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to use in conducting waste load allocations. 
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to calculate the Reduction’s Factor in Chapter 2 has been 
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FOREWORD 

This guidance document is a product of several years of research 

on many complex water quality issues. Although much progress has been made, 

some issues still remain. User participation will be needed to develop 

answers to these unresolved issues and will be key to future revisions of 

this document. 

Selection Of permit averaging periods, as presented in this manual, is 

based on an assumed exceedance frequency of an acute violation in the stream 

no more than 1 day in 10 years. The EPA is currently considering the issue 

of allowable e duration and frequency of exposure to acute as well as chronic 

toxicity. Based on this study, the choice of duration and frequency used in 

this document as examples may have to be changed. 
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EXECUTIVE SUMMARY 

Background 

The conventional approach to developing Waste Load Allocations 

(WLAS) is based on a steady state analysis of stream conditions, using a 

design stream flow (usually the 7Q10) and a receiving water concentration 

(usually a water quality standard based on chronic criteria) for the 

pollutant to be allocated. An effluent concentration limit is computed for 

these conditions. and is used to establish the NPDES permit conditions. 

The water quality based permit conditions apply, in addition to 

technology based requirements (e.g., BAT, BCT, and secondary treatment). 

This effluent requirement may be incorporated into the permit as the daily 

maximum limit, the average limit over a week (for POTWs) or the average limit 

over a month (for industrial as well as municipal source).1 Typical 

practice for toxic pollutants is to incorporate the wasteload allocation 

result as the daily maximum permit limit. This document provides an inno- 

vative approach to determining which types of permit limits (daily maximum, 

weekly, or monthly average) should be specified for the steady-state model 

output based on the frequency of acute criteria violations. 

Approach 

The method used to evaluate the effect of permit averaging periods 

is based on a probabilistic dilution model (PDM) in which it is assumed that 

the stream flows, effluent flows and concentration are log-normally distributed 

1See 40 C&R 122.45(d). 
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and uncorrelated. The log-normal distribution is known to be representative 

of effluent behavior and to almost always under-estimate the lowest stream 

flows somewhat. Thus, the analysis is generally conservative (overprotec- 

tive) to some extent. However, a verification of the probabilistic dilution 

model indicates that, for the cases tested, it correctly estimates observed 

downstream concentration probability distributions to within the confidence 

limits of the data. 

The method applied in using this model to evaluate permit averaging 

period choices is based on the following observation. If chronic criteria 

and 7-day, 10-year low flow, or any other state-specified low flow, are used 

in the WLA analysis to develop the maximum effluent concentration, the use 

of monthly or weekly permit limits for specifying this effluent requirement 

presents the possibility that simultaneous occurrences of high effluent 

concentrations and low stream flows may result in stream concentrations 

which exceed the acute criteria for a pollutant without violating maximum 

average discharge permit conditions. 

The analysis consists of computing the level of treatment required for 

the three averaging period options for specifying the WLA results as permit 

limits. The analysis computes the frequency at which acute stream criteria 

concentrations are violated under each of the permit averaging period options, 

taking into account the likely range of stream and effluent variability. 

Computation result.. are normalized so that summary results can be applied to 

a variety of pollutants based on their ratio of acute-to-chronic criteria 

concentrations. 

-2- 
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T7e primary. use 0 f tnis mtnodology ti 11 be spccifyi ng the requlrec 

love? of :reat,nei: and deriving pem!i t llml ts based on water quality rquire- 

7elrs. Care must De taken in tne assumptions related to the permit limits 

ala assdmptions Jsea in the methodology. For example, throughout this 

cocument, reference is made to 74ay and 304ry averages. These averages 

are equivalent t o weekly and monthly permit lfmlts where the assumption can 

3e mace :?a'. :ne monitoring data iS adequate (Id., that the aitta collected 

-- d man:.? adequately reflects the JO-day average). Where this rcquireme~t 

.- m-s 3 VW da’::, a::srnd::ve ;Imi:s may be calculated wh!cB lnc3qorate ?on:',;r:-s 

'pequency , or monitoring frqutncy may be adjusted so that these conditions 

c-e met. 

In ddCit:On to :ht UStfulfttSS of thfs method for pefmit wrfttrs rn 

se'ect 13s t:e averaging period for discharge permits, tne method has 3een 

"se", t3 caIc;r~are suitable averaging periods for the range of stream and 

effluent conaltions typified in the U.S. The results have been sumarirtd in 

convenient grapnic and tabular displays, and can be used as a 'screening 

tool" chat provides a guide for wttr qua'llty dec~slons. hrert sunmarfes 

Snow, for instance, that for toxic pollutants with acute-to-chronic ratios of 

10 or greater, 304ay penntt averages will virtually always met the criteria 

that have been adopted; that is, that acute criteria viOlattOnS in the stream 

~11 recur witn a frqutncy that averages less than 1 day in 10 years.' 

'T*e EPA is presently consldtrf ng the fssue of allowable duration and 
‘wutncy of exposure to toxicity. Based upon this Ilark, duration and 
fWlutWes used as tnt aeclsion ctlttrta may change. This guidance does 
qOt rCC3mtTend any particular minimum acceptable duration Of frquenCy. 
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-2, JC'iuZJ?tS d tn acuzt-t0-cnronic ratios of between 5 ana 10, montnly 

ze--- w averages w111 SC aoorooriatt in mjZ cases, althougn tnere will be 

same site-soecific cdnditions that would call for the use of mtkly averages. 

:3r Do:lutants wth acute-to-chronic ratios of less than 5, sitt speclflc 

:mai ::OIS must 3e consiatmd, and no general rule is possible. In these 

Cases, Site-soecific analyses of the effects of dlfftrtnt ptnnit averaging 

oerioas can be performed using the mthods outllned in the text. 

L:mi tat i ens 

Several tec3nical rtfincmcnts to tke probaoilistic model would be 

-ecu1 Tea :o more accurately reflect the d~iation of lowest stream flow 

frm log-normality, and to account for serial and cross-corrtlatlon of 
. 

szream flows' and effluent loads. For coupled rtactlons, such as BOC/DO, 

: be zroceaurts would have to be extended to provide a seasonal approach 

an: -esuY z s snould be veriflea agajnst field data. fhe analysfs 

le:70:: ~0~1 s nave to be extended to i ncorpomtt the vari abi 1 f ty of stc- 

onaary water quality paramattrs such as pH, hardness and tcmperaturt, 

fi nce tnese affect the toxicity of a number of pollutants. Finally, the 

cnronic exposure event, as defined by the state design flow conditions, \as 

UStd tnrougnout tM document to estimate the !na~iauta effluent conctntratlon. 

Furtner analyses to dtttnnine the possible underprotection cr ovefprottction 

of chromic crittri a t ased on the state design flow1 were not done. 

'The EPA is considtrlng sfudylng the imact of unceflaintles involving 
the ~CW flow estimating techniques on tht selection of streafn design flow. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

The conventional procedure for establishing a point source effluent 

limit using a waste load allocation (WLA) analysis begins by specifying a 

target concentration of the pollutant In the stream, such as a state water 

quality standard based on chronic criteria. This stream concentration is 

converted to a maximum effluent concentration using a mass balance calcula- 

tion (for conservative substances) or a steady-state analysis (for reactive 

substances). The inputs to these analysts art a design stream flow (repre- 

senting low stream-flow conditions)1 and a measure of the effluent flow, 

typically the mean effluent flow. Al though this technique is presumed to 

provide adequate protection for receiving water quality, it fails to account 

for random and other fluctuations in the flow rate and concentration that 

naturally occur in both the stream and effluent. Thus, the degree to which a 

given limit protects against exceedances of acutely toxic concentrations 

is not quantified. 

Effluent permit limitations are currently specified as maximum concen- 

trations for one day or averaged over a week or month. The number of obser- 

vations from which the average is computed depends on the frequency Of 

1The design stream flow most commonly used is the 7Q10 flow, which 
represents the low-flow condition with a recurrence interval of 10 years 
based on a 7-day averaging period. Other flows, such as the 30Q10 or 
30Q5 are occasionally used as the design stream flow. Wherever the USC 
of stream design flow is called for, these or other stream design flows 
can be substituted throughout this document. 
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monitoring. Although there is no generally accepted rational basis for 

selecting permit averaging, the effluent requirement derived from a 

WLA is typically expressed as a monthly average for conventional pollutants 

and as the daily maximum for toxic pollutants. A set of conversion factors 

is then used to convert these concentrations to other averaging periods. 

In this document the maximum daily, weekly, and monthly permit limits are 

referred to as 1-day, 7-day, and 30-day permit levels, respectively. 

The permit limit used to incorporate a WLA effluent requirement can 

have a substantial influence on the degree (and cost) of treatment re- 

quired and on the quality of the receiving water. It is clear that a permit 

limit imposed as a daily maximum requirement is more restrictive than when 

the same permit limit is used as a 30-day average requirement, since in the 

latter cast the effluent concentration can fluctuate above the affluent limit 

for days at a time and still meet the 30-day average requirement. Such 

fluctuations may or may not be significant in terms of receiving water 

quality. The appropriate choice of the averaging period, then, is one which 

ensures acceptable receiving water quality without imposing unnecessarily 

restrictive treatment requirements. 

1.2 Objectives 

This guidance document is intended to achieve the following: 

(1) Present a rational method for selecting the level of treatment 

required based on considerations of water quality; 

(2) Present a rational method to incorporate the water quality based 

treatment requirements as permit limits; 
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7 - 3'3vlae saecific Jnforma:ion, including aetailea exunmp:es, so 

-" w. at tne netnod can be applied to site-s3eclfic cases; 

'ri! dse :ne method to provide an overall analysis of a broad 

range of conditions likely to be encountered, so as to proviae 

a screening tool for the rapio a5SeSsmtnt of a wide variety of 

cases ; 

;5) Discuss the uses and limitations of the method. 

. 
‘: 

a.- Azoroach 

Tne 3651s of :nt metnod iS an CvdluatiOn of the extent ana frequency 

-’ acG:e a ;riteria violations to be expected in the stream receiving the 

c*sc?arge as a result of imposing the affluent concentration, computed fran a 

sttaay state wasteload allocation, as a daily, weekly, or monthly average 

2ePnit. A probabilistic francwork is adopted to account for the fnhtrtnt 

,?-*a-3 Y l:ty 0 f f7ows and concentrations. Acute criteria violations are 

ZSSJTeC to 3e associated with random simultaneous occurrences of high 

e;fluen: loadings and low strtm flows.1 The analysis is based on an 

examination of the probability distributions involvtd and how they combine :O 

influence the concentration downstream. Iht probabllistfc dilution model 

3rwidts tnt analysis frwlaclork. 

The probabilistic dllutlon mode\ Is sunvnarlrtd In Flgurt 1-l. The 

: nput 5 to the model include the flow and conctntratlon hlstorits (or pro- 

:ec:ions) of 30th the effluent and the receiving Stream. bch of these is 

';Jhil e it is apparent that affluent loadings and stratm flows txPtritnct 
3O:n randun ana nonrandan (e.g., seasonal) varl ations, thtoroblem 1s 
anaiyttcl here in Purtly random terns to 1 imit the canpl txity of the antlytis. 
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ex2pes sez aS d prs3aDillty gistribut73n; tnat is, in :erms 3f :ie prsDaoi;*ty 

-m - -Sa. 2 ;: fen value is exceeded. %lExt, the effluent and St?em flows are 

- -CI- * lea - -111" :3 y:e13 tne probability distribution of tnc dilution factor; tlen 

-rr -I e djldtion factor ancl concentrations arc ccfnbincd to provide the proba3: 1 lfy 

:-St-:3uti3n for tne resulting stream concentration. The stream concentra- 

:: In 3'3Da31i ity distribution is then converted to a plot SnOwilg tnc re- 

curfence interval to be associated with each strtan COnCtntratiOn SO that tne 

'rquency of occurrence of a given (high) stream concentration can 3c cm- 

zarec :o’ water qua1 i ty ObjeCti vcs. 

The or3odb111stic dilution model is used to guide the cno:ce 3f :ne 

3e-3711 t averas:ig period as follows. Given an effluent rquirement from a 

4L.A analysis, the mean effluent rquirq to.meet that h's rquirenent iS 

:a$ - '-;J;ated for each of the tnrtt averaging periods, Based on an assumfkc 

all3waole frequency of effluent limit violation. This proviaes three Ieve!s 

-6 J' :reat.Tent for the 91 ant in question. Eacn mean effluent :oncentra::or !s 

:len Jse<, togetner witn the parameters that characterize t!?e Stream varya- 

31?1ty, in the probabilistic dilution model. The resdl t is a prooaDi1 ity 

11;;r~bution of resulting stream concentration for each of the three treat- 

ment slant options, whfch can be Capafq to daily COnCentratiOn/freoUenCY 

wazer quality goals. The USC of daily concentration frCQuenCieS allows tne 

use of acute crl teria in establishing water qua1 ity goal 5. 

1.4 Organi tation 

;his doc;ment is organized as follows. Chapter 2 provrdcs a 

cetailed description of the methodology for fInding an optimum averagIng 

l-5 
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2e-’ 3c 3asec on a probaoi?7stlc dilu:im metnod. Olapter 3 presents an 

2-*--a-* - u 1" --- oxarnp:e of :3e 7lethod performed first as a hand calculation ant 

zip ds:~\; r3e cunputer grogram provided in *ptnaix 0. Chapter 4 uses 

z-e nocel in several representative applications, and Chapter 5 discusses 

:ne dses of t3e metnod. several appendices to tni S docuncnt provide 

3etal;ea aaa!tional material, including a review of relationships f3r 

lDg-normal distributions (bpendlx A) and a dlscussfon of tachnfcal lssuts 

arid assmg:ions emplayed in the analySiS (bptndlx 8). 

l-6 
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Figure 2-1 - Simple dilution model. 
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* 66. Jent “3~5 ana c3ncent~ations in a conclst ana realistic fasnion. 

Tie gr3baDi 1 i stic dilution calculation proctaurt used in this 

-03cc genits znt probabi 1 i ty ai stribution of aobmtrtm concentrations 

--t ,d t3 3e comoutta ai rtctly fran the probability di Stfibutions of tnt 

*7 ows and conctntrat i ens . 

The first step in the use of the probabilistic dilution modei 'I to 

ztvt: op tnt statistics of the concentration and flow of both the stream 

ana eff1utnt.l fntst statistics lncludt both the arithmetic ana logaritn- 

_. - _ ‘:cs of t?t mean ( y I, standard etvi ation ( d 1, and coefficient 

of var:atlon ( v ). The analysis is simpl ificd here by sped fying an 

dostrtam concentration of zero (CS l 0) to that the results reflect only 

t70st effects on :ht receiving water due to the effluent discharge, thus 

-;gr'ign:~ng tnt comparative differences resulting frun chofce of otmit 

ave-as.79 3erioa. 

7% amount of tlllution at any time ts a variable quantity and the 

:: Yution ratio (D= QS/QE) has a log-rrormal dlstrlbutlon when 30th stream 

Cow (OS) and effluent flor (QE) are log-noml. l%e log standard devia- 

:i an of the flow ratlo QS/QE 1s designated as rlno. This can be calcu- 

latea from the log standard devlattons of stream flow and effluent flow, 

assuming no cross-correlation between strem and effluent flows. 

(Z-4) 

‘Stanaara statistical procedures are used to carpute tha man and standard 
dCvlatiOn usins the log transforms of the basic data. Conversion to tnt 
OtnCr statistical expressions ustd In the analysis is described in Appendix A. 
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-R e 3-3;aoll lty c*stribution of tnt dilution factor, 0 8 1, L-2: !s 

" -. w. tr,:y ;og-noEM1, even wi tn log-normal runoff and stream fl*s. 1: c1as 

an doer oounc of 1 ana a lower bound of U, and where it approacnts these 

da:bes asymozot7cally, it atviatcs apprtclably from a log-nomal approximd:!on. 

3ev: af:orx a: values of m approaching 0 art of no practical significance to 

:?e cal:ulations sting Jtrfoma since they occur at high dilutions. 

Ear smaller streams relative to the sire of the discharge, deviations 

ccom a iog-normal approximation can be appreciable. They art large enough to 

--:-~:cL;co s?gn'*;cant error into the calcdatta recurrence interval of njgner 

---a >. -3; :2r:e-t-a::3ns, Tne error inztoduced is almost always canstma::ve; 

:?a: is, :t projects hign c0nCtntrati0ns to recur nure frequently than thty 

actual ;y wouls. >t dppropriattntss of this assumption is discuss~ in 

retail :n Apptna'x 9. 

i croceoure 1s provratd in tnis report for accurately calctiiatlng 

-L1 _ e =-::a::: *:y cistrtbutlon of tnt ailutron factor (0) ana sfream concen:ra- 

Z'3r: ic2;. Tn:s numtri cal mtrhod uses quadraturts and would be pronipi tiut'y 

:ec ou 5 :o perform manually. it has, thertfort, bean provided in tnt form 

of a cmputtr program whfch can be utllired on a mlcrocaputtr (Appendix D). 

For purposes of presenting the approach In a form which can be 

soyvtd manull ly, and tJ%reby better fllustrate the basic proctclurt am1oytc1, 

:nc m4!tnOdOlOgy atscription which follows In this section dtve\OpS a 

yog-nOrmal aoproximation for the dllutlon function + 'and ,thtn prOCttCS 

w:tn :Wa cal c;rl ations for s:rtam concentration. Whether the log-normal 

aporoxima:ion or the quadrature calculatfon is ustd, the SuBstqutn: SttPS 

:?I 4ttemi ?lng the appropriate avtragf ng ptrloa art the same. 



‘-e nanual 3roceaure ( mofntnrs mtznoa) estimates tnt mean ana 

fzanca-: cev- at?9n 3f a log-nonnal approximation of dilution By first 

:a; :~1: a:- 7s. aqc :ritn inttrpol sting, Btt,uttn the 5% and 9% proBaBility 

va'des. The value of tnt dilution factor (or for any pr0BaBility ger- 

ten :'le (a; is gtvtn 3y: 

(Z-5) 

mere :ht value of Z, is taken fran a standard normal probabil ity tablt 

*-r -9)e - - :zr-eswncing value of a (set Appendix A). 

'3~ example, wntre a = 95%; Z35 = 1.65 

0 = 5%; Z5 = -1.65 

0 = 50%; zg) l 0 

a = 84.13%; Zg4 l 1.0 

Tne lag mean dilution faCtOr iS CStimatCd by interpolating Bttwttn 
l 

t7e 5: 3nC 9% vaiuts, CalCulattd above. 

vlno = l/2 [ln (*gs) + In (oS)l (Zda) 

The 1 og standard devlatlon is eete~lned by the following fomu! a. 

di;h, in effect, determines the slope of the straight line on the log-Prob- 

a3il ity plot: 

8 Clh (e5) - ln (e95)3 
Qlno 

(2-65) 

2 

From t% log mean and log standard deviatlotl of the dilution factor ( o), 

=nt aritrmttic statistics art canguted uslng 

2-6 
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1 2 "e* eXP ("In* + 70 In@) 

%= “* Cexp (021nJ - 11112 

‘2-7) 

The arithmetic mean of the receiving water contaminant Conce~tra- 

Z' on :CZ' Cownstream Of tht discharge afttr conpltte mixing, thtn, can 2e 

'3unC by: 

Yr b0 = [lJCE ( u* 13 + cuts (1 - Y* >I (Z-8) 

The arithmetic standard deviation of stream concentration is: 

fhe coefficient of variation of stream COnCtntratiOn (C3) is: 

UC0 . WY u co : Z-10) 

Tne arltnmetic stattstics used to derive rnt log statistics ~111 3e 

j set to aevelop tnt desired probability of txcttdence. 

log standard deviation l OlnCO 9 din (1 + Vc6) *(2-11) 

(2-12) 
log mtan = ulnCO-ln 

( J*) 

The probability (or l xpectea 'rtquency) at unich a value of CO will 

occur i 5 atttrmi nte by constructing a probabil ity distribution plot on 

i3g-probabi lity paper. This is accunplished by COmputIng the 50th ptrctn- 

rile and 84th percent11 t concentrations and connecting them with a straignt 

lint: 

3-f 
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Sbr: concentration * i-0 = CXP ( ulnCO) 

ac concentration * exp ( YlnCO l QlnCO) 

-s*ng trill 5 procedure, any concentration of interest can be identified and 

::s wo3aoili:y of occurrence scalec! directly from the plot. 

Alternatively, the concentration that will not be l xceeaed at some 

spec : fit frequency (or probabi 1 lty) can be cal cul ated fran : 

co 0 l -0 (rlnC0 + (Zo~lnCO)) (2-13) 

dnere 

. 
&O = :ne vaiue of 2 from a standard nofmal taDle wnicn :3rtes- 

ponds to the selected percentile o . 

To deternine the probability of l xceedence, (1 - Q) Is substi tutea in 

Ezuati on 13. 

%e can also wOrk in the reverse direction; that is, given some 

:a*;et 5 tream concentration (CL), the probabll ity of CO excctding that 

1 eve1 can be dctemi ned by : 

Zm ln (CL) - YlnCO 

QlnCO 

(Z-14) 

A standard nonnal tatle will provide the probability for the calculated 

value of Z. 

because o? the way the standard normal table In bpendix A is 

organized, the probabilities CAlcUlafed using this approach represent the 

fraction of tlma the target concentration (CL) Is not exceeded. The 
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2’3DdD:: lty :nat t!le concentration will be exceeded is ootaineo by sub- 

',-ac:: ?F :?e value obtained frun 1.0. 

2.2 Choice of tne Permit Averaging Period 

!n order to examine the canparative effects of different cnoices of 

germ t averaging periods on water quality, it is necessary to define the 

relationships bttwctn the tstablfshed effluent limit (EL) from the steady 

state WLA, the permit averAging period, the treatment pl Ant performance tnat 

resdl ts, in particular the mean effluent (rr), the downstream c3ncentra- 

-a Tp In! - " --I, anC a szream target concentration (CL). 

;he ObJtctive of this section is to exmfne UIe relationships among 

znese parameters in order to be able to predict the probabfl ity of an (aaverse) 

wazer auality outcane based on known or estfmated stream and effluent charac- 

:?ristics and the choice of permit averaging period. The aporoach is bdsea 

3n zrre assunption tnat 

me mean effluent requ 

calculated for each of 

listic dilution model 

the EL uill be 

ted to meet th 

the thrw pcrm 

s then used to 

tne downstream concentrAtlon (CO) for 

violated ti th a particular frequency. 

s level of compliance ui th EL Is then 

t averaging periods, and the probabi- 

develop a ProbAbflfty dlstribution of 

the three cases. A level of acceptable 

adverse WJttr quality (a decision expressed in tW!IS of the probabflity or 

frequency of experiencing a selec.ted high value of CO, such AS the acute 

Criteria cmcentration) is then compared with the PrObAbility diStriOU- 

tiOnS to detecni ne tne longest permlt averaging period that meets the wAter 

aua: i ty goals. 
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3e ‘. '5' . ste3 In tnis sequence rs to tstdalisn tnt reldtlonsnrp 

:er ween :-ie azao effluent (E), the effluent 1 imit (EL), and tnt perml: aver- 

a;*~3 3tr~oc. in fact, wrist is required iS the relationship between the 

zrea-fleet P? ant oerformance necessary to meet the effluent limit as eitner a 

:a-ly, weel<ly , or monthly maximum pennlt. The reason for this is that tnt 

aa::y variation of stream quality is governed, not by the effluent limit 

wnicn is a regulatory upper limit, but by the probability distrfb~tfon 

of t?e daily effluent concentrations rrhlch results ftaa the design of the 

:rea',lnent plant consistent with the effluent 1 felt rnd the permit Averaging 

7erlx. For log-normally distributed random vArfAble8, this distribution iS 

s:ez - ‘- e(f 2y :?e mean effluent concentration, r, and its coefficient of 

varia:i3n, v, 

A particul Ar effluent lhit (say 30 mg/l) established by pennit AS a 

aaximum daily value ~uld requln A higher level of plant performance (a 

;zwer Tean l ffl utnt concentration) to avoid penn:t violations than would :cIe 

Same Yirn’: SiXclfitd as a maxfmun monthly average. In the latter case, 

ox:;rrsions above the l ffhcnt limit could be tolerated on individual days, 

mtnout causing A violation of p8nnit conditions. The nason for this iS 

that a monthly average of 30 Indlvldurl drlty effluent concentrations is less 

variable than the dally concenttat~ons thyselves. ~c&Slonal high dAi 1 y 

c3ncentratfons are Averaged together ulth 1OUW COnCwfr8tiOnS t0 PtodUCe a 

:ess variable monthly average. bnce, treatlrent plant performance it dirtC:lY 

related to :he averaging period specffled in the pemlt. 

;n order to proceed with the anrlysls a qurntlficatlon of this relation- 

snip is required. Daily treatment plant effluent concentration varfatlons 

2-10 
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are well aescrlbta oy a log-normal dirtrioutlon parameterlzed by a long term 

average :3ncentrat:on, T, and a coefficient of variation, VCE. Thus, a 

-eIazlonsnip 3etween these paramcttrs and the permit effluent limit and 

averaging period is rquired. 

A metnod to be emp1oytd iS based upon An interpretation of unat is 

meant, in practice, by specifying pennit effluent limits As IIUximum values 

which may never be exceeded for the specified Averaging period without 

:ausing a violation. As Haugh, et al. [2] observe, fixed upper limits. 

wnicn art never to be exceeded Are concepturl ly fnconsi stent with the 

st3chast:c nature of wastewater treatment processes and the effluent concen- 

trations tnty produce. Reali stfcal ly, some exceedence frequency must be 

dUnowl edged, regardless of the avtragi ng peri Od assigned. For the present 

analysis, it will be assured that the effluent limit specified by a permit is 

lot to 3t txcttaed rort frquently than 5 percent or 1 percent of the 

:ime. 3f cwrse, any other choice is possible. 

hnce a specific choice is made,. SAY 1 percent, then the probability 

of compl i ante is 0 = gg percent And that eStAblfshes the fACt that EL is the 

a-percentile effluent concentration: CE.. this procedure, then, gives a 

Specific probrbflistfc lnterpretatfon to the effluent limit. It is the 

effluent concmtratlon thAt Is exceeded with no greater frequency than (l-oj 

percent of the time. If the pennit is specified as a dally maximum value, 

then EL is the a-percentile of drlly effluent concentrations. If tne ptnnit 

is sptci fied as a weekly (or monthly) maximum value, then EL is the a-percentile 

of 7day (or 304ay) average effluent concentrations. 

2-11 
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10 or3er :0 C3mOute tnc .long term average effluent concentration, 

-.;, :?a: wcu‘t Insare :rrat CE, l EL as a daily, ueerly, or montnly 2emit 

:le :oeff:: Tents of variation are required for lday and 74ay or 304ay 

averages of ef*: uent concentrations. Table C-Z presents representative 

vayues. 

Thus, the requirement that: 

CL = EL (Z-15) 

ant Car a coefficient of variation vCE, the dverage effluent concentration 

'TI -- ,a- 3t cmcuted fran 

E-R,. EL (Z-16) 

wnert the rtductio~ factor relating CE, 0 EL to E, that is, R, = rr/CE, is 

q, l ,,‘I l ‘& txp [- t, (Z-17) 

:Fe ratio of trre arlthntfic average to tM a-percentile of a log-nomal 

rdndom variable with CWfffCfWlt Of vdrfdtfon, vCE. fable 2-l gdveS the 

values of R, for various coefflclents of variation. 

The derivation of this fomtula follows fran the expression for the 

a-percentile of a log-nomal randan variable: 

Cf, I eXP (YlnCE + 2, '1nCE) (Z-18) 

and tht aritmttic average of d log-nomal random variable: 

2-12 
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3eductlon Factor 

Ra 
a 8 951: 0 = 99% 

0.853 0.797 

0.736 0.643 

z.3 0.644 0.527 

0.4 0,571 0.439 

2.5 0.514 0.372 

0.5 0.468 0.321 

n - e., 0.422 0.281 

- - b.2 0.40: 0.249 

0.9 0.379 0.224 

1.0 0.360 0.204 

1 ’ . . 0.344 0.187 

1.2 0.330 c.173 

1.3 0.319 0.162 

1.4 0.310 0.152 

1 - .3 0.302 0.144 

2-13 
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- +L = exp :U 
1nCE - i' Lci) !2-i3: 

-1us : 

Ra = TQCE, l txP (+ ‘fnCE - +, nCE) i2-20) 

ant slnct txp (l/20 fnCE) 8 dxand Q 1 “CE l d-i 
(appendix A, page A-8) equation (2-17) follows. 

At tni s point tne effect of the choice of ptnnit averaging period on 

treatment p; ant design can be illustrated. If the pannit averaging period is 

l-sav , ana tne aaily effluent coefficient of variation is VCE = 0.7 (for 

examcit, extended aeration activated sludges, Table C-2), then for a 1 per- 

Cent violation frequency a* 99 percent, R, l 0.281, tilch indicates that 

:ne long term average effluent concentration nust be 28.1 percent of the 

daily maximum penni t limit. 

However, if tnt Dtmit averaging period iS 7 days, then the coeffl;itnt 

of variation of 74ay averages is VCE I Og.6 and R, * 0.321. Now the 

t~tatment plant can be drslgned to produce a ‘long tern dverage effluent 

concentrati on of 32.1 percent of the weekly pearl t 111111 t. for a 3&day 

average 3efmit 'Iinlt VCE - 0.45 dnd R, l 0.404. Mnce, if EL = 10 mg/‘l, 

the treatment plant average effluent concmtratlon mst be 2.81, 3.21, or 

4.04 mg/l for a daily, weekly, or mnthly pennit speclficatlon, respectively. 

*nCe the StleCtiqn of the permit averaging period is related' to 

tnt E rtqui rta for each of the three avtragi ng periods In order to 

2-14 



avz:3 exceec:is tale EL more often than tne selec:ea freauency. These avcrase 

va' jes are -,.-en ;rstd In tne probabilistic dilution moue1 (with other input 

:a'ameters such as ‘cs and pr) to develop the probability distribu- 

tion 3f Cl2 far eacn of the three permit aviraging periods. 

;he va? ue of CO i n the probabil ity distribution can be normal i Led in 

:e,Ts af a stream target concentration (such as the chronic criteria concen- 

tration, CL) SO that the calculation can be used for a wfde variety of 

2o;lutants. Stream concentration is therefore expressed in terns of 

D = CO/CL, 0 being a dimtnsionltss unit of conctntratlon. 

I - c:rven;ent 3resenta:ion of the rtsul ting probability aiStri3gtion 

ma&es use of tne concept of return period. For daily stream concentrations 

tne 1 gtrcent txcttdtnct value has an average recurrence rate of one day 

tvtry 130 days so that fts average return period Is 100 days. Thus the 

'eturn period for daily values is defined 1s: 

*turn Dtriod (days) 8 l/%bdDil It)’ Of ttcttdtnct (2-28) 

%e 9asic assmption in the use of return period as defined dbOVe is that the 

event tiOSt PrObdbility iS befng exanined has d chardcteristfc time aSSOCiatUl 

witn it, in this case, one day for daily concentrattons. Thus, it is assuntd 

that daily Strtdm concentrations dre of concern, and each event corresponds 

to one aay. 

Figure 2-2 illustrates how the results of such an analysis can be 

exDmSstd in a plat of concentration versus return period. 

'2-15 
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Figure 2-2 - illustration of analysis results: stremf concentration 
versus return period for three (Wmi t dvuaging periods. 

The strtm target concentration (CL) for a typical ULA is the chronic 

cr'ttria conctntrati on of the pollutant ynder consideration. The use of tnt 

carom criteria as the stream target concentration is convenient far tne 

comatQon of penit averaging periods because it represents a specific and 

frequently used procedure. The analytls that follows does not attemot to 

quantify the frquency with tiich chronic criteria concmtratlons are met by 

either the conventional WU procedure or tk guidance provldd for selecting 

permit averaging period. Instead, the analysis Is designed to rc: ate the 

choice of the permit averaging period to the frqwncy dth tiich severe, 

short tern water qua1 ity Impacts are expected ds a risult of an effluent 

limit. 

2-16 
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'Tese snort-term !Impacts are pernaps most effectively evaluacea 

w: -- w -es 3ect to acute ctitcria concentrations. If me stream concentra- 

::on exceecs trre acute Crittffa as a result of an occasional high daily 

e'fldent loaciqg, rnc result is presumed to k an undesirable imact. 

yence, tnere is a direct connection between the pemit averaging period 

ana tne probabi 1 ity of acute crl ttrla vlolatlons. $tci fying that tnt 

*iA reaurremnt 3c met as.a daily maximum permit llfnlt significantly reduces 

zre ~ossi3il~:y of acute criteria violation since the effluent limit is 

j:eCl*i es is1 ng zie cnronic criteria, wniCh is always a smaller concentration. 

T3e frequency with wnich daily stream concentrations are allowed to 

exteoc acute criteria is a regulatory aecisi0n.l The analyses presented 

-epein employ a frequency that corresponds to a 14ay in lo-year recurrence, 

3r! average. The choice of 10 years is, of course, used for example 

;3-3ose on:y 3~: :: is consistent with the IO year return period tnat is 

:znvecf: 2nalYy usec for the design stream flow. 

'he resu'its of the permit averaging period analysl s are presented in 

:em of %O/CL whfch Is exceeded wl th a particular frequency, such as once In 

i3 years. This ratio can then be carpared to the acute-to-chronic criteria 

concentration ratio for the pollutant of concern. For pollutants with large 

acute-to-chronic ratios, occaslonal large dally fluctuations can be tOleratecI; 

ana a 304ay pemit averaging ptrfod provides ptotectlon from acute criteria 

vtolations. Conversely, pollutants with small acute-to-chronic ratios are 

more lirely to rewire snorter bay pennit averaging periods. Si te sptci ?f c 

'This is currently under EPA study. 
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t;rs::ecar*3ns, 3rlmarlly t3e ratio of effluent to stream flow and stream 

c' 3~ da--as': yty, 3ecOme slsnifi;ant in these cases. 

Pe 'jnal translation of the selected averaging period option to 

ze'71: t Y lrnl ts requires consideration of the monitoring frequency. The 

3etr,oa assirmes either daily monitoring or Other monitoring adequate to 

;escr: 3e :ne performance of the pl ant on a monthly baslr . If such conditions 

are not met, al ternate limits may be calculated rr)llch incorporate monitoring 

‘pecuency , or monitoring frequency may be adjusted So that these conditions 

a-e met. 

2: 19 
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CHAPTER 3 

EXAMPLE COMPUTATION 

This chapter presents an example problem, snowing step by step 

computations using the methodology described in the previous chapter. A 

set of hypothetical conditions that apply to a site-specific situation is 

assumes, and an analysis is performed to determine the effect on receiving 

water quality resulting from the assignment of different permit averaging 

periods to the steady-state model output. The steps used to conduct this 

analysis are summarized below in Figure 3-1. The format used in this 

Chapter presents data and computations on the left-hand page, and pertinent 

commentary and supporting discussion on the facing page immediately opposite 

those computations. The manual computation using the moments approximation 

is described first, followed by an analysis using the computer program 

(PDM-PS) in Appendix D. Both examples use the same set of hypothetical 

site-specific conditions. 

Figure 3-1 - Step procedure to select optimal permit averaging period. 
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HYPOTHETICAL SITE- SPECIFIC CONDITIONS 

This section provides an example of the type and amount of information 
required to perform the analysis. It also establishes the basis for the 
example computations and assumes that pertinent site-specific conditions 
are as follows: 

A. Site-Specific Waste Load Allocation (WLA) Results 

The pollutant (P) to be allocated has a chronic toxicity concentration 
(CL) of 2.5, and an acute toxicity concentration of 6.25. 

WLA policy for the agency performing the analysis is to use 7Q10 as 
stream design flow, to use the design capacity of the treatment plant 

as the effluent flow, and to compute (e.g., using a water quality 
model) the effluent concentration of pollutant (P) that will result in 
a stream concentration after dilution less than or equal to the 
chronic value (2.5 = the stream target concentration, CL). For this 
example, it was assumed that: 

Design Effluent flow (QE) = 5 MGD = 7.77 cfs 

Design Stream Flow (7Q10) = 23.3 cfs 

The stream target concentration (CL = 2.5) will be met under these 
design flow conditions, when the effluent concentration is CE = 10. 
Therefore based on the WLA analysis, the effluent limit (EL) for 
pollutant (P) is specified by the permit as: 

EL = 10 

3-2 
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CCIMMENfARY 

- - - crOm E?A Criteri a 

State water quality standards do not usually specify both values; 
tney are usually based on chronic values. 

(Any concentration units may be assfgnecl; stream concentrations ~111 
nave to 3c in the same units.) 

--. -, - - - ,*.w -ne ;owest T-say average stream flow with a recurrence 
: ntcrbil of 10 years ) is the most canmon “design stream flow". 
Some states use other values (e.g., 30Qs). This analysjs uses tne 
numedcal value of the "dcslgn flow". However, although the. 
example terminology uses "7010". it should be interp.reted as 
"aesign stream flow" and the appropriate value substitutea, regara- 
less of the averaging period or the recurrence interval on which it 
1s 3ased. (For example, If design flow In a state uere 3005, 
assume tnat 3005 = 23.3 cfs). 

?cOTE : The only exception to this is in figure C-1, in wnicn 
the ratio of 7010 to average stream flow is usca to 
estimate the va7iaDility of daily flows in the aosence 
of a speci fit local analysis. fhe use of this figure :s 
not requisite to either the analysis methodology or tne 
canputations. 

I a m 

CL * 
(OE l CE) + (QS l CS) 

Qi + OS 

2.5 - 
:7.77 l CE) l (23.3 l 0) 

7.77 l 23.3 

CE * 10 = EL 

3-3 
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HYVfiET:CAL SITE-SXCIFIC CONDIT:ONS 
iconti wed J 

a d . 51 to-Soec -fit Conattlons 

S:-earn Flow Mean Flow /,m l 467 cfs 

Coefficient of Variation (~0s) l 1.5 

Lostream Concentration ban (7Xl l 0 

Coefficient of Variation (WCS) - 0 

ffflucnt Flow ban cvr) - 7.77 cfs 

Coeftlclent of Variation (VQE) = 0.20 

3-r 
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CM'ENTARY 

- m a Stream flow 3a:a are obtained fran analysis of ffow gaging records 
for tne stream in question; wnerc. the stream reach is ungaged, it 
i s ootai ncd by extrapolation fra an appropriate record. 

At present, recorcfs are not nonna’lly analyzed for the coefficient 
of variation, althougn the canputation is straight forward ana can 
3e readily incorporated into a routine statistical analysis of 
tally stream flows. In tht absence of specific analysis results, 
the coefficient of variatfon of daily strtam flout can be estimated 
using the material presented in Ffgure C-l. 

w s a l&stream concentration can be assuned to be zero if the stream 
concentration of the pollutant i S very low cmpartd to the dis- 
c?arge, or if the effect of the discharge only is to be txminea. 
Site-soectfic values for uprtrtam concentration statistics uoula De 
ootained fran analysis of an appropriate STORE1 station, or fran 
local monitoring rtcords. If upstrtan concentrations art assignto, 
enter data htre and in the equations when called for. 

The dtsi gn tffl uent flow ts assmed to be the mean tffl uent flow. 
Tht varlaoility of dally effluent flows for a new facility must be 
estimated on the basis of avallable data for exfSting trtatment 
facilities (such as Tablt C-I). For an misting facility being 
expanded, or simply re-pennl tted, vatiabil ity could be based on an 
analysis of past plant records. For many industrial dischargerr, 
this data will be available In Book VI (Design Cmdltions) of the 
waste load allocation technical guidance aocunent series (specific- 
ally, in Chapttr 4: Effluent Design Conditions). 

3-5 
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*VPC)r~E’:c AL SiX-SPECIFIC C3NOIT:ONS 
;cmtinuea) 

E44! se?: Concentrat:on 

Coefficient of Var 

Wean Cl 

iation (VCE) 0 .7 

l 

Tqe mean Conctnttation is a function of the penntt averaging 

9triod anb is that conctntration required to avoid excming the 
effluent limit Conctntration (EL) mote often than the compliance 
probabil t ty. 

at cotfflclent of varlatlorr for the hypdfhetfcal treatuunt plant 
is not known because the plant has yet to be constructed. Asrunt ng 
that the plant will produce an effluent ulth a vrriabillty sla~ilar 
to :nt valuts given In fablt C-2, the following values are used: 

PtMt Avtraging Coeff. of Var. 
Ptri 00 pa) 

3a* ly 0.70 
? -Day 0.40 
30-Day 0.20 

Equation 2-17 Is then used to determine the man effluent ccnctntra- 
tion of (P) which is rtquirtd to avoid a vjolatlon of EL moct often 
tnan the cow@1 iance piobabl llty. For this example, assume that tht 
excttdenct probabil i ty is 1 percent. For Q l 0.99 percmt , 
L = 2.327. For VCE = 0.70, Ra m rr/EL is: 

I 

l dmexp [- 2.327 \Iln (1 l 0.49)) 

l 1.221 txp C-2.327 . 0.63151 

. 0.281 

fne reauctlon factor for 'I-day and 3O-day averages art computed 
similarly rrith vCf (74ay) l 0.40 and VCE (30dry) m 0.20. The 
tcsultt are: 

Coeff. af Var. 
of- Averaged 

Effluent 
ptrmi t Concentrations 

Mu&on 

Xveraging Ptri od Vrc Ra . E/EL 

Daily 0.70 0.281 
7-Day 0.40 0.439 
309Day 0.20 0.643 

Required Mean 
Egue;t i;nc. 

r- Q ) 

0.281 l 10 m 2.81 
0.43g l 10 = 4.39 

0.643 l 10 8 6.43 
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COMMENTARY 

- - w >e mean effluent cmccntration that a treatment frcl:ity is 
caoaole of prtiucing is influtnctd,signIficantly by process stltc- 
t? on. For tnis txam~lt, ft w-ill be assmtd that process selection 
~111 at made following the Issuance of a permit, and influenced by 
its provisions. 

The mean tffl utnt concentration that a facflity is required to 
product is influenced by the ptfmit averaging perio'mt vari- 
ability of effluent conctnttation*s of the pollutant In questIon. 

The analysis tmploytd here, which bases permit averagIng ptriod 
stltctim on receiving water impacts, IS based on txcttdanct of the 
acute criteria on a daily basis. Therefore, all subsequent stream 
impact c3moutations (Step 4) art based on the cotfficittit of variation 
zi daily effluent concentrations, or 0.7, as shown. 

Tqe medn :oncentration is snow 3y (*), btcdust a ai fferent vdlde 
is used f9r each ptmlt averaging period. 

- - w me recofnmeod~ ex:eedtnct probability for the effluent 1 imit is 
el:3tr 5 percent or 1 percent. For 5 percent, 
1.645. 

2, would be Z35 = 

- - m Longer averaging periods rtduct the varlablllty of effluent concen- 
trations, and .allow pennit l xceedance 1 Imlts to be mt with hi.gher 
tfflutr,t means. bmutatfon of tht rtqulrtd man (E) uses the 
valuts of vCE for the corresponding pctmlt avtqing period. 



V 1; {3) 
iLvlr7on No. < 

--*s sec:lon :::,S:cdttS tit land COITIpUtatiOn Using tht mmflts dOcIrOXima- 
“2” =3 * eva’;rdft znt strtm Canctntration probabi 1 ity dl strl butlon. 

:-- -3 *. -- . . CmDutt statistical parameters (arithnttlc and logarithnic) Of 
~IDU:S Ustqg relationships for log-normal distributions (set 
lotts an page 3-g or Appendix A for equations). 

0 for tnt man effluent concentration :E) for a 304ay ptmit 

dvtrag?ng wriou with X m CE, that is for the variabl t CE: 

AR:fHMEfIC 

rtan 

C3e'. Var. ( vx) = - - - - - - - (page 3-6) - - - - - - m 0.70 

I ox) = ux l vx = (6.43) l (0.70) - - - - - - l 4.50 

m 

,Z 
* ux/ $ + ux l 6.43/J 1 + (O.f)? = 5.27 %::an 

Page 3-6) - - - - - - = 6.43 

-09 %dn : Ulnx) = In (f) = In (5.27) l :.662 
f I 

** 1 'I- >c ".J -. 3cv. i O!nx) m 41" (1 + vx2) = {ln (1 + (0.7)I) = Cl.63i5 

0 ThtSt CmPUtatiOnS aft repeated 6r tach d tht Whtr Input 
oarmeters. The rtSults aft tabulattd below. 

Arl thn#tl c Cogrrl thmi c 

X "X 

St ream 467 
Tow: Qs 

Ef fl utnt 7.77 
Tow: 3 

'&strewn 0 
Concentration: 
cs 

Ef fl uent 6.43 
Concentration: 
CE 

an Wad1 Std (kv 

7 QX 
259 701 

7.62 

0 

5.27 

1.55 

0 

4.50 

Coef Var 

“X 

1.50 

0.20 

0 

Mtrn Std Ikv 

ulnx e Olnx 

5.5570 1.0857 

2.0307 0.1980 

0 

0.70 1.662 

0 

0.6315 



C3MMENTARY 

-” e 6,. - ” 3w: q; 3d’dmCtC’-S drt! UStd SUbScquefXly : 

kithnetfc Logar1:hnit 

Lo9 
&can 3. 
Uln x Oln x 

'1nQS *Laos 

'1 nCS OlnCS 

u1 JlCE OlnCE 

7-e fzi!owing definitions dnd equations sunmarfu the rtldtfonshfps &mong 
t-e S:ztist!: d’ JdfdmetefS Of log-nOma randOm VdfidbleS. 

i-. --mar. - - W-M 'ems L3aari:hmic 

X bnoan Variable In x 

“X 

02 
X 

=x 

*can 

Variance 

Standard otvfatfon 

uln x 

2 
%I x 

*1n x 

"x 5e*ficitnt of Variation [not used) 

x %cian (not used) 

ux = ex3 ZUlnx +- l 23 0 

2 1 nx 'lnx 

B In 

( ,- , x 
1 + 2 vx > 

/ 
“x = 4CXP !u;& 1 Qlnx 8 JcE3 
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ibvlslon %I. 2 

EXAMPLE C3YPUTAf:ON - HAND CALCU~T',()N 
;continuta: 

Samputc t3e Tog Standarc atvlatlon of the flow -a:10 :Sj;E . 2. 

Ibe first twO terms art taken fran the table in Step 1 
(and squared) . Since, for this txanplt, flows art not 
correlated (~8 0). the thf rd term drops out, lhtrtfort, 

"1nD m L08S7)2 + (0.1980)2 l 1.1036 

) bmoutt the 5th and 95th percentiles of the actual dlftribu- 
:ion of the ailution factor (0 ). 

5 
*a s 

(2 l @I* txp(ZeulnD) 

Mere: 

6k, c's = medfan vr~uts for effluent and stream Cws 
:fran table in Step 1) 

2, = the Standard nOma t score for selected 
ptrctntflts( 0 ) 

l . 

z5 l -1.645 ; Zgs 8 1.645 

*lnD 1 1.1036 (computed fn Step 2 (a)) 

Substituting the appropriate values gives: 

wg5 = 0.004766 *5 l 0.1531 

Ic) Comwte the log mean and log standard dtvfatfon of the 
log-normal rpproxlm~tlon of the dlstrlbutlon of the dilution 
factor ( e). 

iOg mean ulna l l/2 [ln logs) + In (OS)] l -3.6115 

1 . 

l ix 
(In (0 5) 

Log St8 dev @Jno 
- In (* 95)) I 1 0546 . 
2 



v: i : 3 :I 
*v!rion %. 2 

- - a 31s eauatr3n dccounts for my correlation thdt mdy txlst between 
stream f;ow dnd effluent flow; e.g., whert higher effluent flows 
Tena 'co occur aurrng periods of hign stream flow. 

- w - Srzi Idrily, there is no reason to expect any such corrtIdtion; 
tnerefort o* 0, and the cunputatfon in step (a) is simplified Is 
snowt . 

I 7.62 
(7.62 l 259 CXP C(1.645) (LlD36)I 

l 7.62 
7.62 l 1591 

8 3.004766 



V 9 . '3) 
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EXAFoLE CPPl;fATItJN - HAND CALCJLATiON 
,continuca) 

: tomoutc ari:nmetic statIstica parameters (using equatians on 
oage 3-3 and ~atiulatc for convenience. 

Aritnmetic Logarithmic 

Man Median Std Dtv Coaf Var Hean Stcl oev 

:::u;:on . (*) 0.0471 0.0270 0.0673 1.43 -3.6115 1.2546 t 

STEP 3: Cotmutt the statistical parameters of the resulting In-stream 
concentration (CO). 

ia) iomoutc the arithnetl c mean cohccntration using prtvi ously 
ta~ulatta values, usfng Equrtlon 2-8. 

uC0 * ; UCE l u. 1 + tuCS l (1 - Ye ,I 

= z5.43 l 0.04x; + ;3] = 0.303 

UC3 = 40.324 - 0.569 

(C) COIIWJte and tabulate for use in subsequent gtaghlcal or 
other sunwnario, the other statlrtlcal parameters of stream 
concentration. 

st’reafn 
Concentration (CO) 

Arithmetic Logari tnmic 

Maan ?WIlan Std (kv Coef Var Man Std oer 

0.303 0.142 0.569 1.88 -1.9s 1.23 
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C3MMENTAR" 

- - - 'me eaua:* ens arc as follows: 

= exp L-3.6115 + 2 ’ (1.0546)2] 

* exp [(1.0546)2]-1 

= i.429 

V =u v 
0 l 0 

* ‘3.x:!: :: .429) 

l 0.36729 

w - a idhen tna manual ('nments" approximation) analysis presented ntre 
is used, tne rttcam.concentrations conputti art assumed to M log- 
nomally distributed. fhrt 5s. the 1og-normal distributton cwuttd ;s 
an aporoximatt rtprtsentatlon of the actual dlrtribution that results. 
The degree of a&?pfoximtlon is exami ntd subsequently. 

- - a fne equations are: 

WC J . ac~wo * 0.569/0.303 

l 1.88 

u TnCO l 

In JG& 

( ) 

a 

In J% 

( > 

* -1.95 ’ 

%CO . 
J 

'In (1 + vEo) 

8 din [l + (1.88)2] 

8 1.23 



VI: (3) 
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EXAMPLE C3MPUTATION - HAND CALCLIIJITION 
;c3ntlnueo) 

-w- 
: ,2 A: 3s e trrt statistical parameters of strtim concentration cnputtd 

in :ne vevious Step to construct graphical or tabular displays 
slrmmari zing tnt frequency elstribution. 

a: To construct a probabil i ty plot using log-Probabi 1 ity graPn 

caper : 

0 fit median concentration is plotter at the s&h percentile 
position. 

c’o l COSM 

m w (UlnCO) 

m l xp (-1.95) 

' 0.142 

0 hy other plottfng position Is determined as follows: 

(1) Fran Tab1 e A-1, select a ptobabillty ( a ) and 
deternine the corresponding value of 2,. For 
axapl e, 

2robabll i ty = 0.841 (842) - - - - - 284.1: m i-20 

+obabi 1 i ty * 0.159 (16%) - - - - - 215.g= * -1.30 

(2) kput@ the concentration at probabll ity ( o ) from 
the log mem and log standard deviation of stream 
concrntrrtlon (CO). 

coo . l xP( UInCO + 2. ' @lnCO) 

(3 

84% plottlng posltlon 

C084s l tXp(-1.95 + 1.00 ’ 1.23) l 0.487 

16% ~lottlng posltion 

c016x m tXp(d.95 - 1.00 l 1.23) = 0.0416 

) Plot these concentratfons on lo~-nomrl probability 
PaPer and connect with a ttfl ,lght 1 fne. 

q-14 
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COMMENTARY 

STRAIGHT LINE 

7/ 

------e---w I 
I 

: I 
I I 

I I 
c 

I ;e4x 

+ I I 
01 .I I2 510 305070 90 99 99.99 

% EOUAL OR LESS THAN 

='igurc 3-2 - SdmPle Stream Conccntrdtlon versus ?rob.lbillty plot for 
?C-cay averaging period. 

Tqe pmoaoility plot indicates, for ex&npl8, th&t the Strtdm Concentration 
cf POl?utant (P) will exceed il concentration of 1.0, at a frequency 
!3roDdbility) of about 52. 
tniS 1s interpreted as: 

Since the mrlysis is based on daily vdlues, 
51: of all days will have stream concentrations 

;rea:er thdn 1. 

3-15 
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'r, \ - To construct a -ecurrenct interval (return pcri 36) ~13: 
using log 40g gfapn paper: 

o the famlr used in the prWOuS step 

CO, * EXP( UlnCO + Z,-ul"cO) 

can be rearranged: 

z,g 
ln (CO, 1 * UlnCO 

QlnCO 

The log mean and log standard dtvi ation wrt dtttrmlntd in 
Sttcl 3: 

u lnC3 = -1.95 

u1nC3 = 1.23 

o Plotting positions are dettnnined as follows: 

(1) Select a strles of values for strem concentration 
(CO) covering a range of interest, take the natural 
log (In) and Canpute the value of 2. 

(2) trOm faDIt A-1 identify the pr~~abllity (Pr) assc- 

(3 

ciazta ui th t&ch 2. 

) Compute the mean r;urrence Interval (MRI 
of tne selected concentrations: 

) for eacn 

HRI (years) . & l 

1 
365 day/yr 

For uanplt: 

Strem Ptobabllity Man Recurrence 
Concentration CO 2 Greater fian Intwval (years) 

1s 3.787 7.626 x 10-S 35.9 
10 3.457 2.732 x 100~ 10.0 
5 2.894 1.902 x 10-J 1.44 
1 1.585 5.648 x 10-z 0.0485 

Plot results. If necessary, compute addltl onat duel to 
assist In drawing a -00th curve. 



w - w a’33d9 i 1 lfy FCSUl :S cdn be misleading for tnt water ouali:y issues 
3elng :3nsi3erta ntrt, unless interpreted very carefully. For 
exdmo: e, d 1: 3robdbility of exceeding d significant sttedm cancen- 
:rat!gn means tndt tnrs occurs nearly 4 times 1n I year, and for 
more tnan a montn of individual days ovtr d 10 ytar period. 
fxsressing rCSUl:S ds recurrence intervals is 3elievta :3 pr3vice d 
nore ;rseful txortssron of analysis results. 

I 
IO YLAR 

RECuRRLNCf lNfERVAL 

i 

w-w 

I 
,101 

I . *I.,,.1 I . tl..,tl I I ,I,.,,1 I11141 

.02 .os .I 5 I 2 5 lo20 50 
MEAN &“RR&CE INTERVAL - YEARS 

;i 3ure 3-3 - Sample stream concentration versus mean recurrence interval 
for 304ay averaging period. 

bte that the acute concentration assuntd for the pollutant (6.25) 
is txctcdtd tr) average of once every 2.6 years. If the txcetdance 
criteria to Ot met is bn average of 1 dcutt toxicdty l xceedanct 
every 10 years, then the arslgrment of a 304ay permit averaging 
Period is insufffcitnt; shorter averaging periods must be txdmiitC. 

Lbwver, if the pollutant had an acute conctntr8tion of 12.5 (or an 

acute-to-chronic ratlo of 5), the rtcurrtnct interval of 20 years 
would be sufficiently protective for acute events. 

3-17 
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E XAYQLE C2HPUfAtI ON - HAND CALtLLAT:ON 
:cmtinutd) 

f” M :a 5: kwutt tne receiving water qualfty impact that rrould result 
frun assigning other permit averaging periods. 

qcpcat Stem 1 - 4 using tht vabs for Ethat have been 
calculated for weekly and aail y permit assignment. 

74ay permit average - - - - - - - TT l 4.39 

[bily maximun pennlt average - - - CE = 2.81 

Al 1 other imputs rmain unchanged. 

When tnt cmmutations art repeated using these values, the 
statistical garmeters for stream concentration (Step 3) z9at are 
zevol zoec 2-c as #311 ows : 

STREAM CONCENfRAfION (CO) STATISTICS 

kmi t 
Averaging ban Mdian Std. kv. Coef. hr. Man Sta. Ike. 

%fiOd IJ co Cl = co v co "!nCO u ' nco 

30.Oay 0.303 0.142 0.570 1.88 -1.95 1.23 

7 day 0.237 0.0971 0.389 1.88 -2.33 L.23 

l-by 0.132 0.0622 0.248 1.88 -2.78 1.23 

lhbabll ity and ncurrmce Interval plots rr4 then conrtrucfed as 
dercrlbed in Step 4 to provide a graphical canprrIton of the 
influence of rlternrtl ve choices for averaging period on the 
frequency of rxcmdlng rcut*ly toxfc concentrations of pollutdn: 
(P) fn the recefving system. 



'd:: ,3i 
3evrsion No. 2 

COMP'ENTARU 

3’ 
99 

:?gure 3-A - Concentration versus probability plot for l-, 7-, and 
30.day averaqi nq per1 odr . 

RECURRENCE INERUAL 

I L I 

PERMIT AERMINO -- 
- -- 

PERMIT AERMINO PER100 I 
I I 

,I * , I.,,,1 I I tl1.111 I I rIt1c.I I I lI..J 

.Ol .02 .os .I .2 .5 I 2 5 to 20 50 
MEANRECURRENC~IN~RVLU.-YEARS 

Figure 3-5 - Concentration versus mean recurrence interval Plot for l-9 
7-m and 30.day averaging PeriOdS. 
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EXAMPLE COMPufAf!ON - HAND CALCULAfION 
(continuea, 

e-s- 
3 ,’ 51 kiec: the appropriate pemit averaging period. 

?hc appropriate permit avtrdqinq period is chosen to provide 
an acceptable ltvel of receiving water quality. The dtclsion is 
oastd on the assunptfon that an unacceptable excetdcnce of the acute 
criteria in the receivlnq StrtaIn Is more thdn once every 10 years, 
on av traqt . 

TherefOre, the pemit averaging per4Od selected iS the hiqhtst 
one that does not reSulf in d mean recurrence interval for acute 
criteria violations that is less than 10 years. For this exmple, 
rtcurtenct intervals for d stream concentration of 6.25 are 
approximately 

304ay Avg. Period . 2.6 years 

7.3ay Avg. Period = 7.7 ytarr 

:-ody Avg. Period l 31 years 

for the site Specific condftlons dstumd for this l xmple, a 
l-day pennit averaging period could be asstqned to the effluent 
17mit of 10. Mwever, as shown below uslnq more exact calculations, 
a 74ay permit averrqjng period is suffici*rttly protective for acute 
tvtnts. Thus a t4ry pem!lt averaqlng period Is rsslqned to tnt 
effluent limit of 10. 

3-20 
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R4v1s1on rut. 0 

- a m :a* marginal cases, it should be recognirec! that tne projtctlons maae 
us1 “9 :ne manents approximation tend to be conservative. As snow 
>e: ow :ne more exact recurrence intervals art 6.4, 32, and 28C years. 

m a - The acceptable frqutncy of acute criteria violation is, of course, 
a policy decision. Alternate ltvtls art cvaluattd directly from 
figures 3-3 and 3-4. 

w w a Tnt moments approximation ustd for tht foregoing computations 
:3ecause it approxlmrtts the djstrlbutlon of dilutfon factor (@) 
witn a log-normal distribution) provtdts an approximation of tne 
orooability distribution and rtcurftnct interval of tnt stream 
:oncentrations. 

b exact computation tnat avoids the necessity of tnis approxima- 
t!on, is providea by use of tha ccinputer program attai ltd in :ne 
pext sectton and in Agptndix 0. In tnis cast,its use is warranxa 
since a 74ay pennit averaging ptrlod is sufficiently protective. 

3asea on the selection of tht 74ay ptmlt averaging period, the 
maximm 74ay average permlt limits m EL l 10 mg/l. This permit 
limit is equivalent to a long-trnn average effluent concentration 
y=R,.EL ’ (0.439) (10) l 4.39, with coefflc~ent of variation 
daily effluent conctntrrtlon (YCE) l 0.7. Thus, the design of the 
treatment facility and tht stltctfon of treatment process should be 
maue to mtet these sptcfflcatlons of E l 4.39 mg/l with cotfffcitnt 
of variation of dally effluent concentrations YCE 8 0.7. 
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EXAMPLE CCMP'JTATION - HAND CALCULATION 
~conti nutaj 

'"3 -. 3 ,. . Csmoute Pemnit Ilmi ts for other averaging perious iaaily maximum 
arc mnthly! and exctedcnce percentiles (1 percent and 5 per:en:: 
:?a: are consistent with the treatment ptrfor?nance level es:aD?isneg 
:r Step 6. 

At this point 'In the analysis, 
tne effluent limit of EL 

(t has kefi dtttnnl ned that assigning 
m 10 as a bfeekly ptrmlt, applicable to 7 

say averages of the daily concentrations, it sufficiently protective. 
fnis choice is basta upon an effluent limit violation frequency of 
one percent. The man effluent concentration for these cnoicts is 
E m 4.39. 

If it is assumed that the same violation frtquencfes apply to the 
3tntr permit concrntrrtIons, than they can be canputti directly: 

Ptnr.it Limit l E/Ra 

s:nce Ra l z/CE. and the pennit limits are assumed to DC :nc 
a-3ep:entile concentrations for tam averaging perlou. 

If other violatfon frwwencits are desired, for example, 5 
percent, tnen permit lIarits of thfs frequency can rlso be calculated 
using the approprlatr R, for 1-a m 5 percent. The table below 
presents the results for the example cortsldered above. 

Ptrmi t 
Averaging 

Period 

Coeff. of Var. of 
Avg.'td Effluent Reduction Factor@ 

Ctktntrati ona 
"CE 

R, Permit Liwtsc 
1% sx 

. 
., 3: 

14&y 0.70 0.281 0.432 15.6 10.2 
74ay .o.ro 0.439 0.571 10.0 7.69 

304ay 0.20 0.643 0.736 6.83 5.96 

It should be polnted out that any or all of these pennits art 
qulvalent In the swue that a tteaflnnt pl8nt meting any of these 
requirwnts wi 11 also met the drlred water quallty goal.. Of 
course, this Is true only if thr rcturl coefficients of variation 
for ally values and 7 rnd 30 dry rverrge plant l fflwnt concentra- 
tions are as sptclfld. 

aTheSe are assured to be representatfvt of the treatment Plant 
affluent behlvl or. 

bfael e 2-l. tquatlon 2-17. 
chnit limit l E/R,; E m 4.39. 
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t3MMENTARY 

qe3Jcr:m factars (set 2. 3-6) 

c n 0.:e of averaging period 
f-om step 6: 

Value for tnt selected averaging 
per?oa (from step 6 - steady 
s:a:e motel output) 

Otlily 
Maximum 

0.281 

n0 

uttkly %ntrtly 

0.439 0.643 

Yes n0 

10 
e 

?eTit iim::s using reduction 
l act3rs , 3,‘s 

.w . 15.6 10.0 '"o!~;;3g' . 6.8 

2ef ficttnt of variation of 
cai:y, wetltly, ana montnly 
3emt limits (set p. 3-6) 

0.7 0.4 0.2 

The iong :tmn average effluent concentration for fht required level of 
treatment iS tqual to 4.39 mg/l with the coefficient of variation of 
aaliy effluent concentrattons equal to 0.7. To meet tnt water qualrty 

sranaav at tnt state specified design flow and to met tnc ac3cIc 
crlzeria at all times except for 1 day once in 10 years, :nc treatmtnt 
facilities nttd to De built to met the long tam average concentration 
of 4.39 mg/l with cotfffctent of varlatlon of daily tffl utnt conctn- 
tration VCE = 0.7. fht ptmit limits derived above are based on 
daily, wttkly, and mntnly rtporti ng proctclurtr. If lest than 
adequate monitor1 ng is required, the approprlatr permit limits 
mst be derived using the long term average and qqulvalent coefficient 
of varlatlon. 

423 



EXAMPLE CWPUTATION - HAND CALCuLAfION 
icon:7 nuta: 

Recap1 t;rl at i on- 

17 aratr to aiC in tnt unatrstana!ng of the suggtstea proceiIure, tne 
sequence is reviewed below in outline form. 

3. Establ Ish Strtmflow characteristics. 

m "QS 

2. EStabl i Sh effluent flow CharaCteristicS. 

T 'x 

3. EStabi ish effluent COnCtntraffOn vartabil'ty CnaraCttriStiCS 
(WCC) for daily values and 7 and 30 day averages. 

Averaging Pttiod 

lday 
74ay 

304ay 

Cotfflcitnt of Variation 
vCE 

0.7 
0.4 
0.2 

4. Esta~lisn affluent limit frua steady state wasteload allocation. 

EL . 10 

5. Establish vlolatlon trwwency of EL. 

and assum CE, y EL 



d i 

R&:,n uo. 3 

. . Ttse snould 3t site specific since tnt cunputation is usual;y 
sensitive to tnt values. 

2. *an eff? utn: flow is important, but the C3tffiCitnt of variatim, 
since it is usually small, is usually not significant if Y;E << ~'35. 

: M. T7ese coeffl;:ents of variations sptcl*y tne 3eravior of Z3e 
aaily values ana temporal averages of effluent Concentrations. 
UCrt detailed evaluations for industry specific or pollutant 
specific situations art rtquirtd to bt more definitive. lht 
values used aft not suggested as untvtrsal. 

"* The analysis Drtstnted in tnis manual dots not evaitia:e :nt 

atgrte of protection afforded by this choice. That is, tnt 
Irobability Of violation Of tht chronic Crittria iS not CalCulattC. 
!t is assuned to be sufficiently prottctlve. 

5. The choice of violatdon frquncy Is ntctssary fn order to give a 
SptcIfic probabdllstfc mcsning to EL. kasonablt values appear 
to be one or five percent. kkwtvtr, a proolan may arise if too 
frqutnt a vfolation frtqutncy Is chosen. It may turn out that 
even Specifying the ptrmlt as a daily maxlmum dots not insure 
:nat acute crlttrla vlolatlons art sufficiently rare. In this 
cast, a lowtr probabfllty of vfolatlon must be sptcifitd. 
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i 
w. %r Q 1st~~ 5) and coefficients of variation (step 3) cangute 

ratro of nean effluent to effluent 1 imit, R, * n/GE, ana tne 
resdlting -wan effluent conccntrat~on E for each averaging 
3eriod. 

Averagfng Pcrlod 

Reauctlon Factor 
Wan Effluent bnccntration 

rc 

l-day 0.281 2.81 
74ay 3.439 4.39 

304ay 0.643 6.43 

. 
. Evaluate each mean effluent concentration using POY to compute 

:le -etdr9 3efioc of acute criteria violation. ,Choose tnt 
3 ::r3C?' ate averag:ng 3eriod. 

Return Pe;wl ky;;rs) for 
8 . 

Averaging bnent s @adraturr 
hriod JL Aooroximation Mtnod 

!4ay 2.81 
74ay 4.39 

324ay n3 

31 
::; 

281 
21.8 ) 13 .- years 
TT4 

7 
d. Csttabllsn approprlata permit limits for other averaging periods. 

x l 4.39, 1 -0 l 1x. 

Averaging Period YCE PennIt limita 

14ay 0.70 0.281 15.6 
74ay 0.40 0.439 10.0 

304ay 0.20 0.643 6.83 

aknnit Limit l E/R, ; 1X vlolatlon frquency. 
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C3MMENfARY 

a 

3. 3-s =al:ulatiOn makes the conriection between the effluent lim:t 
ant tne mean effluent concentration required to meet tne effluent 
limit if it is assigned to dafly values or 7 or 30 day averages. 
A :reatment plant designed to produce E and wnose variability 
:s as scwcified in (3) will meet the effluent limit wi:n one 
3epcent violation frequency. 

Tqe :?lf-ee :rca';nent plant designs (tne three mean effluent 
:21cen:*at?ons) and :ne eai ly effluent variability ape use5 *- 
q! to c3mpute :ne return periou of an acute criteria violat:on. 
Tne moments approximation is sufficient if tne return pcrioos are 
significantly less than or greater than the 10 year criteria 
violation frequency being txanIned. In this case, the 74ay 
averaging period result is close to 10 years and the more accurate 
cmputer method is used to improve the accuracy of the calculation. 
The calculation indicates that a mean effluent concentration of 
TZ = 4.39 and a daily YCE l 0.7 is sufficiently protective 
for acute criteria violations. This, then, is tne basis far tne 
creazment plant design. 

a d. The oennit Iimlti for the other averaging periods are now calcu- 
iatecl to be consistent dth the treafment plant design. That is, 
tnesc pennlt llmitr are consistent w-i th effluent mean and coeffic- 
ients of vartation as Indicated, and specify the sme perfonnancc. 
Thus, they are equivalent requirancnts. 
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EXAYPLE :3f@UfAfION - CO?!PUIER PROGUM 

-1's sect: 3n illustrates 5ne use of the PDM-PS canputcr program (includea 
am ZtS :-13~1 in apemix 3) to the solution of tne example presented ln 

:?e 3revious section. The site-specific conditions used to define input 
values in tne previous sectlon are used in this section as ~11. 

me PW-PS is structured to accept inputs in the form of statistical 
3acameters and ratios, determined rcadfly from the data. The following 
'a:ios are entered for this exmpl e cunputrtlon: 

Strem Flow Ratlo 7010/m l 23.3/467 l 0.06 

Effluent Mlutlon Ratio 7QlOlm l 23.3/7.77 = 3.0 

Effluent Con entration 
f 

=/EL l (*) 
Reduction actor 

I*! deduction factor assigned aepends on permit averaging 
Jerioa. Gs de:emn:ned earlitr, 

30 Oay - - - - R l 0.643 

E/EL 7 Day - - - - R l 0.439 

1 Day - - - - R l 0.281 

-pe 3n'y C)tne' inputs called for art the coefflclents of variation of 
st ~0at-n YOU, efflutnt flow, and effl utnt%oncentration, which navt already 
3een cetennined. 

The facing page illustrates the Input pranpts that are dlsplay8d whm 
the program 1s run, and the values enterad In retponu to the prmpts, 
i? tnls case for evaluating thr 304ay prnnlt avrrrglng prrdod. 
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CP'PEWARr 

rr-r-u~r~s~r+~~*+~-~- 
:YP?-S: CXF VA2 Of QS,QE,CE 

QAfIs... 70 lO/avgQS 
RATIO . . .7ClO/avgQE 
?AfiO . ..avg CUE1 

6AcKs?OUND STREAM CONC (CS) 
IS ASSWED TO BE ZERO 

-e-e-w+ck+ -*-W 

EN-E2 C3EF VAR 3F QSJEJE? - - - - - - - - - - 1.5, 0.2, 0.7 

SC2 'OLLiX:NG RAT;$$: 
.*..... ?z!z/avg 2s ? - - - - - - - - - - - - - 0.05 

.a . a . . . . ,..*..ez 3v.g 1; 7 - e - - - e e a 0 0 - 0 0 3.0 

. . . . . . . avg CE/EL? 0 0 - - - - 0 - - 0 w w * - 0.643 

CNrER L%EST,Hi~3iESf,AND IKREW- This prapt repeats after :nc 
ENf 3F YL'LT 3F TARGET FOR WHICH 
: EXCEE3 :S DESIRED 

selected range of values has 
been computed and displayed. 

7 It allows the user to De guiaea 

r ,.-- 
-1 t? ,X'ESf, * ::;IES',AtiD lNtREN- 

by output in se1 l cting vdlucs 
and ranges for subsequen: cmc- 

E’,’ 3F UL’LT 3F TARGET FJR iiHIfH utations. 
D - i[ EE> 0 - 15 3ES;RED 
7 

VGTE : 

0.01, 0.06, O.Ci 

0.08, 0.36, 0.04 

3.40, 4.0, 0.2 

The manual analysis presented earlier, canputeu the txccedancc 
WoOability and recurrence fnterval for specific stream concentra- 
tion values. The computerfred ccmputation generates these results 
for stream concentrations expressed as mu1 tlples of the target 

concentration (CL) that is explicitly assuned to result ear, 

Effluent Concentration CE = EL (the effluent 1 hit) 

Effluent Flow OE l IF (average W 

Stredm Flow US l 7410 (the design stram flow) 
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EXAluPLE t3pPUTAfION - COMPUTER PROGRAM 
,continueaj 

PROCAAH OurPUT 

tttwtwt~*~~ttlt*tt~~w~~w~~* 
RECEIVING MATER COK (CO) 

PRO6ABILIfY DISlRIeuTION 
AND RETURN PERIOD 

FOR MULTIPLES OF TARGET COK . 
3uE TO POINT SOLRCE LOADS 

t~~ttt~t*twlwt~~~w~w~~~~* 

COEF VAR.....QS = 1.50 
COEF VAR.....% l 0.20 

COEF VAR.....CE = 0.70 

7010/ave OS = 0.05 
fQlO/ave QE 8 3.00 
ave CE/ EL - 0.64 

.-+-cI*cce-*+ m+-+-+ 

STREW CONCENTRATION (CO) 

MULT OF PERCENT RETUlN 
TARGET w TIME ERIOO 
(CO/Cl) EXCEEDED (YEARS) 

-mea---- wm---e-ee e---e-mm 
0.01 92.699 0.003 
0.02 80.916 0.003 
0.03 71.039 0.004 
0.04 62.?88 0.004 
0.05 55.862 0.005 

0.08 
0.12 
0.16 

:* :: 
0:ta 
0.32 
0.36 

40.800 0.007 
28.659 0.010 
21.170 0.013 
16.201 0.017 
12.728 0.022 
10.206 0.027 
8.320 0.033 
6.875 0.040 

*o.ro 5.746 
0.60 2.650 
0.80 1.399 
1.00 0.804 
1.20 0.490 
1.40 0.312 
1.60 0.206 
1.60 0.140 
2.00 0.097 

ikZ 
0.19c 
0.341 
0.559 
0.878 
1.331 
1.961 
2.821 
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COMMENTARY 

- w - Trots output is for a 3O-day parmlt average period (R,, l 0.643) 

Tne range of values selected here is broad enough to facilitate 
;mstruction of probabillty and recurrence interval plots. 

5: -earn concentrations listed are in terms of a ra:io to :ne :arsef 
-‘-ce?“a:73n : CL; l -w In t9:s example, the target stream t3nce0:rb- 
::on 1s: 

CL l 2.5 

Actual Stream concentration is this value multiplied by the listed 
value: e.g., the multiple of Target (CO/Cl) = 0.4 

Iorresoonaing stream concentration is: 

cl.4 X 2.5 * 1.0 

Slice zne acute-to-chronic ratio for pollutant (P) is 6.25/2,50 = 2.5, 
Jcdte exceeaences are reflected by multiple 2.5. 

*obability or recurrence fntrrval plots can be constructed, simply 
9y glotting the values listed in the canputer printout. 

Mte that the probabfllty distrfbutfon of stream concentrations 
deviates from log-normal (a straight line) at the higher exceedance 
percentf les. 
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ExAMP1,; C3MPUfAfION - COMPCTER PROGRAM 
;continued) 

STREAM CONtENTRATION (CO) (cont.) 

MULT OF PERCENT RETLRN 
TARGET of TIME PERIOD 
(CO/CL) EXCEEDED (YEARS) 

wawmmw-- -mwwa-a-w w-e----- 
2.20 0.069 3.977 
2.40 0.050 5.507 
2.60 0.036 7.509 
2.80 0.027 10.098 
3.00 0.020 13.411 
3.20 0.016 17.612 
3.40 0.012 22.894 
3.60 6.009 29.082 
3.80 0.007 37.640 
4.00 0.006 47.674 
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C3MMENTARY 

94 EOUAL OR LESS THAN 

3-6 - Concentration versus probrbilfty for PDI-PS cowuatdon. 

? 
P 
c IO ;rra 
c RECURRLNCf INTERVAL 

I - 

0. 

I 

I 

+ 
I 
I 
I 
I 
I 
I 
I 
I 

r I 

RETURN PERIOD -YEARS 

figure 3-7 - Concentratdon versus mean recurrence Interval for PDfWS uwufa:f0n. 



4 1: Y3) 
;Lvis:on No. 0 

EXM4PLE C3MPuTAfION - CDnPuTER DROG2AM 
icontrnuca~ 

-: exm--e St- eam concentrarion effects for otncr pcrmlt dvcraglng gerq3as, 
‘exda: :ne dnalysis, 
factor :2 a Z/EL); 

si&stituting the appropriate value for tnc rwuction 

?e return getiod curves provide a useful sunmary and wrspective; however, 
me evdi ;ra:lon can be PerfOnIIeQ Without CdnStrUCting tne graph. In tnir 
‘dse 9 :qe range of concentrations spccifieQ mignt (as shorn below) simply 
3 raclcet tnose of principal interest. In this case, a range of CO,'CL from 
0.5 :o 3 is selected, because the chronic limit (CL l 1). and the acute 
1 imit to be exceedea no more than once every 10 years Is CO/CL l 2.S. 

The relevant portions of the output for the three permit averaging periods 
dre snowl Slow: 

STREAM CONtENTRATION (CO) 

30-3ay Average 

E/EL l 0.643 

i-Jay Average 

T/EL = 0.439 

:-Day Average 

E/EL = 0.281 

MULT DF ?ERCENl RETilRN 
TARGET OF TIME PE2IOD 
WVCL) EXCEEED (YEARS) 
---w-w- --w-w- - .---e--w 

0.50 3.818 0.072 
1.00 0.804 0.341 
1.50 0.252 1.085 
2.00 0.097 2.821 
2.50 0.043 6.443 
3.00 0.020 13.411 

e-e-mea ~~~~~-~~ e--m---- 

0.w 1.717 0.160 
1.00 0.272 1.008 
1.50 0.069 3.957 
2.00 0.023 12.149 
2.50 0.009 31.819 
3.00 0.004 74.364 

m--e--- ------a w--*-w-* 
0.50 0.560 0.489 
1.00 0.060 4.601 
1.50 0.011 23.866 
2.00 0.003 90.571 
2.50 0.001 281.076 
3.00 0.000 756.249 
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C3MMENfARY 

-1. . . :I? s Case a clffererlt averaging period would be selected th&n tnat 
2asec JDOn :ne TIa%al :mpUtation. kutt criteria txceeatncts nave a mean 
reClip-e?ce inferval snorter tnan 10 years for a 304ay permit average, so it 
-cdl3 3e *eJected In favor of a 74ry average, Mich meets the guideline. 

kcte znat tne exact :3nputation using the cunputcr program indicates a 
- 3 :.- year return period for acute violations, canpma witn a 2.6 year 
*et;rri period estimated 3y the manual afIpfOxitTMtiOn. The manual approxi- 
7latizn zenas to give conservative projections for the longer return periods 
that are of interest, though difftrtnCtS vary depending on SpCCi fiC input 
:3nai:ions. 

*Ice, t5ere will Se marginal cases where the approximate cQnputation may 
te:ec: a 3C-aay aveeage inappropriately. 

;n :ie ot?ep land, wnerever the manual aDproximation accepts a 304ay 
:e--r-: ave-a;e 2s ao3r3orlate, it is safe to assume that tnc more exact 
:;r;*:t:'Jr * Y . ' 1c: qoaify znr! cnoice. 

-Cr t?e site specific conditions assuncd for the txaplc analysis: 

3 tiy Jollutant with an acute-to-chronic ratio of 9.5 or greater 
do01 c, adsea on the manual approximation, always be assigned a 
X-cay germit average. 

a w -ie >!Y-PS c3mputa tfon extends this to pal lutants with aCute-t3- 
:nr3nlc pa zios of 3 or more. 

UC’: : !?A JlterDrets any return period greater than 25 years as being 
njgn!y improobblc., 



Revision No. 0 

CHAPTER 4 

RANGE OF EXPECTED VALUES FOR STREAMS IN U.S. 

As illustrated in Chapter 3, the method can be applied to any site 

specification evaluation for which the relevant statistical parameters are 

available or can be estimated. The Purpose of this section is to present 

a concise of summary of the results of such computations for the range of 

site conditions that are likely to be encountered in practice. This 

chapter provides such a compilation along three lines. Section 4.1 

describes the basis for the input values selected to provide a representa- 

tive range of site conditions, and presents the results of an analysis 

using these typical ranges in the methodology described Previously. The 

stream flow characteristics were determined from an analysis of 180 

s-reams and rivers: treatment plant effluent characteristics art based on 

analysis of data from over 400 POTWs. The results in this section apply 

for conservative (nonreacting) pollutants. Section 4.2 describes how the 

information provided by such an analysis can be used as a screening tool 

for selecting permit averaging periods. Section 4.3 presents results of a 

similar analysis, except that it Is specific to oxygen depletion by 

biochemical oxygen demand (BOO) loadings. Section 4.4 extends the 

analysis for conservative pollutants to the special case of streams that 

are highly effluent dominated, Including those with significant zero-flow 

periods. 

4.1 Analysis for Conservative Substances 

The review of Stream flow and effluent statistics presented in 

Appendix B indicates that the following ranges are reasonable. Effluent 
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concentration variability, (vCE), is in the range of VCE = 0.3 - 1.1. 

Effluent flow variability, (vQE), is generally small relative to stream flow 

variability and, therefore, does not greatly influence the computation. 

vCE 0.2 is consistently used. Stream flow variability follows from the 

empirical relationship of vQS and 7Q10/QS, For a specified ratio, the 

range of vQS, as indicated by the data discussed in Appendix B, is used. 

The ratio 7Q10/QS varies considerably. A representative range is 7Q10/QS 

= 0.01 - 0.25. Finally, the magnitude of the effluent flow relative to the 

stream flow is specified by the effluent dilution ratio: JQ10/QE. A range 

from 7Q10/QE = 1 - 50 is chosen to represent effluent dominated streams and 

large streams with small discharges. A 10 year return period has been 

selected as the acute criteria violation frequency. 

In order to compute the ratio of the mean effluent concentration to 

the effluent limit Rœ = CE/EL, it is assumed that the permit violation 

frequency is one percent. The final specification required is the relationship 

of 7 and 30 day average effluent concentrations to the daily effluent concen- 

tration coefficient of variation, vCE. Based upon the data presented in 

Table C-2, it appears reasonable to expect that the 7-day averages have a 

coefficient of variation that is 0.8 of the dally values, and that 30 dry 

averages have a coefficient of variation of 0.6 of the dally values. Thus, 

the reduction factors used art: 

Coefficient of Variation Reduction Factor, Rœ 
of Dally Values œ = 99 Percent 

vCE 1-day 7-day 30-day 

0.3 0.527 0.593 0.671 
0.7 0.281 0.340 0.425 
1.1 0.187 0.229 0.296 
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'I e -esul ts 3' :nese computations are sutnmar7zea In figure 4-l ana 

;*vem :- :et-j- 1 1n Tacits 4-l to 4-4. The three choices for pcmlt 

akepage are show. bch group Of Darr rtprtstntlr the range tn effluent 

:3ncertratlon variability, YCE. Each individual bar represents a 

oa -:l:ui ar effl uen: cilution, 7010/~. Finally, the length of each bar 

revesents tne range that results fran the range of stream flow variability 

,:7c:o/gY * a.01 - 0.25) and the associated cocfficlent of variation, 

Uh s * me ordi note is the downstream concentration (In multiples of the 

cnr3nic criter'a) wnich has a IO year return ptrlod.' 

A -3ncer 3f featares are immediately apparent. For ?o?l;rtants tit=:: 

ar acute ~3 cnronic ratio of greater than 10, no acute criteria violations 

zre prq acted over the ranges 1 nvrrti gatrd, and 304ay average permit 

sseci fi cati ens appear to be sufficfently protective. For acute-to-chronic 

*a tizs of less than 10, site specific considerations are important. 

3e results are most sensittve to the stre&n flow parameter 7010/y, 

dS can 3e seen from the range covered by aach bar. for txanple, the last 

bar in the iigurt, 3O-day pcnnlt averaging ptrlod, 7QlO/r l 50, YCE = 1.1, 

covers the range fran B l 0.9 to 4.6, corresponding to 7QlO/~ l 0.01 and 

V? ,s = 2-4. 

Following, in order of dureaslng sensftfvity, iS the effluent 

dilution ratio: 7fllO/r. A slgnlflcant dlstinction can be found betmen 

'?!t EPA is Presently consiatring the fssue of allowable duration and 
frequency of exposure to toxicity, Based upon this ark, duration and 
f~euuencles used as the declsfon criteria may change. Thjs guidance dots 
not recommend any particular minimun acceptable duration or frequency. 
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n(l9Ht 01 8AI IUDICATU STWCUr m 
PLOW VARI4ILITY (TOlO /OS) 

i 

CFPLUCWT 

A 
DlLUtlOLI 

-5 
(TOID /AW. OI 1 

3 
c 

2 
-’ 

c??uJmY UYrT mm WLA 
s?sQPllD 4 30 DAY we. 

g!NDICATtt tn( mUU COnUNTRATlOu (CO) WHlCn W&L aI CXCtt#D WITH A 
FRCOUINCY DP OIIU Wl YZW Y#Ar#, tX?R8mtD A8 A MULtl)CI # twI CHROMIC 
CRITERIA (CL). 

Figure 0-1 - Effect of penntt averaging period on strem concrntratlons 
for CorIswvative substances: gwwrrl rnrlysit. 
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___-- _ 

St redll 
flw 

7010/m 
Avg. 0 

mtio-- hJlU/w = 50. 

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

Effluent "cc = 0.3 I f f I uwt w (.t = 0. 7 
Es t hate 

of 
Variablllty 
Range ~0s 

30- ?- l- 3fJ- 

'by bY Ually LY 
Avg. Avg. HaX. Avy. 

I- l- 

IbY lblly 
Avy. kx. 

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

10 2.00 1.0 
0.01 PIloB 3.00 3.0 

Ill 4.00 6.1 

LO 1.00 0.9 
0.05 Paa 1.50 2.3 

HI 2.00 4.7 

10 0.75 1.0 
0.10. mae 1.00 1.7 

HI 1.50 4.4 

LO 0.60 1.0 
0.15 FM! 0.90 2.0 

HI 1.25 4.1 

10 0.50 
0.25 Paou 0.75 :*i 

HI 1.00 4:1 

--_ --- --__I~-.- 

0.9 
2.7 
5.4 

0.8 
2.0 
4.2 

0.9 
1.5 
3.9 

0.9 
1 .H 
3. I 

I.1 
2. I 
3.6 

---. 

0.8 0.9 
2.4 2.5 
4.8 4.‘) 

0.7 0.9 
1.8 2.2 
3.7 4.2 

0.8 1.1 
1.1 1.8 
3.4 4.2 

0.8 1.2 
1.6 2.2 
3.3 4.1 

1.0 1.6 
1.0 2.6 
3.2 4.2 

-._-- -. 

- --- -._-- 

0.7 0.6 
2.0 1.7 
3.9 3.2 

0.1 0.6 
1.7 1.4 
3.4 2.0 

0.M 0.7 
1.4 1.2 
3.3 2.7 

0.9 0.8 
1.7 1.4 
3.3 2.7 

1.3 1.0 
2.1 1.7 
3.4 2.8 

_-.---- __-- 

lffluent VCL = 1.1 

0.9 0.1 
2.3 l.M 
4.4 3.4 

1.0 0.1 
2.2 1.7 
4.1. 3.2 

1.2 0.9 
1.9 I.5 
4.2 3.2 

1.4 I.0 
2.4 l.M 
4.3 3.3 

1.9 I.5 
2.9 2.3 
4.6 3.5 

-_ _- -- ---. 

3U- I- 

&Y lby 
Avy. Avy. 

-- --_--- _ 

-. 

I- 
Ibily 

l&ix. 

r- - 

0.5 
I.5 
2.u 

U.6 
I.4 
2.6 

0-M 
1.2 
2.7 

0.Y 
I.3 
2.1 

I.2 
I.Y 
2.9 

--- 
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VII (4) 
Ht*vt,,or, u,. I/ 

IAUIf 4-2 - Averryiny period selectlw vdlrlx lor conservnl ive substances: effluent dllutlurl 
ratio - ?f)IO/(pc - 3. 

_ _ . _ _ _ _ . 

Lfflucnt WCC - 0.3 If fluent vf-c q 0.7 tffluent “(1 = I.1 
St rer 
flow 
70lW 

Avg. 0 

0.01 

0.05 

0.10 

0.15 

0.25 

10 2.00 
fwm 3.00 
HI 4.00 

LO 1.00 0.9 0.8 0.7 11.9 0.8 0.6 1.0 0.8 0.1 
Plm 1.50 1.9 1.7 1.5 1.9 1.5 1.3 2.0 1.6 1.1 
HI 2.00 2.9 2.6 2.3 3.0 2.4 2.0 3.2 2.5 2.0 

LO 0.75 
Paan 1.00 
HI 1.50 

LO 0.60 1.0 0.9 0.8 1.2 
mle 0.90 1.8 I.6 1.4 2.0 
HI 1.25 2.8 2.5 2.2 3.2 

10 0.50 1.3 1.1 1.0 1.6 1.3 1.1 2.0 1.5 I.3 
Paan 0.75 2.0 1.8 1.6 2.4 1.9 1.6 2.8 2.2 1.H 

HI 1.00 2.0 2.5 2.2 3.4 2.7 2.2 3.9 3.0 2.4 

30- I- l- 3U- 7- l- 3U- I- I- 
bY bY l.hlly IbY &Y lhily ‘bY Iby lblly 
Avg. Avg. Max. Avy. Avg. kx. Avy. Avy. tbr. 

--- 

1.0 0.9 0.8 u.9 
2.2 2.0 
3.1 

::t ::: 
3.1 

1.0 0.9 0.8 1.1 

::i 2.5 1.4 2.2 1.2 1.7 3.1 

0.7 0.6 0.9 

::4 ::: 
2.0 
3.1 

0.9 0.7 1.3 
1.4 1.9 
2.5 3.4 

1.0 0.8 1.5 

::: 
2.3 
3.5 

-- 

0.1 0.6 
I.5 I.3 
2.4 2.0 

l.u 0.H 
1.5 1.2 
2.6 2.2 

I.1 
1.H 
2.7 

0.Y 
1.5 
2.2 

w------e - - -. - - - - . _- _. -_-_.-_ .____.-_ --_--_-.~ - 
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IAUlt 4-3 - Averdying period SeIectiocl wlrix for c.onservdliv(. \ul,stdrlces: ef fluc~ll tlilutlou 
rstlo - 7fJIO/W = 3. 

-_-_. _. -_-_ -.. ------ -_- ~.._ ._ _ .--_--. . ._ -. .-. 

Effluent YC~ = 0.3 f f f Itrlv~t 
Strea Est hate 

UCf = 0. 7 tffluent vet =* 1.1 

flow of 30- I- l- 30- I- l- 3r1- I- l- 
7QlO/ V~rhblllty bY 'by lbity 

Avg. 0 
&Y &Y Iblly Iby 

Range ~05 
Iby 

Avg. Avy. Max. 
lblly 

Avy. Avg. Max. Avy. Avy. Hdx. 

- ------ - _ 

10 2.00 1.0 0.9 0.8 0.9 
0.01 Htal 3.00 1.9 1.7 1.5 1.9 

HI 4.00 2.6 2.3 2.0 2.7 

LO 1.00 0.9 0.8 0.7 1.0 
0.05 PRIB 1.50 1.7 1.5 1.3 1.8 

HI 2.00 2.5 2.2 1.9 2.7 

LO 0.75 1.0 0.9 0.8 1.2 
0.10 Pfm 1.00 1.5 1.3 1.2 1.7 

HI 1.50 2.4 2.2 1.Y 2.8 

10 0.60 1.0 0.9 0.0 1.3 
0.15 PRal 0.90 1.7 1.5 1.3 2.0 

HI 1.25 2.1 2.2 1.9 2.9 

10 0.50 1.3 1.1 1.0 1.6 
0.25 PROB 0.75 1.9 1.6 1.5 2.3 

HI 1.00 2.5 2.2 1.9 3.1 

4-7 

0.7 0.6 
1.5 1.2 
2.2 1.8 

0.8 0.6 
1.5 1.2 
2.2 1.8 

0.9 0.8 
1.3 1.1 
2.3 1.9 

1.0 0.8 
1.6 1.3 
2.3 1.9 

1.3 1.1 
1.9 1.5 
2.5 2.0 
--- -- - ---__I 

0.9 0.7 U.6 
1.9 I.5 1.2 
2.B 2.2 1.8 

1.1 0.8 0.1 
2.0 1.5 1.3 
3.0 2.3 1.9 

1.3 1.0 0.y 
1.9 1.5 I.2 
3.2 2.5 2.0 

1.3 1.2 1.0 
2.3 1.8 1.5 
3.3 2.6 2.1 

2.1 1.6 1.3 
2.8 2.2 I.H 
3.7 2.8 2.3 

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



IAllLt 4-I - Averaylny period selection mlrix for conservdtivtr wl)5tances: effluerlt tlilutlm 
raltlo - 7(JlO/ijI - 1. 

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

Effluent uct = 0.3 t f f Ilretrt YC[ = 0.7 tffluent V() = 1.1 -~- 
St rem Es t hate 

Flow Of 30- l- I- 30- I- l- IO- /- 
79 101 Uwlrbll 1ty &Y &Y L)rlly bY &Y fblly Iby Iby 

Avg. v Range ~0s Avg. Avy. nan. Avy. Avg. kr. Avg. Avy. 

- ~. -- ---_ -- . 

10 2.00 1.0 0.8 0.8 1.0 
0.01 PRIRJ 3.00 1.5 1.3 1.2 1.7 

HI 4.00 1.1 1.6 1.4 2.1 

10 1.00 0.9 0.8 0.7 1.1 
0.05 Paal 1.50 1.4 1.3 1.1 I.7 

HI 2.00 1.8 1.6 1.4 2.2 

10 0.75 1.0 0.9 0.8 I.3 
0.10 mm 1.00 1.3 1.2 1.1 1.7 

HI 1.50 1.8 1.6 1.4 2.4 

10 0.60 1.1 1.0 0.8 1.4 1.2 1.0 
0.15 mm 0.90 1.5 ::: 12 

1:r 
1.9 1.6 1.3 

HI 1.25 1.8 2.5 2.0 1.6 

10 0.50 1.3 1.1 1.0 1.8 1.4 1.2 2.3 
0.25 Pam 0.75 1.6 I.4 I.3 2.2 1.8 1.5 2.9 

HI 1.00 1.9 I.7 1.5 2.6 2.1 1.7 3.3 

-m---e- ---P---_- --.-____c___ -- .-. 

0.8 0.7 
1.3 1.1 
I.7 1.4 

0.9 0.7 
I.4 1.2 
I.8 1.5 

1.0 0.9 1.6 1.2 
I.4 1.1 2.0 1.6 
1.9 1.6 2.9 2.2 

I.1 
I.8 
2.4 

0.8 
I.4 
I.8 

I.3 1.0 
2.0 1.6 
2.6 2.0 

1.8 I.4 
2.4 1.9 
3.0 2.3 

--- 

I.8 
2.2 
2.6 
-__. 

J- 
lblly 

Hdr. 

_. 

0. I 
I.1 
1.5 

0.M 
I.3 
1.1 

1.0 
1.3 
I.M 

1.2 
I.5 
1.Y 

I.5 
I.8 
2. I 



-m _ e ecc’de-: ~3m:la~ec st-earn, i3LO/X < 5, and rne large stream case, 

--I- - __ =:.r II.- .; . :, . tne !a:ter ccses, the stream flow vsriability is a more 

*7=$':3c', ceze?n: clan: of the normalized downstream concentration. Finally, 

:?e ecfqdeit VsriaDility, VcE, affects tne results oy approximately a 

CE;'.;C 2' t, a?1 otner things being equal. 

G.2 Lse As a Screening Tool 

.* .w ‘s suggested that Figure 4-l may be used as a screening tool to 

s2:apate :ne cases wnich CAn be dealt with imdiately from those for 

d’p’ *- w.1 To-e 5 :te sgecific infomtion is required. For tne latter cases, 

c - --a .-.'1 - 
.- .w -w -3:::s, lw.l, we ane ?Cl3/3 chn usu ally 3e found quite easily so 

-" w a: a more specific dnswer can be found in Tables 4-l to 4-4. The final 

ceterminant, ~35, requires a 1og-normal analysis of the stream flow 

-ec3rc. Since this is reasonably straightforward, a more refined analysis 

‘S -c: excessively Durclensome and would serve to reduce the range of 

:zss*2‘e .ialues 3' P, from wnicn tne pennit averaging deco sion can be 

3ce. 

As an exampl c of such a screening analysis, consider tnc hypothet- 

'Cal case of a state cstabli shlng permit averaglng periodl for phenol. 

o?enol nas an acute-to-chronic ratio of 4, so that stream concentrations 

wni:n exceed a rrultfple of 4 times the chronic concentration wi 11 not be 

accepted :assuming that the acute criteria Is not to be CxceftM on a dally 

:&S'S vore often man once every 10 years). 

kmparlng tne bars on Figure 4-l with the multiple of B= 4, tne 

fo:13wing conclusions relative to the permit averaging period can be 

1 e 



*, f :A: 
d~1*1rJn No. 2 

Zrawr!. =ar sltuatr3ns wth an effluent dilution ratio of 5 or less 

'::fi/E < 5): 

a. A 3O-aay ptml t averaging period ui 11 be se1 ectea whenever 

the VCE is 0.7 or less. 

3. Uhere v CE = 1.1, a T-day prrmlt averaging period will meet 

requi racnts under al 1 reasonable posri bfl ltlrs of stremn flow 

variabil fty (~0s). (The upper ends of the bars correspond 

to high values of vs.) 

C. Even for effluent variabilitv as high as VCE - 1.1, there 

*: : : 3e many s.:rearns wnere it *ula be appropriate to seltc: a 

304ay pcnit average, Since only the upper end of the barf 

exceeds a multiple of 4. 

'3r ar effluent dilution ratio 7010/r = 5, the third colunn fran the 

c.mp. :, '- ;wc: * !.l; 304ay permit average) in Table 4-2 i ndicatts tnat 

2r' y t?e ni;nly variaolt stream flows approach violations using a 3bQay 

3erm*: average. State records could be examined to deterfnint if the Set 

of sfrtums under conslderatlon (or a represrntatlve set fran Appendix C) 

exwriences VQS In this range. 

A cmsefvatlve decision, then, would be to select a t4ay pefmit 

averaging period, al though a site-speclflc assesswit of strem now 

variability or a restriction cf vs values could be expected (in most 

:ases) :3 supoort selection of a 304ay pennit averaging period. 
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: :-e:: -.- ElC.drv Anal vs. s for 01 ssolvca Dxygcrl 

5 e :7oice of 3er?lit averaging periods for effl uen: limits of 

zxygen-carsmIng pollutants, such as 800 or ammonia, is a more cmpl ex 

2wb'efn tndn that addressed in the previous sections. fiC VdFidtlOnS 9f 

:>e Tl:?jrnurn 3r critical DO are caused not only by effluent concentration 

aqc a;: uti3n fluctuations, tiich aft addressed by the probabilfstic 

dilution model, but also by fluctuatfonr In rcactlon rates and Other 

sources and sinks of DO, such as algal production, respiration, and 

set irnerlt oxygen demand. Stream flow and tanperaturt varlations affect 

:lese :a ramere-s , the latter also determining the DO saturation. A 

we. ---zpene-s-ve vxd31ilstic analysis :ndt would include znese effects as 

we:1 is 3eyond the scope of this report. 

‘* i 5 desirable, hOWevtF, to provide at least a prtl iminary analy- .c 

S’S Car Sxitdbly restricted casts that are amenable to analysis using :ne 

2r2oazil:stic cilution model. fit method to be employed mdltes use oi 

'-70 sjrnj: arity of t?e formula for critical DO deficit for those streams 

&or wnicn the simple Streettr-Phelps fofnwlatlon iS adequdtt, and the 

:;1 u:: on tqua ti on. Ihe principrl assuaptfons art (1) a single point 

source of BOO Is the only DO sink; (2) the stream flow, geometry and 

reaction rates are spatially constant; and (3) the reactIon Fates are 

temporally constant. for thfs restrictlvr sftuatlon, the critfcal or 

~axlmum dissolved oxygen deficit (DC) is 1 '*wction of the reaeration 

rate (Kaj, the BOO oxidation rate (Q), and the ultimate-to-Laay BOO 

ratjo. 



-?e Scpeete~-~htlps equation can be solved for tne cr:ttcal 3r 

3'ssc'vec oxygen 3t'ici: (ac): 

wnt-t: 

fE * treatment plant effluent BODg cortcentratfon. 

F l ratio of ultimate/S-dry 600. Stream C8lWl8tlOns art based 

on ultimate BOO; effluent criteria on S-day BOO. 

Q, = stream dilution factor - QE/(QS l QE). 

3 l stream purification factor; for a BOO oxidation rate IL' d 

ana strtdm rearration rate (Ka), 
A 

P = ( A )l’ * ; where A l K8/F 

'Note tnat if the puriffcrtlon factor were constant then Equation 4-l 

woulz 3e fa~~~:ly equivalent to tne dilution equation ana!yzea previously.; 

2-e -emalninq difficulty 1s that It is not the critical DO deficit ',DcJ 

:m: is of concern but rather the Critical Ui SSOlved oxygen (D&-j itself: 

wnicn is a function of stream tmgerature through the DO 

concentration, cs,t. Hence, the rppll cab I1 Ity of probab 

to the di ssolved oxygen problem requires fhrf the an,.\yr 

(4-2) 

saturation 

listlc dilution 

s be restrIcted 

tq Periods for which tcmperrtures are estentlrlly constant and fluctuations 

:n :ne surificatlon factor (P) are mall. 
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;r evaidat:on 3f tfiis latter effect can Se made as follows. 4 

'0‘ Jt'=rSl'3 3etween ? and stream aeptn, H, brnicn f01~0w~ from Ka ana Kd 

tie'sus cezc-n relationships is [3]: 

p i ~0.8 (4-3) 

dnC for smny streams, depth is proportional to total stream flow, 07, to 

d power H a $ with m = 0.4 - 0.6. Thus, 

PI Q? n = 0.3 - 0.S (4-4) 

CJM l aer Equation 0-l for critical deficit. fakdng natural logs and 
-* ‘2- -* -IS z-e #3rmla for tne variance of a sum of inaegenaeq: ranam 

.vdf:d3:eS y:elas: 

2 2 2 
blnDC * '1nCf + Qln* + n2 d 2 

1nQT 

dnere 3: = 2s l OE. This equation, of course, ignores the fact tndt @ 

am ;r are correla:ed, but the point is that n2 l 0.09 - 0.25 so tnat 

.a :?e log varlancc of 0~ is canparable to the effluent concentration 

:og variance, then the n2 term Is not a major contribution to critical 

deficit log variance; hence, It can be neglected. The fact tnat dll utlon 

:ej and total stream flow are negatively correlated would further reduce 

tne effect. 

Hence, the key obtematlon It that If It were possible to restrict 

Consideration to those flows for which VQS w VC-, then puritlcatlon 

*actor fluctuations .nould not be very sfgnificant and pfobabilistfc 

dilution can be applied. If these flour also correspond to periods of 

4-13 
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;Lvision b. 2 

aJcr3xlnd:e:y constant temperature, tntn tne :w requl runents for applylig 

3rx3~-’ -s:*: dilution to Critical diSSOlvad oxygen have been met. For a 

slte-s2ec:Jic analysis, tne obvious solution is to seasonally analyze tne 

Stream ‘13~ and temperature data and apply probabilistic dflution, making 

any qecessary Corrections for purification factor variations. HDwever , 

for t?e general case considered here, an alternate approach is requi ma. 

Consider, Instead, restricting consideration to that period of the 

year Curing unich flows are low. lhis period corresponds, presunab?y, to 

t-e qerioa of time during which 7010 occurs, and inCludeS the conditions 

‘3’ -, vent-- :rre hU was performed. considering this period alone signifi- 

zdn:?y -educes the vari abil i ty of tne Stream fI ous to be considered. If, 

rn adaition, i t can be argued that these low fl ws tend to occur during 

the same season each year, then the temperature variation is less tnan tne 

annual variability and till be Tess signlflcant as -11. bnce, for tnese 

' - a* f: JW geri ads, tne assunption of constant P is much more realistic. 

%he technical problem to be solved is to canpute tne reduction in 

the average stream now and coefficient of varlatlon when flows are 

restricted to the low values for this rrstrlcted period. Ue re5trlCt 

consideration to the lowest one-sixth of the total populrtlon. This 

corresponds to an average of 2 out of 12 months In each year, and the 

presunption is that this period recurs durlng the same months each year so 

that tne :cm?erature varlatlon durlng this restrlcted period Is seal I l 

This simplification also assunes that the lower one-sixth of the daily 

Stream flows occur only in the tm, month period when tmperature and 

reacffon ratet are assuned to be approximately COnStant. 
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Vii !4) 
Aevision No. 0 

As 77aicdtea earlier, a Xdtistical analysis of dctdal stredm aata, 

S” - a :’ ‘: eC 3Y month 3r crlticdl season, could be performed ~3 provide 

3 ::,a1 reS;rl:S dna avoid the need for this type of estimate. buever, 

:d:d of tnls type dre not presently available. The eStimtiOn descriPcd 

-eee :S Oerformea ln order to al low a preliminary analysis for BOO/30 to 

ze ndae. 

The computation of the required statlstical parmeters, the stream 

'*3w average dna Coefficient Of variation for flout restricted to the 

yzwer aquantile of the total population, is straightfomard; For log- 

~3’7ld’ ranccm variables, it :dn 3e shown that these conditional mcnne?:s, 

:c~c:ec sy primes, are: 

UT’ - = O( ulna + Z. )/Q(Z, 1 
vs 

2 ' . 
exp( a2 ,& 00 qnOS l ‘Z* 1 w, 1 

“n us 
02( @lnQS + ZU 1 

- 1 

(4-6) 

dpere z(Z*) 8 Pr Z > Z* for Z, a standard normal randan variable, and 

L are :ne Z scores for the e-quantlle which Is the upper bound for the 

flows being consldered. For Q = l/6, Z, l 0.967. fable 4-5 presents the 

-esults. These corrections, when applied to 7(110/m and ~0s 1 n the first 

two COlumnS of Tables 4-l to 4-4 adjust these parmeters to represent the 

low flow qerfods. For highly variable streams, VQS and therefore Ulna 

are large dnd the corrections are quite substantial. 

qeduction factors for the mean range from 0.45 to 0.024 for tne 

5irjhly variable streams. The range in coefficient of variation is sharply 
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Revisim Fe. 2 

-:3;: 4-5 - Conat ti anal moments for tne low flow subpopul ation. 

he‘ficient 0' Variation Reduction 
fcr fn 

LItire qecord Man 
Qs TJs'/vs 

bduced 
COefflcient of Variation 

%' 

0.50 0.450 0.188 

0.60 0.384 0.216 

3.75 0.306 0.254 

0.90 0.247 0.287 

1.00 0.216 0.306 

L.25 0.158 0.348 

1.50 0.120 0.381 

2.00 0.0761 0.431 

3.00 0.0389 0.500 

4.30 0.0241 0.547 

71’ s taD1 t 2rOvldeS a bar1 s for a prel imfnary eStimat@ Of the average 
stream flow and flow variability during critical low flow priods, rel- 
atlve to overall long-tern characteristics. For site-spui fit cases, tne 
actucl values can be determined rradlly frog a statlstlcal analysis of 
stream *lows durlng the selected crl.tlcal perlod of the flar. 
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323uYat-3r: 3f low f:ws fiUCtUattS mucn less violently :nan tnt entire 

~03ulat~3~, wnrch 'ncludts the annual cyclical variation as well, 

A 1: yedr return xriod w&s selected for cons1 sttncy with tnt 

ierleral analys:s, but since only one-sixth of the fl ou popul ation is Deing 

:3nsiatrtc, and we assunt that no 30 dcute criteria violations occur 

curing :ht remairling higher flows, the txcetdtnce probabil ity to be 

am ied in the ,OfObdbiliStiC dflutfon CdlCuldtiOn iS a 10/6 = 1.67 year 

return 3erioa. :i gure 4-Z dnd fdbltS 4-6 t3 Q-8 present the rtsul ts. 

‘” --“or ZJ 
. e-- 2rz2erly evalLid:t :.7e cJnDutd:?ons, it is necessary :3 

-tdl : ze tnat they apply t0 10 year return period Critical dtfictt rdtlos. 

-0 convert Critical DO concentrations to the deficit ratio (a) shown by 

:ne tables, the DO standard (CL), the DO saturation (CSat) used in the 

ALA, ana znt 30 concentration tdken to represent an acute criteria vdlue 

are teuuireg. For most reasonable cmbfndtions of these values, :nt raElo 

4 11 Be bttrRtn approximately 2.0 and 2.5. For 8xmple, if CS l 8, 

P! "C = 5, ana acute 00 l 2, then 8 = 2.0. Alternatively, if these conctn- 

trations are CS = 9.0, CL l 6.0, acute DO l 1.5, then (tht acute-to- 

crrronic dtficlt ratla) 8. 2.5. 

bpropriste permit averaging perlodt Ire SW! In fdbles 4-6 to 4-8 

:o be strongly influenced 3y local conrrltions of effluent toad and Stream 

flaw varldbility. ~C;US~ of thf s, a general statunrnt on pennit avtrag- 

ing xri od for effluent BOO/O0 is not possiblt; It must be Stlected On the 

5dSis of Site conditions. 



VI: ‘4‘ 

qtvlslon $0. g 

- - 

/II 
d 

/ Y 80.1 I -. 
ttfL~C~t LIY~ tR0u WLA 
S?CUnm A8 30 DAY AVG. 

l INDlCATtS THt 8TRW COUCtW~ATIOI (CO) WHICH WILL @C CXCCtMD WnN A 
CRgOUCNCY Oc ONCt IW TIM YEA41, CX?RCS8tD AS A YULTlPU OF TM CMRONIC 
CRlTtRlA (CL). 

FiSurt 6-2 - Effect of permit dveraglng period on strew concentrations 
for BOO/DO. 
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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 
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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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Statistical Properties of Log-Normal Distributions 
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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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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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. 
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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 
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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 

c-2 



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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fipre C-1 - tYPical low flow charactrristfcs of U.S. streams. 

c-7 



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 

.I3 

.05 

.OUl 

.UU9 

.Oll 

I.71 .U/ 
1.6Y .UI 

.8l .I9 
1.95 A03 
3.09 0 

3.04 u 
1.26 .07 
3.20 .Ul 
I.28 .U6 
2.18 .Ul 

1.91 .u5 
3.13 .Ul 

.69 .43 

.I8 .23 

.U5 .I6 
2.01 .02 
1.34 .U9 

.30 .6l 

.93 .I2 
3.90 .02 
1.63 .U4 
I.11 . on 

IYIU 
itji- 

4.6 
4.3 
2.0 

.3 
0 

U 
2.1 
4.3 
I.6 
I.5 

4.8 
3.8 

3.6 
2.4 
I.8 
I.7 
2.8 

I.5 
1.6 

IO.0 
2.2 
6.3 



1AtNt c-4 (cm -) 
^_-- _____ __-_ __ _ _ _______..____._ -_---- . _. _ _ - _. _--_- _._. .._ -- --_- _-__ 

Stream flow 

--I 
USGS -- 

Gdge clo. State IJlver 

cage locrtlon ursln -.----__ 
ked 

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

(At or krr) (MV) u 8 7010 iw w ‘1 

04 19 9000 
22 7500 

05 29 3000 M Vellow llrnk River Odessa, )(II 398 .I4 .025 
38 5500 MN 5. Fork Root River tbwton. m 215 .45 .40 
II 3500 MI Grant River &rton, WI 269 .59 .42 
41 7700 IA Bear Creek Wmouth, IA 61 .64 l 34 
40 6500 YI Black Earth Creek Black Earth, WI 46 .61 .60 

43 2500 YI Recrtonlcr River fbrllnyton, WI 213 .66 .44 .l17 .030 I.11 
44 4000 I1 Elkhorn Creek Rmrore, IL I46 .56 .38 .I0 .030 I.01 
45 7ooo m Ccdrr River Austfn, HN 475 .I1 .23 .05 tOl0 I.50 
45 5500 IA English River Kalona, IA 513 .51 .I6 .003 ,001 3.29 
40 604.m IA Worth River Norwalk, IA 349 .49 .09 0 .006 ,5.54 

502ooo Ml Bear Creek Ibnslbrl, W 
51 5ooo IN Kmkakee River )(orth liberty, IW 
51 &-loo I1 I)rs Wrlnes River lhrnee, IL 
55 4500 I1 Veruilllon Ufver Pontiac, IL 
57 8500 IL salt creek Rowell, IL 

12 33 5oou 
3? owe 
32 I500 
43 5ooo 
I1 1500 

flu 
NV 

tbm3n River 
Genesee River 

Ulrckfoot RL ver 
Swan River 
Boundary Creek 
*natchce River 
Wetrttle Creek 

311 
1411 

.I2 
1.12 

.24 

.5B 
.OOH 
.05 

.OU3 
,019 

2./Y 
1.66 

.Li 

.I38 

.03 

.26 

0 
.098 
.035 
.Oll 

,.330 

5.45 
0.49 

.99 
I.59 

.I9 

.4n .lI 0 .Wl 4.43 

.81 .76 .30 .260 .31 

.52 .I4 0 .OOl 3.64 

.%.I .I5 0 .OI 3.80 

.64 .24 .OOti .003 2.4J 

.73 .45 .I46 .025 I.28 
I.10 I.21 .3w .I09 .YH 
I .YH .82 .I14 .OI5 2.19 
4.112 2.91 .54 .I41 I.Zd 
H.40 5.02 .HZ .445 1.05 

rqro 
ir 

.Ol 

.05 

0 
l 44 
.2J 
.u5 
.43 

.IU 

.IJ 

.I2 

.Ol 
0 

0 
. 311 
u 
0 

.OI 

.?O 

.2% 

.Ub 

.II 

.I0 

2.1 
2.1 

0 
2.0 
3.9 
2.9 

.8 

3.9 
I.4 
5.1 
2.2 

0 

0 
1.2 
0 
0 

I.1 

5.1 
3.5 
U.0 
3.I 
1.n 
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1Alll.E C-4 (Cont.) 
--- .---_-_ _. .-- ---- -___._-._--_ _ ..-. - _ - - - - _ . - - 

_- 

ryru -. 
II)2 

2.3 
5.0 
3.1 
1.5 
2.2 

3.6 
3.5 

3.9 
5.3 
4.3 

IO.7 
1.5 

2.4 
1.6 
3.3 
3.1 
2.2 

5.6 
2.2 
1.25 
6.1 
4.4 
6.0 
.--- 

^-^ 

Stream Flow 
Gage Locrt Ion IJrdilb -- ------- ---~- - _ ---- ~.--_--_ _ -~- SW. -_ -- _ - 

UMA 
Cdye No. State a1 VW- (At or Mcar) 

Ared 
(MP) G rylo 

I.01 .I2 
1.15 .OH 
1.46 .Ol 

.68 .21 

.17 .23 

2.29 .03 
1.30 .II 

.83 .33 
l.2M .I8 
1.30 .I3 
I.90 .I3 
3.03 .lJl 

1.55 .05 
.3l .64 

1.09 .I6 
I.12 .U5 

.Y? .I4 

3.31 .Ol 
I.YI .03 
2.18 .Ol 
2.Y6 .U2 
1.70 .OI 
2.52 .Oll 
_ ___-. 

IV2 
_ _-- - _ -- ------ _ __---. 

I2 I3 3000 UA S. Fork Skyromlsh River Index, YA 355 6.90 4.71 .MO .344 
I4 8000 UA S. Fork Tolt River Carnat Ion, NA 20 10.00 4.97 .76 .I52 
IO 4500 UA Gr en River Lester, UA 96 4.27 2.41 .29 .094 
08 2500 NA Mlsqurlly River NatIonal, UA I33 5.92 4.90 1.25 .83 
048ooo UA Ilungeness River Sequlrr. UA I56 2.45 I.94 .56 .26 

01 3500 UA Ulllrpa River Ulllrpa, UA I%0 5.04 2.02 .I38 .038 
02 4000 UA 5. Fork Wewruku River Ihal..., UA 42 4.74 2.88 .49 .I42 

13047500 IO falls River Squirrel, ID 326 2.44 1.87 .80 .205 
Ifi 5000 IO Rolse River lwln Springs, ID 830 I.41 .87 .25 .048 
29 2000 OR Immrhr River lamha, OR 622 .80 .49 .I0 .024 
31 3000 Ill Johson Creek Yellow Plne, ID 213 I.61 .75 .2D6 .Ol9 
35 IO00 UA hlouse River lluoper, UA 2500 .24 .07 .OUl .ool 

I4 01 7000 UA Tonchet River Rolles, UA 361 .65 .35 .033 
05 7500 OR fall River LaPlne, a 45 3.41 3.27 2.18 
I4 5500 al M. Fork Ulllrette River above Salt Cr., OR 3Y2 2.90 1.97 .45 
22 2500 UA E. Fork lewls River Ilelsson, UA I25 6.12 3.08 .30 
22 6500 UA Cowl It2 River Packwood, UA 21J7 5.75 4.12 .832 

171000 OR Nary's River l'hI\oclath, Or l5Y 2.97 .86 .u3 
I8 2500 OR Little H. bntlam River lk: h . . . . 011 II2 6.H5 3.18 .IH 
20 3500 oal lualrtln River IJiIley, lJM 125 3.lII I.OU .Ol6 
31 2000 al 5. t4~yur River bockway, OR 16/O 1.74 0.56 .036 
34 1500 IDi S. Fork llttle Rutte Cr. lakec..., o)( I JIJ U.78 .39 .05u 
37 2500 u( C. Fork llllnols River lakllmi, W 42 4.38 1.62 .I42 

______c-- --- -------- 
-----_.-- - - __ __ _ ___.__ - ~-- _ 

,014 
1.33 

.I4 

.09 

.38 

.006 

.OII 

.013 

.uu6 

.Oll 

.OP 
--- - --- 

--_ 

_-. 



VII (D) 
Revision No. 0 

APPENDIX D 

Computer Program for the 
Probabilistic Dilution Model - Point Source 

(PDM-PS) 



VII (D) 
Revision No. 0 

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:: 

D-4 



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. 

D-8 
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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 



RFTIO ?018.~r 

FRTIO,. BV~ Cf 

838 GOSUb 1238 
648 DISC ‘ENTLC LOuEST.nI~wES~ n 

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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Figure D-4 (coWd.) 



'Ii: ID) 
2evi sion No. g 

..T’Z’ 5: ;I;:,=:. 52 
\I . ..- 

_ --.. 19,. 
- .-.L --- . -. -2s 
- --. - w. a-. - . . ‘t--- 

_- ..m. .-.:-zn:e.,,-r*- 

- ZC’ NV. ..--a,* , *or, 
- . -. -a-w .*-ad b--b-C 

- -- r-5 
.- .-.- .-.. 

,,r-,.a c-,.-c7 
. .-.a. 0-w. -- ~ifC~A.PC~ 

.- -0. 
s .- ; 

.- w-. . . . 
: .-.A P. L c 

.‘C’ 
Cr., 156k 

- -0. 
- .‘. ; :31;-?C Ii:*: :'s-L'cs CCt:PI;TzJLE vE?cm: 

.- -0. - :. ; 1;. a; T. : = c ; ’ sys:s: i.5 c,... “DV”ATIO!! 
ZF’ I-‘-\ m.0. - .- : “wJ, -, I-t, - GC 

z :t’ 
. ..-. . 
- -0. 

‘- *-,; . cc----‘- -- 

cc :::.: 25*!j2!,253(32> 
.C --,. 
‘I -a.’ Ktil6? ,Sit( :; 

2’: 22' P?TilE: ,Cu(l6;,:9U(?t) 
-. -.c 
i -00 
em .CI.# 'n 
-; .\L. -. . 
a- 
I - ;:-.::;': n<++tttttttttttttttttttttt+ttttttttttt*tttttttttttott” 
-c . ..-. *. s='.'" " --cc-. -..p 

*'Lb&.- r..i J ;'ATER cc::c (c3) PROEAEfLfX DfSTRf3UXO:: " 
=‘ zt-a.0 " *.LI _- . . -... A Fi . . . EXR:.' EEIOD" 
; - lF".- " - . -. _ ?:a :..y:::?LES Cf TARGET CX!C" 
- 3=-,.- * "'I - _ . -.*. -co r" PCXT SCL'RCS LOCE" 
-a f""'.-- n~ttttttttttttttttttttttttttttttttttttt@+4++ttttttttt” c-, . ..-.* a 
3c i::::: “PC:::? SOUECi - CiCiIVfX UATiR' 

.t Z ?tIST "CC!:C2TT'RATiC:: X';ALYSfS" 
.* . d ,'-,.- . ..-.. . -II ---.*I) " 0 *C', .' .-. 0 . * . 

.:r =t -\*- du . ..a... "-"~"- CCEF CF VA! OF QS,OE,CE" -6.. d. 
-a-,.- " .s z .' a". -. I . 5xr:c.. . 7Cl O/AVGCS" 

-- f=".- " C.0. 3" . ..-. . .1 A . 0 0 . . .7:1 O/AVch?i“ 
* 4 ?;I‘" n -.a- -f - . .5 n . A C . ..AVC CE/CL" -s ::-\.- II - _ . . -. . . ~ACXSROU!.T ff!?iAh! CZ2!C (CSI IS ~SXZC TO 51 ZEEC" -- -,, ="\.- " . ..*.. . ---- *P--n 
*c m-w..- "- : .-. 0. 4 . 
:C ?Rf!:‘: “s::TiR C3EF OF VU OF US,QE,CE” 
l ? Z?‘;T v 1 , v2 ) ‘0 

.;E ?KXT "%'TSh ZiE FOLLC'aXl:G RATIOS:" -a :r ::,I PUT " . . . . . ..7ClO/AVG CS ';Pl 
:-I: :::p!J: ” . . . . . ..7ClO/AVG CE ";F2 
.-m ‘Z’” 0.8 -*.p7:‘: II . . . . . . . ..AVC Ci/EL ";r3 
rzr ?EIv:t ,.a - .I - '2: CL.5 
: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 
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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.) 


