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N FOREWORD

Th1s gu1dance document 1s a product of severa] years of research
' on many comp]ex water qua11ty 1ssues. A]though much progress has been made,"‘
- Some ISSUES st111 remain.. User part1c1pat1on will be'needed to deve]op
'answers to these unreso]ved 1ssues and w1]] be key to future revisions of

‘i this document.rr | |

o Se]ect1on of permit averag1ng per1ods as presented 1n th1s manua], is

.based on an assumed exceedance frequency of an acute v1o]at1on in the stream

no more than 1 day in 10 yearst The EPA is current1y cons1der1ng the issue

- of a]]owab]e durat1on and frequency of exposure to acute as well as chron1c

tox1c1ty. Based on th1s study, the cho1ce of durat1on and frequency used 1n

- thus document as examples may. have to be changed.



VII (0)
Revision -No. O

CONTENTS

Chapter o IR o >, ll‘ ~ Page
FOREWORD. '« o« v v o v v e e e ome s e e s
LIST OF TABLES. « v v v o o s e w e o o m uw e iy
LIST OF FIGURES '« & @ o v e e e e e e e ae e e e o vmvi
LIST OF ABBREVIATIONS AND SYMBOLS . . e e o vyl
ACKNOWLEDGMENTS & & v o v v v aie o o o o o s o o ix '
EXECUTIVE SIMMARY + « o v v o v 0% o v o e v o w ol

1 INTRODUCTION P

1.1 Background. « o o o o o o o o o o 5 o o o o o 1al
102 Objectives. ® o © o 8 o o © 3 & 2 o e 2 o e 1-2
103 APPPOaCh. @ & o ¢ s 3 e s 2 e e e e e o o » 0.1-3_

. e * o L3 ® L3 ° 3 3 ® ° 3 L3 . 1"5

1.4 Organization.
2 METHODOLOGY

2.1. Description of Probabilistic Dilution Model . 2-
2.2 Choice of the Permit Averaging- Period . . . . .2

3 EXAMPLE COMPUTATION )
3.1 Hypothetical Site-Specific Conditidns e e e e 32
3.2 Example Computation - Hand Calculation. . . . 3-8
3.3 - kxample Computation - Computer Program. . . . 3-2

4 RANGE OF EXPECTED VALUES FOR STREAMS IN U.S.

4.1 Analysis for Conservative Substances. . o . . 4=1
4.2 Use as a Screening Tool & &« v ¢ ¢ v v o o o o 4=9
4.3 Preliminary Analysis for Dissolved Oxygen . . 4-10.
4.4 Analysis for Conservative Substances in :
Effluent-Dominated StreamsS. o« o« o o o o o o o 4=22
5

5 USES AND LIMITATIONS. « o o o v o o o o o v o o+ .
3 - |

ii



K

- CONTENTS

KO (Cdntinﬁed)

‘ Apgendii K

A .STATISTICAL PROPERTIES OF LOG-NORMAL DISTRIBUTIONS

_'A-I Genera] Cons1derat1ons.K. o oro s a e s
- A-2. Probability D1str1but1ons ¢ e v s o o a
A-3. Relationship Between Distributions. . .
A-4. Properties of Log- Normal D1str1but1ons.
A-5. Standard Normal Tables. . + « o « .0 & .
A-6. References. © eee o s s s.e b o ...

. B FIELD VALIDATION OF LOG-NORMAL DISTRIBUTION AND

RELATED ASSUWPTIONS

- B-1." Use of the Log-Norma] D1str1but1on° c o s e o e
B-2. Verification of .the Probabilistic Dilution Model
B-3. Appropriateness of Assumpt1ons. e e s e.s e e s
B-4 References. S e ee e e e s cle 0 s 4 ee 8w e

T CHARACTERISTIC VALUES FOR INPUT PARAMETERS

- C-1. Treatment Plant Eff]uent F]ows. o o o e
. C-2. Treatment Plant Effluent Concentrations
C-3. StreamF]ow..........,...
C-4. References. . .'. e e s 66 s o &

D CDMPUTER PROGRAM FOR. THE PROBABILISTIC. DILUTION
- MODEL - POINT SOURCE (PDM PS)

. D=1. Formu]at1on and’ Norma]1zat10n e e .,;,
D-2. Descr1pt1on of Program Use.,. o o o0 o @

L ] L] ) [ ] [ IR
. o o @

SVIT(0)
.- Revision No. 0

- P_ag e

A-1
A-3
A-6

. A-10
A-12

¢ 8 o & o o
™ .
T -
[o)]

ay’' @ L] L]

e ’ 3 [}

‘-'o e o

s e e @
s. o o o .
. . )




Table

2-1
4-1

4-2

2-3

2-4

2-5

4-7

4-8

2.
A-1
B-1
3-2

VII (0)

Revision No. 0

.. LIST OF TABLES

Reduction factors for various coefficients of variation. . . . .

Avéraging period selection matrix for conservative substances:
Eff]uent di]ution PatiO - 7010/DE.= 50 ® & e o ¢ 8 0o & & ¢ o e o

Averaging’ per1od selection matrix for conservat1ve substances:
effluent dilution ratio - 7010/05 T I T

Averaging period selection matrix for conservative substances:
Eff]uent d1]ut1°n Pﬂt]O - 7Q10/QE = 30 ¢ o .6 0 o 2 o9 e o & o "o

Averaging period selection matr1x for conservat1ve substances '

Efflueﬂt d]]UETOH Pat10 - 7Q10/QE = lo @ & & 9 9 © e e & © 6 o o

Conditiona] moments for the Tow f]dw sub-popu]ation. e s o a s »

Perm1t averaging per1od se]ect1on matrix for BOD/DO effluent

d]]UtTOH Pat10 - 7Q10/6E ® ® ¢ o s e e e 2 s s e e 2 e o o .

Permit averaging perti_;e]ection matrix for BOD/DO: éff]ueqt
di]ution Patio - 7Q10/QE = 3 @ e e & © & ¢ & 6 © 6. 06 e I O a s @

Permit averaging per1dd se]ect{on matrix for BOD/DO: effluent
dT]utTOn Pat10 - 7Q10/—E. e o © © 9o © & ® & o & o6 o e © @ o

Averaging period se]ect1on matrix for effluent dominated streams
Probabilities for the standard normal distribution . . < . o o
Comparison of observed and computed downstream‘concéntrations. .

Approximate overestimation of 10 year return period stream
concentration by ignoning serial correlation-. « . . . . . ..

Coefficient of variation of daily effluent f]ows, vQE. o e o o e

Summary cf secondary treatment plant performance - medlan
coefficients of variation, vCE o o s ¢ ¢ o o o o o o o o o o o &

Effluent concentration var1ab111ty for tr1ck11ng.f1]ters e o o o

Summary of stream flow characteriStics « o o o o o o o o o o o o

1v

L 2213

Page :

4-5

4-6
4-7 -

4-8
4-16

4-19

4-20

4-21

4-25
A-11

B-6

8-10

C-2
C-4

C-8




(L1

“

?7gure x
11
2-1

2-2

»'3-;
3-2

- 3.3

3-4

- 3-5

3-7

31

4-3

A1
A-2
A-3

A-3

B-1

VII (0)

- Revision No. O

i

 LIST OF FIGURES -

'Schemat1c out11ne of probab111st1c method. s s e e . .,} .

S]mp]e d]]ut]on mOde]. e o o o 0 o‘o e o o 0'0'.- o‘ e o o .“n . ’o'

I]]ustrat1on of analys1s resu]tS' stream-concentratton versus ‘

return. period for three permit averaging periods‘. s e o o o s o

“Step procedure to select opt1ma1 permit averag1ng period S eTee

Sample stream concentrat1on versus probab111ty plot for 30-day

averag]ng per]od. L] * * . L] . * Q L] L ] L ] o L] L 0.. L L] L] L] e o .‘

Samp]e stream concentrat1on versus mean recurrence interval .
fOP 30-day aVePag1ng pEPTOd.‘. e o o o a o o a eio s o©o o 8 8 e :

‘Concentrat1on versus probab111ty plot for 1- 7-, and 30-day
N averag] ng per] ods . . L] L] L] * O ' ] L ] L] L ] L] L] L] L] . * . . L] L] . L ] L] L]

Concentrat1on versus- mean recurrence 1nterva1 plot for 1-;

~ 7-, and 30-day averaging per1ods c e e e e e e e .;.;.:, .

36 -

Concentratlon versus probab111ty for PDM- PS computat1on. . e .

Concentrat1on versus mean recurrence 1nterva1 for PDM- PS
computat]on. L] 0' - ] [ ] @ E ] . k] £ ] - O L ] ® £ '. e . @ -] °® ] . L ] L] .‘Ol L]

Effect of perm1t averaging per1od on stream concentrat1ons for
conservat1ve substances genera1 ana]ys1s © o e s e s o s e s s

Effect of perm1t averag1ng per1od on stream concentrat1ons‘for

BOD/DOQ ¢ & o .o o o o c & o A o o o e 9. 8 o ‘2.8 e @ e e & o o

Effect of permit averag1ng period on stream concentrat1ons for
conservat1ve substances in eff1uent-dom1nated streams. « o o e o

Probab111ty d1str1but1ons.,. c s o e e s ,'.'. e s e e e e

Effect of coefficient of varlation on frequency d1str1but1on o« o

Cumu]at1ve log-norma1 d1str1but1on T T T T

Evaluations of log-normal d1str1but1on for stream flowS. « < » .

-

o vPage '

144
222 ¢

2-16

3-15
 3-17
319

3-19 .
3233

3233
 4-4
4-18

4-24

A-5
A-7 -

Pertinent relat10nsh1ps for log-normal d1str1but1on. o o ,’o~.'. “A;8_

A-9

B-2




VIl (0)
Revis1on No. O

LIST OF FIGURES | -
(continued) : -

- . Figure : ' - ' ' , Page -
B-2 Probability distribution of treatment plant eff]uent concen- '
trations - convent10na1 pollutants « ¢ ¢ ¢ ¢ & « &« ce e o e o s o B4

B-3 Probability d1str1but1on of treatment p]ant effluent concen- » ,
tf‘at'lons"'heavymeta]S...........ao.....‘."g..B-sﬁ

C-1 Typical low flow characteristics of U.S. streams c e e s o e . C-7
D-1 CRT displays « o « o ¢ 6 o o o o o o o o 0 a6 a'c oo o .);‘. ..Df9‘
D-2 Example of printed output. o « ¢« o o o o o o ¢ & .'. C s e . D10
D-3 Flow chart for PbM-Pé Programs o o « o o o s s o o o o “ oo . D-11
X D-4 PDM-PS‘program listing - HP85 compatibie s o e ,'.';‘; o e.0 o o D=12 .
D-5 PDM-PS program 1isting - IBM-PC and MS-DOS compatible. . . . . . . D-15 - _. '}

vi | S | o ‘ ‘ B




«

BASIC
" 30D
BoD5
e
CFS
cL
co

CRT

. Csat

CS

D0

- EL

FAY -

- FCY

MBI
~ NPDES

NIL (0)

.Revision No. O -

" LIST OF ABBREVIATIONS AND SYMBOLS

Computer 1anguage

‘Blochem1ca1 oxygen ‘demand

The amount of d1sso1ved oxygen consumed in f1ve days by b1o]og1cal
x1dat1on of organic matter ‘ ,

'Treatment plant effluent concentrat1on o

Cubic feet per second un1t of f]ow

.‘Concentrat1onlequa] to a water qua]1ty,standard
~ Downstream concentration, after complete mixing

- Cathode ray tube

Saturation concentration of dissolved oxygen

" Stream concentration upstream of discharge RS

Flow ratio, equal to. QS/QE

‘Critical (or maXimum) dissolved oxygen deficit
Dissolved oxygen '

Effluent limit. A maximum ‘effluent concentration determined from.
-a waste load allocat1on ana]ys1s, and specified by an NPDES

permit
Final acute value
F1na1 chronlc value

Stream pur1f1cat1on factor

Stream reaeration rate constant
- BOD oxidation rate constant

Mean recurrence interVal, expressed in years

National po]]utant d1scharge e11m1nat1on system

Po]]uLant

Cvid



PDM-PS

POTW
Pr
7010

QT

TSS
WLA

SovIrgoy
Revision No. O -

LIST OF ABBREVIATIONS AND SYMBOLS
(Cont1nued)

Probabilistic dilution model: point source
Pub]ic]y-oﬁned treatment works

Probability

- The lowest 7-day average stream flow with a recurrence interval

of 10 years

Treatment plant eff1eent flow

Stream -flow - o '
Total downstream flow, equal to QS + QE

Reduct1on factor, equal to the ratio of the mean CE for wh1ch a
treatment plant is des1gned to the EL

Tbta] suspended so]1ds
Waste load a]location

Water quality

Exceedence probability

D1mens1on1ess unit of concentrat1on equa] to CO/CL
Mean value of x : ' o
Dilution factor’

Standard deviation of x

Coefficient of variation of x

Value of statistical parameter Z for a probability ofa

viji




Revision No. O

’AckNowLEDGMENTS ;

Thzs report was deve1oped by JACA Corporatlon under contract to the .. .

U.S. Env1ronmenta1 Protect1on Agency (Contract No. 68 03-3131), and is the _

'product of the contr1but1ons of the fo]]oW1ng 1nd1v1duals

: EugenevD. Driscol1 o (E D. Driscoll and Assoc1ates)

Dominic M. DiToro _(Hydro Quai, Inc. o)
Editorial assistance has been provided by:

Patrick J. Rafferty (JACA Corporation)
Virginia R. Hathaway ) o (JACA Corporation)

Hiranmay Biswas, the EPA Project Officer, USEPA Wasnington, O,

' prov1ded d1rect10n on the basic content and emphas1s, and coord1nated the'

rev1ew process with EPA Reg1ona1 0ff1ces. Tlm Stuart Ch]ef of the Wonltor-

ing Branch, and Mark Morr1s, Ch1ef of the Waste]oad A]locat1on Sectlon,

- provided overall gu1dance and support in develop1ng this manua].

Water qua11ty personne] in EPA headquarters, the Reg1ons, States and

;'DRD ]aborator]es ‘and the pr1vate sector provided rev1ew comments ‘and sugges-

tions that contributed SIgn1f1cant]y to this" effort.
Special thanks to:

Charles App, EPA - Region ITI

Thomas Barnwell, EPA, ERL - Athens, GA
John Hall, ONPO, EPA-HQ |
,horbert Huang, OWPO, EPA-HQ

Cix




“VII (0) ,
Revision No. O

Henny,Kahn,:éPAéHQ B '~'j,v , o . S f:
Narendar M..Kumar,‘DER, State of Florida . . o | ‘,l
Noel Kohl, EPA-Region V ' | o

Méurice Oﬁens, EPA-HQ

James J. Mc Keown , Regiona1'Managér, NCASI

Bruce Newton, OWEP, EPA-HQ

Lewis A. Rossman, EPA-MERL/Cincinnati, OH

Donald R. Schregardus, EPA-Region V




L]

e o VIT (0) -
o L L — Revision No. 0

EXECUTIVE SUMMARY

s'Background
~‘1 The convent1ona1 approach to developing Waste Load A]]ocatlons
(HLAS) is based on a steady state anatysis of stream cond1t1ons using a
- design stream f]ow (usua]1y the 7Q10) and 2 rece1v1ng water concentrat1on
(usua]]y a water qua11ty standard based on chronic cr1ter1a) for the

‘\po]lutant to ‘be a]]ocated. An eff]uent concentrat1on 11m1t is computed for h

these cond1t1ons and is used to estab11sh the NPDES permlt cond1tlons.

- The water qua]ity based permit condftions app]y; in addition to.
‘ techno]ogy based requ1rements (e g., BAT BCT and secondary treatment)
Th1s eff]uent requ1rement may be 1ncorporated 1nto the permit ‘as the da1]y
max1mum 11m1t the average limit over a week (for POTWs) or the average 11m1t
~over a month (for lndustrla] as we]l as mun1c1pa1 source) 1 Typ1ca1 ‘
pract1ce for tox1c po]]utants is to 1ncorporate the wasteload all ocation
 result as the da1]y max1mum perm1t Timit. Thls document prov1des an inno-
- '; vative approach to determ1n1ng wh1ch types of perm1t 11m1ts (da11y max1mum,
o 'weekly, or month]y average) shou]d be spec1f1ed for the steady—state model

output based on the frequency of acute cr1ter1a v1o]at1ons.

Approach .

The method used to evaluate” the effect of perm1t averag1ng per1ods
5
is based on a probab1]15t1c dilution mode] (PDM) in which 1t is assumed that

the stream flows, eff]uent f]ows and concentratlon are log- normal]y d1str1buted

see 20 car 122.45(q).
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and uncorrelated. The 1og-norma1 distribution‘is knoWn to‘be'representative |
of effluent behav1or and to almost always under-est1mate the 1owest stream
flows somewhat. Thus, the analys1s is generally conservat1ve (overpro*ec-
tive) to some extent. However, a ver1f1cat1on of the probabi]istic dildtioﬁi
model indicates that, for the cases tested, it correct]y estimates observed
downstream concentration probab111ty d1str1but1ons -to w1th1n the confldence

limits of the data. . ) o : \

The method applied in using this model to eraluate permit averaginé
period choices‘is based on the following observation. If chronic criteria
and 7-day, 10-year 1ow flow, or any other state-specified Tow flow, are used
in the HLA analysis to develop the max1mum effluent concentrat1on the use
of monthly or week]y permit limits for spec1fy1ng th1s effluent requ1rement
presents the poss1b111ty that s1mu1taneous occurrences of high eff]uent
concentrations and low stream flows may resu]t'1n stream concentrations
which exceed the acute cr1ter1a for a pollutant without v1olat1ng ma X imum:

average discharge permit cond1t1ons.

The analysis consists of comput1ng the level of treatment requ1red for
the three averaging period options for specifying the WLA results as permit
limits. The analysis computes the frequency at whlch acute stream cr1ter1a
concentrations ate violated under each of the perm1t averag1ng period opt1ons,
taking into account the 1ikely range of stream and eff]uent var1ab111ty..
Computation results are norma11zed so that summary results can be applied to
- a variety of pollutants based on the1r ratio of acuteuto~chron1c criteria

concentratIOns. ‘ ' . S
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The pr1mary use of th15 methodo]ogy w1]1 be spec1fy1ng the requ1red
. Tevel of treatment and der1v1ng perm1t 11m1ts based .on water qua]zty requ1re-
9ments.} Care must be taken in the assumpt1ons re]ated to ‘the perm1t 11m1ts
and assumpt1ons used in the methodo]ogy. For examp]e, throughout th1s
document reference is made to 7-day and 30-day averages. These averages
‘-'are equ1va1ent to week]y and month]y perm1t 11m1ts where the assumpt1on can
be made that the mon1tor1ng data is adequate (1.e., that the data collected
| "1n a month adequate]y ref]ects the 30-day average) Where th1s requ1rement
15 not va]1d alternat1ve limits may be ca1cu1ated wh1ch 1ncorporate mon1tor1ng
',frequency, or. mon1tor1ng frequency may be adJusted so that these cond1t1ons'

T are met. .

In add1t10n to the usefulness of th1s method for perm1t wr1ters 1nf
o i -se1ect1ng the averag1ng period for d1scharge perm1ts, the method has been ;,
usedcto ca]cu1ate su1tab1e averag1ng periods for the range of stream and
‘effluent conditions typ1f1ed in the U.S. The results have been. summar1zed in
convenlent graph1c and tabu]ar d1sp]ays, and can be used as a "screen1ng |
tool“ that provides a gu1de for water qua11ty‘dec1s1ons. These summaries ;| -
show, for 1nstance that for toxic po11utants with acute-to-chron1c rat1os of
5‘- : j 10 or greater, 30-day perm1t averages w111 v1rtua11y always meet the criteriag
A that have been adopted that 1s, that acute cr1ter1a v1o]at1ons in ‘the stream

will recur with a frequency that averages 1ess than 1 day 1n 10 years.1

1The EPA is present]y considering the issue of a]]owable duration and
frequency of exposure to toxicity.. Based upon this work, duration and
frequencies used as the decision criteria may change. Th1s guidance does
not recommend any partlcular minimum acceptab]e durat1on or frequency.

-3
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For poliutants w1th acute-to-chron1c ratios of between 5 and 10, monthly :

permit averages w111 be appropr1ate 1n most cases, although there w111 be

" some 51te-spec1f1c cond1t1ons that wou]d call for the use of weekly averages.
For pol]utants with acute-to-chron1c rat1os of less than 5, s1te spec1f1c
condjtions must be cons1dered and no general ru]e is poss1b1e. In these

'cases, site-specific analyses of the effects of d1fferent permit averag1ng

periods can be performed using the ‘methods out11ned in the text.

Limitations

Several technical refinements to the probabilistic model would be
required to more accurately reflect the deviation of Towest stream f1ow .
from log-normality, and to account for ser1a1 and cross-correlatxon of

stream ﬂows1

and effluent loads. For coupled react1ons, such as BOD/DO,
the procedures would have to be extended to provide a eeasona1 approach
and results should be verified against fie]d data; The ana]ys1s ‘
nethod would have to be extended to 1ncorporate the var1ab111ty of sec-
ondary water quality parameter such as pH, hardness and temperature,
since these affect the toxicity of a number of poI]utants; Finally, the -

chronic exposure event as defined by the state des1gn flow cond1t1ons, was

used throughout the document to estimate the maximum effluent concentration.

Further analyses to determine the poss1b1e underprotection or overprotection

of chronic criteria based on the state design flowl were not done.

1The EPA is considering studying the impact of uncertainties involving

the low flow estimating techn1ques on the se1ect10n of stream des1gn f1ow. ‘

,4;_
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CHAPTER 1
‘;NTRODUCTION

1.1 'éackground -

. The convent1ona1 procedure for estab1]sh1ng a - po1nt source eff]uent
‘11m1t using a waste 1oad a]]ocat1on (WLA) ana]ys1s beg1ns by’ spec1fy1ng a
‘target concentrat1on of the po]]utant in the ‘'stream, such as a state water
qua11ty standard based on chron1c cr1ter1ae Th1s stream concentratlon is
converted to a maximum eff]uent concentrat1on using a mass. ba]ance ca]cu]a-
.t1on (for conservat1ve substances) or.a steadyastate ana]ys1s (for react1ve
7substances) The. 1nputs to these analyses are a design: stream f]ow (repre-
' sent1ng Tow stream-f]ow cond1t1ons)1 and . a measure of. the eff]uent f1ow,

' typ1ca]1y the mean eff]uent flow, A]though th1s techanue is presumed to
prov1de adequate protect1on for rece1v1ng ‘water qua11ty, it fails to account
“for random and other f]uctuat1ons 1n the f]ow rate and concentratwon that

rnatura]]y occur in both the stream and eff]uent Thus, the degree to wh1ch a

o given Timit protects aga1nst exceedances of acute]y toxic concentrations

s not quant1f1ed ‘

Eff]uent permlt ]1m1tat1ons are. current]y spec1f1ed as max1mum concen-“. o

‘vtrat1ons for one day or averaged over a week or month The number of obser-

vat1ons from wh1ch the’ average is computed depends on the frequency of

1The des1gn stream flow most common]y used is the 7Q10 flow, wh1ch
represents the low-flow condition with a recurrence 1nterva1 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 use -
of stream design flow is called for, these or other stream design f]ows _
_can be subst1tuted throughout this document. - l
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monitoring. Although there is no generally accepted rational basisvfor:
select1ng pemit averag1ng per1ods the eff1uent requ1rement der1ved from a
WLA is typically expressed as a monthly- average for convent1ona] po]]utants
and as the daily maximum for tox1c po]]utants. A set of convers1on factors
is then ‘used to convert these concentrations to other averaging per1ods.

In this document the maximum dai]y,,week]y, and month]y permjt 1imits are

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

- The permit 1imit used to incorporate a WLA‘effIUent reqUiremeni'can'
have a substantial influence on the degree (and cost) of treatment re-
guired and on the quality of the receivfng water. Tt fs clear that a permit
1imit imposed as a dax]y maximum requirement is more restr1ct1ve than when ’
the same permit limit is used as a 30-day average requ1rement, since in the
Ia?ter case the effluent concentration can fluctuate above' the eff]nent limit
Tor days at a time and still meet. the 30;day aVerage requiremenf. Such |
fluctuations may or may not be significant 1n terns,of receiving water
quality. jhe appropriate choice of the.averaging period, then,‘is one which
ensures acceptable receiving water quality without imposing'nnnecessarily ‘

restrictive treatment requirements.

1.2 Objectives

This guidance document is;intended'to achieve the following:
(1) Present a rational metnod‘for selecting the Tlevel of treatment
| required based on consideratidns'of water qua]ity; |
(2) Present a rational method to 1ncorporate the water quality based

treatment requ1rements as penn1t 11m1ts

1-2
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(5)_.Prov1de spec1f1c 1nformat1on, 1nc]ud1ng detaw]ed examp]es, so \
that the method can be applied to 51te-spec1f1c cases ‘
"(4) Use the method to prov1de an overa]] ana]ys1s of a broad
}range of cond1t1ons 11ke]y to be encountered, 'S0 as to prov1de L
a’ screen1ng too] for the rap1d assessment of a w1de var1ety of '

4 cases,

(5) nDiscuss the uses and ]imitations of the method. "

~ The basis of the method is an eva1uat1on of the extent and frequency
of acute cr1ter1a v1o]at1ons to be expected in the stream rece1v1ng the
dascharge as a resu]t of imposing the eff]uent concentration computed from a

steady state waste]oad allocat1on as a da1]y, weekly, or monthly average

. vperm1t- A probab111st1c framework 1s adopted to account for the 1nherent

variabllity of f]ows and concentrat1ons. Acute cr1ter1a v1olat1ons are
assumed to be associated with random s1mu1taneous occurrences of h1gh

eff]uent Toadings and Tow stream flows.l “The analys1s 15 based on an

. exam1nat1on of the probab1]1ty dlstrlbutlons 1nvo]ved and how they comblne to

1nf1uence the concentrat1on downstreamQ‘ The probab1]1st1c d11ut1on mode]

-

prov1des the ana]ys1s framework

| The probab111st1c d11ut1on mode] is summar1zed in F1gure lalo, The

, 1nputs to the model 1nc1ude the flow and concentrat1on h1stor1es (or pro-v

Jections) of both the eff]uent and the rece1v1ng stream. Each of these 1s

1Whﬂe it is apparent that eff]uent 1oad1ngs and stream flows experience "
both random and nonrandom (e.g., seasonal) variations, the. problem is :
ana]yzed here in pure]y random terms to, limit the comp]ex1ty of the ana]ys1s.

1-3
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‘:expressed as a probab111ty d1str1but1on that 1s, in terms of the probab111ty7
‘ that a given value is exceeded. Next the effluent and: stream f]ows are a
hﬂcombined to y1e1d the probab111ty dlstributlon of the dllution factor then'

© . the d11ut1on factor and concentrat1ons are comb1ned to prov1de the probablllty
'dastrIbut1on for the resu1t1ng stream concentrat1on.. The stream concentra--'
- tion probab111ty d1str1but1on is then converted to' a plot show1ng ‘the re- B
.currence 1nterva1 to be assoc1ated w1th each stream concentrat1on 50 that the

- ,frequency of occurrence of a g1ven (h1gh) stream concentrat1on can be com- .

pared to water qua11ty obJect1ves.

The probab111st1c d11ut1on mode] 1s used to gu1de the choice of the
permlt averag1ng per1od as follows. G1ven an eff1uent requ1rement from a
WLA ana]ys1s, the mean eff]uent requ1red to meet: tha* WLA requ1rement is

ca1cu] ated for each of the three averagmg per1ods, based .on _an assumed "

' allowable frequency of eff]uent limit v1o1at1on. Th1s prov1des three levels o
' of treatment for the p]ant in quest1on. Each.mean eff]uent concentrat1on is
A then used, together with the parameters ‘that characterzze the stream var]a-*

tb111ty, in the probab1115t1c dilution mode]. The resu]t 1s a probab111ty

dIStr]but on of resu]t1ng stream concentrat1on for. each of the three treat-'

- ment p]ant opt1ons, which can be compared to da11y concentrat1on/frequency

water gquality goa]s. The use of daily concentrat1on frequenc1es a]]ows the

use of acute cr1ter1a in estab11sh1ng water quallty goa]s. .

1.4 Organization

'This document is organized as fo]]ows. Chapter 2 prov1des a

, detau]ed descrupt1on of ‘the: methodo]ogy for f1nd1ng an opt1mum averag1ng

- 1-%
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period based on a probabilistic dilution ﬁethed. Chapter 3 presents an i‘ i ;ﬂ
annotated examp]e of the method performed f1rst as a hand ca]cu]at1on and‘ o
then us1ng the computer program provided in Append1x D Chapter 4 uses
the model 1n several representatlve app]1cat1ons, and Chapter 5 d1scusses
the uses of the method. Several append1ces to this document, prov1de '
detailed additional material, including-a review of re]atxonsh1ps for
log-normal distributions (Append1x A) and a discussion of techn1ca] 1ssues

and assumptions employed in the analys1s (Append1x B).

1-6 | v | j
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 CHAPTER 2
METHOD OF ANALYSIS

This‘chapter lays the theoreti;a1:groundwork for.the,app]fcation of
the probabilistic di1utionvmode] to the‘broo]em of'bermit averaging period
Lse]ection;,\This discussionafspresentéd‘dntwo oarts;v Section 2.1
describes‘the probabi]istic dilotion mode].' Sectlon 2 2 deve]ops the .
'method whereby the probab1]1st1c d11ut1on model 1s employed to pred1ct the

water qua]1ty effects of the se]ection of d1fferent averaglng per1ods. )

2.1 Destription of the Probabilistfc Dilution Mode] -

_ The probab111st1c d11ut1on mode] is based on a s1mp1e stream
'd1]ut1on calcu]at1on. The comp]ex1ty of the model arises from the proba-f-
bilistic framework that is super1mposed upon the d1]ut1on equat1on. This d
.sect1onljs 1ntended to provide a des;rjpt1on of the der1vat1on_of‘the
_ modei, and'to'reduce it to.a manageab1e set of equations. Whtle:a strfct
5‘mathemat1ca1 der1vat10n of the model 1s avallable [1], a r1gorous treat-

. ment is cons1dered beyona the scope of thlS manua].

F1gure 2-1 1]1ustrates a treatment p]ant d1$charge enterlng a

. stream. The eff]uent d1scharge flow (QE) having a concentrat1on (CE) of
'.the po]lutant of 1nterest n1xes w1th ‘the stream flow (QS), which may have
a background concentrat1on (CS) The rece1y1ng water concentrat1on,(CQ)
s the concentrat1on that resu]ts after comp]ete minng of the eff]uentv

and Stream-f]ows. It is the cross- sect1ona1 average concentrat1on down -

stream of the d1scharge, and is g1ven by:
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EFFLUENT
FLOW=QE
CONCENTRATION =CE

- —y— . .
STREAM _ = l«—— DISTANCE FOR COMPLETE MIXING —— ey C
=7 Vi
7 | | 7
-UPSTREAM . ‘ - ~.DOWNSTREAM
FLOW=QS o o . FLOW=QS+QE .
CONCENTRATION=CS r : CONCENTRATION=CO

Figure 2-1 - Simple dilution modei.
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co = (QE e ssies @y
' QE * QS - -

If the dilution factor, @, is defined as:

L gl =1 ()
. . Q +QS. -1+D o .
where

= QS/QE, the ratiouof‘stream flow to eff]uent‘flowi
€0 may be calculated in terms of tbvby:
= [ @CE] +'|:(1‘- e)csl - (2-3)

The calcu]ated value of CO for a g1ven day cou]d be compared to a water
qua]ity standard (CL) or to any other stream concentrat1on wh1ch re]ates
water qua11ty to water use. Th1s procedure could be repeated for a large
- number of days and the resu1t1ng set of va]ues for CO could be sabJected
to standard stat1st1ca1 ana1y51s procedures to obtain its probab111ty v
‘distribution. If th1s were done, the total percentage of days on- wh1ch

~ the downstream concentrat1on CO exceeded CL cou]d be determ1ned._;

The ab1]1ty to perform th]S d1rect computat1on depends upon the
ava11ab111ty of 1ong t1me ser1es of upstiream and treatment p]ant flows" and

' concentrat1ons of each pollutant of 1nterest. Such 1ong data records are
usua]]y oniy avallable for stream flow, but. estimates based on\more 1imi ted
data sets may be available for the other e]ements. An 1mportant objective .
of any modeling framework is to cast the problem into a manageab]e form
wht]e at the same. time preserv1ng 1ts essent1a1 features,‘ Therefore, 1t is

necessary to character1ze the f]uctuat1ng behav1or of the upstream and

2-3.
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effluent flows and concentrations in a.concise and realistic fashion. -

The probabilisfic dilution calculation procedure used in this ‘ Ce
report permits the probability distribution of downstream concentrations
{CO) to be computed directly from the probability distributions of the

flows and concentrations.

The first step in the usé of thé probébf]iétic dilution model is to
develop the-statistics of the concentratibn ahd flow of both the stream
and effluent.l These statistics include both the arithmetic and 1ogérith;
mic fonn§ of the mean (u), standard_deviation (o), and coeffftientm,
of variation (v ). The analysis is simplified here byvspecifying'ap.
upstream concentration of zero (CS = 0} so that the results reflect only
those effects on the receiving water due to the éffiuent‘dfscharge; thus .- | E
highlighting the comparative differencesrresulting'fgom chofcé of péfmit‘ | | ",

averaging period.

The amount of dilution at any time is a variable qu;ntfty and the
di]ution ratio (D= QS/QE) has a 1dg-normai distribution when-bdfh stream
Tlow (QS) and effluent flow (QE) are log-normal. Thé log standard devia-’
tion of the flow ratio QS/QE is dgsignated as;d1no. Thfs can belcélcu-
lated from the log standard deviations of stream f]ow and eff]uent flow,

assuming no cross-correlation between stream and effluent flows.

“ind = \l“’thé‘*"T%nQE | - (2-4) -

1Stapdar:d stéyistical procedures are used to compute thevmean'and'standard ,
deviation using the log transforms of the basic data. Conversion to the » ‘1
- other statistical expressions used in the analysis is described in Appendix A. . -]

-.2-4 . . ' . | | | | . ,
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The probab1]1ty d1str1but1on of the d11utlon factor, ¢_- 1/(1+D)

L'not tru]y 109-norma1, even w1th 1og-norma1 runoff and stream f]ows. It has

an upper bound of 1 and’ a lower bound of O and where it approaches these '
'va1ues asymptot1ca1]y, 1t dev1ates apprec1ab1y from a 1og-norma1 approx1mat1on.h
Dev1at1ons at va]ues of o approach1ng 0 are of no pract1ca1 s1gn1f1cance to

the ca]cu]at1ons belng performed since they occur at h1gh d11ut1ons.

For smaller streams re]at1ve to the size of the d1scharge, dev1at1ons
from a 1og-norma1 approx1mat1on can be. apprec1ab1e., They are 1arge enough to
:.1ntroduce s1gn1f1cant error into the ca]cu]ated recurrence 1nterva1 of h1gher
Stream concentrat1ons., The error 1ntroduced is a]most always conservat.ve,.
"Athat is, it prOJects h1gn concentrat1ons to recur more frequent]y than they

'actuaily wou]d.t The appropr1ateness of th1s assumpt1on is discussed in

detall in Append1x B.

A procedure'is provided‘tn“this repOrt for accurately ca]cu]atinp
the probab111ty d1str1but10n of. the d11ut1on factor (4>) and stream concentra-
tion (CO}. This numer1cal method uses quadratures and wou]d be proh1b1t1ve]y
- ted1ous to perform manua]]y. It has therefore,‘been prov1ded in the form

of a computer program wh1ch can be ut111zed on a mtcrocomputer (Append1x D)

_ For purposes of present1ng the approach in a form wh1ch can be -
xso]ved manual]y, and thereby better 111ustrate the bas1c procedure emp]oyed
the' methodo]ogy descr1ptlon wh1ch fo]]ows in th1s sect1on deve]ops a o
]og-norma] approx1mat1on for the d11ut1on funct1on @ and then proceeds
unth the ca]cu]at1ons for stream concentrat1on., Whether the 1og-norma1
approx1mat10n or the quadrature calcu]at1on is used the subsequenc steps

in determinlng the appropr1ate averag1ng perlod are the same.
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The manua] procedure (moments method) estimates‘thé mean and
standard deviation of a log -normal approx1mat1on of d11ut1on by first
ca]cu]at1ng, and then 1nterpo1at1ng, between the 5% and 95% probab111ty | 4_ .,
values. ‘The value of the d1]ut1on factor (m) for any probab111ty per- N ?j,

centile (a) is given by:

o - ' é"E . . ) - , (2-5)
(QE + B) exp (Zqo1nD)

where the value of Z, is taken from a standard normal prdbability table

Tor the corresponding value of a (seé Appendjx A).
For example, where a = 95%; 295 = 1;65
@= 5% I5 = .-1.65
a = 50%; Zgg = 0
a= 2_34;13%; Zga = 1.0

The log mean dilution factor is est1mated by 1nterpolat1ng between

the 5% and 95% va]ues ca]cu]ated above. ‘
Mne -=1/2 [In (®95) +1n (o5)] (2-6a)

The log standard devfation is determined by the fo1lowing formula

.wh1»h, in effect, determines the s]ope of the stra1ght 11ne on the log prob—'

ability p]Ot’ ‘ f S ' o .- ' ' s

1 [In (55) - In (®95)] S (‘2'-5-5) .

T T T 2

From the log mean and log standard deviation of the dilution factor (o)
the arithmetic statistics are computed using : o _}
2-6 . : . -
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The arithmet1c mean of the rece1v1ng water contam1nant concentra-
- tion (CO) downstream of the d1scharge after comp]ete m1x1ng, then, can be

~ found by.._
’u'co'= Lug (wg )3 +ch!(1 -ug, 7.];‘. e-a)

:'The'arithmetic,standard deviation hf_stream concentration. is:

eco = \/ (ucz-: - "cs)z +agg (oq * "q:) + qcs (% * 01 -y 12) - (2-9)
The coeff1c1ent of var1at1on of stream concentratlon (CO) 1s
" 'VCO - °c0/l'c0 o -~ (2-10) -

The ar1thmet1c stat1st1cs used to derlve the 1og stat1st1cs w111 be

used to deve]op the, de51red probab111ty of exceedence. '

log standard deviation>==c]hco ?'\[1",(1'* vcg): S (2-11)
L o weo 0 (2-12)
" log ‘mean = ¥1nC0 ={1n = S '

= S Leoveg /) 0

The probability (or expected '~fr-e'quency) at w-h.ich ‘a value of CO wm‘-." R

occur is determ1ned by construct1ng a probab1]1ty d1str1but1on plot on
: ]og-probab111ty paper. Th1s is accomp11shed by comput1ng the 50th percen-
- tile and 84th percent1]e concentrat1ons and connect1ng them w1th a stralghti‘,
Tine: o |

2-7
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€0 =exp (#incoO)

50% conEentratioh

84% concentration exp.(;u1nco'+ " 01nC0)

Using this procedure, any concentration of interest can. be identified and

its probabi]ify of occurrence sceIed_directly from the’pTot.

A]ternat1ve]y, the concentration that will not be exceeded at some ‘

speczfic frequency (or probab111ty) can be ca]cu]ated fran°

C0q =exp (Minco + (29“1"50))4“' ,‘ K (Z-I;Y‘

where

Z, = the value of Z from a standard norma1 tab]e whlch corres- o

ponds to. the se]ected percent11e a .

To determine the pfobabilit}'of exceedence, (1 - a) is substituted in

Equation 13.

One can also work in the reverse directlon that is, given some
target stream concentrat1on (CL) “the probab111ty of CO exceed1ng that

lavel can be determ1ned by

Z=

1nCO

A standard normal table will provide the probabi]ity‘for the ealculated'

value of Z.

Because of the way the standard normal tab]e in Append1x Ais

organized, the probabilities ca]cu1ated u51ng this aporoach represent the

fraction of time the target concentrat1on (CL) is not exceeded. The

2-8
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probab1]1ty that the concentrat1on w111 be. exceeded is obtaIned by sub-

tracting the va]ue obta1ned from 1.0,

2.2 . Choice of the'Permit'Averaging Period»

In order to exam1ne the comparat1ve effects of d1fferent cho1ces of

) permlt averag1ng perlods on water qua11ty, 1t 1s necessary to def1ne the |

| re]atlonsh1ps between the estab]1shed effluent limit (EL) from the steady
state wLA the perm1t averag1ng per1od the treatment p]ant performance that
results, in part1cu]ar the mean effluent (EE) the downstream concentra-'

tion (CO), and a stream target concentrat1on (CL)

The obJect1ve of th1s sect1on is to exam1ne the re]at1onsh1ps among

. these parameters in order to be able to pred1ct the probab111ty of an (adverse)

":water qua11ty outcome based on known or estimated stream ‘and effluent charac-
teristics and the cho1ce of permlt averaglng per1od .The approach 1s based.
‘ on the assumption that the EL w111 be v1o]ated w1th a partlcular frequency
The mean effluent requ1red to meet th1s 1eve] of comp11ance w1th EL is then"
‘ ca]culated for each of the three permlt averag1ng per1ods, and the probab1-
listic d11ut1on mode] is then used to develop a probab111ty d1str1but10n of'
the downstream concentratlon (CO) for the three cases. A level of acceptable
adverse water qua]1ty (a decision expressed. 1n terms of the probab1]1ty or
frequency of exper1enc1ng a selected h1gh va1ue of CO such as the acute
";criterIa concentrat1on) 15 then compared w1th the probab111ty d1str1bu-
' : t1ons to determ1ne the 1ongest perm1t averag1ng per1od that meets the water_‘

‘qual1ty goa]s. .f"

- 2-9
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The first step in th1s sequence is to estab11sh the relat1onsh1p

between the mnan ‘effluent (CE), the eff]uent 11m1t (EL), and the permit aver-.v

aging period. In fact what is requ1red is the relationship between the
treatment plant performance necessary to meet the eff1uent Timit as elther a
daily, week]y, or monthly maximum permit. The reason for this is that the
daily variation of stream quality is governed,'not by the effident limit ;'
which is a regulatory upper ]imit} but byAthe probabiiitv'diétribdtion

of the daiiy effluent concentrations which results from the design of the
treatment plant consistent with the efffuent Timit and the permit averaging’
period. For log-norma1iy distributed random_variab1es, this.distribution is
specified by the mean effluent concentration, CE, and its coefficient of

variation, vege

A particular effiuentVIimit (eay~30 mg/1) estab]ishedxby permit as a-
-maximum daily value would require a higher level of plant pertormance (a

lower mean effluent concentrat1on) to avoid penn:t v1o]at1ons than wou]d the
same 1imit spec1f1ed as a maximum month]y average. In the 1atter case,
axcursions above the effluent limit could be to]erated on individual days,
without causing a violation of permit conditions.q The reason for thiS'iS
that a month]y average of 30 1nd1v1dua1 da11y effluent concentrat1ons is less
variable than the da11y concentrat1ons themse]ves. Occas1ona1 h1gh da11y
concentrat1ons are averaged together with Tower concentratlons to produce a

less variable month]y average. Hence, treatment plant performance is d1rect]y

related to the averag1ng period spec1f1ed in the perm1te

In order to proceed with the anaiys1s a quantification of this re]at1on~

shwp is required. Daily treatment p]ant effluent concentration var1at1ons

- } - 2-10
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'are we]] descr1bed by a 1og—norma] dlstr1but1on parameter1zed by a 1ong term

average concentrat1on CE' “and a coeff1c1ent of var1atlon, VCE- Thus, a

' re]atzonsh1p between these parameters and the perm1t eff]uent ]1m1t and

‘ averag1ng per1od is requ1red.

A method to be employed 1s based upon an 1nterpretat1on of what is:

. meant, in pract1ce, by spec1fy1ng permlt effluent 11m1ts as max1mum values ‘

which may never be exceeded. for the spec1f1ed averag1ng period w1thout

' cau51ng a v1o]at1on. As Haugh et a]. [2] observe, f1xed upper limits

which are never to be exceeded are. conceptua]ly 1ncons1stent with. the

'stochastlc nature of wastewater treatment processes and the effluent concen-*
f'tratlons they produce. Rea]15t1cal]y, some exceedence frequency must be

hacknowledged regard]ess of the averag1ng per1od ass1gned. For the present

ana]ySIS, ]t w11] be assumed that the eff]uent limit spec1f1ed by a perm1t is
not to be exceeded more frequently than 5 percent or 1 percent of the‘ |

time. OF course, any other choice is poss1b]e.

Once a spec1f1c cho1ce is made, say 1 percent then the. probab111ty

of comp11ance is c- 99 percent and that estab11shes the fact that EL 1s the

“a-percentlle eff]uent concentrat1on CEa. Th]S procedure, then, g1ves a

‘spec1f1c probab1115t1c 1nterpretat1on to the eff]uent hm1te It 1s the

eff]uent concentrat1on that is exceeded w1th no greater frequency than (l-a)

percent of the t1me. If the perm1t is spec1f1ed as -a da1]y max1mum va]ue,_

‘then EL 1s the a-percentlle of da11y eff]uent concentratwns° If the permit
'IS spec1f1ed as a week]y (or month]y) max1mum va]ue, then EL is the a-percent11e

'of 7-day (or 30-day) average eff]uent concentrat1ons.

. 2_11
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. In order to computé the ]ohglterm average effiuent cdhCentration,
Iﬁi.fhat would insure that CE; = EL as a - daily, weekly, or)hontﬁly.permit
the coefficients 6f variation are required for 1-day énd 7-day or QO-day B
average§ of effluent concentrations. ‘Table c-2 presenfslrepresénéativé
values. | | |

Thus, the requirement that:

CCEg=EL - . B (2-15)

and Tor a coefficient of variation wgg, the average effluent concentration

TE can be computed from
"TE =Ry . EL o o (2-16)

where the reduction factorlre1ating CEq = EL to TE, that is, Ry = fEVCE& is

. 2 PP B
Rg = /1 + v exp [- Zgyfln (1 + veg)l (e

the ratio of the arithmetic average to the a-percentile of a 1og=norma1
random variable with coefficient of variation, vcE. Table 2-1 gives the

values of R, for various coefficients of variation.
The derivation'of this fonnuTa follows from the expression for the'

a-percentile of a log-normal random variab]éi

CEq = exp (MInCE .+ Zg ®1nCE) © (2-18)

and the arithmetic average of a log-normal random variable: A‘

2-12
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‘.TABLE 2-1 - Reduction factors for various coefficients of.variatibn.l

' Coefficient of

Reduétion Fac

tob.
Variation . a.
_VeE a= 95% __a=99%
01 0.853 0.797
0.2 0.736 0.643
0.3 0.644 0.527
., 0.4. 0.571 - 0.439
| 0.5 0,514 1 0.372
B 0468 0.321
07 0,432 0.281
0.8 ©0:403 0.249
| To.g' 0.379 0.224 .
V»' 1.0 | q.ééo 0.204
1.1 0.3443 ‘ 0.187
L2 0.330 - 0.173
.3 0.319 0.162
EWE 0.310 0.152
1.5 0.302 0.144

C2.13
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TE = exp (g ce + ofyce) L ()

Thus:

Ra = TE/CE = exp (308 cp = Zooy ) L (2-20)

and since exp (1/20'$nc5) =\/1 + Vég and °]nCE"=1J]"t(1 + vVEE)

{(appendix A, page A-S) equation (2-17) follows.

At this point the effect of the cho1ce of perm1t averag1ng period on
treatment plant design can be 11]us+ratedo If the perm1t averaging per1od is
l-day, and the daily eff]uent coefficient of variation is veE = 0.7 (for .
example, extended aerat1on activated sludges, Table C- 2) then for a 1 per- -
Cent violation frequency a= 99 percent R O 281 wh1ch 1nd1cates that . =
the long term average ‘ef fluent concentrat1on must be 28 1 percent of the

daily maximum permit 11m1t.

However, if the permit averaging period.is 7 days, then the coeff1c1ent
of var1at1on of 7-day averages is veE = 0.6 and R = 0.321. Now the
treatment plant can be designed to produce a long term average ef fluent
concentration of 32.1 percent of " the week1y'permit limit. For a 30-day
average permit Iimif vcg = 0.45 and Rq = 0.404. Hence, if EL = 10 mg/1,
the treatment plant average effluent concentratIOn must be 2. 81, 3.21, or

4.04 mg/1 for a daily, weekly, or monthly perm1t spec1f1cat1on, respectiVe]y.

Hence the selection of the permit averaging period is related to

the TF required for each of the three averaging. periods in order to

2-14
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avoid exceed1ng the EL more often than the selected frequency. These average ,
-va]ues are then used 1n the probab1]1st1c d11ut1on mode] (with other 1nput
. Parameters such as ﬁS’and 'E) to deve]op the probab1]1ty distribu-

Atlon of CO for -each of the three perm1t averaglng per1ods.

The va]ue of CO in the probability d1str1but1on can be norma]1zed 1n
tenms of a stream target concentrat1on (such as the chronlc criteria ‘concen-
trat10n, CL) so that the ca]cu]at1on can be. used for a w1de varlety of
po]]utants. Stream concentratlon 1s therefore expressed in terms ‘of

8= CQ/CL B be1ng a d1mens1on]ess unit’ of concentrat1on.

A conven1ent presentat1on of the resu]t1ng probab111ty distribution
makes use of the concept of return per1od For da11y stream concentrat1ons'
vathe 1 percent exceedence va1ue has an average recurrence rate of one day =
: every 100 days so that its average return per1od is 100 days. Thus the -~

return period for daily values is defined as:
Return.Period (days) = l/Probabi]ity ot Exceedence : - (2-28)

- The hasic assumption in the use of return period as defined'abdve is that the
'event whose probab111ty is beung exam1ned has a character1st1c time assoc1ated
unth 1t, 1n this case, one day for da11y concentratlons. Thus, it is assumed
that dally stream concentrations are of concern and each event corresponds

to. one day.

F1gure 2-2 111ustrates how the results of such an analysis can be

expressed in a plot of concentrat1on versus return per1od.

2-15
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Figure 2-2 -'Illhstration of analysis resﬁ1t§: stream concentréfion
versus return period for three permit ayeraging periods.
The stream target concenthaﬁion (CL) for a typica? WLA is thé chfgnic
criteria concentration of the pollutant dnder consideration. fhe use of .the
chronic criteria as tHe stream target concentration is ;onvenient for‘the '
comparison of permit averaging periods because it representSué‘specifiq and

frequently used procedure. The analysis that follows gioes not attempt to

quantify the frequency with which chrd_nid criteria concentrations are me{: by

either the conventional WLA procedure or’the guidance p'r0\l/ided for ls.el écting
permit averaging period, Instead, the analysis is designed to relate the.
choice of the pemit avefaging pério_d to the fréqueﬁ'qy with which seve're,
short term water quality impacts are expected as a result of an effiuent

1imit.
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‘Thesershort-term impacts are'perhapsbmost effectively'eyaiuated
with respect to”acute criteria concentrationsL' If the stream"concentraé :
_t1on exceeds the acute. cr1ter1a as a resu]t of an occas1ona] h1gh da1]y
effluent load1ng, the result is presumed to be an undes1rab1e 1mpact. L
o Hence, there is a dlrect connect1on between the permit . averag1ng period °
and‘the probab111ty ‘of acute cr1ter1a v101at1ons. fSpec1fy1ng that the
WLA requirement be met as a da11y max1mum perm1t ]1m1t s1gn1f1cant]y reduces

!

the poss1b111ty of acute criteria v1o]at1on since the effluent 11m1t is

[

Spec1f1ed uswng the chronic cr1ter1a, which is a]ways a sma]ler concentratlon.

. The frequency with wh1ch da11y stream concentrat1ons are a]]owed to
exceed acute crlterla is a regu]atory dec1s1on,l The analyses presented
here'm emp] oy a frequency that corresponds to a 1-day in 10-year recurrence,:
~on average. Thelcho1ce of 10 years is, of course, used for example ‘fl
purpose only but it is cons1stent w1th the 10 year return per1od that 1s

- convent1ona1]y used for the de519n stream f]ow, T ]l;

The resu]ts of the perm1t averaglng period ana]ys1s are presented in
"terms of CO/CL which is exceeded with a, part1cu1ar frequency, such as once _in
10 years. Th1s rat1o can then be compared to the acute-to-chron1c criteria-
‘concentrat1on rat1o for the pollutant of concern. For poi]utants w1th 1arge‘
acute-to-chron1c ratios, occasional 1arge daily: f]uctuatlons can be to]erated

and a 30—day permit averag1ng per1od prov1des protectlon from acute cr1ter1a

- viplations. Converse]y, pollutants with sma]i acute—to~chron1c rat1os are

more ]1ke1y to require shorter day perm1t averag1ng per1ods. Site specific

IThis is currently under EPA;study.'
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considerations, pr1mar1ly the ratio of eff]uent to stream f]ow and stream

flow variabwlxty, become s1gn1f1cant in these cases.

The final trans]at1on of the selected averaging per1od option to
permit 11m1ts requ1res cons1derat1on of the monitoring frequency.‘ The ]

method assumes either daily monitoring or other monxtoring adequate to

describe the performance of the plant on a month]y basis. If such conditions

are not met, alternate limits may be calculated which incorporate monitoring
frequency, or monitoring frequency may be adjusted so that these conditions

. arg met.

2-18
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. CHAPTER 3
'EXAMPLE‘COMPUTATION

Th1s chapter presents an examp]e probiem, show1 ng step by step -

computatmns us1ng the methodo]ogy descmbed in the prev1ous chapter. "A

set of h_ypothet1ca1 cond1t1ons that app'ly to a s1te-spec1 ﬁc situation. 1s
assumed and an ana]y51s is performed to determ ne the effect on rece1v1 ng
water quahty resu]tmg from the ass1gnment of d1 fferent perm1t averagmg

penods to the steady-state mode] output. The steps used. to conduct th1s

. ,h',ana]ys1s are summar.zed be‘l ow 1n F1gure 3-1‘ The format used in thls

‘chapter presents data and computations on the 1eft hand page, and pertinent

commentary and supportmg discussion on the facmg page 1mmed1ate1y oppos1te

' those computatlons. The manua] computatlon us1ng the moment s approx1matlon .
l1s descmbed i rst foﬂowed by an-analysis using the computer program '
o (PDM-PS) in Append1x D. Both examp]es use the same set of hypothet'aca] |

3 te-spem fic cond1 t1 ons .

GIVEN: - ‘ STEP 1: _ STEP 2:

. .?::'t: Rgnd chronic | Compute statistical.’ ~ | Compute statistical’ ‘
¥ , : arameters of di
- i edesign flows . . ) ::;ag;a;::rnst (f’lfo :treadm v v ’$ ::actor of dilution .
e«flowand congentration an ‘ ’ . S
variability for specific . concentration .
averagmg periods |

STEP 4: - ' STEP 3; -

Compute ' ; Compute statistical

‘tfrequency  distributions . |¢——— parameters of the
S . ¢ resuiting stream

concentration

_ Repeat steps . ‘
1through 4 for remainmg y
averaging periods

y

~ STEP e 1 — . STEP T:
' Pt Translate into da:ly,weekly. and
. monthly permit limits

Select optimal permit averaging period

Figura 3-1 - Step procedure to select optimal .p‘erm‘it‘ averag‘i’ né ‘perfodo
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" . HYPOTHETICAL SITE-éPéCT#ICWCONDtTiONs

This section provides an examp]e of the type and amount of 1nformat1on s

required to perform the analysis. It also establishes the basis for the -
example computations and assumes that . pert1nent s1te-spec1f1c cond1t1ons

are as follows:

A. Site-Specific Waste Load‘Al1ocation (WLA) Resﬁ]té ;“;

. The pollutant (P) to be a]]ocated has a chronlc toxicity concentrat1on
(CL) of 2.5, and an acute tox1c1ty concentrat1on of 6.25. :

HLA policy for the agency perform1ng the analys1s 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 . C
model) the effluent concentration of pollutant (P) that will result in :
a stream concentration after dilution less than or eqial to the

chronic value (2.5 = the stream, target concentrat1on, CL). For th1s
example, lt was assumed that:

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

Design Stream Flow (7Q10)

.o

23.3 ¢fs

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 1imit (EL) for ~
pollutant (P) is specified by the permit as: . - w

=10 o "’ - :.»‘ N . i
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from EPA Criteria

State water quality standards do not usually specify both values;
they are usually based on chronic values, - S '

(Any concentration units may be assigned; stream concentrations will
have to be in the same units.) - '

Loos

7Q10 (the lowest 7-day average stream flow with a recurrence
Cinterval -of 10 years) is the most common "design stream flow".

- Some states .use other values (e.g., 30Q5). This analysis uses the
numerical value of the “"design flow". However, although the. . '
example terminology uses "7Q10", it should be interpreted as. . .
“design stream flow" and the appropriate value substituted, regard-.
‘1ess of the averaging period or the recurrence.interval on-which it
~ is based. (For example, if design flow in a state were 3005, '
. assume that 30Q5 = 23.3 cfs).. - S .

NOTE: * The only exception to this is in Figure C-1, in which

. the ratio of 7Q10 to average stream flow is used to
estimate the variability of daily flows in the absence
of a specific local analysis. The use of this figure is
not requisite to either the analysis methodology or the
. computations. o : S .

o < (- CE) + (a5 - c5)
o QE *+ Q5

e JMTTT-cE) +(23.3 - 0)
T 7.77 + 23,3

S

CE =10 = EL
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HYPOTHETICAL SITE-SPECIFIC CONDITIONS
(continued) :

B. Site-Specific Conditions

Stream Flow , : Mean Flow (TEU.v 467 cfs

Coefficient of Variation (vgs) = 1.5

1]
o

Upstream Concentration ‘ - Mean (TS)

n
o

Coefficigﬁt_of Variation (v(s)

A}

Effluent Flow - 3 Mean (TQE) = 7.77 cfs

Coefficient of Variation‘(VQE) 0.20
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': --- ' Stream flow data aregobtained from’ané]ysisiof:flbw gagfhg records -
.- for the stream in question; where the stream reach is ungaged, it

. is obtained by extrapolation from an appropriate record.

At present, records are not normally analyzed for the coefficient -
of variation, although the computation is-straight forward and can
be readily incorporated into-a routine statistical analysis of-
~daily stream flows. In the absence of specific analysis results, - i
the coefficient of variation of daily stream flows can be estimated B
using the material presented in Figure C-1. - =~ . o ' ‘

.= = < Upstream concentration can be assumed to be zero if the stream
- concentration of the pollutant is very low compared to the dis-
charge, or if the effect of the discharge only ‘is to be examined.
Site-specific values for upstream concentration statistics would be
obtained from analysis of an appropriate STORET station, or from
- local monitoring records. If upstream concentrations are assigned,
enter data here and in the equations when called for. o

~=.= = The design effluent flow is assumed to be the mean effluent flow.
The variability of daily effluent flows for a new facility must be
estimated on the basis of available data for existing treatment.
facilities (such as Table C-1). For an existing facility being
. expanded, or simply re-permitted, variability could be based on an
analysis of past plant records. For many industrial dischargers, .
~ this data will be available in Book VI (Design Conditions) of the’
. waste load-allocation technical guidance document series (specific-
~ ally, in Chapter 4: Effluent Design Conditions). o -

3-5
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. - HYPOTHETICAL SITE-SPECIFIC CONDITIONS .-
C ‘ (continued) R .

I

»a

Effluent Concentration s ‘ Mean (TE)

Coefficient of Variation (vcE)

* The mean concentration is a function 'of the permit averaging

period and is that concentration required to avoid exceeding the '
effluent 1imit concentration (EL) more often than the compliance

probability. ’

The coefficient of variation. for the hypothetical treatment plant.
is not known because the plant has yet to be constructed. Assuming
that the plant will produce an effluent with a variability similar
to the values given in Table C-2, the following values are used: . - '

Permit Averaging Coeff. of Var. S :
__Period (VCE) - . R

Daily 0.70 _ . , ‘ R
7-Day ‘ 4 0.40 I {
30-Day 0.20 , :

Equation 2-17 is then used to determine the mean effluent concentra-
tion of (P) which is required to avoid a violation of EL more often
than the compliance probability. For this example, assume that the
v exceedence probability is 1 percent. For a = 0.99 percent,
- Zg=2.327. For vgg = 0.70; Rq = CE/EL is: '

ch=\’:1";v§E exp [- Za\lfﬂ’v‘(l +V5E)] ,
=y 1 + 0.49 exp [ 2.327 Y1n (1 + 0.49)]

= 1,221 exp [-2.327 . 0.6315] |
= 0.281 . | : | o

- The reduction factor for 7-day and 30-day averages are computed N
similarly with vgg (7-day) = 0.40 and vgg (30-day) = 0.20. The
results are: ' ‘ o :

of Averaged D |
: Effluent Reduction Required Mean IR

Permit Concentrations - Factor ‘ Effluent Conc.
Averaging Period (ver) Rq = CE/EL (TE = Rq EL)

10 = 2.81 }
10 = 4.39 ‘ '
;Q 6.43 " ,_3

‘ Daily 0.70 0.281 0.281
: 7-Day . 0.40 0.439 - 0.439
30-Day 0.20 . 0.643 - 0.643
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. The mean effluent concentrat1on ‘that a treatment fac111ty is
“capable of producing is influenced significantly by process selec~ .
tion. For this example, it will be assumed that process selection

. 1ts prov151ons. .

The mean eff]uent concentrat1on that a fac111ty is required to
produce is influenced by the permit. averaging period and the vari- -
‘ab111ty of eff1uent concentrations of the po]1utant 1n quest1on.v

‘The ana]ys1s employed here, -which bases permit averag1ng period
se]ect1on on receiving water impacts, is based on. exceedance of the
acute cr1ter1a on a daily basis. Therefore, all subsequent stream
impact computations (Step 4) are based on the coefficient of variation
of da11y eff]uent concentrat1ons or 0.7, as. shown.

The mean concentrat1on is shown by (*), because a d1fferent value
is used for each perm1t averag1ng per1od. : .

. The recommended exceedence probab1]1ty for the effluent limit is-
either 5 percent or 1 percent. For 5 percent, Ly would be Zgg =
1.645. - . . . : . ‘

,Longer averaging per1ods reduce the var1ab111ty of effiuent concen- -
trations, and allow permit exceedance 1imits to be met with higher
effluent means. Computation of the required mean (CE) uses the
va]ues of VCE for the correspond1ng perm1t averg1ng per1od. o

3-7
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EXAMPLE COMPUTATION - HAND CALCULATION -
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tion to evaluate the stream.concentration probability distribution;,

STEP 1: Compute stat1st1ca] parameters (ar1thmet1c and 1ogar1thm1c) of

inputs using relationships for log-normal distributions (see
notes on page 3-9 or Appendix A for equations). :

o For the mean eff]uent concentratlon (IED for a. 30-day permit

averaging period with X = CE, that is for the variable CE:

ARITHMETIC
 Mean (ug) = = = = =« = = = (page'3-6) -------- = 6.43
Coef. Var. (vg) = = = @ e = = = (page 3-6) - == e=-=0,70
Std. Dev. ((ox) =uy *vyx = (6.43) « (0.70) = = = = = - = 4.50
Yedian ) =u /L + v = 6.43/\/1 + (0.7)2 - '5.e7
LOGARTHMIC >
Log Mean (#inx) = 1n (X) ="1n (5.27) = 1.662
log Std. Dev. ( oinx) = .\/'ln (1 vy \/1n (1 + (0. 7)2) = 0.6315
0 These computat1ons are repeated for each of the‘otheﬁ input
parameters. The results are tabulated below.
Arithmetic ngarithmic
Mean Median  Std Dev Ceef Var .Mean Std Dev
x Hx X o vx Hinx - 9Inx
Stream 467 259 701 . 1.50 5.5570  1.0857
Flow: @S v , . - ,
Effluent 7.77  7.62 1.55 szotv 2.0307 0.1980
, Flow:. (€ , , : ,
" Upstream 0 0 0 0 0 0
Concentration: :
cs
Effluent 6.43 © 5.27 4,50 ~ 0.70 1.662  0.6315
Concentration: - .
CE
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‘Thevfollbwing parameteré'are'used subsequently:

: | | Arithmetic - _

Input . L Std. ~ Coef.
Parameter -Median = Mean  Dev.' \Var.
- S X Bx . Ox = vyx
Stréam Flow ~ Q5 @ wgs  ogs  vgs

- Strgam¥Conc. ' CSf 63» ' Hes " ocs - ves
Effluent Flow QE G ME 9 . VgE
Effluent Conc. CE _6Er HCE chj\ bCE

VI (3)
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nga'm’thm'ic) .
Log log -
Mean - S.D.
H1n x %1n x"
"1nQS °1ngQs
HInCS  91nCS

MInGE S1InQE
-“1n‘cE

°InCE -

The fo]]owiﬂg'definitions and equat1ons summar1ze the re]at1onsh1ps among .
the statistical parameters of log-normal- random var1ab1es. ‘

Arithmetic .- Terms. ( a  Logar1thmic
X ~ - Random Variable In x
- ].lx . ' . ;N‘e}an ‘ "'.’m..,X'

2 A 2
’cx.\ -+ Variance . é]" X
oy Standard Deviation S1n x
" vy Coefficient of Variation (not used)
X ~ Median (not uéed)
u, = exp [ui" + 1 52 1 My, = 1n "
X nx T3 nx _Inx X

“\] 1 ,~=l.- vx‘?»'

")
"

exp [rynx]

o
I

= \/exp (olnx) - ; 0 T

Ox = "xvx

JTn ( 1i+i‘zx2)-v o
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EXAMPLE COMPUTATION - HAND CALCULATION
(cont1nued)

(a) 6ompute the log standard deviation of the flow ratio‘QS/QE.

°1nd = «/c;?nQS!f o ?nQE + 29-91nps +91nQE

The first two terms are taken from the table in Step 1
(and squared). Since, for this example, flows are not
correlated (p- 0), the third term drops out. Therefore,

S1np = «¢/(1 0857)2 + (0. 1980)2 1.1036

- (b) Compute the 5th and 95th percentiles of the actual d1str1bu- |

tion of the dilution factor (@)

QE |
Py = = <
- (QE + QS)* exp(Zq®1nD)
where:
6§, 6§’= median va]ues for effluent and stream f]ows
‘ (from table 1in Step 1)
Lq = the standard normal Z score for selucted
percentiles(a ) ‘
Zs = -1.645 ; Zg5 = 1.545
°lnD = 1 1036 (computedvin'step_z (a))

Substituting the appropriate values gives:

©95 = 0.004766 " o5 = 0.1531

(c) Compute the log mean and log standard deviation of the
log-normat approx1mat1on of the d1str1but1on of the d11uf1on
factor (@). : .

Log mean Mine = 1/2 [1n (@95) + 1n (@5)] = -3.6115

1 ﬂn(¢s)-1n(¢99)
'1.645 . 2

Log std dev ojpe = 1.0546

3-10
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This equatlon accounts for any corre]at1on that may ex1st between
stream flow and effluent flow; e.g., where higher effluent flows
- tend to occur dur1ng per1ods of high stream f]ow.' .

' Ord1nar1]y, there is .no reason to expect any such corre]at1on,
therefore =0, and the computat1on in step- (a) 1s 51mp]1f1ed as
~shown. ’ . ~

~ ®95 = - @&
(QE * QS)exp (Z491nD)
= 1.62

(7.62 + 259 exp [(1.645), ‘(1.;‘1036)] |

7.6 .
7.62 + 1591

0.004766




VI (3)
Revision No. O

EXAMPLE COMPUTATION - HAND CALCULATION
- (continued) R :

(d) Compute arithmetic statistical parameters (using equations on C
. Page 3-9 and tabulate for convenience. L -

Arithmetic : ' Logarithmic S
" Mean  Median V,Std Dev Coef.Var  Mean’ Std Dev
Dilution (#) 0.0471 0.0270 0.0673 1.43°  -3.6115 1.0546

Factor

STEP 3: Compute the statistical parameters of the'fesultihg‘in-stbeém‘
concentration (CO). o : .

(a) Compute the arithmetic mean concentration using préviously
tabulated values, using Equation 2-8. ,

ueo = [uCE “wg T+ Lucs » (- ug )l
= [6.43 - 0.0471] + [0] = 0.303 o ‘ ‘

(b) Compute the standard deviation, using Equatibh 2-9..

(0.0673)2 . (6.43 - 0)2

oCco

2 : { 0.06732 -
+ a- © 2 2 - . 2 L) ¢ ~ + 0a137 . .
CE (cr@ + u¢) + (4.5‘0). <_!_0.04712 v , |

2
TOCS o (92 + (1 5 8,)2)

V0.324 = 0.569

Teo = ] j
1
(c) Compute and tabulate for use in subsequent graphica] or S
other summaries, the other statistical parameters-of stream >
concantration. . . ’
Arithmetic . L Logarithmic o *}
Mean: Median  Std Dev Coef Var Mean = Std Dev 4
Stream 0.303 0.142  0.569: °  1.88  -1.95 1,23 l

Concentration (CO)

3-12
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The equations are as follows:

. " '2‘,:
"¢= exp ["]W""Z lnq:] '

exp [-3 5115 + = (1 0546)23

0.0471‘ :

. (¢2 )-1
.\/exp (clnw)
\/prvc(1;0545)21-i

1.429 |

@ ¢¢
(0. 0471)(1 429)

10.06729

When - the manual’ ("moments" approx1mat1on) aﬁelys1§ presented here

'is used, the stream.concentrations computed are assumed to be log--"-
normal]y distributed. That is, the log-normal distribution computed is -
an approximate representation of the actual distribution that results.‘.~.

'_JThe degree of approx1mat10n is exam1ned subsequently.

- The equatlons ane.

VCO‘- uco/uco = 0, 569/0 303 .

n -

. =l
“1nt0_= CInf. 'co :
y 2
| 1+veo
. 1n / 0.303
\/ 1+ (1. 88)2
- -1 95 B
T1nco = \/1n (1+ ”co) | R

\j1n [1 + (1. 88)2]
1.23
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- EXAMPLE COMPUTATION - HAND CALCULATION
‘ (tont1nued)

- STEP uil Use the statistical parameters of stream concentratton computed
in the prev1ous step to construct graphical or tabular d1sp1ays ,
. summar1z1ng the, frequency d1str1but10n. :

« . (a) To construct a probab111ty p1ot u51ng log- probab111ty graph
paper:
o The med1an concentrat1on 1s p]otted at the 50th percentlle
position.

¢o

CO503

exp (11nC0)

- egp (-1.95) |
=042 o

o Any other p]ott1ng pos1t1on is determ1ned as follows:

(1) From Table A-1, select a probab111ty (a ) and -
determine the corresponding value of Z4. For

example, o
Probability = 0.841 (84%) - - < = - Zgq.1% = 1.00
= 0.159 (16%) - - - = = Z15,9y =.-1.00

Probability

(2) Compute'the'concentrat1on at probability ( a) trom”
~ . the log mean and log standard deviation of stream
concentration (CO).

C0q = exp( #inco + Z4 * 91nCO)

84% plotting poSition.

COggy = exp(-1.95 + 1.00« 1.23) = 0.487 ~ . |
16% plotting position ‘ o o N
01694 = exp(-1.95 = 1.00 - 1.23) = 0.0416 -

(3) Plot these ¢oncentrations on log-normal probab111ty ,
paper-and connect with a stra1ght Tine,
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10

STREAM CONCENTRATION (CO)

e rls'o% - |84%

.01 _I 1 f‘ i ‘| ¥ |‘ B 4 1 *‘i‘ 1

or I'2 5 10 30 50 70 S0 . 99 9999
, % EQUAL OR LESS THAN . .

Tigure 3-2 - Sample ‘stream concentration versus probability plot. for .
30-day averaging period. o > o - o

The probability plot indicates, for example, -that the stream concentration

of pollutant (P) will exceed a concentration of 1.0, at a frequency '
,'(pfOb@biiity) of about 5%.. Since the analysis is based on daily values,
_this is interpreted as: ' 5% of all days will have stréam concentrations
© greater than 1. ~ : o

-
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EXAMPLE COMPUTATION - HAND CALCULATION ‘
(cont1nued) '

STEP 4 (sontinued)

(b) To construct a recurrence interval (return perlod) p]ot
us1ng Tog-log graph paper:.

) The formula used in the prev1ous step
CO = EXP( #1nco +.Za . GlnCO)

can be EéabrahgedEIQ _

In (C0q) - winco . - o | -

LU | o B

a

The log mean and. 1og standard deviation were determ1ned in ‘I

% 1nCO

Step 3: » ‘ . '
Hinco = =1.95 E | | B o ’;
= 1,23 o L |

0 Plbtting positions ake determined as'foT1owsf'f ﬁ S i
(1) Select a series of values for stream concentrat1on
(CO) covering a range of interest, take the natural

Tog (1n) and compute the value of Z.

(2) From Table A-1 identify the probab111ty (Pr) asso- |
. ciated with each Z. _

(3) Compute the mean recurrence 1nterva] (MRI) for each
of the se]ected concentrations:

: 1, 1
MRI (years) = — —o0——
: (v ) -Pr 365 day/yr

For‘examp1e;

Stream R Probability Mean Recurrence v
~ Concentration CO Z _ Greater Than Interval (years)
) 15 3.787 7.626 x 10~5 35.9. Y
10 3.457 2.732 x 10~4 10.0 .
5 2,894 1.902 x 1073 1.44 -
1 1.585 5.648 x 1072, 0.0485
_ Plot results. If necessary, compute add1t1ona1 values to
. ) S, ass1st in drawing a smooth curve. oo
3-16.
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being considered here, unless interpreted very carefully. For

 , example, a-1% probability of exceeding a significant stream concen=

tration means that this occurs nearly 4-times in 1 year, and for
more than a month of individual days over a. 10 year period. .
Expressing results as recurrence intervals is believed to provide a

more useful expression of analysis results. . o

.

N . . '
o - 10 YEAR' T
YRECURRENC? INTERVAL

o

§

STREAM CONCENTRATION

»

l
I
!
|
|
|
!
|

".l' | PR T I t‘i'lll.l' Voo o lead Lo Laasdd
.0l .02 .05 U 2. R 2 .5 10. 20 - S0
" MEAN RECURRENCE INTERVAL "‘YE'ARS .

5Figure 3-3 - Sample stream concentration versus mean recurrence interval

for 30-day averaging period. -

Note that the acute concentration assumed for the pollutant (6.25).
is exceeded an average of once every 2.6 years. If the exceedance -
criteria to be met is an average of 1 acute toxicity exceedance
every 10 years, then the assignment of a 30-day permit averaging
period is insufficient; shorter averaging periods must be examined.

However, if the pollutant had an acute concentration of 12.5 (or an

~acute-to-chronic ratio of 5), the recurrence interval of 20 years
‘would'be sufficiegtly protective for acute events.
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EXAMPLE COMPUTATION - HAND CALCULATION
(cont1nued)

STEP 5: Compute the receiving water quallty 1mpact that would result
1 from assigning other permit averaglng per1ods. ,

Repeat Steps 1 - 4 using the va]ues for TE that have been
calculated for weekly and daily perm1t ass1gnment. '
7-day bermjt average = = = = = = = EE'=_4.39
Daily maximum permit average - -.-CE = 2.81
A1l other imputs remain unchanged .
When the computet16ns are repeated using these . values, the

statistical parameters for stream concentrat1on (Step 3) that are
developed are as follows:.

~ STREAM CONCENTRATION (CO) STATISTICS

@

Permit .

Avereging Mean Meran " std. Dev., | Coef. Var. Mean Std. Dev.
Period M €O o _9C0 VCO - H1nCO T 1nC0

- 30-Day 0.303 0.142 | 0.570 " 1.88 -1,95 1.23
7-Day 0.207 - 0.0971 0.389 . 1.88 - -2.33 S 1.23

* 1-Day 0.132 0.0622 0.248 1,88 - -2.78  1.23

Probab1]1ty and recurrence interval plots. aré then constructed as
described in Step 4 to provide a graphical comparison of the
influence of alternative choices for averaging period on the
frequency of exceed1ng acutely toxic concentrat1ons of pol1utant
(P) in the rece1v1ng system.
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@ ” PERMIT AVERAGING PERIOD
.0l i N i R R I L ' L ' | ‘
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°/o EQUAL OR LESS THAN

Figure 3 4 - Concentratmn versus probabﬂ1ty p]ot for 1-, 7-, and
30-day averagmg per1ods. ,

100 T
10 YEAR
RECURRENCE INTERVAL
N

o

' STREAM CONCENTRATION (CO)

PERMIT AVERAGING PERIOD |

R . | '| """,] 1 i ;l"llll] | l ! 1'lv|avu] . |v ot legg
.0l .02 .05 d .2 51 2 5 10 20 50.
' - MEAN RECURRENCE INTERVAL - YEARS

F':gure 3-5 - Concentratwn versus- mean recurrence 1nterva1 plot for 1-
. 7-, and 30-day averaging periods. :
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EXAMPLE COMPUTATION - HAND CALCULATION
(cont1nued)

Select Lhe appropriate perm1t averag1ng per1od.,

The appropr1ate permit averag1ng period is chosen to prov1de

an acceptable level of receiving water quality. The decision is _
based on the assumpt1on that an unacceptab]e exceedence of the acute
criteria in the receiving stream 1s more than once every 10 years,

on average.

Therefore, the permit averag1ng period se]ected is the hlghest )
one that does not result in a mean recurrence interval for acute
criteria violations that is less than 10 years. For this example,
recurrence intervals for a stream concentration of 6 Za are
approximately

2,6‘years'

30-Day Avg. Period =
7-Day Avg. Period = 7.7 years
1-Day Avg. Period =31 years

For the site spec1f1c conditions assumed for this example, a

l-day permit averaging period could be ass1gned to the effluent
limit of 10. However, as shown below using more exact calculations,
a 7-day permit averaging period is suff1c1ent1y protective for acute
events. Thus a 7-day permit averag1ng period is assigned to the
effluent limit of 10. . ,
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For marginal cases, it shdﬁldfbe'né¢ognized that thé"projectibns made
using the moments approximation tend to be conservative. AS shown ‘
below the more exact recurrence intervals are 6.4, 32, and 280 years.

The acceptable frequency of. dcute criteria vioiation‘is,,of course,
- a policy decision. Alternate levels are evaluated directly from
Figures 3-3.and 3-4. : : o

The moments approximation used for the foregoing computations
(because it approximates the distribution of dilution factor (@)
.-with a log-normal distribution) provides an approximation of the
probability distribution and recurrence interval of the stream
concentrations. o . S e .

An exact computation that avoids the necessity of this approxima-
- tion, is provided by use of the computer program detailed in the
next section and in Appendix D. .In this case,its use is warranted
since a 7-day permit averaging period is sufficiently protective.

Based on the selection of the 7-day permit averaging period, the

- maximum 7-day average permit 1imits = EL = 10 mg/1. This permit
limit.is equivalent to a long-term average effluent-concentration
CE = Rq . EL = (0.439)(10) = 4.39, with coefficient of variation
daily effluent concentration (vgg) = 0.7. Thus, the design of the
treatment facility. and the selection of treatment process should be
made to meet these specifications of TE = 4,39 mg/1 with coefficient
of variation of daily effluent concentrations vgg = 0.7, .
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EXAMPLE COMPUTATION .--HAND CALCULATION
{continued)

STEP 7: Compute permit limits for other averaging periods (daily maximum

and monthly) and exceedence percentiles (1 percent and 5 percent)

that are consistent with the treatment performance level established .

in Step 6.

At this point in the analysis, it has been determfned that‘éssigning
the effluent 1imit of EL = 10 as a weekly permit, applicable to 7

day averages of the daily concentrations, is sufficiently protective.

.This choice.is based upon an effluent limit violation frequency of
%%9 percent. The mean effluent concentration for these choices is
= 4.39. ) e -

If it is assumed that the same violation frequencies épp1y to the -
other permit concentrations, then they can be computed directly:

Permit Limit = C'E/Ra

since Rq = TE/CE, and the permit 1imits,are‘assumed to be the
a-percentile concentrations for each averaging period..

If other violation frequencies'are desired, for exaﬁb]e, 5

percent, then permit limits of this frequency can also be -calculated -

using the appropriate Ry forf 1-a = 5 percent. The table belo
presents the results for the example considered above. '

Coeff. of.Vér. of .
Permit ' Avg.'ed Effluent  Reduction Factorsb

Averaging Concentrationd , Rq "~ Permit LimitsC

_Period VCE 1% 5% 1% 5%
1-day _ 0.70 ° 0.2l 0.432 15.6  10.2
7-day 0.40 0.439 0.571 10,0 7.69

30-day 0:20. 0.643 0.736 6.83 5.96

It should be pointed out that any or all of these permits are
equivalent in the sense that a treatment plant meeting any of these
requirements will also meet the desired water quality goal. Of
course, this is true only if the actual coefficients of variation
for daily values and 7 and 30 day average plant effluent concentra-
tions are as specified. .

aThese are assumed to be representative of the treatment plant
effluent behavior. = ‘ '

bTable 2-1, equation 2-17.° ,

CPermit limit = TE/R,; TE = 4.39..
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o o 7. Daily v o .
Permit Limits 2 T Maximqm , Weekly Monthly
_ Reductioﬁ féctofs (see p.L356) ' 0.281 | ‘0.439 ]‘ 0.643
Choice of averaging period - °  .no Cyes o
. .(from step 6). ‘ ' : : L
Yalue for fhe,se]ected averaging e ' 10:‘v- e

period (from step 6 - steady
state model output) . o _ y
Permit Timits using'rediction 10 (0.439) _ . 10 (0.439) _-

factors, Rg's e o =186 100 Spgl -6 /
long-term average effluent -~ 4.39 839 439
concentration, CE (see p. 3-6) ‘ - T . o

Coeffféient df‘varfatioﬁ of 0.7 0.4 0.2
daily, weekly, and monthly . : S
permit limits (see p. 3-6)

The long term average effluent concentration for the required level of

. treatment is equal to 4.39 mg/1 with the coefficient of variation of -
daily effluent concentrations equal to 0.7. To meet the water quality
standard at the state specified design flow and to-meet the acute
criteria at all times except for 1 day once in 10 years, the treatment
facilities need to be built to meet the ‘long term average concentration
of 4.39 mg/1 with coefficient of variation of daily effluent concen-.

tration vgg =-0.7. -The permit limits derived above are based on -

daily, weekly, and monthly reporting procedures. If less than

adequate monitoring is required, the appropriate permit limits

must be derived using the long term avérage and equivalent coefficient

of variation. - ‘ o e
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EXAMPLE COMPUTATION - HAND CALCULATION
(cont1nued) .

Recapitulation-

In order to a1d in the understand1ng of the suggested procedure, the
sequence is reviewed below in out11ne form.

1.

Establish streamflow characteristics.

'3 vQs.

Establish effluent flow characteristics.

[ ' VQE

Pu—

Establish effluent concentrat1on var1ab111ty character1st1cs
(vcE) for daily values-and 7 and 30 day averages.

Coefficient of Var1at10n
Averaging Period : VCE - ‘ IR |

l-day C 0.7 |
7-day - 0.4 . ‘ |
30-day 0.2
Establish effluent 1imit from steady state wasteload allocation.

EL = 10
Establish violation frequency of EL
lea= 1%

a=99% .

and assume CE_ = EL
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t

- These . should besite spec1f1c since’ the computat1on is usua]]y

sensitive to the valuess

Mean effluent f]ow is 1mportant but the coeff1c1eht of var1at1on,

's1nce it is usua]]y sma]], is usually. not 519n1f1cant 1f VQE << vQS.

These coeff1c1ents of var1at1ons specify the behav1or of the
‘daily values and temporal averages of effluent concentrat1ons.,
More detailed evaluations for industry specific or pollutant
specific situations are required to be more. def1n1t1ve.' The
values used are not suggested as universal. . '

The ana1ys1s presented in this manua] does not evaluate the
degree of protection afforded by this choice. That is, the

' probab111ty of violation of the chronic criteria is not ca]cu]afed.‘

it 15 assumed to be suff1c1ent1y protect1ve.r

The choice of" v1o1at10n frequency is necessary in order to give’ a
specific probab111st1c meaning to EL. Reasonable values appear
to be one or five percent. However, a problem may arise if too
frequent a violation frequency is chosen. It may turn out that
even ‘specifying the pemit as a daily maximum does not insure.
that acute criteria violations ‘are sufficiently rare. In this .

~ case, a lower probab1]1ty of v1o]at10n must be spec1f1ed. o
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EXAMPLE COMPUTATION -- HAND CALCULATION
~ (continued)

Fbr'a(step 5) and coeff1c1ents of variation (step 3) compute
ratio of mean effluent to effluent limit, R, = CE/CE, and the
resulting mean effluent concentration CE'for each averag1ng ‘
pericd. ( , . o

Reduct1on Factor
Mean Effluent Concentggplon

Averaging Period Ry o
1-day : 0.281v ' _. - 2.81
7-day : 0.439 . - 4,39

30-day - 0.643 6,43

Evaluate each mean effluent concentration using PDM to compute

the return period of acute criteria violation. Choose the

appropriate averag1ng period.

" Return .Period (years) for .-

‘ COo = 6.25 4
Averaging - =~ - | Moments . Quadrature
Period CE - Approximation . Method
1-day 2.81 31 281 ‘
7-day - 4,39 - 7.7 : 31.8 > 10 years

30~day %43 . 2.6  TE.44 I

Establish appropr1ate permit ]1m1ts for other averag1ng per1ods,
CE =4.39, 1 -a= 1%. :

Averagiﬁg Period . VCE - Re . Permit Limitd
1-day 0.70 - 0.281 - 15.6 . - S
7-day 0.40 0.439 ' 10.0 - v
30-day - - 0.20 0.643 - 6.83 * ' T i
3Permit Limit = CE/R, ; 1% violation f;equency; ‘  ‘ N fl
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Thié,ca]cu]ation makes the connection between'tﬁe effluent limit .

-and the mean effluent concentration required to meet the effluent

limit if it is assigned to daily valuesor 7 or 30 day averages..
A treatment. plant designed to produce TE and whose variability.
is as specified in (3) will meet the effluent limit with one
percent violation frequency. ' _ - S

The three treatment plant designs (the three mean effluent

- concentrations) and the daily effluent variability are used in

PDM to compute the return period of an acute criteria violation.
The moments approximation is sufficient if the return periods are
significantly less than or greater than thé 10 year criteria
violation frequency being examined. In this case, the 7-day
averaging period result is close to 10 years and the more accurate -

~ computer method is used to improve the accuracy of the calculation.
The calculation indicates that a mean effluent concentration of

TE = 4.39 and a daily veg = 0.7 is sufficiently protective
for acute criteria violations. This, then, is the basis for the

The permit limits for the other averaging periods are now calcu-

‘lated to be consistent with the treatment plant design. That is,
~ these permit limits are consistent with effluent mean and coeffic-

ients of variation as indicated, and specify the same performance.
Thus, they are equivalent requirements. o o ,
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=EXAMPLE.COMPUTAT10N-- COMPUTER PROGRAM

This section illustrates the use of the PDM-PS computer program (included
and described in Appendix D) to the solution of the example presented in
the previous section. The site-specific conditions used to define input
values in the previous section are used in this section ‘as well. -

The PDM-PS is'structured to accept inputs in the form of statistical
parameters and ratios, determined readily from the data. The following
ratios are entered for this ¢xamp1e computation: . '
Stream Flow Ratio  7Q10/Q5 = 23.3/467 =0.05
Effluent Dilution Ratio  7Q10/QE

23.3/7.77 = 3.0.
(*) |

Effluent Concentration  CE/EL
Reduction Factor

(*) Reduction factor assigned depends on permit averaging
period. 'As determined earlier, : ‘

30 Day - - - =R

= 0.643
TE/EL 7Day. - - - -R=0.439
I 1Day - = - =R =0.281

The only other inputs called for are ﬁhe'coefficients of vahiatiqn‘of
stream flow, effluent flow, and effluent concentration, which have already
been determined. . ’

The facing page illustrates the input prompts that are displayed when
the program is run, and the values entered in response to the prompts,
in this case for evaluating the 30-day permit averaging period.
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~ DISPLAY AND PROMPTS ' RESPONSE ENTRIES
POINT SOURCE - RECEIVING WATER | o '
-~ CONCENTRATION ANALYSIS - |
“++++;+++++¢++++++¢+++¥++4f++++'
- INPUTS: COEF VAR OF QS,QE,CE -
: - 'RATIO...7Q10/avgQS
'RATIO...7Q10/avgQE
 RATIO...avg CE/EL
- BACKGROUND STREAM CONC (CS)
IS ASSUMED TO BE ZERO
S e ,
ENTER COEF VAR OF QS,QE,CE? - - - - == e 15, 0,2, 0.7
ENTER FOLLOWING RATIOS: - o
: ..-.-..7Q10/3V9Q/s ? - - - - -“7 - == - o m ow 0005
| ‘-..'a--‘-?QIO/_a‘Vg QE ? - - - "r; ""." N l‘ 3.0
ceeeesa@Vg CE/EL? = mim w o= oo oo im e o 0,603 |
ENTER LOWEST,HIGHEST,AND INCREM= This prompt repeats after the -
ENT OF MULT OF TARGET FOR WHICH o . selected range of-values has
% EXCEED IS DESIRED , -~ 'been computed and displayed.
? o _ L It allows the user to be guided
S o : by output in selecting values =
ENTER LOWEST,HIGHEST,AND INCREM=- . ‘and ranges for subsequent comp- o

ENT OF MULT OF TARGET FOR WHICH : . utations.
% EXCEED IS DESIRED - - : - -
? : ' ‘

© 0.01, 0.06, 0.01 . -
- 0.08, 0.36, 0.04
0.40, 4.0, 0.2

NOTE: The manual analysis. presented earlier, computed the exceedance )
probability and recurrence interval for specific stream concentra-
tion values. The computerized computation generates these results
for stream concentratiohs expressed as multiples of the target:
concentration (CL) that is explicitly assumed to result when

Effluent Concentration CE = EL (the effluent limit)
Sffiuent F1ow . QE = QF . (average QE)

Streém:E]ow L QS = 7Q10.(the désign stream flow)
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EXAMPLE COMPUTATION: - COMPUTER PROGRAM
(contlnued) -

'PROGRAM OUTPUT

*******************************‘k

RECEIVING WATER CONC (CO)
* PROBABILITY DISTRIBUTION
" _AND RETURN PERIOD
FOR MULTIPLES OF TARGET CONC.
DUE TO POINT SOURCE LOADS .

dkdkhkhkhkhkhhkhkhkidhhhkhhkhihihihhrhkdkit

. COEF" VAR.....QS

= 1,50

COEF VAR.....QE = 0.20
- COEF VAR.....CE = 0,70
7Q10/ave QS = .0.05
7Q10/ave QE = 3.00
ave CE/ EL = 0.64

+++++++++++++++++++++++f+++++++f,-
STREAM CONCENTRATION (CO)

MULT OF  PERCENT  RETURN
TARGET OF TIME PERI0D
(CO/CL)  EXCEEDED (YEARS)

0.01 92.699 0.003
0.02 80.916 0.003
0.03 71,039 0.004
0.04 62.788 0.004
0.05 55.862 - 0.005
0.08 40.808 0.007 - -
0.12 28.659 0.010
- 0.16 21.170 0.013
0.20 16.201- 0.017
0.24 12.728 . 0.022
0.28 = 10.206 0.027
0.32 - 8.320 0.033
0.36. 6.875 0.040
>0.40 5.746 _-0.048
0.60 2.650 0.103
0.80 1.399 - 0,196
1.00 0.804 - 0.341
1.20 0.490 0.559
1.40 - 0.312 0.878
1.60 © 0.206 1.331
1.80 0.140 1.961

2.00 - 0.097 - 2.821
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--- Th1s output is for a 30-day perm1t average perlod (Rq = O 643)

- The range of va]ues selected here is broad enough to fac111tate
construction of probab111ty and recurrence 1nterva1 plots.

~ Stream concentratlons 1lsted are ‘in terms of a ratio to the’ target
~concentration (CL). In th1s example, the target stream. concentra-
.tlon is: . N )
L=25 [
. Actual stream concentratlon 1s th1s value mu1t1p11ed by the Tisted
'va]ue. .g .y the muitIp]e of Target (CO/CL) =
Correspond1ng stream concentrat1on ls
0.4 X 2.5 = 1. 0

Since the acute-to-chron1c ratio for po]]utant (P) is 6. 25/2 50. = 2.5,
acute’ exceedences are reflected by mu1t1p1e 2.5. . o

Probab111ty or recurrence 1nterva1 plots can be constructed, s?mp1y,
by’ p]ott1ng the values ]1sted in the computer printout. , :

Note that the probability distribution of stream ‘concentrations.

deviates from ]og-norma] (a stra1ght line) at the higher exceedance
percentﬂese ~ ) v . .
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EXAMPLE COMPUTATION - COMPUTER PROGRAM
“(continued) -

STREAM CONCENTRATION (CO) (cont.)

MULT OF  PERCENT  RETLRN BN ' g
TARGET- - OF TIME PERIOD -
(CO/CL)  EXCEEDED (YEARS)

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 29.482
\ 3.80 0.007 37.640 o
4,00 0.006 . 47.674 L
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EXAMPLE COMPUTATION - COMPUTER PROGRAM
(cont1nued)

To examine stream concentration éffects for other berhit avera§1ng per1ods;
repeat the analysis, substituting the appropr1ate value -for the reduct1on
factor (R = EEYEL) : .

The return period curves prov1de a useful summary and perSpect1ve however,
the evaluation can be performed without constructing the graph. In this
case, the range of concentrations specified might (as shown below) simply
bracket those of principal interest. In this case, a range of CO/CL from
0.5 to 3 is selected, because the chronic limit (CL = 1), and the acute
]1m1t to be exceeded no more than once every 10 years is co/cL = 2.5,

The relevant portions of the output for the three permlt averag1ng per1ods
are shown below:

STREAM CONCENTRATION (00) }

MULT OF  PERCENT - RETURN
© TARGET OF TIME  PERIOD
© (CO/CL)  EXCEEDED  (YEARS)

30-Day Average 0.50 - 3.818 0,072
. 1.00 0.804 - 0.341
. CE/EL = 0.643 1.50 0.252 1.085
: 2.00 0.097 2.821
2.50 0.043 6.443
. 3.00 0.020 13 411
7-Day Average ‘ 0.50 - .1.717 0.160
1.00 0.272 1.008
CE/EL = 0.439 : 1.50 0.069 3,957
. S . 2.00 0.023 12,149
2,50 0.009 31.819
3.00 0.004 74.364

1-Day Avérage - 0.50 0.560 0.489
. - 1,00 0.060 4.601
CE/EL = 0.281 1.50 - "0.011 23.866
2.00 0.003 90,571

3.00 0.000 756 249
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In this case a different averaging period would be selected than that v
- based upon the manual computation. Acute criteria exceedences have a mean .
recurrence interval shorter than 10 years for a 30-day permit average, so it
would be reJected in favor of a 7-day average, wh1ch meets the gu1de11ne. -

Note that the exact computatlon using the computer program indicates a

6.4 year return period for acute violations, compared with a 2.6 year
return-period estimated by the manual approx1mat1on. The manual approxi-
mation tends to give conservative projections for the: 1onger return periods
that are of interest, though dszerences vary depend1ng on spec1f1c 1nput
~cond1tions. . .

Hence, there w111 be marg1na1 cases where the approx1mate computat1on may

‘~Are3ect a 30-day average 1nappropr1ate]y. ,

~On the other hand wherever the manual approximation accepts a 30-day
permit average as appropriate, it is safe to. assume that the more exact

- computat1on will not modify the choice.

- For the 51te spec1f1c cond1t1ons assumed for the example ana]ysia'

o Any po]]utant w1th an acute-to-chron1c ratio of 9.5 or greater
would, based on the manual approx1mat1on, a]ways be ass1gned a
30-day perm1t average. . -

o The PDM-PS computation extends th]S to po]]utants w1th acute-to-
chronlc ratlos of 3 or more. ' ‘
NDTE' EPA 1nterprets ‘any return per1od greater than 25 years as be1ng
‘ hlgh]y 1mprobab]e. - - ,

o k
i
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S CweTRa
_ RANGE OF EXPECTED VALUES FOR STREAMS IN U.S.

Asjillustrated in Chapter 3, the method can be'applfed to any site .

- specific evaluation for which the relevant statistical parameters aré :

avai]able‘or can be. estimated. ‘The purpose of'this section is to present

a conc1se summary of the resu]ts of such computat1ons for- the range of
‘SIte cond1t1ons that are likely to be encountered in pract1ce.‘ Th1s
u_chapter prov1des such ‘a comp11at1on along three 11nes. Sectlon 4. 1
ddescribes the basis for the input va]ues selected to prov1de a representa-‘,
't1ve range of site cond1t1ons, and presents the resu]ts of an analys1s |
_‘USIHQ these typ1ca1 ranges ‘in the méthodo]ogy descr1bed prev1ous]y. The'

. stream f]ow character1st1cs were determIned from an analys1s of 180

streams and r1vers treatment p]ant eff]uent characterlst1cs are based on

ana]ySIS of data from over’ 400 POTWs. The results 1n th1s sect1on app]y

';‘for conservat1ve (nonreact1ng) pol]utants.‘ Sect1on 4.2 descr1bes how the

l »1nfbrmatlon prov1ded by such an ana1ys1s can be used as a screen1ng too]

for seiect1ng perm1t averag1ng periods. Section 4. 3 presents results of a-
similar ana]ys1s except that 1t 1s spec1f1c to oxygen dep]etlon by
blochem1cal ~oxygen demand (BOD) 1oad1ngs. Sect1on 4 4 extends the

ana]ySIS for conservative po11utants to the spec1a1 case of streams that

. are highly eff]uent dom1nated, 1nc]ud1ng those with s1gn1f1cant zero f]ow

"periods.

4.1 Ana]ysis:for Cdnservative Substances

i / ' . . .
~The rev1ew of stream f]ow and eff]uent stat1stzcs presented in.

‘Append1x 8 1nd1cates that the fo1]ow1ng ranges are reasonab]e.‘ Effluent




VII (4)
Revision No. 0

’

concentration var1ab111ty, (VCh), is in the range of vcg = 0.3 ~ 1. 1..
Effluent f10w var1ab111ty, (vQE), is general]y smal] re]at1ve to stream f]ow
var:ab111ty and, therefore, does not great]y 1nf1uence the computat1on. ‘
v = 0. 2 15 consistently used. Stream flow var1ab111ty fo]]ows from the .
empirical relationship ovas and 7010/ET‘ For_a spec1f1ed rat1o, the |
range of v (S, as indicated by the data djscussed in Appendix B, is‘used.
The ratio 7Q10/QS varies considerably. A representative range is 7Q10/QS

= 0.01 - 0.25. Finallj, the magnitude of the eff1uent:f16w're1étiye to the
stream flow is specified by the effluent dilution.ratio: 7QlQ/ﬁf, A range
from 7Q10/UE'= 1»- 50 is chosen toirepresent eftluent,hominated streams and | ' ‘{
large Streéms with small discharges. A 10 yeartreturh.period has been

- selected as the acute criteria violation frequency.'

In order to compute the ratio of the mean effluent concentratibn to
the effluent limit Rq = TE/EL, it is agsumed that the permit .violation
Frequency is one percent. The final specification required is the reletionship.
of 7 and 30 day average effluent concentrations to the daily eff]uent 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
cneff1c1ent of variation that is 0 8 of the daily values, and that” 30 day

averages have a coefficient of variation of 0.6 of the da11y va]ues.’ Thus,

the reduction factors used are: T L
Coefficient of Variation Reduct1oh‘Factbr, Ra .
of Daily Values = 99 Percent .
VCE 1-day 1=day .3LLd.a.x,
0.3 ‘ 0.527 0.593 0.671
0.7 0.281 0.340 - 0.425

1.1 ‘ 0.187 =~ - 0.229 0.296

-2
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_ The resu]ts of these computat1ons are summar1zed in Flgure 4-1 andt
iug1ven in detail in Tables 4 1 to 4-4, The three cho1ces for perm1t
'1average are shown. Each group of bars represents the range in eff]uent

: concentrat1on var1ab111ty, VCE' Each 1nd1v1dua1 bar represents a
-'partlcular eff]uent d11ut1on,_7QlO/§E F1na11y, the 1ength of ‘each bar

. represents the range that resu]ts from the range of. stream flow var1ab1]1ty
(7010/_3'- 0.01 - 0. 25) and the assoc1ated coeff1c1ent of varlatlon,

Qs The ord1nate is the downstream concentrat1on (in mu]t1p1es of the

chronlc cr1ter1a) wh1ch has a 10 year. return per1od 1

A number of features are 1mmed1ate1y apparent For pol]utants with

©an acute to chron1c rat1o of greater than -10, no acute cr1ter1a v1o]at10ns

o are progected ‘over the ranges 1nvest1gated and 30-day average perm1t

speczf1cat1ons appear to be suff1c1ent1y protect1ve. For. acute-to-chronlc

ratios of ]ess than 10, s1te spec1f1c cons1deratlons are 1mportant

The resu]ts are most sens1t1ve to the stream flow parameter 7Q10/U§,
as can be seen from .the range covered by each bar. For examp]e the 1ast
"_ bar 1n the figure, 30-day perm1t averag1ng perlod 7Q10/5E = 50, vCcE = 1.1,
,covers the range from g = 0.9 to 4 6 correspond1ng to 7010/ﬁ3'- 0. 01 and |
st -2-4 ‘ |

Fb]]ow1ng, in order of decrea51ng sens1t1v1ty, is the eff]uent

d1]ut1on ratlo. 7Q10/UE A s1gn1f1cant d1st1nct1on can be found between

A S

The EPA is present]y cons1der1ng the 1ssue of a]]owab]e duratlon and

- frequency of exposure to toxicity. Based upon this work, duration and
frequencies used as the decision criteria may change. Th1s guidance does
not recommend any particular- m1n1mum acceptable durat1on or frequency.
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LEGEND: . «

N
Ry

NOTE':

'HEIGHT OF BAR INDICATES STREAM
> FLOW VARIABILITY (7Ql0/Qs)

EFFLUENT
DILUTION

(7Ql10 /AVG.QE)
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EFFLUENT LIMIT FROM WLA'

SPECIFIED AS 1 DAY AVG.

EFFLUENT LIMIT FROM WLA
SPECIFIED AS 7 DAY AVG.

CE

EFFLUENT LIMIT FROM WLA

SPECIFIED AS 3() DAY AVG.

®INDICATES THE STREAM CONCENTRATION (CO) WHICH WILL BE EXCEEDED WITH A
FREQUENCY OF ONCE IN TEN YEARS, EXPRESSED AS A MULTIPLE OF THE CHRONIC

CRITERIA (CL).

Figure 4-1 - Effect of permit averaging period on stream concentrations

for conservatjve substances:
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TABLE 4-2 = Averaging period selection matrix for conservative substances: effluent dilution

ratio - 7Q10/TE = &,
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TABLE 4-4 - Averaging period selection matrix for conservative substances: effluent dilution

ratio - 7Q10/QE = 1,

Effluent vcg = 0.7 Effluent vQg = 1.1 -
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the eff]uent dom1nated streams, 7Q10/ﬁ?'< 5, and the large stream case;
'7Q10/QE'- 50 For’ the 1atter cases, the stream f]ow var1ab111ty is a ‘more
1mportant determanant of the norma11zed downstream concentrat1on. F1na11y,
) the effluent var1ab111ty, VCE: affects the results by approx1mate1y a

. factor of 2, all other th1ngs be1ng equa].

Ay

3.2 _ Use As a Screening Tool

It 1is suggested that F1gure 4-1 may be used as a screen1ng tool to
.separate the cases which can be dealt with 1mmed1ate1y from those for
which more site spec1f1c 1nformat10n is required. For the 1atter cases,
the flow ratios, 7QIO/UE'and 7Q10/Q$ can usua]Ty be found qu1te eas11y s0
.that a more spec1f1c answer can be found in Tab]es 4- l to 4- 4 The f1na1
determ1nant~ ‘st, requ1res a 1og-norma] analys1s of the stream flow.
record.” Since th1s is reasonably stra1ghtforward a more ref1ned ana1ys1s
is not excess1ve]y burdensome and wou]d serve to reduce the range of .
'possubie va1ues of B, from which the’ permlt averag1ng dec131on can be

made.

‘ As an examp]e of such a screenlng ana]ys1s, con51der the hypothet-.A',
1ca] case of a state estab11sh1ng permit averag1ng per1ods for phenol..
Pheno] has an acute-to-chron1c rat1o of 4 S0 that Stream concentrat1ons
which exceed a multiple of 4 t]mes the chron1c concentrat1on w111 not be '
'accepted (assum1ng that the acute cr1ter1a is not to be exceeded on a da11y

bas1s more often than once every 10 years)

Compar1ng the bars on Flgure 4-1 w1th the mu1t1p]e of, B-4 the

‘ fo]]ow1ng conc]us1ons re]at1ve to the permlt averag1ng per1od can be.

..4-9
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drawn. For s1tuat1ons with an eff]uent dilution ratlo of 5or 1ess

(7Q10/QE'< 5):

a. A 30-day perm1t averag1ng per1od w111 be selected whenever
the VCE is 0.7 or less.

b. Where v¢g = 1.1, a,75day germii averaging period wilT‘meet.
requiremen;s under all‘reasqdable possibi]ities df‘stream flow
variability (vgs). (The upber_ehds of the bars corresbord' |
te high values of vgs.)

c. Even for effluent var1ab111ty as high as vgg = 1. 1, there
will be many streams where 1t would be appropriate to se]ect a_
30-day permit average, since on1y'thelupper end of the bars

exceeds;a multiple of 4.

For an effluent dilution ratio 7QlO/ﬁE'- 5, the th1rd co]umn from the
- right {vgg = 1.1; 30-day permit average) in Table 4-2 1nd1cates that
only the h1gh1y variable stream flows approach violations using a 30-day
permit average. State records could be examined to determine if.the set
of streams under consideration (or a representative set from Appendix ()

experiences vQs in this range.

A conservative decision, then, would be to select a 7-day permit
averaging period, although a site specific assessment of stream flow
variability or a restriction of vQs valuas could -be expected (in most

cases) to support selection of a 30-day permit averaging period.

4-10




CVID(8)
Revision No. O

',4,3 } Pre]iminary AnaTysis for Dissolved Oxygen

The. Choice’of permit‘averaging periods for etfluent'iimits'of
- oxyoen-consum1ng po]]utants, such as BOD or ammonla, is a more comp]ex
problem than that addressed in the prev1ous sect1ons. The var1at1ons of;
the: m1n1mum or cr1t1ca1 DO are caused not on1y by eff]uent concentrat1on j'
. and d1]ut1on f]uctuat1ons wh1ch are addressed by the probab111st1c
dilution model, but a]so by f1uctuat1ons 1n react1on rates and other
hsources and s1nks of DO, such as a1ga1 product1on, resp1rat1on and -
“sed1ment oxygen demand. Stream f]ow and temperature var1at1ons affect
‘these parameters the latter a]so determ1n1ng the DO saturat1on. A
comprehens1ve probab111st1c ana1ys1s that would 1nc1ude these effects as‘

. we]] 1s beyond the scope of th1s report. .

It is des1rab1e, however to prov1de at 1east a pre11m1nary ana1y=w
sis for su1tab1y restr1cted cases that are amenable to ana1y51s us1ng the
probab1]1st1c d11ut1on mode1.~ The method to be emp]oyed makes use of |
the s1m11ar1ty of the fonnu1a for critical DO def1c1t for those streams
for which the simple Streeter ~Phelps formu]at1on is adequate, and the
: d11ut10n equatlon. The pr1nc1pa] assumpt1ons are. (1) a 51ng1e po1nt
source of BOD 1s the only DO s1nk,v(2) the stream f]ow geometry and
‘ react10n rates are spat1al]y constant and (3) the react1on rates are
temporal]y constant. For thus restr1ct1ve/s1tuat1on, the cr1t1ca1 or.
maximum dzsso]ved oxygen def1c1t (DC) 1s a funct1on of the reaeration
| rate {X;), the BOD ox1dat1on rate (Kd), and the u1t1mate-to 5-day BOD

ratio..
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The Streeter -Phelps equation can be so]ved for the crit1ca1 or

dissolved oxygen def1c1t (Dc)

IR Dc=CE-Fe@p | , (4-1)
where:
CE = treatment plant effluent BODs cbncentration. ‘
" F = ratio of u]timate/S—day BOD. Stream ca]culat1ons are based o
" on ultimate BOD; eff]uent criteria on 5-day 'BOD. “
¢ = stream dilution factor QE/(QS + QE).
P = stream pur1f1cat1on factor; for a 80D’ ox1dat10n rate (Kd)

and stream reaerat1on rate (Ka),
A

= (M)A where a = Ka/Kd‘

o
n

{Note that if the purification factor were constant thén Equation 4«1"
would be formally equiVa]ent to the dilution équation analyzed previously.)
One remaining difficulty’ is that it is not the cr1t1ca1 DO deficit (DC)

that is of concern but rather the critical d1sso]ved oxygen (DOC) itself:
DOc = Csat - Dc - . (4*2X

which is a function of stream teﬁperature through the DO saturation
concentration, Cgat. Hence, the app]1cab1]1ty of probab1l1st1c dllut1on
to the d1sso]ved oxygen prob]em requ1res that the ana1y51s be restr1cted
to periods for which temperatures are essentlally constant and fluctuat1ons

in the purification factor (P) are small.
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An‘evaluation'of this Jatter effeCt can be made as follows. A
re1at1onsh1p between P and stream depth H wh1ch fo]]ows from Ka and Kd

versus depth re]at1onsh1ps is [3]
P08 ~'<4-f3)

and for many streams, depth is proport1ona1 to total stream f]ow, QT, to

‘.' a power ‘H = d" withm = 0 4 - 0.6. Thus,
P =$‘Q'-}' S n=03-05 - . (4-a)

‘ ,ConS1der Equat1on 8- 1 for cr1t1ca1 def1c1t. Taking naturai logs and
: app]y1ng the formula for the variance of a sum of 1ndependent random
variables y1e1ds..’ | ' |

"’f'lanC =l.°' 12‘nCE * °"l2n¢ +n2 c"rlanT o (4;5‘)
where QT QS + QE This equat1on, of course, 1gnores the fact that o
:and QT are corre]ated but the poant is that n2 = 0, 09 - 0 25 so that -
it the log var1ance of Qr is comparab1e to the effluent concentrat1on
]og varlance then the n term IS not a magor contribution to cr1t1ca1
def7c1t 1og var1ance, hence, it can be neg]ected The fact that d11ut1on(
'(m) and tota] stream f1ow are negat1ve]y corre]ated would further reduce o

the»effect.

Hence, the key observation is that 1f it ‘were p0551b1e to restr1ct .
cons1derat1on to those Flows for whlch st = VCE, then pur1f1cat1on
. factor f]uctuat1ons wou]d not be very sxgn1f1cant and probab111st1c

d11ut1on can be app]1ed If these 1ows a]so correspond to per1ods of
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approximately constant temperature, then the two requ1rements for app1y1ng
probabilistic dilution to critical d1ssoIved oxygen have been met. For a'
szte-spec1f1c ana]ys1s, the obv1ous so]ut1on 1s to- seasona]ly analyze the d e,
stream flow and temperature data and app]y probab111st1c d11ut1on mak1ng

any necessary corrections for pur1f1cat1on factor var1at1ons. However,

for the general case considered here, an a]ternate approach is.required. |

Cons1der, 1nstead, restricting cons1deratlon to that per1od of the
Yyear dur1ng which flows are 1ow° Th1s per1od corresponds presumab]y, to
the period of time during which 7Q10 occurs, and 1nc1udes the cond1t1ons
for wh1ch the WLA was performed. Considering th1s per1od alone s1gn1f1-
cantly reduces the var1ab111ty of the stream flows to be considered. If,
in addition, it can be argued that these‘low flows tend to occur during
the same season each year, then the temperature variation is 1ess than the‘
annual var1ab111ty and will be less 51gn1f1cant as well. Hence, for these .

low flow periods, the assumpt1on of constant™P is much more reahstic°

The technical problem to'be solved is'to'compute the.reduction in
the average stream flow and coefficient of variation when f1ows are
restricted to the low values for this restr1cted per1od. We restr1ct
consideration to- the Towest one-sixth of the total popu]at1on. Th1s
corresponds to an average of 2 out of 12 months in each year, and the
presumpt1on is that this period recurs during the same months_each year so
that the temperdture variatibn‘during‘this restricted’period is small. | .
This simp11f1cat1on also assumes. that the lower one-sixth of the da11y |
stream flows occur only in the two month per1od when temperature and ' ‘

reaction rates are assumed to be approximately constant.
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‘ . As 1nd1cated ear11er, a stat1st1ca1 ana]y51s of- actua] stream data,_‘“ﬂ
strat1f1ed by month or cr1t1ca1 season cou]d be performed to prov1de
: actua] resu1ts and avoid the need for this type of est1mate.v However, |
v‘data of this type are not present]y ava11ab]e, The est1mat1on descr1bed
»here zs performed 1n order to a]]ow a pre]1m1nary analysis for BOD/DO to

be made.

The computatlon of the requ1red stat1st1ca1 parameters the stream
f1ow average and coeff1c1ent of var1at1on for flows restr1cted to the
'lower a-quant1]e of ‘the tota] popu]at1on, is stra1ghtforward° For log-
norma1 random varlab]es, 1t can be shown that these cond1t1ona1 moments,

denoted by pr1mes, are

[

.55,—-‘ Q( aTngs + z' vz )y -8
o exp( @8 ) Q202 +7,) Q(Z ) ' L
3 Q§01nos+Z ) | ‘

'where Q(Z*) Pr Z > Z* for Z, a standard norma1 random var1ab1e, and
Z are the Z. scores for the a-quant1]e Wthh is the upper bound for the
- Flous being consadered For q =-1/6, Zg = 0, 967.' Tab]e 4~ 5 presents the

. resu]ts. These correct1ons ‘when app11ed to 7QlO/“§'and st in the f1rst
‘ two columns of Tables 4 1 to 4-4 adJust these parameters to represent the
- low f]ow‘périods.n For h1gh]y varlable streams, vQs and therefore canS

are large and the correct1ons are qu1te substant1a1.

‘Reduction factors for the mean range from 0.45 to 0 024 for: the

h1gh1y variable streams. The range in eoeff1c1ent“of variation 15'sharp1y' ¢
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TABLE 4-5 - Conditional moments for the low flow subpopu]étidhq ¢

(a=16.7%)
Coefficient of Variation Reduction . D S
for L in S Reduced - ‘ - S
Entire Record Mean Coefficient of Variation
Vs | /T - Vgs! ,
10450 o050 o188 | o
0.60 0.388 0:216 . |
0.75 0306 0.254 - |
) 0.90 - o 0.247 o 0.287 “ |
. 1.00 0.216 0306 -
1.25 0188 . 0.348 - B
© 1.50 o 0.120 .. 0.381 |
2.00 00761 . 0.431 |
3.00 0.0389 7 0.500

4.00 ~ 0.0241 0547

This table provides a basis for a preliminary estimate of the average
Stream flow and flow variability duping critical low flow periods, rel-
ative to overall long-term characteristics. For site-specific cases, the
actual values can be determined readily from a statistical analysis of

stream flows during the selected critical period of the year.

4-16




VII (4) - |
Revision No. O

~compressed from VQS = 0 5 - 4.0 to st 0 19 .- 0 55, S0 that the sub- '
“populatlon of ]ow flows f]uctuates much less v1o]ent1y than ‘the ent1re |

B popu]atlon, whlch 1nc1udes the annua] cyc11ca1 var1atlon as we]]

A 10‘year return period was se]ected for cons1stency with the

| genera] analysis, but s1nce on]y one- s1xth of the flow--population 1s be1ng
con51dered and we assume that no DO acute cr1ter1a v1o]atlons occur
durlng the remaining hlgher f]ows the exceedence probab1]1ty to be :
app11ed in the probab1lxst1c d11ut1on ca]cu]at1on is a 10/6 = 1 67 year

".return per1od, F1gure 422 and Tables 4- -6 to 4 -8 present the resu]ts.

In order to proper]y eva]uate the computat1ons, 1t is necessary to .
rea11ze that they app]y to 10 year return per1od cr1t1ca1 def1c1t rat1os.
'Tb convert cr1t1ca1 DO concentrat1ons to the def1c1t rat1o (B) shown by..

.‘,the tab]es the Do standard (CL) the DO saturat1on (Csat) used in the
WLA, and the DO concentrat1on taken to represent an acute cr1ter1a va]ue :
are requ1red For most reasonable comb1nat1ons of these va]ues the ratxo
will be between approx1mate]y 2. O and 2 5. For example, if CS -78

CL =5, and acute DO = 2, then B = 2.0. A]ternat1ve1y, 1f these concen-
trations are CS = 9, 0 CL = 6.0, acute DO = 1 5, then ‘(the‘acuteftoe

Chronic def1c1t rat1o) q— 2.5.

Appropr1ate perm1t averag1ng per1ods are seen in Tables 4 6 to 4-8
to be strong]y 1nf1uenced by 1oca1 cond1t1ons of eff]uent load and stream
flow var1ab1]1ty. Because of th1s, a genera] statement on. perm1t averag-
ing period for eff]uent BOD/DO is not poss1b1e, it must be se]ected on the

basis of s1te cond1tzons. L o o R
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TABLE 4-7 - Permit averaging period selection matrix for BOD/DO: effluent dilution ratio - 7010/QE;= 3.
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effluent dilution ratio - 7Q10/TF = 1.
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A table for the effluent dilution ratio (7Q10/UE) equa1 to 50 has
not been prepared for BOD/DO For sma]] d1scharges entering 1arger
streams, it is likely that an effiuent BOD limit determ1ned from a steady-
state WLA ana]ys1s would be greater than the technology-based;11m1t which
vwould be used in the.pennit. The use of the standard matrix table, whtch
wduld show a higher pattern of violations, would tend'to be mis]eading;:
since the computatidns and the‘tables assume that the aT]owab]e effluent
concentration determined from a WLA becomes the eff]uent llm1t (EL)

specified by the permit.

It should be emphas1zed at this po1nt that the dissolved oxygen ’
ana]ysws presented in th1s section is meant on]y as a pre11m1nary app11ca- :
tion.  There are, as yet, no ver1f1cat1on examp]es that support the
app]1cab1]1ty of a probabilistic d1]ut1on/cr1t1ca1 def1c1t ana]ys1s. ‘It

has not been shown that ‘actual stream DO data confonn to the probab1.15t1c

assumptions and s1mp11f1cat1ons used in th}S preliminary ana]ySIS.

Further, it is well known that tHe'Db distﬁibution in streams cannot
'a]ways be described by the s1mp1est (Streeter Phelps) model. Upstream.,
sources of BOD and def1c1t are comnon as are n1tr1f1cat1on, algal effects,
and sediment oxygen demand. A more comprehens1ve ana]ySIS wou]d be .
required to 1ncorporate these effects into a ca]cu1at1on of the effoct of

se]ectang a permit averaa1ng per1od.

4.4 Analysis for Conservative Substances in Effluent-Dominated Streams

An-effluent-dominated stream.is defined, for the. purpose of this

analysis, as one in which the éffluent flow exceeds the design stream flow ) Ti
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(e.g., the 7Q10) g There are then two bounds to this ana]ysis. The upper ,
‘bound is the eff]uent d11utlon rat1o 7QlO/avg QE = l whlch was the 1owest
d11ut1on ratio exam1ned in Sect1on 4,1. The ]ower bound is prov1ded by

the case where ‘the des1gn stream- flow is -zero (7Q10 0).

It should be recogn1zed that as the degree of d11ut1on decreases a
WLA-based EL becomes 1ncrea51ngly restr1ct1ve. When the design stream»f]ow

' 1s zero, the effluent 11m1t must equa1 the stream target concentration (CL).

Wh11e the degree of eff]uent dom1nat1on has a subsequent 1nf1uence
on the magn1tude of an EL ass1gned in a perm1t the screen1ng analys1s
results presented below suggest that in most s1tuatlons, a 30-day permxt

averaglng per1od will be adequate for effluent dom1nated streams.

The resu]ts of a broad hypothet1ca] ana1ys1s of eff]uent dom1nated ,,‘
streams are summar1zed in Figure 4 3 and Table 4-9, us1ng the format used
'f earller to 111ustrate the 1nf1uence of permlt averag1ng per1od eff]uent

var1ab111ty and d11ut1on ratxo.

o The bars on the r1ght prov1de the upper bound, 1.e., the cond1t1on
where 7QlO/avg QE 1 (these resu]ts were also shown 1n Flgure
i 4-1)
. 'o The bars on the 1eft represent an eff]uent d11ut1on ratio of '
| 7QlO/avg QE = 0. 1 that is, where effluent f]ow is ten times | :
,_greater than des1gn stream flow. H1gh var1ab111ty of da11y fTow is
| expected for such streams together with a very sma]l rat1o of
stream deSIgn flow to average stream f1ow. The screen1ng ana]ys1s

assumes ‘that the coeff1c1ent of var1at1on ranges between vQs =
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Figure 4-3 - Effect of permit averaging period on stream concentrations for
conservative substances in effluent-dominated streams.
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2 and vQs = 5, and estimates a stream flow ratio.7Q10/avg as =
0.005, for this condition near the lower bound for. effluent-dom-

inated streams.

The cond1t1ons under which the des1gn stream flow is greater than
zero are listed in more detail in Table 4-9. 'Results for severa] add1t1ona1
intermediate eff]uent dilution ratios (7QlO/QE = 0.2 and O. 5) are also
presented. A comparwson of results for an effluent rat1o of 1 0 presented
here as an upper bound, and prev1ous]y (Tab1e 4-4 and Figure 4-1) as a.
lower bound will indicate that results are similar but not exactly the
same. Jhe d%fferences are due to different assumed values for leO/QS and
the range of coefficients of variations used as inputs for fhe_PDM;PS

model . ‘ : ' o e

For the case where the design stream.flow is zero,_7QiO is zero and~
there appears to be a problem since 7Q10/QS and ZQIO/QE;are’both zero.
Howaver, what actually matters 'is Q5 and QE. Thus,'fn order to
evaluate these cases the use of the actual Q5, TF and a sma]i
7Q10 suffices s1nce the computat1on depends on]y on —37UE'and 7Q10 cancels
out (Equation D-14). F1na11y, the use of a sma]] 7QlO/ﬁE'correct1y 1nd1cates N
that the WLA is done with QS = 0 (Equation D- 15) Thus, no problems arise.

Screening ana]ysis results indicate that in the case of eff]uent- .

dominated streams, a 30-day permit averaging -period prov1des adequate protec-

tion fbr pollutants with the acute-to-chronlc ratios summar1zed below:

4-26
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When

S ' 30-Day Permit Avérage'
. Acute-to-Chronic ..Is Adequate for ‘
- > - Ratio . __Acute Protection
. 3 or more V " . Mways N |
2to 3 © . Effluent variability is

relatively high, but
~less than vggp = 1.1
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CHAPTER 5
USES AND LIMITATIONS
The probab111st1c d1Tut1on modeT has been demonstrated to be usefuT in
seTect1ng the appropr1ate averaglng per1od for d1scharge perm1ts. The method“
is. ea51Ty adaptabTe to s1tuat1ons wh1ch vary widely 1n terms of stream and
- effluent character1st1cs data ava1Tab1T1ty, and po]1cy-TeveT assumpt1ons

',vused in the anaTys1s. ATthough the example 1n Chapter 3 of how to use

the method is based on the typ1caT NLA assump*1ons of 7Q10 as the des1gn fTQWv'

and chrontc criteria as the effluent T1m1t the method is ea511y adjusted to_

accommodate other assumpt1ons.

The method is 1ntended to app]y to poTTutants for- wh1ch the reguTatory

concern 1s at the point of compTete m1x1ng and for which the tox1c1ty can be

evaTuated in terms of the totaT pollutant concentrat1on. The method" has been‘,'

appT1ed to a range of stream and eff]uent character1st1cs which typify the

"characterlst1cs of streams and effTuents in the Un1ted States. The- resuTts

B of thTS appT1cat1on are usefuT as a screenlng too] by which the approor1ate

3

averaging per1od for many field’ s1tuatlons can be read11y 1dent1f1ed.
However, poTTutants whose tox1c1ty is a funct1on of pH, temperature, and

hardness requ1re S1te spec1f1c evaTuat1ons 1ncorporat1ng these parameters. .

. There are also severaT 11m1tat1ons on the use of the method.» One of
the techn1caT T1m1tat1ons 1s that the TeveT of chronic protect1on is based on.:
state-spec1f1ed des1gn ;Tow, e.g., 7Q10, 7Q2, etc., which may be overprotec-
tive or underprotect1ve for many site-specific cond1t1ons. The EPA is

presentTy cons1der1ng the issue of aTTowab]e durat1on and frequency of

5-1
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exposure to acute as well as chronic toxicity. Users of this manual are
advised to refér to Part A, Stream Des1gn Flow, of Book VI, Se]ecting Design: _‘
Condit1ons, when considering the choice of an approprlate chron1c exposure'
event. Book VI is currently under peer review and w111 be 1ssued by the
Office of Water Regulat1ons and Standards once the peer review process. xs‘

completed.

Modifications are 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 1owest stream flows, thus tending to overesti--
mate the probability of;high stream concentrations. ‘The use of a seasonally

segmented approach could be jnvestigated.

The effect of seriai correlation on the return peniod specification
would also need to be investigated, part1cular1y with regard to the duration
of criteria violations. For example, a knowledge of the return per1od for
n-day successive violations could be compared to the time sca1es of the
criteria themselves, This wouid provide a difect link to the toxicity data.
At a 1es§_sophisticated level of ana]ysis, the tendency of criteria “
violations to cluster on successive days could be investigated to orovide a“

basis for modifications to the method.

For pollutants whose toxicity is a function of such secondary vari-
ab]es as pH, temperature and hardness, probab111st1c methods are essentlal in

that it is not possible to rat1ona1]y choose "cr1t1ca1“ or “suff1c1ent1y
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protective" values for these variables. . Arbiﬁrary choices cannot be defended :

in terms of the probabiiity of oriteria'violations. Methods for analyz1ng

. these s1tuat1ons could be deve]oped fo]10w1ng the 1og1c of probab111st1c

dilution and 1ncorporat1ng the add1tlona1 random var1at1ons of the var1ab]e.,

.The:application of this‘method‘to dissd]ved-okygen has indicated that R

. the probab11ist1c method prov1des a usefu] approach to the prob]em of
‘DO deficit. However th1s work has on]y been a fxrst step. Probab111st1c
. methods can be further deve]oped to assess the effects of DO fluctuat1ons on

'f1sheny resources and to prov1de a more. rat1ona1 approach to advanced waste

treatment dec151ons.
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_ This append1x is 1ntended to present a br1ef 51mp11f1ed rev1ew of
the stat1st1ca] propertles of ]og-norma] d1str1but1ons wh1ch characterize
'the 1mportant var1ab]es in the water qua11ty analys1s procedures used for
this report. It is des1gned to he]p the user wi thout a formal background
~in statlst1cs to appreciate the phys1ca1 s1gn1f1cance of the stat1st1ca1
propert1es emp]oyed. It is not the 1ntent of th1s append1x to present a

theoretical discussion. or to prov1de techn1ca1 support for deve]op1ng

2 re]atlonsh1ps or equat1ons used in the development of the methods employed.

1

- A-l. . Genera] Considerations

The factors wh1ch 1rf1uence the concentrat1on of a po]]utant in a
) 'rece1v1ng water body are subJect to a s1gn1f1cant degree of var1ab1]1ty.
-Th1s var1ab111ty resu]ts in f]uctuat1ons in the resu1t1ng stream concen-'
tratlon, whlch is compared with target concentrat1ons such as cr1ter1a

or standards, and wh1ch provides a bas1s for dec1s1ons on treatment |

- requ1rements. The approach adopted in th1s report for exam1n1ng the

) effects of different averag1ng periods on treatment p]ant discharges uses

the concept “how much -- how often“ as a bas1s for such dec1s1ons. It IS, Eh

) therefore, essent1a1 that stat1st1ca1 aspects be 1ncorporated 1nto the g

methodo]ogy even though they may add comp]ex1ty.

The standard stat1st1ca1 parameters of a popu]at1on of. va]ues for
a random var1ab1e wh1ch are used as a conc1se means of descr1b1ng centra]
f”tendency and spread are | |
Mean : | "x or X) the arithmetic average. X defines the

‘auerageﬂof the‘avai1a51e fusually ]fmited) data set;

A-1




Variance:

Standard
Deviation:

Coefficient
Variation:

'Fandom‘variab]es; by definition, the square root of
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ux denotes the true mean of the total popu]at1on of
variable x. X will be an 1ncreas1ng1y better approx-
imation of "x as the s1ze of the samp]e (the number | -

of data points) increases.

(q?x) by definition, the aierage of the square of the
differences between individual vaiues of x and the
mean (X). The greater the variation in the data ‘the

higher the var1ance.

i

0»2 _ (Xl-?)z + (XZ-.)?)Z'*' K] (XN':;(-)Z
x - .
: N

(;Px) another measure of the spread of a population of

the variance:

" vx) is-defined as the ratio of the standard

~deviation ( ay) to the mean ( uy):
v = 9x/ ux

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

quantity and is thus freed from any dependence on .
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the spec1f1c d1mens1ons used’ to describe the y’
var1ab]e (e.g.,_f]ow rate, concentratlons, etc )
ngh coeff1c1ents of var1at1on ref]ect greater

var1ab111ty in the random var1ab1e Xe

Median: o _'(23 This fs the ya]ue in a data‘setffdr’Which

half‘the;ya]uesfarevgreater.and_ha1f are lesser.

~Mode: | ' _ The "most probable value" -- more of'the ind?yidua1
- | data po1nts are at thls value (or are w1th1n thls
.< -interval) than at other va]ues or ranges. On a“

frequency h1stogram th1s 1is the h1ghest pointdon”

the graph The mode  has no rea] s1gn1f1cance in 7

the ca]cu]at1ons in the methodo]ogy employed.

Compar1ng the stat1st1ca] propert1es of d1fferent data sets pro-
,Av1desla conven1ent concise way of recogn1z1ng s1m11ar1t1es and d1ffer-
'ences. Th1s cou]d not be accomp]1shed s1mp1y by “look1ng at. the data"
where reasonably large data sets are 1nvo1ved./ These stat1st1ca1 proper-
‘tles convey no 1nfonnat10n concern1ng frequency, or the probab1]1ty at"
wh1ch any part1cu]ar value or range of- va]ues 1n the total popu]at1on w1]1

/ occur. Thls essent1a] item of 1nformat10n is prov1ded by a know]edge of |

-the type of d1str1but1on, techn1ca11y, the probab111ty d1str1but10n
1._'funct10n (PDF)

- A-Z,':-Probabi]ity Distributions . . i " e

~ There are. several different?patternsiwhich characterize the distri-

. ~bution of individual va]des'ih a'1arge‘popu1ation'of'variable events.
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Most analysts are famiiiar with the normal distribution? in which‘av B
histogram of the frequency of occurrence of various values describes
the familiar bei]-shapeo curve (Figure Ael(a)) When the cumulativer
frequencyl is plotted on probabiiity paper, a straight iine is generated

as in Figure A-1(b).

Many variab]es; particularly those which are important in water’
quality applications, have been shown by a rabidiy accumuiating booy.of
~data to be represented by or adequately approximated by a log-normal
distribution. A log-normal distribution has a skeWedlfrequency histogram
{Figure A-1(c)) which indicates an asymmetrical distribution of values
about an axis defining the centra] tendency'of the data set. There is a
constraining Timit to lower va]ues (sometimes zero) and a re]atively small
number of rather large values but no upper constraint P01nt source ’
effluent concentrations [1, 2], and pollutant concentrations in combined
sevwer overflows and separate storm runoff [3, 4], are parameters. which are
usually well characterized by log-normai distributions. In genera] daily‘
stream flows are satisfactori]y'aoproximated by.1og-norma1'distributions‘
[5,61. Scattered data from a:number of‘unpub]ished sources suggest that
receiving water concentrations are also log-normally distributed. Stream
flows and concentrations are currently being examineo from this perspec-
tive. A log-normal distribution appears as a straight 1ine on log/proba-A
bility paper (using cumu]ative frequency) as shown in Figure A- ](d) In

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

1Cumuiative frequency is the relative frequency (or probabiiity) of
values being less than or equa] to a Spec1f1c va]ue.
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A-3. Relationship Between Distributions

There are circumstances when two d1fferent types of d1str1but1on | o

- -

can begin to look s1m11ar -- s0 that e1ther one will provide a reasonably
good approximation of the probab111ty d1str1but10n of ‘a part1cu1ar data
set. For example, as the coeff1c1ent of var1at1on becomes sma]]er and
smaller, approaching zero, Iog-norma1 d1str1bu§1ons beg1n to look more and
more 1ike a normal distribution. Figure A-2 shows a series of histoéfams -
for 1og-norma11y d1str1buted populat1ons, all having (ar1thmet1c) pop-
ulation means of 100, but with different coefficients of var1at1on (v )

as shown. As discussed above, smaller va]ues of v approach a normal

distribution.

. A-4. Properties of Log-Normal Distributions

- Fiqure A-3 summarizes the pertinentlstatistical re]ationships for
log-normal probability distributions. The mathematical formulas shown
are basad on Statistical theory,.and permit back-and-forth canersions‘
between arlthet1c properties (in which concentrat1ons, flows, . and loads
are reported) and the log of ‘the var1ab]e (1n wh1ch probab111ty and frequency‘

characteristics are def1ned)

3

Normalized plots of probability versus the magnitudé,of é variéb]e
expressed as a multiple of the mean are presented'in Figure A-4 for | ' ";
log-normal distributions. These plots pbésent:a family of curves réf}écting i
the effect of coefficient of variation on probability of .occurrence of '_-,‘ ;

events of specific magnitude.‘These plots can be used direbi1y in the - ° .\
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analysis methodo]ogy and permit d1rect determ1nat1on of frequency for

events of any spec1f1ed magnitude w1th a known or est1mated coeff1c1ent of

variation.

A-5. = Standard Normal Tables

For normal (or 1og-normél) distributionsg probabflities;can be
defined in terms of the magnitude of a value, nofma]izgd by the staﬁdard .
deviation. 'This technique‘is used in the calculétion; of the pbobability
of exceeding épecified receiving water‘concentrations ih'fhis analysfs;

Standard normal tables can be obta1ned from any stat1st1cs textbook [8 9]

Table A-1 presents the standard normal tab]e to prov1de a conven1ent source

for the_ana]yses used. in this report. Table A¢1 Tists the prqbab1]1ty for |

the interval between 0 and the value of Z'lisﬁed., Thus, it represents the
probability that a value will be less than or equal to the selected value

of Z.

- A-10
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TABLE A-1 - Probab111t1es for the standard normal d1str1but1on.‘i

Each entry in the table 1nd1cates the proportion of the total area under the
normal curve to the left of a perpendicular raised at a dlstance of
standard deviat1on units.”. . S

Bz

Examp]e. 88.69 percent of the area under a norma1 curve: lies to the left
of a point .21 standard dev1at1on units to the r1ght of the mean.

Z 0.00 o0.01 0.02 . 0.03 -0.04 0,05 0.06 0.07 0.08 0.09

0.5000 0.5040 0.5080 0.5120 0.5160 0.5199 0,5239 0.5279 0.5319 0.5359
0.5398 0.5438 0.5478 0,5517 0.5557 0.5596 0.5636 0.5675 ‘0.5714 0.5753
.0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 0.6064° 0,6103 0.6141
0.6179 0.6217 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.6517 -
0.6554 0.6591 0.6628 0.6664 0.6700 0.6736 0.6772 0.6808 ) 0.6844 0.6879 -

0.6915 0.6950 0.6985 0.7019 0.7054 0.7088 0,7123 0.7157 0.7190 0.7224
0.7257 '0.7291 0.7324 0.7357 0,7389 0.7422 0.7454 -0,7486 0,7518 0.7549
0.7580 0.7612 0.7642 0.7673 0.7704 0.7734 0.7764 0.7794 0.7823 0.7852
0.7881  0.7910 0.7939" 0.7967 0.7995 0.8023 O, 8051 0.8078 0.8106 0,8133
0.8159 0.8186 0.8212 0.8238 0.8264 0.8289 0.8315 0.8340 0.8365 0.8389

0.8413 0.8438 0.8461 0.8485 0.8508 0.8531 0.8554 0.8577 0.8599 0.8621

0.8643 '0.8665 0.8686 0.8708 0.8729 0.8749 0.8770 0.8790. 0.8810 0.8830 o

0.8349 0.8869 0.8888 0.8907 0.8925 0.8944 0.8962 0.8980 = 0.8997 0.9015 -

0.9032 0.9049 0.9066 0.9082 .0.9099 0.9115 0.9131 0.9147 0.9162 0.9177 -
-~ 0.91%2 0.9207 0.9222 0.9236 0.9251° 0.9265 0.9279 0.9292° 0.9306 0.9319

0.9332 0.9345 0.9357 0.9370 0.9382 0.9394 0.9406 0.9418 0.9429 0.0441
0.9452 0.9463 0.9474 0.9484 0,9495 0,9505 0.9515 0.9525 0.9535  0.9545
0.9554 0.9564 0.9573 0.9582 '0,9591 0.9599 0.9608 0.9616 0.9625 0.9633
1 0.9641 0.9649 0.9656. 0.9664 0.9671 0.9678 0.9686 0.9693 0.9699 0.9706
0.9713 0. 9719 0.9726 0.9732 0.9738 0.9744 0.9750 0,9756 0.9761- 0.9767

PO

Wt titn

o« o o
WO

. 6 o 0
WSO n

0.9772 0.9778 0.9783 0.9788 0.9793 0.9798 0.9803 0.9808 0.9812 0.9817
0.9821 0.9826 0.9830 0.9834 0.9838 0.9842 0,9846 0.9850 0.9854 0.9857
0.9861 0.9864 0.9868 0.9871 0.9875 0.9878 0.9881 0,9884 0.9887 0.9890
-0.9893 0.9896 0.9898 0,9901 0.9904 0,9906 0.9909° 0.9911 0.9913 70.9816 .
0.9918 0.9920 0.9922 0.9925 0.9927 0.9929 0.9931 0.9932 10.9934 0.9936

.
SO

0.9938 0.9940 0,9941 0.9943 0.9945 0.9946 0.9948 0.9949 ,0.9951 0.9952
0.9953 0.9955 0.9956 0.9957 0.9949 0.9960 0.9961 0.9962 0.9963 . 0.9964
0.9965 0.9966 - 0.9967 0.9968 * 0.9965 0,970 0.9971 0.9972 0.9973 0.9974
0.9974 0.9975 0.9976 0.9977 '0.9977 0.9978 0.9979 0,9979 0.9980 0.9981
0.9981 0.9982 0.9982 0.9983 0.9984 0.9984 0.9985 0.9985 -0.9986 O0.9986

NIPORIAINS  NORNI NI NI NY b 1ot ot ot b ok fob b b ot
[ )

L]

& .
Lo

0.9986 0.9987 0.9987 0.9988 .0.9988 0.9989 0.9989 0.9989 0.9990 .0.99%0
0.9990 0.9991 0.9991  0.9991 0.9992 0.9992 0.9992 0,9992 0.9993 0.9993
0.9993 0.9993 0.9994 0.9994 0.9994 0.9994 0.9994 0.9995 0.9995 ‘ 0.9995
0.9995 0.9995 0.9995 0.9996 0.9996 0.9996 0.9996 0.9996  0.9996 0,9997

- 0.9997 -0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9998 0.9998

. 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9993
0.9998 0.9998 '0.9999 0.9999 -0.9999 0.9999 0.9999 0.9999 0,8999 .0.9999
0.9999- 0.9999 0.9999 0.9959 0.9999 0.9999 0.9999 " 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 '0.9599 0.9999 0.9939 0.9999 1.0000 1.0000 1.0000
1.,0000 1.0000 1.0000- 1,0000 11,0000 1.00CO0 1.0000 -1.0000 1.0000 1.0000
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APPENDIX B R
Fleld Va11dat1on of Log- Norma] D1str1but1on B

and Re]ated Assumptlons
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This‘appendtx presents a discussion ot seVera1 technicai issues'and
assumpt1ons wh1ch are necessary to the use of the probab1]1st1c d1]ut1on o
model to gu1de se]ect1on of perm1t averag1ng per1ods. Th1s d1scuss1on 1s
organ1zed in two sectlons the f1rst prov1des a 3ust1f1cat1on for the use -
.of the probab111st1c d11ut1on mode] in the method the second prov1des a

d1scuss1on of severa] key assumpt1ons.

B-1. . Use of the Log-Normal Distribution
LA relative]ynsimple and straightforward analysis is made possible
i_ by'the'assumption that each of the input'varfab]es is log=-normally dis-

tributed and 1ndependent The appropr1ateness of these assumpt1ons and

- their 1mp]1cat10ns are d1scussed be]ow.

A bas1c feature of any random time series of numerlca] va1ues
is its probab111ty d1str1but1on function, wh1ch spec1f1es the d1str1butzonr
‘of values and the1r frequency of occurrence. More deta1]ed character1za-
"tlons which account for seasona] trends and day-to-day corre]ations are’
also poss1b1e but at m1n1mum the un1var1ate probab1]1ty dens1ty funct1on
is required. An’ exam1nat1on,of f]ow data from a number of streams 1nd1-
cates that the data can be reasonab]y well represented by a Iog normal
i d1str1but1on. Figure B- -1 summarizes an exam1natlon 6f the adequacy_of a.
‘ 1og-norma1 d1stribution for'daily floWs of 60 streams with‘long‘periodshof?='
:irecord. The actua]ly observed 10th and lst percent11e 1ow f]ows are
_compared w1th the f]ow est1mated by a 1og-norma1 d1str1but1on. The major
lmportant discrepancy occurs at the ]owest f1ows where the pred1cted :

d1str1but1on is Tower than that actua]Iy observed. The most 11ke]y cause‘

. B-1
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|

- is the presence of a base sfréam flow which does not véry‘appreciébly.

'Tﬁds, the Tog-normai representation is‘génera]]y a'1¢wer bound character-h ,

Sigufe B-S:for heavy metals. Essentially, aij data examined to date jndj.

cate that ailog-normal characterization is répresentative;

‘number of tests in order to check its‘vaiidityvand realism. Detailed

simu]atibnlstudies uéing,Monte'Carlo_methods [1] havé verffjed‘the calcu-

~available for upstrean and effluent f]ows and concentrations, as well as

- fbr déwnstream contentratiohs. The log-normal probability dilution model
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TABLE B-1 - Comparison of obsérved and computed downstream concentrations(2).
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Median (50th Percentile) Concentrations

- . Observed )

!

Confidence

' , Mode]
Location Variable- Prediction Quantile Limit of ~
e ‘ Observed"

Quantile
North Buffalo Creek, NC BOD (mg/1) 9.7 . - 10.0 8.5 - .11.0
. COD (mg/1) 51.0 59.0 47.0 - 66.0

TSS (mg/1) 16.0 15.0 -~ 12.0 - 22.0
Jackson River, VA BOD (mg/1) 6.0 . 5.3 4.2 - 6.0
| 1SS (mg/1)  15.8°  .13.6 10,0 - 17,0
| - Color (PCU)  110.0 100.0  90.0 --130.0

Haw River, NC BOD (mg/1) 2.0 1.7 1.5 - 1.7
» COD (mg/1) 23.8 22.0 19.0 - 26.0
Pigeon River, NC BOD (mg/1) 3.7 3.8 3.0- 5.1
g COD (mg/1) 85.0 78.00 65.0 - 87.0
Mississippi River, MN ‘NH3 (mg/1) 1.0 1.1 1.0 - 1.2

95th Percentile Concentrations

North Buffalo Creek, NC.  BOD (mg/1) 31.0 22.0 20.0 - 33.0
COD (mg/1) 120.0 97.0 82.0 - 129.0
TSS (mg/1) 15.8 13.6 ~ 10.0 - 17.0
Jackson River, VA BOD (mg/1) 18.1 15.6 13.0 -. 20.0
TSS (mg/1) 41.6 32.0 30.0 - 40.0
Color (PCU)  324.0 330.0 300.0 - 410.0
Haw River, NC BOD (mg/1)’ 4.5 4.7 3.2.- 5.6
COD (mg/1) 43.0 46.0 33.0 - 53.0
Pigeon River, NC BOD (mg/1) 8.7 7.6 6.4 9.4
: COD (mg/1) 186.0 229.0°  188.0 - 233.0
Mississippi River, MN NH3 (mg/1) 3.5 4.3 3.2 - 5.0

B-6
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d1str1but1on of quant1]es, are a]so listed. In a11 but one case the

hcomputed quant11es are w1th1n the conf1dence ]1m1ts.-

- Thus, there is no stat1st1ca1 ev1dence to reJect the computed quan-
'tlies as not be1ng the true quant11es of the observed concentration distr1bu-
'._t1on. Th1s is strong stat1st1ca1 evidence that 1ndeed the ]og-norma]
probab111$t1c dilution mode] is representatlve of actua]ly observed down-

stream concentrat1on d1str1but1ons for the 95th percent11e at least.

The 11 data sets used in the verifitation ana]ysis were examfnedv
for cross corre]at1ons between effluent flows and concentrat1ons. The'
observed ranges in corre]at1on coeff1c1ents have no s1gn1f1cant impact on
| the computatIOn. Corre]at1ons between stream f]ow and eff]uent load for
a'point soUrce are not expected, Upstream concentrat1ons are not emp]oyed
in the compar1son of permit averag1ng per1od effects, so ‘that any corre]a-; ,
t1on between stream flow and concentrat1on is not relevant to th1s ana1y51s.‘
Mod1f1cat1ons to the probab111st1c d11ut1on model computat1ons are ava11-

ab]e for use in s1tuat1ons where cross corre]at1ons must be cons1dered [11

. The 1nf1uence of. posS1b1e dev1at1ons from the- assumed ]og normallty o
of the upstream and eff]uent f]ows and concentrat1ons upon more extreme
1quant11es 1s unknown at present due to lack of larger data sets that encompass
‘these extreme quant1]es. However, the qua]1ty of the a]ternatlves to and the
s1mp11t1ty of th1s mode] argue strong]y for 1ts use in the present context of ‘

Jdescrzbing comparat1ve d1fferences in water qua]lty impacts.

-~
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B-3. Appropriateness of Assumptions .

We have chosen to iqnore the’seasonalland day-toaday correlation&.
structure of both'stream f]ow’and efﬁjuent:behayior in'order to simplify
the characterization of'each vartable, The consequences of this simpli—'_
fﬁcation are discussed below in more detai] but it shou]d be po1nted out
that trends and corre]at1ons do not 1nval1date the use of the 1og-norma1'
probab1]1ty d1$tr1but1on funct1on to character1ze the frequency of occur-
rence of f]ows and concentratlons. Trends and day-to-day corre]at1ons o o
affect the time sequences with which certa1n values occur, but not the1r ‘
long term frequency of occurrence. This is Judged to be an acceptab]e
penalty to be endured when compared to the simplification ach1eved. If a |
“more ref1ned, site specific analysis is requ1red then a seasonal breakdown
of the data, w1th the appropr1ate means and standard dev1at10ns for each time

period, can be generated and the analysis performed as.descr1bed be]ow.

The consequence of a possible serial corre]at1on can be approx1~
mately quant1f1ed as follows., If, in fact the ser1a1 corre]at1on is such
that 10 consecut1ve daily violations always occur when one v1o]at1on
occurs, then the proper percentile to cons1der is not 0 0274 (10 years)

. but rather 0 274 (1 year return per1od) The degree to which the 10 year
return period concentration is overest1mated can be est1mated by comparing
the ratio of the 10 year to the 1 Yyear stream concentrations which are

computed without regard to serial correlation.

The ratio of the 10-year return period concentration to that for

B-8
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-

! some other return per1od can be computed for 1og-norma11y d1str1buted

random concentratlons by

R Z10 yr = EXP [(Z10 yr = Zx yr) © 1ncl
.Cx yr . o ‘ -

- where

]pg standard'deviation of stream concentrations (C)

3

- %1nc

Z10 yr’”clolyr ~Z score and concentration correspond1ng to a

10 year return per1od

Z, yrs‘cx yr ' Z score and concentrat1on correspond1ng to: an

X year return per1od
Tab]e ‘B- 2 summar1zes résults for a range of values for coeff1c1ent
of var1at1on of stream concentratmnso C]uster1ng tendenc1es of 5 and 10
Tare exam1ned as approx1mat1ons of the degree of ser1a] corre]at1on wh1ch
' m1ght ex1st If clusters of 10 occur the compar1son is between 10 and 1.
‘year return per1ods as d1scussed above; for c]usters of 5, the comparlson o
15 between 10 and 2 year return per1ods. On the bas1s of th1s ana1y51s,
| the water qua]1ty effects presented in Chapter 4 for var1ous perm1t
xmaveraQIng per1ods may overstate the 10 year stream concentrat1ons by

approx1mate1y a factor of 1 5 to 2. 0.

; Unt11 stream and eff]uent data can be ana]yzed to def1ne the ser1a]‘n
corre]atlon structure and the methodo]ogy mod1f1ed to 1ncorporate it, the
results presented in Tab]e B-2 shou]d be 1nterpreted to 1nd1cate w1th the '

'fo]]ow1ng poss1b111t1es

‘B-9
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TABLE B 2. Approx1mate overest1mat1on of 10 year return per1od stream | s
concentration by 1gnor1ng serial correlation. .

Variability of ' Ratio of Stream Concentration

Stream Concentration ' © At Indicated Average Return Periods
Coefficient Log R . .10 Year - " 10 Year.,
of Variation Sigma . ’ .. to 1 Year to 2 Year
(ve) ' (oine) . (C10/Cy) (C10/C2)
0.5 0.4724 14 haes |
. 1.0 0.8326 . 1.8 1.50 o
1.5 - 1.0857 | 2.1 1.5 "
2.0 1.2686 2.4 . 1.80
G0 _gyp [(Z10 - 21;25‘ °1nc]
C1,2
Z10 (10 year Return Period) = 3.456
Z1 (1 year Return Pefiod) = 2.778
Zp (2 year Return Period) ‘= 2.996
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0 Stream concentrat1ons 1nd1cated by the methodology used 1n the
report to recur ‘on average for 1 day every 10 years wou]d, 1f
"they actually never occur. except in clusters of 5 to 10 days,

have return per1ods of 50 to- 100 years.

0 Converse]y,‘for the 'same clusteringvassumptions, the,etream'
concentretions'that occur atlldeyear interva1s'5hou1d be'SO to
70% (1/2 to 1/1 5) of the lofyear concentrat1ons proaected by

. the report methodology.

B-4. References -
1. D1Toro, D.M., "Probab111ty Mode] of- Stream Quality Due to Runoff u

J. Environmental Engr. ASCE, Vo]. 110, #3, dJune-1984 p. 607 628

2. ‘D1Toro, D.M. and Fitzpatrick, dJ. J., “Ver1f1cat1on Ana1ys1s of the -
C Probabilistic Dilution Model™ Report prepared for EPA Contract No.
68-01-6275, U.S. Env1ronmenta] Protection Agency, Wash1ngton, b.C.
(1982)

B-11 - .




-
»
B
Ty




t

Vit (cy -
Revision No: O

i
>
' APPENDIX C
Charéc;eristic'Va1ues for Input Parameters







VII (C) -
Revision No. 0 ~

. The resu]ts reported here’ represent an- attempt to deve]op character-r-
,Istlc values and ranges for stream flow and eff]uent var1ab111ty. Thesev .
-values and ranges have been extracted from the resu]ts of pub11shed
‘ana]yses, and are used in Chapter 4 to eva]uate the 1nf1uence of the ‘

permlt averag1ng per1od on typ1ca1 ‘receiving water cond1t10nso These

N va1ues are prov1ded for, eff]uent f]ows (Section 1), eff]uent concentra-

tions: (Sect1on 2), and stream f]ow (Sect1on 3)

C-1. Treatment Pl ant Effluent Flows

A recent study [1] ana]yzed several years of . performance data from
approx1mate1y 400 secondary treatment plants in 8 d1fferent process
| categor1es. Average p]ant effluent f]ows ranged frmn 0 002 to 32 MGD.
Tab1e C-1 summar1zes the coeff1c1ent of var1at1on of treatment plant

efﬂuent flows.

-Cez.v.Treatment Plant Effluent Concentrations

Data on:the’Variabi]ity'of eff}uent'BODs and total sdspended‘

" solids (TSS) from municipal bio]ogica1‘treatment p]ants are ayailable"from‘
several sources. .Niku,'et a1~ E2]lprovide‘ana1ysis results for 37 acti- |
vated s]udge plants wh1ch show the coeff1c1ent of varlatlon of eff]uent
BODS concentrations to ranae between 0.34 and 1 11 for 1nd1v1dua1

’ plants. The med1an of the. 1nd1v1dua] p]ant values was 0. 635. The EPA C

- research report {3] on wh1ch the forego1ng was based reported a mean

coeff1c1ent of var1at1on for 43. actlvated s1udge plants us1ng a var1ety of

prpcesses. Da1]y eff]uent concentratlons were found to be we]l represented

- C-1
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TABLE C-1 - Coefficient of Qariation of dai]y effluent f]ows; VQE-

~ Number of Range For  ~ Median of -  «.

Process Category Plants Individual Plants A1l Plants .
) Trickling Filter . - 64 0.06-0.97 - 0.27

Rock ’ ' o ' o

Trickling Filter 17 0.16 - 0.88  0.38
Plastic : : c o

Conventional Activated 66 0.04 - 1.04 . 0.24
Sludge ~ | o ) .

Contact Stabilization 57 0.06 - 1.35 . 0.34
Activated Sludge - ‘

‘Extended feration 28 0.11 - 1.32 0.3
Activated Sludge v - :

Rotating Biological 27 £ 0.12 - 1.19 . 0.31°
Contact i o S B

Oxidation Ditch. 28 ©0.09-1.16 - 0.31

Stabilization Pond | 37 ~0.00,- 0.83 ©0.31

Cc-2
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by a Tog-normal distribution. The mean of al] p]ants analyzed had co-

eff1c1ents of var1at1on of 0. 7 for BODs and 0 84 for TSS.

- Two recent stud1es have extended the ana1/s1s of eff]uent concentra-
‘t1on var1ab111ty, and report coeff1c1ents of var1at1on of 8005 and TSS
for 7-and 30-day -averages as weTT as for dal]y va]ues. Resu]ts reported
by Hazen and Sawyer [l] prov1de the bas1s for the summary presented 1n
Tab]e C-2 as we]l as the two other sources cited in the tab]e° An ana]ys1s
of the performance of 11 tr1ck11ng f11ter plants by Haugh et aT [4] produced

the resu]ts summar1zed by Table C-3,

Based on available data a 51ngle representat1ve value for coeff1-i
cnent of var1at1on of eff]uent concentrat1ons cannot be def1ned | The most '
'vappropraate character1st1c va]ue will be 1nf1uerced by process categony,
ieff]uent concentrat1on averag1ng period, and the po]]utant in quest1on |
'(e g., BOD, TSS etc ), as well as 1nd1v1dua] p]ant d1fferences. The
computat1ons 1n th1s report are performed us1ng a range. of vaTues est1-

mated to encompass most of the cond1t1ons of 1nterest.

CFB.',Stream Flow.‘

F1gure Cc-1 prov1des a bas1s for est1mat1ng the coeff1c1ent of .

'T var1at1on of daily stream flows on the bas1s of the rat1o of 7Q10 to .

' average (DS) stream f]ow. These fTow values are usua]]y read11y ava11-

able. The re]at1onsh1p shown is der1ved from a set of flow neasurements ‘and
stat1st1cs wh1ch has been deve]oped for a samp]e of 130 streams in var1ous‘,;

“areas of the country [5] and is summar1zed in Tab1e c-4, aTong with add1-

t1ona1 deta1]s on the 10cat1on of the stream gages used. The ranges

-3
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Revision No. 0

Table C-2 (Coht,)

Chemical Precipitation/Settlingl

Pollutant - -+~ Coefficient of Variation .
Cr k L E .99
Cu S , o . .60 -
Fe -~ . ‘ . .57
Mn ' o : - .84
Ni | _ o .81
ZIn - : _ .84

’Tss T _ o o .66

Pharmaceutiéa]_lndustry2

Coeff1c1ent of Variation

Plant Number ‘ BOD {n) IS (n)
- 12015 ' 1.01 46 .85 195
: - 12072 o .97 392 .63 395
12026 -~ - W95 44 .49 53
12036 : "4 366 1.12 364.
12097 _ 1.08 222 1.21 249
12098 - 1.37 - 24 1.52 25
12117 o 70 . 39 81 : 51
: 12160 .92 . 34 1.1 32 .
12161 .55 249 S99 355
12186 . YA O 54 - .50 54
12187 ; . W21 12 .26 12
12136 ' 1.02 110 1.16 111
12248 L .58 50 55 - 52
12257 - .64 56 . .92 - 56
12294 : .93 56 1.25 . 50
12307 1.55 39  1.34 38

Ifrom Table 3, page 14’ of 10-18-83 memorandum from H. Kahn to E.
" Hall titled, “Rev1s1ons to Data and Ana]ys1s of the Combmed~
Meta]s Data Base." ‘ . , o

2From pre11m1nary descr1pt1ve stat1st1cs generated on pharmaceu-
t1ca] data by SRI Internat1ona] . 11-12- 82.
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Revision No. O

TABLE C-3 - Effluent concentration variability for trickling filters
(from reference 4).

| BQDs .. Tss .

Mean for 11 plants (mg/1) o | 29.6 ~ T 29.3

Coefficient of Variation (median of

individual plant values): o | ‘
Daily Values - S ©0.39 ’ 0.55
7-Day Averages . } 0.35 -0.31
30-Day Averages . o 0.31 - 0.26

»

shown reflect the bulk of the data in the sample of stream records which
were used. However, a relatively small percentage of streams Will have
coefficients of variatiqn which fall outside the indicatedlpanges, The | ;,
Statistical analysie was performed for the'entiae pericd of,reeord;. |
Results in some. cases may be distorted, if flOW'regulafion works were

installed on the stream sometime during the period of record.

C.4. References

1 . Hazen and Sawyer, "Review of Performance of -Secondary Municipal
Treatment Works." Draft Final Report for Contract 68-01-6275, Work
Assignment No. 5, U.S. Environmental Protection Agency, Washington,
D. C., (December 1982) ,

2. Niku, Shroeder, and Samaniegb,l"Performance of Activated Sludge
Process and Reliability Related Design." JWPCF, Vol. 51, No. 12,
{December 1979). ' . ‘

3.  Niku, et al., "Performance of Activated Sludge Processes: Reliability;
Stability and Variability.“ EPA 600/52-81-227, (December 1981).

4. Haugh, et al. "Performance of Trickling Filter Plants: Reliability,
Stability and Variability." EPA 600/52-81-228. (December 1981).

5. Driscoll & Associates, "Combined Sewer Overflow Analysis Handbook
, for Use in 201 Facility Planning." Report prepared for EPA Contract
"No. 68-01-6148, U.S. Environmental Protection Agency, Washington,
D.C. {1981).
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. APPENDIX D
Computer Program for the

Probab111st1c Dilution Model - Point Source
(PDM PS) -
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Th1s append1x descr1bes a computer program (PDM PS) wh1ch performs
the computat1ons of the Probab1]15t1c D11ut1on Mode] for Po1nt Source

. d1scharges us1ng numer1ca1 methods based. on quadratures. The program is

‘wrltten in BASIC for the HP 85 and the IBM- PC and shou]d be read1ly app11cab1e
to other persona] computers w1th perhaps minor mod1f1cat1ons to refTect

: 1nd1v1dua1 mach1ne character1st1cs.

The program is structured around a s]1ght1y different 1nput format
than that used for the manual ca]cu]at1on us1ng the moments approx1mat1on.
'A ser1es of normal1zat1ons (ratlos) of certain-of the 1nput data 1tems is
usad to prov1de a computat1on framework that prov1des a'more genera]1zed

lperspect1ve.

-

‘The appendix is organized as fo]]ows. Sect1on 1 descr1bes the
" basis. for the formu]at1on and normallzatlon of the input data, as used 1n :
the program. Section 2 prov1des an annotated description of the CRT and
:prlnter funct1ons, as well as the nature -of the user S response.’ - F1gures
D-l and D-2 prov1de the results of runn1ng the POM- PS through the example fj
| descrlbed in Sect1on 3. 2 of thTS report. F1na]ly, F1gure D 3 provides .a

Tﬁsting of the PDM-PS program for entry into a personal computera

. D-1. 'FormuTation and Norma]ization

The ana]ys1s can be made ‘more usefuT in a general way 1f the
norma11zatlon described’ be]ow is app]1ed to reduce certa1n of the 1nputs

;to read11y recogn1zed rat1os, and to express resu]ts (stream concentra-

t10ns) as a mu]t1p]e or fract1on of the target stream concentrat1on (CL)
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The explicit assumptions in the normalization schgmé that is uéed

are that:

o0 The stream taréet concentratipn\(CL)‘is pEoduéed when tﬁe
dischérge flow is the mean éff]uent flow (QE), the di§charge
pollutant concentration is equal tb'tﬁé pehﬁit effluent Iiﬁft
(EL), and the stream flow is equal to the design,valuev(heré
desigpated 7Q10 - though any other basié may be uSed_fqr desig-
nating the numérica] value of stream design flow, e?g.,‘BOQS, f

30Q10, etc.).

0 The reduction factor (R ='CE7EL) determines the meén effluent
concentration of the pollutant being eva]uated.lllt could bg‘
selected arbitrarily; howeyer,‘és applied in this manual for
eQa1uating the permit averaging period, the va]dé se]gctéd will =
be dictated by thefvariability of effluent concentrations‘and )

the permit averaging period.

- In the usual case, where the stream target concentration (CL) is set at
the chronic toxicity Tevel, the multiples of the‘target - in which stream.
. conCentratiqns are expressed (CO/CL) - correspond with the acute toxicity

level. The basis for the normalization scheme adopted is as follows.'

The downstream concentration, CO, is given by the di]utiqn éqhatfon;-

= CEQE | o ; o (0-1)
. QS + QE . o .

For a chronic criteria concentration, CL, the effluent limit concentration,
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- EL, is computeq using QS =i7Q10‘and an_average effluent'flou,‘QE?

S CL = EL UE. EL"STD o - ;v,‘(D'z).
Lo 7010 +QE | SRR :

'where ¢STD is the eff]uent d11ut1on factor at the standard cond1t1ons,

PSTD = D-E'/(7Q10 + 'Q'E') ThuS'

EL = CLﬁ’STD' ' . B o (043) ‘

However, the cho1ce of permxt averag1ng per1od forces a reduct1on of -
Tﬂfof magnitude, R, so that permit violations occur only 5 percent

or 1l percent of the time. Thus the actual long term average effluent E

' concentrat1on is:

S ’C‘E"=V,R EL = RCL/q:sm,” L (0-8)
; The prob]em is to compute the probab111ty that the downstream

concentrat1on exceeds a mu1t1p1e, B, of the chron1c concentrat1on, CL. In’

f'part1cu1ar, if the acute criteria concentrat1on is se]ected then B is the

’ acute to chronic cr1ter1a ratio for the po]]utant belng regu]ated Hence -

it is necessary to compute

Pr [_co > BCLT = Pr [CO > At ’Gf/ﬁj (-

vhere Equation D-4 has been substituted for CL D1v1d1ng both s1des of

the 1nequa]1ty by CE prov1des the first norma11zat1on since

(D-6)

- CO/TE (CE/CE) —————QS& E
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and CE/TE is the normalized effluent concentration.“The probability : f ‘ .
distribution of this réndom variable no 16ngér dgpends‘upon thé mean“: ‘
e%f]uent conéentration, but only on the‘coefficientMof vérfation,‘vcg;,
This is‘easi1y seen from the following représentation of a 1og-n6rmé]

random variable:
ICE = 1nlE + Zoypcg A{p-7)
‘where CE is the median; T1nCE is the 1og"standard deviation, and Z is a

standard normal random variable with zero mean and unit standard deviation. -

For log-normal random variables,

~.'CE§ c“t'z'\/(l + vcg) ' o o (D-8‘)
and o ) / ) )
| "12nc5 = 1n(1 + v d) | | - (D-9)

+

so that Equation D-7 becomes

~ In(CE/TE) = 172 of g+ Lajnc | . (0-10)

Thus, it is seen that CE/TE is log-normal with log mean = '1/20'%nCE.

and only the coefficient of variation, which specifies w]ncglthropgh

equation D-9, is required to completely specify the behavior of CE/TE. | L
The final normalization results from ekpreséing;Equation‘056‘33 ‘ -

CE/CE | O (p-11)

CO/CE = T+ QS/QE
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JNote that QS/QE 1s 1og-norma]1y d1str1buted since both QS and QE are
B assumed to be 1og-norma1 Thus, on]y the rat1o of the average f]ows,

'UEYQE, is requ1red. A conven1ent norma]1zat1on u51ng ratwos that are‘

more read11y ava11ab1e resu]ts lf the average eff]uent and stream flows

are standardlzed relatlve to des1gn stream f]ow (here des1gnated by . 7Q10)

Def1n1ng
Fl= 7010/¢§ o (D-12)
F2 - U/ (0-13)
Then , | ‘A"V | .
/T = F2/F1 - L (D-14)
T and - . )

1+F2

| Tnese rat1os, Fl and F2 together with the coeff1c1ents of var1at1on,‘
st vQE, and vCE, complete1y speci fy the character1st1cs of the random
var1ab]es in the norma]1zed d11ut1on Equat1on D-11. R spec1f1es the : A‘,
effect of perm1t averaging per1od and By the acute to chron1c cr1ter1a'

_ ratlo, spec1f1es the tox1c1ty behav1or of . the substance be1ng cons1dered

lh]S comp]etes the norma11zat1on.

D-2. Descriptton‘of Program Use"

The program 1s easy to use. The va]ues of the 1nput var1ab1es are
'_ sequentlally requested on the CRT. Once the 1nput va]ues ‘are entered a

summary of the 1nput data 1s pr1nted out as is a tabu]ar 11st1ng of the

- D-5




results of the calculations. The user shoﬁ]d be thoroughly familiar with o
the theoretical and practical bases for the PDM-PS as described in Chep--.

ters 2 and 3 before attempting to use the PDM-PS. ' . R o

USER:
PRINTER:
CRT:
CRT:
USER:

CRT:
USER:

CRT:
USER:

CRT:
USER:

commas.

flow (0B).

VII (D)
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Initiates program execution. , . L
Writes title. AR _ . | o
Displays title and general descriptive material shown in

Figure D-1. o ‘ o E

Question #1 is displayed: “Enter coefficient of varia- !
tion of QS, QE and CE " | ‘ ' \ E

Enters the values of vQSs vQE and VCE> separated by

Question #2 is displayed: "7Q10/avg Qs?"

Enters the ratio of the 7Q10 flow to the average stream

Question #3 is displayed: "7Q10/avg QE?"

Enters the design d11ut1on ratio, 1.e., the ratio of 7Q10

flow rate to the average effluent £1ow rate (_E) ) | -

Quest1on 44 is d1sp1ayed "avg CE/EL?" o o
Enters the ratio of the average eff]uent concentrat1on | .'I
which the treatment p]ant will be designed to produce -

(avg CE), to the effluent concentrat1on der1ved from the ,}
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. WLA'analysis'(EL) This latter value is that concentra-

t1on 1n the eff]uent which w1]1 resu]t 1n the stream ]

rtarget concentrat1on be1ng met, when the fo]]ow1ng f]ow

| ‘cond1t1ons prevail:

PRINTER:

CRT:

USER:

PRINTER:

USER:

Stream flow (QS) is at the 7Q10 flow rate.

’Effluent‘fIOWg(QE) is at the average -discharge rate of

flow.

Prints a tabular sunmary of the input data seiected; -

Question #5 is dispTayed: "Enter ]owest h1ghest and ‘

"1ncrement of mu]t1p]e of target for wh1ch % exceedence is '

des1red »

Dec1des on a range of stream concentrations (expressed as

mu]tip]es of the target concentratton, CL) for wh1ch the

' probab111ty of occurrence and the recurrence 1nterva1 are
h dESIPed. The user enters (1) the lowest value, (2) the

: highest va]ue and (3) the 1ncrementa1 step des1red for .

va]ues between the highest and 1owest.
Prints tabuTar 1lst1ng of resu]ts; For each mu]tlp]e of
CL, the exceedence frequency and return per1od are -

Tisted. When the’ pr1nt1ng is cqmp]eted, a.tone sounds‘

and Question Sfishrepeated.‘

~ Entars a new set of values for‘muitipfeS'ef CL, if

D=7
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desired. This allows the user'to_éonQéniéntly search out
the ranges of ihtereéf éﬁd seiedt'the most appropriate
ilevéis'of'incremeﬁtal_detail. "When the désfred a&ount of , x;
odtput has been obtained, the progFam'is‘ihtebrupteq, and .
begun again at Questioh #i to examfne another set of

conditions. The useF qan»formally "eﬁd“ the ppbgfaﬁ by

entering 0,0,0 in response to Questibn'5;




ENTER LOWEST,HIGHEST,AND INCREM-

i

“ POINT SOURCE - RECEIVING WATER
CONCENTRATION ANALYSIS
U N
- INPUTS: COEF VAR OF QS,QE, CE
RATIO...7Q10/angS

“ RATIO...7Q10/avgQE "
RATIO...avg CE/EL

BACKGROUND STREAM CONC (CS)
IS ASSUMED TO BE ZERO
+++++++++++++++++++++f+++++f+++

‘ENTER COEF VAR OF QS QE,CE?
1.5,.2,.7

ENTER FOLLOWING RATIOS
) .......7QIO/avg QS 7

1.......7010/avg E?
3

eeesss.avg CE/ EL? .

7 .

ENT OF MULT OF TARGET FOR WHICH
' % EXCEED IS DESIRED

ENTER LOWEST,HIGHEST,AND INCREM-

ENT OF MULT DF TARGET FOR WHICH
% EXCEED IS DESIRED
? :

2.5,3,.05 . ., .

SVID (D)
Revision No. 0

GENERAL ‘DESCRIPTIVE MATERIAL

QUESTION #1

QUESTION #2

QUESTION #3 - - 2

QUESTION #4

_ QUESTION #5 (CONTINUES TO REPEAT

AS NEEDED)

Figure D-I = CRT displays.
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etk ke kR ek ek Kk e : S ' o .
RECEIVING WATER CONC (CO) - . . TITLE , SR =
PROBABILITY DISTRIBUTION - - o ‘
" AND RETURN PERIOD e
- FOR MULTIPLES OF TARGET CONC ‘ . L o oo -
DUE TO POINT SOURCE LOADS : ' } - ' B

aeokde ek ke dedk ke dkk ek drkk ded kok gk kkkkdek ke

1.50

COEF VAR.....QS =

COEF VAR.....QE = 0.20

COEF VAR.....CE == 0.70
7Q10/avg QS = 0.05 "~ SUMMARY OF INPUT DATA
7Q10/avg QE = 3.00 : o o
avg CE/ EL = 0.67

VIOLATION PERCENT  RETURN
MULT OF  OF TIME PERIOD
TARGET ~ EXCEEDED  (YEARS)

1.00 0.894 9.3
2.00 0.112 2.4
3.00 0.024 11.3 ]
" 4.00 0.007 39.4
5.00 0.002 114.4
2.50 0.050 5.5
2.55 0.046 5.9 .
2.60 0.043 6.4 CALCULATED RESULTS.
2.65 0.040 6.9 R
' 2.70 0.037 7.4
2.75 0.034 8.0
2.80 0.032 8.6
2.85 0.030 9.2
2.90 0.028 . 9.9
2.95 0.026 10.6
3.00 0.024 11.3 -

Figure D-2 - EXamp]e‘of printed oufput,; :
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A%

A A

_(: Start’ :)

Clear screen

‘ A
; ) 4

Printfheadér
messages

Y

Prompt for and

input coef. of

variations for
Qs, QE, CE

3 4

Prompt for and
" “input ratios -

of 7Q10/TS,

- 7Q10/QE,
and avg. CE/CL

Y -

Compute normal -
and reverse normal -
. coefficients

Y

‘Prompt for and’ input
lowest, highest, and

‘delta increment of -

. multiples of CO/CL

. to use

All
CO/CL. values
.= (I)?

- Clear screen:

v

. Print input values
"~ and table header -

)

;f——>-Iteraté on CO/CL values

5

Evaluate Q(x)

Y

Compufe return . . |
.. period

Y

Print CO/CL, % of time.
- exceeded, and
" return period

]

Y

Next CO/CL |

'Fiéure D-3 - Flow chérf fdr_PDM-PS‘progfamu‘-

~

-

-
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PUH=PS  ++++ss

PROBABRLISTIC
DILUTION

MQDEL

FOR POINT SOURCE DISCHARGE

DEFINITION - IHFUT TERM:

@S
QE
CE

7018/ 3vens

L]

STREANM FLUOW
EFFLUENT FLOM
EFFLUENT 'COMCENTR.

RRTIC

SPECIFIED STRERM FLOWZ

Tl19/7avapE =

. DESIGH

EFFLUENT DILUTION RATIO

aveCE/EL
SPECIFIED RWERAGE

RATIO OF

PLANT EFFLUEMT COMCEMTR.

-73

THE EFFLUEHNT LIMIT

(EL) COMCEMTRATIOHN.

I2 THE EFFL.

CONC THRT PROOUCES THE
STREAM TARGET LCOMNC WHEM-

PRINT

NC (CQ>
ISTRIBUTION

PRINT
10G*

PRINT "
GET CONC.
URCE LOADS™

PRIMT
BIsp
DisP
Ig»
Dise
DIispP

DISP

+RE,CE"

} DISP

- vals"

DISP
vaRE"

.Disp ™

EL "

1
t
1
1
1
i
1
1
1
{
!
i
!
!
!
!
1. THE
L
4
1
1
1
1
1
1
1
D
D

RE=FR1H AMD GE=zvenE

bECEIuING WATER LG

PROBABILITY D

AND RETURM PER

FOR.-MULTIPLES UF TaR
DUE TO POINT S0

ES LI LTI FPFLES S SRS
kkpkkpdhhye

“POINT SOURCE - REPIEU1
NG WATER"

CONCEHTRATION AMALTS

bt bbb bbrdbb ittt
T AN I

COEF VAR OF g
RATIO...7R16-%
RATIO...7G18. 4
RATIO...zve CE

~1iTy

4 L.
[r ]

b
<

DA RN} [
LA

e

[ gy

o
[ o

LR R I (N W ]
50 150 00 050 450 0 X0 1D

LG e

213
o\
()

¥
af
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[T 4
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D)

L4
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Y]

(X
0We sy
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i B |
D)

o

=14
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S

N~
(=S ¥ | B N
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~
o]

BT RS Y R |
(> AN R |
[NBNIE]

e
[
D]

00

Gt
L
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Gisp . B
DISP " EBRACKROUND STRERM LoN
C <S> I3 ASSUMED T4
BE ZERO *

glsP “++++++#++++++v++++++*¢
+hbbhb et

_DIisp

gzsp "ENTER COEF YAR OF AS. &
S CE"; - o

INPUT Y1,42,U3 :
DI3F “ENTER FuLLouINu RATINE

plcp ¢ .:;....culafaaq s o®,
INPUT F1 -

oIsp * ... .. THLIR aws QE -,
INPUT FZ, : :

DISF " ... ..aws CE~- EL":
INPUT F3 '

FRINT R

IMAGE 21/, 20zZ.20 -

PRINT USING S48 ;. " . COEF ¢

AR. ... as = ";u ‘ o

"PRINT USIHG S99 . " - ZOEF

AR, ... .RQE = “;yz

PRIMT SIMG 2803 , ¢ CCREF W

AR . CE = ";u2 ‘ K
FRINT

PRIMT UISIMG Sog ;o Flea
Grave Q2 = “;Fi

PRIMT USIHG 288 ; ¢ ol
Brawes BE = M;F2

FRIMT MSIMG Sgg ;. S0
CE~ EL = ",FZ

FRINT '

FRINT "+++tdrrtbbrddrbtbrtidts
Rk b T A

PRINT . ) :
FRINT * STREAM COHCEMTRST

JION CCny oo

FRINT .
PRINT * MULT QF .
ERCENT"; TRE{2S: "F
FRINT " TARGET "7
TIME"; TREC2S); “FER
PRINT %CCO/CLS i TAEC
CEEDED" ; TRE€2S); " (YE
PRINT “———=-- S e

= 0
.I
e

:

e 4

i T
D= -

JivER

Wis s
> !
1 3
[
m

X
b 't
H

SSORCLOGCL+YIAZ) )
W2=SQRELOGCI+WERZY D
T=SER(LOG(1+Y3IAZ))
MI=5EF (U1 A2+HEASY
US=LOGCFR/F1 ) +LOGCSERE 1 +YE~
J/SERCLEMN1IA23 2

Uo LL";(Fu*-%I"'Fd)/"Q f1+'}é’“:;

GO*UE 1238

DISP "ENTER LOWEST,HIGHEST.H
HD INCREM-ENT OF MULT OF TAM
GET FOR WHICH X% EXCEED I D
ESIRED" '

Figure D-4 - PDM-PS program listing - HP-85 compatible.
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[T 0 YKy
LY RN T T ]
[ I XD OO

Wt e
RLadd e D

S &

N LT LN
DAY N Rt K2 0

Lo
U g G o b

0 g (o] o 4 500 00 =] 4Ty

Goh b 0b ok Bl ok P fh Gl $o5 fm g (o8 B ok 4 gk B G pod A g b B ),
TN N N 8 4t 02 g [ N o N N S VU D]
Ll Dol B DDA DADARK DA AL

(I L o RS b 1)

88 1od foh 08 s Bt B8 G4 foh s Beb gt

G Ed i) GE G SR LS INY A P DI N 0
. 0‘.(.'!4\(4(\“-‘@'470)'\]0.(0.&

[x] tSo GOS0

o

DA DX

a@&mamamm@a@@

INPUT. B1.B2,E3 -

IF B1+B2+E3=8 THEN 119%

| - LORD GUAD. WGTS. & ROOTZ
GOSUE 1489
U= COMPUTE PORTION OF @)
ARGUMENT INDEP OF Cé .
OIM Z8¢32 ,

FOR 1=1 Tu Ne

{ - EVALUATE USING INY PPHB
TRAMSFORMAT ION

P3=RSCI)

GOSUE 1338

Z3CIo= LDE:1+EXP(U9uMH¥x°¥>~n‘

(5]

HEXT I

NEXT. cn

PRIMNT ® EBEEF
GOTO =44 .
FOR L=t TQ 7
PRINT - ‘

i SUBRIUTIHE TO LORD HﬁEMH
L HND PEJEPUE HORMAL IDEFFL
CIENTS
Q1=
Dz=¢
03=.
D4=.
03=.
Ds=. 3
| bttt dtttrdddddrrbrtddd
E1=2.515581°7 .
EZ‘ 202853

E3=.8193228
Ed4=1 4327122 -
ES=.1392¢9 .
£5=.o061382

D]

]
1

MDY YU
D GpEey
DO Y ()
AR (W
R~y
NV D ON]
LY XN AN
WDt~
M-

|
LD

<
)
]
[
L]

J
[x7]

o

P e Y Wy Wy oy - - - s
Nt pbopblbpph b

! = COMCEMTRRATIOH LOUOP
FOR Co=Bl T3 EZ2 STEF EI
1S=9 -

| --U“HU LDGP-- EVALURATE (¢
b F RMD Sun

FOE =1 TO No .
A=(LOGICRX+Z23CIr 2 W3
XR=SGNOK?

RERESKY 0 N
F=1+4%D1+XE 02+Eg 03T +H%(0a
+AXCOT+XKTDE 2200y .
F=.S%F~=1x .

IF ¥v>a THEMN 1934

F=1=-F - .

IS=15+ Fx:SfI, .

NEXT

1 ——:UMFHTE RETURHM PEFIWD
1d=1/2385-15 .

IS=196%X1S ’ ,
PRINT USIHNG 11‘8 ; 3,13 I&
IMRGE 20Z.00.5%, .EE,E 1y
DZ.30 .

B A ot A e B ek b0 s b n DA ek $b s S s b s e

b Bt B R KX I 0 s O N O 0 Y O YL Y R 1A

£ bad

23 I 7S 7Y PR
(O]
Do)

L]
D)

Dy
o

00 =of Ty L0 L of od

Dol 8]

- e
Lhenen
[ A

LS

N
wn
fa
Do

o
o’
[

[ o R ORIy T NS T ST AR 1 8

~
L]
Lod

Ll o N N N e

00 €GO ) ~) =y =)
P I IV X OENT

D S D T S

I

Eiguré~D-4»(cdnt'd.)

D-13
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RETUFN ct
! HBPOUTINE TO COMFUTE IN
VERQE MORMAL TRANSF !
! FPOLYNOMIAL AFFROM T INVE
SE NORMAL TRELE '
DEF FNC(X) = X~(E1+E2%M+EZx
X;d;/(1+54* +ES#K“?+E=t¥ ?}
59=
IF PR, S THEN 1453
Po=sl-F3 ,
§9=~1 '
FQ-°uRrLocf1xP°~z'
XIFNC (P35 %53
RETURN
| =BUARORATURE

'.-f

SUBROUTINE,

JCOMPUTE RODTS AND WEIGHTS

{19 = INTEGRAL ’

! RSCHBSY = N@ ROQTS (+- GA

USSIAN ROOTS & Hﬁ'* LHFFR R

QOTS»

I Z3(NG) = M3 mEIuHT“

| N

L LOAD ROOTS ANMD UEIfHT% =0

F Eanu OFROER SUROS

I FIRST THE GAUSSIAM ANQD TH
THE LASUERREE TERMEZ

EH ’
b o-@UAD ROOTS % WEIGHTS FOR

£th ORDER GARUSSIAH

1
Ri=2&
R§1}=‘.9E:463935m
RC20== 344575023
R{Z)== CES&312029 "
R(d4r== TSS4044054
R(Si== E1728752444
RiSI== 4SEP1ET777E
RL7 == 2316035505
ROE)=- 2235212505324
BRC010= A271S345342
22(2r= AS225352354
S203r=.03515351152
S840 =, 12482257132
SR2(S=.142535585822
S8{62=.1631565194
S2CTr=_1226R34154
$2(gr=.18345G5195
NB=4¥PI <
1 CONYERT GRUSSIAM FﬁuTﬁ %
WEIGHTS FOR (5913 INTEGFE I
NTWL ‘ :

I AND DIVIDE EBY THO FOR CON
FOSITE FORMULA

FOR K2z=1 TO R1 |
RESCK2)=, S5+ . SERCKD)
RSCKZ+R1Y= . 5- S*RC(K2)
2SCK2y=S2CKZIse

Z5CK2-R12X=25{K2>

NEXT K2

V' -LORAD THE LHGUEPQE PnnT:
"AND WEIGHTS. FROFERLY CONY

RTED




2101

1O DI PI M DI DY DI PO 1
[ ] et ek et adiand
DO UIL L=
RARPIOIODDGHD

1 «15th
S & HWEI
PC1Oo=51
(23=41
FC3)=34
P(4)>=28
P¢(33»=23
P{63=19

ORDER LAGUERRE ROGT
GHTS

TB115933595
94084526477
233287923
SY272%7429
515935694
1221562562

PC72=15.44152735632
P(81=12.,2142233532
PC(9)»=9.,4323143339
.B7A3Z3532535
.B7801381455

. 43708663383
.12322835451

. 141857774233
. 462695228915
.FE4241 847 20E-2
1614b23?E—22
B584737E~1S
.2979579B3IE~15S
.1278796332E-12
2 8623q6-4uE-1u -

NN NN
DO s 8 pd bb ot 1t pa
N&MNHQ
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FOR K2=1 T NU/H
RS(KZ+NB/2)=ERP(~P¢
25¢K2+Nars2r= Q(K”)/°
NEXT K2.

RETURN
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ADTYPE B:DILMOD.BAS :
RE bttt PDHM~PS = bttt .

10
20
30
4
. 50
55
60
‘70
- 80
&5
‘a0
300
310
320
321
222
230
340
350
360
370
380
390
460
310
420
430
Jup
- 450
- 460
470
- 480
. 450
500
510
520
£30
sy

550

" B60
565
570

. 580

581
350
60C
- 610
620
630
6#0

REX

PROBABALISTIC

- Figure D-5 - ppM-

VI (D)
: Rev1510n No a

REM DILUTION MODEL
REM FOR POINT SOURCE DISCHARGE.
PENM = S P
REK AUGUST, 19864
KEK  IBN-PC AMD }MS-DOS COMPATIBLE VERSION
REM EORIZON SYSTENMS CORPGRATION e
PEM , (703) 471-0420
REl
REli bttt bobdeboboobe et L +eb
DIM RS#(32),¢5#(32)
LIM R#(8),s8#(8) -
oIH P#(lﬁ),Q#(16),29#(32)
CLs : ‘
XEY CFF ‘ ' .
PRINT n!*i*%i****a**xx§&*a§1*+7*ﬁ’:*;é%*+*:*£;%*{?z&uxw*xaan
PRINT " RECEIVING WATER CONC (CO) PROEABILITY DISTRIBUTION ™
PRINT © . -AND RETURN PERIOD" ‘
PRINT " - FOR MULTIPLES CF TARGET COMNC"™
-PRIRT ™ . DUE TO POINT SOURCE LOADS"
PRINT M R R R R R T N R S IR N B A RN NN E LR R R AR L RN 2%
PRINT "POINT SOURCE - RECEIVING hATEP"
PRINT "CONCENTRATIOYN ANALYSIS"‘
PRINT ,
PRINT Tordbtdbd bbbt bbbt M e i T e o S S SR IPRRPIO
PRINT "INPUT COEF OF VAR OF Qs, CE,CE"
PRINT » RATIO...7Q10/AVGOS™
PRINT " RATIO...TQ10/AVGQE™
PRINT ™ ~ RATIO...AVG CE/CL"
PRINT " EACXGROUND STREAM CONC (CS) IS ASSUMED TO EBE Z“PO"
PRINT "444::4:4' bbb bbb bbb bbb bbb b o b obefode ot
PRINT
PRINT "ENTER COEF OF VAR OF QS,QE,CE"
‘INPUT V1,V2,V3 :
PRINT “FWTLB THE FOLLOWILG RATIOS:"
INPOT " .......TQ10/AVG QS ";F1
IFPUT ™ .......TQ10/AVG QE ";F2 -
INPOT " .........AVC CE/EL ";F3
PRINT : '
CLs S - , S
PRINT ™ COEF OF VAR.....QS = ";V1
PRINT ™ COEF OF VAR.....QE = ";V2
PRINT ™ COEF OF VAR.....CE = ";V3
PRINT ’ :
PRINT = - TQ10/AVG QS = ";F1
PRILT ™ TQI0/AVG QE = ";F2
PRINT . AVG CE/EL = ";F3
PRINT o :
FRINT Mtttk obbbotbbob bbb b bbbt b bbb b bbb b bbb bbb

PS program 1isting - IBM-PC and MS-DOS compatible,
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720 W1=SQR{LCG(1+V1~2)) : ‘ , :
730 ¥2=SQR(LOG(1+V272)) . ' : o
T40 W3=SQR(LOG(1+V372)) , ( R S
750 W9=SQR(W172+U272) . S N

. 760 U9=LCG(F2/F1)+LOG(SQR(1+V2" 2)/SQR(1+V1 2)) ’ - ‘ }
770 U3=LOG(F3%*(1+F2)/SQR(1+V3"2)) . A A , A ‘
780 CGOSUB 1160 , B -y
790 PRINT “EHTER LOWEST, HIGHEST, AND INCREMENT OF IULT OF TARGET FOR" e : g
795 INPUT "WHICH ¢ EXCEED IS DESIRED";B1 »B2,B3 : ,
796 IF B1+B2+B3= o THEHN GOTO 112C

797 CLS

BO3 PRINT ® COEF OF VAR.....QS = ";V1

§04 PRINT ® COEF OF VAR.....QE = ";V2

ED5 PRINT ® COEF OF VAR.,...CE = #;V3

£06& PRINT :

BO7 PRIRT ® “TQ10/AVG GS = ";F1

808 PRINT ® TQ10/AVCG QE = ";F2 {
809 PRINT * AVG CE/EL = ";F3

€10 PRINT = . , ‘

617 PRINT Tebirtriidebbbotdbbtbb bttt bbb bbbt d bbb bbb bbb bbbt bt o
812 PRINT : L v - , ;
813 PRINT * STREAM CONC (Co)"

E14 PRINT

.615 PRINT ™ MULT OF";TAB(13);"PERCENT"™;TAB(25) ; "RETURK™.

816 PRINT ™ TARGET ";TAR(13);"OF TIME";TAB(25);"PERIOD" .

817 PRINT ®(CO/CL) *; TAB(13),"EkCEEDED"'TAB(¢5) "(YEARS)" E -

518 PRINT “-—~-——--"'TAB(13) -------- ", TAB(25) P PR, " . o :
. £20 REM -~ LOAD QUAD. WGTS & ROOTS ' ‘

830 GOSUB 1410 \

240 REM COHPUT PORTION OF Q(X) AnGULEIT‘IHDEP OF CO

850 FOR I=1 TO RO

860 RE} - EVALUATE USING INV PROB TRANSFORFATIOM

870 Po#=R5#(1)

880 GOSUE 1310

290 ZO#(I)-LOG(1+EXP(L°-V9*X9))~U3

800 NEXT I

510 EEl - CONC LOOP

820 FOR £O=B1 TO E2 STEP B3

930 I5=D . A

940 RE}: - QUAD LOOP - EVALUATE Q(X) = F AND SUM . . ' : : ,

950 FOR I=1 TO KO ‘ !

660 X=(LOG(CO)+Z9#(I))/¥3

970 X0=SGN(X) _

980 X=aBS(X) . ‘ ' B o RN

990 F~1+X*(D1+£*(D2+£*(D3+X*(D&+Y*(DS+Y*D6))))) - -

1000 F=.5%F"(-16)

1010 IF XO>0 THEK GOTO 1030 : ‘ - A EE Ly

1020 F=1-F . o : - o

1030 I5S=I5+F=Z5£#(I) ) . , ‘ ' '

1040 KEXT I . I

1050 REN COMPUTE RETURN PERIOD
1060 I0=1/365/15

'Figure D-5 (cont'd.)
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.. 109C NEXT CO

. 1460 PEM .FIRST THE GAUSSIAN, THEN THE LAGUERRE TERES

VI (D). . T
Revision No. 0 - - .

1070 I5=100%15 . : » '
1080 PRINT USING “### #f# © . ":C0,15,1I0

110C PRINT CHRE(T) , . ‘ :
1101 INPUT “ENTER <CR> TO CONTIKUE, OR 'STOP*® ";A%
1102 IF A$<O"STOP" THEE GOTO 560 ‘
1110 REM GOTO 790 . _
1120 FOR L=1 TO 7 | ' 3
1130 PRINT ’
1140 MEXT L
1145 KEY ON
1150 END : : o
- 1160 REM SUBROUTINE TO LOAD NORMAL AND REVERSE HORMAL COEFFICIZLTS
1177 T1=.04986734T# T C ik aloe g
1180 D2=.0211410051
<560 D3=.0032776263#
1200 D4=3.80036E-C5S
1210 D5=4.88906E~05
1220 £6=5.383E-06
1230 EEH;+++++++++++4+f'
1240 E1=2.515517
. 1250 E2=.802853
1260 E3=.010328
1270 E4=1.432788
1280 =5=.189269 . » Vo - ; : .
129C E6=.001308 ' | s _ e L
1300 RETURN ) - o o : - ‘
1310 RE' SUBROUTIHE TO COMPUTE INVERSE uOnxAL RAHSFORMATIO?-_ . - .
1320 REMN POLYNOMIAL APPROX TO INVERSE TARLE , - , : S -
1330 TEF FRC(Xs#)= X¢-(E1+E2*£#+E3*Y““2)/(T*LL*X#+E5*X# a+rofz#“3) - L
1380 50=1 , o
© 1349 IF PO#<1E-18 THEN Pg#=1E-18
1350 IF P9#<.5 THEN GOTO 1380

1360 PO#=1-P9%#

1370 S%=-1 -

1380 PO’—SQR(LOC(P9# ~~2))
. 1390 ¥9=FNC(PS#)%S9

'1#OOJBETUPL :
1410 REM QUADRATURE SUBROUTINE - COMPUTE aoors APD WEIGHTS . :
1420 REM I5=INTEGRAL , . ' . ' .
1430 REM R5(KO0)= MO ROOTS S o :
1440 REM 25(X0)= NO WEIGHTS - , S
1450 REM LOAD ROOTS AKD WEIGHTS FOR 32ND ORDER QUADS o ‘ ;

1470 REM QUAD ROOTS & WEIGHTS FOR 16TH CRDER GAUSSIAN
- 1480 R1=8 . N , o
- 1490 B#(1)=-.9805400935#
1500 R#(:):—.gun575023#
1510 R#(3)=-.86563120244#
1520 R#(4)=-.75540440804
1530 R#(5)=~.617876214L4%
."1540 R#(6)=-.4580167776#
1550 R#(7)=-.2616035508#

Figure D-5 (cont'd.)




1360
1570
1580
1580
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1310
1820
13830
1840
1850
1860
1870
1880
1890
1500
1910
1620
1930
1940
1950
1960
197D
19E0
1990
2000
2010
2020
2030
204¢
2050
2060
2070

‘REM 16TH ORDER LAGUERRE ROOTS AND WEIGHTIS

VII (D)
Revision No. O

R#(8)=-.09501250964:#

S8#(1)=.027152458042# . . 3

S8#(2)=.062253523 94 , - ‘ o SRR S
5B#(3)=.09515851168# o - - o , »
S8#(4)=.1246289T713# . ‘ : R
S8#(5)=.1495959€88# . . L : ' -
S8&(6)=.16915651944# : : . . ‘ R
58£(7)=.1826034154:# - - : -
SB#(S)_.189L506105»

N0=4%R1 T

REM CONVERT GAUSSIAN ROOTS & WEIGHTS FOR (¢, 1) INTEGR. INTERVAL

REM AND DIVIDE BY TWO FOR COMPCSITE FORKULA

FOR K2=1 TO Rl

B5#(XK2)=.5+.5%¥R#(K2)

P5#(K2+R1)=.5-.5%R#(K2)

Z54(X2) =S8#(K2)/4 - : : : : .
Z5#(K2+R1) =Z5#(X2) : , . ) ) T
IEXT K2 , ‘
PEM LOAD THE LAGUERRE ROOTS AND WEIGHTS, PROFERLY CONV;PTE“

P#(1)=51.7011603395#
P#(2)=41.950U526 477+#
P#(3)=34.5833987023+#
P#(4)=28.5787297 42¢+#
P#(5)=23.5159056 94 : » . ;
P#(6)=19.130156856 &+ ‘ : S : . S
P#(7)=15.4415272688# ' ‘ o .
P#(8)=12.2142233689+# : ,
P#(9)=9.43331433639% - o -
P#(10)=7.07033853505# - : o
P#(11)=5.0780186 1455#

P#(12)=3.43708663389+#

#(13)=2.1292636451#

P#(14)=1.14105TTTL463#
P#{15)=.462696328915#
P#(16)=.0876 4041047894

Q#(1)=4.16146237D-22

Q#(2)=5.05C4737D~-18 ' - - S :
Q#(3)=6.297967003D-15 : SRR o oo o -
Q#(4)=2.127079033D~12 . . , . '
G#(5)=2.862350243D-10 o o . j i

0#(6)=1.881024841D-08

Q#(7)=.00006068263193314# S . . - :
Q#(8)=.00001484458687# ' ’ : " - ¥
Q#(5)=.0002042719153 ‘ : o oo
Q#(10)=.00184907094353+# A : . : S B
Q#(11)=.0112999000803# ' o L oY
Q#(12)=.0473289286941+# o I - _ : i

#(13)=.136206934206# . ) , ' A
Q#(1u)-.26579577:644 ‘ o o )
G#(15)=.331057854951¢# ; ~ ‘ , _ |
QF{16)=.206151714958% '

Figure D-5 (cont'd.) a - i
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- 2080 FOR X2=1 TO NO/2° L SRR B
2090 RS5#(K2+NO/2)=EXP(-P#(K2)) A . . v
2100 Z5#(K2+N0/2)=Q#(K2)/2 T : '
2110 NEXT X2
2120 RETURN -

€3

2

: i****&***!***!***ﬁﬂ!!*!!*!!!*i*!*§§!§§§§§§§i§¥!§§§!§. ,

RECEIVING WATER CONC (CO) PROBABILITY DISTRIBUTION
. AND RETURN PERIOD
FOR MULTIPLES OF TARGET CONC
_ DUE TO POINT SOURCE LOADS - ‘
*i******!*!ii**i&i*i**i!i*iiiii******ii***!!****i!*l‘
POINT SOURCE - RECEIVING WATER
CONCENTRATION ANALYSIS
INPUT COEF OF VAR OF QS,QE,
jRATIQ...7Q10/AVGQS
RATIO...7Q10/AVGQE
.RATIO...AVG CE/CL
BACKGROUND STREAM CONC (CS) IS ASSUMED TO BE ZERO

fo oo e e ale o LLJJ_L_LAJJiJ.L.AJJJ_LJ‘.J‘L4--JAJ‘LJ;.L ol o b
; . bbbt ‘rTr!‘l T ™ Lan B2 2 e e e 2 o i e

0y 4+

c

EHTER COEF OF VAR OF QS QE, cz
o ? 1 5,02,'7
* ENTER THE FOLLOWING RATIOS.
. .......7Q10/AVG Qs ? .05
- ceseeesTQIO/AVG QE ? 3.0
cceseesesAVG CE/EL ? .67

1.5
.2
T

COEF OF VAR.....QS
COEF OF VAR.....QE
. COEF OF VAR.....CE

7Q10/AVG QS
7Q10/AVG QE
AVG CE/EL

.05 |
3 o
‘67 o . . ' o

++++++++++++++++¢++++++++++++++++++++++++++++++++++*

ENTER LOWEST, HIGHEST, AND INCREMENT OF MULT OF TARGET FOR
WHICH ? EXCEED IS DESIRED? 1,5,1

1.5
- .2
7

] ) i . ’ -

‘ " . COEF OF VAR.....QS

: o -+ COEF OF VAR.....QE
COEF OF VARQ see QC,E

7Q10/AVG GS-
7Q10/AVG QE
AVG CE/EL

.05
3
0467. o

L ~© Figure D-5 (cont'd.)
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T st o S R TP TSP WA

STREAM CONC (CO).

MULT OF - PERCENT RETURN R v
TARGET OF TIME PERIOD ' L . :
(coscL) -EXCEEDED .  (YEARS)
: : o )
1.000 0.894 0.306 ' S o
2,000 0.112 2.443 o ‘
'3.000 - 0.024 . 11.313 o ‘ y
4,000 0.007 - 39.429 ' S ‘ :
5.000 0.002 114.356

ENTER <CR> TO CONTINUE, OR 'STOP' ?

COEF OF VAR.....QS
 COEF OF VAR.....QE"
COEF OF VAR.....CE

7Q10/AVG QS
7Q10/AVG QE
AVG CE/EL

B E S
ENTER LOWEST, HIGHEST,"
WHICH 2 EXCEED IS DESIR

COEF OF VAR.....0S"
COEF OF VAR.....QE
COEF OF VAR.....CE

7Q10/AVG QS
7Q10/AVG QE
AVG CE/EL

1.5-
2

l..7 .

.05
3
-67

++%++++++++++++#+++++++++++++
AND 'INCREMENT OF MULT OF TARGET FOR
EP? 205!3,0'1 ‘ .

1.5
. 2 )

7
.05
3
67

R e

STREAM CONC (CO)

MULT OF

'RETURE

PERCENT

TARGET OF TIME PERIOD

(CO/CL) = = EXCEEDED  (YEARS) x
2.500 0.050 5.501 - ' ' R "
2.600 . 0.043 6.395 : T
2.700 10.037 - 7.410
2.800 0.032 8.558
2.900 0.028 9.854
3.000 0.024 11.313

ENTER <CR> TO CONTINUE, OR 'STOP' 2 STOP -

Figure D-5 (cont'd.)
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