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ABSTRACT

As part of ongoing efforts to keep EPA’s technical guidance readily accessible to
water quality practitioners, selected publications on Water Quality Modeling and
TMDL Guidance available at http://www.epa.gov/waterscience/pc/watqual.html
have been enhanced for easier access.

This manual describes two techniques to estimate the stream design flow at or
above which EPA’s two-number aquatic life protection criteria must be met. The
two-number water quality criteria are: (1) a criteria maximum concentration
(CMC), and (2) a continuous criteria concentration (CCC). Generally, EPA’'s CMC
represents an acute pollutant concentration that should be exceeded no more
than once in an average of three years for a period of an hour. Similarly, the CCC
represents a chronic pollutant concentration that should be exceeded no more
than once in an average of three years for a continuous period of four days.
Historically, a majority of States in the USA have required that EPA’s aquatic life
protection criteria must be met at all flows that are equal to or greater than a
critical flow condition of 7-day 10-year low flow (7Q10).

In a steady-state modeling framework, the critical flow conditions can be used to
estimate the maximum amount of any pollutant that can be discharged without
violating water quality criteria (WQC). The critical low flow that is used to define
the maximum amount of any pollutant that can be discharged without violating
ambient water quality standards (WQS) is called the stream design flow. The
design flow represents the required level of treatment or the size of the
wastewater treatment facility.

This manual recommends a biologically-based stream design flow estimating
technique that is strictly consistent with the duration and frequency criteria of
EPA’s two-number WQC. The biologically-based stream design flows 1B3 and
4B3 are synonymous with the 1-hour, 3-year and 4-day, 3-year duration and
frequency criteria of CMC and CCC, respectively. The second estimating
technique included in this manual is for a hydrologically-based stream design
flow represented in the xQy format, such as 7Q10, 1Q10, 30Q10, etc.

This hydrologic flow estimation is consistent with the log Pearson Type llI
frequency curve approach described in USGS Surface Water Branch Technical
Memorandum NO. 79.06, “PROGRAMS AND PLANS - Low-Flow Programs”,


http://www.epa.gov/waterscience/pc/watqual.html 

available online at http://water.usgs.gov/admin/memo/SW/sw79.06.html. These
two estimating techniques are implemented using EPA’'s DFLOW computer
program, which is available online at http://www.epa.gov/waterscience/dflow/.
Version 3.1 of DFLOW includes a graphical user interface, and directly
incorporates the USGS implementation of the log Pearson Type Il frequency
curve approach and EPA’s biologically-based stream design flow technique. The
guidance manual includes a comparison of stream design flows of 60 randomly
selected US streams, calculated using both approaches.
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GLOSSARY

1B3 - 1-hour 3-year duration and frequency criteria of Criterion Maxi mum
Concentrati on.

4B3 - 4-day 3-year duration and frequency criteria of Criterion
Conti nuous Concentrati on.

7QL0 - EPA's aquatic life protection criteria to neet all flows equal to
or greater than critical flow condition of 7-day 10-year |ow fl ow.

XxQy — Hydrol ogical |l y-based design flows expressed as x-day average | ow

flows whose return period is y years. For exanple, 14 is the daily |ow
flow that is exceeded once every four years. Qther xQ val ues comonly

encountered are 1QL0, 4B, 7Q, and 7Q10.

xBy — Bi ol ogical design flow paraneter defined in DFLOW 3.

Averagi ng period - Specified in national water quality criteria are one
hour for the CMC and four days for the CCC. The primary use of the
averaging periods in criteria is for averagi ng anbi ent concentrations of
pollutants in receiving waters in order that the averages can be
conpared to the CMC and CCC to identify "exceedances" i.e., one-hour
average concentrations that exceed the CMC and four-day average
concentrations that exceed the CCC

Bi ol ogi cal | y-based stream design flow — Design flow based on the
averagi ng peri ods and frequencies specified in water quality criteria
for individual pollutants and whol e ef fluents.

Criteria - Descriptive factors taken into account by EPA in setting
standards for various pollutants. These factors are used to determ ne
l[imts on allowable concentration levels, and to limt the nunber of

vi ol ati ons per year. Wen issued by EPA, the criteria provide gui dance
to the states on how to establish their standards.?

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

Criterion Maxi mum Concentration (CMC) - The one-hour average
concentration in anbient water should not exceed the CMC nore than once
every three years on the average.

Design flow — A flowrate resulting froman applied waste | oad
al l ocation process, used to ensure anbient water quality conpliance.

DFLOW — The DFLOW (Design FLON programwas originally devel oped by EPA
to support design flow anal ysis as described in this manual. At the
time of original publication, Version 2.0 of DFLONwas available to
support this analysis on personal conputers. The | atest version of
DFLOW at the tinme of enhancenent of this manual was Version 3.1, which
conbi nes a graphical user interface with the USGS inpl enentation of the
Log Pearson Type |11 calculation. Additional information may be

avail abl e at http://ww. epa. gov/ wat er sci ence/ df | ow' .

Duration — The tinme during which sonething exists or |asts?

L EPA. “Terms of Environment: @ ossary, Abbreviations, and Acronyns”
http://ww. epa. gov/ OCEPAt erns/ cterns. ht i March 8, 2006.

2 Merriam Webster Online Dicti onary, http://ww. mw. conidictionary/duration Accessed April
14, 2006.
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Dynamic nodels - Preferred for the application of aquatic life criteria
in order to make best use of the specified concentrations, durations,
and frequencies. Use of aquatic life criteria for devel opi ng water
quality-based permit limts and for designing waste treatnent
facilities requires the selection of an appropriate wastel oad

al | ocati on nodel .

Ef fluent - Wastewater--treated or untreated--that flows out of a
treatment plant, sewer, or industrial outfall. CGenerally refers to
wast es di scharged into surface waters.?

Exceedance - Violation of the pollutant |evels and average
concentration frequencies that are permtted by environnenta
protecti on standards

Excursi on — An unfavorable conditions, e.g. low flow or nonconpli ant
pol | utant concentrations

Fl ow Averaging Period - Mnitor of water flow for a specific nunber of
days, usually 30, to determi ne pollutant concentrations.

Frequency - The nunber of repetitions of a particular event in a unit
of time.

Gaging stations — The | ocations at which neasurenents are recorded,
general Iy hydraulic or hydrologic in nature, usually referring to
stream fl ow gages or rain gages.

Harmoni ¢ Mean - Set of nunbers that is the reciprocal of the arithnetic
nmean of the reciprocals of the nunbers.

Hydrol ogic Flow - The characteristic behaviour and the total quantity
of water involved in a drai nage basin, determ ned by neasuring such
guantities as rainfall, surface and subsurface storage and fl ow, and
evapot ranspi ration. (Source: BJGEO *

Hydr ol ogi cal | y-based design flow — Design flow cal cul ated solely from
t he hydrol ogi ¢ record.

Log Pearson Type IIl — Statistical analysis, recomended by the US Water
Resources Council Bulletin #17B, used to gage natural flood data."*

Model — Either a steady-state or dynamic simulation that uses hydraulic
and biological criteria to design regulatory conpliant waste | oads.

Non- exceedance — Relating to steady-state nodels as flow rates that are
| ess than design fl ows.

Percentile - One of a set of points on a scale arrived at by dividing a
group into parts in order of nmagnitude.?®

Pol | utant - Cenerally, any substance introduced into the environment
that adversely affects the useful ness of a resource or the health of
humans, aninmals, or ecosystens.®

3 EPA. “Terns of Environment: G ossary, Abbreviations, and Acronyns”

http://ww. epa. gov/ OCEPAt erns/. March 8, 2006.

4 EPA. “Terninol ogy Reference System Hydrol ogic Flow

http://iaspub. epa.gov/trs/trs_proc_qry.navigate ternPp_term.i d=26386&p_t erm cd=TERMDI S
May 2, 2006.

* Texas Departnent of Transportation. “Hydraulic Design Manual, Section 10. Statistical
Anal ysi s of Stream Gauge Data”.

http://manual s. dot. state.tx.us/dynaweb/ col bri dg/ hyd/ @=eneri c__ BookText Vi ew 14106; cs=def au
I't;ts=default; pt=14873 March 2004.

5 The Anerican Heri tage® Dictionary of the English Language, 4'" Ed. “Percentile.” Accessed
at www. Di ctionary.comJuly 3, 2006.



http://www.epa.gov/OCEPAterms/
http://iaspub.epa.gov/trs/trs_proc_qry.navigate_term?p_term_id=26386&p_term_cd=TERMDIS
http://manuals.dot.state.tx.us/dynaweb/colbridg/hyd/@Generic__BookTextView/14106;cs=default;ts=default;pt=14873
http://manuals.dot.state.tx.us/dynaweb/colbridg/hyd/@Generic__BookTextView/14106;cs=default;ts=default;pt=14873

Recei ving waters — Bodies of water into which effluents are di scharged.
Return Period - Annual x-day average |ow flow repeated in y-years.

Site-specific criteria — Regulatory concentrations, paraneters, or
frequencies that are exclusive to proximty or spatially exclusive.

St eady-state nodels — Mbdel s that assune a constant average flow rate

Toxicity - The degree to which a substance or m xture of substances can
harm humans or aninals. Acute toxicity involves harnful effects in an
organi smthrough a single or short-termexposure. Chronic toxicity is
the ability of a substance or m xture of substances to cause harnfu

ef fects over an extended period, usually upon repeated or continuous

exposure sonetimes lasting for the entire life of the exposed organism?®

Two- nunber water quality criterion — Criterion Continuous and Criterion
Maxi mum Concentrations (CCC, CMC) that are used as the basis for the
bot h hydrol ogi cal |l y- and bi ol ogi cal | y-based desi gn fl ows

Variability — Reference to the consistency of pollutant concentrations
in effluent and ambi ent waters.

Wastel oad allocation - 1.) The maxi mum | oad of pollutants each

di scharger of waste is allowed to release into a particul ar waterway.
Discharge limts are usually required for each specific water quality
criterion being, or expected to be, violated. 2.) The portion of a
streami s total assimlative capacity assigned to an individua

di scharge. ’

Water quality criteria (WQC) - Levels of water quality expected to
render a body of water suitable for its designated use. Criteria are
based on specific levels of pollutants that woul d nmake t he water
harnful if used for drinking, swinmming, farming, fish production, or

. . 8
i ndustrial processes.

Water quality-based permt - A pernmit with an effluent [imt nore
stringent than one based on technol ogy perfornmance. Such limts may be
necessary to protect the designated use of receiving waters (e.qg.
recreation, irrigation, industry or water supply).

SEPA. “Ternms of Environnent: G ossary, Abbreviations, and Acronyns”.
http://ww. epa. gov/ OCEPAt er ns/ pterns. ht i March 8, 2006.
® EPA. “Terms of Environment: @ ossary, Abbreviations, and Acronyns”.
http://ww. epa. gov/ OCEPAterns/tternms. ht M March 8, 2006.
" EPA. “Terms of Environnent: G ossary, Abbreviations, and Acronyns”
http://ww. epa. gov/ OCEPAt erns/ wt erns. ht Ml March 8, 2006.
8 EPA. “Terms of Environnent: G ossary, Abbreviations, and Acronyns”
http://ww. epa. gov/ OCEPAt er ns/ wt erns. ht Ml March 8, 2006.
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Section 1. Introduction

1.1 Pur pose

The purpose of this guidance is to describe and conpare two
net hods that can be used to cal cul ate streamdesign flows for any
pol lutant or effluent for which a two-nunber water quality criterion
(WOC) for the protection of aquatic life is available. The two
net hods descri bed are:
1. The hydrol ogical |l y-based design fl ow nmet hod recomended

for interimuse in the Technical Support docunent for
Water Quality- based Toxics Control (1); and

2. A biologically-based design flow nethod that was devel oped
by the O fice of Research and Devel opnent of the U. S
EPA.

1.2 Background

National water quality criteria for aquatic life (2) are derived
on the basis of the best avail abl e bi ol ogi cal, ecol ogi cal and
t oxi col ogi cal information concerning the effects of pollutants on
aquatic organisns and their uses (3,4). To account for |oca
conditions, site-specific criteria my he derived whenever
adequately justified (4). |In addition, criteria may be derived from
the results of toxicity tests on whole effluents (1). National
site-specific, and effluent toxicity criteria specify concentrations
of pollutants, durations of averagi ng periods, and frequencies of
al | owed exceedances. |If these criteria are to achieve their
i nt ended purpose, decisions concerning not only their derivation
but also their use, nust be based on the biol ogical, ecological, and
t oxi col ogi cal characteristics of aquatic organi sns and ecosystens,
and their uses, whenever possible.

National, site-specific, and effluent toxicity criteria are
expressed as two concentrations, rather than one, so that the



criteria can nore accurately reflect toxicological and practica
realities (1-4):

a. The | ower concentration is called the Criterion Continuous
Concentration (CCC). The CCCis the 4-day average
concentration of a pollutant in anbient water that should
not be exceeded nore than once every three years on the
aver age.

b. The hi gher concentration is called the Criterion Maxi num
Concentration (CMC). The one-hour average concentration in
anbi ent water should not exceed the CMC nore than once
every three years on the average.

Use of aquatic life criteria for devel opi ng water quality-based
permt limts and for designing waste treatnment facilities requires
the selection of an appropriate wastel oad all ocati on nodel.

Dynam ¢ nodels are preferred for the application of aquatic life
criteria in order to nmake best use of the specified concentrations,
durations, and frequencies (2). |If none of the dynam c nodel s can
be used, then an alternative is steady-state nodeling. Because
steady-state nodeling is based on various sinplifying assunptions,
it is less conplex, and may be less realistic, than dynamc
nodeling. An inportant step in the application of steady-state
nodeling to streamis the selection of the design flow.

One way of using the CCC and the CMC in steady-state nodeling
requires calculation of the two design flows (i.e., a CCC design
flow and a CMC design flow). Wether the CCC and its design flow or
the CMC. and its design flowis nore restrictive, and therefore
control ling, must be determ ned individually for each pollutant of

Al t hough a 4-day averagi ng period should be used for the CCC in
nost situations, an averaging period as long as 30 days may be used
in situations involving POTW designed to renobve amoni a when | ow
variability of effluent pollutant concentration and resultant
concentrations in receiving waters can be denonstrated. |In cases
where low variability can be denonstrated, |onger averagi ng periods
for the ammonia CCC (e.g., a 30-day averagi ng period) would be
accept abl e because the magni tudes and durations of excursions above
the CCC woul d be sufficiently linmted (5).



concern in each effluent because the CCC and CMC are pol |l utant-
specific, whereas the two design flows are specific to the receiving
wat er s.

Wast el oad al | ocati on nodeling for streamusually uses flow data
obtained fromthe United States CGeol ogical Survey gaging stations.
If sufficient flow data are not available for a stream of interest,
data nmust be extrapol ated from ot her streans havi ng hydrol ogi c
characteristics simlar to those of the streamof interest.

1.3 Scope

This guidance is linited to (a) describing two nethods that can
be used for calculating streamdesign flows for any pollutant or
effluent for which a two-nunber aquatic life water quality criterion
is available, and (b) maki ng recomendati ons concerning the use of
t hese nethods in steady-state nodeling.

The water quality criterion for dissolved oxygen was revised
very recently and the assessment of the appropriate design flow for
di ssol ved oxygen nodel i ng has not yet been conpleted. Therefore,
the state-specified design flows that traditionally have been used
for conventional pollutants should not be affected by this guidance.



St ate-specified design flows necessarily preenpt any design flow
that is recommrended in this guidance unless the state chooses to use
either of these two nethods. The choice of design flows for the
protection of human health has been di scussed in the Technica
Support Docunent for Water Quality-based Toxics Control (1).

Aquatic life criteria of some pollutants are affected by
environnental variables such as water tenperature, pH, and hardness.
In addition to the design flow, such other streamvariables as pH
and tenperature mght increase or decrease the allowable in-stream
concentrations of sone pollutants (e.g., amonia). The need to
consi der other variabl es when determ ning the design flow for those

pol I utants shoul d be enphasi zed. This document will provide
gui dance for the calculation of design flow, pH, tenperature, and
hardness will likely be addressed | ater



SECTI ON 2. Hydrol ogi cal | y-Based Desi gn Fl ow

2.1 | nt roducti on

The purpose of this section is to describe the hydrol ogically-
based design flow cal cul ati on nmethod and provi de sone exanples of its
use. The Technical Support Document for Water Quality-based Toxics
Control (1) provides Agency guidance on control of both generic and
pol I utant -specific toxicity and reconmended interimuse of the
hydr ol ogi cal | y-based nethod. |In addition, the Agency al so reconmended
(1, 2) that the frequencies of allowed exceedances and the durations
of the averaging periods specified in aquatic life criteria should not
be used directly to calculate steady- state, design flows using an
extrene value analysis. For exanple, if a criterion specifies that
t he four-day average concentration should not exceed a particul ar
val ue nore than once every three years on the average, this should be
interpreted as inplying that the 4Q8 low flowis appropriate for use
as the design flow

Because a procedure had not been devel oped for cal cul ati ng design
fl ow based on the durations and frequencies specified in aquatic life
criteria, the U S. EPA recomended interimuse of the 16 and 1QL0 | ow
flows as the CMC design flow and the 7@ and 7Ql0 | ow fl ows as the CCC
design flow for unstressed and stressed systens, respectively (1).
Further consideration of stress placed on aquatic ecosystens resulting
from exceedances of water quality criteria indicates that there is
little justification for different design flows for unstressed and
stressed system Al ecosystens have been changed as a result of
man's activities. These changes have resulted in stress being placed
on the ecosystem before a pollutant stress. |In addition, it is not
possi ble to predict



t he degree of pollutant stress when one considers both the tining and
variability of flows, effluent discharges, and ecosystemsensitivity
and resilience.

2.2 Rationale

The followi ng provides a rationale for the hydrol ogi cal | y-based
design flow cal cul ati on net hod:

e About half of the states in the nation use 7QL0 as the design
 ow fl ow.

e The log-Pearson Type IIl flow estimating techni que of other
extreme val ue anal ytical techniques that are used to cal cul ate
flow statistics fromdaily flow data are consistent with past
engi neering and statistical practice.

e Most users are faniliar with the | og-Pearson Type 11 flow
estimating procedure and the USGS provides technical support for
this technique.

* Analyses of 60 rivers indicate that, on the average, the
bi ol ogi cal | y-based CMC and CCC design flows are nearly equal to
the 1QL0 and the 7QL0 | ow fl ows.

2.3 Exanpl e Cases

In order to illustrate the cal cul ati on of hydrol ogical |l y-based
design flows, sixty rivers with flows of various nagnitudes and
variabilities were chosen fromaround the country. The 1Ql0 and 7Q10
low flow of the sixty rivers are presented in Table 2-1. The list of
rivers in this table is arranged in increasing magnitude of the 7QL0
low flows. The estimates of the 1QL0 and 7Q10 | ow fl ows were made
using the USGS daily flow database and the FLOSTAT program (6) which
enpl oys the | og-Pearson Type |I1l technique.



The estimates of 1QL0 and 7Q10 | ow flows coul d have been made
usi ng EPA-ORD s DFLOW program which uses a sinplified version of the

| og- Pearson Type |1l nethod. The sinplified version of the |og-
Pearson Type 11l estimating technique for any xQy design flowis
presented in Appendix A. Although the Log-Pearson Type IIl is in

general use it should be recognized that there are other distributions
that may be nore appropriate to use on a case-by-case basis. The

hydr ol ogi cal | y-based design flow for amonia is discussed in Appendi x
B

Anal yses of the 1QL0 and 7Ql0 low flow in Table 2-1 indicate that
the nean of the ratios of 7Q0 to 1Q10 is 1.3. The nedian of the
ratios is 1.1, whereas the range of the ratios is 1.0 to 3.85. Thus,
7QL0 low flows are generally 10 to 30% greater than the correspondi ng
1Q10 Iow flows, although in one case the 7QL0 is 3.85 tines greater
than the correspondi ng 1Q10.

Table 2-1. Hydrol ogical |l y-based design flows (ft% sec) for 60 streams

Design flow (ft % sec) 7QL0
] Period of C\V* 1Q10
Station ID Rjvyer Nane State Record 1Q10 | 7QL0
01657000 Bul | 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 Mr 1946- 77 1.32 1.7 2.4 1.41
12449600 Beaver Cr WA 1960- 78 1.77 2.4 3.2 1.22
05522000 I roquoi s I'N 1949-78 1.33 3.4 3.9 1.15
09490800 N Fk Wiite AZ 1966- 78 1. 24 4.8 5.3 1.10
14372500 E FK Il linois R 1942- 03 2.03 6.4 6.7 1.05
05381000 Bl ack W 1905- 83 2.51 5.5 6.7 1.22
10291500 Buckeye CA 1911-78 1.30 7.1 7.7 1.08
05585000 LaMi ne IL 1921- 83 1.99 9.3 9.9 1.06
12321500 Boundary Cr I D 1928- 84 1.65 11.7 13.1 1.12
01111500 Branch RI 1940- 82 1.16 8.8 13.3 1.51




Tabl e 2-1 (continued)

Design flow (ft % sec)

Station Period of %
1D Ri ver Nane St at e Record 1Q10 7QL0

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 Fi shing Cr NC 1927-82 1.48 17.0 19. 4 1.14
01196500 Qui nni pi ac (61) 1931- 84 1.02 17.5 32.3 1.85
02133500 Drowni ng Cr NC 1940- 78 0. 80 38.8 43. 4 1.12
06280300 Shoshone Wy 1957- 84 1.54 41.8 46. 8 1.12
09149500 Unconpahgre Co 1939- 80 0. 86 35.6 50. 8 1.43
02296750 Peace FL 1931- 84 1.54 49.0 155. 3 1.13
07018500 Ri g MO 1922- 84 2.16 46. 4 55.3 1.19
02217530 M ddl e Cconee GA 1902- 84 1.37 49. 4 57. 4 1.16
01481000 Brandywi ne PA 1912- 84 1.17 61. 4 67.2 1.09
09497500 Sal t AZ 1925- 80 2.05 64.6 68.7 1. 06
01144000 Wi te \8 1915- 84 1.43 75.3 85.2 1.13
01600000 N Br Pot omac MD 1939- 83 1.42 54.7 61.6 1.13
09359500 Ani mas CO 1946- 56 1. 56 54.8 62.3 1.15
01403060 Raritan NJ 1904- 83 1.64 54.2 67.1 1.24
02413500 L Tal | apoosa AL 1940- 51 1.31 72.7 8.3 1.21
01421000 E B Del aware NY 1915-78 1.41 80.8 89.7 1.11
07298500 Bi g Sunfl ower S 1936- 80 1.42 89.4 91.9 1.03
07013300 Mer amec MO 1923-78 2.41 88.8 92.2 1.05
01531000 Chenung NY 191 5-78 1.91 89.7 97.5 1.09
07096000 Ar kansas (66) 1901-81 1.12 107.9 126. 1 1.17
09070000 Eagl e CO 1947-80 1. 36 116.9 131.0 1.12
01011000 Al | egash ME 1932-03 1.39 124.5 134.1 1.38
03528000 Cinch TN 1919-78 1.55 120.7 135. 2 1.05
13023000 G eys WY 1937-83 1.16 122.9 144.5 1.13
02424000 Cahaba AL 1902-78 2.07 151.9 156. 4 1.03
05515500 Kankakee I'N 1926- 78 0. 48 179.0 184.3 1.33
02490500 Bouge Chitto S 1945- 81 1.89 188. 6 191.6 1.02
01315500 Hudson NY 1908-78 1.10 207.7 211.0 1.02
01610000 Pot ormac W/ 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 0.95 280.1 291. 4 1.04
07378500 Amte LA 1939-83 1.98 298.1 303.4 1.02
06465500 Ni obrara NE 1939- 83 0.59 160. 9 322.0 2.00
02135000 Little Pee Dee SC 1942-78 0.94 306.7 322.4 1.09
08110200 Brazos X 1966- 70 1.48 311.6 344.9 1.11
02076000 Dan VA 1924-52 1.25 329.6 387.3 1.18
03455000 French Broad TN 1901-78 0.93 473. 6 532.2 1.12
05333500 St. Croix W 1914-81 0.61 505. 9 536.0 1. 06
06287000 Bi ghorn Mr 1935-79 0.82 327.1 557.0 1.70
03107500 Beaver PA 1957-83 1.10 571.3 594. 2 1.04
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Table 2-1 (continued).

Design flow (ft % sec)

_ Peri od of o %
Station ID R yer Name Sstate Record 1Q10 7QL0
13341000 N P C earwat er ID 1927- 68 1.16 529.2 648. 6 1. 23
07341500 Red AR 1928- 81 1.41 691.0 769. 2 1.11
02350500 Fl i nt 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 Merri mack MA 1924- 83 1.01 270.2 929. 3 3.44
14233430 Cowitz VA 1968- 78 0.93 901.5 958.7 1.07

*CV = Coefficient of Variation
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SECTION 3. Biologically-Based Design Fl ow

3.1 Introduction

The purpose of this section is to describe the biologically-
based design flow cal cul ati on method and provi de sone exanpl es of
its use. This nethod was devel oped by the Office of Research and
Devel opnent of the U.S. EPA in order to provide a way of directly
usi ng EPA's two-nunber aquatic life water quality criteria (WX
for individual pollutants and whole effluents to calculate the
design flow for perform ng a wastel oad al |l ocati on using steady-
state nodeling. The two-nunber WQXC are in the intensity-duration-
frequency format, in that they specify intensity as criteria
concentrations, duration as averagi ng periods, and frequency as
average frequency of all owed excursions. Because the flow of, and
concentrations of pollutants in, effluents and streamare easily
considered in terns of intensity, duration, and frequency, use of
this format for expressing WX allows a direct application to
ef fluents and streans.

Because steady-state nodeling assunes that the conposition and
flow of the effluent of concern is constant, the anbient (instream
concentration of a pollutant can be considered to be inversely
proportional to streamflow. Thus by applying a specified
averagi ng period and frequency to a record of the historical flow
of the stream of concern, the design flow can be cal cul ated as the
hi ghest flow that will not cause exceedances to occur nore often
than all owed by the specified average frequency, based on
historical data. The all owed exceedances are intended to be snal
enough and far enough apart, on the average, that the resulting
smal | stresses on aquatic organisnms will not cause unacceptabl e
ef fects, except in those cases when a drought itself would cause
unaccept abl e effects.

The averagi ng periods specified in national water quality
criteria are one hour for the CMC and four days for the CCC. The
primary use of the averaging periods in criteria is for averaging
anbi ent concentrations of pollutants in receiving waters in order
that the averages can be conpared to the CMC and CCC to identify



"exceedances" i.e., one-hour average concentrations that exceed the
CMC and four-day average concentrations that exceed the CCC
However, in steady-state nodeling, flow is averaged over a given
period to identify "non-exceedances”, i.e., average flows that are
bel ow a specified flow

3.1.1 Exceedances and Excursions

Use of the term "exceedance" and "non-exceedance" neither of
which are in the dictionary, can be a cause of confusion. Water
quality criteria are usually expressed as upper limts on
concentrations in anbient water and the periods of concern are when
t he anbi ent concentration exceeds a criterion concentration, i.e.
when there is an exceedance. |In steady-state nodeling, the
averaging is of flows, not concentrations. Because a |ow flow
results in a high pollutant concentration, the period of concern
for flowis when the flowis less than the design flow, i.e., when
there i s non-exceedance of a given flow. A non-exceedance of a
design flow corresponds to an exceedance of a criterion. Use of
the non-directional term "excursion", which is in the dictionary,
avoids this confusion. Use of the term "excursion" also avoids the
problemthat sone water quality criteria, such as those for
di ssol ved oxygen and | ow pH, nust be stated as lower limts, not
upper limts. An exceedance of a dissolved oxygen criterion is
favorabl e, not unfavorable. “Excursions”, in this guidance manual,
wi Il henceforth be used to inmply
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an unfavorable condition, e.g., a low flow or a poll utant
concentration above an upper limt or belowa lower limt.

The national water quality criteria specify that, if Ris the
cal cul at ed nunmber of excursions occurring in a period of S years,
then S/R should be equal to or greater than 3 years. Most
excursions will be small and nost aquatic ecosystens will probably
recover fromthe resulting mnor stress in less than three years.
However, the three years is neant to be |longer than the average
recovery period so that ecosystens cannot be in a constant state of
recovery even if excursions are evenly spaced over tinme.

Al t hough 3 years appears to be appropriate for snall
excursions that are sonewhat isolated, it appears to be excessively
| ong when nany excursions occur in a short period of tinme, such as
woul d be caused by a drought. Droughts are rare events,
characterized by |ong periods of |ow flow and should not be all owed
to unnecessarily | ower design flows. Although droughts do severely
stress aquatic ecosystens, both directly, because of |ow flow, and
indirectly, because of the resulting high concentrations or
pol | utants, many ecosystens apparently recover from severe stresses
in more than 5, but |less than 10 years (1). Because it is not
adequately protective to keep ecosystens in a constant state of
recovery 15 years seem|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 average, counting no nore than 5 excursions for
any low flow period will
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provide no nore than 15 years, on the average, for severe stresses
caused by droughts. Thus, for each |ow flow period, the nunber of
excursions cannot be less than 1.0 or greater than 5.0. The

maxi mum duration of a lowflow period was set at 120 days because

it is not too unconmon for excursions to occur within 120 days of

each other, whereas it is very rare for excursions to occur during
days 121 to 240 after the beginning of a | owflow period.

3.1.2 Features of Calcul ation

Figure 3-1 illustrates the features of the biologically-based
design flow cal culation method. Intervals a-b and c-d are
excursion periods and each day in these intervals is part of an
average flow that is below the design flow. The nunber of
excursions in an excursion period is calculated as the nunber of
days in the excursion period divided by the duration (in days) of
the averaging period (e.g., 1 day for the CMC and 4 days for CCC).
A lowflow period is defined as one or nore excursion periods
occurring within a 120-day interval. As discussed above, if the
cal cul at ed nunber of excursions that occur in a 120-day | owfl ow
period is greater than 5, the nunber is set at 5 for the purposes
of calculating the design flow.

Because bi ol ogi cal | y-based design flows are based on the
averagi ng peri ods and frequencies specified in water quality
criteria for individual pollutants and whole effluents, they can be
based on the avail abl e bi ol ogi cal, ecol ogical, and toxicologica
i nformati on concerning the stresses that aquatic organisms,
ecosystens, and their uses can tolerate. The biol ogically-based
calculation nethod is flexible enough to make full use
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Figure 3-1: Illustration of biologically-based design flow
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The CMC and CCC design flows are calculated in al nost the sane
manner. The differences result fromthe fact that the CMC is
expressed as a one-hour average, whereas the CCC is expressed as a
four-day average. However, the flow records that are avail able
consi st of one-day average flows. For streanms with naturally
occurring low flows, calculation of the CMC design flow from one-
day averages, rather than one-hour averages, should be reasonably
accept abl e because naturally occurring | ow fl ows of receiving
streanms are usually very sinilar fromone hour to the next. In
regul ated streans, such as those affected by hydroel ectric or
irrigation projects, hour-to-hour variation of |ow flows could be
significant and in those situations, use of hourly val ues, when
avai l able, is appropriate. Both the pollutant concentrations and
the flows of nost effluents are expected to change nmuch nore from
one hour to the next than the naturally occurring flows of streans.

3.3 Rationale

The following provides a rationale for the biologically-based
design flow cal cul ati on net hod:

O It allows the use of the new two-nunmber WQC for aquatic life in
the cal culation of design flow If water quality criteria for
aquatic life are to achieve their intended purpose, decisions
concerning their derivation and use should be based on the
bi ol ogi cal, ecol ogical, and toxicological characteristics of
aquati c organi sns and ecosystens and their uses whenever
possi bl e.

It takes into account all excursions in the flow record.

It provides the necessary design flow directly wi thout requiring
any design flow statistics in the xQ/ fornat.

O It is flexible enough so that any averagi ng period and frequency
sel ected for particular pollutants, effluents, or site-specific
criteria can be used directly in design flow cal cul ations.
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3.4 Exanpl e Cases

The sixty flow records that were anal yzed using the
hydr ol ogi cal | y-based nethod (see Table 2-1) were al so anal yzed
usi ng the biol ogi cally-based design fl ow nethod. The CMC design
flow was cal cul ated for a 1-day averagi ng period and the CCC design
fl ow was cal cul ated using the 4-day averagi ng period. Both were
cal cul ated using a frequency of once every three years on the
average. Table 3-1 presents biologically-based design flows for
t hese sixty rivers.

In addition to the hydrol ogically-based design flows, Table B-
1 in Appendi x B al so includes biologically-based CMC and CCC desi gn
flows for 13 streans for 30-day averagi ng periods and a frequency
of once every three years on the average. The purpose of the
bi ol ogi cal | y-based design flows for ammonia (5) in Appendix Bis to
illustrate how this nethod nmight be used for site-specific and
pol | utant -specific situati ons where the durations and frequencies
in aquatic life criteria mght be different fromthose specified in
nati onal two-nunber aquatic life criteria.

Anal yses of the 1l-day 3-year and the 4-day 3-year low flows in
Table 3-1 indicate that the nmean ratio of the 4-day 3-year |ow
flows to the corresponding 1l-day 3-year low flows is 1.23. The
medi an of the ratios is 1.11, whereas the range of the ratios is
1.0 to 2.81. Thus, 4-day 3-year low flows are generally 11 to 23%
greater than the correspondi ng 1-day 3-year low flows, although in
one case, the 4-day 3-year low flowis 2.91 tines greater than the
correspondi ng | -day 3year |ow fl ow
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Tabl e 3-1.

Bi ol ogi cal | y-based design flows (ft® sec) for 63 rivers

Design fl ow (f/tsec)

Period of o

Station ID River Nane State Record o |1-day s-year |4' day 3-year | OM08
01657000 Bul I Run VA 1951-82 4.48 0.20 0.40 2.00
02092500 Trent NC 1951-82 1.77 1.40 1.60 1.14
06026000 Birch Cr M 1946-77 1.32 1.70 2.40 1.41
12449600 Beaver Cr WA 1960-78 1.77 2.80 3.40 1.21
05522000 I roquoi s I'N 1949-78 1.33 2.40 3.00 1.25
09490800 N Fk Wiite AZ 1966- 78 1.24 4.80 5.30 1.10
14372500 EFK IlIlinois OR 1942-03 2.03 5. 80 6. 90 1.19
05381000 Bl ack W 1905- 83 2.51 5.00 6. 10 1.22
10291500 Buckeye CA 1911-78 1.30 7.00 7.20 1.03
05585000 LaMoi ne IL 1921- 83 1.99 8. 90 9. 40 1.06
12321500 Boundary Cr 1D 1928- 84 1.65 12. 00 13. 00 1.08
01111500 Branch RI 1940- 82 1.16 10. 00 13. 20 1.32
02138500 Linville NC 1922- 84 1.74 13. 00 15. 00 1.15
05053000 or Sheyenne ND 1951-81 2.10 15. 40 17. 60 1.14
03059000

02083000 Fi shing Cr NC 1927-82 1.48 12. 00 13.50 1.13
01196500 Qui nni pi ac CcT 1931- 84 1.02 14. 90 34. 00 2.25
02133500 Dr owni ng Cr NC 1940-78 0. 80 33.90 36. 20 1.07
06280300 Shoshone Wy 1957- 84 1.54 42. 90 45. 80 1. 07
09149500 Unconpahgre CO 1939- 80 0. 86 29.90 49. 00 1.26
02296750 Peace FL 1931- 84 1.54 48. 00 55. 20 1.15
07018500 Bi g MO 1922- 84 2.16 45. 00 51. 50 1.14
02217530 M ddl e Cconee GA 1902- 84 1.37 33.00 45.70 1.38
01600000 N Br Pot ormac VD 1939- 83 1.42 42. 90 49. 00 1.17
09359500 Ani mas Co 1946- 56 1.56 60. 00 61. 10 1.02
01403060 Raritan NJ 1904- 83 1.64 46. 90 53. 60 1.14
01481000 Br andywi ne PA 1912- 84 1.17 55. 80 59. 30 1.06
09497500 Sal t AZ 1925- 80 2.05 63. 00 59. 50 1.10
01144000 Wi te VT 1915- 84 1.43 75. 90 86. 00 1.13
02413500 L Tal | apoosa AL 1940-51 1.33 57.90 70. 20 1.21
01421000 E B Del aware NY 1915-78 1.41 82.00 91. 40 1.11
07288500 Bi g Sunflower M 1936- 80 1.42 82.70 85. 40 1.03
07013300 Mer anec MO 1923-78 2.41 89. 90 92.70 1.03
01531000 Chermung NY 191 5-78 1.91 85.70 92. 50 1.08
07096000 Ar kansas CO 1901-81 1.12 89. 90 114. 00 1.27
09070000 Eagl e CO 1947-80 1.36 120. 00 126. 00 1.05
01011000 Al | egash ME 1932-03 1.39 134. 00 138. 40 1.03
03528000 Cinch TN 1919-78 1.55 127.70 132. 20 1.04
13023000 G eys Wy 1937- 83 1.16 124. 80 135. 80 1.09
02424000 Cahaba AL 1902-78 2.07 122. 80 149. 80 1.22
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Table 3-1 (continued).

Design flow (ft% sec)

(66
Period of 1-day 3-year 4-day 3-year CcM08

Station ID Ri ver Name State Record Cv*
05515500 Kankakee I'N 1926-78 0.48 167. 60 174. 20 1.04
02490500 Bouge Chitto %S 1945-81 1.89 187. 50 189. 60 1.13
01315500 Hudson NY 1908- 78 1.10 170. 00 191. 90 1.13
01610000 Pot omac W 1939-83 1.48 22.20 219. 60 1.09
05386000 Root MN 1938-61 1.65 239. 30 23937. 00 1.00
02369000 Shoal FL 1939- 82 0.95 270. 50 2860. 00 1.06
07378500 Anite LA 1939-83 1.98 282.10 295. 50 1.05
06465500 Nebr aska NE 1939- 83 0.59 199.70 304. 30 1.52
02135000 Littl e Pee Dee SC 1942-78 0.94 298.70 298. 90 1.00
08110200 Br azos TX 1966- 70 1.48 277.70 305. 30 1.10
02076000 Dan VA 1924-52 1.25 321.60 380. 40 1.18
03455000 French Broad TN 1901- 78 0.93 494. 30 535. 50 1.08
05333500 St. Croix W 1914-81 0.61 477.50 508. 50 1.06
06287000 Bi ghorn Mr 1935-79 0.82 364. 00 520. 20 1.43
03107500 Beaver PA 1957-83 1.10 539. 90 557. 50 1.07
13341000 N P C ear wat er ID 1927-68 1.16 429. 60 613. 00 1.31
07341500 Red AR 1928-81 1.41 537. 40 603. 30 1.12
02350500 Flint GA 1930-58 1.00 262. 50 731.00 2.78
01100000 Merri mack MA 1924- 83 1.01 284. 00 797.30 2.81
14233430 Cowitz VA 1968-78 0.93 934. 70 959. 90 1.03

*CV = coefficient of variation
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For further clarification of the biologically-based nethod, refer to
Appendi x E, Questions and Answers.
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of special averaging periods and frequencies that mght be sel ected
for specific pollutants (e.g., ammnia) or in site-specific
criteria. This nmethod is enpirical, not statistical, because it
deals with the actual flow record itself, not with a statistica
distribution that is intended to describe the flow record.

In addition, this nmethod provides an understandi ng of how nany
excursions of the CCC or CMC are likely to occur, and during what
time of the year, based on actual historical flow data. Thus, it
is possible to exanmine the pattern and nagni tudes of what woul d
have been historical excursions. This nethod makes it clear that
criteria concentrations should not be interpreted as val ues that
are never to be exceeded “at any tinme or place” in the receiving
wat ers. An understandi ng of what |evel of protection actually is
provi ded should aid in the use of criteria.

3.2 Procedure

Al t hough the cal cul ati on procedure described in Appendix C
m ght | ook conplicated, it nerely consists of a sequence of steps
that are quite sinple. Because flow records usually consist of
daily flows for 20 to 80 years, manual cal cul ati on of design flow
is very time-consuning. The DFLOW conputer program (Appendi x D
(OM TTED) — DFLOW 2.0 has been superseded by newer versions. The
current versions of DFLOWNand its docunentation are avail abl e
online at http://ww.epa. gov/waterscience/dflow.) will calculate
bi ol ogi cal | y-based design flows and display the dates, durations,
and nmagni tudes of the excursions within each | ow fl ow peri od.
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SECTI ON 4. COVPARI SON OF THE TWO METHODS

4.1 Design Fl ows

Tabl e 4-1 shows the biologically-based 1-day 3-year |ow flows
and the hydrol ogi cal |l y-based 1Q10 | ow fl ows for the sixty exanple
rivers. The table also presents the difference between 4-day 3-year
low flows and the 7QL0 | ow fl ows.

For 39 of the 60 streans, the 1-day 3-year low flows are | ess
than the 1QL0 low flows. For 18 streams, the 1-day 3-year |ow fl ows
are greater than the 1Q10 I ow flows, and for the remaining 3 streans
the differences are less than 0.1% Thus, for the majority of the
streanms the 1-day 3-year low flowis lower than the 1QL0 | ow fl ow
For all sixty streams, the difference between |-day 3-year |ow flows
and 1QL0 low flows ((1-day 3-year)-(1QL0))/(1l-day 3-year) ranges
from-50.0%to 20.8% w th the mean and nedian equal to -4.9%and -
3.1% respectively.



Table 4-1. Conparison of 1QL0 and 7QL0 with 1-day 3-yr and 4-day 3-
yr low flows (all flows in ft3 sec)
Conmpari son of CMC Design Flows |Conparison of CCC Designh Fl ows
Ri ver Nane State|1Ql0| 1-day oDl FF* 7Q10 |4-day 3- 9l FF*
3-yr yr

Bul | 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 Mr 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
I roquoi s I'N 3.4 2.4 -41.7 3.9 3.0 -30.0
N Fk Wite AZ 4.8 4.8 0.0 5.3 5.3 0.0
E FK Illinois OR 6.4 5.8 -10.3] 6.7 6.9 2.9
Bl ack W 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
LaMoi ne IL 9.3 8.9 -4.5 9.9 9.4 -5.3
Boundary Cr ID 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
Linville 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
Fi shing Cr NC 17.0 12.0 -41.7 19. 4 13.5 -43.7
Qui nni pi ac CT 17.5 14.9 -17.4| 32.3 34.0 5.0
Drowni ng Cr NC 38.8 33.9 -14.4| 43.4 36.2 -19.9
Shoshone Wy 41.8 42.9 2.6| 46.8 45.8 -2.2
Unconpahgre CO 35.6 39.9 10.8| 50.8 49.0 -3.7
Peace FL 49.0 48.0 -2.1 55.3 55.2 -0.2
Bi g MO 46. 4 45.0 -3.1 55.3 51.5 -7.4
M ddl e Cconee GA 49. 4 33.0 -49.7 57.4 45.7 -25.6
N Br Pot omac MD 54.7 42.9 -27.5 61. 6 49.0 -25.7
Ani mas CO 54.8 60.0 8.7 62.3 61.1 -2.6
Raritan NJ 54.2 46.9 -15.6 67.1 53.6 -25.2
Brandywi ne PA 61.4 55.8 -10.0 67.2 59.3 -13.3
Sal t AZ 64. 6 63.0 -2.5| 68.7 69.5 1.2
Wi te VT 75.3 75.9 0.8 85.2 86.0 0.9
L Tal | apoosa AL 72.7 57.9 -25.6| 88.3 70.2 -25.8
E B Del awar e NY 80. 8 82.0 1.5 89.7 91.4 1.9
Bi g Sunfl ower %S} 89. 4 82.7 -8.1| 91.9 85.4 -7.6
Mer amec MO 88.8 89.9 1.2 92.2 92.7 0.5
Chenung NY 89.7 85.7 -4.7 97.5 92.5 -5.4
Arkansas CO 99.9 89.9 -11.1| 120.1 114.0 -9.3
Eagl e CO |116.9 120.0 2.6| 131.0 126.0 -4.0
Al | egash ME 124.5 134.0 7.1 134.1 138. 4 3.1
dinch TN 128.7 127.7 -0.8| 135.2 132.2 -2.3
G eys Wy 122.9 124.8 1.5| 144.5 135.8 -6.4
Cahaba AL 151.9 122.0 -23.7| 156.4 149. 8 -5.4

* opi fference -
* oD fference -

((4-day 3-year flow)
(4-day 3-year flow

(1QL0)).100 / (4-day 3-year flow
(7Q10)).100 / ((4-day 3-year flow




Tabl e

4-1. (continued).

Conpari son of CMC Design Conpari son of CCC Design
Fl ows Fl ows

Ri ver Nane State| 1QL0 |1-day 3-yr oDl FF*| 7QL0 |4-day 3-yr ool FF*
Kankakee IN 179.0 167. 6 -6.8| 184.3 174.2 -5.8
Bouge Chitto M5 188. 6 167.5 -0.6| 191.6 189. 6 -1.1
Hudson NY 207.7 170.0 -22.2| 211.0 191. 9 -10.0
Pot omac 0% 209. 6 202.2 -3.7| 220.7 219.6 -0.5
Root MN 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
Anite LA 208. 1 202.1 -5.7| 303.4 295.5 -2.7
Ni obr ar a NE 160. 9 199.7 19. 4| 322.0 304.3 -5.8
Little Pee Dee sC 306.7 298.7 -2.7| 322.4 298.9 -7.9
Brazos X 311. 6 277.7 -12.2| 344.9 305. 3 -13.0
Dan VA 329.6 321.6 -2.5| 307.3 380. 4 -1.8
French Broad TN 473. 6 494. 3 4.2| 532.2 535.5 0.6
St. Croix W 505. 9 477.5 -5.9| 536.0 508. 5 -5.4
Bi ghorn Mr 327.1 364.0 10. 1| 557.0 520. 2 -7.1
Beaver PA 571.3 539.9 -5.8| 594.2 557.5 -6.6
N P d earwat er 1D 529. 2 469. 6 -12.7| 648.6 613.0 -5.9
Red AR 691 537. 4 -29.6| 769.2 603. 3 -27.5
Flint GA 207.8 262.5 20.8| 799.8 731.3 -9.4
Merri mack MA 270.2 284.0 3.6/ 929.3 797.3 -16.6
Cowl itz WA 901.5 934.7 4.9| 968.7 959.9 -0.9
* Opifference - ((1l-day 3-year flow) - (1QL0)).100 / (1l-day 3-year flow)

* 0 f

ference - (4-day 3-year flow) - (7QL0)).100 / ((4-day 3-year flow

Sim | ar conpari sons can be made between the 4-day 3-year |ow
flows and the 7QL0 | ow fl ows based on Table 4-1. For 46 of the 60
streans, the 4-day 3-year low flows are |less than the 7QL0 | ow
flows. For nine streans, 4-day 3-year low flows are greater than
the 7QL0 I ow flows, and for the remai ning four streans, the

differences are less than 0.1% Thus, the 4-day 3-year low flowis

usual ly Iower than the 7QL0 low flow. For all sixty streams, the
di fference between the 4-day 3-year |low flows and 7QL0 | ow fl ows

((4-day 3-year) - (7QL0))/(4-day 3-year)) ranges from-44%to 6%
with the nmean and nedian equal to - 7.0% and - 4.4% respectively.

4.2 Excursions




Tabl e 4-2 presents the cal cul ated nunber of excursions that
occurred in the 60 streans for the |low flows cal cul ated using the
hydr ol ogi cal | y- and bi ol ogi cal | y-based nethods. The table
denonstrates the inpact of the choice of one design flow nmethod over
the other in terns of nunber of excursions. For any stream a
higher floww Il always result in the same or a greater nunber of
excursions than a lower flow Cccasionally, the difference in the
nunber of excursions of the two design flows is quite dranatic even
if the difference between the two design flows is quite small. For
exanpl e, the 1QL0 and the 1-day 3-year design flow of the Quinnipiac
River in Connecticut are 17.5 ft°% sec and 14.9 ft° sec, respectively,
but the correspondi ng nunbers of excursions were 39 and 13. Simlar
observations could be made for many other streans in Table 4-2. A
snal |l difference in design flow may not have a significant inpact in
wast el oad al |l ocations for these streans but may result in a |arger

nunmber of excursions that desired during the period of flow record.

4.3 Comparison of the Two Met hods

The conparisons of the design flows show that the nagnitudes of
the 1-day 3-year and 1Ql0 |low flows, and the 4-day 3-year and 7QL0
low flows are, on an average basis, simlar in magnitude. Al though
these flows are simlar on the average, there may be | arge
differences in the values of these flows for individual streans.
More inmportantly, there can be a significant difference in the
nunber of excursions that result, even if the magnitudes of the

flows cal culated by the two nethods are nearly equal



Tabl e 4-2. Comparison of nunber of excursions of 1QL0 and 7Ql0 with

nunber of excursions of 1-day 3-yr and 4-day 3-yr design

flows.
Conpari son of CMC Design Fl ows Conpari son of CCC Design Fl ows

River Name State 1Q10 % Excur 1-day 3-yr % Excur |7QL0 % Excur 1-day 3-yr % Excur
BulT Run VA 0.3 19 0.2 10 0.4 8.5 0.4 8.5
Trent NC 1.4 9 1.4 9 1.6 9.3 1.6 9.2
Birch O Mr 1.7 8 1.7 8 2.4 9.3 2.4 9.2
Beaver Cr WA 2.4 1 2.8 6 3.2 4.0 3.4 6.0
I roquoi s I'N 3.4 18 2.4 9 3.9 16.8 3.0 9.7
N Fk White AZ 4.8 2 4.8 2 5.3 4.0 5.3 4.0
E FK Il1inois OR 6.4 13 5.8 12 6.7 11.3 6.9 11.5
Bl ack w 5.5 27 5.0 21 6.7 26.0 6.1 24.5
Buckeye CA 7.1 13 7.0 7 7.7 10.0 7.2 8.5
LaMbi ne L 9.3 33 8.9 20 9.9 24.5 9.4 20.5
Boundary Cr 1D 11.7 15 12.0 15 13.1 15.8 13.0 15.7
Branch RI 8.8 10 10.0 13 13.3 18.3 13.2 14.0
Linville NC 13. 4 21 13.0 15 16. 4 25.0 15.0
Sheyenne ND 15.9 11 15.4 6 18.3 14.5 17.6
Fishing Cr NC 17.0 17 12.0 15 19.4 29.3 13.5 17.2
Qui nni pi ac cT 17.5 39 14.9 13 32.3 11.3 34.0 13.0
Drowni ng Cr NC 38.8 26 33.9 12 43. 4 27.8 36.2 12.7
Shoshone wr 41.8 3 42.9 6 46.8 9.3 45.8 6.3
Unconpahgre CcOo 35.6 7 39.9 13 50.8 17.5 49.0
Peace FL 49.0 17 48.0 16 55.3 17.3 55. 2
Big MO 46. 4 23 45.0 15 55.3 27.8 51.5
M ddl e Cconee GA 49. 4 25 33.0 11 57.4 23.3 45.7 14.3
N Br Potonmac MD 54.7 29 42.9 14 61.6 28.0 49.0 14.8
Ani mas co 54.8 0 60.0 2 62.3 6.8 61.1 2.5
Raritan NJ 54.2 25 46.9 13 67.1 24.3 53.6 13.3
Br andywi ne PA 61. 4 30 55.8 14 67.2 33.0 59.3
Sal t AZ 64.6 21 63.0 18 68.7 17.3 6935. 0
Wi te VT 75.3 20 75.9 20 85.2 20.8 86.0 21.5
L Tal | apoosa AL 72.7 6 57.9 3 88.3 7.0 70. 2 3.8
E B Del avare NY 80.8 17 82.0 20 89.7 19.0 91.4 20.5
Bi g Sunfl ower NB 89. 4 31 82.7 8 91.9 30.3 85. 4 13.8
Mer amec MO 88.8 17 89.9 18 92.2 16.5 92.7 17.0
Chenung NY 89.7 26 85.7 18 97.5 25.0 92.5 20.5




Tabl e 4-2. (Continued)
Conpari son of CMC Design Fl ows Conpari son of CCC Design Fl ows
Ri ver Nane State 1Q10 % Excur 1-day 3-yr % Excur [ 7Q10 % Excur 1-day 3-yr % Excur
Arkansas [¢9) 107.9 23 115.8 26 126. 1 28.0 123.8 26.0
Eagl e (o¢} 116.9 9 120.0 11 131.0 17.5 126.0 11.0
All egash ME 124.5 15 134.0 17 134.1 13.0 138.4
dinch ™ 128.7 23 127.7 17 135. 2 25.0 132.2 12.0
Geys Wy 122.9 10 1234. 8 10 144.5 18.8 135. 8 10.0
Cahaba AL 151.9 33 122.8 10 156. 4 24.8 149.8 16.0
Kankakee IN 179.0 34 167.6 14 184.3 29.5 174.2 14.0
Bouge Chitto VB 188. 6 13 187.5 10 191. 6 19.3 189. 6 11.0
Hudson NY 207.7 30 170.0 29 211.0 27.8 191.9 24.0
Pot orac w 209. 6 19 202.2 14 220.7 15.0 219.6 14.0
Root MN 229.7 7 239.3 7 245. 6 10.8 239.7 7.0
Shoal FL 280. 1 20 270.5 12 291.4 19.3 286.0 17.0
Anite LA 208.1 19 282.1 14 303. 4 14.0 295.5 4.0
Ni obrara NE 160. 9 4 199. 7 8 322.0 11.3 304.3 8.0
Little Pee Dee sc 306.7 15 299.7 12 322.4 15.0 298.9
Br azos ™ 311.6 11 277.7 4 344.9 6.8 305.3
Dan VA 329.6 11 321.6 9 387.3 10.3 380.4
French Broad ™ 473.6 13 494.3 18 532. 2 16.0 535.5
St. Croix w 505. 9 34 477.5 22 536.0 34.5 508. 5
Bi ghor n Mr 327.1 12 364.0 14 557.0 16.5 520. 2
Beaver PA 571.3 15 539.9 4 594.2 13.3 557.5
N P O earwat er 1D 529.2 20 469.6 13 643. 6 14.8 613.0
Red AR 691.0 28 537.4 17 769. 2 28.8 603. 3
Flint A 207.8 7 2625.0 9 799. 8 20.3 731.0
Mer ri mack MA 270.2 13 284.0 18 929.3 41.8 797.3 19.0
Cowl itz VA 901.5 0 934.7 2 963. 7 4.5 959. 3 3.0




The hydrol ogi cal | y-based design flows may actually provide a
greater degree of protection of water quality in cases where the
val ue of the design flows are |less than that of the correspondi ng
bi ol ogi cal | y-based design flows. Hydrol ogically-based design flows
have been used successfully in the past in many water quality-based
permts. In addition, on an average basis, the val ues of
hydr ol ogi cal | y-based design flows are not greatly different fromthe

correspondi ng val ues of biol ogically-based design fl ows.

The bi ol ogi cal | y-based design flows are not always smaller than
t he correspondi ng hydrol ogi cal | y-based design flows for a given
stream Thus, it cannot be stated that choosi ng one nethod over the
other will always result in the nost protective wastel oad all ocation
(and therefore the fewest nunber of excursions over the period of
record). However, the biologically-based method will always provide
i nsurance that the design flow calculated will have resulted in no

nore than the required number of excursions.

Based upon the above, both the hydrol ogically-based and the
bi ol ogi cal | y-based met hods for cal cul ating stream design flows are

reconmended for use in steady-state nodeling.



SECTI ON 5. RECOMVENDATI ONS

I f steady-state nodeling is used, the hydrol ogically-based or

t he biol ogi cal | y-based stream desi gn fl ow nmet hod shoul d be
used. If the hydrol ogically-based nethod is used, the 1QL0 and
7Q10 I ow fl ows should be used as the CMC and CCC design fl ow,
except that the 30QL0 | ow fl ow should be used as the CCC design
flow for amopnia is situations involving POTW designed to
renmove anmonia where linmted variability of effluent pollutant
concentrations and resulting concentrations the receiving water

can be denpnstr at ed.

Q her technically defensible nmethods may al so be used.
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APPENDI X A. Cal cul ati on of Hydrol ogi cal |l y-Based Desi gn Fl ows

Design fl ows can be cal cul ated as annual x-day average | ow
flows whose return period is y years, i.e., the xQy/ low flow. These
flows can be estinmated froma historical flow record of n years
using two different nethods. The first is a distribution-free
nmet hod whi ch nmakes no assunption about the true probability

di stribution of annual |ow flows. The expression for xQ is

xQy = (1-e) X(m) + eX(n)

where X(m) = the mth | owest annual |ow flow of record
m o= [(n+1])/y]
m = [(n+l)/y] +1
[z] = the largest integer less than or equal to z
e = (ntl)/y - [(n+l)/y]

This method is only appropriate when the desired return period is

less than n/5 years (1).

The second nmethod fits the historical low flow data to a
specific probability density function and then conputes fromthis
function the flow whose probability of not being exceeded is 1/y.
The 1 og Pearson Type Il distribution is a convenient function to
use because it can acconmpdate a large variety of distributiona
shapes and has seen w de-spread use in stream flow frequency
anal ysis. However, there is no physically based rationale for

choosi ng one distribution over another

The xQy |l ow fl ow based on the | og Pearson Type 1l method is
xQy = exp(u + K(g,y) s)

where u = nmean of the logarithnms (base e) of the historical annua

| ow fl ows,

s = standard deviation of the logarithns of the historical |ow
flows,

g = skewness coefficient of the logarithms of the historica
| ow 1l ows,

K = frequency factor for skewness g and return period vy.



A sanple listing of frequency factors is given in Table A-1. These

factors can al so be approxi mated as
K=(2/g9) [ (1+ (g 2z)/6- ¢g°736)°- 1]

for |g|] £ 3 where z is the standard nornmal variate with cunulative

probability 1/y (2). Tables of the nornal variates are available in
nost el ementary statistics texts. An appropriate value (3) can be

found from
z =4.91 [(My)™ -(1-1/y) ™

To illustrate the use of the two xQy low fl ow estinmation
net hods, the data in Table A-2 will be analyzed for the 7. The
flow values in this table represent the | owest 7-day average flow
for each year of record. Also shown are the ranki ngs of these flows
fromlowest (rank 1) to highest (rank 45). The nmean, standard
devi ation, and skewness coefficient of the |ogarithns of these

annual |ow flow are shown at the bottom of the table.

For the distribution-free approach, the value of (n+l)/y is
(45+1)/5 or 9.2. Therefore, the 7@ low flow |lies between the 9-th
and 10-th | owest annual flow. The interpolation factor, e, is 9.2 -
9 = 0.2 Thus we have

76 = (1. - .20) X(9) + (.20) X(10)

= (.80(335) + (.20)(338)
= 335.6 cfs



For the | og Pearson Type IIl nmethod, the frequency factor K
will be estimated from Table A-1. For skewness of 0.409 and a 5-
year return period interpolation results in K =-0.956. The 76 | ow
flowis:

76 = exp(6.01 + (-.856)(.24))
= 331.8 cfs

For purposes of conparison, Kwll be estimated using the forml ae
gi ven above

z = 4.91 [(0.2) " (1-0.2) ]
= -0.840

K = (2/.409)[ 1+(. 409)(-.840)/5-
(.409)/36)° 1]

= -.853

7G5 = exp(6.01+(-.853)(.24))
331.8 cfs

The difference in the three estimates of the 7 low flowis |ess

than 2 percent.

A-3



Table A-1. Frequency Factors (K) for the Log Pearson Type II
Di stribution

Skewness Return Period, Years
Coef fi ci ent 5 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 -10. 752 -0.844
2.0 -0.777 -0.895
1.8 -0.799 -0.945
1.6 -0. 817 -0.994
1.4 -0.832 -1.041
1.2 -0.844 -1.086
1.0 -0.852 -1.128
0.8 -0. 856 -1.166
0.6 -0. 857 -1.200
0.4 -0. 855 -1.231
0.2 -0. 850 -1.258
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 -0.758 -1.336
-1.0 -0.758 -1.340
-1.2 -0.732 -1.340
-1.4 -0.705 -1.337
-1.6 -0.675 -1.329
-1.8 -0.643 -1.318
-2.0 -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 (ft% sec) for the Arite River Near
Denham Springs, LA

Year FlI ow Rank Year Fl ow Rank
1939 299 5 1962 396 25
1940 338 10 1963 275 1
1941 355 15 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
1946 508 38 1969 280 3
1947 450 33 1970 354 14
1948 424 29 1971 388 23
1949 574 41 1972 357 17
1950 489 36 1973 499 37
1951 406 26 1974 448 32
1952 291 4 1975 650 45
1953 352 13 1976 356 16
1954 309 7 1977 364 18
1955 322 8 1978 648 44
1956 278 2 1979 619 43
1957 369 19 1980 567 40
1958 483 35 1981 445 31
1959 523 39 1982 349 12
1960 385 21 1983 595 42
1961 474 34

n =45

u==6.0

s = 0.23

g = 0.385
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Appendi x B. An Exanple Use of DFLOWfor Ammoni a Di scharges From POTW

The purpose of this Appendix is to illustrate the use of the DFLOW
programto cal cul ate biol ogically-based design flows for anmmonia and conpare
themw th the hydrol ogically-based design flows of 30QLO for the 13 streans

with the | onest coefficients of variations shown in Table 2-1.

B.1 I ntroduction

As stated in the two-nunmber WQC for anmmonia (1), a CCC averagi ng period
of as long as 30 days may be used in situations involving POTW designed to
renove anmoni a where low variability of effluent pollutant concentration and
resultant concentrations in receiving waters can be denonstrated. |In cases
where | ow variability can be denonstrated, |onger averagi ng periods for the
amoni a CCC (e.g., a 30-day averagi ng period) would be acceptabl e because
t he magni tudes and durations of excursions above the CCC woul d be

sufficiently limted (1).

B. 2 Hydrol ogi cal | y- based Desi gn Fl ow

The 30Q10 low flows of the 13 streans with the | owest coefficients of

variation (CV) are presented in Table B-1

B-1



Table B-1. Design flows and resulting nunber of excursions using 30-day
averagi ng period (all flows in ft° sec).

Ri ver Nane State Coef f 30Q10 30-day 3-year ouDi ff*
of Flow | %&xcursions | Flow | %&xcursi ons
Variation

Qui nni pi ac CcT 1.02 42. 3 7.8 46. 5 15 9
Drowni ng Cr NC 0.8 54.7 8.5 65.5 15 16.5
Unconpahgre CO 0. 86 71 6.9 77.3 14. 6 8.2
G eys Wy 1.16 160.7 5.7 166.9 9.9 3.7
Kankakee I'N 0. 48 201.8 10 213.6 16.7 5.5
Hudson NY 1.1 288 13. 4 340.7 24.3 13.5
Shoal FL 0.95 323.5 10. 2 339 12.1 4.5
Little Pee Dee SC 0.94 366. 3 7.4 450 11.8 18.6
St. Croix W 0.61 571.8 16. 2 598. 6 21.9 4.5
Ni obr ara NE 0.59 613.2 6.4 673.6 8.1 9
French Broad TN 0. 93 636. 2 11.9 715.7 20.3 11.1
Bi ghorn MT 0.82 913.6 8.1 1103 14. 3 17.2
Flint GA 1 1000 6.4 1097 9.6 8.8

*opi fference = ((30-day 3-year flow) - (30QL0)) * 100 / (30-day 3-year flow)

B. 3 Biol ogically-based Desi gn Fl ow

The 30-day 3-year flows for 13 streans arc presented in Table B-1. To
obtain the biologically-based design flow for these streans, an averagi ng
peri od of 30 days instead of 4 days was entered into the DFLOW program
(Appendi x D (OM TTED). DFLOW 2.0 has been superseded by newer versions. The
current versions of DFLONand its docunentation are avail able online at
http://ww. epa. gov./wat ersci ence/dflow). Table B-1 also includes the nunber
of excursions that occurred in each of 13 flow records for the
hydr ol ogi cal Iy and bi ol ogi cal | y-based design fl ows.

B. 4 Conpari son of Design Fl ows

Table B-1 shows that for all 13 streans the 30QL0 |low flow is al ways
| ess than the 30-day 3-year low flow. The difference between the | ow fl ows
((30 day 3-year - 30QL10)/30-day 3-year)) 3.7%to 18.6% w th the mean equa
to 10.2% Because the 30Ql0 low flow is always lower, it results in fewer
excursions than the 30-day 3-year |ow fl ow.

B- 2
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B.5 Use of Biologically-Based Design Flows for Ammoni a Di scharges from POTW

As stated earlier, an averaging period of 4 days and a frequency of
occurrence of once every three years is used for the CCC. However, for
amoni a di scharges from POTW, a |onger averaging period may be used in
certain cases. According to the national WQC for amoni a, an averagi ng
period as long as 30 days may be used in situations involving POTW desi gned
to remove ammoni a where |ow variability of effluent concentrations and the
resulting concentrations in the receiving waters can be denonstrated. In
cases where low variability can be denonstrated, |onger averagi ng periods
for the anmonia CCC (e.g., a 30-day averagi ng peri od) woul d be acceptable
because the magni tudes and durati ons of excursions above the CCC woul d be

sufficiently limted.

In Section 4.1, the hydrol ogi cally-based design flows have been
conpared with the biologically-based design flows for the 4-day averagi ng
period for all pollutants. Appendix B shows a conpari son between the
bi ol ogi cal | y-based 30-day 3-year |low fl ows and the hydrol ogi cal | y-based
30Q10 low flows for 13 streans for ammoni a. For these 13 streans, the 30QL0
fl ow was always | ess than the 30-day 3-year flow, by an average to 10.2%
Thus, the use of the 30QL0 as the design flowis relatively nore protective

for these streans.

Ref er ence
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APPENDI X C. Cal cul ation of Biologically-Based Design Flows

The bi ol ogi cal | y-based design flow cal cul ation nmethod is an
iterative convergence procedure consisting of five parts. In Part
I, Z (the allowed nunber of excursions) is calculated. 1In Part 11,
the set of X-day running averages is calculated fromthe record of
daily flows. Because the anmbient (instream) concentration of a
pol I utant can be considered to be inversely proportional to stream
flow, the appropriate "running averages" of streamflow are actually
“runni ng harnonic neans." (The harnonic nmean of a set of nunbers is
the reciprocal of the arithnetic nmean of the reciprocals of the

nunbers). Thus, "X-day running averages “shoul d be cal cul ated as
XZ (1/F), not as (Z 5)/X, where Fis the flow for an individua

day. Throughout this Appendix C, the term"running average" will

nmean "runni ng harnoni c nean."

Part 111 describes the calculation of N (the total nunber of
excursions of a specified flowin the flowrecord). The
cal cul ati ons described in Part Il will be performed for a nunber of
different flows that are specified in Parts IV and V. |n Part 1V,
initial lower and upper lints on the design flow are cal cul at ed,
t he nunber of excursions at each linit are cal cul ated using Part
I1l, and an initial trial flowis calculated by interpolation
between the | ower and upper limts. |In Part V, successive
iterations are perfornmed using the method of false position (1) to
calcul ate the design flow as the highest flowthat results in no

nmore than the nunber of allowed excursions calculated in Part |
Part |. Calculation of allowed nunber of excursions.

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

where D = the nunber of days in the flow record;

Y = the average nunber of years specified in
the frequency and



Part 11.

Part

-1

Z = the all owed nunber of excursions.

Cal cul ati on of X-day running averages, i.e., x-day running
har nmoni ¢ neans.

VWere X = the specified duration (in days) of the average
peri od, calculate the set of X-day running averages for the
entice flowrecord, i.e., calculate an X-day average
starting with day 1, day 2, day 3, etc. Each average wll
have X-1 days in commopn with the next average, and the
nunber of X-day averages cal culated fromthe flow record
will be (D+1-X).

Det erm nation of the nunber of excursions of a specified
flowin a set of running averages, i.e., running harnonic
neans.

I11-1. Cbtain a specified flow of interest fromeither Part IV or

-2,

Part V.

In the set of X-day running averages for the entire flow
record, record the date for which the first average is

bel ow the specified flow and record the nunber of
consecutive days that are part of at |east one or nore of
the X-day averages that are below the specified flow
(Note that whether a day is counted as an excursion day
does not depend excl usively on whether the X-day average
for that day is below the specified flow of interest.
Instead, it depends entirely on whether that day is part of
any X-day average that is below the specified flow Table
C- 1 provides exanples of the counting of excursion days.)



Table CG-1. Counting excursion days for a specified flow of 100 ft°/ sec using 4-day averages

Dat e
Is the Is the date of Number of Number of
Dat e Dail y 4- day part of any Dat e of Number  of start excursion excursions
FI ow 4-day average 4-day avg. start of days in of low days in inlow
avg bel ow that is bel ow excursion excur si on flow | ow fl ow flow
flow 1007 1007 peri od peri od period period peri od
1 130 112.5 No No
2 120 102.5 No No
3 110 97.5 Yes Yes 3 4 3 12 3
4 90 102.5 No Yes
5 90 112.5 No Yes
6 100 112.5 No Yes
7 130 102.5 No No
8 150 102.5 No No
9 70 87.5 Yes Yes 9 8
10 60 90.0 Yea Yes
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 Yes
16 100 >100 No Yes
17 200 >100 No Yes
18 500 >100 No Yes

The daily flows and four-day average flows for days 19 to 200 are all

above 100 ft?® sec



Ir-3.

I11-4.

I11-5.

I'11-6.

Thus the starting date and the duration (in days) of the
first excursion period will be recorded. By definition, the
m ni mum duration is X days.

Determ ne the starting dates of, and nunber of days in, each
succeedi ng excursion period in the flow record.

Identify all of the excursion periods that begin within 120
days after the beginning of the first excursion period.

(Al though the first excursion period is often the only one in
the 120-day period, two or three sonetinmes occur within the
120 days. Rarely do any excursion periods occur during days
121 to 240.) Al of these excursion periods are considered to
be in the first low flow period. Add up the total nunber of
excursion days in the first | ow period and divide the sum by
X to obtain the nunber of excursions in the first |ow period.
I f the nunber of excursions is calculated to be greater than
5.0, set it equal to 5.0.

Identify the first excursion period that begins after the
end of the first low flow period, and start the begi nning of
the second 120-day |ow flow period on the first day of this
excursion period. Determne the nunber of excursion days and
excursions in the second fl ow period.

Determ ne the starting dates of and the nunber of excursions
in each succeedi ng 120-day | ow fl ow peri od.

I11-7. Sumthe nunber of excursions in all the lowflow periods to



Part 1V.

V- 1.
| V-2.

I V-3.

V-4,

| V-5.

Part V.

V- 2.

st op.

determine S = the total nunber of excursions of the specified
flow of interest.

Calculation of initial limts of the design flow and initi al
trial flow

Use L O as the initial lower linmt.

Use U=the xQ/ low flow as the initial upper limt.

Use N = 0 as the nunber of excursions (see Part I11) of the
initial lower limt.

Cal cul ate N, = the nunber of excursions (See Part Ill) of the
initial upper limt.

Calculate T = the initial trial flowas T =L + (Z - N)(UL)
(N-N)

Iterative convergence to the design flow

Cal cul ate N, = the nunmber of excursions (see Part Ill) of the
trial flow

If -0.005 <= (N-2)/Z) <= +0.005, use T as the design flow and

If N >2Z set U=T and N, = N.

T and N = N.

If ((UL)/U)<0.005 use L as the design flow and stop.

O herwise, calculate a newtrial flowas T=L + (Z - N)(UL),
and repeat steps V-1, V-2, and V-3 as necessary. (N N)

If N, < Z set L
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APPENDI X D. DFLOW 2.0 User's Quide (OM TTED)

NOTE: DFLOW 2.0 has been superseded by newer versions. The current
versions of DFLOWand its docunmentation are avail able online at
http://ww. epa. gov/ wat er sci ence/ df | ow.


http://www.epa.gov/waterscience/dflow

APPENDI X E. Questions and Answers Concerning the Bi ol ogically-Based
Met hod °

Q #1: New aquatic life protection criteria specify that the acute
criteria (CMC) and the chronic criteria (CCC) nay be exceeded
no nmore than once every three years on the average by |-hour
and 4-day averages, respectively. They also state that
extrenme val ue anal yses nmay not be appropriate- for estinmating
t he anbi ent exposure condition. Wat is an extrenme val ue
anal ysi s?

A This is a very broad question. There are nmany types of
extreme val ue anal yses. But all extrene value analytica
techni ques have sonething in common. Let's consider a tine-
series of daily flow data in order to explain extrene val ue
t echni ques.

A lowflow water year starts on April 1 of each year and ends
on March 30 of the following year. |If we performan extrene
val ue analysis for a 4-day average condition we should
estimate 4-day runni ng averages for each water year, then

det erm ne which running average is the | owest (extreme) for
each water year. Finally, we rank the extrene value of each
year for frequency anal yses.

Q #2: Whuld you explain how runni ng averages are estimted?

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

Q #3: By extrene value, do you nmean | owest running average of the
wat er year?

A In owflow anal yses, the extrenme value for a water year is
the | owest running average for that year

Q #4: So, do | have 30 extrene values from 30 years’ flow record
consi dering one extrene value for each water year?
A Exactly.

Q #5: You said about ranking the extrene values. How do you rank
t hem and why do you rank then?

A For low flow anal ysis, ranking can be done fromlowest to
hi ghest. For a |lowflow anal ysis of a 30-year flow record, we

" The bi ol ogi cal | y-based design flow nethod has been supported by an overwhel m ng
majority of water quality coordinators at Regi onal and Headquarter levels. But the
met hod, being totally new, tends to raise a |ot of questions which we have heard over
time frommany reviewers. Sonme of these questions and related answers are listed here
for additional clarification to Appendices C and D of the Guidance. |[|f this paper
becones too long, in a way it defeats its purpose. So we chose questions based on
their inportance. W encourage our readers to be critical about our answers and raise
ot her questions which they may consider inportant. This will help us to inprove both
the nethod itself and its presentation. In this context, readers nay contact Hirannay
Bi suas (FTS-382-7012) or Nel son Thomas (FTS-780-5702).



Q #6:

Q #7:

Q #8:

Q #9:

have 30 extreme values. |If we rank themfromthe |owest to

t he hi ghest value, and no two extreme values are equal, then
we have one value for each of 30 ranks, and the return period
of the first ranked low is approximately 30 years, and that of
the 10th ranked flow is approxi mately 3 years.

The frequency anal ysis using the ranked extrene val ues seens
to be quite straight forward. Wy are various kinds of
di stribution used for frequency anal ysis?

If we are concerned with a prediction of low flow for a return
period that is equal or less than the flow record, then we
will not have to use any distribution at all. The

di stribution-free, or non-paranetric technique is the best for
frequency anal yses. But, suppose you need 100- 200- or 500-
year flood and drought forecasts for the design of a dam (for
use power production and irrigation) and we do not have a fl ow
record of such a long period; then, we need to use sone form
of distribution to extrapolate to 100, 200 or 500 years.

There are many well known distributions which can be chosen on
a case-by-case basis.

The new WQC al so nake sone reference to the Log-Pearson Type
[1l distribution as an exanple of the extreme val ue anal ysis.
VWhile we are on the subject of distribution, is it the only
distribution that is currently in use in the water quality
anal ytical field?

The United States Ceol ogi cal Survey uses the Log-Pearson Type
Il distribution in lowflowas well as flood-flow anal yses.
They made this choice after conducting a study of flood flow
anal yses using various other techniques. The choice of

t echni ques shoul d be based on the nature of the distribution
of extreme values. But, for national consistency of
estimates, the USGS chose this technique.

Extreme val ue anal ytical techniques are often used in the
hydrol ogic field, and seemto be quite reasonable. 1Is there
any bi ol ogical/ ecol ogical reason why extrene val ue anal yses
are not appropriate for estimating design flow using the
anbi ent duration and frequency of the new WQC?

Yes, a direct use of extrene val ue analyses is not appropriate
because biol ogi cal effects are cunul ative.

Woul d you el aborate how the cumul ati ve nature of biol ogica
effects is related to extrene val ue anal yses?

In extrene val ue anal ytical techniques, only the nost extrene
drought exposure event is considered, but other, |ess severe
wi t hi n-year exposure events are totally ignored, although
their cunul ative efforts could be severe. The severity of
those smaller wi thin-year exposure events of extrene drought
conditions that are ignored may outrank in severity the
extreme exposure events of other |ess-than-npbst severe drought
conditions. Since the biological effects are cumulative we
nust find a way to account for all within-year exposures in
addition to the nost extrene event of each year

Q #10: Your answer is difficult to follow, would you give an

A

exanpl e?

Hydr ol ogi sts know that we had, in various parts of the US
extreme drought events during the water years 1925-1932
1955- 1956, and during a few years in the late seventies. In
ot her years, drought was not as severe. Suppose that in



wat er year 1925, there were 4 very | ow 4-day runni ng aver ages
of which only one was acceptable as the extrene value of that
year; the 2" 3 and the 4" values were ignored. Sinilarly,
one extreme value was estinmated for each of the other Water
years. But, sone of the extreme values of other water years
are | ess severe than 2% 3 or the 4" running averages of the
year 1925. Thus, by ignoring these 3 running averages of the
wat er year 1925, the extrenme val ue nmethod has ignored
potential severe effects that may result fromthose exposure
events. |In addition, the inclusion of other extrene val ues
that are less severe than the 2™, 3 and the 4 running
averages of the year 1925, and exclusion of nore severe
excursion events (2", 3 and 4'" excursions of water-year
1925) result in a skewed estimate of | ow fl ow

Q #11: The method described to inplenment the two-nunber aquatic life

Q #12:

Q #13:

criteria is called a biologically-based nethod. Wat is
bi ol ogi cal about it?

Al nost every paraneter that is used in this nethod is derived
on the basis of either biological, toxicological or

ecol ogi cal considerations. Wereas the parameters used in
the extrenme val ue anal ysis are unrel ated to bi ol ogical

t oxi col ogi cal or ecol ogi cal consideration

Wbul d you nane the things that you think are biol ogical
t oxi col ogi cal , or ecol ogical in nature?

- Durations of acceptable exposure conditions: 1 hour
for CMC and 4 days for CCC are biologically derived.

- 3 years on the average is the all owed ecol ogi ca
recovery period after a single excursion (see Table D2
of Appendi x D of the Technical Support Docunent for
Water Quality-based Toxics Control (TSD)).

- 15 years is selected for ecol ogical recovery after a
total of 5 or nore excursions within a |low fl ow period
(see reference Table D-2 in Appendix D of TSD).

| see neither 15 years nor 5 exposure events in the
referenced Table D-2. Could you explain the discrepancy?



Q #14:

A

Q #15:

Q #16:

Q #17:

Q #18:

It is true that neither 15 years nor 5 excursions are found in
the reference Table. But what is available is that rivers and
streans are fully recovered 5 to 10 years after a severe
exposure event. Aquatic biologists consider that repeated

wi t hi n-year exposures can result in catastrophic affects. In
their judgnment, 10 years exposure interval is inadequate
because under that situation the ecol ogy of the receiving
systemw || be under constant stress and recovery. By the
same token, a 20-year interval was considered to be
unnecessarily stringent for attaining healthy biota. After

t hese consi derations and debates anong bi ol ogi sts and
wast el oad al | ocati on coordinators, we decided to use 15 years
as an acceptable interval after a severe exposure event

consi sting of several within-year exposures.

Have you anything to say about how you decided to allow 5
excursions in an interval of 15 years?

WDC al | ow an excursion once every three years on the average.
Since the effects of excursions are cunul ative, ecol ogica
recovery froma severe exposure event requires about 15 years
and the recovery period froma single exposure event,
according to the national WDC is 3 years. Therefore 15/3 or
5 excursions are accepted as the upper limt of wthin-year
excur si on counts.

Wiy did you not choose a 12-year interval for 4 wthin-year
exposure events? O could you not choose an 18-year interva
for 6 within-year exposure events (based on the infornmation
available in Table D-2 of TSD)?

One coul d make various other choices based on site-specific
know edge but we nmade our choice for average conditions.

If 12- or 18- year intervals are chosen for 4 or 6 wthin-
year exposure conditions, would the design flow be different
fromthat of the 15-year interval choice? Do we have any idea
about how different the CCC or CMC flow will be for the

choi ces of 12- or 13-year interval ?

No, we did not perform such anal yses or conparisons but our
guess is that the difference will not be substanti al

It is understood that, if a 15-year interval is chosen for
ecol ogi cal recovery, then 5 within-year exposures may be

al | owed because WQC specify 1 exposure on the average of
every 3 years. But sone extrene drought related | ow fl ow
periods mght include |less than 5 wthin-year exposures, and
some nore severe low flow periods include nmore than 5 within-
year exposures. |f exposure effects are cunul ative, why not
i nclude all exposures within a year, why limt it to 5?

The bi ol ogi cal method accounts for all within-year excursions
when the nunber of excursions during a lowflow period is 5
or less. So, 5is the upper linit, and the lower linmt is 1.

What if the within-year excursions for a given fl ow based on
the biological nmethod is naturally greater than 5 during say,
a 50- or 100-year drought? In those years, flows may remnain

low for a long tinme, such as for 40-50 days, not necessarily



for just 20 days for 5 excursions. After all, we cannot
change nature, can we?

A No, we cannot change nature. But we can nodify our approach
to suit our objective after understanding the consequences of
severe events.

We nmade a nunber of analyses to find out what happens if we
account for all, not just 5, excursions that one may expect
fromthose nost severe drought years. W found that

i nclusion of all excursions fromthose years results in the
fol | owi ng:

- Design flows of all return periods of say 3, 5, 10,
20, 50 years, etc. are conpletely dom nated by those
nost severe drought years; and

- This leads to extrenely stringent design flows.

Q #19: There is nothing biological in these analyses. Since the
exposure effects are cumul ative, should we not count all
exposures regardl ess of how rarely one may expect them or
how stringent the resulting design flow is?

A This is where a little understandi ng of ecol ogi cal recovery
and famliarity with the North Anerican aquatic life are
necessary to nmake a reasonabl e choice. The upper bounds of
the life cycles and life spans of nobst North American aquatic
species are 2 and 10 years, respectively. An exposure event
of 20- or 50-year interval may not be neani ngful
particul arly when one considers other ways, for exanple
recruitnment fromthe surroundi ng ecosystem in which recovery
may take place. So, in our judgnent, a recovery period of 15
years is adequate for situations where the nunber of
exposures in a low flow period is 5 or nore.

Q #20: What is described here in the biological nethod is simlar to
what is done by hydrol ogists for partial duration series.
They address the problemusing traditional statistica
approach. Wiy did you not use a classical statistica
met hod?

A First, the statistical science of partial duration series,
particularly in the hydrologic field, is not well devel oped.
Not many people understand it. Although the biol ogica
met hod | acks statistical elegance, it is sinple and can be
used and understood by field biologists and engi neers, alike.
We woul d not be surprised if a statistician comes up with a
better statistical answer for the problemthat we have in
hand. But it would be inportant for the regions to
under st and nost aspects of the nethod if we expected themto
use it.

Q #21: Over the last 20-25 years, the najority of the states in the
U S. used the 7Q10 Iow flow as the design flow for what we
essentially had as a not-to-be exceeded single nunber WQXC
value. It seens that it worked fine, although a rationale for
such a choice is hard to cone by. Wiy is it so inportant now
to have a rational biolocially-based nethod to i nplenent the
t wo- nunber WQC?

A It is inportant to provide a rational nmethod for three mgjor
reasons. First, lack of a biologically-based nethod in the
past led to the adoption of design flows such as 3@0, 7QL0
30Q10, 30Q@2, and even the annual average flow for identica



water use. A technically defensible nethod will bring about
techni cal consistency for any desired | evel of protection
Second, the introduction of the two-nunber national WX,
whol e effluent toxicity, and the guidance on site-specific
wat er quality standards have unal terably changed the
environment of toxics control. |In these situations, a

bi ol ogi cal | y-based nethod is necessary that can be applied
not only to national two-nunbered WQC, but also to other
sites-and use-specific durations and frequenci es of

pol lutants and whole effluent toxicities. Third, since WX
and their field use have becone conplex, it is very inportant
that we develop a sinple method that is easily understandabl e
to field biologists and engineers alike. In the past, very
few understood the rel ati on between the WXC and t he
correspondi ng 7QL0 or other xQ design flow.

Q #22: Wiy is the biologically-based nethod considered to be nore

A

directly based on the water quality criteria than the
hydr ol ogi cal | y- based net hod?

In the biologically-based nethod, both the averagi ng period
and the frequency (for exanple, 4 days and 3 years) are taken
directly fromthe criterion, whereas in the hydrol ogically-
based approach, the two nunber in xQy are not. Mbst of the
ot her aspects of the biologically-based approach are al so
based on biol ogical, ecological, and toxicol ogi cal

consi derations. One of the major technical differences
between the nethods is that the 3 years in the biologically-
based nethod is an average frequency, whereas the 10 years in
t he hydrol ogi cal | y-based approach is a return peri od.

Q #23: Does it nmake any difference whether biol ogists, ecologists,

A

and toxi col ogi sts understand how design flow is cal cul ated?

Yes, for three major reasons. First, these are the people
who derive the aquatic life criteria. |If the criteria are
not used in a manner that is consistent with their
derivation, the intended | evel of protection will probably
not be achieved. Second, site-specific frequencies and
durations will not correctly affect design flowif the
duration and frequency are not directly used in the
calculation. Third, if they understand what parameters

af fect design flow, biologists, ecologists, and toxicol ogists
can gather data that might allowthemto refine their
estimates of such values as one hours, four days, three
years, and fifteen years.



Q #24: Let us discuss the sinplicity of the biologically-based nethod.

Q #25.

I am not clear how an excursion is counted. Wuld you explain
how you count excursions and estinmate design fl ows?

This is the key to understanding the biol ogically-based

met hod. Since the streamflow is inversely proportional to

i nstream concentration, any consecutive 4-day average of |ow
flowthat is lower than the design flow is counted as one
excursion of the CCC. The following is the step-by-step

expl anation of how excursions are counted in estimating x-day
y-year design fl ow

1. An excursion period is defined as a sequence of consecutive
days where each day belongs to an x-day average fl ow that
is below the design flow For exanple, if the three
runni ng averages of a consecutive 6-day period are |ess
than the 4-day 3-year design flow, then those 6 days bel ong
to an excursion period.

2. The nunmber of excursions in an excursion period is the
I ength of the period divided by the criteria averagi ng
period. For exanple, if an excursion period is 6 days
I ong, then the nunber of excursions for the 4-day averagi ng
period for CCCis 6/4 or 1.5.

3. The total nunber of excursions is limted to 5 within a | ow
flow period. Usually a low flow period |asts 120 days or
less. In sone rare streamsituations, nore than one | ow
flow period within a water year is possible.

4. The allowed total nunber of excursions over the period of
record is the nunber of years of record divided by the
frequency of aquatic life criteria (3 years for the CCC of
the new national two-nunmber criteria). For exanple, if we
have a 30-year flow record, then total nunber of excursions
that are allowed for x-day 3-year criteria is equal to 30/3
or 10.

5. The 4-day 3-year design flow for the 4-day 3-year CCC based
on a 30-year flow record of a given river is equal that
flow which results in no nore than the all owabl e nunber of
excursions. For exanple, the total allowable nunber of
excursions for the given record is 10. The design flowis
the highest flow that results in no nore than 10 excursions
calculated as defined in steps 1 through 4 above.

Let us take the exanple printout (frompage D-5) for the Ante
Ri ver as presented below. WII you explain the procedure
usi ng this exanpl e?

As shown in the following printout, we have a flow record from
1937 to 1983 which is approximately 42 years. Since we are

all oned to have no nore than one excursion in every 3 years on
the average, we have 42/3 or about 14 excursions. |n Cctober
1952, we encountered the first excursion for a continuous
period of 6 days. Thus, we calculate 6/4 or 1.5 excursions
for that Iow flow event. The next excursion period occurs,
starting from Cctober 10, 1956, for 30 consecutive days.

Since the upper linmt of excursions in a low flow period (a

|l ow flow period is usually 120 days long) is 5, we



Q #26:

Q #27:

obtained a total of 5 excursions only, although in reality
there were altogether 30/4 or 7.50 excursions in that |ow flow
period. Sinmlarly, we found only 5 excursions for total period
of 30 days during the |low flow period of 1963.

It seens |ike the accuracy of the design flow estinates is
totally dependent on the length of the flow record. Do you
agree with this observation?

Absolutely. This is true about any analysis. More relevant
data are necessary to provide nore accurate information

VWhat mininmum |l ength of flow record is recomended?

The longer the flow record, the nore reliable the estimted
design conditions will be. Figure E-1 (OM TTED) shows how t he
spread in the 90% confidence linmts on the extrene val ue-based
design load with 10-year return period decreases with

i ncreasing period of record. (This figure was derived on the
basis of lognornal statistics, not |og Pearson type 3).
Results are shown for both low variability (Cv=0.2) and high
variability (Cv=0.8) situations. Based on the behavior of
these curves, it appears that 20 to 30 years of record is a
reasonabl e m ni num requirenment for extreme value analysis at a
10-year return period.

The case for the biologically-based excursion criterion is

| ess definitive. However, since it considers all days within
the period of record as its sanple (not just the worst
condition of each year), its sanple size is nmuch larger than
that of an extrene value analysis. Thus, it nay be possible
to use periods of record |l ess than 20 years with this
criterion and still have a good | evel of confidence in the
results.



Q #28: What would you do for intermttent streans where low flow is

zero during low flow periods? Also, how will you use the
bi ol ogi cal | y-based nmethod in situations where flow data are
not avail abl e?

These are problens that are generic to all flow estimting
techniques. For intermttent streanms for which the | ow fl ow
is zero, the design flows for CMC as well as CCC are equal to
zero. In situations where flow data are not available, field
hydr ol ogi sts and engi neers sonetines use flow data from

hydr ol ogi cal | y conpar abl e drai nage basi ns.

Q #29: The table given in Question 23 | ooks sinple. How nuch tine

A

Q #30:

does it take to conduct a biologically-based analysis for any
stream of interest?

The analysis is performed in two steps. First, daily flow
data are retrieved fromthe daily flow file in STORET, by
submitting a batch job. This will take a few nminutes of tine
at the conputer. However, the job run mi ght take anywhere
froma few mnutes to several hours, depending on how busy the
computer systemis at the time of submittal. Once the data
has been retrieved, the analysis can be perforned in five or
ten mnutes.

It seens that the foundation of the information about

ecol ogi cal recovery periods for the two-nunber WQC is all that
are listed in Table D-2 of the TSD. But, anybody faniliar
with these references will tell you that the recovery periods
listed in that table are related to recovery from catastrophic
exposures caused by spills, not by effluents of nalfunctioned
advanced treatnent facilities. Wuld you agree that this is
not a satisfactory set of information to nake such an

i mportant deci sion?



This is the best available information that we could use to
estimate ecol ogi cal recovery. Considering the conplexities
involved in the inplementation of the two nunber WQC, and the
site-specific WXC for pollutants and whole effluent toxicity,
we could not |eave the recovery question open to anyone’s
interpretation. Considering the potential for nisuse of the
WX in their inplenentation phase, we had to use our best
judgnent and the best information avail able, although we
recogni ze that our best judgnent woul d be debatable. Since
the informati on base is not as strong we want to have, in
keeping with the Agency policy and | egal background, we had to
go in the direction of protection in the over-all decision
maki ng process.

Q #31: \What are you doing to inprove the infornmation base?

A

1

ORD is planning to undertake a major effort before the next
update of the WQC. But, this is an area in which success is
dependent nore on cooperative efforts in which field

bi ol ogi sts, ecol ogi sts, toxicol ogists, engineers and
hydr ol ogi sts share their experience than doing nere literature
revi ews and/or gathering | aboratory-generated infornmation.
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