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SECTION I. INTRODUCTION 

1.1 Purpose 

The purpose of this guidance is to describe and compare two methods 

that can be used to calculate stream design flows for any pollutant or 

effluent for which a two-number water quality criterion (WOC) for the 

protection of aquatic life is available. The two methods described are: 

1. The hydrologically-based design flow method recommended for 
interim use in the Technical Support document for Water Quality- 
based Toxics Control (1): and 

2. A biologically-based design flow method that was developed by 
the Office of Research and Development of the U.S. EPA. 

1.2 Background 

National water quality criteria for aquatic life (2) am derived on 

the basis of the best available biological, ecological and toxicological 

information concerning the effects of pollutants on aquatic organisms 

and their uses (3,4). To account for local conditions, site-specific 

criteria may he derived whenever adequately justified (4). In addition, 

criteria may be derived from the results of toxicity tests on whole 

effluents (1). National, site-specific, and effluent toxicity criteria 

specify concentrations of pollutants, durations of averaging periods, 

and frequencies of allowed exceedences. If these criteria are to achieve 

their intended purpose, decisions concerning not only their derivation, 

but also their use, must be based on the biological, ecological, and 

toxicological characteristics of aquatic organisms and ecosystems, and 

their uses, whenever possible. 
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National, site-specific, and effluent toxicity criteria are expressed 

as two concentrations, rather than one, so that the criteria can more 

accurately reflect toxicological and practical realities (1-4): 

a. The lower concentration is called the Criterion Continuous 
Concentration (CCC). The CCC is the 4-day average* concentration 
of a pollutant in ambient water that should not be exceeded 
more than once every three years on the average. 

b. The higher concentration is called the Criterion Maximum Concen- 
tration (CCC). The one-hour average concentration in ambient 
water should not exceed the CMC more than once every three years 
on the average. 

Use of aquatic life criteria for developing water quality-based 

permit limits and for designing waste treatment facilities requires the 

selection of an appropriate wasteload allocation model. Dynamic models 

am preferred for the application of aquatic life criteria in order to 

make best use of the specified concentrations, durations, and frequencies 

(2). If none of the dynamic models can be used, then an alternative is 

steady-state modeling. Because steady-state modeling is based on various 

simplifying assumptions, it is less complex, and may be less realistic, 

than dynamic modeling. An important step in the application of steady-state 

modeling to stream is the selection of the design flow. 

* Although a 4-day averaging period should be used for the CCC in most 
situations, an averaging period as long as 30 days my be used in 
situations involving POTWs designed to remove ammonia when low variability 
of effluent pollutant concentration and resultant concentrations in 
receiving waters can be demonstrated. In cases where low variability 
can be demonstrated, longer averaging periods for the ammonia CCC 
(e.g., a 30-day averaging period) would be acceptable because the 
magnitudes and durations of excursions above the CCC would be sufficiently 
limited (5). 
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OIe way of using the CCC and the C.X in steady-state mx?eling requires 

calculation of the tw design flcws (i.e., a CCC design f ?w and a C4C 

design flw). Whether the CCC and its design flw OL’ the CK: and its 

aesign flw is mre restrictive, and thuretore controlling, rcust be 

deto,z&ed individually for each pollutant of CocIcern in each effluent 

because the CCC and CX am pollutant-specffic, whereas the tw design 

!?lcws a39 specific to the receiving waters. 

Msteload alloc3tfon rmcdeling for stream usually uses flow data 

obtained f--an the United States Geological Survey gaging stations. If 

sufficient flow data are not available for a staa of interest, data 

sust be extraplated frm othe: stream having hydrologic characteristics 

similar to those of the strem of interest. 

1.3 !ape 

‘Ihis guidance is limited to (a) describing tw methocs that can be 

used for calculating strea design flcws for my pollutant or effluent 

for uhfch a tw-mrnktr aquatic life water gualfty criterion is avaiLable, 

md (b) makiq mcarrnendations mnceming the use of t3ese rrrthods in stea,l/- 

state mdeling. 

Ihe water gua?.rty criterion for dissolved oxygen was mvisad very 

recently awl t!!e assesment of the appropriate design flav for dissolved 

oxyq*n mdelirg has not yet been -leted. lherafor8, the statwpecified 

design flus that traditionally have been used for mnventicmal pollutants 

shutId not k affected by this guidanm. 



Stats-?lpzciCfed design flcws necessarily pc88fq3t my &sign flow 

that ta reccmmmded in this guidance unless the state c!moses to use eit!!er 

r~li Theo t-a wztha1.j. 3-w choice of drqiy Clews for tha pmt~~ti~n of 

hvrun health har been discuss& in the Technical Support Ibzment for 

Water WaLitpS3sed Toxic3 Control (1). 

Aauatic life criteria of saw pollutants ac8 affectad by environwntal 

variables WC!! as water tenpcrature, pH, and hardness. In addition to 

tie destqn tlw, such other stream variables as pH ad tarperatun might 

increase or decrease t!!e allcwable in-tream concentrations of sane 

pollutants (e.q., amonia). lhe need to consider other varfables vhen 

deterwining the design flm for those pollutants should be emphasized. 

This docunsnt will pmvi+ ~Jidame for the calculation of design flw; 

pH, tewmture, and hardness will likely be addressed later. 
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SECTION 2. HYDROLOGICALLY-BASED DESIGN FLOW METHOD 

2.1 Introduction 

The purpose of this section is to describe the hydrologically-based 

design flow calculation method and provide sane examples of its use. The 

Technical Support Document for Water Quality-based Toxics Control (1) 

provides Agency guidance on control of both generic and pollutant-specific 

toxicity and recommended interim use of the hydrologically-based method. 

In addition, the Agency also recommended (1,2) that the frequencies of 

allowed exceedences and the durations of the averaging periods specified in 

aquatic life criteria should not be used directly to calculate steady- 

state, design flows using an extreme value analysis. For example, if a 

criterion specifies that the four-day average concentration should not 

exceed a particular value more than once every three years on the average, 

this should be interpreted as implying that the 4Q3 low flow is 

appropriate for use as the design flow. 

Because a procedure had not been developed for calculating Design 

flow based on the durations and frequencies specified in aquatic life 

criteria, the U.S. EPA recommended interim use of the 1Q5 and 1Q1Q low 

flows as the CMC design flow and the 7Q5 and 7Q1Q low flows as the CCC 

design flow for unstressed and stressed systems, respectively (1). 

Further consideration of stress placed on aquatic ecosystems resulting 

from exceedences of water quality criteria indicates that there is little 

justification for different design flows for unstressed and stressed 

system. All ecosystem have been changed as a result of man's activities. 

These changes have resulted in stress being placed on the ecosystem 

before a pollutant stress. In addition, it is not possible to predict 
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the degree of pollutant stress when one considers both the timing and 

variability of flows, effluent discharges, and ecosystem sensitivity and 

resilience. 

2.2 Rationale 

The following provides a rationale for the hydrologically-based 

design flow calculation method: 

• About half of the states in the nation use 7Q1Q as the design low 
flaw. 

• The log-Pearson Type III flow estimating technique of other extreme 
value analytical techniques that are used to calculate flow 
statistics from daily flow data ace consistent with past engineering 
and statistical practice. 

. Most users are familiar with the log-Pearson Type III flow estimating 
procedure and the USGS provides technical- support for this technique. 

• Analyses of 60 rivers indicate that, on the average, the biologically- 
based CMC and CCC design flows are nearly equal to the 1Q1Q and the 
7Q1Q low flows. 

2.3 Example Cases 

In order to illustrate the calculation of hydrologically-based 

design flows, sixty rivers with flows of various magnitudes and variabilities 

were chosen from around the country. The 1Q1Q and 7Q1Q low flow of the 

sixty rivers am presented in Table 2-1. The list of rivers in this table 

is arranged in increasing magnitude of the 7Q1Q low flows. The 

estimates of the 1Q1Q and 7Q1Q low flown were made using the USGS 

daily flow database and the FLOSTAT program (6) which employs the 

log-Pearson Type III technique. 
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lhe estimates of 1010 and 7010 lw flaws could have been made using 

EPT-ORD’s DFL,W prqrm, whick. uses a simplified version of the log-*arson 

Type III method. lhe sinplifled version of the log-Pearson qpe III 

estfmting technique for any xQy design flew is presented in &nmrlix A. 

Althoqh the Lag-Pearson Qpe III is in general user/ it should be recognized 

that there are other distributions that my be more appmgriate to use on a 

case-by-case basis. ‘Ihe hydmlogic.rLly-basd design flw for mnonia 

!s discussed in mndix 8. 

Analyses of the 1010 and 7010 lw flcm in Table 2-l itiicate that 

t5e man of the ratios of 7QlO to 1010 is 1.3. lhe mdian of the ratios 

is 1.1, whereas the range of the ratios is 1.0 to 3.85. lhus, 7010 lw 

flcws are generally 10 tb 30% greater than the corresponding 1010 lw 

flows, aLt!xqh in tie case the 7010 i t 3.85 tines greater than the 

corresponding 1010. 

Table 2-l. Hydrolcgically-basal design flws (ft3/sec) for 60 stream 

I Design flw (fd/sec) I I 
Period of 

I 

w------------ 
Station ID River nane State ktcord cf 1010 7010 

01657000 Ikll hn VA 1951-82 4.48 
02092s00 Tkont NC 1951-82 1.77 
06026000 Birch Cr m 1946-77 1.32 
12449600 &aver Cr bA 1960-78 1.77 
05s22000 Xroquob IN 1949-78 1.33 
09490800 N Rc tthito AZ 1966-78 1.24 
14372SOb E Fk 111imis OR 1942-03 2.03 
os381ooo Blade 

5 
19OS-83 2.s1 

10291s00 mcme 1911-78 1.30 
oss8sooo La mine IL 1921-u 1.99 
12321SO0 Bcundary Cr ID 1928-84 1.65 
01111s00 Branch RI 1940-82 1.16 

0.3 
1.4 
1.7 

32:: 
4.0 
6.4 
s.s 
7.1 

1% 
8.8 

0.4 1.33 
1.6 1.14 
2.4 1.41 
3.2 1.22 
3.9 1.15 
5.3 1.10 
6.7 1.05 
6.7 1.22 
7.7 1.08 
9.9 1.06 

13.1 1.12 
13.3 l.Sl 
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Table 2-l (cant hued). 

I I I 

Stath 10 River name Stat0 I Clcsfgn flad (ft3/stx) 
Period of - -w------w 

' bcord cv 1010 I 7010 

02138500 
05053000 
02083000 
01196500 
02133500 
06280300 
09149500 
02296750 
07018500 
02217530 
01481000 
09497500 
01144000 
Old00000 
09359500 
01403060 
02413500 
01421000 
07298500 
07013300 
0~531000 
07096000 
09070000 
01011000 
03528000 
13023000 
02424000 
05515s00 
02490500 
01315500 
01610000 
05386000 
02369000 
0737BMO 
06465500 
02135000 
08110200 
02076000 
03455000 
05333500 
06287000 
03107500 

Linvi lle NC 
sheyenne Nn 
Fishing Q NC 
ckinnipiac CT 
Ocolrning Cc NC 

>3- g 

Rig MO 
Middle Oconee GA 
ikandpi net PA 
Salt AZ 
mite vr 
N Br PotaMc MQ 
Allima co 
Raritan tu 
L fallapoosa AL 
E B(Irlavarr NY 
Flfg %nflmur WS 
branec Ho 
clmung NY 
Arkansas Gl 
Eagle CO 
Al legash HE 
Clinch T!u 
CCsyS 
Cahabe z 
KanJcak~ IN 
Boqe QIitto MS 
edson NY 
~tamsc w 

Et1 
m 
?L 

hait. u 
Niobrara NE 
Little Poe be SC 
Bra200 TX 
tin VA 
FtwbchBrod na 
St. Croix WI 
Bighorn MT 
Beaver PA 

1922-84 1.74 13.4 16.4 1.22 
1951-81 2.10 15.9 13.3 1.15 
1927-82 1.48 17.0 19.4 1.14 
1931-84 1.02 17.5 32.3 1.85 
1940-78 0.80 38.8 43.4 1.12 
1957-84 1.54 41.8 46.8 1.12 
1939-80 0.86 35.6 SO.8 1.43 
1931-84 1.54 49.0 155.3 1.13 
1922-84 2.16 46.4 55.3 1.19 
1902-84 1.37 49.4 57.4 1.16 
1912-84 1.17 61.4 67.2 1.09 
1925-80 2.05 64.6 68.7 1.06 
1915-84 1.43 75.3 es.2 1.13 
1939-83 1.42 54.7 61.6 1.13 
1946-56 1.56 54.8 62.3 1.1s 
1904-83 1.64 54.2 67.1 1.24 
1940-51 1.31 72.7 08.3 1.21 
1915-78 1.41 80. a 89.7 1.11 
1936-80 1.42 89.4 91.9 1.03 
1923-78 2.41 88.8 92.2 1.0s 
19lS-78 1.91 09.7 97.5 1.09 
1901-81 1.12 107.9 126.1 1.1’1 
1947-80 1.36 116.9 131.0 1.12 
1932-03 1.39 124.5 134.1 1.38 
1919-78 1.55 120.7 135.2 1.05 
1937-83 1.16 122.9 144.s 1.13 
1902-78 2.07 151.9 156.4 1.03 
1926-78 0.48 179.0 184.3 1.33 
1945-81 1.89 188.6 191.6 1.02 
1908-78 1.10 207.7 211.0 1.02 
1939-83 1.48 209.6 220.7 1.05 
1938-61 1.65 229.7 245.6 1.07 
1939-82 0.95 2ao.l 291.4 1.04 
1939-83 1.98 298.1 303.4 1.02 
1939-83 0.59 160.9 322.0 2.oc 
1942-78 0.94 306.7 322.4 1.011 
1966-70 1.48 311.6 344.9 1.11 
1924-52 1.25 329.6 387.3 l.lU 
1901-78 0.93 473.6 532.2 1.12 
1914-81 0.61 505.9 536.0 l.Ok* 
1935-79 0.82 327.1 557.0 1.70 
1957-83 1.10 571.3 594.2 1.04 
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Table 2-1 (contimed). 

Station 10 River twm 

I Design flw (ftJ/sec) , I 
Period of 

State Pacord d 1010 
-------( ;cs:“j i 

7010 
I -1 

1334 1000 N P Uearuator 1D 1927-68 1.16 529.2 648.6 1.23 
07341500 bd AR 1928-81 1.41 691.0 769.2 1.11 
0235OSOO Flint GA 1930-58 1 .OO 207.8 799.8 3.85 
0 1536500 Susquehanna PA 1901-83 1.34 782.0 814.3 1.04 
01100000 *rrimck m 1924-8 3 1.01 270.2 929.3 3.44 
14233430 covl itz ta 1968-78 0.93 901.5 958.7 1.07 

l CV - Coeffkient of Variation 
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SECTION 3. BIOLOGICALLY-BASED DESIGN FLOW METHOD 

3.1 Introduction 

The purpose of this section is to describe the biologically-based 

design flow calculation method and provide some examples of its use. 

This method was developed by the Office of Research and Development of 

the U.S. EPA in order to provide a way of directly using EPA's two-number 

aquatic life water quality criteria (WQC) for individual pollutants and 

whole effluents to calculate the design flow for performing a wasteload 

allocation using steady-state modeling. The two-number WQC are in the 

intensity-duration-frequency format, in that they specify intensity as 

criteria concentrations, duration as averaging periods, and frequency as 

average frequency of allowed excursions. Because the flow of, and 

concentrations of pollutants in, effluents and stream are easily considered 

in terms of intensity, duration, and frequency, use of this format for 

expressing WQC allows a direct application to effluents and streams. 

Because steady-state modeling assumes that the composition and flow 

of the effluent of concern is constant, the ambient (instream) concentration 

of a pollutant can be considered to be inversely proportional to stream flow. 

Thus by applying a specified averaging period and frequency to a record 

of the historical flow of the stream of concern, the design flow can be 

calculated as the highest flow that will not cause exceedences to occur 

more often than allowed by the specified average frequency, based on 

historical data. The allowed exceedences am intended to be small enough 

and far enough apart, on the average, that the resulting small stresses 

on aquatic organisms will not cause unacceptable effects, except in 

those cases when a drought itself would cause unacceptable effects. 
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The averaging periods specified in national water quality criteria 

are one hour for the CMC and four days for the CCC. The primary use of 

the averaging periods in criteria is for averaging ambient concen- 

trations of pollutants in receiving waters in order that the averages 

can he compared to the CMC and CCC to identify "exceedences" i.e., 

one-hour average concentrations that exceed the CMC and four-day average 

concentrations that exceed the CCC. However, in steady-state modeling, 

flow is averaged over a given period to identify "non-exceedences”, 

i.e., average flows that are below a specified flow. 

Use of the term "exceedence" and "non-exceedence" neither of 

which are in the dictionary, can be a cause of confusion. ‘Water quality 

criteria are usually expressed as upper limits on concentrations in 

ambient water and the periods of concern are when the ambient concentration 

exceeds a criterion concentration, i.e., when there is an exceedence. 

In steady-state modeling, the averaging is of flows, not concentrations. 

Because a low flow results in a high pollutant concentration, the period 

of concern for flow is when the flow is less than the design flow, i.e., 

when there is d non-exceedence of a given flow. A non-exceedence of a 

design flow corresponds to an exceedence of a criterion. Use of the 

non-directional term "excursion", which is in the dictionary, avoids 

this confusion. Use of the term "excursion” also avoids the problem 

that some water quality criteria, such as those for dissolved oxygen 

and low pH, must be stated as lower limits, hot upper limits. An 

exceedence of a dissolved oxygen criterion is favorable, not unfavorable. 

“Excursions, in this guidance manual, will henceforth be used to imply 
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an unfavorable mnAition, o*lj., a 194 flow oc a p>llutmt c’OnCl?QtCACl~J~r 

a an ug*r 1 hit or belw a bet Lid t. 

71s national water quality critw:ia qccify Gut, if 3 is the 

calculated nmber of e:::xsions occurring in a period of S yedrs, then 

S/R should be equal to or greater than 3 years. Mst excursions will !X 

~~11 and rnclst aquatic ecceystem will probably recover fmn the 

resulting minor stress in lass than three years. Sm3vnr , t!!e t5cee 

yedrr is maant to he longer than the average recovery period so that 

l cosfstdm cmnot !x in a constant state of rsmvecy oven it excurtiom 

are l vmly spdced 0-r time. 

41-h 3 years ap:UacJ to be appropriate for z~trall exc;rmims 

that are sunwhat isolated, jt appears to be excessively long when many 

excursions occur in a shwt prial of time, such as mu14 be caused by a 

drought. Woqhts are rare wents , characterized bj long pxiods of 1~ 

f lm ati should not be al LoweA to unnecessdcily leer design f lovs. 

Although droughts do severely stress aquatic ecc6ystens, bth directly, 

*cause of 1~ flew, arrj indirectly, because of t’w mscrlting high 

concentrNizms or pllutants , many ecosystem0 dpparent Ly mc3vtr fr3-n 

severe stresses in mm than 5, but less than 10 years (1). Recauso It 

is not adequately protective to keep scosystme ln a constant state of 

temvecyI 15 yeam seem like an appropriate stress-fme period of 

tina, on the l verage# to allolr after a severe Stress caused by d droqht 

s itwtion. Etucause thme years arm allowed for each excumion on the 

average0 counting no more than 5 excursims for any lcw flew pxiod will 
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gcwide w more t!!atl 15 years* on the avcrxgc, for severe str2sis cause.1 

by clro+ts. Thus, for each 134 flew pried, the nmbb3r of excJrsion.9 

cmmt iH less thm 1.0 or qre3ter than 3.3. 793 mxiwn 3uration of a 

ls+crad ,p3riod wa3 set at 120 days because it is not too UncDmo n for 

excursimu to occl~c within 120 days of each other, wbrms it ia mry 

rare for exc?lrsions to occur durirq days 121 to 240 after the beginning 

of a lw-flow pXior!. 

Figum 3-l illustr~tas the features of the biolgicaliy-Sased 4csign 

flw calculation method. Intaxtls a-b and c4 are excdraioq priods an4 

each day in these interval5 is part of an avarsqe flow that is *lov the 

design flw. ihe nunber of excursions in an excursion pericd is calculated 

as the nurbr of days in tC1e excmrrion period divided by the duratim (in 

days) of the averaging period (e.g., 1 day for the OC and 4 days for t!+e 
--- Lrr 1. A lw-flw priaJ is alaf iw I 4s olr :x mre excursion C>r?ric& 

ocz~rrlng within a 12343~ interval. hs discuss! above, if the talc-La:+2 

vnhr OC alc;;rr9imS that occx in a 12Oday low-floe ;w?tkx! is grw:er 

than fr the nrm3er is set at 5 fx the pu.qxses of calculating t5e desi;9 

flw. 

B8cmre hiolqically-based desiqn flue are !xserJ on the averagbg 

psti0dS an4 fwquencfes specified in water quality criteria for indivi.tJal 

pollutants and whole effluents, they can be based on Me available biolqical, 

ewlogical, and toxicobgical information mncerning the stresses that 

aquatic oqmims, emsystem , an4 their uses cm tobrate. The 

biolcqically+ased calctllation method is flexible enough to make full use 
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Figure 3-l: Illustration of biolqical,ly+ased design flew 
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’ oc spedat +w4r*.1hg ,kWiOiJ ml.. fp3TrencLes that .ntl;ht % %131:I:~?l f.>r 

t,w:ieic fvllutmt~ (*.q., mronLa) or LQ sfte-qwcific criteria. ‘his 

:mth& is qirical, not statifltical, because it deals uit? t.‘re actual 

flolr mcm’d itwlf, not with a statistical distribution thdt is intended 

to hlcrtbe the flor mcord. 

Tn aUitbn, thiq meulod pmvides an u&erstanJi~ of hw many excumims 

of the CCC oe CX are likely to occurI and during what time of the year, 

based on actual hiW9riCdt flw data. lhw, it is possible to amnina Lye 

pattern and wpitudes of what uxld have heen historical excursions. 

lhis metha! makes it clear that criteria concentratfonv should not !m 

intwpreted as values tlrat are never to !3e exccclfed -at any time or place’ 

in tiio rem1vi.q uatsr9. An unJerstmJing of yhat level of pmtectim 

actually is przwidcd should aid in the use of criteria. 

3.2 pc3cedure 

Altharph the calculation pmcedum deacri!azd in qzqendix C night 

look ayalicatad, it nnly consists of a sequence of steps that are 

quite strple. EIecau.w flew rsczxb usually mist OC daily flow Car 

20 to 80 yews e manual calculation of design flew is very t fme-consuninq. 

The DfUBJ caqwter pqrrn (Appendix D) will calculate hiolcqicrlly~m?d 

clmign Clws and display the dates, durations, and nqnitudfrs of the 

l xcunions within each lcw tlav period. 
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Ihe CUC and XC design flo*s ax caktrlated in almost the sa.m mannez. 

me differences result fsrn the fact that the OIC is expressed as a onr 

bar werap, whereas the CCC is expressed as a fourday average. However, 

the tlcw records that are available consist of on,day aver-ago flus. 

For str.am wit!! naturally occurring lcw flcm, calculation of the CYC desig! 

flolr fran one-day averages0 rather than om-bur averages, should be 

reasonabr(l acceptable bemuse naturally occurriq 1~ flus of receiving 

rtzean at0 usually very similar fran one hour to the next. In replated 

stream, such as those affected by hydzoelectric or irrigation projects, 

housto-harr variation of lcv flolrs could Ss significant and in those 

situations, use of hourly vdlues, when available, is appropriate. bth 

the pollutant amcmtratiom and the flus of met effluents are expected 

to chrpe rruch mo:e f-am me hour to the next than the naturally occurriw 

flus of streams. 

3.3 Rationale 

Ihe follolring p-ides a rationale for ‘cC.e biolqically-based 

design flow calculatim mathod: 

l It l llwr the use of the mu befunlmr w3c for aquatic life in t!!e 
calculation of design flav. If water auality criteria for aquatic 
life am to achieve their intended purpse, decisions concerning t!cir 
derivation rud use tild be based on the biolapical, emlcqical, 
rnd Wricolgical characteristics of aquatic oqpnism anJ mystems 
and their uses vbenever possible. 

l It tdces into acaunt all excursions in th8 flw -rd. 

. It pmvid8s the necessary design flow directly withcut mqufring any 
design flolr statistic3 in the IQ format. 

l It is flexible l noqh so that any averaging period and frequency 
selected Cor particular pollutants , effluents, or sit-pecific 
criteria can be usul directly in design flow calculations. 
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5110 sixty ,'13u mcor~?s that ken3 analy~al asLy t'ls $x!rolo;ically- 

based method (x0 Table 2-l) were also analyzed using the LXooic~lly- 

basd dosian flow method. Ihe C.X design flow was calculatef for a 

lday averaging period and the EC design flew was calculated using the 

klay averaging period. Mth em c.~kulated using a frerhrency of once 

evecy three years on the average. Table 3-l presents bioloqically-5asaLl 

4eriyn tlcws for t!lese sixty rivers. 

In aJJitinn to the hydrokqicalty-based design flow, Table 0-L 

in Appendix 9 also includes biologically-based OK and CCC design 

flus for If strew for 304ay averaging priol3 and a freoucnc:~ of 

once l vecy three years on the average. The purpse of the biolgicsl?y- 

bass1 derLp flus for &mid (3) i.? Appendix B is to illustrate kw 

this -tW miqht SC used for siteqpeciflc ard pllutant-specific 

sitdtthJ Jh8rc tb durations and freouencics in aquatic life trite-ia 

might be different tmn those specified in national tup-number amatic 

li!?s critrtria. 

Analyses of t5e lday &year and t!!e i-riay 3yeat lcu flows in Table 

El hdfcate that the mean ratio of the 4day 3-year lcw flus to 

the comspmding lday 3year lud tlcws is 1.23. ‘Ihe mdian of the 

ratios is 1.11, whereas the range of the ratios is 1.0 to 2.81. lhus, 

I-day 3yeat lmd Clavs are generally 11 to 23t greater than tha corre=qpm!i~~; 

l-lay 37-t lcv flavs, altJwqh in one case, the lday 3-year lar flw 

is 2.31 t ims araatac than thu corres,pmdhg lday 3yeat low f lov. 
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Table 3-l. Biolqkally-based design flus (ft3/sec) for 63 river3 

---------------------....-.----------.---- 

Porioj of 

016S7000 
0231)2m 
06026600 
124434)o 
05522030 
03490300 
14372SOO 
r)33HlQJO 
10291500 
OSsBS130~ 
12321s00 
01111500 
02138SOO 
05359OOl~ 
02083000 
OllYbWY 
02133500 
b6280300 
09149so13 
02296750 
07018SOO 
02217SW 
01603030 
09393500 
0 1403060 
01461000 
09497500 
01143303 
02413503 
01421000 
07288SOO 
07013000 
01s31000 
07096000 
09070000 
01011000 
03S28000 
13023000 
02424000 

Bull m 
Went 
Birch a 
9eaver Cr 
ICUpOiS 
?I Fk ;Jhita 
c Fk Illinoi’s 
91ack 
Bxkeye 
b Lbim 
bWK!Afy a 
Rranch 
Linville 
Sheyenne 
Flshfna Cr 
QtfMf~hC 
Iksming Cr 
S’mshane 
hmwahgre 
pbx* 
Big 
%Mlr, Ckxmee 
N 3r &tmac 
.4lLWM 
Raritan 
Srandpf ne 
Salt 
*its 
L Eillapmsa 
E B blaware 
Dig Slmflwr 
*ramc 
amwrg 
Arkansas 
hgle 
Allegruh 
ainc)r 
c*m 
cahaba 

VA 1951-82 4.48 0.2 
.x 1951-82 1.77 1.4 
m 1946-77 1.32 1.7 
wp 1960-78 1.77 2.9 
IN 1949-V 1.33 2.4 
AZ 1366-79 1.24 4.8 
OR 1942-83 2.03 5.8 
WI 1905-83 2.51 5.0 
CA 1911-78 1.30 7.0 
XL 19210.93 1.99 8.9 
ID 1928-84 1.65 12.0 
Rf 1940-82 1.16 10.0 
NC 1922-84 1.74 13.0 
tJD 1351-91 2.10 15.4 
NC 1927-82 1.48 12.0 
cr 1931-84 1.02 14.9 
NC 1940-m 0.80 33.9 
WY 1957-84 1.54 42.9 
co 1939-80 0.86 39.9 
FL 1931-u 1.54 49.0 
ra 1922-84 2.16 45.0 
GA 1932-84 1.37 33.0 
MD 1939-83 1.42 42.9 
co 1946-56 1.56 60.0 
NJ 1904-8 3 1.64 46.9 
P-9 1912-84 1.17 55.8 
AZ 1925-90 2.05 63.0 
vr 1915-54 1.43 75.9 
AL 1940-51 1.33 57.9 
NY 1915-73 1.41 92.9 
NS 1936-80 1.42 82.7 
K) 1923-78 2.41 89.9 
NY 1915-78 1.91 85.7 
c3 1901-81 1.12 89.9 
co 1947-80 1.36 120.0 
ME 1932-83 1.39 134.0 
na 1919-78 1.55 127.7 
w 1937-93 1.16 124.8 
.U 1902-78 2.07 122.8 

0.4 
1.6 
2.4 
3.4 
3.0 
5.3 
6.9 
6.1 
7.2 

1::: 
13.2 
15.0 
17.6 
13.5 
34.0 
36.2 
45.9 
49.0 
55.2 
51.5 
45.7 
49.3 
61.1 
53.6 
59.3 
69.5 
86.0 
70.2 
91.4 
85.4 
92.7 
92.5 

114.0 
126.0 
138.4 
132.2 
13s. 9 
149.8 

2.00 
1.14 
1.41 
1.21 
1.25 
1.19 
1.19 
1.22 
1.03 
1.05 
1.38 
!. 32 
1.15 
1.14 
1.13 
2.2s 
1.07 
1.07 
1.26 
1.15 
1.14 
1.39 
1 lf 
. . . 

1.32 
1 ‘4 . . . 
L.35 
I.13 
1 ?3 . . . 
1.21 
!.l! 
I.03 
1.93 
1.38 9 
::o’; 
1.03 
1.04 
1.93 
1.22 

P-----------c --w--------- -_------------------_--_ 
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TabLe 3-l (Continued) 

-me. am--- -.-mw-e- u_---we -_-- MW. __----_...-..--I.-_..--. 

I 

-. -. 

Design t lcw3 ((1:3,/5x) r 

Period 0C ,-,L..-....-.-ww* .I.. -e-s PPC 

Station II) River nanm State r+r,-ml ,-$ lday 3-iaar dJay 3-par EZ I I 
-- . . . . . -.-----I.---------_----.-- .-,-- I .__-_--.-_--.---..-... . . . . L ..-. L 

oss1ssoo lcankakee IN 1926-78 0.48 i67.6 174.2 1.04 
0249osm R3qe Chitto &MS 1945-81 1.89 187.5 189.6 1.01 
0131ss00 Hdson NY 1908-78 1.10 170.0 191.9 1.13 
nl610000 Rmm¶c UJ 1339-83 1.48 202.2 219.6 I.33 
05386000 Fbat ma 1938-61 1.65 239.3 239.7 1.03 
02369000 ShOal FL 1939-92 0.95 270.5 2w.o 1.95 
07378500 Anfte LA 1939-83 1.98 282.1 295.5 1.05 
c)646SSOO Niobrara NE 1939-93 0.59 199.7 304.3 1.52 
02135000 Little Pee (3ee SC 1942-78 0.94 298.7 298.9 1 .oq 
0311n200 Qrazos TX 1365-78 1.48 277.7 305.3 !.I0 
r)2076000 bn VA 1924-52 1.2s 321.6 380.4 1.19 
030s5300 French Broad l3 l!wl-79 0.93 494.3 535.5 1.99 
os333Soo St. Qoix WI 1914-81 0.61 477.5 508.5 1.06 
r)62$7003 Siporn :n 1935-79 0.82 364.0 520.2 1.43 
03107500 Fkaver PA 1957-83 1.10 539.9 557.5 1.07 
13341000 N F Clear-dater ID 1927-68 1.16 469.6 613.0 1 ..- 21 
07341500 wd AR 1928-81 1.p: 537.4 603.3 1.12 
02350500 Flint CA 1930-58 1.00 262.5 731.0 2.79 
0110,3000 Merrimack !.!A 1924-83 1.01 284.0 797.3 2.81 
14233430 Gmlitr ‘214 1968-78 0.93 934.7 953.9 1. j3 
m----e-------.-. . . . . . - .---.._..-----...-_--- _L-_-.--------.-..-.-.-....--- 

l CV - Gmfficiant of Variation 
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SECTION 4. COMPARISON OF THE TWO METHODS 

4.1 Design Flows 

Table 4-1 shows how the biologically-based 1-day 3-year low flows 

and the hyrdologically-based 1Q1Q low flows for the sixty example rivers. 

The table also presents the difference between 4-day 3-year low flows and 

the 7Q1Q low flows. 

For 39 of the 60 streams, the l-day 3-year low flows are 

less than the 1Q1Q low flows. For 18 streams, the 1-day 3-year low 

flows are greater than the 1Q1Q low flows, and for the remaining 

3 streams the differences are less than 0.1%. Thus, for the majority of 

the stream the l-day 3-year low flow is lower than the 1Q1Q low flow. 

For all sixty stream, the difference between l-day 3-year low flows 

and 1Q1Q low flows ((l-day 3-year)-(1Q1Q))/(l-day 3-year) ranges from 

-50.0% to 20.8%, with the mean and median equal to -4.9% and -3.1%, 

respectively. 
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Table 4-1. Comparison of 1Q10 and 7Q10 with 1-day 3-yr and 4-day 3-yr low flows 
(all flows in ft3/sec) 

River Name State 

Bull Run VA 

Trent NC 

Birch Cr MT 
Beaver Cr WA 
Iroquois IN 

N Fk White AZ 
E Fk Illinois 
Black WI 
Buckeye CA 
La Moine IL 
Boundary Cr ID 
Branch RI 
Linville NC 
Sheyenne ND 
Fishing Cr NC 

Quinnipiac Cr CT 
Drowning Cr NC 
Shonone WY 
Uncompahgre CO 
Peace FL 
Big no 
Middke Oconee GA 
N Br Potomac MD 

Animas CO 
Raritan NJ 
Brandywine PA 
Salt AZ 
White VT 
L Tallapoosa AL 
E B Delaware NY 
Big Sunflower MS 

Meramac MO 
Chemung 
Arkansas CO 
Eagle CO 
Allegash ME 
Clinch TN 
Greys WY 
Cahaba AL 

Comparison of CMC Design Flows 

1Q10 1-day 3-yr %DIFF* 

0.3 
1.4 
1.7 
2.4 
3.4 
4.8 
6.4 
5.5 
7.1 
9.3 

11.7 
8.8 

13.4 
15.9 
17.0 
17.5 
38.8 
41.8 
35.6 
49.0 
46.4 
49.4 
54.7 
54.8 
54.2 
61.4 
64.6 
75.3 
72.7 
80.8 
89.4 
88.8 
89.7 
99.9 

116.9 
124.5 
128.7 
122.9 
151.9 

0.2 
1.4 
1.7 
2.8 
2.4 
4.8 
5.8 
5.0 
7.0 
8.9 

12.0 
10.0 
13.0 
15.4 
12.0 
14.9 
33.9 
42.9 
39.9 
48.0 
45.0 
33.0 
42.9 
60.0 
46.9 
55.8 
63.0 
75.9 
57.9 
82.0 
82.7 
89.9 
05.7 
89.9 

120.0 
134.0 
127.7 
124.8 
122.0 

-50.0 
0.0 
0.0 

14.3 
-41.7 

0.0 
-10.3 
-10.0 

-1.4 
-4.5 

2.5 
12.0 
-3.1 
-3.2 

-41.7 
-17.4 
-14.4 

2.6 
10.8 
-2.1 
-3.1 

-49.7 
-27.5 

8.7 
-15.6 
-10.0 

-2.5 
0.8 

-25.6 
1.5 

-8.1 
1.2 

-4.7 
-11.1 

2.6 
7.1 

-0.8 
1.5 

-23.7 

Comparison of CCC Design Flows 

7Q10 4-day 3-yr %DIFF* 

0.4 
1.6 
2.4 
3.2 
3.9 
5.3 
6.7 
6.7 
7.7 
9.9 

13.1 
13.3 
16.4 
18.3 
19.4 
32.3 
43.4 
46.8 
50.8 
55.3 
55.3 
57.4 
61.6 
62.3 
67.1 
67.2 
68.7 
85.2 
88.3 
89.7 
91.9 
92.2 
97.5 

120.1 
131.0 
134.1 
135.2 
144.5 
156.4 

0.4 
1.6 
2.4 
3.4 
3.0 
5.3 
6.9 
6.1 
7.2 
9.4 

13.0 
13.2 
15.0 
17.6 
13.5 
34.0 
36.2 
45.8 
49.0 
55.2 
51.5 
45.7 
49.0 
61.1 
53.6 
59.3 
69.5 
86.0 
70.2 
91.4 
85.4 
92.7 
92.5 

114.0 
126.0 
138.4 
132.2 
135.8 
149.8 

0.0 
0.0 
0.0 
5.9 

-30.0 
0.0 
2.9 

-9.8 
-6.9 
-5.3 
-0.8 
-0.8 
-9.3 
-4.0 

-43.7 
5.0 

-19.9 
-2.2 
-3.7 
-0.2 
-7.4 

-25.6 
-25.7 

-2.6 
-25.2 
-13.3 

1.2 
0.9 

-25.8 
1.9 

-7.6 
0.5 

-5.4 
-9.3 
-4.0 

3.1 
-2.3 
-6.4 
-5.4 

* %Difference - ((1-day 3-year flow) - (1Q10)) / 100 / (1-day 3-year flow) 

* %Difference - (1-day 3-year flow) - (7910) ) / 100 / ((1-day 3-year flow) 
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Table 4-l. (C??tinlred) 

Carparison of CVC &sign t ~3~s Colparbon of CiC Qs!gn Flcws 

I 
River Nam State 1010 

I 
l+ay 3-r tDIFk-* 

I 
7010 Uday 3yr KIIPFrnC 

ICankalcoa IN 179.0 167.6 -6.8 184.3 174.2 -5. a 
Boqe mitt0 WS 188.6 167.5 -0.6 191.6 189.6 -1.1 
vudson NY 207.7 170.0 -22.2 211.0 191.9 -10.0 
PO-C w 209.6 202.2 -3.7 220.7 219.6 -0.5 
Root mJ 229.7 239.3 4.0 245.6 239.7 -2.5 
ShOrl FL 280.1 270.5 -3.5 291.4 28G.0 -1.9 
&Ii to CA 298.1 202.1 -5.7 303.4 29S.J -2.7 
Niobrata NE 160.9 199.7 19.4 322.0 304.3 -5.8 
Little Pee be SC 306.7 298.7 -2.7 322.4 298.9 -7.9 
Btazos TX 311.6 277.7 -12.2 344.9 305.3 -13.0 
CIln M 329.6 321.6 -2.5 307.3 380.4 -1.8 
French Rroad TN 473.6 494.3 4.2 532.2 535.5 0.6 
St. Croix WI 505.9 477.5 -5.9 536.0 508.5 -5.4 
Bighorn ur 327.1 364.0 10.1 557.0 520.2 -7.1 
Boavor PA 571.3 539.9 -5.8 594.2 s57.5 -6.6 
N F Cleamater ID 529.2 469.6 -12.7 648.6 613.0 -5.9 
Iw AR 691.0 537.4 -29.6 769.2 603.3 -27.5 
Flint CA 207.8 262.5 20.8 799.8 731.3 -9.4 
~rrimadc PtA 270.2 284.0 3.6 929.3 797.3 -!6.6 
cwlitt bA 901.5 934.7 4.9 968.7 959.9 -0.9 

. -- 

’ NDif fetenc* * ( (lday 3-year flow) - (10101) l 100 / (lddy 3ytar :lod) 

**IDifference - ((Uday 3yedr flor) - (7010)) l 100 / (Iday 3yedr flcu) 

Similar carparisons GWI Sa rrrade batwwn the 4da.y 3yedr la flcws 

and the 7010 lcv flcws bsed on hble 4-l. Fbr 46 of the 60 streans, 

the U-day 3year lor floJs am less than the 7010 10~ flws. For nine 

rtroarr, 4&y 3yoar lcu flus dro grsatet than the 7010 lau flcvs, 

and for the mining fax stream, the differs- am less than 0.1%. 

lItus, tho I-day 3y8ar la* flolr is usually 1-r than the 7QlO lcw flsr. 

For all sixty btreat6, h differem b-n the 4day 3year lcm flcus 

and 7010 lcw flads ((J-day 3-year) - (7010))/(4day 3yearl rdrrges frun 

-34% to 6Q, with the man and mdidn equal to - 7.01 and - 4.41, rcspcctively. 
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4.2 CWJtStON -- 

fable 4-2 ptpsmts ti\a cakuIate4 nmbec ot exc-~r~lor\.j Cl&t o~Cllr~-~ 

in the 63 atroam Car the lw 11~3 calculat& usirlq the hydmlqical?y- 

ad bl0l~ica\ly-~asc3 mtbI23. l?ls table demnstcatar the fqh3ct ot 

the choice of one design tlw rmthofl over the other in term of nufb3r 

or axcur%ionu. Fat any stream, a higher flw will alwap @mult in the 

sam or a greater nmbf of excursions than a 1-r flew. WXsionally, 

th d~ffocmce in tha nmtwr orI e2maions ol the tire &aCrJn IIlm 

is quite drautic even if the difference betmen the tw design flus is 

CjukJ malt. Cot cxqle, the 1010 ml the l-day 3year design f lm of 

t!!e QlfMipiaC River in Cbnm?cticut are 17.5 ft3/sec and 14.9 ft3/sec, 

rrrpmctiwly, twt the correspmdirq nmber of ex,lrrsims were 39 and 13. 

Similar o!!rvatfuns muld be made for VWJ’ ot:wr 3treans in Table 4-2. 

A .Wull difference in design tlau my not have a significant C-act ifi 

uaStelos1 sllaattms Car t9ese stream kut may terutt in a Larger nmker 

of l xc~rsiau than desired during the period of flw recorj. 

4.3 =rison of tLe Two rCthcds ---w--m-- 

The cumatisons of t!! design flom shov that t!e magnitudes of 0e 

ldry 3-m and 1010 lor f lore, and tie I-day 3-m and 7010 lcw flws 

are, on an average basis, similar in magnitude. Althaqh these flows am 

sbnilar m th# l vwrager them my be large differs- in the values of 

these tlc~~ for lndivtbal stream. ,%re iqortantly, them can b 1 

significant diffokmca in the nunkr of l xcumkms b!t result, even if Lye 

mqnituhs of rha flws calculatul by the two metkds arm nearly ecprl. 
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I brcparison ot CX Iksign Flws 

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

r 

I 
River Nd?r State 

I 
1010 (Excur 

I 
14ay 3yr Ckur 

VA 0.3 
tE 1.4 
w 1.7 
!a 2.4 
IN 3.4 
AZ 4.9 
OR 6.4 
m 5.5 
m 

I 
7.1 

KL 9.3 
I3 11.7 
Rx 8.8 
157 i3.4 
!13 15.9 

z 17.0 17.5 
NC 38.0 
WY 41.8 
c3 35.6 
FL 49.0 
w 46.4 
Cl 49.4 
MD 54.7 
CD S4.8 
UJ 54.2 
P.4 61.4 
iu 64.6 
vr 75.3 
AL 72.7 
NY 80.8 
MS 89.4 
m 88.8 
NY 89.7 

19 
9 
8 

1: 
2 

13 
27 
13 

:: 
10 

:: 

:; 
26 

3 
7 

17 
23 
25 
29 

0 
25 
30 
21 
20 

1: 
31 
17 
26 

0.2 
1.4 
1.7 
2.0 
2.4 
4.8 
5.8 
5.0 
7.0 
0.9 

12.0 
10.0 
13.0 
15.4 
12.0 
14.9 
33.9 
42.9 
39.9 
48.0 
45.0 
33.0 
42.9 
60.0 
46.9 
55.8 
63.0 
75.9 
57.9 
82.0 
82.7 
89.9 
85.7 

10 
9 
8 
6 
9 
2 

12 
21 

7 
20 
15 
13 
15 

6 
15 
13 
12 

6 
13 
16 
15 
11 
14 

2 
13 
14 
18 
20 

m3 
8 

18 
18 

0.4 8.50 
1.6 9.25 
2.4 9.25 

::; 116:0705 
5.3 4.00 
6.7 11.25 
6.7 26.00 
7.7 10.00 
9.9 24.50 

13.1 15.75 
13.3 18.25 
16.4 25.00 
18.3 14.50 
19.4 29.25 
32.3 11.25 
43.4 27.75 
46.8 9.25 
50.8 17.50 
55.3 17.25 
55.3 27.75 
57.4 23.25 
61.6 29.cJO 
62.3 6.75 
67.1 24.25 
67.2 33.00 
68.7 17.25 
85.2 20.75 
58.3 7.09 
89.7 19.00 
91.9 30.25 
92.2 16.50 
97.5 25.00 

9.4 
1.G 
2.4 
3.4 
3.0 
5.3 
6.9 
6.1 
7.2 
9.4 

13.0 
13.2 
15.9 
17.6 
13.5 
34.0 
36.2 
45.a 
49.0 
55.2 
51.5 
45.7 
49.0 
61.1 
53.6 
53.3 
63.5 
86.0 
70.2 
91.4 
85.4 
92.7 
92.5 

S.5 
3. ? 
9. ? 
4.3 
9." 
4.3 

I' c . . a 
24.5 

9.5 
2q.j 
i5.7, 
i4.3 

' -: .7. - s. 
.?:;; 

13.3' 
:2. ?I 
c.2: 
?. 'F 
5. ?' 
3.21 

'4 ,: 
;;:+; 

2.5: 
13.25 
19.3: 
‘3 T‘ . I. ._ 
?!.5: 

3.7: 
23.x 
!3.'f 
17.0: 

LO.57 

-----I-B- -----a-w-- ---e--u --- ----.-e---w- - 
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Taale 4-2. (r/>~tinuad) 

mm.--.-.-.... 

T 
-e--w..... -e.-. .-..-.m - 

i 
. . . . . . . . ..- . . ..-_.-. .-. ._. 

Carpdrfson of CC &sign Plows aq7ar ison af ctt ;)es 1;rl :-: :- 
-------.---. 

River Nan state 1910 #Excur l-day 3-yr #Excur 
-v-e. *.-e-w-- 

I J--~------y-~ ~~-~~~~*~~~~-~~--. 

107.9 
116.9 
124.5 
128.7 
122.9 
151.9 
179.0 
198.6 
207.7 
239.6 
229.7 
280.1 
298.1 
160.9 
306.7 
311.6 
329.6 
473.6 
505.9 
327.1 
571.3 
529.2 
691.3 
207.9 
270.2 
901.5 

23 
9 

15 
23 
10 
33 
34 
13 
30 
19 
7 

20 
19 
4 

15 

:: 
13 
34 
12 
15 
29 
29 

7 

13 
0 

115.8 26 
120.0 11 
134.0 17 
127.7 17 
124.8 10 
122.8 10 
167.6 14 
187.5 10 
170.0 29 
202.2 14 
239.3 7 
270.5 12 
292.1 14 
199.7 8 
299.7 12 
277.7 4 
321.6 9 
494.3 18 
477.5 22 
364.0 14 
539.9 4 
469.6 13 
537.4 17 
262.5 9 
284.0 18 
934.7 2 

.-B.-.-m 

126.1 29.00 
131.0 17.50 
134.1 13.00 
135.2 25.00 
144.5 19.75 
156.4 24.75 
lQ4.3 29.59 
191.6 19.25 
211.0 27.75 
220.7 15.00 
245.6 10.75 
29L.4 19.25 
303.4 14.00 
322.0 11.25 
322.4 15.00 
344.9 6.75 
387.3 10.25 
532.2 16.00 
536.0 34.53 
557.0 16.53 
594.2 :3.25 
643.6 14.75 
753.2 29.75 
799.9 27.25 
929.3 41.75 
963.7 4.53 

.---a--....-... 

123.8 
126.0 
138.4 
132.2 
135.8 
149.9 
174.2 
199.6 
191.3 
219.6 
239.7 
296.0 
295.5 
304.3 
299.3 
305.3 
390.4 
535.5 
5BQ. 5 
520.2 
551.5 

4 
:j:: ; 
-3:.3 
79’. 3 
953.9 

..--- -- _. 

?5.. 
91 - . . . 
.- . 

. 
‘, : . . 
:?. : 

15. 
:I . . . 
il . . . 
2;. : 
;;. 
7, : 

17.1 
4. 
1: . . I._ 
-. 
> - . 
. 

-_: . - *. 
. 7 _‘. 
. 

.-a a. \ - . .’ . 
7 -. 
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The hydzollqically-based design flas my actdally provide a Greater 

rio;me of protectim of water quality in cases *eze the valde of *a 

design flJlrs are less than that of the correspmdiq biologicdlly-based 

design flws. Hyrlrolcgically-hased design flcws have ken used saccessfAly 

in the past in many water qJality+ascd pemits. In addition, on an average 

basis, the valcres of hydrologically-based design floJs are not greatly 

different ffcm the correspondirq vales of biolopicdlly-bdsed design fbds. 

‘(he hio~ogically+ased design flus are not always smaller thdn the 

CozreqWnding hydr&qicdlly-based design flus for a given Stream. mJS, 

it CdfUIOt be Stated t!Ut ch~ing me method over the other will dlway3 

resJlt in the mst protective wasteload allocation (and therefore the 

favast n.mhr of excursions over the period of record). %wevez, t!a 

biolqica~ly-bdsed mctkr! will always provide inurance that the design 

flolr calculated will have cesdted in no more than the required n&r of 

excJrsioru. 

8ascd span the above, both the hydrolqicdlly-based and the bi- 

kqically-based mthods for calculating strean design flius dre recmrrenCeC 

for ilse in steaQ-tdte mxleling. 
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SECTION 5. RECOMMENDATIONS 

1. 

2. 

If steady-state modeling is used, the hydrologically-based or the 

biologically-based stream design flow method should be used. If the 

hydrologically-based method is used, the 1Q10 and 7Q10 low flows should 

be used as the CMC and CCC design flow, except that the 3OQ10 low flow 

should be used as the CCC design flow for ammonia is situations involving 

POTWs designed to remove ammonia where limited variability of effluent 

pollutant concentrations and resulting concentrations the receiving 

water cm be demonstrated. 

Other technically defensible methods may also be used. 
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APPENDIX A. Calculation of Hydrologically-based Design Flows 

Design flows can be calculated as annual x-day average low flows 

whose return period is y years, i.e., the xQy low flow. These flows can 

be estimated from a historical flow record of n years using two different 

methods. The first is a distribution-free method which makes no assumption 

about the true probability distribution of annual low flows. The expression 

for xQy is 

xQy - (1-e X(ml) + eX(m2) 

where X(m) - the m-th lowest annual low flow of record 
ml - [(n+1)/y] 
m2 - [(n+l)/yl + 1 

[z] l the largest integer less than or equal to z 
e = (n+l)/y - [(n+l)/yl 

This method is only appropriate when the desired return period is less 

than n/5 years (1). 

The second method fits the historical low flow data to a specific 

probability density function and then computes from this function the 

flow whose probability of not being exceeded is l/y. The log Pearson 

Type III distribution is a convenient function to use because it can 

accommodate a large variety of distributional shapes and has seen wide- 

spread use in streamflow frequency analysis. However, there is no physically 

based rationale for choosing one distribution over another. 

The xQy low flow based on the log Pearson Type III method is 

xQy = exp(u + K(g,y) s) 

where u = mean of the logarithms (base e) of the historical annual 
low flows, 

S = standard deviation of the logarithms of the historical low flows, 
g = skewness coefficient of the logarithms of the historical low 

flows, 
K = frequency factor for skewness g and return period y. 
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A sample listing of frequency factors is given in Table A-1. These factors can 

also be approximated as 

K = (2/g) [ (1 + (g z)/6 - g2/36)3 - 1] 

for |g| < 3 where z is the standard normal variate with cumulative probability 

1/y (2). Tables of the normal variates are available in most elementary 

statistics texts. An appropriate value (3) can be found from 

z = 4.91 [ (1/y • 14 -(1-1/y) • 14] • 

To illustrate the use of the two xQy low flow estimation methods, the data 

in Table A-2 will be analyzed for the 7Q5. The flow values in this table 

represent the lowest 7-day average flow for each year of record. Also shown 

are the rankings of these flows from lowest (rank 1) to highest (rank 45). 

The mean Standard deviation, and skewness coefficient of the logarithms of 

these annual low flow are shown at the bottom of the table. 

For the distribution-free approach, the value of (n+1)/y is (45+1)/5 

or 9.2. Therefore, the 7Q5 low flow lies between the 9-th and 10-th 

lowest annual flow. The interpolation factor, e, is 9.2 - 9 = 0.2 

Thus we have 

7Q5 = (1. - .20) X(9) + (.20) X(10) 

= (.80(335) + (.20)(338) 

= 335.6 cfs 
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For the ltq Pearson ‘I\/p III method, t.cle frequency Ex:.x K will Se est&td 

c- ‘1 T&lo A-1. For skemess of 0.409 and a S-ear return priol intc,ryulAeicn 

results tn K - 4.956. me 745 10~ flew is 

705 - exp(6.01 + (-,856) (.24)) 

- 331.8 cfs 

For pukes of cmparison, K will be estimat*l usifq be fomlde given dtuw: 

f - 4.91 [ (0.2) .14-(l-0.2).14] 

* -0.840 

K = (2/.403) 

I 58.53 

Irl + (.409)(-.a40 )/5 - (.409V36$ - 11 

70s * exg(6.01 + (-.8S3) (.24)) 

- 331.8 cfs 

Ihe differmce in the three estimates of the 705 lcu f:;w is less t’l.an 2 ?erte?:. 
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Table A-l. kec&ency Factors 1 K) for the Log Pearson Type Ii1 Sist~13ution 

Skewness 
CoeEticient 

&turn Period, Years 
S 10 

3.0 -0.636 -0.660 
2.8 -0.666 -0.702 
2.6 -0.696 -0.747 
2.4 -0.725 -0.795 
2.2 -0.752 -0.844 
2.0 -0.777 -0.895 
1.8 -0.799 -0.945 
1.6 -0.817 '-0.994 
1.4 -0.832 -1.041 
1.2 -0.844 -1.086 
1.0 -0.852 -1.128 
0.8 -0.856 -1.166 
0.6 -0.857 -1.200 
0.4 -0.855 -1.231 
0.2 -0.850 -1.2S8 
0.0 -0.842 -1.292 

-0.2 -0.830 -1.301 
-0.4 -0.816 -1.317 
-0.6 -0.800 -1.328 
-0.8 -0.780 -1.336 
-1.0 -0.758 -1.340 
-1.2 -0.732 -1.340 
-1.4 -0.705 -1.337 
-1.6 -0.675 -1.329 
-1.8 -0.643 -1.318 
-2.0 4.609 -1.302 
-2.2 -0.574 -1.284 
-2.4 -0.537 -1.262 
-2.6 -0.499 -1.238 
-2.8 -0.460 -1.210 
-3.0 -0.420 -1.180 
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table A-2. Amual 7iby W Flcws (tt3/sec) for t5e Am:te Rl,Jer !:ddr 
f%dmm Sprinp, L-4 

Year FlCW Rank Year FlW Ra.* 

1939 299 
1940 338 
1941 35s 
1942 439 
1943 371 
1944 410 
1945 407 
194! SO8 
1947 450 
1948 424 
1949 574 
1950 489 
1951 406 
1952 291 
1953 352 
1954 309 
1955 322 
1956 278 
1957 369 
1958 483 
1959 523 
1960 385 
1961 474 

S 
10 
1s 
30 
20 
28 
27 
38 
33 
29 
41 
36 
26 

1: 
7 

i 
19 
3= 
3; 
21 
34 

1962 396 2s 
1963 275 1 
1964 392 24 
196s 348 11 
1966 385 22 
1967 33s 9 
1968 306 6 
1969 280 3 
1970 354 14 
1971 388 23 
1972 357 17 
1973 499 37 
1974 448 32 
197s 650 4s 
1976 356 16 
1977 364 la 
1978 648 44 
1979 619 43 
1980 567 40 
1981 44s 31 
1982 349 12 
1983 59s 42 

n * 4s 
u - 6.0 
s 1 0.23 
q * 0.385 
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APPENDIX B. An Example Use of DFLOW For Ammonia Discharges From POTWs 

The purpose of this Appendix is to illustrate the use of the DFLOW 

program to calculate biologically-based design flows for ammonia and 

compare them with the hydrologically-based design flows of 30Q10 for 

the 13 streams with the lowest coefficients of variations shown 

in Table 2-1. 

B.1 Introduction 

AS stated in the two-number WQC for ammonia (1), a CCC averaging 

period of as long as 30 days may be used in situations involving POTWs 

designed to remove ammonia where low variability of effluent pollutant 

concentration and resultant concentrations 

demonstrated. In cases where low variability 

averaging periods for the ammonia CCC (e.g, 

would be acceptable because the magnitudes 

in receiving waters can be 

can be demonstrated, longer 

a 30-day averaging period) 

and durations of excursions 

above the CCC would be sufficiently limited (1). 

B.2 Hydrologically-based Design Flow 

The 30Q10 low flows of the 13 streams with the lowest coefficients 

of variation (CV) are presented in Table B-1. 
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Table B-1. Design flows and resulting number of excursions using 30-day averaging 
period (all flows in ft3/sec). 

Coeff 30Q10 30-day 3-year 

River Name 
of 

State Variation Flow #Excursions Flow #Excursions *%Diff 

Quinnipiac 
Drowning Cr 
Uncompahgre 
Greys 
Kankakee 
Hudson 
Shoal 
Little Pee Dee 
St. Croix 
Niobrara 
French Broad 
Bighorn 
Flint 

CT 1.02 
NC 0.80 
CO 0.86 
WY 1.16 
IN 0.48 
NY 1.10 
FL 0.95 
SC 0.94 
WI 0.61 
NE 0.59 
TN 0.93 
MT 0.82 
GA 1.00 

42.3 
54.7 
71.0 

160.7 
201.8 
288.0 
323.5 
366.3 
571.8 
613.2 
636.2 
913.6 

1000.0 

7.8 46.5 15.0 
8.5 65.5 15.0 
6.9 77.3 14.6 
5.7 166.9 9.9 

10.0 213.6 16.7 
13.4 340.7 24.3 
10.2 339.0 12.1 

7.4 450.0 11.8 
16.2 598.6 21.9 

6.4 673.6 8.1 
11.9 715.7 20.3 

8.1 1103.0 14.3 
6.4 1097.0 3.6 

9.0 
16.5 
8.2 
3.7 
5.5 
15.5 
4.6 

18.6 
4.5 
9.0 

11.1 
17.2 

8.8 

*%Difference = ((30-day 3-year flow) - (30Q10)) * 100 / (30-day 3-year flow) 

B.3 Biologically-based Design Flow 

The 30-day 3-year flows for 13 streams arc presented in Table B-1. 

To obtain the biologically-based design flow for these streams, an averaging 

period of 30 days instead of 4 days was entered into the DFLOW program (see 

Table D-3, page D-6). table B-1 also includes the number of excursions that 

occurred in each of 13 flow words for the hydrologically and biologically- 

based design flows. 

B.4 Comparison of Design Flows 

Table B-l shows that for all 13 streams the 30Q10 low flow is always 

less than the 30-day 3-year low flow. The difference between the low flows 

((3O-day 3-year - 30Q10)/30-day 3-year)) 3.7% to 18.6% with the mean 

equal to 10.2%. Because the 30Q10 low flow is always lower, it results 

in fewer excursions than the 30-day 3-year low flow. 
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;rS stat*1 mrlier, an 3vafa~irlfj ;r,-rid! *>r 4 jays and a fre:-e-.cy df 

occurrence of 3ncE evew three years is used for the CCC. Hadever, f3c 

amia 4ii.sc’mc,jw ?coq WLVs, a longer wbzr+Jifb~ ptzrimI may %a2 us*1 in 

certain cases. Acmding to the national WY for amia, an averaging 

perk31 as long as 30 htyt may bc us631 in sit.*tiom involving ?CTJs 

lb2Sigl\dCl to rmove wmonia Aen3 lcw variability of effluent cmcentrat:s-.s 

an3 the resulting xmcentrationi In the receiving water9 can !k? .!ar>!-i;:+:-r!. 

In cases r)%?re 11~ variability can be demnstrated, ?oyer averaginr) 

p*ri&s for the amonk Ccf (e.g., a 30-day averaging priotl m;:! k 

acce>taSle because the mgniturtes and durations of exzJrsions a&we Lye 

CCC alld be mfficientry limitel. 

!n Section 4.1, l A? hydrolgic~L?y-QszI <esio,n f lws have ste? 

cmwred wit9 the biokqic~lly-based design flcws for t5e 4+ay WZY~:T; 

peri for all p>llatmts. !Qpendix R shcws a czmarism bet-n t:e 

biolwic3!?.pXtsed 30day 34,rear lcw flcws and t9e h~rolr;~zall~+zsej 

33210 lad t1043 fgr 13 stream for ammia. For tCI+;a 13 Stz%-s, t5.e 

30013 flm irm ~1~3~~s less than the 3Oday 3-year flw, Sy an avera;c zf 

10.29. T?*Js, the use of t’w 3Wlfl af the design flow is relatively ?oce 

ptotectivef for these stream 

1. U.S. E?4. 198%. +bient r.qter *p3lity criteria for mmnid - 133:. 

EPA 413/T-85-00 1. National Technical Informtion Sewice, Springtie !, 

\/x. 
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APPENDIX C. Calculation of a Biologically-based Design Flows 

The biologically-based design flow calculation method is an iterative 

convergence procedure consisting of five parts. In Part I, Z (the allowed 

number of excursions) is calculated. In Part II, the set of X-day running 

averages is calculated from the record of daily flows. Because the ambient 

(instream) concentration of a pollutant can be considered to be inversely 

proportional to stream flow, the appropriate "running averages" of stream 

flow are actually "running harmonic means." (The harmonic mean of a set 

of numbers is the reciprocal of the arithmetic mean of the reciprocals 

of the numbers). Thus, "X-day running averages” should be calculated 

aS X/ S (1/F), not as ( S 5)/X, where F is the flow for an individual day. 

Throughout this Appendix C, the term “running average" will mean "running 

harmonic mean." 

Part III describes the calculation of N (the total number of excursions 

of a specified flow in the flow record). The calculations described in 

Part III will be performed for a number of different flows that are 

specified in Parts IV and V. In Part IV, initial lower and upper limits 

on the design flow are calculated, the number of excursions at each 

limit are calculated using Part III, and an initial trial flow is calculated 

by interpolation between the lower and upper limits. In Part V, successive 

iterations are performed using the method of false position (1) to calculate 

the design flow as the highest flow that results in no more than the 

number of allowed excursions calculated in Part I. 

Part I. Calculation of allowed number of excursions. 

I-1. Calculate Z = D/[ (Y) (365.25 days/year)] 
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where D = the number of days in the flow record; 

Y = the average number of years specified in 

the frequency and 

Z = the allowed number of excursions. 

Part II. Calculation of X-day running averages, i.e., x-day running 

harmonic means. 

II-1. Where X = the specified duration (in days) of the average period, 

calculate the set of X-day running averages for the entice flow 

record, i.e., calculate an X-day average starting with day 1, 

day 2, day 3, etc. Each average will have X-l days in common 

with the next average, and the number of X-day averages 

calculated from the flow record will be (D+1-X). 

Part III. Determination of the number of excursions of a specified 

flow in a set of running averages, i.e., running harmonic means. 

III-1. Obtain a specified flow of interest from either Part IV or Part V. 

III-2. In the set of X-day running averages for the entire flow 

record, record the date for which the first average is below the 

specified flow and record the number of consecutive days that are 

part of at least one or more of the X-day averages that are 

below the specified flow. (Note that whether a day is counted 

as an excursion day does not depend exclusively on whether 

the X-day average for that day is below the specified flow of 

interest. Instead, it depends entirely on whether that day 

is part of any X-day average that is below the specified flow. 

Table C-1 provides examples of the counting of excursion days.) 
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hble C-l. CbuItw l xaardcn daya for a mpeclfld fled of 100 ft3/rec ruing 4day bv8ragea 

Ia the Is thlo date mts of Nmber of Date of Nunber of E(unber of 
bto bily 4dsy 4dsy part of any 4day @tart of &ya In l raft of exaarsicm exmfsicns 

flw l vg 8wwaq average that 18 cxa~r~lcn axcurmicn lo* flw days in lad in 10~ 
flW bAw 1003 biw 1003 period period period flw period flcu period 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
10 

130 
120 
110 
90 
90 

100 
130 
150 

70 
60 

130 
90 
00 

110 
100 
100 

112.5 No 
102.5 No 
97.5 Yea 

102.5 No 
117.5 m 
112.5 No 
102.5 m 
102.5 No 

87. s Ye. 
90.0 Ye0 

102.5 No 
95.0 Ye0 
97. s Yo 

127.5 No 
225.0 m 
,100 No 
,100 No 
,100 t&D 

No 
No 
Yea 
Ye8 
Yes 
Ye8 
No 
No 
Yes 
Yes 
Yes 
Yes 
YC8 
Yes 
Yer 
YCS 
No 
No 

3 4 3 12 3 

7t-m dally flom ad four&y avecaqe flea for days 19 to 200 ate al A ahcnfe 100 ft3/sec 
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1 of t.w Thus t!e stsrtinq data and the &ration (in days 

first excuaion period ~~11 be recorded. By Ccf 

mini- duratfon is X days. 

:n::ior., t.?e 

1X1-3. ktcmine the starting dates Jf, and nunbr of days in, eacCI 

succeeding excursion psrid in t’le flew recacd. 

x11-4. Identify all of the oxcwsion periods that begin within 120 Cays 

after the bqinninq of t!!e fimt excursion perioz!. (.U t%qh 

the first examion period is often the only one in the !20- 

day period, W or three xmtims occur uitbin Lye 120 days. 

Rarely do any excursion periods occur during days 121 to 

240.1 All of tkse excumion peri& are corrsidered to k in 

the first 1~ flew prim?. Add up the total nunkr of excJt3lon 

days in LcIc first lcu flew period and divide ttie sun s/ x tr, 

obtain Lye nunhr of exmmioru in the first. 1~ flew gerloc!. 

If t-e nuder of excursions is calculated to SC greater man 

5.0, set it equal to 5.3 

I x:-5. Identity the first excursion prioC tiat *ins after t5e end 

of the fimt kw flczlr period, and start the winning of t.“le 

second 1207?ay lcw flew period on t3e tint day of this 

l xcuision mperiod. lhtonnine the nunber of excucJion days and 

excursiom u7 the seaM 1~ flew period. 

III-6. tmemim tJm startirq dates of, ad t!! nunbsr of excursions in, 

each succwding 1209hy lcr flw period. 

II I-7. Sun the nunber of excursions in all t!!e lcw-flolr periods to 
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deternine S - the total nun!Xr of excclrsions of tcle spec:t:& 

flw Lf ir,tl?rest. 

?art I;I. CalcAation of initial linits of t.+e design flw ant! initial 

trial flew. 

IV-l. Use L - 0 as the initial lwer limi*. 

1-2. the 0 - the XQY lcw flar ds the initial uppr limit. 

IV-X Uqe St4 as the nmber of excursions (gee Part IX I) of t!e 

lnitial lwer limit. 

IV-4. Calmlate qJ - the nunber of excursions (See Part I II) of t?e 

initial upper limit. 
(Z-Nf 1 (G-L1 

IV-5. Calculate T - t9e initial trial flcr as T-l+ (NL-N:) 

Part V. Iterative convergnnce to the design flw. 

V-l. Calculate ,* l the nmber c;f excursions (see Part III) of t’le 

trial flw. 

v-2. If -0.005 5 ((*t)n) 5 4.005, use T as t!!e des:p f:cw am2 sc:;. 

XL ‘+ >Z, set tl = T and NC - NT. 

If * a, set L - T and NL - NT. 

V-3. If ((:l-L)/u)~ 0.005, use L as the design flw and stop. 

Othervise, calculate a new trial flw as T l L l (Z-k+-) (U-L) and :+:q*dt 
(YrfJL) 

steps V-l, V-2, and v-3 aS necessary. 

REFEFUSCE 

1. Carnahan, B., H.A. K&her, and J.O. Wilkes. 1969. Applied nunmica: 

methods. Wily, New York. 
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APPENDIX D. Description of the DFLOW Computer Program 

DFLOW is a computer program that can perform a variety of calculations 

related to design flow for any stream for which daily flow data are in 

STORET. The program is installed on the U.S. EPA’s NCC-IBM computer 

and is run under the TSO operating environment. DFLOW consist of two 

procedures: the first retrieves the daily flow record for the U.S. 

Geological Survey (USGS) gaging station of interest from the U.S. EPA’s 

STORET system, whereas the second allows selection of one or more calculations. 

After logging on to TSO, the user invokes the program by entering 

the command exec 'mrfurs.dflow.clist'. 

The following menu will appear: 

If procedure 1 is selected, the user will be asked for the 8-digit USGS 

station number for the flow gage of interest and a 2-digit state code 

(see Table D-1). Gaging station numbers can be obtained from local USGS 

officer or through a separate retrieval from the STORET system. After 

this information is entered, a batch job is automatically submitted to 

the IBM system to carry at the STORET retrieval. The user may log off 

the system at this point because the retrieval might take several hours. 

An example flow retrieval session is shown in Table D-2. 

After a period of time, the user can invoke the DFLOW program again 

and select procedure 2. If the flow data have not been successfully 

retrieved, the message "FILE NOT AVAILABLE" will appear. If the retrieval 
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is not successful within about six hours, a new retrieval can be attempted. 

After a successful retrieval, procedure 2 will allow one or more of the 

following to be calculated: 

1. A biologically-based CMC design flow using 1-day averaging period 

and a frequency of allowed excursions of once every three years on 

the average. After the CMC design flow has been calculated and the 

excursion table printed for that flow, any flows can be entered 

in order to obtain CMC excursion tables for those flows. 

2. A biologically-based CCC design flow using a 4-day averaging period 

and a frequency of allowed excursions of once every three years on 

the average. After the CCC design flow has been calculated and the 

excursion table printed for that flow, any flows can be entered in 

order to obtain CCC excursion tables for those flows. 

3. One or more user-defined design flows. If a biologically-based 

design flow is selected, the user will be asked to input six variables 

so that the desired design flow and excursion table can be printed. 

If a hydrologically-based design flow is selected, the user will be 

asked to input four variables so that the desired xQy low flow can 

be calculated. 

Table D-3 demonstrates the use of DFLOW for the Amite River in 

Louisiana. The allowed number of excursions and the CCC design flow are 

calculated, and the excursion table is printed. DFLOW is then used to 

calculate the 30-day 3-year biologically-based user-defined design flow. 

Finally, procedure 2 is used to calculate the 7Q10 low flow for the Amite 

River. 
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A cqy of the mmm such a& for DFLM CM b3 CbLelsd fros 

Lcvir A. kssxn, WERL, U.S. EPA, 26 West St. Clair Street, CLncirAati, 

OH 45268 ('ILkphcne 51&684-7603 or FIS - -7603). 

OL Altbrr 
02 Alaoh 
04 Arisoaa 
05 ilrtmrar 
06 Cal i loraia 
oa btotAd0 
09 Cooooct icut 
10 hlrvrra 
11 birtr et of Columbia 
12 floridr 
11 Coorgir 
15 Ravaii 
16 tdrho 
17 tlliaoir 
ia Iodima 
19 xova 
20 tarrr 
21 Keotucky 
22 buiriaaa 
21 Hait 
26 MaryLand 
3 Hrrrrchurat t a 
26 Ucbi8ra 
27 Miamarotr 
28 Hiroiarippi 
29 Mireout: 

30 nootrar 
31 hbrarka 
32 kvada 
33 Nev LLaprbire 
34 ihv Jaraay 
3) Rev kxico 
36 kv ‘lark 
37 north Carolina 
38 lbrth Dakota 
39 ahio 
u) 0t1Ahou 
61 Oregom 
42 ta8o*yLvaaib 
bA thode frlad 
6S South Carolin 
c6 South Dakota 
r7 temmrrea 
48 TexAr 
49 Drab 
50 Verroot 
51 Virginia 
S3 Vmbiagtom 
SS Yert Viraimia 
55 Uircomrim 
56 Uyaiq 
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Table D-2. Example Flov Oata Retrieval Using DPLOv (User input is unde;lLocd) 

cxce - ‘cr~u-tr.dflov.clirt’ 

ESTER tRC NUMBER Of Mt PROCEDURE YOU UISH t0 f*. L: 
1 RttRItVt fLOU DAtA fROM STORtt 
2 PERfORM CALCULATIONS USXNC REtRILV&D fLOW DATA 
3 tXLt tHt PROGRAM 

1 

ENfLX 8-DLCLt USGS StAtION NUHBtt . . . . 0737&l500 
ENTER t-DLCLT STOREt STATZ CODE . . . . . . 22 
SAVED 
JO8 AIC(JOB12365) SUBllLmD . 
Al-ttR JOB 1s COKI'LtTfD, ?LOV OAtA WILL RtSIDt IN fLLt OfLOW.DATA 



Table D-3. Use-of OFLOW for the knita River. 
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QUESTIONS AND ANSWERS CONCERNING THE BIOLOGICALLY-BASED METHOD 

Q. # 1: New aquatic life protection criteria specify that the acute criteria 
(CMC) and the chronic criteria (CCC) may be exceeded no more than 

once every three years on the average by l-hour and 4-day averages 
respectively. They also state that extreme value analyses may not be 
appropriate - for estimating the ambient exposure condition. What is 
an extreme value analysis? 

A. This is a very broad question. There am many types of extreme value 
analyses. But all extreme value analytical techniques have something 
in common. Let's consider a time-series of daily flow data in order 
to explain extreme value techniques. 

A low-flow water year starts on April 1 of each year and ends on 
March 30 of the following year. If we perform an extreme value 
analysis for a 4-day average condition we should estimate 4-day 
running averages for each water year, then determine which running 
average is the lowest (extreme) for each water year. Finally, we 
rank the extreme value of each year for frequency analyses. 

Q. # 2: Would you explain how running averages are estimated? 

A. Starting with April 1, our first running average will be the arithmetic 
mean of flow data for April 1, 2, 3 and 4: the second running average 
will be the arithmetic mean of April 2, 3, 4 and 5; and the third 
running average will be the 3,4, etc. Thus, there will be 362 4-day 
running averages for each water year of 365 days. 

Q. # 3: By extreme value, do you mean lowest running average of the water year? 

A. In low-flow analyses, the extreme value for a water year is the lowest 
running average for that year. 

Q. # 4: So, do I have 30 extreme values from 30 years’ flow record considering 
one extreme value for each water year? 

* The biologically-based design flow method has ken supported by an overwhelming 
majority of water quality coordinators at Regional and Headquarter levels. 
But the method, being totally new, tends to raise A lot of questions which 
we have heard over time from many reviewers. Some of these questions and 
related answers are listed here for additional clarification to Appendices 
C and D of the Guidance. If this paper becomes too long, in a way it defeats 
its purpose. So we chose questions based on their importance. We encourage 
our readers to be critical about our answers and raise other questions which 
they may consider important. This will help us to improve both the method 
itself and its presentation. In this context, readers may contact Hiranmay 
Bisuas (FTS-382-7012) or Nelson Thomas (FTS-780-5702) 
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Q. # 5: 

A. 

You said about ranking the extreme values. How do you rank 
them and why do you rank them? 

For low flow analysis, ranking can be done from lowest to highest. 
For a low- flow analysis of a 30-year flow record, we have 30 extreme 
values. If we rank them from the lowest to the highest value, and no 
two extreme values are equal, then we have one value for each of 30 
ranks, and the return period of the first ranked low is approximately 
30 years, and that of the 10th ranked flow is approximately 3 years. 

Q. # 6: 

A. 

The frequency analysis using the ranked extreme values seems to be 
quite straight forward. Why are various kinds of distribution used 

for frequency analysis? 

Q. # 7: 

A. 

Q. # a: 

A. 

If we are concerned with a prediction of low flow for a return period 
that is equal or less than the flow record, then we will not have to 
use any distribution at ail. The distribution-free, or non-parametric 
technique, is the best for frequency analyses. But, suppose you need 
100- 200- or 500-year flood and drought forecasts for the design of 
a dam (for use power production and irrigation) and we do not have a 
flow record of such a long period: then, we need to use some form of 
distribution to extrapolate to 100, 200 or 500 years. There are many 
well known distributions which can be chosen on a case by case basis. 

The new WQC also make some reference to the Log-Pearson Type III 
distribution as an example of the extreme value analysis. While we 
are on the subject of distribution, is it the only distribution that 
is currently in sue in the water quality analytical field? 

The United States Geological Survey uses the Log-Pearson Type III 
distribution in Low-Flow as well as flood-flow analyses. They made this 
choice after conducting a study of flood flow analyses using various 
other techniques. The choice of techniques should be based on the 
nature of the distribution of extra values. But, for national 
consistency of estimates, the USGS Chose this technique. 

Extreme value analytical techniques are often used in the hydrologic 
field, and seem to be quite reasonable. Is there any biological/ 
ecological reason why extreme value analyses are not appropriate 
for estimating design flow using the ambient duration and frequency 
of the new WQC? 

Yes, a direct use of extreme value analyses is not appropriate 
because biological effects are cumulative. 

Q. # 9: Would you elaborate how the cumulative nature of biological effects 
is related to extreme value analyses? 

A. In extreme value analytical techniques, only the most extreme drought 
exposure event is considered, but other, less severe within-year 
exposure events are totally ignored, although their cumulative efforts 
could be severe. The severity of those smaller within-year exposure 
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9. * LO: ‘for dnsder is difficult to Loll*; uwld you give an exaTle? 

4. wrOhJiSt9 rtfVW t!Ut '33 %dl, ln various pacts of the USA, extra 
4mqht event9 during the srater years 1925-1932, 1955-1956, ano dari1; 
a feu yeam in the late seventim. In other yea-, droqht das not 
as severe. Supp3e that in water year 1925, there wre 4 vet-j lcw 4+ay 
mnniry dv4fqes of ;rhicb only one was acqrtt+l 3d tb *?ltr!w Jd!cre 
of that year; the &4, 3cd, and the bt!! values ere ignored. Si:>iLar!:/, 
one extmdr v.~Lua .~a$ I,%timtlpl for each of t!!a other ikter jl?\ci. 
Qt, scme of the extrme values of ot%r water years ace less se~zrz 
Cw~\ 21~1, 3rd QC the 4th rumfry avac.~qm of t:k? y.?w 1925. IYus, ?‘y 
iporing these 3 running averages of the water year 1925, the extrmc? 
value wt501 haa iynm~l ,p%.+rti~L smers effecti that .wy CWA\‘: 
f cm those e.xposure events. In Alition, the inclusion of othe- 
extr.?lr? vJi:l;?5 t’mt are Less .sevece than tha 2nd, 3rd amI the 4th 
running averages of the year 1925, and exclusion of mre severe 
l xcumim avent (2mJ, 3rd and 4th axcursio~ of vatar-yelr 1925) 
result in a skcued estimte of lcw EL-. 

. 
0. 4 11: ‘he -metid rlascri*l to trrgltment t?a twwnmber acltitic life crlterii 

is call+1 a bioLagicall*j-tmsed method. Lhat ir biological tit it? 

A. .U.mst av-?r/ prmetar ttidt is u& in this wtiol is derive? 9’1 t% 
hasi- of either hiolqical, toxicological or ecoLogica consi?era:izS, 
47eLT3ri Cl,. ,)ara*rt+m usA? in the extra* ti.11~ 3mly3.?5 3r’3 ~irre;a:.-- 
to biolgical, toxicological or ecolcqical considerations. 

0. 4 12: Would you ww the tr\ims that you think are biolqical, t ~i:~lr;:c*: 
or ecolgoical in nature? 

- +Jratims SC acceptable expmcrre mcr?‘rr:Lrr3: 1 hour fx C’3; a.?,’ ; 
days for CCC am biologically derived. 

- 3 years on tb average is the allub& e=LcqicaL rr3,33gery period 
after a single excursion (see Table 0 - 2 of Apmdix D of t!!e 
Technical Su,ry>ort Ibcment for Wdtac aaLity-bas& Toxics Cm:31 
(TSD) 1. 

- 15 years is sc)LecM for ecoLcgica1 recovery after a totA 0E S or 
mre l xolrsfons within a lcu flew period (see reference Table 
-2 in Appendix D of TSD). 

3. # 13: I see wither 15 years nor 5 exposure events in the referenctrj 
hble b2. Could you explain tha ~~i~mp~cy? 
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0. 8 14: Have you anything to say ahout how you decidti to allow 5 excunions 
in an interval of 15 years? 

A. 1.X allw an exc=utlim 0x.w avery three years m t% 3~1xa.p. 
Since the effects of excursions are cwmlative, ecological recover/ 
frm a %w,rm emosum event raJ.lin2.J .3!awt 15 years and the 
recovery prid fmn d single exposure event, dcmcding to tCIe 
national r(x;r, is 3 years. Th3tt3f.xe, 15/3 ot S excursiocw Ace 
dccepteJ as theqpet limit of within-year excursion mnts. 

0. 8 15: Wy dill you hot chati 0 3 1%felt interval for J vithin-yaar exmsdre 
evtx s? 3r mu14 you not choose an 18yedr interval for 6 vitiin-ycar 
exposuc2 evmt.5 (ba;23 .3n the info avail&L* in Table *2 of Ts3)? 

A. rzle could make various other choices base4 on sit*-pecific knoul&.;;e 
but us ma4e our choice far average conJitims. 

3. 1 16: If l2- or 18year intervals are chosen for 4 or 6 withinyear expzsdr+ 
cmlitio%, wuld the Aeaign flow be different fran that of t+ !3-zp22sr 
interval choice? tb we have any idea abcmt haJ different the Ctf 
or CYS flew will be for the choices of 12- ot 1372~ i7t*rJal? 

A. No, ue $liJ not perform such analyses or prisons !mt cur qaess is 
t’lat the differerlcc rill not IX sdbstamial. 

0. 8 17: It is understood thdt , ff a E-year interval is chosen for ccplogicd! 
recovery# then 5 within-year exposures may be allwed because ;pC 
specify 1 exposure on the average of every 3 years. kt sum3 extrme 
drought related 10~ flaw periods might include 1~s than 5 within-year 
eqosures, dnd scme mxe severe lcv flcu periods include mre 
than 5 within-year exposunos. If exposure effect* dm cuhllative, 
why not include all exposums within d year: My limit it t3 53 

A. Ihe biolcqical mthod accounts for all vtthin-year excursions when 
ths nunbsr of excursions &ring a lar-flcu period is 5 or less. 
So, 5 is the upper limit, anI the 10uer limit is 1. 
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A. 

M made a nmbt of analyses to find out what happms if UC acc~u?t CJC 
all, #tot jUSt f, SXC’J~ioClS t:\at m WY e-t ffWl t:bJi& XXt ia! J*!C? 

h3ught years. bh found that inclusion of all excur3ionT fin t?.3sa 
years rm~lt3 in the folkwing: 

- Ihsign fl04 of all fet.Jm priola of 53y, 3, S, 10, 29, SO ye35, 
etc. ate cowlately donimted by those mt severe ~!rou;Yt i-‘3:3: 3-.! 

- this leaal! to axtwly rtcingent design flom. 

0. # 19: ,Bere is mthiry biological in these analyses. Since t5e eu;>osi;r? 
effst* 403 cwwlatiw, qhould we not crxlnt 411 eqr)+~‘.‘; ‘~;+‘?:JG 
of ha tarelj.one may expect them or hm strirqmt the result::,; 
design flm is? 

.4 . This is JMF) 4 littllz ml*mtahJing*oL ecolrJJic4; r*?rl.w+~/ WI: 
fmilisrity with the F3rth .\netican acruatic life are necessary t3 
Wee a ceawnable c%ice. The upper hxn% of the lita cycle5 4~.1 
life Spans of mst ?brth Smarican aquatic species are 2 and 13 j*?3f3, 
raSiXtiV*ly l .x7 oqm3uce event of 2% or w-yzar iqto:J.ll WJ 

not he meaningful, partimlarly when one consiJers ot3er ways, f3r 
*xmle mcruikwit frm tiw iumounJlry eco5yste7, in d’ri:‘~ :2:?:4r.. 
7ay take Place. So, in our judgenent , a tecwerf pxicd of 15 y*3rs 
is ade&ats rl9r 3ituations dhetre the ncrnixr of eX,mSJ.~S in d :zd 
flcv period is S oc mote. 

0. 8 20: What is dascti%+l 5eto in th+ biolgical nret!?cx? is similar : I d ‘3’ 
is done by hydrologists for partial duration series. They a :‘,!res.; 
the pmi1lm Jsirq traditional statistic31 ammach. my d 15 yoc; 
rmt use a classical statistical method? 

4. ?irrt, r3e st.*tistic3\ science of ,partiat ll,lr3,:il)3 ieri.5, ?artl:3:5r:,, 
in W hydrologic field, is not well develqwd. Fbt many mle 
understan it. Althoqh the hiolqical Inetlrti lack9 ohtistiz~l 
elegame, it is rilrple and can be used and undarstood by fiel$j 
biolwistu ml WJineers, alike. tk muld not kz elqriwd if a 
statistician cmes up with a ktter statistical ansuer for th2 
problem that ud have in hanA But it *JIM Im iv>rtant 2.~ Cl-? 
rqions to mlantand mast aspects of the mthd if we expzcte! 
than to usd it. 



0. D 23: Dzes it rake my difference whether biologists, ecalgists, and 
toxicotcgists utierrb.4 iw dtiiqn flew is calculatal? 

A. Yes, for three major reasons. First, these are t5e pqle who 
derive the aquatic life criterta. If the criteria am mt us423 iq 
a manner tbt is cwuistent rith their derivation, the intendelI 
level of pcM*::tfin will prpbahly not 3c achiewl. rrt5n~J; site- 
specific frwpencies and durations will not correctly affect Cesisn 
flew if the Alfatiw a01 fr+p+~~y ard not Jirectlv IJ+I iq t;w 
calculation. third, if they undelntand what paranetets affrs: 
design flw, I>il)G>Ji+k*, 9colcqists, anI t.XiorttYJi4c3 2411 J4:‘wr 

tlata that rni,g’lt allcv thcln to refine their estiwtes of such val&; 
as one hour, f0ur .13ys, the* yean, an1 fiftcr,n years. 
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A. *is is the k;?y to undcrstandinq tha hioluyicsll~~*scJ *t!mj. 
Sir\=* VW sitram flw is inv*r+?ty ;>)r>pW.i ~141 La> instream 
concentration, any ccins3z~tivc d-lay averap of lw-flw that is 
lwor t!Ian t;ra design f1o.r i* cwqtvj as one twutui0n ol tiw CCC. 
?ha Collcwing is the ste@y-stcp explanation of hew axmrsiona 
am c3untaJ in estimating xAay y-year JesLjn flw: 

1. -451 excumion period is dsf incd as a sequence of consemtive days 
when, ux?~ day belongs to a x4ay averqcf f lw t&t is %lcu t!%e 
design flrzr. For l xar?Qle, if the thme clnning averages of a 
consecutive 64ay ,perbrl 40 1~~~~ t:4m t!e 4d~y 3-par rtzsl;q 
flew, then those 6 clays belong to an exmrsion petiti. 

2. The nunker of ~,ILXCUL~N itr dn e<cumion pa&>1 is t;w L??;*.‘: IF 
the periOn divided by the criteria averaging pried. %r exa-p\+, 
if an axcursim period is 6 days long, than t% nti,&r l,t a~carsl~s 
Cor t!m 44ay averaging period for CCC is 6/4 QC 1.5. 

3. IYe total nunbr of excursir)~s is limitol to 5 dithin a lcw 
flw period. ihually a lcw flrw perid lasts 129 days or less. 
In scme care otmrn sittitLw.4, 0nfxe thn 3w lad f\cr* ,peri& 
within a water year is possible. 

4. I% allw(YI total rlu~%r of excursions 3vec th ,pxiot of rec3rrf 
is the n-r of years of record divided by t..e frequenq of 
amatic life criteria (3 years fat t!!e CZZ of GCle new natima:, 
twwwn%r critatia). For exanple, if ue have a JO-year f!w 
recml, then total nclr(ixc $,f exc;rmims that are a11w& f~c 
x+ny 3year criteria is equal to X,/3 or 10. 

5. Iha 4-Jay 3year design flw tot the J-lay 3year ftf Sas& or. 
a 33-year fku racord of a given river is equal t9at f:cw +.:z~ 
resdlts in no mote than the allcm~le nunkr of excursmns. 
=or example, the tatal allolrable nunber of excursions fDr tY+ 
given tscord is 10. The design flou is the highest ?!w :‘:.q: 
results in no mte than 10 excursions calculatti as eefine? :7 
step 1 t;rm+. 4 above. 

3. 8 25: let ‘1% take tiv, axmple printmt (?mn pqe B5) for tYa .h:te 2: JT: 
as presented below. Will you emlain the pmce3ure using this 
exmple? 

.4. kJ shorn in the follauing printout, i)e have a flow reczml fmn 1937 
to 1983 which is qroxknately 42 years. Since ue are allwed to 
have rm mre than one excurrim in every 3 yearn on tI;la averacp, 
~6 havs 42A or abut 14 excursions. In CZ=tober 1952, uc encountered 
tm first ~xcu,tsios\ for a CO~\WUJ pclal of 6 days. Thus, YD 
calculate 6/4 or I.5 excumions for that lcw flew event. The next 
excursfon paci~l mxum, starting frun Octobr 10, 1956, CQL 
30 mnstcutive days. Since the upper limit of excursions in a 1~ 
fLoJ [wcic>l (a \~r flolr period is usually 120 d3ys lank) is 5, e 
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3. b 23: 

a. 

3. b 27: 

A. 

- 
amrUt0I,nrlrbrrrrr 

clrlOmMmalr),V 

alo 0 m I 191) 17 I- 

mm0lIOll I 16. It 

8.I. 80 4 -.a- 
.---e-B. ----mm- 

: L0&0UlO iUl0 ala 
.-v---P.-,-. 

me: 1110 -1 
IIU w l-la. llrc mm <mm IYIIO 0 

,--e-.-e . . ..- -------..--..--..-.-.-_ 

8: m. ml I m 81 ID. I- I I.1 
.-..--.- m----e-. 

8l II. Ir* 1.m n IO. I- m I.1 
.----....----e.-~-> 

Ql&lU 1m 8ll&IU m 1) 
I) II. IU I# Ll 

.-w-w- --.-..--.- 

189. IY 1.1) m n. IU 0. 11 
_.-.. --.-..---.-...----I-.--.- ..-. 

‘C8 II . 
.- .--.... - ..--...... --- . . . . --..-..-.--L-. 

obtain4 3 teal :,t 5 a~umi~3(1’1 fmly, d!t!lqh in reality 
them yce altogether 30/4 or 7.50 excursions in that lw flm 
per io¶. Similarly, r3 tom1 mly 5 aXCUALOlS ITOr tOtdI iKCi'>! Cc 
30 days during t!?o lw flow period of 1963. Kn 1969, UC ha4 2.5 
l xcufriow :QC .3 1.w El94 period that la3tsI for 13 Jays. 

It seem like the accuracy of the design flw estFmtes is total:;l 
j3,3?3.i9w 1.m the length al thd f lcw mco~+. D3 you agrw wit’\ ‘;‘I i3 
o!xarvat im? 

.wolutaI~. Thi9 iq true .rkrxt my .-WMiy9iS. %m relevant $?.4t.3 
ace nacasclarf to proviJe mre accurate infomtim. 

The loqar the flw remt 2, ths mre reliable the est imte4 J.zsL?r. 
con!iti#rr* Jil? b?. Cigum E-1 shows hw t!Ie qw23.1 in I:‘\+ 33\ c-x..f:2e* 
liiits on t!!e axtrw value+ased design loa wit3 13year return 
period ~~ecreasw -fit:\ t w?sjaJimJ -period of record. (ais ~L.JJCT 4s 

IJerived on the basis orl lognormal statistics, not log Rdrson ty3e 3). 
%?sJlts a+? .3’l3dm for b3th bd vwiai3i~itf (??J-3.2) and high Vdriahi:::..' 

(OI-0.8) situations. Used on the bhavior of these cumes, it apears 
‘,.bC, 23 t.*3 73 yaar3 9f record t.3 a r~~~bdl~ aninC4*m ,r+piremmt for 
extrem value analysis at a 1Oyaar return pertad. 

Ihe case for t!m biolqicaLly+asel excunton crtterim is less 
definitive. Hwewr, since, it consider all days within the period 
of recml as its awla (not just the *rorst cmditiw oC am3 fear), 
its savle l ize is rwch lrrqer than that of an extreme value analysis. 
nubr it may k possible to we periml* of record 1es.q than 20 years 
4th this criterion an1 still have a gax! level of confidence in 
the rem1 t*. 



3. @ 29: 

0. 0 30: 

FipJcs E-l. Spread in 901 Zonfidenc of LMts on %tix3tincj a &ant;c.f 
*wit,,\ 4 \.+*sr %tun\ &rid 4.S a iclWti.XT Q>f t.;re 

-cord Length (3xivad frun tables in Stedinger (1983) 1 

%?sc ate ptzblwe that are gefnXiC to all fb! estimrtiq teChniqJeS. 
For int+mittent strwlti for irhich tha lw fb~ is tern, tha 2esqn 
flus for @If 3s well as CCC are qua1 to zero. In situations 
rherz flud ?ata ace rwt .l~.%i1&1~3, field hydrolay iJt3 wx? w; 1 I~ZX 
%>wtiws ,z~e flw data fran hyltQlqically mrable dtainaqe 
'33iim. 

The table give7 ir\ tiestim 23 1mk3 Ji.Tle. Hew huc!7 tlx 133 I: 
t44e to con&x: a biolcqical?y-Sased analysis for any stre+7 
Of incacssr.? 

‘he *qaLysis is pertorvd in tuo step. Pi-t, icily flw Cat3 are 
retrieved frun the daily flew file in SRXX, by sutxnittl-q a hatch 12:. 
nis Jill take .I F+a qinllt+s nf! tiJrV at th? ,‘>qbJt.+C. ‘\WfdYrr ‘.‘I+ ) 2 
run qigh’. take anywhere fmn a few minutes to several CIours, dependin.; 
on hollr busy the cmputer qystw is At t’w the of suhnittal. ace 
t!!c data has ken retrieved, the analysis can k perfomed in five 
or ten minutes. 

Lt WCTS that tha foudatim of t% infwmtion atit ~,lr>ji~41 
recovery petiods for the tucmunbar e is all that an3 listed 
in T&l* 3-2 of ttie TSD. Rut, y\ybly familiar wit? theqe references 
dill r,*Ll w tij\dt the recovery periods listed in t?at table are 
cel3taJ to cemvwy Cm cat43izmphic *u,pxum3 cauwl Sy apillq, 
not by effluents of mAlfunctioned advanced treabnant faciiitier. 
%uld yoc ~FJ~J t.!mt this Ls not a satisfactory set of! iqfocr&ion 
to w&a wch an bpxtant decision? 

E-9 



A. ‘This is the best available infocmtian that we could use to esttnate 
acologics’ rs-u**nq. Zonsidating the mnplexities involved in t!!e 
irplmef~5.=tL : cf the t*O number GIoc , and the sit+-specific ;a for 
pAlut2 X.S and u; 9e effluent toxicity, ud could not leave the 
cecovc. *’ cl~cit* *2-l 3pcn to anyone’s intergmtation. Cmsidering 
the ptenci 1 ior misuse of the KC in their irrplmentation phase, 
we had to use aIt best jud9mmt and the best infomation available, 
althoqh ue recognize that our best judgment uould be A-batable. 
Since the infomation base is 3% as strong we want to have, in 
kmplng with the PQency policy and lsgal bac)cqround, vc had to 90 
in the dimctim of protection in the over-all decision mkirq 
process. 

0. 4 31: *at are you doing to trpmve the informtion ham? 

A. OR0 is planning to undertake a mjor effort before the next @ate 
of tha ‘KC. But, this is an area in which success is deptient more 
on cooperative efforts in which field biolcqists, ecolqists, 
toxicologists, engineers ati hydolqfsts share their experience 
than doing mere literature tevicus and/or gathering laboratory- 
generataj infofmtion. 
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