSU

Indication of the treatment pressure in’+he
system.

SDT¢ =

Average daily mass of sludge to the
clarifier divided by the clarifier surface
area (CSA).

oSt = (FLOW + RSF) (ATC)

CSA




COLUMN INFORMATION FOR DAILY CONTROL CALCULATION SHEET (continued)

Column Symbol Symbol Meaning Explanation
24 OFR Clarifier Surface Overflow Upward velocity of the treated wastewater
Rate in the secondary clarifier.
oFR = (=W
» CSA
25 $SCs Settled Sludge Concentration Average of values recorded during the day
in 5 minutes _ on the Daily Data Sheet.
26 SS8Cs0 Settled Sludge Concénfraﬂon Average of values recorded during the day

in 60 minutes - on the Daily Data Sheet..
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APPENDIX J

EXAMPLE PROCESS MONITORING SUMMARY
FOR AN RBC POTW
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EXAMPLE RBC PROCESS MONITORING SUMMARY*

Week of 19

Date :
Day Sun Mon  Tues Wed Thurs Fri Sat

Flow, mgd L : Avg

INFLUENT _
BOD, mg/1 ‘ Avg
SBOD, mg/1 |
TS, mg/1 | | Avg
pH, units , ~

Temp., ¢ ' . Avg

JWET WELL
58005 mg/1

PRIMARY CLARIFIER ,
DTB,* m \ | ' | | Avg
BOD,, mg/1 '
SBOD,, mg/1
7SS, mg/1
pH, units

Temp., °C

SECONDARY CLARIFIERS

OTB,, m f Avg
DTBZ. m : : Avg __
BODs, mg/1 ; : Avg ___

SBODS, mg/1

3
|
|
|
1

*Explanation provided at the Qnd of Appendix J.
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EXAMPLE RBC PROCESS MONITORING SUMMARY (continued) | !

Week of 19 |
Date {
Day Sun Mon Tues Wed Thurs Fri Sat

012 Res, mg/1 i Avg
Fecal Coliform, _ GM*

MPN/1 : i
pH, units ‘ Avg

TSS, mg/1 j Avg
0&G,* mg/1

|
I
CHLORINE CONTACT EFFLUENT § | !
|
!
i

SECONDARY SLUDGE
min/d pumped

1/s

m/d | | Avg

spin.* %

ratio*
mg/1
kg/d Avg

i

|

!

i

PRIMARY SLUDGE {
Start Time ‘ ‘ ;
End Time - ; ;
|

|

Minutes

me/d

m3 | Avg
spin, % |
ratio
mg/1

kg/d 1 ‘ Avg

‘ |
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EXAMPLE RBC PROCESS MONITORING SUMMARY (continued)

imhoff Cone

RBC DISSOLVED OXYGEN RBC TRAIN PERFORMANCE
(Date Time _ ) (Date Time )
Train 1 Train 2 Train 3 SBOD,
Stage 1 3 Train 1 mg/1
Stage 2 B Train 2 ___ mg/1
Stage 3 ‘: Train 3 mg/1
Stage 4 ‘
'RBC_EFFLUENT
(Date _ Time )
DO mg/1  TSS __mg/1  pH Temp °C
20
18 f
16 |-
B j
o i
g™ 5
D i
£ 10 i
s !
T 8
=
@ ;
6 ;
2
0 i
0 5 10 15 20 25 30
|
Time, min
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EXAMPLE RBC PROCESS MONITORING SUMMARY (continued)

Term

DTB
GM
086
SPIN

RATIO

Explanation

Depth to (Sludge) Blanket

Geometric Mean

0i1 and Grease

Concentration; percent of sample vo]ume‘the
compacted sludge occupies after a 15-minute
laboratory centrifuge spin

MLSS divided by ATC (see Appendix I, Column

Information for Daily Control Calculation
Sheet)
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- APPENDIX K

PARAMETERS USED TO MONITOR THE
ABF TREATMENT PROCESS
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PARAMETERS USED TO MONITOR
THE ABF TREATMENT PROCESS

Column  Symbol Symbo| Meaning Explanation

| DATE Sel f-Explanatory

2 ATC Aeration Tank Concentration Average of values recorded during the day
on the Daily Data Sheet.

3 RSC Return Sludge Concentration Average of values recorded during the day

‘ on the Daily Data Sheet.

4 CSC Clarifier Sludge Concontration Average concentration-of sludge within 'fhe
clarifier. Average of values recorded
during the day on the Daily Data Sheet. -

5 DTB Depth to (Sludge) Blanket Average of values recorded during the day
on the Daily Data Sheet. ’

6 TURB Turbidity Average of values recorded during the day

! on the Daily Data Sheet.
7 FLOW Daily Wastewater Flow Wastewater flow for a given 24-hour 'l"ime
: period (e.g., 8:00 a.m. +o 8:00 a.m.).
8 RSF Return Sludge Flow ‘ Total daily return slﬁdge flow. (Note:
‘ Time period for determining this rate
should be the same as the time period used
for determining daily wastewater flow rate
[e.g., 8:00 a.m. +o 8:00 a.m.])
9 RFP Return Sludge Flow Percentage Return sludge flow divided by average
daily wastewater flow.
RFP = RS___F x. 100%
FLOW
10 BCRF Biocell Direct Recirculation Daily total flow from +the bioceli under
Flow ! drain directly to the recirculation wet

well. (Note: Time period for determining
this flow should be the same as for
determining the average daily wastewater
flow.)

*A Daily Control Calculation Sheet similar to the one presented for ac-
tivated sludge in Appendix I can be used to present these parameters in
tabular form.
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Column

17

18

Symbol

BCRFP

TFBC

BCHL

ASU

csu

TVBC

BCSU
TsU

SDR

i
PARAMETERS USED TO MONITOR
THE ABF TREATMENT PROCESS (continued)

Symbol Meaningé

Bioce!l Direct Recirculation

Flow Percentage
|

[

Total Flow ‘o the Biocell

i

Biocell Hydraulic Load

Aerator Sludge Uni+§

Clarifier Sludge Units

Total Volume in +he§Bi‘ocell

Biocel! Sludge Units

|

Total Sludge Units

Sludge Distribution Ratio

‘ 221

Explanation

Percentage expression of the ratio of the
volume of direct biocell recirculation to
the volume of raw wastewater.

BCRFP = SR & 100%

FLOW
Total volume of liquid pumped to +the
biocell.

TFBC = FLOW + RSF + BCRF

Volume of liquid pumped to the biocell per
unit area of biocel! in operation.

TFBC x 695
Biocell Surface Area

Total aerator volume (AV) times ATC.
ASU = AV x ATC

Clarifier volume (CV) times clarifier

sludgg concentration.
CSU = CV x CSC

Volume of mixed liquor in the biocel!l and
associated appurtenances. TVBC = volume
in tower, volume in underdrain, volume in
recirculation, and volume in ‘ower piping.

BCSU = TVBC x ATC
TSU = ASY + BCSU + CSU

Ratio of the mass of solids in the
aeration tank + mass of sludge in the
biocell to the mass of sludge in the final
clarifier.

_ ASU + BCSU
csu

SDR




21

22

23

24

25

26

Symbol

ESU

Xsu

wsu

MCRT

RSU

SDT,

SDTge

PARAMETERS USED TO MONITOR
THE ABF TREATMENT PROCESS (continued)

Symbol Meaning

Effluent Sludge Units

Intentional ly Wasted Sludge

Units 1

Total Waste Sludge Units

Mean Cell Residence Time

Return Sludge Units

Sludge Detention Time in
the Aerator

Sludge Detention Time in
the Biocel |l

222

Explanation

Quantity of sludge lost in the effluent
each day.

ESU = (TSS) (FLOW)
Ratio
Ratio = Mo
ATC
Quantity of Siudge intentionally wasted
from +the system each day = average

concentration of wasted sludge times +the
volume of sludge wasted (from the Daily
Data Sheet).

WSU = ESU + XSU

Indication of slﬁdge age or the "mean time
an average sludge cell is in residence in
the system.® '

MCRT = 13U
Xsu

Return sludge flow rate times the return
sludge concentration.

RSU = (RSF) (RSC)

Average length of time in hours a given
quantity of sludge remains in the aerator.

AV x 24 hr/d
TFBC - BCRF

Indication of the length of the time  in
hours the suspended growth sludge spends
in . the biocel | © and associated
appurtenances, equal to the hydraulic
detention +ime. '

SDT, =

SDTge =  LVEC

TFBC




Column

27

28

29

30

31

32

33

34

35

DT

CYCLES

DTy x
ATC

CSL

OFR

$5Cs
$SC3q

$5Cq0

Svi

PARAMETERS USED TO MONITOR
THE ABF TREATMENT PROCESS (continued)

Symbo! Meaning

Sludge Detention Time in
the Clarifiers ‘

Total Detention Tim;e

‘Sludge Cycles per Day

See meanings above '

Clarifier Solids Loading

Clarifier Overflow Rate

Settled Sludge Concentration
in 5 minutes ‘

Settled Sludge Concentration

in 30 minutes
1

Settled Sludge Concentration
in 60 minutes l

' Sludge Volume Indc»it

223

Explanation

Average length of time the sludge remains
in the clarifiers during each pass around

the system.
soTe = U
RSU

70T = SDTA + SDTBC + SDTC

Number of times the sludge cycles through
the entire system during the day.

24 br/d
T

indication of the treatment pressure in the
system.

CYCLES =

indicates the mass loading of solids on

the final clarifiers.

ATC (TFBC - BCRF)
CSA

¢St =

Indication of the hydraulic upflow rate in
the final clarifiers.

OFR = -OW

CSA

Average of values from the Daily Data
Sheet.

Average of values from the Daily Data
Sheet.

Average of values fr:orn +he Daily Data
Sheet.

1,000,000
(SSC3q) (MLSS/ATC)




PARAMETERS USED -TO MONITOR
THE ABF TREATMENT PROCESS (continued)

'

Column  Symbol Symbol Meaning ‘ Explanation }
37 RSP Return Studge Percentage Indication of return flow percentage that .
' is based on a solids balance. i ;
: RSP = ATC x 100 i
RSC - ATC ;
38 OUR Oxygen Uptake Rate | Average of values from -the Daily Data
1 Sheet. ‘
39 WASTE Waste Volume ! Average of values from +he Daily Data
Sheet,
40 RECIRC Recirculation Power ‘ Average of values from +he Daily Data
Sheet.
41 AERATION Aeration Blower Power Average of values from the Daily Data
Sheet.
42 WASTE Waste Power : Average of values from the Daily Data
Sheet. :
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Appendix L

Suspended Growth Major Unit Process Evaluation Worksheet

This worksheet is used to evaluate the capacity of existing major unit processes, i.e., aerator, secondary clarifier, and
sludge handling system. Key loading and procesé parameters are compared with standard values and point scores are
assigned. These points are subsequently compared with expected point scores for Type 1, Type 2, and Type 3 facilities
and a determination of the plant Type is made.

Instructions for Use: |

® Proceed through the steps contained in this Wbrksheet in order.

o Use actual values in lieu of calculations if such data are collected and available, e.g., waste sludge volume.
t

e When assigning points, interpolate and use the nearest whole number.

e Minimum and maximum point values are indicated—do not exceed the range illustrated.

Aeration Calculate Hydraulic Detention Time (HDT):
Basin !
HDT = Aeration Basin Volume
Average Daily Wastewater Flow

= — cuft) » (180) = hr
( E gpd)

H

Determine HDT Point Score:

)

HDT (hr)
3. ‘ 5 10 24
15 20
L ] “ | ] 1 l I TTm
[ T T T 1 ] I I T T T I T T r]
-6 ; 0 6 10
Points
, HDT Point Score = _— @

Calculate Organic l.oadibg:
BODs Loading

Organic Loading =
9 g Aeration Basin Volume
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L Ib7d) x (1,000)

Organic Loading
( cu ft)

Ib BODs/d/ 1,000 cu ft

Determine Organic Loading Point Score:

Organic Loading (lb BODs/d/ 1,000 cu ft)

80 i 50 25 15
I I ! | ! L
l i I I ! I I | i I ] ;l l T i 1 I
-6 0 6 10 ;
Points
Organic Loading Point Score = @

Calculate Oxygen Availability

If data are not available on oxygen transfer capacity, calculate it as Wire Horsepower (Appendix E)
times actual Oxygen Transfer Rate (Appendix F). :

(—  _hpyx(—_  Ib/hp-hr) x (24) = Ib/d

Oxygen Transfer Capacity

Oxygen Availability = anst
5

_ | Ib/d) _
( : lb7g) “——b O2/1b BOD:

Determine Oxygen Availability Point Score:

Oxygen Availability (Ib O2/1b BODs)

0.8 1.0 1.2 1.5 25
| 1 | 1 l 1 1 l NN EEEEN LJ
L L L L B T |
-10 -5 0 5 10
‘ Points .
Oxygen Availability Point Score = _____@

Add Scores 1, 2, and 3 to Obtain Subtotal for Aeration Basin:

Aeration Basin Subtotal = @
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i

Secondary Determine Clarifier Configuration Point Score:

Clarifier
Configuration ’ Points
Circular with “’donut’ ot interior launders 10
Circular with weirs on walls 7
Rectangular with 33% covered with launders ~5
Rectangular with 20% covered with launders -5
Rectangular with launder at or near end . -10
Clarifier Configuration Point Score = ____ @

Calculate Clarifier Surface Overflow Rate (SOR): -

SOR = _Clarifier Effluent Flow
Clarifier Surface Area

= t gpd) = gpd/sq ft
( j sq ft)

Determine SOR Point Score: ,

Surface Overflow Rate (gpd/sq ft)

1,200 1,000 . 800 650 500 300
L ] | 1 L ] L N |
l.' 7 171 IITJIIITIII T 1T 7T 1 I LR lv ] LI ]

-15 -10 | 0 5

Points

SOR Point Score = @

Determine Depth at Weirs Point Score:

| Depth at Weirs (ft)
10 12 15

~
0

Points

Depth at Weirs Point Score = _____ @
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Suspended Growth

Determine Return Activated Sludge (RAS) Removal Point Score:

RAS Removal Points

Circular, rapid withdrawal 10
Circular, scraper to hoper 8
Rectangular, co-current scraper 2
Rectangular, counter-current scraper 0]
No mechanical removal -5

RAS Removél Score = _____

Determine Typical RAS Rate from Following:

Process Type ; Return Activated Sludge Rate
‘ Minimum Maximum
" % of average daily wastewater flow

Conventional

(plug flow or complete mix) 1 25 75
Extended Aeration : )
(including oxidation ditches) 50 100,

Contact Stabilization 50 125

Minimum Typical RAS Rate = ____‘percent

Maximum Typical RAS Rate = .___.___percent

Calculate Recommended RAS Flow Range:

Min. Typical Typical RAS Rate X POTW Flow = Min. Recommended RAS Flow

( %) x ( i gpd) x (0.01) = gpd

Max. Typical Typical RAS Rate x POTW Flow = Min. Recommended RAS Flow

( %) x { gpd) x (0.01)=__.  gpd

Determine Actual RAS Flow Range:
Minimum Actual RAS Flow = _________gpd

Maximum Actual RAS Flow = ._____gpd
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0

Sludge Handling
- Capability

Determine RAS Control Point Score:

RAS Control Points
The actual RAS flow range is completely within the recommended

RAS flow range and the ¢apability to measure RAS flow exists 10
The actual RAS flow range is completely within the recommended

RAS flow range but the capability to measure RAS flow does not exist 7
50% of the recommended RAS flow range is covered by the actual

RAS flow range and the ¢gapability to measure RAS flow exists 5
50% of the recommended RAS flow range is covered by the actual

RAS flow range but the capability to measure RAS flow does not exist 0
The actual RAS flow range is completely outside the recommended

RAS flow range i -5

b

RAS Control Point Score

Add .'Scores 5,6,7.8, anfd 9 to Obtain Subtotal for Secondary Clarifier:

Secondary Clarifier Subtotal =

Determine Sludge Controllability Point Score:

Controllability Points

Automated sampling and volume control

Metered volume and hand sampling

Hand measured volume and hand sampling

Sampling or volume measurement by hand not practical

OoONWO

Sludge Controllability Point Score =

Calculate - BODs Mass Removed:

POTW w/Primary Clarification:
Prim. BODsin ~ Prim. BODsout = Prim. BODs Conc. Removed

( mg/l) - (. mg/l) = mg/l

Prim. BODsout ~ POTW Eff. BODs = Sec. BODs Conc. Removed

f

( mg/l) - (_° mg/l) = mg/|
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Suspended Growth

Prim. BODs Conc. Removed x POTW Flow = Prim. BODs Mass Removed

( mg/l) x ( gpd) x (8.34x 1078 = Ib/d

Sec. BODs Conc. Removed x POTW Flow = Sec. BODs Mass Removed

( mg/1) x ( gpd) x (8.34x 107%) = Ib/d

POTW w/o Primary Clarification:

BODsin -~ POTW Eff. BODs = Total BODs Conc. Removed

{ mg/1) - ( mg/l) = mg/|
Total BODs Conc. Removed x POTW Flow = Total BODs Mass Removed

( mg/1) x ( 3 gpd) x (8.34x 107 = Ib/d

Determine Typical Unit Sludge Production from Following:

Ib TSS (sludge)/Ib

Process Type BODs Removed
Primary Clarification 1.7
Activated Sludge w/Primary Clarification 0.7
Activated Sludge w/o Primary Clarification
Conventional® 0.85
Extended Aeration® ‘ 0.65
Contact Stabilization : 1.0

®includes tapered aeration, step feed, plug flow, and complete mix with wastewaterdetention times

<10 hours.
®Includes oxidation ditch.

If plant records include actual sludge production data, the actual unit sludge production value
should be compared to the typical value. If a discrepancy of more than 15 percent exists between
the two values, further evaluation is needed. If not, use the actual unit sludge production value.

Calculate Expected Sludge Mass:

POTW w/Primary Clarification:

Unit Sludge Prod. x Prim. BODs Mass Removed = Prim Sludge Mass

( Ib/ib) x ( Ib/d) = Ib/d

L 230



Unit Sludge Prod. x Sec. BODs Mass Removed = Sec. Sludge Mass

Ib/d

(_ __1b/Ib) x (; Ib/d)

:Total Sludge Mass Ib/d

POTW w/o Primary Clarification:

Unit Sludge Mass x Total BODs Mass Removed = Total ‘Sludge Mass

{ Ib/Ib) x {’ Ib/d) = b/d

Determine Sludge Concentration from Following:
"

Sludge Type 1 Waste Concentration
mg/|
Primary é ' : 50,000
Activated ' ‘
Return Sludge/Conventional 6,000
Return Sludge/Extended Aeration 7,600
Return SIudge/Contac;( Stabilization 8,000
Return Sludge/small plant with low SOR*® 10,000
Separate waste hopper in secondary clarifier 12,000

®Returns can often be shut off for short periods to thicken waste sludge in clarifiers with surface
overflow rates less than 500 gpd/sq ft.

i
f

Calculate Expected Sludge Volume:

POTW w/Primary Clarification:

i

Sludge Volume = Pr.im.fSIudge Mass
Prim. Sludge Conc.
o Ib/d) x (120,000)= ______gpd
( ; 50,000 mg/1) '
_ Sec. éludge Mass
Volume = -
Sludge Volume = === Sludge Conc.
L Ib/d) x (120,000) = gpd
{ ; mg/1)

Total Sludge Volume=_____ gpd
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POTWw/o Primary Cla rificatioﬁ:

Total Sludge Mass
Total Sludge Conc.

Total Sludge Volume =

'

mg/1)

Calculate Capacity of Sludge Handling Unit Processes:

1. Establish capacity of each existing sludge handling process (treatment and disposal). The

i
Ib/d) x (120,000) = —____gpd l
most common unit processes for which this calculation will have to be performed are:

® Aerobic digestion ? ‘ : .
Anaerobic digestion P

Gravity thickening :

Mechanical dewatering : ]

DPrying beds !

Liquid haul f

For example, the capacity of a gravity thickener is the maximum sludge loading itcan handle:

Total Sludge Mass
Thickener Surface Area

Thickener Loading =

= | b/d) . bsd/sqit

(. sq ft)

2. Determine percentage of the expected sludge production that each process can handle.

Typical Process Loading
Actual Process Loading

Process Capacity =

!

Assume the sludge being thickened by the gravity thickener above is mixed primary and
activated. From Table 3-9, 10 Ib/d/sq ft is considered typical loading for the thickener. Its
capacity would therefore be calculated as:

( 10 Ib/d/sq ft)
Ib/d/sq ft)

x (100)= _—_____ percent

-
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List Each Process and Its Associated Sludge Handling Capacity and Ildentify the Lowest
Percentage Capacity: ‘

Process ; Percentage

Lowest Capacity = ____ percent
Determine Sludge Handlfng Capacity Point Score:

‘ % of Calculated Long-Term Average Sludge Production
50 75 - 100 125 150

I [ ] | I
[ ! [+ 1 l |

-10 o 15 20 25
| Points '
Sludge Handling Capacity Point Score = @

Add Scores 11 and 12 to Obtain Subtotal for Sludge Handling Capability:

Sludge Handling Capability Subtotal = @
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Compare Subtotals and Total Score with Follo wing io Determine Whether POTW is Type 1,
Type 2, or Type 3: . :

Points Required

Score Type 1 - Type 2 Type 3
Aeration Basin N (-} 13-30 ‘ 0-12 <0
Secondary Clarifier —__ (10) 25-55 0-24 <0
Sludge Handling Capability - . (13) 10-30 0- 9 T <0
Total - 60-115 20-59 <20
Type

Aeration Basin

Secondary Clarifier

Sludge Handling Capability :

Total

Select the Worst Case: POTWisType__
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Appendix M
Trickling Filter Major Unit Process Evaluation Worksheet

This worksheet is used to evaluate the capacity'gf existing major unit processes, i.e., aerator, secondary clarifier, and
sludge handling system. Key loading and process parameters are compared with standard values and point scores are
assigned. These points are subsequently compared with expected point scores for Type 1, Type 2, and Type 3 facilities
and a determination of the plant Type is made.

Instructions for Use:

& Proceed through the steps contained in this wérksheet in order.

e Use actual values in lieu of calculations if such data are collected and available, e.g., waste sludge volume.
o When assigning points, interpolate and use thé nearest whole number.

e Minimum and maximum point values are indicated—do not exceed the range illustrated.

'

“‘Aerator’’ Calculate Equivalent Filter Media Volume:

Equivalent Filter _ Actual Filter Media Specific Surface Area x Actual Media Volume

Media Volume Rock Filter Media Specific Surface Area
= | | sq' ft/cu ft) _
T . 43 sq ft/cu ft) X(——— cuft)= ______cuft

Calculate Organic Loading:

Primary Effluent BODs
Equivalent Filter Media Volume

Organic Loading =

C Ib/d)
« cu ft)

x (1,000)

— IbBODs/d/1,000 cu ft

Determine Organic Loadl:“ng Point Score:
. Organic Loading (Ib BODs/d/ 1,000 cu ft)
70 50 30 20 10
l l I I l L l Pl irll J
l I T 1 ¥ I ! | 1 I Illlllllllllllll I 1R I I

=20 -10 (6] 15 20
Freezing Temperatures

[ T T 1 I Il,lillllllllllfll[flllI[llll:

-10 -5 10 20
Covered Filter/ Nonfreezing Temperatures
Points
Organic Loading Point Score = ________ @
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Secondary
Clarifier

Trickling Filter

Calculate Recirculation Ratio:

Return Flow
Average Daily Wastewater Flow

Recirculation Ratio

_ pd) _ 1
( gpd) ———
Determine Recirculation Ratio Point Score:
Recirculation
None 1:1 2:1
L | l | I
0 2 3
Points
Recirculation Ratio Point Score = ___________ @
Determine Anaerobic Side Streams Point Score:
Anaerobic Side Streams* Points
Not returned ahead of trickling filter 0
Returned to the wastewater stream ahead
of the trickling filter -10

*Supernatant from anaerobic digesters or filtrate/concentrate from the dewatering
processes following anaerobic digesters.

i
| Anaerobic Side Streams Point Score = @

Add Scores 1, 2, and 3 to Obtain Subtotal for “"Aerator’’:

“’Aerator’’ Subtotal = @
Determine .Clarifier Configuration Point Score:
Configuration ' Points
Circular with ““donut” or interior launders 10
Circular with weirs on walls 7
Rectangular with 33% covered with launders 0
Rectangular with 20% covered with launders -5
Rectangular with launder at or near end -10
Clarifier Configuration Point Score =—____ ()
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Calculate Clarifier Surfz;ce Overflow Rate (SOR):

SOR = Clarifier Effluent Flow
Clarifier SurfaceiArea

_ | . gpd)
( : sq ft)

gpd/sq ft

Determine SOR Point Score:

Surface Overflow Rate (gpd/sq ft)
1,200 1,000 800 650 500 300
L 1 | l A l | |
l r T 11 llll‘lllTTI[ LR l | L l LR l
-15 -10 . (0] 5 10 15
‘Points

SOR Point Score = —@
Determine Depth at Weirs Point Score:
Depth at Weirs (ft)
7 10 12
L , . I ! |
I 1 | l I I
(0] ‘ 3 5
Points
Depth at Weirs Score = - @

Add Scores 5, 6, and 7 to Obtain Subtotal for Secondary Clarifier:

Secondary Clarifier Subtotal =
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Sludge Handling Determine Sludge Controllability Point Score:

Capability
Controllability Points
Automated sampling and volume control 5
Metered volume and hand sampling 3
Hand measured volume and hand sampling 2
Sampling or volume measurement by hand not practical 0
Sludge Controllability Point Score = _________ @

Calculate BODs Mass Removed:

Prim. BODsin — Prim. BODsout = Prim. BODs Conc. Removed

(____ mg/l)- (_____;__mqa = mg/I

Prim. BODsow: — POTW Eff. BODs = Sec. BODs Conc. Removed

( mg/l) - {( . mg/l} = mg/|

Prim. BODs Conc. Removed x POTW Flow = Prim. BODs Mass Removed

( mg/I) x ( : gpd) x (8.34x107°) = Ib/d

Sec. BODs Conc. Removed x POTW Flow = Sec. BODs Mass Removed

( mg/1) x ( gpd) x (8.34x 1079 = __lbsd

Determine Typical Unit Sludge Production from Following:

Ib TSS (sludge)/Ib

Process Type : BODs Removed
Primary Clarification ‘ 1.7
Trickling Filter ‘ 1.0

If plant records include actual sludge production data, the actual unit sludge production value
should be compared to the typical value: If a discrepancy of more than 15 percent exists between
the two values, further evaluation is needed. If not, use the actual unit sludge production value.
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Calculate Expected Sludge Mass:

Unit Sludge Prod. x Prim.f BODs Mass Removed = Prim Sludge Mass

(___ 1b/lb) x ( Ib/d) = Ib/d

Unit Sludge Prod. x Sec. BODS Mass Removed = Sec. Sludge Mass

( Ib/lb} x ( Ib/d) = Ib/d
Total Sludge Mass = Ib/d
Calculate Expected Sludge Volume:
Method 1 - .
_ Prim. Sludge Mass
Sludge Volume = g5 - Sludge Conc.
- Ib/d
= : 50,000 mg/I; x (120,000} = ——gpd
_ Sec. Sludge Mass '
Sludge Volume = -~ Sludge Conc.
L
i Ib/d
= t 730,000 mg/li x (120,000) = gpd
Total Sludge Volume = gpd
Method 2 ‘
_ Total Sludge Mass
Tofal Sludge Volume = Total Sludge Conc.
= Ib/d) , (120,0000= —_ gpd

(: ‘45,000 mg/1)
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Trickling Filter

Calculate Capacity of Sludge Handling Unit Processes:

1. Establish capacity of each existing sludge handling process (treatment and disposal). The
most common unit processes for which this calculation will have to be performed are:

® Aerobic digestion

e Anaerobic digestion

e® Gravity thickening

o Mechanical dewatering
e Drying beds

e Liquid haul

For example, the capacity of a gravity thickener is the maximum sludge loading it can handle:

Total Sludge Mass
Thickener Surface Area

Thickener Loading =

C lb/d) _
( 3 sq ft)

tb/d/sq ft

2. Determine percentage of the expected sludge production that each process can handle.

Typical Process Loading
Actual Process Loading

Process Capacity =

Assume the sludge being thickened by the gravity thickener above is trickling filter. From
Table 3-9, 8 Ib/d/sq ft is considered typical loading for the thickener. Its capacity would
therefore be calculated as:

( 8 Ib/d/sq ft)
( 1b/d/sq ft)

x (100) = ________ percent

List Each Process and Its Associated Sludge Handling Capacity and Identify the: Lowest
Percentage Capacity: !

Process : Percentage

i
Lowest Capacity = ______ percent
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Determine Sludge Han;dling Capacity Point Score:

1

% of Cajlculated Long-Term Average Sludge Production
50 .75 . 100 125

L 1 I ]
] o |

-10 5 15 20

Points

: Sludge Handling Capacity Point Score = ___

Add Scores 9 and 10 to Obtain Subtotal for Sludge Handling Capability:

Siudge Handling Capability Subtotal = (11)

Compare Subtotals and Total Score with Following to Determine Whether POTW s Type 1.
Type 2, or Type 3:

Points Required

Score Type 1 Type 2 Type 3
“Aerator” j - 4 17-23 0-11 <0 ]
Secondary Clarifier -  (8) 17-30 0-16 <0
Sludge Handling Capability - an 10-30 0- 9 <0
Total f - 45-83 15-44 <15
‘ Type

“Aerator’’

Secondary Clarifier

Sludge Handling Capability

Total

Select the Worst Case: POTWisType____

i
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Appendix N
RBC Major Unit Evaluation Worksheet

This worksheet is used to evaluate the capacity of existing major unit processes, i.e., aerator, secondary clarifier, and
sludge handling system. Key loading and process parameters are compared with standard values and point scores are
assigned. These points are subsequently compared with expected point scores for Type 1, Type 2, and Type 3 facilities
and a determination of the plant Type is made.

Instructions for Use:

e Proceed through the steps contained in this workshéet in order.

e Use actual values in lieu of calculations if such data are collected and available, e.g., waéte sludge volume.
® When assigning points, interpolate and use the nearest whole number.

e Minimum and maximum point values'are indicated—do not exceed the range illustrated.

‘Aerator’’ Calculate First-Stage Loading:

First-Stage Soluble BODs Loading
First-Stage Media Surface Area

Organic Loading =

or

(0.5) x (First-Stage BODs Loading)
First-Stage Media Surface Area

Organic Loading

_ ( Ib/d) x (1,000) = Ib SBOD/d/1,000 sq ft

( sq ft)

Determine First-Stage Loading Point Score:

First-Stage Loading (Ib SBOD/d/ 1,000 sq ft)
6.0 4.0 2.5

Points

First-Stage Loading Point Score =_______ @
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Caléulate System Load}'ng:

Total Soluble BOD;s Loading
Total Media Surface Area

Organic Loading

or

(0.5) x (Total BODs Loading)
First-Stage Media Surface Area

1}

Organic Loading

_{ tbzd) (1,000) = Ib SBOD/d/ 1,000 sq ft

( = sq ft)

i

Determine System Loading Paint Score:

System Loading (Ilb SBOD/d/ 1,000 sq ft)

1.5 1.0 0.6
[ | I ! 1 l | | | l
I | I | ! | l T I Pt L | I
-6 0 10
Points
System Loading Point Score = @

Determine Number of Stages Point Score:

No. Stages
2 3 4
1 | 1 ]
I | | |
4 7 10
Points
f , Number of Stages Point Score = @
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Determine Anaerobic Side Streams Point Score:

Anaerobic Side Streams* . ’ Points
Not returned ahead of RBC ) 0
Returned to the wastewater stream ahead of the RBC -10

*Supernatant from anaerobic digesters orfiltrate/concentrate from the dewatering
processes following anaerobic digesters.

Anaerobic Side Streams Point Score

r
S

Add Scores 1, 2, 3, and 4 to Obtain Subtotal for ““Aerator’’:

|
|
®

’Aerator’’ Subtotal =

Secondary Determine Clarifier Configuration Pgint Score:
Clarifier
Configuration Points
Circular with “donut” or interior.launders 10
Circular with weirs on walls 7
Rectangular with 33% covered with launders 0
Rectangular with 20% covered with launders ,-b
Rectangular with launder at or near end -10
Clarifier Configuration Point Score = ________ @

Calculate Clarifier Surface Overflow Rate (SOR):

SOR = Clarifier Effluent Flow :
* Clarifier Surface Area -

=

(

%
d
i

gpd/sq ft

o
a
z

Determine SOR Point Score:

Surface Overflow Rate (gpd/sq ft)

1,200 1,000 800 650 500 300
L | . l . I . |
[T T lTnnrnlll rTr 1T ™1

-15 -10 0 5 10 15

Points

SOR PointScore = —___(7)
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Determine Depth at Weirs Point Score:

Depth at Weirs (ft)

7 o 10 12

l 1 R - 1 l | J

[ T : | [ i

(0] 3 5
Points

®

Depth at Weirs Score

Add Scores 5, 6, and 7 to Obtain Subtotal for Secondary Clarifier:

Secondary Clarifier Subtotal

©

Sludge Handling Determine Sludge Controllability Point Score:
Capability ;
Controllability j Points
Automated sampling and volume control 5
Metered volume and han'dl sampling 3
Hand measured volume and hand sampling 2
Sampling or volume measurement by hand not practical 0
Sludge Controllability Point Score =

Calculate BODs Mass Rer:fnaved:

¢

Prim. BODsgin — Prim. BODspu = Prim. BODs Conc. Removed

( mg/1) —:f( ‘ mg/l)=__ mg/i

Prim. BODsout — POTW Eff. BODs= Sec. BODs Conc. Removed

( mg/1) —i{ | ma/l) = mg/1
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Prim. BODs Conc. Removed x POTW Flow = Prim. BODs Mass Removed

{ mg/l) x (. gpd) x (8.34x 107 = Ib/d

Sec. BODs Conc. Removed x POTW Flow = Sec. BODs Mass Removed

( mg/1) x { | _gpd) x (8.34x107°) = Ib/d

Determine Typical Unit Sludge Production from Following:

Ib TSS (sludge)/Ib

Process Type BODs Removed
Primary Clarification 1.7
Trickling Filter - 1.0

If plant records include actual sludge production data, the actual unit sludge production value
should be compared to the typical value. If a discrepancy of more than 15 percent exists between
the two values, further evaluation is needed. If not, use the actual unit sludge production value.

Calculate Expected Sludge Mass:
Unit Sludge Prod. x Prim. BODs Mass Removed = Prim Sludge Mass

( Ib/Ib) x ( : Ib/d) = Ib/d

Unit Sludge Prod. x Sec. BODs Mass Removed = Sec. Siudge Mass

( Ib/Ib) x {( lb/d) = Ib/d
Total Sludge Mass = lb/d
Calculate Expected Sludge Volume:
Method 1
_ Prim. Sludge Mass
Sludge Volume = 57 Sludge Conc.
=L Ib/d) \ (120,000)= _______gpd

( 50,000 | mg/1)
t
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Sec. Sludge Mass
Sec. Sludge Conc.

Sludge Volume =

_{ ‘ Ib/d)

= 30000  mg/) X (120:000) = opd
| Total Sludge Volume = _ _gpd
Method 2 7
_ Total Sludge Mass -
Total Sludge Volume = TetaT Sudge Conc
s Ib/d)  (120,000) = ______gpd

(7 45,000  mg/l)

Calculate Capacity of Slzudge Handling Unit Processes:

1. Establish capacity of each existing sludge handling process (treatment and disposal). The
" most common unit processes for which this calculation will have to be performed are:

Aerobic digestion
Anaerobic digestion
Gravity thickening|
Mechanical dewatering
Drying beds ‘
Liquid haul

For example, the capacity of a gravity thickener is the maximum sludge loading itcan handie:

. .+ Total Sludge Mass
Thickener Loading = "Thickener Surface Area

A Ib/d) _
A sq ft)

Ib/d/sq ft

2. Determine percentage of the expected sludge production that each process can handle.

N fypical Process Loading
Process Capacity Actual Process Loading

Assume the sludge béing thickened by the gravity thickener above is mixed primary and RBC.
From Table 3-9, 15 Ib/d/sq ft is considered typical loading for the thickener. Its capacity
would therefore be calculated as: '

¥ 15 Ib/d/sq ft)
{ 1b/d/sq ft)

x (100) = . percent
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List Each Process and Its Associated Sludge Handling Capacity and Identify the Lowest
Percentage Capacity: :

Process ‘ Percentage

Lowest Capacity = ________ percent

Determine Sludge Handling Capacity Pbint Score:

— % of Calculated Long-Term Average Sludge Production
50 75, 100 ' 125

| | | |
l ] | ] I [ ]

-10 5 15 20

Points

Sludge Handling Capacity Point Score = ______ @

Add Scores 10 and 11 to Obtain Subtotal for Sludge Handling Capability:

Sludge Handling Capability Subtotal = ___
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Compare Subtotals and Total Score with Following to Determine Whether ROTWis Type 1,

Type 2, or Type 3:

Points Required -

Score Type 1 Type 2 vape 3
“Aerator” (5)  14-30 013 <0
Secondary Clarifier (9) 17-30 o 0'-1‘6 - <0 . '
Sludge Handling Capability (12) 10-30 0-9 <0
Total 48-90 15-47 . <15 |
Type
“Aerator”’ ‘
i
Secondary Clarifier !
Sludge Handling Capability
Total
Select the Worst Case: PCTW is Type
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Appendix O
ABF Major Unit Evaluation Worksheet

This worksheet is used to evaluate the capacity of existing major unit processes, i.e., aerator, secondary clarifier, and
sfudge handling system. Key loading and process parameters are compared with standard values and point scores are
assigned. These points are subsequently compared with expected point scores for Type 1, Type 2, and Type 3 facilities
and a determination of the plant Type is made.

Instructions for Use:

® Proceed through the steps contained in this worksheet in order.

e Use actual values in lieu of calculations if such data ‘are collected and available, e.g., waste sludge volume.
e When assigning points, interpolate and use the nearest whole number.

® Minimum and maximum point values are indicated—do not exceed the range illustrated.

‘’Aerator’’ Calculate Biocell Organic Loading:

BODs Loading
Biocell Media Volume

Organic Loading =

= : ":Z/ f‘:; x (1,000)

Ib BODs/d/1,000 cu ft

Determine Biocell Organic Loading Point Score:

Organic Loading (Ib BODs/d/1,000 cu ft)

300 250 200 175 1560 100
l | I | I L1 1 1 I | ] ] ! 1 I | O | I
L B T LA LA AL N B B
-10 -5 0 5 10 15
Points
Organic Loading Point Score = _____ @
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Calculate Aeration Basin Detention Time:

Aeration Basin _ Aeration Basin Volume
Detention Time Average Daily Wastewater Flow

Determine Aeration Basin Detention Point Score:

Aeration Basin Detention Time (hr)

0.5 075 1 2 3 4
I | | I L | I | | | [ | J
FTTIIIIIIII l:l ll[llllll[ | ] I‘IIII]
—10 0 ‘ 5 12 15 20
Points
;
Aeratioh Basin Detention PointScore = . @

Calculate Oxygen Availability:

If data are not available 0|f1 oxygen transfer capacity, calculate it as Wire Horsepower (Appendix E)
times actual Oxygen Transfer Rate (Appendix F).

( hp) x (. Ib/hp-hr) x (24) = _______Ib/d

Oxygen Transfer Capacity
Biocell BODs Loading

Oxygen Availability

t

_{: Ib/d} _
=0 ‘ b/d) Ib O2/1b BODs
Determine Oxygen Aval;'lability Point Score:
" Oxygen Avaitability (Ib O2/Ib BODs)
0.3 0.4 0.5 0.75 1.0
| l ‘ l | S I |
Ilnlnllnnnl'; I T I T T T l I I l
-15 0. 3 7 10
: Points
! Oxygen Availability Point Score = ______ @
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Secondary
Clarifier

ABF

Calculate Recirculation Ratio:

Return Flow
Average Daily Wastewater Flow

Recirculation Ratio

gpd) _

gpd)

Determine Recirculation Ratio Point Score:

Recirculation
None 0.5:1

L 1 | L

Points

Recirculation Ratio Point Score

Add Scores 1, 2, 3, and 4 to Obtain Subtotal for “‘Aerator””:

G =

‘*Aerator’’ Subtotal

Determine Clarifier Configuration Point Score:

Configuration Points
Circular with ““donut” or interior launders ' 10
Circular with weirs on walls 7
Rectangular with 33% covered with launders 0
Rectangular with 20% covered with launders -5
Rectangular with launder at or near end -10
Clarifier Configuration Point Score = @

Calculate Clarifier Surface Oi/erflow Rate (SOR):

Clarifier Effluent Flow

SOR = Clarifier Surface Area’
l d
= g ES&E%?; = gpd/sd
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Determine SOR Point _S:core:

Surface Overflow Rate (gpd/sq ft)
1,200 1,000 800 650 500 300
L 1 l | l 1 l 1 l 1 l
[ T T T 1 TIIIIITTII' T T T 1 ] I.l T T I T 1 1 r‘]
-15 -10 : 0 ) 10 15
: Points

SOR PointScore = (7)

Determine Depth at Weijrs Point Score:

Depth at Weirs (ft)

7 ; 10 12

L, 1 1 l , 1 l

| T o I T I

0 , 3 5
Points ‘

Depth at Weirs Score =

Calculafe Recommendeﬂ RAS Flow Range:
Min. Typical Typical RASAJRate x POTW Flow = Min. Recommended RAS Flow

{ 25 %) x ( f gpd) x (0.01) = gpd

Max. Typical Typical RAS Rate x POTW Flow = Min. Recommended RAS Flow

( 75 %) x { i gpd) x (0.01)= _______gpd
Determine Actual RAS Flow Range:
Minimum Actual RASFlow = ________gpd

Maximum Actaal RAS Flow = _________gpd

1
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Determine RAS Control Point Score:

RAS Control Points
The actual RAS flow range is completely within the recommended

RAS flow range and the capability to measure RAS flow exists 10
The actual RAS flow range is completely within the recommended

RAS flow range but the capability to measure RAS flow does not exist 7
50% of the recommended RAS flow range is covered by the actual

RAS flow range and the capability to measure RAS flow exists : 5
50% of the recommended RAS flow range is covered by the actual

RAS flow range but the capability to measure RAS flow does not exist 0
The actual RAS flow range is completely outside the recommended

RAS flow range ‘ -8

‘RAS Control Point Score = @

Add Scores 5, 6. 7. 8, and 9 to Obtain Subtotal for Secondary Clarifiar:

Secondary Clarifier Subtotal =

glud l:?ndlmg Determine Sludge Controllability Paint Score:

apabili
Controllability Points
Automated sampling and volume control 5
Metered volume and hand sampling 3
Hand measured volume and hand sampling 2
Sampling or volume measurement by hand not practical 0

Sludge Controllability Point Score = __.__ @

Calculate BODs Mass Removed:

Prim. BODsin — Prim. BODsout = Prim. BODs Conc. Removed

( mga/1) - ( _ mg/M = _mg/l

Prim. BODsou - POTW Eff. BOQs = Sec. BODs Conc. Removed

( mg/l) - ¢ ‘ mg/l)= _______mg/}
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Prim. BODs Conc. Removed x POTW Flow = Prim. BODs Mass Removed

{ mg/1) x { : gpd) x (8.34x10%=____ Ib/d

Sec. BODs Conc. Removed x POTW Flow = Sec. BODs Mass Re'moved

{ mg/l) x { " gpd) x (8.34x10% = _____ Ib/d

Determine Typical Unit Sludge Production from Following:

Ib TSS (sludge)/Ib

Process Type BODs Removed
Primary Clarification 1.7
Trickling Filter : 1.0

If plant records include aétual sludge production data, the actual unit sludge production value
should be compared to the typical value. If a discrepancy of more than 15 percent exists between
the two values, further evaluation is needed. If not, use the actual unit sludge production value.

Calculate Expected Sludge Mass:
Unit Sludge Prod. x Prim.f BODs Mass Removed = Prim Sludge Mass

{ Ib/Ib) x { Ib/dy=__ lb/d

J

Unit Siudge Prod. x Sec. BODs Mass Removed = Sec. Sludge Mass

( Ib/Ib) x(_ Ib/d) = Ib/d
Total Sludge Mass = Ib/d

Calculate Expected Sludye Volume:
Method 1 |

_ Prim, Sludge Mass
SludgeVolume = g Sludge Conc.

\ Ib/d ‘
= : 50,000 mg/I; x (120,000) = ————gpd
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Sec. Sludge Mass
Sec. Sludge Conc.

Sludge Volume =

= Ib/d) _
'( 12,000 /1) X (120,000) = gpd
Total Sludge Volume = gpd
Method 2
_ Total Slddge Mass
Total Sludge Volume = - 'Sludge Conc.
. - Ib/d) \ 120.000) = —____gpd

( 35,000 mg/1)

Calculate Capacity of Sludge Handling Unit Processes:

1. Establish capacity of each existing sludge handling process (treatment and disposal). The
most common unit processes for which this calculation will have to be performed are:

e Aerobic digestion

e Anaerobic digestion

e Gravity thickening

® Mechanical dewatering
o Drying beds

e Liquid haul

For example, the capacity of a gravity thickener is the maximum slddge loading itcan handle: -

) Totél Sludge Mass
Thickener Surface Area

Thickener Loading =

_ Ib/d) _

( sq ft)

ib/d/sq ft

2. Determine percentage of the expected sludge production that each process can handle.

Typical Process Loading
Actual Process Loading

Process Capacity =

Assume the sludge being thickened by the gravity thickener above is ABF. From Table 3-9, 4
Ib/d/sq ft is considered typical loading for the thickener. Its capacity would therefore be
calculated as:

( 4 Ib/d/sq ft)

( Ib/d/sq ft) X (100) = —percent
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List Each Process and I:'ts Associated Sludge Handling Capacity and Identify the Lowest
Percentage Capacity:

i
Process ' Percentage

Lowest Capacity = _________ percent

Determine Sludge Handling Capacity Point Score:
% of Calgulated Long-Term Average Sludge Production

50 ' 75 100 125
- ] J

I |
T ' | |

-10 : 5 15 20

Points

Siudge Handling Capacity Point Score = @

Add Scores 11 and 12 tb Obtain Subtotal for Sludge Handling Capability:

Sludge Handling Capability Subtotal = @
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Compare Subtotals and Total Score with Following to Determine Whether POTW is Type 1,
Type 2, or Type 3:

Points Required

Score Type 1 Type 2 Type 3
“‘Aerator’’ __  (B) 15-48 0-14 <0
Secondary Clarifier _— (10) 20-65 0-19 <O
Sludge Handling Capability = —_—_ (13) 10-30 0-9 <0
Total o 50-133 15-49 <15
Type

“Aerator”’

Secondary Clarifier

Studge Handling Capability

Total

Select the Worst Case: POTW is Type—
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