






IABLE 4-6 - Perwit sverdyiny period selection rkitrix for lUJO/l)O: 

-----.____. --_ -_______ --_L---c -.-- _ --. .- ------ .~_ __ 

Strea flow Characteristics Effluent VCE = 0.3 

All Periods low Flow Fkrlods 30- l- I- 

mm 'QS 
bY &Y &Y 

7QlO/W q)s’ Avy. Avy. Avy. 

----- ---- -. 

2.00 0.13 0.43 0.5 0.4 0.4 
0.01 3.00 0.26 0.50 1.0 0.9 0.8 

4.00 0.41 0.55 1.6 I.4 1.3 

1.00 0.23 0.31 0.6 0.6 0.5 
0.05 1.50 0.42 0.38 1.2 1.1 I.0 

2.00 0.66 0.43 1.9 I.7 1.5 

0.75 0.33 0.25 0.8 0.7 0.6 
0.10 1.00 0.46 0.31 1.2 1.0 0.9 

1.50 0.83 0.38 2.0 1.8 1.6 

0.60 0.39 0.22 0.9 0.8 0.7 
0.15 0.90 0.61 0.29 1.4 1.3 I.1 

1.25 0.95 0.35 2.2 I.9 I.7 

0.50 0.55 0.19 1.2 1.0 0.9 
0.25 0.75 0.92 0.25 1.7 I.5 I.3 

1.0 1.16 0.31 2.4 2.1 1.9 

-- 

Iffluent WCE = 0.1 

30- J- I- 
‘by &Y bY 
Avy. Avy. Avg. 

- ---- -- - ..- -~. 

0.5 0.4 0.4 
I.1 0.9 0.7 
1.8 I.4 1.2 

0.8 0.6 0.5 
I.4 1.2 1.0 
2.2 1.8 I.5 

1.0 0.8 0.7 
1.4 1.2 1.0 
2.5 2.0 I.7 

I.1 0.9 0.8 
1.8 1.4 1.2 
2.7 2.2 1.8 

I.5 I.2 1.0 
2.2 1.8 I.5 
3.0 2.4 2.0 

-- _ - ---- ------- ------ --_- -____I__----- -- ---~- ------ -__ 

Crltlcrl DO deflclt exceeded one day in IO years as a mltlple tar@ cleflcit used In WLA. 

30- 
Iby 
Avy. 

I- 
IbY 
Avy. 

0.6 11.5 0.4 
1.2 1.0 0.8 
1.9 l.!l 1.2 

0.Y 0.1 0.6 
1.6 I.3 I.0 
2.5 1.9 I.6 

J.2 
I.1 
2.9 

0.9 0. I 
I.3 1.0 
2.2 I.8 

I.3 1.0 0-u 
2.1 1.6 I.3 
3.1 2.4 2.0 

l.tJ 1.4 I.1 
2.6 2.0 1.6 
3.5 2.1 2.2 



IABlE 4-7 - Pemlt averayiny period selectlun rcdtrlx for UtM)/OO: effluent dllutlon rdtlo - /i)ltJ/i)L = 1. 

__. ~__ _.-._ _. -. _ - - - --- ___--- --.------e-e --------_---- ---.. ~.. _ -__- __._ - _______ -.. ._._. _. 

Strer Flow Chrracterlstlcs tffluent YCE = 0.3 Effluent YCE = 0.7 tffluent YCt = I.1 

All Periods 

7WO/W "US 

--- - 

2.00 
0.01 3.00 

4.00 

0.05 i:: 
2.00 

cow Flow k!clods 30- I- l- 3U- 7- l- 31J- 
&Y &Y bY Iby by &Y IbY 

70wvs0 v)s' Avg. Avg. Avy. Avg. Avg. Avg. Avy. 

_--- - -- ---_ - _ -- .---- - _.-- _ 

0.13 0.43 0.5 0.4 0.4 0.6 0.5 0.4 0.6 
0.26 0.50 1.0 0.9 0.8 1.2 0.9 0.8 I.3 
0.41 0.55 I.5 1.3 1.2 I.7 I.4 1.2 1.9 

0.23 0.31 0.7 0.6 0.5 0.8 0.7 0.5 0.9 
0.42 0.38 1.2 1.1 1.0 I.5 1.2 1.0 I.7 
0.66 0.43 1.8 1.5 1.4 2.2 I.7 1.4 2.5 

I- l- 
bY IbY 
Avy. Avy. 

0.5 
1.0 
I.5 

0.4 
0 .8 
I.2 

0.1 0.6 
I.3 I.1 
1.9 1.6 

0.75 0.33 0.25 0.8 0.7 0.7 1.0 0.8 0.7 1.2 I.0 0.8 
0.10 1.00 0.46 0.31 1.2 1.0 0.9 1.5 1.2 1.0 I.7 I.3 I.1 

1.50 0.83 0.38 1.9 1.7 I.5 2.4 1.9 1.6 2.8 2.2 1.8 

0.60 G. 39 0.22 0.9 0.8 0.7 1.2 0.9 0.8 I.4 1.1 0.Y 
0.15 0.90 0.61 0.29 I.4 1.2 I.1 1.8 I.4 1.2 2.1 I.6 I.3 

1.25 0.95 0.35 2.0 1.8 1.6 2.6 2.1 1.7 3.0 2.3 I.Y 

0.50 0.55 0.19 1.2 1.0 0.9 I.5 1.2 1.0 1.8 
0.25 0.75 0.82 0.25 1.7 1.5 I.3 2.2 I.7 I.4 2.6 

1.0 I.16 0.31 2.2 I.9 ).I 2.9 2.3 1.9 3.4 

c-_----P --__I_ - -.-----._I_ --- -- ---- -- --- -__ ___- 

Crlllcrl DO deflclt exceeded one dry in IO years as a multiple taryet deflclt used In WA. 

I.4 1.2 
2.0 I.6 
2.6 2.1 
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lA8IE 4-n - Pemtt dveraylny pcrlod select ion wtrix for lWI)/lW: 

--. .---- --.-- - _--- -_--_-__ _--.-.. .-.- .-- ----_-- .-___ 

Strem flow Charscteristlcs Effluent ycc = 0.3 

All fkrlods Low Flow Qerlodr 30- 7- I- 
&Y IhY @Y 

7VlOJu5 “QS 7Q‘lO/?js' YQS' Avg. Avg. AVtJ. 

--. A------ 

2.00 0.13 0.43 0.6 0.5 0.5 
0.01 ::: 0.26 0.50 1.0 0.9 0.8 

0.41 0.55 1.4 1.2 I.1 

1.00 0.23 0.31 0.8 0.7 0.6 
0.05 I.50 0.42 0”:: 1.2 1.1 1.0 

2.00 0.66 1.5 I.4 1.2 

0.75 0.33 0.25 0.9 0.8 0.7 
0.10 J.00 0.46 0.31 1.2 I.1 0.9 

1.50 0.83 0.38 1.6 I.5 I.3 

0.60 0.39 0.22 1.0 0.9 0.8 
0.15 0.90 0.61 0.29 I.4 1.2 1.1 

I.25 0.95 0.35 1.7 I.5 1.3 

0.50 0.55 0.19 1.2 I.1 1.0 
0.25 0.75 0.82 0.25 I.5 1.4 1.2 

1.0 I.16 0.31 1.B 1.6 1.4 

~!ffluent dilution rdtiu 

_ _ - I----- - 

tfflUW\t “C- = 0.1 

I() lU/?Jf = I . 

lfflucr,t b,, = 1.1 

XJ- I- l- 30- I- I- 
IbY &Y &Y IbY ‘4Y I4Y 
Avy. Avy. Avy. Avy. Avy. Avy. 

- - .--- _--_ 

0. 7 0.6 0.5 
I.3 
I.7 

1.0 0.8 0.7 I.2 0.9 
1.6 1.3 1.0 I.8 I.4 
2.1 1.6 1.4 2.4 I.9 

1.2 1.0 0.8 1.5 I.1 
I.6 I.3 1.0 1.9 I.5 
2.2 1.8 1.5 2.7 2.1 

I.4 1.1 0.9 1.6 I.3 
I.8 1.5 1.2 2.2 I.1 
2.3 1.9 1.5 2.8 2.2 

I.7 I.3 I.1 2.0 1.6 
1.1 1.7 I.4 2.6 2.0 

2.5 2.0 1.7 3.0 2.4 

0.8 
I.5 
2.0 

_.____ ------~ ---- ----- --- .______ _-- - . _-------- - - - _~----- . _ - -. -~ 

0.6 
I.1 
1.5 

--_ 

0. 5 
0. Y 
I.3 

0.7 
1.2 
I.5 

0.9 
1.2 
I.7 

I .o 
1.4 
I.8 

I.3 
I.6 
I.9 

-. . 

Critical Wdeflcit exceeded one dry in 10 years as d ulttple target tleftcIt used in WA. 



; :aole for tnt effluent dilution ratio (7O!O/TQ equal to 50 nas 

70: oeeq oretared for BOO/OO. for small discharges entering larger 

stf-tams, It is likely that an effluent BOO limit determined fran a steady- 

s:ate ;iLA analysis would be greater than the techno~ogy-ea:cd limft unich 

wouic oe used in the permit. fhe use of the Standard matrix table, unlcn 

(9~1~ snow d higher pattern of violations, would tend to be misleading, 

since the comutations and the tables assune that the allowable effluent 

::ncentration detemined ftan a Wo becomes the effluent lfmit (EL) 

sxci fitd by the pwmit. 

'- Snouts be Mphasi red at tnls point th&t the di sfoTwx! :=xyger\ .- 

analysis presented In this section is meant only as a preliminary ap~lica- 

:i on. There are, IS yet, no vetlflcatlon rx#apler that support the 

aoplicaBility of a probrblllstlc dflutfon/crltlcal deficit anrlyrfr. It 

has not been shown that actual stream 00 data conform to the prooabi: f stic 

assunotions and rimpliffcations used in this prel tminary analysis. 

%rtntr, it is wrll knOwn that the DO distribution fn strems cannot 

d!wayS be described by tha stmpl est (Streeter-Phrlpr) model. CIpstrcam 

sources of BOO and deffcit are comm, as are nltrification, algal effects, 

and sediment oxygen dunmd. A more canprehensive rnrlytlr wuld be 

rwuired to Incorporrte these effects Into a calculrtlon of the effect of 

selecting a pennlt rverrglng perlod. 

4.0 Analysis for Conservatl ve Substances qn Effluent-Dominated Streams 

An effluent4cmlnrted strem Is defined, for the purpote Of this 

analysis, as one in rrhlch the effluent flow exceeds the dttlgn Stream flow 



v:! (0) 
bvlslon No. 0 

-- * 3, e.;., t-e ,.b . nerc are :ncn two bounCS to this analysis. %t Jpptf 

2c;7c -5 :le e+fi;req: c!;ution ratio 7ClVavg OE n 1, wnlch was the lowest 

. :1 JZlOR -at13 exmiied in Section 4.1. The lower bound is provided by 

.I .-e :ase w-nere tne design stream flow is ztro (7010 m 0). 

*- snoui~ 36 recognized that as the degree of dilution decreases, a . . 

tiLA-oasta EL 3tcotnes increasingly restrictive. When the design stream flop 

's zero, tne effluent limit must tqUdl the 5trtW target concentration (CL). 

dhilc tne cegrct of effluent domination has a subsequent influence 

-e -c) - . e ?a$?‘:Jce 2f an EL assigned in a ptnnit, the screening analysis 

-esti; ts ;resertec: 3e:ow suggest that in most situations, a 3C4ay pernit 

averaging Deriod will be adquatt for effluent dcfninattd streams. 

;he results of a broad hypotnttical analysis of effluent dominated 

sr-earns are summarized ir, Figure 4-3 and Table 4-g. using the format usta 

ear: 1er ;(J il lustrate tne influence of permit averaging ptriod; effluent 

darjabiiity and dilution ratio. 

o The Sars on the right provldt the upper bound; i .e., the condition 

where 7OlO/avg QE l 1 (these rtsul ts mrt al so shown In Fl gurt 

3-l). 

0 The bars on the left rtprrsrnt In effluent dilution ratio of 

7QlO/avg OE .* 0.1, that fs, where l ffl ucnt flow is ten tlmes 

greater than desf gn stream flow. fflgh variabilfty Of daily flow if 

expected for such streants, together wl th a very small ratio of 

stream dtsfgn flow to average strum flow. The screening analysis 

assunes that the cotfffcitnt of vrrfatfon ranges bttmtn VQS = 



t?QlO/AV9. a 1 

: 

cmuocI UYIT CIIOY wu 
srrclnsD A8 7 bA7 AVI. 

8muQcT LIMIT PROM WLA 
*tcwlcD AS 30 DA7 AVI. 

l INDlCATtS tn( 8tMw COclCtWTRATlON (CO) WMICN WILL U( CXCltD(D WITH A 

CRfOUtMC7 01 OUCt 104 TCN ‘ICARS, IXM#9SID U A YULTWU OF THE CHRONIC 
CRITERIA (CL). 

Figure O-3 - Effect of permit averagfng period on stream concentrations for 
consrfvrti ve substances in l ffl uent-dani nattd Stwmf l 

4-24 



lAMIt 4-y - Averdyiny period select ion tbitr-ix for eff Iuent -dtnhimtd \tredms. 
._~. _. _.~- _._______ --__-. .---- -- - -- 

tffluent vet = 0.3 t I t lwnt U( t = 0.7 
Ls t hate 

Of 
Variability 
Lange WQS 

W- 
bY 
Avy. 

I- I- 
Iby lblly 
Avg. Mdx. 

30- 
Iby 
Avy. 

7- 
Iby 
Avy. 

lf f I uell t UC1 ; I . I 

l- JO- 
lblly IbY 
&ax. Avy. 

---- .-- _- 

I- 

IbY 

AVY 

I- 
hdi\y 

kJK. 

0.4 
0.M 
1.1 

0.5 
0.9 
1.1 

0. 1 
1 .o 
1.3 

0. Y 
1.1 
1.4 

0.5 

0.2 

0. I 

LO 2.00 0.6 0.6 0.5 0. t) 0.5 
PRtm 4.00 1.1 1.0 0.9 1.2 0.9 
III 5.00 1.5 I.3 1.2 I.6 I.3 

10 2;oo 0.7 0.6 0.6 0.11 0.6 
PRIM 4.00 

f:: 
1.0 0.9 1.2 1.0 

HI 5.00 1.2 I.1 I.6 1.3 

LO 2.00 0.9 0.8 0.7 1.0 0.8 
PRal 4.00 I.1 1.0 0.9 1.4 I.1 
HI 5.00 I.3 I.1 I.0 I.7 I.3 

10 2.00 1.0 0.9 0.8 I.2 1.0 
FRUJ 4.00 1.2 1.1 0.9 I.6 I.3 
HI 5.00 I.3 1.2 I.0 I.11 I.5 

0.4 0.6 
0.8 I.2 
I.1 1.7 

0.5 0.M 
0.8 1.3 
1.0 I.8 

0.7 I.1 
0.9 1.6 
I.1 2.0 

0.8 1.4 
I.1 1.9 
1.2 2.2 

--~ -- --- --- -- ___- --- _.-__ _ _ -_-_- _-_____ _ _. ._ -._-- 

Aypl Les for conservative pollutants. Assunes the rat lo 7QIO/gS = 0.005 for all cases. 

--- 

0.5 
0.9 
1.3 

0.6 
I.0 
I.4 

0.9 
1.3 
1.5 

I.1 
I.5 
1.1 
- . 



T?e c3ndItions under which the design Stream flow is greater than 

:er:: am ::stta in more attail in Table 4-g. Results for several aaaitional 

:nzermtai ate affluent dilution ratios (7010/Z 0 0.2 and 0.5) are also 

SresenttC . A comparison of results for an effluent ratio of 1.0 prtstntto 

Te-? as an uootr bound, ana previously (Table 44 and figure 4-l) dS s 

i zner bound will indicate that results art similar but not exactly tnt 

SaPnO. '?e c? c4ertnces art due to d:fftrtnt assuntc values for 7Gi3/;5 ana 

z-0 m -3ngt af CotffiCitnts of variations used as inputs for the VYI-PS 

70atl. 

For the cast wntrt the dtsfgn stream flow is zero, 7410 fs zero and 

f?e+e aootdrs to be a orobltm since 7t)tO/r and 7DlO/r art both zero. 

xeve-, mat actually matters is 11s and m. Thus, in order to 

?v3Y “d:t mst casts, tnt use of tnt actual '115, IJE and a small 

:::I stiffices since the canputatlon depends only on m/w and 7010 CdnCtlS 

out (kation D-14). FInally, tht use of a snail 7010/E correctly indicates 

zqat tne ULA is done with QS l 0 (Equation O-15). Thus, no probltms arise. 

Screening analysis rtsults Indlcatt that In the cast of tffl utnt- 

dmivttd streams, a &day pennit avtraglng ptriod provides adequate PrOttC- 

::on for pollutants tith tht acute-to-chronic ratios SunmariZtd below: 

4-26 



Acute-to-Chronic 
Ratio 

3 or more 

Men 
30-Day Permit Average 

Is' Adequate for 
Acute Protection 

Al ways 

2 to 3 Effluent variability is 
relatively high, but 
less thtn VCE = 1.1 
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CHAPTER 5 

USES AND LIMITATIONS 

The probabilistic dilution model has been demonstrated to be useful in 

selecting the appropriate averaging period for discharge permits. The method 

is easily adaptable to situations which vary widely in terms of stream and 

effluent characteristics, data availability, and policy-level assumptions 

used in the analysis. Although the example in Chapter 3 of how to use 

the method is based on the typical WLA assumptions of 7Q10 as the design flow 

a-c chronic criteria as the effluent limit, the method is easily adjusted to 

accommodate other assumptions. 

The method is intended to apply to pollutants for which the regulatory 

concern is at the point of complete mixing and for which the toxicity can be 

evaluated in terms of the total pollutant concentration. The method has been 

applied to a range of stream and effluent characteristics which typify the 

characteristics of streams and effluents in the United States. The results 

of this application are useful as a screening tool, b-y which the appropriate 

averaging period for many field situations can be readily identified. 

However, pollutants whose toxicity is a function of pH, temperature, and 

hardness require site-specific evaluations incorporating these parameters. 

There art also several limitations on the use of the method. One of 

the technical limitations is that the level of chronic protection is based on 

State-Specified design flow, e.g., 7Q10, 7Q2, etc., which may be overprotec- 

tive or underprotective for many site-specific conditions. The EPA is 

Presently consisting the issue of allowable duration and frequency of 

5-1 
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exposure to acute as well as chronic toxicity. Users of this manual are 

advised to refer to Part A, Stream Design Flow, of Book VI, Selecting Design 

Conditions, when considering the choice of an appropriate chronic exposure 

event. Book VI is currently under peer review and will be issued by the 

Office of Water Regulations and Standards once the peer review process is 

completed. 

Modifications art required to compute the probability distribution of 

30-day average concentrations, as required for chronic criteria compliance; 

these would have to be investigated and verified in the field. 

The major shortcoming of the log-normal probabilistic dilution model 

is its misrepresentation of the lowest stream flows, thus tending to overesti- 

mate the probability of high stream concentrations. The use of a seasonally 

segmented approach could be investigated. 

The effect of serial correlation on the return period specification 

would also need to be investigated, particularly with regard to the duration 

of criteria violations. For example, a knowledge of the return period for 

n-day successive violations could be 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 

violations to cluster on successive days could be investigated to provide a 

basis for modifications to the method. 

for pollutants whose toxicity is a function of such secondary vari- 

ables as pH, temperature and hardness, probabilistic methods art essential in 

that it is, not possible to rationally choose "critical" or "sufficiently 

5-2 
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>,F-‘e?-.“e” -- .ss valdes for :nese varidoles. Arbitrary cnoi:es cannot 3e deftnued 

.m :e-ls :f rye prooabi: 7:y of criteria violations. Mcthoar for analyr!ng 

:-ese s::;raLt:onS c3uYd oe developed, following the logic of ptobaoilistic 

1.3 - Jt’3n and incorporating the additional random variations of tnt variable. 

-me aoglication of tnls method to dissolved oxygen has i naicatcc :nat 

z-e Jrzza3illstic method proviats a useful approach to the problem of 

20 aefi~i’ w . . hwt~tr this work has only been a flrsf Step. hbabilistic 

-7etnocs :an 3c further dtvtl Optd to assess the effects of DO fluctuations on 

'*s-e*y resources and ro groviae a more rational approach to advanced waste 
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CHAPTER 6 
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APPENDIX A 

Statistical Properties of Log-Normal Distributions 



VII (A) 
Revision No. 0 

This appendix is intended to present a brief, simplified review of 

the statistical properties of log-normal distributions which characterize 

the important variables in the water quality analysis procedures used for 

this report. It is designed to help the user without a formal background 

in statistics to appreciate the physical significance of the statistical 

properties employed. It is not the intent of this appendix to present a 

theoretical discussion or to provide technical support for developing 

relationships or equations used in the development of the methods employed. 

A-1. General Considerations 

The factors which influence the concentration of a pollutant in a 

receiving water body are subject to a significant degree of variability. 

This variability results in fluctuations in the resulting stream concen- 

tration, which is compared with target concentrations such as criteria 

or standards, and which provides a basis for decisions on treatment 

requirements The approach adopted in this report for examining the 

effects of different averaging periods on treatment plant discharges uses 

the concept "how much -- how often" as a basis for such decisions. It is, 

therefore, essential that statistical aspects be incorporated into the 

methodology even though they may add complexity. 

The standard statistical parameters of a population of values for 

a random variable which are used as a concise means of describing Central 

tendency and spread arc: 

Mean : (µx or x) the arithmetic average. x defines the 

average of the available (usually limited) data Set; 

A-1 



ux denotes the true mean 07 tnt total population of 

variable x. T will be an Incrtasiigly better approx- 

imation of ux as the size of the sample (the nunbtt 

of data points) fncrtasts. 

Va ri ante : fez,) by definition, the average Of the Square Of tht 

ditfertncts bttuttn indtvldur\ v&lues of x and The 

mean (3;). The greater the vrrlrtlon In the data, the 

higher the varirnct: 

ozx 8 (xpqZ + (x2-72 l . . . . . (X&2 

n 

Standare 
3viation: ( ox) another mtasurt of the Spread of a populatl on of 

randan vrrlrbles; by cteflnltlon, the squrm root of 

the variance: 

Coefficient of 
variation: ( vx) 1s defined as the ratio Of the St~~~W~ 

dtvlrtlon ( ox) to the -8fl ( vx): 

It Is the princlprl measure of vrrlrtion ustd in 

thr analyses describti In this report. The 

coefficient of varlatlon Is a dlmenrionltrs 

quintlty and is thus freed fran any dewneence on 

A-2 



yoat : 

:7t sotcific eimerlslons usta :3 aescrl3t :ne 

qarla3!e [e.g., f13w rate, zoncentratio?s, czc.:. 

~jgn coefficients of varfation reflect ;rea:er 

variability in the random variable x. 

;T;, This is the value in d data set for wnicn 

nalf the values art greater and haIf are leSStp. 

The "most probable value' -- more of the individuai 

data points arc at this value (or are witnin tnis 

interval) than at other values or ranges. h a 

frequency histogram, this is :nc highest 3c*pt on 

the grapn. The mode has no real significance in 

the calcul rtions in the methodology aploytcl. 

Cornoaring tht statistfcal proptrtfes,of different data Sets pro- 

‘J’ :es a convenl ent , concise way of recognfrfng similarities and a:ffer- 

?lces . 711 5 cauid not at accornpl isntd simply my * loorting at tne cata" 

vtnere reasonaDly large data sets ate invblved. These statistical proper- 

:fes :mvey no information concernfng frtqwncy, or the probability at 

mien any particular value or range of values in the total population will 

z;cur. This essrnti~l ita of Information is provided by a KnOwledge of 

tne type of distrlbutfon, ttchnlcally, the probability diStriDufi0n 

l unction i PDF). 

A- 2. WmaDility Zistributions 

mere are several different patterns &ich characterize tht distri- 

wion Of %Iividual va;uts in a large population of variable events. 



v: T . 'A: 
3tvls:on W. 3 

-2st aea'jsts are familtar with the normal UistriDution, in rnlcn a 

m. st25-am of tnt l rtqutxy of occurrence of various values atscr:DtS 

:?e ‘amI:: ar bell-snaptd curve (Figure A-l(a)). Uhtn tnt cumulative 

Crgcuency 1 i s ~Totted on probabil ity paper, a straight 1 lne is generated 

3s 71 Ei;ure A-l(b). 

hany variaDles, particularly those which art important in ti:er 

qua1 ity appl icatlons, have bttn shown by a rapidly accunulating body of 

cata 3 be represented by or adequately dpptoxlmdtdd by a log-normal 

~*stribu:ion. A log-normal distribution has a skewed frequency histogram 

‘-;ure A-l(c)) wnicn indicates an dSyWWttfC&l distrjbution of values 

aL!c*: an axis defining tne central tendency of the data set. Tntrt is a 

:3ns:raining limit to lower values (sometimes zero) and a relatively small 

numDtr of rather large values but no upper constratnt. Pci nt source 

e*f?uent concentrations [1,2], and pollutant concentrations in combined 

sewer Ovt’?lows and separate storm runoff [J,O], &rt parameters which are 

4sJa: ;y wti i ChafaCttrited by lOg4Omdl diStribUti0nS. In general, aal;y 

5: -cam flows are satisfactorily 8pproxlmattU by log-normal distributions 

:5,6:. Scattered data fraa a nunbtr of unpublished sources suggest tnat 

receiving water concentratlont are also log-nonaally distributed. Stream 

flows and concentratfons are cuPnntly being exdned frcaa this perrgtc- 

tivt. A log-normrl distribuflon appears as a straight line on log/proOa- 

3ility gaper (using cumulative freqwncy) as shcun In Figure A-l(d). :n 

:n'S rtwrt natural (bate "em) logs are used throughout. 

%~m~l ativt frequency is the relative fwwncy (Or probability) of 
values Oti ng less than or equal to a SPeCl ffC value l 
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Fisurc d-1 - Probabi 15 ty dtstti bution . 
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22, 3. Relat-onsnip Setwetn 3istriSutlonS 

3ept art cicc-mszancts *en two different typts of Jisttiwt:on 

:an 3t?Sl" r3 loor similar -0 so that either one will provide a rtasonaaly 

;occ aDDroxima:ion of the probabll~t, distribution of a particular aata 

se:. 'or txanolt, as tnt coefficient of varirtlon becomes ~rnaller ana 

smaller, approaching zero, lOg=nO~al dfstMbutions begjn to look more and 

-0 rt ‘;i kt a normal dlstrlbutlon. FjgUr8 A-2 Shock a SetleS Of hfstograms 

‘3~ log-nornally dirtributtd populations, all havfng (arithnetlc) pop- 

ui a:1 an means of 100, but witth dlffermt COefffclentt of variation ( v ) 

cs snown. 4s Zi scusstd above, smaller values of v approach a nofmal 

Z‘ jt-‘w e-t: on. 

l-4. 5roDtrTi es of Log-Normal Dlrtributiont 

Figure A-3 srnmarires the pertinent statistical relationships for 

' DG-nomal prooabilrty distrfbu:?ons. The mathematfcal formulas shown 

ape 2asca 37 statistical theory, and permit Back-and-forth COnvtrSiOnS 

3ttwCtn arithetic properties (in tilch concmtratlonr, flows, and lords 

art reported) and the log of tk variable (In tilch probrbfllty and frequency 

:narac:tristfcs Ire detfned). 

Notmallzed plots of probablllty versus the magnitude of a variable 

txmtssea as d multlpl o of the man are presented in Figure A-4 for 

:og-nomal di StrlbutIons. There plots present a frnlly of curves reflecting 

rye t‘fec: of coefficient of variation on probability of occurrence of 

events of s~ciflc magnitude. These plots can be used directly In the 

A-6 
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C3EFFIC:ENT 3= 
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MEAN - 

. 

X 
RANDOM VARIABLE 

figure A-2 - Effect of coefficient of variatdon on frequency distribution. 
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?t 

x is a random vrrlrble 

Definltlon oi Terms 

X . . . . . . . . . . Rmluom VIrfrblr . . . . . . . . . . . . ;n x 

;i . . . . . . . . . . Hean . . . . . . ..a.............. 2. 
X cfl x 
. "* 

-h .-**--*"* Varrancc . . . . . . . . . . . . . . ...*. :in x 

3 . . . . . . . . . . Standard Deviation . . . . . . . . . 3. 
1 ‘n x 

vx --**'**"* Coefficient of Variation . . . (not useu) 

i . . . . . . . . . . Median 

2elationthiDr btween Statdstical PrOpertics 
In Arithnetic and Log Space 

vx = JZ 

ox l “x”x 

‘jnx l {(l, 

figure ~-3 - Pertinent relatlonthlpr for log-nom1 dfrtributlor.. 
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analysis metnoaology ana pannit direct determination of frecjutncy far 

events 3f any SDecifiea magnitude with a known or tstimarea :oeffi=:en: of 

variation. 

a-5. Standard Nonnal Tab1 es 

For normal (or log-nomal) dlstributfons, probabilities cm be 

dtfl ned in terms of the mrgni tude of & value, normal I ted by the standard 

deviation. This technique is used in the calculations of the probability 

of exceeding soecifitd receiving water concentrrtlonr in this analysis. 

Stancars nor3ai :mlts can 3t obtained Can any statistics ttxtSooK :a,9:. 

Ta~lt A-l Jrtsents tne standard normal table to provide a convenient sourzt 

far tnt analysts used in this report. Table A-l lists the prooability for 

tne interval between 0 and the vrlue of t Itsted. Thus, it repterents fnt 

orobabi 1 ity tnat a value will be less than or equal to the se1 acted value 

c’ 7 L. 
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hUnPI t: 98.69 parcmt of the area under a norarl curve lftr to the left 
of 8 point 1.21 strndrrd devfrtlon unftr fo Um right of the man. 

7 i 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.011 0.09 

0.0 0.5000 
0.1 0.5398 
0.2 0.5793 
0.3 0.6179 
0.4 0.6554 

0.504 
0.5438 
0.5832 

0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 o.s359 
0.5478 0.5517 0. s5n 0.5596 0.5636 0.5675 O.J714 O.J7S3 
0.5871 0.5910 0.594a 0.5987 0.6026 0.6064 0.6103 0.6141 
0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.6517 
0.6623 0.6664 0.6700 0.6736 0.6772 0.6808 0.6&U 0.6B79 

0.62?7 
0.6591 

3.5 0.6915 
0.6 0.72n 
3.7 0.7500 
:.3 c. -*e' 
0.9 ois; 

0.6950 
0.7291 

0.6985 0.7019 
0.7324 0.7757 
0.7642 0.7673 
0.7939 0.7967 
0.8212 0.8238 

0.8461 0.1485 
0.86a6 o.a7oa 
o.aaaa o.a907 
0.9066 0.9082 
0.9222 0.9236 

0.9357 0.9370 
0.9474 0.94a4 
0.9573 0.9512 
0.9656 0.9664 
0.9726 0.9132 

0.7054 
0.7389 
0.7704 
0.7995 
0.8264 

0.8508 
0.8729 
0.1925 
0.9099 
0.92Sl 

0.9382 
0.9495 
0.9591 
0.9671 
0.9738 

0.7088 0.7123 
0.7422 0.7454 
0.773r 0. f?M 
0.8023 0.8~5: 
0.8289 0.8315 

o.ns31 0.8554 
0.6749 0.8770 
0.6QU 0.8962 
0.9115 0.9131 
0.9265 0.9279 

0.9394 0.9406 
0.9505 0.951s 
0.9599 0.9608 
0.9678 0.9686 
0.97rr 0.9750 

0.7167 
0.7486 
0.7794 
0.8078 
0.8340 

0.7190 0.?224 
0.7S18 0.7549 
0.7823 0.7852 
C 8:C6 
Ok365 

0 8X3 
0:8389 

0. as77 0.8599 0,862l 
0.8790 0.8810 0.8830 
0.8980 0.8997 0.9015 
0.9147 0.9162 0.9177 
0.9292 0.9306 0.9319 

0.9418 0.9eQ O.QUl 
0.9sts 0.9535 0.9545 
0.9616 0.9625 0.9633 
0.9693 0.9699 0.9706 
0.9756 0.9761 0.9767 

0.7612 
3.79:: 
0.8i86 

1.0 0.8413 
1.1 0.8643 
1.2 0.8849 
1.3 0.9032 
1.4 0.9192 

l-5 0.9332 
:.s 0.9452 
1.7 0.9554 
1.8 0.9641 
1.9 0.9713 

0.8431 
0.8665 
0.8869 
0.9049 
0.9207 

0.9345 
0.9463 
0.9564 
0.9649 
0.9719 

2.0 0.9n2 0.9778 0.9783 0.9788 0.9793 0.9798 0.9803 0.9aoa 0.9812 0.9817 
2.1 0.9821 0.9826 0.9830 0.9834 0.9838 0.9642 0.9846 0.9860 0.9814 0.96S7 
2.2 0.9861 0.9864 0.9866 0.9871 0.9875 0.9878 0.9681 o.sw4 0.9887 0.9890 
2.3 0.9893 0.9896 0.9896 0.9901 0.9904 0.9906 0.9909 0.9911 0.9913 0.9916 
2.4 0.9918 0.9920 0.9922 0.9925 0.9927 0.9929 0.9931 Q. 9932 0.9934 0.9936 

2.5 0.9938 0.9Q40 O.QQ41 O.QQ43 0.9941 0.9946 0.9948 0.9949 0.9951 0.9952 
2.6 0.9953 0.9955 0.9956 0.9957 0.9949 0.9960 0.9961 0.9962 0.9963 0.9964 
2.7 0.9965 0.9%6 0.9961 0.9968 0.9969 0.9970 0;99?1 0.9972 0.9973 0.9974 
2.8 0.9974 0.9975 0.9976 0.99?7 0.9977 0.9978 0.9979 0.9979 0.9980 0.9981 
2.9 0.9981 0.9982 0.9962 O.QQU 0.998b 0. QQM 0.9985 0.9966 0.9986 0.9986 

3.0 0.9986 0.9987 0.9987 0.9988 0.9988 0.9989 0.9989 0.9989 0.9990 0.9990 
3.1 0.9990 0.9991 0.9991 0.9991 0.9992 0.9992 0.9992 0.9992 0.9993 0.9993 
3.2 0.9993 0.9993 0.9994 0.9994 0.9994 0.9994 0.9994 0.9995 0.9995 0.9991 
3.3 0.9995 0.9995 0.9995 0.9996 0.9996 0.9996 0.9996 0.9996 0.9996 0.9991 
3.4 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9998 0.9998 

3.J 0.9998 0.9998 0.9998 0.9998 
3.5 0.9998 0.9998 0.9999 0.9999 
3.7 0.9999 0.9999 0.9999 0.9999 
3.8 0.9999 0.9999 0.9999 0.9999 
3.9 1.3000 1.0000 l.caoc l.OCOO 

0.9991 0.9998 0.9998 
0.9999 0.9999 0.9999 
0.9999 0.9999 0.9999 
0.9999 0.9939 0.9999 
l.OO@O l.OocO l.OCOO 

0.9998 0.9998 0.9998 
0.9999 0.9999 0.9999 
0.9999 0.9999 0.9999 
1.0000 1.0000 1.0000 
1.0000 1.0000 1.0000 
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This appendix presents a discussion of several technical issues and 

assumptions which are necessary to the use of the probabilistic dilution 

model to guide selection of permit averaging periods. This discussion is 

organized in two sections: the first provides a justification for the use 

of the probabilistic dilution model in the method; the Second provides a 

discussion of several key assumptions. 

B-1. Use Of the Log-Normal Distribution 

A relatively simple and straightforward analysis is made possible 

by the assumption that each of the input variables is log-normally dis- 

tributed and independent. The appropriateness of these assumptions and 

their implications art discussed below. 

A basic feature of any random time series of numerical values 

is its probability distribution function, which specifies the distribution 

of values and their frequency of occurrence. More detailed characteriza- 

tions which account for seasonal trends and day-today correlations are 

also possible, 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 

distribution. Figure B-1 summarizes an examination of the adequacy of a 

log-normal distribution for dally flows of 60 streams with long periods of 

record. The actually observed 10th and 1st percentile low flows are 

compared with the flow estimated by a log-normal distribution. The major 

important discrepancy occurs at the lowest flows where the predicted 

distribution is lower than that actually observed. The most likely cause 

B-1 
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- 5 fle 2-eso?ce sf a 3dse stream ??OW dicn does not vapy aw-ec:aa:y. 

--Js. :ie ‘z;-noma ~e3resentation is gcntraily a lower 30una cnaracztr- 

9 . ,~:-3r: jf :F:S dis:pi3u:l3n of :nt very lomst f:owS, wnicn will tend 3 

Z'JV' :e 23per 3ound estimates of strtam conctntrdtions if t5tse mi srtprt- 

jt __- :3W P-06 *:3ws art important. Ear tnt analysis rtsults in tnis report, 

:ie-ecz-e, tht calculations may be overprotectivt in fant cases. 

Log probability plots of tftatmtnt plant tfflutnt flows and cowen- 

--a - f-0~~ a-e illustrated in Figurt B-2 for convtntional pollutants and 

t;;uCt 9-j f3r heavy metals. Esstntially, all data txaminecl :a date inci- 

-a-= --a- --w- - . a lzg-nornal characterization is rtprtstntat'vt. 

3-2. *Jer!fi;ation of tht Probabilistic Dilution Mdtl 

The probabilistic dilution model Itself has Dccn subjected to a 

IJmDer of tests in oratr to c?!tCk its valjdity and rtalism. hetailed 

s:mu:at'3n stucits using Monte Carlo methods [I] nave vtrifltd the CalU- 

a:ec :gwnstrtag concentration probabilfty dfstribution tiMI tnt upS:rtbm 

ant effluent fl3ws and conctntratfons are exactly log-noma . 

In addition, detailed analysis of rctual discharges into Strtams, 

' :: aata stts for 5 strtams) has hem performed 123. &mrvea data were 

avail ablt for upstream and effluent flows and conctntrations, as wtll aS 

for aownstr 

uas usta to 

:'3ns. TaD 

Dcrcenti 1 es 

am conctntratlons. The log-normal probabilftv dilutfon mOOt 1 

prtaict tht probabfl lty dlrtrlbution of dounstrtam concentra- 

t 9~1 ,ComDares tht olrserved and computtd median and 95tn 

values for selected water quality paramtttrs. Tht 95% confi- 

denct limits of thest Observed quanfftles, ccanputtd fra the known sampling 

B-3 
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*dian (50th Pcr:cntilt) Concentrati ont 

klbdel ObSWV@d Confidence 
Variable Prediction Cbanttlc Limit of 

8StfVtd 
Untile 

5x 
16:0 

10.0 8.5 - 11.0 
59.0 47.0 - 56.0 
ls.o 12.0 - 22.0 

NOrtn Buffalo Creek, NC 600 hgm 
COD bq/l) 
TSS (mg/l) 

hctcson Rlvtr, VA 600 (q/l 1 6.0 
TSS ml/l) 15.8 
Color (PCU) 110.0 

1Z 
100.0 

4.2 - 6.0 
10.0 - 17.0 
90.0 - 130.0 

-a* a- d?C, UC 800 (mg/l) 
COD (q/l 1 2::: 

1.5 - :.7 
19.c - 25.3 

?tge~n Rf VW, MC BOO (q/l 1 
COD (q/l) 

3.8 3.0 - 5.1 
78.0 65.0 - 87.0 

Yisffssippl River, MN 1.1 1.0 - 1.2 

95th Percent1 It Concentrations 

hOP:h auf%310 CfNk, f% 609 (mg/l) 
COD hg/l) 
TSS !ag/l) 

31.0 22.0 
120.0 97.0 

lS.8 13.6 

20.0 - 33.0 
82.0 - 529.0 
10.0 - If.0 

15.6 13.0 - 20.0 
32.0 30.0 - 40.0 

330.0 300.0 - 410.0 

damson River, VA 800 (no/l 1 18.1 
TSS (w/l) 41.6 
color (PCU) 324.0 

Haag River, MC 800 by/f 1 4.5 4.7 
3::: 

w 5.6 
COD (w/l) 43.0 46.0 - 53.0 

Pigeon River, MC 8.7 
186.0 

4.3 3.2 - 5.0 MI ssiss1ppi River, MN NH3 (q/l) 3.5 
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d. _ sZ-*2~:'2- of qudn::les, are also listed. In all Out one case, tne 

- -fT-, *ec, :,d -d ludr rtlles are UItthin the confidence limits. 

-us ) tyere is no statistical evidence to reject tne CQnputea quan- 

t:Yes as not 3eing tne true quantiles of the ooserved concentration 3istriOur 

* ."I m M . 3: s ‘5 S:rDng statistical evidence that indeed the log-normal 

2rzba3i:istic dilution model is representative of actually observed down- 

Stpeam concentration distributions for the 95th percentile at least. 

3e :l data sets use in the verification analysis were exdminea 

c-w M :'css :zrre! ations between effl utnt flows and concentrations. TIC 

22 serve0 ranges In correlation coefficients have no significant imgact on 

t5e czinputation. Correlations between stream flow and effluent load for 

a goin: source are not expected. Upstrebn concentrations are not employea 

in tOYe cnparison of permit averaging period effects, so that any correla- 

z.31 3etween stream flow and concentration is not relevant to tnis analysis. 

%:lflCd:l3PS to tne probabilistic dilution modal computations are avail- 

a3le for use in situations where cross correlations must be considered [I]. 

ne influence of possi blt deviations frun the assured log-normality 

zf the upstream and effluent flows and concentrations upon more extreme 

Guanti les is unknown at present due to lack of larger data sets that encompass 

these extreme quantiles. Muever, the quality of the alternatives to and the 

simplicity of this model argue strongly for it* use in the present Context of 

aescrrWng comparative differences in water quality impacts. 
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3-Z. 130?33C’ atentss of Assumottons 

*e nave Chosen to ignore the seasonal and day-today correlation 

strx:;rrt of both strtm f1 ow and effluent behavior in order to simpl lfy 

‘,ne c%arxterization of each variable. the consequences of this simpli- 

C4ca:lon are discussed below in more detail, but it should be pointed out 

:na: :rendf and cartel ations do not inval idate the use of the log-nomal 

grobaoil fty Uistrlbutfon function to characterize the frequency of occur- 

rence of flows and concentrations. Trends and day-to4ay carrel ations 

af feet the time sequences with Mich certain values occur, but not tntir 

: :nc - term fwwncy of occurrence. This is judged to be an acceptable 

zena ::y to 3t cnaured wntn CCmpar8d to the Simpli fiCatfOn achitvw. Lf a 

more refined, site specific analysis IS requfcec!, then a seasonal breakdown 

ca the data, wf th the appropriate means and standard devi atlons for each :tme 

3eri od, can be generated and the analysis performed aS deSCrf bed below. 

the consegucnct of & possfbl e serf al corrtl at1 on can be aoproxl- 

3a:ely quanti flhd as follows. If, in fact, the serial correlation is sucn 

tna: 10 consecutive da1 ly viol atlons always occur tien one violation 

occurs, then the proper percentile to consider Is not 0.0274 (10 years) 

gut rather 0.274 (1 year return period). The degnr to tilch the 10 year 

return period concentration Is ovenstlmafed can,be estimated by comparing 

tne ratio of the 10 year to the 1 year strelo concentrations tlhlch are 

CmPr^ecl wfthout regard to serial corrrlatiw. 

The rl:io of the 10 year return per104 concentration to that for 



s;me 5:-e- pezdr'l gerloc ;an 3e :ofnouted for log-normally Clstrlbutea 

yr CL: 
cx yr 

* EXP Cl210 yf - 2x yr) a lnc] 

a lnc = log Standard deviation 

:!!J yf * CiO yr = 2 score and concentrat 
13 year return period 

of stream concentrations (C) 

ion corresponding to a 

. e 
-I vrv 'X y r = 2 scope and comentra: 

x year return period 
;on :orres2onCing to dn 

fable 3-2 summarizes results for a range of values for coefficient 

3* variation of stream 

a-e examined 2s approx 

concent rat 

imations of 

ons. Clustering tendencies of 5 and 10 

the degree of serial correlation wnicn 

cur, the C~pariSOn iS between 1: ant 1 

.*e3* re:~r? gerlocs as aiscussca above; for clusters of 5, tne comparison 

's 3etween 19 and 2 ytat return perlodt. On the basis of tnis analysis, 

:e water quality effects presented in Chapter 4 for various pmnit 

averaging periods may overstate the 10 year stream concentrations by 

a3Droximately a factor of 1.5 to 2.0. 

Vltil stream and effluent data can be analyzed to define the stri al 

,cOrPe'atiOn structure and the methodology modlfted to incorporate it, tne 

reSu.ltS ?reSented in Table B-2 should be interpreted to indicate witn :3c 

f3llowing possibilities: 
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-. -3;: 3-2 - ~3PrOxlmdte OvQrQStlmdtion Of 10 yQdr raturn acrioa ft,pQhm 
Conccntrat~on 3y ignoring serial corrcl dtion. 

Varia9i 1:ty of tit10 Of Strcdm Conccntrdtion 
St-cam tmcentration At !ndIcatcd Average Return Pcrloas 

:3Q*6i:iQnt WI 10 Year 10 Year 
-I iartation J Sigma to 1 YQdr to 2 Ytdr 

8: bJ .; ) l alnc) ( WCl~ (QdC2) 

0.5 3.4724 1.4 1.25 

. ..S 0.8326 1.8 1.50 

:. 5 ! .0857 2.1 1.65 

- c) i.1 i.2686 2.4 !.83 

Cl0 
Cl,2 

- EXP C(zlo - 21.2) qnc] 

210 [IO year Return Period) o 3.456 

t 
bi (i year Return Perisa) l 2.778 

z2 (2 year Return hriod) l 2.996 

B-10 
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3 k-earn conccnzr ations indicated by the metnoaol3gy usad in trre 

-ezc ‘f t3 rec;rt on average for 1 day every 10 years Woul:. lf 

tney actually lever occur except tn clus:ers of 5 to 13 days, 

nave pec,dr7 3ep1oas of 50 to 100 yodrs. 

‘1 
d knversely, for =ne same clustering assumptions, tne s:ream 

cmcentrattons :3dt occur at 10.year intervals snoula St 53 :o 

70% (I/2 to l/1.5) of the lo-year concentrations projected by 

tne report metnodology. 

;a::, ;e*erences 

-. - * . 111 ,crc, s U., "+33dDllity r%acl of Stream '&dlity St to Runof4.ti 
Y. EnvlroAmental Engr. AXE, Vol . 1 lo., r?, June 1984 p . 607-628. 

: -. 3iTor3, 3.W. and Fitzpatrick, J.J., 'Verification Analysis of the 
*obabilistic Oi lution ~cltl' Report prdpartd for EPA Contract No. 
58.aI-6275, U.S. Environmental Prottctlon Agency, UdShdngtOn, O.C., 
: :982). 
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The results reported here represent an attempt to develop character- 

istic values and ranges for stream flow and effluent variability. These 

values and ranges nave been extracted from the results of published 

analyses, and are used in Chapter 4 to evaluate the influence of the 

permit averaging period on typical receiving water conditions. These 

value are provided for effluent flows (Section 1). effluent concentra- 

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

C-1 Treatment Plant Effluent Flows 

A recent study [1] analyzed several years of performance data from 

approximately 400 secondary treatment plants in 8 different process 

categories. Average plant effluent flows ranged from 0.002 to 82 MGD. 

Table C-1 summarizes the coefficient of variation of treatment plant 

effluent flows. 

C-2 Treatment Plant Effluent Concentrations 

Data on the variability of effluent BOD5 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 

BOD5 concentrations to range between 0.34 and 1.11 for individual 

plants. The median of the individual plant values was 0.635. The EPA 

research report [3] on which the foregoing was based reported a mean 

coefficient of variation for 43 activated sludge plants using a variety of 

well represented processes. Daily effluent concentrations were found to be 

C-1 



v ;: :Cj 
*vision No. 0. 

3roct5f Ca:tgory 
bll0tr of Range For Xetdian of 

Plants Individual Plants All Plants 

7~?:rling Filter 

ROCK 

fricrling Filter 
Plastic 

C3nvtfitional Activated 
Sl ua gt 

Cantact Stabilization 
AcCt'vattd 51 uagt 

L:t-m3 brazion 
Activatea Sludge 

?otating Biological 
Contact 

biaation Ditch 

S:aDiliration Pond 

64 0.06 - 0.97 

17 0.16 - 0.88 

66 0.04 - 1.04 

57 0.06 - 1.35 

28 0.11 - 1.32 

27 0.12 - 1.19 

28 0.09 - 1.16 

37 0.00 - 0.83 

0.27 

0.38 

0.24 

0.34 

2.!- 

0.3! 

0.31 

0.31 
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2~ 3 ':~--:-~?a1 3istr~3~t:on. Tnt mean of all plants analyzed naa co- 

>cc. 1. c 2"fs :f var: atlon of 0.7 for BOO5 and 0.84 fgr fSS. 

-wo -tceq: s:uuies havt txttndta tnt analysis of effluent conctntra- 

* ."m . - v3-*63:i ;ty, and report coefficients of variation of BOO5 ana TSS 

6-r - d -sic 3;.cay averages as well as for daily values. Results rtportta 

:y rrdztn and Sawyer Cl! proviat tnt basis for the summary prtstntta in 

TaDit C-2 as utll as the two othtr sources cited In the table. &I analysis 

,.a 4' tne ge+omanct of 11 trickling fllttr plants by Haugh, et al. [4] proaucta 

rye -eszl 1:s summritta Dy Table C-3. 

s2src ;n 3vay?a3Ye cata, a sing?t represtntati vt value for coef4!- 

:* C'I', z* var:at:on of effluent concentrations cannot be dtfintd. fht most 

a33r30Pla:e cnaracttristic va!ut wtll bt intlut~cta by process category, 

e'fluent c3nctntration avtragl ng per1 od, anb the pollutant in qutstfon 

t.;., BOO, TSS, etc.), as we1 1 as individual pl Ant differences. h 

::r:Sl;t a:iors in zr.is report art ptrfomtd using a range of values tsti- 

l;a:tz ?I tnc3moass most of the wndi tions of interest. 

c-3. St ream Flow 

'igurt C-1 provides a brsls for tstimatlng the coefficient of 

variation of dafly stream flows on the brrir of the ratio of 7010 to 

average (Fj stream flow. ThtSt flOw VAlUtS Art USuAlly TtAdl ly AvAi 1 - 

aDle. fht relationsnip shown +S dtrfvtd fraII A stf Of flOw mtaSUfi!¶ntntS and 

s:arlS:rcs wnicn nas been dtvt~optd for A SAmplt of 130 strtams In var:ouS 

areas of :nt country [5) and is summrittd in Table C-4, along with Aaai- 

zional details on tnt location of the strtam gages usta. The ranges 

c-3 



1AWL c-2 - Sunmary of secondary lrc!dlnwnt plant perforumw c - nwdl dn coef f Lc ieut s of vdr id1 IOII, 
uC~ ( fruw refereuce I ) . 

_-. .-_. ---_-_---_ _.___ ___-_.- -_. _ -- - - ----- --- . . .-- -__ _-- -------. _ _----. 

Cff luent OOIJ (tnY/l) - ------- -_ tf f luent IS5 (g&l- __ -- - ---___- -- 

Process Catcyory 
Wber 

of 
PI ants 

Coef f Ic. lent of Coef f lclenl of 
km VNldl L0n* Hean Variation* --. _--_-~.-_ _------- ._ 

imiy 7 -Ik3y3o--tGy Usfly ?-Day 30-ody 
Values AWJs . Avys . Values Avys . Avys . 

-- -- .----- - _ - -._. ----- _----- . _ . .-_ __ 

Irk&l lng Filter Rock 64 2b.0 0.40 0.30 0.25 25.3 0.50 tJ.JO 0.25 

Trlckltng filter Plrstlc 11 19.0 0.50 0.35 0.30 19.4 0.65 0.53 0.40 

Conventional Activated 
Sludge 66 14.8 0.65 0.55 0.40 14.3 0.15 0.60 0.45 

Contact Strbillzrtioa 
Act~vrttd Sludge 51 12.6 0.60 0.50 0.40 13.8 0,10 tJ.63 0.50 

Extended Aeration 
Activrttd Sludge 

Notating 8tObL@CA) 

Contacter 

28 7.2 0.10 0.60 0.45 Y.8 0.65 0.45 0.30 

21 11.0 0.60 0.45 0.35 13.2 0.10 0.30 0.35 

Oxttlat Ion IN tch 211 8.4 0.60 0.55 0.40 12.3 0.10 -- 0.50 

St&t1 tzrtlon Pond 31 22.1 0.30 u.43 0.40 3Y.5 0.65 0.55 0.45 

Values show we rounded to nearest 0.05 for I 

‘lhsis: 
Strndwd llevlrtlon of tkdlm Plant YCE = -- _--_-- - . . -- -_____ - 

Hem of Hedfm Plant 

c-4 



them cdl hcipitation/Settl ingl 

20; lutant Coefficient of Variatior 

Cr .99 
CU .60 
Fe .57 
Mn .84 

E .81 .84 
Tss .66 

hafmaccutical Irmstry2 

3' art Nutme r 

12015 
12072 
;2026 
12036 
!2097 
12098 
:2117 
;i!63 
:2161 
!2186 
12187 
12136 
12248 
12257 

Coefficient of Variation 

1.01 
.97 
.95 
.74 

l.U8 
1.37 

.70 

.92 

.55 
,71 
.21 

1.02 
.58 
.64 

110 

i: 

.85 

.63 

.49 
1.12 
1.21 
1.52 

.81 
1.11 

.99 
so 
.26 

1.16 
.55 
.92 

195 
395 

53 
364 
249 

25 
51 

3:: 
54 
12 

12294 .93 1.25 
12307 1.55 3'8 1.34 :so 

Strom Table 3, page 14 of 10-18-83 memorandum from H. Kahn to E. 
Hall titleti, '"Rcvi sions to Oata and Analyrls of the Comblnea 
Yetals Data Base.* 

LFwfn preliminary aercriptlve statistics generated on phamaceu- 
:ical aata my SRI InternatIonal, 11-12-82. 
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-a 43:: c-3 - E“lUeqt concentration varlabiiity for :ricrling filters 
/ itrn vference 4). 

0005 fSS 

%an C:t :1 51 an:s (mg;'l) 29.6 29.3 

:3e‘f::ienf of Variation (median of 
17C:VldUdl plant VdlUts): 

Saily Values 0.39 2.55 

i-Day Averdges 0.35 0.31 

30.Oay Averages 0.31 0.26 

snown reflect the bulk of the data In the sample of stream records mien 

-e-c uscc. *uever, a relatively mall Derctntage of Stredm Will have 

,2 e ;'::ien:s of variation unicn fall outside tne inoicated ranges. ;Ine 

s:atis:ical analysis was performed for the entire period of record. 

?esults 1 n sane cases may be distorted, if flow reguldtion works were 

instal Yed on the stream somrtlme during the perlod of record. 

. 
i Hazen and Sawyer, 'Review of Performance of Secondary Wniclpal 

twatment Uorks.' Draft Ffnal Report for Contract 68-01-6275, uorr 
hsigmant No. 5, U.S. ~vlronmrntrl ProtectIon Agency, bdashington, 
D.C., ( ihcmhr 1982). 

2. Nlku, Olroeber, and Samanlego, 'Pwtormance of Activated Sludge 
Process and Relfaoility hlated [kslgn.' &RF, Vol. 51, Fb. 12, 
(Oecember 1979). 

3. Ni ku, et dl . , 'Pwformanc@ of Activated Sludge Processes: %lfability, 
Stdail Ity and Warfabllity.' EPA 600/52-81-227, (Decembtr 1981). 

4, Haugh, et dl . "Performance of Trickling Filter Plants: bltabflity, 
Stabi ity and VarIabillty.' EPA 600/52-81.228. (Decunbcr 1981). 

5. Or~scoll L Associrtes, 'timblned Sewer Overflow Analysis Handbook 
for Use in 201 Frcilfty Planning.' Report prepared for EPA Contract 
Mb. 68-01-6148, U.S. fivlrorwnental Protection Agency, hdshi ngton, 
0.C. (1981). 
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E 
L 
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RANGE \ 

0.1 

COEPf ICI ENT ‘of VARIATION 

IO 

OF STREAM FLOWS 

fipre C-1 - tYPical low flow charactrristfcs of U.S. streams. 
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IAIILC c-4 - Sunmary of stream flow charscteri\lics. 

__ --_-- --. _ ..--_ _-- 

--~ 
USGS 

Gage wo. State Rlvcr 

__.-__ I_----- - - --_ ---- -_ .-.-. _ 

Stream Flow 
GAge locrtlon baln -- --.--.---___ 

Area 
--- ---(c-e-*e--. _ _ 

(At or Mem) (MV) a 3 7QlU 
/t)10 ryro 

1!J2 q - -- 
0 102 

--- --_-__-_ - - -~---- --_I___- --- _ _ 

01 01 loo0 
03 6500 
02 1500 
07 Boo 
09 loo0 

09 4500 MA W. krhur Rlvcr Lecminster, MA 110 
16 2500 MA Priest kook Ylnchendon, HA I ‘1 
17 6000 HA Qlaboqj Rlvsr U. lklrfiald, HA I51 
I8 lam )(II Y. Br. Ycstflcld Culver llrnt lngton, DM 94 
II 1500 al lhnch River forestdale, RI 91 

12 4olM CT gutnebrug River 
12 7soo Cl knt Ic It1 ver 
33 4500 WY tt3rIc Ulvcr 
36 1500 UY Catskill Creek 
37 7ooo Kl Wtensrck Rtvar 

39 8500 UJ W. Br. Raritan Rlvcr far Hills, HJ 
42 0500 WY Beaver Kill Cook falls, UY 
43 5000 UY Levers ink Ri ver Claryvllle, NY 
44 9soo PA Ylld Creek lbtchery . PA 
re 1500 IE lkrndyw1ne Creek UL Irlnytan, 0): 

A1 Agrsh RI vcr Alayrsh, Is I250 1.49 0.84 .102 .034 I .46 .ObH 2.y!l 
Kenduskcrg St maA Krnduskerg , HE 1 IB 1.12 .62 .Oll .OU8 2.5H .Wb I.33 
kchlrs River wtneyvllle, IS 451 2.00 1.30 .lW .081 I.11 A64 1.3Y 
t&stcr River Ulrhr, NH 12 1.49 .66 0 .Ol6 2.02 0 0 
S. 9r. Piscrtiqurg Rlvcr coffstom, )ul 104 1.58 l 73 .U29 .OlI 1.91 .01e l.bl 

. . . . cr 

. ..* cr 
Eagle Bridge, NV 
OAk 1111 I, WY 
Iltvervile, MI 

I 50 
90 

510 
911 
SII 

I.75 1.19 
1.60 .I7 
1.58 1.01 
1.90 .96 
1.82 I.14 

1.77 1.04 
I.69 .9l 
I.15 1.15 
I.21 .35 
1 .ss 1.01 

2r, I.72 1.20 
24 I 2.26 1.34 

66 2.6U 1.74 
IJ 2.02 1.49 

314 I. 31) 1.11 

.300 .086 
0 .021 

.093 .060 
AS3 .030 
.I32 ,061 

.I03 .oso 
,044 .042 
.I86 .076 
0 .003 

.I21 .079 

.016 

.I33 

.I52 

.I19 

.217 

.095 

.068 

.I02 

.I49 

.I15 

I.01 .I12 
1.81 0 
1.19 .U6 
I.10 .03 
1.24 .OI 

I.31 .06 
1.56 .03 
1.14 .lI 
3.51 0 
I.05 .(‘rl 

l.U3 .04 
1.35 .Ob 
1.11 A6 
0.91 .Ob 
0.14 .I6 

3.41 
0 

1.36 
2.2 
2.1 

2. I 
t.1 
2.4 

0 
1.5 

.e 
1.9 
1.5 

.8 
I.2 
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IABLE C-4 (Cont .) 
_- - -~-. --- --_-..___ --_-- _ ______.. - - -~--_ .~_._ --- _ 

Stream Ilow 
Gage LocatIon &din ---- - - - --~- ---_~_- 

USGS Area 
-----0 _____-. 

Gage No. State River (At or Near) (MP) 4 G 7QlO IQ2 
- -e-p -_ 

01500500 NY Susquehafm River (hadlIla, NY 902 1.57 .09 .08l .03I 
51 IS00 NY Iionghnlogr River ltrska. NY 7 30 1.66 .78 .071 .OIB 
52 9500 NY Cohocton River Cyhell, NY 4 IO .93 .45 .045 .012 
54 3000 PA Ur1ftwmdRrook Sterling, PA 272 1.63 .66 .Oll .012 
55 5500 PA East #hrntrngo Creek Dalmtlr, PA 162 1.30 .69 .025 .(I25 

586ooo MD II. llr. Patapsco Rlvcr Ceda, Ml 57 1.04 .82 .I24 .I06 
59 1000 lul hturent River th1ty, MO 35 .98 .75 .oa6 .olM 
59 7000 Mu Crrbtrea Creek swrnton, Ha 17 1.68 .75 0 .018 
61 7000 WV luscrrorr Creek MartInsburg, WV II .80 .63 0 .07l 
61 UNIO VA Q=guon Creek Rerryvlllc, VA 51 .64 .3I .Ol7 A09 

64 5000 I41 Senecr Creek bwsonvll le. )10 IO1 .a9 .66 .oso .066 
65 7OOd VA Bull Run Manassas, VA 148 .0a .23 0 .UOl 
66 3SoO VA Mrel River Rlxeyvllle, VA 287 I.15 .67 .014 .03l 

02 01 2500 VA Jackson Ri vcr Falling Sprg, VA 411 1.16 .70 .15l .036 
03 4000 VA Rlvrnna River Palmyra, VA 664 1.08 .62 .036 .027 
06 2500 VA Rorhoke (Staunton) River Orookne, VA 2415 1.02 .69 .I42 .046 
OS 3500 n: uloskt e Creek Ahoskle, kc 51 1.12 .3l 0 .UOl 
10 6500 NC Black River iocldhawk, W 61!0 1.10 .7I .034 .044 

09 9500 NC lkep River Rsmllenar, NC I24 .96 .4s .04tl .OlO 
II Iooo NC Wk In II1 ver Pattrrson, MI 29 1.59 I.33 .216 .231 
I3 8500 NC ltnvllle River kho, NC 61 2.10 I.52 .223 .I34 
IS 2500 NC first Broad River LswlJale, m: 1 YII 1.41 1.02 .258 .OYI 

- -- 

1.45 .05 
1.01 .05 
1.79 .05 
2.26 .Ol 
I.58 .02 

0.78 .I2 
0.80 .09 
1.98 0 

.78 0 
I.82 .03 

.9l .06 
3.61 0 
1.40 .Ol 

1.32 .13 
1.42 .03 
1.10 .I4 
3.52 0 
1.19 .03 

1.89 .05 
.64 .lI 
.96 .I0 
.95 .I8 

/()I0 - .--- 
lY2 

2.2 
4.1 
3.6 

.9 
1.0 

1.2 
1.0 
0 
0 

2.0 

.I 
0 

0.4 

4.1 
1.3 
3.1 
0 
.b 

4.6 
I.2 
I.1 
2.8 



IAULL c-4 (tint .) 

--- _- ------ _ _ _---- -- - - .^.------_-. -- -- --.--_-------- - _- .._ _ _ __ __ _ _ 

Strem Flow 
Gagt locrtlon ofaln --- -- -- _ -- (CfS/W) --___ 

USGS Ared 
Cage No. State River (At Of Wear) (W) D 5 7QlO 

- -- - ---- I_- 

Vet low Itt ver covhgton, GA 370 I.13 .76 .061 
little fkmulgee River Iouns, GA 329 .80 l 20 .006 
IhInts Creek Lisbon, fL 648 .45 .20 .I54 
amhur uttk ?bcatee, FL I32 .09 .I7 0 
Blackwater Crttk Knights, fl II0 .93 .93 .Ol8 

II)10 -..._ 
IQ2 

- --- 

,058 
l ool 

0 

I.06 .05 1.0 
3.u4 .Ol 5.0 
2.02 .34 33.0 
5.17 0 0 

St. krks River kqJort, fC 535 1.37 I.29 .6W .4!% .36 .I4 I.3 
Sutttwr tar Crttk Aurttll, GA 246 I.35 .81 A57 .Ol1 1.33 .04 5.2 
hbie Creek twtbury, Al 144 1.39 1.08 .200 .125 .R2 .I5 I.1 
shoal River Crestvlew, FL 414 2.27 2.20 .635 .156 .24 .28 4.1 
coosrwtttt Ulvtr Pine chrptl , GA 056 1.70 1.26 .312. .116 .90 .I8 2.2 

39 2mo I;A Etowrh II i ver Canton, CA 605 1.89 1.58 ,405 
II 2lm Al TaWpoesr Rlvtr Ileflln, AL 444 1.41 .97 .065 
42 2soa Il. Wbtrry Creek Jones, U 208 1.50 .94 .226 
43 4m ns Ton Creek lupelo, ns 110 1.53 .I4 0 
45 6080 M Turkey Creek Worrls, Al 82 1.53 .74 .123 

.66 .2l 1.4 
1.07 .05 0.4 
1.25 .I5 1.9 

IO.19 0 0 
l.b3 .OU 6.25 

47 6500 MS So. rshcc Utek )C?rLdlm, IlS 52 1.08 .32 
40 0500 MS Iurdwnzlt Uttk Blloxl, ns 92 1.98 .60 
46 moo HS bckmookrny klvtr aosc lush. IIS 484 1.25 .21 

03 02 5ooo ?A suyrr Uetk Sugdr Creek, PA I66 1.57 .86 
05 3wO NV tluckhmnon RI ver Ibll, YV 211 2. I2 .90 
06 5000 UV Iby fork Ilrnrlcks, WV 345 2.13 1.05 
IO 9!ml OtI 1. Beaver Creek ~ipcr(w&* (WI 496 1.02 .48 

0 
.OJ2 
.Ol7 

.I0 
,007 
.023 
.u4 

.299 
l 149 
.I20 
.003 
.020 

.OU4 

.w5 

.OUl 

.03 

.u5 
A3 
.Ul 

3.26 0 
3.13 .02 
5.74 .Ol 

0 

2:::: 

1.52 .06 2.9 
2. I4 .uu3 .I 
I.11 .I)1 .8 
I.H5 .u4 2.7 

20 1500 
21 tmo 
23 alma 
29 7100 
30 2500 

z 
FL 
FL 
FL 

32 6900 
33 7000 
31 3m 
36 '90 
atI 



IAHLE C-4 (Cant .) 
--. --.- - ---- -- -- --- ___ __- _ _c_- ---- - - ----.--~ ----. 

tiream Flow 
Cage Location urdill ---- 

USGS 
--_ -- _ -_----__ 

Area 
-_.___ - k!?e!lL__ ___ __ 

Gage lb. State Rfver (At or Near) (Ml2) 7) G ?QlU 
- ----_-_----.-_ _ __ 

03 I4 6500 Of1 licklny River Newark, Off 531 
I5 7500 Of1 lbckrng Rlver Enterprfse, Of1 459 
I7 omo VA Llttle River Grsysonton, VA 300 
18 6500 UV U1 lllrs River Dyer, UV I28 
21 3500 VA Panther Creek Panther, WV 31 

22 4500 aI bhttrtont Creek Ashley, 041 99 
24 0000 Ofl 1. Hlrl River Oldtown, Of1 129 
32 4000 IN Little River Ikmtfngton, IW 263 
35 2500 IN Fall Creek Mlllersvllle, IN 298 
35 7500 IN Big Walnut Creek Reelsvlllie, IN 326 

42 1000 TN Collins River McMlnnvllle, TM 640 
42 750 IN E. Fork Stones River Lascrss, rn 262 

04 02 7500 UI Uhlte River Ashland, UI 279 
046000 Ml Black Rlvcr Garnet, Ml 2H 
06 4500 UI Pfne River Pine A. Pcrrplnt, UI 520 
08 6500 UI Cedar Creek Cedarbury, UI I21 
I I 45OU Ml Laokfny Class Rlver Esyle, Ml 2RI 

I2 3UOU HI U1g Sqlle River freesall, Ml I?/ 1.09 1.05 .61 
I5 550 Ml Pine River Midland, Ml 390 .6Y .5l .Of1 
I5 9500 Ml Ulack Rfver faryo. Ml 4110 .56 .I4 .Ul 
I6 65UO Ml Wiver Rmye IWrolt, Ml IHI .56 .29 .U2 
I8 OaIo In Cedar Creek Cedarvflle, IN 210 .85 .I2 .UI 

.99 .50 

.95 -49 
1.20 .93 
2.50 1.12 
1.17 .36 

.89 .28 

.I4 .46 

.84 .25 

.78 .48 

.98 .4I 

1.78 .83 
I.58 .48 

1.04 .85 
.93 .75 
.79 .6l 
.5l .23 
.56 .34 

.UI 

.063 

.223 
A08 
0 

0 
.05 
.Ol 
.04 
.Ol 

.096 

.Ol 

.I7 

.2l 

.I3 

.008 

.05 

lY2 

.Ol 

.Ol 

.II 

.03 

.003 

.003 

.02 

.OO3 

.03 
-008 

.02 

.003 

.I3 
l O9 
.01 
.005 
.02 
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This appendix describes a computer program (PDM-PS) which performs 

the computations of the Probabilistic Dilution Model for Point Source 

discharges using numerical methods based on quadratures. The program is 

written in BASIC for the HP-85 and the IBM-PC, and should be readily applicable 

to other personal computers with Perhaps minor modifications to reflect 

individual machine characteristics. 

The program is structured around a slightly different input format 

than that used for the manual calculation using the moments approximation. 

A series of normalizations (ratios) Of certain of the input data items is 

used to provide a computation framework that provides a more generalized 

perspective. 

The appendix is organized as follows. Section 1 describes the 

basis for the formulation and normalization of the input data, as used in 

the program. Section 2 provides an annotated description of the CRT and 

printer functions, as well as the nature of the user's response. Figures 

D-1 and D-2 provide the results of running the PDM-PS through the example 

described in Section 3.2 of this report. Finally, figure D-3 provides a 

listing of the PDM-PS program for entry into a personal computer. 

D-1. Formulation and Normalization 

The analysis can be made useful in a general way if the 

normalization described below described below is applied to reduce certain of the inputs 

to readily recognized ratios, and to express results (stream concentra- 
tions as a multiple or fraction of the target stream concentration (CL). 

D-1 



-7~ exal 1 cl t assJmgtionr in tnc normalization scntmt tnat is ustc 

ape :?a:: 

0 Tnt stream target concentration (CL) is produced when tnt 

a?scnargt flow is the mean effluent flow (UK), the dlscnargt 

po:lutant concentration is qua1 to ttlt ptnnit effluent limit 

(EL), and the stream flow is equal to the atslgn value (ntrt 

dtsi gnrted 7010 - though any other basis m&y be used for dts ig- 

9 nating the numerical value of stnam dtslgn flow, e.g., 3OCS 

3OQ10, etc.). 

3 fle reabczion ‘actw (9 l E./EL) dettniits tnt mean eff? uec 

concentration of the pollutant being evaluated. It coulc be 

selected arbtrarily; however, as rpplftd In tnis mawal for 

evaluating the permit avtraging ptrlod, tht value stltcttd wi;l 

be dictated by the variabi 11 ty of effluent conctntratfons ana 

tnt Dtmit avtragi ng ptrlod. 

:n tnt usual cast, where the stream target conctntratlon (CL) is sat at 

tnt chronic toxicity level, the mrltiplts of the target - In whim stream 

cancent rations are expressed (CO/CL) - correspond wfth the acutt toxicjty 

Yevtl. fht b&sls for the nomlitrtlon scheme adopted 1s as follows. 

fnt downstream concenttatlon, CO, is given by the dilution equation 

co = CE OE 
QS+OE l eCE 

:0-l) 

For a cnronfc crittrlr concentration, Cl, the effluent llmlt concentration, 

D-2 



11: (2) 
Rtvlsion ho. 2 

: -- * 'S :?mo,;tec Jslng 3 8 7913 ant an average effluent flow, T: 

CL - 
EL r 

7010 + ur 

l EL@3fD 

de-e as'3 : 5 :nt tf41utnt dilution factor at the szanaard conditions, 

@ST3 = x: 17210 + TJr). Thus: 

EL 9 CL/esf~ 

:3-z: 

(D-3) 

ioweve r , tnt cnoice of ptnnit averaging period forces a reduction of 

F 3‘ na;nitxcle, 2, so that pennit violattons occur only 5 percent 

mm . - - ~e-:z-t :* z?e :-3e. Tnus :nt air;ral long term average eff?uent 

:3ncentra:ion is: 

TE l R EL . R a&TD (D-4) 

fhe 3~obltfn is to comoutt :ht probability that the downstream 

- -ccem- ~a** -- w w 3rr exc=eeus a fnultiplt, I, of the chronic conctnttation, CL. In 

22-t::;; ar, if tnt acute crittri a concentration is stltcttd, then 13 is tne 

acdte to cnronic criteria ratio for the pollutant being rtgulattd. Hcnct 

f: is ltctssary to coqautt: 

Pr [CO > 6UJ n Pr [CO > @'@STD WR1 (D-5) 

wntpt Equation D-4 has been substituted for CL. Divfding both sitar of 

t% inequality Sy r provides the first nonrulitatio~ sir..@ 

D-3 



J . . * 
., Y. 

iev: s:on Yg, 2 

dlC 1E.F :s tnt normalittd effluent concentration. The 3r33aDi? :ty 

-. w s:--3bf:on of tnls ranaan variable no longer atDentS umn tne meap 

ec'lueqt concentration, but only on the coefficient of variatton, YCE. 

T*is '5 easily seen from the following representation of a log-norma; 

-ancOrn variable: 

1nCE = 1nrE + ZqnCE :O-?* 

wnert ;‘i is tnt median, UlnCE is the log strnaard deviation, ana 2 is a 

szanaara nom1 randan variable d th zero mtan and unit St&natrd dtv:at+an. 

t3r log-normal ranaan variables, 

ana 

2 
dlncE * lntl + ” 2, LE 

53 a :?a: Equation O-7 becoms 

ln(CEm l -l/2 OFnCE l ZqnCE 

-us, it is sew that GE/m Is log-normal wf th log man l -1/2a :nCE 

and only the cwfficitnt of vrriation, rrhich specifier qnCE througn 

equation O-9, Is rquired to comglettly specify the behavior of CE/z. 

fht final nomlitrtion results from expressing Equation 3-6 as 

CO/E 8 CE/x 

1 l OS/G 

3-1:: 
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Late :-at S/./E IS log-normally clstriwtta since Doth OS ana 4E are 

assdw:: 3 3e 13g-nor~1al. Thus, only tnt ratio of tnt average flows, 

-7 
UJf *IL * is recuirtd. A convenient normalization using ratios tnat are 

:a'e -easily available results if the average effluent and strtam flows 

ape s:anaara:tta relative to design stream flow (here dtsignattc by 7ClZ:. 

20 c-l!ng 

Fl l 7410/= 

F2 l 7010/r. 

(J-12) 

( 3.i3: 

ant 

1 
*STD l 1 + F2 

(3-15) 

'lese ratios, Fi and F2, together witn the coefficients of variation, 

v':s~~E, ant VCE, completely sptcify the characteristics of tne ranam 

va+-rablts in the nonnalfztff di?ution Equatfon O-11. R sptcifitr the 

effect of pennit avtrtging period and b, the acute to chronic criteria 

ratio, sped fits the toxicity behavior of the substance being considtrtd. 

Tnis completes ttie nonnalitatlon. 

o-2. Dtscriotion of Program Use 

fht program is easy to use. Tht values of the input variables are 

sequentially rqutsttd on the CRT. Once tht Input values art tnttrcd, a 

SumMry of the input d&til is printtd out, as is a tabular listing of the 

D-5 



‘CS;1’CS zf tnt calculations. The user snoula De tnorougnly fami:iar urtn 

--e w,, :-eo-e t'cal and practical Sares for tne PDM-PS as aescr'3ea in Chap- 

ters 2 ant 3 Sefore attempting to use the KM-DS. 

LSEic : 

w : NfER : 

CRT: 

Initlrtes program execution. 

WrItas title. 

Dlsplayr title and generrl descriptive material shown In 

Figure D-1. 

CR?: Ouesti on rl is displayed: "Enter coefficdent of varia- 

::on of 25, 3E, and CE." 

uSEa : Emem the Values of VQS, VQE and VCE, separated by 

collmas. 

f2f: Questfon #2 is displayed: '7QlO/avg OS?" 

dSE? : Emen tne ratio of the 7410 flow to t>e average stream 

flow m. 

CilT : &ertlon I3 Is bitplayed: 'fQlD/rvg QE?' 

USER: Enters the design dllutlon ratlo, i.e., the ratio of 7@13 

flow rate to the average effluent flow rate 0. 

CRT: Question 14 Is displayed. 'avg X/EL?' 

tiSER: Enters the ratio of the average effluent concentration 

whl ch the treatment plant ulll be designed to producr 

(avg CE), to th l effluent concentration derived fran tne 

D-6 



-e-. 
“fl . ,testion #j is aisplayed: “Enter iowest, nijnest ana 

incrantrlt of multiple of target for which : l xceeQence is 

desired." 

JSE;c : Decides on a range of Stream COnCtntfatdOnS (exPressed as 

multiples of the target concentration, CL) for which :ne 

probability of occurrence and the recurrence interval ape 

deSi red. The user enters (1) the lowest value, (2) tne 

nighest value and (3) the incranental step desired for 

values between the highest and louest. 

PR ;NTER: Prints tabular listing of rrsul ts. For each muI tlPle of 

CL, the exceeUence frquency and return period are 

listed. When the prlntlng Is completed, a tone SoumlS 

and hestion 5 is repeated. 

iid analysis [EL:. This 'latter value is tnat c3ncentra- 

tyon in tne effluent tiich will result in tne stream 

target concentration being met, when the f3llowing flow 

conditions prevail: 

Stream flow (25; is at the 7410 flow rate. 

Effluent flow (QE) is at the average dt Scharge rate of 

flow. 

29 : VfEii : Prints a tabular summary of the input data Se'leCteC. 

SEi? : Enters a new set of values for multiples Of CL, ff 



desired. nis allows tne user to conveniently searcn out 

the ranges of interest ana select the most apDropriatc 

levels of incremental detail. When the atsired amount of 

output has been obtaIned, the program is interrupted, ana 

3egun again at QuestIon rl to examice another set of 

conditions. The user can formally "end" the Program 3y 

entering O,O,O in response to Qbestlon 5. 
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rrrrrrssrrrr-~.*~-.~~*--~*- 
1 ‘i? ,T j : CZEF ‘iA 9F OS,OE,CE 

2ATiO . . .7OlO/avqOS 
2AT:O . ..7010/avqOE 
2AT:;r... avq CE/EL 

ENTE2 FOLLOWING RATIOS: 
. . . . . . .7ClO/avq OS ? 

.L?s 
. . . . . ..7QlO/avq OE ? 

3 
. . . . . ..avq CE/ EL? 
C‘ .- 

{ \;-:a L:wESf,r!;GHEST,AND INCREM- 
:'I- JF YULT C'F TARGET FOR UHICH 

I . ExCEE; IS 3ES:RED 
7 
ENTER LZWESf,HiGHEST,AND INCRM- 
E?iT 3F MuLT OF TARGET FOR WHICH 

: EXCEED IS OESIRED 
7 

GENERAL DESCRIPTIVE HATER:AL 

QUEST:ON til 

QUESTION 42 

QUESTION #3 

QUESTION #4 

QUESTION d5 (CCNT;NUES 73 RE'EAT 
AS NEEDED) 

2.5.3, .05 

*Figure D-l - CRT displays. 



f;; ‘0, 
;LVlSlOll No. 0 

TTTTTTTTTTtTTT~T*TtTTwTTTTTTTTT* 

2 E:E:b,:UG WATER CJNC (CO) 
V:6;6:,;t Y 3ISfR IBUTION 

ANO RETURN PERIOD 
;:R WL': DLES OF .TARGEf CONC 

3LE TO VINT SOURCE LOADS 
tTTTTTtT*TttTtTTTT*t*TTTT*TwTw 

COE’ ‘fAR.....OS l 

--cc “.cl,. VAR . . . ..OE = 
:3EF vAR . . . ..CE = 

70lO/avg OS = 
~OlO/rvg OE = 

-9 CEFEL = 

0.05 
3.00 
0.67 

V:OLAT:ON WCE NT REVJRN 
'!uL: 3F OF TIME PERIOD 
74RGET EXCEEDED (YEARS) 

----w---a m---m*-- a---e-m 

:.zs 2.394 3.3 
2.30 z.1:2 2.4 
3.00 0.024 11.3 
A.CO 0.007 39.4 
5.00 3.002 114.4 

2.50 
2.55 
2.60 

2:: 

::5; 

2.8C 
2.96 
2.95 
3.00 

0.050 
0.046 
0.043 
0.040 
0.037 
c.034 
0.032 
0.030 
0.028 
0.026 
0.024 

::i 
6.4 
6.9 

;:: 

8.6 

i:; 

10.6 
11.3 

1.50 
0.20 
0.70 

TITLE 

SlMARY OF INPUT DATA 

CALCULATED RESULTS 

FIgwe D-2 - Example of printed output. 
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C1 ear screen 
L 

i 
Prompt for and 
inout cocf. of 

I variations for 
I OS, OE, CE 

I 
I Promot for and \ input ratios 
1 

of 7QlO/uY, 

70 10/E, 
and avg. CE/CL 

I Compute normal 

i 
and reverse normal 

coefficients 

Prompt for and input 
lowest, highest, and 
de1 ta incranent of 
multiples of CO/CL 

to use 

C 

i 
. 

Clear screen I 

Print Input values 
and table header 

4 Iterate on CO/CL values 

Compute return 
period 

Next CO/CL 

0 end 

Figure O-3 - Flow chart for PDM-PS Program 
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NO INCREH-ENT W WJt.t 131: T6i 
;i’:Rf;aa un1cn :; ExCEtt IS s . 

Figun D-4 - PUGPS program I lsthtg - HP-85 canprtfble. 
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:rn P g-..- " ..**. i 
;iE PKIXT a 

C3iF CF VAk.....CS 8 ";I?1 
COiF OF VAR.....Oi s ";V2 

:2- ,” I ?KZ’: " CCiF CF VAE.....CE a ";VJ 
'SC PR:::f . -e :,r ::-..w " . Cd.. . 7ClO/AVG CS 8 “;Fl 
.- ; J ip.2:: II ?SlC/AVG Ci s ";F2 

i;; ~F*:!:~ * AVG CC/i!. 8 ";F: 
J!C iEf!Ty 
I nc PK:::T ".._ 0 

Figure D-j - POW-PS program listing - IBM-PC and MS-DOS compatible. 
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-- ,*c 
-” 0” t.‘Rl 

. * -0, 
3” .-A.. :C::Yi3f GXCSS:Al: 7007’S ; I’LIGHTS FOR tC,lj Ir!TSCR. IuTZRVAL 
.- ‘2.. x:‘: -r-.,-T =:y 

d a*- E .r”r- 0. T:;O FCR CCltPCSiTi fCR!XLA 
:a m-3 “. -c _” : “.. hLXT .” El 
.- .‘b ..-” .“C, =c. “‘-’ =.j-.j’Rr(KZ; 
:C ?S&:KZ-21: s.S-.S*R#(St) 
'C ~~r(ittl &#(K2)/4 
2” . . :SC~At-Rl~~z'~(xt) 
.* 
:- ::ixy i;2 
c -* 2: 1 VA: yT’{~ LA GUERRE ROCrS &i :!LfGhfS, PR0FW.I C0:iW.s~: 

:- :r-: .L ..-L. 16 X CRDER LAG-cEp.X RCOTS AED b::EZGI?TS 
. 1, ?Fll)X51 .7:116333951 

-; 'C:: 2) tur .5;rC&526U77# 
. . I, 5:t”’ =t& .I - .r5:?$&7:2?# 
. . . -. .‘V’ .’ tzf ’ 5-y 29’ 229 

_ 
. ‘;; = 0 :; =-$3C56?4a %. . -0_ . M 

.- - Zrti &,‘ z: 9, ’ _ **/ :tC156E56ee 
-. =o(;; r15.~4152796tb# -- ’ 
:: Tia( E; ~12.21 o22336E9# 
-C td;j;r~.~~j~lP33639# 
;.. '- ?cu(lC;=f .c7033t535053 
L =4(ll)~5.C76C1Sblu55s .ti ’ 

‘: ?c( :2:=3. c37066633694 
- . ?~(:j?r2,12gZ636~513 

.C .- ttt:Yu sY.:dT5:~77&&j# 
- I tu: :5; =.-t26?6j2zE91sr 
. =3, :L_,x e ' .:?76k$LlGC76g# 

.a ;r :C(l:z~.l6rd2?7D-22 
:.;1 ;c( 2: ~5 .OSCu737D-16 
-: ce~3~86.207967003~-15 
:- .4 ~~:~;=2.127079033D-12 
:. -'.I- - 1 x2.ZC ;j~C2Cj~-lO 
‘2 ;:;a; .I .66lC2o6blD-O8 
.: c~(~;~.coooco6626~19~~1# 
:3 C~~e~~'00001Ce~0sC687~ 
:o 44(S) 8.00C2Ow719~f3~ 
2 S4( 10) r.CO18ugOtOQU~53r 

I9 C4~1~~8.0!~299~00&0~# 
:C C~~l2:a.3U7~2Eg2E69Cl# 
-C =~(13,r.l362?69j42?6# 
:- ” ZC( lL> s-26 j7957776G# . Y f~~~S!~.jj105785~951~ 
: C&(16 ~r.206?5171~g56# 

Figure D-5 (cont'd.) 
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I::Pt'T COEF Of VAR OF QS,QE,CE 
RATIO... IClO/AVGQS 
RATIO... 7QlO/AVGQt 
RATIO.. . AVC CWCL 

aACKSROUND STREAl! CONC (CS) IS CssUtZD TO BE ZERC 

E!:TER CCEF OF VAR OF QS,QE,cE 
? 1.5,.2,.7 
EKER THE POLLOk'fNG RATIOS: 

. . . . . . . 7QlO/AVC OS ? .05 

. . . . . ..7QlO/AVG CL 3 3.0 

. . . . . . . ..A% CWH 3 .6f 

CCJ OF VAR.....CS 8 1.5 
CCEF OF VAR.....QE s .2 
COCF OF VAR..r..CE 8 .7 

7QlO/AVG QS l .05 

fQlO/AVC Qf 8 3 
AVG CVR a .67 

ENTZR LCUEST, KIGKEST, AND INCRPW'I OF MJLT OF TARGET r0R 
UEICE I EXCEED IS DESIRLD? 1 ,S, 1 

COV Of VAR.....QS 8 1.5 
COEF OF VAR.....Qt 8 02 
COEF OF VAR.....= 8 .7 

?QlO/AVG m = .05 
tQlO/AVG = 8 3 

AVG cE/n 8 .67 

Figure D-5 (cont'd.) 
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i -. _ . . -, 
?ev*s-on Yo. 2 

REZRK 
PERIOD 
(TEARS) 

0.090 0.306 
0.112 2.bb3 
0.020 11.313 
0.007 39.429 
0.002 114.356 

S:fER <CR> TO CO!ITXUE. OR 'STOP' ? 

COEF OF VAR.....QS 8 1.5 
CC= OF VAR.....QE 8 .2 
CC= OF vu.....= 8 .7 

fClO/AVG cs 8 005 
?ClO/AVG CE 8 3 

AVG cr/n 8 .67 

iKCH I EXCEED IS DESIRED? 2.5,3,.1 

cc= OF VAi:.....Gs 8 

CC= OF VAR.....Qt 8 

c%? CF VAI?.....CE 8 

7ClO/AVG CS s 

7310/AVG CE s 
AVG cE/Et. 8 

1.5 
.2 
f . I 

.05 
3 
.67 

snat! CO1IC (CO) 

:ZLT OF PERCmr RRURIi 
TARGET OP TPE PEEIOC 

(CO/CL) EICEEDED (TEARS) 
------- -- 

2.500 c.050 5.501 
2.600 0.043 6.395 
2.700 0.037 7.410 
2.aoo O.Oj2 8.558 
2.900 c.oze 3.85rr 
3.aoc C.OZb 11.313 

EXE', <CR> TO COCITI!,WE, OR ‘STOP’ ? STOP 

Figure D-5 (cont'd.) 


