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SECTION 1. INTRODUCTION
1.1 Pumose

The purpose of this guidance is tn Jdescribe and compare two methocs
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 hyriroloyically-hasai design fiow method recomended for

interim use in the Technical Suoport Docunent for Water Quality-

hased lO‘L CS LONLrolL (1)7 dm

National water quality criteria for aquatic life (2) are derived on
the basis of the best available biological, ecological and toxicological
information concerning the effects of pollutants on aquatic orjanisms
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

ffluents (1). National, site-specific, and effluent toxicity criteria
specify concentrations of pollutants, durations of averaginq periods,
and frequencies of allowed exceedences. If these criteria are to achieve

_a_ e r 2

their intended purpose, decisions concerning not only their derivation,




Mational, site—specific, and effluent toxicity criteria are expressad
as -) concentratinns, rather than one, so that the criteria can more
accurately r2flect 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 mollutant {n amhient water that should not be exceeded

B (AYLawLa ey Wmivraws THmuwwe W iAW wriwwmes frww ww S NS SO

more than once every three years on the average.

b. The higher concentration is called the Criterion Maximum Concen-
tration (CC). The one-hour average concentration {n anbient
water should not exceed the CMC more than once every three years
on the averaje,

Use of aquatic life criteria for developing water quality-based

permit limits and for designing waste treatment facilities requires the
s2lection of an appropriate wasteload allocation model. Cynamic models

are 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-stata nxleling. Because steady-state madeling is hased on vac.ous
simplifying assumtions, it is less cowplex, and may be less realistic,

than dynamic madeling. An important step in the application of stealy-state

mxieling to streams is the selection of the design flow.

——— S ® - omw o oo mnne — — e - B B — . ——

* Although a 4-day averaqing period should be used for the CCC in most
situations, an averaging pericd 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 in
receiving waters can be demonstrated. In cases where low variability
can be Jemonstratel, longer averaging periods for the ammonia CCCT
(e.g., a 30-~lay averaging period) would be acceptable because the
magnitudes and Jdurations of excursions above the CCC would be sufficiently
limited (5).



One way of using the CCC and the CMC in steady-state mxdeling requires
calculation of the two design flows (i.e., a CCC design flow and a OMC
design flow). Whether the CCC and its design fluw or the CMC and its
cesign flow i{s more restrictive, and therefore controlling, must be
determined individually for each pollutant of concern in each effluent
because the CCC and CMC ars pollutant-specific, whereas the two design

flows are specific to the receiving waters.

Wasteload allocation modeling for streams usually uses flow data
obtained from the United States Geological Survey gaging stations. If
sufficient flow data are not available for a stream of interest, data
nust be extrapolated from other streams having hydrologic characteristics

similar to those of the stream of {nterest.

1.3 Scope

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

and (b) making recammendations concerning the use of these methods in steacdy-

state mocdeling.

The water qua’.ty criterion for dissolved oxygen was revised very
recently and the assessment of the appropriate design flow for dissolved
oxyqen modeling has not yet been carpleted. Therefore, the state-specified
design flows that traditionally have been used for conventional pollutants
should not be affected ty this guidance.



State-spacified design flows necessarily preempt any dosign flow
that {s recommended in this quidance unless the state chooses to use either
nf thaede two methals. The choice of design flows for the protection of
human health has been discussed in the Technical Support Document for

tater Quality~based Toxics Control (1).

Aguatic life criteria of same pollutants are affected by environmental
variables such as water temperature, pH, and hardness. In addition to
the desiqgn flow, such other stream variables as pH and tennperature might
increase or decrease the allowable in-stream concentrations of some
pollutants (e.n., amonia). The need to consider other variables when
determining the design flow for those pollutants should be erphasized.
This document will pmvide jpiidance for the calculation of design flow;

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



2.1 Introduction

The purpose of tiiis section is to describe the hydrologically-based
design flow calculation method and provide same 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 recommenied interim use of the hydrologically-based method.
In addition, the Xjency also recommended (1,2) that the frequencies of
allowed exceedences and the durations of the averajing periods specified in
ajquatic life criteria should not be used directly to calculate steady-~
state Jdesign flows using'an extrane value analysis. For exarple, i{f a
critarion specifies that the four-day averaqe concentration should not
exceed a particular value more than once svery three years on the averaje,
this should not be i{nterpreted as {vplying that the Q3 low flow 13

appropriate for use as the design flow.

Pecause a procedure 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 7Q5 and 7Ql0 low flows as the CCC
design flow for unstressed and stressed systems, respectively (1).

Further consideration of stress placed on aquatic ecosystems resulting
fram exceedences of water quality criteria indicates that there is little
justification for different design flows for unstressed and stressed
systems. All ecosystems have been changed as a result of man's activities,
These changes have resulted in stress being placed on the ecosystem

before a pnllutant stress. In addition, {t is not possible to predict

2-1



tha degree of pollutant stress when one considers both the timing and
variahbility of flows, effluant discharjes, and ecosystem sensitivity and

cesilioaze,

2.2 Rationale

The following provides a rationale for the hydrologically-based

design flow calculation method:

* ayout hal€ of the states in the naticn use 7Q10 as the Jdesign low
flow.

* The log-Pearson Type IIl flow estimating technique or nther extreme
value analytical techniques that are used to calculate flow
statistics from daily flow data are consistent with past engineering
and statistical practice.

®* Most users are familiar with the log-Pearson Type I1I flow estimating
procedure and the USGS provides technical- support for this techniaue.

* Analyses of 60 rivers indicate that, on the average, the biolojically-

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

2.3 Examle Cases

In order to illustrate the calculation of hydrologically-dbased
design flows, sixty rivers with flows of various magnitudes and variadbilities
were chosen from around the country. The 1010 and 7Q10 low flows of the
sixty rivers are presented in Table 2-1. The list of rivers in this table
is arranged in increasing magnitude of the 7010 low flows. The
estimates of the 1010 and 7Ql0 low flows were made using the USGS
daily flow datahase and the FLOSTAT program (6) which employs the

lcg-~Pearson Type III technique.



The estimates of 1Q10 and 7Ql0 low flows could have been made using
EP'-ORD's DFLOW program, which uses a simplified version of the log-Pearson
Type I1I method. The simplified version of the log-Pcarson Type III
estimating technique for any xQy design flow is presented in Appendix A.
Although the Log-Pearson Type III is in general use, it should be recognized
that there are other distributions that may be more apprmpriate to use on &
case~by-case basis., The hydrologically-based design flow for ammonia

is discussed {n Appendix B.

Analyses of the 1010 and 7Q10 low flows in Table 2-1 indicate that
the mean of the ratios of 7010 to 1Q10 is 1.3. The madian 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 30\ greater than the corresponding 1010 low
flows, althowgh in one case the 7Q10 ic 3.85 times greater than the

corresponding 1010.

Table 2-1. Hydrologically-based design flows (ftd/sec) for 60 streams

{ Design flow (ft3/sec) r

Pericd of Q10
Station ID River name State FRecord cr ‘ 1010 7Q10 o)D)
01657000 Bull Run VA 1951-82 4.48 0.3 0.4 1.33
02092500 Trent NC 1951-82 1.77 1.4 1.6 1.14
06026000 Birch Cr MT 1946-77 1.32 1.7 2.4 1.41
12449600 Beaver Cr WA 1960=78 1.7 2.4 3.2 1,22
05522000 Iroquois IN 1949-78 1.33 3.4 3.9 1.18
09490800 N Fk white AZ 1966~78 1.24 4.8 5.3 1,10
14372500 E Fk Illinois OR 1942-83 2.03 6.4 6.7 1.05
05381000 Black WI 1905-83 2.S51 5.5 6.7 1.22
10291500 Buckeye CA 1911-78 1.30 7.1 7.7 1.08
05585000 la Moine 1L 1921-83 1.99 9.3 9.9 1,06
12321500 Boundary Cr ID 1928-84 1.65 11.7 13.1 1.12
01111500 Branch RI 1940-82 1.16 8.8 13.3 1.51




Table 2-1 (continued).

Design flow (£t3/sec)

Pericd of R -~ i 7010
Station ID River name State Record oV 1010 7010 T9I0
02138500 Linville NC  1922-84 1.74 13.4 16.4 1.22
05053000 Sheyenne ND 1951-81 2.10 15.9 13.3 1.15
02083000 Fishing & NC 1927-82 1.48 17.0 19.4 1.14
01196500 Quinnipiac Cr 1931-84 1.02 17.5 32.3 1.85
02133500 Drowning Cr NC 1940-78 0.80 3s.8 43.4 1.12
062801300 Shoshone WY 1957-84 1.54 41.8 46.8 1.12
09149500 Uncompahgre Co  1939-80 0.86 35.6 50.8 1.43
02296750 Peace FL 1931-84 1.54 49.0 55.3 1.13
07018500 Big MO 1922-84 2.16 46.4 55.3 1.19
02217590 Middle Oconee GA 1902-84 1.37 49.4 57.4 1.16
01481000 Acandywine PA 1912-84 1.17 61.4 67.2 1.09
09497500 Salt AZ 1925-80 2.05 64.6 68.7 1.06
01144000 White vT 1915-84 1.43 75.3 85.2 1.13
01600000 N Br Potamac MD 1939-83 1.42 54.7 61.6 1.13
09359500 Aimas CO 1946-56 1.56 54.8 62.3 1.15
01403060 Raritan NI 1904-83 1.64 54.2 67.1 1.24
02413500 L Tallapcosa AL 1940-51 1.33 72.7 88.3 1.21
01421000 E B Delaware NY 1915-78 1.4l 80.8 89.7 .11
07283500 Rig Sunflower MS 1936-80 1.42 89.4 91.9 1.03
07013000 Meramec MO 1923-78 2.41 88.8 92.2 1.08
01531000 Qerung NY 191578 1.91 89.7 97.5 1.09
07096000 Arkansas O 1901-81 1.12 107.9 126.1 1.17
09070000 Eagle CO 1947-80 1.36 116.9 131.0 1.12
01011000 Al legash ME 1932-83 1.39 124.5 134.1 1.78
03528000 Clinch ™ 1919-78 1.55 128.7 135.2 1.05
13023000 Greys 1324 1937-813 1.16 122.9 144.5 1.183
02424000 Cahaba AL 1902-78 2.07 151.9 156.4 1.03
05515500 Kankakee IN 1926-78 0.48 179.0 184.3 1.83
02490500 Bouge Chitto MS  1945-81 1.89 188.6 191.6 1.02
01315500 Hudson NY 1908-78 1.10 207.7 211.0 1.02
01610000 Potomac WV 1939-83 1.48 209.6 220.7 1.05
05386000 Root MN  1938-61 1.65 229.7 245.6 1.07
02369000 Shoal FL 1939-82 0.95 28n0.1 291.4 1.04
07378500 Muite LA 1939-83 1.98 298,1 303. 4 1.02
06465500 Niobrara NE 1939-83 0.%9 160.9 322.0 2.0C
02135000 Little Pee Dee SC 1942-78 0,94 306.7 322.4 1.0%
08110200 Brazos ™ 1966-78 1.48 311.6 344.9 1.11
02076000 Dan VA 1924-52 1.2% 329.6 387.3 l.1¢
03455000 French Broad ™ 1901-78 0.93 4713.6 532.2 1.12
05333500 St. Croix WI 1914-81 0.6l 50S5.9 536.0 1.0¢
06287000 Bighorn MT 1935-79 0.82 327.1 $57.0 1.70
031075049 Beaver PA  1957-83 1.10 571.3 594.2 1.04




Table 2-1 (continved},

Pericd of | |~———————eeeeee oo

Station ID River name State Record 1Q10 7010

13341000 N P Clearwater ID 1927-68 29,2 648.6
07341500 Red AR 1928-81 691.0 769,2
02350%00 Flint G\  1930-58 207.8 799.8
01536500 Susquehanna PA 1901-81 782.0 814.3
01100000 Merrimack MA  1924-83 270.2 929.3
14233400 Cowlitz WA 1968-79 901.5 958.7

*CV = Coefficient of Variation



3.1 Introdyction

T™ae nurmse of this section is to describa the biolojically=-Sised
desijn flow calculation method and provide some examples of its use.
This methoal was developed by the OFffice of Research and Davelopment 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 WXC are in the
intensity-duration-frequency format, in that they specify {ntensity as
critecia conountrations, duration as averaging pecinds, and frequency as
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Recausa steady-state modeling assumes that the composition and flow
of the effluent of concern is constant, the ambient (instream) concentraticn
of a pollutant can be considered to be inversely proportional to stream flow.
Thus by applying a specified averaging period and fregquency to a cecord
of the historical flo« of the stream of concern, the design flow can de

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

(9%}
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The averajing pecinds spocified in national w~ater quality critercia
are one hur for the CIC and four days for the CCC. The primary use of
tha awrajing periais in criteria {s for averaging ambient concen=-
trations of pollutants in receiving waters in order that the averages
can be oomared to the CMC and CCC o identify “excewdances®, {.e.,
one-hour averane concantrations that exceed the QMC and four-~day averaje
concantrations that exceed the CCC. Howsever, in steady-state moleling,
flow is averaged over a uiven period to identify “non—xceecdences”®,

f.e., avarme flows that a2 hHelow a specified flow.

Use of the terms "exceedance” and "non-exceedence®, neither of
which are in the dictinnacy, can be a cause of confusion. Water quality
critaria are usually expressed as upper limits on concentrations in
amoient water and the periaxis of concern are when the anbient concentration
excveds a criterion concentration, {.e., when there {s an exceedence.
in steady-state moleling, the averaging is of flows, not concentrations.
Rzcause a low flow results in a high pnllutant concentration, the period
of cumvecn for flow is when the flow is less than the design flow, i.e.,
when thare is 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-divectional 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, not upper limits. An
exceedence of a dissolved oxygen criterion is favorable, not unfavorable.

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



an unfavorahle condition, @.1., a los flow or a pollutant concentcalin

a an upper linmit or helow a lower limit.

The national water quality crit=cia 3pecify that, if R is the
calculated nunber of e:.rursions occurring in a period of S years, then
S/R should hbe equal to or greatec than 3 years. !Mnst excursions will he
anall and most aquatic ecosystems will probably recover from the
rvasulting minor stress in less than three years. YHowaver, tha three
years is meant to be longer than the average recovery period so that
ecosystams cannot he in a constant stata of rmcvery even {f excursions

are evenly snaced over time.

Although 3 years ap:ars to De appropriate for small excursioans
that are samewhat isolated, it appears to be excessively long when many
excursions occur in a short pericd of time, such as would be caused by a
drought. Droughts are rare events, characterized by long periods of low
flow arr] should not be allowed to unnecessarily lowser design flows.
Although droughts do severely stress aquatic ecosystems, both direc:ly,

Secause of low flow, and indirectly, because of the r2sulting high

recovery, 1S years seems like an appropriate stress-free period of
time, on the average, to allow after a severe stress caused by a drought
situation., Because three years are allowed for each excursion on the

averaje, counting no more than S excursions for any low flow period will



drovide an more than 15 years, non the average, for sevece 3trosses caused
Yy drophes.  Thus, for each lav flow piriod, the number of excursions
cannot i» less than 1.0 or qgreater than 5.3, The -aaximum Juration of a
loe=r.ov Dariod was set at 120 days because it is not too uncammon for
excursions to occuc within 120 days of each other, whereas it i3 very
rare for excursions to occur during days 121 to 240 after the deginning

2f a low=flow period.

Figure 3-1 {llustrates the features of the binlojicaliy-based Jesign
flow calculation method. Int2rvals a-b and c=! are excursion periods and
each Jday in thase intervals is part of an average flow that is helow the
design flow. The number of excursions in an excursion period is calculated
as the numter of days in the excursion periocd divided hy the duration (in
days) of the averaging period (e.q., 1 day for the CMC and 4 days for the
CJ)e A low=flow perind i3 Jdefine! as o oc nore excursion peciods

Surring within a 120-Cay interval., As discussed above, if the calculaced

amber of excursions that occur in a 120-ay low-flov period is greater

than 5, the number is set at 5 for the purposes of calculating the Zdesizn

flow.

Because binlojically-based design flows are based on the averaging
periods and frequencies specified in water quality criteria for indivi<ual
pollutants and whole effluents, they can be based on the available biological,
ecological, and toxicological information concerning the stresses tha®
aguatic orjanioms, ecosystems, and their uses can tolecate. The

biologically-based calculation method is flexible enough to make full use
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Figure 3-1: Illustration of biologically-based desicn flow



of speclal avacaiing pariols an?! Frotiencies that aight H2 seloctol For
snciltic mollutants (4.9., ammonia) or in site-specific criteria. This
method |s epirical, not statisrnical, because it Jdeals with the actual

flow record (t<elf, not with a statistical distribution that is intended

to Jesceide the flow recncd.

In additinn, this method provides an understanding of how many excursisns
of the CCC or CMC ave likely to occur, and during what tine of the year,
based on actual historical flow data. Thus, it is possible to exanine the
pattern and magnitudes of what would have heen historical excursions.
This method makes it clear that critaria 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 aid i{n the use of criteria.

3.2 Pracedure

Although the calculation procedure described in Appendix C might
look complicated, it merely consists of a sequence of steps that are
quite simple. Because flow records usually consist of daily flows toc
20 to 80 yesrs, manual calculation of design flow is very time~consuming.
The DFLOW computer program (Appendix D) will calculate hiolojically-hased
design flows and display the dates, durations, and magnitudes of the

excursions within each low flow period.



The CYC and CC design flows are calculated in almost the same manner.
The differences result fiam the fact that the CMC i{s expressed as a one~
hour average, whereas the CCC is expressed as a four-day average. However,
the flow records that are available consist of on:-day average flows.
For stivams with naturally occurring low flows, calculation of the CMC design
flow fram one-day averages, rather than one-hour averages, should be
reasonably acceptable because naturally occurring low flows of receiving
strears are usually very similar fram one hour to the next. In rejgulated
streams, such as those affected by hyd:oelectric or irrigation projects,
hour-to-hour variation of low flows could be significant and in those
situations, use of hourly values, when available, is appropriate. Both
the pollutant concentragtions and the flows of most effluents are expected

to change much more fruom one hour to the next than the naturally occurring

flows of streams.
3.3 Rationale

The following provices a rationale for e biologically-based

design flow calculation method:

It allows the use of the new two—number WOC for aquatic life in the
calculation of design flow. 1f water cuality criteria for aquatic
life are to achieve their intended purpose, decisions concerning their
derivation 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.

It provides the necessary design flow directly without requiring any
design flow statistics in the xQy format.

It is flexihle encugh so that any averaging period and frequency

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

3=-7



3.4 Example Cases

The sixty %low records that were analyeadl usiig th2 hydrolojically-
based method (sec Table 2-1) were also analyzed using the L.ologically-
based Jusian flow method. The CMC design flow was calculated for a
l-day averaging period and the CCC design flow was calculated using the
4-day averaging period. Aoth were calculated using a frequency of once
avery three years on the averaje. Table 3-1 presents biologically-basad

At me __ . _ & ..
Jesiygn Liows Lor .

In additinn to the hydrologically-based design flows, Tahle 8-l
{n Apperxiix B also includes binlogically-based CMC and CCT design
flows for 13 streams for 30-day averaqing periois and a frequency of
once every three years on the average., The purpose of the bioclogically-
hased design flows for ammonia (S) in Appendix B is to illustrate how
this method might be used for site—specific and mollutant-specific
situsrtinng Jhere the durations and frecuencies in aquatic life crite-ia

might be different fram those specified in national two-number acuatic

lifea crirneria.

Analyses of the l-day lJ~year and the 4-day l-year low flows in Table
3-1 indicate that the mean ratic 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 is 1.11, whereas the range of the ratios i{s 1.0 to 2.81. Thus,
4-day l-year low flows are generally 11 to 23% greater than the corresooniing
1<day 3J-year low flows, although in one case, the 4-day J—year low flow
is 2.9\ times qreatec than the corresponding l-day 3-year low flow.

W
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Table 3-1. Biclojically-based design flows (ft3/sec) foc 60 rivers

)’ Design flows (#x3/s2c) !- ‘

Periol of —————reiicesesscemen.. )l OO ‘
Sctation ID River name State cucont OV lday 3-yea:l:1-day J=ear| TY |
01657000 Bull Run VA 1951-82 4.48 0.2 0.4 2.00
02092500 Trent N 1951-82 1.7 1.4 1.6 1.14
06026000 Birch Cr MT 1946-77 1.32 1.7 2.4 1.41
124496:X) 8eaver Cr WA 1960-78 1.77 2.8 3.4 1.21
05522030 Iroquois IN 1949-78 1.33 2.4 3.0 1.25
034903810 N Fk White AZ 1366-78 1.24 4.8 5.3 .10
14372500 g€ Fk Illinois OR 1942-83 2.03 5.8 6.9 1.19
05341030 8lack Wl 1905-83  2.S1 5.0 6.1 1.22
10291500 Buckeye CA 1911-78 1.30 7.0 7.2 1.03
05585300 La “oine IL  1921-1] 1.99 8.9 9.4 1.06
12321500 foundary Cr ID 1928-84 1.65 12.0 13.0 1.08
01111500 Aranch RI 1940-82 1.16 10.0 13.2 1.32
02138500 Linville NC 1922-84 1.74 13.0 15.0 1.15
05959000 Sheyanna DO 1351-81 2.10 15.4 17.6 1.14
02083000 Fishing &r NC 1927-82 1.48 12.0 13.5 1.13
01196539 Quinniplac Cr 1931-84 1.02 14.9 34,0 2.25
02133500 Drowning Cr NC  1940-78 0.80 33.9 36.2 1.07
06280300 Shoshone WY 1957-84 1.54 42,9 45.8% 1.97
09149500 norxmnahgre CO 1939-80 0.86 39.9 49.0 1.25%
02296750 Peaca FL  1931-84 1.54 43.0 $5.2 .18
07018500 Big MO 1922-84 2.16 45.0 51.5 l1.14
02217500 Midile Oconee GA 1902-84 1.37 33.0 45.7 1.1
01609000 N 3r Potamac MD  1939-83 1.42 2.9 49.9 1,17
09353500 Animas &0 1946-56 1.56 60.0 61.1 2.2
01403060 Raritan NJ 1904-83] 1.64 46.9 53.6 .14
01431000 Srandywine PA  1912-84 1.17 55.8 59.3 .04
09497500 Sale AZ 1925-80 2.05% 63.0 69.5 .12
01144200 White VT 1915-34 1.43 75.9 86.0 1.13
02413509 L Tallapoosa AL 1940-51 1.33 57.9 70.2 1.21
01421000 E B Delaware NY 1915-73 1.41 82.9 9l1.4 .1
07288500 Big Sunflower MS  1936-80 1.42 82.7 85.4 1.03
07013000 Meramec MO 1923-78 2.41 89.9 92.7 1.03
01531000 Chemung NY 1915-78 1.91 85.7 92.5 1.08
07096000 Arkansas O  1901-81 1.12 89.9 114.0 1.27
09070000 Eagle CO 1947-80 1.36 120.0 126.0 1.08
01011000 Allegash ME 1932-83 1.39 134.0 138.4 1.03
03528000 Qinch ™ 1919=78 1.55 127.7 132.2 1.04
13023000 Greys WY 1937-83 1,16 124.8 135.8 1.09
02424000 Cahaba AL 1902-78 2.07 122.8 149.8 1,22

i
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Table 3-1 (Continued)
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Design flows (%:3/snc) [

r
)

Pericad of w—rwestesscesecceenen TTC |

Station ID River name State rz2coal oV {1-day 3-yeac |4~day 3=jcar l_ 'Z L
05515500 Kankakee IN 1926-78 0.48 167.6 174.2 1.04
02490500 Aouge Chitto MS 1945-81 1.89 187.5 189.6 1.01
01315500 Huldson NY 1908-78 1.1l0 1790.0 191.9 1.13
Nn1610000 Potomac W 1933-83 1.48 202.2 219.6 1.993
051336000 Root M 1938-61 1.65 239.3 239.7 1.00
02363000 Shoal FL 1933-32 0,95 270.5 286.0 1.75
07378500 Amite LA 1939-83 1.98 282.1 295.5 1.08
96465500 N{obrara NE 1939-83 0.59 199.7 304.3 1.32
02135000 Little Pce Dee SC 1942-78 0.94 298.7 298.9 1.00
038110200 Brazos T 13535-78 1.48 277.7 305.3 1.10
02076000 Dan VA 1924-52 1.25 321.6 380.4 1.18
034550 french 8road T8 1901-78  0.93 494.3 535.5 1.08
05333500 St. Croix WI 1914-81 0.61 477.5 508.5 1.06
06237000 Aignocn T 1935-79 0.82 364.0 520.2 1.43
03107500 Reaver PA  1957-33 1.10 $39.9 $57.5 1.07
13341000 N F Clearwater ID 1927-68 1.16 469.6 613.0 1.31
07341500 Red AR  1928-81 1.4! 537.4 6013.3 1.12
02350500 Flint GA 1930-58 1.00 262.5 731.9 2.°8
011092000 Merrimack MA 1924-83 1.01 284.0 797.3 2.81
14233400 Cowlitz WA 1968-78 0.93 934.7 953.9 IR

WODDVAIP GV DD WD B SDOEPE D CN TN DO D PP PWECT O CCUN G A DS B Bt B BB B S BaE S P W R Mn B e PP B E—

*CV = Coefficinnt of Variation
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For further clariiicatinn of the biolegically=based mnetival, rofar to

App2andix €, Questions and Answers.
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STCTION 4. CQHIPARISON OF THE DWO METHODS

4.1 Desiqn Flows

Table 4-1 shows how the biolojically~based l-day 3-year low flows
and the hydroloqically-based 1010 low Elows for the sixt§ example rivers.
The table also presents tha difference hetween 4-day 3-year low flows and

the Q10 low flows.

For 39 of the 6) streans, the l-day 3-year low flows are
less than the 1010 low flows. For 18 streams, the l-day 3-year low
flows are greater than the 1910 low flows, and for the remaining
J streams the differences are less than 0.1%., Thus, for the majority of
the streams the l-day l-year low flow is lower than the 1Ql0 low flow.
For all sixty streams, the difference between l-day 3-year low flows
and 1010 low flows ((l-day 3-year)=(1010))/(l~3ay 3-year) ranges from
-50.0% to 20.8%, with the mean and median equal to -4.9% and -3.1%,

respactively.



Table 4-1. Comparison of 1QlY and 7010 with l=day J=yr and 4-day J=yr low flows
(all flows in ft3/sec.)

Camparison of CMC Design Flows | Comparison of CCC Cesign Floms
Adver Name State| 1Ql0 lday 3-yr \DIFF* 7Q10 4day 3-yr Yol 2 3¢
Bull Run VA 0.3 0.2 =50.0 0.4 0.4 0.0
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 3.4 5.9
Iroquois IN 3.4 2.4 ~41.7 3.9 3.0 =30.0
N Fk White A2 4.8 4.8 0.0 S.3 5.3 0.0
E Fk Illimis OR 6.4 5.8 -10.3 6.7 6.9 2.9
Black WI 5.5 5.0 -10.0 6.7 6.1 -9.8
Buckeye CA 7.1 7.0 -1.4 7.7 7.2 -6.9
La Moine IL 9.3 8.9 -4.5 9.9 9.4 ~5.3
8oundary Cr In 11.7 12.0 2.5 13.1 13.0 -0.8
Branch RI 8.8 10.0 12.0 13.3 13.2 -0.8
Linvillle NC 13.4 13.0 -3.1 16.4 15.0 -9.3
Sheyenne ND 15.9 15.4 -3.2 18.3 17.6 -4.0
Fishing Cr NC 17.0 12.0 -41.7 19.4 13.5 -43.7
Quinnipiac CT 17.5 14.9 -17.4 32.3 34.0 S.0
Drowming Cr NC 38.8 33.9 -14.4 43.4 36.2 -19.9
Shoshone 124 41.8 42.9 2.6 46.8 45.8 -2.2
Uncampahgre CO | 35.6 39.9 10.8 50.8 49.0 -3.7
Peace FL 49.0 48.0 -2.1 $5.3 $5.2 =0.2
Big MO 46.4 45.0 -3.1 $5.3 51.5 -7.4
Middke Oconee GA 49.4 33.0 -49.7 57.4 45.7 =25 ¢
N Br Potomac MD 54.7 42.9 <27.5 61.6 49.0 -25.7
Animas (ae] $4.8 60.0 8.7 62.3 61.1 -2.€
Raritan NI 4.2 46.9 -15.6 67.1 53.6 =252
Brandywine PA 6l.4 55.8 -10.0 67.2 $9.3 -13.3
Salt A2 64.6 63.0 -2.5 68.7 69.5 2.2
White vr 75.3 75.9 0.8 85.2 86.0 2.9
L Tallapoosa AL 72.7 57.9 -25.6 88.3 70.2 -25.8
E B Delaware NY 80.8 82.0 1.5 89.7 91.4 1.9
Big Sunflower MS 89.4 82.7 -3.1 91.9 85.4 -7.6
Meramec MO 88.8 89.9 1.2 92.2 92.7 0.5
Chemwung NY 89.7 85.7 -4.7 97.5 92.5 -5.4
Arkansas o 99.9 89.9 -11.1 120.1 114.0 -9.3
Cajle @ | 116.9 120.0 2.6 131.0 126.0 ~4.0
Al legash ME | 124.5 134.0 7.1 134.1 138.4 3.1
Clinch ™ | 128.7 127.7 -0.8 135.2 132.2 -2.3
Greys WYy | 122.9 124.8 1.$ 144.5 135.8 -5.4
Cahaba AL | 151.9 122.8 =23.7 156.4 149.8 4.4

* \Difference = ((l1-day 3—year flow) = (1010)) * 100 / (1-day 3~ear flow)
**WDifference = ((4-day 3—year flow) = (7Ql0)) * 100 / (4~day 3—year flow)



Table 4-1. (M9 tinued)

Carparison of CMC Qesign riows| Comparison of CTC Design Flows
River Name State| 1Q10 lday 3-yr ADIFF'] 7010  4day J-yr  WOIFF""
Xankakee IN 179.0 167.6 -6.8 184.3 174.2 -5.8
Bouge Chitto MS 188.6 187.% ~0.6 191.6 189.6 -1.1
Hulson NY 207.7 170.0 -22.2 211.0 191.9 -10.0
Potamac W 209.6 202,2 =3.7 220.7 219.6 ~0.5
Root N 229.7 239.3 4.0 245.6 239.7 -2.5
Shoal FL  280.1 270.5 -3.5 291.4 286.0 -1.9
Amite LA 298.1 282.1 -5.7 303.4 295.5 -2.7
Niobrara NE  160.9 199.7 19.4 322.0 304.3 -5.8
Little Pee Dse SC 306.7 298,7 -2.7 322.4 298.9 -7.9
8razos ™ 31l.6 277.7 -12.2 344.9 305.3 ~13.0
Dan VA 329.6 321.6 -2.5 387.3 380.4 -1.8
Prench Rroad TN 471.6 494.3 4.2 532.2 535.9 0.6
St. Croix Wl  505.9 477.5% -5.9 $36.0 508.5 -5.4
Bighorn MT  327.1 364.0 10.1 $57.0 $20.2 -7.1
Beaver PA 571.3 539.9 -5.8 $94.2 557.5 -6, 6
N F Clearsater ID 529.2 469.6 -12.7 648.6 613.0 -5.8
Red AR  691.0 $37.4 -28.6 769.2 603.3 -27.%
Flint GA  207.8 262.5 20.8 799.8 731.9 -9.4
MerTimack MA  270,2 284.0 3.6 929.3 797.3 -16.6
Cowlitz WA 901.5 934.7 4.9 968.7 959.9 -0.9

* \Difference = ((l-day 3-year flow) = (1Q10)) * 100 / (l-day 3~year flow)
**Difference = ((4~day J-year flow) = (7Ql10)) * 100 / (4~day I=year flow)

Similar comparisons can be made between the 4-~day 3-year low flows
and the 710 low flows based on Table 4~1. For 46 of the 60 streams,
the 4-day l<vear low flows are less than the 7010 low flows. For nine
streams, 4~day l-year low flows are greater than the 7010 low flows,
and for the remaining four streams, the differences are less than 0.1%,
Thus, the 4-day 3-year low flow i{s usually lower than the 7010 low flow.
For all sixty streams, the difference between the 4-day 3-year low flows
and Q10 low flows ((4-day l-year) - (7Ql0))/(4~day l-year) ranges from
=443 to 6%, with the mean and median equal to - 7.0% and = 4.4%, respectively.



4.2 Sxcursions

Table 4-2 presants the calculated aunber of excucsions Lt onsucesd
in the 63 streams for the low flows calculatad using the hydrologically-
and blologically-based mathads. The table demonstrates the lnpact of
the choice of one design flow method over the other in terms of numbsr
of axcursions. For any stream, a higher flow will always result in the
sam Or a greatsr nunx»c of excursions than a lower flow. Cccasionally,
the Jiffarence in the numbrer of excursions of the two design (lows
{s quite drxnatic even if the difference between the two design flows is
quite small. For exaple, the 1Ql0 ard the l-day l-year desiqn flow of
the Quinnipiac River in Connecticut are 17.5 ft3/sec and 14.9 fti/sec,
respectively, hut the corresponding nunber of excursions were 39 and 13,
Similar ohservations could be made for many ot'ec 3treans {n Table 4-2.
A srall difference in design flow may not have a significant {mact in
wasteload allocations for these streams but may result i{n a larger number

of excursions than desired during the period of flow record.

The camarisons of the design flows show that the magnitudes of the
l-day l-year and 1Q10 low flows, and the 4-day l—year and Q10 low flows
are, on an average basis, similar in magnitude. Although these flows are
similar on the average, there may be large differences in the values of
theso flows for individjual streams. More importantly, there can be a
significant 3ifference in the number of excursions that result, even {f the

magnitudes of rhe flows calculatel by the two methads are nmarly equal.



Table 4-2. Chparison of numtmc of excursions of 1J10 anl 7910 with

numher of excursions of l-day J=yr and 4-Jday J-yr desizn flows.

TR ¢ ® ® © @S ——  © =y

River Nare

LA AR X b

Bull Run
Trant

Aiszh Cr
Asaver Cr
Trouois

M Fk White
% Fk Illinois
Black
Buckeye

La Moine
Ayunlacy Cr
Branch
Linville
Shayenne
Fishing Cr
Quinnipiac
Drawming Cr
Shoshone
Uncamalhvre
Peace

Bi3

Middle Oconee
N 9¢ Potamac
Animnas
Raritan
Brandywine
Salt

White

L Tallapcosa
£ B Delaware
Big Sunflower
Meramec
Cherung

State
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2 o
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Tadle 3-2. (ChHatinued)

Comparison of C« Design Flows | Comparison of CIC esizn <L
S A cmemem— e —-
River Name State |1Q310 #Excur| l-day 3=yr #Sxcur| 7Q10 OExcuiLiqia; J—yc $Tx:.
Arkansas 0 107.9 23 115.8 26 126,1 28,00 123.8 28,
Eaale ) 116.9 9 120.0 11 131.0 17.50 126.0 ‘1,
Alleqash “E 124.5 15 134.0 17 134.1 13.00 138.4 T
Clinzh ™ 128.7 23 127.7 17 135.2 25.00 132.2 N
Greys L) 4 122.9 10 124.8 10 144.5 18,75 135.8 9.
Cahaba AL 151.9 33 122.8 10 156.4 24,75 149.8 5.
Kankakce ™ 179.0 34 167.6 14 124.3 29.59 174.2 N
Bye Chitetd MS 188.6 13 187.5§ 10 191.6 19,25 189.6 il
Hudson Y 207,7 3o 170.0 29 211.0 27.75 191.9 24,
Potamac 24 209.6 19 202.2 14 220.7 1S5.00 219.6 L.
Rrot wN 229.7 7 239.3 7 245.6 10.75 239.7 7.
Shoal FL 280.1 20 270.5 12 291.4 19.25 286.0 17,
Amite A 298.1 19 282.1 14 303.4 14,00 295.5 <.
Niobrara NE 160.9 4 199.7 8 322.0 11.25 304.3 4.7
Little Pee Dee SC 306.7 15 299.7 12 J22.4 15.00 298.9 L.l
Rrazos ™ 311.6 11 277.7 4 344.9 6.75 305.3 :
Nan VA 329.6 11 J21.F 9 387.3 10.25 380. 4 3,
French Broad ™ 473.6 13 494.3 18 $32.2 16,00 $3%.5 .
St. Croix LS $05.9 34 477.5 22 536.0 34.50 S3R. 5 -
Bighorn b 327.1 12 364.0 4 557.0 16.59 520.2 |
83aver PA 571.3 15 539.9 4 594.2 113.25 537.5
N F Cl2arwatar 1D 529.2 20 469.6 13 643.6 14.73 513.2 ke
Re1 AR 691.97 28 537.4 17 @ 743.,2 28.75 6£33.3
Flint Ga 207.8 7 262.5 9 799.8 22.25 T3l 1,
Merrimack MA 270.2 13 284.0 18 929.3 41.75 797.3 N
Cowlitz LY 901.5 0 934.7 2 963.7 4.59 9%3.9 1.
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The hydzolugically-based design flows may actually provide a greater
Ade ree of protection of water quality in cases where the value of the
design flows are less than that of the corresponding biologically-based
design flows. Hydrologically-based design flows have been used successfully
{n the past in many water quality-based permits. In addition, on an average
basis, the values of hydrologically-based design flows are not greatly

different frum the corresponding values of biologically-based design fluws.

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

flow calculated will have resulted in no more than the required nanber of

excirsions.

Based upon the above, both the hydrologically-based and the bio-
logically-based methods for calculating stream design flows are recammenced
for use in steady-state modeling.



1.

SECTION 5. RECOMMENDAT IS

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

bioclogically-bascd st-zeanm design flow method should be used. If the

recdesnaad aat Ve mcaed —eab 2 o .2 b 1ATA __d ITAYA Y Il 3 Ui e I )
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POTW's designed to remove ammonia where limited variability of effluent
pollutant concentrations and resulting concentrations in the receiving

water can be demonstrated.

Othe: technically defensible methods may also be used.
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AP{=nJUi{ A. lalculation of Hydrologically-tasec

Mesijn €lows can be calculated as annual x—day average low flows

_ whose return period is y years, l.e., the xQy los flow. These flows can
he estimated from a historical flow record of n years using two different
methols., The first is a distribution-free method which makes no assumption

about U.e true probability distribution of annual low flows. The expression

for Xy is
Xy = {l=a) X(ml) + eX(m2)

wher? X(m) = the m=-th lowest annual low flow of record

mi= {[{n+l)A]

m2 = [(n+lisfy] + 1

{z] = the largest integer less than or equal to z

e= (n+l)/fy = [((n+l)/yl
This method is only appropriate when the desired return period is less
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probability density function and then computes from this function the
flow whose probability of not being exceeded is 1/y. The log Pearson
Type III distributinn is a convenient function to use becauses it can
accomnxiate 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 another.

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

Xy = el u + Kigy)s)
where u = mesan of the logarithms (base e) of the historical annual

low flowe,

standard deviation of the logarithms of the historical low flows,
» skewness cosfficient of the logarithms of the historical 1
flows,

X = frequency factor for skewness g and return period y.

Qe
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A saple listing of frequency factors is given in Table A-1l. These factors can

also be approximated as
K = (/)1 {1 + (g 2)/6 - g2/36)3 - 1}

for |q] < 3 where z is the standard normal variate with cumulative probability
1/y (2). Tables of the normal variates are available in mast elementary

statistics texts. An approximate value (3) can be found from
z = 491 [ (l/y)-l4=(1-1yy).14),

To i{llustrate the use of the two xQy lov flow 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 logarithms ~¢

these annual low flows are shown at the bottam of the table.

For the distribution-free approach, the value cf (a+1)A is (45+1)/S
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 wa have

708 = (1. = ,20) X(9) + (.20) X(1D)
® (.80(335) + (.20)(338)
e 335.6 cfs



For the lng Pearson Type III method, the frequency factor K will be estinated
£- ‘m Tahle A~l. For skewness of 0.409 and a S=year return Mriod inteswlaticn

results {n K = <0,3956. The 7Q5 low flow is

7Q5 = exp(6.01 + (-.856)(.24)})
= 331.8 cfs

For purposes of camparison, K will be estimated using the formulae given abova:

4.91 [ (0.2) -14-(1-0.2)-14)

N
[ ]

K = (2/.409)[(1 + (.409)(~.840)/56 = ({.409)36)3 - 1)
L -08.53

75 = exp(6.01 + (-.853)(.24))
= 331.8 cfs

The difference in the three estimates of the 7QS low fiow i3 less than 2 perzent.



Table A-l. Freqguency Factors (K) for the log Pearscn Type III Distribution

Skewness Return Pariod, Years
Coefficient 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, 85S -1,231
0.2 -0.850 ~-1.258
Nn.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
-1.2 0,732 -1.340
-1.4 -0,708 -1.337
-1.6 -0.675 -1.329
-1.8 -0.643 -1.318
-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 -1.180




Table A-2. Annual 7-Day Low Flows (ftd/sec) for the Am:te River Near
Nenham Springs, LA

Year Flow Rank Year Flow Rank
1939 299 S 1962 396 25
1940 338 10 1963 275 1
1941 35S 1S 1964 392 24
1942 439 30 1965 348 11
1943 371 20 1966 385 22
1944 410 28 1967 335 9
1945 407 27 1968 306 6
194¢ s08 38 1969 280 3
1947 450 33 1970 354 14
1948 424 29 1971 g8 23
1949 574 41 1972 357 17
1950 489 3é 1973 499 37
1951 406 26 1974 448 32
1952 291 4 1975 650 45
1953 352 13 1976 3s6 16
1954 309 7 197 364 18
195¢ 322 8 1978 648 44
1956 278 2 1979 619 43
1957 369 19 1980 S67 40
1958 483 35 1981 445 31
1959 523 39 1982 349 12
1960 38s 21 1983 599 42
1961 474 34 [

n = 45

us= 6,0

s = 0,23

qg = 0,385
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APPENDIX 3. An Exarnle Use Of DFLCW For Amronia Discharges From PCTWs

The purpose of this Appendix is to illustrate the use of the DFLOW
progran to calculate biologically-based design flows for ammonia anc
corpare them with the hydrologically-based des.cn flows of 30Q10 for
the 13 streams with the lowest coefficients of variatior shown

in Table 2-1.
R.l Introduction

As stated in the two-number WOC for ammonia (1), a CCC averaging
paciod of as long as 30 days may be used in sftuations involving POTWs
4esigned to remove ammonia where low variability of effluent pollutant
concentration and resultant concentrations in receiving waters can bde
demonitrated. In cases where low variability can be demonstrated, longer
averaging periods for the ammonia CCC {e.g., a J0-day averaging period)
would be acceptable because the magnitudes and durati~ns of excursions

above the CCC would be sufficiently limited (1).

B.2 HWydrologicallv-hased Design Flow

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

of variation (CV) are presented in Table B},



Table B=-1. ™Mesiyn flows and resulting nunber of excucsiys ssing 3 3C-Zay avera;.
~seriod (all flows in ft3/sec).

e e e ep e e m s e m s
Coef € 30010 X)=13y 3=year !
Of - wmw s st o s 0 cecem! mmwacioan. C . '

. fver Name State !Variatina| Flow  3Tx«cursions| Flow $ Ixcucsions TNl
) — T R S
Quinnipiac cr.1 1.02 42.3 7.8 45.S 15.0 3.9
Drowning Cr N | 0.80 54.7 8.5 65.5 15.0 l 16.5
Incompalgre o] 0.86 71.0 6.9 77.3 14.6 | 3.2
Greys wY 1.16 160.7 5.7 166.9 9.9 I P
Kanakce ol 0.48 201.8 10.0 213.6 16.7 | s.3
Hudson Y 1.10 298.0 13.4 340.7 24.3 153
Shoal FL 0.95 323.5 10,2 339.0 12,1 [
Lictls Pee Dee SC | 0.94 366.3 7.4 450.0 11.8 | 13.5
St. Croix wi | o0.61 571.8 16.2 533.6 21.9 I oas
Niobrara WE ] 0.99 613.2 6.4 673.6 8.1 : 3.0
Frenach 3coad ™| 0.93 636.2 11.9 715.7 20.3 1i.!
3igvorn ur | 0.82 913.6 8.1 1103.0 14.3 172
Flint GA 1.00 1000.0 6.4 1097.9 3.6 ; 9.3

“aDifference = ((30-day 3—year flow) - (30010)) * 100 / (3C~day l—year flow)

B.3 BRiolagically-based Design Flow

The 30—ay l-year low flows for 13 streams are presente! in Tadle 3-1,
To ostain the biolojically-based design flow for these strearms, an averaging
peria! Of 30 days instead of {4 days was entered into the DFLIOW nrojran [s=2=
Tahle D=3, page N=-6). Table B-1 also includes the number of excursions tha:
occurred in each of 13 flow pacorrs for the hydrolagically an?d Suolajicatlls-

.-

based design flows.

3.4 Camarison of Design Flows

Table B-1 shows that for all 13 streams the 30Ql0 low flow is always
lrss than the 30-day J-year low flow. The difference between the low flows
((30-day 3-year - 30010)/ 30-4ay 3-year)) 31.7% to 18.63% with the mean
equal to 10.2%, Pecause the 30010 low flow is always lower, it results

in fewer excursions than the 30-day l-year low flow.

B -2
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Use of Binlngica

from 2oTAs -

L/=3ased Design Flows for Ammonia Discharzes

As stated 2aclier, an averaging nzcio! OF 4 Jdays and a freJuency of

occucrence of anc2 every three years {s used for the CCT,

ammonia dischacyes fcon 2TTWs, a

certain cases. Aconnding to the

However,

for

longer avarajing peciod wnay De used in

national WX. for ammonia, an averaging

parinis for the amonia CTC (e.q., a 3J0—day averaging periol) mull de

acceptable because the magnitudes and durations of excursions above the

rre

-

in

would be sufficiently limited.

agtion 4.1, =h2 hydrolojical

1
8

y=>4a321 design flows have bHmen

comared with the biologjically-based design flows for the d—-3ay averaj:n;
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hinlogically=hased 30-day l-ear low €lows and the hyirolagizally—sased

3310 low flows far 13 streams for amwmonia.

For thase 13 gtraa-s, %he

30Q1) flow was always less than the 30-day 3-year flow, “w an averaze of

10.2%.

protective for these streame

T I £
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1. U.S. EPA, 198%.
EPA 440/5-85-001.

VA.

Ambient water '‘pality criteria for ammonia - 1334

Thus, the use nof the I0QLN as the design flow is relatively moce

<.

National Technical Information Service, Springfiel!,



APPENDIX C. Talculatinn of a Biolozically-hased fes:ign Flows

The hinlojically-hased design flow calculation =mthod is an iterative
convergenc? poaxeiure consisting of €ive parts. In Part I, 2 (the allowed
nunder of excursions) {s calculated, In Part II, the set of X-~day running
averyjes is calcularsl fpoan the record of daily flows. Because rhe andiant
(instream) concentration of a mllutant can be considered to be inversely
nenrtinnal ko st flow, the annconciate “running avecages® 7€ 3tcaan
flow are actually "running harmonic means.® (The harmonic mean of a set

N namners i3 th= recincocal of tiwr arit'ymetic mean of the recipmeals

of the numbers.) Thus, "X-—day running averages®" should be calculated
as X/z (1/F), not as ®R)/X, where F is the flow for an inlividual day.

Throughut  this 3poe~dix €, the term “running average® will mean “running

“Nawonic mean,

Pars 11 Jdascrihes the calculaninn of N (the total nunder f excurs. s
of a specified flow in the flow record). The calculations described :a
Part 111 <1l Do aecésene? for a nunder of Ai1fferant Flows thrat are
specified in Parts IV and V. In Part IV, initial lower and upper limits
on the design flov are calculate!, the nunber of excursinns at each
limit are calculated using Par- IIl, and an initial trial flow is calsulate?
by interpnlation Hrtween the lower and upner linits., In Part V, successive
iterations are performed using the method of false position (1) to calculate
the lesiqn flow as the highest flow that results in no more than the

numbar of allowe? ex~ursions calculated in Part I.

Part I. Qalculation of allow>] nunber of excursions.

I-1. Calculate Z = 2/((Y)(365.25 days/year)]

c=-1



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

Z = the allowed nunber of excursions.

Part II1. Calzulation of X-day cunning averages, i.e., x-cay running
harmonic means.
11-1. Where X = the specified duration (in days) of the averaging perioc,
calculate the set of X-day running averages for the entire f£low
record, i.e., calculate an X-day average starting with day 1,
day 2, day 3, etc. Each average will have X-1 days in cammon
with the next average, and the number of X-day averages

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

Part III. ODetermination of the nunber of excursions of a specified

flow in a set of running averages, l.e., running harmonic ~eans,

IIt-l. Obtain a specified flow of interest from either Part IV or Part V.

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

record, record the date for which the first average is Delow 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
belcw 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 i{s below the specified flow.

Table Z-1 provides examples of the counting of excursion days.)



Table C-1. OCounting excureion days for a specified flow of 100 ft)/sec using 4-day averages

Is the Is this date Date of Nunber of Date of Number of Number of
Date Daily 4-day 4-day part of any 4-day start of days in start of excursion excursions
fiow avg average average that {s excursion excursion low flow days in low in low
flow Dbslow 1007 below 100? period period period flow period flow period

1 130 112.S5 No No

2 120 102.5 No No

3 110 97.5 Yeo Yes 3 4 3 12 k]

4 90 102.5 No Yes

5 90 117.5 No Yes

6 100 112.5 No Yes

7 130 102.5 No No

8 150 102.5 No No

9 70 a71.5 Yes Yes 9 8

10 60 90.0 Yes Yea

11 130 102.5 No Yes

12 90 95.0 Yes Yes

13 80 97.5 Yes Yes

14 110 127.5 No Yes

15 100 225.0 No Yen

16 100 »l100 No Yeo

17 200 »100 No No

18 S00 »100 No No

The daily flows and four-day average flows for days 19 to 200 are all above 100 fr3/eec
c -3



-3,

I11-4.

III=-5.

III-6.

I11-7.

Thus the starting date an2 the duration (in days) of the
ficst excucrsion period will Se recorded. By definition, the

minimgm duration (s X days.

Metermine the starting dates of, and nunber of days in, each

succeeding excursion period i{n the flow record.

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

240.) All of these excursion Deriods are considered to be in
the first low flow period. Add up the total nunber of excursion
days in the first low flow pericd and divide the sum by X =5
ohtain the number of excursions in the first low flow period.

If the number of excursions is calculated to be greater than

5.0, set it equal to 5.3

Identify the first excursion period that begins after the end
of the first low flow period, and start the beginning of the
second 120—ay low flow period on the first day of this

excucssion period. Determine the numwoer of excursion days and

excursions i1n the second low flow period.

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

each succeeding 120-day low flow periocd.

Sum the number of excursions in all the low-flow pericds to



cdeternine S = the total number of excursions of the specified

flow  f irterest.

Part IV. Calculation of initial linits of the design flow and initial
trial flow.
IV-l, Use L = 0 as the initial lower limir.
I[V-2, Use U = the XQY low flow as the {nitial upper limit.
IV-3. Use N =O as the number of excursions (see Part IlI) of the
initial lower limit.
Iv-4. Calculate Ny = the number of excursions (See Part III) of tre
initial upper limit.

{(Z-Nr Y (U=1)
IVv-S. Calculate T = the initial trial flow as T = L ¢ (NNt )

Part V. Iterative convergence to the design flow.

V-1, Calculate Nr = the nunder cof excursions (see Part [II) of the
trial flow.

V-2, If -0.005 < ((Nr—2)/2) £ +0.005, use T as the design {low anc sicp.
I£ Ny 52, ser U = T and Ny = Nr.
If Nyv <Z, set L = T and Ny = Nt.

V=3, If ((U-L)/U)< 0.00S, use L as the design flow and stop.
Otherwise, calculate a new trial flow as T » L + (2N )(U-L) anc reiear

(Ng=HL)
steps V-1, V=2, and V-3 as necessary.

REFERENCE

1. Cammahan, B., H.A, luther, and J.O. Wilkes. 1969. Apolied numerical

methods. Wiley, New York.



APPENDIX D. nNescription of the CFLOW Carcuter Program

CFLOY {s a computer program that can perform a variety of calculat:cns
related to cdesign flow for any stream for which daily flow data are in
STORET. The program is installed on the U.S. EPA's NCC-IBM comput~t
and {s run under the TSO operating enviromment. DFLOW consists of two
procedures: the first retrieves the daily flow record for the U.S.
Geological Survey (USGS) qaging station of interest from the U.S. EPA's

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

After loyging on to TSO, the user invokes the program by entering
the caomand: 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
If procedure 1 is selected, the user will be asked for the 8-digit USGS
station nunber for the flow gage of interest and a 2-digit state code
(see Table D-1). Gajing station numbers can be obtained from local SGS
offices or through a separate retrieval from the STORET system. After
this {nformation is entered, a batch job is autamatically 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 exarple flow retrieval session is shown in Table D-2.

After a pericd 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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1. A biologically-based OMC design flow using a l-day averaging period
and a frequency of allowed excursions of ance every three years on
the average. After the OC design flos has been calculated and the
excursion table printed for that flow, any flows can be entered

in order to dbtain O excursion tables for those flows.

2. A biologically-based (CC design flaw 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, amy flows can be entered :n

arder to obtain CCC excursion tables for those flows.
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3. One or more user-defined design flows. °If a bioclogically-based
desion flar is selected, the user will he asked to input six variables
sO that the desired design flow and excursion table can be printed.

If a hydrologically-based design flov is selected, the user will e
asked to input four variables so that the desired xQy low flow can

be calculated.
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A copy of the FORTRAN source aode for DFLOW can be cbtained fram
Lewis A. Rossan, WERL, U.S. EPA, 26 West St. Clair Street, Cincinnati,

OH 45268 (Telephone S11-684-7603 or FTS - 684-7603).

Table D-1. STORET State Codes

0l Alsbama 10 Moatsna

02 Alaska 31 Nebrasks

04 Arizoaa 32 Keveda

03 Arkacsas 3} Wev Ummpsbire
06 California 34 HNev Jersey

08 Colorado 33 Nev Mexico

09 Coanecticut 36 RNev York

10 Delawvare 37 North Carolina
11 Distr ct of Columbia 38 MNorth Dakota
12 rlorida 3% Omie

13 Ceorgia 40 Oxlahoas

13 HRawaii 4] Oregon

16 Idaho 41 Panaosylvaaia
17 Illieois &4 Bhode leland
18 ladiana 4% South Carolina
19 lowva 46 South Dakota
10 RKansas 47 Teonessee

21 RKeatucky 48 Texas

12 Llouisiana 49 Otad

2) HMaine 50 Verwont

<4 Marylaad 31 Virginis

<3 Nassachusetts 5) Vashingtos

16 Michigen 54 West Virgisia
27 Minaesota 33 Viscoasin

18 Mississippi ¢ Vyoming

29 Missouri



Tadle D-2. Example Flov Dats Retrieval Using DFLOW (User input is underliged)

exec .'mrfu-er.dflov.clist’

ENTER THEZ NUMBER OF THEZ PROCEDURE YOU WISH TO E*. ° &%:

1 RETRIZVEZ FLOW DATA FROM STORET

2 PERFORM CALCULATIONS USING RETRIEVED FLOW DATA

3 EXIT THE PROGRAM

1

ENTER 8-DIGIT USGS STATION NUMBER .... 07378500

ENTER 2-DIGIT STORET STATE CODE ...... 22

SAVED -

JOB ABC(JOB1234S) SUBMITTED .

AFTER JOB IS COMPLETED, PLOW DATA WILL RESIDEZ IN FILE DFLOW.DATA



Table D-3. Use-of DFLOW for the Amite River.
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Q.

QUESTIONS AND ANSWERS CONCERNING THE BIOLOGICALLY-B3ASED mET=CO"

¢ 1: New aquatic life protection criteria specify that the acute criter:a
(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
appropric:e for estimating the anhient exposure condition. wWhat is
an extrems value analysis?

A. This is a very broad guestion. There are many types of extreme value

A.

analyses. But all extreme value analytical techniques have something
in comon. let's consider a tima-series of daily flow data in orcer
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 fregquency analyses.

# 2: tbuld you explain how running averages are estimated?

Starting with April 1, our €irst running averag:® 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—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 extreme value for a water year is the lowes®
rinning average for that year.

¢ 4&: So, do I have 30 extreme values fram 30 years' flow record consiler.n;
one extreme value for each water year?

Exactly.

The biologically-based design flow method has been supported by an overwhelnming
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 tims from many reviewers. Some of these guestions 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 Jdefeats
its purpose. So we chose questions based on their Lmportance. We encourane
our readers to be critical about ocur answers and raise other questicns which
they may consider important. This will help us to improve both the methcd
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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g sald sHrviting ANt canking the oxtrer valss, e 39 /a5 e
them and why do you rank them?

Far low flow analyse3, raakiag S ' e fron lowast ho i hesr,

for a lov-flow analysis of a 30-yaar flow record, <& have 30 oxtr:-»
values., If w2 rank them fron the lowvest to the vighest valuer, al o
LD citreme values are eqial, then w2 have one value for each of 30
ranks, and the cetuarn =2cin) of the ficst canked Clow is appoicinzaely
37 p2ars, and that of the 10th rankad flow is approximately 3 years.

™2 fraqiency analysis usiag Khae cankel axteren: values sces o ‘»
quite straight forward. why are various kinds of dlstribut:mns E]
for fovuuncy Analysoes?

1f we are concecnedl with a pecadiction of low filow for a creturn Deriai
that is equal or less than the flow record, then we will not have to
us®s any OLSCCL“J'"' LOﬂ at dL L. U"lﬂ QLSTCLDUCL')F\"CCW' oL NOoN=pacan™2’ Ay
technique, is the best for trequency analyses. 3ut, suppose you n22:
100-, 299=or Juv“y‘eat‘ floal and UKUUJ.JHL forevasts foc thwe lesi ign of

a Jdan (for use power production arv] {rrijation) and we do not have a

Y - 1imkh a2 Yo wl{mde Sha mand A 22 @rwns foa AF
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distribution to extrapolate to 100, 200 or S0N years. There are mary
well known diskeixtinons which can e ciwsen on a case=bHy=-cas2 basis.
The new WC alio make some reference to the Log-fearsen Type III
distringting a3 an example of the extreme value analysis. ‘'"Mile we
are on the subject of distribution, is it the only distribution tha:
is curreatly in use in the water quality alalytical field?

The United States Geological Survey uses the log-Pearson Type [I!
distrimnutinon in low=flow as well a3 floni-flow analyses. They nade °°
choice after conducting a study of flood flow analyses using various
other teciniques. The choice of technigques shnuld he Hased on =n
nature of the distribhution of extreme values. RAut, for natiosnal
consistency of estimates, the USGS chose this techaizue.

txtreme value analytical techniques are often used in the hydrolxg
fiald, and seem to He quite reasonable. Is :hare any dbiological’
ecolojical reason why extreme value analyses are not apnropriate
for estinating Jesijn Flow using the anbient lucation an! Frajiangy
of the new WX?

Yes, a direct 149> of extreme value analysas {s not apHconciate
because biological effects are cumnulative.

: ‘buld you elamrare hov the cumulative naturm of biolojical effects

{s related to extreme value analyses?

In extremes value analy"ical techniques, only the most extcoe» Jrought

e sema e A e

exposure event is considered, but other, less severe within-year

expusUre eviilt3 acy totally ignored, althoujh their cirulative afface
cnuld bs severe. The severity of those smallser within—year exposure

m
1
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events of a¢rrme drought conditions erat aee igodead may sutrag o
severity thae axtreme 2x;msure events of othar less-than-=~wst sasere
Araught contitions. Since the biolngical effacts 2 cuglviise, o
a3t €ind a ~vay to account for all within—year expdiures in addition
td> the most extoxre axposuce evivik Hf ead year.

Taur ansver is difficult to follow; would you give an exawple?

HYydrolajists know that w2 hav, (n various pacts of the USA, extreme
droht events during the water years 1925-1932, 1955-1956, anc during
a few years in the late seventies. In other years, drought was not

as ssvere. Sunpose that in water year 1925, there wre 4 very low 4-—layv
running avarages of which only one was acceptal] as tix oxtizrne value

of that year; the :d, 3rd, and the 4th values «re ignored. 3Sinailarly,
one extrom? valu2 was ostlnited for each of the other Warecr yoacs.

Ar, some of the extreme values of other watar years are less savera
raan 2n], Icd nc the 4th running averagns of th2 y2ac 1925, Thus, v
f3mring these 3 running averages of the water year 1925, tha extreme
value mathol has {gnonr! pntantial severe effects tiak my esuln

Ccan those exposure events. In adiition, the inclusion of other
extorn? valis that are less savere than the 2nd, Jrd and the dth
running avecages of the year 1925, and exclusion of more severe
excursion events (2nd, 3rd and 4th excursions of water-year 1925)

result i{n a skewed estimate of low flow.

The methad Jdescrihed to implement the two-number agquatic life criteris
is calle’ 2 hiologically-based method. What i3 hiological about it?

Almost evary nacameter that is used in this methad is derived on the
hasis Of either hiolojical, toxicological or ecolojical considerazions,
~2reas L2 p4acantars used in the extrea value analyses arz uarelat---
to biolojical, toxicological or ecolojical considerations.

Would you name tie things that you think are biolojical, torxizdiogical
or ecoljoical in nature?

= durations of acceptable expnsure coaditinas: 1 hour for T4 and
days for CCC are biologically derived.

= 3 years on the averaje is the allowe! ecological recovery neriod
after a single excursion (see Table D - 2 of Aprendix D of the

Tachnical Support Document for Water Quality-based Toxics Control
(TsO) ).

= 15 years is salected for ecnlogical recovery after a total of 5 or
mors excirsions within a low flow period (see reference Table
D=2 in Appantix D of TSD).

I sce rejither 15 years nor S exposure events in the referenced
Table D-2. Could you explain tha 3iscrepency?

™
¢
w
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It is true that neither 15 years noc S excursics ace foun! in rh2
ceference Table., 3t What is available is that rivers ani straass
are fully coacoves -t g § to 10 years after a sever: <Oysace
avent. Aquatic biologists consider that ceneated within-yeacr
exDOsures i casult in catasteophic effecty,  In Eh2ir judjement,

10 years' expasure intarval {s inadequate because under that s:ituation
the ecology of the rexeiving system will ha under conslank Sirme;s

and recovery. 3y the same toxen, a 20-year intaerval was considers!
to e unnecsiicily strivyent foc aiktainivg healthy biota. Aftec
these considarations and Jdabates amng biolojists and wasteload
allocation coociinators, @ declded to us2 15 years as an acc2ptahle
interval after a severe exposure event consisting of several within-year
exposures.

Have you anything to say about how you decided to allow S excursions
in an interval of 15 years?

WC allow an excursion moe every three years on the avaecyje,

Since the effects of excursions are curulative, ecological recovery
fran a sevoer: exposure event roguices alxut 15 years and the
recovery period fram a smgle exposure event, according to the
national WC, is 3 years. Therefars, 15/3 or 5 excursions ace
accepted as the .upper limit of within-year excursion counts.

Why did you not choose a 12=s23r interval for 4§ within-year exdosure
s oD o VA ey s A aaw am 1O wsaaw j1admawiial Fam £ . [ S R P
"VW 2. Wik \-WLJ ]W RJL i IMU ail DO_YGGL AlILEL Vval LWl 9 'L —lA 1) "'J

exposur? evants (Da323 Hn the info available in Table D=2 of TSD)?

e could make various other choices based on site—specific knowladge

a aur chaica fAr average cond ione
- - o NS AN LA 4 GVGS“V s .bbv" .

€ are chosen for 4 or £ within~ear axposur
-~ s NS - - V\-ﬂb \’wdus

qn Elow be diffarent Erom that of thie l3=vaar
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No, we 1id not perform such analyses or carparisons hut our guess is
that the difference will not I» substantial.

It is understood that, if a 15-year interval is chosen for ecological
recovery, then 5 within-year exposures may bLe allowed because (LC
specify 1 exposure on the average of every 3 years. But some extreme
drought relatad low flow periods might include legs than S within-year
exposures, and some more severe low flow periods include more

than 5§ within-ysar exposures. If exposure effacts ace cumulative,

why not include all exposures within a year:; why limit it tn 52

The biolojical method accounts for all withine-year excursions when
the nunber of excursions during a low-flow period is 5 or less.
Sn, 5 is the upper limit, ani the lower limit {s 1.



0. ¢ 18: thaz if tihe wirhin-y2ac excursions foc a jivan €low Nasal on the

A.
Q. ¢ 19:
-\.
R 20:

Sinlojical :nethad is naturally greater than 5 during sav, a 50-
nsr 133=r23¢ irouzht? In those yeaes, flod iy craiin Lo« 99t a
15n3 tire, such as for 40-50 days, not nucassacily for just 29
days for S excursions. After all, we cannot chanje nature, can 22

No, we cannot change nature. But we can modify our appeoach to siirn
our objective after unilecstaniing the consmquences of sevac? 2vents.

e made a numbder of analyses to find out what happens if we account ©oc
all, not just S, axcursions that one may expect fooa thwse amt sesec:

Arought years. Vh found that inclusion of all excursions from those
years results in the following:

- Oesign flows of all retum periols of say, 3, S, 10, 29, 59 years,

etc. are complaetely doninated by those most severe Jroujzht s2acs:

Lo Yoo e s 1.2 ot =t amk Aami a-
= TN1S leéads TO eXtivmely Sciingenc gesign

‘There is nothing hiological in these analyses. Since the exposur=2
effacts ace cumilative, should we not count all exiwrsurss <> jacil2
of how rarely one may expect them, or hos strinjent the resultin;
design flow is?

This is where a little understanding of ecolijical racovacy anl
faniliarity with the Morth Anerican aquatic life are necessary o
make a reasonadle choice. The upper hounis of tiw life cycles an?

a~d

life spans of most North ¥merican aquatic species are 2 and 13 ,23rs,

respmctively. An exposure event of 20- ocr Sd=yaar intazsal ayy
not be meaninjgful, particularly when one considers other wavs, for

exarple recruitment fron rive jurrounding ecosvstem, in #1ih cazvvarcy
~ay take nlace. So, in our judgemnent, a recovery period of .35 y2ars

is adeguate for 3ituations <here the nunoec of exposures in a (cv
€low period is S or more.

What is descrinel here in the hiological method is similar %> <3
is done by hydrologists for partial duration series. They adirass

the pruolem using traditional statistical apormach. Why did you
not use a classical statistical methad?

First, rhe statistical science of pactial duratinn sariss, sarticulariy

in the hydrologic field, is not well developed. XNot many peonle
understani it. Although the hiological method lacks sratistical
elegance, it is simple and can be used and understood by field
biolajyists and enjineers, alike. We Wwnuld not be surprised if a
statistician caones up with a better statistical answer for the
problem that we have in hand. Byt it wnill be important for the

regions tn unierstand most aspects of the method if we expecte!
them to use it.
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Arar <vr tash 21=25 y2ars, the aajocity oF Th2 shacs Ly T2 ULS, uead
the 7Q10 low flow as the design flow for what we e@ss2nzially had as
a not-t>5e axaaxlad siajle auaoer (XX value. IR seems that it o<l

f{ne, although a rationzla €or such a choice is hacd to come oy.
{s it v Loormaat aow to have a cational Hinclyjiediy=31s22
method to irplem2nt the two-numder WC?

I. i3 i-portat to powvide a rational methol for Fhea2 najnc
reasons. First, lack of a hiolajically-hised method in the past
led to t'vr abption of design flows such 4s 320, 7219, 3010,

372, and evan the annual average flow for identical water use. A
rachnically Aefensibhle tival «ill briig about techinical consistency
for any desired level of protaction. Second, the introduction

of Fie twy=nunrec naiional (0OC, whole effluic toxiciiy, anv! the
guidance on sita=spacific water quality staidaris have unalleradly
changed the anviexvami of toxlcs ointeol. In these situaringg, A
hinlogically-hased methd>) is necessary that can be applied not

only to aatimal tJr=numbere! WQC, but also ro oth=r 3(ho= a3l
use—specific durations and frequencies of pollutants and «“hole
efflu2nt toxicities. Third, since WOT and their fiel) use have
become comlex, it is very important that we develop a simple
methal that i{s easily uniarstandable to field hiolayists nd
enjireers, aljike. In the past, very few understood the relation
betseen th WOC and the corresnonding 7QLI or otvir Qy design low.

Wiy is the binlojically-hased method considered to b2 mr2 directly
bag>] > L <atee Jualiny critaria than the Ay lcolo)ic4iiy=nasael
methad?

In tha "Hialyjically=%asad nethol, both the averagia; yerin! 392 the
fraquancy (for exavple, 4 days and 3 years) ace taxen dicectly fro-
th2 criterinn, Jhereas in the ayimlogically-hasad appeoach, th?

two numbers in XD¢ are not. Most of the other aspects of the
biologically=»Has»! annroach are also haie! on Hiolsjilcal, 23505 izal,
and toxicolojical considerations. One of the major technical
differances etween the methals is that the 3 years in The aisingioa’!
hasad method is an averaje frequency, whereas the 10 years in the
hydrologically=-based approach is a retum periodl.

oes it make any difference whether biologists, ecologists, and
toxicologists understand iww design flow is calculated?

Yes, for three major reasons. First, these are the peonle who
derive the ajuatic life criteria. If the criteria are not useld in
a manner that is consistent with their derivation, the intende
level of penraction will probably not be achiewal., 522903, site-
specific frequencies and durations will not correctly atfect design
flow if the Juration an) €orju2acy ace not directly usel in the
calculation. Third, if they understand what parameters aflact
design flow, bhinolyjises, acologists, and toxicrlyjisas can jather
Jdata that mijht allow them to refine their estimates of such values
as one houry four lays, three years, anl fiftean yeacs.

E-6
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far. 13 'isss vha sloliciny of the biologically-has:! wthoi,
T an nor clear how an excursion is counted. thuld you explain oy
you caint 2xcic3iond and estiaate design €lows?

This is the kay to understanding the hiolojically-hased method,
Sinc2 the strram flow is invacs:ly Hrmapoctimal ) instrean
cnncentration, any consazutive 4-lay averaje of lov-flow that is
lower than the design €los {3 counted as one excucsion of the CCTCT.
The following ls the step-by~step explanation of how excursions
are counted in estimating x-day y-year Jdesijn flow:

1. An excursion periocd {s defincd as a sequence of consecutive cays
whero cazh day belongs to a x-day avaercqge flow that {s H2low the
design flow. For exarple, if the three running averages of a
consecutive 6=-1ay perin] aca 233 than the 4-day l-ycar d23i;n
flow, then those 6 days belong to an excursion perisd.

2. The number 2f excucsins in an excursion pecint {s the lan;n HF
the neriod rlivided by the criteria averaging period. For exa-pl=,
if an aexcursion period is 6 days long, then th2 nuaixr of axsursions
tor the 4-lav averaging period for CCC is 6/4 »r 1.5.

3. The total numher of excursinns {3 limited to S within a low
flow perind., Usually a low flow periocd lasts 1290 days or less.

In sane rare etbo2aan situationg,

anrd Fhan wio 1w Flaw ~ari
- | P W -> - L J ‘e Al Nl TN R 3 ad ‘N\AW

FawSiw oS Hese e (SRS

within a water year is possible.

4. Te allowad total nunber of excursions ovecr th2 periol of recor?
is the nunoer of years of record divided by the fregquency of
azuatic life criteria (3 years fonr the CTC of the new national
two—number criteria). For example, if we have a J0—year €low
recony, then total nunimc o€ excursions rhat are allowe?! ¢-r
x=lay J-year criteria is equal to 3C/3 or 10.

5. The 4-day l=year Jesign flow for the d-lay J—year CIC based or
a 30~year flow racord of a given river is equal that flow wh:izh
results in no more than the allowanle nunber of excursions.
for exavple, the total allowable number of excursions for the
given record is 10. The design flow is the highest flow has
resyults in no more than 10 excursions calculated as defined :-
steps 1 thirough 4 above.

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

As shown {n the following printout, we have a flow record fron 1937
to 1983 which is approximately 42 years. Since we are allowed to
have no mnre than one excursion in every 3 years on the average,

we have 42/3 or about 14 excursions. In October 1952, we encounterad
tne first excursion for a omtinudous pacind ot 6 days. Thus, we
calculate 6/4 or 1.5 excursions for that low flov event. The nex:
excursion peciol occurs, stacting from October 10, 1956, ‘o

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

flow pecind (A low €low period is usually 120 days lony) is S, we
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there «3re altogether 30/4 or 7.50 excursions in that low flow
periol. Similarly, # €oux) only S excursions foc total (mcis! of
30 days during the low flow period of 1963. In 1969, we had 2.5
excursions for A 1w flos perind that lastal for 10 days.

It seems like the accuracy of the design flow astimates is totally
J2p2ndene on the lanjth of the flow record. Db you agree wity *is3
obsarvation?

Absolutely. This is trum abnut any analysiz. More relevant .lata
are necassary to provide more accurate information.

What ainiam l2a3tn of flow cecHed is raeHnmmendel?

The lornger the flow reoncl, the more reliable the estimated 3d2sian
conliti'mis #ill b2, Fiqure E-~1 shows how the spceal {a th2 7Y confiler
linits on the extreme value-based design load with 1Jd-year retum
period Jdecreases with {ncozasing oceriod of record. (This fljuere was
Jarived on the basis of lognormal statistics, not log Pearson type J).
Resilts am 3hown for Yoth low variapdility (7V=0.2) and high variabil.:;
(Cve,.8) situations. Based on the behavior of these curves, it appears
that 20 ry 10 yaars of record is a reasomablae atniazn r2juicement for
extrem® value analysis at a 10-year return period.

The case for the biolojically-basad excursion criterion is less
definitive. Howevmr, since it considers all days within the period
of recor! as its sample (not just the worst onndition of each year),
fts samle size is much lamer than that of an extreme value analysis.
Thus, it may be possible tn use perinds of record less than 20 years

with this criterion ani still have a good level of confidence in
the results.
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Fijure E-1. Spread in 90% Confidence Linits on Estimating a uantity
with 4 1J=vaar Rwturn Periad as a Function Of the
Recnrd length (Jerivad fram tables in Stedinger (198

han @l v 42 Eoe Lniacaittent steaans Jeor Tw “lxe i3 Zerd
Auring low flov neriods? Also, how will you use the bhinlogically-
based ol in situationy wivmr flow Jdata are ot availabla?

Thesc are problems that are generic to all flow estimating technigues.
For int2cittent stowans foc which the low flow is zero, the lesign
flows for CMT as well as CCC are equal to zero. In situations

where flow data ace not asailable, field hydrologists ant anjiiears
3>mtimes use flow data from hyrienlnjically corparable drainage
Dasins,

The table qiven in Nuestrinn 23 ladks sirple. How much time does it
take to conduct a hiolojically-based analysis for any strean
of interasr?

The analysis is performed in two steps. Fiest, 1aily flow data are
retrieved fram the daily flow file in STORET, by submitting a batch -
This will ra<e 1 Fas ainutaes of time at the Somutaec, ‘hwavas, Sh2
run might take anywhere from a few minutes to several hours, cdepending
on how husy the camuter dystsna is it the time of submittal. Once
the Jdata has been retrieved, the analysis can be performed in five

or ten minutes.

%

It seems that the foundation of the information about eomlojical
recovery periods for the two-nunber WOC is all that are listed

in Table O=2 of the TSD. Aut, anyboly familiac with these refarences
“ill £all you that the recovery periods listed in that table are
relate] tn recnvery Coom catasitcopiic 2axposures causel by 3pills,

not by effluents of malfunctioned alvanced treatment facilities.
Would you agoa2 rhar this is not a satisfactory set of infocmation
to make such an irpnrtant decision?
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This is the best availahle information that we could use to estimate
ecologica’ re-~o.27y. Jonsidering the complexities involved in the
irplemerratii i of the two nuaber WC, and the sito—specific WQOC for
polluts vcs and wi dle effluent toxicity, we could not leave the
recove., "estiin Open to anyone's interpretation. Considering

the potenci ° Jor misuse of the WOC in their implementation phase,
we had to use our best judgement and the best information available,
although we recognize that our best judgement would be Adebatable.
Since the information base i{s not 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 decision making
process.

What are you doing to {mprove the information base?

ORD {s planning to undertake a major effort before the next upcate
of the WOC. But, this is an area in which success is depencent more
on cooperative efforts in which field biologists, ecologists,
toxicnlogists, engineers and hydologists share their experience

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