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1.0 INTRODUCTION

The Edwards Aquifer recharge zone near the City of San Antonio is
experiencing continuing population growth and 1land development. Increased
urbanization may be accompanied by changes in the character of stormwater
runoff. This is a particular concern in the Edwards Aquifer recharge zone
because stormwater runoff will eventually comprise a portion of the waters that
recharge the aquifer. Little information is available at the present time to

quantitatively define the relationship between urban stormwater runoff and
ultimate effects upon aquifer recharge.

Demonstrating prudent foresight, the Edwards Underground Water District
(EUWD), in conjunction with the U.S. Geological Survey (USGS), initiated a
water quality sampling program on three small watersheds overlying the recharge
zone near San Antonio in the mid-1970's. The water quality sampling program
was conceived to demonstrate the effects of urbanization upon water quality,
recognizing the potential impact upon aquifer recharge. The test watersheds
and streams (East Elm, West Elm and Lorence Creeks) were selected to exhibit
urbanization levels ranging from undeveloped to fully developed.

In December 1985, Water Resources Associates, Inc. (WRA) submitted a
proposal to EUWD to study stormwater management techniques and their
applicability to the San Antonio area. In June 1986, EUWD requested that WRA
submit a proposal 1limited to an analysis of the water quality data available
from the sampling program on East Elm, West Elm and Lorence Creeks. Water
Resources Associates submitted its proposal on July 3, 1986, which was approved
by EUWD. James Miertschin and Associates of Austin, Texas were subcontractors
to WRA in completion of the study.

The objective of the study was to compile the data collected in the three
watersheds and conduct a limited statistical analysis in order to determine if
sufficient data are available with which to draw conclusions and, if so, if an
effect of wurbanization on runoff water quality is evident. Pursuant to the
data analysis task, recommendations for continuation or modification of the
sampling program were to be developed.
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2.0 STUDY WATERSHEDS

Water quality data have been collected by the USGS since the mid-1970's on
East EIm, West EIlm and Lorence Creeks near the City of San Antonio, Texas. The
study watersheds displayed varying levels of urbanization. In general, East
Elm is an undeveloped watershed. The West Elm watershed was experiencing an
intermediate 1level of development during the data collection period. The
Lorence Creek watershed had a high level of development throughout the study.
The developmental characteristics of each watershed were examined in order to
quantify the level of urbanization.

2.1 URBANIZATION CHARACTERISTICS

Land use information in the study area was available in the form of aerial
photographs and 1land use maps. Land use categories were delineated in detail
from maps prepared by the City of San Antonio depicting 1981 urbanized
conditions and were used as the basis for year-to-year comparison of land use.
Land uses appearing in later aerial photographs or absent in earlier
photographs were either added to or subtracted from the 1981 area totals.

Two sources of impervious cover estimates for selected land use categories
were used to arrive at a consensus set of impervious cover estimates for
development within the study watersheds. The two sources are identified and
compared in Table 1. The data in Table 1 indicate general agreement in
impervious cover estimates for various land use categories. The impervious
cover estimates for residential development within the study watersheds were
further substantiated from the 1983 aerial photography. Three test areas in
residential developments were delineated and the impervious area in each was
scaled from the aerial photographs. Percent impervious cover was then
estimated from the areas covered by impervious surfaces (streets, driveways,
sidewalks and structures) versus the total area considered. Impervious cover
estimates for the three test areas selected were:

Residential Density Impervious
Test Area (Lots/Acres) Cover (%)
Hollywood Park 2.0 25
(North of Rua

De Matta)

Hollywood Park 1.0 17
(South of Rua

De Matta)

Encino Park 2.12 31

Unit 3
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These estimates are generally consistent with the values and ranges in
Table 1.

Tables 2 and 3 present the change in impervious cover over the period
1973-1983 for the Lorence and West EIm Creek watersheds. East EIlm Creek
remained undeveloped over the study period. In the watersheds experiencing
urbanization the net increase 1in impervious cover (upstream of the gaging

station sites) has been nominal. Impervious cover estimates for the study
watersheds are summarized in Table 4.

2.2 SAMPLING PROGRAM

Each station was equipped with a Manning automatic sampler with a water
level actuator. The sampler was programmed to fill several bottles when first
activated and to sample at hourly intervals thereafter. A stage recorder and
stilling well were provided at each site. In addition, a rain gauge and
recorder were installed at each station. During each sampling event, USGS
personnel were dispatched to the stations to collect and replace sample bottles
and take manual flow readings. Sample collection commenced in May 1976 on East
Elm and West Elm Creeks, and May 1980 on Lorence Creek.
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3.0 DATA ANALYSIS AND DISCUSSION

The historical water quality data base consists of numerous storm event
samples dating back to May 1976. For the samples collected, the USGS performed
a variety of laboratory analyses. Statistical analyses were conducted in order
to determine if the data displayed differences in water quality between
watersheds with different levels of wurbanization. For the present study,
several key constituents were selected for statistical analysis: specific
conductance, temperature, dissolved oxygen, five-day biochemical oxygen demand
(BOD5), fecal coliform, fecal streptococcus, total dissolved solids, total
suspended solids, total nitrogen, nitrate nitrogen, ammonia nitrogen, organic
nitrogen, total phosphorus, total organic carbon and diazinon. The complete
historical data base for the three sampling stations is contained in Appendix

A. Typically, 30-50 data points were available for each constituent at each
station.

Statistical parameters for the water quality data are summarized in Table
5. Arithmetic averages, standard deviations, ranges and flow-weighted averages
for constituent concentrations are presented for each station separately and
for all stations combined. As a general observation, the data indicate that
mean concentration values for most of the constituents analyzed were highest at
the Lorence Creek station. The average dissolved oxygen was lowest at the
Lorence Creek site. Only total dissolved solids and diazinon concentrations
showed a higher mean value at another site, West EIm Creek. Mean constituent
concentrations at the West Elm Creek station were consistently higher than
values at the East Elm site. Differences in concentration between stations
could be attributable to several variables, including the degree of
urbanization. For example, it is possible that the apparent differences
between stations are primarily attributable to sampling vagaries rather than a
significant difference in watershed characteristics.

The significance of the observed differences between station means was
evaluated with a normal distribution test. Results are shown in Table 6. The
test indicated that differences in mean concentration between Lorence Creek
(the developed watershed) and West Elm Creek (the intermediately developed
watershed) were generally not significant at a 5 percent level of significance.
Only differences 1in BOD5, total nitrogen and total phosphorus showed a
significant difference. Comparison of mean values between Lorence Creek and
East EIm Creek (undeveloped watershed) showed significant differences for most
of the constituents at a 5 percent level of significance. Therefore, the
observed differences in concentration between the developed and undeveloped
watershed are statistically significant. The differences may be attributable
to the level of urbanization, but other variables could also contribute, such

as soils, land cover, or the frequency and duration of stormwater runoff
events.

Table 5 also presents a summary of the flow-weighted average constituent
concentrations. On the basis of flow-weighted averages, highest constituent
concentrations were generally associated with the West Elm Creek data. Fecal
coliform, fecal streptococcus and total suspended solids concentrations were
higher at the Lorence Creek station, in accordance with the arithmetic mean
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values. Comparison of flow-weighted average constituent concentrations between
Lorence Creek and East Elm Creek did not show a consistent trend.

T3

To 1illustrate typical observed trends in constituent concentration,
example hydrographs and concentration profiles were plotted for storms
occurring May 15, 1980 and May 20-21, 1983 (Appendix B). The plots indicate
the difficulty associated with obtaining a complete record of the runoff
hydrograph and accompanying concentrations during the storm event sampling
program. In general, the data base includes several samples from numerous

storm events, but typically does not provide detailed coverage of any
particular runoff hydrograph.

T3 3

Constituent concentrations in stormwater runoff often exhibit considerable
fluctuation. Correlations between constituent 1levels and flow rates are
evidenced in some areas. In many cases, the dilution afforded under high flow
regimes results in relatively low instream concentrations of many constituents,
compared to low flow conditions. Certain constituents may be present in higher
concentrations at higher flow rates, particularly those derived from eroded
sediment . Sampling data were examined for relationhips between flow rate and
constituent concentration. Several mathematical expressions were examined as
candidates for the correlations with streamflow:

3 3

T3 3

y =a+ bx

y = a exp (bx)
rm y=axb
l y = a + blog x

where y is the dependent variable, in this case constituent concentration, x is
the dependent variable of discharge rate (or logarithm of the discharge), and a
and b are constants. A computer was used to fit the most appropriate equation
to the data. The analysis indicated goodness of fit for each relationship by
‘calculation of the standard error. Best-fit relationships are presented in
Table 7, 8 and 9. Plots of several relationships are displayed as examples in
Appendix C. The plots indicate that inverse correlations between dissolved
- solids concentration and streamflow were evident at all three stations, with
f the best fit provided by the 1logarithmic function. Total phosphorus

concentration displayed a positive correlation with flow rate, while BODS did

not show a systematic trend. The calculated fits for all constituents were
= generally poor, indicating that the data do not exhibit strong correlations
with discharge rate. This may be a consequence of the fact that the three test
streams are ephemeral, flowing only in response to precipitation events. Thus,
= all samples collected were representative of stormwater runoff conditions,

which precluded data characteristic of sustained base flow conditions that are
common to many other studies.

4—‘_@\
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4.0 SUMMARY

Water quality data collected on East Elm, West Elm and Lorence Creeks were
compiled and analyzed. The watersheds of the three streams are characterized
by different 1levels of urbanization. The East Elm watershed is largely
undeveloped, while the Lorence Creek basin is almost completely urbanized as a

residential area. The West Elm watershed represents an intermediate level of
development .

Statistical analysis of the water quality data indicated that mean
concentration values of most of the constituents were higher at the Lorence
Creek station than at either the East EIm or West Elm sites. Further, mean
concentration values at the West Elm station were higher than corresponding
values at the East EIm station. The most apparent factor which may contribute
to the observed differences in constituent concentrations is the level of
urbanization in the test watersheds. However, additional factors could also
contribute, such as physiographic variables and differences in the frequency
and duration of stormwater runoff events. On the basis of flow-weighted
average concentrations, West Elm Creek displayed the highest values, with no
consistent difference evident between Lorence Creek and East Elm Creek.

Several mathematical relationships were examined to investigate
correlations between constituent concentration and discharge rate for the three
sampling stations. Only poor correlations were evident, indicating that
concentrations are not a function of flow rate.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

Based upon the analysis of available water quality data for East Elm, West
Elm and Lorence Creeks conducted in the present study, the following
conclusions were developed:

(1) The three study watersheds are characterized by different levels of
urbanization with East Elm being undeveloped, Lorence highly urbanized
and West Elm at an intermediate level of development.

(2) The highly urbanized Lorence Creek watershed generally displayed the.
highest arithmetic mean consituent concentrations of the three
watersheds. West Elm Creek, with an intermediate 1level of
development, generally exhibits higher arithmetic mean consitituent
concentrations than the undeveloped East Elm Creek.

(3) West Elm Creek, with an intermediate level of development, generally
displayed the highest flow-weighted average constituent concentrations
of the three watersheds. Comparison of flow-weighted average
constituent concentrations between Lorence Creek and East Elm Creek
did not show a consistent trend.

(4) Constituent concentration data for the three study watersheds
exhibited poor correlation with discharge rate, using several
alternative mathematical relationships.

In summary, the data collected to date indicate a correspondence between
urbanization and water quality constituent concentrations. However, the
precise relationship is not completely straightforward, because results differ
depending upon whether arithmetic or flow-weighted average concentrations are
compared. Further, the data base exhibited significant differences between the
two extant levels of urbanization in the test watersheds in mean concentrations
of BOD5, total nitrogen and total phosphorus only. Expansion of the data base
with additional samples could provide an opportunity for development of uniform
trends. The following recommendations should be considered:

(1) The data collection program should be continued in its present form.

(2) After a substantial number of additional samples (on the order of 20)
are collected, the data base should be updated and reanalyzed for a
statistical comparison,

(3) A more detailed evaluation of hydrologic and physiographic
characteristics of the three study watersheds should be conducted, in
order to identify factors other than urbanization that may contribute
to observed differences in constituent concentration. Typical
characteristics would include slopes, 1land cover, soils, time of
concentration, etc.

7 2
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(4) A unit loading analysis for the study watersheds should be conducted.
The objective would be to evaluate runoff loading rates on the basis
of 1b/acre/yr and 1b/acre/in, which represents a common technique for
evaluation of the effects of different levels of urbanization.
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TABLE 1
ESTIMATES OF IMPERVIOUS AREA FOR
LAND USE CATEGORIES

Land Use Category Percent Impervious Area1
. . 2 3
Residential EPA SCS
Low density; acre lots 20 20
Medium density; 1/4 to 1/2 acre lots 40 25-38
High density; 1/8 acre lots 60 65
Multi-family 70 -
Paved areas 100 -
Commercial, highly developed 80 85
Industrial, highly developed 70 72
Commercial or industrial, moderately developed 50 -
Institutional, public 30 -
Open, undeveloped, with roads 8 -

1

Impervious area includes street pavement, driveways, rooftops, parking lots,
sidewalks and similar surfaces.

2

Source: U.S. Environmental Protection Agency, "Areawide Assessment Procedures
Manual, Volume I," EPA-600/5-76-014, July, 1976.

3

Source: U.S. Department of Agriculture, "Urban Hydrology for Small

Watersheds," Technical Release No. 55, Soil Conservation Service, January,
1975.

10
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TABLE 2
LEVELS OF URBANIZATION
LORENCE CREEK
UPSTREAM OF USGS GAGE 08178620
(DRAINAGE AREA = 2648.3 ACRES)

Percent
Land Use1 Impervious Year
Category Cover 1973 1977 1979 1981 1983
Area (acres)
Residential
Dispersed 20 595.2 595.2 595.2 595.2 595.2
Subdivision 30 748.3 748.3 748.3 786.6 795.6
Mobile Homes 38 3.8 3.8 3.8 3.8 3.8
Commercial 85 9.6 9.6 9.6 9.6 9.6
Industrial 72 10.9 10.9 10.9 10.9 10.9
Services 85 8.9 8.9 8.9 10.9 10.9
Open Space, Agricultural, 8 1099.4 1099.4 1099.4 1059.1 1050.1
Vacant
Street 98 172.2 172.2 172.2 172.2 172.2
Weighted Percent Impervious Cover 23.6 23.6 23.6 24.0 24.1
1

Land use categories from City of San Antonio 1981 land use maps.

11
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TABLE 3
LEVELS OF URBANIZATION
WEST ELM CREEK
UPSTREAM OF USGS GAGE 08178640
(DRAINAGE AREA = 1568 ACRES)

Percent
Land Use1 Impervious Year
Category Cover 1973 1977 1979 1981 1983
Area (acres)

Residential

Subdivision 30 0.0 0.0 0.0 147.8 305.9
Industrial 72 0.0 0.0 10.9 10.9 10.9
Open Space, Agricultural, 8 1520.6 1520.6 1509.7 1361.9 1203.8

Vacant
Street 98 47 .4 47.4 47.4 47.4 47.4
Weighted Percent Impervious Cover 10.7 10.7 11.2 13.2 15.5
1

Land use categories from City of San Antonio 1981 land use maps.

12
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TABLE 4
SUMMARY OF WEIGHTED PERCENT
IMPERVIOUS COVER UPSTREAM OF
THREE USGS GAGES NEAR
SAN ANTONIO, TEXAS

Year

Lorence Creek at

Thousand 0Oaks Blvd. 23.6 23.6 23.6 24.0 24.1
USGS Gage No. 08178620

West E1m Creek 10.7 10.7 11.2 13.2 15.5
USGS Gage No. 08178640

East EIm Creek 8 8 8 8 8
USGS Gage No. 08178645

13
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TABLE 5
SUMMARY OF STATISTICAL PARAMETERS
FOR HISTORICAL WATER QUALITY DATA
SAN ANTONIO, TEXAS
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TABLE 6
RESULTS OF TEST FOR SIGNIFICANCE OF
THE DIFFERENCE IN MEANS USING THE
NORMAL DISTRIBUTION TEST
(5 PERCENT LEVEL OF SIGNIFICANCE)

STREM-  SNOIFIC  TOP  DISSOLVED 5005 Fecal STRep TOTAL FIED VOAIIRE  TOTR ToTA  TOTRL TOTAL  JOTA YOI TOIR TOIR

FLON  CONMUCTANCE OXYGER COLIFORY FECRL DISSOLVED  SUSPENDED  SUSTDNDIO SUSPEIDED HITROSER RITRATE AWIUIA  ORGRNIC PHOSPHORUS ORSAMIC  DIRZINON
SOLI0S SRI0S SCLIOS  SMI0S HITROSER  RITROGEN MITROGEN CAREOR

(CFS)  (US/OMY  CBES T) (NMG/L>  (HGAL) (COLS/16OML) CCOLS/I00IL)  (MBA) (HBRY GBA) (%A  GBA) (BB AR (BA) (B B )

4] (] L] L] \ES B - K L] b} ] " E$ ] R L) L] K L}

YES = CORCLUDE THAT THE DIFFEREMCE IN KIAKS IS SIGHIFICAXT AT -
'S PERCERT LEVEL GF SIGNIFICANCE ©

¥ = (CHCLUDE THAT THE DIFFERERCE IK PEAXS IS NOT SIGHIFICANT A7
A 5 PERCERT LEVEL OF SIGNIFICANCE
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TABLE 7
SUMMARY OF REGRESSION
ANALYSIS FOR SEVERAL REPRESENTATIVE CONSTITUENTS
FOR LORENCE CREEK AT THOUSAND OAKS BLVD. UPSTREAM OF
USGS GAGE 08178620
(x = streamflow)
(y = constituent)

T3

"3

TTTE

BIOCHEMICAL OXYGEN DEMAND

Hunber of data points 29

ft2an of x dsta 20.3103 Stdlv.of ¥ 37.4301

Hasn of y date .67  Stéév oty 1.5153

Cquation intarcapt slopa stisre T v &8 2

Yf=A¢BX 1,620 ¢.000065 1.343 0.02157 0.00047
Y=44¢0 log X R §Lte] -0.535226 1.805 -0.22198 0.04928
Y = f esedX $.37462 0.000440 1.560 0.03475 0.00300
Y= hXse2 4.69611 ~0.020043 1.526 -0.13748 0.018%0
TOTAL DISSOLVED SOLIDS

Hunbar of data pointe 40

thaan of X Jata .0650 StdMsvofx 8B.378%7

ffezn of y data £0.4500 Stedev ot y 17,3887

fquatian intspomwt slopa sidarr 4 v §2

Y=8+8X 81.23206 -0.0226%¢ 17,580 -0.07204 0.065:°
Yz4BlogX §3.4092¢0 -7.687520 17.031 -0.2577t 0.064%2
Y = A essbX 79.17361 -0.000139 17,672 -0.03675 0.00075
Y =8 Xesb 83.58626 -0.024251 17.185 -0.14699 1.42788
TOTAL SUSPENDED SOLIDS

Nunber of Jata poiuts 27

than of x fata 21.334 Sthdxe af x 38,945t

Hesn of y dats 419,333 Stedev ot y §51.2923

Equation intarcapt slops stdarr 1] T$sl

Y=Aa+8) 951.35960 3.184400 961,908 0.1260% 0.01652
Y=A+8 logX 432.33984 180.534280 964.477 0.10878 0.01103
Y = A estoX 198.20218 0.007%00 1057891 0.18977 0.03401
Y = A Xub 130.56717 0.134678 1064760 0.1098¢ 0.01207
TOTAL NITROGEN

Buiber of dats points 31

flaan of x dat3 19,9643 Stid of x 3. 076

Hean of y dats 3.680¢6 Stodey of y 3.0534

Equation intaroapt slops stderr 4 v &% 2

Y=A+6 4.20:09 -0,020559 3,04 ~0.19477 0.03794
Y=R4¢BLlagX 6.37984 -2.705343 3.623 -0.38155 9.14558
Y = A estX 3.12506 -0.603561 3.500 -0.18725 0.03506
Y =438 $.35034 -0. 188599 3.803 -0.34057 0.115%7
TOTAL PHOSPHORUS

Hunber of dats points 33

Hasn of x Jata 10,0364 Stiddss of x 35.5842

ffazn of y deta 0.3%09 Stodev ot y 8.1757

Eauation intercapt slopa stdare T T8k 2

Y=0+B 0.37718 0.000721 0.181 0.1426% 0.02036
Y=A+4ClcgX ¢.34138 0.05464¢ 0.180 0.1615% 0.02611
Y = A essdX 0.22652 0.002524 0.185 0.19514 0.02B08
Y=4Xnb 0.2984¢ 0.0803%0 0.184 0.213%4 0.04577
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TABLE 8
SUMMARY OF REGRESSION
ANALYSIS FOR SEVERAL REPRESENTATIVE CONSTITUENTS
FOR WEST ELM CREEK UPSTREAM OF USGS GAGE 08178640
(x = streamflow)
(y = constituent)

BIOCCHEMICAL OXYGEN DEMAND

tunber of dats points 46
. ihaan of x data 38,9713 St of x - 130.1717

Hasu of y dat .77 Stddewvoty 1.4707

Equstion intarcept slopa stdarr T T2
Y=Aa+B) 3.8845¢ 0.000123 1.487 0.01092 0.00012
Y=A+BlogX 3.5%020 0.254034 L4701 9.149%1 0.02247
Y = A essBX 3.61231 0.00009¢6 1.508 0.03479 0.00122
Y =R issd 3.36358 0.030112 1.491 0.16865 0.02844
TOTAL DISSOLVED SOLIDS

Hunbar of data points 28
Hizan of x dat3 S5 Stidd=v aof x 04,3897

lfean of y data 82.7857 Siddev of y 21.1193

Eauwation intarcept slopa stdarr r 1882
Y=R4BX £6.796%1 ~0.07650¢6 20.460 ~0.3073% 0.09446
Y=A¢B1logX 9853442 -12.750468 19.123 -0.45878 0.21048
Y = fi assEX 84.13472 ~0.000211 20.576 ~0.30025 0.09015
Y =R Xosd 95.68238 -0.061083 19,202 -0.42240 0.1765%
TOTAL SUSPENDED SOLIDS

tunber of date points 43
fizan of x dat3 60.0400 Stibey of x 131.3133
flesn of y dzta 300.1778 Stdaev of y 301.3823

Equation intarezpt slopa sidarr T T&s2
Y=n+0) 29624050 0.055318 265.724 0.01097 0.00036
Y=8a+81log) 267.03524 11.73498¢ 305.853 0.02703 0.00073
Y = £ exelX 108.07239 0.002086 428.572 0.18980 0.03602
Y = A XesB 04.05326 0.142352 325.442 0.19959 0.03984
TOTAL NITROGEN

Hunber of data points 52
tha3n of x data - 8.358 Stidae of x 123.1020

Hazn of y data 7.9048 Stadevoly 31,4378

Lauation intarcept slopa stdsrr T T2

Y=a+8% 4.83661 0.047560 20.586 0.18811 0.03530

Y=84+5 legX -1.27879 8,293 20.6%6 0.2173% 0.04726

Y= fesbd 2.00%95 0.001202 1022 6.13%17 0.019%7

Y =48 Xsb 1.97118 0.126697 317241 0.24232 0.03872

TOTAL PHOSPHORUS

Hunbar of Jata poimts 4§

Hean of x dats 56,6824 Siddev of ¥ 130.0834

Haan of y data 0.2207 Stz of y 0.174%

Equation intercapt slope stderr 3 L 4

Y=4¢8% 0.20773 0.009219 0.177 0.16138 9.02403
“Y=8+8 logX 0.20600 0.013081 0.179 0.06434 0.00414

Y = A assbX 0.15448 0.001364 6.183 0.23539 0.053%0

Y=hXuB 0.13887 0.073880 0.106 0.19348 0.03751
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TABLE 9

SUMMARY OF REGRESSION

(x = streamflow)

(y = constituent)
BIOCHEMICAL OXYGEN DEMAND
Hunber of dats points 29
Haan of x data 62,3966  Stddev of x 76,6256
Haan of y data 3.3793 Stadev ot y 0.9447
fagation intarcapt slops stdarr r
Y=a+8 " 3.48798 -0.001742 0.932 ~0. 14126
Y=a+B1lgX 3.34951 0.021615 0.962 0.01682
Y =/ exsBX 3.34¢47 -0.000495 0.963 ~0.12765
Y = A Xasb 3.1744¢ 0.004875 0.572 0.03919
TOTAL DISSOLVED SOLIDS
Hunber of dats points 21
Naan of x Jata $8.761%  Stddev of ¢ &.5628
Hean of g dats 66,5238 Stddev af y 15.5581
Equation intarcapt slopa stfarr T
Y=A+B 7278119 -0.106487 14.614 ~0.45084
Y=RsBlogX 21.10524 -17. 207024 11.850 -0.69007
Y =R embX 71.20751 -0.091637 14.3%6 -0.44927
Y =48 Xab f3.28191 0. 110948 11.774 -0.66407
TOTAL SUSPENDED SOLIDS

Hlunber of data points 20

Haan of x Jats £6.6300
Heau of ¢ data 43.0000
fqustion futarcept
Y=a+8X 41.54004
Y=R#+81legX 32.06121
Y =f eesBX 29.23532
Y =R issb 24.93428
TOTAL NITROGEN

Hunber of dzts poimts 28

Haan of x dsta 73,0534
Hean of y data 1.4214
Equation intarcapt
Y=h+EX 1.36261
Y=048logX 1.24922
Y = & exsbX 1.27223
Y =4I 1. 16546

TOTAL PHOSPHORUS

funbar of date points 29

Haan of x data 7362
Hazn of y data 0.075¢
Equation intercapt
Y=Aa+B) 0.06323
Y=84+81logX 0.01070
Y = A essbX 0.05007
Y=hXsb 0.03347

Stdday of ¥
Stddv of y

slop2
0.021905
7.771473
0.060162
0.052424

Stiddov of x
Stadey of 4

slopa
0.000761
0.121308
0.0660756
0.0435%1

Stiddzv of X
Stodey ot y

slopa
0.000177
0.024793
0.002952
0.1860%7

18

80.2971

36,2517

stiarr 4
36.856 0.04851
26,432 0.13864
37.42¢ 0.01389
3211 9.09540

.19%

0.5074

stiser T

0514 01359
0.510 0.1835¢
0.321 0.19734
0.515 0.23383

8. 1113
0.0504

stdare T
0.047 0.30251
0.048 0.37433
0.091 0.3665°
0.049 0.47035

ANALYSIS FOR SEVERAL REPRESENTATIVE CONSTITUENTS
FOR EAST ELM CREEK UPSTREAM OF USGS GAGE 08178645

k2

0.01995
0.00028
0.01629
0.00154

T2

0.2032¢4
0.47620
0.20186
0.44102

T2

0.01835
0.03407
0.0368¢
0.0542¢

T2

0.09151
0. 14027
0.13439
0.22123
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APPENDIX A

SUMMARY OF HISTORICAL WATER QUALITY DATA
BY STATION

A-1



(A

''''' 3 3 T3 3 3 R T3 T3 73 RT3 T3 T3 T3 T3 T3

SUMMARY OF HISTORICAL WATER QUALITY DATA
LORENCE CREEK AT THOUSAND O0AKS

ATE WE  SIRER%-  SPECIFIC  Y2m>  DISSOLVED EOIS FecaL FECRL TOTL 100k TOIRL T0IL YOIRL T07AL TOTAL 10TRL 0

FLOR  CONDUCTAICE 0XV6EN COLTroMt Stiep DISSOLVED  SUSPEMDED  KITAOGER RITPATE AWMIA  ORGANIC  PHISMHORUS  ORGANIC  DIAZingk
SOLIGS  SOLiS HITROGER  WITROSEM  NITROGEH e ]
(€76  (US/0D (D6 C) UBA)  IGA) (COLS/IMMIR) (COLS/IOGI)  (BAY (ALY (%A Gy A 6 (BA) 6 WGA)
{ay 15, 1960 045 186 7 0 .2 5.0 2000 22600 g 1% 2.2 0.5 08 1.56 0.3
Y 15, 98 1058 3.9 126 .0 7.8 5.0 45000 IR ] & 2.6 0.6 0.0 1.2 &3 18.0 8,010
Har 15,1980 1130 3.0 2 2.0 7. 3.7 600 16660 B & 1.6 0.5¢ 0.06 1,00 0.5
HAY 15,1960 .45 74 5 UL 7.2 3.0 T n 3 1.2 0.5 0.3 0.03 L2 13.0 2.0%0
Y 35,1960 1= S (X ] 13 2.0 790 6 W 3600 174 -] 1.2 0.2 0.6 0.8 0.2
61 16,980 .15 0.8 12 3600 690 d ut .8 134 1.2 0.2 0 o
(C1 18,1920 R 6.6 9% N0 8.2 63 130006 33000 5 139 0.69 0.08 (X} 15.6 0.0%0
R 3,198t #.10 33 17 08000 120300 ) 5.8 3.4 oA 1.% 0.4
PR 23,1981 00 AL 151 14000 84006 T 4.8 an 0.1 1.8 0.43 8.1
f°R 43,1501 045 B0 183 )
e 22,1581 e - 5.0 150
% 23,1951 e 1o 2 2.5 9.2
R 23,1901 IS I L X 15
e 23,181 1y 160 1% ’
ey 39,1988 3.0 1.8 138 4.0 1604 /000 % & 2.2 0.75 .34 1.3 0.2 H0 0.010
Y 20,1981 3.5 1 4] L6 030 316000 85 L a3 0.4 08 L4 6.3t 8o 0.03
v 29, 1981 131 150 i 4.2 36800 390000 8 9 2.3 .68 0.12 1.3 o.u 5.0 0.00¢
MY 29,1861 wa o tio 1 3.0 16000 10000 n LY 0 0.8 ol .2 (] 2.0
1Ay 29,1961 5.4 4.2 1] 3.6 1400 136000 n 1§ 1.7 0.2 (31 110 o2 10.0 0.2i0
e 23,1983 S.40 8.2 12 7.3 100 4000 1009 3.3 0.2 .18 a5 0.0 8.
MR 23,1983 .37 2.5 122 %5 16,0 3.0 4] 1000 n i 2.0 0.3 0.5 1.5 0.2 3.0
iR 25,1583 10,05 3.3 128 - 3.1 U0 3000 117 2.0 0.5 012 L3 G2 3.6
Y 20,1983 .44
HMAY 20,1983 iKY 1.2 18 I N 7.3 0.4 .2 &N 0.% 5.0
my 0,963 R 5.4 N
oAy 6,163 15.02 6.1 H 64 R 000 8.2 0.45 0.2 7.4 0.5 %0
Hay 20,1563 15.0% $.8 15§ . . 3.6 oA V2] 4.00 0.20 2.0
FAY 20,1963 6.2 $3 112 IR $.¢ 0.2 %28 S 0.2 2.0
MY 20,1583 5.4 3.1 13
Y 20,1983 15.32 1.8 125 ) &3 b 1300 15.¢ ou L] H% 0.6 %.0
i 0,153 15.3¢ 4.2 2
BAY 20,1983 16.30 2.8 i 11008 $000 972 i 0.1 0.3 N e - e
MY 21,1963 10.40 14,6 12 180 £.3 8.2 41606 . <0 . & 15 24 0¥ 0.26 190 0.5 15.0 0.250
P 3,08 174 8.0 103 &3 106000 94900 1% 20 0.38 0.% LR 0.52 18.0 264
SEP 3,:984 16,52 S.d L - 49 100000 G000 8 I 1.4 0.4 0.04 0.84 0.31 a.6
SEP 3, 1984 2z 3.8 94 4 1600
ST 3,194 0.3 33 5 8.0 8.3 i$ (] 46000 & e 0. ¢.08 0.3 20.0 6.040
JRK 14,1985 R 0 & L0 20 8.3 2]
. FEB 23,1988 10,60 0.8 26 1S 2.7 13000 98000 10 160 18.0 A7 0.18 3.0 .2 7.0
R 6,983 B3I N 1 2.0 8.3 3.4 56000 $0000 ®» U a? 0.8 0.8 .49 0.5 7.0 2.3
JA &, 1505 Ko 1906 103 2.0 .2 4.0 40 030 " 19 .59 0.2 0.2 0.9 Se.0 0.3
JEGLIGS | 1% Wl 1 20 14 1.2 R 64000 12 31 0N 0.14 2.0 0.3 1.6
JO 22,1965 % 1.0 159 3.1 2000 100600 100 ¥ i 0.7 0.07 0.83 0.2 2.0
QK 22,3985 2.2 su 0 8BS 4.9
JL 3,188 0.5 ¢ 20 8.2 S.0 o000 126000 ¥ 1000 1.0 L 0.10 1.3 6.3 1.0 0.310
0T 21,1585 2.4 6.e B a0 2.4 3.6 S 49500 B o L6 0.5 .13 0. 0.1 no 0.1%
MAY 26,1984 1248 1 25 5.8 5.9 : V4 J /1 14 0.1 oy 0.7 6.3 3.0
Y 2,198 7.2 1 usL §.6 . /4 1.4 .8 0.i6 0N 0.1 1.0
1Y 27,1986 10.36 2 2.0 7.0 41 30 1.9 0.5 0.2 i 0.2 1.0
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MY 72,1978
Y 2,00
I 4,176
A5 30,1976
MR 19,177
KW 1,077
5P 13,1578
S 13,78
R 2,17
JA 3,07
2 1,07
By 5,196
Y 15,1960
By 15,080
MY 13,1960
Y 15,090
T 18,1560
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- R0
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" B3
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P 18,1963
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0 3,10
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SUMMARY OF HISTORICAL WATER QUALITY DATA
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SUMMARY OF HISTORICAL WATER QUALITY DATA
) EAST ELM CREEK

DATE IE  SIEAY-  SRECIFIC 199 DISSOLVED EODS 17§ FECAL 10TRL T01RL 100~ 10 (1] 8 074, 1016 161 01

FLOY CONDUCTARCE OXVGER CRIFOm STaep OISSOLVED SUSPEIRDED KITROGEX KITRTE  ANIGIIA ORGAAIC PHOSPHORUS  OSGAHIC  OTAZINON
SOLIDS  SOLIOS KITROGEN  KITROGER  HITROGEN CAREON

(Cr8)  (US/CM  COEG €Y (CRGA)  CHBAD (COLS/IOGR) CORS/IOOR)  CBAY  GBAY (AL (BA) ) (A L A ey
BV 201976 8.3 H¢ & 153 9.3 43 8 & L1 0.5 0.0 0.87 .08 1.0 0.0%0
M 7,1976 a4 5 IS 8.6 3.7 & A i3 0.15 0.4 L.10 0.0 8.3 .00
1 7,197¢ K S0 moas 7.3 37 95 S 0.7 6.0t 0.01 0.6 0.02 0.0 0.02
S 741976 8.3 ) 0.0%
L 61576 1835 1520 -- # 25 7.4 33 L1 )] 0.9 .23 0.03 0.6t 07 12.0 0.660
M 61976 03 A0 B BN I8 16 1 8.0 0.0
R 20,1577 RS20 9 1.0 5.6 a7 pric] 0000 7 3 1.2 0.02 0.01 1.0 0.4 7.8 0.000
¥ 1, 1577 1o 48 100 160 8.5 23 2100 8500 a v 1.2 (R 0.01 0.61 0.0 2 0.0
SEP 13,1978 245 130.0 B 23 B4 1.7 1X0 35000 a ] 1.1 0.04 0.0 1.0 0.04 4.8 0.600
SEP 13,1078 1.5 W0 A8 77 1.7 2000 14000 59 8 07 .05 0.9 0.8 0.02 2.4 4,000
iR 21,1979 63 8.0 12 e 5.0 2.3 400 6000 &4 ) 0.9 0.03 0.04 o 0.02 9.6 0,000
B 1,178 .00 €0 % A0 It 1.8 600 LC % 13 1.8 0.2 [ 81) 0.8 0.08 [¢ X B X
M 1,1979 ny 9.0 N 03 7.0 1.0 yebo 3% 8 ] 1.5 0.y 0.0 0.52 .08 134 0000
HaY 15,1560 1.3 40 7% w5 60 5l 33000 £ 4 1% 3.3 0.8 a0 - 2% 0.15 A0 .00
Y 15,1560 131 1030 B AS .1 13 S48 300 1 Ll 1.7 0.5 0.09 1.3 0.13 19.0 0.000
HAY 15,1980 2.8 7l 8 2.5 2.0 34 800 28060 S L] i 0.2 0.04 1.0 010 "o
Y 13,1960 B .0 0 A5 g2 28 2100 2000 [\ 7 1.2 0.3 0.06 0.65 LX) 16.0
AY 15,1980 7.7 10 w0 Aa.s 8.3 3.0 26000 11000 n 18 1.¢ o1 0.% o 0.07 K
IR 23,1983 s 33 b I § 8.2 21 w 1% 0 8 0.9 0.07 0.0 0.41 ¢ 12,0 0.005
MY 20,1963 113 S B 8l id 2800 50000 14 1.7 0.7 15 L% 0.1t ne 0.0
MY 20,1963 7% 120 ] 4.2 16060 3000 i 1.5 8 0.12 1.2 0.03 12,0
BAY 20,1983 X.05 1.0 7 UL - 34 12000 S 4 i3 0.1 0.7 1.2 0.0¢ 3.0
HaY 21,1963 e B0 i e e.8 35 10060 200 5 R 1.4 0.9 0.4 1.3 0.03 2.0
FEB 83,1965 12.4 1.7 O R E.4 3.2 3100 60000 4] ] 1 ¥ W2 L% 0.01 15.0 0.005
J 22,1985 - .07 10 7 5.2 2600 800 5 5 1.9 0.2 0.07 1.3 0.08 13.0
B 22,1985 §07 0.0 n S 1) 160% 11000 n 20 9.48 0.9% L4 0.09 24
JN 22,1965 204 2800 9 11000 3200 [ L8 1.4 0.16 0.06 1.10 0.08 160
IR 22,1565 1093 A0 3 AS 73 W 30 - 6000 ] .03 0.8 0.03 2.0
A 3,985 1630 4.0 & LR 1 BN W 0.2 0.5 1.2 0.12
R 3, 1988 .46 260.6 7] 2.5 R 1.6 .23 0.0¢ L2 0.08
JL 3,1585 18.10 2420 0 2 100 1.5 0.5 o.n 0.7 0.07
S 4, 1984 &0 o0 4.6 &0 36000 :
X 4, 1584 7.0 & : 3.9 0 44090 & .
QA 4, 1984 9.3 i z24- 727 33 500 7500 8 ] 1.4 LR A K- 0.5t 0.0¢ 5.8
A 41585 IR} M 26 74 1.8 100 '
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APPENDIX B

FLOW VS. CONCENTRATION PROFILES
FOR THE STORMS OF
MAY 15, 1980 AND MAY 20-21, 1983
FOR THE FOLLOWING CONSTITUENTS:
Q, BOD, TSS, TDS, TN AND TP

B-1
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APPENDIX C

FLOW VS. CONCENTRATION PLOTS FOR
THREE REPRESENTATIVE CONSTITUENTS
(TDS, TP, BOD5)

FOR EACH STATION WITH THE LINE
AND EQUATION REPRESENTING BEST-FIT
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