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SECTION 1
INTRODUCTION

1.1 Purpose
The purpose of this guidance documant is threefold:

1. to describe a computer-based method that may be used
to calculate design conditions for flow and such
Supplemental water quality variables as temperature,
PH, alkalinity, hardness, and dissolved oxygen;

2. to  describe DEScoN, 4 computer pProgram for
calculating design conditions;

3. to provide examples of +he use of DESCON in

calculating design conditions for a variety of
Pollutants, rivers, and water quality criteria.

EPA, 1986c) ang extends it tg include other design condition
variahleg besides streamflow.

1.2 BACKGROUND

Water quality criteria (WQC) define’minimally acceptable
' pollgtant concentrations, averaging periods, and allowable
excursion frequencies that are Protective of aquatic life. The
waste load allocation (WLA) procaess determines the maximum
allowable pollutant 1loagdg that can be introduced into - a
receiving water and still satisfy the WQcC.




W4hen a steady state water quality model is used to deter
a4 WLA, the pollutant toading introduced into che model under
given set of assumed wacter quality conditions (e.g., streamfl
-emperature, pH) will produce an in-stream pollutant concentr
ion that just satisrties the WQC concentration limit. The wval
7t <he water quality conditions used as input to the model ar
called design condic:ons. Design conditions should he chosen
that waste loads derived from a WLA will also satisfy the
dpplicable WQC excursion frequency.

To achieve -nis goal, design conditions must somehow be
on conditions rhat define the critical event in the receiving
“Ater. ‘'nder -hese <2nditions, =he capacity of the stream to
receive waste wirhour ~iolating the WQC concentration has a
frequency ot occurrence tdentical to that a. >wed by the WwWQC
axcursion fregquency. The material presented in this guidance
document shows iiow the characteristics of this critical event
be identified approximately and used to derive a rational set
WLA design conditions.

Most requlatory agencies currently use the 7Ql0 or some
other extreme value-based low flow as the design flow, and
~he most critical monthly mean value for all other design
tonditions. Z: :s difficult to ascertain whether such design
conditions will i1n face produce WLA's that satisfy the requir
excursion frequency. Figure 1.1 shows that the values of the
condition variables (flow and temperature in this case) need
be at their individuat Critical levels to produce the critica
loading that satisfies the WQC excursion frequency. In this £
rhe critical allowable UOD loading occurs in August, Sased on
and temperature conditions that occur in that same month. The
ot the same as the individual critical flow and temperature
occur in September and Suly, respectively.

(8]
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Current practice also typically uses the same set of
design conditions for several different classes of pollutants.
Yet critical events can occur at different times of the year
for different pollutants. For example, the critical event for
UOD may occur at a different time (e.g., under a different
combination of flow and temperature) than the critical event
for ammonia toxicity. The practice of using the same design
conditions to analyze both pollutants can therefore be
questioned.

This guidance document addresses the calculation of design
conditions for five categories of pollutants. The pollutants
and their corresponding set of design‘gonditions are given in
Table 1.1. In simple single discharger settings, design
conditions are produced for both the ambient upstream flow and
the discharger flow streams. Design conditions for other
categories of pollutants may be addressed at a later date,
depending on the specific needs of regulatory agencies. The
concept of design streamflow and WQC excursion frequency has
recently been discussed in the Technical Guidance on Stream
Design Flow (U.S. EPA, 1986c). The procedures described in this
document utilize the same two methods of defining excursion
frequency =-- the extreme value method (referred to as the
hydrologically-based method) and the biologically-based method.
The extreme value method limits the number of years in which
one or more excursions occur. The biologically-based method
limits the total number of excursions that can occur.

‘The design conditions discussed in this document are only
applicable to constant, year-round WLA policies. They do not
pertain to time-varying or seasonal allocations that assign
different allowable discharge locads during different periods
of the year.




TABLE 1.1 Pollutanes zng Design Conditions Considered By

DESCON

Desian Conditions

Follutane “ 0 Discharger

============a========3==='=:=:=:8==33==

‘;aneral Tlow
“oxicane
Ammonia rlow
Temperature
PH
Jeavy Metals Tlow
Cadmium Hardness
Chromium r-r
Copper
Lead
Nickel
Zinc
?entacnloropnenoi Flow
PH
ltimate Oxygen Flow
Jdemand Temperature
Dissolved
oxygen
!
=============================:======

Notes: 1. General toxicane refers to

Pollutant not listed above

w/ Discharger

===3=================:

Flow
Toxicant

Flow
Temperacure
pPH
Alkaliniey
Ammonia

Flow
Hardness
Metal

Flow

PH

Temperature
Alkalinity
Pentaéhlorophenol

Flow
Temperature
Dissolved
oxvgen

UuoD

=====’==8===============:

as well as to generic

toxicity (as determineg through biomonitoring).

. 2. Ultimate Oxygen Demand can pe simply carbonaceous
bioche

mical oxygen demand

Or combined carbonaceous

and nitrogenous biochemical oXygen demand.

=============================================================




The data necessary to derive design conditions using the
procedures descrihed in this document are as follows:

. nistorical daily screamflows; ‘

=. historical data (or estimates) of in-stream values of the
“ater quality variables relevant to the pollutant being
analyzed;

3. niscorigal data t(ar es;imates) of flow and water quality
a discharger ir one is considered.

“hile long-rerm. .nulit: -vear streamflow records are required,
merhodoloay makes ‘e nest use of whatever water Juality cdata
17aiiable, 1o matrer how sparse they may bpe.

1.3 USE OF THIS GUIDANCE

The methodology described in this guidance is implemente
means of a computer program called DESCON. DESCON is installe:
the Agency’'s [BM maintrame computer in Research Triangle Park
Nértn Carolina, and can be accessed through remote tele-
communications services. It is a menu-driven, interactive pf@
~hat provides automartic linkages with %he Agency's STORET dat.
TO0 retrieve streamrlow and water quality data. The basic step
using DESCON to calculate design conditions can be summarized
follows:

1. Select the pollutant and type of WQC to use.

2. Retrieve historical stream flow and water quality data u
DESCON.

3. If the stream segment contains a single discharger, asse:

data or estimates for discharger flow and pertinent water

quality variables.




4. ° Run DESCON to rind design stream flows and other pertin
design conditions. ’

Figure 1.2 summarizes a LYPiCal run of the DEscon procr
This run used Stream data from the Quinnipiac River near
Wallingford, cT “0 derive design conditions for chronic !
toxicity using the biologically—based method for excursion
frequency. The resulting design conditions are:

Design Srtreanm Flow = 34.8 cfs

Design :x-ream Temperacture = 23.9 deg. I

Desiagn sSrream pH = 7.6

Jesicn sS-ream Alkalinicy = T2.2 mg/sL o:s CaCo,

These were derived tfrom the critical event <which ccurred «
25, 1957, :

1.4 LIMITATIONS AND ASSUHPTIONS

L. Design condition variables (aside from streamriow) inc1t
Lemperature, PH, slkalinity, hardness, dissolved oxXvygen
Upstream pollutant concentration. '
The pollutances for which these design conditions are
computed include ammonia, six heavy metals, Pentachloro-
Phenol, ang dissolved oxXygen. All other Pollutants are
treated as "general toxicantg" whose design condicions
include only flow‘and upstream pollutante concentration.
3. In general, :the methodology derives different design
conditions for different Pollutants. The analyst has the
option though, of fixing in advance the design Streamfic

[P)
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SUMMARY OF DESCON INPUT DATA

—=_=========-..-==7==========:===::z===’=====================
LOCATION : QUINNIPIAC R, WALLINGFORD
POLLUTANT : AMMONIA

TOLD %wATER SPECIZS PRESENT : YES

WOC EXCURSIO!l *“ETHOD : BIOLOGICALLY-3ASED
AVERAGING PZRIND, NAYS : 4.0

RETURN PERIQD. “EARS : 3.0

JONCEMNTRATIN, .IMIT : EPA NATIONAL ([Z<C

FERIOD 0OF FICN2D : ENTIRE RECQORD

TLOW ADJUSTMEMT FACTOR : 1.0

DISCHARGER [.OCATION
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24,
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36.
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MG/L
DEG. <
MG/L
crs

DEG. C

MG/L

PANGE OF “SSTREAM POLLUTANT : .0
RANGE OF I'PSTREAM TEMPERATURE : l.Z'
RANGE OF /IPSTREAM PH : 5.5
RANGE OF NPSTREAM ALKALINITY 25.0
RANGE, OF DISCHARGE FLOW : 32.0
RANGE OF DISCHARGE TEMPERATURE: 14.2
RANGE OF DISCHARGE PH : 7.0
RANGE OF DISCHARGE ALKALINITY : 245.0
©CRITTICAL DESIGN CONDITIONS

========================="=========—=’====================
CRITICAL DAY ‘Ff 9ECORD K JULY 25
JPSTREAM FLOW, _.°FS :
UPSTREAM AMMONTIA-A, MG/L
UPSTREAM TEMPERATURE, DEG C

. UPSTREAM PH

»  UPSTREAM ALKALINITY, MG/L

. DISCHARGE FLOW, *'FS

. DISCHARGE AMMONIA, MG/L

.~ DISCHARGE TEMPERATURE, DEG C

.,  DISCHARGE Py

'  DISCHARGE ALKALINITY, MG/L
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FIGURE 1.2 Typlcal Results From the DESCON Program




Analyses can be made either with or withoue considering

r'ge to the receiving
is included, designvcondi:
ne source and the upstream receivir
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are derived ror both ¢
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1.5 OVERVIEW

Section 2 o this guidance reviews the rwo methods used

he DEscown Prograrm

compute design conditions, Section 4 Provides a Step by step

eéxample of how design condi

tions can be derived for an actual
situation.

It also demonstrates how th
WQC excursion Criteria,

€se conditions can vary
and hydrological regime.

utilizing DEScon in the Wwr

Pollutane,

Finally, some usefyj] Quidelines for

Process are offered in Section s.




SECTION 2
WQC EXCURSION FREQUENCIES
2.1 INTRODUCTION

The term "wvater guality excursion” denotes an unfavora
condition occurring with respect to a specific WQC. This cou
either be an in-scream toxicant concentration in excess of a
upper limit, or, as in the case of dissolved oxygen (DQ), a
concencration isvel below a specified lower limic. Because
=“he many stochastic factors that influence water quality, i=
impractical to specify a WLA that guarantees zero risk of
excursions.

“ost aguat:c ommunities can either tolerarte or re2adily
recover from infregquent, non-catastrophic environmental stre
It is rhererore statistically necessary and toxicologically
reasonable‘:o base a WLA on some acceptably small fresquency
excursion, providing one carefuliy defines how excursions an
their frequency of occurrence are to be determined. - is th
definition which constitutes the meaning of the term "WQC
excursion frequancy".

Design conditions are the connecting link between WLA's
hbased on steady-state analyses and the time-varying water cu
responses that are produced in reality. Design conditions sh
be set so that the allowable load derived from a WLA using a
steady-state water quality model results in the allowed freg
of WQC excursions when the loading is analyzed in a dynamic
time-varying) setting.

In conformanée with previous guidance developed for des
streamflow (US EPA, 1986c), this document acknowledges the u
tWO0 alternative methods for defining excursion fregquencies.
following sections reviews each of these in turn.

10




2;2 EXTREME VALUE-BASED METHOD

This method (rererred to as the nydrologically-based
iPProach in the Teachnical Guidance oﬁ Stream Design Flow (Us
1986cC)) is a logical outgrowth of the customary practice of
the «Qy low flow in WLA studies. (The xQy, e.g., 7Ql0, low f
is the lowest iual x-day average flow that occurs an averac
once every vy ears.) when applied to WQC :instead f flows,
method specifies =hat cn dverage, one out of every vy vears w
<onctain one or more excursions. o excursions will occur in
- Other vyears. 3ecause only the maximum (or for DO, zhe minimu
Y8arly roncentrar:i:on needs to be examined under =his method,
{3 <nown as an "Svtreme -alue" approach.

The parameters « and y of this method are called the
dveraging period and the return period, respectively. The
averaging period should coincide with the averaging reriod
Specified witchin rhe relevant WQC or state water quality star
(but see below). The return period corresponds to the allowec
frequency of occurrence 0f years containing excursions --
to the frequency orf individual excursions. (In this method,
there is no coénrrol over the number or duration of excursior
within an "excursion year".) ‘

In accordance with the recommendations made in the desic
Streamflow guidance document (US EPA, 1986¢c), a l0-vyear retu:
period should be used with this method. For toxicants with
established CMC (Criterion Maximum Concentration) limits, a
l-hpur averaging period applies. If this ig impractical to
implement, a l-day averaging period can be used instead. Tor
toxicants with an established ccc (Criterion Continuous
Concencration), ga 7-day averaging Period should be used. Alt!
a 4-day averaging period is normally associated with the ccc-
Criteria (US Epa, 1985f), this recommendation is made mainly
achieve consistency with the widespread Use of 7Ql0 design f

11




In addition, a -30-day averaging period can be used at the
analyst’s discretion, when considering the CCC for ammonia
toxicity or for any other WQC based on chronic human health
effects.

2.3 BIOLOGICALLY-BASED METHOD

The extreme -ralue method has been criticized for its fai
to account for rne effects of multiple excursions that may oc
within the vears :n which excursions are allowed. -t is also
difficult to find any biological justification for employing
specific return oeriod (e.g., 10 vears) when the actual numbe
individual excursions within a year is not controlled.

In response ro rhese shortcomings the US EPA’'s Office of
Research and Development proposed a method that uses the
averaging periods and excursion frequencies specified in the
EPA’'s national wacer quality criteria for aquatic life. The
biological basis tor this method is the concept of providing
safe, excursion-:rtree average recovery period between excursio
SO that ecosystem recovery can occur. A 3-year recovery peric
“as proposed for normal stresses and a lS-year period was dee
reasonable for major stresses associated with prolonged droug

The biologically-based method allows an average of one
quality excursion every three years. A water quality excursic
counted for each distincet, non-overlapping x-day period where

.average in-stream concentration exceeds the WQC concentratior

limit (or falls below a DO limit). ('x' is the averaging peri
specified in the WQC). For example, if each day in a block of
consecutive days belonged to a 4-day average that was above ¢t
@WQC limit then the number of excursions for this block would
10/4 = 2.5. However, within any period of 120 days, no matter
great is the actual number of excursions, a maximum of 5 wil>
only be counted. This allows for the maximum recovery period

12




15 years Since i< 2ach ekcursion “consumes" on average 3 yea:
for recovery, -he mose severely stressed periods would consw
Years if no more ~“han 53 exc:-sions were counted (3 x 5 = 15)

An examplie i} elp clarify how this method might be
applied to a Proposed alillowable discharger load resulting fre
WLA. Using this dllowable load and a historical record of da-
Streamflows and other pertinent water quality variables, a I
term record (i.e., 29 or more Years) of daily in-scream wate:
qJualitcy concencracions can be generated. (Methods ror
zccomplisninq rhis are disqussed in the Next 'section or this
locument. ; Suppose *~hae “he WQC specifies a 4-day avefaging
Period. Tigure -. 1 ~hows what the resulting iqné-term recorcd
‘-day average ~Tncentrarions might look like, at iease &t =he

Beginning -n day 4 there is 3 period or s days, each
belonging to g +-day dverage that exceeds the wWQC limirc. The
number of-excﬁrsxons counted for this period is‘8/4 = 2.
Likewise, starring on day 14, a second excursion period of s
oc¢curs yielding another s5/4 = 1,25 excursions. Since both of
these periods fall within the same 120 day window, they are ¢
tOo belong to rne Same "excursion cluster". The maximum number
eXxcursions counted ber cluster isg limited to s. This method ¢
counting eéxcursions would continue over the entire length of
Simulated water quality response record. If the Period of rec
were, say, 40 Years, then the total excursion count could not
exceed 40/3 = 13.33 in order for the biologically-based excur
'frequency criterion to be satisfied.

13,
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4 days for ccc normally;

30 days for ammonia CCC or for chronic human health crite

Allow % 100 fre :
once every three rears, on dverage;
1 + a i i r
120 days; : g ’
daximum pumper - : ~ZCUISIOns per clyster:
5.




SECTION 3
COMPUTATIONAL METHOD

3.1 INTRODUCTION

This section cescribes the computational steps utilized :
“he computer proaram DESCON to derive a set of situation-spec:
iesian conditicng. “ESCON computes design conditions accordinc
“he rollowing tour step procedure (see Figure 3.1):

L. A long-rerm racord of daily streamflow and wate: Jualicy
carameter -values .; issembled for the stream segment :n gquest

‘he iiiowan.2 ' -~ream load (i.e., the pollutantc .sad -hat
neers rne WOC -‘»ncentracion limit) is computed for <onditions
JCCur over eacn qday or rhe period of record.

3. The synthesized record of allowable stream loads is searc:
for the critical !nad, i.e., the load whose frequency of not
exceeded just satisries the frequency specified in the WQC
excursion Ericerion.

<. Design conditions are based on conditions realized during
period orf record wnen rhe allowable stream load is closest =2
critical load. '
The following sect:ons elaborate on each of these steps.
3.2 ASSEMBLING DAILY STREAM DATA RECORDS

Long~--2rm daily streamflow records are automatically ext

from the STORET system and linked to the computations by DESC
Similar detailed records on stream temperature, pH, etc., are

~ikely to exist so some approximate assumptions have to be ma

16
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DESCON assumes rthat daily values of these supplementary c
variables follow a deterministic annual pactern that repeats «
365 days. The DESCOM user supplies the day of the vear and is:s
torresponding wvater quality pérameter 7= ie for each relevant
design variable. iLinear interpolation is used to fill in value
missing days.

Figure 3.2 shows how this method can accommodate vafious
-evels or data svailability. Case A indicates the general case
where data are a-vvailable throughout the year dlthough no gener
éasonal pattern (5 evident. In Case B, the historical déta he
seen fit-:d ne 1 sinusoidal function. This type of reprasentat
-5 MOSt 3ppPropriate ror stcream temperature and dissolved oxyge
 and D are cases where the historical data for each month or
year are best represented by a single value, either -he mean,
median, or pernaps che most critical value. In Case C, this w:
-5 placed at the midpoint of the month and DESCON uses linear
interpolation =o rfind values for the 1nterven1na days. For Cas
the value is placed at each endpoint of the month. nterpolat:
then results in a constant value throughout the month.

DESCON contains a utility routine that can extract what-
ever daily parameter measurements are available from STORET ar
Fompuce their overall means for any day or month of the year.
‘routine can also fit a sinusoidal function to the daily wvalues
provide the user with a goodness of fit measure, and then, if
instructed, use the fitted function to compute daily
-parameter +values. These are then stored in a file for future
processing. When DESCON requires that daily discharger flow ar
~ater quality parameter data be provided for each day of the 4
the same representation schemes can be applied.

18




Pawudd iy vewgd

N

is

FIGURE 3.2 Schemes

Qualicy

Veaaek Bt

Z0r Representin

Paramecers

19

(3)

. e
-,
T
- . I3

(0>

£
S
T ’ e
e
= .. -
S
I/ 7T clz zz= ¢

g.Daily variaticn in

Water




More sophiszicated methods that generate daily values in
stochastic Zasnicn can also pe employed by DESCON. However, ¢
approach taken 11 this cuidance manual assumes that e is mor

Ture c¢h

(]

.mportant =9 <3 credictable seasonal wariability of

=4
Juality wvariables rzther =zhan their random fluctuations.

”

3.3 DERIVATION OF ALLOWABLE STREAM LOADINGS

The allowapile stream loading (ASL) is defined =o be the
maximum amount ‘: collutant the water body can receive over a
specified averagina period and still meet the applicable wQC
Toncentracion ..mir. 11 ceneral the ASL will depend on the
‘rr2amtlow, - a2moerirure, oH, etc., that occur -during -he per:
iveraaing.

The ASL .: nased on zhe simple dilution (or mass balance
”2quation that :iads discharge flow tQ upstream flow:

U3 3 = CL *Ql + C2 * Q2

where: Cl = upstream pollutant cohcencration
CZ = Jdischarger pollutant concentration
C3 = Jownstream pollutant concentration
Ol = npstream streamflow
Q2 = fdischarger flow

Q3 = Q1L ~ Q2
The ASL is found by manipulating this expression as follows:

l. solve rfor C3,

2. average each side of the resulting expression over the
duration specified in the WQC,

3. replace the average value of C3 wicn'tne WQC concentrac
limie, ‘ .

4. solve the resulting expression for C2 and set ~his equa
ASL. ’




The final result :s
ASL = ¢ s::'IQC-'AVg - j_!*Ql/QB]avg ) - [QZ/Q3]avg

vhere WQC is =he criterion concentration limie and the notaric
r favg represents rhe ®*-day average of the quantity in brack:
Jnder this definicion, dllowable stream loading ig expressed
concentration units {mass/volume) .

Some situar:oang miaht require that design conditions be
2Stablished withoutr knowledge of discharger Characteristicsg,
=xample would he sTream segment containing multiple digchar:
That cannot he - -fibéa -~2gether :into a4 single equivalent aiscn
I0r analysis purposes. In this Ccase DESCON can compbuce an in-
ASL defined as

based on the same mechod of averaging used Previousiy. This ¢
of the ASL ig eéxpressed in unitg of mass/time. daturally, is

DEsScon evaluates che ASL expression for each day'of the
historica} flow record. AS an éxampie, consider an analysis ¢
uses a 4-day averaqing period with Eq. 2. DESCON would firse
Collect valuyes ot QL, 02, c1 and any'supplementary water qual
variables it needs tO compute WQC for the first four days of
period of record. It then computeé the 4-day averages of the
fWQC], [Cl*Ql/(Ql*QZ], and (Q2/(Q1+Q2]. These are then combin
using Eq. 2 to compute an ASL for day 1. The same brocedure i
followed to compute an ASL for day 2, using averages tompile
data for days 2 through S. Thig Process is repeated for each
Succeeding day in thne Period of record. a 50-year record woul
Nerefore rasuyle: ‘0 50%365 = 18,250 eévaluations.
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The values of Ql come directly from the historical stream
record.. Values tor Cl and Q2 come from the daily records or
pstream pollutant concentration and discharger Zlow, respect:
~hac are supplied by nhe user (see the discussion in Section 3
above). Values or ~he WOC .lLimit can be functions of such
sSupplementary desiqn ~variables as temperature, pH, and hardnes
for example, Figure 3.3 shows how the US EPA’s CCC limit on tc
ammonia is related fo stream temperature and pH. Sections A.l
m~hrougn A.3 orf Appendix A describe the equations used to compu
“QC limics for ammonia, heavy metals, and penctacnlorophenol,

respect:vely.

jote that . Fg. ., tne WQC walue refers to the critericr
-imM1T “NRat exists n rche mixture of upstream and discnarge flc
Prior =9 using the WOC equations in Appendix A, DESCON first
compuces ithe mixture ‘ralues of any supplementary variables suc
remperature, pH, oOr hardness. To properly compute a mixture pk
knowledge of upstream and discharger alkalinity is also requi:
This is why alkalinity is also considered to be a supplementar
design wvariable. Section A.5 of Appendix A describes the equat
that carry out =-he mixing computations.

The use of Eq. . to derive ASL values for Ultimate Oxyger
Jdemand (UOD) requires some special discussion. Firsec of all,
S no in-stream concentration criterion limit placed on UOD pe
Rather, it is dissolved oxygen (DO) that is requlated. Howaeve:
effective WQC limit for UOD can be established by computing ¢!
maximum initial UOD that the stream can tolerate without hawvir
downstream DO drop below the applicable DO criterion concentr:
Section A.4 of Appendix A describes how this UOD limit can be
derived from a simple Streeter-Phelps DO sag analysis =hat ta
into account the effects of temperature on saturatcion DO and

rates of UOD decay, reaeration, and benthic demand.
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The method 2r averaging used with Eg. L will not be wvalic
"’OD because the S:treeter-Phelps model used in Appendix A is or
2pplicable ro steaay-state conditions. It does not take into
iccount the effec:t -hat carying times of travel over the peric
17eraqging will iave »n the location and magnitude of the crit:
J0 sag . To cope with this problem, Eg. 1 can be used as a ste
state approximatc:on no the actual day-to-day variations that ¢
over the averaging period. As a result, zhe ASL =squations for
ire as follows:

0D * D3l35q - (Cllaygq * Ql}ava with
ASL = -------eeremfcmee—mmeec—w— e~~~ discharger
(Q2lavg present
ASL = 0D * Qllgyg without discharger

where UOD is rhe maximum initial UOD that meets the DO criter
under the averaae rlow, temperature, and upstream DO conditiol

One other axception was made to the way Eg. 1 was used t

compute ASL'sS. For rthe case of the extreme value WQC excursio:
criterion applied "o a general toxicant with no discharger da

Zonsidered, zhe ASL expression is

ASL : [ch]an * [Ql]avg

4s opposed to Eg. J. In this situation, the only design condi

is a design streamrlow of the xQy (e.g., 7Ql0) variety. This

‘equation allows DESCON to produce xQy design flows equal to =

vased on current practice (i.e., a Log Pearson Type 3 frequen
analysis of the annual minimum x-day average flows). Table 3.
summarizes rhe -~arious equations used to compute an ASL for e
day of the historical flow record.




TABLE 3.1 Zxpressions -or Allowable Stream Loading owver a
Specified Averaging Period

Pollutane With Discharger “ithour Discharqg.
===3====3====================:==8======3=====================:
Ammonig,

Heavy Metals, .
fentachloro- HOC | 30rq - [Cl*Ql/Q3Jan -HN0C ] 34q
Phenol, ang B e TTToT e
Seneral ’02/03]avg cLQllavg
Toxicane!

‘2neral _ . o )
Joxicaneg~ Jame as above LWOCEavg*le}g
Titimate OD*IQ3 1 359 - (Cllge *(Ql] 3¢q

Oxygen 17 3V g2l _”_S_______; UOD*[Ol}avg
Demand (szavg
=============================aa====:=====-================z=='

Notes: 1|, Under bioloqically-based WQC excursion Criterion
2. Under extreme valuye WQC excursion Cricerion




3.4 DETERMINATION OF CRITICAL LOADS

OESCON defines -nhe critical load as the largest constant
imount of pollutant =he water body can receive and st:l1! satis
~he applicable WQC excursion frequency. For a proposed critica
‘oad, excursions will occur during any period of the synthesiz
ASL record where rnis load exceeds the ASL. DESCON searches fo
the largest critical !oad whose resulting pattern of excursion
neets the WQC excursion frequency. This search is carried out

w0 differenc wavs, iepending on whether the extreme -value or

Sioloqically-based mechod is employed.

for zhe exzreme ‘ilue method, a Log Pearson Type 3 freque
inalysis :s use¢ -2 :ind the minimum annual ASL with the ragu:
return peériod (sypically LO years). This value then becomes th
<ritical load. The analysis begins by first identifying the 1lo
ASL ~alue for each year of the simulated record. Thus if a 50
record was being used, there would be 50 minimum annual
ASL's. Then the mean (u), standard deviation (s), and skewness
coefficient (g) of rthe natural logarithms of these numbers are
found. The critical load (L*) is found from the following aqua

L* = exp(u - K(g,y)*s) ‘
~“here y 1s the recurn period (years) on extreme value excursic
and K is a frequerncy ractor expressed as a function of skewnes
(g) and return period (y). The frequency factor, X, can be
calculated from the following equation given in Loucks, et al.
(1981]:

Klg,y) = (2/g)((L - (g*z)/6 - g2/36)3 - 1]
where z is rhe trequency factor for the standard normal probak
distribution at probability level l/y. The latter =an be found

'1sing ‘Joiner and Rosenblatt, 1971]:
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quality parameter -
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~he «€QC averaging period starting on this day ¢
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-3
or say Ultimate
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SECTION 4
EXAMPLE CASE STUDIES

Two rivers located in different geographic regions were «
=0 lllustrate che calculation of design conditions using DESC(
The Quinnipiac River in Connecticut is first analyzed in some
detail to give the reader a step by step guide to using the
program. Tngn rasults for a second river, the Uncompahgre in
Colorado, are summarized to illustrate how design conditions
change under a different hydrological and climatological regir

4.1 QUINNIPIAC RIVER

The Quinnipiac River in Connecticut is an example of a s-
where the low flow and high temperature seasons coincide. Thus
would expect the critical design event for most pollutants to
in this period (late summer to early fall). The 7Ql0 low flow
this river is épproximately 32 cfs.

DESCON was used to estimate design conditions for chronic
ammonia toxicity in «his river. The 4-step procedure for usinc
DESCON, first presented in Section 1.3, was followed and is
repeated here:

1. Select the pollutant and type of WQC to use.

2. Retrieve historical daily streamflow and water quality &
using DESCON.

3. Assemble data or estimates for discharger flow and perti:
‘water quality variables, if possible.

%, Run DESCON to find design streamflow and other pertinent
design conditions.

How each of these steps was applied to the Quinnipiac River w-
be discussed in the sections that follow.
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4.2 POLLUTANT AND WQC SELECTION

The pollutanc orf concern for this example was taxen to b
ammonia. The wWQC concentration limit was the US EpA National ¢
{(Criterion Continuous Concentration) for Protection against c!
dquatic toxicity. This limit is a function of both Stream
Lemperature and PH as depicted in Figure 3.3. This Criterion -
distinguishes between streams that support cold water species
“hose that do not. This example assumed that cold wvater Specice
“ere present in the Quinnipiac.

“he init:ia: run of JESCON used the biologically-based mert
Wt defining %woc avcursion trequencies. Recall thar the defauls
definitions or rhe parameters for this method are as follows ¢
Section 2.3). '

Averaging Period: , 4 days

Excursion Frequency: once every three years

Length of time used to group
excursion periods into clusters: 120 days

Maximum number of excursions
counted per Cluster: 5

N subsequent CuUns the averaging period was changed to 3¢ days
the analysis Was repeated using the extreme value method of
defining WQC excursions.

4.3 RETRIEVAL OF STREAM DATA

retrieval of daily streamflow data from STORET. This data was

dutomatically saved in a file named FLOW.DATA and could be use
over and over again in Subsequent design condition Calculation
for this Stream. Thisg Particular éxample used the flow records
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USGS gage number 921196500 located near wallingford, Connectic
Figure B.l in Appendix B depicts the dialogue used with DESCC

cerform this retrieval.

The supplementary design condition variables for ammonisz
tnclude temperacure, pH, and, since discharger data was provi
for this example, alkalinity and upstream ammonia (see Table
The DESCON user must bpe prepared to provide representative ds
7alues of these quantities at various times of the year. To &
in this cask, DESCON was asked to retrieve selected water qua
data from STORET. This data was automatically saved in a file
PARAM.DATA. Tiaure 8.2 illustrates how this retrieval was ma
“or =-his example, .arer quality data was taken “rom the same

.

station chat racorded the flow data.

The next htep was to perform further analysis on the
retrieved water 1uality data. For each parameter, DESCON dete
how much data rthere was, how it varied from day to day and ye
vyear, and whether izs daily variation could be represented wi
sinusoidal funccion or not. Figure B.3 shows part of the dial
used with DESCON to peéform such an analysis for temperature
Quinnipiac.. ' .

AS a result 72t =-hese analyses, the daily wvariation in st
temperacure was represented by the following sinusoidal func:

T = 12.56 - 4.3sin(0.0172 d) - 10.6cos(0.0172 4d)

.where T is temperature (degrees C) and 4 is day of the year ¢
January L being day l). The coefficient 0f determination (i.e
squared) of the fit for this expressidn was 93 percent. DESCO
“as instructed to compute the temperature for each day of the
with this formula and save the resulting values in a file nam
STREAM.DATA. These daily temperature values are depicted in
Tigure 4.1.
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A similar analysis

“as made for pH and alkaliniey, These
Parameters had :-

9 and s6 days of the Calendar,
S were recorded since 1970.
t¥vclical trend to this data.
$dave the daily means rar each of these Paramerers
STREAM. DATA. These data are shown in Figures 4
Straight lines bet

Fespectively,

There was no app:
Therefore DEscon was

which measurement

instructed
in the file

.2 and 4.3. The
“een the observed points represents the

manr
in which DESCON iiiterpolates for days with no data. The examp.
. dssumed that n UPsStream ammonia data were available. 2 const:

background concencration of zZero

was used in ai1 Subsequent
Tomputations.

4.4 SPECIFICATION OF DISCHARGER DATA

The ammonia discnarger in this example
located juse downstream of the
“a8s recorded.

Lo be modified

“as assumed tg be
dage location

at which sStreams:
This meant that the recorded st

reamflows did not

Jage and the discharger.

Detailed‘daiiy records on flow, pH,
available for the discnarger.
0 have constantc

and alkalinity were r
Instead these

Parameters were ac
“alues as follows: - '

Flow = 3

[ )

Cts (equal to the
eH = 7

7QL0 Streamflow)

Alkalinity = 245 mg/L as Caco;
Temperature was

assumed to vary throughout the year ag shown
Figure 4.4
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4.5 COMPUTATION OF DESIGN CONDITIONS

At this point of the analysis the following preliminary

nad been carr:i:ed out:
. Daily streamtlcw data were extracted from STORET and pla
in the file FLOW.DATA.

Jdaily water quality parameter data were extracted from

STORET and placed in the file PARAM.DAT:.

3. The water quality data in file PARAM.DATA were converted
lNto represencanive dally values of stream temperature,

pH, and alkal:nity wnich were then stored in the file
STREAM.DATA.

-. Represencactive 3iaily discharger data for fiow, Temperatc
PH, and aikaliniry wvere specified.

“With this data »n hand, DESCON was ready to compute design

conditions.

Figure 1.5 below presents a summary of the input data fe
DESCON and the resulting design conditions that it computed.
entire interact:ive dialogue is shown in Figure B.4 of Appendi
The critical conditions were observed to occur in July at a
critical ammonia loading of 1.9 mg/L from the discharger. The
resulting design conditions were:

Parameter Upstream Discharge
Flow, cfs 34.8 32.0
Temperature, deqg C 23.9 25.0
pH 7.6 7.0
Alkalinity, mg/L 72.2 245.0
Ammonia, mg/L 0.0 1.9

The WQC excursions produced by this loading are shown in Figu
+.6. The most severe excursion occurred during seven days in
of 1936. The most prolonged excursion occurred during the sum
of 1966.
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SUMMARY OF DESCON 1nPyT DATA

—===============-‘

QUINNIPIAC R, “ALLINGFORD

ccc

=====I====================32======3==:=3=—

LOCATION

: POLLUTANT AMMONIA-N

. COLD WATER SPECIES PRESENT : YES

. WQC EXCURSION METHOD : BIOLOGICALLY-BASED

. AVERAGING PERIOD, pays : 4.0

: PERIOD, vEARsS 3.0
CONCENTRATION LIMIT EPA NATIONAL

PERIOD orF RECORD
«  FLOW ADJUSTMENT TACTOR
DISCHARGER LOCATION

ENTIRE RECORD
1.0

BELOW FLOW G

AGE

RANGE oF UPSTREAM POLLUTANT 0.0 TO .0 ng/L
RANGE OF UPSTREAM TEZMPERATURE 1.2 0 Zi.n >Eq. z
RANGE oOFfF ""PSTREAM ru 5.5 To 3.2
RANGE OF UPSTREAM ALKALINITY 25.0 D 38.0 :ug,r
+  RANGE OF DISCHARGE FLOw : 32.0 TO0 32.0 crs
- RANGE OF DISCHARGE TEMPERATURE : 14.2 TO 5.3 DpEgg. C
RANGE oF DISCHARGE py : 7.0 TO T.0
i RANGE OFfF DISCHARGE ALKALINITY 245.0 TO 245.0 mG,/L
: CRITICAL DESIGN CONDITIONS
N ============== ======32233333882333332333=================
{  CRITICAL DAY OF REcORD JULY 25, 1957
. UPSTREAM FLOW, cFg 34.8
. UPSTREAM AMMONTIA -y, MG/L 0.0
+  UPSTREAM TEMPERATURE, DEG C 23.9
' UPSTREAM PH 7.6
. UPSTREAM AL INITY, MG/L 72.2
DISCHARGE FLOW, crg 32.0
DISCHARGE AMMONTIA-N MG/L l.9
DISCHARGE TEMPERATURE DEG C 25.0
DISCHARGE py 7.0
DISCHARGE ALKALINITY, MG/L 245.0

FIGURE 4.

o

S

Design Conditiong on Ammonia in the
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HISTORICAL EXCURSIONS FOR PERIOD 1931 - 1986

==Zmumo=o= =====================I===:==aa=====================:

' EXCURSION CLUSTERS ' EXCURSION PERIODS

: JUMBER OF | DURATION

' START DATE :XCURSIONS ' START DATE (DAYS) MAGNITUDE*
JUL 2L, :932 1.50 . JUL 21, 1932 6 1.6
JUL 27, 1933 $.00 . JUL 27, 1933 4 .4
AUG Li, .936 5 AUG 14, 1936 - ol RS
JUL 25, 5941 ..00 . JUL 25, 1941 4 l.1
AUG <. 1955 L.00 . AUG 4, 1955 1 2.5

. AUG 3, 1957 £.00 , AUG 8, 1957 4 0.2

v JUL Ll, L9656 5.00 . JUL 11, 1966 18 3.2

. . JUL 30, 1966 L6 16.2

: . AUG 18, 1966 18 17.3

: . SEP 6, 1966 6 9.3

, AUG L, 1970 2.25 | AUG 1, 1970 4 3.0

' . AUG 13, 1970 5 §.8

- AUG 16, 1986 L.90 | AUG 16, 1986 4 3.0

: TOTAL 15.50 !

. * % BY WHICH CRITERION CONCENTRATION IS EXCEEDED

]

FIGURE 4.6 WQC Excursions Under Ammonia Design Conditions
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A 30-day averaging period may also be used when analyzing
chronic ammonia toxicity. A second run of DESCON wasg Mmade kee
all input values rhe same except that a 30-day averaging peri
“AS used in computing the NQC. The Fesulting design condition
-ontrasted with those Listed above (based on 4-day averages) .
Table 4.1. The design streamflow increased from 34.9 to 54.4
ind the critical ammonia discharge load increased from 1.9 to
mF/L. Ancuner set or DESCON runs were made for bhoth 7~day ang
day averaging periods using the extreme value method of defin
“QC excursions. A ten year return period wWas specified. The r.
of rhese runs are also given in Table 4.1 and show only minor
“ifferences wich "hose derived from the biologically-bnased me

4.6 DESIGN CONDITIONS FOR OTHER POLLUTANTS

DESCON was also used to compute design conditionsg tor lea
Jltimate Oxygen Demand (UOD) in the Quinnipiac River. Chronic
criteria for both the biplogically-based and extreme vélue WQ:
excursion methods ~“ere analyzed. Daily stream dissolved oxXyge:
(for GOD analysis) and hardness (for lLeag anz .rsis) were reer
from STORET and Placed in the file STREAM. DATA by DESGON. Tah
Summarizes the DEScon lnput used for these Pollutants. The
resulting desian conditions, including those already computed
ammonia, are displayed in Table 4.3. -

The results show that critical conditions occur in eithe:
or August for all three pollutant-~. The design Streamflows fo-
ammonia and UoD are similar (sligntly higher than the 7Qio 1.
32 Cfs) while the design flow for lead is considerably below
7Ql0 flow. The differences in design conditions based on the
definitions wQc excursion frequencies are minor. '
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TABLE 4.1 <Compar:son of Design Conditions for Ammonia in the
Quinnipiac River

==========================:==’======:=======:===============:

4-Day Averages - 30-Day Averages
Upstream Discharge “pstream Disch:

T T e e e k. 4 it ot o o i o S o e

Critical Period July July Jjuly -
rlow, cfs 34.8 32.0 34.4 :
Temperature, -ea. 3.9 25.0 23.5 :
oH ~.6 7.0 -3
Alkalinicy, ng o T2.2 245.0 538.5 z
Ammonia, mg/L 0.0 1.9 J.0

3. Extreme.value-3ased WQC Excursion Method

Critical Period July July July z
Flow, cfs 35.9 32.0 +8.7 :
Temperature, ‘eaq. ¢ 23.7 " 24.4 23.8 z
pH 7.2 7.0 -3
Alkaliniey, masl 70.3 245.0 0.0 24
Ammonia, mg/L 0.0 1.9 0.0
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TABLE 4.2 DEscon input Data for Lead and UOD in the Quinnip
River
==================:=========================================

Location :

Quinnipiac R at Wallingford

Pollutane : Lead

Uuop
Xl Coefficient ;- IN Deg. ¢ : 0.23 l/days
X2 Coefficient ac <0 Deg. C : 0.46 l/days
Senthic Demand i- =0 Deg. C : 0.0 mg/L,day
Averaqinq Pering, ays 4+ (Bio-Based Herhod)

7 (EXtreme valye Methed)
Return Period, Years ¢ 3 (Bio-Based Method)

41

10 (Extreme value MHethod)

Concentration Limie. EPA Nationay CCC (Lead)
5.0 mg/L (U0D)
Period of Recora : Entire Recorg
Flow Adjustment Factor : 1.0
Discharger Location Below Flow Gage
Range of Upstream Poilutant : 0.0 %0 7.0 mg/L
Range of Upstream Temperature : 1.0 To -4+.0 Degq.
Range of Upstream Hardness 39.0 o ~20.0 ng/L
Range of Upstream Diss. Oxygen 4.2 to 15.0 mg/L
Range of Discharge Fioy 32.0 o 32.0 _:g
Range of Discnarge Temperature : 14.2 to 25.3 Deg.
Range of Discharge Hardness : 250.0 to 250.0 mg/L
Range of Discharge Diss. Oxygen 5.5 to 5.5 mg/L
============================================================:




TABLE 4.3 Design Conditions for Ammonia, Lead, and UOD in
the Quinnipiac River

===============================3=============================

A. Biologically-Based %QC Excursion Method (4-Day Averages)

UPSTREAM DISCHARGE

NH3 Lead [9(0)5) NH3 Lead uc
Critical Period July August August July August Auc
rlow, cfs 34.8 17.4 37.1 32.0 32.0 132,
Temperature, deg. -’ 23.9 - 23.6 25.0 - 25.
PH 7.6 - - 7.0 - -
Alkaliniecy, mg/L 72.2 - - 245.0 - -
Hardness, aqg/L - 103.8 - - 150.0 -
Jiss. Oxygen, na/L - - 7.0 - - 5.
Polliut. Concen., masLl 0.0 0.0 0.0 L.9 1.9 1.

(ug/L)

B. EXtreme Value-Based WQC Excursion Method (7-Day Averages)

UPSTREAM DISCHARGE

NH3 Lead UuoD NHy Lead uc
Critical Period July August August July August Auc
Flow, cfs 35.9 23.8 138.7 32.0 32.0 32.
Temgarature, deg. ¢ 23.7 - 23.6 24.4 - 25.
PH 7.2 - - 7.0 - -
Alkaliniecy, mg,L 70.3 - - 245.90 - -~
Hardness, mg/L - 97.6 - - 250.0 -
Diss. Oxygen, mg/L . - - 7.3 - - 5.
Pollut. Concen., ma/L 0.0 0.0 0.0 1.9 12.2 22.

(ug/L)

=============================================================
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4.7 UNCOMPAHGRE RIVER

In contrasc -5 The Quinnipiac River, =hne 10w rlow seaso:
~he "'ncompanhgre River in Colorado occurs in winter, It is no-
clear any more which season is mose Critical for different
Categories of POollutants. Design conditions for this river we
computed with OESCON and compared to those for the Quinnipiac

The same Pollutants ang WQC excursion;me;nods ~“ere used
before, A-hypocnecical discharger “&S placed just downstream
mhe flow gage 3¢ Pelta, Colorado (ysgs Station 09149500),
from rhis discharaer “AS set equal to the 7910 river Tlow, 3:
Table 4.3 Summar:zes -ne input daeca fed to DEscon. The Uncome
3 A colder =:zrasanm rian rhe Quinnipiac and has consicderably r
ilkaliniey ang hardness,

The resultznq‘design conditions are displayed in Table -
The criticay Period for lead occurs in April rather «han Augu
for the Quinnipiac River. The design Streamflow for lead ig
Slightly higher =han the 7Q10 (as opposed  to being lower thar
7Ql0 for the Cuinnipiac). Because the critical Eeriqgs for ar
and UOD fall in the summer, which is noe the low flow period,
design Streamrlows fgor these Pollutants are almost cwice ag 2
i3S the 7Qlo0 flow. The greater hardness and lower temperatures
this river result in higher Critical design discharge concent
tions for lead and uop than for the Quinnipiac River. Once ag
differences between conditions computed with tne two methods
dgfining WQC éxcursions were minor.

The design conditions computed for these tWo rivers are
obviously site- and pollutant—specific. Changes in the monjite
Station location or in discharger cnaracteristicﬁ would most
produce differentlresults. The discharger data used in these

€xamples were Not zaken from any facilities actually discharqg
t0 these Civers.,

43




TABLE 4.4 GCESCON Input Data for the Uncompahgre River

=============================================================
Location : Uncompahgre R at Delta, CO
Pollutant A : Ammonia
Lead
. UuoD

Kl Coefficient ac 0 Deg. C : 0.23 l/days
X2 Coerficient .:c 20 Deg. C : 0.46 1l.'davs
3enthic Demand atc 29 Deg. C : 0.0 mg/L/day

\weraging Paeriod, Iavs : 4 (Bio-Based Method)
7 (Extreme vValue Method)

feturn Pericd, vrears : 3 (Bio-Based Method)
10 (Extreme Value Method)

Concentration Limtit : EPA National CCC (Ammonia)
: : EPA National CCC (Lead)
5.0 mg/L (U0D)
Period of Record : Entire Record
Flow Adjustment Factor : 1.0
Discharger rLocation : Below Flow Gage
- Range of Upstream Pollutant 0.0 to 0.0 ma/L
# fange of Upstream Temperature 1.3 <0 18.2 Deg.
. Range of Upstream PH : 7.1 to 8.7
Range of Upstream Alkalinity : 100.0 to 272.0 mg/L
Range of Upstream Hardness ¢ 300.0 to 1300.0 mg/L
Range of Upstream Diss. Oxygen 7.4 Lo 13.6 mg/L
Range of Discharge Flow : 51.0 to 51.0 <cfs
Range of Discharge Temperature : 14.2 ' to 25.3 Deg
Range of Discharge PH : 7.0 €O 7.0
‘Range of Discharge Alkalinicy i 245.0 to 245.0 mg/L
Range of Discharge Hardness : 250.0 o] 250.0 mg/L
Range of Discharge Diss. Oxygen : 5.5 to 5.5 mg/L
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TABLE 4.5 Desicn Conditions for Ammonia,
Uncompangre River

Lead, and uop in tr

A. Biologically-Sased

UPSTREAM

NH3 Lead Uop
Critical Periog August April July
flow, crs 91.8 64.6 96.8
Temperature, ~aq. J 17.8 - 17.9
°H 7.6 - -
Alkalinity, masL 234.0 - -
Hafdness, ng/L - 3867.5 -
Diss. Oxygen, =nag.L - - 7.7
Pollut. Concen., ag,r 9.0 0.0 9.0

B. Extreme Yalue-Based @“QC Excursion Method

UPSTREAM

NH3 Lead UoD
Critical Period July April July
Flow, cfs 89.4 56.7 97.1
Temperature, deg. . 18.0 - 18.0
PH 8.1 - -
Alkalinity, mg/L 208.8 - -
Hardness, mg/L - 433.5s -
Diss. oOxygen, mg/L - - .8
Pollut. Concen., mg,L 0.0 0.0 .
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WQC Excursion Method (4-Day Averages)

DISCHARGE
NHy Lead o
August April [yl
5L.0 31.0 351,
25.3 - 24.
7.0 - -
245.0 - -
- 230.9 -
- - 5.
3.3 3L.1 39,

‘ug/L)

(7-Day Averages)

DISCHARGE
3 Lead uo
July April ju1
51.0 51.0 51
23,3 - 24
T.0 - -
245.0 - -
- 250.0 -
3.3 32.8 139,

(ug/L)




SECTION S
UTILIZATION GUIDELINES

This section provides some userful guidelines zor ucilizir
DESCON. in the WLA process. It covers such topics as input datec
Availability, choice of analysis options, and the interpretat:
nf =he prbgram's Tesults. A question and answer format is usec
s1mplify rnhe presentarion.

5.1 DATA AVAILABILITY

't 23n DESCON he sed ‘f no streamflow data or wvater auality
Taremecer data =xisT -2r -he site in question?

A: DESCON cannot Ye 'tsed .f streamflow data do not exisc. £ ¢
N some wacter (1ualinty -rariables (such as temperatcure) are
‘inavailable, :: may e possible to substitute values <rom anot

river which is Tlimatologically and hédrologically siml;a;.

Q: Suppose a streamflow record exists but the gage 1s not clo:
rhe site being analyrzed?

A: DESCON allows -he user to specify a streamflow adjustment
factor, ©, so rhat ~ite streamflow can be related o racorded
streamflow as foliows:

Daily Site Streamflow = F * Daily Gage Streamflow

fhe factor F is usually established as the ratio of <he upstr:
drainage area of the site to that of the gage location. In
addicion, i{f the gage :s located downstream of the discharger
DESCON will adjust the streamflow records o account for the
discharge flow when computing an upstream design flow.
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Q: What minimum length of flow record is recommended:?

A: The longer -ne flow record, the more reliable will we the
2stimated design conditions. Figure S.l shows how the spread
~he 99% confidence Limits on an extreme value-based qdantity
2 l0-year return.period decreases with increasing period of r
(This figure was derived from log Pearson Type 3 statistics «

Zero skew (Stedinger, :283).) Results are shown for extreme v
quantities wieh both low variability (cV = .2} and high varig
'C7 = .8). 3ased 21 the behavior of these curves, i~ bDpears

a
20 ro 30 Y2ars »r racord is a reasonable minimum requirement
il extreme -—alue Hlalysis at a l0-vear return period,

“he case :or -ue riologically-based method :3 _.esgg
definitive. Pecall rhart it uses the record of AsL values cene
trom historicayly Nbserved streamflows to find the Critical a
that produces e required wWQC excursion count. -= therefore
dSsumes that sequences of future ASL’s below the <ritical val
will occur no more rrequently than they have in the past. 3ec
it fécks the extrapolative power provided by a fitted probabi
distribution, , longer period of record should probably be us
with +=he biologically-based method than with the extreme wvaluy

method if equal -3vels of confidence in predicted design cond
ire to be achieved.

Q: What is che minimum number of days of the year for which
Supplementary water quality data is required to run DEscon.

A: DESCON will Produce results even if only a single day of «
quality data ig provided. In such cases, it assumes that the
Of this water quality variable remains constant throughout th
Year, and therefore the design condition becomes this single

There may bhe cifcumstances where a lack of “ater gquality

Measurements may force the analyst to employ such an approach
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DEscon will alse work with daily wates Sualisy values =
are nece actual :casuremnnt:f bue ra:ncr'arl tha analyss's »
eSTizatcy Qf whae conditions Bight exise in the TecCaiving g=»-
Sr the disqpargnr Stream througheus te yvear, As an exanrla,
Tight be Zar fagier => esSTizate the montlly averaga dischar
2low Tather tnan tRe daily Slow 2o ®ach day of ena Year, T
monthly Llows could be used wien DEscon by SPeciiying k-]
vValues 3¢ the f:irge and lase days of their Tespeczive zons!
DEscon'g intcrpela:icn éraccduro would then FToduce a dischas:

flow gor each day of the monen equal ts wme BOnAtRly =ean.

Needless T3 say, =n,e analyste should eXarcise @xtrame care
22king syre that =ng watar quality dasa fed :insg LZscoy are H
lost :eprnsenta:ivn Ior =ha STtraam, the discharge:, and == T
2% water IWalisy Clitear:icn being analyzed.

Q: Whien Rethod of dntining WQe exXcursion f:tqu-ncy, axtre
value or biclcgically-bascd, is Tecomzended?

A: Fcllcwing the rocammcndatien Dade in the Technical Guidan

on Stream Design riow (Cs EPa, lsgscq), either Rethod can ne use

If the eXtrane value Rathod g used, a 10-yeaxr Taturn sar:

should pe employed. The Parameters recommendaed Icr usa with =,

biologically-bascd Zethod are sSummarized at the

and cs sS@cs::
2.3.

Q: DEscon €an be ryn with or withous dischazgcr data. How shou;
Cne decide wWhich cpeion to use?

A: If the WLA Problenm involves on
general charac:nris:i:s are known, then DEscon should be v
using dischargar data., rg theare ar
similap charactnristics and the poll




treated as a conservative =xatarial (as :is cftan done
simplified analyses of heavy metals) tnen DESCON can a:ise be
using disc@arqcr data derived from adding zogecher ke flsus
each discharger. For cther mul:i-discnargor situazizsng ol
cannot properly acssune for the effac=g that discharzer laoca
kas on Tesulting sctrsam water quality. In such Circumstancs
whean discharger charactaristics are unknown, DJEscoN can kce
withour discharser daza supplied. ’

Q: Feor ammonia, heavy netals, and pontacnlorcphencl, CESCON a
Ratically usaes ==g¢ LU.S. ZPA's national tWo-nunker wazgr cua
critearia sop cAncentration limits. What {2 4 state *Ra

Sritarizn cSncenzratisa  thar is differen= tan <ke bo¥-3-54

Az th; national numbers for thaese Pellutants are finczions
Samperatere, FH, eor nhardness. IZ a stata nag a difsa;
concentration limie that is gome fixed value, then the pol:ius
can Le analyzed as i it were a general toxicant sfer whichk
only design conditions ara on streamflow, discharger Zlow, ans
Upstrean pollutane concantration.

Q: strictly Speaking, computation of the uC (acutae) WQC sho
be based on hourly watsr quality data, although daily avera
can be used instead as a practical alternative. -« tourly 4
(or tha most eXTTeme value over the day) are availabla for g
Parameter, how can they ba used by DESCON?

A: When DEscon asks for Tepresentative daily values s> thase
‘Parametars throughout the Year, the user can Taspond with =ka
most critical hourly value for each day when such data is
avajilable. For example, with pH used for ammonia toxicizy,
the most critical value is the hourly maximum. With hardness
used for heavy metal toxicity it would be the hourly Tinimum
value.

wm
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Q: How can CEscay be used £o derive design conditions sa- -
carbonacecus ang nitrogencus Biocchemical Oxygen Demand (30D ?

A: DESCON can darive 3PProxizate design conditions 2oz =n
pellutants by considering them luaped together as a sin
category callad Cltimatg OXygen Demand (CCD). wWhen DESCay
the simple Strnoccr-Phllps dissolved oXygen model =a cImpuca
allowabla Streanm loading of COD for each day o2 Tecord, e :ig
able to yse Separate decay rates for the cartonacseous
nitrogencus clxponents cof oD (see Appendix A). Hance
Tesulting design condisions are subject to mora Llcertainsy -
nermal. DESCON's design flow, tompcraturc, and upstreanm dissol-
OXygan daesign conditicsns shoulg be used as inpus =23 a =
Tefined wvater Suality modael that takes PTOrer acssun: ¢+
Separate fate of =ne cartonacecus ang nitrogenous 300 camponen:

5.3 INTERPRETATION oF RESULTS

Q: When analyzing pPellutants wien suppllmenzary design condis::
(e.g., ammonia, heavy metals, Pentachlorophencl, ang Cleiz:
Oxyger Demana), DESCON will most likely produce a2 design stra:
flow that :g diffarent <=han the 7Q10. flow, aeven is a T
averaging periasd and l0-year Teturn periosd on exXtreme valug
sXcursions wers asked for. Sone statas RaY require thae the 7Q:
(or some other low=-flow statistic) flow be used as a dasign =

for WLA's. How can DESCON accommodate such Tequiremencs?

A:  Aftar DESCON conmpletes its initial estimate of des:
conditions it asks the usar igs another sot'cf conditions she
be computed based con a specifiad dasign'stream:low. At this po:
the user can entar the 7Q10 flow (er any other flow) and a
set of Supplementary design conditions will pe Produced. as .
described at the end of secticn 13.s, these new conditi:
Tepraseant the minimal adjustment Needed on whe origiral ones
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that the applicable WQC i3 met under the critizal pollusant -
and specified design streamflow.

DESCON. can also ba used ts csxzpute "stand-alcone" das
Streamilows, either extreme value-based flows suchk as a 7312
biologically-based 2lows, in the same ©manner as a zrev:
software rpackage called DFLOW (US EPA, 1986c). To do tnis
user would chocsa the following options from the pregram’s men
-. Pollutant ts be analyzed --- general tsxicant,

2. Method of defining WQC excursion frsquency =--- eithar exc:s
value or bislegically-based,

3. WQC conceantratisn limit —=- any value will do (e.g., 2 oS/

5. Include the effact=s of a discharger --- no.

w
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APPENDIX a
WATER QUALITY CRITERIA

This Appendix describes methods for computing water

f o Pentachloropheno

WQC for un-

and pH (PH) .
into ionized ang
variables,

The equation for
Un=-ionized ammonia is
CMCo

=

FT
T+

where

FPH
PH*

lllllllllll!ﬂ“

The equation for
9f un-ionized ammonia

LI B

" To convert the cMco

ammonia-N,

cMe
cce

=

=

where F

PKA

II. Heavy Metals

I. Ammonia (US ErpaA, 1
ionized ammonia

In addition,
un-ionized fractions ig also governed by thes

the followinq equat

(WQC) as functions of design condition variables
te be covered
1, and Ultimatre Oxygen Demand (vop).

include ammonia, heavy metaj:s

985a)

are functions of Stream tamperatur
the dissociation of tezsal ammon i

the Criterion Maximum Concentration (CMC) ¢

9.32 / FT / FpPH / 2.

1070.03 (20 - T#)]

20 if salmonids Present and T > 329

25 if salmonids Not present and T > 25
T otherwise

[l - 10°(7.4 - PH#*)] , 1,25 if PH* < g
1. otherwise '

PH if PH > 6.5

6.5 otherwise

the Criterion Continuous concentfation (cce
is

0.8 / FT / FPH / R

as above

15 if salmonidg Present
20 if salmonids not pres
T otherwise
as above

24 {10° (7.7 -
if PH < 7.9
16. otherwise

PH)] / (1 +10°(7.4 =~ PH) ]

CCCo intoe concentrati
ions are used:

and ons of tota:

0.822 cMco / F
0.822 ccco / F

1L/ (1 + 10°(PKRA - PH) )
0.09 + 2730 / (T + 273.2)



WQC for ‘heavy =metals are functions of Stream hardness (:
(expressed in mg/L as CacC03). The general expressions for the ¢t
and CCC are as follows:

CMC or CCC = exp(a LN(H) - b] (ug/L)

where the canstants "a" and "b" are given by:

cMC cce

Metal a b a b Reference

Cadmium 1.123 -3.328 .7852 =3.490 US EPA, 1985b
Copper 9422 -1.464 -383545 -~1.485 US EPA, 1985c
Chromium (III) .3190 J.688 .8190 1.561 US EPA, 1985d
Lead 1.273 -1.460 1.273 -4.7085 US EPA, 198Se
Nickel .8460 3J.3612 .8460 .5703 US EPA, 1986a
Zinc .3213 .3141 .8213 =-.1541 US EPA, 1986b

ZII. Pentachlorcphenol (VS EPA, 198s6a)
The WQC for Fentachlorophenol is a funetion of pH:

CMC = exp[1.005 PH - 4.954) (ug/L)
CCC = exp(l1.005 PH - 5.412) (ug/L)

IV. Ultimate Oxygen Demand

There is no wqc established for uoD pPer se, but rather o
dissolved oxygen. The classical Streeter-Phelps model can be uses
to determine the maximum initial in-stream UoD concentration tha-
results in a po just equal te the criterion at the critical poin-

of the downstream po profile.

This value can then serve as an effective WQC for UOD. The
2quation used to compute this value ig:

Cs - Cc = [exp(-K1l Te) - exp (-K2 Tc)][Kl/(KZ—Kl)]
* (Cs=Co)exp(=-K2 T¢)
- [S/K2](1 - exp(-K2 Tc)]

where Te = La{ (K2/K1) (1 + ¥Y/L)]
and T = {(S/K2) - cs + Co] (K2 - K1] / K1
with L = initial vop

Co = initial Do

Cc = DO criterion

Cs = saturation DO

= 14.652 = -41022 T + .007991 T2
= .000077774 T"13
T = temperature
XK1 = Kico 1.024° (T - 20)
Kle = vyobp decay rate cocefficient at 20 deg. C




ST,

= K20 1.047°(T7 - 20)
K20 = reaeration rate coefficient at 29 deg. ¢
= So l.065°(T - 20)

= benthic Do demand (mg/L/day) at 20 deg.

“ote that because abpears in the term Te, the first_equat;c
above cannot be solved directly for L. Instgad an iterativ
Process, such as the method of successive approximations, must b

7. Mixing Equations

When discharger data are supplied to DEscCoN, dowpstreamvalue
of temperature, hardness, and dissolved oxygen used.ln the abov
*quations can pe found freom the simple mixing equation:

€3 = c1qQ1 - €2 Q2] / (@1 =+ Q2]

“nere Cl = upstream concentration (or temperature)
2 = discharger concentration (or temperature
CcI = downstream concentration (or temperature

QL = upstream flow
Q2 = discharger flow,

To find the Tixture PH, a more involved Procedure ig
fequired basged on carbonate equilibrium chemistry. at the pH':
found in Ratural watersg the major form of alkalinity is carbonat:
alkalinity. This fact cap be used to Simplify the computations
The Procedure tg find the downstrean PH (PH3) given:

a) upstreanm and discharger temperatures Tl and T2,

b) upstreanm and discharger PH'S PH1 and PH2,

C) upstream ang discharger alkalinities A1 and a2,

d) upstream angdg discharger flows Q1 and Q2
consists of the followinq steps: ‘

l. Find the carbonic acid-carbonate equilibria ionization constant
for streamg 1l and 2 (PKAl and PKA2) using the

following equations derived from Table 4-7 of Snoeyink and
Jenking (1980) :

PKAl = 4,57 . -0118 T1 + .00012 T1-2
PKA2 = 4,57 . .0118 T2 + .00012 T2°2

F1. = 1, (L + 10°(Pral - PH1) ]
= 1/ [1 + 107 (PrA2 - PH2) )

(&)
.

Find the total inorganig carbon in each Stream (CT1 ang CT2):

CT1 = a1 / F1




CT2 = a2 / F2

3. Find the downstream temperature (T3), alkalinity (A3), and
total inorganic carboen (CT3):

T3 = (T1 Q1 + T2 Q2) / (Ql + Q2)
Al = (Al QL + A2 Q2) / (Q1 + Q2)
CT3 = (CT1 Q1 + CT2 Q2) / (Ql + Q2)

5. Find the downstream ionization constant (PKA3):
PKA3 = 6.57 - .011s T3 + .00012 T3"2
5. Find the downstream pH (PH3) :
PH3 = PKA3 - Loglo(CT3/A3 = 1)

(¥}




APPENDIX B
HOW TO RUN THE DESCON PROGRAM

DESCON is an interactive menu-driven compbuter srogram th
-fomputes simple waste 10ad allocations and derives critical 4
conditions for either seasonal Or nonseasonal discharge polic
The program js “ritten in FORTRAN and currently resides on Ep;

NCC-I3M system At Research Triangle Park,'Hortn Carolina. ¢t .

be accessed in the TSO environment by issuing the command EXE(
'MRFURSR.DESCON.CLIST'. . '

The main TESCON menu is shown in Figure 8,1, Five option:
ivaliable as ToLllows::

l. Retrieve :-:gw data rfrom STORET

Retrieve water quality data from STORET
3. Analyze retrieved water quality data

+. Calculate desiqn'conditions

5. Exit =he Program

rJ

Each of the firse ftour wili be discussed in turn.

The firse option retrieves'streamflow records fof ~he str
segment being analyzed. Design conditions cannoc be made withc
firse Obtaining a figw record with this option. As shown in Fi
B.1l, the only information required is an 8-digit UsSGgs gaging
station number ang the STORET code for the state inp which the
station is located. The retrieved flow data is saved in a file
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================‘======================================

DESCOWN M4dAIN MENU

ENTER THE NUMBER OF THE PROCEDURE 7YOU WISH TO EXECUTE:

- RETRIEVE STREAMFLOW DATA

- RETRIEVE WATER QUALITY DATA
ANALYZE WATER QUALITY DATA
- COMPUTE DESIGN CONDITIONS

- EXIT THE PROGRAM

Ul.}.w(,.,.
i

THOICE === L

ENTER 8-DIGIT ""SGS STATION NUMBER ====> (01196500
ENTER .-DIGIT STORET STATE CODE =====, (9

SAVED
JOB XXX (JOBOl234) SUBMITTED
FLOW DATA WILL BE STORED IN FILE FLOW.DATA

FIGURE B.)l Streamrlow Retrieval With DEScoON
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The second obtion from the main menu retrieves water qu.
data from STORET for a particular monitoring station. This n
10t be the flow faging station used in option one. The user :
sSupply a Six-cnaracrer monitoring station agency code and an
2lght-digic monitoring station number. Any set or ~“ater qual
Parameters can be retrieved by entering their STORET Codes. -
required formac is shown in Figure B.2. The retrieved wacer
quality data are saved in a file named PARAM.DATA.

Retrieval .. ftream quality data is not mandatory, burt
help provide values :sor additional input data required by pEe:
The thirg cption - sm the main menu allows the recrieved war:
fualicy data o re *lalyzed in a number of different ways. T
3.3 illustrares “f@ use of this option. fearly, sonthly, or
average paramete} “alues can pe calculated over any specifie
pefiod Of record. The daily averages can be represenced by s
different Seasonal models ang Placed automatically in.z file
STREAM.DATA ftor future pProcessing.

Option four from the main menu computes desigd conditior
including'desiqn “aste loads. Two types of Situations can be
analyzed. One includes discnarger data while the other does
Table B, ] summarizes the Pollutants and design conditions ﬁne
DEscon accommodates under both types of situations.

directly when Prompted by the Program or by Placing it in 3 .
file prior to selecting option four. In the latter case, str«
data are Placed in a file named STREAM. DATA and discharge da-
DISCH.DATA. figure B.4 Shows the format 0f these files,




N MENU

ZNTER THE NUMBER OF THE PROCEDURE YOU WISH TO EXECUTE:

L - RETRIEVE STREAMFLOW DATA

- - RETRIEVE WATER OUALITY DATA
. 3 - ANALYZE WATER QUALITY DATA

+ - COMPUTE DESIGN CONDITIONS

5 - EXIT THE PROGRAM

ZNTER §-CHARACTER MONITORING STATIGN AGENCY CODE 112WRD

ZATER 8-DIGIT MONITORING STATION NUMBER ====- 01196500
STORET CODES FNR PARAMETERS OF MOST INTEREST ARE:
WATER TEMPERATURE, DEG C 10
DISSOLVED OXYGEM, MG/L 300
PH 400
) ALKALINITY, ™MG/L CACO3 : 410
. TOTAL AMMONIA, :[MG/L N 608
TOTAL HARDNESS, MG/L CACO3 300

ENTER THE STORET CODES OF THE PARAMETERS YOU WISH TO
RETRIEVE, ALL ON ONE LINE ENCLOSED IN QUOTES WITH FORMAT:
'P = CODE L , P = CODE 2>, ... ETC.*

’P=10;P=300,P=400,P=410,P=900'

SAVED
" JOB XXX(JOBOl235) SUBMITTED
; PARAMETER DATA WILL BE STORED IN FILE PARAM.DATA

FIGURE B.2 <Water Ouality Data Retrieval With DESCON
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DESsSCoON MATIYXN MENU

INTER THE [TUMBER OF THE PROCEDURE 70U WISH TO EXECUTE:

= RETRIEVE STREAMFLOW DATA

i

< = RETRIEVE “ATER QUALITY DATA
3 -~ ANALYZE “ATER QUALITY DATA
i - COMPUTE DESIGN CONDITIONS

5 - EXIT Ty:= PROGRAM

CHOICE === 3

STATION NO. 1196500
QUINNIPIAC 2 AT WALLINGFORD, (T

PARAMETERS CURRENTLY IN FILE PARAM.DATA ARE:

1 00010 WATER TEMP CENT

2 00300 DO MG/L
.3 00400 PH su
L4 N0410 T ALK CACO3 MG/L
.5 00900 T HARD CACO3 MG/L

‘ HOW SHOULD THE “ATER QUALITY DATA BE ANALYZED:
. 1 " PRODUCE A YEARLY SUMMARY .

-~ PRODUCE A MONTHLY SUMMARY
3 PRODUCE A DAILY SUMMARY
' 4 FIT A SEASONAL MODEL
5 SET CUT-OFF LIMITS
5 RETURN TO MAIN MENU
L
NHICH PARAMETER DO YOU WISH TO ANALYZE:
T 00010 WATER TEMP CENT
yoo2 00030 DO MG/L
v3 00400 PH su
T4 00410 T ALK CACO3 MG/L
.5 00900 T HARD CACO3 MG/L
b3 7
X 1

FIGURE B.3 Analysis of Retrieved water Quality Data With DES(
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“HAT ARE THE TIRST : LAST YEARS OF PERIOD ANALYZED
‘ZNTER 1200, .?99 FOR ENTIRE PERIOD OF RECORD)

~

1970, 1999
SUMMARY BY YEAR OF WATER TEMP
===3383_—.============3====:===2====3======================

-OVERALL VALUES
YEAR 2GRABS [EAN #COMPOSITES MEAN MIN MAX MEAN

1970 15 t1.5 0 0 1.0 30.0 14.5

1971 13 .3.3 (o} 0 2.0 z7.0 13.8

1972 12 -0.8 0 0 2.0 Zl.0 10.8

1973 e Lt.8 0 0 1.0 26.0 ~t.6
.ata zz0r 1974 - 1984 not shown

1985 12 3.9 0 0 1.5 23.0 14.9

1986 - id.4 0 0 4.0 22.0 14.4

HOW SHOULD THE WATER QUALITY DATA BE ANALYZED:
PRODUCE & YEARLY SUMMARY

PRODUCE A MONTHLY SUMMARY

PRODUCE A DAILY SUMMARY

FIT A SEASONAL MODEL

SET CUT-OFF LIMITS

RETURN TO MAIN MENU

WO WU e ) g~

WHICH PARAMETER DO YOU WISH TO ANALYZE
1

+  WHAT ARE FIRST : LAST YEARS OF PERIOD ANALYZED
. (ENTER 1900, 1999 FOR ENTIRE PERIOD OF RECORD)
s !

1970, 1999

FIGURE B.3 <ontinued from previous page.
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1
2 COMPOSITE
3
3
LOG TRANSFORM THE DATA:
1 YEs
< NO
2
MEAN DAY-NF-YEAR VALUES (1970~1999) OF WATER
315 - ‘
0 - -
- b
25 - - b b b
. - - P
20 - - Lk L S - -
, Fe -
.15 - e -
! : LR +- o e o
LO - - -~ - R
i - -
: S - - - - - et
! Pos e
0 Aahahah b T -—---s———q.——-q-—---&———-b ————————

HOW SHOULD Ty WATER QUALITY DATA BE ANALYZED:
.  PRODUCE a YEARLY SUMMARY

. 2 PRODUCE A MONTHLY SUMMARY
L3 RODUCE A parLy SUMMARY

. 4 FIT A SEASONAL MODET,

¢ S5 SET CUT-OFF LIMITS

. 6 RETURN TQ MAIN MENU

.4

TEMP

——

FIGURE B.3 Continued from previous page,
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WHICH PARAMETER DO YOU WISH TO ANALYZE:

?

1

WHAT ARE FIRST % LAST YEARS OF PERIOD ANALYZED
(ENTER 1900, 1999 FOR ENTIRE PERIOD OF RECORD)

1970, 1999
. INCLUDE WHICH TYPE OF SAMPLE:
' 1 GRAB
. 2 COMPOSITE

3 BOTH

?

3

_0G TRANSFORM THE DATA:

L TYES

S (0]

2
: USE WHICH TYPE OF SEASONALITY MODEL:
v L NONE
, 2 MONTHLY

3 DAILY

4+ SINUSOQOUDAL

;

RESULTS OF SINUSOIDAL SEASONAL MODEL FOR
DAILY YALUES (1970-1999) OF WATER TEMP
==============================—'==========================

FITTED PARAMETER VALUE Y ON DAY D IS:

Y = A * SIN(.0Ll72*D) + B * COS{.0172*D) - C
, WHERE A = -4.292
: B = -10.55
' C = 12.56
. STD. ERROR = 2.201
: " R-SQUARED = 93.24
: t OBSERVATIONS = 206
MEAN MODEL ERROR = 0.0000
COEFF. OF YARIATION = 0.1706
GOODNESS OF FIT = 15%

FIGURE B.3 <Continued from previous page.
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FIT ANOTHER SEASONALITY MODEL TO SAME DATA:
: YES
hHe)

ety

N

SAVE MODEL PARAMETERS IN FILE STREAM. DATA
{ES, WITH RANDOM VARIABILITY INCLUDED
YES, WITHOUT RANDOM VARIABILITY

NO

N 0w pg e

H0W SHOULD Tug “ATER QUALITY DATA BE ANALYZED:
- PRODUCE A “EARLY SUMMARY

PRODUCE » MONTHLY SUMMARY

PRODUCE A DAILY SUMMARY

FIT A SEASONAL MODEL

SET CUT-OFF LIMITS

RETURN TO MAIN MENU

O\-JOIUI.;.L...,U.

FIGURE B.3 Continued from Previous page.
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TABLE B.l1 Pollutants and Design Conditions Considered By

DESCON
Design Conditions
Pollutant w/0 Discharger w/ Discharger
========================283883:88328883323333333=============:’
General Flow Flow
Toxicant . Toxicant
Ammonia Tlow Flow
Temperature Temperacure
oH oH
Alkalinizy
Ammonia
Heavy Metals Flow Flow
Cadmium Hardness Hardness
Chromium I[ZI Metal
Copper
Lead
Nickel
Zinc
Pentachlorophenol Flow Flow
pH ’ pPH
‘ Temperature
Alkalinity
Pentachlorophenol
Jltimate Oxygen Flow Flow
Demand Temperature Temperatcure
’ Dissolved Dissolved
oxygen oxygen
uoD
======3==============================3=======================:
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TABLE B.2 Suppiementary Water Quality Variables Required By
DESCON
================================================’==.==========
Water Quality Values Supplied to DESCon
“/0 Discharger ¥/ Discharger
Pollutant In-stream Upstream Discharge
========8==3================3==3383=====8====================
Genera) Toxicant Flow
Toxicane
Ammonia Temperature ‘Temperature Temperscur
DH PH pH
Alkalinity Alkaliniey
Ammonia Tlow '
Heavy Metal Hardness Hardness Hardness
: Metal Flow
Pentachloro- PH PH PH
phenol Temperature Temperatur
Alkalinity Alkalinity
Pentachloro- Flow
phenol
Ultimate Oxygen Temperature Temperature Temperatur
Demand (uop) Oxygen Oxygen Oxygen
UoD Flow
===========================z===¢:======='======================




File Eatry comments

Stream Data for Quinnipiac River File header

o} STORET parameter <ode ,
i. Nominal parameter -ralue+
9,0 , Random variability factor
12 ' Number of seasonal factor
1,15,1.8 - Month, day, seasonal fact
2,14,2.4 .

3,15,4.3

4,15,10.1

5,15,15.4

5,.5,21.3

T,15,23.9

3,15,24.5

2,15,20.0

N,15,L4.3

_L,27,5.9

t2,15,3.2 .

<00 Next parameter code

L. . Nominal parameter -—alue
9,0 . Random variability factor
12 Number of seasonal factor
1,15,7.2 Month, day, seasonal fac:
2,14,7.2 .

3,15,7.2

4,15,7.1

5,15,7.1

6,15,7.1

7,.9,7.2

8,15,6.9

%,15,7.0

to,15,7.2

tl,15,7.0

12,15,7.1

lThe actual parameter value for a given day of the year equa.l
the nominal paramecer wvalue times a4 seasonal factor for that

-These factors indicate the type of random variability to imp

around the deterministic -:nnual cycle of parameter -ralues.
leroes indicate rhat no random variability is to be included

FIGURE B.4 Fformat of Files STREAM.DATA and DISCH.DATA
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The STREAM.DATA file shown in the figure contains data =«
Stream temperature and pH. There are twvelve entries for each
7ariable. They are placed at the mid-point of €ach month. whe
values for incervenihg days are needed by DESCON, -ne progranm
interpolate between the 7alues on either side of :zhe day in
question. If the user had wanted to use the monthly average
temperature as the daily value for each day of the month, the
“ould be entered as follows:

They will helip save time and reduce typPing errors “nen many r
are made for'tne Same stream segment. They can be Created and
edited outside ot the DESCON Program using the TsSoO text edito
THEY MUST BE SAVED WITH LINE NUEEERINQ_ZHBMEQ_QEE. it is not
necessary to place all of the water quality data'required by
in these fijes. -f DESCON cannot find the data in these files

Figure B.5s illustrates how DESCON's fourth option prompt
user for the information needed to compute design conditions.
this example, chronic ammonia toxicity was analyzed with resp
to the biologicaliy-based method of defining wQc excursion

-frequency. A discharger was present just helow the streamflow

location. The file STREAM. DATA supplied daily values for upst
temperacture, pPH, and alkalinity. Discharger Parameter data wa
supplied directly by the user rather than through tne DISCH.D:




The results for this run are displayed in Figure B.6. Af
the table of critical design conditions appears the user is
presented with a menu that offers the following additional an

options:

* viewing the dates and durations of the WQC excursions that
would have occurred over the historical flow record under

current design loading,

* computing alternative design conditions and a WQC excursio
frequency for a user-specified design load,

* computing alternative design conditions for a particular

user-defined streamflow,
* repeating rhe analysis for a new division of the vear into

different seasons.

Figure B.6 concludes with the results of selecting the first
these options. ‘

One final operational reminder; at times the program wil
display the rollowing prompt:

e de

and pause to ailow the user to read the currently displayed c
Execution will resume when the Enter key is pressed.




0 MAIN MENU

============= ===============3=====================

=

ENTER THE NUMBER OF THE PROCEDURE YOU WISH TO EXECUTE:

- RETRIEVE STREAMFLOW DATA

- RETRIEVE WATER QUALITY DATA
= ANALYZE WATER QUALITY DATA
- COMPUTE DESIGN CONDITIONS

- EXIT THE PROGRAM

U s

CHOICE ===> 4

DESIGN CONDITIONS FOR USGS STATION 01196500

==8==’=======3=::3338883833333'833333833333

(QUINNIPIAC R AT WALLINGFORD, CT )

L GENERAL TOXIC

2 AMMONIA-N

3 HEAVY METAL

4 PENTACHLORQPHENOL -

5° ULTIMATE OXYGEN DEMAND

?

2

ARE SALMONIDS OR OTHER COLD WATER SPECIES PRESENT
1 YEs

2 NO

?

1

WHICH WATER QUALITY CRITERION (WQC) APPLIES

NATIONAL cMC (ACUTE)
NATTIONAL ccc (CHRONIC)
SITE-SPECIFIC

ICH TYPE OF wQcC EXCURSION FREQUENCY APPLIES
EXTREME VALUE
BIOLOGICALLY-BASED

NUNEE N LN

FIGURE B.5 DEscon Input Session for Computing Design Conditi-
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USE DEFAULT DEFINITION OF EXCURSION PARAMETERS
YES
NO

| T I % I

ENTER THE STARTING AND ENDING YEARS OF THE FLOW RECORD
(ENTER 1900, 1999 TO INCLUDE ENTIRE RECORD)
?

1900, 1999

WHAT IS THE FLOW GAGE ADJUSTMENT FACTOR

(WHERE SITE FLOW = FACTOR * GAGE FLOW)

1.0

#HERE IS THE DISCHARGER IN RELATION TO THE FLOW GAGE
ABOVE THE GAGE

1
2 BELOW THE GAGE

3 THERE IS NO DISCHARGER
2

2

WHAT IS SIZE OF MIXING ZONE (% OF STREAM X-SECTION)
2?

100

CONSIDER DAILY VARIABILITY OF EFFLUENT AMMONIA-N

YES
NO

—

2
?
2

FIGURE B.S5 Continued from previous page.




i
]
[
!
!
i
1

ENTER THE FOLLOWING VARIABILITY DATA FOR
UPSTREAM AMMONIA-N :

NIOMINAL YEAR-ROUND VALUE
6 .

USE FILE STREAM.DATA TO DESCRIBE VARIABILITY OF
UPSTREAM TEMPERATURE, DEG C :

-1 YES
2 NO
?

1

USE FILE STREAM.DATA TO DESCRIBE VARIABILITY OF
UPSTREAM PH . .

YES

NO

—

ENTER THE FOLLOWING VARIABILITY DATA FOR
DISCHARGE FLOW, CFs

NOMINAL YEAR-ROUND VALUE

2

32

NUMBER OF DAILY SEASONALITY FACTORS
?

FIGURE B.s Continued from previous page.
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ENTER THE FOLLOWING VARIABILITY DATA FOR
DISCHARGER TEMPERATURE, DEG C

TEAR-ROUND NOMINAL VALUE

2

I.

NUMBER OF DAILY SEASONALITY FACTORS

12

MONTH, DAY OF MONTH, AND FACTOR VALUE FOR EACH

2

1 15 16.6 2 14 14.2 3 15 14.8 4 15 15.8
S 15 19.0 6 15 21.5 7 15 24.9 8 15 25,3
9 15 23.3 10 15 23.1 11 15 21.7 12 15 17.8

TYPE OF RANDOM VARIATION TO INCLUDE

1 NORMAL

2 LOGNORMAL
3 NONE

?

3

ENTER THE FOLLOWING VARIABILITY DATA FOR
DISCHARGE PH

NOMINAL YEAR-ROUND VALUE
?
7.0

NUMBER OF DAILY SEASONALITY FACTORS

r

0

TYPE OF RANDOM VARIATION TO INCLUDE
NORMAL
LOGNORMAL
NONE

[PSRUVIN VRN VO o

FIGURE B.S Continued from previous page.
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ENTER THE FOLLOWING VARIABILITY DATA FOR

| DISCHARGE ALKALINITY, MG/L
! NOMINAL YEAR-ROUND VALUE

! ? .

| 245

o

NUMBER OF DAILY SEASONALITY FACTORS
> .

SUMMARY OF DESCON INPUT DATA

================3=======:=’=

COLD WATER SPECIES PRESENT
WQC EXCURSION METHOD
AVERAGING PERIOD, DAYS
RETURN PERIOD, YEARS
CLUSTERING PERIOD, DAYS
MAX. EXCURSIONS PER CLUSTER
CONCENTRATION LIMIT

PERIOD OF RECORD

FLOW, ADJUSTMENT FACTOR
DISCHARGER LOCATION

SIZE OF MIXING ZONE, %

ENTER nQn

QUINNIPIAC R, WALLINGFORD
: AMMONIA-N
YES

BIOLOGICALLY—BASED
- 4.0

5.0
EPA NATIONAL ccc
ENTIRE RECORD
1.0

BELOW FLOW GAGE
100.0

TO QuUIT, ANYTHING ELSE TO CONTINUE. ..

FIGURE B.s5

Continued from Previous page.
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PARAMETER NOMINAL RANGE RANDCM VARIATIC

0.0 NONE

UPSTREAM AMMONIA-N, MG/L - 0.0 -

UPSTREAM TEMPERATURE, DEG C 1.2 - 24.0 NONE
UPSTREAM PH 5.5 - 8.2 NONE
UPSTREAM ALKALINITY, MG/L 25.0 - 8s6.0 NONE
DISCHARGE FLOW, CFS 32.0 - 32.0 NONE
DISCHARGE TEMPERATURE, DEG C 14.2 - 25.3 NONE
DISCHARGE PH 7.0 - 7.0 NONE
DISCHARGE ALKALINITY, MG/L 245.0 - 245.0 NONE

ENTER “Q" TO QUIT, ANYHTING ELSE TO CONTINUE...

10 YEARS OF FLOW RECORD PROCESSED
20 YEARS OF FLOW RECORD PROCESSED
30 YEARS OF FLOW RECORD PROCESSED
40 YEARS OF FLOW RECORD PROCESSED
50 YEARS OF FLOW RECORD PROCESSED

SHOULD A SEASONAL ANALYSIS BE MADE
1 YES
2 NO
?
2

FIGURE B.S5 Continued from previous page.
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CRITICAL DESIGN CONDITIONS

:'.'3:33’:3:'2’:::

PARAMETER , SEASON VALUE
| e e, e
UPSTREAM FLOW, CFS APR-MAR 34.8
Z UPSTREAM AMMONIA-N, MG/L - APR-MAR 0.0
: UPSTREAM TEMPERATURE, DEG C APR~-MAR 23.9
N UPSTREAM PH APR-MAR 7.6
. UPSTREAM ALKALINITY, MG/L : APR-MAR 72.2
DISCHARGE AMMONIA-N, MG/L ~ APR-MAR 1.9
DISCHARGE FLOW, CFs APR-MAR 32.0
DISCHARGE TEMPERATURE, DEG cC APR-MAR 25.0
DISCHARGE PH APR-MAR 7.0
DISCHARGE ALKALINITY, MG/L APR-MAR 245.0
DISCHARGE roap ADJUSTMENT FACTOR APR-MAR 1.0
CRITICAL DAY OF HISTORICAL RECORD APR-MAR 7-25-57
RETURN PERIOD on WQC EXCURSIONS = 3.2 YEARS

RETURN TO MAIN

1
]
t
1

i

]

]

.: AVG. LOADING OF AMMONIA-N, LB/D = 59.38
i

!

Pl
P2

y3

\ 4 USE ANOTHER DEFINITION OF SEASONS

¢ 5 MENU

! 2

S |

!

FIGURE B.s Design Conditions Computed by DESCON
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HISTORICAL EXCURSIONS FOR PERIOD 1931-1986

:”’.3:::3’:==3======a=”3383:.813===’=’=================

EXCURSION CLUSTERS ' EXCURSION PERIODS
: NUMBER OF ! DURATION
5 START DATE EXCURSIONS ! START DATE {DAYS) MAGNITUDE*
i .
5 JUL 21, 1932 1.50 { JUL 21, 1932 6 1.6
5 JUL 27, 1933 1.00 i JUL 27, 1933 4 0.4
5 AUG 14, 1938 "1.75 | AUG 14, 1936 7 21.1
v JUL 25, 1941 1.00 ; JUL 25, 1941 4 1.1
; AUG 4, 1955 1.00 i AUG 4, 1955 4 2.5
| e e e e C
; AUG 8, 1957 1.00 , AUG 8, 1957 4 0.2
b U
i JUL 11, 1966 5.00 ; JUL 11, 1966 18 9.2
i i JUL 30, 1966 16 16.2
: , AUG 18, 1966 18 17.3
g { SEP 6, 1966 6 9.3
e ——
, AUG 1, 1970 2.25 { AUG 1, 1970 4 3.0
; 1 AUG 13, 1970 5 6.8
Rt
\ AUG 16, 1986 1.00 \ AUG 16, 1986 4 3.0

e A > s oy e > e i . i e

* % BY WHICH CRITERION CONCENTRATION IS EXCEEDED

FIGURE B.6 Continued from previous page.
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