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ctfluent dilution ratio - IO/QF = %,

IABLE 4-6 - Permil averaying period selection matrix for BOD/DO:
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Critical DO deficit exceeded one day in 10 years as a multiple target deficit used in WIA.
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effluent dilution ratio - 7QI1/QF

IABLE 4-7 - Permit averaging period selection matrix for BOU/DU:
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IABLE 4-8 - Permit averaging period selection matrix for BOV/DO: cffluent dilution ratio - JQLO/OF = 1.

Stream Flow Characteristics Effluent vcg = 0.3 tEfluent veg = 0./ LEfluent vy = 1.1
All Periods Low Flow Perilods 3o- 1- 1- 30- l- 1- 30- l- l-
\ Day Day Day ay Day Day oy lay oy

7010/T5  vqs 7010/5'  vqs' Avg.  Avg. Avy. Avy. Avyg. Avy. Avg.  Avg.  Avy.
2.00 0.13 0.43 0.6 0.5 0.% 0.7 0.6 0.5 0.8 0.6 0.5

0.01 3.00 0.26 0.50 1.0 0.9 0.8 1.3 1.0 0.8 1.5 1.1 0.9
4.00 0.4]1 0.55 1.4 1.2 1.1 1.7 1.4 1.1 2.0 1.5 1.3

1.00 0.23 0.31 0.8 0.7 0.6 1.0 0.8 0.7 1.2 u.9 0.7

0.05 1.50 0.42 0.38 1.2 1.1 1.0 1.6 1.3 1.0 1.8 1.4 1.2
2.00 0.66 0.43 1.5 1.4 1.2 2.1 1.6 1.4 2.4 1.9 1.5

0.7% 0.33 0.2% 0.9 0.8 0.7 1.2 1.0 0.8 1.5 1.1 0.9

0.10 1.00 0.46 0.31 1.2 1.1 0.9 1.6 1.3 1.0 1.9 1.5 1.2
1.50 0.83 0.38 1.6 1.5 1.3 2.2 t.8 1.5 2.1 2.1 1.7

0.60 0.39 0.22 1.0 0.9 0.8 1.4 1.1 0.9 1.6 1.3 1.0

0.15 0.90 0.61 0.29 1.4 1.2 1.1 1.8 1.% 1.2 2.2 1.7 1.4
1.2% 0.95 0.3% 1.7 1.5 1.3 2.} 1.9 1.5 2.8 2.2 1.8

0.50 0.5% 0.19 1.2 1.1 1.0 1.7 1.3 1.1 2.0 1.6 1.3

0.25 0.75 0.82 0.2% 1.% 1.4 1.2 2.1 1.7 1.4 2.6 2.0 1.6
1.0 1.16 0.31 1.8 1.6 1.4 2.5 2.0 1.7 3.0 2.4 1.9

Critical DO deficit exceeded one day in 10 years as a multiple target deficit used in WLA,
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A zadle for tne effluent dilution ratio (7Ql0/TE) equal to S0 nas
"0% deen precared for B800/00. For small discharges entering larger
streams, it is likely that an effluent BOD 1imit determined from a steady-
staze wLA analysis would be greater than the technology-based limit wnich
wouic De used in the permit. The use of the standard matrix table, wnicn
would show & higher pattern of violations, would tend 0 be misleacing,
since the computations and the tables assume that the allowable effluent
concentration determined from a WLA becomes the effluent limit (EL)

specified by the pemit,

12 srould be emphasized at this pornt that the dissolved Sxygen
analysis presentad in this section is meant only as a preliminary applica-
<ion. There are, as yet, no verification examples that support the
applicapility of a probabilistic dilutton/critical deficit analysis. It
nas not been shown that actual stream DO data conform to the propabiiistic
assumptions and simplifications used in this preliminary analysis.
“urtner, it is wall known that the DO distridbution in streams cannot
always be described by the simplest (Streeter-Phelps) model. Upstream
sources of BOD and deficit are common, as are nitrification, algal effects,
and sediment oxygen demand. A more comprehensive analysis would be
~equired to incorporate these effects into a calculation of the effect of

selecting a permit averaging period.

4.4 Analysis for Conservative Substances in Effluent-Oominated Streams

An effluent-daminated stream {s defined, for the purpose of tnis

analysis, as one in which the effluent flow exceeds the design stream “low
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2.5., tme TJl0)., There are then two Houncs o this analysis. The upper
Scunc s tne effiuent ciiytion ratio 7CQ10/avg QE = 1, wnich was the lowes:
STTLTion ~atio examined in Section 4.1. The lower bound is provided by

ine Zase wnere the design stream flow is 2ero (7Ql0 = 0).

.2 shouid de recognized that as the degree of dilution decreases, a

«.A-pased EL dDecomes increasingly restrictive. When the design stream flow

‘s zerd, the efflyent limit must equal the stream target concentration (CL).

while tne cegree of effluent domination has a subsequent influence
S~ tre magniiuce oF an Ll assigned in a permit, the screening analysis
"es.i s presertec delow Suggest that in most si1tuations, a 30-gay permit

averaging seriod will be adequate for effluent dominated streams.

The results of a broad hypothetical analysis of effluent dominated
st~eams are summarized in Figure 4-3 and Table 4-9, using the forma: used
2ariter to illustrate the influence of permit averaging period, effluent

va~iapiiity and ailution ratio.

¢ The bars on the right provide the upper bdound; i.e., the condition
where 7Q10/avg QE = 1 (these results were alsoc shown in Figure
d-1).

© The bars on the left represent in effluent dilution ratio of
7010/avg QE .= 0.1, that is, where effluent flow is ten times
greater than design stream flow, High variability of daily flow is
expected for such streams, together with a very small ratio of
stream desfign flow to average stream flow. The screening analysis

dssumes that the coefficient of variation ranges between vQg =

24
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IABLE 4-9 - Averaqing period seleclion matrix for effluent -dmminated streams.

tffluent vy = 0.3 tittueat v = 0.7 Ltfluent vy = 1.1
tffluent tstimate
Dilution of - /- 1- 30- I- 1- 30- ]- l-
Ratio Variabtifity Day lay Datly oy ay Dafly lay Uay batly
M0/ kange vQS Avy. Avg. Max. Avy. Avg. Max. Avy. Avy. Max .
o 2.00 0.6 0.6 0.5 0.6 0.5 0.4 0.6 0.5 0.4
1.0 PRUB 4.00 1.1 1.0 0.9 1.2 0.9 0.8 1.2 0.9 0.8
HI  5.00 1.5 1.3 1.2 1.6 1.3 1.1 1.7 1.3 1.1
o 2.00 0.7 0.6 0.6 0.8 0.6 0.5 0.8 0.6 0.5
0.% PROD 4.00 1.1 1.0 0.9 1.2 1.0 0.8 1.3 1.0 0.
W 5.00 1.3 1.2 1.1 1.6 1.3 1.0 1.8 1.4 1.1
o 2.00 0.9 0.8 0.7 1.0 0.8 0.7 1.1 0.9 0.7
0.2 PROB 4.00 1.1 1.0 0.9 1.4 i.1 0.9 1.6 .3 0
Hr  5.00 1.3 1.1 1.0 1.7 1.3 1.1 2.0 1.5
L0 2.00 1.0 0.9 0.8 1.2 1.0 0.8 1.4 1.1 0.9
0.1 PRUB 4.00 1.2 t.1 0.9 1.6 1.3 1.1 1.9 1.5 1.2
HI  5.00 1.3 1.2 1.0 1.8 1.5 1.2 2.2 1.7 1.4

Applies for conservative pollutants. Assumes the ratio 7Ql0/QS = 0.005 for all cases.

4.2¢
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2 anc vog = S, ang estimates 3 siream “ow rativ 7J10/avg IS =

S.2C8, for wnts congition near the lower bound for effl sent.¢om-

inated streams.

The conditions under wnich the design stream flow ts greater than
e~c are !'szed in more detail in Tadble 4-3. Results for several agditional
1ntermediate effluent dilution ratios (7010/SE e 0.2 and 0.5) are also
cresentec. A comparison of results for an effluent ratio of 1.0 presented
~e~8 as an upper bound, and previously (Tadble 4-4 and Figure 4-1) as 3
Tawer dound will indicate that results are similar but not exactly tne
same., The ¢1€“erences are due to different assumec values for 7C10/3S and

1ne ~ange of coefficients of variations used as inputs for the POM-PS

nogel .

For the case wnere the desfgn stream flow is zero, 7Ql0 ts zero and
<~e~e appears to be a problem since 7Q10/T5 and 7Q10/JE are both zero.
~<weve~, wnat ac-ually matters is US and QE. Thus, in order to
aval.ate these cases, the use of the actual TS5, TE and a small
=212 suffices since the computation depends only on US/QE and 7Q10 cancels
sut (Equation D-14). Finally, the use of a small 7Q10/TE correctly indicates

<nat the WLA is done with QS = 0 (Equation D-15). Thus, no problems arise.

Screening analysis results indicate that in the case of effluent-

dominated streams, a 30-.day permit averaging period provides adequate protec-

2ion ‘or pollutants with the acute-to-chronic ratios summarized delow:

4.26
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When
30-Day Permit Average
Acute-to-Chronic Is" Adequate for
Ratio Acute Protection
3 ar more Always
2 to 3 Effluent variability is

relatively high, but
less than vcg = 1.1
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CHAPTER §

<SES AND LIMITATIONS

The probapilistic dilution model has been demonstrated to de useful in
seleciing tne aopropriate averaging period for discharge permits. The method
*s easily acaptaple to situations wnich vary widely in terms of stream ang
effluent characteristics, data availability, and policy-level assumptions
.sec 1n tne analysis. Although the example in Chapter 3 of how to use
sne mecnoc is based on the typical WLA assumptions of 7010 as the design flow
3ng zaraniz criteria as the efflyent limit, the method is easily acjusted 9

III2TmCL2ta sthe= assJamETions.,

The method is intended to apply to pollutants for which the regulatory
zoncern 15 at the point of complete mixing and for which the toxicity can be
evaiuazed in terms of the total pollutant concentration. The method has been
2zcitec T3 a range of stream and effluent characteristics wnich typify the
tma~azte~1s21cs of streams and effluents in the United States. The results
0¢ tnis application are useful as a screening tool, by which the approariate
averaging period for many field situations can be readily identifieg.
~owever, pollutants whose toxicity is a function of pH, temperature, and

naraness require site-specific evaluations incorporating these parameters.

There are also several limitations on the use of the method. One of
the tecnnical limitations is that the level of chronic protection is based on
state-specified gesign flow, e.g., 7Q10, 7Q2, etc., which may be overprotec-
tive or underprotective for many site-specific conditions. The EPA is

presently considering the issue of allowadble duration and frequency of

S-1
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exposure <0 acute as well as chronic toxiCity. Users of tnis manual are
3cvisea 0 re‘er o Part A, Stream Design Flow, of Book VI, Selecting Design
ongrtions, wnen considerir the choice of an appropriate chronic exposure
event. Book V] is currently under peer reviéw ang will be issued by the

J¥fice of water Regulations and Standgards once the peer review process is

zampletec.

Modifications are regquired to compute the probability distribution of
3C-cay average concentrations, as required for chronic criteria compliance;

snese woulg nave to be investigated and verified in the field.

Tne major snortcoming of the logenormai probadilistic dilution model
s 115 M srepresentation of the lowest stream flows, thus tending to overesti-
mate the probapility of nign stream concentrations. The use of a seasonally

segmented approach could be investigated.

Tne effect of serial correlation on the return period specification
wol.' 2 3150 need %0 De investigated, particularly with regard to tne guration
¥ criteria violations. For example, & knowledge of the return period for
n-day successive violations could pe compared to the time scales of the
criteria themselves, This would provide a direct link to the toxicity data.
At a less sophisticated level of analysis, the tendency of criteria
viclations to cluster on successive days could be investigated to provide a

~asis for modi fications to the method.

For pollutants whose toxicity is a function of such secondary vari-
aples as pH, temperature and hardness, probabilistic methods are essential 1in

that it is not possidble to rationally choose “critical™ or "sufficiently

S-2
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orctecsive” values for these variables. Ardbitrary cnoiZes cannot e defenged
*~ ta~ms cf tne probanility of criteria violations. Methoas for analyzing
Tmese $1Tua%10Nns couid oe geveloped, following the logic of probapilistic

211yt on ang ingorporating the additional random variations of tne variadle.

re application of this method to dissolved oxygen has indicated that
z~e procacilistic method provides a useful approach to the problem of
20 ceficit. However this work has only been & first step. Probabilistic
meInocs zan de further developed to assess the effects of D0 fluctuations on
‘sne~y resources and t0 provice a more rational approach to advanced waste

TTeatmenT ZeCtsians.,

1]
)
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APPENDIX A

Statistical Properties of Log-Normal Distributions
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Trt3 azpencix 'S 'ntended %o present a sryef, symplifieg review of

tme stattstrzal properties 9° iogenormal distributions wnich characterize
tne "mCc-%art vartapies in the water quality analysis crocedures used for
t~%s =epor:. It ‘s designed to help the user without a formal background
*rostatistics %o acpreciate the physical significance of the statistrcal

c~coert-es employed. It is not the intent of this appendix to present a

tneoreticzal cdiscussion or to provide technical support for developing

~elacionsnips or equations used in the develcpment of the methods employed.

aal. seneral Zonsiderations

Tme fazizts wnozn inflyence the concentration of a pollutant 10 a
~eceiving water dody are subject to a significant degree of variability.
=g varjapility results in fluctuations in the resulting stream concen-
tration, wnich is compared with target concentrations such as criteria
sr stangargs, and which provides a basis for decisions on treaiment
~ecuY rements. The approach adopted in this report for examining the
effacts of different averaging periods on treatment plant agischarges uses
the concept “how much -- how often® as a basis for such decisions. It is,
therefore, esssential that statistical aspects be incorporated into the

metnodology even though they may add complexity.

The standarg statistical parameters of a population of values for
a random variadble which are used s a concise means of describing centra)

tengenCy and spread are:

Mean: (uy or X) the arithmetic average. X defines tne

average of the available (usually limited) gdata set;
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¥y denotes the :rue mean of tne total populationr of
variable x. X will be an increasingly better approx-
imation of wuy as the size of the sample (the number

of gata points) increases.

(azx) by definition, the average of the sgquare of the

variance:

differences between individual values of x and %he

mean (x). The greater the vartation in the data, the

higher the variance:

2 (‘1.7)2 - (XZ'T)Z ® ceaee (XN‘?)Z
- x L
N

Stangarg
Jeviation: ( oy) another measure of the spread of a population of

randan variables; by definition, the square root of

the variance:

. Va2

9x X

Zoefficient of

variazion: (vyg) is defined as the ratio of the standard

deviation ( o) to the mean ( uy):
vx * 9x/ wx

It is the principal measure of variation used in
the analyses described in this report. The
coefficient of variation i{s a dimensionless

quantity and 1s thus freed from any deoencence on
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+ne specific gimensions used 0 descride ne
variadle (e.g., flow rate, concentratiors, e,
Aigh coefficients of variation reflect greeter

variapility in the random variaple x.

e

Mgsi1an: (X) Thnis 1§ the value in a gata set for wnicn

nalf the values are greater and half are lesser.

Mode: The "most probable value® -- more of the individuai
data points are at this value (or are within tnis
interval) than at other values or ranges. On a
frequency histogram, this is the highest oc'rt on
the graph. The mode has nc real significance in

the calculations in the methodology employed.

Comparing the statistical properties of different data sets pro-

/ 2es a convenient, concise way of recognizing similarities and g ¢‘er-

i

nces. Tnls could not be accomplisned simply by “looking at the cata”
wnere reasonadly large data sets are involved. These statistical proper-
sies convey no information concerning frequency, or the probasrility at
which any particular value or range of values in the total population will
ccur. This essential item of information is provided by a xnowiedge of
the type of distribution, technically, the probability distrioution
function (POF).

[

A-2. Prodadility Jistributions

There are several different patterns which characterize the distri-

Sution of individual vaiues in a large population of variadle events.
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Mcst 3na‘ysts are familtiar with the normal gistridyution, in which a
~tstsg~am of tne frequency of occurrence of various values gescrines
<ne ‘amii‘ar dell-snaped curve (Figure A-l(a)). When the cumulative
‘racuency+ is plotted on probability paper, a straight line is generated

-
-

35 "1 Figure A-l(D).

Many variables, particularly those which are important in water
quality applications, have been shown by a rapidly accumulating body of
cata 3 be represented Dy or adequately approximated by a log-normeal
c'stripution. A logenormal distribution has a skewed frequency histogram

Fizure A.i(¢') which ingicates an asymmetrical distribution of values
1zc.t an axis gefining tne central tendency of the data set. Tnere 15 a
zonstraining limit to lower values (sometimes zero) and a relatively smal!
numper of rather large values but no upper constratnt. Point scurce
e“fluent concentrations [1,2], and pollutant concentraticns in combines
sewe~ over®lows and separate storm runoff [3,4]), are parameters which are
.Ssa' iy weil characterized dy log-normal distridbutions. In general, caviy
st~eam ‘lows are satisfactorily approximated by log-normal distridbutions
78,6). Scattered data fram a number of unpublished sources suggest tnat
receiving water concentrations are also log-normally distributed. Stream
f ows and concentrations are currently being examined from this perspec-
tive., A log-normal distridbution appears as a straight line on log/proda-
5ility paper (using cumulative frequency) as shcwn in Figure A-1(d). In

tnis report natural (base "e") logs are used throughout.

‘Cumulative frequency is the relative frequency (or probability) of
values deing less than or equal to a specific value.

A-4
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Aa3, Re'az-onsnip Sertween Distrinytions

There are circumstances when two different types of distribution
zan degin %2 look similar -- so that either one will provide a reasonably
;0¢¢ approximation of the probapilit, distribution of a particular gata
ses. “or example, as the coefficient of variation becomes smaller ang
smaller, approaching zero, 1og-normal distributions degin to look more and
more 'ike a normal distribution. Figure A-2 shows a series of nistograms
¢3r log-nornally distributed populations, all having (arithmetic) pop-
ulazion means of 100, but with different coefficients of variation (v )
as snown, As discussed above, smaller véalues of v approach a norma!

5 «310Nn,

4.4, Properties of Log-Normal Distributions

Figure A-3 summarizes the pertinent statistical relationships for
‘ag-normal prodadility distridutions. The mathematical formulas shown
are saseg on statistical theory, and permit back-and-forth conversions
Setween arithetic properties (in which concentrations, flows, and 10ads
are reported) and the log of the variable (in which probability and freguency

characteristics are defined).

Normalized plots of probability versus the magnitude of a variable
expressed as & multiple of the mean are presented in Figure A-4 for
19g-normal distriputions. These plots present a family of curves reflecting
tne e‘fect of coefficient of variation on probadbility of occucrence of

events of specific magnitude. These plots can be used directly in the

A-6
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analysis meinodoloqy and permit direct determination of frequency for
events 0f any specifiead magnitude with a known or estimated coefficient of

variasion,

A.§, tangare Normal Tables

For normal (or log-normal) distributions, probabilities can de
defined in terms of the magnitude of a value, normalized by the standard
deviation. This technique is used in the calculations of the prodbability
of exceeging specified receiving water concentrations in this analysis.

tancarc normal tasles can de obtained from any statistics textbook -3,57.
Tasle A-l presents tne standard normal table to provide & convenient source
far the analyses used in this report. Table A-1 1ists the propability for
tne interval between 0 and the value of I listed. Thus, it represents tne

orobability that a value will be less than or equal to the selected value

~E
- LR}
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TASLT ALl - Pr2nant'vties for the stangard normal distridution.

fach ensry 1n the <adle indicates the proportion of the tota! ares under the
nerma® curve %0 the Jefs of a perpendicular rafsed at & distance of (
s%ancars zeviation units.

PN

K~ 2

fxample: B88.69 percent of the area under a normal curve lies to the lefe
of a paint 1.2! standard deviation units to the right of the mean,

pd 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.08

0.5000 0.5040 0.5080 0.5120 0.5160 0.5199 0.523% 0.5279 0.5319 0.53%9
0.5398 0.5438 0.5478 0.5517 0.5557 0.5596 0.5636 0.5675 0,.5714 0.5753
0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 0.6084 0.6103 0.6141
0.6179 0.6217 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.5517
0.6554 0.6581 0.6628 0.6664 0.6700 0.6736 0.6772 0Q.6808 C.6844 0.8879

0.6915 0.8550
0.7257 0.7291
0.7580 0.7612

-~ - [ A smen
u..58. Yol Taw

0.8159 0.8186

« v v s
N O

.6985 0.7019 0.7054 0.7088 0.7123 0.7157 0.71% 0.7224
L7328 0.7357 0.7389 0.7422 0Q.7454 0.7486 0.7S518 0.7549
L7642 0.7673 0.7704 0.7734 0.7764 0.77594 0.7823 0.78S52
.783% 0.7967 0.7995 0.8023 0.8C5 0.8C78 (C,81C6 0.8:22
.8212 0.8238 0.8264 0.8289 0.8315 0.8340 0.8365 0.8389

0.8413 0.8438 0.8481 0.8485 (0.8508 0.8531 0.8554 0.8577 0.8599 0.8521
0.8643 0.8665 0.8686 0.8708 0.8729 0.8749 0.8770 0.8790 0.3810 0.8830
0.8349 0.8869 0.8888 0.3507 0.8925 0.8944 0.3962 0.8980 0.8997 0.9015
0.9032 0.9049 0.5066 0.9082 0.9099 0.9115 0.9131 0.9147 0©.9162 0.9177
0.9192 0.9207 0.9222 0.9236 0.9251 0.9265 0.9279 0.9292 0.9306 0.9319

0.9332 0.9345 0.9357 0.5370 0.9382 0.9394 0.9406 0.9418 0.9429 0.944]
0.9452 0.9463 0.9474 0.9484 0.9495 0.9505 0.951S 0.9525 0.9535 G0.9545
0.9554 0.9564 0.9573 0,9582 0,.9591 0.9599 0.9608 0.9616 0.9625 0.963)
0.964]1 0.9649 0.9656 0.9664 0.9671 0.9678 0.9686 0.9693 0.9699 0Q.9706
0.9713 0.9719 0.9726 0.9732 0.39738 0.9744 10,9780 0.9756 0.9761 0.5767

[~ NS NSNS
P
- T IR, WY
[+ NoNoN-Nel

— b e e
o s e s s
"L O

e RN
e o s e s
WO~ n

0.9772 0.9778 0.9783 0.9788 0.9793 0.9798 0.9803 0.9808 0.9812 0.9817
0.9821 0.9826 0.9830 0.9834 0.9838 0.9842 0,9846 0.9850 0.9854 0.9887
0.9861 0.9864 0.9868 0.9871 0.9875 0.9878 0.9881 (.9884 0.9887 0.9890
0.9893 0.9896 0.9898 0.9901 0.9904 0.9906 0.9909 0.9911 0.9913 0.9916
0.9918 0.9920 0.9922 0.9925 0.9927 0.9929 0.9931 Q.9932 0.9934 0.9536

0.9933 0.9940 0.9941 0.9943 0.9945 0,.9948 0.9948 0.9949 0.9951 0.9982
0.9953 0.9955 0.9956 0.9957 0.9949 0.9960 0.9961 0.9962 0.9963 0.9964
0.9965 0.9966 0,9967 0.9968 0.9969 0.9570 0.9971 0.9972 0.9973 0.9974
0.9974 0.9975 0.9976 0.9977 0.9977 0.9978 0.9979 0.9979 0.9980 0.9981
0.9981 0.9982 0.9982 0.9983 0.9984 0.9984 0.9985 0.9985 0.9986 0.9986

0.9986 0.9987 0.9987 0.9988 0.9988 0.9989 0.9989 0.9989 0.9990 0.9990
0.9950 0.9991 0.9991 0.9991 0.9992 0.9992 0.9992 0.9992 0.9993 0.999)
0.9993 0.9993 0.9594 0.9994 0.999%4 0.9994 0.9994 0.9995 0.9995 0.9995
0.9995 0.9995 0.9995 0.9996 0.9996 0.9996 0.9996 0.9996 0.9996 0.9997
0.9987 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.8997 0.9998 0.999¢

0.9998 0.9998 0.9998 0©.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998
0.9998 0.9998 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.98999
0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999% 0.9999 0.9999
0.9999 0.9999 0.9999 0.9599 0.9999 0.993% 0.9999 1.0000 1.0000 1.0000
1.0000 1.0000 11.0000 1.0C00 1.0000 1.00C0 1.0C00 1.0000 1.0000 1.0000
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Tnts appencix presents a giscussicn of severa) techmical ‘ssues anc
25SUMCTTonS wnICch are necassary to the use of the propaprlistic ailusion

model o 3ui1de selection of permit averaging pericds. This giscussion is

ArAaniZasn 1A *wn cartinnc: rha firer Amavidae 2 juetifimsasinn Ffam oma ..oa
[OXERL- SR 4 Tl vy Jowe iWITS . PIIE T IT 3 WIVYIVST 8 WLl le@uiQil TQT LT Jd®

ot tne propaprlistic gilution mogel in the method; the second provides a

2iscussion oF several xey assumptions,
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ne Log- rma i

A relatively simple ang straigntforward analysis is made possidle
Ty Tne assuamption that each of the input variables is log-nomally gis-
T-Toutec and inaependent. The appropriateness of these assumptions ang

<neir implications are discussed below,

A basic feature of any random time series of numerical values
s 1ts probability distribution function, which specifies the distridution
24 values and tnerr frequency of occurrence. More detailed characcteriza-
t1ons wnich account for seasgnal trends and day-to-day correlations are
a'so possiple, but at minimum the univariate probability density function
is required. An examination of flow data from a number of streams indi-
cates that the data can be reasonably well represented by a log-normal
gistridution. Figure B-l summarizes an examination of the adequacy of a
log-normal distribution for daily flows of 60 streams with 1ong periods of
record. The actually observed l0th and lst perrent..e low flows are
compared witn the flow estimated by 3 log-normal distribution. The major
'mpor:ant discrepancy occurs at the lowest flows where the predicted

¢istripytion is lower than that actually observed. The most likely cause
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s 7@ c-~esence 3f a nase stream flow wniCh goes not vary apprectadiy.

~J5, Tne "25-normal representation is generaily a lower Douna character-
vzatton 2f tmis gistridution of the very lowest flows, wnich will tena <0
araveze upper dound estimates of stream concentrations if these misrepre-
sertes low “lows are important. For the analysis resuylts in this repor<,

sne~e‘s-e, the zalculations may be overprotective in some cases.

Log probability plots of treatment plant effluent flows and concen-
sraztors a~e illustrated in Figure B-2 for conventional pollutants ang
Sigure 8-3 for neavy metals. Essentially, all data examined <o date inci-

-
-

22 tmat a lag-normal characterization is representative.

2.2, verifization of the Probabilistic Dilution Model

The probapilistic dilution model itself has been subjected to a
nJmper of tests in order %0 check its validity and realism., Detailed
simulatian stucies using Monte Carlo methods [1] nave verified the calcu-
“ated zownstream concentration probability distridbution when the upstiream

anc effluent flows and concentrations are exactly log-normal.

In adaition, detailed analysis of actudl discharges into streams,
‘11 cata sets for 5 streams) has been performed [2]. Observed data were
available for upstream and effluent flows and concentrations, as well as
for cownstream concentrations. The log-normal probability dilution model
was used to predict the probadility distribution of downstream concentra.
1tons. Tanle 341 compares the observed and computed median ang 35tn
oercentiles values for selected water quality parameters. The 95% confi-

dence limits of these observed quantities, computed fram the known sampling

8-3
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TA3.% 3.1 . Jomparison of opserved and computed downsiream concen:rationsiz).

Median (50th Percentile) Concentrations

. Model Observed Confidence
‘ocatian Yartable Prediction Quantile Limit of
bserved
Qantile
Noreth Buffalo Creek, NC 80D (mg/1) 9.7 10.0 8.5 « 11.0
COD (mg/1) 51.0 59.0 47.0 - 56.0
7SS (mg/1) 16.0 15.0 12.0 « 22.0
cackson River, VA BOD (mg/1) 6.0 5.3 4.2 « 6.0
TSS {mg/1) 15.8 13.6 10.0 - 17.0
Color (PCU) 110.0 100.0 90.0 - 130.0
“aw RTyer  NC 80D (mg/1) 2.0 1.7 PO T )
CO0 (mg/1) 23.8 22.0 15.0 - 25.3
P1geon River, NC 800 (mg/1) 3.7 3.8 3.0 £.1
CO0 (mg/1) 85.0 78.0 65.0 - 87.0
Migsissippi River, MN NH3 (mg/1) 1.0 1.1 1.0 - 1.2

95th Percentile Concentrations

North Buffalo Creex, NC BOD (mg/1) 31.0 22.0 20.0 - 33.0
COD (mg/1) 120.0 - §7.0 82.0 - 129.0
TSS {(mg/1) 15.8 13.6 10.0 - 17.0
Jackson River, VA 80D (mg/1) 18.1 15.6 13.0 -« 20.0
TSS (mg/1) 41.6 32.0 30.0 40.0
Color (PCU) 224.0 330.0 360.0 - 410.0
Haw River, NC BOD (mg/1) 4.5 4.7 3.2 5.6
COD (mg/1) 43.0 46.0 33.0 « 53.0
Pigeon River, NC 8OO (mg/1) 8.7 1.6 6.4 - 9.4
CO0 (mg/1) 186.0 229.0 188.0 - 233.0
Mississippi River, MN NH3 (mg/1) 3.5 4.3 3.2 - 5.0

86
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2 st-oauten of gquantiles, are also listed. In all but one case, the

samoutes J.a tiias are within the confidence limits.

Thus, *here is no statistical evidence to reject the computed guane
T17es as not deing the true quantiles of the observed concentration gistridu-
21z~. This s strong statistical evidence that indeed the log-norma!

orobadilistic dilution model is representative of actually observed agowne

stream concentration distridbutions for the 95th percentile at least.

The 11 gata sets usec in the verification analysis were examined
s~ zmzss zcorrelations between effluent flows and concentrations., The
ccservea ~anges 1n correlation coefficients have no significant 1mpacs on
tne computation. Correlations between stream flow and effluent loag for
a3 point source are not expected. Upstream concentrations are not employeag
in the comparison of permit averaging period effects, so that any correla-
2 on detween st~eam flow and concentration is not relevant to tnis analysis.
Moz1€1cations to the probabilistic dilution model computations are avail-

azie for use in situations where cross correlations must be considereg [1].

The influence of possible deviations from the assumed log-normality
of the upstream and effluent flows and concentrations upon more extreme
quantiles is unknown at present due to lack of larger data sets that encompass
these extreme quantiles. However, the quality of the alternatives to and the
simplicity of this model argue strongly for {t< use in the present context of

gescriding comparative differences in water quality impacts.
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3.2, Agcrao-rateness of Assumptions

we have chosen %0 ignore the seasonal and day-to-day correlation
stmucture of dboth stream flow and effluent behavior in order to simplify
the characzerization of each variable. The consequences of this simplie.
‘icazion are discussed below in more detail, but it should be pointed out
trat trends and correlations do not inval idate the use of tThe log-normal
oraodbability gdistribution function to characterize the frequency of occur-
~ence of flows and concentrations. Trends and day-to-day correlations
affect the time sequences with which certain values occur, but not their
‘sng term ‘requency of occurrence. This is judged to be an acceptadle
tend’ty 0 O¢ endured wnhen compared to tne simplification achieved. If a
more refined, site specific analysis is required, then a seasonal breakdown
c* 2he data, with the appropriate means and standard deviations for each Zime

ceriod, can be generated and the analysis performed as descrided delow.

The consequence of & possible serial correlation can de aoproxi-
mately quantified as follows. If, in fact, the serial correlation is sucn
wnat 10 consecutive daily violations always occur when one violation
occurs, then the proper percentile to consider {s not 0.0274 (10 years)
oyt rather 0.274 (1 year return period). The degree to which the 10 year
return period concentration is overestimated can be estimated by comparing
the ratio of the 10 year to the 1 year stream concentrations which are

compiL-ed without regard to sertal correlation.

The razio of the 10 year return period concentration to that for

8-3
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some Jtte~ ret.rn Dertoc can de computed for log-normally ¢istridutec

-a~czom oZCrlentrnations Oy

:1__!'_'- s £XP [(Zlo yr - Ix yr) 9 lnCJ

S 1ne = 10g standard deviation of stream concentrations (C)

210 yrs C10 yr = I score and concentration corresponding o a
10 year return period

2y vrs ox yo = 1 score and concentration zorresponcing o an
i x year return period
Taple 3-2 summarizes results for a range of values for coefficient
3¢ variazion of stream concentrations. Clustering tendencies of 5 ang 10
a~e examineg as approximations of the degree of serial correlation which

MmN

)}

3 x'st. If clusters of 10 occur, the comparison is between 1l anc |
s237 At rn Deri10cs as discussed above; for clusters of S5, the comparison
‘s Detween 10 and 2 year return periods. On the basis of tnis analysis,
tne water quality effects presented in Chapter 4 for various permit
averaging periods may overstate the 10 year stream concentrations bdy

aoproximately a factor of 1.5 to 2.0.

until stream and effluent data can de analyzed to define the serial
correiation structure and the methodology modified to incorporate it, tne
~esul ts presanted in Table B-2 should be interpreted to ingicate with the

21lowing possibilities:

B-9
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T3l 3.2 - Aoproximate overestimation of 10 year return period st ream
cyncent~at1on Dy 1gnoring serial correlation,

varianil:ty of Rat1o of Stream Concentrazion
St~eam loncentration At Indicated Average Return Periods
toeffizient Log 10 Year 10 Year
o€ varratien Sigma to 1 Year to 2 vear
Lve) { 91nc) (Cro/C1) (S1o/C2)
0.3 J.4724 1.4 1.2%
PR, 0.8326 1.8 1.50
..5 1.0887 2.1 1.65
:.C 1.2686 2.4 1.80
c
28« exP [(210 - 21,2) @1nc]
1,2

Iy {10 year Return Period) s 3.456

I {1 year Return Period) = 2.778

Iy (2 year Return Period) = 2.996
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9 St-eam concentrations indgicated by the metnooology used 1n the
~ezCcrt %0 recur on average for ] gay every 10 years woulg, if
tney aztually never occur except in clusters of 5 to 10 cays,

nave return periods of S0 to 100 years.

(]

lcnversely, for tne same clustering assumptions, the stream
concentrations that occur at 10-year intervals shoulg de 50 0
70% (1/2 to 1/1.5) of the l0-year concentrations projected dy

the report methodology.

<e‘erances

Tamn
cre

o , J.¥., "P~opapility Mogel of Stream Quality Oue to Runof*.”
«. Zavironmental Engr. ASCE, vol. 110, #2, June 1984 p. 607-628.

2iToro, D.M. ana Fitzpatrick, J.J., “Verification Analysis of the
Probabilistic Dilution Modgel" Report prepared for EPA Contract No.
68-01-6275, U.S. Environmental Protection Agency, Washingten, 0.C.,
1.982).
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Characteristic values for Input Parameters
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Tme ~esults reported nere represent an atiempt to develop character-
"stiZ vaiues ang ranges for stream flow and effluent variadility, These
+31,@5 3anc ranges have deen extracted from the results of pudblished
anaiyses, ang are used in Chapter 4 to evaluate the influence of the
Je~n1% averaging period on typical receiving water conditions. These
values a~e proviged for effluent flows (Section 1), effluent concentra.

z1ons (Section 2), and stream flow (Section 3).

.. Treatment Olant Zffluent Flows

2 rece~t stucy _.] analyzed several years of performance gata from

-

acc-cox'1mately <300 seconcary treatment plants in 8 different process

L 9]

categecries., Average plant effluent flows ranged from 0.002 to 82 MGD.
Tadle -1 summarizes the coefficient of variation of treatment plant

effluent flows.

-2, T“=patment dlant £f€luent Concentrations

Sata on tne variability of effluent BODg and total suspended
solids (TSS) from municipal biological treatment plants are available from
several sources. Niku, et al. [2] provide analysis results for 37 acti-
vated sludge plants which show the coefficient of variation of effluent
800g concentrations to range between 0.34 and 1.11 for individual
plants. The median of the individual plar.. values was 0.635. The EPA
~esearzn report 3] on wnich the foregoing was based reported a mean
coefficient of variation for 43 activated sludge plants using a variety of

processes. Jafly effluent concentrations were found to be well representec



TABLE C-1 - Coefficient of variation of gaily effluent flows,

vii Q)

Revision No. 0.

Vog.
Number of Range For “egian of

°rocess Category Plants Indtvidual Plants A1l Planss

Trizkling Filter 64 0.06 - 0.97 0.27
Rock

Trickling Filter 17 0.16 - 0.88 0.38
Plastic

Conventional Activated 66 0.04 - 1.04 0.24
Sluage

Contact Stapilization 57 0.06 - 1.35 0.34
Activated Sludge

Zxt2nceq Aderation 28 0.11 - 1.32 S.3d
Activatea Sludge

otating Biglogical 27 0.12 - 1.19 0.31
Contact

Oxication Diteh 28 0.09 - 1.16 0.31

Stanilization Pond 37 0.00 - 0.83 0.31

C-2
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Sy a "zg-~c-mal 21strioution. The mean of all plants analyzed hac co-

24 crerts cf vartation of 0.7 for BODg and 0.84 for 7SS,

“wO -ecent studies have extended the analysis of effluent concentra-
Tecn ovamtadiiity, and report coefficients of variation of 80Dg and TSS
‘3~ T-ang 30-cay averages as well as for daily values. Results reporteg
>y nazen ang Sawyer [l] provige the basis for the summary presentes in
Tanie C-2 as well as the two other sources cited in the table. An analysis
cf tne performance of 11 trickling filter plants by Haugh, et al. [4]) proauced

tne ~esylcs summarized Dy Taple C-3.

(R ¥

as2zc 3n availadle cata, a single representative value for coefi-
ctent 24 variation of effluent concentrations cannct be defined. The mos:
asoropriate characteristic value will be influencea by process category,
e‘fluent concentration averaging period, and the pollutant in question
e.3., 80D, 7SS, etc.), as well as individual plant gifferences. The
ccmzutations ia tnis report are performed using a range of values esti-

mateq 0 encompass most of the conaitions of interest.

C-3. Stream Flow

Figure C-l provides a basis for estimating the coefficient of
variation of daily stream flows on the basis of the ratio of 7Q10 to
average (T5) stream flow. These flow values are usually readily avail-
acle. The ~elationship shown #s derived from a set of flow measurements and
$Tatistics wnich nas been ceveloped for a sampie of 130 streams in various
areas of the country 5] and is summarized in Tadble C-4, along with aagi-

zional details on tne location of the stream gages used. The ranges

C-3
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TABLE C-2 - Susmary of secondary Lreatment plant performance - median coefficients of variastion,
CE (from reference 1).

__Etfluent BUD (mg/l) _ . tffluent 135 (my/l)
Number Coefficient of Coefficient of
Process Category of Mean  Variation* Mean  Variaetion®
Plants Dailly 7-Day 30-Day Vally 7-Day 30-Day
Values Avys. Avys. Values Avys. Avys.
Irickling Filter Rock 64 20,0 V.40 0.30 0.25 25.3 0.5 uv.30 0.2%
Trickling Filter Plastic 17 19.0 0.5 0.3% 0.3 19.4 0.65 0.% 0.4
Conventional Activated
Sludye 66 14.8 0.65 0.5 0.40 14.3 0.85 0.60 0.4%
Contact Stabilization
Activated Sludye 57 12.6 0.60 0.% 0v.,40 13.8 0,70 0.6 0.5
Extended Aeration
Activated Sludge 28 1.2 0.70 0.60 0.4 9.8 0,65 V.45 0.30
Rotating Biological 2] 172.0 0,60 0.45 0.35 1.2 0.70 0.5 0.3
Contacter
Oxtdation Ditch 24 8.4 0.60 0.% V.4 12.3 0.0 -- 0.5
Stabilization Pond 3] 22.17 0.5 0.4 0OV W 39.5 0.65 0.5 0.4

Values shown are rounded to nearest 0.05 for Y(CE)

. Standard Devlfglpg 9(”ﬂ"d"9_flfﬂ£

Mean of Median Plant

*Basis: v(E

c-4
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Chemical Precipitation/Settlingl

lytant

2 art Number

cr
Eu
Fe
Mn
N§
In
7ss

Coefficient of Variatior

Pharmaceutical Industf‘y2

.99
.60
.57
.8‘
.81
.84
.66

Coefficiant of Variation

12018
12072
12026
12036
12097
12098
W27
22l60
22161
12186
12187
12136
12248
12257
12294
12307

B0 (ol IS8 ol
1.01 46 .85 195
97 392 63 395
.95 44 .49 53
Jé 366 1.2 364
l.08 222  1.21 249
1.37 24 1.52 25
.70 39 .81 5]
.92 3 1.1 32
.55 249 .99 355
71 54 .50 54
.21 12 .26 12
1.02 110 1.6 11l
.58 50 .55 52
.64 56 .92 56
.93 56 1.25 50
1.55 39 1.34 38

‘From Table 3, page 14 of 10-18-83 memorandum from H. Kann to E.
Hall titled, ""Revisions to Data and Analysis of the Combined

Metals Jata Base."

¢From preliminary descriptive statistics generated on pharmaceu-

tical cata by SR] I[nternational, 11-12-82.

C-5
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TA8LE (.3 - Iffluent zoncentration variapility for trickling filters
‘from ~eference 4).

800g TSS
Mean fcr 1l Slants (mg/l) 29.6 28.3
loefficient of variation (megian of
1ngtvidual plant values):
Saily values 0.39 2.85
7-Cay Averages 0.3% g.31
30-Day Averages 0.31 0.26

snown reflect %the bulk of the data in the sample of stream records wnicn
we-s ysec, *owever, 3 relatively small percentage of sireams will have
izefftzrents 0f varvation wnich fall outsige the ingicated ranges., The
statistical analysis was performed for the entire period of record.
Results 'n some cases may be distorted, if flow regulation works were

instalied on the stream sometime during the period of record.
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JABLE C-4 - Summary of stream flow characteristics
Gage Location . brain
USGS Area
Gage No. State River (At or Near) (M12)
0Ol O1I 1000 ME Alagash River Alagash, ME 1250
0) 6500 Mt Kenduskeag Stream Kenduskeag, ME 178
02 1500 M Machias River Whitneyville, ME 457
07 3000 ME Oyster River Durham, NH 12
09 1000 M1 S. Br. Piscataquag River Goffstowm, NH 104
09 4500 MA N. Nashua River Leominster, MA 110
16 2500 MA Priest Brook Winchendon, MA 19
17 6000 MA (Quaboag River . Uriafield, MA 151
I8 1000 MA W, Br. Nestfield River luntington, MA 94
11 1500 Ri Branch River Forestdale, RI 9]
12 4000 C1 Quinebaug River ceey CT 156
1271500 CT Yantic River ceey CT 90
33 4500 NY icosic River Eagle Bridge, NY 510
36 1500 NY Catskill Creek Oak MEd), NY 94
37 7000 M) Hakensack River Rivervale, NJ 51
39 8500 NJ N. Br. Raritan River Far Hills, W) 26
42 0500 NY Beaver Kill Cook Falls, NY 241
43 5000 NY Neversink River Claryville, NY 606
44 9500 PA  NWild Creek Matchery, PA 17
48 1500 (X Brandywine Creek Wilmington, DE JiA

Stream Flow

________ (cfs/Mi2)

4 (i Q10 192

1.49 0.84 102 034
1.72 .62 .01} .008
2.00 1.30 130 .081
1.49 .66 0 .016
1.58 .73 .029 017
1.7  1.19 .300 .086
1.60 a7 0 .021
1.58 1.01 .093 .060
1.90 .96 .053 .030
1.82  1.14 .132 ,061
1.77  }.04 103 .050
1.69 .91 .044 .042
1.7 1.15 . 186 .076
1.27 .35 0 .003
1. 1.07 121 079
1.72  1.20 .076 .09%
2.26 1.34 133 .068
2.68  1.74 152 102
2.02 1.49 .119 .149
1.38 1.1 217 175

Vil ()
Heviston Mo, )

Vq

1.46
2.58
.17
2.02
1.91

1.0/
1.81
1.19
1.70
1.24

1.3/
.56
1.14
3.51
1.05

1.03
1.3%
.17
0.91
0.74

1910
¢

06b
.064
.018
A2

.06
.03
.07

06
.0]
A1

.8

U4
.06
06
.06
.16

1910
142

2.9%
1.33
1.5

]
1.07

P

-
N e ®
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TABLE C-4 (Cont.)

Stream tlow

. Gage location ~~  Drain  (cfs/MI?)
USGS Area - . 1910 1910
Gage No. State River (At or Near) mi2y Q@ qQ Qlo 1Q2 v e
Q 0 192
01 50 0500 NY Susquehanna River nadil la, NY 982 1.57 .89 .081 .037 1.4 .05 2.2
51 1500 NY Tionghnioga River Itaska, NY 130 1.66 .18 071 .018 1.87 .05 L |
52 9500 NY Cohocton River Campbell, NY 470 .93 .45 045 .012 1.79 .05 3.8
54 3000 PA iriftwood Brook Sterling, PA 272 1.63 .66 .011 012 2.26 .01 .9
55 6500 PA fEast Mahantango Creek Dalmatia, PA 162 1.30 .69 .02% .025 1.5 .02 1.0
58 6000 MD N. Br. Patapsco River Ceda, M 57 1.04 .82 124 . 106 0.78 .12 1.2
§9 1000 MD Patuxent River Unity, MD 35 .98 .15 .086 .086 0.80 .09 1.0
§9 7000 MU Crabtree Creek Swanton, MO 17 L1.68 75 0 .018 1.98 0 0
6) 7000 WV  Tuscarora Creek Martinsburg, WY 1 .80 .63 0 071 .78 0 0
6) 5000 VA (pequon Creek Berryville, VA LY .64 )| .017 .009 1.82 .0} 2.0
64 5000 MD  Seneca Creek Dawsonville, MWD 101 .89 .66 050 .066 91 .06 .1
65 7000 VA Bull Run Manassas, VA 148 .88 .23 0 001 .67 0 0
66 3500 VA Hazel River Rixeyville, VA 287 1.15 .67 014 .031 1.40 .0l 0.4
02 01 2500 VA Jackson River Falling Sprg, VA 411 1.16 .70 151 .036 1.32 .1} 4.1
03 4000 VA Rivanna River Palmyra, VA 664 1.08 .62 .036 027 1.42 .03 1.3
06 2500 VA Roanoke (Staunton) River Brookne, VA 2415 1.02 .69 .142 .046 1.10  .)4 3.1
05 3500 NC  Ahoskie Creek Ahoskie, NC 5/  1.12 %] 0 001 3.2 0 0
10 6500 NC Black River Tomahawk , NC 680 1.10 1 .04 .044 1.19 .03 .8
09 9500 NC Deep River Randlenar, NC 124 .96 .45 .048 .010 1.89 .05 4.6
11 1000 NC  Ya“kin River Patterson, NC 29 1.%% 1.3} 216 231 .64 .1} 1.2
13 8500 NC Linville River Nebo, NC 6/ 2.10 1.52 .223 134 .96 A0 1.7
15 2500 NC  First Broad River Lawdale, NC 98  1.41 1.02 .258 091 .95 .18 2.8



TABLE C-4 (Cont .)

Stream Flow
Gage Locatton Drain (cfsymr?y
USGS Ares o I T
Gage No. State River (At or MNear) M2y 0 Q 1o 192 v RS
q ) Q2
20 1500 GA Yellow River Covington, GA 3’y 13 .76 .061 .058 1.06 .0% 1.0
21 6000 GA Little Ocmulgee River Towns, GA 329 .80 .20 .006 .001 J.ss¢ .0l 5.0
2 8000 FL Halmes Creek Lisbon, FL 648 45 .20 154 .00% 2.02 .34 33.0
29 7100 FiL  Joshua Creek Mocatee, FL 132 .89 A7 0 0 5.17 0 0
30 2500 FL Blackwater Creek knights, FL ti1o .93 .93 018
32 6900 FL St. Marks River Newport, FL 53 1.37 1.29 600 .458 .36 .44 1.3
337000 GA Sweetwater Creek Austell, GA 246 1.3% .81 0587 0N 1.3 .04 5.2
34 3300 AL Abbie Creek Haleburyg, AL a4 1.39 1.08 .208 425 .82 .15 1.7
369000 FL Shoal River Crestview, FL 474 2.271 2.20 615 .156 24 .28 4.1
38 3500 GA Coosawattee River Pine Chapel, GA 856 1.70 1.26 382 116 .90 .18 2.1
39 2000 GA Etowah River Canton, GA 605 1.89 1.58 405 .299 66 .21 1.4
4] 2000 AL Tallapoesa River leflin, AL 444 1.4} .97 .065 .149 1.07 .05 0.4
42 2500 A Mulberry Creek Jones, Al 208 1.50 .94 226 .120 1.2% .15 1.9
43 4000 #HS Towm Creek Tupelo, MS 110 1.5} .14 0 003 10.7Y 0
45 6000 AL  Turkey Creek Morris, AL 82 1.5 74 123 .020 1.6 .08 6.2%
47 6500 NS So. ashee Creek Mecidian, MS 52 1.08 K ¥4 0 004 3.26 0 0
48 0500 MS luxachanzie Creek Biloxi, MS g2 1.98 .60 012 005 3.1] .02 6.0
48 4000 NS  Yockanookany Kiver kosc lusko, MS 484 1.25 .21 017 .001 5.74 .0} 20.0
03 02 5000 PA Sugar Creek Sugar Creek, PA 166 §.57 .86 A0 .03 1.92 U6 2.9
05 3500 Wy Buckhannon River Hall, Wy 211 2.12 .90 007 .05 2.14  .003 .1
06 5000 WV Iry fFork lbnrﬁtkq. Wy 345 2.13 1.0% .023 03 1.7] .0} .B
10 9500 Ot L. Beaver Creek tiperpool, OM 4906 1.02 .48 .04 .01 1.8% .04 2.1



TABLE C-4 (Cont.)

Gage Location__

USGS '
Gage No. State River (At or Near)
03 14 6500 OW Licking River Newark, O
15 7500 Ol ib-king River Enterprise, OH
17 0000 VA Lictle River Graysonton, VA
186500 WV Williams River Dyer, WY
21 3500 VA Panther Creek Panther, WY
22 4500 Ol Whetstone Creek Ashley, OH
24 0000 O L. Miami River Oldtown, ON
32 4000 IN Little River luntington, IN
35 2500 IN Fall Creek Millersville, IN
35 7500 IN Big Malnut Creek Reelsville, IN
42 1000 IN Collins River McMinnville, TN
42 7500 1IN E. Fork Stones River Lascass, TN
04 02 7500 Ml White River Ashland, Wi
04 6000 Ml Black River Garnet, Ml
06 4500 Wl Pine River Pine R. Pwrpint, Wi
08 6500 Wi Cedar Creek Cedarbury, Wl
11 4500 Ml Looking Glass River tayle, MI
12 3000 Ml Big Salle River treesatl, Ml
15 5500 Mi Pine River Midland, Ml
15 9500 MI  Black River targyo, Ml
16 6500 MI River Ranye Detroit, Ml
18 0000 IN Cedar Creek Cedarville, IN

_________ (cfs/M12)

0

Stream Flow

.64
.’8
.98

1.78
1.58

1.04
.93
.19
.51
.56

1.09
.69
.56
.56
.85

qQ 910
.50 .07
-49 .063
.93 223
1.12 .008
.36 0
.28 0
.46 .05
.25 .01
.48 .04
.41 .01
.83 .096
.48 .01
.85 A7
.15 .21
.61 .13
.23 .008
.34 .05
1.05 .6
.51 .08
.14 .0}
.29 .02
.42 .0}

1Q2

.01
.01
1
.03
.003

.003
.02
.003
.03

.08

.02
.m]

.13
.09
.07
.005
.02

.43
.05
.00l
009
011
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1
.69
.81
.95
.09

.04
.26
.20
.28
.18

91
13

.69
.18
.85

2.01

BT )

.30
.93
.90

1.61

11
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Stream Flow
Gage Location . B bratn  (cfs/Mi?)
USGS Area e 10
Gege No. State River (At or Near) (ML?) 4] ﬁ nio 1Q2 v nli Nl .
04 19 9000 O turon River Milan, Ot 371 d2 .24 .008 .00} 2.19 .0l 2.1
22 7500 NY Genesee River Jones Bridge, NY 1417 1.12 .58 .05 .019 1.66 .05 2.1
0529 3000 MN Yellow Bank River Odessa, MN 398 14 025 0 0 5.4% 0 0
385500 MN S. Fork Root River Howton, MN 21% .45 .40 .196 .098 0.49 .44 2.0
41 3506 Ml Grant River Burton, Wi 269 .59 .42 .138 .035 .99 .2) 3.9
41 7706 IA  Bear Creek Monmouth, A 6] .64 ) .03 01l 1.9 .05 2.9
40 6500 MI  Black farth Creek Black farth, Wi 46 .61 .60 .26 <330 A9 .4) .8
43 2500 Ml Pecatonica River Dariington, Wi 213 .66 .44 17 .030 1.11 .18 3.9
44 4000 L tikhorn Creek Penrose, 1L 146 .56 .38 .10 .030 1.0} 117 ).A
45 7000 MN Cedar River Asstin, MN 425 .41 .23 .05 .010 1.50 .12 5.1
45 5500 JA English River Kalona, IA 57) .57 .16 .003 .001 3.29 .0 2.2
48 6000 JA North River Norwalk, §A 349 .49 .09 0 006  \5.54 0 0
50 2000 M) Bear Creek Mannibal, MO 3l .48 .11 0 001 4.43 (] )]
51 5000 IN Kankakee River Morth Liberty, IN 174 .81 .76 .30 .260 Y A 1 1.2
82 8000 IL Des Plalines River Gurnee, IL 23?2 .52 14 0 001 3.64 ] 0
55 4500 L. Verwmillion River Pontiac, 1L 579 .58 A8 0 001 3.80 ¢ 0
57 8500 I Salt Creek Rowell, L KK L) .64 .24 .006 003 2.43 .0l 1.7
12 33 5000 I Blackfoot River lelmville, M 441 .13 45 146 025 1.28 20 5.1
37 0000 W1 Swan River Bigfork, MI 6/1 1.70 1.21 380 109 .94 22 1.4
32 1500 10  Boundary Creek Porthily, (0 9/ 1.98 .82 124 .015 2.19 .06 8.0
45 5000 MA Wenatchee River Wentch. L., WA 213 4.82 2.9 .54 .14/ 1.28 ) 3.7
17 71500 Ok Stetattle Creek Newhalowm, WA 22 H.40 .82 A2 445 1.0% .10 1.8

C-12



TABLE C-4 (Cont.)

Gage Location rain

UsSGS T T T T Area
Gage No. State River (At or Near) (M17)
12 13 3000 WA S. fFork Skyromish River Index, WA 355
14 8000 WA S. Fork Tolt River Carnation, WA 20
10 4500 WA Gr en River Llester, WA 96
08 2500 WA Nisqually River National, WA 133
04 8000 MA Dungeness River Sequim, WA 156
0) 3500 WA Willapa River Willapa, WA 130
02 4000 WA S. Fork Newaukum River Onal..., NA 42
1304 7500 D Falls River Squirrel, 1D 326
18 5000 1D Boise River Twin Springs, 1D 830

29 2000 OR imnaha River Imnaha, OR 622

31 3000 b Johnson Creek Yellow Pine, ID 213
35 1000 WA Palouse River looper, WA 2500

14 01 7000 WA Tonchet River Bolles, WA 361
05 7500 OR Fall River LaPine, OR 45
14 5500 OR M. Fork Willamette River above Salt Cr., OR 1392

22 2500 WA E. Fork Lewis River lleisson, WA 12%

22 6500 WA Cowlitz River Packwood, WA 24/

17 1000 OR Mary's River Philomath, Or 149

18 2500 OR Little N. Santiam River Meh..., OR 112

20 3500 OR Tualatin River Dilley, OM 12%

31 2000 OR S, Umpyua River Brockway, OR 16/0

34 1500 (R S. Fork Little Butte Cr. lakec..., OM 18

37 2500 OR €. Fork lllinois River lakilma, OR 42

.65
3.4
2.90
6.12
5.75

2.9]
6.85
3.1
1.74
0.78
4.38
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Stream Flow

_(cfs/migy
~ Q10 Q0
Q10 192 S -2
qQ Q Q VU " 102
4.71 .80 .344 1.07 .12 2.3
4.97 .76 152 1.7 .08 5.0
2.41 .29 .094 1.46 .0/ 3.1
4.90 1.25 .83 .68 .21 1.5
1.94 .56 .26 g3 2.2
2.02 .138 .038 2.29 .03 3.6
2.88 .49 -142 1.30 .11 3.5
1.87 .80 .205 .83 .13 3.9
.87 .25 .048 1.28 .18 5.3
.49 .10 .024 1.30 .13 4.3
.75 .206 .019 1.90 .13 10.7
.07 .00l .001 3.0 .01 1.5
.35 .013 .014 1.5  .0% 2.4
3.27 2.18 1.33 TN Y | 1.6
1.97 .45 .14 1.09 .16 3.3
3.08 .30 .09 1.712  .0% 3.1
4.12 .832 .38 .97 .14 2.2
.86 .03 .006 3.3 .0) 5.6
3.18 .18 .08 1.91  .0) 2.2
1.08 .016 .013 2.18 .01 1.2%
0.%6 .036 .006 2.96 .02 6.1
.39 .0%0 .011 1.720 .07 4.4
1.62 142 .02 2. .03 6.0
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APPENDIX D

Computer Program for the
Probadilistic Dilution Model - Point Source
(POM-PS)
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“his 100end1x describes a computer Program (POM-PS) wnicn nerfommg
tme computations of the Propapilistic Dilution Model for Point Soupcq
21scnarges using numer cal methods dased on quadratures. The program g
wrezten fn BASIC for tne HP-85 and the IBM-PC, and snould be readily appiicapiy
23 atner personal computers witn perhaps minor modifications to reflect

vAgividual machine characteristics.

The program ts structured around & sligntly different input format
-nan that used for the manua! calculation using the moments approximation,
A serves of normalizations (ratfos) of certain of the input data items s
522 *5 aravide & -omputation framework that provides a more generalizeg

Je~soellve.

The sopendix is organized as follows. Section 1 describes the
sas's ‘or the formulation and normalfization of the input data, as used in
the Jragram. Section 2 provides an annotated description of the CRT and
~--acqr ‘,ncetons, as wall as the nature of the user's response. Figures
L. ana 3-2 aravide tnhe results of running the PUOM-PS througn the example
sesc~'oe0 'n Section 1.2 of this report. Finally, Figure D-3 provides a

"re2tng of tne POM-PS program for entry into a personal computer.

S=.. Farm, 43'3n and MNorwalization

“ne 4ndlysis can be made more useful in a general way if the
oMM ’1Iation cescrided below s applied to reduce certain of the inputs
ST TRACT y Tecognized ratios, and to express results (stream cancentra-

P13M 43 4 mitiple or fraction of the target stream concentration (CL).
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e explicit assumptions in the normalization scheme that is usec

0 The stream target concentration (CL) is produced when tne
a1scharge flow is the mean effluent flow (TE), the discharge
pollutant concentration is equal to the permit effluent limit
(EL), and the stream flow is equal to the design value (here
designated 7Q10 - though any other basis may be used for desig-
nating the.numerica1 value of stream design flow, e.g., 3005,

30Q10, etc.).

5> Tne reduction “actor (R = TT/EL) determines the mean &f¢l,ens
concentration of the pollutant being evaluated. It coulc de
selected arpitrarily; however, as applied in tnis manual ‘or
evaluating the permit averaging period, the value selected will
be dictated by the variadbility of effluent concentrations ang

the permi: averaging period.

in ne usual case, where the stream target concentration (CL) is set at
the chronic toxicity level, the multiples of the target - in which stream
concentrations are expressed (CO/CL) - correspond with the acute toxicity

ievel. The basis for the normalization scheme adopted is as follows.

Tne downstream concentration, CO, is given by the dilution equation:

0= —<E% . oce (D-1)
Qs + Qt

For a chronic criteria concentration, CL, the effluent limit concentration,
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I, s computec us1ng IS = 7010 anc an average effluent flow, JEt:

-

7Q10 « T
wre~e ®¢v3 1§ tne effluent ailution factor at the stangard conditions,

®g=y = Tr, (7310 + TE). Thus:

“owever, the choice of permit averaging period forces a reduction of
TT o¢ magnitude, R, so that permit violations occur only S percent

-

2= 1 zerz2-T zf t-me t'me. Tnus tne actual long term average efflyent

zorgent=action i1s:
TE s REL =R Clrogyp (D=4)

The prodblem is to compute the probability that the downstream
ircent~a%i0n exceeas a multiple, 8, of the chronic concentration, CL. In
ce-trcuiar, if tne acute criteria concentration is selected, then g is the
acute %0 cnronic criteria ratic for the pollutant being regulated. Hence

1T 1s necessary to compute:
Pr [CO > BCL) = Pr [CO> pogTp CE/R] (D=5)

wnere Zquation 0-4 has been substituted for CL. Dividing both sices of

tne inequality by Tt provides the first normalizatior sir .e

CO/TT « (CE/TE) —JE (0-6)
/ (CE/TE) AT

0-3
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anc ZI. .z 's the normalized effluent concentration. The prosadil:cy
2 st~ outon of this random variable no longer depencs upcn the mear
e‘‘luent concentration, dut only on tne coefficient of variation, vcg.
Tmis is easily seen from the following representation of a log-norma)

~ancom variaple:

InCE » 1nCE + 2eypcE -7

~

wnere CE is the median, o1ncg 1S the log standard deviation, ana Z 1s 2
stangard normal random variable with 2ero mean and unit standard dev:az-'an,

for 'og-normal rangom variaples,

-~

Tt = C (1 + vcé) Lo=8;
and

cfncg = In(l + VCE) '3-9"
s2° tmat tquation D-7 becomes
In(CE/TE) = -1/2 o .o+ Zaynce (3-10)

Thus, it is seen tnat CE/TE is log-normal with log mean » 'l/z°'$nCE
and only the coefficient of variation, which specifies oypCcE through

equation 0-9, is required to completely specify the behavior of CE/TT.
The final normalization results from expressing Equation O0-6 as

CE/TE {0=11)

0/0 8 c———
COTE * e &

D-4
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Noze <mat QJS/QJE 15 log-normally cistridbuted since poth QS ang QE are
a3ssumez 0 De log-normal. Thus, only zhe ratio of the average flows,
33, %t, is recurred. A convenient normalization using ratios that are
mo~e ~eagdily available results if the average effluent and stream flows

are stangarcized relative to design stream flow {(here designatec by 7QiC..

cefining
F1 s 7Q10/TF (3=12"
F2 = 7Q10/TF . (0-12)
S
TS/QE = F2/F1 Deld
ang¢
o<ty = (0-15)
STO * 1o 72

Trese ratios, Fl and F2, together with the coefficients of variation,
vas, wE, anc vgg, completely specify the characteristics of the rangom
varrtaples in che normalized dilution Equation D-11. R specifies the
effect of permit averaging period and B, the acute to chronic criteria
ratio, specifies the toxicity behavior of the substance being considered.

Tnis completes the normalization.

0-2. Description of Program Use

The program is easy to use. The values of the input variaples are
sequentially requested on the CRT., Once the input values are entered, 2
summary of the input data is printed out, as is a tadbular listing of the

0-5
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~es. %5 ¢ tne calculations. The user snoulad De thoroughly familiar witn
tne tmeo~esizal and practical bases for the POM-PS as agescrideg in Chap-

cers 2 ang 3 defore attempting to use the POM-PS,

USER: Initiates program execution.
PRINTER: wWrites title.
CRT: Displays title and general descriptive material shown in

Figure D-1.

CRT: Question #l is displayed: “Enter coefficient of varia-

tson of 3S, JE, ang CE.”

USER: Enters the values of vqs, vQp and vcg, separated by
commas.

IRT: Question #2 is displayed: *7Ql0/avg QS?*

JSER: Enters ne ratio of the 7Q10 flow to the average stream
flow (T3).

CRT: Question #3 is displayed: “7Q13/avg QE?*

USER: Enters the design dflution ratio, i.e., the ratio of 7QlJ

flow rate to the average ef fluent flow rate (TE).

CRT: Question #4 is agisplayed. “avg CE/EL?"
JScR: Enters the ratio of the average effluent concentration
which the treatment plant will be designed to procduce

(avg CE), to the effluent concentration derived from tne

0-6



PRINTER:

JSER:

PR INTER:

USER:

Vil (0
Revision No, o

wiA analysis [ZL). This latter value 15 Znat concentra-
ton 1n he effluent which will resull 1n the stream
target concentration being met, wnen the following flow

conditions prevail:
Stream “low {QS) is at the 7Ql0 flow rate.

gffluent flow (QE) is at the average discharge rate of

flow.

Prints a tabular summary of the input gata selectec.

Juestion #5 is aisplayed: gEnter jowest, nignest ana
increment of multiple of target for which % exceecence is
desired.”

Decides on a range of stream concentrations (expressed as

multiples of the target concentration, CL} for which <ne

propbadility of occurrence and the recurrence interval are
desired., The user enters (1) the lowest value, (2) tne
nighest value and (3) the incremental step desired for
values between the highest and lowest.

Prints tabular listing of results. For each muitiple of
CL, the exceedence frequency and return period are
listed. when the printing is completed, a tone sounds

and Question § is repeated.

ters a new set of values for multiples of CL, 1f

D=7
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gesiregd. This allows the user to conveniently search oul
the ranges of interest ang select the most appropriate
levels of incremental getail. when the gesired amount of
output has been obtained, the program is interrupted, ang
dbegun again at Question #1 to examine another se: of
conditions. The user can formally “end"” the program by

entering 0,0,0 in response to Question 5.

0-8
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22087 SCURCT - RECEIVING WATER
TINZINTRAT IO ANALYSSS

ooooooo P T T T T DL S L o

“NPLTS: IOEF VAR OF QS,QE,CE
RATI0...7Q10/avgQs
RAT!0...7Q10/avgQE GENERAL DESCRIPTIVE MATERIAL
RAT!C...avg CE/EL

3ACKGROUND STREAM CONC (CS)
©S ASSUMED TO BE ZERO

CECPE T TP EEE PP b P Cup g e PPeee P

INTIR OZTET JAR JF (S5,3E,CE? QUESTION #]

INTZR FOLLOWING RATIOQS:

....... 7Ql0/avg QS ? QUESTION #2

.05

..... ..7Q10/avg QE ? QUESTION #3
3

ceeeens avg CE/ EL? QUESTION #4
éQ’EQ LOMEST,HIGHEST ,AND INCREM- QUESTION #5 (CCONTINUES 70O RESZAT
INT OJF MULT OF TARGET FOR WHICH AS NEEDED)
% 2X2220 IS JESIRED
5
INTIR LOWEST,HIGHEST,AND INCREM-
INT OF MULT OF TARGET FOR WHICH

% IXCEIED IS DESIRED
,

.5,3,.08

Figure D-1 - CRT displays.
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MAAAAAAAS AL AL 22242 dedl 2222 L 22 1)
RIZZIVING wATER CONC (CO) TITLE
PRBASILITY DISTRIBUTION
ANO RETURN PERIQD
FOR MULTIPLES OF TARGET CONC
JLE TO SCINT SOURCE LOADS

\ A A2 A4 22l AAl il Adlalddidldld add

COEF VAR,....QS = 1.50
COEF VAR..... 0t = 0.20

S0EF VAR.....CE = 0.70
7010/avg QS =  0.05 SUMMARY OF INPUT DATA
7010/avg QE = 3.00
avg CE/ EL =  0.67

VIOLATION  PERCENT RETURN
MULT OF  OF TIME PER10D
TARGET EXCEEDED  ( YEARS)

ele 0.894 9.3
2.20 C.112 2.4
1.00 0.024 11.3
4.00 0.007 39.4
5.00 0.002 114.4
2.50 0.050 5.5
2.55 0.046 5.9
2.60 0.043 6.4 CALCULATED RESULTS
2.53 0.040 6.9
2,70 0.037 7.4
2.75 C.034 8.0
2.80 0.032 8.6
2.8¢ 0.030 9.2
2.90 0.028 9.9
2.95 0.026 10.6
3.00 0.024 11.3

Figure D-2 - Example of printed output.

0-10



/fi Start )
N

S

v
Clear screen

l

°rint header
messages

l '

| Print input values

Al
C0/CL values
= §?

Clear screen

Prompt for and and table header
input coef. of

i variations for l

| 0s, Qg, CE

e lterate on CO/CL values

: :

[
; Prompt for and Evaluate Q(x)
j input ratios
of 7Q10/T3, l
7010/8E,
and avg. CE/CL °°"'°:§:i;§‘“"‘
, : *
f Compute normal Print CO/CL, % 0f time
[ and reverse normal exceeded, and
I coefficients return period
l i
Prompt for and input Next CO/CL

lowest, highest, and

delta increment of
| multiples of CO/CL
L, to use

|

Figure D-3 - Flow chart for POM-PS program
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LisP

DIk = ERCYRFOUND TTSECARM ©

C LS 13 RISUMED 10

EE_2EP0 -

DXSP ’00000-0.0-0090-0000--

L X 2 2 X 2% P

OlsP

DISP “ENTEP L[QUEF “RF NF 0% .,

" c‘- ’

INPUT V1,02 v

DISP “ENTEP FOLLOMING E&°710:

1°BS- 30 TQ1O pwe TS -
INPUT F|

oIS = TQ1@/ave QE -
INPUT F2

Dise - ave CE/ EL"
InPLUT F3

PRINT

ImAGE 214 2D2 =0

PEFINT USING sde . ° -QE*®

AR . 2€ » .,

FEINT USING s - cnee

~p QE = = 92

FEINT USING mug - crege

~F CE s = .2

FeINT

PRINT USING 2w , =,

o /3ve @3 s " ,F]

PRINT USING @9 . ° IR

O.-a3ve QE » v F2

PERINT USING S99 ' L S
CE- EL s °,F3

PRINT

PRINT "teccecvacrssctevrrcacans
>ovoveootoove”

PRINT

PRINT ° TTEEAM CONCENTEST
I0ON «CO» =

PPINT

PRINY ®* MULT ODF =~ TRAR: 1T .. -»

ERCENT®, TH@s 2%, "PETLPN"

PRINT * TAPGET ".TREC13).°yF
TIME®; TAB 29>, “PER[D0D"”

PRINT ®*<CCO/CL) ", TRR13%V.“Er~

CEEDED*; TAB(2S); " YEAPS .=
W1aSQR(LQG(LeV] ~2)
W2eSQP (LOG: LeW2~2:
W3IsSQP(LOG(1+¥3~2>)
WyeSQP (W] ~2e4H2~2)
U9sLOG(F2/FL oL 0GLSQR 1eu2~
J/7SAR(1ey]142))
USeLO0G(F3IX 1 +F2)/,8QR( 10T~ .

D)

GOsSUB 1229

DISP “ENTER LOWEST MIGHMEST =~
ND INCREM=ENT (F MULT OF ThA»
GET FOR WWICH I EXCEED (3 O
ESIRED"

Figure D-4 - PDM-PS program listing - HP-85 compatible.
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I ~=C0OMPUTE FETUPN PERPING
|2m}] 38918
iSmlagl$

POINT YSING 11%0
ImRGE 202 00 .Sx.202
02 20
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Figure D-4 (cont'd.)
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RETUFPN
'V = 3LBPOUTINE O QQHSU?E 1
VERSE NUFmMRA_ TFaN:F
VRPOLYNOMIRL AFARPDX T
RSE NORMRL TABLE

CEF FNC/X) 8 sxarBEleflxvety
K 2)/7C 1 +EATLKeESIVA2+ECTX- T
$9s=

IF pac ¢
Pomy-rs
Fq--x
Pﬁieup. LOC( 1-
A2@FNC Fv)xié
RETURN

' =QUADKATUFE 3SUBFOUTIN
COMPUTE ROOTS AND WEIGCH
! 19 = INTEGKAL

INVE

THEN 14%@

—4m
[]

! RSCNQ)Y m N3 PUNTS (o= 57
USSIAN ROOTS & NB. 2 LAGES F

onTS

' T ING)
)

COLORD ROOTS
F Z2na OFCDEF

1 EIRET THWE SAUTT AN END T

s NQ WEIIWT?

| «QUIRD PNOTS: % W £R
16+n OPDER GAUSS

Rl=g

R(l)s= 9°°69%9-

K2 )m=e 244%7%¢2

R(3)m= 5959314046

R(a s~ TSS40440%94

R(Sre= S1787n2644

R /ims= 45301677 7=

RIT)a= 2318078838

k'S rme 35%3.2%0%24
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928 BRZ2T3ITIT0
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NEXT X2

| «LORD THE LRGQUERSE FONT%
AND WEIGHTS. FROPESLY CONLE
RTED

conm



L)
o

Y

DL ES
2

B IR AR R D R AD W U IO MR O (OO0 35 30 OB OF: L5 XL A A S O o I URVEEL WX, 20 U< 1)

O a0 OB 118 IOAICEA RN EPIRT KPR WET LD RF O PR VAL N UL

.
[ W ETETRE AU YIRS AL N W T RS AT\ Y ()

RN AR OF U

M I I YR N BT RY R P Y RY A B B Y Y e R o R o R R R TN ol SRl e R
v ae o

DOMIXNEE T ML S § BE 0 <o TRYNY

IRERRE

[}

(4]
~

A ST
N AOWO v X

[ 3
VAR 'BPO®  Guy-ia

4 XL U

ARNREIWGIO )Ty
s OO NWAYY » D S0
IS WM W® e 1210 Ny

[
»
(V]
-

RB B APl

= VI~

~4
~8
[ 3
»
(™)

.
P L BN B NN R S

IER IPAY Y X JWIORNY. UL X Y VR X

[ ]
[ 3 . .
L NaXoR X L IWIN NN T LV ET L (Rl SR

e AW LE-§ 10~ aBres "I b 4

,.
L. 31 \J
LY. ]
-4'0

(19Y - =

10'0¢8
[44]

[]
N

[ ]
»
LD
[

VN OV B LINY - D L e
(&)
~N
~m
]
v
9

NN s
A
L ]
N
- h
N
NN

=3

L. +J
\
S
CIVIINGNO L U DUD DS B LR W IBDYL—~DUIIT—~LBD

JEr 0o 02 po 02 pa s o= 0o O Y TVUA l- ;-lh'»; -
DO PD 8o+ 0¢84T, 0,0 'O DIWDDELIr- N - 1G) b

.
J
S Eaulid

(TN ¥ SOTRTL TN

NGty by b Vo
S @D NIV DD N

QeMIE-2
CBEN4LE-2
1 9342%¢
! ?IT 444
1. 231097354991
P

¢
[ ]
-

.
-

VA GIGUGHEDWNCUNEFIN@D I INNIVAT VDO »

[ Y
.
n
o
«

e'e 29¢1517142%3

r2s) TN NO/%
KeoNR /72 )8EXP =PV 2),
T leNB 2 @QIK2 2

IO OO0OOCGOCEC O COHOC TRV DOV TE N D

Figure 0-4 (cont'd.)

_RSJEFPE ROLT

VIl 12)
Reyision No.

2



1}

€Y vy

Ko °-

() € (s €Y (O ) ) Y (),

Y Bryan b v

) Y n
20y (Y )

§ L™

€y (0 Co -3 OV th
e OO D OOy

MW OOoo

W Py -

‘

SMPUT
ZUPUT
upCT
PRINT
LS
PEINT
PRINT

™ e qeam
?J'--n .

PFON'-
it o
13-Ddoe
o s duat »
spu-
LR Y L
s TIm
. svanit &
- -y ran
Fimer a

"o,
°R

-kt o

LSS S .mTc v Aam D0

Ve e es e Wt e t o e

ooRZ FRIEAZALISTIC

- diall - ey rvame Ay s Amey

- . - e o wwt bt b

IORIOFTR PCINT STUTCT IISCHARGE

A #CGUST, 1284

DRI IBI=PC AYD !S-DCS CCHPATIDLE VEREICH

ORI SCRIZCY SYSTIIS CCORPCRATIOY

D (703, <Ti=gueC

: _:: T e o - - s P > Gragrifomat-

ST CIN RS#(32),259(32)

TC I Re(g),Sce(f)

20 ZIU P46 ,Ce(16),29¢4(32)

ey oFT

e ; N{EN2IGRR0SRRRRESCR20RCTRRCRELRBBIRERGENATERDRGERIREN
-c 'm om 3ZCZIVING FATER CCNC (CO) PROEABILITY DISTRISUTION °
2 nTn AND RITURN PERIQOD”

= " TIR MULTIPLIS CF TARCEIT conce

" ZCZ IT PCINT SCURCz LOAZE"
NEORNNNREOQBONNNNTRBBRNERENNCERTRBERERERRG2RGGDRGREON"
"pPCINT SOURCEZ - RECZIVING WATER®
PCONCINTRATICN ANALYSIS®
" - — — oo
nIuoUT CCEF CF VAR OF QS,QE,CE"
n BATIC...7Q10/7AVCRS"

BATZ0...7TR10/7AVRE"

RATIC...AVG CE/CL"
SACKSROUNT STRSAM COMC (CS) IS ASSULZT TO EE ZERCT

it . - - ®
- > ot o o e o o L e o o g o L

"INTEIR COZF OF VAR OF QS,QE,CE"

- v1 1] VZ ’ v3
T "ENTZR THE FOLLCWING RATICS:"

P .TC10/AVG CS "; K1
M e 7Q10/AVG QE ";F2
PP ...AVG CE/EL ";F3

" COCF CF VAK.....QS
" CCEF OF VAR.....QE
" CCZF CF VAPR.....CE

.M
l;vz
"

" 7Q10/7AVG QS " K

" TQ1C/AVG RE = ";F2
" AVG CE/EL = ";F3
LI . ettt "

vi: (D)
Revision No.

Figure D-5 - POM-PS program 1isting - IBM-PC and MS-DOS compatible.
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STREANM CCNC (C2)

MOLT CF PERCEINT RETURN
- TARGE?T OF TI)E PERIOD
(2S/CL) EXCEEDED (YEARS)

1.300 0.89a 0.306
2.000 0.112 2.0883
31.000 0.024 11.313
4.000 0.007 39.829
£.000 0.002 114,356
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(CosCL) EXCEEDED (YEARS)
2.500 ¢.0%0 $.501
2.600 0.0483 6.395
2.700 0.037 7.810
2.800 €.032 8.558
2.900 ¢.c28 9.854
3.00C .28 11.313
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