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FOREWORD

This report is based on Ms. Loretta Ruh's Master's Project Report.
That report was completed in January 1983. Since that time we have con-
tinued work on the DTECTR program and its implementation. This additional °
work 1s described briefly in Chapter VII, "Current and Future Work (1983~
1985)". A full report of the DTECTR project, including a full-fledged
user's manual will be submitted at the conclusion of the current project.
In the meantime we have prepared this report, even though portions of it are
no longer current. Nonetheless this interim report will give readers an un-
derstanding of the purposes, philosophy, and workings of DTECTR.

The work covered by this report was supported in part by a grant from
the Massachusetts Division of Water Pollution Control, Research and
Development Grant No, 80-32 (1980-1983). Current work on DTECTR is also-
supported in part by a grant from the Massachusetts Division of Water
Pollution Control, Research and Pevelopment Grant No. 83-31 (1983-1985).

iv



CHAPTER I

INTRODUCTION

There are innumerable occupational situations where detailed accounts
of routine proceedings must be.completed and reported to the proper
authorities. Current Inventory status and process control information play
a vital role in almost every functioning industry. Public utilities, in-
cluding municipal wastewater treatment plants are no exception.

. Each wastewater treatment plant in Massachusetts must submit a report
of operational data to the appropriate regional office of the Massachusetts
Division of Water Pollution Control {(MDWPC) each month. These reports are
used for several purposes. The MDWPC checks the effluent data for com-
pliance with the plant's National Pollutant Discharge Elimination System
(NPDES) Permit., In addition, the monthly operating reports are reviewed by
MDWPC engineers to evaluate plant performance and determine the degree of
plant utilization., The problem is that this type of individual attention
can only be given to a few plants each month due to the number of reports
which must be reviewed and the limited staff available.

The current data management system begins with tabular monthly operat-
ing reports prepared by the treatment plant operator. The Division of Water
Pollution Control provides a monthly operating report form for this purpase,
but many treatment plant operators prefer to use their own forms. AS a
result, the Western Regional office of the MDWPC receives 80 operating
reports with a variety of different formats each month, Report contents
vary from the 81 parameters required by the MDWPC to more elaborate for‘ms
with additional parameters and diagnostic evaluations.

At‘ter‘ a required check of regulatory performance requirements, the most
important task of the Division engineers is to "troubleshoot" treatment
plants which are operating poorly. Due to budget cutbacks, staff layoffs,
and 'an ever increasing number of permit holders, Division Engineers fing
they de not have time to fully process all of the report forms. There are
approximately 110 municipal treatment plants in the State. In addition the
MDWPC receives approximately 300 monthly reports from non-municipal
dischargers. Tnese reports contain less information than the municipal one
and are not addressed here. Each report takes about an hour to review,
As a result, rapid feedback on plant performance to aid treatment plants
performing poorly 1is often not forthcoming.

Statement of Objectives

The purpose of this report is to present the results of ocur work to
develop a readily usable, st¢raightforward computer program to aid the
Massachusetts Division of Water Pollution Contrcl in its management of
monthly reports from municipal wastewater treatment plants in the state:
The program must be suitable for checking whether the plants are in com-
pliance with their discharge permits and be able to perform simple



diagnostic evaluations of treatment performance. We believe that the im-
plementation of this program Wwill result in a more efficient management
system at decreased cost to the MDWPC,

This project report provides a detailed description of the program
along with information on its usage. This report can function as a
users' manual or simply provide information for future modifications of the
program. The final section of the report describes current pilot implemen-
tation activities.



v CHAPTER 11

STATE OF THE ART IN MONTHLY PERFORMANCE REPORTING

A national survey condugcted by the U,S., Environmental Protection Agency
(Evans, 1979) cited improper technical guidance as the fifth most frequent
cause of poor plant performance based on comprehensive evaluations of 103
treatment plants. (See Table 1.) This category included misinformation from
authoritative sources including design engineers, state and federal
regulatory agency personnel, equipment suppliers, operator training staff,
and other plant operators. Incorrect advice from officials could result
from their limited field experience, Inaccurate operator reporting, or
simply from a lack of good supporting data,

A gsimilar survey by Roberts et al. (1978) cited three potential sources
of monitoring data by which the performance of a treatment plant might be
evaluated. One source is the data contained in plant operating reports,
Another source is the sampling ana analysis information maintained by state
regulatory agencies. The third source is results of analyses performed on
the samples collected during an on-site investigation. This survey also
ranked factors contributing adversely to plant performance., Misinformation,
once again, was listed as a primary concern.

Passage of the Federal Water Pollution Control Act Amendments of 1972
prompted Tinsley and Andrews (1978) to reevaluate South Carolina's method of
processing monthly reports, They commented that state and federal
authorities often request extraneous data and information on the operation
of each wastewater treatment facility. Officials have failed to realize
that extensive data collection requires beth increased time and resource
expenditures., Review of this data by regulateory personnel is not carried to
its fullest extent simply because of the large quantities processed. Once
the parameters have been reviewed for compliance and non-compliance, the
data is placed in files, and generally is never accessed again., Multiple
utilization of this data could result in the savings of many person—hours,
They conclude that computer processing techniques utilizing only essential
data would streamline the reporting system and render it more useful. o

Survey of State Practices

To determine what monthly reporting methods were currently used, a
telephone survey of state water pollution control agencies was conducted in
the fall of 1982, Thirteen states were chosen as the most likely to have
instituted some form of computerized monthly reporiing because of their ac-
tive concern and involvement in environmental controls. The survey results
are summarized in Table 2.

The state of New Hampshire has no computerized aids for checking
monthly operating report forms. A state official scans each discharge
report monthly. Colorado, Illinois, Minnesota, Oregon, Washington andr
Massachusetts have divided their states into regions to ease the monthly.
reporting review process. They do not use computerized monthly reporting.



Table 1

Top Ten Causes of Poor Wastewater
Treatment Plant Performance
(from Evans [1979])

Operator application of concepts and testing to process control

" Process control test procedures

Infiltration/inflow
Inadequate understanding of wastewater treatment
Improper technical guidance

Sludge wasting capability

. Process control ability

"Process flexibility

Ineffective 0 & M manual instructions

Aerator design



Table 2

Results of Telephone Survey of State Monthly
Wastewater Reporting Practices ~ November 1982

Computerized Computerized Computerized

State Form Compliance Performance Comments
Generation? Checking? Evaluation?

New Hampshire no no no -
Colorado no no no -
Illinois no ne no -
Minnesota no no no -
Oregon no no no -
Washington no no no -~
Wisconsin yes no ne -
Virginia yes no no —
Texas yes no no -
Maine no yes no. -
New York no yes no pending
California no ves no pilot
North Carolina no yes no -
Massachusetts ne yes yes planned

w/DTECTR



The Wisconsin Department of Natural Resources uses the computer to
print out the required monthly forms rather than for data review. Permit
information for each treatment facility has been keyed into the computer and
is retrieved each month for compliance monitoring. Some information is
available for design referral. Operating forms are filled out by the
operator and checked for compliance by department personnel.

The Commonwealth of Virginia has adopted a computer system to print out
monthly operating reports. As was the case in Wisconsin, the computer is
keyed with parameters specific to each discharger. Virginia appears to do a
more thorough monitoring for heavy metals and other priority pollutants.
Forms completed by the operator are checked at the Virginia State Water
Control Board Offices.

The Texas Department of Water Hescurces requires all dischargers to
submit reports showing monthly averages and permit violations. If their
NPDES permit requests sampling for a specific parameter, the Department also
requires - this data. All information is entered into the computer manually.
Stored data is available for problem analysis but is not used for compliance
checking.

The Department of Environmental Protection in the state of Maine has
adopted . a two form plan, The first sheet requires the operator to list all
monthly operaticnal parameters., Data on flow, sludge processing, secondary
treatment and chlorination are required. Since the form checks for NPDES
compliance, a section for analyzed parameters such as pH, temp.rature, BOD
and suspended solids must be completed. Space is provided to give the mini-
mum and maximum monthly values. The second form is a parameter "worksheet".
The operator lists minimum, maximum and average values for a given
parameter,. Frequency of analysis and number of times permit levels were ex-—
ceeded must also be included. This form provides valuable data on ailing
treatment plants because It gives the Department of Environmental
Protection a preliminary diagnosis to work from without traveling to the
facility. The values from both forms are entered by hand into the computer
and a monthly compliance report is printed out for all treatment plants in
the state and used in the State office for reference.

New York State and California are both in the infant stages of com~
puterized compliance monitoring. The New York State Department of
Environmental Conservation is in the process of revising a previously aban~
doned monitoring system. Use of the program had been discontinued due to
errors in the data base, Following implementation of the system, data will
be entered into the computer by hand.

California's State Water Resources Control Board has recently launched
a pilot program to monitor dischargers entitled "The Automated Compliance
Checking System". The system is designed to test the percent removal and
effluent concentration requirements against the facility's discharge permit.
California has about 10,000 wastewater facilities in the state. This system
is being implemented on a pilot basis with three of California's nine
Regional Boards taking part. Up to this time each region had been respon-
sible for its own facilities' compliance,



The state of North Carclina has, by far, the most extensive computer
data management and review system. A consulting engineer was hired to
develop the program and an engineer, a chemist, and three programmers were’
hired specifically to implement the system. It is expected to take three
years to complete the project., In addition to compliance monitoring, the
system prints out non-compliance letters, checks on lab-technician and
operator certification, and prints out the latitude and longitude of the
discharger. Norinh Carolina hopes that the program will eventually identify
river dischargers by their location relative to numbered dissolved oxygen
monitoring stations. :

The U.S. EPA has paid little attention to computerization of monthly .
operating reports. A memorandum dated August 5, 1977 was sent to all EPA
Regional Enfeorcement Directors detailing a form to be used in computerizing
the monthly monitoring process. Most responses were against the implementa-
tion of such a system., Regional Enforcement Directors thought that a form
of this type would be too complicated for a permittee to understand. The,
optical scanning form was seen as a valuable asset for some applications,
but the monthly monitoring reports would not adapt easily to a computerized
approach, Final evaluation of the system indicated overwhelmingly that the
Agency was not ready for either the form or its related automated data entry
process.

Previous Work Done at the University of Massachusetts

. Research began in June 1974 by DiGiano et al. on a computer program to
analyze treatment plant data ("Diagnostic Testing of Efficiency by
Computerization of Treatment Reports" [DPTECTR]}. An optical scanning form
was developed to ald data processing, A pilot scale study of implementation
of the optical scanning form/DTECTR program system was conducted, Three
wastewater treatment plants were involved in the study: Amherst,
Massachusetts (at the time a primary treatment plant), Westfield,
Massachusetts (an activated sludge plant), and Greenfield, Massachusetts (a-
trickling filter plant).

The old optical scanning form handled four days of data per sheet for a
limited number of parameters. (See Figure 1) Two days of data were tightly
fit onto each side. MNo decimal points were present to help the operator
place significant figures. Instead of a circle response or bubble sheet,
the form used fill-in bar responses. This type of optical scanning form is
now obsclete and cannot be processed.

Plant operators from the treatment plants involved in the study com-
pleted the forms for processing and were then asked to comment on the format
of the forms. They were also asked their opinions of the feasibility of im-
plementing the op-scan forms system statewide. The Amherst primary
treatment plant operator was not particularly impressed with the project,
He thought that data tabulation with the op-scan forms was a less convenient
system than the present system. The operator did comment that the optical
scan data report sheet was a more convenient permanent data record. He also’
felt that small facilities with no ability to manipulate prcocess parameters
were not highly served by the project. -
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The Westfield, Massachusetts treatment plant operator was more en-
thusiastic about the value of the project. He was convinced that the
project would be a valuable tool in the administration and operation of his
facility. -

The Greenfield, Massachusetis treatment plant operator did not feel
that the data compilation method was more convenient than that currently
used, She concluded that the computer report was not extensive enough to
substitute completely for their Monthly Monitoring Report. She felt that
space must be provided for the operator to explain certain conditions, re-
quest assistance, etc.,, if the op-scan reports were to take the place of
written monthly monitoring reports,

Greenfield's operatdr felt that the computer form was not particularly
valuable for administration/operation of a small plant such as theirs be-
cause the benefits gained were ocutweighed by the time necessary to complete
it. She did recognize the value of the program to regulatory agencies., She
concluded that she would not object to participating in the program since
the long range benefits for the wastewater {field in general would justify
the inconvenience to individual operators.

Unfortunately, the work begun in 1974 was not maintained and, as of
1981, both the program and the optical scanning form were out of date, lead-
ing .to the initiation of the work described in this report.



CHAPTER III

THE DTECTR PROGRAM

- The acronym DTECTR stands for Dlagnostic Testing of Efficiency by
Computerization of Treatment Reports. It is the name first assigned to the
1975 version ¢f the treatment plant compliance checking program. A flow-
chart of the current DTECTR program is presented in Figure 2,

- The flowchart pictured in Figure 2 includes the implementation of an
optical scanning form for data entry., With this form, the computer is
capable of transferring treatment plant data from the optical scanning
sheets (as entered by the operator) directly into specific signals the com--
puter can interpret. Use of this form eliminates the need for manual data
processing.

Data entered on the optical scanning form is read and stored in four
separate files. The computer alsc reads the number of days in the month and
the total number of plants being processed.

Once data is stored in the proper files, the DTECTR program can be
executed. The first of six subroutines in the program reads data for the
plant being processed. The next subroutine reprints, in tabular form;
parameters which are sampled daily and performs some simple diagnostic’
calculations. The third subroutine prints BOD and suspended solids data for
the specific days such analyses were run. A table of sludge treatment
parameters is printed out by the fourth subroutine. The fifth subroutine
checks for and reports on NPDES permit compliance while the final subroutine
graphs some design and permit parameters vs. time. The graphs are included
to facilitate trend identification and spot inspections of performance.

1

Program Description

At the present time, the DTECTR program is stored on the VAX computer
system located in the Schocol of Engineering at the University of:
Massachusetts. The FORTRAN-77 version of the program is structured as a
main program with six separate subroutines for data manipulation. This
program structure will facilitate understanding of the program and future
modification. The program is designed to be easily adaptable to most other
computer systems. o

Data from each treatment plant scheme is coded by three numbers: a
treatment code, a sludge processing code and a treatment plant ultimate
sludge disposal code., These numbers control what sections of each sub-
routine are applicable to each treatment facility. They are re-entered into
the computer each month. There are five wastewater treatment, five sludge
treatment, and seven ultimate sludge disposal options available in the
program, Table 3 presents a summary of available freatment processes in-
cluded in the program.

i1
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OPTICAL SCANNING FORM

\
DATA READ AND STORED
I{ FILES 1,2,3,4

{EXECUTE DTECTR]

Y

READ NUMBER OF PLANTS, NUMBER OF DAYS
IN THE MONTH AND YEAR

il |
'] :
CALL SUBROUTINE RDFORQ—}_—“" READ DATA FOR STP
SELECT APPROPRIATE CODES
)]
{
-'CALL SUBROUTINE SECTI USE TREATMENT CCDE
TABULATE DAILIES & SIMPLE DIAG-
NQSTICS (write to file)
; 7 |
CALL SUBROUTINE SECTII - o= TABULATE BOD/SS DATA
(write to file) )
t : .
CALL SUBROUTINE SECTIII PUSE SLUDGE & ULT. DISPOSAL CODES
TABULATE SLUDGE TRMT. PARAHETERS
(write to file) '
y 1
CALL SUBRQOUTINE SECTIV CHECK FOR NBDES COMPLIANCE
' (write to file)
i 1
CALL SUBROQUITNE SECTYV »-GRAPHICAL LISTINGS
(write to file)
H
i
STORE THIS MONTH'S
AVERAGES IN FILE 'AVEROLD!
Figure 2. 1Idealized DTECTR Flow Diagram.




Table 3

Summary of Available Treatment Processes

" WASTEWATER TREATMENT PROCESSES

primary treatment
activated sludge
modified activated sludge
trickling filter

extended aeration

SLUDGE TREATMENT PROCESSES

METHQD

thickening, digestion and mechanical dewatering
digestion and bed drying

thickening and mechanical dewatering

digestion and mechanical dewatering

digestion

ULTIMATE DISPQSAL

incineration
landfill

land application
reclamation
reuse

ocean disposal

13
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Description of Files

~Four input files and three permanent files are called by the program
for data manipulation., The first file, "date,dat", tells the computer how
many plants are to be processed. This is an indication of how many itera-
tions must be completed to process all plants, Numerical assignments are
given to the month, year, and number of days in that month,

The second file, "dailies.dat", contains all values for data collected
daily. The day of the month, daily rainfall, and minimum, maximum, and
average wastewater flows are included in this section. Other parameters for
which file space is provided for daily monitoring results are: recycle
flows, dissolved oxygen, ammonia, residual chlorine, mixed liguor suspended
solids, total and fecal coliform, phosphorus, nitrogen, and settleable
solids. Zeros must be entered for dates on which daily data are not avail-~-
able in order to retain file continuity.

The third file, "BODSS.dat", first states the number of days on which
BOD and suspended solids (8S) were analyzed. This number keys the computer
to read influent, intermediate, and effluent BOD and 8S data for the
specified number ¢of days. BOD and S8 are input according to the date of the
month on which tests were done.

The "sludge.dat” file contains data taken on the sludge processing
operations, Information on unit flows, solids concentration, gas production
{in the case of anaercbic digestion}, pH, and time of operation are all
included. As with the BOD and 3S file, parameters are identified by the day
of the month data was taken. The file is also preceeded by an integer in-
dicating the frequency of sludge processing data collection.

The first permanent file, "limits.dat", holds any existing NPDES permit
requirements for the treatment facility with space provided additionally for
plant specific requirements. This file is set up so that any number not
equal to the integer zero is considered a current permit value.

The final permanent permit file "averold.dat" has been created for in-
ternal use in Section V of the computer program and output: the graphing
section. Using this file, the subroutine presents a graph of recent BOD and
S8S data. A maximum of 24 months will be displayed. When the "averold.dat"
file contains 24 months of BOD and 8S monthly averages, the computer drops
the earliest twelve values. This provides file space for the upcoming
year's data.

Description of Subroutines

The DTECTR main program consists of a series of commands calling the
various subroutines. It has been written so that each subroutine creates
one section of output. The five subroutines are described in the following
paragraphs.

Subroutine "rdform" reads files 1 through 4. For each plant, data is
read and brought up for actlve use, Parameters are transferred consistently
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throughout the program via 'common' statements to maintain their original
variable name assignment, : -
Subroutine "SectlI" produces Section I of the output: "Tabulation of
Daily Operational Data." All parameters applicable to the waste treatment
code given are printed out in tabular form for each day of the month. (See
Figure 3) Numerical averages, or totals in the case of rainfall, are calcu-
lated and printed at the bottom of each column. The categories of treatment’
that can be nandled by Section I include:

-primary treatment
—activated sludge
-modified activated sludge
-trickling filter
—extended aeration

It is hoped that the Section I listing can take the place of the cur-
rent monthly operating report form. Section 1 also calculates two simple
diagnostic indicators: the sludge volume index and the food/microorganism
(£/m) ra?io for the case where secondary treatment is activated sludge.

Subroutine "SectII" produces Section II of the output: "Daily BOD, SS
Loading and Percent Removals". This section lists influent, effluent, and
percent removals for BOD and suspended solids in terms of milligrams/liter
and pounds/day for the days on which these tests were run., Arithmetic
averages are listed at the bottom of each column. (See Figure 4.)

Section III, "Tabulation of Sludge Treatment Parameters,” is keyed from
subroutine "SectIII", This section lists data for days when sludge process-
ing units were operated. Arithmetic averages are listed at the bottom of
the table. (See Figure 5) Sludge treatment processes that can be handled
are:

-thickening, digestion, and mechanical dewatering
—digestion and bed drying

—thickening and mechanical dewatering

~digestion and mechanical dewatering

-digestion

Generic treatment processes rather than specific treatment methods are
used so that five choices might encompass as many sludge treatment schemes
as possible. For a case where a treatment scheme cannot be matched to one
of the five choices, zeros can be substituted for inappropriate parameters.
Section III also prints out a treatment facility's method of ultimate sludge
disposal, Options included in the program are:

—incineration
-landfill

~land application
~reclamation
~reuse

—ocean disposal
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Figure 4. Section II Output
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Subroutine "SectIV" checks for compliance with NPDES permit
requirements, Each NPDES permit parameter is printed out in the first
column, the plant's monthly maximum in the second, and the permit level in
the third. (See Figure 6.} The final column lists the number of times the
permit was exceeded. Dates of the violations are not printed out since
these are easily identified in the graphs presented in Section V and in the
tabular listings of Sections I and II. Permit parameters not specified for
a particular facility are shown as "0.G."

‘This section also compares overall plant flow to 80% of design
capacity. Anything over 80% is flagged as a "violation", This is included
as an indicator that problems requiring remedial action such as increased
capacity needs or excessive infiltration/inflow may be occurring.

parameters included in this section are:

~daily and monthly effluent BOD
~daily and monthly effluent suspended solids
~daily and monthly percent removal BOD
~daily and monthly percent removal suspended sclids
~daily and monthly effluent phosphorus
~daily and monthly effluent ammonia
. -daily and monthly effluent nitrate
—daily and monthly tetal coliform
~daily and monthly fecal coliform
=daily and monthly settleable solids

Storage space has been provided in the program for two additional per-
mit parameters as well, They are listed on the output as Other Parameter I
and -Other Parameter II. These parameter categories may be used on a plant
specific basis where the plant operator and the DWPC agree upon the
parameters to include. The program heading must read Other Parameter I and
Other Parameter II since they cannot be distinguished on a plant by plant
basis. '

The fifth and final subroutine produces Section V of the output:
"Graphical Representation of Performance Data and NPDES and Design
Parameters." It gives graphical representations of important par:eters.
(See Figure 7.) There are five graphs in this section. The first two
graphs show daily effluent BOD and SS concentrations for the current month.
Data points are printed out only for days when samples were tested.

The third graph in Section V shows daily average plant flow and rain-
fall data as a function of time. Plant flow values can be read from the
lefthand side of the graph and rainfall from the right side. Daily total
rainfall amounts are represented in bar graph fashion by rising vertical
sets of points for easier interpretation. This superposition is often use-
ful in identifying the effect of infiltration/inflow.

The first three graphs are positioned one under the other s¢o that a
given day of the month can be read along the same vertical line, In all
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three casés, the maximum value for the graph has been identified by search-
ing for that month's maximum value, Values on the y-axis are also printed
for three-fourths, cne-half, and cne-fourth of this monthly maximum value,

The same method was used to identify the maximum value for the fourth
and fifth graphs in Section V; except that this maximum value is compared to
the existing permit level. If the permit value is greater, it becomes the
maximum value,

Graphs four and five use calculated average monthly BOD and SS values
for the current year and the year past. At the end of every year, the pre-
vious year's data is dropped from storage to make rocom for the new year's
data. Thus, between 13 and 24 monthly averages are shown on each graph.

Specific Discussion of Output

Figures 3 through 7 give examples of each section of printout. The
format of Section II, IV, and V remain the same regardless of a change in
treatment or sludge code, The printout from Sections I and III differs
depending on the treatment code give,

The following parameters are included in all treatment choices for
Section I:

—day of the month
-rainfall

—average flow

~peak flow

-chlorine residual

~total coliform

~-fecal coliform

-effluent phosphorus
~effluent ammonia nitrogen
—-effluent nitrate nitrogen.

The above parameters are printed out when primary treatment is coded
in. Additional parameters included when a trickling filter scheme has been
coded are:

-recycle flow
~effluent dissolved oxygen.

For conventional activated sludge, extended aeration, and modifications
of activated sludge (e.g,, step aeration) the following parameters are
added:

-mixed liquor suspended solids
-sludge volume index
-food/microorganism ratio
~volatile suspended solids.

The Sludge Volume Index and Food to Miecroorganism ratio are calculated
within the program. Mixed liquor suspended solids, volatile suspended
solids and F/M ratio give indications of the state of the activated sludge
process (e.g., microorganism age, need for detention time change). The
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sludge volume index indicates whether the microbial sludge is settling well
enough to be properly dewatered in later treatment steps.

Additional simple diagnostics and process performance parameters could
be added to DTECTR as a separate section, Currently, the primary purposes
of DTECTR are to make monthly reporting and NPDES compliance checking more
efficient so these diagnostics have not been included in this version.

"The parameters included in Section I are similar to those required by
the 1974 DTECTR Program. The Western Massachusetts Office .of the State
Division ¢of Water Pollution Control and the Department of Environmental
Quality Engineering were consulted and recommended no major changes., All
parameters required here are already included in most individual monthly
operating reports. It should be noted that file space has not been created
for inclusion of effluents from each unit process since this information is
not intrinsic to the monthly compliance checking process.

Since coding of specific treatment types has not been included in
Section II, the computer must determine what value represents the final ef-
fluent BOD and SS concentrations., If there is no value for the BOD from
tertiary treatment, the BOD from secondary treatment is considered the final
effluent BOD and so on through primary wastewater treatment. Chlorination
is not considered tertiary treatment.
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CHAPTER IV

USE OF DTECTR

As it exists now, the DTECTR program is workable for manual data input,..
With the use of cards or a CRT terminal for keypunching, plant parameters
can be entered into their proper files and stored indefinitely. The entire
month's data from each plant must be entered together in chronological
order. However, the order of plant arrangement need not be sequenced be-
cause the computer arranges them in a prespecified alphanumeric sequence.
The plant number given at the beginning of Section I is another code number
that c¢an be referenced back tc the name of the region or municipality whereo
the treatment plant is located. This information is printed at the begin-
ning of the program,

Logical abbreviations of standard names have been used for all vari-
ables, including those internal to the program, wherever possible. For
example, the daily rainfall parameter is RAIN(M), with 'M' being a par-
ticular day of the month. & list of variables along with their usage in the
program is included as an Appendix to this report.

Implementation Costs

The most significant implementation action would involve entering
treatment plant data and NPDES permit requirements into permanent files. In
addition to programming costs during implementaticn, there are cconsulting
and printing fees associated with the optical scanning form.

Minimal effort would be required to put DTECTR up on the Division's
computer system., This discussion assumes that the Division would have the
optical scanning forms read at the University of Massachusetts, Amherst
rather than purchasing its own hardware, :

Once implemented, considerable cost savings will be realized by the
Massachusetts Division of Water Pollution Control. An actual cost com-
parison between conventional compliance report review and computerized
systems is not available because a full scale computerized system with an
optical scanning form has not as yet been implemented. A cost comparison,
including required person—hours and computer costs was arrived at in 1975 by
the Western Regional Office of the MDWPC. This branch processes ap-
proximately 100 treatment plant reports per month. The costs for
computerized compliance checking in 1975 figures are as follows:

Computation Costs (0.028 nr at $1000/hr) = ¢ 28
Printing and Storage Costs = 30
Person-power Costs (0.25 hr per review X 100 review X $6/hr) = 150
Optical Scanner Rental Cost $400/month shared among

three regional offices = 133
Total Monthly Ceost for DTECTR $3
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It should be noted that this cost estimate included the rental of an
optical scanner and this is no longer necessary because reports are
processed at the University of Massachusetts, Amherst,

Personnel at the Western Regional 0ffice currently spend about one hour
checking each treatment plant per month. At the salary rate given above, a
simple caleculation for 100 plants yields a monthly cost of $600. The
figures indicate that the cost of using the DTECTR system is approximately
half of the currently used method. In addition, person-—hours are reduced
and more time is available for the engineers to use these monthly report
results to improve treatment plant efficiency.

Benefits of Computerized Monthly Reports

The State would benefit in many ways from changing to an automated
reporting system. In time saved processing municipal reports alecne, 110
person~hburs can be gzined per month. The substitute computer processing
costs are much lower. Since computerized compliance checking decreases
processing time, the efficiency of the overall review process is inereased
and the State will be able to respond more gquickly to alling treatment
plants. Since the Regional Engineers will have more time available for per-
formance evaluation and meetings with operators, publicly owned wastewater
treatment plants will run more efficiently and unnecessary operating expen-
ditures may be avoided.

The computer program can be expanded to include additional permit
holders or éexpanded treatment diagnostics. Comparisons between similar
treatment plant schemes could be routinely performed by the program,

Computerized reporting will probably improve the accuracy of the
monthly reports. The operator may be more conscientious in preparing
reports knowing that each individual parameter is checked each month for
compliance. Double checking data in the reports will be easier. The com-
puter printout scheme is set up so that gross operator errors can be
detected with just a quick glance. For example, an effluent BGOD of 300
{(mg/1) will appear unusual when compared to the month's values ranging be-
tween 20 and 30 (mg/1). In fact the computer could be programmed to do
routine statistical analyses of the data in order to identify or eliminate
extraneous data peints.

At the present time, there is no uniform monthly report form in
Massachusetts. Furthermore, the current forms request up to 8%t pieces of
information each day (see Appendix I). Much more information is requested
than is necessary for compliance checking. A computer printout containing

only relevant information presented in tabular form would be much easier to
read.
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CHAPTER V
A LOOK FORWARD -

Several extensions of the ,current DTECTR program are possible, Thesej
include: (1) optical scanning, (2) distributed data processing, (3) an ex-—
panded evaluation system, {4) non-municipal permit reporting and compllance
checking, and {5) cost assessment evaluation,

Optical Scanning

Optical scanning is the process of reading information from a document

using an optical mark or character reader. Common examples are score sheets:’

for computer graded tests, The process involves changing the information on
the document into specific electronic signals which can be stored on com-
puter magnetic tapes.

Optical scanning has many advantages over the conventional means of
data input. The marks entered on the scanning form are read directly by the
scanner onto computer files. This eliminates a major source of error on
data transcription: keypunching oversight. Data files will therefore be
more accurate and the processing time will be greatly reduced. Data collec-
tion costs are reduced because only paper and pencil are required to
complete the process, ’

The primary purpose of an optical scanning form is to translate data
into information a computer can understand. A number of steps are necessary
tefore the scanning form system can be used. First, an optical scanning
form must be designed to suit both the operator and the programmer,
Secondly, a computer program must be written and tested to read the data
from the optical scanning form. The documents are read by the scanner and
the resulting information is processed by a computer program and organized’
into an input file suitable for use with the DTECTR program.

At the present time, optical scanning forms utilize a bubble or
response circle format. Each circle on the form corresponds to a point that
can be read by a single photocell in the scanner. There are 2961 possible
points on the optical scanning form. It is important that the form be
designed so that space is utlilized efficiently, but not to the point of
clutter. The instructions must be clear and compatible with the scanner
model Deing used.

An optical scanning form adaptable to the DTECTR Program should be ar- -
ranged according to the program’'s input filles. Wastewater treatment daily
values, BOD and suspended solids data (filled in only on applicable days)
and sludge treatment parameters should be placed in separate sections of the
form. Separation of the daily and non—-daily parameters should help minimize
operator error, Also, both sides of the form should be used with 1 days!
values on each side. A preliminary mock-up of an optical scanning form is
presented in Figure 8,
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Space should be provided for the operator’s signature to certify that
all entries have been entered correctly, A box for operator comments should
also -be included. Program identifier codes, plant number, treatment scheme,
and sYudge handling, must be entered each month for the plant. A header form
might be necessary to inform the computer of information contained in file.
1; the total number of plants and the number of days in the month, Since
the DTECTR program will be run from a CRT terminal, this information could
be entered at the time of programming by a series of interactive input
commands,

"Optical scanning forms are usually 8-1/2 X 11 inches in area, however,
the optical scanner at the University can process optical scanning forms up
to 11 X 17 inches in size. The larger size might be preferable because the
additional space can be used for directions, comments and boxes in which the
data values can be written above the form's "bubble" marks.

It should be noted that the minimum number of optical scanning forms
printed by UMASS'S contractor, Naticonal Computer Systems, Inc. is 5,000 at a
cost of approximately $87.00 per 1,000. Initial cost of the optical scan-
ning form design is about $500.00. The designer must allow 7 weeks from the
time the first draft of the form is sent In until the completed optical
scanning forms are delivered.

Distributed Data Processing

We have assumed that monthly operating reports and permii compliance
checking would continue to be handled by the DWPC (i e., centralized). An
alternate arrangement would be to have each treatment plant prepare the
monthly reports on their own micro-computer with their own DTECTR program.
They could then send the computer generated reports to the DWPC each month,

A centralized system is more economical than a distributed system.
Perhaps most importantly, a centralized system allows the DWPC to maintain
maximum control over the reporting/compliance process,

+ Tnere are also a number of disadvantages. Mistakes can be made either
in completing the optical scanning forms or in keypunching data files,
There is a cost invelved in processing the scanning forms in operator and
computer time. If the keypunch option is chosen, data processing personnel
must be hired to transcribe data to files. Both choices of data transerip-
tion for a central processing system can be inconvenient because all the
forms have to be present before the program is run. ’

Distributed monthly processing, while having a higher implementation
cost, has many advantages, A small micro-computer could be equipped with a
dynamic or interactive program written to ask the operator for dajily data.
The computer would then file this data onto a disk for storage. If re-
quired, the disk also could be sent to the State along with the program
output for review each month.

The DTECTR Program could be modified to fit individual plant schemes,
An "APPLE" micro—computer c¢an have a memory capacity of up to 256,000 bytes.
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As it exisis now, the FORTRAN DTECTR program could be run on a micro-
computer, The DTECTR program without the interactive files is contained in
58,000 bytes. The executable version of the program requires approximately
39,500 bytes and the input/output files, about 3,000 bytes. If the program
is too léqge for a specific micro-computer, it could easily be broken down
into several smaller programs and executed separately.

The operator would be able to enter more cost information into the com-—
puter for report purposes or for testing plant modification feasibility.
The operator would be able to enter data into files every day instead of
completing the monthly compliance report form. The main disadvantage of a
distributed system, however, is the high capital cost involved in investing
in micro-computers for each treattent plant. A significant investment in
operator training may also be required to teach the cperators tco use and be
comfortable with the micro-computers, On the other hand, once the operators
are "computer literate", the micro-computer could be used to perform a nost
of other functions for the staff (automatic recording of process parameters,
inventory, maintenance records, real time evaluation of plant performance,
technical assistance and referencing, etc.) Substantial programming time
and costs .would be incurred if modified programs for each individual plant
were implemented.

Expanded;Evaluation System

An expanded evaluation system could be developed for plants not meeting
their permit requirements. Additional subroutines would be called to
describe and analyze the nature and probable cause of the non-compliance
incident. The computer could determine whether the situation is unique or
recurring and make recommendations to help alleviate the problem.

Non-Municipal Permit Reporting and Compllance Checking

The DTECTR program could be used to check industrial waste discharge
permits. This would, of course, encompass a much larger range of permit
values and diagnostics, but the basic programming ideas are the same.

Cost Assessment

The DTECTR program cculd be expanded to be used to compile and assess
overall treatment plant operation and malntenance costs, broken down for
each operating unit if desired. This would enable the MDWPC to draw com-
parisons between similar plants and prepare practical operational
recommendations for saving time and energy.



CHAPTER VI

CONCLUSIONS

An optical scanning form for data reporting and computer program for
report generation and compliance monitoring are a feasible alternative to
the conventional method of monthly report checking. Benefits over the cur—
rent checking method include time savings, cost reduction, increased
accuracy, more complete and legible reporting, and easier interpretation of
data and trends. In addition, the DTECTR computer program can be expanded
to include more complicated diagnostiecs or cost information. This would
make the time spent checking reports each month even shorter,

An optiecal scanning form designed with the operator in mind, once
implemented, wWill be easy to complete each month, Operator feedback during
thg trial period will help minimize problems farther down the line.

As computerized technology takes on more and more filing and reporting
tasks, it is inevitable that some type of computerized system be implemented
to complete the monthly compliance checking of wastewater treatment plant
report forms. The DTECTR/Optical Scanning form system is a practical,
feasible method to meet current objectives and to provide a basis for future
expansion.

4
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CHAPTER VII

CURRENT AND FUTURE WORK (1983-1985)

It was 6rigina11y proposed to continue development work on DTECTR with'
a pilot field implementation of the op-scan forms at the 41 publicly owned
treatment works in the DWPC's Western Region. The treatment plant operators
would fill in the data values on the form and then fill In a ¢ircle cor-
responding to the number in each column., These forms would then be read by
an optical scanner at a rate of 1,500 forms per hour. This approach would
be cheaper than using keypunch operators to transcribe the data, and the
DTECTR system with the optical scanning forms was estimated to be 35% less
expensive than the current system, when the value of engineers' time is
taken into account. This cost savings to the Division is achieved at the
expense of the operators, however, who must spend more time filling cut the
optical scanning forms and colering the circles than they presently spend
filling out the Division's monthly operating report forms. In addition, the’
op-scan forms system would result in a tremendous amount of paper, to be
handled on an ongoing basis. Operator resentment to the additional workload
would probably require special hand-holding during the implementation
period,.

As a result of our continued work and discussions on DTECTR, we came tél_
believe that a system based on micro-computers in each treatment plant ‘of-
fered many advantages to the MDWPC,

The decentralized micro-computer approach to data entry solves many of
the aforementioned problems, while retaining all of the benefits of com-
puterized monthly operating reports, and then some, Operators would use
their own micro-computers on a daily or weekly basis to enter the data into
a data file maintained in the memory of their computer. This data would be
input via a software program that was "user friendly". At the end of each
month, the operators would use ancther software program, also "user
friendly"™, to transfer one month's data to the divisicon's computer via a
telephone hook-up with a modem. The Division would then run the DTECTR,
program using the data file sent by the operator to generate the monthly
operating report in-house, "User friendly" software is used here to mean an
interactive program which guides the operator through the procedures step-
by—~step and is "intelligent" enough to recognize and correct operator
errors, Such scoftware would not require any special training in order to
use it, and would be written interactively to allay any fears or anxieties
the operators may have about having to use a computer. Full-scale implemen-— .
tation of this approach would require the acquisition of micro-computers for
those treatment plants which do not already have them (namely most of them)
although this could be phased in at a sSpeed determined by the Division,

There are many, many benefits associated with having micro-computers in
sewage treatment plants, Once available, these computers could be used for
other routine tasks such as inventory, maintenance, payroll, billing, ete.
A large portion of the Division's operator training programs could be built
around software designed for use by the operators in their own plants at
thelr convenience, Computer programs are available for trouble-shooting
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plant operations and for guiding routine operations and more will no doubt
become available. A likely spin—off of the incorporation of micro-computers
into their daily routine will be enhanced perceptions by the operators of
themselves as professionals.

Accordingly, a scope of work covering five major work elements was
agreed upon:

1. the development of software necessary for implementing DTECTR with
decentralized micro-computers,

2, trial implementation of the DTECTR system at six sewage treatment
" plants (which already possess micro-computers),

3. continuing modification and revision of the DTECTR Program and
other software and outputs from them in response to experience
gained in the trial implementation and suggestions from the
Division,

4y, presentation and resolution of administrative, and procedural
issues associated with the adoption of a full-scale decentralized

. DTECTR system, and

5. recommendations for a plan of action to implement the DTECTR system
state-wide, including estimates of the costs involved.

These work elements are described in more detail below.

Software Development

Three major pieces of software will be developed in order to achieve
the objectives of this project. First, an interactive program is being
written to guide the operators in the entering of the operating data into
the data file, This program is being written in a way which makes it easy
for the operators to follow instructions. It will alsc be able to recognize
when the operator has done something incorrectly. The second program, alsc
interactive, will guide the operator through the steps necessary to transfer
the monthly data file to the Division's computer via the telephone line and
modem. For this project the files will be transferred to the School of
Engineering VAX computer at the University of Massachusetts (where the
DTECTR program is currently up and running). Modifications can be made at a
later time to make the program appropriate for transferring data to a com-
puter of the Division's choice. A third program which will be necessary is
one for use by the Division to call up the individual data files and run
them with DTECTR in order to generate the monthly operating reports and
other outputs, It too will be interactive. A User's Manual or set of in-—
structions will be prepared for each of these programs.

Pilet Implementation of the DTECTR System with Decentralized Miecro-computers

The software described above is being field tested at six wastewater
treatment plants which already have micro—computers. We are training the
cperators in the use of the programs. When we receive the monthly data
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files from them Wwe Will generate monthly reports using the DTECTR program
for the months of September, October and November, 1984. Tnhis pilot im--
plementation will allow us to de-bug the software under realistic conditions
and will allow us to modify the software in response to feedback from the
operators and Division personnel. The pilot implementation will also allow
us to demonstrate the feasibility of this approach and will give us ex-
perience upon which to base our recommendations for full-scale
implementation of the system., Since none of the scurces contacted to date
have been able to identify which treatment plants already have micro-
computers, we are in the process of conducting a survey to obtain
comprehensive, accurate information on micro-computers 1in Massachusetts
POTW's. We are tentatively putting the software up at treatment plants in
N. Andover, Adams, Southbridge, Fitchburg and Salem. Four of these are IBM
PC*s and the fifth is an Apple Ile. We are supplying the modem for the.
duration of the trial implementation.

Modify Software

The programs developed to implement the DTECTR system for monthly
operating reports will undergo continucus revisions and improvements through
the course of the work pericd. Changes may be recognized in response to
operator feedback and suggestions from the Divisicon, Improvements in the
program will become apparent as we gain experience with using them. It is
important to recognize that computer programs are not stagnant entities,
The advantage of a computer program is that it can easily be modified to in-
corporate new information or to produce new results as such changes suggest
themselves, One definite task to be accomplished will be the rewriting of
the output sections s0 that a dash will appear when no data has been
collected. Thus, any 2zeéeros which appear in the output will be truly values
measured to be zero. We will also be rewriting DTECTR in BASIC so that it
can be run on a micro~computer,

Personnel Training

We are working closely with members of the newly formed Technical
Assistance Group. Several members of this group will be trained in the use
of DTECTR and other software in order to form an in-house cadre to guide the
ultimate full-scale implementation of the DTECTR system.

Recommendations for Implementation

After the trial implementation of the DTECTR system is completed and
evaluated, we will prepare recommendations for a plan of action to implement
the DTECTR system state-wide. The plan presented will include a discussion
of alternatives to our recommendations, a timetable of recommended actions,
and estimates of the cost involved. This recommended plan of action will be
forwarded to the Division well in advance of the final report to allow the
Divisicon time to react to our recommendations and for interaction to take
place before a recommended plan of action is set forth in the final report.
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Institutional, Administrative and Procedural Issues

In addition to undertaking the field evaluation of the DTECTR system
and preparing a recommended plan of action for full-scale implementation,
there will be numerous smaller gquestions and issues that must be addressed
in order for the DTECTR system to be successfully adopted. These will be
addressed throughout the course of the work as they arise. A coordinated
discussion of them will be presented in the final report. For instance:

~How does one assure operators that they have fulfilled their legal
obligations to submit monthly operating reports when electronic data
transmission in involved? ’

~Should individual sewage treatment plants be given DTECTR?

-If the Division is involved in a program to provide micro-computers to
each treatment plant, should such computers be standardized?

-Should the Division's monthly operating reports be generated in a
central office or in the regions where they will be reviewed?
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MONTHLY REPORT
WASTEWATER TREATMENT PLANT
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5 DAY BOD lmg/L) SUSPENDED SOLIDS (mg/L)
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pH . 3
Solids Sohds tinnty Acids Sofids Solids Drawn fgal.) jRemocved]lcu. yds.}] Effluent | stream | stream
% % (mg/L) | tmg/L} % %
68 59 70 71 72 73 74 75 76 77 28 79 50 ar 82 83 54 F] g6
*Multiply Val By 1000
uinely Valve 8y 89. COMPOSITE SAMPLE INFORMATION
PLANT PERSONNEL - ! X
[-74 Nama Titte Class 1} Composite fram 10
2} Nutober of samples m_com 10
3) Interval_bstween samples
4) Composita mads up from:-
Samples of equal volume D Proportion 1o tlow D
90 GENERAL COMMENTS (Uperating Froblems or Assistance Desied)
88 - PLANT DESIGN DATA . .
Type - Present Average Flow MGD -
Design Capacity MGD § Population Served ‘G" = Grab Samples {Nate Al other samiples wiil be composited!

7200-2-78

Massachuserty Warsr Rotpurces Commussion [ Division af Water Pollution Control
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DISSOLVED OXYGEN mg/L SLUDGE
oH Gas Vacuum Fter or Centrifuge
Siudge | Eacess Cver Super. Chermicals Fitter Cake e

2| fow Aeravon Seac::vnu— Final { Down- Up- o u"-a-'-;j' Digester Digestor flow | N3Nt Pro- Used 1000 " . =

o Tank {Effluent {Etftuent | stream | stream | Digesier] Siudge | Temp to Wasted | duced ; ibs. ibs. fivs. %
(1000 | igatsy | 1) | S99 Jprmary | 11000 | 11000 | 1000 | G¥fens | Solids o4 hey Fiaa s | 124 hes | Sonas
gals} Tank gais) cu fth] cu ful
17 18 19 29 21 22 3 24 25 26 %7 JEZ] 29 30 71 32 73 34 35 36

1 1

2 2

3 3
4 4

5 5
& 6
7 7
8 B
9 9
10 . 10
11 11
12 12
13 13
i4 14
15 15
16 16

- 17 17
18 18
19 19
0 20
n 21
22 22
23 23
24 4
25 25
26 - 26
27 27
28 28
pra) 29
30 30
n 3
b A VL7 G i 7z 7 V//%/ %
"MEDIAN - ..
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Please forward th:s report (o the Regianal Engineer al the address above by the 1Mh of each foliowing month.

oY



MONTHLY REPORT
WASTEWATER TREATMENT PLANT

City or Town

EN

Manth

19

Chiat Opsrator

WEATHER SEWAGE CHLORINATION SETTLEABLE SOLIDS mijL
o fantan . Flow (MGD} Gt & Fre Past °
w anfa emp Temp. osage Residual Diosage Residual Raw Primary | Secondar Final ]
o fin) , D,F of Manimum | Minimum Total Bypass S[ccr:Et;c'n’g ins.f249hrs ™ szgms {mg- L) Etfluent Eﬂluem‘r Effluent c
4 5 & 7 9 . (1o i1 12 13 14 15 16

1 [
2 2
3 3
Ll 4
5 5
6 6
7 7
g F:]
9

10 190
" 1t
12 12
13 13
4 14
15 15
6 16
17 17
8 18
19 19
20 20
rql 21
2 22
23 23
= —— =

25
26 N _ . 26
27 e . 27 -~
28 ] 28 wi
29 : B 29
30 N 3a
a3t a1
8 P _/r ;
TOTAL I :{/’2//////’/ . g
o
MEDIAN j,%,///é?,/;"
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