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SECTION 1. INTRODUCTION
1.1 Pucnose

The purpose of this guidance is to Jescribe and comare two methocs
that can be used to calculate stream design flaws for any pollutant or
effluant focr which a two-number water quality critecion (WOC) for the
protaction of aquatic life is available. The two methods described are:

1. The hydrologically-hased design flow method recommendect for
interim use in the Technical Support Ducunent for Water Quality-
hased Toxics Control (1); and

2. A blolojically-hased design flow method that was daveloped by
the Of fice of Rasearch ard Development of the U.S. EPA,

1.2 Packgrourd

National water quality criteria for aquatic life (2) are derived on
the basis of the dest available biological, ecolegical and toxicological
information concerning the effects of pollutants on aquatic orjanisms
and their uses (3,4). To account for local conditions, site-specific
critacia may be derived whenever adequately justified (4). In addition,
criteria may be derived fram the results of toxicity tests on whole
effluents (1). National, site-specific, and effluent toxicity criteria
specify concentrations of pollutants, durations of averaging perions,
and frequancies of allowed exceedences. If these criteris are to achieve
their intended purpose, decisions concerning not only their derivation,
but also their use, must de based on the Diological, ecwloglical, and
toxicological characteristics of aquatic orpaniam and ecosystems, and

rheic uses, whenever pissihle.




National, site—snecific, and effluent toxicity criteria are expresscd
as -) concentratinns, vather than one, so that the criteria can more
accucately caflect toxicologlcal and practical realities (1 - 4):

a. The lower concentration is called the Criterion Continucus .
Concentration (CCCY., The CCC is the 4-day average concentration
of a pollutant in ambient water that should not be exceeded
mors than once evecy three years on the average.

b. T™e higher concentration is called the Criterion Maximum Concen-
tration (CC). The one-hour average concentration in anbient
water should not exceed the CMC more than once every three years
on the avaraje.

Use of aquatic life criteria for develooing water quality-based

permit limits and for designing waste treatment facilities requires the
sslection of an appropriate wasteload allocation model. [ynamic models

are preferred for the application of aquatic life criteria [n 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~stata .nxleling. Because steady-state modeling is hased on ver.ous
s{implifying assumtions, it i{s less complex, and may be less realistic,

than dynanic madeling. An important step i{n the application of stealy-state

morleling to streams is the selection of the design flow.

-— - e - - & G e — —  ——— A e S S W o S—

¢ Although a 4-day averaging periocd should be used for the CCC in most
situations, an averaging period as long as )0 days may be used in
situations involving POUTWs designed to remove ammonia where low variability
of effluent pollutant concentration and resultant concentrations in
receiving watezs can be damonstrated. In cases where low variability
can be Jeronstratel, longer averaging periods for the ammonia CCC
(e.g., a 30—-lay averaging period} would be acceptable because the
mltude: and Jdurations of excursions above the CCC would be sufficiently

ted (5).




One way of using the CCC and the CMC in steady-state mxieling recquires
calculation of the two design flows (l.e., a OCC Jesign flow and a ONC
design flow), Whether the CCC and its design fluw or the CYC and its
oesign £lov is more restrictive, and thorefore controlling, must be
determined individually for each pollutant of concern in each effluent
because the CCC and CMC are pollutant-specific, vhereas the two design

£lovs ave specific to the receiving waters,

Wasteload allocation mordeling for streams usually uses flow cdata
obtalinsd from the United States Geological Survey gaging stations. If
sufficlent flow data are not available for a stream of interest, data
must be extrapolated from other streams having hydrologic characteristics

similar to those Of the stresm of {nterest.

1.3 Scope

This guidance is linited to (a) describing tw methods that can be
used for calculating stream design flows for any pollutant or effluent
for which a two-numbey aquatic life water quality criterion s availahle,

and (b) making recammendations concerning the use of these methods in steady-
state moceling.

The water qua’.ty criterion for dissolved oxygen was revised very
recantly ani the assessment of the appropriate design flow for dissolved
oxyqen modeling has not yet been carpleted. Thersfore, the state=specified
deaign flows that traditionally have been used for conventional pollutants
shauld not be affected ty this guidance.




State-spacified desiqn flows necessacily preempt any dusign flow
that {s recommunded in this quidance unless the state chooses to use either
nf thasa two methala. Tha cholce of design flows for the protaction of
human haalth has been discussed in the Technical Support Document for
tater Quality-Yased Toxics Control (1).

Aguatic life criteria of soms pollutants are aflfectad by environmental
variablos such as watar temperature, pH, and hardness. 1In addition to
the design flow, such other stream variables as pH and tenmperature might
incroase or decrease the allowable in-stream concentrations of some
follutants {e.7., atmonia). The need to consider other variables when
detemmining the design flow for those pollutants should be erphasized.
This documant will provide Juidance for the calculation of design Elow;

pH., temperature, and hariness will likely be addressed later.




SECTION 2. HYOROLOGICALLY-RASED DESIGN FLOW METHOD
2.1 Introduction

The putpose of tiis section ls to descride the hydrologically-based
design flow calculation method and provide some 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 recommnied interim uce of the hydrologically-based method.
n addition, the Agency also recommended (1,2) that the frequercies of
allowed exceedences and the ducations of the averajing pericds specified in
aquacic lite criteria should not be used directly to calculate steady-
state design flows using’an extrane value analysis. For example, if a
critarion specifies that the four-day averaqe concentration should not
excewd a particular value more than once every three years on the averaje,
this should ot be interpreted as {mwlying that the K3 low flow .3

appropriate for use as the design flow.

Necause a procecdure had not been developed for calculating design
flow based on the durations and frequencies specified in aguatic life
criteria, the U.S. EPA recammended interim use of the 105 and 1Q10 low
flows as the CMC design flow and the 705 and 7Ql0 low flows as the CIC
design flow for unstressed and stressed systems, respectively {(1l).
further consideration of stress placed on aquatic ecosystems resulting
fran exceedsnces of water Quality criteria indicates that there {s little
justification for different design flows for unstressa] andl stressed
systems. All ecosystems have been changed as a result of man's activities.
These changes have resulted in stress being nlaced on the ecosystem

before a pollutant stress. In addition, it is not possible to predict

2-1




tha deqroe o pollutant stress when one considarss both the timing and
variahility of Cflows, effluzant discharges, and ecosysten sensitiviey and

resiltioaze.
2.2 Rationale

The following provides a ratinnale for the hydrologically-based

design flow calculacion method:

® ayout halé of the states in the nation use 7010 as the Jesign low
flow.

* The log-Paarson Type III flow estimiting technique oc nther extreme
valus analytical techniques that are used to calculate flow
statiszics from daily flow data ace consistent with past engineecin;
and scatlstical practice.

® Most users are familiar with the log-Pearson Type III flow estimating
procedurs and the USGS provides technicals support foc this technicue.

* Analysces of 60 rivers imdicate that, on the average, the bdiologicallv~-

Lased CMC and CCC design flows are nearly equal to the 1010 and the
7010 low flows.

2.3 Exawmle Cases

In order to illustrate the calculation of hydrologically-based
design flows, sixty rivers with tlows of varicus magnitudes and variabilities
were chosen from around the country. The 1010 and 7010 low flows of the
sixty rivers are presented in Tadble 2-1. The list of rivers {n this table
is arranged in increasing magnitude of the 7010 low flows. The
estimates of the 1010 and X010 low flows were made using the USGS
dally flow datahase and the FLOSTAT program (6) which employs the
log~Pearson Type III tachnique.




The estimates of 1QL0 and 7Q10 low flows could have been made using
EP -ORD's OFLOW program, whick uses a simplified version of the log-Pearson
Type III method. The simplifled version of the log-Pcarson Type III
estivating technique for any xQy design Clow is presented in Apperiix A.
Although the Log-Pearson Type III is in general use. it should be recognized
that there ave other distributions that may be more apprmpciate to use on s
case-by-case basis. The hydrologically-based dasign flow for ammonia
is discussed {n Appendix B.

Analyses of the 1010 and 7010 low flows in Table 2-1 indicate that
the rean of the ratios of 7010 to 1010 is 1.3. The mudian of the ratios
is 1.1, whereas the range of the ratios is 1.0 to 3.85. Thus, 7010 low
flows are generally 10 td 30N greater than the corresponding 1010 low
tlovs, although in one case the 7010 iz 3.85 times greater than the
cocresponding 1010,

Table 2-1, Hydrologically-based design flows (Etd/sec) for 60 streams

—{ Design flow (ft3/sec) i

(
|
|

Pericd of Q10
Station ID River nane State Recor cr 1Q10 7010 } P} O]
01657000 Bull Run VA 1951-82 4.43 0.3 6.4 1.33
02092500 Trent NC  1951-82 1.77 1.4 1.8 1.14
06026000 8lrch O MT 1946=77 1.32 1.7 2.4 1.41
12449800 Beaver Cr WA 1960=-78 1.77 2.4 .2 1.22
05522000 Iroquois IN  1949-78 1.33 3.4 3.9 1.15%
09490800 N 'k White AZ 1966~78 1.24 4.8 5. 1.10
14372%00 £ 'k Illinois OR 1942-8) 2.03 6.4 6.7 1.05
05381000 Black WI 1905-83 2.51 %.5 6.7 1.22
10291500  Buckeye CA 1911-78 1.3 7.1 7.7 1,08
05585000 la Moine IL 1921-83 1.99 9%.] 9.9 1.06
12321%00 Boundary Cr ID 1928-84 1.65 11,7 131 1,12
01111500 Branch RY 1940-82 1.16 2.8 13.3 1,51




Tadle 2=1 {eoantinued).

Design flow (ftl/sec) }

Pericd of s=swsaet 7010
Station ID River name State Record v 1010 010 TS0 |
02138%00 Linville NC 1922-84 1. 04 13.4 16.4 1.22
05033000 Sheyenne ND 19%51-8} 2.10 15.9 13.3 1,15
02083000 Fishing C¢ NC 1927-82 1.48 17.0 19.4 1.14
01196500 Quinniplac Cr 1931-84 1,02 17.5% 32.3 1,85
02133500 Drowning Cr NC 1940-78 0.80 8.8 43.4 1.12
06280300 sShoshone WY 1957-84 1.54 41.48 46.8 1.12
09149500 Uncarpahgte 0 1935-80 0.86 35.6 $0.8 1.42
02296750 Peace FL  1931-84 1,54 49.0 5.3 1.13
07018%00 Big MO 1922-84 2,16 46.4 $%.3 1.19
02217530 Hiddle Cconee GA 1902-84 1.17 49.4 §7.4 1.16
01481000 Acandywine PA  1912-84 1.17 61.4 67.2 1.09
09497500 Salt AZ 1925-80 2,0% 64.6 68.7 1.06
01144000 white vI 1915-B4 1.41 758.3 85.2 1.13
01600000 N Br Potamac MD 193983 1.42 54,7 6.6 1.13
09359500 Animas C0 1946~56 1.56 $4.8 62.3 1.15%
014030860 Raritan N 1904-8) 1.64 54.2 67.1 1.24
02413500 L Tellapcosa AL 1940-51 1.33  72.7 88.3 1.21 .
01421000 E B Cwlaware NY 1915-78 1.41 8C.8 89.7 1.11
07283500 fig Suntlower NS 1936-80 1.42 89.4 91.9 1.03
07013000 Meramec MO 192)-78  2.41 08.9 92.2 1.05
01531000 Qerung NY 1915-78 1.91 89.7 97.5 1.09
07096000 Arkansas O 1901-81 1.12 107.9 126.1 1.17
09070000 Eagle lalo] 1947-80 1.36 116.9 131.0 1.12
01011000 Allegash ME 1932-83 1.39 124.5 134.1 1.98
03528000 Clinch ™ 1919-78 1.5% 120.7 138.2 1.08
13023000 Greys wy 1937-8) 1.16 122.9 144.5 1.18
02424000 Cahabas AL  1902-78 2.07 151.9 158.4 1.03
05515500 Kankakee IN  1926-78 0.48 179.0 184,13 1.23
024950500 Buge Ohiteo MS 1945-81 1.89 180.6 191.6 1.02
01315500 Hudson NY 1908-78 1.10 207.7 211.0 1.02
01610000 Potomac WY 1939-83 l.48 209.6 220.7 1.05
05386000 foot M 19)8-61 1.635 229,7 245, 6 1.07
02369000 Shoal FL 1939-82 0.9% 81,1 291.4 1.04
073738500 Amite tA 1939-83 1.98 298,1 303, ¢ 1.02
06465500 Nicbrara NE 1939-83 0.%9 160.9 322.0 2.0C
02135000 Little Pee Due SC  1942-78 0,94 306.7 322. ¢ 1.0%
08110200 Brazoe ™ 1966~78 1.49 311.6 344.9 1.1}
02076000 Dan VA 192¢-52 1.5 329.6 387.3 1.1¢
034%%000 french Broad IN 19%01~-78 0.9 473.6 $32.2 1.12
05333300 St. Croix wI 1914-81 0,61 505.9 $3A.0 1.0¢
06287000 Bighorn MT 1935~-79 0.82 327.1 $57.0 1.70
03107500 Seaver PA 1957-8) 1l.10 $71.3 $94.2 1.04




. Table 2-1 (continued),

Design flow (frd/sec) !

|

l

Peciod of -l 10

Station ID River nama State Record OV 1010 } 7010 ™ }
13341000 N P Clearwater ID 1927-68 1.16 529.2 648.6 1.23
07341500  Red AR 1928-8] 1.41 691,0 769.2 1.11
023%0%00  Flint GA  1930-58  1.00 207.8 799.8 3.85
01536500 Susquehanna PA  1901-83 1.34 782,0 814.3 1.04
01100000  Merrimack MA  192¢-83 1.01 270.2 929.3 3,44
14233490  Cowlitsz WA 1968-78 0.93 901.$ 968.7 1,07

*CV = Coefticient of Variation




SECTION 3. RINUXGICALLY=-AASENH DFSIGN FLOW METHOD

3.1 Intcoruction

T™ha nutnnse ol this section is to Jdescciba the biolojically-bised
Aesijyn flow calculation method and provide some examples of its use.
This methad was developed by the Office of Research and Development of
the U.S. E?A in order to provide a way of directly using EPA's two-nurber
aguatic life water quality cciteria (WOC) for individual pollutants and
whole effluents to calculate the design flow for performing a wasteload
allocation using stealy-state modeling. The twoenumber WOC are in the
intensity=duration-Crequency format, in that they specify {ntensity as
critecla conowntrations, duration as averyjing peciods, and frequency as
average frequency of allowed excursions. PRecause the flow of, and
concuntrations of pollutants in, effluents and streams arw eas{ly considerad
in terms of intensity, duration, and frequency, use of this format for

expresaing “OC allows a direct application to effluents and streams,

Becausa stealdy-state modeling assunes that the comosition and flow
of the efflusant of concern is constant, the ambient (instream) concentraticn
of a pollutant can be considered to be inversely proporticnal ty siream flow.
Thus by applying a specified averaging peciod and frequency to a cecoed
of the historical flo« of the stream of concern, the design flow can be
cslculated 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 are intended to be small enoush
and far snough apart, on the average, that the resulting swall stresses
on acuatic acjaniams will not cause unacceptable effects, except in

those cases wvhen a drought {tself would cause unacceptable effects.




e averaging pacinds spocifled in nacional water quality critectia
ace one haur for the CIC and four days for the CCC.  The primacy use of
tha awecaing perinis [n criteria {s (or averaging ambient concen-
trazions of pollutants in receiving waters in order that the averages
can be oymared to the CMC and CCC o identify “excewdances®, {.e.,
one~hour averane concantrations that exceed the QMC and four-~day averaj2
concentzatlons that exceed the CC, Howaver, in stusly-state moleling,
flow is swraged over a given period to ldentify "non—xceecences”,

j.e., avaryw fluws that ams helow a specified flow.

tre of the terns "exceedence” and "non-exceedence”, neither of
which are In the dictinnary, can e a cause of confusion. Watar quality
ecritaria are usually expressed as upper limits on concentrations in
Amoient wataor and the purinds of concern are when the anbient concentration
exceeds a critarion concentration, i.e., wvhen thece is an excesdence.
In steady-state moleling, the averaging is of flows, not concentrations.
Pycause a low flow results in a high pollutant concentration, the period
of concecn for flow is when the flow is lees than the design flow, i.e..
when there {s a non-oxceedance of a given flow, A non-exceedence of a
design flow corresponis to an exceedence of a criterion. Use of the
non<Jirectional term "excursion®, which i3 in the dictionary, avoids
this confusion. Use of the tesrm “excursion® alsc avoids the problem
that soms vater quality criteria, such as those for dissolved oxygen
and low pH, must be stated as lower limits, not uwoer limits. An
excesdlence of & dissolved oxygen criterion is favorable, not unfavorable.

*Excursion®, in tiis guidance manual, will henceforth be used to imply




an unfavorable condition, #.4., & low flow or a pullutant conceatcatin

4 an uppae limit or helow & lower limit.

The national water quallity crltzcia specify that, {f R is the
calculated nunber of e:.cursions occurring in a period of S years, then
S$/R should he equal to or greater than 3 years. !st excursions will bhe
snall and most aQuatic ecosystems will probably recover from the
rasulting minor stress in less than three years. ‘“Howver, the three
yaars {s meant to be longer than the average trecovery period so that
ecos/atam c3nnt he in a constant stata of rawvecy even Lf excursions

are svenly snaced over time.

Although J years appears to be appropriate for small excursions
that are samewhat isolated, it appears to be excessively long when many
excursions occur {n a short period of time, such as would be caused Dy a
drought. Oroughts are rare events, characterized by long periods of low
tlow and should not be allowad to unnecessacily lower design flows.
Although droughts do severely stress aquatic ecosystems, both directly,
Secause of low flow, and indirectly, because of thie cesulting hNigh
concentrations o’ pollutants, many ecosystems apparently recover from
severs stresses (n wnoce than $, but less than 10 years (1). Recause it
is not adequately protective to keep ecosysters In a constant state of
cecovery, 15 years seems like an appropriate stress-free period of
time, on the average, to allos after a severe stress caused by a drought
situation., Because three years are allowed for each excursion on the

average, counting no more than 5 excursions for any low flow period will




drovide an more than 15 ynars, on the average, for sevece 3Liclises Caused
by deohts.  Thus, for each low flow piriod, the number of excursions
cannot > less than 1.0 or greater than 3.0, The -aaximum Juration of a
1o4~1.0w Daciod was set at 120 days because it is not too uncommon for
excursiony to ocoue within 120 days of each other, whareas it i3 wary
race for excursions to occur during days 121 to 240 after the beginning
20 a low=tlow period.

Figure 3=l {1llustrates the features of the biolojicaliy-based Jesign
flow calculation method. Intarvals a-b and ¢~! are excursion periods and
each Jay in thase intarvals s part of an avecage flow that is helow the
design flow. The number of excursions in an excursion period is calculated
as the numter of days in ths excursion period divided hy the duration (in
days) of the averaging period (e.a., 1 day for the CMC and ¢ days for the
CIJ). A low=flow perind i3 Jdefinel 4y o e nore excursion perials
ocsurring within a 129-day interval. As discussed above, if the calculated

amber of excursiong that occur in a 120-vay low=flos period is greater

than 5, the nunber is set at S for the purposes of calculating the Jesizn

tlow,

Because binlojically-based design flows are based on the averajzing
periods and freguencies specified in water quality criteria for indiviial
pollutants and whole effluents, they can be based on the availadble biological,
ecological, and toxicological information concerning the stresses tha*

auatic ucjanisms, ecosystems, and their uses can tolurate. The

biologically-based calculation method is flexible enough to make full use
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fligure 3-1: Illustration of blologically-based design flow




of spoclal avwcaiing parlots an?! Fraquancies that aight Ha selocrel For
s2iltic mllutants (2.g., anonia) or la site-speci€ic criteria. This
secthal {s eplrical, not statistical, hecause it duals with the actual
flov vecord itself, not with a stacistical distribution that is intended
to Jusceidbe the flow recned.

In additinn, this methoad provides an understanding of how many excursions
of the CCC or CMC ave likely to occur, and during what tine of the year,
based on actual hisearical flow data. Thus, it is possible to ¢xanine the
pattern and magnitudes of what would have heen historical excursions.
This method makes it clear that critacia concentrations should not he
interpreted as values that are never to be exceeded "at any time or place”
in the receiving waters. An understaniing of what level of protection

actually is provided should ald {n the use of criteria.

1,2 Poxcedure

Although the calculation procedure descridbed in Appendix C might
look complicatad, it merely consists of a sequence of steps that are
quite sUmple, Because flow records usually consist of daily flows foc
20 to BO yesrs, manual calculation of design flov is very time=consuming.
The DFLOW computer program (Appendix D) will calculate hiolojically-hased
design flowss and display the dates, durations, and magnitudes of the
sxcursions within each low flow pericd.




The CIC and CCC design flows ato calculated in almost the same manner.
The differences result fium the fact that the CMC s expressed as a one-
hour average, wheveas the CCC {s expressed as & four—day average. However,
the flow records that are available consist of onu-day average flows.
for stieams with naturally occurring low flows, calculation of the CUC design
flow fyom one~day averages, rather than one-hour averages, should de
zeasonably acceptable because naturally occurring low fiows of receiving
stzears are usually very similar fros one hour to the next. In regulated
streams, such as those affected by hydroelectric or irrigation projects,
hour=to-hour variation of low flows could be significant and in those
situations, use of hourly values, when availadle, {s appropriate., Bath
the pollutant concentrations and the flows of most effluents are expected
to change much moze (rom one hour to the next than the naturally occurting

flows of streams.
3.3 Rationsle

The following provides a rationale for %e biologically-based

design flow calculation method:

® Ir allcws the use of the new t.o~number WOC for aquatic life in the
calculation of design flow. 1f water cuality critezia for aquatic
life are to achisve their intended purpose, decisions concezrning their
dezivation and use should be based on the biological, ecological,
and toxicological characteristics of aquatic organisms and ecosystems
and their uses whenever possible.

® It takes into account all excursions In the flow record.

* 1t provides the necessary design flow directly without requizing any
design flow statistics in the xQy format.

* It is flexible enough so that any averaging periocd and frequency

selected for particular pollutants, effluents, or site-specific
criteria can be used directly in design flow calculations.

-7




3.4 Mlc Cases

The sixty 21w reconis that were analyend usig tha hydrolojically~
based method (sce Table 2-1) were also analyzed using the L ologically-
based Jusian flow method. The CMC design flow was calculatel for a
1-day averaging pericd and the CCC design flow was calculated using the
4-day averaging period, foth ware calculated using a frequency of once
avery three years on the averaje. Table }-1 presents biologically-basad

Jedign flows for these sixty rivers.

In additinn o the hydrologically-based desiqn flows, Tahle B-1
in Appeniix B also includes dinlogicslly-based CMC and CCT design
flows for 13 streams for J0~day averajing periofls and s frequency of
once svery three years on the average. The purpose of the bioclogically~
basei Jdesinn flows for ammonia (S) {n Appendix B is to illustrate how
this method might be used for site-specific and follutanc-speciéic
situstinng vhere the durations ant frequencies in aquatic life crite-ia
might be different from those specified in national two-number acuatic

11%e crirarcia.

Analyses of the l-day J~year and the 4—tay J-year low flows in Table
3-1 indicats that the mean ratio of the 4-day l-year low flows to
the corresponding l-day l-year low flows is 1,23, The median of the
ratios {s 1,11, vhervas the range of the ratios {s 1.0 to 2.81. Thus,
4=day l-year low flows are genzrally 11 to 23% greater than the correspmiinyg
1-<day 3-year low flows, although in one case, the 4-day l-year low flow
is 2.91 times qreater than the corresponding l-day 3-year low flow.




Table 3~1, Biolojically-based design flows (£tl/sec) for 60 rivecs

e e e e neanaenae e ey

Design flows (#:3/sac)
Poriod of  |e—m——meieiiienreecemannsd 202 ‘
Sctation ID River name State cecont OV lday J-yetlf-.iay Jwyear| TW

- ee st ssavene simetenfaoce cans s

oo eapn csnsawmgiseosss

01857000 8ull Run VA 1951-82 4.48 0.2 0.4 2.00
02392500 Trent N 1951-82 1,77 1.4 1.6 1.14
06026000 Birch Cr MT  1946-77 1.32 1.7 2.4 1.41
1234965 Beaver Cr W\ 1960-78 1.77 2.8 3.4 1.2¢
05%22000 Iroquols IN 1949-78 1.33 2.4 1.0 1.25
03450300 N Fk white AZ 1334=79 1.24 4.8 5.3 1.10
14372500 € ¥k lllinois OR 1942-83 2.03 S.8 6.9 1.19
03331030 8lack wI 15)5~83 2.51 5.0 6.1 1.22
10291%00 Buckeye CA 1911-78  1.30 7.0 7.2 1.03
05535500 ta Moine L 192-8) 1.99 8.9 9.4 1.06
12321500 foundary Cr ID 1928-84 1.65 12.0 13.0 1.08
01111500 Avanch RI 1940-82 1.16 10.0 13.2 1.32
021383500 tinville NG 1922-84 1,74 13.0 15.0 1.18%
0559000 Shey=nna O 1351-81  2.10 15.4 17.6 1.14
02043000 fishing & NC 1927-82 1.48 12.0 13.5 1.13
01196%20 Quinnipiac cr 1931-8¢ 1.02 14.9 4.0 2.28
N2133500 Drawning O NG 1940-78 0,80 33.9 36.2 1.07
082803100 Shashone WY 1957-84 1.54 42.9 45.8 1.97
091493500 Uncaxmahgre CO 1939-80 0.86 39.9 49.0 1.26
022967150 Peace FL. 1931-35 1,84 42,0 88,2 1,18 .
07018500 8ig MO 1922-84 2.16 45.0 51.5 1.14
02217500 Hidile OSconee Gy 1902-84  1.37 3.0 45.7 1.1
01600000 N 3¢ Potamac MD 1939-83 1.42 42.9 49.0 1,17
093353500 Aivas CO  194A~% 1,56 60.0 61.1 2
01403060 Raritan N 1904~83 1.64 46,9 $3.6 1,18
01491000 Srarndywine PA  1912-84 1.17 55.8 $9.3 +.N48
09497500 Salt AZ 1925-80 2.0% 63.0 69.5 1,12
01144200 White vr o 1915-84 1,43 75.9 86.0 1.1)
02413502 L Tallapoosa AL 1940-51 1.13 $7.9 9,2 1.2¢
01421000 € B Delaware NY 1915-73 1.41 R2.9 91.4 L
07288500 B8ig Sunflower MS 1936-80 1.42 82,7 85.4 1.0
07013000 Meramec M0 1923-78 2.41 89.9 92.7 1.03
013531000 Qhemurg NY 1915-78 1.9l 8s.? 92.5 1.08
07096000 Arkansas O 1901-81 1.12 89.9 114.0 1,27
09070000 tagle C0  19%47-8C 1.6 120.0 126.0 1.0%
01011000 Al legash ME 1932-83 1.39 134,0 1)8.4 1.13
03520000 Cinch ™ 1919-78 1.5% 127.7 132.2 1.04
13023000  Gewys WY 1937-93 1,16 124.8 135.8 1.09
02424000 Cahaba AL 1902-78 2.07 122.8 149.8 1.22
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. Table 3-1 (Continued)
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Design flows (%:3/51c) { :

p“im O‘ o R R Y T X T c:: l

Station ID River name State cecunl  OV'|l-day J-sear [4~day 3=ecar | T i_
03515500 Xankakee IN 1926-78 0.48 167.6 174.2 1.04
02490500 Rovge Chiteo MS l945-81 1.89 187.5 189.6 1.01
01315500 Hurison NY 1908-78 1.10 170.0 191.9 1.13
01610000 Potomac W 1339=83 1,48 202.2 219.6 .93
05386000 Root Ml 1938-61 1.6% 239.3 239.7 1.99
0236%000 Shoal FL  1939=832 0.95 270.5 286.0 1.7%
Q7378500 Anice LA  1939-83 1.98 282.1 295.95 1.08
J6465500 Niobrara NE 1939-83 0.%9 199.7 304.3 1,52
02135000 Little Pce Dee SC  1942-78 0.%4 298.7 298.9 1.00
03110200 Brazos ™ 13%33-78 .48 277.7 305.3 1.10
02076000 Dan VA 1924-52 1.25 J21.6 380.4 .18
034550 French Broad ™ 10l-73 0.93 494.3 $35.5 1.19
05333500 St. Croix WI 1914-81 0.61 4717.5 508.% 1.06
052487000 Aipaen MT  1935-79 0,82 364.0 520.2 1.43
03107500 Reaver PA 1957-8] 1.10 539.9 $57.5 1.07
13341000 N F Clearwater ID 1927-68 1.16 469.6 613.0 1.3}
07341500 Red AR 1928-81 1.42 537.4 601.3 1.12
02350500 Flint GA 1930-58 1.00 262.5 731.90 2,79
01142000 Merrimack MA 1924-83 1.01 284.0 7197.3 2.8)
. 14233400 Coalit2 wh 1968-78 0.93 94,7 953.9 1.0}
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*CV = Coefficiant of Variation




For furthar clariflcatlon of the hinlngically-Hasad ~itivad, rofare ro

Appandix €, Zuastions and Answers.




STITION 4. COMPARISON OF THE IWQ METHODS

4.1 Dusign Flows

Tadle 4~1 shows how the bloloyjlcally-based l-day l-year low flows
anJ the hydrolonically-based 1010 low Elows for the sixt$ oxarple rivers.
The table also pomsents tha difference hetween &-day 3-year low flows and
the X010 low flows.

For 19 of the 6) streans, the l-day l-year low flows are
less than the 1010 low flows, For 18 streams, the l-day 3-year low
€lows ace groatar than the 1910 low flows, and for the vemaining
3 stroams the differsnces are less than 0.1%. Thus, for the majority of
the streavs the l-day l-year low flow {s lower than the 1010 low flow.
For all sixty streams, the difference between l-day l-year low flows
amd 1010 low flows ((1-day J-year)=(1010))/(l=day J-year) ranges from
=50.0% to 20.8%, with the mean and median equal to -4.9% and -J,1%,
respactively.




Table &-1. Corparison of 101Y and 7310 with l=day l=yr and {-~day J-yr low (lows
(all flows {n fti/sec.)

Compacison of CMC Design Flows | Comparizon of CTT Design Floms
Aver Name Stave| 1Ql0 l-day J-yr wIFF Q10 d-day 3wyr WIre’
Bull Run VA 0.3 0.2 =-50.0 0.4 C.4 0.9
Trent NC 1.4 1.4 0.0 1.6 1.6 0.0
Birch Cr MT 1.7 1.7 0.0 2.4 2.4 0.0
Beaver Cr WA 2.4 2.8 14.3 3.2 1.4 5.9
ITroquols IN .4 2.4 -41.7 3.9 3.0 -30,0
N fx thite AZ 4.8 4.8 0.0 S.3 S.3 0.0
E & Illimis OR 6.4 5.8 -10,3 6.7 6.9 2.9
Black WL 5.5 5.0 -10.0 6.7 6.1 ~-9.9
"ﬂm CA 7.1 7.0 -l.4 7.7 7.2 -6.9
u mim IL 903 scg -4.5 9.9 90‘ "50 3
Boundary Cr In 1.7 12.0 2.5 13.1 13.0 -0.8
Sranch RI 8.8 10,0 12.0 1.3 13.2 -0.8
S’\mm N3 15.9 ls.‘ -3.2 18., 17.6 -‘.0
Fishing Cr NC 17.0 12,0 -41.7 19.4 13.5 -43.7
Quinnipiac CcT 17.5 14.9 -17.4 32,3 34.0 5.0
Droming Cr NC 18.8 33.9 -14.4 43.4 36.2 ~19.9
ﬂ‘lm m ‘108 ‘2.9 20 6 ‘6.8 ‘5.8 "2-2
Uncopahgre €O | 35.6 39.9 10.8 | s0.8 49.0 -3.7
P.IC‘ nn ‘9.0 ‘8.0 -2. 1 5503 550 2 ’00 2
widdke Oconee GA | 49,4 33.0 ~9.7 | $7.4 45.7 -25.¢ .
N Br Potomc MD $4.7 42.9 ~27.5 61.6 49.0 -25.7
Mm‘ m S‘.s 60.0 3.7 62.3 6101 -2.6
Brandywine PA 61.4 55.8 «10.0 67.2 $9.3 -131
Salt A2 64.6 63.0 =-2.% 68.7 69.5 .2
White vT 75.3 75.9 0.8 85.2 96.0 2.9
L Tallapoosa AL 72.7 $7.9 -25.6 88.3 70.2 -25.8
€ B Delaware NY 80.8 82.0 1.5 89.7 91.4 1.9
Big Sunflower MS 89.4 82.7 -4.1 91.9 8s5.4 -7.6
Meramic MO 88.8 9.9 1.2 92.2 92.7 0.5
Chemung NY 89.7 85.7 -4.7 97.5 92.5 =5.4
Arkansas o 99.9 89.9 -11.1 120.1 114.0 ~9.1
Cajle 0 | 116.9 120.0 2.6 131.0 126.0 -4.0
Allegash ME | 124.8 134.0 1.1 134.1 1368.4 L1
Clinch ™ | 1208.7 127.7 =-0.8 135.2 132.2 -2.3
Greys we il 122.9 124.6 1.5 144.5 135.8 5.4
Cahabs AL | 151.9 122.9 =23,7 156.4 149.8 -4.4

* \Difference = ((1-day 3-year flow) = (1Q10)} * 100 / (l-day d-year flow)
**ADifference = (({-~day l-year flow) = (7Q10)) * 100 / (4~day l—year flow)




Table 4-=1. [("9=tinued)

Camparison of CMC Design b.ows| Comparison of CIC Design Flows
River Nams State| 1Q10 l-day 3-yr \DIFF®| 7010  dé~day Jyr  WOIFF""

Xankahkeo m 1790 167.6 5.8 184.3 174.2 -5,3

Hudson NY 207.7 170,0 =-22.2 211.0 191.9 -10.0

Potamac W 209.6 202,2 31,7 220.7 219.6 0.3

! Root o 229,7 239.3 4.0 245.6 239.7 -2.5
Shoal L 280.1 270.% -3.5 291.4 286,0 -1.9

Maice LA 298.1 282.1 -5.7 303.4 295.8 -2.7

Niobrara NE  160Q.9 199.7 19.4 322.0 304.) -5.8

Little Pes Dee SC  306.7 298.7 -2.7 322.4 298.9 -7.9

Brazos ™ 3lL.6 277.7 -12.2 344.9 305.3 ~13.0

French Aroad ™ 473.6 494.) 4.2 532,2 $35.9 0.6

St. Croix Wl 505.9 477.5 -5.9 $36.0 $08.5% -5, 4

Bighorn MT 327.1 364.0 10.1 §57.0 $20.2 -7.1

umt m 57‘-3 53909 "s.' 59‘02 55705 "6.6

: N F Clearsater 10 529.2 469, 6 -12,7 648.6 613.0 -5.8
| Red AR 691.0 $37.4 -28.6 769.2 603.3 «21.5
| flint G\ 207.8 262.5% 2.8 799.8 731.2 9.4
. Mo rrimack MA  270.2 284,0 3.6 929.3 797.3 -16.6
Cowlite WA 901.5 934.7 4.9 968,7 959.9 0.9

* sDifference = ((l-day 3-year flow) - (10l0)) * 100 / (1-day J—year flow)
**WDiffersnce = ((d~day I-year flow] = {7Q10)) * 100 / (4=day J-year flow)

Similar compariscns can be made between the 4~day 3-year low flows
and the 010 low flows based on Table 4=1. For 46 of the 60 streanms,
the 4-day I-year low flows are less than the 7010 low flows. For nine
stream, 4<day J-year low flows are greater than the 7010 low flows,
and for the remaining four streams, the differences are less than G, l%.
Thus, the 4-day 3-year low flow i{s ususlly lower than the 7010 low flow.
For all sixty stream, the difference between the é-day l-year low flows
and 010 low flows ((4-day J-year) = (7N10))/(4~day I-year) ranges from

=448 to 6%, vwith the mean and median equal to - 7,08 and ~ 4.43%, respectively.




4.2 %xcursi

Tadle 4-2 prosants tiw calculatad nunher of excucsions that oncucesd
in the 59 atroams for the low flows calculated using the hwnirologically-
an) binlogically=hasod mthvals. The tahle demonstratas the impact of
the choice of ons deaign €low method over the other in terms of nurder
of axcursions. For any atream, a higher flow will always rewult in the
same Or a greater nunwc of excursions than a lower flow. Cccasionally,
the Jdiffacence in the numbec of excursions of tha two design (lows
{8 quite dramstic sven if the difference Detween the two design flows ia
quite vmll. For exarple, the 1010 av) the l-day l-year design flow of
the Quinnipiac River in Connecticut ace 17.5 ft3/sec and 14.9 ftl/sec,
rvespectively, but the corresponding numder of excursions were 39 and 13,
Similar observations could be made for many otwir streans [(n Table 4-2.
A srall difference in design flow may not have a significant {mact ina
wasteloal allocacions for these streams but may vesult i{n a lacger number

of excursions than desired during the period of flow record.
4.3 CTorearison of the Two Methods

The comarisons of the design flows show that the magnitudes of the
1=day J~year and 1010 low flows, and the d-cay I—year and Q10 low flows
are, on an average basis, similar in magnitude. Although these (lows are
similar on the average, there may be large diffevences in the values of
these flows for individual strewams. More lnportantly, there can be a
signiticant 3ifference {n the number of excursions that result, even if the

magnitudes of the flovs calculatal by the two methads are macly equdl.




Tadle 4-2. Crparison of numtmic of excursions of 1010 anl 7910 wich
nunber of excursions of l«tay Jeyr and 4-day J=yr desizn flows.

River Nare

Bull Run
Trant

A{izzh Cr
Aeaver Cr
Irouois

% Fk White
% Illimols
Black
Buckeye

La Moine

Ay unlacy <
Aranch
Linville
Sheyenns
Fishing Cr
Quinniplac
Drowning Cr
Shashone
Uncompahgre
Peace

8i3

Yiddle Oconee
N 8¢ Potomac
Animas
Rzritan
Brandywine
Salt

White

L Tallapoosa
E 8 Delavare
817 Sunflower
Meramec
Cherung

State

COP S o oan . oy

VA
L »
wt
28

(]
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ZBRSRIUDEBSCSAQRA0RKGZRTRY

54.8
54,2
6l.4
64.6
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2.7
80.8
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1010 #Excur

19
9
8
1

18
2

13

27

1]
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15

10

2l

11

17
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26
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7

17
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Comparison of CiC Design Flows

FC:::vpa:‘i-&m of C°C msign FLs
12:i2ur] IR0 QExcu;[;-1ay J=yr 4TxS
[
n.4 8,50 0.4 3.5
1.6 9.25 l.6 3.2
.4 9,25 2.4 3.2
J.2 4.00 3.4 8.7
1.9 16.75 3.0 9.7
5.3 4.00 5.1 3.7
6.7 11.25 6.9 L. ¢
6.7 26.00 6.1 24.5
7.7 10.00 7.2 8.5
9.9 24.50 9.4 29.3
13,1 15,75 13,0 is. %
13.3 18,28 13.2 :4.9
16,4 25,00 15.0 JAe T
18.3 14,50 17.6 .5
19.4 29,25 13.8 S 3
32.3 11,25 4.0 13,
4.4 27.75 35,2 i J
46.8 9,25 43.8 R, 2%
50.8 17,50 49.0 R
$5.3 17.2% 55.2 3
$5.3 27,75 51.% 3.2¢
$7.4 23.25 45.7 "3,
6l.6 28.00 49.0 14,78
62.3 6,75 6l.1 2.5°
67.1 24,25 53.6 13,22
67.2 33.00 $9.3 8.9
68.7 17,25 63.5% I T
85.2 20.7S a6.0 21.37
8.3 7,00 70.2 3.7
89.7 19.00 9l.4 23.5¢C
91.9 30.2% 85.4 13.72
92.2 16,%0 92.7 17,02
97.5 25.00 92.5 N.57

18
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Tadle 4=2. (CAatinued)

Comparison of C{C Oesign Flows | Comparison of CIC Mestign &L~
River Nave State [|1310 #Excur| 1-day J=yr Excur| 7Q10 $Excur|i-iay 3=y $SxC.
Arkansas oo 107,9 23 115.8 26 126.1 28.00 123.8 28,
Easle as) 116.9 9 120.0 11 131.0 17.950 126.0 11,
Allejash g 124.5 15 134.0 17 134.1 13.00 138.4 .
Clinzh ™ 120.7 23 127.7 17 115.2 25.00 132.2 1,
Greys w 122,9 10 124.8 10 144.5 18,75 135.8 3,
Cahata AL 151,9 33 122.8 10 156.4 24.75 149.8 6.
Kankakoe ™ 179.0 34 167.6 14 14,3 29.59 174.2 i3
Br»re Chited Ms 198.6 1) 187.5 10 191.6 19.25 199.6 il
Hu2son Y 207.7 30 170.0 29 211.0 27.75 191.9 5.
Potamac W 209.6 19 22.2 14 220.7 15.00 219.6 R
Raot N 229.7 7 239.3 7 245.6 10.75 239.7 .
Shoal FL 200.1 20 270.5 12 291.4 19,25 286.0 17,
Amite 5.1 258.,1 19 282.1 14 303.4 14,00 295.5 .
Niobrara NE 160.9 4 199.7 8 322.0 11.2% 304.3 4,
Little Pee Dee SC 306.7 1S 29%.7 12 322.4¢ 15.00 298.9 el
Rrazos ™ 3il.é 1l 2177 4 3.9 6,75 305.3 <.
Nan VA 329.6 11 J21.6 9 387.3 19,25 380, 4 3"
franch Brosd ™ 7.6 1) 494.) 18 $32.2 15,00 $3%.3 .
St. Croix Wt $0s.9 34 4717.5 22 $36.0 34,50 ca.s ;
B8{z"orn : 327,y 12 3é4.0 14 $57.0 16.59 $20.2
83avar PA $71.3 1§ 539.9 4 594.2 13.25 557.% .
N F lesrwatar 1D $29.2 20 469.4 13 €43.6 14.7% 53,2
ReA AR 91.9 29 537.4 17 763.2 28.7% £31.3
Fline GA 207.8 7 262,58 9 799.8 22,25 *3..0 4,
Merrinack MA 270.2 13 284.0 18 923.3 41.75 79°.1 LE
Cowlitz A 901.8 0 934.7 2 963.7 4.50 953.9 kN




The hydrolugically-based design flows may actually provide a greater
Aer;ree of protection of water quality in cases where the value of the
design fluws are less than that of the cocrrespunding biclogically-based
design flows. Hydrologically-based design flows have been used successtully
in the past in many water quality-bascd permits. In addition, on an average
basis, the values of hydrologically-based design flows are not greatly

different foum the corresponding values of diologically-based design fluws.

The hiologically-based design flows are not always smaller than the
cozrzespunding hydruluglcally=based design €luws for a given stream. Thus,
it cannot be stated that chausing one method over the other will always
result in the most protective wasteload allocation (and therefore the
fewest number of excursions over the pericd of cecord). However, the
biolugically~based method will always provide insurance that the design

€low calculated will have resulted in no more than the reguired number of

excicrsions.

Based upon the above, both the hydrologically~tased and the bio-
legically-based methods for calculating stream design flows are recommencded
for use in steady-state modeling.
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SECTION 5. RECOMMENDAT [NS .

If steady-state mocdeling is used, the hydrolajically~based or the
biclogically-based strean design flow method should be used. If the
hydrologically-based method is used, the 1010 and 7010 low flows should
be used as the OMC and CCC design flows, except that the J0QL0 low flow
should be used as the CCC design flow for ammonia in situations iavolving
POTW's designed to Temove amonia wheoe limited vasiability of effluent
pollutant concentrations and resulting concentrations in the receiving

wates can be demwnstrated.

Othes technically defensible mechods may also be used,
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APTZNIIL4 A. alculation of Evdrologically-cased Design Flows

Msijn flows can be calculated as annual x~day avecage low Clows

. whose veturn periocd i{s y years, l.e., the xQy los flow. These flows can
be estimated from a historical flow cecocd of n years using two different
methals. The first is a distribution-frae method which makes no assumption
abaut .0 true probability distribution of annual lov flows. The exprassion
for Wy is

Wy = (l-=e) X(ml) + eX(m2)

the m~th lowest annual low flow of record
[{nel} Ay)

((a*l)ty]l + 1

the largest integer less than or equal to 2z
(n*l)y = [(n+l)/y)

where X{m)
ml

n2
(2}
[

This method is only appropriate when the desired return period is less
than n/S years (1).

The sccond method fits the historical low flow data to a specific
probability density funcrion and then computes from this function the
flow whose probability of not being exceeded is l/y. The log Peacson
Type III distribution is a convenient function to use because it can
accownordate a large variety of distributional shapes and has seen wide—
spread use in streamflow frequency analysis. However, there (s no physically
based rationale for choosing one distribution over ancther.

The xQy lov flow dased on the log Pearson Type II1 method {s

Wy © eplu + Kig,y) s}
where u = msan of the logarithms (base e) of the historical anmual
low flows,

= gtandard deviation of the logarithys of the historical low flows,

.t,im costticient of the logarithme of the historical low
ows,

frequency factor for skewness g and return pericd y.

n
]




A saple listing of frequency factors is given in Table A-1l. These factoes can
also be approximated as

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

for |q| < 3 where z {s the standard nocmal variate with cumulative probability
1/y (2). Tables of the normal variates are available {n most elementary

statistics texts. An approximate value {3) can be found from
z = 491 [ (1A - Va(lelyy) 14y,

To {llustrate the use of the two xQy low flov estimation methods, the data
in Table A=2 will be analyzed for the 705. 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 logarithws of

thess arnvwal low flows are shown at the bottam of the table.

For the distribution-free approach, the value cf (a+l) Ay is (45+1)/%
or 9.2. Therefore, the 7Q5 low flow lies between the 9-th and 10-eh
lomst annual flow. The (nterpolation factor, e, i3 9.2 = 9 = 0,2,

Thus we have

705 = (1. = ,20) X(9) <+ (.20) X(I3)
® (.80(33%) + (.200(33®)
= J35.6 cts




For the log Pearsan Type III method, the frequency £asior K will be estimated .
£- = Tahle A-l. For skewess of 0.409 and a Swyear return prciod intesolaticn

results {n K » =0,956. The 7Q%5 low flow is

705 = exp(6.01 + (~,856)(.24})
= 131.8 cfs

For purposes of comparison, K will be estimated using the formulae given above:

4.91 [ (0,2) -14-(1-0.2)-14)
- -0 « 3‘0

K = (2/.409)[() + (.409)({~.840)/5 - (.409},36)3 - 1)
- ‘OQSJ

705

axp(6.01 + (~.853)(.24))
331.8 cts

The differwnce in the three estimates of the 7Q5 low flow is less than 2 persen:.




Table A-l. Freguency Factocs (K) for the log Pearson Type IIlI Distoidbution

Skewness Return Peciod, Years
Coetficient S 10
300 "0-636 -00660
2.9 «0,666 =0.702
2.6 -0.696 -0.747
2.4 0,725 =0, 798
2.2 «0,752 =-0.844
2.0 0,777 -0,89%
1.8 «0.799 =0.945
1.6 -0.81? ~0, 494
1.4 -(0.832 -1.041
1.2 =0.844 -1.086
1.0 '0.852 -10128
0.8 -0.856 -1.166
0.6 -0.857 -1.200
0.4 -0,85% -1,231
002 '0.350 -10258
0.0 -0.842 -1.282
-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
-1.4 -0.70% -1.33?
-1.6 -0.67% -1.329
-2,0 =0,609 -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 -}.180
ot \' )
oo BV ,
v
!: \)%—;:-i L3
\‘;L" .. i
e




Table A-2. Annual 7-Day Low Flows (ft)/sec) for the Amite River “ear
Perham Springs, LA

Year Flow Rank Year Flow Rank
1939 299 5 1962 196 25
1940 339 10 1963 275 1
1941 355 15 1964 392 24
1942 439 30 1965 348 11
1943 7 20 1966 385 22
1944 410 28 1967 J3s 9
1945 407 27 1968 306 6
194¢ s08 38 196% 280 3
1947 4%0 3 1970 354 14
1948 424 29 1971 las 23
1949 574 41 1972 157 17
1950 489 36 1973 499 37
1951 406 26 1974 448 32
1952 291 4 1975 650 45
1953 3s2 13 1976 %6 16
1954 309 ? 197 164 18
195¢ 322 8 1978 648 44
1956 278 2 1979 619 43
1957 3169 19 1980 S67 40
1958 481 k1 1981 445 31
1959 523 39 1982 149 12
1960 3as 21 1983 £9% 42
1961 474 M

owc)d
LI I
o
L]
N
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APPENDIX 3. An Examnle Use Of DFICW For Amronia Cischarges From FCTWs

e purpose of this Appendix is to illustrate the use of the DFLOW
pragran to calculate biologically-based design floss for ammonia and
compare them with the hydrolojically-based des.cn flows of 30010 for
the 13 streans with the lowest coefficients of variatior shown

in Table 2'10
AR.1 Introduction

As stated in the two-nunder WC for anmonia (1), a CCC averaging
paciod of as long as 30 days may be used in situations involving FOTWs
4ssigned to remove amonia where 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 Decause the magnitudes and durati~ns of excursions

above the CCC would be sufficiently limited (1).

B.2 Wdrolegicallv-hased Design Flow

The JOQ10 low flows of the 13 streans with the lowest coefficients

of variation (CV) are presented in Table B-1.




<able B=1. "Mesijyn flows and resulting nunber of excursions ssing 3 J0-lay avera;.
aeriod (all flows in ftl/sec).

‘ Coelf 3010 J)=43y Jwyaar :

of —————— v ¢ ¢ 8 s oo s ewl meen oo ew . !

\ fvor Name State Yariatisa] Flow  scursions| Flow $ SxCucsina'®y1Y 0
Ouinnipiac cr 1.02 42.) 7.8 45.9 15.0 ‘ 9.)
Orowning Cr N | 0.80 4.7 8.5 65.5 15.0 l 16,
tncampaligre | n.88 71.0 6.9 77.3 14.6 ' 3.2
Greys WY 1.16 160.7 5.7 166.9 9.9 LA T
Kanakce ril o n.48 201.8 10,0 213.6 16.7 a3
Hudson Y 1.19 298,0 13.4 340.7 24,3 S S
Shoal FL | 9.95 323.5 10.2 339.0 12.1 O
Lictls Peo Dee SC | 0.9¢4 366,3 1.4 450.0 1.8 19,5
$t. Croix wr | 0.61 571.8 16.2 598, 6 21.9 b osls
Niobrara w o o0,59 613.2 6.4 673.6 8.1 ')
Freach 3coad ™| 0.9 636.2 11.9 715.7 20.3 F1i.l
3ighorn wt | 0.82 913.6 8.1 1103.0 14.3 0.2
Flint Ga 1.00 1000.0 6.4 1097.9 2.6 ; 9,2

- —— e t e o e ol o ——— o —l—————— e s 0w v = o ne o=

¢ ———— - e = ===

‘aDifference = {(30~day J-year flow) - {30Q10)) * 100 / (IC—~lay 3—year flow)

B.) BRioclogically-based Cesign Flow

The 30—ay l=year low flows for 13 streams are presente?! in Tydle 3-1,
Tn obtain the biolovically-based design flow for these streams, an averagi-g
peria! of 30 days instea) ol § Jays was enteced into the OFLOW Srojrat (322
Tanle D=3, page N-6). Tadle B~1 also includes the numder of exsursions tha:
occurred in each of 1) flow racoris for the hydrolagically anZ Siolajicatlls-

hased design flows.

.4 Comarison of Design Flows

Table B-1 shows that for all 1) szreama the JOQLO low flow is always
irss than the J0~day J-year low flow. The difference between the low fiows
{ {3043y 3yoar - 30010)/ 30-4ay 3-year)) 1.7V to 18.A% with the mean
equal to 10,2V, Pecause the 30Q10 low flow is always lowr, it resul:s

in fewer excursions than the J0-day J-year low flow.

8-~2




8.5 Use of Binlagicall/-Based Design Flows for Ammonia Cischarges
Teom P00

AS statad aaclier, an averajiag dzciol Of 4 Jays and a freJuency of
occurrence of onc? every three years i{s used for the CIC. However, for
amonia Jdischac us feon 2TTis, a longer avicajing pecimd nay he used in
certain cases. Aconnding to the national WOT for ammonia, an averaging
peciol as long as 30 days may be used in situations (avolving 20TWs
lesignad to reove amonia where low variability of effluent concentratic-s
and the rasulting concentcations In the recelving waters can e l2yxgicatad,
In casas swre 1ow variability can be demonstrated, lonjer averaging
pecinis for the amonia 7T (e.q., a 30-day averaging periot) -mmill
acceptable because the magnitudles and durations of excursions above the

CCC would be sufficientfy limited,

In Section 4.1, *h2 hydrolojically=hasad design flows have been
comared with the bioloxically-based design flows for the 4-~iay averagin;
perio? foc all mollgnants, Apperddix B shows a comarsison LetJeen %L-e
hinlogically-based IC-day 3-vear low flows and the hypirologizally-pasel
330 low flows £or 11 streams for ammonia. Faor thesa 13 qtrea-~s, e
30QLI flow 73s always less than the 30-day l-year flow, Sy an averaze 2f
10.29. Thus, the use nf the JOQL0 as the design flow is relatively moce

protaective for these streamr

REFERENCE
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APPENDIX C. Talculatinn of a Biologically-hased Jesiga Flows

The hinloyjically-nased design flow calculation =ethod is an iterative
conwirgence poaxeiure consisting of €ive pacts. In Part I, Z (the allcwed
nunber of excursions) {s calculated., In Part lI, the set of X~iay running
averres is calcularsy fpya tha recini of dally {lows, 8ecause rhe andiznt
(inetream) concentration of a mllutant can be considered to be inversely
arnctinnal mo storvm Flow, the apnmociate “running avecaes® 2°F siriaa
flow are actually "running harmnic means.® (The harmonic mean of a se:
n% ngners i3 the recincocal of tiw arit'metic mean of the recipmnals
of the numdbers.) Thus, “X=lay running averages® should be calculated
as X/ (1/F), not as @ %)/X, where F is the flow for an inlividual day.

Through~ut this 3ppe~dix €, the term “running average® will mean “running

“Naewnic e,

Pacs [T0 Aaqcrives the calculaninn of 3 (L total number of excursi~s
of a specified flow in the flow record). The calcilations Jescribed :in
Pare 1i1 «ill = seriascme? for a nunder of Aifferant Flows %1at are
specified in Parts IV and V. In Part IV, initial loser and Cpper limiss
on the design flov are calculate!, the numher of excursinng at each
limit are calculated using Psre IIl, and an initial trial flow is cal-ulace
Dy interpolation Hatween the lawer and uoner linits. In Part V, successive
iterations ace performed using the method of false position (1) to calculate
the Jesinn flow as the highest flow that results in no more than the

number of allow? excursions calculated in Part I.

Part 1. Qalculation of allom») number of wxcursions,

-1, Calculate 2 = /({Y)(365.25 daysArear))

c-1




Part 1L,

where O » the number of days in the flow record;
Y = the average rnumber of years specified in
the frequency: and

Z = the allowed number of excursions.

Ca.zulation of X-day running averages, i.e., x=day running

harmonic means.,

11-1. where X » the specified duration (in days) of the averaging perioc,

Part I11.

11t-1,

111~2.

calculate the set of X-day running averages for the entire £.
record, {.e., calculate an X-day average starting with day !,
day 2, day 3, etc, Each average will have X-1 days in cammon
with the next average, and the number of X«day avecages

calculated from the flow record will be (Del=X).

Determination of the nunber of excursions of & specified

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

Cotain a specified flow of interest frum either Part IV or Part V.

In the set of X-day tunning averages for the entire {low

record, record the date for which the first average is below the
specified flow and record the number of consecative days that are
part of at least one or more of the X-day averages that are
belcw the specified flow. (Note that whether a day is counted
as an excursion day does not deperd 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 (s below the specified flow.

Table -1 provides exarples of the counting of excursion days.)
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11-3.

ITI=4,

11:-5,

It !-6.

11 t-"

Thus the starting date an? the duration (in days) of the
first excursion period will Se recorded. By definition, the

minimgm cduration ls X days.

Metermine the starting dates Of, and number cf days in, each

succeeding excursion period in the {low recocd.

Identify all of the excursion periods that begin within 120 cays
after the beginning of the first excursion period. (Although
the first excursion pericd {s often the only one in the 120-
day periocd, two or three sometimes occur within the 120 days.
Rarely do any excursion periods occur during days 121 to

240.) All of these excursion Dericds are considered to be in
the first lov flov period. Add up the total nunder of excursicon
days in the first low flow pericd and divide the sum by X o
ohtain the nurber of excursions in the first low flow period.

I£ the number of excursions (s calculated to be grearer than

5.0, set it equal to 5.9

Identily the first excursion pericd that degins after the enc
of the first low flow pericd, and start the beginning of the
secord 1 20~!ay low flow period on the first day of this

excucsion neriod. Determine the nunber of excursion days and

excursions 1n the second low flow period.

Determine the starting dates of, and the nuwoer of excursions in,

each succeeding 120-day lov flow periocd.

Sum the number of excursions in all the lowflow periocds to




cdeternine S = the total number of excursions of the spec:fied

flow  f irtarest,

Part IV, Calculation of initial linmits of the design flow and initial
trial flow.
Iv-l., Use L = 0 as the initial lower limir,
V-2, Use U = the X0Y low flow as the initial upper limit.
V=3, Use N =O as the number of excursions (see Part [II) of the
Initial lower limit.
Iv-4. Calculate Ny = the number of excursions (See Part III) of tre
fnitial upper limic.
Iv-%. Calculate T = the (nitial trial flow as T =L « (Np=Nt )
Part V. [Iterative convergeonce to the design flow.
V=1, Calculate Ny = the nunder of excursions (see Part ILI] of The
trial flow.
V=2, 1€ =0.005 < ((Np=Z)/7) < +0.005, use T as the design flow anc s:cp.
If Np 7, set U = T and Ny = Nt.
If Np <Z, set L = T and Np = Nt.
V=3, If ({U-L)/U)< 0.005, use L as the design flov and stop.
Othervise, calculate a new trial flow as T » L ¢ (28 }(U=L) and rervar

{N N
steps V=1, V=2, and V=1 as necessary.
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APPENDIX D, Nescripticn of the CFLOW Coamourer Procram

OFLGY {8 a computer program that can perform a variety of calculaticsns
related to design flow for any stream for which daily flow cdata are in
STORET, The program s installed on the U.S. EPA’'s NCC~IBM computert
and is run under the TSO operating enviromment. DFLOW consists of two
procedures: the first cetrieves the daily flow record for the U.S.
Geological Survey (USGS) gaging station of interest from the U.S. EPA's

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

After logging on to TSO, the user invokes the projram Dy entering
the comand: exec 'mrfursc.dflow.clist’.
The following menu will appear:

ENTER THE NUMBER OF THE PROCEDURE YOU WISH TO EXECUTE:

1 RETRIEVE FLOW DATA FROM STORET

2 PERFORM CALCULATIONS USING RETRIEVED FLOW DATA

3 EXIT THE PROGRAM
12 procedure 1 is selected, the user will be asked for the B-digit USGS
station number for the flow qgage of interest and a 2-digit state code
{see Table D-1). Gaging station nunbers can bLe obtained from local ©SGS
offices or through a separate retrieval from the STORET system. After
this {nformation {s enterwd, a batch job is automatically submitted to
the IBM system to carry out 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 invoks 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




is not successful within about six hours, a new retrieval can be atterpted.

. After a successful retrieval, Procsdure 2 will allow ane or more of the
follawing to be calculati:

1. A biolcgically-based O design flow using a l-day averaging periad
and a frequency of allowed excursians of ance every thres years on
the average. Aftar the OC design flov has been calculated and the
axcursion table printad for that flaw, any flows can be entered
in order to cbtain O 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 ance every three years on
the average. Aftar the (CC design flow has been calculated and the
sxcursion table printed for that flow, amy flows can be entered :.n

order to obtain (CC excursion tables for those flows.

3. One or more user-defined design flows. "If a dbiologically-based
. design flow is selected, the user will be asked to input six varisbies
830 that the desired design flow and excursion table can be printed.
1f a hydrologically~based design flow is selected, the user will be
asked to input four variables 30 that the desirad Oy low flow can
be calculated.

Table D=3 deronstrates the use of DFLOW for the Amite River in
louisiana. The allowed nurber of axcursicns and the CC design flow are
calcuiated, and the excursion table is printed., DFLOW is then used to
calculate the 30-day J-year diologically-based user-defined design flow.

Finally, procedurs 2 ie used to calculate the 7Ql0 low flow far the Amite

River.




A copy of the FORTRAN source code for DFLOW can be cbtained from
Lewis A. Rossman, WERL, U.S. EPA, 26 West St. Clair Street, Cincirnati,

OH 45268 {Telephone $11-684-7603 or FTS - 684-7603).

Table D=1, STORET State Codes

0Ol Alsdbema J0 Moatesa

02 Alaeka 31 Nebrasks

04 Ariczoaa 32 BRevads

03 Arksnsss 3} ¥%ev Lampsbire
06 Californis 34 Nev Jereey

08 Colorsdo 33 Kew Mexico

0% Covnscticut 3¢ Nav York

10 Delawvare 37 TWorth Carolias
11 Disctre ¢t of Columbia 30 Korth Dakocta
12 PMorida 3% Omie

1) CGeorgia &0 Onlahoams

19 Rawaii &) Oregon

16 tdaho 41 Pesasylvanis
1?7 1Illiaeis 44 Bhodse leland
18 ladiasna 43 Souch Carolise
19 lowa &6 South Dekota
20 KRanese 47 Tenvesses

21 Xeatucky 68 Tezas

12 louisiasa 4% Ozab

1) Maine S0 Verwoat

2% Marylaad 31 Virginia

<3 Nsseschusates 33 Waeshiogtos

16 Richigen $& WVest Vircgieis
27 MNicsesota 33 Viscoasina

I8 Missisvippi $¢ Vyoming

19 Misesouri




‘ Toeble 0~2. Example Flow Dats Retrieval Using DFLOV (User input is underlined)

exec .‘srfu-sr.dflov.cliet’

ENTER TRE NUMBER OF THE PROCEDURE YOU WISH TO EZ*.  L:

! RETRIEVEZ FLOV DATA FROM STORET

1 PERFORM CALCULATIONS USING RETRIEVED FLOW DATA

3 EZXIT THE PROGRAM

1

ENTZR 8-DICLIT USCS STATION NUMBER .... 07178500

ENTER 2-DIGIT STORET STATE CODE ...... 23

SAVED -

JOB ABC(JOB12345) SUBMITTED .

AFTER JOB IS COMPLETED, FLOW DATA WILL RESIDEZ IN FILE OFLOW.DATA




Table D-). Use-of OFLOW for the Amite River.

ne olee. dlechd’

¢ g 89=1 § N RVTRT W 1D N QN
1 W°HEQ AW %S R st

100773 LAl Ji AR AD BTY
[RIILR. &

1

NAEILAL WEP BHE AN W WY HO €6 0 SVE, W
V0 W 2°0) & M RS AR "N B ¥ Lt

1-ul, T, §- G wies, oot
v

?

OX Mi AR 1D AN $IY TN

S0 vl A Mo IR, WU

wit P W 100 N
ai0d? sPur @ DO « e
aswAs ¢+ Meon
: o AN RN H 1CAND 1 '
3 L X MG wOWEt
L et Wy ixsm: P an -y (IUS e
B L AL [N TR N L [ (%)
«Y 5, 1 | RTI, W » (¥}
o, 1 e ®Y o, . » | 4
-, " | %]

e Lm o N " .
we PR .

PR S0 I P N A e (L

(O s 0l TV 8 0 " W' @ (RIS BB I
.

R L A LT E NIRRT T
Y R ERY (Y T TR
.

1RV ' aoail @ € T P HUD AD 'S ot A TR
¢ NAMISAL DED, T - UGG g W
)

10 W 49 'O X FMLIND SR WY A ¥ FED TR
NG P W (2 0y MUAHUE ANN 1 /O 0N, ¢ 'E R
.




Tabla D -~ 3. (Contiruzd)

otdl BAEE ¢ ard B'ETR DOMISR B

'

]

SIS ST ¥ (ORET (L A AR R0 D
*

]

SRR QARSI §F W 2 2B AR ARG 1w

1

WHBIN A ¥ A S0 ) e
A

L]
N R @ AD BLED DN
’

e

AD WHSE H:S AR S AR IS N
W NN Y S DU, A

IS ¢ acl R -

nelt axnt & (nwvien . ne

M AN " nzn

H B ae nne [ e a1 '

s uny lr:.. ! ot ot .-::2:' caf-'- :

e A oW LU S L] E % B )
LA N 1.8 . W wn W " L% T

: Y m LN, B [ ] ey

- Wy [ ALt L] =8 Ll

M A ) ne < 1w » bod

. 24 J

P B JIDID OXANBIN I (KN whe ® ICHIR

14T 4 G 1 B it AW et {IEAN (Rt B4 N @it
v

IO ' asatt F "9 RUR RD ™ 1B N DT
M|.or-m - wnretn, - Dt

PR QA P ‘4 'Y @ FUS AD W ND B Fi
Vo UARIAL ), ) - HEN W
L]

U AT L B LW LR TR IR Wy - ™
AD Wy i@ NG,
L]

'

AN Ay & D SN ks, § 4N
’

"

WIS e § AD S N

’

e

OB %9 § AN wTw Nm

L]

-

W0 Wi RitE AUB 'S T8 KIS T

@R g @ Now 98NS, \b
e ¥ we I Al
o0 L E A + M0

VTR N ) B g WTID AD 1 WO T SRR
took 3., 1w Wi, -0

B un N iod 'Y @R AP ] BRIW 0D .0

0-¢




o.

A,

Q.
A,

OUESTIUNS AND ANSWERS CONCERNING THE BIOLOGICALLY-8ASED METHCD®

$ 1: New acuatic life protection criteria specify that the acute criter:s
(CMC) and the chronic critaria (CCC) may be exceeded no more than
once every three years on the average by l-hour and 4-day averages,
respoctively. They also state that extreme value analyses may not De
approprisie for estimating the anblent exposure condition, what is
an extreme value analysis?

This is a very broad question. There are many types of extreme value
analyses. B8ut all extresme value analytical techniques have something
in comon. Llet's consider a timee-series of daily flow data in order
to explain extrame value techniques.

A loweflow water year starts on April 1 of each year and ends on
March 10 of the following year. If we perform an extreme value
analysis for a d-day average condition, we should estimate 4-cay
running averages for sach water year, then determine which running
average {s the lowest (extreme) for each water year. Finally, we
rank the extreme value of each year for freaquency analyses.

# 2 buld you explain how rumning averages are estimated?
Starting with April 1, our first running averagn will be the arithmetic
mean of flow data for April 1, 2, 3 and 4 the secord running average
will be the arithmetic mean of April 2, 3, 4 and 3; and the third
running average will be the 3,4, etc. Thus, there will be 362 I-—ay
running averages for each water year of 365 days.

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

in low~flow analyses, the extrmme value for a water year is the lowes*
running average for that year.

 4: So, do ! have 10 extrems values from 30 years' flow record cons.lerin;
one extreme value for each water vear?

Exactly.

The blologically-based design flow method has been supported by an overwhelnming
majority of water quality coordinators at Regional and Headquarter levels,
But the method, deing totally new, tends to raiss a lot of questions which
we have heard over time from many reviewers. Some of these questions and
celated answers are listed here for additional clacification to Appendices

C and D of the Quidance. If this paper becomes too long, in a way it defeats
its purpose. So we chose qQuestions based on their importance. We encourage
our teaders to be critical about our answers ard raise other quesations which
they may consider irportant. This will help us to Lwprove both the method
itself and its presentation. 1In this context, readers may contact Hiranmay
Biswas (FTS=382-7012} or Nelson Thamas (FTS~780-5702)
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Ty SAabd SHyaviiing Ak canking the 2xtorar yalurie e 4 235 2
then and Why do you rank them?

Far low flow analyses, raaxiag oo 'a Ly from lowast ko i Jesr,

For a lov=flow analysis of a J0-yaar flow racord, e have 30 axtrr-»
values. [f w2 rank them fron the lowest t9 the nighest valuy?, al ~o
tw) itrems valuol are equal, then woe have one valus for each of 39
ranks, and the cotum il of tha ficst ranked (low is appcaIxivzaely
19 pears, and that of the ldth rankad flow is approximstely 3 years.

e {rauency analysis usivg R caakel axtren? values soes to
quite straight forward., why are various kinds of distributions usa2?
for Lowpuwmwy Analysas?

If we are concemel with a pealiction of low flow for a retucn Derio!
that is equal or leas than the flow record, then we will not have to
use any disceiinion at aill. The distrihutin=Coee, OC nNON-paca2ir.o
technigua, is the hest for frequency analyses. But, suppose you nz2!
100-, 200- or 500-year flool and drought forevasts foc t'we lesign of
a dan (for use power production and irrigation) and we do not have a
flow record of such a long perlod; then, we need to us2 sow focn of
distrinucion to extrapolate to 100, 200 or S0OH years. There are manv
well known 1iskcihations which can be ciwsen on a Case=Ny-case Dasis,

The nee WC also make some reference to the (og-Rearson Type 11X
distrinution a3 an examle of the axtrene value analysis. ‘"ile se
are on the subject of distributinna, is it the only distridution thas
is curreatly in use in the water gquality s1alytical field?

The United States Geological Survey uses the Log-Pearson Type ID:
distrimvution in low=flow as well a3 flani«flow analyses. They nade * -
choice afrer conducting a stuly of flood flow analyses using vario:s
othst teshniques. The choice of tachnijues shnuld he Hased on <-e
nature of the distrihution of extrens values. But, for natisnal
consistency of estinates, the USGS chose this tachaizue.

txtreme value analytical techniques are often used in the hydrologis
finld, and seem to H quite reasonable. Is there any diological’
ecolojical reason why extreme value analyses are not apnropriste
for estinating Jasl)n Flow using the asbient luration an! Feanjiaviy
of the new WX?

Yes, a dirwct a9 of extreme value analyses (s not appconriate
becausa biological effects are cumilative.

¢ 9: tbuld you elatmrare how the cumulative natuem of hiolajical effacts

{s related to extrems value analyses?

In extremw value analytical tachniques, only the most #xtorw drought
aoture svent {4 considered, but other, lass severe within-year
€XPsUCY avipitd Aoy totally lgmored, althoujh their crulativae effaces
cnuld be savere. The ssverity of those snaller withinwyear exposure
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events of acteme drought conditions that aee igoaorad Ay sutovy e
sewrity tha axtrew @xsuce events of othar less=than=-wss sasace
Arsught cantitions.  Slnce the biolagical effacrs «cr Cisulviisme,
arit €ind 3 21y to account for all within-yaar @xpdsures in allition
t> the oSt extn¥n? axpasucy uwrik af e year.

tar answer is difficult to follaw; would you give an exawple?

Hydrolojists knoe that #s hai, in vacious pacts ol the USA, extreme
droght events during the water years 1925-1932, 1955-1956, ano Juriaj
a Lew years in the late seventius. In other years, drought was not

as savere. Suppose that in water year 1925, thero wire 4 very low 423y
running avarages of +hich only one was acooptwe] ad the oxtcrwe salue

of that year; the 2nd, Ird, and the 4th values ware ignored. 3Sinilarly,
one extrum? valua was astleitet Cor each of the other Watec govcs.

A, som of the extreme values of othar watar years are less sever?
33 2v], Ind oz the 4th running avecages of ther yrae 1925, Thus, by
{3mring these 3 running averages of the water year 1925, tha extireme
value mathod has lgniox] pataatial savern effects tihar .may casuls

fran those exposure events. In addition, the inclusion of othe-
extorn? vaiis it are less savere than the 2nd, 3rd anl the 4ch
runniny avmcages of the year 1925, and! exclusion of more severe
excursinn ¢vants (2nd, 3rd and 4ch excursions of watec-year 1925)
result in a skewed estimate of low flow.

The methnl Jescrine! to implement the btwr-number apuatic life criteris
{s calle’ a niologically-based method. What {3 hiological about ie?

Almost evary nacametar that is used in this mechal is derive! on the
hasie Of either diolojical, toxicolonical or ecolojical considterstions,
WIEDNAS L2 JACAANIrS used in the extroar vilue analyszes ac2 uncelat-s
to bilological, toxicnlogical or ecolojical considerations.

Wuld you name tive things that you think are biological, to<izaiygicsl
or ecolqoical in natyre?

= durations of acceptable expnsure cxuiitions: 1 hour €ar T4 ang 5
days for CCC are biologically derived.

= 3 years on thw averaje is the alloww! ecolojical resivery pericd
after a single excursion (see Table D - 2 of Apnendix D of the
‘(K‘qchnical Sunport Document for Watec Quality-based Toxics Tontroi
TSO) ).

= 15 years {s salected for wcnlogical cecovery alter a total of S or
more excirsions within a low flow period (see reference Table
=2 {n Appaniix N of TSD),

I sce raither 15 years nor § exposure events in the references
Table D=2. Could you sxplain tiw discrepmncy?




It is etrue that neithue 15 yascs aor § excursisg ac Foun! in rhe2
ceference Tahle. 3ut What i« available ls that rivers and straaw
are Tally coalave -t Vihan § o 1D years after & Sever: i
event. Agquatic biolngists condider that ceneated within-yeac
exposures i cadult in catastecophic eflw:is., In Ewric judjemwnt,

10 years® ¢xpsuce interval i{s inadequate bicause unlder that s:tuation
the eology of the rwwiving gystem will ha under conslant ~iet;a

and recovary. 3y tho same token, a 20-year [nterval was consilers!
to e unnecndiacily striagent foc aitaining haalthy hiots. Aftec
these considarations and dabates amng biolojgists ant wasteload
allocation onocilnatocs, W Jecided to us2 15 yoazrs as an sccaptadhle
interval after a severe exposure event consisting of several within-year
exposures.

0. § 14: Have you anything to say ahout how you decided to allow S excursions
in an interval of 15 ysars?

A, WC allow an excucrsinn miow evary three yeacs on the avercsje.
Since the effects of excursions are cumulative, ecological recovery
fran A sevaey exposure event ralalces aaut 13 years and the
recovery pericd fram a single exposure event, accocding to the
national WwC, is ) years. Therefore, 19/) or 5 excursions ace
accepted as the -upper limit of within-year excursion counts,

Q. % 15: Wy did you not chorse 3 12-23r interval for § within-year exposure
svents? Or could you not choose an }8~yeacr interval for 6 @ithin-y2ar
exposur? events (D4a32d Hn the info available in Tahle D=2 of TSO)?

A, ne could make various other choices based on site-specific knowledse
but we made our cholce for average conlitions.

D. ¢ 15: 1f 12- or 18-year intervals are chosen for 4 or 6 withinwear exposur=
carlitions, would the desinn flow be diffecent from that of tie 13=aas
interval choice? Do we have any (dea about how different the CC2
or TMZ flow will be for the choices of 12— or 13-=aar iatecval?

A, No, we id not perform such analyses or carparisons hut our Juess is
that the difference will not I» dahstantial,

Q. ¢ 17

o

It is understood that, if a 15-year interval is chosen for ecological
recovery, then 5 withln=year exposures may be allowed becauss (OC
specify 1 exposure on the average of every ) years. But some extreme
drought relatad low flow periods might include le4s than 5 within-year
exposures, and same more severe low flow periocds include more

than S within-ysar expesures. If exposure effactd ace cumlative,

vhy not include all exposures within a year: why limit it to §?

A, The biolojical method accounts for all withineyear excursions when
the nunber of excursions during a low=flow period {s 5 or less.
Sn, 5 is the upper limit, an! the lower limit (s 1.




0. ¢ 19: 1has if ehe wirhin-year excursions foc a ;iven Clos Hasel dn The .

9iolajical nethad is naturally greater than 5 during say, a 50-

oz 1M=-2ac Jrought? In thise yeacs, Tux Ay caain L« o a
1on3 time, such as for 40-50 days, not mucassacily for just 29
days Cor S excursions. After all, we canot chanje nature, can «»?

A, No, we cannot change nature. BRut we can wlify our appeoach to siiv
our objective aftor unlecstaniing the conssajuencrs o wrsary 2veats.

W made a nunder of analyses to find out what happens {f we account D¢
all, not just 5, avmrsions that one may expect o004 thhide Axt Sesec:
Arought yesrs. 'a found that inclusion of all excucsions from those
years results in the following:s

- Oesign flows of all return periois of say, 3, 5, 19, 29, SO years,
etc. are comwplately Coninated by those most severe Jdcduzht s2ars: ast

« this leajs to extremnly stcingent desiqgn flows.

Q. ¥ 19;: Twre is nothing hiological in these analyses. Since the exposur2
effacts ace cumlative, should we not count all exivasurss <0 asil2ss
of how rarely one may expect them, or hos stringent the resultin;
design flow is?

A. This is whare a little undecstanding of ecolisjical malivacy and
familiarity with the Yorth Amrican aguatic life are necessary %2
make & reasonadle choice. The upper huunts of btiw lile cycles ant
1ife spans of most North dmerican aguatic species are 2 and 13 y2ars,
respmetiwly. An axposure evant of 20~ oc SO-yaar intarsal ay .
not he meaninqgful, particularly when one considers other ways, for
exarple recruitment fron nie jucrounding ecosystem, in 41ich caznsary
~ay take nlace. So, in cur judgenent, a recovery period of 15 y2ars
is adeguate for situations shere the nundec of exposures in a (o«
tlow period is 5 or more.

Q. 8 20: Wnat is descrite? hece in the bioclogical method is similar %) 4 2
is done by hyirologists for partial duration series. They adirsss
the proolem using traditional statistical apormach. Why d14 you
not use 3 classical statistical methoad?

A, First, the statistical scisnce of pactial Jdurarnioy sacisg, sarsiculariy
in the hydrologic field, is not well developed. Not many peonle
understani it. Although the biclogical methol lacks statistical
elegance, it is simple and can be used and understood by field
biolayists ani enjineers, alike. We yld not be sumcised il a
statisticlan cones up with a better statistical answer for the
problem that we have in han), But it w»ill e impoctant foe

regions tn unierstand most aspects of the method if we expacte!
them to use {t.




2. ¢ 24

Q. ¢ 22

Q. # 23

A

Ve g tase 2923 yaacs, the mjocity of T2 shaves L e ULS. et
the 7010 low €low a% the dosign flow for what w @diantially ha2 as
2 not=t>=9¢ exad:W ) U le naaoee (NXT valuye, TR 3e2TS Lhat it el

tine, although a rationzla €or such a choice is *vgn‘..go come /.
is it v L1remat wow to Nave a catlonal Hislrgleeiiy=51532
method to [plement the two-numbder WC?

I. i3 Looctat to peovlde a catlonal metho! for rheae aajoc
ceasons. Flrst, lack of a biclogizally-hised metiad in the nast

led to t'v2 ahmtion of design flows such &s 3220, 791", 3INQL0,

3172, and evan the annual average flow for identical water use. A
razhnically dafaasihle artival {11 hritg about technical consistency
for any desired level of protaction. Second, the introduction

of ke twienunbier naiional DC, whole efflusc takiciiy, avd the
guidance on sita=spacific water quality staadaris have unalleradly
changed the anvicsame of toclcd witeol.  In these situaningg, A
hinlogically-nased methn) is nacessary that can be applied not

only to narti sl terenumberet QC, Hut also ko ntier it and
use—specific durations and frequencies of pollutants and whole
effluamt toxicitizd. Thind, since XX and their fiell use have
become comlex, it is very important that we develop a sivple
methal that s vasily unircstandadble to Cield hiologists ind
enjireers, alike, In the past, very few unlerstocd the relation
betwwen thr WOO and the cocresnonling 721D or or'vic Qy Jesign {low.

Wy {s the binlojically-hased method considered to D2 mor2 Jdirectly
base] 1 L' <atec (Javlity ceiteacia than the fiylcola)icaliy=nasas
methad?

In tha Hidlyically=%132d methol, hoth the averagivy; »erin! 312 the
fraquancy (“or exavplae, 4 Aays and ) yaars) acsw tawen directly *“ro-
the criterinn, <heread in the Ayimlojically-basad approsch, th?

two nunoers in XOY are not. Vost of the other aspects of the
biologically-Has:! anpnroach are also hase! on Hialaglzal, 23,0350,
arvd toxicolojical considerations. One of the major technical
ditferances hetuean the nethiols is that the 3 years in The an2ingi=y to
hasad methorl is an average fregquency, whereas the 10 years in the
hydroloyically-Yssed approach is a ceturn periol.

Does it make any diffecence whether biologists, ecologists, and
toxicologists undecstand iww design flow is calculated?

Yes, for thr2e major reasons, First, these are the peonle who
derive the aquatic 1itfe criteria. 1If the criteria are mot usel in
a manner that is consistent with their derivation, the intende?
level of prote:tion will provably mot be achiewal. S50y, site-
specific frequencies and durations will not correctly affect desizn
flow if tihw Juration an) feraacy ace not directly used in tiw
calculation. Third, if they understand what parameters affac:
design flo+, hinlyjises, acologists, and tix{orlyyians can jather
Jata that mizht allow them to refine their estimates of such values
as one houry four Jlays, three years, ani fiftean yeacs.

E~§
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far a% liars v slmliciny of the hiologically-nasat wmth)t.
T 4an nor. clear how an excursion s caunted, thuld you ¢x@lain noe .
you orinl avcicsions and estinate Jdesign Clows?

T™is is the kay to understanding tha hiologicallvy-hased metho+t,
Since the ateram flov is lavacdrly prnocti mal Ly instrean
cnncentration, any consesutive 4-lay averajn of lov-flow that (s
1ower than the Jdesign Clos 13 counted as one excucsion of the ICTC.
The following ls the step-by~step explanation of how excursions
are counted [n ostimating x-day y-year Jesija flow:

1. An excursion period is dafincd as a sequence of consecutive days
whero oash day belongs to a x—day avarign flow that is Hrlow the
design flaw. for exarple, if the three running averages of a
consecutive 6-lay nerind acy lass £hin the 4«day J«ypear 42si;n
flow, then those 6§ days belong to an excursion perisd.

2. The numder of axcucsionz 1n an axcursion peclatl te e lan;y »F
the neciod divided by the critoria averaging period. For exawpla,
if an uxcursion period is 6 days long, then t'v nuaxr o9f accyrsions
for the 4-Jav averaging period for CCC is 6/4 or 1.S.

3. The total number of excursinns {s limited O 5 2ithin a low
flow perind, Usually a low flow peciod lasts 120 days or less.
In sane cace storan situations, wore than one low Clow peciaxd
within a water year is possible.

4. The allowed total nunher of excursions ovec th2 pario! of recorz
is the nuroer of years of record divided by the frequency of
aiatic life criteria (3 years for the CIC of the new national
two~yner critecria). For example, if we have &8 I0—year £!ow
resand, then total nunimc of excursions rhat are allowe? for
x=3ay leyear criteria is equal to 1€/ or 10.

S. The 4-d3y lwyear Jesign flow for the daisy J-year TIT Hased or

a JD~year flow racord of a given river is epal that flow whic-
rasylts in no mocre than the allowanle nunber of excursions.
For exavple, the total allowable number of excursions far the
given tmcoord is 10. The dasinn flow is the highest *low =
resylts in no more than 10 excursions calculated as definel :n
steps 1 tiicough 4 above.

fat us take tivt example printout (from page D-5) for the Amite Rivar
as presented below. Will you explain the procedure using this
examle?

M shom in the followiny) printout, we have a flow record frma 1937
to 1983 which Ls approximately 42 years. Since we are allowed to
have no mre than one excursion {n every 3 years on the average,

we have 42/3 or about 14 excursions. In Octoder 1952, we encountera?
the Licst excursion for a omtinuar oacinl of § days., Thus, e
calculate 6/4 or 1.5 excursions for that low flow event. The nex:
excursion meciol ovcurs, stacting from October 10, 1956, *m

30 consecutive days. Since the upper limit of excursions in a lov

flow pecinl (a low flow perlod is usually 120 days lory) (s S, we

E-7
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obtaindd a toral o€ S eczursiond mly, alrioush in ceality

there wre altogether 30/4 or 7.50 excursions in that low flow
period. Similarly, #2 foun) 2nly S excucsions for total peciat of
30 days during the low flow period of 1963. In 1969, we had 2.5
excursions for A law flos perind that lastod €or 10 days.

It saems like the accuracy of the design flow estimates is totally
Jspriene o e lanjea of the flow record. Do you agree with i3
obsarvation?

Absolutely., This {e trua ahnut any analysiz. “ore relevant lata
are nacassacy to provide more accurate information.

What ainiwm 12agth of £low cecnedd is pcaamented?

The longer the Clow owoor ), the more relisble the estimated d2sign
contitinmg «ill b2, Fljure E-1 shows how the spceat {n the I8 onfile
linits on the extreme value-based design load with 1J—year retum
period Jecreassy Jith {ncomasing pericd of record. (This fijuee was
Jmrived on the hasis of lognormal statistics, not log Rearson type ).
Fmaules arr $howm for Soth low varianility (7V=0,2) and high variahil:=;
{CVve.8) situations. Based on the behavior of these curves, it apdears
th3t 20 ru 3D yuars of recond 1s & emavoaibla alnioesn cajuirement foc
extren value analysis at a l0-year returm period.

The case for he Diologically=-based excursion criterion is less
definitive. Howewwr, sincw it considers all days within the periosd
of recort as its aamie (not just the wocst odyditlon of dach year),
its sarple size is much larver than that of an extreme value analysias.
Thus, it may be possible to use pecrlods of record less than 20 years
with this criterion ani still have a good level of confidence in

the results.
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Figuce E=1. Spread in 908 lontidencs Liaits on Sstimating a Quantitvy
with 4 1%=vaar Return Pariod a3 a Function Of rthe
Recnrd length (Davived from tables in Stedinger (1983

What vasl) v 49 Boc iniacaittant straans Loy Lo ‘L i3 220
Auring low flov neriods? Also, how will you use the hiologically-
based et! in situariony hwoe flar Jata ace Ot availahlae?

These are problers that are generic to all flow astimating technigques.
For int2cittent stowans for vhich tha low flow is zero, the lesign
flaws for OMZ as well as CCC are equal to zero. In situations

wher2 flow data ace nt asailably, field hydrolagiidta ant anjier:s
symtines use flow data from hyrirnlajically corparable drainage
Jasing,

The table qives in Juestion 23 looks siqple. How much tirme toes it
take to conduct a hiolonically=based analysis for any strean
of intecasrn?

The analysis is pecformid in two steps. Figsk, 1aily {low cata are
retrieved fram the daily flow file in STORET, by submitting a batch
This will race a1 fas aingtes oF time At the Jdmutar, ‘lwavers, Y2
run might take anywhere from a few minutes to several hours, cdepencing
on how husy the camuter systaa iy st th2 time of submittal, Oncw
the Jdata has been retrieved, the analysis can be performed in {ive

or tan minutas.

)
?.' i)

it seem that thwe foundation of the information aout eclnjical
recovery periods for the two-nunber WC {s all that are listed

in Table D=2 of the TSD. Aut, anyboly faniliac with these vefarences
“ill zall you Ehat the recovery pariods listed (n that table are
ralate] o recrvary Coom catadicupihic axnosures causel Sy apills,

not by effluents of malfunctioned ajvanced treabment faciiities.
Would you agowm rhar this is not a satisfactocy set of information
to make such an irportant decision?




A,

Q.

1.

¢ Jl:

This is the best available information that we could use to estimate
ecologics® ce~o.o7y. Jonsidering the complexities involved in the
irplemerrati. i of the two Auaber WOC, and the site=specific WOC for
polluts ies and w sle effluent toxicity, we could not leave the
tecove.  Jastich open to anyone's interpretation. Consicering

the potenci  Jor misuse of the WCC in their implementation phase,
we had to use our best judjement and the best information availaole,
althoujh we recognize that our best judgement would be Asbatable.
Since the inforration basc is a7t as strong we want to have, in
keeping with the Agency policy and legal background, we had to go
in the direction of protection In the over-all decialon making
process.

what are you doing to {mprove the information base?

ORD {s planning to undertake a major effort before the next update
of the WC. But, this is an area in which success is dependent mocre
on cooperative efforts in which field diologists, ecologists,
toxicnlogists, engineers and hydologists share their experience

than doing mere literature reviews armd/or gathering laboratory-
generatad information.
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