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FOREWORD

A successful water quality management program requires not only
thorough problem definition and prudent implementation of effective
control methods, but also adequate monitoring and strict enforcement
of the ambient and effluent quality standards upon which the program
is based. The acquisition and analysis of adequate data for detection
and enforcement of standards violations is a complex and costly process,
and can be ineffective and inefficient unless due consideration 1s
given to the statistics and economics of the system, and the monitoring
program is designed and operated accordingly.

This report is the eighth in a series within the Environmental
Management Research Program which addresses the management aspects of
the design and operation of water quality monitoring and information
management programs at the state or regional level, and develops
user-oriented handbooks to assist personnel in program design and
management. The other seven reports are available from GPO or NTIS,
and are listed below:

"Design of Water Quality Surveilance Systems,' 16090DBJ08/70,
August 1970

"Quantitative Methods for Preliminary Design of Water Quality
Surveilance Systems,' EPA-R5-72-001, November 1972

"Data Acquisition Systems in Water Quality Management,"
EPA-R5-73-014, May 1973

"Michigan Water Resources Enforcement and Information System,"
EPA-R5-73-020, July 1973

"Design of Cost-Effective Water Quality Surveilance Systems,"
EPA-600/5-74-004, Janauary 1974

"Demonstration of a State Water Quality Management System,'
EPA-600/5-74-022, August 1974

"Quantitative Method for Effluent Monitoring Resource Allocation,”
EPA~600/5-75-015, August 1975

on Wor)

Thomas A. Murphy
Deputy Assistant Administrator
for Air Land and Water Use
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ABSTRACT

This report is designed as a handbook specifically oriented to
environmental planners and managers. It presents the development and
successful demonstration of hand and computerized procedures for the
design of effluent compliance monitoring systems. The procedures may
help planners allocate compliance monitoring budgetary resources so as
to minimize environmental damage. The original technical development
of these procedures is given in a companion report, "Quantitative
Methods for Effluent Compliance Monitoring Resources Allocation,"
EPA-600/5-75-015. Both the computerized and hand calculation
procedures are demonstrated to function satisfactorily using data
supplied by the State of Michigan.

This report is submitted in fulfillment of Contract Number

68-01-2232, by Systems Control, Inc., under sponsorship of the Office
of Research and Development, Environmental Protection Agency.
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SECTION 1
INTRODUCTION

In response to increasing public awareness and concern for the
quality of the environment, government agencies at all levels are taking
steps to protect and enhance the quality of the nation's waters. Control
of wastewaters is essential to the success of this initiative toward
envirommental quality. The Federal Water Pollution Control Act Amendments
of 1972 require the establishment of wastewater (effluent) limitations
for all joint sources by July 1, 1977. The Environmental Protection Agency,
or designated state agency, is required to establish monitoring programs

to ensure that the effluent sources are in compliance with the standards.
According to the Federal monitoring guidelines, there are three
ways the monitoring agency must obtain information concerning the com-

pliance of dischargers:

1. Self-Monitoring. The effluent dischargers are required to

sample their own effluent levels and periodically transmit

records of these samples to the monitoring agency.

2. Compliance Monitoring. The monitoring agency visits the

effluent dischargers to ensure that the self-monitoring is

being properly executed and reported.

3. Ambient Monitoring. The water quality of the receiving waters

monitored by state and/or local agencies.

The self-monitoring reports are the principal source of compliance in-

formation used by monitoring agencies since the agency expense to acquire



these data is minimal. Some check is, however, needed on the reliability
of self-monitoring data. The compliance monitoring program is set up to
provide that check. The compliance program also has other purposes
associated with the permit program, such as verifying that the plant pro-
cesses described in the permit are correct, evaluating new waste removal
equipment, reviewing progress toward scheduled pollution control activities,
and monitoring to aid in preparing enforcement actions. The ambient
monitoring is primarily used to determine water quality, discern trends

in water quality, and evaluate the overall effectiveness of pollution
control in a region. Under certain conditions, however, ambient monitoring
may flag effluent irregularities ummeasured by other means. Through know-
ledge of the effluent sources that could contribute to the decline in

ambient quality, action can be initiated against possible violators.

This handbook is directed toward responsible monitoring agencies
on the local, state and Federal levels, and specifically to the design
of compliance monitoring programs. It is intended to extend the Resource
Allocation Procedure of a previous Research and Development report
[1] to include hand calculation procedures, and user oriented documentation.
The handbook provides simple and concise procedures for the preliminary
design of effluent compliance monitoring programs. It includes the option
of using hand calculation or computer calculation techniques. It is in-
tended to assist officials in developing efficient and effective compliance

monitoring programs using a relatively simple, yet meaningful approach.



SECTION 2
DESCRIPTION OF COMPLIANCE MONITORING DESIGN PROCEDURE

This section presents a technical overview of the monitoring
Resource Allocation Procedure, and how it relates to the governing laws

and regulations.

2.1 REVIEW OF GOVERNING LAWS AND REGULATIONS

The Federal Water Pollution Control Act Amendments of 1972 shift
the emphasis of the law from water quality standards to effluent limitationms.
These effluent limitations are asserted through the National Pollutant
Discharge Elimination System (NPDES) permits. The Federal Environmental
Protection Agency (EPA) or state agency designated by the EPA regional
administrator must issue NPDES permits to all dischargers based upon cer-

tain criteria outlined as follows.

The basic limitations are based upon known effluent control tech-
nology. Permits for 28 industrial categories [2] are set according to the
Best Practicable Control Technology Currently Available (by 1977), and
Best Available Technology Economically Achievable (by 1983). Municipal
sewage discharge permits are set according to the basic Secondary Levels
of Treatment (by 1977), and Best Practicable Waste Treatment Technology
(by 1983). However, in Water Quality Limited Segments* the permits must
be based upon the level of additional treatment needed to assure maintenance
of acceptable water quality. It is the responsibility of the state or

regional administrators to set the permit levels in these areas based upon

*
Areas of receiving waters where acceptable water quality levels are not

always reached when the effluents of that area are held to the basic
limitations.



studies such as those under Sections 303e and 208 of the Water Quality Act
[3]. Once the permits are specified, it is the responsibility of each

discharger to maintain their effluents within permit levels.

The Federal government has set out guidelines to officials issuing
NPDES permits in the form of Effluent Limitations Guidelines [2,4-20].

The important aspects of these guidelines are listed below,

1. Only constituents of major significance should be limited
and monitored. The full list of constituents recommended
for effluent limitations in the 28 industrial categories
is given in Table 2.1.

2. Limitations should be in terms of '"production days," i.e.,
loads throughout a day.

3. Each permit should contain limitations on (monthly) average
and daily maximum,

4. Permits should be based upon gross loads, unless the discharger
has a strong argument to use limitations on net loads (i.e.,
outlet load minus the intake load). Where possible, the permits
should be in units of kilograms per day.

The enforcement of these MPDES requirements requires certain

specified monitoring procedures, as ocutlined in the next subsection.

Monitoring Guidelines

The Federal Water Pollution Control Act Amendments of 1972 and the
accompanying regulations and guidelines specify a comprehensive set of
monitoring programs for enforcement of the law. The major monitoring

efforts to be required are shown in Figure 2.1.



Table 2.1 Constituents Recommended for Limitation by Industrial Category

THDUSTRY
CATEGORY

80DS

TS$

pH

COLOR
PHENOLS

OlL & GREASE
SURFACTACTS
TOC

NH3y

SULFIDE

Cr TOTAL

Cr 6

ZINC

K. NITROGEN
FECAL COLIFORK
NO3-N
ORGANIC N

T. PHOSPHORCS
FLOURIDE
HEAT

COPPER
ALLUMINUM
CYANIDE
MANCANESE
NICKEL
ARSENIC
CHLORINE

cop

T. DISOLVED SOLIDS

IRON
MURCURY

LEAD

><

1 PULP, PAPER i PAPERBOARDS

2 BUILDFRS PAPIR AND BOARD

3. TIMBRER PRODUCTS

4 SOAP AND DETZRCENTS

S DAJRY PRODUCTS

6  CRCANIC CHEMITALS

7 PETROLEULM REFINING

8 LEATHER TANNING & FISHING

S>> > | > > <] >

9 CANNED AND PRESERVED
FRUITS ARD VLGTABLES

10 NONFEZRROUS MITALS

11 GRAIN MILLS X

12 SUCAR PRCCESSING X

13 TERTILIZERS

14 ASLESTOS

15 MEAT PRODUCTS X

16 FERROALLOYS

17 GLASS X

18 FLECTROFLATING

DC D o | ) > [ 3| > >| > > Sep>xfo | o> | >¢| >| | ><
DD D | DC PO (D] D] | | > D > > > > | > > >| ><
><
>
>
>
>

19 PHOSPHATE MANUFACTURING

20 FELDLOTS X X

21  CEMENT MANUFACTURING

22 RUBBER PROCESSING X

23 PIASTICS AND SYNTHETICS X

24 INORCGANIC CHEMICALS

26 TEXTILES X

27 STEAM ELECIRIC CENERATING
EQUIPHMENT

> 5S¢ [ D] 3] | M > | 3¢
><

28  SEAFOOD PROCESSING X

X
X
X
X
25 1RON AND STEEL X
X
X
X
]

From References [2,4-20



STATE AND

FEDERAL
ENFORCEMENT
DISCHARGER STATE MONITORING
SELF-MONITORING REQUIREMENTS
(PL92-500, Section 106)
TOXIC PRIMARY COMPLIANCE INTENSIVE GROUNDWATER
SUBSTANCESY AMBIENT WATER MONITORING SURVEYS
QUALITY MONITORING
Figure 2.1 Major Monitoring Activities




The effluent discharger under an NPDES permit must monitor his
effluent (self-monitor) at some minimum sampling frequency, maintain
records of sample results, and periodically transmit these records to the
state. In addition, state officials must have the authority to enter the
premises of a permittee at any reasonable time to inspect records and
instrumentation and to sample effluents, both to verify the quality of

self-monitoring reports and to check for compliance with permit conditions.

The States have a number of monitoring responsibilities (shown in
Figure 2.1) in order to be eligible for Federal wastewater control program
grants. These responsibilities are described in regulations developed
under Section 106e(l) of PL 92-500 [3]. In summary, these regulations re-

quire that monitoring systems include the following compcnents:

) Compliance Monitoring to validate self-monitoring reports and

support enforcement actions. This monitoring must include
scheduled and random quality control inspection of permittees'
monitoring reports and equipment to establish the credibility
of self-monitoring reports, follow-up inspections when there
is evidence of an effluent standard violation, and ad hoc in-
tensive surveys when there is evidence of a water quality

violation.

° Intensive surveys (scheduled in advance on a periodic basis)

conducted "before and after implementing pollution controls

in areas of significant pollution sources, clustered pollution

sources, localized nonpoint sources of pollution, and in major

bodies of water which are known or suspected to be accumulating
pollutants." These surveys may include monitoring of both

ambient and effluent levels.



e Primary ambient monitoring designed to give the long-term

coverage necessary to describe trends in water quality and
to establish a macroscopic view of the effectiveness of

pollution control actions (see Section 305b, PL 92-500).

e Toxic pollutant monitoring including "studies and systematic

sample collection from surface waters, groundwaters, sediments
and biological communities'" to define where toxic pollutants
are entering the States' waters and to provide basis for control

actions.

e Groundwater monitoring consisting of stations designed to

"determine baseline conditions and provide early detection of

pollution."

The procedures given in this handbook are concerned with the allocation

of monitoring resources for compliance monitoring.

Self-Monitoring Requirements

The NPDES permit program guidelines [2] give detailed requirements
for self-monitoring programs. They suggest that minimum self-monitoring
frequencies be set according to the discharge flows and constituent
nature for industrial and municipal effluents as given in Tables 2.2 and
2.3. Since the effluent standards must be set in terms of daily loads,
the monitoring guidelines strongly recommend the use of composite samples.
However, if it is only feasible to take grab samples, they can be used to

represent daily composite samples.

The self-monitoring data must be reported on standard forms giving
the maximum and minimum of production day loading samples over a month,

and the monthly average of these samples. The dischargers with more than



Table 2.2 Recommended Minimum Sampling and
Analysis Frequency for Process Effluent
Effluent Minimum Frequency Mlnlmu?oirequency

Flow Volume (MGD)

for
Major Constituents

Other Constituents

< .05
.05-1.0
1.0-10.
10. - 50.
>50.

Once per month
Once per month
Once per week
Three times per week

Daily

Semi~Annually
Quarterly

Once per Month
Once per Month

Once per Month




Table 2.3 Municipal Wastewater Treatment Facilities
Minimum Sampling Frequency

EFFLUENT

Fecal Coliform (N per 100
Settleable Solids (ml/l)3

Suspended Solids (mg/1)
kesidual Chlorine (mg/l)3

a
y 3}
oo -
d —{
g a E
Plant Size (mgd) = p% %.
Once each
Up to 0.99 Wkday.2 Once per month
1 - 4.99 Daily Once per week
5 - 14.99 Daily Once per weekday Z
15 and greater Daily Once per day

lIn smaller plants, we should accept total coliform rather than fecal
coliform at this time.

2Weekday = Monday - Friday
3Grab Sample

10



one discharge pipe are given the option of reporting on each discharge
separately, or on the combined discharges. The self-monitoring data must
be transmitted to the State at least quarterly -- semi-annually for very

small industries.

2.2 COMPLIANCE MONITORING PROCEDURES

This handbook is concerned with the part of the compliance monitor-
ing program that determines whether effluent sources are in compliance
with the effluent standards. Since the state monitoring agency has limited
resources available for compliance monitoring, it is important that these
resources be used in an efficient manner. The procedure developed in the
first SCI study [1], and presented in this handbook,determines how often
to monitor each scurce in a region to obtain maximum benefit from the
compliance monitoring program. The procedure uses information from past

self-monitoring, ambient monitoring, and compliance monitoring reports.

As discussed earlier, an effluent source is in violation (i.e., does
not comply with standards) if either the value of a daily composite measure-
ment exceeds the maximum standard, or the average of the daily composites
over the month exceeds the average standard. 1In order to determine whether
an effluent source is in violation of the "average' standard, it is
necessary to take measurements over a large percentage of the month, while
to determine if the "maximum" standard is violated, it is only necessary
to determine if the standard was exceeded over a single day. Since com-
pliance monitoring is costly to the monitoring agency, and since most
regions will contain many effluent sources, it is not expected, in general,
that compliance monitoring resources will be available to determine whether
the "average" standard is violated. Additionally, the chronic, long-term
pollution effects resulting from the "average' violation can usually be

sensed in both the primary monitoring network, and through a compliance

11



monitoring scheme designed for the "maximum'" standard. Therefore, the

procedure given in this handbook is limited to determining whether the

“maximum' standard is violated.

The Resource Allocation Procedure sets priorities on which effluent
sources should be monitored and how often. The procedure determines the
sampling rates so that sources that have a high probability of violating
their standard, and (optionally) sources that may cause large environmental
damage will be sampled with high priority. The objective in allocating
monitoring resources then is to minimize the "cost" of undetected violations,
or equivalently, the expected environmental damage that would result from
undetected violations. The "cost' of undetected violations for a number

of effluent sources may depend on:

1. The expected number of undetected violations;
2. The expected "“environmental cost" due to undetected violations;

3. The expected magnitude of undetected violations.

Any one of these three factors can be used as the criterion for the

allocation of monitoring resources.

The first allocation criterion depends on the probability that the
various violating sources in the monitoring region will not be caught in
violation once in the monitoring period (i.e., the probability of being
an undetected violator). This quantity in turn depends on the sampling
rates and single day probability that each of the sources will violate

one of their standards. The other two criteria are also a function of the
probability of being an undetected violator; however, they all depend on

other factors. The second criterion depends on the environmental damage
that is expected to result from a standard violation, while the third
criterion depends on the degree or amount by which the standard is ex-
pected to be exceeded. These criteria are defined in more detail in

Section 2.4.
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All the above criteria are functions of the discharges or loadings
from effluent sources. These effluent loads, due to their inherent wvari-
ability, are modeled statistically by either a normal or lognormal prob-
ability density function. Allowing for two types of density functions
results in the ability to model a wide range of effluent loadings with
sufficient accuracy to determine sampling priorities. Both the normal
and lognormal density functions can be defined by two parameters, a mean
and a standard deviatiom. (For the lognormal case, the mean and standard
deviation are those of the logs of the effluent values.) These parameters
are obtained for each constituent of each source from historical data, in-~
cluding self-monitoring and compliance monitoring data. The procedure
used to determine the statistical characteristics of the effluents is

described in Section 2.5.

2.3 OVERVIEW OF RESOURCE ALLOCATION PROCEDURE

The basic task flow for the Resource Allocation Procedure is given
in Figure 2.2. The various major functions of the procedure are briefly
described below, and described in more detail in Sections 2.4 through

2.6.

1. Initialize Statistical Description

Combine the raw self-monitoring and compliance monitoring
data to obtain an initial statistical description (distribution,

mean and standard deviation) for each pollutant of each source.

2. Calculate Probability and ''Cost" of Violation (Allocation
Criteria)

Use the statistical description of the effluent loads, the

effluent standards, and the stream parameters to obtain the

13
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"cost' and probability of violation for each source. Use the
appropriate option in this calculation as described in Section

2.4,

3. Determine Priorities

Use the method of maximum marginal return to obtain the

monitoring rates.

4, Monitoring Schedule

Take the sampling rates obtained in the previous function and

determine which date to sample which sources.

5. Monitoring Period

This box represents the actual time spent monitoring the sources.

6. Update Statistics

Combine new self-monitoring and compliance data with the initial
statistics to obtain an updated statistical description of the

effluents.

Functions 1, 2, 3, and 6 are performed by the Resource Allocation Procedure
and will be described in Sections 2.4 through 2.6. The scheduling of the
sampling (Function 4) depends on a number of factors which are difficult

to quantify in an optimization framework, such as: the spatial location

of the various effluent sources, the size of the monitoring agency's
jurisdiction, and the availability of personnel. This scheduling is left
to the individual monitoring agency. Function 5 simply denotes the

passage of time.
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2.4 RESOURCE ALLOCATION CRITERIA

The procedures presented in this handbook give users several
optional criteria for resource allocation, as discussed in Section 2.2.
This section discusses the mathematical definitions of these criteria.

Those readers with non-mathematical background are encouraged to skip

this section.

Number of Undetected Violators (Criterion #1)

The objective of this allocation criterion is to minimize the
number of undetected violators, which 1s defined as the expected number
of effluent sources which will not be caught in violation given that the

ith source 1is sampled S5 times.

Now (pi)siis the probability that the ith source will not be caught
in violation. if it is sampled Sy times, where P is the probability that

it will not be caught in violation if it is sampled once. The number of

undetected violators is then

n

S s
i
Zpi (2.1)
i=1

. *
where n_ is the number of sources. The calculation of Py is discussed in [1].

*
Equation 2.1 should more accurately be called the "Number of Undetected

Sources," since the probability that each source will be a violator is not
included. The expected number of sources which will violate a standard

but not be caught in violation given that the if® source is sampled s, times
during a monitoring period of N days is *

n
S

) IR T
o1 i i
Since this formula differs from Equation 2.1 only by a constant, the same

sampling rates, s,, will minimize both functions. Therefore, the simpler
formula has been presented.
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"Cost of Undetected Violations" (Criterion #2)

The objective of this allocation criterion is to minimize the
"environmental cost" of undetected violations, which is the damage to
water quality in receiving waters due to the effluent constituents of the
effluent sources. The environmental damage due to a given effluent con-
stituent is related to the concentration of the constituent (or correspond-
ing water quality indicator) in the receiving waters through a damage func-
tion. The damage function is defined as a piecewise linear function where
a numerical value is given to each "level of damage' - the values 0, 2, 4,
6, 8 and 10 correspond to '"mone", "excellent'", "acceptable", "slightly
polluted”, "polluted", and "heavily polluted", respectively. This type of
subjective damage function closely follows the approaches used by Prati [22],
Horten [23], and McCelland [24]. Using various references [22-27], appro-
priate damage function were specified for 26 water quality indicators as
shown in Table 2.4. The user of this procedure may optionally modify the
damage functions in this table based upon his own experience and particular
needs. Figure 2.3 gives an example, in graphical form, of a damage function;
the indicator considered is suspended solids. The computation of the cost of

undetected violations using this approach is given in {1].

Magnitude of Undetected Violations (Criterion #3)

This allocation criterion serves as an alternative to the very com-
plex "Cost of Undetected Violations'" criteria. It accounts for severity of
environmental damages, and yet is simple enough to be included in the hand
calculation procedures. The "Magnitude of Undetected Violations" is defined

as the severity of undetected violations (i.e., the amount by which effluent
standards are exceeded). The degree of violation, for a loading M and a2

standard T, 1s given by equation

0 3 M<t

DV(M,T) = (2.2)
a(M-1); M > 1
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Table 2.4 Damage Functions

Level of damage

Constituent Slightly Heavily
name Units None | Excellent | Acceptable | polluted | Polluted | polluted | Reference*
0 2 4 6 8 10
Aluminum mg/1 0 0.01 0.05 0.10 .50 1.00 7
Ammonia mg/1 0 0.1 0.3 0.9 2.7 3.0 2
Dissolved oxygen mg/1 >9 8.0 6.8 4.5 1.8 0.9 5
Inorganic carbon | mg/l <50 70 90 110 130 150 5
Chloride mg/1 0 25 175 200 240 250 3
Chloroform extract | mg/l 0 0.04 0.15 0.25 0.35 0.40 3
Chromium mg/1 0 0.02 0.05 1.0 10.0 50.0 6,7
Coliforms-total MPN/100m1 0 100 2000 7500 15,000 150,000 3,6
Coliforms-fecal MPN/100ml 0 20 200 800 3,000 50,000 4,5
Copper mg/1 0 0.02 0.10 1.00 5.00 10.00 6,7
Cyanide mg/1 0 0.01 0.02 0.05 0.10 0.50 6,7
Fluoride mg/1 <0.7 0.8 0.9 1.2 3.0 8.0 7
Iron mg/1 0 0.1 0.3 0.9 2.7 3.0 2
Lead pg/l 0 5 50 100 250 350 6,7
Manganese mg/1 0 0.05 0.17 0.50 1.00 1.50 2
Mercury ug/1 0 1 5 10 20 50 7
Nickel mg/1 0 0.01 1.0 3.0 9.0 20.0 7
Inorganic nitrogen | mg/l <0.6 0.9 3.0 4.5 7.0 10.0 3
0il-grease mg/1 0 0.01 0.10 5 30 50 7
pH-MIN 7 6.5 6.0 5.0 4.0 3.9 2
pH-MAX 7 8.0 8.4 9.0 10.0 10.1 2
Phenol ng/1 0 0.5 1.0 20 100 200 6,7
Phosphates mg/1 0 0.1 0.2 0.5 1.6 10 4
Solids-dissolved | mg/l <100 200 500 1000 1500 2300 5
Solids-suspended | mg/l 0 20 40 100 280 300 2
Temp. diff. °C 0 1.0 2.5 3.0 4.0 10.0 4
Tin mg/1 0 10 40 100 300 1000 6,7
Zinc mg/1 0 0.1 1 5 15 40 7

*The references shown are those

used to develop the damage function for each constituent.
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where o is a design constant discussed in detail in Sectiom 4, Task 10.

.th .
The expected degree of violation for the j constituent of the

.th .
i™ source is

DV =fDV(M,'riJ.> b (MAM =/ ag (T ) 0 G0 (2.3)
o] T..
1]

The expected degree of violation from all the constituents of the

ith source 1s then

DV, = Max DV_, (2.4)
i - ij
J
where it is assumed that the user is interested in the worst degree of
violation from the source. The derivation of the Degree of Undetected
Violation now follows exactly the derivation of the "Cost of Undetected

Violation" given in [1]. The Degree of Undetected Violation is therefore,

s 55
DV = EDVipi . (2.5)
i=]
where, for the ith source, DVi is the expected degree of violation, Py is
the probability the source will not be found in violation if sampled once,

and S5 is the number of times the source was monitored.

Summary of Resource Allocation Criteria

In examining the three optional resource allocation criteria, it
is seen that they are 2ll a function of the number of Undetected Violations
given in Criteria #1. 1In fact, they are all of the form

n
s s,
Allocation Criteria = z: (weighting factor)(pi) . (2.6)

i=]1

In Criterion #1, the weighting factor is simply set to 1. 1In Criterion #2,

the weighting factor is set to the expected "envirommental cost'" of un-
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detected violation. 1In Criterion #3, the weighting factor is set to the

relative severity or magnitude of undetected violations given by Equations
2.3 and 2.4

The manual calculation procedures presented in Section 4 gives the
option of using Criteria #1 and #3. The computer calculation procedure

givesthe option of using Criteria #1 and #2.

2.5 STATISTICAL CHARACTERISTICS OF EFFLUENT STREAMS

All three of the allocation criteria, discussed in the previous
section, require knowledge of the probability of violation for each
effluent source. Thus, the priority setting procedure for compliance
monitoring requires that the daily composite effluent loads, due to their
inherent variability, be modeled statistically. Among the questions that
must be addressed in developing a statistical model are:

] What probability distributions adequately model the
effluent data?

° What is the statistical correlation between the various
constituents of the effluent?

e What is the time-varying nature of the statistics?

It has been shown in [1], for several example sets of data, that
the normal and lognormal distributions adequately model the statistics
of the daily composite effluent loadings. In order to decide whether to
model a particular constituent by a normal or lognormal distribution, it
is necessary to process a large amount of daily data. It is not expected
that the individual monitoring agency will have the resources to analyze
the daily data of each source in its jurisdiction. It is only postulated
that the monitoring agency will have a monthly mean and maximum for each
constituent of each source. It is, therefore, necessary to determine,
using industry-wide studies of effluent characteristics, which distribution
can be associated with a given industrial process. Since this information
is unavailable at the publication of this report, several guidelines are
specified in Section 4, Task 1, on how to choose between the normal and

lognormal cases.
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The normal and lognormal distributions are defined by a mean and a
standard deviation. (For the lognormal distribution, the mean and standard
deviation are of the logs of the data.) Since it is only assumed that the
monthly mean and maximum, and not the sample standard deviation, are
available to the monitor, the standard deviation of the normal process
must be estimated using nonstandard estimation procedures. Approximate
maximum likelihood estimates of the mean and standard deviation from the
mean and maximum were developed in [1] for both the normal and lognormal
cases. These estimates were tested on real data and it was shown that they,
coupled with the associated distributions, adequately describe the statis-

tical variations.

There has been little study into the statistical correlation of the
constituents of an effluent. As with the problem of determining the
appropriate distributions, it is not expected that the monitoring agency
would be able to determine the correlation of the constituents of the
sources in its jurisdiction. It is therefore necessary that the correlation
coefficients be obtained from industry-wide studies. Since these are un-
available at the present time, it is assumed, unless other knowledge is
available, that the constituents from a source are uncorrelated. The
priority setting procedure also allows for the case where the constituents
are completely correlated. In [l] a correlation study for a single
municipal treatment plant was carried out. It is clear that no general
conclusions can be reached from the analysis of one water treatment plant.
The analysis has shown that variability in the correlation between con-
stituents exists from month to month, and that there are some:problems
inherent in choosing between the hypotheses of uncorrelated constituents

and correlated constituents.

The time-varying nature of effluent statistics comes from two

sources: (1) periodic variations due to weekly, monthly, or seasonal
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variations and (2) trends due to changes in the plant processes. The
weekly and monthly variations are averaged out in the input data (i.e.,
monthly mean and maximum). These variations, if known, should be taken
into account when determining when, in a monitoring period, to monitor
a particular source. The seasonal variations and trends are taken into
account in the statistical characterization by discounting appropriate

past information and updating the statistics as new data become available

(see Section 4, Task 7).

The specific procedures used in the Resource Allocation Procedure
to obtain the initial statistical description of the effluent sources and
to update the statistics as new information becomes available are dis-

cussed below.

Initial Statistical Description

The monitoring agency will have two types of data available from
which it can initially determine the statistical characteristics of the

effluent discharges:

e Self-monitoring data

] Compliance data

The self-monitoring reports will typically be sent to the appropriate
regulatory agency on a monthly or quarterly basis. The reports will at a
minimum contain the monthly maximum and monthly sample mean of the daily
measurements (usually composite) of those constituents for which standards
have been set. The report will also state the number of samples which were
used to obtain the sample mean and maximum. Compliance data will also be
available on the sources the monitoring agency has inspected as part of

its compliance monitoring program.
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When using the Resource Allocation Procedure for the first time,
it is necessary to obtain an initial statistical description of all the
effluent source constituents. This statistical description will be a
function of self-monitoring data and compliance monitoring data gathered
over many months. The procedure required to obtain the initial statistical
description in the computer implementation is shown in Figure 2.4, The
changes made for the manual procedure are discussed at the end of this

section. The various components of this procedure will now be discussed.

Aggregate Data. The procedure to obtain estimates of the mean and

standard deviation from the sample mean and the maximum (given in Appendix
A of [1]) requires that the number of measurements used to obtain the
sample mean and the maximum be greater than three. If the number of
measurements is three or less, the data over several months can be
aggregated to obtain a sample mean and maximum based on more than three
measurements. In this way, the estimation procedures, which have been
shown to be applicable in describing the effluent statistics [1], can
still be used. A theoretical description of the aggregation procedure

is given in [1, Section 5}.

Obtain Estimates of Mean and Standard Deviation From Monthly

Self-Monitoring Data. The estimation procedures to obtain estimates of

the mean and standard deviation for normal and lognormal processes are

given in Appendix A of [1].

Combine Self-Monitoring and Compliance Monitoring Data. At this

point in the procedure (see Figure 2.4), estimates of the mean and standard
deviation, based on self-monitoring data, are available for each month or
aggregated month. These will be combined with the compliance monitoring
data to obtain new improved estimates. Since the monitoring agency will

be collecting the compliance monitoring data, this data will be more
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reliable than the self-monitoring data. This should be taken into con-
sideration in the method of combination. The combination procedure is as

follows. Let

215255 sees

be ¢ daily composite values obtained in the compliance monitoring program
for a month. Let m and V be the estimated mean and variance (estimated
standard deviation square d) for that month based on the self-monitoring
data. Let n and v be the parameters which express the confidence in the
mean and variance respectively. n and v are constants representing the
equivalent number of measurements used to estimate m and V.* The values of
n and v are set proportionally to the number of measurements, N, used to

calculate the monthly mean and maximum. That is,

n = hnN 2.7)

and

<
]

hV(N—l) (2.8)

where hn and hv are design parameters.

The compliance data and the monthly estimates are combined sequen-
tially, using the updating formula described in Appendix E of [1l]. First,

the compliance data z, from a given month are combined with the self-

monitoring estimates %m, n, V, v) for that month using the update formula
(E.3) of [1], yielding the posterior estimates (ml, n Vl vl). The second
compliance data z, for that month are then combined with this estimate to
yield a new estimate (m2, Ny, V2, v2). The process is repeated until all
the compliance data are used to obtain a final monthly estimate for each

month. 1In order to give the compliance monitoring data more weight (since

*
A discussion of these confidence parameters is given at the end of this

Fecfion. They are also discussed in [1]. For further information see
28],
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they will, in general, be more reliable),the values of Vv and n'used in

(E.3a) and (E.3b) of [1] should be reblaced by v/y and n/Y where y >1 is

a design constant.

As an example, consider the case where the estimate of the mean,
from self-monitoring data, is m = 100, and the estimate of the standard
deviation is ¢ = 25. The confidence parameters are assumed to be n = 15
and v = 10, Suppose compliance data for the month are also available with
values z, = 115 and z, = 145. Let Y be equal to 2. [Recall n' = 1 and v' = 0.]

1 2
Using (E.3), of [1], z can be combined with the estimates (m, n, V, v} to yield

(n/y)m + 2,
my = ?;7;3—:fi—*-= 101.8
n, = o + 1 =16
[(v/ivy v + (n/Y)mZ] + Zi - ((n/y) + l)mi
Vl = oIy F 1 = 543.7
and
v = v + 1 = 11. (2.9)

The new estimate of the standard deviation is cl =N

1 23.3. The process

is then repeated with (ml, n, Vl’ vl) replacing (m, n, V, v) and z, re-
placing zq to yield

m, = 106.6

n, = 17

v, = 715.27

2

and

v, = 12. (2.10)
The new estimate of the standard deviation is 02 = 26.7.

21



Combine Estimates From Several Months. The final step in obtaining

an initial statistical description is to combine the estimates from several
months to obtain an estimate of the mean and standard deviation at the

start of the monitoring period. The estimates are combined by sequentially

using the Bayesian update formula (E.3) given in Appendix E of [1]. If the mean,
B, and the variance, Vt’ along with the confidence parameters, 0, and

v., are available for months t = 1,2, ..., T, the final estimates would be
obtained by first combining (ml, n, Vl’ v2) and (mz, n,, VZ’ vz)using (E.3) of [1]
yielding (mé, né, Vé, vé). Then (mé, né, Vé, vé) would be combined with (mé
D, V3, v3) to yield (mé, né, Vé, vé). This process would be repeated until
the estimate (m%, n%, V%, v%)is obtained, which is the estimate to use in the
priority setting procedure.

Confidence Parameters. In order to use the Bayesian update formula,

it is necessary to specify the confidence parameters n and v. These para-
meters describe one's confidence in the estimates of the mean and
variance. A discussion of how to obtain these parameters is given in

Section 5, of [1]. A detailed manual procedure for obtaining them is given

in Section 4, Task 4,

Update of Statistics

In the previous section, a procedure was given to obtain the
statistical characteristics of the effluent sources at the commencement
of the use of the Resource Allocation Procedure. The Resource Allocation
Procedure will be used on a periodic basis to obtain the sampling frequencies
for the following monitoring period. At the same time the monitoring agency
will continue to receive self-monitoring and compliance data. The purpose
of this section is to describe how this data should be used to cbtain an

updated statistical description.
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The update procedure is identical to the procedure for the Initial
Statistical Description with the small exception that the old statistical
characterization is used as a starting point in the procedure. To be
precise, the statistical update procedure follows the Initial Statistical
Description procedure (see Figure 2.2), in that first, the new monthly
data are aggregated, if necessary, to obtain sample sizes greater than 3;
estimates of monthly means and standard deviations based on the self-moni-
toring data are then obtained. The Bayesian update formulas (Appendix E of
{1]) are then used to combine the compliance monitoring data and the monthly
statistical description of the effluent and thus the new monthly statistical
descriptions based on the new data are available. These are combined
sequentially, starting with the original statistics, using the Bayesian

update formula, therby obtaining an updated statistical description.

Manual Procedure

The manual procedure described in Section 4 is the same as the
computer implementation except that the data from all the previous months
are aggregated in the "Aggregate Data' step. This eliminates the need
for computing the standard deviation for each month of data -- they only
have to be estimated once per monitoring period -- and the need for combin-
ing the monthly estimates using the update formula. The tremendous reduction

in computation far outweighs the loss of accuracy in the effluent statistics.

2.6 RESOURCE ALLOCATION PROBLEM

In Section 2.4, performance criteria for the procedure of allocating
monitoring resources were defined. This section defines the complete resource
allocation problem and describes the method of solution used in this hand-

book, the maximum marginal return method.
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Formulation of The Problem

There are three resource allocation problems that the monitoring

agency might want solved:

1. Given a certain amount of resources (i.e., budget), determine
how the monitoring resources should be allocated to minimize
the allocation criteria, (i.e., minimize the Probability of
Undetected Violations, Cost of Undetected Violations, or

Magnitude of Undetected Violations).

2. 1In setting up a monitoring program, determine what level of
resources is needed to insure that an allocation criterion

is below a given level.

3, Given an increment of monitoring resources, determine how to
allocate these additional resources and the resulting improve-~

ment in the monitoring system performance.

In the remainder of this subsection, these problems are formulated math-

ematically.

The allocation criteria are all of the form

n
s
Ce) = 2.C(s) (2.11)
i=1
where
5y
§_ = (51)529 LICE IR sns), Ci(si) = Cipi N (2.12)

. |*
and c; is the "damage cost" for the ith source, p, is the probability

%
This cost is dependent on which allocation criteria from Section 2.4 is
used. TFor Criteria #1, ¢ = 1; Criteria #2, e = the environmental

damage given by Equations 2.5 through 2.7; Criteria #3, c, = magnitude
of violation given by Equations 2.11 through 2.13.
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. . . .th ,
no violation is observed at the i source, n, is the number of sources,
. , .th .
si is the number of times the i source is monitored, and C, is defined by
i
the criteria used as explained in Section 2.4. The total monetary cost to

. . th
monitor all the sources, where the i source is monitored eh times is
n
s
R(s) = 2: r.s, (2.13)
i=

where r, is the cost of monitoring source i once. r, is made up of man-
power, transportation, equipment and laboratory costs. The actual values

of these costs will vary from agency to agency and as a function of time.

Upper and lower bounds on s, may alsc be given, i.e.,

f_, < s, <L. (2.14)
i~-"1~"71

To see when a monitor may desire to specify bounds, consider the
case where, from ambient monitoring, it has been observed that in a certain
river section the level of a particular constituent is higher than usual.
Then, one might want to check at least once during the next period all the
effluent sources that might have caused this. In this case a lower bound
of one is set on the corresponding sampling rates. Also, consider the
case of an effluent having a small expected violation cost. Based upon
the existing information, it will have a low priority for being monitored.
In order to prevent information from becoming obsolete, one can stipulate
that it has to be monitored at least once during a certain period of time.
An upper bound might be desired if the monitor does not want to sample
any source more than a given number of times. This should be true, for
example, if the monitor were required to visit a certain number of sources.
Another situation can occur when there is a known polluter (e.g., one
against which there are sufficient data to initiate legal action or one

which is improving its treatment according to an approved long-term plan);

31



the monitor may then decide not to survey this source frequently because
the result is predictable. 1In this case, the upper bound for S5 would

be set to some specified valuye.
The three optimization problems can now be specified.

Problem 1: minimize C(s)

subject to R(g) < B

L<s<lL
where B is the monitoring agency's budget and £ = (Kl, e Zn ) and
L = (Ll, e Ln ) are upper and lower bounds. s
s
Problem 2: minimize R(s)

subject to C(s) < A

@ <s <L
where A is the maximum "cost" of undetected violations allowed.

Problem 3 is of the same form as Problem 1, except B includes the
additional resources and @ specifies the sampling frequencies under the
original allocation. The decrease in ‘'cost" between when the original
budget is used and the new budget is used is the system improvement.

The additional samples specify where to use the additional resources.

Method of Maximum Marginal Return - - Problem Solution

The optimization method used to solve the resource allocation
problems is the method of maximum marginal return. It is particularly
suited for these problems since it sclves all of them in the same manner.

It is based on the following intuitive idea: the best place to allocate

32



one unit of resource is where the marginal return (the decrease in damage
cost - in our case, undetected violation "cost" - accrued by using that
unit of resource) is greatest. Therefore, by ordering the marginal returns
in descending order, one obtains a priority list with the samples having

highest priority on top.

To be precise, the marginal return accrued when the sampling rate
.th . .
on the i~ source is increased from si—l to s; is

Ci(si—l) - Ci(si)

r.
1

ui(si) =

In view of the convexity of Ci’ these marginal returns are monotonically

decreasing with s., i.e.,
i
.(s.) > u.(s, + .
Hy(s ) > my(s; + 1)

The priorities of allocation are obtained by simply ordering these

marginal returns. If the ordering obtained is, for example
Hy (1) > (1) > 0, (2) > ug(1) .

then effluent source 2 is sampled with highest priority, then effluent

source 1, then again effluent source 2, then effluent source 3, etc. Following
this, a relation between the minimized "cost" of undetected violations and the

corresponding resource cost is obtained. Therefore, this method solves simul-

taneously the problem of minimizing the undetected violation "cost" subject to

the total budget and the minimization of the budget subject to a given "cost"

of undetected violations.
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The problem of allocating an increment of resources to maximize
the improvement in an existing monitoring system is solved as follows:
set up the priority list as described above, and remove from the list
those samples that have been allocated. The remaining items on the list
are, in descending priority, the ones that should be monitored with an

increase in resources.

2.7 SIMPLIFIED EXAMPLE

The performance of the Resource Allocation Program is demonstrated
in this section, using a simplified example. Initially, it is assumed
that there are four sources to be monitored, each having four months of
self-monitoring data available from which to obtain the initial statistics.
The initial self-monitoring data assumed are shown in Tables 2.5a through
2.5e. The data have been abstracted from real data that were used for the
demonstration case of [1]. Using the procedure outlined in Section 2.5 and
Section 2.3 of [1], Tables 2.5a through 2.5e present the initial statistics
obtained from the data. The estimated mean and estimated standard deviation
are the monthly estimates. For Source 4, the sample size of the effluent
constituents for a single month is 2; therefore, the data in months 1 and 2
and months 3 and 4 have to be aggregated, as discussed in Section 2.5,
Thus, only two estimates of the mean and two of the variance are given in
Tables 2,5d and 2.5e. Tables 2.6a through 2.6e also show how the estimates
of the mean and standard deviation are sequentially updated as the monthly
estimates are combined to obtain the estimates to be used in the Resource
Allocation Program. For this case the design parameters kn and kv, which
determine the degree of the discounting of past information, have been set
to 3. The updated mean and variance for month 2 are therefore the combined
estimates derived from the lst and 2nd monthly estimates. The updated
mean and variance for month 3 are the combination of the updated estimates
for month 2 and monthly estimate for month 3. The same process is repeated
for month 4, yielding the initial statistical description to be used in

the program.
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Table 2.5a SELF MONITORING DATA FOR SOURCE 1
Parameter: pH Max Parameter: pH Min Paramcter; Lead
Lff. standard: 9 Eff. scandard: § Eff. standard:2 kg
Mean Distribution: Kormal Distribution: Normal Distridution: Normsl
Month source
tlow -
' Samnl n. M Ma Sample
Ml/day Mean Max :?;ee Mean Miu S:I?;e TZ;"' k.lgx‘ size
1 0.90 8.5 |10.6 20 8.5 6.0 20 0.41 | 1.0 20
2 1.10 7.6 9.0 22 7.6 S.4 22 1.08 | 1.7 22
3 1.20 8.3 9.8 22 8.3 6.4 22 1,09 ] 6.3 22
4 0.85 8.1 9.5 20 8.1 6.4 20 0.52 | 1.8 22
Table 2.5b SELF MONITORING DATA FOR SOURCE 2
Parareter: Chromiun Paramcter: Copper Paramcter: Fluoride
Eff. standard: 0.45 kg Eff. standard: 1.5 kg Eff. standard: 30 kg
Mean Distribution: Normal Distribution: Lognormal| Distributicn: Normal
Month source
tlow, Mean,! Max, Samnl Mean, | Max, 1 Mean | Max, Sample
M1/day ke 'l kg 15" P kg S852e° kg | ke size
1 0.80 0.216 {0.808 18 0.524 | 1.89 18 24.4 |31.4 18
2 0.78 0.313 | 0.867 19 0.374 | 1.87 19 25.4 131.9 19
3 0.87 0.214 | 0.620 21 0.364 [ 1.25 22 24.7 131.0 22
4 0.85 0.132 | 0.255 14 0.110 | 0.42 14 14.0 {31.0 11
Table 2.5¢c SELF MONITORING DATA FOR SQURCE 3
Porameter: BODsg Parametcr: Phosphate Parameter: Sus. $olids | Parameter:
Eff. stangard: 3500 kg Eff. standard: 300 kg Fif. ctandard 4050 kg Dissolved
Mean Distribution: Nomal Distribution: Logunormal Distribution: legnormal oxygen
Month source
tlow, tean . | Max sample Mean, Max Samnle Mean , | Max, Sarple Mean ) Sample
Ml/day kg ke size ke ¥ size K <g size o/l size
1 105 1165 }2115 30 178 658 30 2430 | 6030 30 3.9 30
2 110 900 {2115 31 171 338 31 1665 | 5130 31 3.8 31
3 109 1395 12880 30 171 500 30 3240 {10935 30 4.2 30
4 108 1060 2385 31 68 275 31 2160 | 4590 31 4.1 3l
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Table 2.54 SELF MONITORING DATA FOR SOURCE 4, PIPE 1

Parameter: Phosphates Parameter: Sus. Solids
Eff. standard: 0.6 kg Eff. standard: 25 kg
Mean Distribution: MNormal Distribution: Normal
Month sourcey
tlow Mecan, { Hax, Sample Mean, | Max, Sample
Ml/day kg kg size kg kg size
1 0.35 0.15 §0.24 2 12.0 18.9 2
2 0.26 0.30 |0.36 2 14.6 18.9 2
3 0.29 0.31 (0.36 2 16.4 18.0 2
4 0.30 1.20 [2.56 2 11.0 15.3 2

Table 2.5e SELF MONITORING DATA FOR SOURCE 4, PIPE 2

Parameter: Phosphates Parameter: Suspended Solids
Distribution: Normal Distribution: Normal
Honth
Est. Est. Updated | Updated | Est. Eat. Updated | Updated
mean,| st.dev,, nean , st.dev.,| mean, | st.dev., mean, | st.dev.,
kg kg kg kg kg kg kg (23

1 - - - - - - - -

2 3.20 0.526 - - 88.0 | 156.3 - -

3 - - - - - - - -

4 4.35 4.0%6 3.78 2.719 62.0 62.3 75.0 108.2
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Table 2.6a INITIAL STATISTICS FOR SOURCE 1

Parannter: pH Max Paramcter:  pH Min Parameter: Lead
Distribution: Normal Distridution: Normal Distribution: Normal
Month
E:i:;\ stﬁs;;v Updated Upda;ed Est. Est. Updated Updated Est. Est. st. Updated | Updated
. . mean st. dev.| mean | st. dev, | mean st. dev. [mean,kg |dev.,kg wmean, kg {st. dev.,kg
1 8.5 1.12 - - 8.5 1.33 - - 0.41 0.31 - -
2 7.6 0.73 8.03 1.06 7.6 1.15 8.03 1.33 1.08 0.32 0.76 0.51
3 8.3 0.78 8.12 0.98 8.3 0.99 8.12 1.22 1.09 2.72 0.87 1.62
4 8.1 0.74 8.12 6.92 8.1 .90 8.12 1.14 0.515 0.67 0.78 1.45
Table 2.6b INITIAL STATISTICS FOR SOURCE 2
Parameter: Chromium Parameter: Copper Parameter: Fluoride
Distribution: Normal Distribution: lognormal Distribution: Normal
Honth
Bst. Est. Updated | Updated Est. Est. Updated | Updated Est. Est. Updated | Updated
mean ,| 8t. dev.,| wmean, st. dev.,| mean, |st.dev,,| mnean, st. dev., mean, | st.dev., mean, st. dev.,
kg kg kg kg log kg | log kg | log kg log kg kg kg kg kg
1 0.216 0.321 - - -0.437 | 0.369 - - 24.4 3.7¢ - -
2 0.313 0.297 0.266 0.308 -0.685 { 0.47¢4 ~0.565 0.443 25.4 3.49 264.9 3.62
3 0.214 0.214 0.247 0.277 -0.570 | €.337 ~0.567 0.403 24.7 3.29 24.8 3.46
4 0.132 0.070 0.218 0.246 -1.146 | 0.404 ~0.711 0.502 24.0 4.17 24.6 3.61
Table 2.6c INITIAL STATISTICS FOR SOURCE 3
Parameter: EODS Parameter: Phosphate Parameter: Suspended Solids Parancter:
Distribution: Normal Distridbution: Lognormal bDistribution: Lognormal Z:i:z.l.ved
Yonth $
Eat. Est. Updated [Updated Fst. Est. Updated |Updated Tst. Est. Updated{Updated |Est. (Updated
wean, {st.dev., wean, st.dev., [mcan, st.dev., mean, st.dev., [mcan, st.dev., mean, {st.dev.,[mean,| cean,
kg kg kg rg log 5 | log kg |log kg lop, kg {log kp | log kg |log kg | log kg |ma/i ra/d
1 1165 470 -—- ——- 2.12 0.339 -—- -—- 3.33 0.218 ——— --- 3.90 -—
2 900 598 1030 555 2.20 0.157 2.16 0.265 3.13 0.282 3.23 0.277 3.80 3.85
3 1395 734 1150 648 2.12 0.268 2.16 0.264 3.40 0.312 3.29 0.302 [4.20 3.96
4 1080 662 1133 643 1.85 0.286 2.08 0.313 3.30 0.175 3.29 0.274 (4,10 4.00
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Table 2.6d INITIAL STATISTICS

FOR SOURCE 4, PIPE 1

Parameter: Phosphates Parameter: Suspended Solids
Distribution: Notmal Discribution: Normal
Hoath Est. Est. Updated | Updated | Est. Est. Updated | Updated
mean, | st.dev., mean, gt.dev.,| mean,| st.dev., wmean, st. dev,,
kg kg kg kg kg kg kg kg
t - - - - - - - -
2 0.225 0.101 - - 13.3 4.21 - -
3 - - - - - - - -
[ 0.755 1,356 0.490 0.925 13.7 3.23 13.5 3.38
Table 2.6e INITIAL STATISTICS FOR SOURCE 4, PIFE 2
Parancter: Phosphates Parameter: Sus. Solids
Eff. standacd: 3.5 kg Eff. standard: 80 kg
Heaa Disteibution: Normal Distribuetion: Normal
Month source
tlow, Mean ,| Max Sample Mean Max
Mi/day kg kg ' sige kg ! kg ’ Sgﬁ)ée
1 0.90 2.9 3.2 2 158 296 2
2 1.01 3.5 3.9 2 18 26 2
3 1.09 2.9 3.1 2 93 145 2
4 1.00 5.8 9.8 2 3l 33 2
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The expected damage and probability of violation obtained from
the data are shown in Table 2.7, along with the estimated source flow
and the stream flow. TFor this case, the upstream concentration was
assumed to be at a level causing zero damage, and the distributions of
the various parameters were assumed uncorrelated. Certain of the
entries deserve some comment. Scurce 3 is a large sewage treatment

plant. From the table, the impact of BOD. and phosphates is large; how-

ever, the standards are also large and chrefore the probability of
vicolation for the parameters is small. Source &4 has a relatively small
impact on the stream (i.e., small expected damage); however, the standards
have been set so that the probability of violation is very large. The
resources required to sample the sources are given in Table 2.8, and the
priority list is given in Table 2.9. For the purposes of this example,
it was assumed that the sources could be sampled between 0 and 10 times.
From the table, one sees that sources 1 and 3 should be sampled with
higher priority than sources 2 and 4. This is due to the much larger
expected damage from the former sources. Source 4 appears relatively
early in the list, but most of the samples have low priority. This is
because the probability of violation is very large and therefore the
chances are that the source will be caught in violation after one or two
visits, Further sampling is therefore not necessary. Source 2 has a
small expected damage and a fairly large probability of no violation
resulting in a low sampling priority. Table 2.9 also gives the marginal
return, 'cost" of undetected violations and resources used. The marginal
returns are decreasing (the list has been ordered in just this manner).
The "cost'" of undetected violations is decreasing, and the resources

required are increasing as more sources are sampled.

If only, say $10,000 were available for monitoring, then only the
sources with priority 1 through 17 would be monitored. The sampling
frequencies for this case are shown in Table 2.10. If, on the other
hand, a maximum allowed ''cost' of undetected violations of say, 100 were

specified, then sources with priorities 1 through 10 would be sampled.
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Table 7.7

EXPECTED DAMAGE AND PROBABILITY OF VIOLATION

Probability of

Est. source Stream Expected Probability Expected no violation
flow, flow, damage of no viola- damage for for source
Source Pipe Mi/day Ml/day Parameter - Dij tion - pij,% source - Ci - pi,z
1 1 0.961 100 pH 0.29 80.0
Lead 1.60 80.0 1.60 64,0
2 1 0.845 320 Chromium 0.08 82.6
Copper 0.12 96.1
Fluoride 0.00 93.1 0.12 74.0
3 1 108 525 BOD 3.22 100.0
Phosphate 3.64 97.6
Suspended Solids 0.37 87.8 3.64 85.6
4 1 0.297 300 Phosphates - 100.0
Suspended Solids - 51.8
2 1.016 Phosphates 0.29 54.4
Suspended Solids 0.03 46.0 0.29 13.0




Table 2.8 RESOURCES NEEDED TO SAMPLE
Field and Laboratory Total Cost
Source office costs costs -rg
1 $525 $10.50 $535.50
2 $525 $23.00 $548.00
3 $525 $38.00 $563.00
4 $525 $30.00 $555.00

41



Table 2.9 PRIORITY LIST OF SAMPLES FOR SIMPLIFIED EXAMPLE

tHNsST oFf
SOURCE MARRTINAL UMDNETERTED  RESCURCES
PRIGRITY SAMPLEY QETURN X100 VIDLATIOMS REQUIRED
{ 1 10770492 S.07571 535,50
P4 3 00324524 4,855147 1695,40
3 3 «07639130 Gg1a6n03 1665,450
4 ! e OHB9QAR 3,73+5R 2194,00
5 3 LDERATITY 3,35334 2751400
6 3 05862177 $,02504 331100
7 3 05021559 2,74%8% LRTY 00
8 4 0045262164 2049264 LLEALDD
9 { LOARYTECS 225567 4Gh1 59
) 3 e NU3014URY 2.01619 5921 ,57
11 3 2 0368956AK5 1,808%8 6URL 59
ie k) 003156294 1eh3209 bES] 4,59
13 { 023281841 1,438081 7177.00
1t 3 eN2708473 1.,30629 TI37,00
15 3 123154992 131965914 8297,30
16 { 01734 us8 {,10259 RE3D,S50
17 ! L01150902 1.04039 Q368,00
18 { 00742722 1,00062 9413 ,59
19 a 00590254 96786k 10483,59
20 ? W 00556719 53735 11050.,50
1 { W 0JUT7SERE 91158 115L2,00
22 2 00412528 EEXS 1.2090,00
23 2 LK EAY:) BT260 1263%,¢00
cd i 00304530 «85629 13172%,5¢
2% 2 000225687 W 6a3e2 13721,99
26 { 00165003 533483 14257,90
27 2 200167027 JB2632 16505,0¢C
e8 2 00123414 01755 15353,909
29 2 0009 UAR B1254 1597%1,00
30 Y W0D00T7HGTa «BOALA 16uSh,09
31 2 00067710 « 20458 §7008,00
32 2 00050112 JEDYRY 175S2,00
43 F4 00037087 .79974 1810),¢0
34 4 y 00012038 79022 13¢55,00
15 4 00001309 .79915 19210.00
36 U «N000NLTY 76914 19765,00
37 u s 00000022 79914 20323,89
38 4 00000003 W 79618 28875, 00
39 4 00000000 79914 21430,00
60 4 + 00000000 «796¢ 1 21955,00
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The sampling frequencies for this case are shown in Table 2.11. The
priority list in Table 2.9 also ‘shows when the return from monitoring
(i.e., the marginal return) starts becoming negligible; the return,

in this case, for monitoring more than 25 sources is very small.
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Table 2.10 FINAL ALLOCATION GIVEN MONETARY BUDGET

FInap ALLACATICN

8UDGET 10000,00

MIN NO, MAX NN, CCSET 2F
SaAMPLES SANPLES TIvES RESCUACES WJUNDEIECTED
SQURCE &ZGUIRED  8LLCwED SaMPLED JSED VIOLATIONS

P T L. L T ryyepynpepsparparpapar P PR PEY Y LT LEE T L L L L L E LI Eah ol i did

! 0 10 7 3748,50 $07081
2 0 10 0 «00 » 11738
3 ¢ 10 10 5600,00 77478
4 i\ 10 $ 555,0¢C 03767

TCTAL RESDURCES USED  9903.50
FINAL COCT OF UNCETECTED VIOLATIONS {,00062

Table 2.11 FINAL ALLOCATION GIVEN MAXIMUM ALLOWED COST OF
UNDETECTED VIQLATIONS

FINAL ALLOCATICN

MAXTIMUM LULCGAED COST OF UNDETECTED VIOLATINNS 1.00000

RO EICT O MAX wO, CG31 GF
Sanbyes SLVPLES TI~ES RESTU<CES  UMDETFCTED
SCURCE  REGUIRED  ALLOED SemMPLEN usen vIaLATIOnNS
1 0 10 7 3768,50 L0705
2 G 10 G N0 117348
3 0 10 ic 56060,00 WT747b
d 0 10 2 1110,00 0089

00 00 T o B Y P B G o W ge Be O T e D Y P A N ST e 00 T P B Mn A g AP G W B PP T MG G S R T v an &Y M Oh B4 B% P A0 W W e W W &y

TOTAL QESAUFRCES USZ2 10453,59
FInay COST OF UNDETECTED VIOLATIONS 96786
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SECTION 3
GENERAL REQUIREMENTS FOR MANPOWER, DATA, AND COMPUTERS

3.1 INPUT DATA REQUIREMENTS AND PROCEDURES

The types of input data required by both the hand calculation
approach and the computer approach are indicated in Table 3.1. These
data types have been classified into categories in this table, which al-
so provides some indication of their relative availability. The data
needs, availability, adequacy, and preparation procedures required are

discussed below for each category.

Standards

Essentially, the same data on effluent standards is required by
both approaches. The computer approach is somewhat limited in the range
of units in which the data may be expressed (see Table 5.1). Therefore,
conversions into such units must be completed, where necessary, before
input to the computer, while the hand approach includes any needed con-
versions (units unlimited) as part of the procedure. The required data
should be readily available since they provide the basis and incentive
for the monitoring; the new National Pollutant Discharge Elimination System
(NPDES) required to be initiated by 1 July 1977, should provide a strong

added impetus to standard setting.
Data on ambient receiving water quality standards may be needed

only by the hand calculation approach, and then only when a certain option

is chosen. Under this option, the standard is only used to develop a
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Table 3.1 Summary of Input Data Types

Procedure
Requiring Relative
Data Type Hand Computer | Availability

STANDARDS

Effluent Y v High

Receiving Water * High
EFFLUENT CHARACTERISTICS

Statistical Distribution Types v v/ Low

Constituent Correlations Y Y Low
MONITORING DATA

Self-Monitoring v v High

Compliance Monitoring v v Medium
ENVIRONMENTAL CHARACTERISTICS

Environmental Damage Functions v Medium

Upstream Constituent Concentrations Y/ High

BOD-DO Transfer Coefficients v High

DO Saturation Concentratioms v High
COMPLIANCE MONITORING COSTS

Sample Collection v v/ Medium

Sample Analysis Y v High
DESIGN PARAMETERS

Discount Factors / User ,

Determined

*
Need depends upon options selected
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weighting factor; therefore its value is less critical, and may be esti-
mated if not legally established. For this purpose, there is probably
sample information available on receiving water quality standards which
have been established or recommended by various government agencies. Any
preparation of the data needed will again be internal to the hand cal-

culation approach.

Effluent Characteristics

Needed effluent information includes a determination of the statis-
tical distribution types which best describe the daily constituent loading
rates, limited to normal and lognormal, and the correlations (full or none),
between the constituents at a given source. The requirements of both ap-

proaches are identical.

Very few determinations of such statistical distributions have
been made to date. Therefore, while this would appear to be an area
where availability could be greatly improved, the cost would clearly be
great and the benefits small, since analysis and sensitivity studies have
indicated that errors resulting from insufficient information will gen-
erally be quite small (see Section 4, Task 1: Discussion). Furthermore,

a good approximation method has been developed.

Little information is also likely to be available on the cor-
relations between the various constituents. A similar situation exists,
where the results are not very sensitive to error in this area, where it
would be very costly to reduce the errors, and where guidance for select-

ion is provided (see Section 4, Task 9: Procedure, Step 2).
The guidance provided in the hand approach (Section 4, Tasks 1

and 9) may also be used to help the user prepare this input data for the

computer approach.
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Monitoring Data

Self-monitoring and compliance monitoring data are required by
both the approaches. Self-monitoring data for the computer approach must
have been preprocessed to yield the maximum (or minimum), mean, and sample
size for each separate month of all data collected; data preprocessing is
optional for the hand approach, which does not require separate monthly
inputs, nor does it need to re-input data inputted to previous applic-
ations of this allocation procedure. Ancother difference between the two
procedures is that water discharge rates in receiving streams are required
only by the computer approach; effluent discharge rates are required in
the computer approach, and in the hand approach only to determine the

constituent loading rates.

Compliance monitoring data are entered only on an item-~by-item
basis for both approaches. However, the month corresponding to each item
of data must be provided for the computer approach. With regard to up-
dating and effluent discharge rates, the same difference between the two

approaches apply as for self-monitoring data.

For both these types of data, the acceptable units of input data
are more limited in the computer approach (see Table 5.5), than in the
hand calculation approach; some preprocessing may be needed with the

computer approach, while unit conversions form part of the hand approach.

The availability of self-monitoring data should of course, be as
high as the surveillance agency wishes to make it, within reasonable
and justifiable limits. The availability of compliance monitoring data
will probably depend mostly upon the resources made available to the

surveillance agency.
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Environmental Characteristics

Receiving water data are required only by the computer approach,
since the impact of discharged effluent constituents upon the receiving

waters are considered directly only in that approach.

An estimate of streamflow immediately upstream of each effluent
source is needed. Streamflow data is usually available from the U.S.
Geological Survey on a daily basis. Since only one 'design' streamflow
can be used, a single worst case, low streamflow is suggested. For design

purposes, the seven day, ten year low flow is often available, and is a

reasonable design flow for this procedure.

Information on environmental damage functions for each constituent
representing the variation of environmental damage with constituent con-
centration, has been collected and organized to a useful extent (see SCI's
first report [1], Section VI.2). When improved damage/water quality
information becomes available, and it is desired to input new damage
function data (i.e., override the program's default values in Tables 5.2
and 5.3), some preparatory re-scaling may be needed. Both the concentration
levels and the environmental damage values may be changed (input variables

"DMG", "DAMAGE", "S'", and "SSPH").

Some idea of the upstream environmental damage (or corcertration)
is necessary as input for the computer procedure. Since only one overall
value is used, the user must examine his damage functions and pick that
damage level which represents the "average' upstream damage for all con-

stituents of all sources (input variable "ICOPT'").

The selection of the required BOD-DO transfer coefficient may be

readily achieved through the use of Figure 3.1 and Figure 3.2 (from [29]).
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Figure 3.1 Assimulation Ratio (¢) as a Function of Depth
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Likewise, the required dissolved oxygen saturation concentrations may be
obtained from Figure 3.3 (also from [29]) given the water temperature

and chlorides content (salinity).

Compliance Monitoring Costs

These costs are required in much the same way by both approaches;
one minor difference is that the computer approach lumps together travel
costs for samples taken from different pipes (outfalls) belonging to the
same source, while the hand approach does not. The development of these
cost data must remain the responsibility of the surveillance agency, which
should be able to extract the information from records hopefully kept on
past monitoring operations. Sample analysis costs for the various con-
stituents should be easily available from the water quality laboratory

which performs the analyses.

The hand approach (Section 4, Task 13) lists the various component
costs required. These must be combined together into separate analysis
costs (per constituent) and base costs (per number of pipes at a source)

before input to the computer approach.

Design Parameters

There are several design parameters used in combining monitoring
data for the computer procedure. First, there is a parameter used to
exponentially smooth the monthly effluent discharges at a source into a
single value. This parameter (input variable 'ALPHA") should be between
0. and 1. where an ALPHA close to 0. represents the case where each new
piece of data is heavily weighted with respect to older data and an ALPHA
close to 1.0 represents the case where newer data is very lightly weighted

with respect to older data.
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A second design parameter is the discount factor used in in-
cluding compliance monitoring data. This factor, called "y, was ex-
plained in SCI's first report ({1], Section V.2). The corresponding
input variable is "GAMMA" and the value should be greater than 1. The
larger the input value of "GAMMA' is, the more weight that is given to

compliance monitoring data in comparison to self-monitoring data.

Other discount factors are ”kn” and “ku” (from {1], Section V.2),
where the corresponding input variables are "KETA" and "KNU". The larger
the values of these variables are, the more heavily weighted is past data
with respect to the current month's data in combining monthly constituent

self-monitoring data.

Finally, the values of "hn" and ”hu” must be considered (from [1],
Section V.2). Since "hn" is considered to be "1" and is not input, only
"hu" need be considered. It was recommended that this be set according
to Table A.3.3 in [1] (use an "average" sample size for the source in

reading the table). The input variable is "ENU'".

3.2 COMPUTER AND MANPOWER REQUIREMENTS

The requirements for manpower and hardware differ substantially
between the hand and computer calculation techniques. Generally, the
hand calculation option requires more person time to implement, but re-
quires only an inexpensive hand calculator. On the other hand, the
computer calculation option requires a large scale digital computer with
marginally less person time for programming and interpretation of results.
The computer calculation option becomes more cost-effective as the number
of effluent sources and constituents to be considered increase. If the
number of effluent sources is small, say less than 10, the hand calculation

technique becomes less tedious and more cost-effective.
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The hand calculation's efficiency depends more upon the efficiency
of the tester than does the computer.procedure. Numerous opportunities
exist for errors to creep into the early calculations. It would be quite
easy to carry these errors through the complete analysis only to discover

the necessity of repeating much of the analysis.

The same opportunities for error exist with the computerized pro-
cedure, but correction is a simpler process which would require substantially

less personnel time,

For the test case described in Section 6, seven effluent sources
and seven constituents were used in both the hand and computer calculation
options. Approximately 60 hours of professional man-time were spent per-
forming the hand calculations and determining the final allocation of
monitoring resources, Nearly half of this 60 hours was spent in initial
data extraction and tabulation, which must also be done to derive inputs
for the computer procedure. This was performed by an SCI staff member

previously unfamiliar with the Resource Allocation Program.

Other Differences Between the Computerized and Hand Procedures

The two major areas of difference between the hand calculation
approach and the computerized procedure (see Sections 5 and 7) are in the
resource allocation criteria used and in the methods of using the newly

entered self-monitoring and compliance monitoring data.

Among the resource allocation criteria used in the computerized
procedure is the total expected environmental damage from undetected
violation (see Section 2.4, Criterion Number 2). The expected environ-
mental damage computation is quite a lengthy procedure, more appropriate
for computers, based on the expected damage per source and the expected
damage per constituent. This in turn is computed from a '"damage function"

for each constituent, which attempts to quantify environmental damage
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resulting from various concentrations of the constituent in the receiving
waters. Thus, the receiving water concentrations caused by each con-
stituent in an effluent must be determined, requiring a knowledge also of
the volume flowrates of both the source and the receiving stream. This

criterion is too complicated for use in the hand calculation procedures.

The resource allocation procedure is greatly simplified in the
hand calculation approach by the use of a different resource allocation
criterion: the total expected extent of undetected violation (discussed
in Section 2.4 as Criterion Number 3). The extent of violations 1is com-
puted from either the amount by which the effluent standards are exceeded,
or the number of times by which they are exceeded, at the user's option.
This has the effect of directing compliance monitoring towards those dis-
chargers with the more serious violations of the standard, whose conviction
is easier. It also eliminates all the calculations required to assess the
impact on the receiving waters, and in particular, prevents consideration

of the impact of BOD loads upon dissolved oxygen in the receiving waters.

Exclusion of the damage function criterion from the hand calculation
approach also enables the treatment of sources with multiple outfall pipes,
each with its own effluent standards, to be greatly simplified; the com-
puterized procedure requires many more involved computations to determine
the environmental damage caused by one source with multiple outfalls. For
the purposes of this entire hand calculation approach, a source is defined
as a separate outfall or discharge pipe, with its own set of effluent
standards. This differs from the computerized procedure, in which a source
may have a number of outfall pipes each with its own standards. The effect
of this difference appears in the resulting sampling rates, since with the
computerized approach, all pipes of one source would be sampled at the same
time (economizing on travel costs), whereas in the hand calculation approach,
each pipe will probably be assigned a different sampling rate (economizing
on compliance monitoring with low marginal returns). Since actual moni-
toring programs have historically been implemented on a source basis
rather than an individual pipe basis, this may be a slight deficiency in

the hand calculation procedure.
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Another major area of difference between the hand and comput-
erized procedures is in the methods of using the newly entered monitor-
ing data. In the computerized procedure, the self-monitoring data are
entered monthly, aggregated across months if the number of data are too
small, and then used to estimate monthly statistics. The compliance
monitoring data are also entered monthly, incorporated into the monthly
statistics, which are then combined into cumulative statistics. In the
hand calculation approach the same general procedure is used, but the
data are not divided up into monthly subsets., Thus, the sample sizes
are much larger, and there is no need to aggregate across months or
combine monthly statistics. The principal effect of this difference is
in the time discounting of the data. In the hand procedure, only data
prior to the last monitoring period may be discounted, or down-weighted,
whereas, in the computerized procedure data as recent as that for the

month before last, may be discounted if desired.
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SECTION 4
USER MANUAL FOR HAND CALCULATION APPROACH

4.1 INTRODUCTION

Section 4 constitutes a stand-alone handbook for the hand applic-

ation of resource allocation methods for effluent compliance monitoring.

Usage

This handbook is intended for use in determining for an effluent
monltoring agency the rate (or frequency) with which it should sample
each effluent source within its jurisdiction. This sampling rate will
specify the number of samples to be taken at each source during a forth-
coming monitoring period, but it will not allocate their timing within

the period.

The criterion for determining the sampling rate is the ''degree of
undetected violations'". This is explained further in Section 2.2 and
Reference [1]. The sampling rate may be subject to constraints on the
total resources available for monitoring and on the maximum and minimum
sampling rates specified by the user for each source. The user may choose

to either:
1. Expend the remaining monitoring resources so as to minimize
the total degree of undetected violation from all sources; or
2. Bring the total degree of undetected violation from all sources

below some specified limit while minimizing the monitoring re-
sources spent,
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Since conditions in the jurisdictional region will undoubtedly
change with time, and since information on the dischargers may improve
with time as more data is collected, the rate allocation should be re-
designed from time to time in the future, each time incorporating all
new information available. The user therefore selects a suitable length
for the next compliance monitoring period, e.g., 3-, 6-, or 12-months.
Since some time is required to analyze the data and design the alleocation
procedure for the next monitoring period, there must be a lag period be-
tween data collection and application of the new procedure. The timing
of the various monitoring and analysis functions is illustrated in an
example monitoring sequence in Figure 4.1. Some of the implications of
seasonal variations in effluents upon the selection of monitoring periods

are included in the discussion under Task 3.

The user may wish to apply this allocation procedure for any of

several reasons, such as:

A. For the preliminary design of a new effluent compliance
monitoring system.

B. To compare the effectiveness of an existing surveillance
system against that produced by this procedure.

C. For program planning, to evaluate (on the basis of the re-
source allocation criterion) the overall level of surveillance
required in a basin, region, or nation.

He may prefer the hand calculation procedure outlined in this Section to
the alternative computerized procedure (see Sections 5 and 7), for such

reasons as:

A. The lack of staff or facilities to operate the computerized
procedure.

B. The wish to become intimately familiar with the procedure, be-
fore implementing it on a computer. (However, there are some

differences, which will be discussed below.)

C. The small size of this surveillance operation does not justify
the use of a computer.
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Figure 4.1 Example of Monitoring Sequence. This assumes: (1) a six month compliance monitoring
period, and (2) a one month lag time to complete data analysis and to design the
procedure for the next monitoring period.



The user should be familiar with basic engineering statistics and
mathematics up to, but not including, calculus. He should also have
available a desk calculator or similar computational device. Once the
procedure is well understood, a programmable calculator could undoubtedly

be used to provide added convenience with the repetitive computations.

Many of the technical terms used are explained in the Glossary at

the back of this handbook.

Limitations

This hand procedure is limited to the preliminary design of effluent
compliance monitoring systems for which the primary goal is the minimization
of the total expected extent of undetected violations (or optionally,
minimization of the number of undetected violations). The methods require
that the effluent standards be expressed as simple thresholds for each

constituent (maximum or minimum values, or both).

This hand procedure does not include considerations of monitoring
system implementation costs, accessibility, maintainability, reliability,

and other similar practical engineering factors.

Assumptions

The methods employed in this hand procedure are based on the follow-

ing assumptions:

1. Only one set of effluent standards applies to each source.
2. Concentrations at various sampling times are independent.

3. The loading rates of the various constituents at one source
may be taken to be completely dependent (correlated) or
completely independent.
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4, The frequency distributions of daily loading rates of each
constituent may be represented by either a normal or a log-
normal distribution.

5. Effluent standard violations are the only concern. Therefore,
any damage to the receiving waters caused when source con-
stituents do not violate the effluent standards cannot be con-
sidered.

These assumptions are explained in more detail in the areas of

Section 4.2 where they are employed.

Qther Requirements

Another requirement of the hand procedure employed here is that:

® Data should be available on the component cost for transport-
ation, sampling, materials, labor, analysis, and reporting
which together comprise the total cost to take a 24~hour com-
posite (compliance monitoring) sample at each source within
the area of jurisdiction.

Qverview of the Hand Calculation Approach

The quantitative preliminary design procedure used in the hand
calculation approach consists of a number of individual tasks. These
tasks are numbered, and their relationships indicated, in Figure 4.2.
Each task is relatively self-contained; the objective, outputs, inputs,
and procedure required for each are discussed separately in the following

subsection.

The 20 tasks have been grouped in Figure 4.2, into the four
principal activity areas identified in the original formulation of this
monitoring resource allocation procedure (see {1], p. 97). The first

three activities comprise the overall allocation procedure. The fourth
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activity represents the remaining tasks to be executed by the monitoring
agency and the dischargers, which will provide additional inputs for the

next allocation.

Organization

Following this introduction, the objectives, outputs, inputs, and
the step-by-step procedure required for each task are discussed separately.
Examples of the computational tables required are provided. For user
convenience, each task begins on a fresh page. For clarification, task

numbers are placed in boxes similar to those in Figure 4.2.

Units

For computational efficiency, an attempt has been made to use a
consistent system of units throughout. The system used is the metric
system (specifically, the CGS system). It is recognized that this system
does not always reflect common practice and tables have been provided for

rapid conversion from more common units.

Symbols

To the extent possible, the symbols used herein have the same
meaning as they have in Section 2: Summary. The meanings are given in

the list of symbols at the back of this handbook.
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4.2 STEP-BY-STEP PROCEDURE

TASK: ASSIGN CONSTITUENT DISTRIBUTIONS

Objective

For each water quality constituent of interest in the surveillance
program and at each source where it occurs, assign a type of statistical
distribution which best represents the frequency distribution of the
daily loading rates of the effluent.

Cutput

The output for Task is the completed Table 4.1 with the name of

the frequency distribution type (must be either '"Normal'' or '"Lognormal").
Inputs

Previous determinations of statistical distributions in the area

of interest, if available.

Information Sources

. Reference [1], Section V.1

® References [2,3]
Discussion
Very few determinations of statistical distributions have been

made to date (see [1l], Recommendation 3). Sensitivity studies ({1],

Section 8.3) indicate that an error in the specification of a distribution
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type would be small (approximately 10 percent), if not negligible, in effect.
Therefore, the extensive studies of effluent data required to make a more
accurate determination do not seem to be justified, especially when a

good approximating alternative method is available (Alternative 2 of Step

6 below).

In the SCI first report [1], it was found that a large majority of
effluent loading rates could be accurately represented by either normal
or lognormal distributions. Therefore, candidate distributions are limit-

ed to these two.

Procedure

1. List all the sources of interest in the region and constituents
of interest at each source, in columns 1-3 of Table 4.1,
arranging them in source order (for convenience later). Choose
a convenient ordering which will be repeated in many subsequent
tasks. In column 1, assign a number to each source for con-

venient reference later.

2. At a given source, for a given constituent, assign constituent
distributions as follows: if this is the first time this
particular constituent at this source is being considered for
assignment, (determine this from Table 4.1 for the most recent,
previous application of this allocation procedure), then pro-

ceed to Step 4; otherwise go to Step 3.

3. Procedure has been applied previously. Copy the distribution

assignment from Table 4.1 for the previous application into
the new Table 4.1 for this application. (Note: Such assign~
ments must not be changed after the first application of this
procedure, since once '"typed' normal or lognormal, the cumul-
ative statistics cannot be later converted from one type to

the other).

Go to Step 7.
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For first application of procedure. If the comstituent is pH

or coliform bacteria, go to Step 5; otherwise skip to Step 6.

For pH and coliforms only. Because specific assignments are

the most reasonable for certain constituents, and they are
also of help in subsequent tasks, this overall hand calculation
procedure requires the following constituents, if present, to

be always assigned the following distributions:

Constituent Distribution
pH always Normal (N)
Coliforms always Lognormal (L)

Indicate the distribution assignment in column 4 of Table 4.1,

and enter a dash in column 5 (not applicable).

Go to Step 7.

For all other constituents. Select one of the following two

alternative methods to assign a distribution type (see Task[ﬂ,

Discussion):

Alternative 1: Where available, use previous determinations

of the statistical distribution type made

for this specific constituent and source.

Alternative 2: Assume a normal distribution for all cases.

(Note: This assumption may be modified

later in Step 4g of Task[4).

Enter the assignment and selection into columns 3 and 4

respectively on Table 4.1.

Repeat Steps 2-6 (as appropriate) for each constituent of

interest at the same source.

Repeat Steps 2-7 (as appropriate) for each source of interest

in the region.

67



Table 4.1 Statistical Distribution Types By Constituent and Source

Source Constituent Distribution Task
No. Name Type (N or L) Alternative
(1) Used (1 or 2)
(1) (2) (3 (4)

Note: This table can be duplicated for use in the hand calculations.

68



TASK: INPUT EFFLUENT STANDARDS

Objective

For each source and each constituent, prepare a list of the effluent

standards.

Qutput

Task[ﬂ's output is Table 4.2 which lists by source the limiting

loading rates or concentrations permitted for each constituent.

Inputs

] Effluent limitations stated on National Pollution Discharge
Elimination System (NPDES) discharge permits (required by
1 July 1977).

) Pending the establishment of the above, equivalent limitations
previously established by the responsible water quality control
agency.

Discussion

In some cases, effluent standards may alternatively be specified
as either (a) a maximum loading (e.g., kg/day, lb/day, MPN/day), or (b)
a maximum concentration (e.g., mg/L, ppm) together with a maximum volu-
metric flow rate (e.g., ML/day, cfs, mgd). Assuming these maxima are
synchronous, {a) can be computed from (b). In the last analysis, it is
the loading rate which is the crucial quantity and which must be con-
trolled to prevent environmental damage. Furthermore, for Task Eﬂ,
Step 4 (see Subsection a), the allocation procedure requires that the
effluent standard S be prescribed in the form of a loading rate wherever
possible. pH is a special case, and is so treated in Task EQ, Step 4,

Subsection c.
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The same units used to specify these effluent standards will be

also specified for the monitoring data to be input in Tasks[3] and[5], in

order to obtain consistency.

Procedure

Enter the applicable standards into Table 4.2, following the same
source and constituent order established in Table 4.1 (Task 1). Where-
ever possible, enter the standard in the form of a loading rate (e.g.,
kg/day, MPN/day - see Discussion); use Table 4.3 to assist in making the
conversions. Also, wherever possible, convert the units of the standard

to CGS units; use Table 4.4 to assist in making these conversions.

For pH standards, make two separate entries: for pH MAX and pH
MIN.
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Table 4.2 Effluent Standards

Constituent
Standard
* Value,
Source Name Units S
(1) (2) 3) (4)

*

Specify in the form of a loading rate, preferably kg/day,
wherever possible (see Task [2] Discussion). For concentrations,
only where unavoidable, preferably use mg/L.

Note: This table can be duplicated for use in the hand calculations.

71



MASS

VOLUME

TIME

I N A

P = T = T S SR

pound

kilogram
kilogram
kilogram

kilogram

gallon
gallon
liter

liter

Table 4.3 Conversion Factors

(1b)
(kg)
(kg)
(kg)
(kg)

(8)
(8)
(L)
(L)

= ,4536 kilograms (kg)

= 2.205 pounds (1b)

= 1000 grams (g)

= 1,000,000 milligrams (mg)

= 1,000,000,000 micrograms (ug)

= .13368 cubic feet (ft3)
= 3,785 liters (L)
= .2642 gallons (g)
= .03532 cubic feet (ft>)

cubic foot (ft3) = 7.4805 gallons (g)
cubic foot (ft3) = 28.3161 liters (L)

day

second

NOTE:

= 86,400 seconds
.0000115741 days

Parts-per-million (ppm) is approximately
equivalent to milligrams per liter (mg/L)
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Table 4.4

Data and Standards Conversion

Unconverted Converted
Data or Unconverted Conversion Converted Data or
Standard Units Factor Units Standard
Note: This table can be duplicated for use in the hand calculations.
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TASK[Q: INPUT NEW SELF-MONITORING DATA

Objective

For each constituent, and for each source, tabulate summary infor-
mation on all the new self-monitoring data collected during the monitor-

ing period just completed.

Qutput

The output, to be recorded in columns 1-7 of Table 4.5, will

include:

e Listing of constituents of concern at each source in the
region.

) Self-monitoring summary data on these constituents for
the monitoring period just completed.

Inputs

Depending upon both the source and the constituents, the inputs
may be either raw, grab sample and daily composite measurements, or they
may be summaries for subintervals, such as monthly means, monthly maxima,
and the number of measurements made during each interval.

References

® [1], Section III
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Discussion

Input data from composite self-monitoring samples are clearly pre-
ferred to data from grab samples, because they are far more representative
of the total pollutant load and they relate directly to the NPDES daily
maximum effluent standard. However, there are likely to be many more
grab sample data available, due to their lower acquisition cost. Unless
there are ample composite sample data available, it is suggested that the
grab sample data should be included in the input self-monitoring data for
this task. The fact that the grab sample data are less reliable can be

accounted for later in the reliability factor, y, of Task[EL Step 1.

Where fairly strong seasonal variations in effluents are known to
occur, as for example, in the food processing industry, possible measures

to reduce misallocation would be:

1. to design for a one-year-long compliance monitoring period,
and to then allocaté the compliance monitoring samples to
suit the seasonal operations;

2. to treat data from "peak season'" and "off season" periods as
though they came from two different regions, and to therefore
design separate compliance monitoring programs for each period.

Since the surveillance agency can specify the units in which the
self-monitoring data is to be reported, it is assumed in this task that
these units will be the same as those used to define the effluent standards
(see Task). Therefore, no conversions of self-monitoring input data
should be needed; in the event they are needed, the user may refer to

Task, Procedure.

For the purposes of this entire hand calculation approach, a source
is defined as a separate outfall or discharge pipe, with its own set of
effluent standards. 1In the case of the constituent pH, pH Max and pH Min
are treated as separate constituents until Taskl!. The mean (m) of pH Max
and the mean (m) of pH Min (Table 4.5, Column 4) should be equal and re-

present the mean of all pH values.
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Procedure

For the first constituent at the first source (outfall) listed
in Table 4.1, enter the source name, constituent name and units
in the first three columns of Table 4.5 (Task[J). The units to
be used will be those with which the effluent standards are

specified for this constituent (see Task[2}.

Using all the self-monitoring data collected for this consti-
tuent during the most recent monitoring period, find the sample
mean, maximum (and/or minimum), and sample size as described
below. If no processing of raw daily measurements (into means,
etc.) has been done, use Method A. If processing has been done,
use Method B. (Note: 1In allocation procedures for previous
monitoring periods, some data may not have been used because

its sample size was less than four (see Task, Steps 1 and 2).
This data can be conbined with data for the new monitoring

peried in this step.

Method A: (for raw data)

n
_ sum of all values 1
mean, m = = = Zy
number of values n T
r=1
maximum, & = maximum of the values = max (v )
minimum, o = minimum of. the values = m%n (yr)

{for pH only]

number of values

sample size, n

where Y, is the r-th of n data values
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3.

Method B: (for processed data)

Suppose the data for the last monitoring period was divided
up and summarized for R smaller reporting periods (e.g.,
months), and the input data consists of a mean, m_, a
maximum, F’r (or minimum, wr), and sample size, D for
each reporting sub-period number r. Then for the entire

monitoring period:

™M =
E
o}

[a]
[}
=
o]
[

mean, m =

it
=]
;

maximum, £ = maximum of the gr values = max (Er)
R

minimum, w = minimum of the W values = min (wr)
R

R
sample size, n an
1

r:

Enter the results in columns 4-7 of Table 4.5, Task[3].

NOTE: When this Task is being done in
a region for the first time, the
""data collected during the monitor-
ing period just completed," will in-
clude all the desired past self-monitor-
ing data collected.

Repeat the preceding Steps 1 and 2 for each constituent of

interest at the first source, following the constituent

order established in Table 4.1, Task.
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4, Repeat the preceding Steps 1-3 for each source of interest
in the surveillance region, following the source order of

Table 4.1.
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Table 4.5 Effluent data, Statistics and Probabilities

6L

Y(Task 6) = Discounting constant, h(Task 7) =
TASK[3] TASK[G] TASK[0] Task 7] TASK[F]
Self-monitoring input data (record in source scquence) Self-monitoring statistics Self + compliance New cum., statis. Probabilit.es
Est'd Norm'd Fr. non-
* +x| Sample || Est'd | std. {Distribd Effl'e viol'n./
Constituent Mean Max Min Size Mean Dev. uticn Std. const.
Source Name Units m g © n u o L or N n v i [+ A V] f e A ] % ¢ (x) Py
(1) (2) (3) (4) (5) (6) (@) (8) (C)) (10) (D2 3] (14)F(1S)] €16 [|C17)] (18) | (19Y} (20) (21) (22) (23)
!
|
I
*
Not required for pd min, Notre: This table can be duplicated for use in the hand calculations.

vk
= Reguired only for pR min.
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TASK ESTIMATE SELF-MONITORING STATISTICS

Objective

To obtain for each constituent occurring at each source, an esti-
mate of the mean and standard deviation of the newly entered self-monitor-

ing data.

Qutput

Tabulation of the estimated means and standard deviations in columms

8-12 of Table 4.5

Inputs

e Distribution types (from Table 4.1, Task[ﬂ)

e Self-monitoring input data (from Table 4.5, Task 3]
References

e (1], Appendix 4
. [1], Section V.1
' [1], Section IX.1

e [4]), for the preparation of Figure 4.5

Discussion

The procedure employed in this task to obtain estimates of the

source mean and standard deviation from the sample mean and the maximum
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requires that the number of measurements (sample size) upon which these

are based be greater than three.

1f the sample size for a constituent is greater than three, then

the estimation procedure to be used differs between normal and lognormal

distribution types.

Procedure

For the first constituent at the first source, determine from
column 7 of Table 4.5, Task, whether the sample size n is

less than 4.

If n 1s less than 4, go to Step 2, otherwise proceed to Step[ﬂ.

For n < 4. In Table 4.5 write "INSUFFICIENT DATA" under Task 3.

The insufficient data may be saved for incorporation with the
data from the next monitoring period. Return to Step 1 and re-

start the procedure for the next constituent.

Determine from Table 4.1, Task whether the constituent's
distribution type is Normal or Lognormal (N or L), and which

Task[1] alternative was used for it (Alternative 1 or 2).

If the distribution type is Normal (N), go to Step 4; if
Lognormal (L), go to Step 5.

For normal distributions.

a. Use the sample mean, m, from column 4 of Table 4.5,

Task, as the best estimate of the source mean, .

b. Use the sample size, n, from column 7 of Table 4.5,



Task[3], to determine the scaling factor, G, from

from Figure 4.3,

Compute the estimated standard deviation for the source
o, from
£ -m m - w

G or ¢ = G

where m, £, and w are obtained from columns 4-6 of
Table 4.5, Task@.

If this task has been performed previously to design a
prior compliance monitoring program for this constituent

and source, go to Step 4f; if not, go to Step le.

If both the following are true:

A. Alternative 2 was used in Task{l] (see Step 6)

and
B. o > 1.5u

then go to Step 4g; otherwise go to Step 4f.

NOTE: The factor of 1.5 used in condition B
is somewhat arbitrary, but is near-best
based on the limited known information.
Even if it were sufficiently in error
to yield the wrong distribution, the
effect on the resource allocation would
still be small -- see the Task[d],
Discussion.

Enter the values of u and ¢ obtained in Steps 4a and 4c
above, into columns 8 and 9 respectively of Table 4.5,
Task[4). Enter an "N" in column 10 of Table 4.5, Task[&}.
Go to Step 6.
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8. Change the distribution type from normal (N) to log-

normal (L) in column & of Table 4.1. Go to Step 5

immediately following and redetermine u and ¢ as

lognormal distributions.

5. For lognormal distributions:

a. Compute the ratio of the maximum to the mean, p

for

£
m

where m and £ are obtained from columns 4 and 5 of

Table 4.5, Task 3.

b. Knowing the ratio, g, and the sample size, n, from

column 7 of Table 4.5, determine the estimated standard

deviation (of the logarithms of the measurements), o,

from Figure 4.4; interpolate carefully between curves

for different sample sizes, where necessary.

¢c. Compute the estimated mean (of the logarithms of

measurements), u, from

v = logm - 1.1513 o

d. Enter the values of y and ¢ obtained in Steps 5c
above into columns 8 and 9 respectively of Table

Task[@ Enter an "L" in column 10 of Table 4.5,

6. Knowing the sample size n (from column 7 of Table 4.5},
the confidence parameters. Prescribe n, the confidence
for the mean, to be

n o= n
and obtain v, the confidence parameter for the standard

from Figure 4.5.

the

and 5b
4.5,

Taskm.

determine

parameter

deviation

Enter the results into columns 11 and 12 of Table 4.5, Task[4l.
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Repeat the preceding Steps 1-6 (as required) for each additional

constituent of interest at the first source.

Repeat the preceding steps 1-7 (as required) for each source

of interest in the surveillance region.
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TASK[E: INPUT NEW COMPLIANCE MONITORING DATA

Objective

For each constituent, and for each source, tabulate all the new

compliance monitoring data collected during the monitoring period just

completed.

Output

Data on the constituents monitored by the surveillance agency at

each source in the region,

Inputs

Daily composite data values obtained in the compliance monitoring

program during the last monitoring period.

Discussion

It is assumed that grab sample data will not be included in com-
pliance monitoring input data, since the objective of the surveillance
exercise is to identiy violators, and violations are defined (via the

NPDES daily maximum effluent standard) in terms of daily composite samples.

The computational procedure requires that the units of effluent
standards and self-monitoring and compliance monitoring data are con-
sistent for any one constituent at a given source. Therefore, it is
required that the compliance monitoring data be converted, if necessary,
before input, to have the same units as the corresponding effluent
standards specified in Task Information which may aid such conversions
is provided in Tables 4.3 and 4.4,

88



Procedure

1. Follow the same source order as was established in Table 4.1,

Task.

At a given source with compliance monitoring data, copy or
record all such data collected during the monitoring period
just completed into Table 4.6. Ensure that the units of this
data are the same as those specified for the effluent standards

in Task; if they are not, convert them as necessary (see

Discussion above).

NOTE: When this task is being done for the
first time, these input data will in-
clude all the past compliance monitor-
ing data of interest which has been
collected.

2. Repeat Step 1 for each source in the region having compliance

monitoring data.
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Table 4.6 Compliance Monitoring Input Data

Constituent
Monitored
Value
Source Name Units z
(1) (2) (3) (4)

Note: This table can be duplicated for use in the hand calculations.
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TASK 6: COMBINE SELF-MONITORING STATISTICS AND COMPLIANCE MONITORING
DATA

Objective

To obtain, for each constituent, and for each source, new improved

estimates of the means and standard deviations of the data.

Qutput

Tabulation of improved means, standard deviations, and confidence

parameters in columns 13-16 of Table 4.5.

Inputs

° Self-monitoring statistics from Table 4.5, Task[ﬂ.

® Compliance monitoring data from Table 4.6, Task[ﬂ.
References

* [1], Section v.2

[} [1], Appendix E
Discussion

Compliance monitoring data are treated differently in this pro-
cedure from self-monitoring data, since the former may be considered more
reliable and weighted accordingly.
Procedure

1. If only self-monitoring data is used, skip this task and go

to Task[J), and write the words "same as Task[4]," in columns

13-16 of Table 4.5. Otherwise, select for the region, a value
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2.

for v, always greater than 1, and probably in the range of
1.5-3, but possibly much larger. This y value will represent
the greater weight (due to greater reliability) given to the
compliance monitoring data than to the self-monitoring data.
Therefore, one consideration might be the ratio of composite
to grab sample data in the self-monitoring input data (see

Task[3), Discussion). Enter the chosen y value above Table 4.5.

NOTE: Once the user becomes familiar with the
intent and effect of vy, there is no rea-
son why it could not be varied with the
constituent, source, etc., treated.

For the first constituent and source with a compliance monitor-
ing measurement, z, and with sufficient data from self-monitor-

ing statistics (see Step 2, Task[&):

a. Compute the improved estimate of the process mean,

§o= z + un/y
1+ nly

where z is obtained from Table 4.6, Task, and u and

n are obtained from Table 4.5, Task[4].

b. Compute the improved estimate of the process standard

deviation

5 =\/22 + (v02 + nuz)/Y - (1 + n/Y)ﬁZ
1+ v/y

where ¢ and v are also obtained from Table 4.5, Task.

c. Compute the new confidence parameter for the estimated

mean
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d. Compute the new confidence parameter for the estimated

standard deviation

If more than one compliance monitoring measurement, z, was
taken for the same constituent and source during the last
monitoring period, then successively combine them into the

statistics by repeating Step 2 above for each measurement.

Enter the final results for {i, §, §§ and U obtained from

Step(s) 2 (and possibly 3), into columns 13-16 of Table 4.5,

Task[6).

Repeat Steps 2-4 for each source and each constituent where
compliance measurements were taken during the most recent

monitoring period.
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TASK: COMBINE LATEST STATISTICS INTO CUMULATIVE STATISTICS FOR
COMPLIANCE MONITORING PERIOD

Objective

To obtain, for each constituent and each source, estimates of the

mean and standard deviation of the data based on all past measurements.

Output

Tabulation of cumulative means, standard deviations, and confidence

parameters in columns 17-20 of Table 4.5.

Inputs

e Cumulative estimates (if any) of process statistics from previous
allocation period.

e Latest improved estimates of process statistics from Table
4.5, Task[j.

References

. [1], Section V.2

' {1}, Appendix E
Discussion

One or two of the formulas used in this task look rather complex.
However, only straightforward substitution and computation are required

to evaluate them, for which a hand calculator should be found very help~

ful. 1If the size of the formula is of concern to a user, it is suggested
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he develop a table for operating on the various terms in a step-by-step

procedure.

Procedure

Determine whether this compliance monitoring allocation pro-
cedure has been used previously. If it has, go to Step 3;

otherwise go to Step 2.

No previous statistical computations or monitoring allocations
have been made with this procedure. Therefore, the cumulative
statistics desired in this task will be derived entirely from

the "latest" (all previous) data, summarized in Table 4.5,
Task[6}

In columns 17-20 of Table 4.5 (Task 7), write "VALUES SAME
AS FOR TASK[é}."

Go to TASKl

Keep at hand the cumulative statistics (in Table 4.5, Task[ﬂ)
from the most recent, previous application of this allocation
procedure. These previous cumulative statistics will be re-
presentative of all data preceding the latest monitoring data

used in Tasks 2-5.

Select a value for the data discounting constant, h, for the
region. This value will probably be in the range 1-3, but may
be less than one. It effectively discounts past data (relative
to new data) by limiting their sample size to h times the
size of the new sample, It should therefore be made smaller

for longer monitoring periods.

Enter the chosen h value over Table 4.5.



NOTE: Once the user becomes familiar with
the intent and effect of h, there is
no reason why it could not be varied
with the constituent, source, etc.,
treated, or with the age of the data.

Update the cumulative statistics for one constituent at one
source as follows: Let a "-'" indicate a new statistic for

the latest monitoring period (taken from columns 13-16 of
Table 4.5, Task[@); a "~" without a subscript will indicate
cumulative statistics obtained from the previous application of
this allocation procedure (see Step 3). A "~" with a subscript
"' jndicates statistics updated for this application. Then:

a. Compute the new cumulative estimate of the process mean,

A _ ni+ np
Ul"*—:‘—T—
n+tn

b. Compute the mew cumulative estimate of the process

standard deviation

~-v2 ~~2 AA2 ’\A2 ~ A A2
vo© 4 nu” 4+ voo + nut - (n+n)lJl

Qs
n

1 V4V 41

c. Compute the new confidence parameter for the cumulative

estimated mean,
fy = min[G+ A, hi

d. Compute the new confidence parameter for the cumulative

standard deviation

v, = min[(3+\3+1), h{:]
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e. Enter the values of ﬁl’ 81, al and \';l obtained in
Steps 5a-d above, into columns 17-20 of Table 4.5,

Task.

Repeat Step 5 for each additional constituent of interest at

the same source.

Repeat Steps 5-6 for each source of interest in the surveil-

lance region.
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TASK: DETERMINE PROBABILITY OF NON-VIOLATION PER CONSTITUENT

Objective

To obtain, for each constituent at each source, its probability

of non-violation.

Qutput

A tabulation of the probabilities of non-violation in columns 21,

22, and 23 of Table 4.5.

Inputs

e Distribution types (from Table 4.1, Task[l)

e The cumulative statistics for each constituent at each source
(from Table 4.5, Task[7).
® The effluent standards (from Table 4.2, Task[2
References
® [1], Appendix C, Sections C.2 and C.4
Procedure
For a given source, i, and a given constituent, j:
1. Determine from Table 4.5, Task whether the constituent's

distribution type is normal (N) or lognormal (L). If it is

type -N, go to Step 2; if it is type -L, go to Step 5.
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Check whether or not the constituent is pH., If it is pH, go

to Step 3; otherwise go to Step 4.

For pH only. During this step, statistics for pH Max and pH
Min (columns 17-20 of Table 4.5) will be combined to produce
a probability of no violation_of the overall pH standards.
Note that quantities such as o (standard deviation for pH Max)
and ¢ (standard deviation for pH Mirn) can both be required in
one calculation of joint probability. 1In this step, pH Min

and pH Max should be treated as one constituent.

Compare the estimated mean n (from column 17 of Table 4.5) with
the standards for maximum and minimum pH, S and S respectively

(from column 4 of Table 4.2), and proceed as follows:

1f

=>

< S, go to Section (i)

< 'S, go to Section (ii)

=

S <

> S, go to Section (iii)

=

(i) For § < S (pH only).

Compute the normalized effluent standard

S -

X = = =

a

where

S = pH Min standard from column 4 of Table 4.2
U = estimated mean from column 17 of Table 4.5
%~ = cumulative estimate of the standard devi-
o]

ation of pH Max, from column 18 of Table
4.5, Task
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Enter the result for x into column 21 of Table 4.5,

Task

Determine ¢(x) from Table 4.7. Enter the result in-
to column 22 of Table 4.5, Task[8}

Determine the constituent (pH) probability of non-
violation at this source

1
Pyjj = 77 b (x)

Enter the result into column 23 of Table 4.5, Task[8}

Go to Step 6.

(ii) For § < n<s (pH omnly).

Compute the normalized upper and lower effleunt

standards
- _ A
_ Pt - 8-
X = —— , X = —
- g o
where
g is as above,

Q>
1]

cumulative estimate of the standard devi-
ation of pH Min, from column 18 of Table

4.5, Task[7]

Enter the results for x and X into column 21 of
Table 4.5, Task, using a row for each and
identifying which is which.

Determine ¢(x) and ¢(x) from Table 4.7. Enter the
results into column 22 and the corresponding rows
of Table 4.5, Task{8].

Determine the probability of non-violation of pH
at this source (overall, not separately for pH Max

and pH Min) from

pyj = o®) ¥ o(x)
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Enter the result into column 23 of Table 4.5,

Task[8}

Go to Step 6.

(iii) For u > § (pH only).

Compute the normalized effluent standard

s

X = X

[F=1

where

~

G is as above.

Enter the result for x into column 21 of Table 4.5,
Task.

Determine ¢(x) from Table 4.7. Enter the result
into column 22 of Table 4.5, Task

Determine the probability of non-violation of pH
at this source

- 1
Enter the result into column 23 of Table 4.5,
Task.
Go to Step 6.

For Normal Distributions (except pH). Compute the normalized

effluent standard

wn
|
T= >

Q>

where ﬁ and G are taken from Table 4.5, Task, and S is taken
from Table 4.2.
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NOTE: u and 0 must have the same units as S, so check
column 3 of Table 4.5 against column 3 of Table

4.2,
Enter the result for x into column 21 of Table 4.5, Task[8]

Determine ¢(x) from Table 4.7. Enter the result into column 22
of Table 4.5, Task[8}

Determine the constituent probability of non-violation at this

source

1l

P.. + o(x)

ij 2
Enter the result into column 23 of Table 4.5, Task[8).

Go to Step 6.

For Lognormal Distributions. Compute the normalized effluent

standard

loglOS - ﬂ

o]

where fx, 8, and S are obtained in the same way as for Step 4,

and the same check on their units should be made.
Enter the result for x into column 21 of Table 4.5, Task[8]

Determine &(x) from Table 4.7. Enter the result into column 22
of Table 4.5, Task.

Determine the constituent probability of non-violation at this

source

P.. = + o(x)

1
ij 2

Enter the result into column 23 of Table 4.5, Task[8]

Go to Step 6.
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Repeat Steps 1-5 (as appropriate) for each constituent j at

the same source i.

Repeat Steps 1-6 (as appropriate) for each source i in the

region.
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Table 4.7 The Standard Normal Cumulative Distribution Function, &(x)

X 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.0 |.00000 {.00399 |{.00798 {.01197 |.01595 {.01994 {.02392 }.02790 |.03188 }|.03586
0.1 1.03963 |.04380 |.04776 |,05172 |.05567 }.05962 |.06356 |.06749 | .07142 [.07535
0.2 1.07926 [.08317 [.08706 |.09095 |.09483 |.09871 |.10257 |.10642 | .11026 |.11409
0.3 [.11791 }.12172 {.12552 |.,12930 |.13307 |.13683 |.14058 |.14431 | .14803 |.15173
0.4 |.15542 {.15910 |.16276 |.16640 |.17003}.17364 |.17724 |.18082 | .18439 |.18793
0.5 [.19146 }.19497 |.19487 |.21094 |.20540 |.20884 |.21226 |.21566 | .21904 |.22240
0.6 |.22575 [.22907 |.23237 }.23565 |.23891 |.24215 |.24537 |.24857 {.25175 [.25490
0.7 1.25804 |'.26115 |.26424 |,26730 |.27035 }.27337 |.27637 |.27935 | .28230 |.28524
0.8 |.28814 |.29103 [.293689 |.29G73 .29955 |.30234 |.30511 |.30785 | .31057 |.31327
0.9 |.31594 {.31859 |.23121 |,32381 |.32639 |,32894 {.33147 |.33398 | .33646 |.33891
1.0 | .34134 | .34375 {34614 | .34850 | .35083 |.35314 |.35543 |.35769 | .35993 |.36214
1.1 |.36433 | .36650 {.36864 |.37076 |.37286 |.37493 [.37698 | .37900 | .38100 |.38298
1.2 |.38493 |.38686 |.38877 |.39065 |.39251 |.39435 {.39617 |.39796 | .39973 |.40147
1.3 |.40320 |.40490 | .40658 | .40824 | .40988 |.41149 [.41309 |.41466 | (41621 |.41774
1.4 ).41924 | .42073 | .42220 | .42364 | (42507 |.42647 |.42786 }.42922 | .43056 |.43189
1.5 | 43319 | .43448 | .43574 | .43699 | .43822 |.43943 |.44062 | 44179 | .64295 | 44408
1.6 1.44520 | . 44630 | ,44738 | . 44845 | L44950 | . 45053 |[.45154 | ,45254 | 45352 | 45449
1.7 | .45543 | ,45637 | .45728 | ,45818 | .45907 |.45994 |.46080 |.46164 | .46246 | . 46327
1.8 | .46407 | 46485 | .46562 | .46638 | ,46712 |.46784 |.46856 |.46926 | .46995 | .47062
1.9 [ .67128 | 47193 | 47257 | .47320 | .47381 | 47441 |.47500 | .47558 | .4761S | .47670
2.0 |.47725 | . 47778 | .47831 |.47882 | .47932 |.47962 |.48030 | .48077 | .48124 [ .48169
2.1 | .48214 | .48257 | .48300 |.48341 | .48382 |.48422 |.48461 | .48500 | .48537 | .48574
2.2 | 48610 |.48645 | . 48679 |.48713 | .48745 | .48778 |.48809 |.48840 | .48870 |.48899
2.3 1.48928 |.48956 [ .48%83 |.49010 | .49036 |.49061 |.49086 | .49111 | .49134 | .49158
2.4 | ,49280 [.49202 | ,49224 [ .49245 | , 49266 |.49286 {.49305 | .469324 | .49343 | .49361
2.5 1 .49379 | .49396 | .49413 | .49430 | L 49446 | 49661 |.49477 | 49492 § .49506 | .49420
2.6 | .49534 }.49547 | .49560 |.49573 | .49585 |.49598 |.49609 [ .49621 | 49632 | .49643
2.7 1.69653 }.49664 | .,69674 } ,49683 | .49693 §.49702 |.49711 | .49720 | .49728 |.49736
2.8 }.49744 § 69752 | . 49760 )} ,49767 | 49774 | 49781 | .49788 | L49795 | L49801 | .49807
2.9 |.49813 | .49819 | .49825 | .49831 | .49836 | .49841 |.49846 | 49851 { .49856 | .49861
3.0 ,49865
3.1 .49903
3.2 .49931
3.3 .49952
3.4 499066
3.5 .49977
3.6 .49984
3.7 .49989
3.8 .49993
3.9 .49995
4.0 .499968
4.5 ,499997
5.0 .49999997

Note: &(-x) = ~¢(x)
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TASK[]: DETERMINE PROBABILITY OF NCN-VIOLATION PER SOURCE
Objective

To obtain, for each source, its probability of non-violation.
Qutput

A tabulation of the probabilities of non-violation in columns 1,
2, and 3 of Table 4.8.

Inputs

e The probabilities of non-violation for each constituent at
each source (from Table 4.5, Task[d).

References

. [1], Section VI.3
® [1], Appendix B

. (1], Sectdion VIII.3
Procedure
For a given source, i:
1. Indicate the source number in column 1 of Table 4.8.
2. Select whether the various constituents at the source as

a group are to be described as statistically dependent (SD)

or statistically independent (SI). If SD, all the constituents
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vary together in time in the same way (are completely cor-

related) maintaining the same ratios to one another; if SI,

there is zero statistical correlation between their variations.

NOTE: Since sufficient data to ascertain the

exact correlation between
stituents are not readily
one of the above extremes
sumed. Appendix B of [1]
is less likely to be true
sitivity studies (Section

various con-
available,
must be as-
suggests SD
than SI. Sen-
8.3 of [1]

revealed that in many cases the resulting
compliance monitoring priorities will be
insensitive to this selection; however,
cases could clearly be devised where the
priorities would be very sensitive to the

correlation assumption.

Indicate the type of dependence (SD or SI) chosen in columm

2 of Table 4.8, Task[9}.

. Accordingly, knowing the probabilities of non-violation,

P.., of the various constituents at source i, from column

ij

23 of Table 4.5, Task[8], determine the source probability

of non-violation, Pi’ from either a or b

a. If dependent (SD), then

P, = m;n(pij)

below.

i.e., Pi is the smallest of the constituent

probabilities at this source i.

b. If independent (SI), then

P, = I Ip..
1 . 1
i J
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i.e., Pi is the product of all the constituent pro-

babilities at this source 1i.

Enter the result for Pi into column 3 of Table 4.8, Task[9].

4. Repeat Steps 1-3 for each source i in the region.
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Table 4.8 Ranges of Sampling Rates and Expected Extents of Undetected Violations
Task [9] TASK [L0] TASK TASK
Alternative Expected Extents of
Constitu— Prob. of Vi?lat%on Min. No.}] Max. No.| Undetected Violations, Ci(si)’ for
Source | ent Inter- Non~= Weighting | Samples Samples i S 141 R
violation Factor Required] Allowed Various Sampling Rates, Sy
No. dependence P c 9 L
i SD/SI i i i i 2 3 4 5 6 7 8
(1) (2) (3 (4) (3 (6) (7) ] (8) } (9) | (10)| (11)] (12)}(13)|(14)
Note: This table can be duplicated for use in the hand calculations.




TASK E:]: DETERMINE THE VIOLATION WEIGHTING FACTOR PER SOURCE

Objective

To obtain, for each source, a quantitative factor representing the

significance attached to violations which might occur there.

Output

A tabulation of violation weighting factors in column 4 of Table

4.8. These factors are found by completing an interim Table 4.9.
Inputs

e Effluent standards, from Table 4.2, Task.

° Constituent distribution type (normal and lognormal), from
Table 4.5, Task[4}

° Cumulative estimates of constituent means and standard devi-
ations, from Table 4.5, Task[7}

e x (normalized effluent standard), ¢(x), and p (probability of
non-violation) for each constituent at each source, from
Table 4.5, Task[8}

® Receiving water concentration standards for the region and

the constituents of interest (need depends upon options
chosen) .

References

' [1], Section VI - Introduction
'y [1], Section 6.3

° [1], Appendix C, Section C.1
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e (1], Appendix C, Section C.2.1

e [1], Section VI.2

Discussion

The purpose of the Violation Weighting Factor is to make available
to the user alternative ways in which he can weight the allocation of his

surveillance resources. This is done by weighting the violations.

One obvious way to do this is to weight them in proportion to the
environmental damage caused in the receiving waters, through the use of
environmental damage functions (damage as a function of concentration)
for each constituent. While desirable, this approach necessitates much
detailed computation, and has therefore, been excluded from this hand
calculation procedure. It is included in the computerized procedure,

however. (See Sections 5 and 7 of this handbook, and [1], Section 6.)

Two simpler alternative weighting methods have been included in
this hand calculation approach. One gives all violations equal wéights,
the other weights them by the amount by which the standards are exceeded.
With these simpler methods, the effects of the effluents on the receiving
waters are still taken into account indirectly, since the effluent stand-

ards should have been set with these effects in mind.

Since the second simpler method contains a number of options and
since different procedures are required for different constituents, it
has been necessary to break this task up into numerous components, many

of which may turn out to be skipped in any one application.
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Procedure

1. For the entire region, select one of the following two alter-

native methods for assigning violation weighting factors:

Method 1: Set all the weighting factors to be equal. This
has the effect that the sampling frequency then

depends only upon the probability of violation,

Task [S}

Method 2: Make the weighting factors increase with the extent
by which the standard is exceeded. This has the
effect of directing compliance monitoring towards
those dischargers with the more seriocus viclations

cf the standards, where conviction is easier.
Indicate the method selected above Table 4.9.

If using Method 1, go to Step 2; if Method 2, go to Step 3.

2. Method 1. For all sources, set the source violation weighting

factor, ¢, = 1.
i
Enter this result into column 4 of Table 4.8, Task E:L

Go to Task .

3. Method 2. Copy, in the same order, the information from columns
1 and 2 (Task[3) and 10 (Task[&) of Table 4.5 into columns 1, 2,
and 3 respectively of Table 4.9.

4, TFor each constituent at one source, select a weighting factor

function (WFF) type from the following three types, (A, B or C)

and select a WFF coefficient k for each:
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- ——s

-

[

a, WFF Type A: (General, for Normal or Lognormal

where

k

constituents, excepting pH)

- {k(M-S) .

M>S
0, M<S

>
=

= constituent mass loading rate or concentration
in effluent, depending upon the form of §

= applicable effluent standard for M

= a WFF coefficient (see below)

With this type of WFF, the weighting factor, W, for a

constituent is proportional to the amount by which M

exceeds its standard.

The coefficient, k, may be chosen to specify the principle

upon which the WFF is preferred to operate, such as:

1.

k a %— for each constituent
where 6 is the receiving water concentration
standard for the constituent, This will result

in, W, varying as the magnitude of the exceed-
ance.

In the case of BOD, assume the in~stream standard
to be as follows:

8 Type of Streams
15.0 Fast flowing, shallow
streams
10.0 Slow flowing, shallow

streams and fast flowing,
medium to deep streams

5.0 Slow flowing, deep rivers
and estuaries
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1 ;
2. ka 5 for each constituent at each source

This will result in W varying as the number
of times by which the standard is exceeded.

The difference between these two alternatives for k is
illustrated in Table 4.10. Alternative (1) is seen to
penalize the larger dischargers, and is therefore, gen-
erally preferred; alternative (2) penalizes the smaller

dischargers.

k may also be weighted to emphasize concern for any

particular constituent, regardless of its source.

b. WFF Type B: (For Lognormal constituents only, e.g.,
coliforms)

The concentrations (and hence loading rates) of certain
constituents, particularly coliform bacteria, vary so
rapidly that their orders of magnitude are of more
significance than their actual size. As a result, their
type of frequency distribution in Task, will usually
be lognormal (specifically required for coliforms), and
the following Type B WFF is a more appropriate measure

of standard exceedance.

W = k(log M - log S), M > S
0, Mg S

Here, k, would be either (1) 1/log 6, or (2) 1l/log S.

W, M, S, and k are as defined in Subsection a above.

NOTE: A lognormal (L) distribution
in Task, Table 4.1, is
specifically required for
constituents to be assigned
a Type B WFF.
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c. WFF Type C: (for pH only)

For pH, the logorithm of the hydrogen ion concentration
has already been taken, and the possible range of values
is very limited. With this constituent, therefore, the
weighting factor is the amount by which the pH standard
is exceeded (in either direction, since there are both

upper and lower standards).

k(s -M), M<S$§
W= 0, M>S
_ kM-8), M>S
¥ =lo, M<S
where
S = minimum pH standard
S = maximum pH standard
W = weighting factor for pH (Min or Max)

and commonly, k = k = 1,

Record the type of WFF selected for this constituent in column
4 of Table 4.9. 1If the selection is Type B, check that the
corresponding distribution is lognormal (Type "L'" in column 3
of Table 4.9) as is required. Record the magnitude chosen for
the WFF coefficient, k, (or k and k, identifying which is
which) in column 5 of Table 4.9.

Repeat Step 4 for each constituent at the same source.

For each constituent at the same source, compute the expected

extent of violation, D, from the appropriate section below,
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depending upon the WFF type as follows:

For WFF Type A, g0 to Section a
For WFF Type B, go to Section b
For WFF Type C, go to Section ¢

a., For WFF Type A: (W = k[M-S])

1f the constituent distribution is normal (N) (from
column 3 of Table 4.9L go to Subsection (1); if
lognormal (L), go to Subsection (2).

1. For Normal Distribution (W = k[M-S})

D = kc?}f(x) - x [l—p];
where
x = probability of non-violation per
constituent, from column 23 of
Table 4.5, Task[8]
6 = cumulative estimate of the standard

deviation, from column 18 of Table

4.5, Task[7}
f(x) is given by Table 4.11

k is recorded in column 5 of Table 4.9

2. For Lognormal Distribution (W = k[M-S})

. A2A2
D = k exp(Au + 20 )

Y
%% _ ¢(10&s = [iac ])}_ KS[1-p]
g

where

~

p, 0, and k are as above, and
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v = cumulative estimate of the mean
from column 17 of Table 4.5,

Task
S = effluent standard, from Table
4.2, Task[2]
log 5 = logloS
A = 1nl0 = 2.3026
o(x) is given by Table 4.7

Go to Step 7.

b. For WFF Type B (W = k[log M-log S]

NOTE: This may be used only for
constituents with distri-
bution type L in Table 4.5,
Task{3}

D = klE(x) - x[1-p]|

f f
where

x, k, 0, £ and p are as above

Go to Step 7.

c. For WFF Type C (W = k[S-M], W = k[M-S]

For pH only, compare the estimated mean, ﬁ (from
column 17 of Table 4.5, with the standards for
maximum and minimum and minimum pH, S and S re-
spectively (from column 4 of Table 4.2), and pro-
ceed as follows: if

= >
A

S, go to Subsection (i).

S, go to Subsection (ii).

w
IA

=
A

>

=
A\
wni

» 80 to Subsection (iii).
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(1) For ﬂ < 'S (pH only)

D = k + + c;[f(x) + x<b(x):l

@-0 S-u =
2w 2

x = normalized effluent standard from
column 21 of Table 4.5, Task[§]

é = cumulative estimate of the standard
deviation of pH Min, from column 18
of Table 4.5, Taskﬁﬂ

cumulative estimate of the standard
deviation of pH Max, from same
location

Q|
n

d(x) is obtained from column 22 of Table
4.5, Task[g]

f(x) is given by Table 4.11
k is recorded in column 5 of Table 4.9

Go to Step 7.

(ii) For § < no< S (pH only)

D = EE{f(i) + i[o.s-¢(;)]}+ ko | £ (x)

+ }_<[o.5—¢()_<)]§

where

, U, and f are as above, and

las

x and X are obtained from column 21 of
Table 4.5, Task[8]

@(2) and ®(x) are obtained from column 22
of Table 4.5, Task[§]

k and g are recorded in column 5 of Table
4.9

Go to Step 7.
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(iii)

For ﬁ > S (pH only)

B
D =k +

|53

S

27

where

2

+ §[f<x>+x®<x>1‘

g, 6, and £ are as above, and

x and ¢(x) are obtained from columns 21
and 22 of Table 4.5, Task[8]

k is recorded in column 5 of Table 4.9

Go to Step 7.

Record the value of D (just obtained in Step 6) in column 6 of

Table 4.9.

Repeat Steps 6-7 for all constituents of interest at the same

source.

Of the expected extents of violation, D, for the various con-

stituents at this same source i, find the largest, to be the

source violation weighting factor, c

C, =
1

max (D)

i!

i.e.,

Enter the result into column 4 of Table 4.8, Task .

Repeat Steps 4-9 (Method 2) for each source of interest in

the region.
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Table 4.9 Record of Task Options and Calculations

Violation weighting factor assignment method (I or II):

Source Constituent Distri- | Type of WFF Expected
N Extent of
o. Name bution WFF Coefficient Violation
i Lor N A/B/C k D
(1) (2) (3) (4) (5) (6)

Note: This table can be duplicated for use in the hand calculations.,
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M

Table 4,10 Examples of Alternative Type of Weighting
Factor Functions (WFF)
(Comparison for the same constituent, 6 = 100)
Source 1 Source 2 Source 3
Let S 100 10,000 10,000
Let M 600 10,500 12,000
Then (M-S) 500 500 2,000
(1) k=1/9
W= (M-S)/9 5 5 20
(2) k=1/s
= (M-S)/$ 5 0.05 0.2
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Table 4.11 The Standard Normal Probability Density Function, f(x)
+x | 0.00 [ 0.01 | 0.02 [ 0.03 | 0.04 [ 0.05 | 0.06 { 0.07 { 0.08 | 0.09
0.0 . 3989 .3989 . 3989 .3988 .3986 .3984 .3982 .3980 .3977 .3973
0.1 .3970 .3965 .3961 .3956 .3951 .3945 .3939 .3932 .3925 .3918
0.2 .3910 .3902 .3894 . 3885 .3876 . 3867 . 3857 . 3847 .3836 .3825
0.3 .3814 . 3802 .3790 .3778 .3765 .3752 .3739 .3726 .3712 .3697
0.4 | .3683 |.3668 |.3653 | .3637 |.3621 | .3605 | .3589 {.3572 | .3555 |.3538
0.5 .3521 .3503 . 3485 . 3467 . 3448 . 3429 L4410 .3391 .3372 .3352
0.6 .3332 .3312 .3292 . 3271 . 3251 .3230 .3209 .3187 .3166 3144
0.7 .3123 .3101 .3079 .3056 .3034 .3011 .2989 .2966 .2943 .2920
0.8 .2897 .2874 .2850 .2827 .2803 .2780 .2756 .2732 .2709 .2685
1.0 .2420 .2396 .2371 « 2347 .2323 .2299 .2275 .2251 .2227 .2203
1.1 .2179 .2155 .2131 .2107 .2083 .2059 .2036 .2012 .1989 .1965
1.2 1942 .1919 .1895 .1872 .1849 .1826 .1804 .1781 .1758 .1736
1.3 L1714 1691 .1669 1647 .1626 . 1604 .1582 .1561 .1539 .1518
1.4 .1497 1476 .1456 1435 1415 .1394 1374 <1354 L1334 1315
1.5 .1295 .1276 .1257 .1238 .1219 .1200 .1182 .1163 1145 1127
1.6 .1109 .1092 L1074 .1057 .1040 .1023 .1006 .0989 .0973 .0957
1.7 .0940 .0925 .0909 .0893 .0878 .0863 .0848 .0883 .0818 .0804
1.8 .0790 .0775 .0761 .0748 .0734 0721 .0707 .0694 .0681 .0669
1.9 .0656 L0644 .0632 .0620 .0608 .0596 .0584 .0573 .0562 .0551
2.0 .0540 .0529 .0519 .0508 .0498 .0488 0478 .0468 .0459 .0449
2.1 .0440 .0431 .0422 .0413 L0404 .0396 .0387 .0379 .0371 .0363
2.2 .0355 .0347 .0339 .0332 .0325 .0317 .0310 .0303 .0297 .0290
2.3 .0283 .0277 .0270 .0264 .0258 .0252 .0246 0241 .0235 .0229
2.4 | .0224 |.0219 {.0213 | .0208 |.0203 | .0198 | .0194 | .0189 | .0L84 |.0180
2.5 0175 0171 .0167 .0163 .0158 L0154 .0151 .0147 .0143 .0139
2.6 .0136 .0132 .0129 .0126 .0122 .0119 0116 0113 .0110 .0107
2.7 .0104 .0101 .0099 .0096 .0093 .0091 .0088 .0086 .0084 .0081
2.8 .0079 .0077 .0075 .0073 .0071 .0069 .0064 .0065 .0063 .0061
2.9 .0060 .0058 .0057 .0055 .0053 .0051 .0050 .0048 .0047 .0046
3.0 0044 .0043 .0042 .0040 .0039 .0038 .0037 .0036 .0035 .0034
3.1 .0033 .0032 .0031 .0030 .0039 .0028 .0027 .0026 .0025 .0025
3.2 .0024 .0023 .0022 .0022 .0021 .0020 .0020 .0019 .0018 .0018
3.3 .0017 .0017 .0016 .0016 .0015 .0015 .0014 0014 .0013 .0013
3.4 .0012 .0012 .0012 .0011 0011 .0010 .0010 .0010 .0009 .0009
3.5 .0009 .0008 .0008 .0008 .0008 .0007 .0007 . 0007 .0007 .0006
3.6 .0006 .0006 .0006 .0005 .0005 .0005 .0005 .0005 .0005 .0004
3.7 .0004 .0004 .0004 .0004 .0004 .0004 .0003 .0003 .0003 .0003
3.8 .0003 .0003 .0003 .0003 .0003 .0002 .0002 .0002 .0002 .0002
3.9 .0002 .0002 .0002 .0002 .0002 .0002 .0002 .0002 .0001 .0001
Note: £(-x) = f(x)




TASK [11]: ESTABLISH LIMITING SAMPLING RATES

Objective

To establish limits on the surveillance sampling rate desired at

each source.

Output

A tabulation of the minimum and maximum number of samples required

at each source listed in columns 5 and 6 of Table 4.8.

Inputs

Information on:

e Past sampling rates

e Established policy (if any), on minimum and maximum
sampling rates

e Suspected trouble spots, based on self-monitoring or
ambient receiving quality data
® Length of planned monitoring period
References
° [1], Section VII.1
Procedure
Based on the information provided by the inputs, assign a mininum

and maximum number of samples required at each source. Enter these into

columns 5 and 6 of Table 4.8.
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TASK -: DETERMINE ALTERNATIVE EXPECTED EXTENTS OF UNDETECTED VIOLATIONS

Objective

To obtain, for each source, expected extents of undetected violations

for various sampling rates.
Output

A 1list of expected extents of undetected violations for each can-

didate sampling rate recorded in columns 7-14 of Table 4.8.
Inputs

¢ Minimum and maximum sampling rates (from Table 4.8, Task )
e Violation weighting factors (from Table 4.8, Task )

0 Probabilities of non-violation (from Table 4.8, Task[]D
References

° [1], Section VI.3
Procedure

1. For each source 1i:

In Table 4.8, Task , blank out spaces under s values

less than Qi or greater than Li'

NOTE: The user can extend the table for larger
values of s,, if necessary. The sampling
rate limits} 2. and L,, are given in columns
5 and 6 of Table 4.8.% 1f 2.=0, no column
is needed for Si=0 because this eventually
is considered later,
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2. For a given source 1i:

a.

For the lowest s value, compute the corresponding ex-
pected extent of undetected violation, Ci’ from
i

Cilsg) = cypy

where

Py and c, are taken from columns 3 and 4 (Tasks@

and [LO} of Table 4.8

Enter the result in Table 4.8 appropriate 84 column

under Task .

For the next s; value, compute Ci by multiplying the
result of Step 2a again by P, Enter the result in
Table 4.8, next column under Task @

Repeat Step 2b for all g values of interest, i.e., not

blanked out.

3. Repeat Step 2 for each source in the region.
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TASK .: DETERMINE COST TO SAMPLE EACH SOURCE ONCE

Objective

To obtain, for each source, the total cost of collecting, analyzing

and reporting a surveillance monitoring sample.

Qutput

A list of component costs and a total sampling cost for each source.

Output is recorded in Table 4.12.
Inputs

e Man-hours required to sample each source and process resulting
data

° Unit cost of labor

¢ Travel distance to sample each source

® Unit cost of field transportation

° Cost of expended field equipment

& Laboratory analysis charge for each constituent of interest
References

o [1], Section IX.1 (Table 9.2)

° [1], Appendix D
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Procedure

1.

Enter names of constituents to be checked in headings of columns

10 through 15 in Table 4.12.

NOTE: The user can increase the number of
these columns as required by his list
of constituents

For a given source i:

a. Enter the above input information (input items a-e) into

columns 2-5 and 8 respectively of Table 4.12.

Multiply contents of column 2 by column 3, and enter results
in column 6 of Table 4.12.

Multiply column 4 by column 5, and enter the result in column

7 of Table 4.12.

Enter in columns 10-15 of Table 4.12, where appropriate, the
constituent analysis cost for each constituent to be analyzed
at an individual source. The constituents to be analyzed at

any given source are listed in Table 4.5, Task

NOTE: The analysis costs will probably be quite
small by comparison with the cost of the
man-hours and travel, columns 6 and 7.

Add the contents of columns 6-8 to obtain total cost per

sample. Enter the results in column 9. Add the contents
of columns 9-14 in Table 4.12, to obtain the total cost of
a sample at an individual source; enter the result in the

last column.

Repeat Steps 2-6 for each source of interest in the region.
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Table 4.12

Resources Needed to Monitor Each Source Once

Per Sample Cost of: Labora;ory Analysis
Charge/Constituent
Man Cost Travel Total
Source | Hours Per Miles Cost Per (add constituent names)
No. Per Man Per Per Man Expend. | sample Total
i Sample | Hours | Sample Mile Hours | Travel |Equip'td cost L | #2 | #3 ] #4 | #5 | #6 Cost
(1) (2) (3) (4) (5) (6) (N (8) (9) [0 [(11){(12) | (13){(14) [(15)
Note: This table can be duplicated for use in the hand calculations.




TASK [[4: TABULATE MARGINAL RETURNS

Objective

To obtain, for each source, the marginal return from each additional

surveillance monitoring sample collected there.

Output

A tabulation of marginal returns for each sample to be taken at each

source. Output is recorded in Table 4.13.

Inputs

[ ] Alternative expected extents of undetected violations, Ci’
from Table 4.8, Task .

] Costs to sample each source once, I, from Table 4.12, Task .
References
. [1], Section VII.2

Discussion

The marginal return, By at a source i, varies with the sampling rate,
Sy» there. As the source is sampled more frequently (si increases), the
expected extent of undetected violations, Ci’ decreases. Therefore, the
marginal return for a given sample, ui(si), is defined to be the incremental
decrease in Ci’ resulting from taking that single sample, divided by the
cost, ro, to take that sample. The cost, tos includes the analysis of

all constituents of interest in the sample.
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Procedure

Enter the source numbers into Table 4.13, and for each source
blank out spaces under Hy which correspond to those blanked
out in Table 3.8 under Task . In addition, for each source
also blank out in Table 4.13, the W space under, s, = [
where !Li is given in column 5 of Table 4.8, Task .

i,

For a chosen source, i, if the marginal return, My for sample
s, = 1, has been blanked out, skip to Step 4, otherwise proceed
to Step 3.

For the same source, i, and for sample number 1 (si = 1), compute

the marginal return

c, - C,(1)
1 bl
ni(l) =

r,

1
where ¢ and Ci(l) are taken from columns 4 and 7 of Table 4.8,
and r, is taken from Table 4.12. Enter ui(l) into the second

column of Table 4.13.

For the next sample number, 8.5 at the same source, 1if By has

been blanked out (i.e.,, if s, < Qi ), then increase S5 by 1

and restart this Step 4. Otherwise, compute the marginal return

Ci(si—l) - Ci(si)

X,
1

ui(si) =
where the C's are taken from Table 4.8 and ry is taken from

Table 4.12. Enter the result, ui(si), into the appropriate
s column of Table 4.13.
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5. Repeat Step 4 for each subsequent sample, s, not blanked out

(i.e., g < Li ) in Table 4.13.

NOTE: The user can extend the table for larger

values of Si’ if necessitated by an ex-
tended Table 4.8,

Repeat Steps 2-5 for each source in Table 4.13.

(0
Bl

PO
.!.4|'A

ot
1.

It
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Table 4.13

Marginal Returns for Each Source

Source Marginal return, ui(si), from one additional sample, number sy
No. 2 3 4 5 6 7
i

Note: This table can be duplicated for use in the hand calculations.
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TASK [L3: PRESELECT INITIALLY ALLOCATED SAMPLES

Objective

To preselect those samples needed to meet the previously established

minimum requirements for each source.

Output

A listing of the samples required to meet minimum requirements, with
the resulting degrees of undetected violation and monitoring resources re-

quired. Table 4.14 is utilized.

Inputs

. Minimum sampling rates, Qi, desired at each source (from
Table 4.8, Task ) .

e Violation weighting functions, Css for all sources {(from
Table 4.8, Task [zb

® Expected extents of undetected v101at10ns, C. (s ), for all
sources {(from Table 4.8, Task

. Resources needed to monitor each source once, r, i’ for all
sources (from Table 4.12, Task

Discussion

Since the initially allocated samples treated in this task must be
included to meet the minimum requirements established in Task [11], no choice
may be exercised as to whether or not they may be included. Therefore,
their marginal returns and ordering are of no consequence, and so these

computations have been omitted from this task to save labor.
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Procedure

Complete the first line of Table 4.14 for the case when no
surveillance monitoring samples would be collected. In that

case

e, = ac =D,

Obtain this quantity }E}i), by summing all the entries in
column 4 of Table 4.8. Enter the result in both columns 5
and 6, row 1, of Table 4.14. Enter a "0" in column 8, row 1,

of Table 4.14.

Find the first source in Table 4.8 with Ri > 0. If all 2i = 0,
go to Task . In order to minimize the computations, all the

Qi samples required as a minimum at that source, will be treated

together as follows:
a. Enter a "0" for the priority order in column 1, row 2,
Table 4.14.
b. Enter the source number, i, in column 2, row 2.

c. Enter the range of the number of samples, "l to Ri" where
the value of Qi is indicateéd, in column 3. Thus, if

Qi = 3, we will write: 1 to 3.

d. Write a dash for the marginal return in column 4 (since

this quantity is not required subsequently).
e. Compute ACi for the Qi samples from

ACi = ci(zi) -y
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where Ci(li) is the first entry for source, i, under
Task in Table 4.8, and cy is obtained from column 4
of Table 4.8. Note that ACi will be negative. Enter

the result, ACi, into column 5.

Add the latest ACi(si) (from Step 2e above) into the

cumulative total, E:Ci(si) in the previous row. Note

thatE:pi(si) should decrease, since the ACi(si) being
added in is negative. Enter the new cumulative total

in column 6.

Multiply the number of samples, 21, (see Step 2c) by

the cost per sample, o, (obtained from Table 4.10)

and enter the result in column 7.

Add the latest column 7 entry (Step 2g above) to the
previous total in column 8, and enter the resulting

new total in column 8.

Repeat Step 2 for each subsequent source in Table 4.8, with

L.
1

> 0, entering the results into subsequent rows of Table 4.14.

Draw a line across Table 4.14, below the last entry, to indicate
the end of Task E:}
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Table 4.14 Sampling Priority List

Degree of Monitoring
Undetected Resources
Violation Required
Priority} Source Sample |Marginal | Incre- Cumula- |Per Cumula-
Order No. No. (8) Return | mental tive Sample(s)] tive
i s; ui(si) ACi(si) ZCi(si) Ty R=Zri
(1) (2) (3 (4) (5) (6) (7) (8

Note: This table can be duplicated for use in the hand calculations.
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TASK [L6: PRIORITY ORDER MARGINAL RETURNS

Objective

To order the marginal returns from all optional samples at all

sources, in terms of their sizes,

Output

An ordered tabulation of marginal returns from each optional sample
collected at each source, together with the resulting degrees of undetected

violation and monitoring resources required. Output is recorded in Table
4,14,

Discussion

The term “'optional sample' here refers to samples over and above the
minimum requirement and below the maximum limit (both established in Task

), and therefore, in the range where choice may be exercised.
Inputs

® The results of the preselection of the initially allocated
samples (from Table 4.14, Task .

e The tabulation of marginal returns (not ordered) obtained in
Task , Table 4.13.

® Resources needed to monitor each source once, r

., for all
i
sources (from Table 4.12, Task [I3).
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Procedure

a. Locate the largest marginal return, ui(si), in Table 4.13.
Enter its value into column 4 of the next available now in
Table 4.14. Enter its corresponding source number, i, and
sample number, 8:» into columns 2 and 3 of Table 4.14.
Enter its priority order, '"1", into column 1. Check it off

in Table 4.13 as having been extracted.

b. Enter the cost, Tis for this single sample (obtained from

Table 4.12) into column 7 of the same row of Table 4.14.

c¢. Add the latest column 7, cost entry (Step 1lb above) to the
previous total cost in column 8, and enter the resulting

new total cost in column 8.

d. Compute the incremental degree of undetected violation from

either
(1) 6C,(s;) = ci(si) - Ci(si—l)

where the Ci(si) are obtained from Table 4.8, Task and
where Ci(O) is defined to be, o (also from Table 4.8) or
from

(ii) ACi(si) = —riui(si)

where the ri and ui are obtained from Steps 1b and la above
columns 7 and 4 of Table 4.14. Enter the result into

column 5.
NOTE: ACi(si) will be negative

e. Add the ACi(si) from Step 1d above, to the cumulative total
§:Ci(si) in column 6 of the previous now. Note that E:Ci(si)
should decrease, since the Aci(si) being added in is negative.

Enter the new cumulative total into column 6.
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2. Repeat Step 1 for the next largest marginal return, ui(si), in

Table 4,13, increasing its priority order {(column 1 of Table

4.14) by 1.

3. Repeat Step 2 until all the entries in Table 4,13 have been ex-

tracted, and entered in order in Table 4.14.

138



TASK 17: DETERMINE SAMPLING RATES

Objective

To determine and summarize for the chosen constraint, the sampling

frequency for each source.

Output

A source-by-source tabulation of sampling rates, monitoring re-

sources required, and resulting degrees of undetected violations.
Inputs

] Limiting sampling rates (from Table 4.8, Task .

o Cumulative degrees of undetected violation and monitoring
resources required for individual samples, rank ordered by
marginal return (from Table &4.14, Task Ezb.

] Resources required to monitor each source once (from Table
4.12, Task .

] Degrees cof undetected violation per source for various
alternative sampling rates (from Table 4.8, Task ).

] The constraint on the surveillance monitoring funds available,
or on the maximum acceptable degree of undetected violation.

Discussion

The two principal constraints most likely to limit the total number
of surveillance samples to be collected during a monitoring period are:
(i) the amount of funds (resources) available for surveillance monitoring,

or (ii) the maximum acceptable degree of undetected violation (compare
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with column 6 of Table 4.14). The former obviously increases with more

sampling, while a decrease in the latter requires more samples to be

taken.

It is expected that the dollar constraint (i) will most commonly
be used, particularly at first when the users of this allocation pro-
cedure are not very familiar with the concept of "degree of undetected
violation." However, as familiarity with both this concept and the
numbers which measure it grows, it is quite possible that improved effluent
control by dischargers could lead to a type (ii) constraint requiring

fewer surveillance samples than type (i).

When a compliance sample detects a violation during a monitoring
period, the compliance monitoring program could be said (depending upon
the extent of the violation) to have "achieved its objective' at the
source in question, If further samples had been scheduled at the same
source during the monitoring period, these may now be deemed unnecessary,
depending upon the surveillance agency's policy. The funds from these
saved samples, may be applied to samples at sources next in priority order
(see Table 4.14) if the agency can reschedule in mid-period, or they may

be saved for use in the following monitoring period.
Procedure

1. Copy the contents of columns 1, 5, and 6 of Table 4.8 into

the first three columns of Table 4.15.
2. Determine which of the following two constraints will limit

the total number of samples to be collected in the proposed

monitoring (see Discussion above) period:
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(1) The maximum monitoring resources (funds) available;
or

(ii) the maximum acceptable degree of undetected violation.

Locate the position of the chosen constraint in relation to the

contents of column 6 or 8 of Table 4.14, whichever is appropriate.

Draw a second line across Table 4.14 immediztely below the
largest entry smaller than the constraint. (To meet the con-
straint, the samples below this line cannot or need not be

taken.)

From the portion of Table 4.14 above, the cutoff line drawn
in Step 3, determine the total number of samples to be taken

at each source, and enter the results in column 4 of Table 4.15.

Determine the monitoring resources needed per source by (i)
adding the individual resources, ro, for that source listed in
cnlumn 7 of Table 4.14 above the cutoff line, or by (ii)
multiplying the number of times to be sampled (column 4 of Table
4.15) by the resources, T, required to monitor each source

once (last column of Table 4.12). Enter the result for each

source in column 5 of Table 4.15.

Determine the degree of undetected violations per source by
finding the value of C,(s.) in Table 4.8, Task [L, which cor-
responds to the sampling rate, S5 specified in Table 4.15,
column 4. 1If s, = 0, for any source enter Ci’ because C(O)=Ci.
Enter the result for each source into the last column of Table

4.15.
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7.

Add up all the entries in columns 5 and 6 of Table 4.15 to
obtain the two respective totals and enter them below those

columns.

NOTE: The appropriate total should meet the
constraint specified above Table 4.15.
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Maximum monitoring resources available, R = §$

Table 4.15

Sampling Rates

Maximum acceptable degree of undetected violations =

No. of
Min. No. Max. No. Times Monitoring Degree of
Source Samples Samples to be ReSOUrCes U§dete9ted
Required Allowed Sampled Violations
No. . L Needed C (s.)
1 i 1 ! 5 151
(1) (2) (3) (4) (5) (6)
Totals:
Note:
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TASK [[§): DEVELOP MONITORING SCHEDULE (Discussion)

Objective

To develop a time schedule for monitoring the sources to be sampled

during the forthcoming monitoring period.

Output

A surveillance monitoring time schedule, indicating on which days

which sources are to be sampled.

Inputs

The sampling rate determined for each source in Task , Table 4.15.

Discussion

The scheduling of the sampling depends on a number of factors which
are difficult to quantify in an optimization framework, such as: the
spatial location of the various effluent sources, the size of the monitoring
agency's jurisdiction, the availability of personnel, and the desire for
"random" timing within the monitoring period, to combat possible "gamesman-
ship" on the part of the dischargers. This scheduling must, therefore, be
the responsibility of the surveillance agency; it is not part of the re-

source allocation procedure provided in this handbook.
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SECTION 5
USER MANUAL FOR COMPUTER CALCULATION

5.1 MODE OF OPERATION

Purgose

The purpose of the Effluent Monitoring Program (EFFMON) is to aid
the user in scheduling future compliance monitoring visits to effluent
sources. The user of the program may specify up to 30 effluent sources
which are of interest, inputting information about the sources, including
up to two yvears of past self-monitoring and compliance monitoring data.
The program uses this information to compute a 'priority allocation",

a listing of the effluent sources showing how often each should be sampled
during the upcoming monitoring period in order to minimize envirommental
damage. The larger the amount of past effluent data which is input, the
better EFFMON will perform. Likewise, the quality of information is also

important.

Solution Technique and Model Usage

The algorithms used by EFFMON in the calculation of a priority
allocation are described in detail in Section 2 and also in Reference ([1].
Briefly, the procedure is as follows: for each distinct constituent of
each effluent source, all given self-monitoring and compliance monitoring
data are combined to yield overall estimates of the mean and standard
deviation of the constituent loading. Using these statistics, and the
effluent standard, a probability of not violating the standard is found
for the constituent. From the constituent probabilities, a source prob-

ability of no violation is calculated.

145



Next, an expected damage of an undetected violation is calculated
for each constituent of a source, which leads to the expected damage for
that source. Expected damage is defined as the average environmental
damage expected to be caused by the effluent; it is determined on the
basis of damage functions (see Section 2.4, Criterion #2 for details).
These damage functions relate environmental damage to constituent con-
centrations, and consist of six "breakpoints" (11 in the case of pH)
which are assigned increasingly larger 'damage values" as shown in Table
2.4 and Figure 2.3. Damage values are numerical values which indicate
the relative environmental damage caused (i.e., 0, 2, 4, 6, 8 and 10)
corresponding to "none", "excellent", "acceptable”, "slightly polluted”,
“polluted", and "heavily polluted'. The breakpoints are the associated
levels of concentration for the constituent. The specific damage values
and breakpoints used influence the determination of expected damages and
hence, the priority allocation. The user can rely on the default values
for these functions present in EFFMON, but should consult Section 3.1 for
advice on inputting his own values. The user can optionally set all ex-
pected damages at 1.0 and compute the priority allocation solely on the

basis of probabilities of no violation (as discussed in Section 2.4,

Criterion #1) and monitoring costs.

Finally, the program uses the information about expected damage
and probability of no violation for each source to compute monitoring
allocations for all effluent sources. Other factors important in deter-—
mining the allocation which the user has input control are the monitoring
costs. Each source has a resource cost (cost to monitor) which is deter-
mined by adding a laboratory cost for each constituent of the source onto
a base cost determined by the number of pipes at the source. Default
values are present in the program, but these costs are highly variable,

and the user should input his own (see Section 3.1).
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As has been pointed out, the user has various ways of influencing
the program results given a particular set of monitoring data. There are
also other constants which affect the final results (i,e., the constants
used in the combination of data to find the mean and standard deviation
of each constituent). All such influential variables are marked by a "+"
in the input description, Table 5.1, and the user is referred to Section

3.1 for assistance in determing input values.

The program works in standard units which are the same as those
listed in Table 5.4. (Table 5.4 1lists acceptable input units for com-
pliance monitoring data and effluent standards.) Data which is input in

other units is converted by the program.

General Model Inputs

The information which the user must have to input to the program

consists of:

1. A list of effluent sources to be considered and the minimum
and maximum number of samples for each, for the next monitoring
period. If the user specifies ''zero" as the minimum, and a
large value as the maximum, the program makes the most optional
allocation; however, the user may need to meet certain con-
straints and thus, specify other values.

2. A list of the discharge pipes present at each effluent source
and the constituents to be considered from each pipe.

3. A decision for each constituent as to whether that constituent
loading is distributed normally or lognormally. Note that pH
is always considered to be distributed normally whereas coli-~
forms are always considered to be lognormal (see Section &,
Task 1 for assistance in making decisions on other constituents).

4. A decision for each effluent source as to whether or not the
various constituent loadings are correlated (see Section 3.1).

S. The stream flow immediately upstream of each effluent source.
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6. Self-monitoring data (effluent measurements taken by the dis-
charger and sent to the monitoring agency) for each constituent
and flows for each pipe,

7. Any compliance monitoring data (measurements taken by the
monitoring agency) which is available for the dischargers.

8. An effluent standard for each constituent (of each pipe of
each effluent source) except DO. The constituent DO is
different from all others in that it is only used to aid in
calculating expected damage due to BOD. loads. No expected
damages or violation probabilities are”calculated for DO it-
self. Therefore, whenever possible, DO effluent data should
be entered for sources containing BOD.; in the event that no
DO data is input, default values are used.

9. The "permit effluent flow" (as registered with the monitoring
agency on a discharge permit) for each pipe of each source.

10. The saturation level of dissolved oxygen (DO) in the stream

for effluent sources where BOD5 is a considered constituent.

11. Various options and coefficients (as marked by a "+" in the
input list of Table 5.1 and explained in Section 3.1).

Restrictions and Requirements

1. The maximum number of effluent sources which can be considered
in the monitoring allocation procedure at one time is thirty.*

2. A maximum of four discharge pipes can be considered at each
source.

3. All discharge pipes at a single source are assumed to empty
into the same receiving water body.

4. No more than ten distinct constituents may be considered at
one effluent source (there may be forty constituents if the
same ten occur in each pipe).

5. The self-monitoring data must consist of measurements of the
effluent levels and pipe flow made once, on several days, or
daily during a calendar month. All self-monitoring data must
be reducible to a monthly mean of each constituent's loadings,

*
The limit of 30 sources was set for purposes of demonstration in this
project. This capability could easily be expanded in the computer pro-

gram by changing the appropriate numbers in the DIMENSION and COMMON
statements of the program.
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monthly maximum of each constituent's loadings, and a sample
size for the month (except for .the constituent pH, for which
a monthly minimum must also be avallable and a monthly mean

is not mandatory). The pipe flows must reduce to a monthly

mean of the measured daily flows.

6. A minimum of one calendar month of self-monitoring effluent
data must be available for each constituent of every pipe of
every source. More than the minimum one month's data is man-
datory if the sample size for that month is less than four;
in that case as many months as is necessary for the sum of
the monthly sample sizes to be four or larger is needed.

7. A maximum of twenty-four calendar months of self-monitoring
data may be input for any pipe of a source. The months need
not be consecutive months, but a monthly mean pipe flow and
data for each constituent of the pipe (or zeros if no data is
available for some of the constituents for a given month),
must be entered.

8. Compliance monitoring data may be entered for any constituent
for any month for which self-monitoring data (or zeros) was
entered. Compliance monitoring consists of a single measure-
ment, and a maximum of thirty of these compliance monitoring
points may be entered for a constituent for any given month.

9. Compliance monitoring data must be entered in units as specified
in Table 5.4. Llikewise, self-monitoring data and effluent
standards must also be entered in units as specified in Table
5.4, The user must convert the data in all other cases;
assistance may be found in Section 4, Task 2.

10. The permit flow units must be Megaliters/day and a permit flow
must be entered for each pipe of each source. This value is
necessary for use in converting the effluent standards into
proper units; the program has standard units (generally Kg)
and does conversions of its own. The permit flow is also used
in cases where all monthly pipe flows are 0.0 (no pipe flow
data).

Preparation of Inputs

Before entering numbers on coding forms, the user should organize
his data. He should have a list of all his sources which he should number

as 1, 2, 3, 4 and so on (in whatever source order is convenient). The
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total number must be less than or equal to 30. He should number each
pipe of each source as 1, 2, 3, and 4 (for a 4-pipe source), in whatever
order is convenient. Finally, he should number each constituent of the

pipes as 1, 2, 3, 4, and so on {(maximum of 10).

Next, he should examine each pipe of each source and all of its
constituents to find all months for which monitoring or flow data will
be entered. These months should be ordered chromologically and numbered
as 1, 2, 3, 4, and so on (to a maximum of 24). The numbers themselves
mean nothing; they serve only for identification. Therefore, it does not
matter if there are months skipped, or even larger gaps, so long as each
month is numbered sequentially, larger numbers indicating more recent
data. Even if some part of the data is missing for a particular month,
assign a number (i.e., if only two constituents for a particular month
have monitoring data and there is no flow data for the month, one can
enter the data for the two constituents for that month and enter 0.0 for

v, 4
e oo

o all other constituents and the flow).

R All of the numbers assigned should be carefully recorded. They
must be consistently used for identification throughout the input cards.

5.2 INPUT DESCRIPTION

S The inputs required by EFFMON are described in Table 5.1. Any
e LR variable marked by a '"+" is discussed in Section 3.1 and the user should

refer to that Section for suggested input values. A sample input deck

is illustrated in Figure 5.1.

All variables which require a decimal point are specified, and the
user should be careful to insert a decimal point. For the other variables,
no decimal point is allowed. For a given variable, the numerical data

need not fill all the allowed columns, but the data must be placed in the
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CARD CARD
NUMBER COLUMN(S)

DECIMAL
POINT?

Table 5,1 EFFMON Inputs

VARIABLE UNIT MUST
NAME BE

DEFAULT
VALUE

DESCRIPTION

DAMAGE FUNCTION/RESOURCE COST OPTIONS

ICOSTS

IDMG

IDAMAG

3 5 5 3 e

Default values
for monitoring
costs (see
variables PIPCST
and CONCST)

Costs will be
inputted

Default pH and
pOH damage
function break-
points will be
used (see DMG)

Read in pH or
pOH damage
function break-
points

Read in both pH
and pOH damage
function break-
points

Default damage
function break-
points for non-
pH constiruents
(see DAMAGE)
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CARD CARD
NUMBER COLUMN(S)

DECIMAL
POINT?

VARTABLE
NAME

- .-
AR AN
. e

. .

UNIT MUST
BE

DEFAULT
VALUE

DESCRIPTION

No

ISs

X, Total number of
constituents
whose damage
function break
points will be
replaced with
inputted values
(<30)

= 0, Default damage
function values
will be used

# 0, Inputted damage
function values
will be used
(see S and SSPH)

**%**Cards 2-6 are included only if ICOSTS#AQ**kkkkikkkddhkkickkkkhkhkhkikhkkkkkkkiiihhhhkiiohhdkhikkkkhddkhkkkrrihhhhkhaik

*BASE COST TO MONITOR

* 2 1-10
* 16~25
* 31-40
* 45-54
*LAB COSTS TO MONITOR

* 3 1-5

* 11-15
* 21-25

Yes

Yes

Yes

Yes

Yes

Yes

Yes

PIPCST(1)"
(2)
3
(4)

conesT(1)*
(2)
(3

$
$
$
$

$ 525
525
857

857

8.50
10.00

20.00

Base cost to monitor
1-pipe source
Base cost to monitor
2-pipe source
Base cost to monitor
3-pipe source
Base cost to monitor
4~-pipe source

Lab cost to analyze
aluminum

Lab cost to analyze
ammonia

Lab cost to analyze

BOD5
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Table 5.1 Continued
CARD CARD DECIMAL VARIABLE UNIT MUST DEFAULT -
NUMBER COLUMN (S) POINT? NAME BE VALUE DESCRIPTION
31-35 Yes CONCST (4)+ $ 0.00 Not used-leave
columns blank
41-45 Yes (5) S 10.00 Lab cost to analyze
carbon
51-55 Yes (6) $ 0.00 Not used-leave
columns blank
61-65 Yes (7 $ 5.00 Lab cost to analyze
chloride
71-75 Yes (8) $ 15.00 Lab cost to analyze
chloroform
4 1-5 Yes (9 $ 7.50 Lab cost to analyze
chromium
11-15 Yes (10) $ 15.00 Lab cost to analyze
total coliforms
21-25 Yes (11) $ 15.00 Lab cost to analyze
fecal coliforms
31-35 Yes (12) $ 7.50 Lab cost to analyze
copper
41-45 Yes (13) $ 15.00 Lab cost to analyze
cyanide
51-55 Yes (14) $ 8.00 Lab cost to analyze
fluoride
61-65 Yes (15) S 7.50 Lab cost to analyze
iron
71-75 Yes (16) $ 7.50 Lab cost to analyze
lead
5 1-5 Yes (17) $ 7.50 Lab cost to analyze
manganese
11-15 Yes (18) $ 15.00 Lab cost to analyze
mercury
21-25 Yes (19) $ 7.50 Lab cost to analyze
nickel
31-35 Yes (20) $ 10.00 Lab cost to analyze
nitrogen
41-45 Yes (21) $ 10.00 Lab cost to analyze

oil-grease
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Table 5.1 Continued
CARD CARD DECIMAL VARIABLE UNIT MUST DEFAULT
DESCRIPTION
NUMBER COLUMN(S) POINT? NAME BE VALUE S
+

* 51-55 Yes CONCST(22) $ 3.00 Lab cost to analyze
pH

* 61-65 Yes (23) $ 0.00 Not used-leave blank

* 71-75 Yes (24) $ 12.50 Lab cost to analyze
phenol

* 6 1-5 Yes (25) $ 10.00 Lab cost to analyze
phosphorus

* 11-15 Yes (26) $ 5.00 Lab cost to analyze
dissolved solids

* 21-25 Yes @27 $ 5.00 Lab cost to analyze
suspended solids

* 31-35 Yes (28) S 0.00 Lab cost to analyze
temperature difference

* 41-45 Yes (29) S 8.50 Lab cost to analyze
tin

* 51-55 Yes (30) $ 3.00 Lab cost to analyze

DO (dissolved oxygen)
B g T L L L L L L L L e T T T e

*%kkk*kCards 7 and 8 are included only if IDMGFQ*%kkkkikdkkskkkkiihhhhhkRkEARIARRAEIRIRAF K I Kk kI ok kdodddhhhrdok ok Kk xkhk
* pH/pOH DAMAGE FUNCTION BREAKPOINTS IN UNITS OF ION CONCENTRATION

* 7 1 No I1 =1 for pi damage
function
* =2 for pOH damage
+ function
* 6-15 Yes DMG(I1,1) See Table 5.2 See Table 5.2 1st damage function
breakpoint
* 16-25 Yes (11,2) " " 2nd damage function
breakpoint
* 26-35 Yes (11,3) v " 3rd damage function
breakpoint
* 36-45 Yes (11,4) " " 4th damage function
breakpoint
* 46-55 Yes (11,5) v " 5th damage function
breakpoint
* 56-65 Yes (11,6) " v 6th damage function
breakpoint
* 8 6-15 Yes (11,7) n " 7th damage function

breakpoint
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Table 5.1 Continued

CARD CARD DECIMAL VARIABLE UNIT MUST DEFAULT
NUMBER COLUMN(S) POINT? NAME BE VALUE DESCRIPTION
As in See

* 16-25 Yes DMG (11,8) Table 5.2 Table 5,2 8th damage function
" breakpoint

* 26-~35 Yes (11,9) " " 9th damage function
breakpoint

* 36-45 Yes (11,10) " " 10th damage function
breakpoint

* 46~55 Yes (11,11) " " 11th damage function
breakpoint

K kk kAR AALRAAAKKAAKAKIAARAAAIRAA AR AR AKARAAAKAARAKARAARAARARE A AR AAAARAIAKA KA AKX KA AARKRK AR KA RRARARAARAAARKARKAAR IR A KKK
**x%%%Cards 9 and 10 are included only if IDMG=2kx¥kkkkkkkkkkkkkkhkkkhkhhkhkhhhkkkihdkihdkhhihkrhhhhhkhhhkhhhkrhkkkik
* 9 Cards 9 and 10 correspond to 7 and 8 except that the other damage function must be inputted

10 (i.e., if 7 and 8 input pH, 9 and 10 must input pOH, or vice versa)
KEKARARAARAARAAAAAAAAARK AR KA KA ARKAKARAKAARAARA AR AKARAXAAARARAAAKAARARRAARKRAARRK AR AR AR A AAKAXAK AR ARKK K& KA KARK AL AAKA

*%*%%Card(s) 11 are included only if IDAMAG>Q*%*kkkkkkikkkkkARXKKAKKKXKAKKKAKKKRKKKKIIKKAKK KK KKK ARKKAKRIR KRR KAR KKK
* NON-pH DAMAGE FUNCTION BREAKPOINTS

11 1-2 No 11 Damage function

* identification
number (i.e., 01

* for aluminum, 15
for iron, and so on -

* see Table 5.3)

* 6-15 Yes DAMAGE(Il.l)+ See Table 5.3 See Table 5.3 lst damage function
breakpoint for I1

* 16-25 Yes (11,2) " " 2nd damage function
breakpoint for Il

* 26~35 Yes (11,3) n " 3rd damage function
breakpoint for Il

* 36-45 Yes (11,4) " " 4th damage function
breakpoint for Il

* 46-55 Yes (11,5) " " 5th damage function
breakpoint for Il

* 56-65 Yes (11,6) " " 6th damage function

breakpoint for Il
* Repeat card 11 as many times as specified by the value of IDAMAG (one card for each damage function,
in any order).
AAKAAIAKKARKRKIIRAKAKKKK KX AKAARKAARKAKK AR AR KRR KR AK KRR h kA hr kA IR AR AR IRAR KK IR AL AR AR A KR AR ARRARK AR A A ARKR KL *hkkkhhkhhkkkk

b FA BNS P e e s
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CARD
NUMBER

CARD

COLUMN(S)

Table 5.1

DECIMAL
POINT?

Continued

VARIABLE

NAME

UNIT MUST

DEFAULT
VALUE

DESCRIPTION

*xxx%k*%Cards 12 and 13 are included only if ISSHEO*#AkFskkkdkkkkkhkkdhkkkkkhkkihkrkhhkhhhhhkhrrhkxkhkhhhihhkhikr
NON-pH BREAKPOINT DAMAGE VALUES

*

*

* ok

pH BREAKPOINT
13

1-5
6-10
11-15
16-20
21-25
26-30

DAMAGE VALUES
1-5

6-10

11-15
16-20
21-25
26-30
31-35
36-40
41-45
46-50

51-55

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

S(1)
(2)
(3
(4)
(3
(6)

+

sspH(1) T

(2)
3
(4)
(5)
(6)
(7N
(8)
(9
(10)

(11)

0.

10.

1st value of non-
pH damage functions
2nd value of non-
pH functions

3rd value of non-
pH functions

4th value of non-
pH functions

5th value of non-
pH functions

6th

value of non-

pH functions

1st
pOH
2nd
pOH
3xd
pOH
4th
pOH
5th
pOH
6th
pOH
7th
pOH
8th
poH
9th
pOH

value of pH/
damage function
value of pH/
damage function
value of pH/
damage function
value of pH/
damage function
value of pH/
damage function
value of pH/
damage function
value of pH/
damage function
value of pH/
damage function
value of pH/
damage function

10th value of pH/

pOH

damage function

11th value of pH/

pOH

damage function
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Table 5.1 Continued

CARD CARD DECIMAL VARIABLE UNIT MUST DEFAULT

NUMBER COLUMN(S) POINT? NAME BE VALUE DESCRIPTION

T T I T L T T R e T e T T T
OUTPUT OPTIONS
14 1 No NOUT #0, No tabled output
(as in Figure
5.7)
=0, Tabled output
6 No 10UT1 #1, No type 1 output
(as in Figure
5.2)
=1, Output type 1
11 No IOUT2A #1, No type 2A output
(as in Figure
5.3)
=1, Output type 2A
16 No I0UT2B #1, No type 2B output
(as in Figure
5.4)
=1, Output type 2B
21 No I0UT3 #1, No type 3 output
(see Figures
5.5 and 5.6)
=1, Output type 3

26-35 Yes B $ Budget limit (used
if 10UT3=1)
36-45 Yes D Undetected-violation-

cost limit (used if
I0UT3=1)--for B and D,
one allocation is
made for each which
is not O.

Gl £ B Tar e mee—
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Table 5.1 Continued

CARD CARD
NUMBER COLUMN(S)

DECIMAL VARIABLE UNIT MUST DEFAULT
POINT? NAME BE VALUE

DESCRIPTION

SOURCE CONSTANTS

15 1 No 1copT

IEXPD+

11-12 No NOSORS

16-17 No NUSORS

UPDATING CONSTANTS

16 1-10 Yes ALPHA

That damage function
breakpoint n (n=1,
2,3,4,5,or 6) which
represents the up-
stream concentration
of all non-coupled
constituents (by the
nth breakpoint of
their respective
damage function)

#0, All expected
damages in the
allocation are
set at 1.0

=0, All expected
damages are
calculated from
the data

Number of sources

for which data will

be read in

Number of sources

to be considered by

the program for

allocation (<NOSORS)

Exponential smoothing
constant used in
estimating a single
monthly pipe flow

11-20
21-30
31-40
431-50

Yes
Yes
Yes
Yes

GAMMé

KETA
ENUY

Updating
Updating
Updating
Updating

constant
constant
constant
constant
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Table 5.1 Continued
CARD CARD DECIMAL VARIABLE UNIT YUST
NUMBER COLUMN(S) POINT? NAMT BE

DEFAULT
VALUE

DESCRIPTION

MAXIMUM NUMBERS OF SAMPLES TO BE ALLOCATED FOR EACH SOURCE

17 1-2 No ISFUP(1)
3-4 No (2)
5-6 No 3

(NOSORS)

MINIMUM NUMBERS OF SAMPLES TO BE ALLOCATED FOR EACH SOURCE

18 1-2 No ISFLOW(1)
3-4 No (2)
5-6 No (3)

(NOSORS)
SOURCE CONSTITUENT CORRELATION

19 1 No ICOR(1)
2 No (2)
3 No (3)
. . (NOSORS)

Maximum number of samples
for each cource for which
data is entered (sequen-

tially by source)

Minimum number of samples
for each source for which
data is entered (sequen-

tially by source)

Correlation flag for each

source for which data is

entered (sequentially by

source) *

ICOR(i) = 1, Source i
constituents
are cor-
related

# 1 not cor-
related
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Table 5.1

Continued

CARD CARD DECIMAL VARIABLE -
NUMBER COLUMN (S) POINT? NAME DESCRIPTION
SOURCES TO BE ALLOCATED
20 1-2 No INSORS (1) Sources to be considered
for priority allocation
3-4 No (2) in sequential order (i.e.,
by source number)
5-6 No (3
. . (NOSORS)
SOURCE DESCRIPTION
21 1-2 No ID Source number (between 1 and

For variable NAME only, data must begin in column 4 and need not f£ill all columms.

4-55

57-62

63-68

69-74

No

NAME (I,J)

Qu

()

KBOD(I)

DOSAT(I)

Megaliters/

30)

Source description as
desired (i.e., XYZ COMPANY,
RIVER CITY).

Upstream flow for sources
ID

BOD transfer coefficient
for source 1D

Saturation level of DO for
source ID



191

Table 5.1 Continued

CARD CARD DECIMAL VARIALLE UNIT MUST DEFALLT
NUMBER COLIMN(S) POINT? NAME BE VALUE

DESCRIPIION

77-78 IONESD(1)

79-80 NPIP

PIPE DESCRIPTIONS
22 1-2 NPPARS(1)

4-5 NMNTHS (1)
Fill in the following if there is a 2nd pipe, otherwise leave remainder of card blank
7-8 NPPARS(2)

10-11 NMNTHS(2)

Fill in the following if there is a 3rd pipe, otherwise leave remainder of card blank

13-14 NPPARS(3)

16-17 NMNTHS (3)

= 0, if there is no
for source ID or if
for source ID has a
minimum and mean.

= 1, if pH data for
source ID consists of
only a maximum and
minimum (no mean)

Number of discharge
pipes for source ID

Number of constituents
discharged from 1st-
pipe to be entered as
data

Number of months of con-
stituent and flow data
from 1lst pipe

Number of constituents
discharged from 2nd pipe

Number of months of con-
stituent and flow data
from 2nd pipe

Number of constituents
discharged from 3rd pipe

Number of months of con-
stituent and flow data
from 3rd pipe
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Table 5.1 Continued
CARD CARD DECIMAL VARIADL UNIT MUST DEFAULT
NUMBER COLLAN(S) POINT? NAME 3E VALUE

DESCRIPTION

Fill in the following if there is a 4th pipe, otherwise leave remainder of card blank
19-20 NPPARS (4)

22-23 NMNTHS (4)

Number of constituents
discharged from 4th pipe

Number of months of con~
stituent and flow data
from 4th pipe

Cards 21 and 22 must be repeated for every source (i.e., 21 and 22 for the first souce, then 21 and 22 for the second

source, then 21 and 22 for the third).

Note that the number of times NPPARS(i) and NMNTHS(i) appears on card 22 is

the number that was listed under NPIP on card 21; in counting constituents for NPPARS, pH (if present) must be counted

twice.

PIPE FLOW DATA

23 1-2 No ID
5-6 No PIPNO
7-8 No IQS
9-10 No QSUNIT(J)
15-16 No MNTHQS (J,1)
19-24 Yes QSMEAN(J,1) Megaliters/day or
million gallons/day
29-30 No MNTHQS (J, 2)

Source number (between
1 and 30)

Pipe number (between 1
and 4)

Enter "99" (signals com-
puter that this is a
flow card)

Units that pipe-flow will
be entered in (for this
source and pipe J=PIPNO),
= 8 for megaliters/day

3 for million gal/day

il

First month for which
pipe J-PIPNO flow will
be entered

Mean pipe flow for first
month, pipe J=PIPNO

Second month for which

pipe J=PIPNO flow will
be entered
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Table 5.1 Continued
: : s CIMA JTARTADLE DN IR EFAULT
CARD ) CA%?’ 7] I‘ L \A\‘?‘LE I?ﬂ}%Sf DEF QLL DESCRIPTION
NUMBER COLUNGE(S) POINT? NAME BE VALUE
33-38 Yes QSMEAN(J,2) Megaliters/day or Flow for second month
Million gallons/day
43-44 No MNTHQS (J,3) Third month for which
pipe J=PIPNO flow will
be entered
47-52 Yes QSMEAN(J,3) Megaliters/day or Flow for third month
Million gallons/day
57-58 No MNTHQS (J,4) Fourth month for which
pipe J=PIPNO flow will
be entered
61-66 Yes QSMEAN(J,4) Megaliters/day or Flow for fourth month
Million gallons/day
71-72 No MNTHQS (J,5) Fifth month for which
pipe J=PIPNO flow will
be entered
75-80 Yes QSMEAN(J,5) Megaliters/day or Flow for fifth month

Million gallons/day

Repeat columns 15-80 on as many cards as needed (up to 4 additional cards) to enter more months and flows for this
pipe; at any point on any card when the end of the month/flows is reached, leave the remainder of the card blank

and proceed to card 24. HNote that the months must be placed sequentially on the cards (i.e., 1,2,3,5,6,8,10, ...)
although some may be skipped if no data is available; but any month for which data is entered must appear. If for
a certain month flow data is not available, enter 0. for QSMEAN for that month.

SELF-MONITORING CONSTITUENT DATA

24 1-2

No

ID

Source number (must be
the same as on card 23)
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Table 5.1 Continued
CARD CARD DECIMAL VARIABLE UNIT MUST DEFAULT . .
NUMBER COLLLI(S) POINT? NAME SE YALUE DESCRIZTTON
5-6 No PIPNO Pipe number (must be
the same as on card 23)
7-8 No IPARM(J,K,I) See Table 5.4 Constituent identification
number (see Table 5.4)
for first comstituent
of source ID, Pipe
J=P1PNO
9-10 No PRUNIT(J,K) See Table 5.5 Units this constituent's
data is in
11-16 Yes SMAX(J,K,1) As in PRUNIT(J,K) Maximum of this con-
above stituent samples for
first month
17-22 Yes SMEAN(K,K,1) As in PRUNIT(J,K) Mean of this constituent
above samples for first month
23-24 No NSIZE(J,K,1) Number of samples taken
from this constituent
for first month
25-30 Yes SMAX(J,K;Z) As in PRUNIT(J,K) Maximum for second month
above
31-36 Yes SMEAN(J,K,2) As in PRUNIT(J,K) Mean for second month
above
37-38 No NSIZE(J,K,2) Sample size for second
month
39-44 Yes SMAX(J,K,3) As in PRUNIT(J,K) Maximum for third month
above
45-50 Yes SMEAN(J,K,3) As in PRUNIT(J,K) Mean for third month

above
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Table 5.1 Continued

CARD CARD DEC;MAL VARIABLE UNIT MUST DEFAULT DESCRIPTICN
NUMBER COLUMN(S) POINT? NAME BE VALUE
51-52 No NSIZE(J,K,3) Sample size for third
month
53-58 Yes SMAX (J,K,4) As in PRUNIT(J,K) Maximum for fourth month
above
59-64 Yes SMEAN(J,K,4) As in PRUNIT(J,K) Mean for fourth month
above
65-66 No NSIZE(J,K,4) Sample size for fourth
month
67-72 Yes SMAZ (J,K,5) As in PRUNIT(J,K) Maximum for fifth month
above
73-78 Yes SMEAN(J,K,5) As in PRUNIT(J,K) Mean for fifth month
above
79-80 No NSIZE(J,K,5) Sample size for fifth
month

Repeat columns 11-80 on as many cards as needed (up to 4 additional cards) to enter more months of data; at any point

on any card when the end of the data is reached, leave the remainder of the card blank and proceed to the next step as
detajled below. If no data is available for a constituent during a month, enter zeros for maximum, mean, and sample
size for that month. Note that a maximum, mean, and sample size must be entered for each month that was listed on

card 23 and that the maximum, mean, sample-size groups must be ordered as the months were. When the constituent being
entered is pH, card 24 must be repeated twice. The first time, pH must be entered as constitutent 23 (pl max) and means,
maximums, and sample sizes are listed as above. The second time, pH must be entered as constituent 22 (pH min) and the
same means and sample sizes are listed but instead of sample maximums, sample minimums are listed. If, as may be the
case for pll, no means are available, enter zeros in those columns.

After the first constituent has been completed, repeat card 24 for every other constituent of the pipe (that pipe listed
on card 23). Once all constituents have been done, repeat cards 23 and 24 for pipe 2, pipe 3, and then pipe 4 (if
they exist), of the source (that source listed on card 23). Then proceed to card 25.
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Table 5.1 Continued
CARD CARD DECIMAL VARTABLE UNIT MUST DEFAULT . -
NGMBER COLIMN(S) POINT? NAME BE VALUE DESCRIPTION
EFFLUENT STANDARDS
25 1-2 No ID Source number
4-5 No PIPNO Pipe number (1 to 4)
7-12 Yes EFFLOW(J,I) Megaliters/day Permit flow for pipe
J=PIPNO
13-14 No IP(1) First constituent of
pipe PIPNO (use identifi-
cation number as in Table
5.4)
15-20 Yes X1(L As in IUNIT(1) First constituents effluent
standard
22 No TUNIT(1) See Tables 5.4 Units that standard is
and 5.5 expressed in
23 No M(1) Distribution of constituent
0 = Normal
1 = Lognormal
25-26 No IP(2) Second constituent
27-32 Yes X1(2) As in IUNIT(2) Second constituent's
effluent standard
34 No IUNIT(2) Units of standard



L971

Table 5.1 Continued
CARD CAXD DECTMAL VARIAELE INIT FUST DEFAULT DESCRIPTION
NUMBER COLMN(S) POINT? NAME BE VALUE ZSCRIFLIO
35 No M(2) Distribution of second
constituent (0 or 1)
37-38 No IP(3) Third constituent
39-44 Yes X1(3) As in IUNIT(3) Third constituent effluent
standard
46 No IUNIT(3) Units of standard
47 No M(3) Distribution of third con-
stituent (0 or 1)
49-50 No IP(4) Fourth constituent
51-56 Yes X1(4) As in TUNIT(4) Fourth constituent effluent
standard
58 No IUNIT(4) Units of standard
59 No M(4) Distribution of fourth
constituent (0 or 1)
61-62 No IP(5) Fifth constituent
63-68 Yes X1(5) As in IUNIE(5) Fifth constituent effluent
standard
70 No IUNIT(S) Units of standard
71 No M(5) Distribution of fifth

constituent (0 or 1)
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Table 5.1 Continued

CARD CARD DECIMAL VARTIABLE UNIT MUST DEFAULT

NUMBER COLTMN{S) POINT? NAME BE VALUE DESCRIPTION

Repeat columns 13-71 on another card, if necessary, to list all constituents and their standards for the pipe. Then
repeat card 25 for pipes 2, 3, and 4 of the source (if they exist). Once all pipes have been completed, repeat
cards 23, 24 and 25 for the next source. Proceed until all sources have been completed, being careful to enter the
sources in their proper order (source 1, source 2, source 3,...). Note that no standard is necessary if the con-
stituent is DO (enter "0." under X1).

COMPLIANCE MONITORING DATA
26 1-2 No ID Source number
5 No J Pipe number (0" 1if there

is no compliance monitoring
for this source)

7-8 No IPAR Constituent identification
number (as in Table 5.4)

11-12 No NOM Number of compliance moni-
toring points to be entered
for this constituent

14-19 Yes X1(1) See Table 5.4 Value of first compliance
monitoring point

20-21 No M(D Month from which compliance
monitoring point was taken

23-28 Yes X1(2) See Table 5.4 Second CM point

29-30 No M(2) Month of second CM point

32-37 Yes X1(3) See Table 5.4 $hird CM point

38-39 No M(3) Month of third CM point
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Table 5.1 Continued

A nn DT . T ‘ -
41-46 Yes X1(4) See Table 5.4 Fourth CM point
47-48 No M(4) Month of fourth CM point
50-55 Yes X1(5) See Table 5.4 Fifth CM point
56-57 No M(5) Month of fifth CM point
59-64 Yes X1(6) See Table 5.4 Sixth CM point
65-66 No M(6) Month of sixth CM point
68-73 Yes X1(7) See Table 5.4 Seventh CM point
74-75 No M(7) Month of seventh CM point

Repeat columns 14~75 on as many cards as needed (up to 5 additional cards) to enter all compliance monitoring points
the constituent. At any point on any card when the last CM point is recorded, leave the remainder of the card blank
and proceed as below. Repeat card 26 for any other constituents in any of the pipes of the source for which there are
compliance monitoring points (any order is acceptable and the number of CM points may vary with constituents where
some constituents may not have any and need not be entered). Once a source has been completed, a final card for the
source must be added which contains the source number under ID and ''0" for J before going on to the next source.
Repeat card 16 for all compliance monitoring data of the next source. Each source listed under variable INSORS

on card 20 must be represented, and in the same order; if a source has no compliance monitoring data, enter the

source number under ID and a '"'0" for J and proceed to the next source on the next card.



Cards 21 through 26 are grouped for COMPLIANCE 26

each source/pipe/constituent. Refer MONITORING
to Pigure 5.1, "Organized Print of DATA *
Inputs,' for and example. x 25
EFFLUENT
STANDARDS
* 24

ELF-MONITORING

"ONSTITUENT DATA
. 23
PIPE
FLOW DATA
PIPE *
DESCRIPTION
SOURCE *
DESCRIPTION
SOURCES 20
TO BE
ALLOCATION
19
CONSTITUENT
CORRELATION
SANPLE 18
ALLOCATION
MINIMA
SAMPLE 7
ALLOCATION
MAXIMA
upDATING 10
CONS'TRAINTS
SOURCE 15
CONSTRAINTS
ourpur ¢
OPTIONS
13
DAMAGE FUNCTION .
BREAKPOINTS .
AND VALUES < 7
6‘
MONITCRING .
COSTS
®
. 2
OPTIONS
Figure 5.1 Organization of Input Deck
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Table 5.2 pH/pOH Damage Function Breakpoints

BREAKPOINTS
Damage Function pH pOH

Point Conc of H+ions Conc of OH™ions
1 1.00 x 107 1.00 x 1077
2 1.78 x 107/ 3.16 x 1077
3 3.16 x 107’ 1.00 x 107°
4 5.62 x 107’ 1.58 x 1070
5 1.00 x 1078 2.51 x 107
6 3.16 x 107° 5.01 x 107°
7 1.00 x 107° 1.00 x 107°
8 3.16 x 107° 3.16 x 107°
9 1.00 x 107 1.00 x 107%
10 1.12 x 10 1.12 x 1074
11 1.26 x 1077 1.26 x 107
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Table 5.3 Non-pll Damage Functions

LT

DFIN® Constituent N el B F—Breakpointgf=—————----to—m—om o
Units
Name

1 2 3 4 5 6
01 | Aluminum mg/1 0 0.01 0.05 0.1 0.5 1.
02 | Ammonia mg/1 0 0.1 0.3 0.9 2.7 3.
03 | Dissolved Oxygen mg/1 >9 8.0 6.8 4.5 1.8 0.9
04 | Not Used mg/1 0 0. 0. 0. 0. 0.
05 | Inorganic Carbon mg/1 <50 70. 90. 110. 130. 150.
06 | Not Used mg/1 0 0. 0. 0. 0. 0.
07 Chloride mg/1 0 25, 175. 200. 240. 250.
08 | Chloroform Extract mg/1 0 0.04 0.15 0.25 0.35 0.4
09 | Chromium mg/1 0 0.02 0.05 1. 10. S0.
10 | Coliforms-Total MPN/100ml 0 100.0 2000. 7500. 15000 150000.
11 Coliforms-Fecal MPN/100ml 0 20. 200. 800. 3000. 50000.
12 Copper mg/1 0 0.02 0.1 1. 5. 10.
13 Cyanide mg/1 0 0.01 0.02 0.05 0.1 0.5
14 | Fluoride mg/1 <0.7 0.8 0.9 1.2 3. 8.
15 | Iron mg/1 0 0.1 0.3 0.9 2.7 3.
16 | Lead mg/1 0 0.005 0.05 0.1 0.25 0.35
17 | Manganese mg/1 0 0.05 0.17 0.5 1. 1.5
18 | Mercury mg/1 0 0.001 0.005 0.01 0.02 0.05
19 Nickel mg/1 0 0.01 1. 3. 9. 20.
20 | Inorganic Nitrogen mg/1l <0.6 0.9 3. 4.5 7. 10.
21 | 0il-Grease mg/1 0 0.01 0.1 S. 30. 50.
22 | Not Used mg/1 0 0. 0. 0. 0. 0.
23 | Not Used mg/1 0 0. 0. 0. 0. 0.
24 Phenol mg/1 0 0.0005 0.001 0.02 0.1 0.2
25 | Phosphates mg/1 0 0.1 0.2 0.5 1.6 10.
26 Solids-Dissolved mg/1 <100 200. 500. 1000. 1500 2300.
27 Solids-Suspended mg/1 0 20. 40. 100 280. 300.
28 | Temp. Diff. ce 0 1. 2.5 3.0 4. 10.
29 Tin mg/1 0 10. 40, 100. 300. 1000.

*Damage Function Identification Number
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Table 5.4 Constituent Identification

Numbers and Input Units

Number

Constituent

Acceptable Units for Self-

Acceptable Units for

Monitoring Data and Effluent Standards Compliance Monitoring Data

ug/l | mg/l | lbs/day | Kg/day |°C | pH |MPN/day
01 Aluminum X X X X Kg/day
02 |Ammonia X X X X Kg/day
03 {BODsg X X X X Kg/day
04 -
05 |Carbon X X X X Kg/day
06 |-
07 |Chloride X X X X Kg/day
08 {Chloroform X X X X Kg/day
09 |[Chromium X X X X Kg/day
10 |Total Coliforms X MPN/100 ml.
11 |Fecal Coliforms X MPN/100 ml.
12 Copper X X X X Kg/day
13 |Cyanide X X X X Kg/day
14 |Fluoride X X X X Kg/day
15 {Iron X X X X Kg/day
16 |Lead X X X X Kg/day
17 |Manganese X X X X Kg/day
18 |[Mercury X X X X Kg/day
19 [Nickel X X X X Kg/day
20 |Nitrogen X X X X Xg/day
21 |0il-grease X X X X Kg/day
22 pH-min X pH
23 pH-max X pH
24 |Phenol X X X X Kg/day
25 |Phosphorus X X X X Kg/day
26 Dissolved Solids X X X X Kg/day
27 {Suspended Solids X X X X Kg/day
28 |Temperature Difference X °F
29 {Tin X X X X Kg/day
30 |Dpo X mg/1




Table 5.5

Input Units

Identification Number Units
1 mg/1
2 ug/1
3 MGD (Million Gallons/Day)
4 1lbs/day
5 °C
6 pH
7 MPN/100ml
8 Ml/day (Megaliters/day)
9 Kg/day
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right-most columns allowed (i.e., if the value 2 is to be placed in columns

60-62, specify '"002" in columns 60-62 or simply place "2" in column 62).

If a decimal point number being entered as input data is too large
to fit into the allowed columns, scientific notation should be used (i.e.,
6,020,400 would be 6.02 x 106, which is entered into the columns as 6.02E6
and likewise, .0000005 would be entered as 5.,0E-7). Make sure in this
case also that the entry is in the right-most columns allowed, and has a

decimal point.

All self-monitoring or flow data which is read in as 0.0 is con-
sidered to be '"'missing data". Therefore, if a sample value really is 0.0,

a very small number (i.e., .00001) should be entered instead.

The variable INSORS on card 20 allows the user flexibility in
specifying which sources to consider in the priority allocation. All
sources must be numbered (1 to 30), their pipes numbered (1 to 4), and
the months of data numbered (1 to 24) as described in Section 5.1. Sup-
pose that all data has been entered on cards and the user decides that
for some reason he wants to delete one or more sources. Rather than
having to renumber and retype all cards, he simply specifies exactly which
numbered sources he does want in his allocation and lists these under
INSORS. If he does not wish to delete any sources, he lists all source

numbers under INSORS.
Finally, the user should study the examples of input and ocutput

presented in Sections 5.3 and 5.4. These examples should help in re-

solving any questions arising out of the table of inputs.

175



L

i,

oy
Ill.g‘
e -

8%
el

e

ne’’

I

A
'{ M

5.3 SAMPLE INPUT DECK

Suppose that the available self-monitoring and compliance monitor-

ing monthly data for sources of interest is as in Table 5.6. The card

input would then resemble that of Figure 5.2, depending upon the rest of

the data and the options which the user chooses,

5.4 OUTPUT DESCRIPTION

The output generated by EFFMON is printer output. Except for an

initial printout of all the inputs which is always printed (see Figure

5.3), the output may consist of any or all of the following as desired

by the user (the theoretical background for the various outputs is dis-

cussed in Section 2.6).

Cutput Option

1:

Output Option

2a:

Output Option

2b:

Output Option

Qutput Option

An initial allocation, including the minimum
number of times each source must be sampled as

specified by the user (see Figure 5.4).

A priority list of the samples, “including the

minimum required samples (see Figure 5.5).

A priority list of the samples, including only
samples to be taken beyond the minimum number

required for each source (see Figure 5.6).

: A final allocation including the total number of

times each source is to be sampled and other
summary information based on a given budget

limit (see Figure 5.7).

: A final allocation including the same information

as in 4 above, but based on a given maximum ''cost
of undetected violations" as defined below (see

Figure 5.8).
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Table 5.6

Sample Input Date

Self-Monitoring

Source | Comstituent Monthly | Monthly | Sample Units Compliance | Month
& Pipe Kor Pipe Flow) | -Max. or Mean Size Monitoring |and Year
Min. Points
Source 1
Pipe 1 Flow NA .254 NA MGD NA 6/74
NA .148 NA NA 7/74
pH-max 10.6 - 6 pH 10.0,9.0,9.5| 6/74
9.0 - 7 7/74
pH-min 6.0 - 6 pH 8.0,7.1,6.8| 6/74
5.4 - 7 7/74
Lead 800. 760. 6 ug/l |.461,.202,,371%6/74
510. 400, 7 7/74
Phosphorus |~ .017 .011 6 ng/l .051,.023 | 6/74
.066 .025 7 7/74
Cyanide .025 .020 6 mg/l |.052,.059,.071 6/74
- - - 7/74
Source 2
Pipe 1 Flow NA .04 NA MGD NA 2/74
NA .04 NA NA 7/74
NA .05 NA NA 8/74
pH-max 10.0 9.0 10 pH 8.5 2/74
9.9 9.2 12 9.1,8.9 7/74
9.2 9.0 12 8.3,8.4,8.3,1 8/74
A 8.7,8.5
pH-min 7.6 9.0 10 pH 7.7 2/74
7.4 9.2 12 8.0,7.7 7/74
7.6 9.0 12 7.6,7.6,7.5 8/74
7.4,7.6
Source 3
Pipe 1 Flow NA .430 NA Megaliters/ NA 10/73
day
NA 437 NA NA 11/73
NA .524 NA NA 12/73
NA - NA NA 6/74
NA 491 NA NA 7/74
NA 482 NA NA 8/74
NA .554 NA NA 12/74

* Note that units are kg as required.

NA-Not

Applicable
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Table 5.6

Continued

Self-Monitoring

Source Constituent Monthly | Monthly | Sample Units Compliance | Month
& Pipe (or Pipe Flow) Max. or Mean Size Monitoring jand Year
Min. Points
Chloroform 24,0 15.5 2 mg/1 10/73
Extract
8.0 2.8 2 11/73
23.6 7.6 3 12/73
45.0 31.4 5 6/74
56.8 30.1 7 7/74
16.8 - 2 8/74
13.2 6.0 1 12/74
Pipe 2 Flow NA 121 NA Megaliters/ NA 10/73
NA .125 NA day NA 11/73
NA .131 NA NA 12/73
NA .126 NA NA Z2/74
NA - NA NA 3/74
NA .133 NA NA 8/74
Chloxoform 8.4 3.5 2 mg/1l 10/73
Extract
19.2 5.8 2 11/73
15.6 7.1 3 12/73
20.0 8.1 7 2/74
28.0 6.2 7 3/74
19.2 8.9 7 8/74
- -~ - 9/74
Total 1080. 1010 2 MPN 10/73
Coliforms
- ~ - 11/73
1200. - 3 12/73
1210. 1050 10 2/74
1150 1100 10 3/74
- ~ - 8/74
- ~ - 9/74
BOD5 7.8 6.3 2 mg/1 10/73
13.0 5.0 2 11/73
18.0 12.0 3 12/73
11.0 7.7 7 2/74
- ~ - 3/74
- - - 8/74
- ~ - 9/74
DO 5.7 5.0 2 mg/1 10/73
7.0 6.7 2 11/73
8.0 7.0 3 12/73
6.7 6.3 7 2/74
- ~ - 3/74
5.4 5.2 2 8/74
- - - 9/74
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Figure 5.2

Organized Print of Inputs
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==20n
NMG(2+d) « 0000001 «0000003 «0000010 20000050
J= 1 2 3
NAMAGE( 1+J) .00000 201000 £ 05000
20 00900 «1000¢ +30000
(3 d) 9.00C90 800000 6.80000
t 8y0) 09000 + 00000 «00000
{ 5¢d) 50,00000 70.00000 G0.00000
( e+ 00000 03000 s0GUOO
C 7+d) 200909 2500000 17586900
{ 8+J) L,00300 LD 15000
{ 9+J) .00039 «62000 «05000
(10+Jd) 00290 10000000 2000.00000
(11,2) 200900 20400000 20000000
(12+d) .00000 «G2000 10000
(13.0) L0800 «01000 «020600
(La+d) .73009 +86600 +90900
(15+¢J) 00009 «10000 .30000
(16¢d) L0000 « 00500 050090
17+ 00000 03000 «17600
(1843) <220¢0 «00100 00500
(19+9) L0500¢ 01000 1000000
(20+J) «53009 «90000 3.00C00
(21¢J) .03%60 201900 «10000
(2243} .03000 «20006 200000
(23+J) 93909 «00800 « 03409
(2643} «03900 30059 00100
(25+d) 03909 $1069¢ «20000
(2ned) 169,05000 200.-08000 500490000
(27+4) 03800 23496000 #0420000
(2840) 02200 140C600 2¢52009
(29+J) .09000 19400008 40400000
(30¢32 .,00000 00000 00000
S(N W00 2,00 4,00 64,00
S3IpalJd) 0 1.0 2,60 3.00
NTLUTE0 IgUTiz] 10uTRa=1
1CoPTSY 1EXFC=2 NOSDRS= 3
ALPHAS U GaMl Az .00 KETA= 1,50
SguRCE I= 1 2 3
ISFUP(I) 10 10 §
ISFLC™(I) 1 2 1
1¢32¢1) 0 0 i

I1%S0RS(Y) FOR I=1 TO NUSQRSa 1, 2¢ 3

SOURCE CeSCRIPTIONS:S

Ic NAME

Figure 5.3

530 7S OATE 053075
5 [ 7 & 9
«0000010 «0000032 «0060100 0000316 « 0001000
+0000025 «0000050 «000030¢C «0000356 «000100¢
4 S 6
»10000 250000 1,0000Q0
90600 2.70000 3.00000
4.50¢00 1,80000 «90000
«00C0C « 00000 00000
110.00000 130,00000 150.60000
»00000 00000 00000
200.60000 240,00000 250,00000
25000 35000 «40000
1eGCV00 10,00000 S0,u6030
7560.0000¢ 15000,00000 3150000.090800
600.00000 3000,00000 S0000,00000
1.00000 5.00000 10.00000
«05G600 «10000 50000
1.,20000 3.00000 8,002C0
.,90000 2.,70000 3.00C000
«10390 25000 35000
«50C00 1,00000 1.50000
»01000 ,02000 05000
3,00000 9,00000 20,00000
4.,50000 7.,00000 10,00020
5.00600 30,00000 50,00000
200000 «00000 «00000
«C0G00 006000 «00000
02000 «10090 «20009
59000 1.60000 10,00000
1009,09000 1500,00090 2300,0000¢
100.00000 280,000¢C0 300.00600
3,00000 4,00000 10490000
100400000 200,00000 1000,00000
00000 « 00000 «20000
8.00 10,00
4400 5400 5.00 7.00 8,00
IpuT2E=] 10U13=1 82 10000.00
LUSJRS=® 3
KNU= 1.50 ENus 70
QU K300 DOSAT IONESD NPIP
-— Continued
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05/,%20/75 123156109 ¥INK

1
2
3

JINES MANUFACTURING CO.
SAFE CHEMICAL CO,
SEWAGE TREATMENT

nEo373n53%

000373

Figure 5. 3

530 75
190,000 00
20,700 «00
525,000 50
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05/30/75 12156100 WINK 000373053 000373 $30 75 DATE 053075

PIpe FLOw AND SELF=MONITQRIMG CONMSTITUEMT DATA
(SQURCE) (PIPF)
1D RIPND ]85 GSUNIT  MATHISNSMFANesfOF ALL HORTHS

i 1 99 3 1y 25 4 2 o165 /

10 PIPND IPARM PRINTT SHAXeSMEANINSIZE==FOR ALL MONTHS
i 1 3 6 10600 o000 6/ 9,000 «00y 7/
1 1 22 b 000 OV O/ S.UQ 00y 7/
{ 1 16 2 E0N«0nNs 760400s 6/ 5104000 4004009 7/
1 1 25 1 00;?0 0010 b/ .07' 002' 7/
1 1 13 1 e 07 020 b/ «000 00y 0/

EFFLUENT STANDARDS
(SQURCE) (PIPE)

b ) PIPND  EFFLOW 1PeX1elUnITeM==cOR ALL CONSTITUENTS OF PIPE
1 1 53 23 3,50006y 0
220 6.560+06¢ 0
16, «100e1¢ O
25' ;’1000'1' 1
13 250010 L

Figure 5.3 -- Continued
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05730775 12156109 “INA 20637353 064874 539 75

PIPE FLOR AND SELF=MONITORIMG CORSTITUENT DATA
(SQURCE) (rIPE)
10 PIPND IRS QSUnIT MNTROS +QSHEAN==p0OR all MONTHS
2

1 99 3 {e QU / 2 04 7/ 3, «0S /
10 PIPNO IFARM PRUKTT SUAXeSMEANIASTIZE==FOR ALL MUNTHS
2 1 23 b 106000 00910/ 9.90 9.,200312/ 9.20
2 1 22 b Teo0y 9-00'10/ 7."‘0' 9020012/ 7.60'

EFFLUENT STANDARDS
(SQURCE) (PIlPE)

10 PIPNG EFFLOW IPyX1vJUNITs1i=~FOR ALl CONSTITUENTS OF PlPE
2 t 1.43 23, G.S50090y O
22y 6470000y ¥

Figure 5.3 -— Continued

DALE 053u7b
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05730775 (21552109 AINK  GDO373DS3 000373

TiPE FLOAN AND SELF=MQONITORING CONSTITUENT DATA
(SQOURCE) (PIPE)

10 PIPNGC 1G8 QSUNIT MMTMOS ¢ GSMEAN==FOR ALL MONTHS

3 1 99 8 1y 23 /7 24
Sy 49 7 oy

10 PIPNO IPARM PRUNIT

§30

75

N8/ 3y
048 / 7!

SMAXySMEANINSIZE==FOR ALL MONTHS

3 1 8 1 2“000' 15.50! 2/ aaOOG
564801 306100 7/ 16,809
PIPE FLGw aAND SELF-MONITORING COMSTIYUENT DATA
(SoU'RCE) (PIPE)
10 PIPNO  IGS @SUNIT MNTHGS s OSMEAN~~F OR ALL MGNTHS
3 2 99 8 1y w12 /7 2 13 7/ 3y
S U0 7/ O 13 7 0y

10 PIPNO JPaR™M PRUNTT
3

8 1 80“0’ 3050' 2/

26.00 6,200 7/

3 2 10 7 1080.000 1010,000 2/
1150.90¢ 1100.00¢10/

3 2 3 1 T+€0r 6e30¢ 2/
L0 «e0Ce 0/

3 2 30 e Se70 5.00¢ 2/
00 « 00y 0/

EFFLUENT STANDARCS
(SouRCE)  (PIPE)
10 PIF:O EFFLOW
3

1 2,00 Ee 18.,00008, 1

3 2 YA b 20«00y L
10 1500400047, O

3 15¢00091¢ O

30¢ «00041s O

COvPLTIANCE MOVITGRING DATA
(SOJARCE) (PIPE)

1c J IPAR Hyu X1 (K™ (K)==FOR k=] TO

1 ! 23 3
10000,

b i 22 3
8.0C0

1 H 14 3
Wldbly

1 1 2s 2
« 051y

1 1 13 3
IOSZ’

2 ! 23 8
8,500
84300y

Figure

SMAXYSMEANILSIZE~=FOR ALL MONTHS

19,200
19.200
00
.00
13,000
«00
Te00
S.40
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——

5.3

9.000y
71009
202
w023
+ 0S8

94100
Be7009

2
3

52 /7 4o

55 /

2480y
00y

2/
2/

W13 / 4y

000 /

S.80%
8.90¢
« 00
«00
5:001¢
«00¢
6700
5020'

IPyXi o JUNIT, P-=FOR ALL CONSTITUENYS CF PIPE

2/
1/
e/
0/
e/
0/
e/
2/

qlSOO'
6,800,

2371

071

B-qGOO
84500

-~ Continued

«00 /

23460y
13,209

33 /

15.060,
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2000
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[

e00

Tellr
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00
«00¢
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«00

7400

84300,

«00y

3
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3/
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3/
0/
3/
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05,30/75

12156809 WINK

Ga0373093 tgn373 §3¢ 75 DATE

INITIAL ALLOCATION

SGURCE TIMES SAMPLED RESOURCES USED
{ i 560,50
P4 P4 10506,00
3 i 993,00

P e e e T T L T R T L R g R P R

TOTAL RESOURCES USED 2209,%0
COST OF UNDETECTED VIOLATIONS 32322

Figure 5.4 Printout of Initial Resource Allocation

053075
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05/320/75

12156809 WINK

606373053 V00373

PRIORITY

S3v 75

FRIMARTITY LLST UF SAMPLES

SCURCE MARGINAL

SAMPLED RETURN X100

COsT OF

UNDETECTED
VIOLATIONS

RESQUKCES
REQUIRED

O~ VL V-

iy
2s

L30837067
(25021163
« 01251636
200865593
00747338
, 00645239
00557088
,0066098)
00015270
«0G358537
«00309555
00267265
$00230752
,00062211
«00003132
00000157
00000008
00000000
£00000000
200000000
.00000000
«00000000
+00000000
+00000000
«00000000

L Y SO VR T P P P A T VN T VRO

1.,81082
J40A38
« 33823
«29253
25307
21900
« 18948
«106419
14226
012333
«10699
009288
208069
07718
W 07701
007700
07700
07700
07700
07700
«07700
«07700
207700
« 07700
$ 07700

9935.00
1153,50
171400
2242.00
2770400
3298.00
3826400
4354400
1882.00
5410600
59348.00
6466.00
6994400
7554450
8115400
867550
9236400
9796450

10357.00
10950400
11510450
1207100
12664400
1325700
13850400

LA P I XA LTI R LR L LR LY TN YL L YL L LYY LT LT 2 X Y FOF Y Y- Prosyugsy ¥ T

Figure 5,5

Printout of Sample Priorities

DATE 053075
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05736775 12:i56109 WINK 009373053 ran3r3 530 75 VATE 053075

FRINETTY LIS OF SaMPLES

CosT OF
SOURCE MARGINAL UNDETECIED RESQURCES
PRINRITY SAMPLED RETURN X300 VIOLATIUNS REGUIRED
y { «012510630 « 25307 2770.00
& 2 L0L6HAT23Y s 21700 3298400
3 ? L004557088 o 14958 3826400
] ? S0uNtB098] 16419 u354,00
5 2 200015270 14226 188¢2.00
6 2 «0035R%37 012333 5410,00
7 2 «N030U955S «10699 5938,00
>} 2 010267265 «09243 bU66,00
9 2 .00230752 08089 6994400
19 1 000620611 07718 79504590
11 1 «00003132 + 07701 8115,00
12 1 «00000157 «07700 8675.50
13 1 00000008 207700 936400
14 1 «00000000 07700 9796450
15 1 «00000000 «07700 10357400
ib 3 00000000 «07700 10950.00
17 1 «00000000 07760 11510450
18 1 »000G0000 «07700 12071.,00
19 3 «00000C00 207700 12664,00
20 3 «00000000 «07700 13257.00
21 3 «00000000 «07700 $3850.00

AL LI EL LR LY LT L R T R L i g

Figure 5.6 Printout of Sample Priorities Beyond Minimim Allocation
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05,30/75

12i56109 WINK

Figure 5.7

000473 §30 75
FINAL ALLOCATIUN

B8HOGET  10000,00

MIN MO, MAX NO, CuSt OF
SAMPLES SAMPLES TIMES RESQURCES UNDETECTED
SOURCE REQUIRED ALLORWED SAMPLED useD VIOLAT1IONS
1 { 10 7 39235450 «00000
2 2 10 19 S5260.00 007700
3 1 S ! 593,00 00000

TOTAL RESOURCES USED 9796,450
FINaL COST OF UNDETECTED VIOLATIONS 07700

Printout of Final Allocation Based on Budget Limit

DATE 053075
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05/30/75

12856809 WINK

000373053 000373 S30 7% DATE 093075
Flr-al ALLCCATIUM
FAXTMUN ALLOAMED CNST UF UNDETECTED VIOLATIONS «25000
MIN MO, MAX NO, COST OF
SAamMPLES SAMPLES TIMES RESOURCES UNDETECTED
SOURCE REQUEPED ALLOYED SAMPLED USED VIOLATIONS
1 1 10 P 1121400 «00369
2 2 10 3 1584,00 21530
3 1 5 i 593,00 +00000
TCTAL RESOURCES USED 3298,00
FINsL COST OF UNDETECTEND VIDLATIONS 021900
Figure 5,8 Printout of Final Allocation Based on Maximum

Acceptable "Cost of Undetected Violations'



OQutput Option 5 : Statistical summary tables for each source

(see Figure 5.9).

All of the values under "Resources Used" or '"Resources Required"
in the output are dollar values. They are derived from the base cost to
monitor each effluent source given: (1) its number of pipes (input vari-
able PIPCST), and (2) the cost to analyze each of the constituents of each
pipe of an effluent source (input variable CONCST).

The "Cost of Undetected Violations', as listed in the output, re-
fers to the expected value of the damage caused by the pollutants (assuming
Resource Criterion #2 is used) for those days when violations go undetected
(see Section 2 of this handbook, and Section VI of Reference 1 for a more
complete description of the term). The 'Marginal Returns' listed are
simply the decrease in the cost of undetected violations per unit of re-

sources expended as each sample is taken.

In the statistical summary tables, the means, standard deviations,
and standards are in units of Kg/day. For lognormal distributions ('L'
under 'DIST'), the mean and standard deviation are of the log values of

the loadings.

In some cases, a series of '**%' will be printed out in the sta-
tistical summary tables. This occurs when a constituent is discharging
from more than one pipe; only one value of expected damage and probability
of no violation (for the combined loadings) is possible, and so when the
constituent is printed more than once '***' replaces the numerical value.
Similar output occurs for pH, since pH is always printed out under pH MIN
and pH MAX.
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05/30/75

12156109 WINK 000373053 000373

$30 75

I TI%5313232"

SpuURCE 1
AKEXEXRERIEFS
PIPE= | MEAN DISCHARGE (ML/DAY)s 27207
CONSTITUENTY STANDARD DIST EST, MEAN
PH=MAX 9,5000 N 88,0437
Pr=41IN he5H000 N 7.6312
LEAD <0529 N H1367
PHOSPHORUS 10580 L -1,9153
CYANIDE 1322 L -1,5545%

B AR KRR AR KRN R R KKK A B E R R A RN RR KRN NN

SOURCE ExPEZCTEN naMAGE
SOURCE PRORAIILITY OF MO Vinealinn

{e/1763
« 0500

ERSEREEFRRRRR AN KRR R TR KRR RN AR RN KRR RR N SN

Figure 5,9

DATE 053075

UPSTREAM FLOW (ML/DAY)= 100,0000

EXPECTED PROB, UF NUO

EST. SIGMA DAMAGE VIOLATIUN
1.6354 (22222224 EERRBXEIADE
144335 5626 e 5984
2788 1,4763 0843

«3106 0031 140000

2849 « 0687 9912

Print of Source Statistical Summaries
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05,30/75

12156309 KWINK 000373053 00¢s73 §$30 75
PEFSRRERERY
SOURCE 2
FEEEEERIRES
PIPES 1 MEAN DISCHARGE (ML/DAY)s 17418
CONSTITUEMT STANDARD DIST EST. MEAN
PreMAX 945000 N 8497806
PHeMIN ~e7000 N 8.7970
ERBEEEEXE AR KR kA KRR AR R EA AR AR RF R RR AR F R E NN KR
SOURCE EXPECTED ODAMAGE 23345
SOURCE PROSABILITY NF NO VINLATION 8634
EAPFRFEFRFERKEF KRR EERER N KRR AR R RN RS AR SRR R RN E XS
—- Continued

Figure 5.9

UPSTREAH FLUW

E8T, sIsHa

TN B
1.0067

DATE 053075

(ML/DAY)= 2047000
EXPECTED PROB. OF NQ
DAMAGE VIOLATION
TETIIIT BT TY T YT 12 2

¢3345 «8634
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05/30/75

eFIN

125562809 wINA 0ou373053 Vo373

PIPE=R MFAl DISCrARGE (ML /ZDAY) =
MEAN DO CONCENTRATION (¥G/)= 6,1812
COMSTITUENT STANDARD vlsT
CHLORGFQRY. EXTRACT €0+0000 L
PreEs 2 MEAN BISCHARGE (ML/DAY)=
MEAN DO CONCENTRATINN (Mh/p)= 6.1R12
COMSTITYENT STAMDARD DIST
CHLORUFURM EXTRACT 2,3G600 L
COLIFUORMSmeTOTAL 1500,6G000 N
RODS Ga 9750 N

$30 75

EAEEEKENTRS
SOURCE 3
"T113322322.

$ 5265

EST. MEAN

141335

1365

£ST, MEAN
-, 0388
1069,0909
1.0201

REPFRF KRR TR K TR RN R R E R KR RN KK KRN F A X TR ER A KA

SOURCE EXPECTEN »ahagt
SOURCE PkORABILITY OfF ~O VINLATION

1.8286
« 0000

FRPAREFKK AR ERR A KRR NN F K2 FR A AN FERFER R H AR SRR NN &

Figure 5.9

—- Continued

DATE 053075

UPSTREAM FLOW (ML/DAY)S 525,0000
EXPECTED PROB, UF NO

ESTe SILMA DAMAGE Vi0LAaION
5282 1.8286 «624%
UPSTREAM FLOW (ML/0AY)= 525,0000
EXPECTED PROB. OF NQ

EST, SIGMA DAMAGE VIOLATION
39448 EKEERERY 9947
80.2886 0267 10000
07307 «0090 10000



Error Messages

The program performs a careful check on the input data and should
an error be found, a series of 'XXX' followed by an error message will be
printed and the program will stop. The error message will include infor-
mation such as the card number (Column 1 in Table 5.1) or source and pipe
number so that the user can locate his mistake; the error message will
also include a brief diagnosis of the problem. In most cases, an obvious
error such as a transposition of data or a misspecification of an option
can be easily found and the reader need only refer to Section 5.2 (Input
Description) to correct the error. In certain instances, a sequencing
mistake will have been made--a card may have been deleted or identifying
numbers rearranged. In this case the error message may not point directly
to the source of the error but to some point downstream and the user will
need to carefully compare the preceding part of the input deck against

Section 5.2 to find the error.

Sometimes an error may not be detected until processing of the data
has begun. If sample minimum loadings and mean or maximum loadings have
been transposed, for a sample in the input stream, the program will auto-
matically delete the incorrect sample and print out a message specifying
the details but processing is continued. However, should the total number
of valid samples during the sampling period for any constituent be too
small (less than 4) or too large (larger than 40 for pH or 365 for other
constituents) an error message will be printed specifying the source and
the constituent and the program will stop. Also, should the ratio of the
combined maximum to the combined mean, during the sampling period for any
constituent too large (greater than 6.0), or too small (less than 1.25),
the program will print the details and stop. In the cases mentioned above,
a decision will have to be made to correct data that was incorrectly enter-

ed or to delete constituents which cannot be tolerated by the program.
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SECTION 6
DEMONSTRATION OF PROCEDURES

This section demonstrates results of tests of both hand and com-
puter calculation procedures. The tests were performed using data supplied
by the State of Michigan, Department of Natural Resources. The data was
obtained on seven effluent sources which are a subset of the data used in
the previous SCI demonstration of the computerized procedure [1]. The
effluent sources used were those computed to give the highest environmental
damage in the first SCI report (see Section 9 of [1]). The constituents
used in this demonstration are high and low pH, biological oxygen demand

(BOD, total suspended solids (SS), chromium, phosphorus, and oil-grease.

In Section 6.1, data from the year 1972 is used in the hand cal-
culation procedure to determine the initial allocation of monitoring re-
sources. Section 6.2 shows how the more recent 1973 data is used to
illustrate the update of statistics procedure. Section 6.3 shows an
alternate method of evaluating the magnitude, or severity, of violations
in hand calculations. Finally, Section 6.4 gives resulis of the computer
calculation method applied to the same test problem, and compares these

with the hand calculation results.

Although there are minor discrepancies between the hand and com-
puter calculation results, due primarily to the different allocation
criteria used (described in Section 2), they are in general agreement.

In all cases, results were found to be reasonable.

CAVEAT

The objective of this section is the demonstration of the hand

calculation approach. The selection of the Grand and Saginaw Rivers to
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further this objective should not be construed as an expression of opinion
concerning the status of these rivers or their tributaries. The results of
the demonstration are based on a careful application of the procedure to
the data available. The authors have made every attempt to assure that

the data used is exhaustive and representative, but they recognize the
possibility that relevant information may have been overlooked. To this
extent, the results of the demonstration may be considered directly appli-
cable to evaluation of water quality surveillance on the Grand and

Saginaw Rivers.

6.1 DEMONSTRATION OF HAND CALCULATION PROCEDURES - INITIAL ALLOCATION

The hand calculation approach was successfully demonstrated using
the Section 4, User Manual. Self-monitoring data from seven effluent
sources on the Grand and Saginaw Rivers in Michigan were used to determine
resource allocations for effluent compliance monitoring. TFour sources
are automobile and chemical industries, typical of the area, while the
other three effluent sources are municipal waste treatment plants located
on the same rivers. All are major effluent sources whose discharges
historically have been significant. The presentation here follows the
order of tasks found in the User Manual (Section 4). The reader is en-
couraged to use this section as a step-by-step illustration of the hand

calculation procedure.

TASKS 1 and 2

The procedures are self-explanatory. Tables 6.1 and 6.2 represent
the output from these tasks. All seven sources, their constituents, and
relevant standards are shown, although subsequent tasks generally will
illustrate the technique only for one source in order to reduce repetitive

calculations.

198



Table 6.1

Statistical Distribution Types by

Constituent and Source

Task 1
Alternate Used
Source Constituent Distribution 1l oxr 2
9 pH Max N -
pH Min N -
BOD N 2
SS N 2
CHR N -
10 pH Max N -
pH Min N -
SS N 2
phos N 2
0il - Gr N 2
12 pH Max N -
pH Min N -
BOD N 2
SS N 2
18 BOD N 2
sS N 2
22 BOD N 2
SS N 2
phos N 2
25 BOD N 2
SS N 2
27 BOD N 2
SS N 2
phos N 2
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Table 6.2

Effluent Standards

Constituent
Source Name Units Standard Value S
(1) (2) (3) (%)
]
9 pH Max 9.5
pH Min 6.5
BOD Kg/day 189.27
SS Kg/day 473.2
CHR Kg/day 5.7
10 pH Max 10.5
pH Min 6.5
sS Kg/day 46.4
Phos Kg/day 1.35
0il - Gr Kg/day 19.9
12 pH Max 9.0
pH Min 6.0
BOD Kg/day 41.6
SS Kg/day 104.1
18 BOD Kg/day 3000.0
SS Kg/day 4445.2
22 BOD Kg/day 1360.8
SS Kg/day 907.2
Phos Kg/day 378.5
25 BOD Kg/day 4535.9
s Kg/day 3628.7
27 BOD Kg/day 272.2
SS Kg/day 272.2
Phos Kg/day 58.3
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TASK 3

Table 6.3 presents raw data for source 9 and illustrates the cal-
culation of the mean, m. Data for other sources are similar and are not

included in this example.

All constituent data except pH are expressed as concentrations,
but must be converted to loading rates (Kg/day) in order to compare data

to the standards in Table 6.2. Table 6.4 shows typical conversions.

Finally, all converted data is entered in columns 1-7 of Table

6.5.

TASK &4

Task 4 is concerned with the calculation of self-monitoring
statistics. The hand calculation procedure is illustrated below for pH

Max.

= m = 8.39
"G = 2.735 (Figure 4.3)
- &-m _ 109 -8.39 _
c = G 5735 0.9177

Distribution is normal (N)

n = 249
50 (Figure 4.5)

=4
[}

<
[}

Although formulas may differ, the procedure for the remaining
four conmstituents of source 9 is virtually identical. The calculated

statistics are entered in columns 8-12 of Table 6.5.
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Table 6.3 Source Number 9: Raw Data

[4314

Effluent
pH BOD (mg/%) SS (mg/L) CHR (ug/2) Flow
Avg Max Min n Avg Max n Avg Max n Avg Max n Avg (mgd)
Jan,72 8.67 9.95 7.52 17 115.6 155.4 15 6.03 15.2 17 3.53 30. 17 1.14
Feb 8.9 10.3 7.8 20 95.5 168.9 20 6.8 16.8 20 0. 0 20 1.21
Mar 9.21 10.43 7.9 20} 179.1 279.2 20 5.0 12.2 20 35.5 320. 20 1.27
Apr 9.7 10.9 7.7 20 126.5 295, 20 3.1 9.0 20 2.0 20. 20 1.18
May 8.4 10.4 6.4 22 101.9 234. 22 9.9 44,6 22 .91 10. 22 1.17
Jun 6.2 7.8 4.4 22 92.1 134, 22 | 10.6 47. 22 4. 20. 22 1.19
Jul 8.4 10.6 6.1 19 60. 84. 19 3.8 16. 19 5.21 70. 19 1.0
Aug 8.5 10.8 7.3 23 46.2 100.4 18 4.7 13.8 23 0. 0 23 1.
Sep 9.1 10.2 7.8 21 70.8 198. 17 3.9 8.0 21 0. 0. 21 1.3
Oct 8.2 9.0 7.2 22 94, 358. 22 6.3 12.2 22 59. 400. 22 1.4
Nov 7.8 9.4 7.5 22 80. 150. 22 4.4 8.1 22 0. 0 21 1.49
Dec,72 7.9 9.0 7.3 21 86.5 208. 19 3.5 .0 21 0. 0. 21 1.5
2 - - - 249 - - 23| - - 249 - - 248 -
2oax  |2089 - - - | 22670 - - 11423 - - | 2315 - - -
_ an
m= 23 8.39 - - - 36.06 - - 5.713 - 0 9.335 - - 1.25
n
Min=w | - - 4 - - - -] - - - - - - -
= - 10.9 - - - 358, - - 47. - - 400, - -




Table 6.4 Data and Standards Conversion

Unconverted Converted
Data or Unconverted Conversion Converted Data or
Standard Units Factor Units Standard
BOD 96.06 mg/1 3.783%1.250 kg/day 454.4
358 mg/1l 3.783%1.250 kg/day 1693
3 5.713 mg/1 3.783%1.250 kg/day 27.02
47 mg/1 3.783%1.250 kg/day 222.3
9.335 mg/1 3.783%1.250 .04416
Chr *10_3
400 mg/1l .1892

Note: This table can be duplicated for use in the hand calculations.
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Table 6.5 Effluent Data, Statistics, and Probabilities
Y(Task 6) =« 1 Discounting constant, h(Task 7) = 1
TASK 3 TASK & TASK 6 TASK 7 TAS!‘( 8
Self-monitoring input data (record in source sequence) Self-monitoring statistics Self + compliance Nev cum. statis. Probabiliities
Esc'd Norz'd ?f'l'.“’“;
X Sanple Est'd j Std. DistribA Effl'c viol f.
kel Std. const.
Constituent Mean Max Min Size Mean Dev. ution - ~ ~ - . . N
Source Name Units m g w n v g L or X n v ¥ g | n v & e f 9 x ¢ (x) Pyy
) (€3] (3 (%) (5) (6) (€] (8) 12} (10 QD 2 FOD] eI (16X {1(1731(18) 1(19)] (20 (21) 22} @3
VALLTE SAME 4S x = 18676
9 |pH Max - |[8.39 f10.9 - 1249 8.39 9177 N 249 1 50 | SAMH AS TASK |4 TASK 6 1.2854 | - 7892
PH Min - 18.39 - 4.4 249 8.39 1.459 N 249§ 50 x = :
1.2954 | .4024 2802
30D Kg/day l654.4 | 1693 - 236 454.4  |455.37 N 2361 49 -5822 | -21978}
ss Kg/day |27.02 222.3 - 249 1.2466 |.401 L 243 { 50 3.5622 | .4997 | .9997
Chr Kg/day [.06416 | 1.892 - 248 -.8227 }.68 L 248 | 50 2.3288 | .49007} .990C07
10 pH Max - 8.11 10.1 - 285 8.11 .7176 N 285 53 2.0220 .4996
pd Min - [8.11 - 7.0 {285 8.11 .4003 N 2851 53 X .9994
3.3905 | .4998
SS Kg/day |29.86 | 91.63 - 285 29.86 |22.276 N 285 { 53 L7425 .271114.7711
Phos Kg/day{l.614 | 15.71 - 285 -.005 .43 L 285 | 53 .31473 | .12352}.6235
0il - Gr Kg/day{ O 0 - 0 0 - - o |- - - -
I3
12 pH Max - 7.64 9.91 - 248 7.64 .8300 N 248 1 50 1,639 4894 9593
X = -
pH Min - 7.64 - 6.68 |248 7.64 .3510 N 248 | 50 4,632 L4999
BOD Kg/day [64.25 300.1 - 215 64.25 87.742 N 215 | 47 -.25814] ~,1018{.39815
SSs Kg/day [67.50 617.9 - 247 1.6204 |.426 L 247 | 50 ,93204 | ,32634].82434
18 BOD Kg/day {262.98 | 1673.5| - 21 2.073 .549 L 21 p3.8 2.5576 | 494731 .9947
ss Kg/day {1815.1 | 6945.5} - 21 1815.01|2681.9 N 21 3.8 | sSAMc As |TAsK|6 .9807 .33663) .8366
22 BOD Kg/day [2140 6105.4] -~ 349 2140 1396.3 N 349 { 58 -.5580 | -.2115).2884%
SS Kg/day |2094 9616.3] - 351 2094 2648.7 N 351 | 58 -.4481 | -.1729] .3271
Phos Kg/day [132 453.6 - 347 132 113.24 N 347 } 58 2.1768 | ,48525(.9853
25 BOD Kg/day 5197 11958 - 295 5197 2429.4 N 295 | 54 -.272121-.1072{.3928
Ss Kg/day |5942 17452 - 297 5942 4135.8 u 297 | 54 ~.55934] -.2120§ .2880
27 20D Xg/day [3639 7838.21 - 142 3639 1643.5 N 142 | 39 ~2.0486] -.4798].0203
SS Kg/day |2849 8291.8| -~ 149 2849 2117.8 N 149 | 40 ~1.2167] ~.3882].1119
Phos Kg/day {295.3 | 476.28] - 128 295.3 168.87 N 128 {1 43 =3.44133 -.4998{.0003
*.\'ot required for pH min. Note: This table can be duplicated for use in the hand calculations.

*ok
Recuired only for pE min.




TASKS 5, 6, and 7

These tasks do not apply in this calculation.
TASK 8

Task 8 is illustrated in Table 6.6, where values for x, ¢(x), and
Pij are calculated for pH of source 9. Results are entered in columns

21, 22, and 23 of Table 6.5.

TASKS 9 and 10

Task 9 is self explanatory. All constituents are statistically
independent, and the probability of no violation for each source is easily

calculated.
P = I Pij = (.7892) (.2802) (.9997) (.99007) = .2189

On the other hand, Task 10 is quite complex. Table 6.7 provides
details of the procedure for pH. Method 2 was used to assign violation
weighting factors. In this demonstration, k wvaries with l3 where § is
the receiving water concentration standard. Section 6.3 demonstrates the

alternative of setting k o %-(S is the prescribed effluent standard).

The expected extent of violation (D) is calculated as shown in
Table 6.8 and the violation weighting factor (Ci) for each source is re-

corded in Table 6.9, column 4.
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Table 6.6 Worksheet for Task 8

pH (Max and Min considered simultaneously)

i = 8.39 (Table 4.5)
S = 9,5 (Table 4.2)
S = 6.5 (Table 4.2)

S<u<35, S0

1.2954

Q>

1.2095

b
1}
1}

Q >t

i}

o (x) 0.38676 (Table 4.7)

®(x) 0.4024  (Table 4.7)

lae]
]

i3 ¢(§) + &(x) = 0.7892
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Table 6.7 Worksheet for Task 10

Method B is chosen for each source

pH (Max and Min considered simultaneously)

k=k=1
n = 8.39
S =9.5
S =6.5

o
]

K610 + R0.5-0G) 1+ k §|=G0) + x[0.5-000)1]

(1) (0.9177) 30.192 + 1.2095[0.5—0.38676%

+ (1) (1.459) 30.1725 + 1.2905[0.5—0.4024]} = .7373
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Table 6.8 Record of Task 10 Options and Calculations - K =

Violation weighting factor assignment method (lor 2): 2, i

1
E

Source Constituent Distri- | Type of WFF Eig:ggegf
I?o. Name bution WFF Coefficient Violation
i L or N A/B/C k D
(1) (2) (3) (4) () (6)
9 pH Max N C A

pH Min N C 1 0.7373
BOD N A .2 68.84
SS L A .025 0.003
CHR L A .20 1.1767
10 pH Max N C .1
pH Min N c .1 -0075
SS N A .025 L0740
Phos L A 10 6.9984
0il - Gr - A .10 -
12 pH Max N C .1
pH Min N c .1 +1555
BOD N A .2 9.498
SS L A .025 4196
18 BOD L A .2 1.9724
SS N A 025 5.790
22 BOD N A .2 228.57
SS N A .025 43.86
Phos N A .10 6.12
25 BOD N A .2 267.10
SS N A .025 86.10
27 BOD N A .2 657.78
SS N A .025 67.29
Phos N A .10 »370.

Note: Thils table can be duplicated for use in the hand calculations.
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Table 6.9

Ranges of Sampling Rates and Expected Extents of Undetected Violation

TASK 9 TASK 10 TASK 11 TASK 12
Alternative Expected Extents of
Constitu- Prob. of Violation | Min. No.} Max. No. Undetected Violations, Ci(si)’ for
Source | ent Inter— Non- Weighting | Samples Samples Vari
violation Factor Required} Allowed arious Sampling Rates, Sy
No. dependence P Py t
i SD/SI i ¢4 i i s;=l} 2 | 3} 4| s 6] 7| 8
(1 (2) (3) (4 (5) 6) [ (M| [ @ [ao|anfa)fas)|as
9 SI .2189 68.84 0 3 15.113.30}.722f - - ~ - ~
10 ST .4805 6.9984 0 3 3.3611.624.776} - - ~ - -
12 SI .3149 9.498 0 3 4.991.942].300} - - ~ - -
18 SI .8322 5.970 0 3 4,97)4.13})3.44) - - ~ - -
22 ST .1054 228.57 0 3 24.112.54].268] - - - - -
25 ST L1131 267.1 0 3 30.213.42).386) - - -~ - -
27 ST .000001 2370. 0 3 .0021 O 0 - - ~ - -
Note: This table can be duplicated for use in the hand calculations.



TASKS 11 and 12

Limiting sampling rates are established and entered in Table 6.9,

columns 5 and 6.

For source 9, the expected extent of undetected violations,

Cij’ is calculated below.

59
Ca(8g) = cgPg
S, = Co(1) = (68.84)(0.2189) = 15.07
Co(2) = 3.2986
Cy(3) = 0.7221

TASKS 13 and 14

Component per sample costs were not obtained for this demonstration.
As in the computerized procedure, total cost per sample was assumed to be
$525 for each source. This figure and the laboratory charges per con-

stituent are entered into Table 6.10.

The marginal return for source 9 and sample 1 is computed using

the formula:

c, - C.(1)
_ 9 9 _ 68.84 -15.07 _
ug(l) = s 560.5 0.09593

For sample 2 and 3, the following calculations are made:
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Table 6.10

Resources Needed to Monitor Each Source Once

Per Sample Cost of:

Laboratory Analysis

Charge/Constituent
Man Cost Travel Total
Source | Hours | Per Miles Cost Per (add constituent names)
No. Per Man Per Per Man Sample .gﬁ gﬁ LENN LI LA RS Total
i Sample Hours | Sample Mile Hours Travel | Total Cost Max | Min | BoD} s9 Jchr )Phod Cost
(1) (2) (3) ) (5) 6) (N (8) 9 [ao{an|an|afas fws)
9 525 3 0 20 5 750 - 560.5
10 525 3 0 - 5 - }10 ] 543
12 525 3 0 201 5 - - 553
18 525 < T-Tz2o]5s |- 550
T 22 525 N 20 [ s - 110 {3560
25 525 - 1- 20 5 - - 1550
27 525 -1 - 20 ] 5 - 110 } 560
Note: This table can be duplicated for use in the hand calculations.




C9(Sg—l) - C9(Sg)

u9(S9) B Iy

oy . 15.07 - 3.2986 _
ug(z) 52055 0.021
u9(3) = 0.0046

These values are entered in Table 6.11.

TASKS 15, 16, and 17

There are no mandatory samples, so Task 15 does not apply. Tasks

16 and 17 are self explanatory and are illustrated by Tables 6.12 and
5.13.

6.2 UPDATE PROCEDURE

The preceding initial allocation of resources (given in Section 6.1)
utilized data from 1972. This section incorporates self-monitoring data
from 1973 to illustrate the hand calculation update procedure. Tasks 3
through 7 are illustrated because only these tasks are directly concerned

with the update procedure.

The other tasks do not change, although Tasks 8 through 20 are

repeated during the update procedure.

Only one source (27) is used to illustrate the update procedure,

but all sources are handled similarly.
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Table 6.11 Marginal Returns for Each Source
Source Marginal return, ui(si), from one additional sample, number S
No. —
1 $;=1 2 3 4 5 6 7
9 .09593 .02100 . 00460 - - - -
10 .00670 .00322 .00155 - ~ - -~
12 .01177 .00371 .00117 - ~ - -
18 .00182 .00153 .00125 - - - -
22 .36514 .03848 .00406 - - - -
25 .43071 .04871 .00551 - ~ - -
27 4.2321 .000004 0 - - - -
Note: This table can be duplicated for use in the hand calculations.




Table 6.12

Sampling Priority List

Degree of Monitoring
Undetected Resources
Violation Required
Priority| Source Sample |Marginal [ Incre- Cumula- |Per Cumula-
Order No. No. () Return | mental tive Sample(s)| tive
{ S ui(si) ACi(si) XCi(si) , R=Lr
(1) (2) (3 (4) (5) (6) (7) (8)
2957, 295.7 0
1 27 1 4.2321 -2370 587 560 560
2 25 1 .43071 -236.9 |350.1 550 1110
3 22 1 .36514 -205.5 {145.6 560 1670
4 9 1 .09593 -53.8 91.8 560.5 2230.5
5 25 2 .04871 ~26.8 65.0 550 2780.5
6 22 2 .03818 -21.6 43.4 560 3340.5
7 9 2 .02100 -11.8 31.6 560.5 3901
8 12 1 .01177 -6.5 25.1 553 4454
9 10 1 .00670 -3.6 21.5 543 4997
10 25 .3 .00551 -3.0 18.5 550 5547
11 9 3 .00460 -2.6 15.9 560.5 6107.5
12 22 3 .00406 -2.3 13.6 560 6667.5
13 12 2 .00371 -2.0 11.6 553 7220.5
14 10 2 .00322 ~1.7 9.9 543 7763.5
15 18 1 .00182 -1.0 8.9 550 8313.5
16 10 3 .00155 -8.4 8.06 543 8856.5
17 18 2 .00153 -8.4 7.22 550 9406.5
18 18 3 .00125 -.69 6.53 550 9956.5
19 12 3 .00117 -6.5 5.88 553 10509.5
20 27 2 .000004 1 -.002 5.878 560 11069.5
Note: This table can be duplicated for use in the hand calculations,
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Table 6.13

Sampling Rates

Maximum monltoring resources availlable, R = $ 5000

Maximum acceptable degree of undetected violations =

No. of
Min.lNo. I:ax.lNo. Times Monitoring D}eg,ree ofd
Source Samples amples to be Resources L‘} ete(j_te
Required Allowed Sampled Vicolatiens
No. s L Needed ¢ (s.)
i { 1 Sy $ 1°%4
(1) (2) (3) (&) (5 (6)
9 0 3 2 1121 3.2986
10 0 3 1 543 3.3530
12 0 3 1 553 2.9910
18 0 3 0 0 5.9700
22 0 3 2 1120 2.5390
25 0 3 2 1100 3.4170
27 0 3 1 560 .0024
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TASK 3

New self-monitoring data is entered in columns 1-7 of Table 6.14

TAXK 4

The following values for ¢ are calculated for each constituent

. _ 5892 - 3780 _
BOD : o0 = ~55g " 8.56
. . 8868 - 3236
SS : o 235 2200
. 984 -~ 318 -
Phos: ¢ sy 230.4

TASKS 5, 6, and 7

Tasks 5 and 6 are not applicable to this update, but calculations

for Task 7 are shown below

Source 27, BOD

A _ Db+ onp _ (144)(3780) + (142)(3639) 3710
i S 144 + 142
n+n
) N R R R ¢ O
g, = = ~
1 Vv H1

(39.5) (825) 2+(144) (3780) 2+(39) (1643 . 5) 2+(142) (3639) >~ (144+142) (3710) >

39.5+ 39 +1

i

1297
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Table 6.14 Efflucat Data, Statistics, and Probabilitics

Y(Task 6) = piscourting constant, h(Task 7) = _2
TASK 3 TASK & TASK 6 TAS 7
Self-monitoring input data (record in source sequence) Self-monicoring statistics Self + compliance New cum. sta:iis. .
Est'd
* 5| Sample Est'd Std. Distrib- i
Constituent Mean Max Min Size Mean Dev. ution H
Source Name Unics o 4 w n " g LorN n| v U [S2 B W Y fi 8| f S ;
(1) (2) (3) O} (s 6) (€] (8) (€)] (10)  JAL (L)[(X3)4 (14)[(LSY| (L&) (LTI (L8) [ (19} (20) || (21) (22) (23) .
]
27 BOD kg/day 3780 5892 - 144 3780 825 N 144 | 395 371001297 286 79
game {as
|
ss kg/day| 3236| 8868 - 145 3236 | 2200 N 145 395 casy 4 306cp177 290 | 79 i
Phos kg/day! 318 894 - 120 318 230 N 120f 36 304 165 J240 | 72 :
!
1
]
{
|
{
I
i
i
!
‘
)
* .
Not required for pH min. Note: This table can be duplicated for use in the hand calculations.

ke
Re~ivad anle for a4~



= min|(A+n), hil]

"
A, = 286
v, = min| (D), ho| = 79

Updated values of the process mean (ﬂl), standard deviation (81),
and confidence constants (ﬁl and Gl) for the cumulative estimated mean
and standard deviation have been calculated for the constituent BOD for
source 27. Calculation for other constituents and other sources are
similar. The updated values were entered in columns 17-20 of Table 6.14
(Update of Table 6.3). It can be noted that these updated numbers are
somewhat, but not drastically, different from the prior statistics given

in columns 8-12 of Table 6.5.

6.3 ALTERNATE DETERMINATION OF VIOLATION WEIGHTING FACTOR

The initial hand calculation calculated a weighting factor function
(WFF) with a coefficient k which varied with the reciprocal of the re-
- . 1 . X
ceiving water concentration standard, 3 An alternative is to vary k

, 1 . . .
with g-where S is the constituent effluent standard for a particular

source. Task 10 discusses the differences in these representations.

This section illustrates the alternative where k = %-. Tasks 10-

17 are completed and the results are summarized in the following tables.

Table 6.15 shows the WFF constant k and the expected extent of

violation D for each constituent. These results are utilized in Table

6.16 to calculate c; and Ci(si) for each source. 1In all instances,
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Table 6.15 Record of Task 10 Options and Calculations

- L
Violation weighting factor assignment method (1 or 2 ): 2 (k= S>
Source Constituent Distri- | Type of WFF EerCtedf
) Xtent o
SO- Name bution WFF Coefficlent Violation
i L or N A/B/C k D
(1) (2) (3) (4) (S) (6>
9 pH Max N C 73733
pH Min N C
BOD N A .00528 1.8186
SS L A .00211 .0002
Chr L A L1754 .01032
10 pH Max N C A .0075
pH Min N C .1 -
SS N A .00216 .07974
Phos L A L7471 .5184
0il - Fr. - A v -
12 pH Max N C 1 .1555
pH Min N C 1 -
BOD N A .0240 1.1415
SS L A .0961 .16123
18 BOD N A .00033 .00329
SS N A .00022 .05210
22 BOD N A .00073 .83984
SS N A .00110 1.9339
Phos N A .00264 .001617
25 BOD N A .00022 .29443
SS N A .00028 .94910
27 BOD N A .00367 12.0827
SS N A .00367 9.8883
Phos N A .01715 4.0652

Note: Thils table can be duplicated for use in the hand calculations.
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Table 6.16 Ranges of Sampling Rates and Expected Extents of Undetected Violations
TASK 9 TASK 10 TASK 11 TASK 12
Alternative Expected Extents of
Constitu- Prob. of Zi?l;t%on Min.lNo. Max. No. Undetected Violations, Ci(si)’ for
Source | ent Inter- Non- elghting | Samples Samples Various Sampling Rates, s
No dependence violation Factor Required} Allowed p & S |
1 Y Py °4 o bioo sl 2 s als]e] 7] e
(1) (2) (3) (4) (3 (6) (7Y | (&) | (9) [ (LO) | (1) (12){(13)](14)
9 SI .2189 1.8186 0 3 1 3981].0871.0191] - - - - -
10 ST .4805 .5184 0 3 2491).1197.0575: - - - - -
12 ST . 3149 1.1416 0 3 L 35959.1132.0356; - - - - -
18 ST .8322 .0521 0 3 | 0434.0351}.0300; - - - - -
22 SI .1054 1.9339 0 3 1 2038.02140023; - - - - -
25 ST L1131 .94910 0 3 L1073.012ﬂ0014' - - - - -
27 ST . 000001 12.0927 0 3 00001 - - - - - - -




calculations for each constituent are identical to those performed in the

initial allocation.

Table 6.17, the same as Table 6.10 in the initial allocation procedure,
is used in conjunction with Table 6.16 to calculate the marginal returns ui(si)
found in Table 6.18. Finally, the sampling priority list (Table 6.19) and
the sampling rates (Table 6.20) are formed by allocating resources in the

order of diminishing marginal returns.

6.4 COMPARISON OF THE HAND CALCULATION AND COMPUTERIZED RESULTS

The data in the hand calculation procedure was used in the computer
allocation program to obtain the results shown in Tables 6.21 and 6.22.
In general, the agreement between the two procedures was quite good, how-
ever results were not identical. Each assesses potential damage differently,
so disagreement - particularly in the realm of marginal returns - is reported.
Priorities may be expected to differ, although monitoring frequencies for a

fixed budget are remarkably close. Refer to Section 3.2 which discusses the

major technical differences between the two approaches.

PRICRITIES

Similarities in the hand calculation and computerized results are
observed in Tables 6.19 and 6.21. Both procedures have determined source 27
to be the most injurious to the environment, and consequently both procedures
assign Lop priority to monitoring that source. Furthermore, the probability
of uncovering a violation of standards for source 27 was sufficiently high in

both procedures so that repeat monitoring was unnecessary.
Sources 9, 22, and 25 were given the next three priorities in both

cases, however, their relative positions differed. This is attributed to

the different methods of calculating marginal returns.
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Table 6.17 Resources Needed to Monitor Each Source Once
Per Sample Cost of: Laborajory Analysis
Charge/Constituent
Man Cost Travel Total
Source | Hours Per Miles Cost Per (add constituent names)

No. Per Man Per Per Man Sample #1OP#Z O} #3 |FA [ES 1#6 Total

i Sample Hours | Sample Mile Hours Travel | Total Cost Cost
(L) ) &) (® (5 (6) (7 (8 (9) (10X (L)} (12) | (13)](14) {(15)

9 525 3 0 20 5 750 -~ 560.5
10 525 3 - 5 - 10 | 543
12 525 3 0 20 5 - - 553
18 525 -] - 20 5 - - ] 550
22 525 -} - 20 5 - 10 560
25 525 - - 20 5 - - 550
27 525 -1 - 20 5 - 10 | 560

Note: This table can be duplicated for use in the hand calculations.
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Table 6.18 Marginal Returns for Each Source

Marginal return, ui(si), from one additional sample, number s

Source 1
bilo‘ s;71 2 3 4 5 6 7
9 .00253 .00055 .00012 - - -

10 . 00050 .00024 .00011 - - -

12 .00141 . 00045 .00014 - - -

18 . 00002 .000011 .00001 - - -

22 .00309 .00033 .00003 - - -

25 .00153 .00017 .00002 - - -

27 .02158 0 0 - - -

Note: This table can be duplicated for use in the hand calculations.




Table 6.19 Sampling Priority List Using Hand Calculating Procedures

Degree of Monitoring
Undetected Resources
Violation Required
Priority| Source Sample {Marginal | Incre- Cumula- |{Per Cumula~
Order No. No.(s) Return mental tive Sample(s)| tive
i sy Ui(si> AC (s) | 2C,(s)) r, R=Ir,
(1) (2) (3) (4) (5) (6) (7 (8)
18.4964 | 18.4964
1 27 1 .02158 |-12.0827 | 6.4137 560 560
2 22 1 .00309 |- 1.7301 | 4.6836 560 1120
3 9 1 .00253 |- 1.4205 | 3.2631 560.5 1680.5
4 25 1 .00153 |- .8418 2.4213 | 550 2230.5
5 12 1 .00141 |- .7821 1.6392 | 553 2783.5
6 9 2 .00055 - . 311 1.3282 | 560.5 3344.
7 10 1 .00050 |- .2314 1.0968 { 543 3887.
8 12 2 .00045 |- .2463 .8505 | 553 4440,
9 22 2 .00033 |- .1823 .6685 | 560 5000.
10 10 2 .00024 |- .1294 .5388 | 543 5543,
11 25 2 .00017 |- .0952 L4436 | 550 6093.
12 12 3 .00014 [ .0776 .3660 | 553 6646.
13 9 3 .00012 |- . 068 .2980 | 560.5 7206.5
14 10 3 .00011 |- .0622 .2358 | 543 7749.5
15 22 3 .00003 }- .0192 .2166 | 560 8309.5
16 25 3 .00002 - .0107 .2059 | 550 8859.5
17 18 1 .00002 |- .0087 .1972 | 550 9409.5
18 18 2 .00001 |} .0073 .1899 | 550 9959.5
19 18 3 .00001 | .0061 .1838 | 550 10509.5
20 27 2 0 - .00001 .1838 | 560 11069.5
21 27 3 0 0 .1838 | 560 11629.5
Note: This table can be duplicated for Use in the hand calculations.
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Table 6.20 Sampling Rates Using Hand Calculation
Procedures

Maximum monitoring resources available, R = $ 5000

Maximum acceptable degree of undetected violations =

———

No. of
Min. No. Max. No. Times Monitoring | Pegree of
: g
Source Samples Samples to be ReSources Undetected
Required Allowed Sampled Violations
No. . L Needed ¢ (s.)
{ i 1 Sy $ 124
(L (2) (3 (4) (5) (6)
9 0 3 2 1121 .0871
10 0 3 1 543 . 2491
12 0 3 2 1106 L1132
18 0 3 0 0 0.
22 0 3 2 1120 .0215
25 0 3 1 550 .1073
27 0 3 1 560 .00001
Totals: 5000 .57821
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SAMPLING RATES

Although discrepancies may be found in the priority ordering for
each procedure, relatively little disagreement should be found in sampling
rates for a sufficiently large budget. Different marginal returns may
suggest different priorities, but both procedures should be able to sense
in general terms, those sources that require high monitoring pribrities,
It was seen, for instance, that both procedures recognize the need to

monitor source 27 first, but found repeat monitoring unimportant.

Table 6.20 and Table 6.22 present sampling rates for each procedure
assuming a fixed budget of $5,000 and the results are close. In both al-
locations sources 9 and 22 are monitored twice and sources 12 and 27 once.
Small differences are found in the number of samples required for sources
18 and 25. The computerized procedure would monitor both sources once,
but the hand procedure monitors source 25 twice. Another difference be-
tween the two methods can be seen for source 10 which is monitored once
by the hand procedure, but is not monitored by the computer method. This
difference is largely due to the different sequences in which the budget
is spent. Using the hand procedure, it was possible to spend $4,997 to
monitor 9 times, but using the computerized procedure it was only possible
to monitor 8 times for a cost of $4,460. Had the hand calculation run in-
to similar budetary limits during allocation number 9, source 10 would not

have been monitored, and both procedures would agree.

The disagreement in the sampling rates appear quite small. Both
procedures tend to monitor the seven sources at about the same frequency
but may accomplish these tasks in different sequences. Both procedures
recognize the necessity to assign a high monitoring priority to potentially
harmful sources and to give lower priority to situations where additional

effect would yield relatively little new information.
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Table 6.22 Final Allocation Using Computer
Calculation Procedure
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SECTION 7
COMPUTER PROGRAM DOCUMENTATION

7.1 INTRODUCTION

The Effluent Monitoring Program (EFFMON) computes a priority al-
location used to schedule future monitoring visits to discharge sources,
having been given past information about those sources. For a description
of the solution technique and restrictions on the model, the reader should
consult Sections 2 and 5. This section will present documentation for
EFFMON including general requirements for implementation, descriptions
of the main program and subprograms (flow charts included) and, finally,

definitions of program variables.

The EFFMON code conforms to ASA Standard FORTRAN V and has been
successfully run on a UNIVAC 1108. The average size of the program on
the UNIVAC 1108 is about 42K words. Along with the use of logical units
5 and 6 as card reader and line printer, two auxiliary mass storage units
are utilized by the program for temporary storage. Logical unit 11 is
referenced in the main program only, and is used to sequentially store
discharge data for all sources; the data is then read back one source at
a time as needed to compute initial statistics, probability of no violation
and expected damage for that source. Logical unit 12 is called in the main
program to sequentially store certain computed statistics for each source
until the time such statistics have been computed for all sources; then,
if these statistics are to be written out, subroutine QUTPUT is called,
and the statistics are read back andprinted source by source (see Figure
5.7 for an example). Note that if NOUT (the flag variable which controls
this putput option) is non-zero, OUTPUT is not called and unit 12 is not

used.
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One machine-dependent feature of the program which might need
to be changed occurs in subroutines PNVCOM and EXPDAM. In those two
routines, variables labelled as "WENDTA(7,J,-)" and ""WENDTA(6,J,-)" are
set equal to extremely large numbers. The reason for doing this is so
that an overflow condition will exist when printing out certain terms.
The UNIVAC 1108, which the program was run on, prints out the desired
asterisks in this case. Adjustments may have to be made on another
machine. ©Note that these asterisks are printed in the (optional) sta-
tistical summaries in place of a value for expected damage and prob-
ability of no violation when duplication (in multiple pipes) of any

constituent at a source occurs.

One other item requiring attention is the function RNORM. Re-
ferenced within Function XNORM, RNORM(X) computes a rational function

approximation to the standard normal distribution function with argument
X:

X
RNORM(X) = —1—/ exp(-t2/2)dt
V2T o

RNORM is a library function available through the UNIVAC 1108 STAT~PACK
(statistical library). The method for computation as described by STAT-
PACK is:

f; X <0
RNORM(X) =
1-f; X >0
where
6 il]-16
i 2
1=0
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and where the ai's are taken from Hastings' Numerical Approximations for

Digital Computers (Princeton, 1955). .The user must accommodate EFFMON

by supplying a suitable reference for RNORM.

7.2 PROGRAM DESCRIPTION

The EFFMON main program and subprograms are described in the suc-
ceeding pages. Figure 7.1 demonstrates the linkages between the main
program and subprograms. Simplified flow charts of major individual
routines are presented in Figures 7.2 through 7.10. All equations

labelled therein are located in Reference [1].

Main Program

The main program reads all input data and echo prints all inputs.
The constituent data are converted where the units are inappropriate
(standard units for the program are the same as those listed in Table 5.4).
The only other calculations done in the main program are those for es-
timating an average pipe flow for each pipe. The rest of the calculations
and output are carried out by subroutines coordinated by the main program.
For each source to be considered, the main program calls ISTAT, PNVCOM,
and EXPDAM to determine initial statistics, calculate the probability of
no violation, and find the expected damage of undetected violations re-
spectively. The priority allocations and corresponding output are then
created by calling PRIORT. Additional output of the statistics of the

individual sources is obtained by calling OUTPUT.

Subroutine ABEF

Subroutine ABEF computes the coefficients used in calculating

the expected damage for pH/pOH.
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Figure 7.3 Function COMEXD
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Function COMEXD

Function COMEXD calculates the expected damage of any non-pH con-
stituent with the use of IN, IL, ININFB, ILINFB, ILINAO, and XNORM.
DAMAGO is used to calculate the damage which would occur under zero load

and this damage is subtracted from the expected damage.

Function DAMAGO

DAMAGO calculates the damage for a given constituent that would
occur under zero load (damage caused by the upstream concentration of

the given constituents). This value is also used as the delta function

*
coefficient.

Function DIFF

Function DIFF is used in conjunction with function XNORM in order
to obtain greater accuracy in taking the difference of two values of the

standard normal distribution functions.

Subroutine EXPDAM

Subroutine EXPDAM determines the expected damage for a single
source using functions PHEXD (constituent pH/pOH) and COMEXD (non-pH
constituents), and sets the source expected damage equal to the maximum

of the constituent expected damages.

*The delta functlon concept is used in the case of normally distributed
constituents. The normal distribution curve includes loading values
from - to +~, Since actual loading values cannot be less than 0.0,
the delta function accounts for this fact by lumping all negative values
together and adding them into the 0.0 loading value when calculating
expected damage.
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Functions IL, TLINAO, ILINFA, ILINFB, IN, ININFA, ININFB

These functions (along with the entry point RILBT1 in IL) all

compute variations of the integral (C.2.9 in Reference [1]).

IY(e,f,a,B,p,o) = (ex + f)¢Y(x)dx ,
a
where ¢Y is the normal density function with mean u and variance 02 if
Y = normal, and where ¢Y is lognormal, with mean and variance of the
corresponding normal distribution being p and 02, if vy = lognormal. All
of the above functions beginning with the letters "IN" are normal, while

those containing "IL" are lognormal.

Subroutine ISTAT

Subroutine ISTAT calculates the initial statistics for a single
source. ISTAT combines all given data to find an estimated mean and
standard deviation for the loading of each constituent of each discharge
pipe. First, these estimates are made for each month (or group of months
if any sample size is less than 4) by calling PARAMS, then compliance
monitoring data is used to improve the monthly estimates, and finally,
the estimates for all the months are combined into a single mean and

standard deviation for the constituent.

Subroutine ORDER

ORDER organizes a given array of values into descending order.
Called by PRIORT, ORDER 1s used to rearrange the marginal returns so that

a priority allocation can be made.
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Subroutine OUTPUT

This subroutine prints one table for each source being considered
(see Figure 5.8 for an example). The table summarizes the source statistics
for the monitoring period by listing average source flows as well as stand-
ards, means, standard deviations, expected damages, and probabilities of
no violation for each of the constituents, and also source expected
damage and source probability of no violation. OUTPUT is called by the

main program only if the user has specified that he desires such tables.

Subroutine PARAMS

PARAMS estimates a mean and standard deviation for the loading of
a single constituent given a sample mean, sample maximum, sample size,
and distribution specification (normal and lognormal). PARAMS uses two
functional models (one for the normal case, the other for the lognormal
case), which were developed from the methods of Appendix A of Reference
[1]. PARAMS will also yield estimates of mean and standard deviation for

the constituent pH/pOH given a mean and maximum, or mean and minimum, or

maximum and minimum.

Subroutine PHDMGO

PHDMGO is analogous to DAMAGO in that it calculates the damage
caused by zero loading (the upstream damage) or, equivalently, the delta
function coefficient. PHDMGO specifically treats pH/pOH, and DAMAGO is

called for all other comnstituents.

Function PHEXD

Function PHEXD calculates the expected damage for a pH constituent.
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Calling ABEF to compute coefficients, PHEXD uses IL, RILBT1, and ININFA.
PHEXD also calls PHDMGO to calculate zero-loading damage which is sub-

tracted from the total expected damage.

Subroutine PNVCOM

PNVCOM, for a source with multiple discharge pipes, combines con-
stituent loads when the same constituent occurs in more than one pipe of
an effluent source. That is, PNVCOM creates a single mean and single
standard deviation for each distinguishable constituent of a multi-pipe
source. PNVCOM also calculates probabilities of no violation (with the
use of IN, ININFA, and ILINFA) for all constituents and combines these
into a source probability of no violation. In addition, PNVCOM calculates
the total effluent source flow and sets the combined DO concentration if

DO data has been provided.

Subroutine PRIORT

PRIORT calculates the total cost to monitor each source. PRIORT
also calculates marginal returns for each source and calls ORDER to sort
these into descending order. Depending upon which print options are
specified by the user, PRIORT uses this sorted list to determine the
sampling allocation and prints tables giving the sampling frequencies,

monitoring costs, and costs of undetected vioclations.

Function XNORM

XNORM finds the value F(x) of the standard normal distribution
function with argument x. If lxl < 4.0, XNORM calls RNORM (see Section

5.1, Introduction, for an explanation of RNORM) to find this value.
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For |x| > 4,0, XNORM uses its own approximation formula (for greater accuracy).

XNORM contains entry point DNORM, used when calculating 1-F(x).

7.3 DESCRIPTION OF VARTIABLES

Variables residing in common blocks within the program will be
described in Table 7.1. Then in Table 7.2, local variables are defined
according to their respective subprograms. Note that the variable I,
defined under COMMON/UPDATE, is used consistently throughout both tables
to refer to that effluent source which is currently being worked on by

the program.

A complete program listing follows Table 7.2.
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Table 7.1 Description of Common Variables

VARIABLE DEFINITION

COMMON/BI1J/

-—Refer to Equation C.2.22 in Reference 1--

Al Mass loading coefficient of downstream
concentration for pH or pOH constituent, aiJ
B(1) Downstream concentration factor for pH, b,
B(2) Downstream concentration factor for pOH, b,
COMMON /BODDMG/
TQS Total flow for effluent source I
Qu Upstream flow at effluent source I
Cs Mean of DO concentration for source I
IBOD Internal flag for BOD to indicate the
calculation of either zero load damage or
delta function coefficient
COMMON/BRKPTS/ th
S(J) Damage value of the J ~ point of the non-
J=1,...,6 pH/pOH damage functions
SSPH(J) Damage value of the Jth point of the pH/pOH
J=1,...,11 damage functions
COMMON/CONST/
Parms (J,K) Alphanumeric description (J=1,...,5
alphanumeric words) of constituent
identified as K (see Table 5.4)
COMMON/DMG1/ th th
DAMAGE (J,K) The K~ breakpoint of the J function
K=1,...,6 where J is the damage function identifica-
tion number (see Table 5.3)
COMMON /DMG2 /
DMG (J,K) th
J=1 and The K breakpoint of the pH damage function
K=1,...,11 th
J=2 and The K breakpoint of the pOH damage
K=1,...,11 function
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Table 7.1

Continued

VARIABLE

DEFINITION

COMMON/EXP/
NPPARS (J,I)

COMMON/FLAGD/
1D

COMMON/IST/
MNTHQS (J,K)
K=1,...,24

NSIZE (J,K,L)

SMEAN (J,K,L)

SMAX (J,K,L)

NOCPTS (J,K)

MNTHSZ (J,K,L)

Z(J,X,L)

DELTA

GAMMA

KETA

Number of constituents discharged from pipe
J of effluent source I

Distribution of constituent being examined
(0 for normal, 1 for lognormal)

Sequentially numbered months (in the range
1-24) for which data was entered for pipe J
of source I

Sample size for data on the Kth constituent
of pipe J, month L of source I

Sample mean of the Kth constituent of pipe J
month L of source I

Sample maximum (or minimum in the case of pH)
of the Kth constituent of pipe J, month
i of source I

Number of compliance monitoring points for Kkt
constituent of pipe J of source I

Numbered month (in the range 1-24) corres-
poinding to the LtD compliance monitoring
point (Z(J,K,L)), Kth constitutent of pipe
J, source 1

Lth compliance monitoring point (maximum 30
points) for the Kth constituent of pipe J
of source I

Not used

Coefficient used in Bayesian update in
Subroutine ISTAT

Coefficient used in Bayesian update in
Subroutine ISTAT
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Table 7.1

Continued

VARIABLE

DEFINITION

ENU

IPARM (J,K,I)

ISTATS (I,J,K,L)

L=1

L=2

L=4

COMMON/ISTPNV/
MU (J,K)

SIGMA (J,K)

COMMON/QUT/
WSRC(1)

WSRC(2)

WSRC(3)

UPFLW
DO
NPTSW

WEND(1,J)

Coefficient used in Bayesian update in
Subroutine ISTAT

Coefficient used in Bayesian update in
Subroutine ISTAT

Constituent identification number of the
Kth constituent of pipe J of source I (see
Table 5.4)

Combined mean of the Kth constituent of

source I, pipe J (for the monitoring period)
Combined variance of the Kth constituent of
source I, pipe J (for the monitoring period)
. . , th
Combined confidence in the mean of the K

constituent of source I, pipe J (for the
monitoring period)

Combined confidence in the variance of the
Kth constituent of source I, pipe J (for the
monitoring period)

Combined mean of the Kth constituent pipe
J, of source 1 {(equal to ISTATS (1,J,K,D

Combined standard deviation of the Kth

constituent pipe J, for the monitoring
period for source I (equal to ISTATS

@,J,K,2))
Identification number for effluent source I

Expected damage for effluent source 1

Probability of no violation for effluent
source 1

Upstream flow at effluent source I
Mean of DO concentration for source 1
Number of pipes for source I

Mean discharge flow of pipe j, source 1
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Table 7.1 Continued

VARIABLE DEFINITION
WEND(2,J) Number of constituents of pipe J, source I
WENDTA(J,K,L) For Lth constituent of pipe K of source I:
J=1 Constituent identification number (see
Table 5.4)
J=2 Constituent effluent standard
J=3 Constituent distribution code
J=4 Estimated constituent loading mean for the
monitoring period
J=5 Estimated constituent loading standard
deviation for the monitoring period
=6 Constituent expected damage
J=7 Constituent probability of no violation
COMMON/PCOPT/
ICOPT Damage function point (1,2,3,4,5, or 6)

whose corresponding damage value is

closest to the upstream concentration for
a non-coupled constituent (the same point
is used for all non-coupled constituents of
all sources)

COMMON/PNVEXP/
--For this common block, constituents present in more than one pipe of an
effluent source have been combined and each of the J constituents is

distinct--

DIST(J) Distribution of the Jth constituent of source I
specified as 0 or 1 for normal or lognormal

TMU(J) Mean loading of the Jth constituent

TSIG(J) Standard deviation of loading of the Jth
constituent

COMMON/PRI/ (as listed in MAIN)

NOPIPS (I) Number of pipes at effluent source I

NOPARS (I) Number of distinct constituents of effluent

source I (constituents present in more than
one pipe are only counted once)
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Table 7.1 Continued

VARTABLE DEFINITION

INDPAR(J,I) Index of distinct constituents (J=1,...,10)
of effluent source I

ISFUP(I) Upper sampling limit of effluent source I

ISFLOW(IL) Lower sampling limit of effluent source I

EXPDM(I) Expected environmental damage due to
effluent source I

PNV(I) Probability of no violation of effluent
source I

10UT1 Qutput option 1 (a value of "1" signals to
print)

10UT2A Qutput option 2A (a value of "1" signals to
print)

I0UT2B OQutput option 2B (a value of "1" signals
to print)

I0UT3 Output option 3 (a value of "1" signals
to print)

NAME (I,J) Source identification for source I (J=1,...,13
alphanumeric words)

B Budget limit for the monitoring agency during
the next monitoring period

D Desired limit to the undetected violation cost

NUSORS Number of effluent sources actually included in
the allocation procedure(out of all those
entered in input)

INSORS(I) Index of effluent sources actually included
in the allocation procedure.

PIPCST(J) Cost to monitor an effluent source with
J pipes

CONCST(J) Laboratory cost to analyze a sample
containing constituent J (see Card Groups
3-6 in Table 5.1)

COMMON /UPDATE/

I Ef fluent source currently being examined

QsS(J,I) Calculated estimate of pipe flow for pipe

J of effluent source I
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Table 7.2

Description of Local Variables

VARIABLE

DEFINITION

MAIN PROGRAM

— See Section 5.2 for a description of input variables --

Subroutine ABEF

-- Refer to Equation C.2.27 in Reference 1 --

Dl
D2

XD
ALPHA
BETA

Function COMEXD

T™U

TS1G

FUNC1

dJ(k) where k is KD below
dJ(K+1) where k is KD below
(from C.2.222b)
(from C.2.22¢)

iJ
iJ

= o o

o

g

iJk
iJk
€13k
fiJk
Internal flag indicating if ALPHA and

BETA are both outside of limits (where
the limits are

.0000001 < ALPHA < BETA < 1.)

L=1 if ALPHA and BETA are within limits,
2 if not

Combined mean of the loading of con-
stituent M (defined below) for the
entire monitoring period and all pipes
of an effluent source where M occurs

Combined standard deviation of con-

stituent M for the entire monitoring
period and all pipes of an effluent

source where M occurs

Constituent identification number as
defined in Table 5.4

External function -- IN or IL
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Table 7.2

Continued

VARIABLE

DEFINITION

Function COMEXD Continued,.

FUNC2

A

ALPHA

BETA

DJB

Subroutine DAMAGO

DJB

B

BBOD

Subroutine EXPDAM
IPARAM (J)

KBOD
EXPDM

NOPARS

IPARM(J,K,I)

NOPIPS(I)

External function -- ININFB or ILINFB
a; (See equation C.2.4b, Reference 1)
biJ (See equation C.2.4c, Reference 1)

eijk (See equation C.2.7d)

fijk {See equation C.2.7e)
aijk (See equation C.2.7b)

Bijk (See equation C.2.7¢)

Delta function coefficient or zero-loading
damage for constituent M

Delta function coefficient or zero-loading
damage for constituent M

Constituent identification number (as
defined in Table 5.4)

Coefficient B of COMEXD
Coefficient B adjusted (if the constituent is

BOD)

Constituent identification number (as defined
in Table 5.4) for Jth distinct constituent
of source I

Coefficient KBOD (C.2.16)
Expected damage due to effluent source I

Number of distinct constituents of
effluent source I

: . . . th
Constituent identification number for K

constituent of pipe J of effluent source I

Number of discharge pipes for effluent
source I

Effluent source number
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Table 7.2 Continued

VARIABLE DEFINITION
EXPD(J) Expected damage for each distinct
constituent of effluent source I
A a, (as in COMEXD)
B bij (as in COMEXD)
COPT Upstream concentration of a non-coupled
constituent

Functions IL, ILINAQ, ILINFA, ILINFB, IN, ININFA, ININFB

--Refer to equations for the normal integral (C.4.1) and lognormal
integral (page 197) in Reference 1--

A a

B b

ALPHA o certain of the above functions use constants
in place of a, b, a or B in order to

BETA B calculate commonly used integrals

MU u

SIGMA ©

Subroutine ISTAT

NOPIPS Number of discharge pipes for effluent source I

NPPARS (J) Number of constituents of pipe J

NMNTHS (J) Number of months of constituent and flow data
for pipe J

DIST(J,K) Distribution of constituent K of pipe J

Qu Streamflow just upstream of effluent source I

EMEAN(L,J,K) Estimated mean of loading \

ESIGMA(L,J,K) Estimated standard deviation
(or at some points, variance) Pipe L, Jth

constituent,

ETA(L,J,K) Confidence in the estimated month K
mean

NU(L,J,K) Confidence in the estimated /

) variance
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Table 7.2

Continued

VARIABLE

DEFINITION

Subroutine ORDER
MR (M)

ISORC(M)

Subroutine OUTPUT

NUSORS

Subroutine PARAMS

SSIZE

SMEAN

SMAX

SMIN

IONESD

DIST

EMEAN

ESIGMA

IPRM

Subroutine PHDMGO

DJB(1)
DJB(2)

Function PHEXD
T™U(J)

TSIG(J)
TQS

Qu

Array of M marginal returns to be organized
into decreasing order

Array of effluent source numbers
corresponding to marginal returns in XMR,
which is organized exactly as XMR

Number of elements in XMR and ISORC as
calculated by the program

Number of effluent sources included in the
allocation procedure, ({see definition
of INSORS in Section 5.2)

Sample size of constituent loadings
Sample mean of constituent loadings

Sample maximum (or minimum for pH) of
constituent loadings

Sample minimum (for pH) of constituent
loadings

Flag to indicate pH data in maximum/
minimum form (no mean)

Constituent loading distribution
Estimated mean of constituent loading

Estimated standard deviation of
constituent loading

Constituent identification number (as in
Table 5.4)
Expected damage for zero-loading of pH

Expected damage for zero-loading of pOH

A monthly mean for constituent j=1=pH, j=2=pOH
A monthly standard deviation for J=1=pH, J=2=pOH
Total flow for effluent source I

Streamflow just upstream of source I
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Table 7.2 Continued

VARIABLE

DEFINITION

Function PHEXD continued
A

B(J)

PSI

Subroutine PNVCOM
NOPIPS

NPPARS (J)

NOPARS

IPARM(J,K)

INDPAR (M)

DISTYP(J,K)

EFST(J,K)

Qu

PNV

ICOR

TQS
DO
CS

T™MU (M)

TSIG(M)

TEMPNV

TEMPM

SUMM

a,y (from C.2.22b, reference 1)

bi , where J=pH=1 or J=pOH=2 (from C.2.22c,
re{erence 1)

Delta function coefficient for pH and pOH

Number of discharge pipes, effluent source I
Number of constituents discharged from pipe J

Number of distinct constituents, effluent
source I

Constituent identification number for Kth

constituent of pipe J

Index of constituent identification numbers
containing each distinct constituent

Distribution of Kth constituent of pipe J (0
or 1 for normal or lognormal)

Effluent standard of Kth constituent of pipe J
Streamflow just upstream of effluent source I

Probability of no violation of effluent
source I

Flag indicating if the constituents of source
I are correlated (I=1) or not (I#1)

Total effluent source flow
Dissolved oxygen concentration
Dissolved oxygen concentration (CS=DO)

Mean of Mth distinct constituent (all pipes
of effluent source I combined)

Standard deviation of Mth distinct constituent
(all pipes of effluent source I combined)

Probability of no violation for a single
constituent

m in equation C.3.4, reference 1

m in equation C.3.4, reference 1
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Table 7.2 Continued

VARIABLE DEFINITION

Subroutine PNYCOM continued ....

TEMPV v in Equation C.3.5, Reference 1
SUMV v in Equation C.3.7, Reference 1

Subroutine PRIORT

IPARM(J,K,I) Constituent identification number for
the Kth constituent of pipe J, effluent
source I

NPPARS(J,1) Number of discharged constituents of
pipe J, effleunt source I

RESRCE(I) Total resource cost to monitor source I

XMR (M) Marginal returns array where number of
elements in array XMR =

NUSORS
ji: (ISFUP (1) - ISFLOW(I))
I=1
(see COMMON/PRI/ for definition of other
variables)

ISORC(M) Effluent array containing the sources
which correspond to the marginal returns
in XMR above

TMR(M1) Marginal returns array containing XMR
plus marginal returns for the lst through
minimal number of samples for each source
where number of elements in array TMR =

NUSORS
j{: ISFUP (I)
=1

(see COMMON/PRI/ for definition of

variables)

ISORCT (M1) Array containing the sources which cor-
respond to the marginal returns in TMR
above

NUM(T) Number of monitoring visits allocated

to effluent source 1

Function XNORM

X Argument of the staandard normal dis-
tribution function, F(x)
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10.

15,
1é.
17.
18.
19.
20
21.
22.
73,

2
r o

?:’3 »
27.
2R,
29.
30.
3t
32.
313.
I&,
I5.
e,
37,
R&,
g,
G0.
41.
42,
u3.
S4d,
a5,
us.
67,

usS,

MAINIC1L)

DIvgn310M NMNTHs(Q.so)nDOSAT(SO)-QSﬁEAN(avau)vIONEsD(so)i
¥ DIS?YP(U'10.30).gu(30)oGSUNIT(U)vPRUNIT(U-za).EFFLOH(U'30)|
3 EFST(441093U),x1¢303oM(30)+1P(10)¢TUNIT{10)9ICORC3IO)

REAL KRUD(I0D) eKETA urJrISTATS

ITNTEGER DISTVp-quNrTvPPUNITOPIPNO
COMMOR/IST/MNTHRS 18 2Uu) s NSIZE(Uy10+24) ySMEANLE10024) s
¥ EM X (Ue10420-) INOCPTS(O 9 0) yMNTHSZ T4 v10+430)9Z(4910+30)0DELTA,
* Gart s v T UAGKNUYENU IPARM(U310+32) ¢ ISTATS{300491094)
COMuNu/FEI/NOPIPS(20) yNOPARS(30):IxCPARI10930) 9 ISFUP(30)

# ISFLow(BO)-ExPDM(SO).PNV(SO)vloutloIOUTZAoIOUTZBoIUUTSo

*  NAWE(3Us13) 4890, NUSORS, INSORS(30)+PIPCST(4)+CONCST(30)
COMMGII/DMGY/DAMAGE (3046)

CoMnn/D4G2/DMG (S 1 1)

COMMOM/ERKETS/S(6) e SSPH(L11)

COMMEC, /PCUPTZICOPT

COMuQr/EYP/PPARS (U4 30)

Commny, Z/UPLETE/TyQS(8e30)

COMuN/LANST/PARMS (5430)

INCLURE P1eLIST

DATA ¢80J)eJdz106)/0012e18e16,9800104/

TATA (SSPH(JYeJdz1011)/000lev00300loeSe160vTet8,09,9104/

DaTh “PIPCST(J) ¢ J=144)/5254152%+¢85744857,/

PaTe (CUnCST (Y Ja1e303/7805¢104020400s 01002 0,0509150974591540
‘130o7~5'15~08c!7.5.7.5!7-5115.0705!10v'10.'3-’0.012.5'10.'5.!5.'
0, ';'.':,5./

Dive (DEMAGEC10I)0J21¢6) /001001 ¢e059430045001,7

DATA (DaMAGE(20d)eJ2146)/0craloadre992.7034/

DATa (DAMAGE (34J) 0 dx1e)/9e18avbaBoloSelaBe,9/

DAaTa (DAMAGE(UI) 1 TJ2196)/0es0eeVesNerUer0s/

DATA (DAVAGLLSeJ) o Jz106)/50¢070e¢90ev110a0130401S0a7/

DaTy (DAHAGE(6edY o J2116)/0:10090000640490,7

DAT2: (NAMAGE(Ted)91Js1+6)/04025e91754020044240442504/

Dave DamMAGE (Bed)sJzt1em)/0,reUl8ea15¢,250435044/

DaTe (PeMACECI90)0Jz106)7/0094020405¢8 40804¢50,7

DaTy (DeMASE(104J)edz=106)/0,0100,42000,97500.915000490150000,7
DaTa (DLMAGE(114J)ed=106)70,920,¢20049800,93000,950000,/

Dava (DAMAGE(12¢J) 0 Jd21e5)1/040402001 01605401047/

DaTas (DAMAGE(13,4J)eJ=116)/040e019,02¢.05¢419.5/

DATA (DAVMAGE(144J)9J=106)/eT0eBrea9:1e21360847/

DATA (DeMIGE(15¢)¢dz100)/0evelteIeeele7e3,/

ATl AMAGE(160J)0J2146)/001960051,050.19e259435/

DATA (TDLHAGE(1T9Jd)edz1903/70494050,17¢,598,91.57
DATA(DEYAGE(18eJ)1J21¢6) /0016005 0a0059¢0190.02905/

DLTA (OA“LGE(\Q'J)'levé)/ncc.Olol.ls.cq-vaﬂn/

Cata (DeMAGL(204J)eJ=126)/460,993,94.5+1749104/

DaTy (DAMARE (21 ,J) ¢ J=1906)/001.010a105,930,950,/

DTy (DAMLBE(22,J)4Jd=100)/5%0,/

DsTA (DAMAGC(23,4J)4J=10b6)/06*0,/

DATLe:a*eGR (240 ) 102196)7001,00059,00]194020,1042/

DATE 021876

00000100
00000200
00000300
00000400
00000500
00000600
00000700
00000800
00000900
00001000
00001100
00001200
0000130¢C
00001400
60001500
000Cie00
00001700
00001800
00003900
00002000
00002100
00002200
00002300
00002400
00002500
00002600
00002700
00002800
00002900
00003000
00003100
00003200
00003300
00003400
00003500
00003600
00003700
00003800
00003900
00008000
00004100
00004200
00004300
00C04400
00004500
000046n0
00004700
00004800
00004900
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A TN (L)) DATE 021876 PAGE

SJe DATA(DA”AGE(ZS'J)9J=lv6)/0.0-1'.2'-501.6v10./ 00005000
St DaTA (DAMACE(264J) 21 J2110)/100¢0¢200,+500e¢¢1000,01500,92300,7 00005100
Sé. DATA (DAMAGE (27 4J)¢eJ=196)/040204940,¢100,+2680,93004/ 00005200
<3, DaTe (DAMAGE (U)o J=106) /000l e12.593,444010./ 00005300
4, DATa (DAMAGE (29,J) ¢ J=1+96)/0s010,0806010049300491000,/ 00005400
£S. DATA (DAMAGE(304J)sJ21006)/0e904¢90,¢04900004/ 00005500
So. C PH.y 00005600
S7. Dava (CMGLLoJ)eJd=1911)/¢0000001¢4000000178900000003316+.0000005600005700
'S8, 2534003001 1eU0G00316¢¢C0001+40000316¢¢0001¢.0001820.000126/ 00005800
S9. C POH-2 00005900
&60. DarTa (OMGE20J)eJd=14911)7e00000080.0000003169.000001+400000158¢40000060600
61, EA0002510,000005019.,000019,00003169.00019.000112+0000126/ 00006100
62 . C KA ke b ks k kRS KERFERAARXKRCKFR AR E XX FFRIRRRERFERRXXEERF R AKX A S KX ¥x¥%00006200
H3, C 2 sk xxskssea S84 5 R b kbR aRERMERRKXPF L KFAEBXEKARKXXRRKRXXXKXXXEXXX00006300
&d. [of 00006400
€S. C pEAD IN U3Fw-SPECIFIED DAMAGE FUNCTIONS AND MONITORING COSTS 00006500
65, C (PROGOAM 445 PRESET FUNCTIONS AND COSTS IF NONE ARE READ IN) 00006600
a7. C 00006700
hE RE&N(Se2000) ICOSTSIDMGeIDAMAG,ISS 00006800
€9, 9000 FORvAT(J(Ile)x)) 00006900
70, WPTTE (6:900) ICOSTS.IDMGoIDAMAG'IS§ 00007000
71, 900 FORMAT('{'ei0(¢'a'),!THE INPUT CARD DATA FOLLOWS!el10(!m=1)ss101, 00007100
72. 1 PTCOSTSS a1 eT2 et IDOMG o1 vT4 e IDAMAG= ¢ I19T6L9!1SS=1411)00007200
73. TFOTCH8TS . EG,0) GO 10 7 00007300
74. PEAn(S+510) (PIPCST(TI) e I=19d) s (CONCST(I)eI=1030) 00007400
75. G100 FOoRMAT(4(F10.Co5X) et (/7B8(FS.295X))) 00007500
76. 7 IF(¢10NG.FI,U)Y GO TO 9 00007600
77. ISCINUG.NE,L AMD,IDMG,NEL.2) GO TO 200 00007700
THe MY Q@230 IVUNs1eIDMG 00007800
73, 9209 RFAG(S.7390) I1,(OMGCI1edyed=101Y) 00007900
¢, 9305 FOP»AT(l14dXs6F10a34/5X95F1C.3) 00008000
f1. 9 IF(IdraMaG,E3,0) GO TO 1] 00008100
2. TFCINaMaG LT 1., 0R.IDAMAG,GT,30) GO TO 200 00008200
az, D0 0u)n IoUM=ieIDAMAG 00008300
Ry, 9400 READCSISU0) L1 (DAMAGE(IeJ)sJz1486) 00008400
S, 9500 FORMAT(12¢3x15F10e3) 00008500
Rt o 11 IF(ISS.EN.0) GO TO (3 00008600
&7. RELACSeY600) (S(J)ed=1e6) e (SSPH(Jyedzt4ll) 00008700
a3, 960N FORVMAT(OFS,2+/11F5.2) 00008800
R9. 13 WRITZ(69G10) (I PIPCSTCI) o I=19d8)e(ToCONCSTCI) e (PARMS(JeI)9J=145)s 00008900
Q. 1 T=1030)e(Jedmlol ) e (CUMGCIod) et vil)elztel2)r(ds 00009000
o5, 2 J=1ebe) e (1o (DAMAGE{TeJ) o J=1e6)e1=1,30)) 00009100
Q2. Q10 FOURMAT(IO!N,!1PLIPCST(1412s1 )t sF102+10x'*«IF PIFPCSTs CONCST, QR!y 00009200
°3, 1 t DaMAGE FUNCTIONS AND BREAKPOINTS WERE NOY READ INete/t 1900009300
94, 2 oX e T VvV IDe 115, F10,2¢17Xe'VALUES PRINTED ARE THOSE EXIST!e 00009400
55, 3 VING IN THE PROGRAMI 2(/71 146Xy ' (1el2s1)a19F10.2)e/'0, 00009500
Qb ] TCONCST( 9124 1)V oF10.2010Xx85A84029(/1 TebXg1 (1412, 00009600
Q7. S YISV oF 1 0e2030a340) o/ 1y T18,1JV 9 i0(1209%X)el2e/t Yo 00009700
g, 6 TwaPrly/t 1o 1DMG(1eJ) e 2XeLiF 11,70/ PylaepOuly/1 1o 00009600
99, 7 TOMG(2e Y 12X 1 1F 1L aT e/ 0 ¢ T1801I=196(2X91249X) /101900009900
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100,
101.
102,
tnl,
14,
105,
ins,
197
1c8,
inv,
110'
111,
112,
113,
114,
115.
t16.
117,
i15.
119.
1729,
121,
122.
123,
124,
12S.
126,
127,
128.
129,
130
131,
132,
1313,
11;‘.
135,
130
137.
115,
139,
140,
lat.
fe2,
a3,
1““.
IQS‘
‘ub.
147,

¢
c
o

c
c
¢

M A TINC(C1L) DATE 021876

) TUAMBGE (1 912¢ 19 J) 1 elxeOF 1345929071 196Xe1(1012¢414J)1e00010000
9 1Xe6F13.5)) 00010100
wETTE(61920) (S0 1 J=146) v (SSPH(JIvJI31411) 00010200
Q20 FopMa; (10l e's(J) rexe6(3XeFS.2e3X) e/ 10" 1SSPH(J) e3Xel 1 (3XeFS,293X00010300
1)) 00010400
00010500
READ TN CONISTENTS AND OPTIONS 00010600
00010700
PEAD(Sy 1) MOUTTOUTL o I0UT2A10UT2B¢ICUT39ByDeICOPTIIEXPDNOSORSy 00010800
x NUSORS 000109900
1 FOormaT(SrI1edx)e2F10s2¢/72C L 0bx)s2¢12¢3X)) 00031000
WRITE(5e92S) NCUTeTOUT1 o I0UT2A¢I0UT2BI0UT34B¢D4ICOPTHIEXPDNOSQORS00011100
1 +NUSORS 000311200
925 FORMATCIO 'y ' aOUTS ! o I1s T2 e I0UTIST W11 oTU o' I0UT2A=10I10To100UT2100018300
1 TR oI sTBL,VI0UTI= s I1sT101 0B 0F1029T3239!'D210F100)0 00011400
2 /Yt T 1COPT=! 119 T21 et IEXPOS o119 TUly!NOSORSS10]2eTbHL 00018500
3 'NUSURS= e 12) 00011600
REAP(Ss2) ALPHA,GAMMALKETAKNULENY 00011700
P FOPMAT(5F10,2) 00011800
WRITE(6¢930) ALPHA,GAMMAWKETAKNUWENU 00011900
G330 FORMAT('Q' e ALPHAZT GF{(,2¢T2 10 'GAMMAS T ¢F 10,20 TG ¢! KETASI 4F10,2¢T61000120060
1 PP RNUS eF10,2sTELWTENUSZ ' 4F10.2) 00012100
READ(S+3YC(ISFUP (L) ¢ I=1¢30) e (ISFLOWCI) v IS1930)9CICOR(CIJ1IS1930) ggoi2eoQ
* (INSCRS(I)e1=!1sNUSORS) 00012300
T FoPvAT(30129/730120/30114/73012) 00012400
DD & 1s1430 00012500
4 IF(ISFUP(I).LE.ISFLOw(I).AND.(ISFUP(I).NE.O.OR.ISFLUN(I).NE.O)) 6000012600
1 Tn 225 00012700
WRITF(AeQ&0) (I+I=1,NOSARS) 000123¢¢C

QuQ FORMAT('n!eSxs!'SOUPCE I=x1,30(1xe12))
WRITE(S194S)(ISFURPCI)s1=19NUSCRS) 00013000
QUS FEouAT (! e 'ISFUP(TI) 196X 930(1X012)) 00013100
WETTT(ar1Qd6) (ISFLOW(I) 1 1214NCSCRS) 00013200
QUL FORANT(! VYo ISFLON(I) 195X 433(IXs12)) 00013300
KRITE (HyQ37)(ICOR(T)el51+NOSORS) 00013400
Quy FROPuaT(!r 1L ICORCINY»7Xe30(1X012)) 00013500
WHITE(0eQ48) (INSORS(I)eI=1snUSQRS) 00013600
QUR FORWAT ('t INSDRPS(]I) FOR I=) TD NUSORSA1,30(12¢'91)) 00013700
WRITE (He1QUG) 00013800
Quq FOPMAT (10 )SOURCE DESCRIPTIONS 'y /! 1o tID ¢ TOe INAME) , THUyI1QUY ¢ 00013900
1 T721 K300 ¢T79+1D0SAT 189, JONESD NPIP NPPARS(J)¢«NMNTHS'900014000
2 ted) J=t YO NPIPH) 00014100
00014200
READ sOypPcE I0 FOR ALL SOURCES 00014300
00014400
DO 20 I=1e¢NUOSORS 00014500

READ(S 5y IDW(NAME(T«J)oJd=1913)98yu(l)KEODCI)sDOSAT(I)+IONESD(I)y 00014600
¥ MPIP Y (NPPARS(JeI) +NMNTHS(JrI) e J=1aNPIP) 00014700
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89¢

1¢8e
148,
150
151,
152,
153.
15‘.‘.
lss.
155,
1:7.
155.
159.
169,
161
162.
163,
1+4.
163,
165,
167,
168,
169,
170.
17t
172.
173-
174,
175,
176.
177,
178,
179,
126,
131,
122,
183,
150.
18,
186,
1-9‘7.
128,
189,
199,
191,
192,
193,
194,
195,

M A TINI(C1L1)
5 FOPMATP(I2¢1Xe13AUIIXe3EO0e2X0r2120 Z78(T2etXeI201X))

DATE 021876

00014800

WRTTECLECOSDITOY (NAMECLeJ) 1 J=1013)sQUCI)KBOD(I)yO0SAT()+IONESD(I)O000L4E900

P IPy (NPPARS(J9I) o NMNTHS(Je1)eJ=1wNP]P)

1 .
Qso FOpHAT(' '-12v2x-13A4.1X0F12.3o1X0F0c2'2X0F6.2'6X911OSXOIZ'va

1 UeI2e el yI2,1X%))
NOPIPS{I)=NPYIP
JFrIC,MELIY 60 7O 205

20 Comvylauk

READ FLOW% CARU FOR ALL SOURCES AND CONVERT FLOWS IF NECESSARY

[a NaXal

DO 75 I=1+NUSUKS
WRITE (6951)

9S8y FOPMAT('1")
Ji=u6eiPs(l)
DO 4SS JzteJl
NQITE(b.QSS)

955 FONMAT('0'e!PIPE FLOW AND SELF-MONITORING CONSTITUENT DATA!'/1 1,
1 VESCURCE) (PIPE)'eyst 1e3Xe'ID'¢UXe!PIPNO 1IQ@S QSUNIT L)

TMNTHRS ¢ GSMEANe«FOR ALL MONTHS?!)
NMENMNTHS (1)

READ(Se25) IDsPIPNDsIQS+OSUNIT(J) v (MNTHQAS(J¢K) +GSMEAN(JIK) eK=145)

25 FORMAT(I202Xxe312¢5(4X9]212X9E€,40))
IF(NM,GT:3) READ(S¢32)(MNTHQS(J1K) ¢ GSHEAN(JTIK) +KSHINM)

00015000

00015300
00015400
00015500
00015600
00015700
00015800
00015900
00016000
000§6100
00016200
00016300
00016400
00016500
00016600
00016700
00016800
00016900
00017000
go0l7100

32 FOPMAT(10XeUX s 1292XeEbe0oUXsT2¢2X0E00 94X e12¢2X9ELL0rdXeIR29e2XeE6.00001720C

* rdX11212%XeEL,0)

00017300

WRITE{69Q60)I0sPIPNOeIOSsOSUNIT(J) ¢ (MNTHRS(J oK) ¢QSMEAN(J oK) yK=14NMO0O017400

1
Go0 FORMAT(!' '42T161dXv21346Xe6(T309s4(I20! 9t oF10,301Xe?1/1)0/}
IFCID.NE,I.URPIPNOSNECJ) GO TO 220
IFtIN5.NEL99) GO TO 210
CNyRT=1.
IFCGSUMNIT(J) EQ,8) GO TO 381
TF(NSpIT(J)aNEL3) WRITE(60380) I+JsQSYUNIT(J)
330 FORMAT(!'ND'y'AS ERROR==SUURCE !e12¢! PIPE 1+12¢s! UNITS ARE
* RATHER TraN 3 (MGD) OR 8 (ML/CAY)=-PROGRAM ASSUMES MGD!')
DO 3A0H KSLeNM
3800 NSMELN(JWKI=3.,785306%QSMEAN(JIIK)
C ESTIMATE 2 STINGLE MONTHLY FLOW FOR SOURCE/PIPE
361 QS(JeI)=QASMEAN(IN 1Y
TFCENS(IeT)LELC) OS(I9yI)SEFFLOWCINI)
DO 382 Kes2eNM
IF(GSHELAN(JeK)oLEL,0,) GO TO 382
0S(JeI)S(leALPHAY*QASMEAN(J oK) ¢ALPHAXGSCJs])
332 COMTINUE

c
C READ CONSTITUENT DATA FOR ALL SOURCES
c

DD]

tyl2e!

00017500

0001770¢C
00017800
00017900
00018000
00018100
00018200
00018300
00o0i8400
000185Q0
00018600
00018700
00018800
00018900
00019000
00019100
00019200
00019300
00019400
00019500
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69¢

'.Qb.
197,
198.
199,
200
201,
2n2.
203,
294,
2n5,
2ne,
ac7.
2n8.
209.
210,
cit.
212.
213,
2l4.
21S.
216,
217.
218,
219.
220,
221.
222,
225,
224,
225.
226
227.
228,
azq.
230,
2’{1 -
232,
233,
234 .

235,
236,
237.
238,
39,
2¢0.,
2dl.
242.
243%.
2ud,
245,

YOO

MaINCL) DATE 021876

WRITE (6¢965%) 00019600

965 FgrRmaT(! 1) : 000319700

KizNFPAKS (D) 00019800

WRITE(6:907) 00039900

967 FORMAT(!'Q'! 10 PIPNQ IPARM PRUNIT SMAX ¢SMEAN NSTIZE==100020000

1 s VFOR ALL HMONTHS!) 0002048090

DO 84S Kz14K1 00020200

READ(S5¢60)IDepIpNO,IPARMCI e Ky I sPRUNIT(J oK) ¢ [SMAX (T oK oL) s SMEAN{J¢K00020300

®oLY o NSIZE (dokal)sL=21e5) 90020400

IF(MM GT ,S) PEAD(S1390) (SMAX(JsKeL) ¢SMEAN(JTJoKeL) ¢oNSIZECJeKoL) oLs6+00020500

* NMYy 00020600

290 FORMAT(LINX 1 2FE6.0012,2E6.041242E6.041242E6, 0,12v2€6 0¢l2) 006020700

40 FORMAT(ID i 2X9312sS5(2Ebap12)) 00020800

“HITE(629T70)IDPIPND, IPARM(], KoI)prUNIT(JvK)y(SMAX(JvaL)o 00020900

1 SMEAN(JI KoL) oNSIZE(JeKoL) s LZ1¢NM) 00021000
970 FORMAT(! "42I10+5XsTdeldXvl293Xe6(T3004(F10,29T7 9! ¢Fi0s20F9tel2vt/1)0

1 /1))

1F¢ID NE,1,GR,PIPNO,NE,J) GO TO 230 00021300

45 COMTYINUE 00021400

FIMD LYSY CGF DISTINCT CONSTITUENYS FOR SOURCE I 00021500

KisMPPARS (1) 00021600

DD 383 Kxi.X} 00021700

IMDPAR(K,I)=TPARM( 14K, 1) 00021800

IFCINOPAP(XKs1).NE,22) GO TO 383 00021500

IFCINDPAR (K=Y Iy ,NE,L23) GO TO 240 00022000

ITAPRDAR(K=14])3522 00022100

INPpan(K,]11=23 00022200

383 CONTINUE 00022300

NOPARS(IY=K] 00022400

IF(J1.EG,1) GO TO 386 00022500

PO 385 Jz2eJ1 00022600

K{izNPPARS(Jel) 00022700

D0 3RG K=laent 00022800

NO=NOPAKS(T) 00022900

Pg 312a L=ieMNN 00023000

384 IF(IPaRM(JKVI),EQ,INDPAR(LsI)) GO TO 385 00023100

NO=NOG g 00023200

MOPARS( Ty EMO 00023300

INDPAR(!Ne T} IPARM(JIK ]) 0002340¢

IFLINCPAR(MOU, 1) NE22) GO TO 385 00023500

IFCINGPaR(N0=1vI)aNEL23) GO TO 240 00023600

INDPaR(NNe 9 1)S22 00023700

INDPAR(NOI)=23 000623800

335 CONTIHUE 000239400

00024000

READ CONgTITUENY EFFLYUENT STANDARDS 00024100

00024200

3346 WrITE(60940)
QYQ FORMATLIH' v VEFFLUENT STANDARDS Y ¢/t !e) (SOURCE)} (PIPE) e/t 13Xy 00024400
1 P1G e 3X0 (PIPNOT ! EFFLOW!f «eSXo TIPexX1+IJUNITyMeeFOR ALL CONST100024S00

PAGE



0L

286,
2u7.
2ug,
249,
250.
ést.
252,

-253.

254,
25S.
256,
2s7.
258,
259.
260,
261.
262.
263,
2el.
26S.
266,
267,
268.
269,
270.
271.
272.
273.
274,
275.
276,
277.
278.
279,
280,
281,
282‘
283,
aau.
aest
286,
287.
2R8,
2Re,
290.
e9y.
292.
293,
294,

SO FORMAT(IZe1Xe12,1%X,E6,005(T2sE0.0s1X¢21141X))
IF(P,GT.5) READ(SeSI)CIP(KI o X1 (K)o IUNIT(K) 1 M{K)sKSbeNP)

St

985 Fpruéy (!

C MATCH 1@ STANDARDS wWwITH PIPE CONSTITUENTS

S300

S3014

9302

530

531
Sa

SS

70

!

*

1

x

M ATINULCLD)

»CTITUENTS OF PIPEY)
DO 72 J=19J1
NP=NPPARS (T 1)

DATE 021874
00024600

00024800

READ(S5¢50) ICCPIPNOJEFFLOW(JSol) o (IP(K) X1 (K)o IUNIT(K) sM(K)eK=145) 00024900

00025000
00025100

FORMATC12Xe12¢E06e0e1X92I1¢1X0120E6.0eiXv2]loiXeI29EO.0e1Xe2I1s1Xe 00025200

J2.EEe011Xxe2T1el1XeI24Eba0s1X02IY)

WRITECE198S)TIDIPIPNOseFFLOWIINI) v CIPCK) oX1{KI s IUNITIK)I +MIKI ¢+Ks1sNPOOO25400

)
IF(ID.NE T.URPIPNO NELJ) GO TO 250

INS=0

D0 5300 Il=}NUSORS
TF¢INSGRS(T1) NELI) GO TO $300
Ingzt

GO 10 S301

CONTIMUE

50 10 72

DO 7O K=y eNP

ICHNG=0

D0 55 L={eNP

TFIP (L) NELIFARM(J K, 1)) GO TO S5
ICHNG Y

CNVRT=z1,

162160 1XoF1242910(T29 01200 yFl2e30talsllatetel2/!

1))

00025500

00025800
00025900
00026000
00026100
00026200
00026300
00026400
00026500

00026700
00026800
00026900
00027000
00027100
00027200

TFEIP(LY NEL2B.AND 1P (L) oNE,22.8ND IP(L) JNE,L23,ANDLIP(L) «NEL,10,ANDDOO273CO

LIP(LYsNELL1) GO TO 5302

TFCIP(L)ER2B4AND, TUNIT(L)NELS) GO 70 260
IFCCIPCLYLEG,22,0R, IP(L) JEQ.23) ,ANDJUNIT(L).NE,6) GO TO 260
IFCCIP(LYCEV,I0,0R, IP(L)WERLV11),ANDSIUNIT(L)NE,7) GO TO 260

6o 1H S4

IFCIUNIT(LYSNELY4Y GO TO S30
CNVRT=2,453592

Go 1O S¢

IF(IuUnIT(h)e«NEe2) GO TO S3%
CNVRTzEFFLOW(Je1)%,001

GO 70 S4

IFCIUNITC(LINEWl) GO TO 260
CNVRTZEFFLCw(Js1)
EFSTCJsAe1)=X1(L)*¥CNVRT
DIsvye(JeReIdaM(L)

TFEML)MELO,ANOMELY NELL) GO TO 265
IF(IP (L) EG.22.0R,IP(L)EQ23) DISTYP(JeKyI)s0

GO0 YO 70

CoMTINUE .
IFCICHNG,EQ.0) GO YO 270
CONTINUE

00027400
00027500
00c27600
00027700
00027800
00027900
00028000
00028100
00028200
00028300
00028400
00028500
00028600
00028700
00028800
00028900
00029000
coo29100
00029200
00029300
00029400
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TLT

&95.
296,
2a’t,
2as,
299,
300,
ey,
302
in3,
304-
395.
306,
3a7,
ing.
309.
316
311,
312,
313.
314,
315,
316,
317.
318,
319,
320.
321.
5?_2.
523.
32d.
32S.
326
327.
323,
327,
310,
334,
33c.
5331
334,
335,
3%s,
337,
338,
319,
3450,
3at,
3u2.
343,
Jua,

MATINICLT)

72 COMYTMUE

Inszg
Mo 5303 1i=1NUSORS
TFCINSORS(I1)NELI) GO YO 5303
IMS=d
GQ 16 S3ns

5303 CONTINUE
Ga 10 7%

S304 CONTINUE

C

C COMVERSION OF COMSTITUENT DATa
D0 7390 Jsi+Jy
K1=NPPARS(Jr 1)
NMa My T-8(Jd0 1)
DO 7300 wx=3¢K}
IPPz1PARY(JeKe 1)
TF(iPR..T.1.,0X.IPR,EG, ¢, 0R,IPR,EQR,6,0R,IPR,G6T,30) GO TO 280
IFCIPI.vF.30) Go To 7218
IF(RagNIT(JeK)ehEot) GO TO 290
GO 11 7309

DATE 021876
00029500
00029600

00029700
00025800
00029900
00030000
00030100
00030200
00030300
00030400
06030500
00030600
Q0030700

721 TF(IPR VT, 28, 8NDIPR,NEG22,AND, IPR,NE 23, ANDeIPRVNEL10.ANDLJPR,NEL 00030800

* 11y 60 10 722
IFCIPR.EN2B,ANDLPRUNIT(JrK) 4NELS)Y GO TO 290
IF((IPR.EQ.22.0R, TPR,EG.23) ,AND,PRUNIT(JsK) NEsb6) GO TO 290
TFC({1PReFSal0,0RaIPRIEDs11)ANDPRUNITC(JOXK) NELT) GO TO 290
G2 10 7409

722 1F(pRuMIT(JeF)IEN.9) GO To 7300
723 I;{DQ\J\iT(J'K)lEO'Q) Go TO0 728
TFpQuNIT(Jex) o NEs2) GO TO 724
CMVRT=,.u01
G0 10 724
724 IF(PRYNIT{IeK)eNEL1) GO TO 290
CNvRT=1,
726 DO 727 L=)lenNM
SSMzOSviaAN{Jel)
IFfRs“,LE,0,) QSMIEFFLOY(JI)
SUEx tJeXsL)SaMAX(JeKeLISCNVRT*QSM
SYEAN(JeKsL)=SMEAN(JTIKeL)*CNVRTXGSM
727 CONTIwE
63 106 7310
728 DY 729 L=fekM
5¥Ax (JeXa 128 HAX(JeKyL)*4453892
SHEAN(JoM L)=SMEANCI KoL) %,453592
723 ConTUivtic
7305 CONTINS

00030900
00031000
00031100
00031200
00031300
00031400
00031500
00031600
00031700
00031800
00031900
00032000
00052100
00632200
00032300
00032400
00032500
00032600
00032700
00032600
00032900
00053000
00033100
00033200

Ty wSRITECVVICCQASMEAN(JoK) *MNTHOS (JeK)9J=1vd1)eKs19024) 9 (C(SMAX(JoKL) 100033300

ASYFAN(JI WKL) oNSIZECJIeRsL)0Jd=19J1)eKS1080) L2t 024)
75 CONTINUE
REWIND 14

00033400
00033500
00033600
00033700

PAGE
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aLe

3us,
5’-’6‘
3a7.
348,
349,
350,

‘351,

i52.
353,
354,
3s5.
ice,
3q7.
558,
3cq,
5&0‘
3s1.
362,
363,
364
345,
3p6.
Ie7.
368,
}69.
370.
371.
372.
373,
374,
375.
37¢.
377.
373.
379,
330,
381,
382.
3°3v
ssu.
3rs,
386,
3a7.
3ag,
389,
$90,
%0y,
302,
Igzx,

MAINCL1) DATE 021876
C 00033800
C READ IN CNMPLIANCE MONTTORING DATA 00033900
C FOR SOURCES REING USED (INSORSY 00034000
c 00034100
WRITE(AeQ90) 00034200
990 FORMAT('0!',y!'COMPLIANCE MONITORING DAYAt /' 14V (SOURCE) (PIPE) '400034300
1 /7 Ta3xe T ID!,8Xe UV gUX»TIPAR NUM X1(K)osM(K)=eFOR K=1 TO '¢00034400
thiIM CM O PQINTS!) 00054500
20 1206 [1=19NUSQRS 00034600
T=INSORS(LY) 00034700
DG 96 NIyM=z1e¢S90 ' 00034800
READ(S+79) I0sJeIPARWNUMY (XL1(K)I s M(K) K1 T) 00034900
79 FORMAT(IPe2Xa1141Xe1292X9I2¢1X97(ESe091201X)) 00035000
IFcIb ,MELD) GO 1O 295 00035100
IF(J.EQ.0) GO TO 100 00035200
IF(NUKM,GToT7) READ(S5,800) (X1 (K)eM(K)yKs8yNUM) 00035300
BOU FORMAT(1ZXeEOa0s IR0 1XsEOeQoICrIXsEOa09ICeiX9EGs00[201XeESL,0912¢5X000035400
$E6,0012+41XeEB0,1241X) 00035500
WRITE(Hr99S)ID T s IPARNUMy (X1 (K) e M(K) yKz1yNUM) 00035600
995 FoRmATC! 'oISebXeIZpdXel3¢3X012¢50¢/ !'9TUO0sS(FL2,30!01912))) Q0035700
ICHNGzO 00035800
K1=MPpARS(Jr]) 00035900
CO 90 K=i9sKi 00036090
IF(IPARNELIPARM(JKeI)) GO TO 90 00036100
ICHNG2] 00036200
DO 85 L=1eNuM 00036300
2(J KoLy =xi(L) 00036400
MNTHSZ (JeXoel)=M(L) 00036500
85 COMTTHUE 00036600
NOGCPTYS(J,X)=NyM 00036700
GO 10 9o 00036800
30 CONTINUE 00036900
IF(IrHMG ,EQ40) GO TO 297 00037000
96 CONTIMUE 00037100
100 J1=NOPIPS(I) 00037200
READCI1)C(ASHEAN(I oK) s MNTHOESC(JI 1K) ¢ J=8 e Ji)sK=1+024) 0 CCCSMAX(J9Kel)e 00057300
¥ SMEAMCJeKoL) W NSIZE(Jr KoL) oeJS10J1)eKz1el0)rL=1e24) 00037400
CaLL ISTATINOPIPS(I)+NPPARS(19I)eNMNTHSC(EoI)eDISTYP(LelsI)eQU(I)y 00037500
* IONESD(I)) 00037600
115 CALL PNVCUM{NOPIPS(I)¢NPPARS(1+])sNOPARS(I)+IPARM(L9191)y 00037700
¥ OINDFAKCLeI)oDISTYPCLoleI)sEFST Lo loI)sQUCI)9PNV(ILI+ICORCI)) 00037800
117 IF(IEXPD,EQ40) GO YO 318 00037900
ExpoOM(Il)Ste. 00038000
GO 12 1180 00038100
118 CALL EXPPAM(INDPAR(L19yI)+KBOO(I)yDOSAT(I) EXPDM(IL) e NOPARS(I) ¢ 00038200
¥ IPARMINDPIPS]I) 00038300
C 00038400
€ LOADING FOR SPECIAL OuUuTPUT 00038500
c 00038600

PAGE
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£Le

3a4,
i3S,
396
397.
3ag,
3q9,
400.
401,
do2,
énl,
4nd.,.
4oS.
406,
407,
ag8,
&09,
10.
411,
d1e2.
13,
ula-
a15,
L"b'
ar7.,
413,
di9.
429,
s21.
422.
423,
424,
479,
uzs,
La7.
428,
429,
430,
431,
832,
£33,
a4y,
435,
d4lé.
437.
uig.,
439,
Gug,
gay,
Gu2a

HATNCL) DATE 021876

1180 IF(NOyUT.MELD) GO TO 120 00058700
Iwfyy=1 00038600
WSRC (23 =EXPLUM(I ) 00038900
WSRC(3)=PKV(IL) 00039900
UPFLW=Riu(ly 00039300
NPTSW=NOPIPS(I) 00039200
0O 119 J=1NPTSW 00039300
WENG (1 eJdY=AS(J ) 00039400
ITFwPyI=NRPLRS(J, 1) 00039500
TwErf2eJyzITEMPY 00039600
DO 119 KztsIlTEMPY 00039700
IWENDT(1eJeX)=IPARM (I (K¢l 00039800
WENDTA(2¢J 1 KIZEFST(JeK 1) 00039900
TWENDT (3¢JoK)=DISTYP(JoKel) 00040000
WENDTA(Y 4 J oK) ISTATS(IsdeKel) 00040100
WENDTA(S s JeKISSOERY(ISTATS(IeJeKy2)) 06040200

119 CONYINUE 00040300
WRITE(12) DUMMY 00040400

120 CONTINUE 00040500
CayL PRIDRT(IPARM¢NPPARS) 00040600
IF(N0UT.NELOYy GO TO S0 00040700
REWING 12 00040800
CALL QUTPUT(NUSQRS) 00040900

150 STee 00041000
00061100

200 wWulrE(be201) p00u1200
201 FOR«AT('0'el0('%!')'pRROGRAM STOPPED AT CARD {=«IDAMAG OR IDMG TOO100N041300
1 vt LARGE OR SMaLL!') 00041400
STOD 00041500

205 WRITE(b6e206) 10,1 00041600
206 FORMAT('0'+10('%"'), ' PROGRAM STQPPED AT SGURCE DESCRIPTIONw~=1g/!t !,00041700
1 15X 'SQURCE READ ASfTeI3ef SHOULD BE'¢I3) 00061800
wWRITE(602990) 00041900
sTee 00042000

210 “3TTF¢bs211) ID,PIPND,I4J 00042100
211 FORMAT(')'o10( '#"),!SEQUENCING OR SPECIFICATIONS ERRORw=e!y/) 1, 00042200
i 1§%¢ ' SOURCE READ A§'2I3,!) PIPE! I3, WHEN IT SHOULD HAVE! 00062300

2 e 13CEN SQURCE' 4139 PIPE!]3) 00042400
WRITE(B12990Q) 03042500
sST0P 00042600

P20 wRITE(6e221) IDPIPNO 06042700
221 FORPMAT('a1410( %'y I1SQURCEV4I3,"' PIPE!1+I3¢/1 191SXe'FLON DATA CARI00042800
1 +1'D NOT IDENTIFIABLE (1GS IS NOT 99)1) 00042900
WRITE(612990) 00043000
STOP 00043100

225 wpTyE(bep20) 1 00043200
226 FORWAT(ID'91l0(tx?), MAXIMYM NUMBERS COF SAMPLES LESS THAN OR EQUAL'O00043300
1 ' TO MINIMUM NUMBER OF SAMPLES FOR SOQOURCE!'s13) 00043400
sSTOP 00043500

PAGE
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K2XA

230 WRITE(b4231) ID,PIPNO,I4J 00043600
23? FUQMAg('O'010(';')"SEQUENCING OR SPECIFICATIONS ERRORe==w!y/! 1,15X00043700

1 v 1SELF-MONITORING CONSTITUENT DATA CARD READ AS SOURCE!+13+00043800
2 1PIPE 1391 WHEN 1T SHOULD HAVE BEEN SQURCE'¢I3e! PIPE!1¢13}00043900
WRTITF(6¢2990) 00044000
eTnp 00044100

00044200

240 WRITE(He2UL) ILod
241 FOPLAT('O'uIO('*')u'SOURCE'QISO'.PIPE'oISo'--P“ MUST BE INPUTTED'900044300
1 'wITH PH MAX (23) PRECEDING PH MIN (22)1') 88822288

hRor 1D,PIPND,14J 0004Ub00
250 WRITE(&e251) PN '
251 FonMAg(:o'oIO(';').ISEOUENCING OR SPECIFICATIONS ERROR==1!4/1 1415X00044700
¢ 'CONSTITUENT EFFLUENT STANDARDS DATA CARD READ AS SOURCE's00044800

4
4

2 13+ PIPE 413! WHEN IT SHOULD MAVE BEEN SOURCE! ¢ I34!PIPEI0QOE4900

3 113) 00045000
WPITE(6+2990) 00045100
STNP 00045200

200 wRITE(61201) TeJeIP(L)eIYyNIT(L) 00045300
261 FORMAT('0'+10( '#1)e!SOURCE!yI3¢*t PIPEt I3yt CONSTITUENT ID'yI3 00045400
1 'STANDARD UNITS IDENTIFIED AS'412¢7e=RECHECK ALLQWABLE!, 00045500

2 tUNITSY) 00045600
Stop 00045700

255 wPITE(S+206) 1eJd,yIP(L) 00045800
266 FCRMAT (!0 410(' %), 'SOURCE! 4134 PIPE!,I3,! CONSTITUENT! 413! DIS100045900
1 'TRIBHUTION ENTERED AS OTHER THAN 3 OR 1!) 00046000
STnp 00046100

270 WRITE(64271) I9JelPARM{J K] 00046200
271 FGRMAT(!O'10('#1)tSOURCE 1341 PIPEV,1341 CONSTITUENT!¢I3s1 STANI00046300
1 v+ 1DARD NOT ENTERED!?) 00046400
sTOP 00046500

230 WRITE(6+231) 14Je1IPR 00046600
281 FOPMAT('o'-lot'*‘).ISOURCE!llso' PIPE1,I3,! CONSTITUENT SPECIFIED'000ULTY00
1 'A5Y e 1391 ==RECHECK LIST OF ALLOWABLE CONSTITUENTS!) 00046820
STnpP 00046900

290 “RITE(64291) I¢JyIPR 00087000
291 FORMAT('0'e10("'%!),1SOURCE! 134! PIPEt,I3,! CONSTITUENT!¢I34! SEL'!00047100
i 'F MONITQRING DATA IS NOT IN PROPER UNITSewtle/) 1 ,41SX¢tREC100047200

2 'HECA LIST OF ALLOWABLE UNITSt) 00047300
STOP 00047400

295 WRATTE(be296) ID,1 00067500
296 FORMAT('0'+10('%x!1),SEQUENCING OR SPECIFICATIONS ERROR==SQURCE RE'00047600
i YAD 43'eY34 ) SHOWLD BE'+I340 IN COMPLIANCE MONITORING INPUTIO00047700

2 /' 'JV'ENTER CM CARDS ONLY FOR SOURCES LISTED AS INSORS!) 00047500
STNp 00047900

297 WRITE(6+298) l+Je1PAR 00048000
298 FORMAT('0'+e10(¢ %" ) 1SOURCE!4I3sl PIPEII3,! COMPLIANCE MONITORING'00048100
1 TINPUT FOR CONSTITUENT!eIZe/' 141SXeIND SUCH CONSTITUENT 1400048200

2 VENTERED UNDER SELF MONITORING DaTal) 00048300
0004840C

299 WRITE(6+2990) T 000uB8S00



cLT

€93,
‘4Qd,
49S.
496,
097.
498,
439,

12.
13.
1d.
15'
16.
17.
18

2990 FORMAT('Q's'CHECK CARDS TO BE SURE THATa 1)SOURCE AND PIPE NUMBER'00048600

1 +1S ARE AS INTENDED!s/! '920X+12)CARDS ARE IN PROPER SEQUE'00045700

2 JINCE' /1 1,20Xs!3)NUMBER OF MONTHS OF DATAs NUMBER OF PIP!00048800

3 WIES,ETC, AND QTHER DATA ARE CORRECT1e/! 1422X¢'FOR SOURCE'00048900

4 +13+} AND PRECEDING SOURCE!) 00049000

sToP 60049100

END 00049200

ABEF DATE 021876
00000100
SURROUT INE ABEF(D1sD2eA1BIKDIALPHACBETAIEFrL) 00000200
c ) _ 00000300
C coMplLiTES COEFFICIENTS ALPHA.BETAJE+F FOR PH INTEGRALS 00000400
COMMHN/GRKPTS/S(B)vSSPH(ll) 00600500
L=t 00000600
s Pua=z(N1=B) /A 00000700
BELTAz(D2-D)/8 00000600
RS5G=SsPH(KD+1)=SSPH(KD) 00000900
Dozoa-ai 5 00003000
F=DSS&4/D 00001100
F=pSSs (&aD1)/DD+SSPH(KD) 00001200
2,0000001 00001300
1FcaLpHa LTex) ALPHASX 00001400
1F(PETA.LT X)) L=2 00001500
IFeaLpHA,GT.1,) L2 00001600
IF(BETA+GT.1,) BETA=1, 00001700
RETURN 00001800
END
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9.2

1.
2.
3-
4.
So
b.
7.
8'

10.
11.
12.
13,
14,
15.
16.
17.
18.
19.
20,
21.
?2.
23.
24.
25
26
27.
28,
29.
30.
31.
2.
33,
4.
3S.
36,
37.
38.
3Q.
40.
d1.
uz2.
&3,
ua,
as.
ub.
aT.
u8,
49,

C COMEYD CALCULATES EXPECTED DAMAGE FpDR ANY NON=PH CONSTITUENT

c

[aXa}

oo

[aNe]

CoOMEIXD

FUNCTION COMEXD(TMUsTSIGIMeFUNCLIoFUNC2+AeB)

REAL TILINRO
COMMONM/DMG1 /DAMAGE (3046)

DATE 021876

00000100
00000200
00000300
00000400
00000500

1D CONYAINS DISTRIBYUTION SPECIFICATIONe=0 IS NORMAL AND ¢ IS LOGNORMALO00000600

COMMOMN/F| AGD/ID
COMMON/BRKPTS/S(6).85SPH(11)
COMMON/BODOOMG/TOS»0UCSHIBQD
COMEXD=0,

160020

FIpST FIVE TERMS OF EXPECTED DAMAGE SUMMATIQGN

7
10

00 10 KDz1+5

BETAs(DAMAGE(MiKD+1)wB) /A
ALPHA=(DAMAGE(M,KD)=B) /A
DOzDAMAGE(MeKD+ 1 )eDAMAGE(MeKD)
0s=2g(KD+1)=S(KD)

EzNsS*xA/0D

FaDS¥ (ReNDAMAGE(MyKD))/7DD+S(KD)
IF(RETA.LELO0,) GO TO 10

IF(aLPHA,GTe0,) GO TO 7

ALPHAZO,

IFr10,EQG,0) GO 1O 7
COMEXO=COMEXD¢ILINAQ(EF¢BETAyTMU,TSIG)
GO 70 10

COMEXD=COMEXD+FUNCI (EsFoALPHAGBETA,TMULTSIG)
COMTINUE

SIxTH TERM OF EXPECTED DAMAGE SyMMATION

12

ALPHA=BETA

IF(aLPHA,GT404) GO TO 12
IFtID,FG,1) GO T0O 15

AlLPHA=0,
COVExO=CAMEXD+FUNC2 (ALPHA, TMUyTSIG)
IF(In, E3,1) GO TO 11

COMPUTE CEILLTA FUNCTION FOR NORMAL CASE

IF(m,EQ.3) 1BDD=1

CAlL DAMAGO(DJEBM,y8)
COMEXD=COMEXD+DJBRXNORM (= TMU/TSIG)
TF(™,FEN.3) CalLlL DAMAGO(DJBMB)
COMEXD=COMEXDDYB

RETURN

COMEXD=COMEAD+S(6)

CarLp DAMAGO(DJIB,MyB)
COMEXD=COMEXD-DJB

RE PURN

END

00000700
00000800
00000900
00001000
00001100
00001200
00001300
00001400
00001500
00001600
60001700
00001800
00001900
00002000
00002100
00002200
00002300
00002400
00002500,
00002600
00002700
00002800
00002900
00003000
00003100
00003200
00003300
00003400

00003500

00003600
00003700
00003800
00003900
00004000
00004100
00004200
00004300
00004400
00004S00
00004600
00004700
00004800
00004900
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LIt

1.
e
3.
u.

6.
7.

9.
1C.
11.
12.
13.
14.
15.
16.
17.
t8.
19.
20.
2le
22.
°3.
2d.
?25.
20
27.
23.
29.
30.
.;l'

41.

(s NeXel

e Nalel

laNgNala)l

O AMAGO

DATE 021876

SURRNUTINE DAMAGO(DJBWM9B) 00000100
00000200

SUBROUTINE DOMAGE-ZERQ DETERMINES CAMAGE FQR LEVEL 0 OF PARAMETER M N0000300
00000400

COMMON/DMUY /DAMAGE (30¢6) 00000500
COMUON/BRKPTS/S(6)45SPH(1) 00000600
COMMON/BADOMG/TES»QUICSIBOD 00200700
JFem ER.3Y GO TO 4¢ 00000800
IF(R.GEDAMAGE(Myl)) GO TO 1S 00000500
DJezn, 00001000
RETURN 00001100

15 0g 29 XD=1+5 00001200
IF (DAMAGE (M+XD) ,LE,B.AND,B,LT,DAMAGE(MsKD¢1)) GO TO 30 00001300

20 COMTIMUE 00001400
DJR=S(5) 00001500

GO 70 40 00001600

30 DJE:(S(KDfi)-S(KD))*(B-DAMAGE(MvKD))/(DAMACE(MQKD¢1)-0AMAGE(N,KO))00001700
F+5(KN) 00001600
40 RETURN 00001900
00002000

BOD ROUTINE 00002100
00002200

4y RBoD=8 00002300
00002400

180D=p FOR n-LEVEL DAMAGE DETERMINATION 00002500
=y FOR DELTA FyUNCTION COEFFICIENT DETERMINATION 00002600
000902700

1F(IROD.LEG,0) BBOD=B4+705*(F.=L5)/(QU+TAS) 00002800
1800=0 00002900

IF ¢(ReC0,LE.DAMAGE(3,41)) GO YO 42 00003000
DJR=1. 00003100
PETIIRN 00003200

42 DO ul ¥D=145 00003300
IF(DA~AGE(3vkD),GE ,BBOD,AND,BBOD,GT DAMAGE(34KD+1)) GO TO 430 00003400

43 CONTINUE 00003500
0JB=5(6) 00003600
RETURN 00003700
430 DJR=(S(KD+1)wS(KD))* (BBODRDAMAGE(MyKD) )/ (DAMAGE(MoKD+1)=DAMAGE(My 00003800
¥KDY)+S(KD) 00003900
RETyRN 00004000
END 000044800
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BLC

c

FUNCTION DIFF(X,Y)

DI FF

DATE 021876

00000100
00000200

C DIFF catCulLavEs THE DIFFERENCE OF TWO STANDARD NORMAL DISTRIBUTION FUN0OOO0O00300

c

10

IF(¥aGTolde s ANDaYGT,4.) GO TO 10
GO rO 2%
DIFFzARS(DNORM(x)=DNORM(Y))
RETURN

DIFF=XNORM(X)aXNORM(Y)

RETURN

END

00000400
00000500
00000600
00000700
00000800
00000900
0000%000
00001100

PAGE



6Lc

21%
22.
23.
24,
25.
26,
27‘
28.
29.
30,
3t
32.
33.
3“.
3S.
3b.
37.
338.
39.

TR

u’l
L2
a}.
44,
uS,
ub.,
al,.
48,
u9.,

aooo0

OO0 s XaXel s NaleNe)

(s NaNg)

EXPDAMNM
SURROUTINE EXPDAM(IPARAMeKBOD+DOSATeEXPOMsNOPARSIPARMINOPIPS, 1)
EXplaM DETERMINES EXPECTED DAMAGE FOR A SQURCE

DIMENSTUON IPARAM(NOPARS) +EXPD(10)9IPARM(U910¢30) ¢ NOPIPS(30)
COMMON/DMGL/DAMAGE(30+6)
COMMON/ZDMLR2/DMNG (2918

COMMON/FLAGDZID
COMMON/BRKPTS/S(6) ¢ SSPH(11)
COMMON/BNODMG/TRS QUL CSYIBOD
CUMMON/PNVEXP/DIST(10) e TMUCI0)2TSIG(10)
CoMMNN/PCOPT/ZICOPT
COMMON/EYP/NPPARS(4y30)

INCLUDE PLeLIST

INTEGER DIST

REAL kAROD

REAL INeTLILINFR,ININFB

ExTERNAL IMeILeILINFByININFB

ExPOMuC.

DO 100 M=1+NOPARS

I10=n1ST (M)

IF(IPARPAM(M) ,EQ,30) GO TO 100
[FCIPARAM(M) JEQ,23y GO TO 100
IFCIPARAM(M) NE, 22y GO TO 10

EXPECTFD DAMAGE FGR PH
DARAM 22=pH
PADAM 23zpCH
EXPD(M)SPHEXD(TMU(M) ¢ TSIG(M)T0S,QU) .
GO TO 60
10 IF(IPARAM(M) NE, 28y GO TO 20

TEMPERATURE

AsYa8/(GU+TAS)
Bzn,
IPv=28
GO 10 SS
20 IF(IPARAM(M) NE,3) GO TO 30

33D
AzaxBCND/(GU+TAES)
B2¢14/7(0U+TAS) )= (CS*TAS+DGSATAOU)
IP~»=3
650 10 SS

NCN«COUPLFLD CONSTITUENT

DATE 021876

00000100
00600200
00000300
00000400
00000500
00000600
00000700
00000800
00000900
00001000
00001100
00001200
00001300
00001409
00001500
00001600
00001700
00001800
00001900
00002000
00002100
00002200
00002300
00002400
00002500
00062600
00002790
00002800
00002900
60003000
00003100
00003200
00003300
00003400
00003500
60003600
00003700
00003800
00003900
000040090
00004100
00004200
00004300
00004400
00004509
00004000
00004700
00004600
00004900
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08¢

S0
St.
52.
53.
54,
SS.
56«
57,
S8,
59.
60.
6l.
62
63.
bde
65.
56,
67,
68.
69.
70
Ti.
72.
73
74.
7S.

30

Ss

56
€ seY
60

(-3

16¢

E XPDAM

A=4,/7(QU4+TGS)

IPM=TPARAM(M)Y

IFC(IP4.EQ.10,0R, IPM EQ.11) AzZAXTQS
CCPT=DAMAGE(IPM,ICOPT)

IFCICOPT EQ.1,AND.COPT.6T,0,) COPT=0,
BzCQPT*QU¥A

IF¢I0,EG.1) GO TO S8
EXPD(MISCUMEXD(THMUCM) s TSIG(M) ¢ IPMoINeININFByA4B)
GO 10 %0
ExPD(M)SCOMEYD(TMUCMY s TSIG(M) o IPMyILoILINFBeA¢B)
up sPeClal QUTPUT

ICHAG=0

NP=NNPIP&(])

DO 55 J=1eNP

NPP=NPPARS(J,1)

00 65 K1=1sNPP

TFcIPARNM(JsK 1y 1) NE,IPARAM(M)) GO TO 65
WENDTA (6. JeKI)SEXPD (M)

IFCIPARAN(M) «EQ,22) WENDTA(6eJeK121)=10000000,
ICHNG=ICHNG+1

IFCICRHNG,GT,1) WENDTA(6¢JeK1)210000000,
COMTINUE

IFCEXPO(M) GT.EXPDM) EXPOM=EXPD(M)

CONTINUE

RETURN

END

DATE 021876

00005000
00005100
00005200
00005300
60005400
00005500
000050600
00005700
00005500
00005900
00006000
00006100
00006200
00006300
00006400
00006500
00006600
00006700
00006800
00006900
00007000
00007100
00037200
00007300
00007400
00007500
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T8¢

c

I1LINFEB

REAL FUMCTION ILINFB(ALPHAWMUISIGMA)

C COMPUTTING TL(0+S(6) s ALPHAINFINITY MUsSIGMA)

¢

2o

REBAL M1l

COMMON/BQKPTS/S(6) +SSPH(LL)
ALPHLYI=(ALOG10(ALPHA)=MU) /SIGMA
IF(ALPHE1.6T4.) GO TO 20O
ILINFBE=S5(6)1%(1.=-XNORM(ALPHAL))
RETURE
TLINFR=S (&) *¥DNORM(ALPHAL)
RETHRN

END

DATE 021876

00000100
00000200
00000300
00000400
00000500
00000600
00000700
00000800
00000900
00001000
000033100
000031200
00001300

PAGE
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8¢

I LINFA
REAL FUNCTION ILINFA(BETA¢MUySIGMA)

CLCULATING ILCOor  e=INFINITYsBETAWMUPSIGMA)
REAL MU )
TLINFASXNORMC(ALOGIQ(BETA)=MU)/SIGMA)
RETURN
END

DATE 021876

000001G0
00000200
00000300
00000400
00000500
00000600
00000700
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£87

T LINAD

REAL FUNCTION TLINAO (AvBeBETAWMUISIGMA)
o
C CCMPUITING TL(AsDs0¢RETAWMY«SIGMA)

REAL mU

BETAL=(ALUGLO(BETAYaMU)/SIGMA
C USING LN(10)=2.5025851

BETA2=BETA1«5IGMA%2,3025851

TLINAQ=A%EXP((SIGHMA$2,3025851)%%2,/2,4243025851#MU)*XNORM(BETAR) ¢

¥BxXNORU(BETAL)

RETyURN

END

OATE 021876

00000100
00000200
00000300
00000400
00000500
00000600
00000700
00000800
00000900
00001000
00001500
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414

1.
2.
3.

s.
b'

8.

9.
10.
11.
12.
13,
14,
15,
164
l7l
18.
19.
20,
2l

(g Xg ]

(2]

c
c

1L
RELL FUNCTION JTL(A(BrALPHACBETAWMUWSIGMA)

COMPUITING TL(AWDeALPHABETASMULISIGMA
REAL MU
COMMON/BRKPTS/S(6) e §SPH(30)
ALPHLY=(ALNGIO(ALPHAY=MY) /SIGMA
BET812(ALO0GIO(SETAY-MU)Y/SIGMA

USING IN(10)=2.3025851
ALPHAD=A| PHAL.SIGMA%2,3025851
BRETA2=BETA1=-SIGMARD 302588

DATE 021876

00000300
00000200
00000300
00000400
00000500
00000600
00000700
00000800
00000900
00001000

TL=a*EXP((53I0MA%243025851)%%24/244243025851%MY)*DIFF(BETA2+ALPHAR) 00001100

*+p*DIFF(RETALWALPHAYL)
RETURN

ILCOPSCH) s ALPHASL MU STIGMA)
EMTRPY RILETI(ALPHA MU SIGMA)
ALPHAYI=(ALOGLOCALPHAY=MY) /SIGMA
BETAl{zeMU/SIGMA
IL=8Ce)*DIFF(BETAL,ALPHAL)
RETURNM
END

00001200
00001300
00008400
0000ts00
00001600
000031700
00001800
00001900
00002000
00002100

PAGE
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S8T

I NI NFA

REAL FUNCTIUN ININFA(BETAWMUISIGMA)
o
C CALCULATING INCOy 19 INFINITYIBETAYMUsSIGMA)
REAL MU
ININFA=XNORM((BETALMU) /SIGMA)
REYURN
END

DATE 021876

60000100
00000200
00000300
00000400
00000500
00000600
00000700

PAGE



98¢

c
c

aon

ao

I N
REAL FUNCTIUN INCA,BoALPHAWBETAYMULSIGMAY

COMPUTING Tr(AsB.ALPHABETAIMYeSIGMA)
REAL Mt
A{PHAMT (ALPHA=M) /g IGMA
RETANZ (PFETA=M{) /SIGMA
IF(2.EN,0.eANDBEQRLLL) GO TO 10
USING FT=3.1015927
AND 1,/3GRT(2%PT) = .3989422
INZA*SIGMAR (3989422 (EXP (= (ALPHANYX2,) /2,4 )"EXP «(BETANS#2,)/2,))+
#(MUXASBYSDIFF(BETANIALPHAN)
RETUPN

INCOsw1sALPHALBETAIMUSIGMA)
10 IN=DIFF(BETANsALPHAN)
RETURN
END

DATE 021876

00000100
00000200
00000300
00000400
00000500
00000600
00000700
00000800
00000900
0000lo00
00001100
00001200
00001300
0000t4do00
00001500
00001600
00001700
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L8¢

I NINFB

REAL FUNCTION ININFBC(ALPHA+MU,SIGMA)
(o
C LOMPUTING Tnf0eS(6) g ALPHAYINFINITY eMUsSIGHMA)
C
COMUON/BREPTS/S(6)¢SSPH(30)
c
REAL MU
ALPHAN=(ALPHAMy) /g IGMA
IFCeLPHAN,GT ,4,) GO TO 20
ININFB=S(6)¥(1,«XNORM(ALPHANY)
RETURN
20 INTNFB=S(6)¥CNORM(ALPHAN)
RETURN
END

DATE 021876

00000100
00000200
00000300
00000400
00000500
00000600
00000700
00000800
00000900
00003000
00001100
00001200
00001300
00001400

PAGE

i



887

-8

31.

313,
34,
35.
36.
37I
38'
39.
4g.
41,
ue'
a3,
44,
uSo
a6,
47.
us8,

[z NeNake]

OO0

OO on

IsTATY

DATE 021876

SUBRNUTINE ISTAT(NOPIPS+NPPARS¢NMNTHSypIST+QUyIONESD) 00000100
00000200

SJBROUTINE IsSTAT CoMpUTES THE INITIAL STAYISTICAL OESCRIPTION GIVEN INOGOODO30C
DATA FROM A SINGLE SOURCE 006000400
00000500

REAL MUCU910928)¢My+KETAWKNUWISTATS 00000600
INTEGSER DIST.JEMP(24) 00000700
DIMENSTION NPPARS(4y,DIST(4y]0)sEMEANCUy30,24) vESIGMACYUY10924) 00000800

$ ETACUL10924) yNMNTHS (4) 00000900
COMMON/IST/MNTHQRS(4024) yNSTZE(4910426)+SMEAN(CL010424), 00001000

¥ SMAX(U010424) oNOCPTS(8910) o MNTHSZ(Us10930)9Z(4110+30)¢DELTAY 00001100

* GAMMAGKETA+KNUYENUIIPARM(Y4950030) ¢ ISTATS(3014¢10¢4)
COMMON/ZLISTPNY/MyC4,10)eSIGMA(CULL0)
COMMON/UPDATE/ZT,QS(4430)

FIND INTITIAL STATISTICS FOR EACH PARAMETER OF EACH PIPE

DO 50 L=1+NOPIPg
MM=NMNTHS (L)
NP=NPPARS(L)

DO S0 J=q1eNP
IFLAG=?

FlpsT CHECK DATA FOp ZEROS UR MAX/MEAN ERRORS
THEN CHECK TO SEE IF SAMPLE SIZE IS .GT.4 FOR ALL MONTHS,

TF(IOMESN NE L1 OR, (IPARM(L yJ9 1) eNE,22,AND,IPARM(L ¢ JyI)
by ™ 100

CHECK PH DATA WHERE ONLY MAX/MIN ARE GIVEN
IF(IPARM(LeJ,oI) EQ,22) GO TO $113
NG G0 “={yNM
IFENSTZECLeJd oK) ,GT,0,ANDSHAX{L9JyK)oGT.0,) GO TD 90
NSTZE(L v JeK)=0
SMAY (L eJsX)S0,
NSTZ2E(LsJ+19K)®p
SMay(LeJsleK)sO,

90 CONYINUE
NO 99 K=y oNM
NST7E(LesJeleK)ZNSIZEC(LsJ oK)
IFC(NSTZECLeJ41eK)oGT,0.AND,SMAX(LsJ+19K).GT,0,) GO TO
NSTZE(L2J*1eK) =0
SMAx(LeJsl19vKISO,
MSIZE(LeJeK}=0
SMAx ()L vJeXI=0.

98 TF(sMaX(LeJ+19K) LELSMAX(LeJeK))GO TO 99
WRITE(6v101) MNTHAS(LeK)eLel

006001200
000031300
00001400
00001500
00001600
00001700
00001800
00001900
00002000
00002100
00002200
00002300
00002400
OTHERWISE C000002500
00002600
00002700
+NE,23)) GO 00002600
00002900
00003000
00003100
00003200
00003300
00003400
00003500
00003600
00003700
00003800
00003900
00004000
98 00004100
00004200
00004300
00004400
00004500
00004600
00004700

101 FCRMAT('0'y'MINaMAY ERROR FOR MONTH! 139! OF PIPE!eI3¢! OF SOURCE'00004800
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687

a9,
S0.
Sti.
S2.
S3.
S¢.
SS,
56.
57.
S8.
59.
60.
61,
62.
53,
54,
65.
Y-
67.
68.
69.
7¢.
Tl
72‘
73.
74
75.
76
77.
75,
79.
.ROQ
1.
82.
n.}.
a4,
AS.
Rb.
B7.
ER.
Bq.
90.
Qf.
92.
Q3.
Q4.
qs.
°6.

1 sT AT

DATE 021870

1 *I3¢/' T, 'CONSTITUENT 22 MINIMUM IS GREATER THAN CONSTITUE!'00004900

2 ¢+ INT 23 MAXIMUM==DATA DELETED!) 000050900
NSTZE(LeJ*ieK)}=p 00005100
SMAY(LeJ+1eX)=0, 00005200
NSTZE(L+JeX)=0 00005300
SMAX(LedeKISO, 00005400

99 CUNTINUE 00005500

GG vO 1113 00005600

C CHECK FPR REGULAR CONSTITUENTS (INCLUDING PH WITH MEAN) 00005700
100 NG 1112 KS1eNM 00005800
IF(NS]ZE(L'J.K).GT.O.AND.SMEAN(L'JvK) 'GT'O'.AND.SMAX‘L.J'K).GT.O‘)OOOOSQOO

* o 70 1410 00006000
NSTZE (L JeK)O 00006100
SMAX(LeJeX)=0, 00006200
S-EAM(L e JeX)}z=0, 00006300

1110 IF((IPARM(LedyT) HE 224 AND SMAX(LsJ 1K) ,GE,SMEAN(L+JeK)),OR. (IPARM(0O0006400O
¥LoeJeT)eENe22,8ND,SMAX(L+J9K) LE.SHEAN(LYJs»K))) GO TO 1112 00006500
WRTTFE (691111) MNTHRS(L oK) Lo I4IPARM(L,Jy1) 00006600

1111 FCRMAT('0' s "MAX=HMEAN QR MINeMEAN REVERSED FOR MONTH!9I3s! OF PIPE!00006700
¥ +T73¢' OF SOYURCE!9I3¢%¢ CONSTITUENT!9I3¢feeDATA DELETED!) 00006800
NSTZE(LeJeK)=0 00006900
SHax(LedeX)=0, 00007000
SvFan(LeJrK)=0. 00207100

1112 CONTINUE 00007200
1113 Kiz9 000607300
IYNTH=0 00007400

DC 15 Xx=teNM 00007500
IF(xy ., GE.K) GO v0 15 00007600

K=y 00007700
HgansT7E(LeSWK) 000078060

12 IF(nuS,GELG) GO 1C 14 00007900
TF(KJEQ.NM,UR Ky EQ.NMY GO TO 1500 000086000
Kizvi+ 00008100
NSaNSHNSTZE(LeJ, KL 00008200

GO 1D 12 00008300

{4 TMNTHzIMNTH+ 00008400
TEMP( IMNTH) =K 00008500

15 COMTINUE 00008600

[ 00008700
C vax€ CARE OF EXCEPTIONS«-1E,0 OR § MONTH JOTAL DATA 00008800
C 00008900
1S00 IF¢IMNTH,EQ.0) GO YO 9999 00009000
151 IF(IMNTH NE.1) GO TO 6 00009100
IFLAG=1 00009200

GU T0 160 00009300

c 00009400
C FIND ESTIMATES FOR aLL MONTHS FOR GIVEN PIPE/PARAMETER 00009500

c

00009600
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06¢

°7O

qa.

99,
109,
101.
102.
103,
‘0“-
105.
106,
107,
108,
109,
110,
111,
112,
113'
114,
115.
116,
117,
118,
119,
120
12t
122.
123,
124,
12S.
120,
127'
123.
126,
120
121,

132,

133,
134,
1;‘50
i36.
137,
133,
129,
120,
tal.
1u2,
143,
lee,
1“5‘

IsT1AT

16 IMNTHzIMNTHe1
160 DO 30 N=teIMNTH

Nt=N

K=TEMP (M)
Ko2=TEMP(N+1)=l
TFCIFLAG,ER, 1) Ko=NM

€ Pt COMSTITUENTS aLWaYS IN ORDER 23422
17 TF(IANESDLEQ,1,AND, IPARM(LJs1).EQ,22) GO TO 220

Oo0On

1

i
29

20

A

9

0

1

IFrK,EN.X2) GO TO 200

SMEAN(L o JrXK)SNSIZE(L 1 JeKIXSMEAN(LyJrvK)

KO=Ke

BC 19 K1z=KOsX2

SYEAN(L s JoK)IZSMEAN(L »JrKRISNSTZE(LyJeK1I*SHEAN(LsJ K1)
NSIZE(L e Jo®K)=NSIZE(LoJoX)NSIZE(LoJeKL)
IF(IPARM(LeJaI) NE,22) GO TO 18
1F(nSTZE(LWJWK1),EQ,0) GO TO 169
TF(SMAX(LrJoK)aGTaSMAX(LoJsKL)) SMAX(LsJoKISSMAX(LeJsKY)
GC T0 19

TF(SMAX(L¢JoK)eGTeaSMAX(LOJeKL1)) GO TO 19
SMaAy(LeJeXK)ZSMAX(LyJeK])

ConTINUE

SMEAN(L e T9K)=gMEAN(L s JeK)/NSIZE(LoJeK)
TF(I0NESD.MELLY GO 70 218

TF¢1PaR%¢LedoI) NEL23) GO TO 2%

IF(K,N,K2) "0 TO 202

DO 2031 <1zKU.K2

IF(NSTIZZ(LeJ+1eK1),EB,0) GO TO 20}
TF(SMAX(L1J*Y 1Ky GT.SMAX(LeJelcK1)) SMAXCLIJ+LsKISSMAX(LIJ+L0KY)
CoMT I UE

202 CALL PARAMS(NGTZE(L ¢ JeK) e 0, 9SMAXCLsJsK)sDISTILIJI9EMEAN(L s JeK)

2

1

1 ESIGMACL eJrk) oSMAXCLeJ+LleKI1IPARM(LeJeI) eI+ IONESD)
ETa(LJv1eh)SNSIZE(L ] oK)
NYCLosJ+1eKIS(NSIZECLoeJeK)at)*¥ENY
ErFAN(LeJ+Lak)TEMEAN(LJ 1K)
ESTGalled+leK)2ESIGMA(LIJIK)
GG 10 22
Call PARAMS(MSIZE(L ¢ J oK) o SMEAN(LoJ oK) s SMAXCLoJoK)eDIST(LeJ)
1 EMEANCL « JoK) vESIGMA(L 2 1K) 9049 IPARM(LeJdeI)e1s IONESD)

€2 ETA(L,JiKIENSIZE(LyJeK)

22

)

2

N fLe Joer)=(H312E(LeJeK)=1)*ENY

ESTC“ACL JoXyzEgTGMA(LrJsKY*ESIGMA(LYJ 1K)
TMPETAazETA(LJK) :
TrepPritaNythed k)

In aNy COMPLIANCE pOINTS FDR MONTH(S) BEING DONE
NCezNACPTS (L J)

TF(nCrPecN.0) GO TO 28
MiN.z!

DATE 023876

00009700
00009800
00009900
00010000
00010100
00010200
00010300
00010400
00010500
00010600
00010700
00010800
00010900
00011000
000131100
00011200
000311300
00011400
00011500
00011600
00031700
00011800
000519nQ
00012000
00012100
00012200
00012300
00012400
00012500
00012600
00012700
000)2800
00012300
00013000
00013100
00013200
00013300
00013400
00013500
00013600
000137cC0
00013800
00013900
00014000
00014100
00014200
00014300
00014400
00014500
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T6C

23
24

2s

ch
C

C RESEQUENCF=-~gET yP FULL ARRAYS BY SEQUENTIAL INDEX OF
C INCLUQF COMBINATIONS OF MONTHS WHERE DATA xAS INSUFFICIENT

28
c
[
293
30
C

D0 26 KizKeK2
MATH=4MNTHRS (L eK 1)
Do 24 MzMLOAeNCP

I1 8T AT

IF(MNTHRSZ(LeJdeM) JEQMNTH) GO TO 25

Conylalie

GO 10 28
THEETARLTA(LeJeK)/GAMMA
TMPMifzNi (Lo JyK) /GAMMA

TF(RT3T(Led)EQ,1) Z(LyJoM)ZALCGIO(Z(LodJIM))

SAVE=EME aN(L ey JoK)

EMEAN(LsJen)c(TMPETAXSAVES+Z (Lo JeM))/(TMPETA+L,)

SAVE=SAVE=Z(LeJyM)

DATE 021876
00014600
00014700
00014800
00014900
00015000
00015100
00015200
00015300
00015400
00015500
00015600
00015700

ESIGMA(L JeK)z (TMPNU*ESIGMA(L 1 JesK)+TMPETA®SAVEXSAVE/(TMPETA+1,)) 00015800

¥/ (TMPNU*1.)

ETA(LoJeKISETACL 1 JoKI#1,
HUCLsJeRK)SNUCLeJeRY ¢l
SIG=SART(ESIGMA(LyJWK))
MLOW=~+ 1

IF(MLNW,GT,NCP) GO TO 28
G 10 23

ConyINut

ETS(L,JINIIZETACL ¢ J,K)
NgtLoJdetNt)sNU(LeJeK)

ESTG aAlLeJeNLYSESIGMA(LIT4K)

FuEaAM(LeJoN1YSEMEAN(L s J oK)

IFONJMFLINMNTRYIGO TO 30
TFCIFLLG,ER.0) GO T0O 293
MUrL s JISEMEAN(L 1)
SIGra(L+J)=ESIGHMA(LsJsl)
TMPETASETA(LJr 1)
TaPL=NY(Ledet)

nG TG a7

InM TRz IMNTHe

Kz TEHP(IMNTH)

K2znM

Ni=pn+t

Ge 70 17

CoMyInmyE

C rGMa3TNE MONTHLY ESTIMATES

C
32

MUCL s JY=ENEAN(LyJr 1)
SICHA(LeIISESIGMA(LyJe1)
TMPETSZETA(LYJr 1)
TursU=sNUtLedet)

00015900
00016000
00016100
00016200
00016300
00016400
00016500
00016600
00016700

WHICH N0OOOL6800

00016900
00017000
00017100
00017200
00017300
00017400
00017500
00017600
00017700
00017800
00017900
00018000
00018100
00016200
00018300
00018400
00018500
000186600
00018700
00018800
00018900
00019000
00019100
00019200
00019300
00019400
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761

195, Ki=2 00019500

196, DO 4 KsK1eIMNTH 00019600
1e7. TFET¥PNY,GT KNUSNU(LoJeK)) TMPRUSKNUSNU(LyJeK) 00019700
108, IF(THPETAWCT  KETA*ETACLIJeK )) TMPETASKETAETA(LeJoK) 00019800
139, Savgsal(Led) 00019900
200, MUcL.J):(THPETAzMU(L.J)+ETA(L.J-K)*EMEAN(L.J.K))/(TNPETA¢ 00020000
201, XETL(LeJeK)) 00020100
202. sICHA(L-J)=(TMPNU*sIGMA(LnJ)+THPETA*SAVE*5AVE+NU(LoJoK)‘ESIGMA(LvJOOOEOZOO
203, K eK)erTACL e JIK)*EMEANCLOJoK)SEMEAN(L 1 J oK)= (TMPETA+ETA(L1J 1K) ) *MU(L 00020300
204, F )0 (Lo 1)) /7 CTMPNUSNUCL o JyKI L, 00020400
2nS, TYPETA=TMPETA+ETA(L s JoK) 006020500
c0b. TNy ThHPRUSNY(LeJ oK)+l 00020600
207. SIC=SOPT(SIGMACLJY) 00020700
2n8, 40 CONTIUUE 00020800
2n9., 47 1STaTs(l.Ledel)sMUCLLJ) 00020900
210. ISTeTS(Tekeds2)=SIGHMA(LYJ) 00021000
21t ISTATS(IoLede3)=TMPETA 00021100
212 1STATS(Iebed s GY=TMPNU 00021200
213, SInva(LeJ)=SIG 00021300
¢4, 89 NOCPTS(LJ)=O 00021400
215. 50 CONTINUE 00021500
216, RETUPN 00021600
217. c 00021700
21%. 9999 WRITE(6+10000) I+IPARM(L+J,1) 00021800
219, 10000 FOPMAT('0'el0(!*!),1INSUFFICIENT DATA (COMBINED SAMPLE SIZE LESS!' 00021900
c20, 1 vt THAN 4) FOR SOURCE!+]3s! CONSTITUENT!413) 00022000
221, syee 00022100
222. END 00022200
ORDER VATt 021876 PAGE 1

1a SYBRQUTINE ORDER(XMR+ISORCeM) 00000100

2. o 00000200

3. € SYBRLF §p52T ROUTINE 00000300

4. NIMENSTON XMR (M) s ISORC (M) 00000400

Se. MizMmet 00000500

-8 DO 70 IsteM] 00000600

7. KFLAG=N 00000700

8. DI 6% Jz11¥] 00000800

9. IF (x»2(J+1)«xMR(J)) 65¢165¢64 00000900
10. 6d TEMPMPRz (MR (J) 00001000
11. ITEMPS=ISORC(J) 00001100
12. XMOJ)=XHMR(Je]) 00001200
13. 1s0RC (1) =IS0RC(J+1) 00001300
14, *MR(I+ L) =TEYPMR 00001400
15. ISNRC( I+ 1)=1TEMPS 00001500
16. KFLAG= 00001600
17, 65 CONTINUE 000031700
18. IF(KFLAG,EQ.0) RETYURN 00001800
19, 70 CONTINUE 00001900
20, RETURN 00002000

21. END 00002100



€62

21.

23.
24.
2S.
2be
27.
28.
29.
30.
k3
32.
33,
14,
3S.
36
37.
18,
39,
40,
4.
az.
3.
ad,
as.
4b.
a7,
a8,
a9,

SUBR
C

o UTPUT

AYTINE OQUTPUT(NUSORS)

C nJTPUT pRIMNIS SOURCE STATISTICS SUMMARY TABLES

c

IMCLUDE PlelIST
DIMENSION DIST(2)
COMMAN/CONST/PBRMS (5,30)

DaTa
DavTa
DETA
DATA
DATA
DATA
DaTy
NDATA
DaTa
NAT,
DATA
DAT s
DATA
CATa
DaTa
DATA
DaTy
NeTy
DATA
NDATaA
DAT
DATy
DaTa
DAT A
DATA
DATA
NaTa
DaTa
DAT
DaTa
DATa

C
C QuUTPUT n
aNe N}
PESN
wWR1TY
8 FQORM
C KFEADING
ng 3
W2TT

10 FORMAT(1Q ' eT11et1PIPE=11]2¢10X ¢ MEAN DISCHARGE (ML/DAY)='eFi2.4018X

£, 011p

DIST(1)¢DIST(23/ N VeV L 1/

(PALMS(Le1)els]eS) /7 ALUME TINUMI Y Tel
(PAPMS(Ly2)rLz1eS)/71AMMO ¢ INTA Tyt el
(FAG™S(Ly 3)el=145)/180DSt,? ty! Ty
(PARMS(Ly 4)oL=145)/5%! v/

(PARMS(Ls S)rl=1sS)/ICARBYSION ! Ly
(PAQUS(Ly 6)r1L=105)/G¥! v/

(PARMS(Le 7)9lz145)/'CHLOY W IRIDE! ¢! Ly
(PARMS(Ls BYsL=1eS)/1CHLO! ¢ 'ROFOt,IRM Ele
(PeemS(Le 9) o =19S)/ICHRO s "MTUME ! ]
2PaRMS(Le10) b=l 9S)/ICCLLY ¢ 'FORMI g !'SaeT !y
(2a8MS{LeI 1)1 =19S)/1COLI v /FORMY ¢ 'SwaFly
(CARMS (L 412)91L=195)/71CUPP Y IER ty! X}
(PARMS(Le13)rL=19S)/ICYANTWTIDE 14! 'y
(PaP™S(Ly1u)el=145)/'FLUOY 4 IRIDE ! ! Ty
(PARMS(LLe1S) 9l z1¢S)/tIRQ 141N ty! o
(PARMS(Lo1b6)el=145)/1LEADT ! te! Ty
(FARYS (L 17)sL=1,5)/tMANG y LANES T IE e
(TaR S (Le1B)sL=1eS)/HERC I, tURY 1! Ty
(PEa™3(Ly19)sl=19S)/INICKIIEL 1yl M
(PARMS(Le20) 1Lz e S)/INITRIZIQGENT,! Ty
(PARMS(L+21)1L=1eS)/101L="o'GREAILISE 1y
(PROMS(L22)eLl=1+5)/1PHaMIIIN 1,1 e
(PARMS(Le23)olz1+5)/1PHaMt g 1 AX 1o Ty
(PAPYS(Ly24)yL=1eS)/IPHENTotOL  ty! Ty
(PERUS(L o289 =1+S)/IPROS! s 'PHOR ¢ TUS 1y
(PeoMS(Ly26)9L=1+5)/10DISSt4'OLVE!!D SO
(Pa2nS(Ly27)eLx1e5)/1SUSPLetENDELs1D SO
(PARMS(Le28) e 21 ¢S)/ITEMPIWIERAT I TURE T
(PARMS (L e29)sL=1eS)/ITIN 1ot te! by
(PARMS(Le30)eL=195)7'D0 ty! V! ty

g TASLE FOR EACH SOURCE

0 T=14yNUSORS

(s2)nLMHY

Erbeg)Inw(l)

ATC 11 eTE0e11CIEV)0/) V4TE19!SOURCE 913,/
FOR gaCn PIPE

7 Js1sNPTSH

(bt 0) JeWEND(1eJYeUPFLW

STREAM FLOW (ML /DAY)S!1,F12.4)

-
~

-
~

1 108!
'Lios!

IDIFF!
t 1

* ® 4 @ a4 % 6 % ® ® 6 W & W W @ O S 9 e O ° Ao

teT60e11(t%1))

DATE 021876

00000100
00000200
000006300
00000400
00000500
00000600
00000700
00000500
00000900
00001000
00001100
00061200
00001300
00001400
00001500
0000t600
00001700
00001800
00001900
00002000
00002100
00002200
00002300
00002400
00002500
00002600
00002700
00002800
00002900
00003000
00003100
00003200
00003300
00003400
00003500
00003600
00003700
00003800
00003900
00004000
00004100
00004200
00004300
00008400
00004500
00004600

00004900
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%6¢

s9,
51.
S2.
53,
54,
55.
56.
57.
S8.
s9.
60,
61.
©2.
63-
t4.
PN
664
674
68.
69.
70.
71.
72.
73.
Tde
75,
76.
77,
78.

CUTPUT DATE 021876
TFeP0,6T.0IWRITE(6,15)D0 00005000
1S FORMAT(! '+T13¢tMEAN DO CONCENTRATION (MG/L)=2'eFlo,4) 00005100
WRITE(S+20) 00005200

20 FOUPMAT('0'e T8I tEXPECTED PROB, OF NOt/' 147164 'CONSTITUENT!4T384900005500
EISTANDARD !9 TS201DIST 9 TOO0W1EST, MEAN! 9 T7541ESTs SIGMAt«T90910AMAGE00005400
$HoT10 I VINLATIONY /0 14 T1162000%!),T36033(1el)eTS204(1=1)yT59912(100005509

Koty T74¢12( '=m!) s T89,8(1=w!)eT100011(!w?}y) 00005600
NP=TWENT21J) 00005700

C DATA FoOR gACH PARAMETER 00005800
DO 30 K=yiNF 00005900
IP=TWENDT(1eJeK) 00006000

C DONIT QuYPUT 00 AS REGULAR VARIABLE 00006100
TF¢IF.EG30) GO TO 30 000062090
IN=IWENOT(30vJeK)e 00006300
WRTITF(ae2S) (PARMS (L IP) oLzl ¢S) ¢ WENDTA(29JyKIeDIST(ID) ¢WENDTACL e JeKOO00064OD
*)vb/ENDTA(SvJvK)'NENDTA(b'JoK)vWENDTA(?'JOK) 00006500

25 FORMAT(!' 'eT11e5A0,T360F13.s40TS2vAUsTSOeF12,UsTTUWF12,4¢T899F8440 00006600
¥T100+F11.4) 00006700

30 COnTINUE 00006800
WRITE(6936) 00006900

36 FORMeT('0le/'00) 00007000

37 CONTINIIE 00007100
WRITE(6+35)~SRC(2),wSRC(3) 00007200

35 FORMATC('0'eT119S0(1%1) e/t 14T124'SOURCE EXPECTED DAMAGE) e TU6IF12.400007300
¥e/' 19T12+'SQURCE PROBABILITY OF NO VIOLATIONIsTU69F 12449/ 1,T11400007400

%S0(1%1)) 00007500
40 COMYINUE 00007600
RETURN 00007700
END 00007800
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c6¢

Ul & '

P1

END

pRAC
Comnmnn/0UT

P ARAM

/7wSRC(3) 2 UPFLUDOYNPTSWINEND(204) ¢WENDTA(794e10)

DIMENSION DUMMY (29d) 9 [W(3) o IWEN(29d) s IWENDT(794410)

EQuIvaLENCE

(IWesWSRCY y (IWENGWEND)Y s (IAENCToWENDTA) o (WSRCyDUMMY)

DATE 021876

00000100
00000200
00000300
00000400
00000500
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967

26.

28,
29«
10,
X1,
32.
23,
14,
3S.
36,
7.
38.
19,
80,
ul.
e
USQ
su,
us,
ub.
u7.
u3,
tq,

OO0 OO0 N0

P AR AMS

SUBROUTINE PARAMS(SSIZE+SMEANySMAXGDISTIEMEANGJESIGMAISMINGIPRM ¢
* TONESUD)

PiRAMS CALCULATES ESTIMATES OF MEAN (EMEAN) AND S$,0, (ESIGMA)
FOR
1INON=PR COMSTYTUENTs GIVEN SAMPLE SIZEe MEAMyAND MAX,AND
UMDERLYING OISTRIBUTIONM WHERE 3,LT.SAMPLE SIZE,LT.3b66,
AND 1425.LE MAX/MEAN,LE.6,00 FOR LOGNORMAL CASE

Z2yPH/FPOHe GIVvEN SAMPLE SIZEs MEAN, AND MAX OR MIN,AND
DISTR1AUTION (ALWAYS NORMAL) nHERE 3.LT.SAMPLE SIZE,LT.366

DATE 021876

00000100
00000200
00000300
00000400
00000500
00000600
00000700
00000800
00000900
00001000
00001100
0g000i2n0

IypA/PoHe GIVEN SAMPLE SIZEy Maxe AND MINg AND NORMAL OISTRIBUGOO001300

AND SAMPLE SIZ2E,LT,40

DIMENSTION CM{40) )
CATA (CN(JYIeJ=1480)7/1e901el126014693¢24059¢2432602053Us2,70402,847
2e070¢3.078034173¢3e258¢3:6336934807493.U7293453243.588,
3.600,3.0R9¢3,73543.778¢3.81943,858,93,895¢3,93003,964
3,997 ,0.02704e057140086760113084139944165¢4,189¢
14213,68423604,2591U8428004.301048,3227
CIntgGcEe nISTe SSIZE
DATA CHECKS
1IFtgsI?2t,GT4305) G0 TO 350
JF(IONESN,EQ,1 ,AND, (1PRM,EQ,22,0R, IPRM,EG,23)) GO YO 325
IF(pIsT«Eidal) GO TO 100

L 2k I

ESTIMaTIMG FOR NORMal CASE
Czcal0G(SSTZE/1.52517)/72+91546)+1,
ESTGMAs (SMAXSSMEANY /C
EMFAN2SMEAN
RETYRN

EsTIMarIng Fok LnGhgRMAL CASE

100 RAYIQ=S"aX/oMEAN
TFeRATIO. LT.1+25.0R,RATIO.GT.6,00) GO YO 365
IF(rRATTI GT,42.3) GO TO 200
L PHEzL .02
PETAz6LOUR(SSTIZE/.18609)/1,21750
1F(sS172,6E.11) GO TO 3060
AL PrA=1 . 01500+ (SSIZE~U¢)*(,00249=(SST7Ewb¢)¥(,00048e(SSIZE=8,)*
1(.000087)))
BET&=Al OG(SST2E/.05610)/1,58888
6N 16 300

200 ALPHBA-(ALOG(SSIZE/S164.81421)/=2U,503067)¢1,
RETA=4alLOR(SSIZE/.70636)/1,13932
TP (SST7E ,LT.30) ALPHA=,9661U04+(SSTZE=S5,9%(,030748 =(SS1ZE=10,)%
10,001799 ~(SSI2E=15.)%(4000065 =(SS1ZEw20,4)%(,02453/15000+(SS[2E=
125,y¢(¢.00000002584)3)))

00001400
00001500
00001600
00001700
00001800
00001900
00002000
00002100
00002200
00002300
00002400
00002500
00002600
00002700
00002800
00002900
00003000
00003100
00003200
00003300
00003400
00003500
00003600
00003700
00003800
00003900
0000dpoo0
00004500
00004206
00004300
00004400
00004500
00004600
00004700
00004800
60004900

PAGE
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{62

50,
S1.
S2.
53,
sS4,
&S.
Sb.
S7.
58.
59.
60.
hio
62‘
b3.
&4,
65,
bb.
67
66
69.
70,
7.
2.
73.
74,
7S.
76,
77.
7é.

P ARAWS

IF(SSTIZE,LTe25) BETA=2+4963U42a(SSIZEmS, )% (0021119 (SSIZEm10,)%¢(
1,00322Ue(SSI7E~15.9%(,00013=(SSIZE=20,)%(,05628/15000))))

300 ESIGMasALOG(RATIC/ALPHA)/BETA
EMEAN=ALNGIO0(SMEANY«ALOG(I0)*ESIGMA¥*2,/2,
RETURN

ESTIMATING FOR FH WITH MAX AND MIN
325 IF(§SIZE.GT.40) GO YO 375
FrEANS (SMINESMAX) /2,
FSIGMaA=(SMAX=-SMIN) /CN(SSIZE)
SMInz«1000.
RETHLIRN

350 WPITE(6+351) 1+4IPRM

DATE 02187s
00005000
00005100
00005200
00005300
00005400
00005So00
00005600
00005700
00005800
00005900
00006000
00006100
00006200
00006300

35 FOPMAT (10 et x%kxSAMPLE SIZE FOR SOURCE!eI3¢!) CONSTITUENT! I3t IS'00006400

* t GREATER THAN 365 AND ACCURATE ESTIMATES OF MEAN AND STA100006%00
* FNDARD DEVIATION'!,/1 1,14RE NOT POSSIBLE!) 00006600
STNP 00006700
HRITE(bv306) RATIO,I,IPRM 0000568600
222 ?onl¢§(:z"vt4tRAr§o OF MaAX TO MEAN IS1¢E12.5¢! FOR SQURCE!'!'413, 00006900
* LCONSTITUENT14I3¢/! 1+1MUST BE BETWEEN 1,25 AND 6,00 FOR! 00007000
* VESTIMATION OF MEAN AND STANDAKRD DEVIATION!) 00007100
sSTNp 00007200
' 00007300

75 WRITE(he376) 1
§7e FOQMAgtzo'o't;#SAHPLE SIZE 1S GREATER THAN 40 FOR SOURCE!'sI3 00007400
* 'CONSTITUENT PR AND ESTIMATES GF MEAN AND STANDARD DEVIATII00007500
* 'ON CANNOT BE MADE!) 00007600
$T0P 06007700
END 060007800

PAGE
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86T

c
c

P HODOMGO

DATE 021876

SURROUTINE PHDMGO(DJIB) 00000100
00000200

£ SUBRNUTINE DAMAGE-ZERD DETERMINES OAMAGE FoR LEVEL o OF PARAMETER M 00000300
00000400

NIMENSTUN DJA(2) 0000GS00
COMuQy/IMG2/0MG(2y11) 00000600
COMMON/BOKPTS/S(6)SSPH(1Y) 00000700
COMMOHN/BIJ/AL1+Bf B2 00000800

0O 70 Mz1.2 00000900
IF(MEQet ) RsAf{%x,0000001481¢ 00001000
IF(M,E0.2 ) Bzai%,0000001482 00001100
IF(R,GELDOMG(My1)) GO TO 45 00001200
DJB(MysO, 00001300

GO Y0 70 00001400

45 DG s0 XKD=1+10 00001500
IF(NMG(MaKD) LE BeAND B LT ,OMG(MyKD+1)) GO 7O &0 00001600

S0 CONTINUE 00001700
DJR(MY=SSPH{11) 00001800

G0 10 79 00001900

60 0JB(“3=(SSPH(KD+1)-SSPH(KD))*(B-DHG("vKD))/(DMG(H0K001)-DMG(HvKD))00002000
$+$SPH(XD) 00002100
KDt1=¥D+1l 00002200

70 COMTINUE 00002300
RETURN 00002400
END 00002500

PAGE
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66¢

18,

23.

25.
26,
?27.
28,
29.
30.
.
32.
13.
4.
5.
3o,
37.
38,
39,
40,
al.
ue,
a}.
L4,
uS.
usd,
47,
ug,
u9.
50.

(g M aXal

1O

an

PHEXD
FUNCTINN PREXDITMULTSIGTQSQU)
PHEXD CaLCILATES EXPECTED DAMAGE FQOR CONSTITUENT PH (AND POH)

DIMENGTIONM TMU(R2) 2 TSIG(2)+DJIB(2)
REAL TL
TOMMON/DMG2/0AMAGE (24 11)
comMnNuy/BTd/ZA.6(2)
COVMON/ZEPRPTS/S(6)eSSPH(LY)
COMnNL/PrOPT/ICGPT
1C=221C02 11
COPT1=NAMAGE(]¢]C)
COPT2=DA4AGE(Z241C)
TMUC2y=1d.=-THU(YL)
OHEYD=0,
AzTYS/(TAS+QUL)
BetysCrorT1*¥Qu/LTRS+C)
R(2y=COPYT=UU/(T1A5+CY)

20 IFCTMUCL1)«GT.7.3 GO YO 24

CAGE wHEk MijeH LESS THAN/ZEQUAL YO 7.
1=

Jz2
GH 10 25
CisE aWFpE M= GREATER THAN 7,
24 1=2
J=1

CALCyLATE NCY OR DH (WHICHREVER HAS SIMPLER TERMS) FIRST
TFLLG TNDICATING TMUzT7, OR NOT

25 TFLAG=D
BT Tt TRFALT o0 THMUCIY e TSIG(J)Y)

CALL FHEMGO(DJIB)
PrHEYD="FPEXD-PSTI*DJB(J)~(1,=-PSI)*DJB(1)

26 DO 30 Ki=1+10 _
CaLl ABEF(GAMAGE(J KD) sDAMAGE(JyKD+1) vA9rB(J) s KDyALPHAWBETACESF L)
IFCLER.2) LO TQ 30
OMFyN=PrExD+IL{EsF o ALPHAYBETAy=TMU(J) s TSIG(J))

30 CONTTINUE

aLPHRECTIsRETA(LD)
PHEYMzFHEXN+RILBTL (BETAy=TMU(JI) 9 TSIG(J)Y)
TF(IFLLG,ERe1) RETURN

CALCULATE OTRER D

DATE 021876

00000500
00000200
00000300
00000400
00000500
00000000
00000700
00000800
00000900
00001000
00001100
00001200
00001300
00001400
00001500
00001600
00001700
00001800
00001900
00002000
ovoo2100
060002200
NooOV2500
00002400
00002500
00002000
00002700
00002800
00002900
00005000
00003100
00003200
00003300
00003400
00003500
00003600
00003700
00003800
00003900
00004000
00004100
00004200
00004300
00004400
00004500
000046000
00004700
00004800
000047900
00005000

PAGE



00¢

S1.
52.
53.
St
55.
Sb.
57.

sa,
S9.
6G.
61,
62
63,
6U.
65.
fbe
67
68,
69,
70.
1.
72.
73
Ta,
7S.
76

PHEIXD OATE 021876 PAGE 2

39 00 40 XDzielO 00005100
CaLL AREF(DAMAGE(IoKD)sDAMAGE(I¢KD#1)eAeB(T)eKDoALPHAYBETAErFol) 00005200
TF(L.ER.,2) GC TO 4o 00005300
IF (5LPrALE T,aAND,T.LT.BETA) GO 7O S0 00005400
PHEYDsPHEXD+ IL(EWF o ALPHAWBETAsuTMYCINI o TSIG(J)) 00005500

4o CONTINUE 00005600

C ALPHA(11)=BETA(10) 00005700
LI=t1 00005800
PHF xD=PHEXD+IL (04 rSSPH(11)eBETAeTyaTHMUCI) e TSIG(J)IYRILBTL(Ty=TMU(I00005900

X)), TSIGCIY) 00006000
RETURN 00006100
00006200

Lti=t 10 9 00006300
S0 PHFYD=PHEXD+IL(EFoALPHAsToeTMUCI) o TSIG(J)ISILCEIFoToBETAywTMUCLI) 00006400
XTSIG(I) 00006500
LI=xD+1 00006600
1IF(LTI,EG,11) GO 10 60 00006700

PO 55 KD=LI+10 00006800
CALL ABEF(DAMAGE(I KO} +DAMAGE(CIaKO+13149A41B(l)eKDsALPHACBETACEF L) 000NET0Q
TF(L.ER.2) GO TQ SS 00007000
PHEyD=PHEXD+TL(E«F s ALPHAYBETA9eTMylI) e TSIG(L)) 00007100

55 CONTINUE 00007200
ALPHA(131)=BETACLQ) 00007300

60 PHEyYD=PHEXD+RILBTI(BETAswTMU(I)eTSIG(IY) 00007400
RETURN 00007500
END 00007600



T0€

26

29,

3.
12.
33,
3a,
35,
Ie.
7.
%0,
9.
40.
at,
42a
u}'
us,
us.
ub.
07'
68,
u9,

PNVCOM DATE 021876
SURQNUTINE PMVCOMINOPIPS*NPPARSeNGPARS s JPARM INDPARYDISTYPYEFSTy 00000100
*  nysPNV,ICUR) 00000200
c 00000300
C PNVCQM CALCULATES PROBABILITY oF No VIOQLATION FOR A SOURCEe. AND COMBINDOOOOQWOO
C PLRAETESRS (“t14SIGMAy,.,.,) WHERE THE SAME CONSTITUENT OCCURS IN MOREDQ0OO00S00
[ OME PICE NF & sOURCE 00000600
INTEGER OISTYP(uey0)4OIST 00000700
REAL MU INoININFAPILINFA 00000800
DIMENSTON NFPARS(UY ¢ IPARM(Us10) s INDPARCLO)IEFST(U410) 00000900
QIMENSION X(2) 00001000
NIuensgIOon SS(2) 00001100
DATSE §S5/=1401,/ 00001200
CoMMDL/B80DDEG/TES1TEUCSe IBOD _ 00001300
COMMOMN/TgTPNY/MYLd410)eSIGMA(U,10) 00001400
COMuUnM/PNVEXP/DTIST 10y THMUCLI0) 0 TSIG(10) 00001500
COMOM/UPDRTE/T QS (4e30) 00001600
INCLUNE PleLIST 00001700
o 00001300
C FIMD aLL PIPF LOCATIONS OF SAME PARAMETER FOR SOQOURCE I 00001900
€ AND COMBINE DATA 00002000
c 00002100
00=0. 0000200
Cs=0. 00002300
T3it=qU 00002400
TRS=0, 00002500
DG 10 J=1eNDPIPg 00002600
10 TAS=7GS+95(¢(Je]) 00002700
PNV=1, 00002800
PO 80 M=1.NOPARS 00002900
SuMMz( . 00003000
SuUMV=Q, 00003100
TMU(My=u, 00003200
TSIGIM)IZO. 00003300
NSAME=0 00003600
00 50 J=1eNOPIPS 00003500
NP=nNPPLERS(J) 00003600
D0 &0 w=y NP 00003700
TF(IPAR{JeKY NE,INDPAR(M)) GO TO 60 00003300
MSAMEZNSaMF+ 00003900
C FOR MUY TIPLE CCCURRENCES OF THE SaME PARAMETERe THE FIRST DISTRIBUTIONOQOQ4QOO
C SPECTIFICATION IS USED 00004100
IF(NSAVE ,EQe1) DIST(M)=DISTYP(J1K) 00004200
IF(INDPAR(M) ,ER,22,0R, INDPAR(M) ,EQ,23) GO TO S3 00004300
IF(DIST(M).EN,1) GO TO SO 00004400
c 00004500
CeeNORMA CASELCOMRINING 00004600
THMUMYSTMU(MY+MY(J.K) 00004700
TSIGI(MISTSIOGIM)¢SIGMA(JeK)SSIGMA(J¢K) 00004800

TEMPNys IMIMFACEFST(JoK) o MU(JyK)9sSICMA(JTeK)) 0000UQ0Q

PAGE



0t

0.
St.
S2.
53,
sa.
SS.
S6.
57.
<8,
S3.
60.
6l
he.
b3,
6o
65'
Ab'
67.
e,
89,
76.
71.
72.
73.
T4,
75.
760
77.
78,
19.
Fd.
81.
az,
23,
L)
RS,
Re.
a7
85,
a9,
90.
1.
Q2.
ez,
Qu,
as.
Q6.
Q7.
Q6.

c

PNV COM
G0 70 S2

Ce=lLCGNOpPMAL CASE+COMBINING

c
c

c

C
c
c

[a X e NeNal

USTING Ln(10)=22.3025651,,5%¢LN(10)=1.1512925

S0 TEMPMz10 ¥4 (MU(JeK)¢1,1512925%SIGMA(TWK)*SIGMACTK))
SHUMMIZSU M+ TEMPM

DATE 021876

00005000
00005100
00005200
00005300
000054n0
00005500
00005600

*¥xTEMPy NEENS TEST TO CHECK FOR LARGE SIGMA 7O PREVENT PROGRAM BLOWUP00QO00S700

TFCSTGHACIrK)Y BT 48,) SIGMA(JIK)ISU, 0
TE“DV:TE”PN*TEMPM*(10.*#(2.BOESBSI*SIGHA(JoK)‘SIGHA(J.K))-1,)
SUMy=glimve TEMPY
S1 TEMBMUILINFRLEFSTOIoR) sMU(JeK) eSIGMACIYK))
SET vipTanlE FOK JQUTPUY QPTION
S2 WEMRTA(/vJeRISTEMPNY
IFrINOPAR(™) 4G ,22) WENDTA{T9JeKel)31000000,
IF(TNRPAR(NM) ,EQ,30)Y GO TO 60
IF("COR.ERL,L) GO TO 60
PUY-PNVETEMPNY
GO 70 60

PH/POH
ST TEVPMz 10 %% («MyU(JoK)+141512925%SIGMA(JWK)SSIGMA(IIK))
SUmMpzgUMMeTEMPM
TEMFYSTEMPYRTEMPME (10, ¥%(2,302585 *5IGMACIIKIXSIGHACI 1K) ) mL,)
SUMYESUHY+TEMPY
1IF (IMDPAR(MY,EQ,23) GO TO SS
TEMPNy =1,
DO ¢hnp KK=142
KPRy lekK
KO MEReSS(KK)
Y(Kk)=SSIRK)F(MUCJ KPRI=-EFST(J1KPR))
IF (¥ (%Xy.LE,04) GO TO 102
pV:,;+IV(0.'1.'0,’X(KK)'O.QSIGMA(J'KKP))
GO Y0 101
102 PUsININFA(X(KK) 40eeSIGMA(JIKPRY)
10t TEmMsny=TFMPENVePY
106 COMYTNOE
GO 10 S2
5SS COMTINUE
60 CONTTMUIE
TFeinDpPapP (M) EG,22,0R,INDPAR(M) ,EQ,23) GO TO 69
TFINTST(M) R, 1) GO TGO 65
TSIGEY)=SAPT(TSIG(M))
GO 10 Tu
USING 1./tM(10)=,834290u4

LOGNORMAL CasE

00005800
00005900
00006000
00006100
00006200
00006300
00006400
00006500
00006600
00006700
00006800
06006500
00007000
00007100
00007200
00007300
00007400
000075%00
00007600
00007700
00007800
00007900
00008000
00008100
00008200
00008300
00008400
00006500
00008600
00008700
00008800
0000890¢
00009000
00009109
00009200
00009300
00009400
00009500
00009600
000097090
00009800

PAGE
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€0t

Qa,
100,
101,
in2.
103.
104,
105,
irs,
lo-,.
108,
1')9.
110,
111,
112,
113,
114,
11S.
116,
117.
118,
119.
129,
121,

A5

69

70

8n

g

Bs

PNV COM
TSTE(M)=,4342904sALDGIO0(SUMY/ (SUMMESUMM)I+14)
T M)ZALUGIO(SUMMI=1 1512925 TSIG (M)
TSTGC(MI=SWRTITSIG(M))

6o 10 70
TS{G(h):,u}ueqUutALgGlo(SUHV/(SUHM*SUHM)*l-)
TMu(M)=1.151?QZS*TSIG(M)°ALOGIO(SUHH)
TSTG(MISSURTCTSIG(M))

tFeyrpPee (M)  NE,30) GO YO BO

CS=T™u(#)

ng=CcS

coMTINUE

IF(ICO5.NEL1Y GO TO 90

op £e J=teNOPIPS

Np=tPPARS(J)

TEMFENy=1

DO 8S K= e¢NP

TF (WwEnTTA(T? e dsK) oL TS TEMPNY) TEMPNVIWENDTALT9d0R)
CONT ImUE

PMY=FHVITEMPNY

cCOnTINUE

IF(PMV.LT+40000000001) PNV=,0000000001
RETUFN

END

DATE 021876

00009900
00010000
00010100
00010200
00010300
00010400
00010500
00010600
00010700
00010800
00010900
00011000
00011100
00081200
00011300
000i1400
00011500
00011600
00011700
00011800
00011900
00012000
00012100

PAGE



?0€

L. .
N— OO0 X~ INE WA -
* 6 o e 9 s 8 s 0+ 0 0

-
[~V ]
e o

- a s e
s K I« N V)]
« s o o

AV VI
= +]
» e o

b2,
23,
2“.
25.
26.
27,
28.

at .

a4,
us.
66
u7.
us,
49,

aan

[g N e

aNg]

lalg]

o
c
c
C
c

PRI OCRT

SUBRCUTINE PRIORY(IPARMsNPPARS)

PST1QRT ODETFRMINES PRIORITY MONITORING ALLQCATION AND PRINTS TABLES

PAPAMETER “RS=9)90+TRS=Q00
NDIMEMSION ReSKCE(30)e XMR(MRS) e ISORC(MRS)RESCST(HMRS)»
RENRES(TRS)I+COST(TRS) +NUM(MRS) ¢ JPARM{Ue10930) ¢yNPPARS (4930}
DIMENSTON TMR(TRS) ¢ISORCT(TRS)
COMMON/PRI/NOPIPS(30) NOPARS(30) s INDPAR(C1I0e30)0ISFUP(30),
ISFLOW({30)vEXPDC30)vPNV(30) e IQUTLI vIOUT2AsI0UTR2BsI0UT3
NAYM(30013)yB,DeNUSORSVISLIST(30)sPIPCSTC4)+CONCST(30)

Do &% T=1eNUSORS
I1=18LI37(D)

DETERMINE RESOURCE NEED TO MONITOR SOURCE I

NP=NOPIPS(IY)
RESPLECIYSPIPCST(NP)

DO 5% JzyeNP

Ki=rFPARS(Js11)

DG 58 K3feK1

[P=1PaRMeJeKe 1)

RESRCE (I)=RESRCE(I)¢CONCST(IP)

5SS CONTINUE
CALCyULAYE ™MARGINAL RET(RNS FOR EACH SOURCE

Mz0

PO 62 1x1¢NUSORS

ISFL=TSFLUWCI)+Y

K{zISFUP(])

DO 0 K=1SFLyK1Y

MzMgq
XMR(My=(EXPDCI)*(PNy(I)**(Kal))*(1,-PNV(I)))}/RESRCE(I)
I1snRC (™M)=l

60 COMYIMUE
62 CONyINyE

ARRANGF ™MaRGINAL RETURNS IN DESCENDING ORDER

CALL .ORDER({XMReISORC M)

COMpUTF NECESSARY COsTs
FOR DESIRED QUTPUT OPTIONS AND WRITE OUTPUT

«=0PTION le~

TNTRES=O0,

TCTCcST=0,

D0 rO I=91+NUSORS
RESCST(I)=RESRCE(CIy*ISFLOWC(I])
TOTRES=TATRES+RESCST(I)

DATE 021876

00000100
00000200
00000300
00000400
00000500
00000600
00000700
00000800
00000900
00001000
00001100
00001200
00001300
00001400
00001500
00003600
00001700
00001800
00001900
00002000
00002100
60002200
00002300
00002400
00002500
00002000
00002700
00002600
00002900
0003000
00003100
00003200
00003300
00003400
00003500
00003600
00003700
00003800
00003900
00004000
00004100
00004200
00004300
00004400
00004500
00004600
00004700
00004300
00004900

PAGE
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S0t

S0.
gSl.
S2.
S53.
SuD
5S.
S6.
7.
SBI
59.
60,
62,
630
bL.
b5.
66.
&7,
68,
59,
70,
71,
v2.
73.
T4
75.
Toe
77,
78.
9.
89,
Al
R2.
R3,
FYAN
RS,
86,
R7.,
aa.
A9,
Q0.
St.
ez,
Q3.
4.
Qc.
Q7.
eH.

&0

82

90

c
91

92
93

96
1000

PRIORT

TOTCST=TOTCST+EXPD(I)*(PNV(I)4*ISFLOW(L))
TFeT0UTILNEGTL) GO TO 9%
WRITF(b4E2)

DATE 021876

00005000
00005100
00005200

FOEMAT ('t sTe0stINTTTIAL ALLOCATION (/10! eT43+'SQURCE'+T62y ' TIMES S00005300

£AMDLEQ YV T8I+ 1RESOURCES USED!' /! 14T43+52(1=1)/101)
00 87 I=1+NUSORS

T1=z1sL IS8T (1)

WRITE(6+85) T141SFLOW(I)RESCST(I)

TORMAT(! "o (Td6,T124T6Te124T8UIFBL2))

WRIYE (0e%0) TOTYRES.TOTCST

FOQMATf'O"TUSOSZ('—')./'O'lTSO"TOTAL RESOURCES USED!19F10s29/1

£TSN,'c0OST OF UNDETECTED VICLATIUNS'IFL2,5)

TICGH 2A=e

IFeIngT2a,8E,1) GO TO 104
WRITS(69105)

Mi=9

T6TC=0

DO 93 T=1,NUSDRS

TOTR=1NTC+EXPD(])

TFeTsFLSw(1),£9,0) GO TO 93
13z18FLaw(T)

02 32 Kz{118

Mizuiat

TMR (Y1) (EXPO(IY*(PNV(I)*%(Kul))#(1esPNV(I)))/RESRCECI)
1soRzT(M1)=1

CONT TN

Cliriy FrE

TFe,20,0) 60 YO 1000

A0 949 TzieM

Tum g1+ Iz mRTY
Isoacr(1«I)=1S0RC (1)

CONTINYE

CONT TNUE

Mgt

CalL ORPER(TMRyISORCTM2)
Is=r300CT7(1)

RENQES(1y=FESKCE(IS)

COURT(11=TOTCL (THR(1)*RESRCE(IS)Y)
I1=1SLYST(ISY

TEmoMa=TMHI1y)*100,

SRITZ(Ae1CB) T TEMPMRICOST(1)KREQRES(1)
FORMAT(! ' oTED 11! 4 TSS9 I34T604F13.811XeF12,5¢2X¢F{0,2)
IFe(»2,¢¥5,1) GO YO 100¢

Ny 93 TzdeM2

1szyen2l7(1)
CAST(I)=CIST(Iwt1yu(TMR(II®RESKCECIS))
RENRZS(I)sPEQRES(lal)+RESRCE(LS)
T1=zISLIST(IS)Y

00005400
00005500
00005600
00009700

00005800
00095900
00n006000
00006100
00006200
00006300
00006400
00006500
00006600
00006700
00006800
00006900
00067000
00007100
000072400
00007300
00007400
00007500
00007600
00007700
gooo07800
00007900
00008000
00008100
000CB200
00006300
00008c00
00008500
00006600
00008700
000086800
00008900
00009000
00009100
00009200
00009300
00009400
00009500
00009500
00009700
00009300



90¢

99,
100.
101,
{02.
103.
104,
tes,
106,
107.
{ng.
inQ,
110,
111,
112,
113,
114,
115,
116.
117,
lle.
119,
120,
.21
122.
123.
174.
125.
12¢,
127.
128,
129,
130.
13§
132,
133,
13"‘0
13%.
136,
137,
138,
139.
140.
141,
ta2,
143,
tea,
1as%,
lub.
‘u7i
148 .
lcqi

PRIORTY

DATE 021876

TEME4R=TMR(I)*100,. 00009900

95 WRTTE(Ar11S) I1eI1sTEMPMRYCOST(I)REGRES(I) 00010000
100¢ COMTYTINUE 000310100
WRITF(6el1B ) 00010200

¢ 00010300
Ce=(OTIQN 28~ 00010400
104 Is=is50RC(1) 00010500
RENRZS(1)=TOTRES+RESRCE(IS) 00010600
COST{1)sTUTCSTw (XMR(1)*RESRCE(IS)) 00010700
TFemM ETLt) GO TO 1002 00010800

00 110 IzceM 06010900
I1ss1ScRCeI 00011000
CasT(II=COST(1l=1)=(XMR(I)*RESRCE(IS)) 00013100

110 9tagts(I)sRIORES (Il )eRESRCECLS) 00011200
1062 Comt e 00011300
TFrIdyuT2R.NEL 1Y GO TO 120 00011400
WRTTE (6.109) 00011500

10F FOOMAT(!11'4TSp0e'PRIORITY LISY OF SAMPLES!/10t4T784'COST OF!/? 1y 00013600
¥TS5U,1$NURCE e TOSe t MARGINAL UNDETECTEC RESQURCES!'/! t4T4Qy'PRIOOO00O11700
¥RITy !, TSus'SAMPLED )y Tods IRETURN X100 VIOLATIONS REQUIREDt /1 1o 00011800
*THO,S8('-1)/101) 00011900

0D 1912 [=lenm 00012000
15=7SORC(I) 00032100
T1zISLIST(IS) 00012200
TEMPPRSXMR(I)¥100. 00012300

112 WRITE(Se115) 1eIteTEMPMRICOST(I)«REWQRES(I) 00042400
115 Fopndy (! "e(T43,13,755¢13,7604F134801%X9F12.502X9F10,2)) 00012500
WETTE(A1118) 00012600

118 FORMAT('0'9TUO0+58(1=l)) 00012700
c 00012800
CeelPTICN Jaw 00012900
120 IF(INUT3INMES1) RETURN 000§3000
TF (By1709170+125 00013100

128 Jourh=2 00013200
WRTTF (5e126) 8 00013300

126 FQORMATI 1 4 T60'FINAL ALLOCATION! /1014760, {BUDGETIe1XsF9,2) 00013409
PO 135 I=zieM 00013500
1FrR-nfnoEs (1)) 13041354135 00013000

130 LIM=1at 00013700
G0 10 149 00013800

135 CoOMyINDE 00013900
WRITE (60137 00014000

137 FOPMAT('0!409( %",/ 'y 1BUDGET CONSTRAINT CANNQOT BE REACHED WITH 00014100
ECURRENT MAXIMUM SAMPLE SIZES IN EFFECTVe/1 1469('%1)e/101) 0c0gd20¢0
LIMcV 000148300

140 DO 145 I=1,.NUSORS 00034400
N 1)=sISFLOW(T) 00014500

145 COMTYINUE 00014600
00 150 l=1+LIM 00014700
15=1S0RC¢ 1) 00014800
MUMEISYINUM(IS) 1 000314300
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LO€

150,
1%} .
{82.
183,
154.
1685.
1S6.
157.
158,
18q,
160,
161,
162
th3.
feda,
165
146,
167,
168,
149,
170,
171,
172.
173,
174,
175,
176,
177.
178,
179,
180.
18%,
182.
183,
184,

PRIORTY DATE 021876
150 CONTTINIE 00015000
WARTTE(He154) 00015100

150 FOPMAT('0'yTuBstMIN NO, MAX NO. 19789y 'COST OF'/! t,Tu8,1SAMPLESO00015200
¥1eTSA1542LESIyTOBy ITIMES 194X tRESGURCES UNDETECTED's/' '4T40s 00015300
$1SOURCE Y ,TuB, "REQUIRED ! 4 TSBy 'ALLOWED Y, T68,'SAMPLED ! ¢SX e tUSED!44Xe 00015400

«tyTobLaTIQHs! /) 1y Ta(eS8(tat)/101) 00015500

00 160 I=1enNjSORS 00015600
PRES=ESPCE(T)y*¥NUMCT)Y 00015700
CST=zExPU(Iy+(PNY(Tyxx(NUM(T))) 00015800
T1=1SLIST(I) 00015900
WRITECS9155) 114 ISFLOWCI) 2 ISFUP(I)+NUMCI)¢RRESCST 00016000

1S5 FORMETIT 1eTU2e 129 TSUsI2eT61012eT71022¢T774F9,29T7884F10,5) 00016100
160 CunTTIRULE 00016200
WRITE(&+r165) REQRES(LIM)COST(LIM) 00016300

165 FORPATIINY o« TUOWSB(1=1)/'01.TU0s!TCTAL RESOURCES USED!eF9,2¢/1 1976400016400
0y FInel COST OF UNDETECTED VIOLATIONS'9F10,5) 00016500
JFCIOUTD,EQel) RETURN 00016600
Inuth=t 00016700
TFeCY1R1 1814170 00016800

170 wQTTE (5¢175)0 00016900
178 FOOMoTC (g ToOeFINAL ALLOCATION' /101 s TH40y 'MAXTIMUM ALLOWED COST OF00CL17000
* UERETFCTYEC VICLATIONS' 11X eF9.5) 00017100

DY 18] l=1leM 00017200
TFeePsT{1)=DY 17691764180 00017300

176 LIM= 000174090
GO YO {4p 00017500

160 cCry Tyt 000176090
WRITE(He1800) 00017700

1800 FORMET('alte37('%?)y/t 1y UNDETECTEDaVIOLATION-COST CONSTRAINT CANNOQO17800

x0T Bt REACHED WIThH CURRENT MAXIMUM SAMPLE SIZES IN EFFECT!e/! Ys 00017900

FATCIS1),,2000) 00018000
LInzM 0001810¢
GO G 140 00018200
181 RETyURN 00018300

END 00018400
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80¢

13.

15.
16.
17.
18,
19.
20.
7l
22.
P3.
2L,
?s.

c
c
c
C
c
C

X NORM

FUNMCTINN XNORM(X)

YRARM CALCULATES THE STANDARD NORMAL DISTRIBUTION FUNCTION F(X)
FGO Y 0T.4 UR X,LT.=d AND REFERENCES FUNCTION RNORM TO FIND A VALUE
DMOR™ CaLctILATES {=F(X) FOR X+ AND F(X) FOQOR X=

USING 1/5CcR1¢2%PI)=,3989u22

10

20
és
30

AssrTar g0 TO OUT
TFeadsc4y.LE,de) GO TO 30
TF(x,GTetds) GO TO 10

X2 ey

Ft.rqy DMNQRM(X)

ASSTGN 25 TO OUT

Fyz, J0RQURZHEXP(XEX/~2,)
X2zie/(a%X)

XLl=y2#X2

YhoyxlxyY2

XBoyxdxYlE

yunpMs (Fy/X) (! ,eXx2+3,%XUal15,¥Xb+105,%x6)
GO TN 2uT

YhNG~al ,«XNORM

RETIION

XNQRMeRNORM(Y)

RETURM

gEnD

DATE 021876

00000400
00000200
00000300
00000400
00000700
00000800
00000500
00001000
00001100
00001200
00001300
00001400
00001500
00001600
00001700
00001800
00001900
00002000
00062100
oooveeno
00002300
00002200
00002500
00002600
00002700
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LIST OF SYMBOLS (for Section 4)

Meaning

A constant (in 10)

Expected extent of undetected violations
Violation weighting factor per source

Expected extent of violation, per constituent
The standard normal probability density function
Scaling factor

Data discounting constant

Source number

Constituent number

Weighting factor function (WFF) constant
Lognormal distribution

Maximum number of examples required at source 1
Minimum number of examples required at source 1
Comstituent mass loading rate (or concentration)
Sample mean

Normal distribution

Sample size

Probability of non-violation per sSource
Probability of non-violation per constituent

Total compliance monitoring cost
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Symbol Meaning

ri Compliance monitoring cost per source
S Effleunt standard, for a constituent

S Lower effleunt standard for pH

S Upper effluent standard for pH

S5 Sampling rate

W Weighting factor

X Normalized effluent standard

y Any data value (general)

z Compliance monitoring data point

a Reliability weighting factor

A An increment of

n Confidence parameter for u

8 Receiving water concentration standard
vy Marginal return

v Confidence parameter for o

3 Sample maximum

IL] Product of

p Ratio of sample maximum to sample mean
2: Sum of

o Estimated standard deviation

d The standard normal cumulative distribution function
w Sample minimum
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