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FOREWORD

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

require a concentrated and integrated attack on the program.

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

user community.

In this report documentation from comprehensive biological treatment plant
evaluations establishes cause and effect relationships for poor plant perform-—
ance and the top ten factors causing poor performance are identified. A proce-
dure, called a Composite Correction Program, was developed and implemented to
improve plant performance. Unlike existing programs, the CCP approach
identifies all factors limiting plant performance at individual facilities and
solutions to all the problems are implemented. Results show that many plants
formerly not in compliance are performing to meet their design standards and

permit requirements without the need for major construction.

Francis T. Mayo, Director
Municipal Environmental Research

Laboratory
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EXECUTIVE SUMMARY

A significant number of wastewater treatment plants constructed with
federal monies have not met design or NPDES permit standards. The emphasis
of this research study was to identify, quantify and rank the causes of this
poor performance. Research objectives were accomplished by conducting compre-
hensive evaluations at selected wastewater treatment facilities. Selected
facilities were initially screened by regional EPA and state pollution control
agency personnel. Research team members further screened facilities during
half-day sité visits. Many of the plants chosen for evaluation were operable

facilities which were often violating permit standards.

Comprehensive evaluations were conducted at thirty wastewater treatment
facilities in seven western states. The in-plant research evaluation typi-
cally lasted one week. Sanitary engineers with strong operational backgrounds
collected the research information. To obtain accurate and complete informa-
tion, technical assistance in plant operation was provided to develop a coopera-
tive atmosphere that allowed for a meaningful exchange of information between

plant personnel and research team members.

Factors limiting plant performance were evaluated in four major areas:
operation, design, maintenance and administration. Operations factors were
evaluated by observing and discussing current process control procedures and
by conducting additional testing to determine process conditions that existed
during the comprehensive evaluations. Design factors were evaluated by re-
lating conventional design parameters to existing loading conditions and by
attempting various process adjustments which allowed theoretical design capa-
bilities to be evaluated relative to actual operating abilities. Maintenance
scheduling and recording documents, emergency procedures and the condition of

the plant grounds, buildings and equipment were assessed to determine if
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maintenance related factors were affecting plant performance. Administration
factors were evaluated at the plant site and by interviewing officials other
than in-plant personnel, so that plant operators' opinions did not dominate

the research team's assessment of administrative problems.

For each comprehensive evaluation severity factors potentially limiting
plant performance were quantified in a weighing table which was developed for
use in this research project. Results were combined to form an overall rank-
ing of factors. Also, the leading cause of poor performance at each facility
was documented. The highest ranking factor contributing to poor plant perform-

ance was improper operator application of concepts and testing to process con-

trol. The second highest ranking factor was inadequate sewage treatment

understanding. - These two factors were differentiated in meaning in that sewage

treatment understanding was rated when operators had a general lack of know-
ledge concerning sewage treatment. The operator application of conéepts fac-
tor was rated when operators had a general knowledge about sewage treatment,
but were not correctly applying appropriate principles to process control.
The implications of these findings are far reaching in that to improve sewage
treatment understanding additional training is necessary. However, trained
operators were not usually able to apply basic sewage treatment concepts to
their individual situations. To overcome this deficiency, dramatic changes

are necessary in the approach to operator training.

Because of the high rénking of performance limiting factors related to
the plant operator, a special study was completed to evaluate operator capa-
bilities. A major finding was that in nearly all facilities surveyed ex-
isting personnel had adequate aptitude to be taught how to achieve better
plant performance. It was also determined that staff salaries and available
staff size did not significantly correlate with good or poor plant perform-
ance for the facilities evaluated. It was concluded that the potential capa-
bilities of present plant personnel are an untapped resource for achieving im-
proved plant performance, but existing efforts to develop this resource are

not sufficient.



The potential for developing the presently undeveloped capabilities of
existing operators was complicated in light of the third highest ranking per-

formance limiting factor, improper technical guidance. Improper technical

guidance was documented from authoritative sources including design engineers,
state and federal regulatory personnel, operator training program staff, other
plant operators and equipment suppliers. These findings indicate that ex-
ternal sources have dramatically affected the capability of existing opera-
tions personnel to first attain adequate sewage treatment understanding, and
secondly to apply this understanding to process control. It was concluded
that the source of the first two high ranking factors which are plant operator
oriented was not necessarily with the operators themselves, but with the

technical guidance sources that provided training and assistance functions.

The conclusion that the source of most of the present performance problem
is not the plant operations staff was further supported by the fact that the
fifth through the tenth highest ranking factors limiting plant performance are
process design oriented. These factors in order of severity are: sludge

wasting capability, process flexibility, process controllability, secondary

clarifier, sludge treatment and aerator capability. The inability of persons
involved with plant design to apply the technology necessary to develop ade-
quate treatment facilities, coupled with the improper technical guidance from
these sources, indicated that a problem exists in an area that has typically
been assumed to be sound. The capabilities of the authoritative sources that

influence facility design and operation must be improved.

Some of the factors identified as limiting plant performance are ad-
dressed by on-going programs. These programs were not evaluated per se, but
selected programs were discussed with respect to observations noted during
the research project. Programs developed to address administrative factors
include the NPDES permit and associated permit enforcement programs, which
poteﬁtially influence plant performance by motivating administrative person-
nel. Efforts to achieve permit compliance often led to a major facility up-
grade, and in several facilities poor effluent quality continued even after
the upgrade was completed. The original factors limiting performance were not

addressed, and at some plants a major facility modification was not warranted.
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A more thorough investigation into the existing facilities' capabilities
through improved O & M was warranted. To this end, permit enforcement pro-
grams should encourage optimization of existing plant capability before a

major modification is initiated.

Some of the current programs developed to address design factors include
the construction grant, technology transfer, federal and state design criteria
and value engineering programs. The federally funded construction grant pro-~
gram encouraged a number of engineers and equipment suppliers to eﬁfer the
wastewater treatment plant field. Federal and state design criteria and tech-
nology transfer programs provided these persons with basic information to de-
sign facilities. However, many designs were completed and equipment developed
using the basic information available, but without a thordﬁgh understanding of
wastewater treatment process operation and interrelationships. The result was
a large number of marginally designed facilities and equipment and associated
poor performance. Design criteria and technology transfer programs should not
be solely blamed for these inadequacies because they were not intended to pro-
vide a total basis for well designed plants. The programs continue to be im-
portant, but should be re-evaluated and restructured to emphasize the identi-
fied high ranking factors which limit performance. The value engineering pro-
gram, because of its minimum cost approach, has the potential of disallowing
some plant features that can contribute to optimum performance. For example,
plant flexibility and plant controllability features, whose absence was noted
repeatedly, may be considered as non-essential and subsequently eliminated
from plant designs as cost saving measures. All value engineering analyses
should be conducted with appropriate appreciation for plant operation so that
design features that potentially aid in operations control are not excluded,

but are included if not present.

Programs developed to address operation and maintenance factors include
operator training, operation certification and plant start-up assistance. Op-
erator training and certification programs were observed to address the
second highest ranking performance limiting factor, sewage treatment under-
standing. However, many opefators with a good general sewage treatment under-

standing did not correctly apply even basic concepts of operation to process
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control at their individual wastewater treatment facilities. To significantly
improve plant process control and plant performance, operator skills must be
developed through technical guidance at individual facilities under the direc-
tion of qualified personnel. To this end the plant start-up assistance pro-
gram has much potential to improve plant operation, but because of the large
amount of improper technical guidance that was noted training of start-up as~
sistance personnel is warranted. The plant start-up assistance program pro-

vides a good opportunity for this self-education.

Optimum performance of a facility occurs when all factors limiting per-
formance are eliminated or substantially reduced. The interrelationship be-
tween the many performance limiting factors and the programs designed to ad-

dress these factors was described in a concept called a Unified Concept for

"Achieving Optimum Plant Performance. Two broad types of correction programs

were desCribed; Individual Correction Programs and Composite Correction Pro-

grams.

Individual Corrections Programs described a program that was implemented

to eliminate a specific factor or group of factors at all or at a large number

of facilities. Typically, Individual Correction Programs address only a por-

tion-of the many performance limiting factors that occur at an individual
facility., Most existing correction programs, like operator training, technol-
ogy, transfer and design criteria are Individual Correction Programs. These
programs should not be abandoned because of the magnitude of factors limiting
performance, but should be recognized as limited in their ability to achieve

optimum facility performance.

Composite Correction Program described a program that addresses all fac-

tors limiting performance at a given facility. During the research project a

Composite Correction Program was implemented at the Havre, Montana Wastewater
Treatment Facility. A dramatic improvement in effluent quality resulted, and
permit requirements that were previously violated were subsequently met. A
long period of time (12 months) was required to optimize system performance
and to.transfer the capability to maintain optimum performance to the Havre

plant superintendent. It was concluded that effective recommendations to
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optimize biological system performance in most cases should not be made when
the involvement in plant operation is over a short period of time like an
hour, a day., a week or maybe even a month. Several months are required to
properly evaluate biological system response and achieve optimum performance.
This time delay for effective recommendations was considered a major reason
for the prevalence of improper technical guidance, because authoritative
sources are not usually in a position to be held accountable for their opera-

tions recommendations.

The Havre plant superintendent was trained and certified, and was consid-
ered to be an above-average operator. However, proper concepts of sewage treat-
ment were not being applied to his facility's process control. The time in-
volved and the approach used to develop his skills illustrated the need for
drastically altering present operator training procedures. An operator's
skills to correctly apply concepts of sewage treatment to process control
should be developed through technical guidance at his individual facility under

the direction of qualified personnel.

If a Composite Correction Program were completed at all thirty facilities

evaluated, the estimated BOD. and TSS reduction was 1350 kg/day (3000 lb/day).

5
which represents a 65 percent improvement in the present discharge. Without a
major facility upgrade an additional sixteen facilities would meet federally
defined minimum secondary treatment standards now frequently violated. How-
ever, limitations to implementation of the Composite Correction Program ap-
proach to improving facility performance exist. There is a lack of qualified
personnel to implement programs on a broad scale. Also, present incentives

are not satisfactory to encourage the program's widespread implementation. To
implement Composite Correction Programs, specialized training approaches to
attain qualified personnel should be developed. Training must include in-plant
operations experience at various wastewater treatment facilities over a long
period of time. Conducting a Composite Correction Program and/or observing

its conduct is an excellent training function. The federal construction grant
plant start-up assistance program could also provide a basis for attaining
qualified personnel, if the program is approached as a training function for

both plant and start-up assistance personnel.
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Incentives to encourage Composite Correction Programs are required. A
possible incentive is more aggressive enforcement of NPDES permit requirements
with respect to existing plants' operations capabilities. Another incentive
is to develop a financial assistance program for existing facilities. However,
financial assistance programs must be developed to provide an impetus for im-
plementing Composite Correction Programs and not as a reward to facilities
that currently are not achieving satisfactory performance. Encouraging Com-
posite Correction Programs will not result in immediate optimum performance at
all facilities. However, the soundness of the program has been demonstrated
and the program's development can eventually result in widespread optimum

facility performance.

This report was submitted in partial fulfillment of Contract No. 68-03-
2224 by M & I, Inc., Consulting Engineers, Fort Collins, Colorado, under the
sponsorship of the Environmental Protection Agency. Work described in this

report was accomplished during the period from June, 1975 to December, 1977.
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SECTION 1

INTRODUCTION

The Federal Water Pollution Control Act Amendments of 1972 (PL 92-500)
along with the 1977 amendments (PL 95-217) established goals for the water
quality of the nation's public waters and programs through which these goals
were to be achieved. As part of the overall program a mirnimum degree of treat-
ment, '"secondary treatment," was established for the 25,000 existing and also
for any future publicly owned treatment works (PQTW). Where secondary treat-
ment is insufficient to protect the receiving stream, provisions were made

in the 1972 Act to require more stringent treatment requirements.

The 1972 Act also established an expanded federal construction grants pro-
gram through which the construction of new POTW's or upgrading of existing
POTW's was to be completed to meet the new water quality goals. However, both
the 1973 and 1974 editions of the U.S. Environmental Protection Agency's (EPA)

Clean Water Report to Congress showed that about one-third of all treatment

facilities constructed with federal grant assistance were not meeting design
effluent quality. In response to these findings, the EPA's Office of Research
and Development initiated a three and one-half year research program, the
first phase of which was titled, 'Demonstrated Improved Performance and Re-
liability of Selected Biological Treatment Plants." Two 24-month contracts
were awarded simultaneously to private engineering consultants to initiate

the research effort (Phase I), one in the Eastern United States and one in the
Western United States. A second phase follow-up effort also conducted by
private qonsultants has now been initiated to continue the Phase I investiga—
tion and conduct special studies into areas which warrant further investiga-

tion.



This report documents the findings of the contractor for the Western
U.S. based on the first 24-month (Phase I) research period. A companion re-
port has been prepared by the Eastern U.S. Contractor. (1) The primary ob-
jective of the research study as described in the EPA Request for Proposal was
to demonstrate improved performance in selected biological treatment facili-
ties through improved O & M practices. Under this original objective thirty
to forty plants were to be selected as the subjects of "preliminary studies"
in which factors limiting plant performance were to be identified. Recom-
mendations to eliminate these factors were to be made in technical reports
developed for each facility. Finally, demonstration projects were to be con-
ducted at several selected facilities to document improved performance achieved

through implementation of the recommendations for improved O & M practices.

The objective of demonstrating improved performance was later modified
by the EPA because of an increasing need to continue identifying and docu-
menting the most frequently occurring factors which limit plant performance.
Identified factors were quantified and ranked in order of frequency and
severity. This modified objective was accomplished by conducting comprehensive
evaluations of operating wastewater treatment facilities instead of the
formally planned preliminary studies and demonstration projects. In addition,
the causes of the most frequently occurring factors limiting performance and
an evaluation of programs through which these causes could be eliminated was
completed by conducting three special studies. The purpose of conducting
special studies was to analyze specific performance limiting factors or groups
of factors that related to a number of facilities and not necessarily to

"demonstrate improved performance" at a particular facility.



SECTION 2

PURPOSE AND SCOPE

The purpose of this research project was to identify, quantify and rank
the major factors which limit biological wastewater treatment plant perform-
ance. Comprehensive evaluations were conducted at selected wastewater treat-
ment facilities. When selecting plants, special emphasis was placed on ''opera-
ble" facilities where O & M practices could be evaluated. The selection pro-
cedure included screening of facilities by the regional EPA offices, state

pollution control agencies and research team personnel.

The scope of the project included research activities in Colorado,
Wyoming, Montana, Utah, South Dakota, Nebraska and Iowa. The research area

is shown in Figure 1. These states are located in EPA's Regions VII and VIII.

Figure 1. Study area of the Western U.S. contractor,



The regional EPA offices and state pollution control agencies screened treat-
ment facilities within their jurisdiction and suggested a total of 163 facili-
ties as candidates for research. Research team members further screened candi-
~date plants and rejected 100 facilities. One-half day plant site visits were
eventually conducted at 63 facilities to make a final selection of 30 facili-
ties for which comprehensive evaluations (called preliminary surveys) were
conducted. The plant selection procedure and criteria are described further

in the Research Approach section of this report.

The term preliminary survey may be confusing in that it suggests some
further study would follow. This was the original intent until the objective
of demonstrating improved performance was modified. The preliminary survey
was the major mechanism throuéh which factors limiting plant performance were
identified, quantified and ranked, and represents the final in-plant research
effort expended at most facilities. Three special studies were also completed
on selected subjects. Individual reporté were developed for each site visit,
preliminary survey and special study. The results of one special study, the
site visits and the preliminary surveys are compiled in this report. The re-
sults of the other two special studies are compiled in a separate report, "A
Demonstrated Approach For Improving Performance and Reliability of Biological

Wastewater Treatment Plants." (2)



SECTION 3
CONCLUSIONS

1. A plant selection process was necessary to find operable facilities with

cooperative personnel for thirty comprehensive plant evaluations.

2. At some facilities a decision was made by local officials to not partici-~
pate in the research effort because possible improvement in existing plant
performance may have lowered the community's position on the State's grant
funding priority list. Present construction grant awarding procedures en-

courage poor performance of existing facilities.

3. The site visit aspect of the plant selection process allowed an evaluation

of obvious performance limiting factors to be made.

A. Excessive I/I was the most frequently observed problem during site
visits. Plants with excessive I/I were excluded from further research

due to the excessive hydraulic overload associated with this problem.

B. Where obvious performance limiting factors were noted, arrangements
were usually in progress to correct the problem(s) because existing
corrective programs (i.e., construction grant funding, state and fed-
eral regulatory inspection, etc.) typically address these more obvious

problems.

4, A specialized research technique was used successfully to identify and
document the subtle as well as the obvious performance limiting factors at the

thirty plants selected for comprehensive evaluations.



A. Design and administration problems as well as operation and mainte-

nance problems were found to limit performance of operating facilities.

B. Because a plant selection process was used, the results obtained during
the comprehensive evaluations excluded some of the obvious performance

limiting factors noted during the site visits.

5. An average of 15 and a range of four to thirty performance limiting factors
were documented at each of the thirty facilities evaluated. Measureable
improved performance may not result at a particular plant from the elimination
of one or even several factors limiting performance. All factors limiting
performance must be systematically identified and eliminated until the desired

performance is achieved.

6. The two highest ranking factors limiting performance at the thirty evalu-
ated facilities were inadequate operator application of concepts and testing
to process control and sewage treatment understanding. A special study on
wastewater treatment plant staffing was conducted because of this high ranking

of operator related performance limiting factors.

A.. Total plant staff size, total plant staff cost, specific plant staff
-gize, specific plant staff cost and plant staff salary did not signi-
ficantly correlate with good or poor plant performance.

B. In nearly all facilities surveyed adequate manpower was provided for
proper plant operations and maintenance. Plant maintenance was sat-
isfactory, but plant operations was unsatisfactory even though a
‘greater proportion of the operator's time was spent conducting "opera-

tions'" tasks.

C. Current operator practices for the smallest facilities surveyed, 0-38
cu m/day (0-0.1 mgd), were poor. For larger facilities surveyed,

380-3800 cu m/day (1.0-10.0 mgd), operator practices were only fair



to marginal. Improper technical guidance from "authoritative' sources
played a large role in the currently inadequate operations procedures

that operators use at their facilities.

Potential operator capability for the largest to the smallest facili-

ties surveyed was good to fair, respectively, and was significantly
better than the current operator abilities. From this evaluation it
was concluded that the good operations potential of the existing plant
personnel is an undeveloped resource for achieving improved plant

performance.

Better potential operator capability correlated directly with a high-
er salary. However, a higher salary did not provide operators who
had developed their potential capability. This potential capability
was not developed because a large amount of improper technical guid-

ance is currently being disseminated.

7. A major plant performance problem at 17 of 30 plants was attributed to

technical, "authoritative" sources (i.e., design engineers, state and federal

regulatory personnel, equipment suppliers, etc.).

A.

Incorrect operations advice was given by plant design engineers, even

at well-designed facilities.

In some instances incorrect operations advice was given by regulatory
personnel, but more often regulatory inspections caused operator pri-
orities to be shifted away from performance improving activities.
Regulatory personnel, in general, have not had adequate training in
process control and therefore tend to address side issues which do

not directly affect performance, such as good housekeeping and safety.

Operations recommendations which were correct for a particular situa-
tion were often incorrect at a later date because of changes in the

biological process. Operators were not told to make readjustments,



8, Six
ance at
design,

process

or if they were told they did not make needed readjustments because a

logical basis for the recommended change(s) was not presented.

The ‘authoritative sources that gave technical guidance were not ac-
countable for their improper and/or inaccurate recommendations, and
operators were often inappropriately blamed for the continuance of the

plant's poor performance.

Improper technical guidance not only caused poor performance to contin-

ue, but diverted a search for a legitimate solution to the problem.

of the ten highest ranking factors limiting treatment plant perform-
the thirty facilities evaluated were attributed to inadequate plant
including insufficient sludge wasting capability, process flexibility,

controllability, secondary clarification, sludge treatment and aerator

capability.

A.

Six of the thirty evaluated facilities had no, or totally inadequate

sludge handling facilities.

At two facilities an immediate improvement in plant effluent quality

would have occurred with improved process flexibility.

Poor process controlability in the form of inadequate measurement and
control capability of return sludge flow limited plant performance at

17 of 20 activated sludge plants surveyed.

Poor clarifier surface area development limited performance at 11

plants surveyed.

Poor sludge treatment facilities limited sludge wasting capacity and/
or required. excessive operator involvement at 15 of the plants sur-

veyed.



F.

Limited aeration capability was observed at eight of ten fixed film

facilities and at one of twenty suspended growth facilities surveyed.

9. Five plant performance limiting factors were not rated in the top ten fac-

tors but were the number one cause of limited performance at six facilities.

These factors were: unit process layout, administrative policies, return pro-

cess streams, equipment malfunction and industrial loading.

A,

Totally independent activated sludge process units at one relatively
small facility (ome plant operator) required a duplication of effort
by the operator to provide process control. Time limitations restrict

ed the operator from accomplishing the needed tasks.

Administrative policies restricting trickling filter recirculation
rates Ythus minimizing pumping costs) was the major cause of limited

performance at two plants.

Excessive solids in an anaerobic digester supernatant (20,000 to
30,000 mg/l) limited the performance of one of the trickling filter

facilities evaluated.

Aeration basin equipment malfunction was the major cause of poor per-
formance at one plant surveyed. At three other plants substandard
quality equipment was observed to contribute to a degraded effluent

quality.

Excessive industrial loading (extent not apparent and not determined
during the plant site visit to be greater than the plant design load)

was the leading cause of poor performance at one facility surveyed.

10. Better plant operation could have resulted in a 40 to 50 percent savings

of electrical power at some facilities surveyed, as well as allowed permit

standards to be met that were being violated.



11. It was determined that twenty-three of thirty facilities surveyed did not

consistently meet federally defined minimum secondary treatment standards.

A.

Self-monitoring records typically did not include excessive solids

loss during, sludge bulking from activated sludge plants.

Federally funded plant modifications at 22 facilities surveyed did not
enable these facilities to meet NPDES permit standards because all the

factors limiting performance had not been properly addressed.

Federally funded plant modifications at two plants were not warranted.
The capability of these two facilities was not adequately assessed
with respect to improved operations practices before the major up-

grades were implemented.

A more thorough investigation into existing facility capability is

necessary prior to implementation of major plant modifications.

12, -Existing correction programs which have been developed to address a single

factor or group of factors limiting plant performance have been only partially

effective.

Required NPDES permit self-monitoring records that show poor plant
performance have not caused administrative officials to initiate cor-

rective actions.

Enforcement of NPDES Permit requirements has served to provide an in-
centive forvadministrative officials to initiate plant correction
action, but enforcement has been limited and sporatic. Corrective
actions observed always included construction of new or modified

facilities.

Information dissemination programs like technology transfer and fed-
eral and state design criteria have provided basic information re-

garding various unit processes, but have not resulted in the

10



application of good engineering judgment and operations understanding
into facility design as evidenced by the high ranking of inadequate

design and improper technical guidance factors limiting performance.

Value engineering, because of the actual or implied cost savings ap-
proach, coupled with improper technical guidance, has the potential
of disallowing plant features that may be required to achieve optimum

or even satisfactory plant performance.

Federal, state and local operator training and associated state certi-
fication programs need to be expanded and improved to provide opera-
tors with a better sewage treatment understanding. However, even ex-
panded present training techniques cannot provide operators with an
ability to properly apply wastewater treatment comncepts to process con-
trol at their individual facilities. To develop the ability to apply
concepts to process control, operators' skills have to be developed
through training at the operator's own facility under the direction of

qualified personnel.

Plant start-up assistance that is process oriented as well as equip-
ment oriented has the potential of improving plant performance. How-~
ever, because of the large amount of improper technical guidance in
process control that was noted an immediate benefit of improved plant
performance through this program is unlikely. Training of start-up
assistance personnel in process control is warranted, and the first
benefit of the start-up assistance program is that it provides a good

opportunity for this self-education.

Plant specific O & M manuals generally included good maintenance in-

formation and a good description of the plant's flow schematic, flexi-
bility and controlability. O & M manuals alone cannot provide opera-
tors with the information and/or ability to properly apply concepts of

operation to process control.

11



H. Few maintenance problems were noted at facilities surveyed for a

variety of reasons:
1. O & M manuals generally were maintenance oriented.

2. Plant inspections historically have judged good plant "perform-

ance" by the appearance and operational state of equipment.

3. Maintenance problems are highly specific and visible and easily

recognized by the operator and his supervisors.

13, Most existing correction programs, called Individual Correction Programs,

focus on specific areas of need representing a common problem at a large num-

ber of facilities. These programs are important in the overall effort to

achieve better plant performance, but should be recognized as limited in their
ability to eliminate all or even a sufficient number of factors limiting per-
formance at individual facilities to allow them to meet design or permit ef-

fluent standards.

14. A Composite Correction Program established to focus on all factors limit-

ing performance at a given facility can achieve optimum performance at a

facility if properly implemented. This approach was implemented and docu-

mented at the Havre, Montana Wastewater Treatment Plant.

A. Violations of permit standards were eliminated.

B. Plant effluent BOD5 and TSS concentrations were reduced from 31 mg/l

to 10 mg/1 and 30 mg/l to 9 mg/l, respectively.

15. The Havre Composite Correction Program was successful because of a long

time involvement with plant personnel.

A. Factors limiting performance were systematically identified and

eliminated.

12



Twelve weeks were necessary to achieve desired changes in activated

sludge characteristics.

One year was required to transfer to the plant superintendent the

ability to make timely and accurate process control adjustments.

16. The time associated with stabilizing the biological system to achieve op-

timum performance and the time required to train the operator to correctly

apply concepts of operation to process control observed at the Havre facility

supported conclusions regarding two factors limiting performance that were

noted repeatedly during this research effort.

A,

Recommendations to improve biological system performance are not ef-

fective when the involvement in plant operations is over a short time
period, like an hour, day, week or even a month. Depending on facili-
ty size and type, a longer time period of a few months to many months

is required.

Plant operators with a good education, training and aptitude require
guidance at their individual facilities over a relatively long period
of time to develop their capability to correctly apply concepts of

process control to varying operational situations.

17. A Composite Correction Program without major facility construction com-

pleted at each of the thirty evaluated facilities would improve plant efflu-

ent quality significantly.

A,

Sixteen of twenty-three facilities would meet federally defined sec-
ondary treatment standards now violated. The other seven facilities
would require major facility modifications to meet secondary treat-
ment standards consistently.

The mass of BOD,. and TSS discharged would be reduced by an estimated

5
490 metric tons per year (540 tons/year) and 470 metric tons per year

(515 tons/year), respectively.

13



C. The masses of BOD5 and TSS discharged would be reduced by an esti-

mated 38 percent and 37 percent, respectively,

18, Plant underloading did not promote .good plant performance. Hydraulic
loading averaged only 61 percent of design, yet 23 of 30 plants did not meet

secondary treatment standards.

19. Broad scale implementation of Composite Correction Programs can achieve
optimum performance at a large number of facilities, but qualified personnel

and incentives to conduct programs are required.

A. Training to develop qualified personnel must include guided, in-plant
operations experience at various wastewater treatment plants over a
long period of time to develop capabilities for correct application
of concepts and to develop a respect for the time associated with

biological system response.

B. Incentives are required to encourage treatment plant administrators
to consider Composite Correction Programs. Enforcement actions can
be used to encourage Composite Correction Programs. However, en-
forcement coupled with the construction grant program has resulted
‘in the construction of new or modified facilities which have failed

to achieve desired effluent goals.
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1.

SECTION 4
RECOMMENDATIONS

In conducting studies to determine the sources of plant performance prob-

lems, use a research approach which identifies the subtle as well as the ob-

vious factors which limit performance.

2.

Modify existing operator training procedures and materials.

A.

Develop operators' skills through technical guidance at their respec-
tive facilities under the direction of qualified personnel as an

extension to their classroom training experience.

Eliminate or correct inaccurate, incomplete and misleading training

information by using plant design and operation specialists to evalu-

ate classroom training programs and program materials.

Reduce improper technical guidance given by authoritative sources.

Improve training for private and governmental persons disseminating
operations technical assistance. Training must include guided in-

plant process control experience at various wastewater treatment

facilities to develop capabilities for proper application of waste-
water treatment concepts to process control and to develop an aware-

ness of the time associated with biological system response.

Increase the awareness of state and federal regulatory personnel of
the high priority that most operators place on recommendations they
make and of the misunderstanding operators have concerning process

control suggestions that are mentioned.
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Encourage training of plant design engineers in plant operations and
process control in formal classroom training and through guided in-

plant operations experience.

Encourage process equipment suppliers to emphasize and provide for
plant flexibility, controlability and operability instead of empha-
sizing and providing equipment under the guise of minimum O & M

requ