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Abstract

Under a Water Environment Research Foundation grant, the Santa Clara Valley Urban Runoff Pollution
Prevention Program (Program) is testing 20 of 26 stormwater environmental indicators proposed by the Center
for Watershed Protection. Indicator #1 (Water Quality Constituent Monitoring) and Indicator #4 (Exceedance
of Water Quality Standards) were implemented in the watershed of Coyote Creek, a tributary to South San
Francisco Bay. Five years of historical water quality and hydrology data were examined to determine if time
trends in metals and suspended solids concentrations could be detected. A water quality hydrology model
explained a large percentage of the variability in pollutant concentrations and was used to estimate the number
of samples required to reliably detect a given percent change in total copper concentrations.

Water quality standards based on total copper and zinc were frequently exceeded. The number of
exceedances per year decreased through the monitoring period. Exceedances of standards based on dissolved
fractions were rare. Up to 80% of the total metals are associated with suspended solids. Large events tend to
increase solids concentrations in the creek due to erosion and bedload transport and contribute to apparent
exceedances of total metals standards.

Accounting for the influence of hydrology, soil erosion, and non-urban sources in trend analysis and in

comparison with water quality standards based on total metals will enhance the utility of this indicator.
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By Terry Cooke, Consulting Scientist,
and Phil Mineart, P.E., Senior Project Engineer
URS Greiner Woodward Clyde

Introduction

As part of the USEPA’s Environmental
Indicators/Measures of Success Project, funded
under Clean Water Act Section 104(B)(3), the
Center for Watershed Protection developed 26
“Environmental Indicators to Assess Stormwater
Control Programs and Practices” (Claytor and
Brown 1996). The indicators were accompanied by
a suggested methodology for crafting an indicator-
based monitoring program. Under a grant from the
Water Environment Research Foundation (WERF),
the Santa Clara Valley Urban Runoff Pollution
Prevention Program (Program) is testing 20 of the
26 environmental indicators. The main objectives
of the Program’s Stormwater Environmental
Indicators Demonstration Project (SEIDP) are to
evaluate the usefulness, effectiveness, and
applicability —of the  Stormwater Indicator
Methodology under semi-arid conditions.  This
involves the selection, testing, and refining of
protocols for monitoring environmental indicators
and the development of guidance on selection and
use of environmental indicators in the western states
(Cloak 1999).

Table 1

includes the City of Milpitas and the eastern portion
of the City of San Jose) and a 28-acre industrial
catchment along Walsh Avenue in the City of Santa
Clara. Data to analyze three of the social indicators
will be collected from the entire Program area
(Figure 1, Table 1).

This memorandum presents the results
achieved by applying Indicators #1 and #4 to gauge
the effectiveness of the Program’s stormwater
pollution prevention efforts in the Coyote Creek
Watershed.

Background:

We evaluated these two indicators in the 310-
square-mile Coyote Creek watershed (Figure 1). The
watershed comprises non-urbanized upland area in
unincorporated Santa Clara County and urbanized,
lowland watershed areas within the Cities of San
Jose and Milpitas. Since the Program was initiated,
the Silicon Valley's population, industrial,
commercial, and residential development, and
transportation volume have increased. Growth has
been particularly rapid in the Coyote Creek
watershed.

The County does not provide urban services.
In rural areas, culverts conduct stormwater short
distances to natural drainage features. In
unincorporated urban “pockets” near cities and
towns, stormwater flows within pipes or above

Indicators to Be Tested and Refined

Coyote Creek Watershed Walsh Avenue Catchment
#5 Sediment Characteristics and Contamination #1 | Water-Quality Constituent Monitoring
#7 Stream Widening and Downcutting #2 | Toxicity Testing
#8 Physical Habitat Monitoring #3 Non-point Source Loadings
#10 Increased Flooding Frequency #4 Exceedances of Water Quality Standards
#11 Stream Temperature Monitoring #18 | Industrial/Commercial Pollution Prevention
#12 Fish Assemblage Analyses #22 | Number of BMPs Installed and Maintained
#13 Macro-Invertebrate Assemblage #26 | Industrial Site Compliance Monitoring
#21 llicit Discharges Identified/Corrected Program Area
#23 Permitting and Compliance #17 | Public Attitude
#24 Growth and Development #19 | Public Involvement and Monitoring
#20 | User Perception
The SEIDP will apply the Center for ground to the adjacent city’s stormwater conveyance
Watershed  Protection’s  stormwater  indicator system.

methodology at two distinct geographic scales: the
310-square-mile watershed of Coyote Creek (which
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The Program was initiated in 1986 by 15 local
government agencies in Santa Clara County to
control non-point sources of heavy metals to South
San Francisco Bay. One of the initial activities was
the initiation of a water quality monitoring
characterization program designed to enable
estimation of pollutant loads and identify water
quality problems. The California Regional Water
Quality Control Board for the San Francisco Bay
Region issued an “early” stormwater National
Pollution Discharge Elimination System (NPDES)
permit to these agencies in 1990. To comply with
the reissued 1995 NPDES permit, the Program
prepared a Metals Control Measures Plan (MCMP).

The MCMP reviewed the significance of levels
of cadmium, chromium, copper, lead, mercury,
nickel, selenium, silver, and zinc in South San
Francisco Bay. The Program found five metals
(copper, nickel, mercury, silver, and selenium) to be
pollutants of concern for the Bay and Creeks. In
1996, the Regional Water Quality Control Board
requested the Program discontinue operation of the
routine water quality monitoring station and focus
resources on development of a Regional Monitoring
Plan.

Water quality monitoring data collected by the
Program are used as the basis for this evaluation.
The water quality and flow monitoring station is
located near downtown San Jose and receives runoff
gathered from the majority of the total watershed
area.

The methods section presents data sources
common to both indicators; discussion and
conclusions are presented for each of the two
indicators.

Methods

P Monitoring results may be compared to
reference rural or “least impacted” watershed
to assess the degree of impairment.

P Trends may result from land-use changes in the
watershed or watershed restoration efforts.

P  Exceedance frequencies of water quality
objectives can be used to characterize water
quality impacts due to urban runoff with
respect to various storm categories (frequent
storms, flood events).

We examined the usefulness of water quality
monitoring data to detect trends in concentrations
of constituents in stormwater runoff and in
exceedance frequencies of water quality standards.

Detecting Trends in Water Quality Constituents

Claytor and Brown (1996) noted the following
potential benefits of using these two water quality
indicators to evaluate stormwater program
effectiveness:

P Monitoring results from long-term efforts can
be used to identify trends in water quality over
time.

If trends in monitoring data can be identified
that correlate with or were explained by stormwater
management practices, water quality monitoring
would be a useful indicator of program success.
Trend analysis can be approached in several ways.
A simple approach is the time-trend analysis where
data are plotted with date sampled along the x-axis
and concentrations along the y-axis. A linear
regression can be fitted to the data to determine if a
significant time trend is present.

The difficulty with using runoff water quality
data in trend analysis is its high variability. Figure 2
shows the variability of copper, lead, nickel, zinc
and total suspended solids (TSS) relative to their
mean value. On the figure a concentration of 1.0 is
the mean concentration; a concentration of 2.0
would be twice the mean concentration, etc. It is
not unusual to measure concentrations that are two,
three, or more times the mean concentration.
Without being able to explain some of this
variability, it will be difficult to identify a trend in
the data. In addition, variability in concentration
increases the uncertainty in estimates of the mean
(average) concentrations and loads.



Much of the variability in in urban runoff
water quality is simply random, but some
variability can be explained by the different
hydrologic and antecedent conditions for each
storm event. Seasonal effects may be more
apparent in semi-arid climates such as found in
the Southwestern United States which typically
have dry summers and wet winters. Seasonal
effects are often exacerbated by El Nifio events
or prolonged droughts, which can cause large
variations in seasonal rainfall and runoff.

The existing Coyote Creek hydrology and
water quality database was used to determine if a
predictable relationship between water quality and
hydrology could be developed. A relationship
which explains a significant amount of the
variably in observed water quality could be used
to better detect changes in water quality due to
BMP implementation.

Indicator Evaluation
We evaluated the utility of the Water Quality

Constituent Monitoring Indicator by considering the

following questions:

P Has water quality changed during the
monitoring period?

P How much of the variability is due to
hydrologic factors?

P Can the influence of hydrologic factors be
accounted for and how much monitoring
would be required to determine a given change
in water quality with and without accounting
for changes in hydrology?

Data Analysis

Data Sources

Water quality and stream flow in Coyote Creek
were monitored during 38 storm events between
April 1988 and April 1995. In addition, rainfall has
been continuously measured since 1948 in the
watershed. However, complete data (both flow
water quality and rainfall) are available for only 32
of the 38 events. Table B-1 in Appendix B shows
which data are available for each event.

Hydrology
Rainfall data from the San Jose Gage (Alert

gage No. 1453, National Weather Service Gage

Relative Concentration (concentration divided by mean concentration)

Copper Lead Nickel Zinc TSS
Metal
Figure 2. Variability of Concentrations Measured

(NWS) # 7821) was used to represent rainfall for
each monitored storm event in the Coyote Creek
watershed. Stream flow data was collected at the
water quality monitoring station using water depth
sensors calibrated to stream flow rates using a rating
curve.

Water Quality

Water quality data were collected using flow-
composite samplers programmed to collect a
discrete sample after a given volume of flow (trigger
volume) had passed the station. The trigger volume
was adjusted prior to each event based on the
forcasted rainfall amounts. The discrete samples are
pumped into a large composite bottle contained
within the sampler and transported back to the
laboratory for analysis. Results from the composite
sample analysis are representative of the flow-
weighted average concentration and are called event
mean concentrations (EMC).

Data Summary Methods

Hydrology
Hydrology data (rainfall and flow) for both

event and antecedent conditions were summarized
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for each monitored storm event in Coyote Creek
watershed. Rainfall event statistics included total
storm volume, average intensity, and peak intensity.
Antecedent rainfall conditions were represented by
total rainfall that occurred during the previous 14
days and 28 days, total rain to date and dry period
days. The SYNOP computer program was used to
summarize the rainfall record for the San Jose gage.

In SYNOP the definition of a storm event is
based upon an inter-event time and minimum
precipitation. The inter-event time is the time
between storm mid-points. An inter-event time of
24 hours was used with a minimum of 0.1 inch
volume to calculate the statistics.

About nine years of flow data were available
(two years before 1990 and seven after) from the
Coyote Creek Station S4 flow gage. For each storm
event the average, peak and total flow were
obtained. To represent antecedent conditions the
total flow that occurred 14 and 28 days prior to the
storm event plus season to date were extracted from
the data.

Water Quality

Water quality data from Station S4 was recently
summarized as a part of a regional effort to collect
data from the San Francisco Bay Area into a single
database (BASMAA 1996). General statistics for
parameters of concern were summarized from the
water quality database. Data were excluded if the
percent capture was less than 75%. The percent
capture is the percentage of time the water quality
sampler was sampling for a given monitoring event.
Events with low capture are not considered
representative of a given event. Events 2,56 and 7
had low capture and were not used in the analysis.
The percent capture for event #38 was not used due
to an extreme (100 year) event preceding this storm.

Metal ~ concentrations  associated  with
particulates were calculated from the total and
dissolved metals and TSS data using the following
relationship:

Particulate (my/g) = {[Total (ny/l) - Diss (ng/1)]/
TSS (mg/1)} * 1000 ng/mag.

The percentage of metal present as dissolved
was also calculated.

Water Quality Trend Detection

We examined temporal trends in key water
quality —parameters using linear  regression,
correlation, stepwise regression, and analysis of
variance and analysis of covariance with power
analysis.

Simple Time Trend Analysis

Simple time-trend linear regression analysis was
used to determine if a water quality changed during
the monitoring period. Linear trends were evaluated
for flow-weighted concentrations of total and
particulate copper (Cu), total and particulate zinc
(Zn), and total suspended solids (TSS). Analysis of
variance was used to determine if the linear trend
was significant.

Analysis of Variance on Grouped Years

Analysis of variance (ANOVA) was used to
determine if one group of data were significantly
different from another group and to perform power
analysis. Data grouping was necessary to use the
ANOVA and power analysis techniques. Data from
each water year (winter- spring) were grouped into
two groups (wet or dry) based on the annual rainfall
amounts.  Average EMCs for each group were
compared using analysis of variance (ANOVA) to
determine if they were significantly different from
one another. ANOVA tests were performed using
total copper as indicator variable using log-
transformed data because the data were log-
normally distributed based on the Shapiro-Wilks test
for normality.

Power Analysis
A power analysis was performed to determine

how large of a change in water quality could be
reliably detected for a given sample size. Power
analysis determine the probability of detecting a
given change in concentration (if present) for a
particular dataset and takes into account the amount
of variability in the data.

Hydrology-Water Quality Model

The hydrology and water quality data were
examined to develop hydrology-water quality model
for Coyote Creek for use in the trend analysis.

The relationship between individual hydrologic
parameters and water quality was first examined by
calculating the Pearson correlation coefficient. One
hundred times the square of the correlation




coefficient indicates how much of the water quality
variability is explained by each hydrology parameter
assuming they are linearly related.

Step-wise linear regression was then used to
determine the form of the relationship. For this
analysis the hydrologic data were separated into two
classes: rainfall and flow. The stepwise regression
analysis was conducted separately for each
parameter (Total, Dissolved, and Particulate,
Copper, Lead, Nickel, and Zinc and Total
Suspended Solids) with each class because rainfall
and flow are highly correlated which would
otherwise confound the analysis. A mixed stepwise
regression (forwards and backwards) was performed
using a selection and removal significance criteria of
p <0.2. The best hydrology-water quality model
was then chosen for inclusion in the grouped water
year in an analysis of covariance (ANCOVA). A
power analysis was performed on the ANCOVA for
comparison with the ANOVA results.

Exceedance of Water Quality Standards

We evaluated the usefulness of the exceedance
of water quality standards indicator by considering
the following questions:

P Are water quality standards exceeded?

P Are time-trends in the number of exceedances
of water quality standards present?

P Is it possible to show further improvements in
the number of exceedances of water quality
standards?

The stormwater monitoring data were
compared to two different water quality standards:
Water Quality Objectives and Water Quality

Criteria. The San Francisco Bay Basin Plan Water
Quality Objectives (WQOs) are the current
regulatory objectives for the protection of aquatic
life in the San Francisco Bay Basin. For freshwater
systems such as stormwater, the objectives are
hardness dependent and are to be compared to total
metal concentrations.  In recognition that the
dissolved metals fraction is more representative of
metal bioavailability, USEPA adopted Interim Final
Water Quality Criteria (WQC) which are to be
compared to dissolved metal fractions.
The freshwater WQOs are expressed as:

o(A*In (TH) +B)

where TH = total hardness as CaCOs (mg/L), and
A and B are metal-specific factors for acute and
chromic toxicity.

The freshwater WQC are expressed as:

o(A%ln (TH) +B) * CF

where CF refers to the acute or chronic conversion
factors for dissolved metals.

Two different exposure durations are included
in the WQOs and WQC: acute, which are based on
a minimum 1-hour exposure duration; and chronic,
which are based on a minimum 4-day exposure
duration. SYNOP analysis was used to determine
the distribution of storm event duration’s during the
monitoring period.
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Table 2. Summary Statistics for Coyote Creek Water Quality Data

TSS (mg/1) Total Cu ( g/l) | Diss. Cu (Lg/1) % Diss. Cu Part. Cu (Lg/9)
Mean 284 26 5.2 13% 92
Median 190 24 45 13% 88
Geomean 220 23 4.6 11% 73
Standard Deviation 222 14 3.3 6% 54
Ccv 0.78 0.54 0.64 0.50 0.59
N 26 26 23 26 23

Total Ni (:g/1) Total Pb ((g/1) | Diss. Pb ([y/1) % Diss. Pb Part. Pb ([§/9)
Mean 56 31 2.0 8% 0.12
Median 39 28 1.0 5% 0.11
Geomean 35 26 14 6% 0.10
Standard Deviation 66 16 25 8% 0.06
Ccv 1.18 0.51 1.26 1.02 0.53
N 26 26 24 23 19

Total Hardness (mg/l) | Total Zn ((y/1) | Diss. Zn ((y/1) % Diss. Zn Part. Zn ([9/9)
Mean 106 14 18% 444
Median 110 13 15% 467
Geomean 95 12 14% 343
Standard Deviation 50 7 12% 283
Ccv 0.47 0.51 0.68 0.64
N 25 21 21 21

CV = Coefficient of Variation = (Std Dev./Mean)
N = Number of Samples

The number of exceedances of acute and
chronic objectives and criteria were evaluated for
each water year to determine if trends were
apparent.

Results

Water Quality Constituent Monitoring

Data Summary

Table 2 shows a statistical summary of
concentrations of TSS, Copper, Nickel, Lead, Zinc,
and Hardness for station S4. For all metals except
nickel, data are shown for three species: total,
dissolved, and particulate. No  dissolved
concentration data were available for nickel. Greater
than 80% of the total metals are found associated
with particulates in Coyote Creek during storm
events. Total metal concentrations tend to vary with
total suspended solids concentrations as a result of
this association.

Results of the statistical summary for rainfall
and hydrology data are presented in Appendix B.
Table B-2 summarizes the rainfall data for the
monitored events. Table B-3 shows the same
statistics for all storm events measured at the San
Jose gage between October 1948 and August 1997.
The flow data are summarized in Table B-4

Trend Detection

Figure 3 shows a time trend of TSS, total
copper, and total zinc in Coyote Creek. The
regression analysis shows a total copper and total
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Table 3. Positive Pearson Correlations
Water Quality and Hydrology

Water Quality Hydrology Correlation
Parameter Parameter Coefficient

TSS Total Rain to 0.552
Date

TSS Total Event 0.581
Flow

TSS Previous Two 0.647
Week Flow

TSS Previous Four 0.5009
Week Flow

Total Copper Average 0.740
Intensity
(in/hour)

Total Copper Peak Intensity 0.549
(in/hour)

Total Lead Previous Two 0.660
Week Flow

Total Lead Previous Four 0.621
Week Flow

Total Lead Total Seasonal 0.549
Flow to Date

Total Nickel Total Event 0.6044
Flow

Table 4. Negative Pearson Correlations
Water Quality and Hydrology

Water Quality Hydrology Correlation
Parameter Parameter Coefficient

Dissolved Peak Event -0.648

Copper Flow

Dissolved Average Event -0.586

Copper Flow

Dissolved Total Event -0.5568

Copper Flow

Particulate Total Rain to -0.8645

Copper Date

Particulate Previous Two -0.5645

Copper Week Flow

Particulate Previous Four -0.5682

Copper Week Flow

Particulate Total Seasonal -0.6798

Copper Flow to Date

Particulate Lead | Peak Event -0.5025
Flow

Particulate Lead | Total Event -0.6428
Flow

Dissolved Zinc Previous Two -0.647
Week Flow

Particulate Zinc | Total Rain to -0.8262
Date

Particulate Zinc | Total Seasonal -0.6361
Flow to Date

variance results indicated the trends were somewhat
significant at the 69% and 87% confidence level,
respectively. The results of time trend regressions
for particulate copper, and particulate zinc are
shown in Figure 4. The results of the analysis show
that particulate copper and particulate zinc
concentrations were more significant than the total
metal trends (96% and 90% confidence level),
respectively. The relationship between time and
particulate metal concentrations explained 18% and
14% of the variations in concentration for the two
metals, respectively.

Correlations

Correlation coefficients for total and dissolved
copper, lead, nickel, zinc, and total suspended solids
and hydrology and rainfall parameters are presented
in Table B-5 in Appendix B.

Strong positive and negative correlations (r >
0.5, i.e,, 25% of the variability is explained by the
parameter) were observed for several parameters
and are summarized in Tables 3 and 4, respectively.

In general, positive correlations were found for
total concentrations and negative correlations for
dissolved and particulate concentrations.  This
dichotomy could be due to the scouring of dissolved
constituents by TSS.

Total suspended solids were positively
correlated with indicators of wet antecedent
conditions (previous two and four week flow, total
rain to date) and with total event flow, suggesting
that large or wet events cause conditions that
increased sediment transport or erosion. Total
nickel also showed a positive correlation with total
event flow, suggesting an erosion source for nickel.



Total copper was positively correlated with
average and peak rainfall intensity suggesting larger
more energetic storms cause more copper to be
scoured from urban surfaces. On the other hand,
dissolved copper and dissolved zinc showed strong
negative correlation’s with peak, average and total
event flow, suggesting either dilution or scouring of
dissolved copper by the high suspended solids
concentrations that occur during large flow events.

Particulate copper and particulate zinc were
negatively correlated with indicators of the amount
of flushing (total rain and flow to date, previous two
and four week flow) indicating copper is seasonally
flushed from wurban surfaces and diluted by
background concentrations found in soils and
sediments.

Stepwise Regression Analysis

Results from the stepwise regression analysis
are shown in Table B-6 in Appendix B. Results
from the TSS - flow regression showed 95% of the
variations in TSS could be explained by changes in
the volume of flow in the previous two and four
week periods, peak and average flow rates and the
number of dry period days prior to the event.
Figure 5 shows the relationship between predicted
and measured TSS concentrations. Because TSS
was highly correlated with flow parameters it was
used as a substitute for flow indicators and included
as an additional factor in the rainfall regression.

The best stepwise regression model for total
metals explained 57%, 45%, 95%, and 58% of the
variations in copper, lead, nickel, and zinc,
respectively. Total nickel variations are explained by
the same variables used to explain the variations in
TSS, providing strong evidence that total nickel
concentrations are driven by erosion.

For particulate metals the best model explained
66%, 23%, 59% of the variations in copper, lead,
and zinc, respectively. Model relationships for
dissolved metals explained 38%, 15%, and 49% of
the variations in copper, lead, and zinc, respectively.

ANOVAs

Results of the ANOVA analysis are presented
graphically in Figure 6. The figure shows mean
total copper concentrations in dry winters was not

1200
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200 4
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Figure 5. Predicted verses Measured TSS

significantly ~ different  than  total  copper
concentrations in wet winters. Mean total copper
concentrations differed by less than ten percent.
The lack of apparent differences may be explained
by the lack of differences in hydrologic variables
determined to be important through the step-wise
regression model between the monitored events in
the wet and dry winters.

Power Analysis
Results from the comparison between wet and

dry winters were used to determine how much of a
difference between monitoring periods could be
reliably detected for a given number of monitored
events. The power analysis results are shown in
Figure 7. The results indicate a total of 50 storm
events (25 per monitoring period) are needed to
detect a 40% change in total copper concentrations.
Therefore, 25 additional samples would need to be
collected to detect a 40% difference in total copper,
if such a change existed.
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Results of the ANCOVA analysis are shown in
Figure 8. The results indicate when the hydrology-
water quality relationship is included, wet years are
not different than dry years. More significantly, the
power of the statistical test increases and less than
30 storm events (15 per monitoring period) are
needed to detect a 40% change in total copper
concentrations.

Exceedance of Water Quality Standards

TCu (ug/l) By Winter Rainfall
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Means and Std Deviations ‘ lIl
Level Number Mean Std Dev  Std Err Mean
Dry 11 27.7727 14.9422 4.5052
Wet 15 25.1867 13.9543 3.6030

Figure 6. Comparison of Dry and Wet Winter Total
Copper Concentrations in Coyote Creek. Diamonds
represent mean concentration for each group. Top of
diamond represents 95% confidence interval of mean.

ANCOVA Results
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The comparison of Coyote Creek monitoring

data to WQOs and WQC is provided in Table 5.
The data are expressed as the number of
exceedances versus the total number of sampled
events. Metals with exceeded WQOs or WQC are
highlighted.
Metals with exceedances of chronic WQOs include
total cadmium, copper, lead, mercury, nickel and
zinc. Metals with exceedances of acute WQOs
include total copper, lead, mercury and zinc. The
chronic WQO for total mercury is based on
preventing fish from accumulating levels of mercury
concentrations that could be hazardous to human
health. However, it is not certain whether
concentrations in waterways during storm events
persist long enough to allow accumulation in fish.

There were no exceedances of the acute WQC.
Metals with exceedances of chronic WQC include
dissolved lead and total mercury.

Results from the SYNOP analysis indicate
median storm duration of about 19 hours with 75%
of the storms less than about 35 hours in duration.
This implies that acute criteria would be most
applicable, however, for the larger storms chronic
criteria would also be relevant.
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Figure 7. Power Analysis Results For Total Copper Changes Using ANOVA Analysis
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Figure 8. Power Analysis Results For Total Copper Changes Using ANCOVA Analysis with Hydrology Factors



Table 5. Summary of Exceedance of Water Quality Standards in Coyote Creek Runoff

San Francisco Bay Basin Plan Water Quality Objectives

Total Total Total Total Total Total Total Total Total Total
Arsenic Cadmium Copper Chromium Lead Mercury Nickel Selenium Silver Zinc
Acute | Chronic [Acute| Chronic | Acute | Chronic | Acute | Chronic | Acute | Chronic | Acute | Chronic | Acute | Chronic | Acute | Chronic | Acute | Chronic | Acute | Chronic

0/27 | 0/27 |0/28| 5/28 |14/27| 23/27 | 0/24 | 0/24 | 1/27 | 25/27 | 1/27 5/5 0/27 | 1/27 0/29 0/29 | 0/27 | 0/27
EPA Water Quality
Criteria
Dissolved Dissolved Dissolved Dissolved Dissolved Dissolved Dissolved Dissolved Dissolved Dissolved
Arsenic Cadmium Copper Chromium Lead Mercury Nickel Selenium Silver Zinc
Acute | Chronic [Acute| Chronic | Acute | Chronic | Acute | Chronic | Acute | Chronic | Acute | Chronic | Acute | Chronic | Acute | Chronic | Acute | Chronic | Acute | Chronic
0/27 | 0/27 |0/23| 0/23 | 0/20 | 0/21 | 0/3 0/3 0/22 | 3/22 0/6 5/5 0/2 0/2 0/27 0/27 | 0/27 | 0/27

Notes:

Water Quality Objectives for the protection of aquatic life referenced in Basin Plan from EPA Federal Register 40 CFR Part 131 (d)(10)(ii), December, 1992.
Water Quality Criteria for the protection of aquatic life from EPA Federal Register 40 CFR Part 131 (d)(10)(ii), May 4, 1995.

0/5: Number of exceedances/Total Number of Sampled Events
Shading indicates an exceedance

Number of Exceedances by Water Year

Figure 9 shows the fraction of samples
exceeding the acute objective by water year. A
general decrease in the number of exceedances can
clearly be seen. There were no acute exceedances in
WY 94-95. If there continue to be no exceedances
then the exceedance frequency of acute water
quality objectives would not be useful indicator of
further improvements in water quality.

Figure 10 shows the fraction of samples
exceeding the chronic objective by water year. A
general decrease in the number of exceedances can
clearly be seen. Zinc shows a generally decreasing
trend in the fraction of samples exceeding the
chronic criteria.  In WY 94-95 there were no
exceedances for zinc.
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Figure 9. Exceedance Frequency
of Acute Objectives, by Water Year
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Figure 10. Exceedance Frequency of
Chronic Objectives, by Water Year

Discussion

Evaluating stormwater program effectiveness
requires considering co-occurring factors that can
affect the water quality of urban runoff. In this
memorandum we show how variations in hydrology
can affect monitoring results.

Water Quality Constituent Monitoring

Hydrology

A comparison of the data in Tables B-2 and B-
3 indicate that the monitored storm events were
larger and more intense than storms in general. This
may be due to the difficulty in predicting and
monitoring small events, which were generally not
monitored. Also, the monitored events were



preceded by wetter conditions than storms in
general, as indicated by the greater amount of
rainfall in the preceding 14 and 28 days.

Trend Analysis

Using constituent monitoring to detect changes
in total metals concentrations due to program
implementation is difficult in watersheds (such as
Coyote Creek) that are largely non-urban. Total
metals are often associated with suspended solids
and concentrations tend to reflect changes in the
amount of erosion and sediment/bedload transport
occurring in the stream channel. Monitoring during
dry winters or selecting lower flow events may help
overcome the masking influence of constituents in
eroded soils.

Decoupling the influence of hydrology from
changes to due to implementation of BMPs or
changes in landuse is challenging, even with
relatively large datasets. However, the best case
model was able to account for a large percentage of
the variability of many total constituents. After
applying the model, changes of 40% could be
detected with reasonable sample sizes.

The feasibility of decreasing total copper
concentrations by 40% in storm flows needs to be
examined because copper is present in soils that can
be eroded from hillsides and stream banks.
Particulate copper concentrations in Coyote Creek
are a good indicator of how much suspended solids
are enriched by copper from urban sources. In
Coyote Creek particulate copper concentrations in
wet winters decreased by approximately 50% from
particulate concentrations in dry winters (Dry
Winter = 133 ug/g; Wet = 65 ug/g). Copper
concentrations in Coyote Creek soils are not well
characterized. However, fine-grained (<63 um)
streambed sediments in a nearby watershed
(Calabazas Creek) contained an average of 45 ug/g
copper in upland areas. These concentrations are
similar to particulate copper concentrations in wet
winters. This observation suggests that during wet
winters native soils are a major source of particulate
copper. Therefore, changes in copper concentrations
due to decreases in urban sources of copper may
best be monitored in winters with below average
precipitation.

Exceedance of Water Quality Standards

Water quality standards have been set for many
chemical parameters that are measured in Coyote
Creek. Exceeding one or more of these standards
indicates a potential water quality problem. This
parameter would be a useful indicator of the
environmental health of a stream if a trend in the
number of exceedances could be identified.
However, each parameter needs to be compared to
its own standard so it can be difficult to determine
the degree of the problem. For example: Is a large
exceedance by a single parameter worse than smaller
exceedances by many parameters? To be a useful
indicator there would need to be many historic
exceedances of the criteria for several parameters.
Improvement in the environmental health of the
water body would be indicated by a decrease in the
number of exceedances and possibly in the number
of parameters that exceed.

Tracking the number of exceedances of total
metals WQOs (as opposed to WQCs) shows more
promise as an indicator of water quality. Copper and
lead show the greatest promise. A high percentage
of samples still exceed the criteria, which provides
an opportunity for changes to be observed.

A potential drawback to using the exceedance
frequency of chronic objective is the possibility that
background levels may exceed the objective. The
objectives are based on the water hardness, with
softer water having lower objectives. Stormwater
runoff tends to be softer (i.e., less hard) than base
flow (which is primarily groundwater) and,
therefore, lower standards apply during storm events
then apply before and after. However, erosion and
sediment transport occur during storm events
raising the concentrations of metals naturally found
in sediments above dry weather levels. Since the
standard is lower and the background
concentrations are higher the chance of background
concentrations exceeding the objectives is increased
during the storm events. If this is occurs frequently,
tracking exceedances of chronic objectives would
not be a good indicator.

Since there are so few parameters that exceed
the criteria for dissolved metals and the few that do
only exceed chronic criteria (which is usually an

wn,
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overly conservative criteria for most storm events)
tracking the number of exceedances of dissolved
criteria does not provide a mechanism to show
additional improvements in stream water quality.

Conclusions

Program Effectiveness

Water quality in Coyote Creek showed
improvements during the monitoring period,
especially for particulate metals concentrations in
suspended solids. Assigning the cause of these
improvements to activities conducted by the
Program is difficult due to many confounding
effects, including hydrologic factors. In addition, the
Program was in the early stages of implementation
during the period that monitoring data were
collected. It may be unrealistic to anticipate water
quality  improvements due to  program
implementation during the monitoring period.
Apparent changes in water quality may be due to
return to normal and wet annual rainfall amounts,
which could serve to decrease metals concentrations
in runoff and local streams.

Refinements to the Indicator

The following information should be

considered when applying the indicator:

P Annual and seasonal trends in hydrologic
variables.

P Length of time program has existed.
To enhance the utility of this indicator, we

recommend:

P Evaluation of relationships between hydrology
and water quality.

P  Estimation of background concentrations
either through a paired watershed design or
evaluation of upstream or rural areas.

P Performing power analysis to determine
adequate sampling frequency for trend
detection.
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