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ABSTRACT

The projected costs for treating CSO and urban runoff nationwide are
extremely large, and therefore necessitates that methods be available to
quantitatively evaluate the receiving water impacts associated with these
discharges. This progress report summarizes the results of the first year's
effort on investigating methods which can be employed to develop wet weather
water quality criteria which could form part of the basis for wet weather
standards. The wet weather criteria could ultimarely be employed to develop
measures of benefits to be obtained from treatment of CSO and urban runoff.

This project considers short-term water quality impacts that occur during
or shortly after a storm event. Examples of the short term impacts are dis-
solved oxygen depressions due to rapild oxidation of contaminants or the death
of fish as’'a result of short term increases in the concentration of a toxic
in the receiving water. The phenomenon which characterize these impacts
are related to event characteristics such as the volume and duration of the
runoff, the concentration of a contaminant in the runoff, and the dilution
available“in the receiving water during the runoff event. This dilution can
be characterized, on the scale of the total river width, by the joint occur-
rence offstorm discharges from urban areas and the stream flow in the re-
ceiving waters. A second area of investigation in the project addresses
methods for defining the effects of rime variable concentrations on organism
mortality and includes considerations of carryover effects between storms as
a result of varying instream contaminant concentrations during dry weather.
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SECTION 1

INTRODUCTION

Existing and possible future nationwide programs to control discharges
from combined sewers and the runoff from separately sewered urban areas, can
require capital costs that range from tens to hundreds of billiomns of dollars
with associated operating costs of hundreds of millions of dollars annually.
It is therefore necessary that methods be available to quantitatively evalu-
ate the receiving water impacts associated with these discharges so that an
estimate of benefits can be obtained and compared to the very substantial
costs involved. One method that has been employed to indirectly assess re-
celving water benefits utilizes local water quality standards which consider
economic and sccial impacts together with water quality criteria defined by
the beneficial water use to be protected. This is a first year progress
report for a project that is investigating methods which can be employed to
develop wet weather water quality criteria which could form part of the basis
for wet weather standards. The wet weather criteria could ultimately be em-
ployed to develop measures of benefits to be obtained from treatment of CSO
and urban runoff.

There are two types of water quality problems which are normally associ-
ated with the discharges from combined sewers and urban runoff. The first
water quality impact is characterized by rapid short term changes in water
quality during and shortly after a storm event. The phenomenon which char-
acterize these impacts are related to event characteristics such as the vol-
ume of runoff, the duration of the runoff, the concentration of a contamin-
ant in the runoff, and the dilution available in the receiving water during
the runoff event. Examples of the short term impacts are dissolved oxygen
depressions due to rapid oxidation of contaminants or the death of fish as a
result of short term increases in the concentration of a toxic in the re-
ceiving water. The magnitude of water quality impacts from urban stormwater
discharges is defined in part by the dilution available in the receiving
water. This dilution can be characterized, on the scale of the total river
width, by the joint occurrence of storm discharges from urban areas and the
stream flow in the receiving waters. A second zrea of investigation, in the
project addressed methods for defining the effects of time variable concen-
trations on organism mortality and includes considerations of carryover
effects between storms as a result of varying instream contaminant con-
centrations during dry weather.

In contrast to the short term impacts, combined sewer overflows and
urban runoff can contribute to longer term water quality degradation. The
long term.impacts are caused by the contaminants which are associated with
the suspended solids in the discharges or contaminants which become associ-
ated with solids in the receiving water. 1In this context long term impacts
may also be associated with nutrients which are both dissolved and particu-—



late. The long term impacts can be characterized by mass loading td re-
ceiving waters accumulated over periods of time extending from seasonally to
annually. Examples of long term impacts are bottom oxygen demand of accumu-
lated sediments or the biological accumulation of toxics as a result of
leaching from sediments or uptake by benthic organisms. In the former ex-
ample, for dissolved oxygen, the critical water quality impact is usually
associated with the normal low flow-~high temperature summer periods. In both
of the examples cited above and for all other long term effects one basic
measure of the effectiveness of control actions can be obtained from compari-
sons of mass loadings from the various sources. Conventional analysis tech-
niques such as steady state modeling can then be employed to develop an esti-
mate of water quality improvement and benefits. Water quality problems,
associated with bottom scour of sediment, have not been considered in this
project.

This progress report summarizes the results of the first year's efforts,
on the project, and begins the process of synthesizing the individual compo-
nents into a framework which can be employed to develop wet weather criteria.
This project will provide methods which can be employed to examine water
quality impacts of CSO and urban runoff and ultimately differentiate areas
where water quality problems are to be anticipated from those areas where CSO
and/or urban runcff do not cause significant water quality degradations.




SECTION II

EVENT RELATED PROCESSES

GENERAL

Overflows from combined sewers and runoff from separately sewered urban
areas are driven by the rainfall-runoff process. This process is variable
in both time and space. Measurements of the intensity of rainfall will wvary:
over short periods of time (minutes) and data collected at two locations in
an urban area can differ with respect to the rainfall intensity at any moment
and the total volume of rainfall during a given storm event. Measurements
of runoff and the associated quality will exhibit comparable variations in
both time and space.

Individual gite data on rainfall, runoff, and contaminant concentrations
in both CSO and urban runoff has often been collected on time scales of min-
utes to hours during a storm. These data provide information on within event
phenomena and observed variations and have been analyzed employing computer
gimulations such as "SWIMM"' (1) and "STORM" (2). The within storm data has
often been employed to develop runoff hydrographs and pollutographs which can
be employed to calculate annual loads from storm events and in the design of
treatment facilities.

In other situations (3) the data has been employed to calculate the
event mean runoff, event mass discharge and event mean contaminant concen-
trations for individual storms. This latter information has also been em~
ployed to generate seasonal or annual estimates of the mass loadings from
stormwater discharges.

A statistical method (4) has viewed rainfall on an event basis consid-
ering storms as a series of pulses. The method employed information on the
statistics of rainfall intensities, durations, intervals between storms, and
event mean concentrations to generate estimates of mass loading. In several
estuaries where advective transport was not significant, statistical esti-
mates of water quality responses have also been developed.

In summary historical analysis of CSO and urban runoff has included ex-
aminations of within storm variations, individual storm event analysis, and
sequences of storms represented by a chain of pulse shaped events.

RAINFALL-RUNOFF PROCESS

Figure II-la illustrates a rainfall pattern which could be obtained at
an urban site. The within event variation of rainfall intensity is shown.
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Ixamination of the data on an event basis results in the pulse shaped repre-
sentation of the rainfall as illustrated in Figure II-1b. The criteria
normally used to form the pulse shape is that the duration of rainfall and
the total volume of rainfall in the event representation is equal to the sum
of within event observations. Figure II-lc illustrates the effective change
in volume as rainfall becomes runoff. Two types of changes are pictured. In
the first instances, the effect of processes, such as depression storage,
which primarily influence the runoff volume at the beginning of the event are
shown. The second effect represents process which primarily influence the
volume of runoff for the duration of the event, as for example infiltration.
The volume of runoff is represented by the clear (uncross hatched) area of
Figure I1-1c. The runoff from a combined Sewer System is illustrated in Figure
II-1d where the excess Interceptor capacity tends to reduce runoff over the
duration of the storm event. There are several processes which can occur in
a combined sewer system. Overflows at individual regulator locations are
determined by the capacity of the interceptor, the dry weather flow and the
magnitude of additional flow during a storm. On a system wide basis, over-
flows of untreated wastes may also result from hydraulic limitations at the
waste water treatment facilities.

The ratio of the volume of rainfall to volume of runoff can vary between
events at a given site but has been shown to be related te percent impervious
area as shown in Figure II-2. As illustrated in Figures II-l1c and 1d it is
possible to calculate the runoff from urban areas.

There are a number of complex processes which influence the quantity of
runoff generated as a result of rainfall on an urban area. As indicated,
various levels of detail have been used to estimate the quantity of runoff.
Representations of the rainfall-runoff process used in this report are the
simplier analysis procedures. These were employed to reduce complexity so
that the concepts could be more easily identified. More complicated runoff
analysis procedures could be used if appropriate in a given problem setting.

POLLUTANT CONCENTRATIONS AND LOADS

The same diversity in the level of detail of analysis can be observed in
simulations and calculations of the contaminant concentrations associated
with both urban runoff and CSO discharges. For contaminant concentrations,
simulations have been developed which calculate the time history of accumu-
lation of contaminants on surfaces (such as paved streets) and allow wash-
off of the contaminants as a function of rainfall intensity and other factors.
Alternate approaches have employed observed event mean concentrations of
contaminants and one method has considered variatioms in event mean contam—
inant concentrations in developing mass loading estimates.

The procedures which are discussed in subsequent sections of this report
have employed time scales of analysis ranging from event scales to the daily
time scale. Event mean contaminant concentration data are also used. The
techniques developed in this project could accommodate any of the time scales
of analysis or simulations used to generate estimates of contaminant concen-—
trations. Iowever it must be realized that specific short term variations
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can not be fully defined for each storm event or stormwater discharge loca-
tion in an urban area. Further, the time of travel between several dis-
charge locations and a common point in the receiving water will vary de-
pending on the receiving water flow and the quantity of runoff entering the
system over time as well as system geometry and slope. It is virtually im-
possible to relate observed stream water quality variations to specific
within event variations at individual stormwater discharges. Therefore,
from the standpoint of receiving water impacts an appropriate time scale

of analysis might be defined in terms of storm events and may require
evaluations of sequences of events.




SECTION III

CONDITIONS UNDER WHICH WATER QUALITY STANDARDS APPLY

GLENERAL

One component of water quality standards usually defines the 'conditions"
under which limiting numerical values for contaminants must be met. As an
illustration most dry weather water quality standards employ as a flow cri-
teria the average seven consecutive day low flow with a return period of once

-every ten years (7Q10). Water quality standards usually do not have to be
met at lower flows. A comparable criteria is required for wet weather stan-
dards. The wet weather criteria should consider both the available dilution
capacity (the equivalent of the 7Q1l0 flow) and some measure of the storm event
(such as wvolume of runoff). Wet weather criteria therefore require consid-
eration of two frequencies. The cost implications associated with selection
of a criteria for the '"conditions'" under which numerical concentration values
are to be met are large. The design and size of control facilities or actions
will be influenced by the "conditions" and in particular the measure of storm
size selected. Figures I1I11-1, 2, and 3, contain illustrations of the vari-
ations in mean and variance of rainfall for each month and for several regions
of the country. The data in these figures illustrate the variation of rain-
fall intensity, duration, volume and time between storms. All of the factors
illustrated could be employed as part of the definition of storm event. The
situation associated with wet weather criteria is particularly complex since
dilution available in the receiving water will tend to increase as the size
of the rainfall event increases. _This is certainly the case for storms asso-
ciated with large weather fronts but may also be very important for thunder
storms when there is adjacent non-~urbanized drainage areas contributing to
stream flow.

An array of techniques and time scales will be suggested,‘in this project
report, for determining the "conditions" under which wet weather numerical
water -quality criteria should be met. The selection of the appropriate tech-
nique and time scale has very large economic and policy implications and
therefore should be made in the broad context of water quality management
decisions rather than in a technically oriented research project.

JOINT PROBABILITY OF RAINFALL/RUNOFF AND STREAM FLOW

Table TII-1 contains data from Austin, Texas for rainfall and stream flow
in William Creek for the 1976-1977 water year. There are 88 days in which
rainfall was measured and as may be observed from the table, most of the rain-
falls were associated with the larger creek flows. The numbers shown in the
boxes of the table represent the count of events that occurred in the sub-
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Creek Flow cfs.

TABLE III-1

NUMBER OF EVENTS OF JOINT STREAM FLOW AND RAINFALL
WILLIAMS CREEK, AUSTIN, TEXAS

October 1, 1976 to September 30, 1977
Daily Rainfall (ins.)
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ranges of flow and rainfall indicated. Williams Creek is a small stream with
a drainage area of 27.6 square miles. Table III-2 presents comparable data
for the Ramapo river located in Northern New Jersey with a drainage area of
118 square miles, Data for water year 1971-1972 are presented. The rainfall
data are from Newark airport. The same trend is observed with regard to the
tendency for larger stream flows to be asscciated with larger rainfall events.
For large rivers the correlations between flow and vunoff volumes will be
much smaller.

Data such as that presented in tables ITI-1 and III-2 may be employed to
calculate the joint probability of rainfall and stream flow. Division of the
event counts in each subregion of the tables, by the total number of events
will yield an estimate of the joint probability. This calculation could be
carried out employing the total number of days (including both wet and dry)
or the total number of days with rainfall; 88 days for Williams Creek and 121
for the Ramapc River. Comparable analysis could be developed considering a
number of definitions of a rainfall event. Definitions of events could in-
clude hours of rainfall, or the more usual definition of a rainfall event
which is derived by consideration of the number of hours without rainfall re-
quired to separate rainfall events. This latter definition normally requires
3 to 9 dry hours between separate rainfall events. The illustrations pre-
sented in Tables III-1 and III-Z employed data for a one year period. It
would be possible to consider any length of rainfall and stream flow record
which is available to develop an estimate of joint probability.

AVAILABLE DILUTION

The analysis presented above has centered on defining the joint prob-
ability of rainfall and stream flow. As an alternate, consideration could
be given to developing definitions of the "conditions" under which water
quality standards should be met which includes the concept of dilution avail-~
able in the receiving water. A definition which considers available dilution
would be consistent with controlling the short term water quality problems.
For contaminants which are comnservative or non-conservative, the maximum
stream concentration caused by urban discharges will occur in the region of
the discharges. Therefore the largest adverse effects from these discharges
are anticipated to occur near the sources of urban overflows. The available
dilution analysis can provide an approach which examines the situation at a
critical locatiomn. All the contaminants in both CSO discharges and urban
runcff could be examined in terms of the dilution available. The one event
related water quality problem which can not be completely analyzed by the
available dilution approach is dissolved oxygen since the reaeration rate
may vary with flow and receiving water geometry.

In order to calculate the available dilution it is necessary to compute
the runoff associated with each individual rainfall event. As indicated pre-
viously there are a number of methods which have been developed for calcula-
ting runoff that range from detail simulations to use of gross averages of the
runoff-to-rainfall ratios presented in Figure II-2. Any of these methods
could be used. To illustrate the calculation procedure the following
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example 1s presented.

Runoff Calculation: for Urban Area

The average urban runoff flow is defined by:

I A xR
v u v

Q=% w
where:
Qu = Average urban runoff event flow
IV = Rainfall volume over the event
D = Duration of the runoff event
Au = Urban drainage area
R = Ratio of runoff to rainfall based
v on impervious area Figure I1I-2
I = 0.5 1ins; D= 24 hrs, A =100 AC, R_= .2
v u v
5 ins ft Hrs min
= = ; | ——x .2
Qu 24 hrs X377 ins * 60 min. = 60 sec * 100 AC x 43,560 A ¥
= 0.42 cf
Qu 0.42 cfs
Dilution Available
Q
u
D, = (2)
A Qs + Qu
where DA = Dilution Available.
'QS = Stream flow (may include treatment. plant flow)
Qu =-Runoff flow
QS = 6 cfs
A2
Dy = .42 = 083

The above calculations were developed on the basis of an event time
scale. Therefore the event mean concentration in the stream will be 0.065

times the event mean concentration in the: runoff..

The definition of available dilution can be applied. to estuaries and

ocean areas by inclusion of the effect of dispersion. For a

one—dimensional

analysis with constant area and dispersion the maximum receiving water con-



centration can be calculated employing equation (3):

w . [,
S | —— 2
Cyax — [erfc(-/(k+_g_2_)te) —erfe (/b )] (3)
2A\/(k+11;~)E 4E 4E
4E
where: CMAX = maximum contaminant concentration
W = event average loading of contaminant
A = cross sectional area of estuary
k = reaction rate
E = dispersion coefficient
u = agdvective flow velocity
te = time to end of storm {duration)
erfc = complimentary error function
© 2
erfe(y) = l-erf(y) = = j e_t dt
Jr 1Y
The advective velocity "u" is defined by
u = 83_4;& ’ (&)
- A

If reaction is not important then k may be set equal to zero in equation
(3). The terms other than W in equation (3) are equivalent to the dilution
. flows employed in the analysis of streams. Therefore the dilution available
"D," may be defined for estuaries and oceans as:

QE = —4~é;——~w~v[erfc(—/CkaE)t y—erfe (¥ kfgi)t )] (5)
AV Kbul . E bE S ¢ |
( ZE?
Qu

The available dilution may also be defined for ponds, small lakes and
segments of large lakes. Dilution of the contaminants in stormwater is
associated with the flow and with the volume of the water body. For ponds
and very small lakes the total volume of the water body can be considered.
For larger lakes some judgment must be made on the portion of the lake which
is influenced by discharges from storm events during the period of the event.




Assuming complete mixing of the overflow with the volume "V', equation (7)
can be employed to calculate the maximum concentration:

. W [l_e—te(lltoﬂc)] -
MAX Q +Q +Vk
s u
where: V = Volume
to= displacement time
v .
T (8)
s
The dilution factor ”DA” is defined by:
' 4
Qu te(l/to.k)

D [1-e 1 (9)

AT Q_rQ Uk

For comservative substances "k'" may be set equal to zero.

The concept of available dilution may therefore be applied to streams,
estuaries, oceans and lakes. The technical assumptions associated with
analysis of each type of water body are consistent with those that have
classically been employed in water quality analysis. Therefore the following
discussions will address the single concept of available dilution which
should be understood to be applicable to each of the receiving water types.

The previous calculations employing equation (2) were developed for a
separately sewered area. If a system has combined sewers the excess inter-
ceptor capacity will tend to reduce the gquantity of overflow from the urban
area as illustrated in Figure II-1d. The comparable calculation for a CSO
system is;

Q.=_l7__}_1_..}1_1 ' (10)'

where IE = the excess interceptor capacity.

Tables 1II-3 and ITI-4 contain the instream dilution available for the
Williams Creek data considering urban runoff and €S0 discharges respectively.
The Runoff/Rainfalil ratios Rv used are 0.2 and 0.4 for the separately sewered

and combined sewered calculations. There are fewer overflows and greater
dilutions associated with the combined sewer system in contrast to the sepa-



TABLE III-3
CALCULATED INSTREAM DILUTION FOR URBAN RUNOFF EVENTS(I)(Z)(B)

Daily Rainfall (ins.)
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2) Runoff Vol/Rain Vol = .2
3) Runoff Duration = 24 Hrs.
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Stream Flow (cfs)

TABLE III-4
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Number of overflows = 34



rately sewered system. The concentrations of contaminants in the C50 dis-
charge are substantially higher than those assoclated with separately sewered
systems and therefore tend to have a larger water gquality impact.

Examination of the calculation procedure points out the importance of the
definition of a storm event. In equations 1 and 10 both the total event vol-
ume of rain and the total event duration are directly employed in the calcu-
latiomns.

Examination of the calculation results presented in Tables III-3 and
I1T-4 indicate that the lowest instream dilutions are associated with small to
moderate rainfalls which coincide with low stream flows. Therefore from the
standpoint of receiving water impacts the most critical conditions are not
necessarily associated with the very large rainfall events.

The previous analysis has employed site specific data. It is possible
to consider some generalizations which provide 'a means of developing calcula~-
tions which can be utilized to define the types of situations where water
quality problems could be anticipated as a result of the contamination asso-
ciated with CSO and urban runoff discharges. The following discussion comn~
siders a single year's rainfall, runoff, and flow data to illustrate the cal-
culation techniques, assumptions and approach. The procedure could be car-
ried out for the available period of record on several representative bodies
of water in several regions around the country.

The drainage area above the gage on the Ramapo river is 118 square miles.
If it is assumed that the patterns of flow in neighboring rivers or in down-
stream reaches of the Ramapo River are comparable to that of the Ramapo River
at the gage, an adjustment for differences in drainage areas can be made.
The daily flow record per unit drainage area may be constructed by dividing
the Ramapo River flow by 118 square miles. Further 1if the rainfall record
for adjoining basins are from the same rainfall gage the joint probability
of occurrence between the daily flow record per unit drainage area and event
rainfall volume per unit of urban drainage area will be the same. - The avail~-
able dilution can then be calculated for the situations indicated in figures
II1-4 and 5 as follows;

: IV+AU+RV
PAT 5 | (1)
Q I +A +R
S . v u ¥
DR RZ D
where: IV = rainfall volume during an event
Au = Urban Drainage Area
RV = runoff to rainfall ratio
D =

Duration of runoff discharge



& Stream gage

& Rain gage

Point of dilution calculation

Note: Stream flow translated on a drainage area basis.
Site.used in the example calculation.

III-4 TILLUSTRATION OF PAIRED RATN AND .STREAM MEASUREMENT LOCATIONS
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I1I~-5 ILLUSTRATION OF EXTRAPOLATION TO ADJACENT BASINS



Measured River Flow

QS =

DR = Drainage area at point of River Flow Measurement

DRZ= Drainage area of adjacent River

DA = Dilution factor downstream of the adjacent Urban Area.

Two factors which control the dilution available and therefore the prob-
ability of encountering a water quality problem will, on this basis, be the

ratio of the stream drainage area '"D__" to the urban drainage area "A ". The
& RZ & u

results of the application of this technique using the Ramapo River flow data
and Newark Airport rain data is presented in Figure III-6 for CSO and separate
sewer systems. As may be seen, the available dilution increases rapidly (de.
the dilution factor decreases) as the ratio of the stream to urban area in-—
creases.

EXTREME EVENT

If the "conditicns" under which wet weather water quality criteria are
to be met extend beyond an annual time scale, an extreme analysis could be
considered. In this case data for the extreme frequency analysis could con-
sist of the omne event per year with the lowest dilution or all events with a
dilution below some base value. In either case the analysis would have to
evaluate a fairly large number of years of rainfall and stream flow records.
The basic approach is similar to that used in developing the 7 day ten year
flows normally employed. The distributions which might be considered for
the extreme value analysis are comparable to those employed in hydrology (5)
and the limitations on the coefficient of skewness and upper and lower
bounding of distributions would have to be considered., Figure III-~7 illus~
trates a normal probability plot for six years of data for the Ramapo River.
A longer record would have to be analyzed to fully define an extreme value
probability distribution.

There is a significant concern associated with defining the contaminant
concentrations and loads for an extreme event analysis. Much of the avail-~
able contaminant concentration data reflects moderate size events compared
to the very large events such as hurricanes and extraordinary storm events
which might enter the extreme event analysis.

SUMMARY

An array of techniques and time scales have been suggested for deter-
mining the "conditions" under which wet weather numerical water quality
criteria should be met. These include (1) joint probability of rainfall/
runoff and stream flow; (2) -available dilution; and (3) extreme event analy-
sis.  The selection of the appropriate technique and time scale has very large
economic and policy implications and therefore should be made in the broad
context of water quality management decisions rather than in a technically
oriented research project.



CALCULATED MINIMUM DILUTION (DA)A
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I1I-6 CALCULATED MINIMUM DILUTION LEMPLOYING 1971-1972 DATA AT
NEWARK AIRPORT AND THE RAMAPO RIVER GAGE



MINIMUM DILUTION FACTOR
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SECTION IV

POLLUTANT LOADS

_ Tables IV-1 to 5 contain data summaries from individual studies at
twenty~three sites for twelve constituents in overflows from separate sewered
and combined sewered areas. Within event flow and concentration data were
available. The event mean concentrations were calculated employing equation

(12) (3).

_ IC,Q Aty

C = ——— 12
LQ. At (12)

i1
where C = event mean concentration for contaminant

Ci = concentration. of contaminant at sample number 1.

Qi = flow rate at sample number i.

Ati= time interval associated with sample mumber i.

The site mean variances of the event mean concentrations were calculated
in the usual arithmetic manner (3) and are presented in the tables. These
values contain data from 3 to 26 events at individual sites. A review of the
information in the tables indicates that for individual sites the variances
are large and that the event mean concentrations at individual sites vary
considerably. The data can be employed to define contaminant concentrations
and variances for individual sites.  The presumption is that differences in
site characteristics such as land use, impervious area, slope, rainfall pat-
tern et al. make the data from each site a separate population.

For convenience in this project the data base on event contaminant con-
centrations has been divided into two populations each defined only by the
type of collection system at the site. The populations are associated with
combined sewer systems and separate sewer systems respectively. This assump-
tion implies that site specific characteristics such as land use, slope, im—
perviocusness, rainfall pattern etc. have effects on contaminant concentrations
which are small compared to the basic differences which are observed to be
asscciated with the collection system. Further this assumption implies that
while the site specific characteristics may influence observed event mean
concentrations of contaminants their contribution to the overall randomness
of event mean concentration data is relatively small compared to the effect
of other processes, which can not be defined. The assumption has the ad-
vantage of characterizing urban runoff and CSO discharges by two numbers,
for each type of sewer system, a mean and variance for event mean concen~
trations. Figures IV-1 & 2 present log-normal probability plots of all
the data for zinc which indicates that the assumption can represent the
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data reasonably well.

The weighted mean of the event mean concentrations has been calculated
employing equation (13) and the variance was obtained employing equation (14).

ZUSNS
- 25 13
UNS IN (13)
s
5C, z
e —2 - 14
v X Uygs . (14)
where: UNS = weighted mean of event mean concentrations
s ~ number of events for a site
s = site mean of event mean concentration
2€% = sum of the squared individual event mean concentrations

The resultant means and variance are presented in Tables IV-6 and IV-7
for urban runoff and CSO. These values were employed in several calculation
examples presented later in this report to generate log normally distributed -
event mean concentrations which had the appropriate contaminant mean and
variance concentrations.

. Estimates of event mean contaminant concentrations can be multiplied by
the runoff volume for one or a series of events to yield mass loadings.



Contaminant

Cadium (ug/)
Chromium {ug/%)
Copper (ug/L)
Lead (ug/2)

BOD,. (mg/2)

5
NH,-N (mg/2)
 zinc (ug/8)

Suspended Solids
(mg/ Q)

Contaminant
Cadium (ug/L)
Chromium (ug/%)
Copper (ug/)
Lead (ug/2)

BOD_ (mg/R) -

5

NH3—N (mg/2)

Zinc (ug/2)

Suspended Solids
(mg/2)

TABLE 1IV-6

Mean and Variance of Event Mean Concentrations
For Urban Runoff Total

Mean Event Mean Variance
Concentration Event Means No. Sites No. Events
5.27 14.26 7 74
186.4 14207. ' 7 38
67.14 5741.5 5 31
194.64 3.26x10" 10 108
16.55 679.4 16 133
0.12 .08 10 161
130.11 1.3x10% 9 106
330.4 2.4x10° 15 192
TABLE IV~7
Mean and Variance of Event Mean Concentrations
' For CSO Data
Mean Event Mean Variance ,
Concentrations Event Means No. Sites No. Events
A27.436 2.23x103 1. 5
597.66 4 .81%E5 1 5
352.72 8.11xE4 1 5
3012.5 3.22%10' 2 8
46.04 1.32x10° 7 29
2.03 3.35 7 28
646 3.03%10° 2 10
243.45 6.14}(104 7 29



> SECTION V

INSTREAM CONCENTRATIONS

In section III of this report an analysis was presented which indicated
that the receiving water dilution factor varied between events and that the
minimum dilution available in streams could be related to the ‘ratio of the
urban and stream drainage areas. Further, it was indicated that the avail-
able dilution would be a function of the definition of an event. Figure III-
6 presents the results of calculations for available dilution as a function of
the ratio of urban to stream drainage area. The definition of storm event
employed in these calculations assumed that the volume of rain measured in
any day was uniformly distributed over a twenty four hour period. This def-
inition of storm event is consistent with the time scale of available stream
flow records and some rainfall records but tends to overestimate the average
available dilution in streams since the average duration is less than twenty
four hours. The calculations de, however, serve as an illustration of the
basic procedures which can be employed to estimate stream contaminant concen-—
trations.

The data from Tables IV-6 and IV-7 were employed to provide an indica-
tion of the stream concentrations. The stream contaminant concentrations are
estimated as the product of the minimum calculated available dilution for the
years analyzed and the mean of the event mean contaminant concentrations,

The results are plotted on Figure V-1 for separate and combined systems em~
ploying zinc as the contaminant. If the data were normally distributed there
is a 90 percent probability of observing instream event mean concentrations
whose value falls below the 907 line on the figure during the event with
minimum available dilution. From figures IV-1l and IV-2 it would appear that
the concentration distribution may not be normal. Activities in year two of
the project will consider the apparent log-normal concentration distribution
and modifications of figure V-1 will be developed.

An additional computation can be made assuming that the probability of
an event mean concentration is independent of the occurence of the minimum
dilution. Under the independence assumption, the probabilities of observing
the in-stream event mean concentrations or lower values (considering days on
which it rained), is .75 and .4 percent for the 90% line and the 50% line
respectively in the figure. The concentrations and associated percent occur—
rences are for the impacts of the contaminants associated with stormwater
discharges and -do not include contamination from other sources.
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SECTION VI

BIOLOGICAL RESPONSES

Discharges from combined and separate sewer systems are caused by rain-
fall events which result in a series of time variable changes in water qual-
ity, A realistic examination of water quality problems associated with these
types of discharges, as measured by actual or potential biological responses,
must be viewed in the context of a time variable phenomena. There is a lack
of experimental information and analysis frameworks for examination of bio-
logical responses from exposures to contaminants whose concentration varies
with time. A major portion of the research effort in this project has ad-
dressed this critical issue and the subsequent discussion delineates a frame-
work for analysis of biological responses to time varying contaminant concen-
trations.

A substantial body of experimental data is available which examines the
biological responses, as measured by mortality, of aquatic organisms exposed
to constant concentrations of a contaminant or mixture of contaminants (6)(7).
This bioassay data which employs lethality as the criterion of toxicity is
usually reported in terms of the Lethal Concentration (LC) with a numerical
value representing the percentage of organisms killed (LCSO)' Time is also
included in the expression of results such that a 96 hr—L050 is that concen-
tration of a contaminant which is lethal to 50 percent of the test organisms
at 96 hrs. of exposure.

Data obtained from lethal biocassays usually consists of tabulated values
of the percent mortality observed at various times of exposure for several
concentration levels of a contaminant. The laboratory procedures (8) em—
ployed, in essence, consist of exposure of a random sample of organisms to a
constant concentration of contaminant in an experiment chamber with periodic
observations of organism mortality. Assuming mortality occurs, there are two
types of responses possible, i.e., all the organisms die at one time or, the
organismsg die at different times. The latter is usually observed in lethal
bicassays and indicates that there is a distribution of sensitivity of the
organism population to the contaminant at the concentration being tested. 1In
this context the percent mortality can be viewed as a measure of population
sensitivity where there is a distribution of sensitivities in the total popu-
laticon. One method of representing this data (9) is to plot the percentage
of organisms killed vs. time for constant concentrations. This representa-
tion of the data is consistent with the experimental procedures utilized and
is essentially a plot that represents the observations obtained from each
experiment chamber.

Lethal bioassay data can often be represented on a log probability plot.



As illustrated on figure VI-1 the log of time can be plotted against the per-
cent mortality on the probability scale with a separate straight line for
each concentration, providing a reasonably good representation of the data.
This representation is consistent with the essence of the experimental pro-
cedures and the concept of a distribution of organism sensitivity. If a log-
probability plot adequately represents the data, then the sensitivity of the
population can be represented by a log normal distribution. This is the case
for the data presented in figure VI-1. TIf there is a distribution in the
sensitivity of the organism population for the contaminant being tested, then
the organisms at a given sensitivity level in each of the constant concentra-
tion experiments can be assumed to have common or similar characteristics with
regpect to the effects of the chemical being tested. By contrast, the organ-
isms which represent two different sensitivity levels at the same exposure
concentration have differing characteristics. For example, the organisms
represented by points Al and A2 represent the 10 percent sensitivity level

for the experiments at 1 mg/f and 0.40 mg/% of zinc and therefore have common
response characteristics. By contrast, the organisms represented by points

Al and Bl have different response characteristics since they represent two

different sensitivity levels within the total population. Employing similar
reasoning, the organisms represented by points B1 and 82 have common charac—

teristics. This characterization of organism response and sensitivity appears
to be somewhat different than that which has been used in some recent studies
(10, (11).

The characteristics refsrred to above can include the rate of entry of
the contaminant into the organism, the rate of depuration or detoxification
within the organism, and/or the concentration in the organism which results
in mortality.

The mechanisms by which toxics are taken up by aquatic organisms are
probably quite complex undoubtedly containing a series of transfers of the.
toxic from the point of entry, in the body, to the specific organ or site
where functional impairment results in death. Similarly, detoxification in
the sense of mortality effects, could include return of a toxicant to the
water environmment and organic or inorganic complexation or binding of the
toxicant at sites which do not cause mortality. The body burden of a toxic
at the start of an exposure can influence overall organism sensitivity and
could be a result of direct uptake from the water as well as the uptake asso-
ciated with the. food web and ingestion of contaminated food sources.

The totality of processes and factors which interact to determine the
time of mortality of an individual organism after exposure to a toxic are
complex. The approach taken in this project is to identify relatively simple
mechanistic approximations for the actual processes which occur and ultimately
result in mortality.

A first approximation considers uptake of the toxic accompanied by de-
toxification as shown in figure VI-2. The rate of change of toxicant concen-
tration in the organism is defined by equation (15).
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VI-2 SIMPLIFIED REPRESENTATION OF TOXIC UPTAKE AND
DETOXIFICATION WHICH COULD RESULT IN ORGANISM MORTALITY



—— =%k <« ¢ -k, °c ’ © (15
dt u ) R N (15)
where:
. , . mass toxic
c., = organism related concentration of toxic ( -
N mass organism
. . . mass toxic
¢ = concentration of toxic in water C*——~———————ﬁ

w volume water

kR = detoxification rate (1/time)

t = time of exposure (time)

. . vol. water

k = toxic uptake rate ( - —)
u mass organism °* time

Integration of equation (15) between the limits of:

@t =20 c. =0 and

@t

i
(=3
e]

]
n

and separating < and tD yields:

K ~k_t
.1—=(E-5)-l—~[l—e R'D, (16)

(¢}
=

where ey = organism related concentration "cD" at death.

i

)

time of organism death.
Equation (16) contains two separable coefficients which can be evalu-
ated from lethal bicassay data obtailned for exposures at constant toxic con-
k
centrations. These two coefficients are ”kR” and “EE
‘ D
common characteristics associated with data obtained for the same sensitivity
level of the test population. Figure VI-3 and VI-4 contain data for several
experiments (10) in which guppies were exposed te constant concentrations of
zinc and cyanide. The points represent experimental data while the solid
lines are calculated employing equation (16) and constant values of the two
k
coefficients ”kR” and ”EE” for each sensitivity level as shown on the figures.
D

" which represent the

The coefficient "kR” represents the rate of detoxification over the
period of exposure. By contrast the value of the coefficient "k /cD" is
u

associated with the time of organism mortality since it is evaluated when the

organism related concentration "CN” is equal to "cD” at the time of organism

mortality.
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Therefore equation (16) can be rearranged to yield equation (17).

E}Z = [1-e 1 an
where the value 'c /k " is reached only at the time of organism mortallty

For all exposure times '"t" less than that required for mortality equatlon (17>
becomes equation (18).

0
!
=
T

C
Nt w R
k i, e ()

where the variables are as defined previously and C is the organism related

Nt
concentration after exposure t. Considering the case where an organism is
exposed to a series of concentrations as shown in figure VI-5, equation (18)
can be applied to time period (1). The equation for analysis of time period
(2) may be obtained by integration of equation (15) between the limits of

t = o0 Cy =CNt and at t = t1 cy = CNt2 which results in equation (19),
Buildup Decéy
c c c
Nt2 Z *ﬂ-[l— R l] + Nt R71 (19)
k k k
u R u

The value of'cNt/ku ig obtained from equation (18) for time period (1)

and represents an initial condition which decays away in equation (19),
Therefore the terms in equation (19) represent a buildup due to the current
exposure concentration level ”cw“ and a decay term for initial organism re-

lated contamination at the beginning of the current exposure. Equation (19)
may be continually reapplied for any sequence of exposures to constant concen-

rrations (such as shown for time period (3)) where the term "cNt/ku” is the

ending value from the previous exposure calculation. For water concentrations
”cw” which vary over time, averaging of concentrations over short time periods

with application of equation (19) for each time interval can be used. Organ-—
ism mortality for a particular level of sensitivity occurs when the value of
" Nt2/K " equals ‘cD/ku”. The calculations for a particular sensitivity level

after mortality has occurred is meaningless and can be terminated.
Figure VI-5b illustrates a sequence of results that would be ‘associated

with exposure to variable concentrations. Since the detoxification rate
varies for each sensitivity level there would be a series of ”CN“Z/ku” Vs,
[

time curves (figure VI-5b) for each level of sensitivity considered. The
composite effect on total population is shown in figure VI-5c.
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As an aside, the analysis framework would tend to yield a "Darwinian"
survival of the fittest with the less sensitive organisms tending to survive.

Application of equation (19) provides a method for calculation of the
carryover effects of exposure to sequences of storms which are separated by
dry weather periods that also have some concentration level of toxic pre-
sent. This equation can also be employed to calculate organism mortality
associated with a point discharge when the mass loading of the discharge and
stream flow and/or concentration are varying with time.

A data base has been found (12) which provides information on trout mor—
tality due to exposure to constant concentrations of zinc and also contains
data on trout mortality from time variable exposure to zinc. The analysis
framework discussed to this point was employed to analyze the available data, -
and the results are shown on figures VI-6 and 7. Trout mortality data were
available for constant exposure concentrations of 4 and 6 mg/f in water with
a hardness of v 320 mg/f as CaCO3. These data are shown by the points of

figures VI-6. The lines represent approximations of the observed data. Fig-
ure VI-7 contains the results of the time variable experiments for two and
four hour alternate exposures to 2 mg/f and 6 mg/L of zinc. The solid lines
were the calculated mortalities associated with the time variable exposures.
These solid lines were calculated using only the constant exposure data at

-4 and 6 mg/2.

The results shown in figure VI~7 suggest that the analysis framework pre-
sented is capable of calculating mortality for organisms exposed to time vari-
able concentrations using mortality data from congtant exposure concentrations.
The calculation procedure can employ substantial portions of the existing
lethal bioassay data base to calculate probable effects of time variable ex-
posures to toxics.

Not all lethal biocassay data can be adequately represented By équations
(15) and (18). It has been found that some data can be represeunted by sub-

stituting ”Cwllz” for "Cw"” in these equations. Therefore the comparable
analysis framework for these data would employ equations (20) and (21) for
analysis.

Cyv Cwl/2 kot
= L le R (20)
u R
and
1/2
Cxe2 _ Cy “Kpty Cve Frbo
= [1-e ]+ —e (21)

k k k

u R u

, Figuves VI-8, VI-9, and VI-10 present the results of analysis for con-
stant exposure concentrations for other toxicants and organisms (13) employing
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equation (20).

A final formulation which may be of interest is associated with a toxi-
cant uptake by an organism with neo detoxification. In this instance the
equation representing the constant exposure data takes the form of equation
(22).

= 22
dt kucw (_ )

integration between the limits

t =0 CN = 0
t = to CN = CD
yields:
CD 1
07 &) o (23)
W

No lethal bioassay data has been encountered in this study which suggests
‘that equation (23) is an appropriate approximate mechanism to represent mor-
tality. It is anticipated that this formulation will be found useful as more
data are analyzed.

In summary, there is a family of functiomns, represented by equations (15)
- to (21) and perhaps others, which provide reasconable mechanistic approxima-
tious for the complex processes that result in organism mortality. These
approximations fit data from lethal bioassay tests conducted with exposure
to constant concentrations of toxics. Identification of an appropriate
mechanistic approximation and evaluation of the coefficients can provide a
framework for calculation of probable mortality from exposure to time vari-
able concentrations. Available data on mortality for both constant and time
variable exposures to toxics is not extensive and additional experiments
would provide further information which could be employed to test the ade-
guacy of the proposed framework.

FXAMPLE APPLICATIONS OF THE FRAMEWORK

The calculations presented below are intended to illustrate how the
framework discussed can be employed in problem assessment.

The data from the University of Florida data base (3) were analyzed to
determine the geometric mean and the 90 percent zinc concentration levels in
CS0 and urban runoff. These values were then employed to calculate the per-
cent of the mortality stress.

% Mortality St =
% Mortality Stress CNt/ku/CD/ku



The quantity "CNt/ku" can be calculated employing equation (19). For

large exposure times this equation reduces to:

CNtz - Ey
k “k
u

=

which can be employed for rapid screening of mortality effects.

The coefficient "CD/ku” was obtained for rainbow trout exposed to zinc

in water with hardness of 320 mg/% as CaCO3 from the data of Brown (12). An

estimate of the equivalent ”CD/ku" for soft water was derived from these data

employing a factor of approximately sixteen to one as the increase in zinc
toxicity due to a reduction in hardness from 300 to 26 mg/f. This ratio was
inferred from data (7) illustrating the effects of hardness on zinc toxicity.

The results of these calculations are summarized in table VI-1.

TABLE VI-1
CNt CD

% Mortality Stress (ifﬁfifﬂ for Rainbow
u u

Trout exposed to Zinc

Concentrations(l) Hardwater Softwater
50%-CS0 19% 310%(2)
90%~CS0 . 75% 1200%(2)
50%-Urban runoff : 47 65%

90%-Urban runoff 14% 230%(2)

Note (1) Concentrations expressed as percent were
obtained from log normal plot for zinc
(figures IV-1 and IV-2).
(2) Fish mortality

Mortality could be anticipated in soft water for the average and 90%
level of the CS0O concentrations. For urban runoff mortality is associated
with the 907 concentration level in soft water. All calculated mortality
stresses are below 100% for hard water systems. These data can be employed
to calculate the dilution required to drop the mortality stress below 100
percent or any other selected level to provide the desired degree of environ-
‘mental protection.

A second calculation employed equation (19) to evaluate the effects on
trout of a ten hour duration storm (or equivalent spill) of zinc at the dis-
charge location. The zinc concentration as a function of time is presented



in figure VI-11. The values of "CN/ku” as a function of time are presented

for scveral sensitivity levels in the population. ”CD/k" associated with

mortality are for softwater. TFigure VI-11lh illustrates the calculated popu-
lation response. The concentration of zinc coupled with the duration of the
exposure contributed to mortality of all fish at and below the 507 sensitivity
level. Recovery of the remaining trout extended to periods greater than two
days as evidenced by the results in figure VI-1lg. This suggests the carry-
over of effects may be of concern if, as is customary, the definition of a
storm event is less than 48 hours without rain.

The proposed framework can be employed to calculate the probable mortal-
ity, and/or the percentage of mortality stress anticipated from exposure to
any time history of toxic concentrations. Problems which can be viewed in the
context of the proposed framework include:

1. Responses from CSO and urban runoff discharges.

2. Analysis of the effects of spills of toxics.

3. Determinations of mixing zone sizes considering fish swim
through time. .

4. Responses as a percentage of the mortality level for continuous

discharges when both load and flow vary as a functiom of time.

The significance of sequences of events will depend upon the definition of an
event, the local rainfall pattern and the contaminant and organism of concern.
Information developed to date, in this current work, is insufficient to allow
a definitive judgement to be made on the importance of sequences of events.

An analysis which is similar to that discussed above has been under
development and evaluation for time variable dissolved oxygen concentrations
and the assoclated response of fish. This analysis appears to be promising
but is not adequately tested at this time for inclusion in our report.
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SECTION VII

IDENTIFICATION OF CHARACTERISTICS ASSOCIATED
WITH WATER QUALITY PROBLEMS

EVENT RELATED PROBLEMS

A possible approach to defining a CSO or urban runoff related water qual-
ity problem is shown in Figure VII-1. The available data from the University
of Florida and other data bases will in part consist of a listing of event
mean concentrations and storm durations. The total range of event mean con-
centration data can be divided into subranges represented on the Figure by
0tol, 1tc2. . .9 to 10. The range of durations is also divided into
subranges as shown. The number of events with an event mean concentration
and a duration in each of the total of 100 subranges (formed by 10 concentra-
tions times 10 duration subranges in the example) is obtained by counting.
The probability is obtained by dividing the count by the total number of data
points. For example:

Concentration subrange 6 to 7 has data limits between
1 and 2 mg/l“for some contaminants; while duration sub-
range 4 to 5 has data limits of 3 to 4 hrs.

If two of two hundred events have concentrations and
durations that fall in these ranges, then 1% probability
is associated with the subrange bounded by 6 to 7 (con-
centration) and 4 to 5 (duratiom),

It is, therefore, possible to associate a probability with each of the
individual subranges. The point 10-10, in the example, forms the upper
bound where there is a very large probability (for discrete data P = 1.0)
that all concentrations and all durations will be less than the respective
1imits. A curve has been drawn for Case B which illustrates the combined
effect of event mean concentration and duration of exposure that results in
an effect (say a fish kill). This curve can be estimated using the techniques
discussed and equation (19) or may be estimated from data, such as presented
in figures VI-3 and 4, if carryover effects are not significant. . For Case B,
the "effects' curve does not intersect the probability distribution, there-
fore, no water quality problem from this contaminant would be anticipated.

By contrast, the case presented in example A indicates that there is an
intersection between the "effects" curve and the probability distribution.
In this instance, there is an anticipated effect from undiluted overflow.
The probability of the effect can be estimated by summing the probabilities
of all subranges above and to the right of the effects curve. If a uniform
probability for each subrange of 1% is assumed, then the probability of an
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effect is approximately 28% in example Case A.

The example has been presented in graphical form. The analysis could be
carried out employing continuous statistical distributions. Further, the
effects curve could be for 50% fish kill or could include safety factors.

The essense of the analysis will provide the answer to the following
question:

Question: Given the observed variations in event
mean concentrations for contaminants in CSO and
urban runoff discharges, the observed storm event
durations, and intervals between storms, should a
water quality problem be anticipated due to short
term variations in receiving water quality when
significant dilution is not available?

If the answer to the question stated above is 'mo’", for any individual
contaminant, then it may be concluded that this contaminant does not create
short term water quality variations which interfere with beneficial use of
water.

The only exception to the above conclusion is associated with dissolved
oxygen problems which can be encountered in downstream segments of a water
body at times of travel which could range from one day to on the order of 5
dayvs. The dissolved oxygen response of a receiving water is controlled, in
part, by the reaeration coefficient which is related to stream velocity, depth
and perhaps slope. It is possible to have situations where no dissolved oxy-
gen problem is encountered in upstream segments of a water body when reaera-
tion is high and. find depressed dissolved okygen levels in downstream segments
due to low reaeration rates even after substantial dilutiom. A

If the answer to the question stated above is ''yes", for any individual
contaminant, then it may be concluded that short term impacts from runoff
could exist, in bodies of water without significant dilution. This is the
case shown in Figure VII-1, example Case A. It 1s possible to substitute the
instream concentration for the event mean concentrations. The instream con—
centration would be:

c = M (24)
S QU + QS
where: C. = instream concentration
C.. = runoff concentration
= runoff flow
QS = upstream flow (including POTW effluents)

C. = upstream concentration (including POTW effluents)




Solving equation (24) for the dilution ratio yields:

Q@ G5 = &y , 95
T o (25)
U 0

There is a need to assign an upstream contaminant concentration on a
national or regional scale of analysis. A number of possible approaches
could be considered such as:

1 National or regional average of USGS base line stations data.
2. _ Some percentage of the concentration in runoff.
3. Site specific data on the contaminant concentration.

There is a maximum required dilution ratio such that the downstream in-
stream concentration is safe (i.e., below the effects curve) for the range
of anticipated durations. This is the graphical equivalent of lowering the
event mean concentration scale by dilution until the "effects" curve no A
longer intersects a significant segment of the joint probability distribution.
in practice, the dilution ratio would be a function of parameters, such as
duration, total volume of runoff, and stream flow. As indicated in Section
II1I, it is possible to estimate this by joint examination of rainfall data and
stream flow data on a storm event basis. What is needed is the hourly rain-
fall record and the daily stream flow data for an urban area. These data
are available from the NOAA (14) and USGS (15,16)., The analysis could be
developed for each urban area in the nation or by regions based on rainfall,
slope, storage or other factors.

It would appear that several broad regional analyses of the dilution
factor as a function of the ratio of stream/urban drainage areas could be
employed to screen all urban areas in the nation. Subsequent refined analy-
sis for a representative sample of those areas where urban tributary streams
have potential event scale problems related to storm overflows could then be
carried out if necessary.

LONGER TERM PROBLEMS

The second water quality problem associated with CSO and urban runoff
deals with the long term cffects of contaminants associated with settleable
solids and with nutrients. The writer is unable to resist the observation
that this longer term problem may be significant in many situations, but the
state of knowledge and experience with case studies is lacking. Basing a
significant proportion of the justification for treatment of vunoff on this
longer term problem appears to be a very large extrapolation. There are
significant technical problems for both solids associated contaminants and
nutrients which include, for example, questions of availability, transport,
fate and effects. Based upon the above, it would appear that if long term
effects represent a significant problem associated with runoff; demonstration
and cvaluation projects aimed at quantifying cause and effects and practi-




cality of solution might be desirable prioxr to imnstituting control programs.

An estimate of the long term water quality impacts from runoff can be
obtained by developing information on the seasonal and/or vearly mass load-
ings of individual contaminants which are associated with settleable solids
and for nutrients. These estimates of mass loadings could be compared to
those from other sources such as:

1. Waste treatment plants
2. Non—urban sources
3. Instream sediment and other loads

The estimates of annual or seasonal mass loading rates from various
sources dincluding runoff can be obtained from existing data supplemented by
on—-going studies and extrapolations. The key is to determine when the run~
off associated contributions to bottom processes and nutrient inputs are
significant in contrast to other sources. ’

The major impact for most contaminants on the longer time scale is gen-—
erally associated with classical low flow critical conditioms. Data may be
available from states and EPA regions which identify those water segments
which, under critical low flow conditions, do not meet water quality standards
and/or have impaired beneficial usage. These are water quality limited
stream segments and/or segments with identified water quality problems. The
following sequence of actions could be considered to develop an assessment of
the longer term impacts from runoff.

(1) Gather data from states and EPA regions on the locations
of water quality violations under low flow conditions. The
list of locations should then be reduced to those which are
in or immediately adjacent to an urban area.

(2) Based upon 208, 201 or other study output (including site
specific evaluations), it may be possible to determine
the probable relative range of contribution from bottom
demands or bottom sources of contaminants.

(3) For those water body segments which (a) have water quality
problems under low flow conditions, (b) are in or adjacent
to urban areas, and (c) have bottom processes which are
making significant contributions to the water quality
problem, annual and/or seasonal mass loading estimates
for various sources could be developed.

(4) The relative significance of runoff loads could be judged by:

(a) The percentage of total load associated with
urban runoff. )
(b) The relative cost of reducing some percentage or total
amount from the mass loading of each of the sources.
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