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RELATION OF URBAN LAND-USE AND
LAND-SURFACE CHARACTERISTICS TO THE
QUANTITY AND QUALITY OF STORM
RUNOFF FOR TWO BASINS IN CALIFORNIA

By Marc A. SyLvESTER and WiLLiam M. Brown 111

ABSTRACT

Two basins (Castro Valley Creek, in Alameda County, and Strong Raneh Slough, in
Sacramento County) in the San Francisco Bay and Sacramento-San Joaquin Delta
region (Bay-Delta region) were sampled intensively (3-15 minute intervals) during
three storms between October 1974 and April 1975. Both basins are primarily residen-
tial, but the Strong Raneh Slough basin is almost entirely urbanized and nearly flat,
while the Castro Valley Creek basin possesses some rural areas and slopes greater
than 70 percent in the headwaters, Water diseharge and eoneentrations of suspended
solids, chemical oxygen demand, 5-day biochemical oxygen demand, nitrite and ni-
trate, total Kjeldahl nitrogen, total orthophosphorus, and settleable matter were usu-
ally greater at the Castro Valley Creek basin than at the Strong Ranch Slough basin.
Concentrations of these constituents and water discharge changed more rapidly at the
Castro Valley Creek basin than at the Strong Raneh Slough basin. Of the four subba-
sins sampled (two in each basin), eonstituent concentrations in runoff from a residen-
tial subbasin were usually greatest.

Quantity and quality of runoff were related to environmental characteristics such as
slope, perviousness, residential development and maintenance, and channel condi-
tions. Greater water discharge and concentrations of constituents in the Castro Valley
Creek basin seem to be partly due to steeper slopes, less perviousness, and smaller
residential lot sizes than are in the Strong Raneh Slough basin. Erosion of steep slopes
disturbed by grazing and residential development, poorly maintained dwellings and
lots, and a mostly earthen drainage channel in the Castro Valley Creek basin are
probably responsible for the greater coneentrations of suspended solids and settleable
matter in runoff from this basin.

In both basins, the highest observed coneentrations of suspended solids, ehemical
oxygen demand, 5-day biochemical oxygen demand, settleable matter, total Kjeldahl
nitrogen, and total orthophosphorus were observed at or near peak water discharges.
Flow-weighted and arithmetic-mean coneentrations of suspended solids in Castro Val-
ley Creek exceed the arithmetic-mean concentration of suspended solids in medium-
strength untreated sewage. These results indicate that control of urban storm runoffin
the Bay-Delta region may be desirable to protect receiving water.



2 URBAN LAND USE AND STORM RUNOFF

INTRODUCTION
ADMINISTRATIVE DEVELOPMENT

The California State Water Resources Control Board (SWRCB) is
developing “Comprehensive Water Quality Control Plans” for
California that are intended to provide direction and guidance for
future water-quality control. Parts of these plans will be devoted to
the protection of State water through the control and abatement of
pollution originating from nonpoint sources, which include urban
storm runoff. In the San Francisco Bay and Sacramento-San Joaquin
Delta region (Bay-Delta region) (fig. 1), the Association of Bay Area
Governments (ABAG) is developing an Environmental Management
Plan that will include plans for managing storm runoff. Such plans
are mandated by the Federal Water Quality Control Act Amend-
ments of 1972, Public Law 92-500 (U.S. Congress, 1972). Section 208
of this law requires that areawide waste-treatment management
plans include urban storm-runoff control systems.

On March 8, 1972, the SWRCB, the U.S. Environmental Protection
Agency, and the U.S. Army Engineer District, San Francisco, Corps
of Engineers, specified by interagency agreement that the Corps of
Engineers would provide planning assistance to the State of Califor-
nia for preparation of the “Comprehensive Water Quality Control
Plans” for stream basins in the Bay-Delta region. One aspect of such
assistance, determining the feasibility of collecting and treating
urban storm-runoff from stream basins tributary to the Bay-Delta
region, is the responsibility of the Corps of Engineers, San Francisco
District. Prior to this, in September 1971, the San Francisco District
requested the assistance of the Hydrologic Engineering Center,
which asked the U.S. Geological Survey to participate in the design of
a storm runoff data-collection program and to collect and analyze the
water samples. A data-collection program began in October 1971. The
Hydrologic Engineering Center intends to use the data for calibrating
and verifying digital computer models capable of predicting the quan-
tity and quality of storm runoff. In addition, the data collected are
intended to assist SWRCB and ABAG in formulating plans for man-
aging storm runoff in the Bay-Delta region. A desirable ingredient in
the formulation of these plans is the relationship between land-use
and land-surface characteristics! and the quantity and quality of
urban runoff. During the summer 1974, personnel of the Corps of
Engineers and the Geological Survey developed an approach to de-
termine these relationships in selected study basins in the Bay-Delta

'Land-use and land-surface characterstics are the extent and kinds of land covers and their pervious or impervi-
ous character, land slope. basin configuration and area, character of the storm-runoff channel, interception storage,
mfiltration, depression storage including manmade detention and retention basins, samitary condition of parcels
and buildings, construction activities, and traffic density and composition.
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region. This report describes the study program that resulted, pre-
sents the data collected, and explains the relationships between en-

vironmental characteristics? and the quantity and quality of urban
storm runoff.
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FiGURE 1.—The San Francisco Bay and Sacramento-San Joaquin Delta region, county
boundaries, and sampling sites.

*Environmental characteristics are land-use and land-surface characteristics plus ranfall characteristics, an-
tecedent moisture conditions, and seasonal changes in vegetation such as leaf fall from deciduous plants.
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PURPOSE AND SCOPE

The two purposes of this study are to provide data useful for the
calibration and verification of urban runoff models and to determine
relationships between land-use and land-surface characteristics and
the quantity and quality of urban storm runoff. The second objective
requires (1) comparing and contrasting the quantity and quality of
urban storm runoff from selected drainage basins in the Bay-Delta
region and (2) assessing the land-use and land-surface characteristics
in the selected drainage basins. A third element of the study is de-
termining whether control of urban storm runoff is necessary to meet
water-quality objectives in the region.

This report compares and contrasts the quantity and quality of
urban storm runoff from two basins in the Bay-Delta region: the
Castro Valley Creek basin and the Strong Ranch Slough basin. Data
from October 1974 to April 1975 were used because high-frequency
sampling during comparable storm periods was done in both basins
only during this period. Intensive sampling is necessary to permit
valid comparisons. Data were collected on a less frequent basis from
October 1971 to April 1974 and are available from the U.S. Army
Corps of Engineers (1972-74) and the U.S. Geological Survey
(1972-74).

This report describes the general geology, soils, topography, hy-
drology, climate, vegetation, and human activities in the Castro Val-
ley Creek and Strong Ranch Slough basins. These factors are used to
compare the basins. The relations of land-use or land-surface charac-
teristics to the quantity and quality of urban storm runoff are de-
scribed, and an attempt is made to determine the need for control
measures.

ACKNOWLEDGMENTS

The authors gratefully acknowledge Dr. Richard Ellefsen, Chair-
man of the Department of Geography, California State University,
San Jose, for consultation on remote-sensing applications to urban
land-use mapping and direct work on multispectral land-cover
analysis of the Castro Valley Creek basin. J. W. Abbott, U.S. Army
Corps of Engineers, Hydrologic Engineering Center, Davis, Calif,,
made valuable suggestions on study design and provided coordination
with the Corps of Engineers, San Francisco District.

SAMPLING PROGRAM
PRELIMINARY SAMPLING

A preliminary water-quality sampling program began in October
1971 in the Castro Valley Creek basin. This basin was selected be-
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cause it was considered typical of basins in the Bay-Delta region. In
October a continuous-record stream gage and a continuous-record
precipitation gage were installed in the basin.

Samples were collected during seven storms from November 1971
through April 1972 at the Survey gaging station near the mouth of
the basin (11181008, Castro Valley Creek at Hayward). The sampling
schedule is shown in table 1. Information gained from this initial
sampling was used to determine which constituents were important
for assessing the quality of storm runoff, concentration ranges of
these constituents, and changes in sampling format that would im-
prove sampling efficiency.

TABLE 1.—Sampling schedule, October 1971-April 1972
[Modified from U.S. Army Corps of Engineers, 1972]

Constituent Sampling frequency

Water discharge Continuous
Specific conductance 12 samples (half hour on rise and hourly on fall)
Dissolved oxygen (DO) Rise, peak, fall
5-day biochemical oxygen Peak
demand (BODs)
Chemical oxygen demand (COD)

Rise, peak, fall
Suspended solids

Rise, peak, fall

Volatile solids

Dissolved solids

Nutrients

Heavy metals

0Oil and grease

Pesticides

Total and fecal coliform

pH

Detergents—methylene blue
active substances (MBAS)

Major ions

Organic carbon

Temperature

Floatable material

Alkalinity (as CaCOs, total)

Suspended sediment

Rise, peak, fall

Hourly on rise, peak, bihourly on fall

Hourly on rise, peak, bihourly on fall

Rise, peak

Rise, peak

Rise, peak

Rise, peak, fall

12 samples (half hour on rise and hourly on fall)
Rise, peak, fall

Peak

Rise, peak, fall

12 samples (half hour on rise and hourly on fall)
Visual description

12 samples (half hour on rise and hourly on fall)
Peak, fall

EXPANDED SAMPLING

The sampling program was expanded in September 1972 to include
Peralta Creek in Oakland, Ross Creek in San Jose, and Strong Ranch
Slough in Sacramento (fig. 1). These basins and the Castro Valley
Creek basin were selected because it was thought that they were
representative in terms of land-use and land-surface characteristics
of residential basins within the Bay-Delta region.3 It was thought

3An analysis of the land-use and land-surface characteristics in the Bay-Delta region is necessary before the
representativeness of these basins can be confirmed. This has not yet been done for the entire Bay-Delta region, but
a preliminary assessment of these characteristics in two basins 1s given 1n this report (“Castro Valley Creek Basin”
and “Strong Ranch Slough Basin™.
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that results from the studied basins could be extrapolated to other
study area basins having similar characteristics, but which were not
sampled. A nonurbanized watershed (Saratoga Creek in Santa Clara
County) was sampled to compare the quality of storm runoff from this
basin with the urbanized basins.

Generally, the sampling program from September 1972 to April
1973 was the same as that used during the first year at the Castro
Valley Creek basin except that samples for organic carbon, total col-
iform, fioatable material, and suspended and volatile solids were not
taken. Samples were obtained at Survey gaging stations (11181008,
Castro Valley Creek at Hayward; 11181300, Peralta Creek at Oak-
land; 11167700, Ross Creek below Jarvis Road; 11447030, Strong
Ranch Slough at Sacramento; and 11169500, Saratoga Creek at
Saratoga).

During the sampling program from October 1973 to April 1974,
water-quality and suspended-sediment samples were taken only at
Ross Creek and Strong Ranch Slough. Continuous-discharge records
were obtained for Ross Creek, Strong Ranch Slough, and Castro Val-
ley Creek. Peralta Creek and Saratoga Creek were not sampled dur-
ing this period. Seven storms were sampled at Ross Creek, and six
storms were sampled at Strong Ranch Slough.

INTENSIVE SAMPLING

To satisfy the data needs for calibrating and verifying STORM, a
digital computer model, and to make valid comparisons of the quan-
tity and quality of runoff between basins, high-frequency sampling
was necessary. STORM has been documented by the Hydrologic En-
gineering Center, Corps of Engineers, Davis, Calif,, and is available
to the public (U.S. Army Corps of Engineers, 1976). The intensive
sampling program from October 1974 to April 1975 was designed to
obtain depth-integrated, centroid (center of flow volume) samples at
approximately 10-min intervals during rising and peak water stages.
Depth-integrated, centroid samples were taken because stormflows
from urban areas can change rapidly, making multivertical sampling
difficult or impossible. Stormflows also tend to be turbulent, mixing
the water and making it fairly homogeneous horizontally. The water
is also mixed vertically, but certain constituents, such as oil and
grease, tend to stay near the surface while other constituents, such as
the larger particulate material, tend to stay near the bottom of the
storm channel. Usually only two or three samples were taken during
receding water stages. Field determinations were made for water
temperature, specific conductance, pH, and alkalinity. Laboratory
analyses were made for settleable matter, 5-day biochemical oxygen
demand (BODs), suspended solids, chemical oxygen demand (COD),
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July 8, 1974. The Castro Valley Creek rain gage recorded 0.60 in. (15
mm) of rainfall in 11 hours. No rainfall was recorded at the Strong
Ranch Slough rain gage. Samples were not obtained at either basin
during this storm. The next measurable rainfall occurred October
27-28, 1974; 0.40 in. (10 mm) of rainfall accumulated in 11 hours at
the Castro Valley Creek gage, and 0.82 in. (21 mm) of rainfall ac-
cumulated in 14 hours at the Strong Ranch Slough rain gage.
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The second significant storm of the season occurred November 7,
1974. At Castro Valley Creek an intense rainfall of short duration,
0.68 in. (17 mm) in 4 hours, resulted in a sharply rising hydrograph.
Less intense rainfall, 0.48 in. (12 mm) in 6 hours, resulted in a more
moderately rising hydrograph at Strong Ranch Slough. No significant
rainfall occurred in the Castro Valley Creek basin between the Oc-
tober and November storms; at Strong Ranch Slough a significant
storm on October 31, 1974, resulted in 0.56 in. (14 mm) of rainfall in
11 hours.

At both study basins, the third storm sampled was preceded by a
series of storms. The third storm sampled at Strong Ranch Slough
was February 12, 1975, and was the largest of fiscal year 1975, 1.89
in. (48 mm) of rainfall in 24 hours. At Castro Valley Creek the third
storm sampled, March 21, 1975, was the second largest of fiscal year
1975, 1.25 in. (32 mm) of rainfall in 15 hours. The largest, January 6,
1975, caused 1.35 in. (34 mm) of rainfall in 8 hours.

RUNOFF SAMPLING

From October 1971 to April 1974 a large number of constituents
were analyzed, but usually only three or four samples were obtained
per storm. Mass emission curves were difficult to construct from these
data. In addition, changes in constituent values corresponding to
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changes in the hydrograph for each storm could not be determined.
Peak constituent values were usually missed. With high-frequency
sampling from October 1974 to April 1975 these difficulties were
largely overcome. Figures 9 through 20 are plots of water-discharge
and water-quality constituents as a function of time. Plots are shown
for all three storms sampled at the basin gaging station Castro Val-
ley Creek at Hayward (11181008) to show the relationships among
water-quality constituents and between these constituents and water
discharge. Plots for the third storm at the bhasin gaging station
Strong Ranch Slough at Sacramento (11447030) are sufficient to il-
lustrate constituent relationships for this basin and to show differ-
ences in the quantity and quality of runoff from the Castro Valley
Creek and Strong Ranch Slough basins.

Generally, data for Castro Valley Creek (figs. 9-17) show rapidly
changing constituent values during rising water stages. For example,
figure 9 shows that suspended solids rose from 61 to 1,310 mg/L in 9
min. Clearly, even a 10-min sampling interval was not sufficient to
assess the rapidly changing conditions at Castro Valley Creek during
rising water stages. For this reason, instead of following the 10-min
sampling interval as planned, samples were obtained as quickly as.
possible during rising water stages at Castro Valley Creek. The col-
lection interval depended on the time needed to fill sample bottles and
retrieve the next set of bottles for sampling. This resulted in a sam-
pling frequency of about 3-5 min.

EXPLANATION (Figures 9-20)

Concentrations or values for constituents are plotted using the ordinate value for
water discharge in cubic feet per second. The following gives the units in which
each constituent is reported.

Suspended solids milligrams per liter
Chemical oxygen demand milligrams per liter
Biochemical oxygen demand milligrams per liter
Alkalinity, as CaCO3 milligrams per liter
Specific conductance micromhos at 25° Celsius
pH units

Settleable matter milliliters per liter
Total nitrite plus nitrate, as N milligrams per liter
Total Kjeldahl nitrogen, as N milligrams per liter
Total nitrogen, as N milligrams per liter
Total orthophosphorus, as P milligrams per liter

Ficure 9.—Changes in water discharge, biochemical oxygen demand, chemical oxygen
demand, and suspended solids with time, Castro Valley Creek basin, October 27-28,
1974 (first storm sampled).
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The relationships between water-quality constituents and water
discharge at Castro Valley Creek are summarized as follows:

1. COD, BOD:s, suspended solids, settleable matter, total nitrogen,
total Kjeldahl nitrogen, and total orthophosphorus usually in-
crease during rising water stages and decrease during reced-
ing water stages (figs. 9-12, 15-17).

2. Total nitrite plus nitrate generally decreases during rising
water stages and increases during receding stages (figs. 11, 17,
and 20).

3. Specific conductance and alkalinity decrease during the first
flush (first rising hydrograph of storm) but may increase with
subsequent rises in water stages (figs. 13 and 16).

4. After the first flush, changes in pH are slight and follow no
discernible pattern (figs. 10, 13, and 16) (see also “Water-
Quality Data”).

These observations are supported by the correlation coefficients
given in table 3. Correlation coefficients for water-quality con-
stituents with water discharge are high for suspended solids (0.91 and
0.85), settleable matter (0.77 and 0.76), COD (0.72), BODs (0.79),
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specific conductance (—0.81), and alkalinity (—0.76). The relation of
other water-quality constituents to water discharge is not very
strong, as shown by the low correlation coefficients.

The relationships observed at Castro Valley Creek between
water-quality constituents and water discharge do not always apply
at Strong Ranch Slough. BODs decreased from 31 to 20 mg/L
(“Water-Quality Data”) during the first flush of the second storm
sampled and from 12 to 5.8 mg/L. during the first flush of the third
storm sampled (fig. 18). Relationships for the first storm sampled at
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nitrite plus nitrate as N, and total orthophosphorus as P with time, Castro Valley
Creek basin, October 27-28, 1974 (first storm sampled).
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Strong Ranch Slough cannot be determined because of insufficient
data for the rising portion of the hydrograph. Specific conductance
and alkalinity initially decreased during the first flush of the second
and third storms sampled but increased during rising flows near the
peak of the first flush (fig. 19). Total orthophosphorus initially in-
creased during the first flush of the second and third storms sampled
but decreased during rising flows near the peak of the first flush (fig.
20). Total nitrate plus nitrate decreased during the first flush of the
third storm (fig. 20) but initially increased during the first flush of the
second storm and then remained fairly constant (“Water-Quality
Data”). Total nitrogen and total Kjeldahl nitrogen decreased during
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Castro Valley Creek basin, November 7, 1974 (second storm sam-
pled).
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the first flush of the third storm (fig. 20) but increased during the first
flush and a subsequent rising hydrograph of the second storm
(“Water-Quality Data”).

Suspended solids, COD, and settleable matter increased during ris-
ing flows and decreased during receding flows of the second and third
storms sampled, corresponding with the general pattern noted for
these constituents for the three storms sampled at Castro Valley
Creek. Also, correlation coefficients for suspended solids, settleable
matter, and COD with water discharge are high (table 3).

Relationships between water-quality constituents were also deter-
mined (table 3). Specific conductance and alkalinity curves are very
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Ficure 13.—Changes in water discharge, specific conductance, al-
kalinity, pH, and settleable matter with time, Castro Valley
Creek basin, November 7, 1974 (second storm sampled).
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similiar for all three storms and both basins sampled (figs. 10, 13, 16,
and 19). Correlation coefficients for alkalinity with specific conduc-
tance are 0.96 at Castro Valley Creek and 0.89 at Strong Ranch
Slough. Other constituents having high correlations at both basins
are: settleable matter, total Kjeldahl nitrogen, and COD with sus-
pended solids; total Kjeldahl nitrogen, total nitrogen, settleable mat-
ter, and BODs with COD; and total Kjeldahl nitrogen with total ni-
trogen.

At Castro Valley Creek curvilinear correlations among variables
were usually higher than linear correlations. The converse was true
at Strong Ranch Slough.

Comparison of figures 9 through 17 with figures 18 through 20
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thophosphorus as P with time, Castro Valley Creek basin,
November 7, 1974 (second storm sampled).
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shows that there are basin variations in storm runoff. Peak
stormflows at Castro Valley Creek were always greater and hydro-
graphs showed sharper rises than at Strong Ranch Slough. Except for
the first storm, average stormflows were also greater at Castro Valley
Creek than at Strong Ranch Slough (“Water-Quality Data”). Except
for total orthophosphorus during the third storm, maximum and
mean concentrations of all water-quality constituents sampled were
greater in the runoff at Castro Valley Creek than at Strong Ranch
Slough (“Water-Quality Data”). Also, constituent values changed less
rapidly at Strong Ranch Slough. Hence, 10- to 15-min sampling
intervals were sufficient to measure the changes in constituent val-
ues at Strong Ranch Slough.
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SUBBASIN RESULTS

Based on the limited number of samples taken (maximum of three
per storm, see “Water-Quality Data”), values for all constituents ex-
cept suspended solids were usually greatest in runoff from the resi-
dential subbasin in the Castro Valley Creek basin. Storm flows from
the rural subbasin generally had greater concentrations of suspended
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solids than stormflows from the residential subbasin. The largest
value for suspended solids, however, was measured in a sample taken
during the third storm at the commercial subbasin in the Strong
Ranch Slough basin. The largest estimated water discharges for all
three storms were at the commercial subbasin in the Strong Ranch
Slough basin. This subbasin is a shopping center, and nearly the
entire subbasin is covered by impervious surfaces.
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Based on the concentration of pollutants observed in the stormflows
for the three storms sampled, the subbasins can be ranked as follows:
Residential, commercial, rural, and institutional where the residen-
tial subbasin has the greatest concentration of pollutants in
stormflows and the institutional has the least.

RELATIONSHIPS BETWEEN ENVIRONMENTAL
CHARACTERISTICS AND THE QUANTITY AND QUALITY OF
URBAN STORM RUNOFF

This section of the report describes relationships between environ-
mental characteristics and the quantity and quality of storm runoff.
Results from this study are compared with results from studies done
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Ficure 18.—Changes in water discharge, biochemical oxygen
demand, chemical oxygen demand, and suspended solids with
time, Strong Ranch Slough basin, February 12, 1975.
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elsewhere. A conceptualized view of urban storm runoff (fig. 21) and a
listing of the sources of water-quality constituents in urban runoff
(table 4) should help the reader understand the following discussion.

THE FIRST-FLUSH EFFECT

The first flush from an urban area sometimes carries the greatest
concentration of pollutants. Pollutants are defined for this report as
water-quality constituents such as those listed in table 4 that, at
increased concentrations, would degrade the quality of Bay-Delta wa-
ter. Such an effect was observed for the second storm (November 7,
1974) at the Castro Valley Creek gaging station. The sampling
periods for the first and third storms at the Castro Valley Creek
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Figure 19.—Changes in water discharge, specific conductance,
alkalinity, pH, and settleable matter with time, Strong Ranch
Slough basin, February 12, 1975.
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gaging station and the three storms sampled at the Strong Ranch
Slough gaging station were not sufficient to compare first-flush pol-
lutant concentrations with concentrations during subsequent flows.

The first-flush effect is not always observed. Palmer (1963, p. 164)
reported for stormflows in Detroit: “In some cases the quality became
worse as the storm progressed and in others it became better, and in
still others no pattern was apparent.” First-flush water quality is
probably dependent on the time period between storms, rainfall
characteristics (depth, intensity, duration, and distribution), seasonal
variations in the accumulation of pollutants on land surfaces, and
land-use and land-cover characteristics of the basin.
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TABLE 3.—Correlations among variables measured and sampled at Castro Valley Creek
at Hayward (11181008) and Strong Ranch Slough at Sacramento (11447030)
[Linear correlation equations are: Dependent variable = a + b (Independent variable), where a and b are regression
parameters. Curvilinear correlation equations are: Dependent variable = k (Independent variable™), where k and

n are regression parameters; a log transformation will convert this equation to linear form]

Castro Valley Creek Strong Ranch Slough
Vanab]sez,hcor:lelated Linear Curvilinear Linear Curvilinear
as show! correlation correlation correlation correlation
coefficients coefficients coefficients coefficients
With discharge:
Total nitrite plus nitrate —0.54 -0.64 -0.15 -0.08
Total Kjeldahl nitrogen .51 .57 63 .15
Total nitrogen .32 12 .58 11
Total orthophosphate 14 20 —.09 20
Suspended solids .85 91 .85 .68
Settleable matter 17 .76 .75 .85
Chemical oxygen demand (COD) 47 72 12 44
5-day biochemical oxygen demand (BODs) .54 79 .52 .35
Specific conductance —.54 —-.81 -.35 -.66
Alkalinity —.51 —.76 -.31 —.55
pH —44 —-.51 43 .33
With total nitrogen:
Total nitrite plus nitrate -.09 -.01 .20 .04
Total Kjeldahl nitrogen .90 .66 .95 .93
With suspended solids:
Total nitrite plus nitrate —.51 —.65 -.20 -.25
Total Kjeldahl nitrogen 14 NE] .80 31
Total nitrogen .60 31 72 31
Total orthophosphate 35 40 .06 .02
Settleable matter .94 19 79 .56
Chemical oxygen demand (COD) .70 .80 .85 .59
5-day biochemical oxygen demand (BODs) .65 .82 .62 .32
Specific conductance - 45 -1 —.16 -.23
Alkalinity —.44 -7 -.22 —.26
pH -.38 ~.50 24 22
With chemical oxygen demand (COD):
Total nitrite plus nitrate —-.53 —.64 —-.20 -.23
Total Kjeldahl nitrogen .92 91 94 .80
Total nitrogen 79 47 .87 75
Total orthophosphate .49 .61 .07 —.03
Settleable matter .82 .83 .85 .43
5-day biochemical oxygen demand (BODs) .89 .87 93 93
Alkalinity —47 —.69 -.19 -.26
pH -.39 —-.51 .18 .15
With specific conductance:
Total nitrite plus nitrate .90 — 45 —
Total Kjeldahl nitrogen —.44 — .01 —
Total nitrogen -.06 — 14 —
Total orthophosphate —.40 — -.21 —
Settleable matter -.41 — -.29 —
Chemical oxygen demand (COD) ~.45 — —-.05 —
5-day biochemical oxygen demand (BODs) —.45 — -.15 —
Alkalinity 96 — .89 —
pH .72 — —11 —

TIME BETWEEN STORMS

Between storms, pollutants accumulate on urban basins at rates
that presumably vary according to such factors as land use, popula-
tion density, climate, and human activities. Not counting municipal
removal (street sweeping, garbage collection) pollutants continue to
collect until removed by wind or rain. Thus, as the time between
storms increases so should the accumulated amount of pollutants.
Given the same rainfall depth, duration, and intensity, the concen-
tration of pollutants in urban storm runoff should also be greater as
the time between storms increases.
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Gameson and Davidson (1962), Pravoshinsky and Gatillo (1969),
and Wilkinson (1956) all concluded that the concentration of pollu-
tants in runoff generally increased with the duration of antecedent
dry period. Weibel and others (1964) and Bryan (1972) could not find
conclusive proof to support this concept.

The effect of antecedent dry periods cannot be determined for this
study because pollutant accumulation rates were not determined.
Also, among the three storms sampled at each basin, rainfall charac-
teristics, runoff discharges, and the shapes of the hydrographs are
dissimilar.
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TaABLE 4.—Water-quality constituents and their sources in urban runoff
[Modified from Wells, Austin, and Cook, 1971, p. 48]

Source area Examples Water-quality constituents
Atmosphere Wind erosion Suspended, settleable, and
dissolved solids
Combustion of natural gas and Sulfur oxides
high-sulfur fuels
Automobiles Nitrogen oxides,
hydrocarbons
Ground Water erosion Suspended, settleable, and
surfaces dissolved solids
Automobiles Oils and grease; suspended,
settleable, and dissolved
solids; heavy metals
Rubbish and litter Suspended, settleable, and
(leaves, grass clippings, dissolved solids; soluble
trash, garbage, etc.) and insoluble organics
and nutrients
Animal wastes Bacteria and viruses,
soluble and insoluble
organics and nutrients
Lawns and gardens Fertilizers (nutrients)
and pesticides
Subsurface Industry (accidental and Acids; heavy metals;

surreptitious discharges to
covered storm sewers)

Covered storm sewers and
material collected in catch

nutrients; organics;
suspended, settleable, and
dissolved solids; bacteria
Bacteria; organics;
suspended, settleable, and

basins during low flow and dissolved solids

previous storm periods

RAINFALL CHARACTERISTICS

Rainfall characteristics that affect runoff are depth, intensity, du-
ration, and distribution. The distribution of rainfall depth, intensity,
and duration is determined by climatic and topographical features
that, in turn, determine the type of storm received. For a study area
in Louisiana, R. J. Lobell (written commun., 1975) found that rainfall
varied to a greater extent over small areas in convective storms
(thundershowers) than in frontal storms. Typically, the Bay-Delta
region receives frontal storms, but intense rainfall is not rare. For
example, the second storm sampled (November 7, 1974) at Castro
Valley Creek was a localized cell causing high intensity rainfall at
and near the gage house, while subbasins within the drainage basin
received very little precipitation. Thus, this rainfall had characteris-
tics of a convective storm. Apparently, rainfall intensity varies across
even a small urban watershed (like Castro Valley Creek) within the
Bay-Delta region.
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SEASONAL VARIATIONS

The rate of accumulation of pollutants on urban basins may vary
seasonally. Dust and dirt are generally the most important compo-
nents of solids accumulation. Autumn leaf fall may, however, be a
significant factor in temperate climates. In a study made in Chicago,
the American Public Works Association (1969) found that, in au-
tumn, leaf material in residential streets accounted for over half the
total street litter found.

Large quantities of macerated leaf material were observed in
runoff during the second storm (autumn season) at Castro Valley
Creek. This material may have been responsible for the suspended
solids and COD values being highest for the second storm.

Other studies have not reported pronounced changes in constituent
concentrations due to seasonal factors that affect pollutant accumula-
tion (Weibel and others, 1964; Cleveland and others, 1970).

LAND-SURFACE CHARACTERISTICS

The authors believe that meaningful correlations between conven-
tional land-use classifications (such as residential, commercial, and
industrial) and the quantity and quality of urban storm runoff are not
possible without first assessing, for each conventionally designated
land-use area, the land-surface and land-use characteristics that af-
fect pollutant accumulation and removal. Land-surface characteris-
tics that affect the quantity and quality of urban storm runoff are
perviousness, interception and depression storage, slope, basin area
and configuration, condition of the drainage channel, and geology and
soils where not covered by artificial surfaces such as concrete and
asphalt.

There is a rapid response time of runoff to rainfall in the Castro
Valley Creek basin (runoff closely follows the onset of rainfall and
peaks and recedes rapidly). This may be because a high percentage of
the basin is covered with impervious surfaces, and there is probably
little interception and depression storage. Built-up areas in the hilly
part of the basin have steep slopes that increase the rate of runoff.

In contrast, the Strong Ranch Slough basin is considerably less
responsive to rainfall. Although the percentage of the basin that is
impervious is unknown, there seems to be some depression storage
resulting from the low slopes. ’

Basin area affects runoff quantity and quality because large basins
have a greater probability of producing large volumes of runoff. Basin
configuration also affects runoff. The first flushes from various
tributary subbasins may arrive at the sampling point at different
times. A more polluting first flush from one subbasin may be mixed
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with recession flow from other subbasins. The resulting runoff will be
less polluting than if first flushes from all tributary subbasins arrived
simultaneously at the sampling site. Basin areas for Castro Valley
Creek and Strong Ranch Slough are similar, but basin configurations
are much different (figs. 2 and 6). This difference probably accounts
for some of the differences in the quantity and quality of runoff be-
tween the two basins, although the specific influence of basin config-
uration is presently unknown.

Most of the Strong Ranch Slough is an open, concrete channel,
while most of Castro Valley Creek is an open, earthen channel. The
capacity of storm runoff to erode channel banks is greater for earthen
channels than for concrete channels. Thus, storm runoff from earthen
channels should have higher concentrations of suspended solids and
settleable matter. Although the concentrations of suspended solids
and settleable matter were always greater in runoff from the Castro
Valley Creek basin than from the Strong Ranch Slough basin, the
proportion derived from channel banks was not determined.

Geology and soils are important factors affecting runoff from the
wooded, northeastern part of the Castro Valley Creek basin. No
runoff was recorded at the Madison Avenue sampling site (fig. 3)
during the first storm sampled of the 1974-75 rainy season that pro-
duced considerable runoff at the basin gaging station. The Madison
Avenue subbasin absorbed the rainfall without contributing runoff
due to the perviousness of the terrain and despite steep slopes in the
subbasin.

LAND-USE CHARACTERISTICS

Land-use characteristics that affect pollutant accumulation and
removal are sanitary conditions, construction activities, and traffic
density and composition. Sanitary conditions refer to exterior hous-
ing quality, water supply, disposal of human waste, litter and trash
accumulations, junked cars, dilapidated sheds, vacant-lot sanitation,
poor-drainage areas, vector harborage (places where insect carriers of
disease such as mosquitoes are harbored), and the presence of live-
stock, poultry, and dogs. After studying urban storm runoff in Lub-
bock, Tex., Wells, Austin, and Cook (1971, p. 49) concluded: “The
presence of poorly maintained dwellings, inadequate storage areas
for refuse and garbage, human and animal wastes sources, poorly
maintained vacant lots and other unsanitary situations all tend to
increase the quantity of pollutants available for removal by storm
water.”

A Tulsa storm runoff study by AVCO Economic Systems Corpora-
tion (1970) found that stormwater pollutant concentrations were cor-
related with sanitary conditions.
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Current streetsweeping practices in the Castro Valley Creek and
Strong Ranch Slough basins were determined from interviews with
officials in public works departments. Their responses generally indi-
cated that street-cleaning practices in both study basins are designed
to remove the bulk of street litter but are not frequent or thorough
enough to remove the fine silty material that represents a large pro-
portion of the overall pollution potential of street-surface litter.

The Castro Valley Creek basin is unincorporated; the Strong Ranch
Slough basin is within the community of Carmichael. Unlike the
Strong Ranch Slough basin, the Castro Valley Creek basin has some
areas where houses are poorly maintained, with refuse scattered on
the property. Some of these areas are adjacent to the drainage chan-
nel. Constituent concentrations in runoff were greatest during the
second storm sampled (November 7, 1974) at the Castro Valley Creek
basin when intense rainfall occurred at and near the gaging station.
The area around the gaging station has many poorly maintained
houses and lots where refuse is scattered. Large quantities of refuse
and macerated leaf material were observed in the runoff during the
second storm. Hence, the high constituent concentrations observed
during the second storm are probably due to a combination of intense
rainfall, unkempt property, and leaf fall from deciduous trees during
autumn.

In an urban environment, building and roadway construction are
human activities that affect erosion. Such construction increases the
quantity of suspended solids and sediment in storm runoff. AVCO
Economic Systems Corporation (1970) concluded that construction of
an apartment complex (particularly the removal of ground cover)
increased concentrations of suspended solids in runoff eight to nine
times over the average for other test areas. In areas undergoing rapid
urbanization near Baltimore, Md., and Washington, D.C., Wolman
and Schick (1967) determined:

1. “The equivalent of many decades of natural or even agricultural
erosion may take place during a single year from areas
cleared for construction.” (p. 451)

2. “The quantity of sediment derived from areas undergoing con-
struction is from 2 to 200 times as large as that derived from
comparable areas in rural or wooded condition.” (p. 455)

For Bel Pre Creek basin, Md., Yorke and Davis (1971, p. B223) found:

“1. The storm runoff from the basin during a 30-month period of

active construction was about 30 percent higher than that
expected with the original grass and forest cover.

“2. Construction increased the amount of sediment available for

transport and resulted in an average suspended-sediment
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concentration 12 times greater than that expected with
preurbanization land-use conditions.

“3. Urban construction that averaged 15 percent of the basin be-
tween March 1965 and August 1967 resulted in a basin sed-
iment yield 14 times more than that expected with the
preurbanization land-use conditions.

“4. The yield from the construction sites was 90 times more than
that expected with the original grass and forest cover.”

The potential for surface disturbance from construction activity is
greater in the Castro Valley Creek basin, where a large part of the
basin near its headwaters is rural, than in the Strong Ranch Slough
basin, which is virtually all developed. Many of the newer residential
areas in the Castro Valley Creek basin are on hills in the headwaters
of the basin. A protective vegetational cover has not been established
on some of the steeper slopes disturbed by construction. During the
period of this study little construction was observed in either basin.
The rural part of the Castro Valley Creek basin is grazed by cattle
and horses.

Sylvester and Dewalle (1972) discussed the influence of traffic den-
sity and composition on the quality of urban storm runoff. They con-
cluded that highway runoff is similar to urban area runoff but may be
higher in heavy metals and oil. Traffic density and composition and
their effect on runoff quality were not assessed for the Castro Valley
Creek and Strong Ranch Slough basins.

CONTROL MEASURES FOR URBAN STORM RUNOFF

There are three kinds of control measures that can be used to pro-
tect receiving waters from being impaired in quality by urban runoff:
(1) detention and retention of runoff; (2) conventional wastewater
treatment; and (3) institutional measures such as subdivision regula-
tions, zoning and flood-control ordinances, and building codes. The
objective of this section of the report is to determine if control meas-
ures are required for urban storm runoff in the Bay-Delta region.
Control measures are discussed in other publications such as Poert-

‘ ner (1974).

One way to determine if control measures are required for urban
storm runoff is to compare constituent concentrations in runoff with
those in wastewater that must be treated under present water-
quality control statutes. This comparison is made in table 5. Arith-
metic- and flow-weighted-mean concentrations of suspended solids in
runoff from the Castro Valley Creek basin exceed the arithmetic-
mean concentration of suspended solids in medium-stregth untreated



38 URBAN LAND USE AND STORM RUNOFF

TABLE 5.—Comparison of storm-runoff quality from study basins with

medium-strength untreated sewage
[Concentrations in milligrams per liter. Values for untreated sewage and typical secondary treatment effluent are
from Pound and Crites, 1973}

Untreated sgcy;gig:]l,y Castro Valley Creek basin Strong Ranch Slough basin
sewage. treatment - : pres .
Constituent (arithmetic- effluent Arithmetic- Concen-  Flow- Arithmetic- Concen-  Flow-

mean mean mean

(arithmetic- tration weighted tration weighted
concen- concen- concen-
tration) meg;:& xll)c)en- tration range mean tration range  mean
Total nitrogen 40 20 59 1.4-13 5.1 2.8 0.66-6.3 2.6
Suspended solids 200 25 465 15-1,810 519 111 14-369 118
Chemical oxygen 500 70 210 11-810 184 85 32-220 83
demand
Biochemical oxygen 200 25 35 0.9-90 31 17 4.2-42 24
demand, 5-day

sewage. Mean concentrations of suspended solids in runoff from the
Strong Ranch Slough basin are about one-half the mean concentra-
tion of suspended solids in untreated sewage. For both basins, mean
concentrations of total nitrogen, COD, and BODs are less than mean
concentrations of these constituents in untreated sewage.

For both basins, maximum concentrations of suspended solids,
COD, and BOD:s are substantially greater than mean concentrations
of these constituents in typical secondary treatment effluent.
Maximum concentrations of these constituents were observed during
runoff periods of greatest water discharge (figs. 9, 11, 15, 17; see
“Water-Quality Data”). Therefore, substantial loadings of these con-
stituents occur for short periods. The effect of these “shock” loadings
on San Francisco Bay is presently unknown. Because of high concen-
trations during peak runoffs, control of shock loads to reduce concen-
trations of suspended solids, COD, and BODs seems advisable. High
values for total orthophosphorus suggest that control measures to
reduce this constituent may also be advisable. If these observations
are representative of other urban basins in the Bay-Delta region,
control measures for urban storm runoff in the region would seem to
be advisable.

CONCLUSIONS

Storm runoff from the Castro Valley Creek and the Strong Ranch
Slough basins was quite different in quantity and quality.

Peak stormflows from the Castro Valley Creek basin were always
greater and hydrographs showed sharper rises than from the Strong
Ranch Slough basin. Except for total orthophosphorus during the
third storm sampled, maximum and mean concentrations of all
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water-quality constituents sampled were greater from the Castro
Valley Creek basin than from the Strong Ranch Slough basin. Also,
constituent values changed less rapidly in runoff from the Strong
Ranch Slough basin.

The difference in runoff quantity and quality between basins seems
to be due partly to steeper slopes in the Castro Valley Creek basin.
Also, there is probably more pervious area in residential parts of the
Strong Ranch Slough basin because of the predominance of large lots
containing detached buildings. Furthermore, Castro Valley Creek is
mostly an earthen channel, whereas Strong Ranch Slough is mostly
concrete lined.

Erosion of Castro Valley Creek’s earthen channel and erosion of
steep slopes disturbed by grazing and residential development in the
hills near the basin headwaters are probably partly responsible for
the greater concentrations of suspended solids and settleable matter.
The Castro Valley Creek basin also has some residential areas where
houses are poorly maintained and refuse is scattered on the.property.
Some of these areas are adjacent to the drainage channel. These areas
are probably contributing to the concentration of suspended solids
and settleable matter in Castro Valley Creek during storm runoff.

Constituent concentrations were greatest during the second storm
sampled (November 7, 1974) at the Castro Valley Creek basin when
intense rainfall occurred at and near the gaging station. The high
constituent concentrations observed were probably due to a combina-
tion of factors: intense rainfall, unkempt property, and leaf fall from
deciduous trees.

For both basins, correlation coefficients for suspended solids, set-
tleable matter, and COD with water discharge are high. For the Cas-
tro Valley Creek basin, correlation coefficients for BODs, specific con-
ductance, and alkalinity with water discharge are also high. Con-
stituents having high correlations for both basins are: Alkalinity
with specific conductance; settleable matter, total Kjeldahl nitrogen,
and COD with suspended solids; total Kjeldahl nitrogen, total nitro-
gen, settleable matter, and BODs with COD; and total Kjeldahl ni-
trogen with total nitrogen.

Of the subbasins sampled, the most polluted runoff was derived
from the residential subbasin; runoff from the commercial, rural, and
institutional subbasins was successively less polluted. The largest
estimated water discharges for all three storms sampled were ob-
served at the commercial subbasin in the Strong Ranch Slough basin.
The amount of impervious surface cover is greatest in that subbasin.

Control of urban storm runoff from the Castro Valley Creek and
Strong Ranch Slough basins may be desirable because of the large
concentrations of suspended solids and lesser but significant concen-
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trations of COD, BODs, and total orthophosphorus. Also, the greatest
concentrations of these constituents occur at or near peak water dis-
charges. If this is generally applicable to Bay-Delta region urban
basins, storm runoff could have a degrading effect on the water qual-
ity of San Francisco Bay.
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TOTAL
TOTAL KJEL= TOTAL
INSTAN= ALKA~ NITRITE DAHL TOTAL ORTHO
TANEOUS LINITY PLUS NITRO~ NITRO=~ PHOS=-
vis- AS N1TRATE GEN GEN PHORUS
TIME CHARGE €aC03 (N) (N) (N) (P}
DATE CFT3/S) {MG/L) (MG/L) (MG/L) MG /L) (MG/L)
oct 11181008 ~ CASTRO VALLEY CREEK AT HAYWARD
[ 2200 0.27 264 -~ - bl -
[ s 1600 17 274 2.5 1.3 3.8 0443
2Taee 1925 40 - 67 79 846 ool
27400 2010 32 34 «09 6ot 6.5 45
2laes 2030 53 34 «29 448 5,1 37
2la0e 2135 15 58 242 6.7 8.9 037
2laas 2145 lee 47 .78 Teb 8+2 43
27440 2250 46 41 1.1 5.2 643 .28
2leas 2300 b4 34 lets 4e0 Se& .28
eloas 2350 21 37 25 3.7 6.2 W24
2Base 0004 56 41 2.6 4.2 6.8 P26
cBaes 0008 73 45 Cos 5.1 T 26
2Hene 0ols 100 33 «37 11 11 «38
[1-F 0018 13« 30 48 13 13 «50
28400 0023 186 30 1.0 9.3 10 22
2Baes 0028 178 33 1.2 9.7 11 .28
ZBese 0052 17 27 1.1 3.6 447 «19
C8aes 0130 33 25 1s6 2¢8 4e2 224
CBees 0200 20 30 1.9 Cels 3.9 21
CBaes uzls S8 3R 1.7 3.4 541 26
2Baes 0220 65 33 1.6 3.6 5.2 .23
Z2Bees 0330 35 31 1.6 243 3.9 22
284ve 1135 3.8 77 2.0 1.9 3,9 21
- 1835 3.8 220 246 246 5.2 .15
30¢es 2210 10 290 - - - -
30eee 2229 9.6 280 - -- - -
30eee 2255 26 80 - - - -
NUV.
UTase 1110 236 36 «32 11 11 24
07a0s 1115 286 17 .26 13 13 022
07a0n 11290 389 18 .19 11 11 .29
UTeus 1125 430 19 42 8.3 3,7 «25
07400 1130 441 17 56 3.6 4yl .28
') PN 1135 370 16 66 5.6 643 .30
UTaan 1150 le3 36 1.2 6.3 7.5 7
Uless 1245 27 33 leb ) Aol «32
0T ane 1305 B4 30 leb 3.7 5.2 «35
[ 2 1320 196 23 lel 3.4 4.5 «33
UTeas 1330 208 17 .75 246 J.4 .29
07600 1410 45 20 95 2.1 3.1 «35
0Teee 1705 3.2 45 240 1.9 3.9 32
GBaee 0320 «35 140 3.6 242 5.8 «25
JAN.
U6eae 1040 168 21e - - - -
Jleee 1140 27 300 - - hatd o=
MAK ¢
17600 103% 249 2490 -- - -- -
19.4e 1115 2l 300 - -- - -
19.40 1200 3.2 270 - - - -
2less 1145 1.7 300 Seds «37 5.8 +09
laas 1505 3.6 290 3.9 «51 “ols « 09
2leas 1512 5.3 280 3.9 b6 4eb «09
Clesse 1530 Se8 280 5.3 77 6.1 «09
Cleee 1540 12 260 Sl +86 5.9 #10
2lese 1543 25 230 4e2 1.5 S.7 12
Cleas 1948 62 220 Geb 1.8 6ets W16
2leas 1553 65 180 3.7 1.9 5.6 «13
Cleee 1600 €0 75 1ot 244 3.8 .19
2leee 1606 S4 59 -1 2.3 3.1 .18
2less 1615 73 43 62 2.2 2.8 17
Clevs 1617 116 38 «58 1.8 2eb .16
Clese 1621 131 33 58 2.0 2.6 «15
2leas 1625 1649 28 2 241 246 .13
€laes 1635 150 28 o 43 1e7 2.1 13
2lese 1641 lae 25 40 1.8 242 olé
2laae 1700 lal 26 42 »96 let ola
MEANS
0CT. 27 1925- 70 36 1.3 5.8 7.1 .30
0CT. 28 0330
NOV. 7 221 25 .38 5.9 6.75 .31
MAR. 21 70 140 2.5 1.5 4.0 .13




WATER-QUALITY DATA
SPE~ CHEM~ BIO~-
CIFIC ICAL CHEM=
SETTLE=- CON=- OXYGEN 1CAL
SUS- ABLE DUCT=- DEMAND OXYGEN
PENDED MATTER ANCE PH TEMPER~ (HIGH DEMAND
S0LIDS (ML/7L {MICRO- ATURE LEVEL) S DAY
DATE (MG/L) /HR) MHOS) (UNITS) (DEG C) (MG/L) (MG/L)
11181008 - CASTRO VALLEY CREEK AT HAYWARD - CONTINUED
0CTe.
Olase - - 1130 8.1 19.5 - -
UTeas 2 - 992 8.3 16,0 26 1.1
2Tese 239 3.4 232 - 17.5 340 S0
€Tane 164 le8 254 Te3 17.0 210 41
2Te0e 103 l.6 236 Tete 17.0 230 34
2/a0e 216 1.0 345 7.5 16.5 300 48
27440 399 3.2 270 Tele 17.0 410 50
27a0s 252 2.5 218 7.7 16.0 220 29
27eae 208 243 218 Tt 1640 200 24
CTeas 131 1.2 212 Teb 1640 170 26
28eue 61 lel 248 745 16.0 190 -
Clyae 374 2.8 260 Tet 1640 320 32
C8ane 1310 10 208 7.4 16.5 810 -
2840 1040 11 160 7.5 1640 550 72
€8esa 1100 9.0 157 Teb 16.0 380 64
2Bese 834 8.9 165 7.5 1640 500 67
CBeue 431 5.0 127 7.8 1640 l20 -
28440 203 lal 130 Te6 15,0 130 19
2Bese 134 1.6 151 7.5 15,0 230 19
2Base 244 2els 223 7.5 15.0 160 -
¢8a4e 194 1.9 165 75 15.5 150 18
28se0 6l 1e0 174 7.3 15,0 100 15
28400 13 5 340 7.8 1445 84 13
28ase 14 o4 536 Te7 14,5 100 13
30... - - 1400 7.9 10,0 -- -
30640 - - 1270 8.0 10,0 - --
30eee - - 425 7% 11.0 - -
NGV,
07e0e 1410 1z 165 Te7 14,0 510 84
UTaae 1240 11 11a 6.6 14,0 500 78
Uleos 1810 12 86 648 14,0 410 70
U7aae 157u 10 67 Tebd 14,0 340 55
07ane 1930 9.5 65 Te1 14,0 290 48
07400 1350 7.5 64 Tl 13,5 250 35
07¢ue 1630 7.0 156 745 13,0 210 29
07400 08 l.8 163 7.2 14.0 100 19
UTeas 467 1.9 151 7.2 14.0 120 48
07400 501 1.7 104 Te2 l14.0 110 29
07a0e 248 2.0 76 7.0 14,0 140 19
UTeue 233 lev 102 7.1 14,0 62 13
U7eoe o8 .3 254 7+0 14,0 -4 10
UBewe 11 1Y 603 7e5 11.0 19 6.0
JANS
06e0e - - 133 7.1 12.0 - -
Jleas - bl 1230 8.5 7.0 - -
MaR,
17e0e - - 878 8.2 12,0 - -
15,40 - - 1060 7.9 12,0 - -
1900 - - 1050 7.6 12.0 - bl
Cless 15 o0 1130 8.1 10.0 11 9
2lase 17 o1 1130 8.6 10,0 12 642
Zleee 19 ol 1130 845 10,0 15 448
Plees 20 ol 1110 Bes 10.5 19 8.4
Cleae 40 o2 1040 844 10.5 34 20
2lees S8 1.2 904 Bt 10.5 53 21
2lase 126 1.3 822 Bet 11.0 68 35
2lese 178 1.3 685 8.3 11,0 130 38
€leas 294 243 295 8.0 11.0 210 48
€leee 294 1.8 206 8ot 11.0 200 42
2lase 751 1.5 151 7.9 11.0 140 26
2less 290 let 123 79 1140 150 -
clees 320 2.5 110 7.8 110 140 22
2leas 362 1.7 110 Te6 11.0 120 -
2laes 217 le3 96 T7e3 11.0 99 20
2leas 230 1.0 89 7e2 11.0 68 -
[ e 217 8 96 746 11.0 67 10
MEANS
0CT. 27~ 385 3.6 208 7.3-7.8 16.0 290 41
0CT. 28
NOV. 7 967 6.0 121 6.6-7.7 14.0 240 41
MAR. 21 177 1.1 543 7.2-8.6 11.0 90 22

45
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TOTAL
TOTAL KJEL= TOTAL
INSTAN= ALKA~ NITRITE DAHL TOTAL ORTHO
TANEOUS LINITY PLUS NITRO~ NITRO= PHOS=
DIS~ AS NITRATE GEN GEN PHORUS
TIME CHARGE CACO3 (N} (N) (N) (P)
DATE (FT379) (MG/L) (MG/L) (MG/L) (MG/L) (MG/L)
0T 11447030 - STRONG RANCH SLOUGH AT SACRAMENTO
2000 2215 156 28 0.78 5.5 6.3 0.15
2lans 2230 161 33 «06 5.3 S.4 28
ZTene 2245 159 34 l.0 S.0 6.0 .15
2T7a0e 2300 156 30 lel 406 Se7 .15
27400 2315 139 31 la0 3.7 4e7 .16
Elene 2330 122 35 99 3.5 4.5 .18
27000 2400 90 34 76 2.0 3.4 22
28400 0030 6l 26 1.1 2.5 3.6 22
2Boee 0100 48 25 1.0 2.3 3.3 24
28s0e 0200 42 22 «90 1.9 2.8 22
CHeae 0300 48 32 95 - 243 3.3 28
CHeoe 0500 33 25 75 1.8 246 W22
NUV .
U7e0e 1230 24 17 29 246 249 25
07600 1235 31 - 73 3,0 3.7 «32
V7eee 1245 35 11 «00 3.4 3.4 08
U7a0e 1259 36 - «00 246 246 «39
V7a0e 1300 35 11 «00 le7 1e7 «30
U7aes 1315 3¢ 13 74 2.0 2.7 ol4
UTaue 1325 31 18 .78 2.3 3.1 16
Uleos 1340 46 18 «70 1.8 245 .18
UTase 135% 62 a3 o T4 2.4 3.1 01
UTene lals 68 25 63 2.6 3,2 «20
U760 1430 65 21 W72 2.5 3.2 21
U7ene 1445 62 19 67 2.1 2.8 22
U7sen 1515 53 17 «65 1.9 2.6 21
07eae 1545 43 18 «60 les 2.0 022
[V 1615 33 19 57 1.7 243 23
[V A 1715 34 18 +55 1.3 1.9 22
U7a0e 1730 37 18 51 1.3 1.8 «20
U760 2035 12 20 49 1.2 1.7 22
FEH
12400 U940 52 80 l.1 1.5 2.6 «03
12eee 1005 12 82 1.0 1.3 2.3 13
12440 1028 242 148 97 1.4 2ebs o19
12aae 1045 4.8 100 1.3 1.3 2.6 021
12000 1100 6.4 100 1.9 1.5 3.0 28
12400 1130 8.8 52 1.5 1.3 2.8 18
12a0e 1145 11 40 l.6 let 3.0 20
12400 1200 15 -~ 70 1.2 1.9 17
12460 1215 19 30 65 1.2 1.9 ol4
12e0s 1230 32 30 1.2 «54 1.7 ol
12e0s 1245 42 28 «53 «68 l.2 l6
12ees 1300 52 46 82 «37 1.2 .18
12¢0s 1315 67 48 «86 49 ls4 22
1deoo 1330 Y4 33 1.2 .28 1.5 21
1240a 1345 87 26 49 17 «66 «20
12ees 1400 88 25 042 «73 1.2 .19
12e0e 1430 87 28 «“2 59 1.0 20
12400 1500 78 27 240 46 «86 .19
MEANS
OCT. 27-28 101 30 .87 3.4 4.3 .21
Nov. 7 41 18 .52 2.1 2.6 .23
FEB. 12 38 54 .95 .91 1.9 .18
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SPE=- CHEM=- BIO~-
CIFIC ICAL CHEM=
SETTLE~- CON=- OXYGEN ICaL
SUS~- ABLE DUCT=- DEMAND OXYGEN
PENDED MATTER ANCE PH TEMPER=- (HIGH DEMAND
SOLIns (ML/L (MICRO~ ATURE LEVEL) 5 Day
DATE (MG/L) /HR) MHUS) (UNITS) (DEG C) (MG/L) (MG/L)
0cT 11447030 - STRONG RANCH SLOUGH AT SACRAMENTO--CONTINUED
CT,
2Teas 346 245 100 6.8 17,0 220 42
27a0e 369 245 101 6.8 16,5 220 -
27eee 340 3.5 94 740 16,5 180 -
27400 338 - 85 7ol 16,0 170 -
2700 248 i.8 84 7ol 16,0 160 31
27000 212 le8 84 Tel 1640 140 -
ETees 172 - 84 Tel 1640 120 29
4 95 - 86 7¢3 16.0 110 -
€8aae 83 1.1 85 7.2 16,0 100 25
28400 51 - 79 7ol 16,0 8] 217
28400 66 o8 98 7.1 15,5 S0 23
C8ese 29 - 85 648 1640 75 16
NUV,
07400 138 1.5 111 6.4 14,5 120 31
07aee 192 1.5 - - - 120 -
07400 180 1.3 102 6.5 14,5 110 -
0740 156 loa - - - 110 -
Ulsae 118 leU 66 6.2 14,5 100 -
UT7aae 90 o8 63 6.8 14,5 84 -
07400 14 9 65 7.2 14.5 94 22
U7eas 37 2,0 71 Te3 14,5 89 -
V7s0a le4 1.0 154 Te3 14,5 120 ==
UTeue 140 le9 106 7.3 14,5 99 20
Olaes 32 los 78 Tets 1445 90 20
07.0. 82 led 81 7.1 1405 47 -
UTa0e 66 1.l 66 Tel 14,5 T4 16
U7¢se 75 1.0 66 7el 14,5 64 -
O07ane 34 o7 67 7.2 14,5 57 14
07a0e 20 o7 62 7.2 14,5 54 12
07a0e 58 4 62 7.2 14,5 56 il
UTuwes 43 > 64 Tets 13.0 44 76l
FEB.
12400 38 ot 267 Te0 11.0 60 12
12400 18 o0 178 6.8 11.0 61 -
12404 20 o0 274 Tete 11.0 81 L
12440 28 o0 208 6.5 10.5 33 4s2
12eae 26 ol 202 603 - 32 6.l
(2eae 58 o0 137 7ol 11,0 45 -
12e00 52 (Y4 99 Te1 11,0 49 -
12eee 52 Y4 89 7.2 11.0 54 -
12aae 76 2 71 7¢0 11.0 51 -
12aee 104 o4 64 6.9 11.0 45 -
12400 100 o4 67 7.0 1140 49 4e9
1daes a0 - 99 743 11.0 40 Te?
12¢ee 93 «D 116 7.3 11.0 39 -
12440 114 - 79 7¢3 11.0 47 645
1daas 1le o4 58 le2 11.0 46 5.8
126 e 100 3 52 1.2 11.0 46 -
12aae 109 oD 55 Te2 1140 45 -
1240 84 o 53 7sl 11.0 56 6.7
MEANS
OCT. 27-28 196 2.0 89 6.8-7.3 16.0 140 28
Nov. 7 94 1.1 80 6.4-7.4 14.5 85 18
FEB. 12 70 .2 120 6.3-7.4 11.0 49 6.7
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ToTAL
TOTAL KJEL= TOTAL
INSTAN=  NITRITE DAHL TOYAL ORTHO
TANEOUS PLUS NITRO= NITRO= PHOS=~
DIS~ NITRATE GEN GEN PHORUS
TIME CHARGE (N) (N) (N) (P)
VATE (FTBIS) (MG/L) (MG/L) (MG/L) (MG/L)
out 374239122042401 - JOSEPH AVENUE
.
2leane 2355 E0.10 1.6 le2 248 0,10
£8eae 0240 Eo10 61 l1e7 243 al0
NOV o
0760e 1150 Eolv 5.3 2.5 T8 »31
Uleae 1305 Fald x-1:] le6 245 51
JAN.
Vveee 1045 - 3.4 le3 47 29
MAR o
Clews 1350 £.05 71 445 5.2 «25
Zlese 1520 tel0 40 77 le2 14
Clese 1000 t.20 .19 L) «65 07
MEANS ALL DATA E.11 1.4 1.8 3.2 W21
EXCEPT JAN. 6
E. ESTIMATED.
TOTAL
TOTAL KJEL= TOTAL
INSTAN= NITRITE DAHL TOTAL ORTHO
TANEQUS PLUS NITRO= NITRO= PHOS~
DIS~ NITRATE GEN GEN PHORUS
TIME CHARGE (N) (N) (N) (P)
UATE (FTBIS) (MG/L) (MG/L) (MG/L) (MG/L)
NV 374258122034801 - MADISON AVENUE
UTena 1208 EO0.70 let 1.8 3.2 033
JAaN
Ubeue 1105 - 449 240 6o 70
MAk,
2lees l425 E.80 «B85 .19 1.0 .12
2laes 1540 ELle.5 «80 58 les .13
Claas 1635 Ele7 53 l.2 1.7 17
MEANS ALL DATA El.2 .90 .94 1.8 .19
EXCEPT JAN. 6
E. ESTIMATED.
TOTAL
TOTAL KJEL= TOTAL
INSTAN=  NITRITE DaHL TOTAL ORTHO
TANEOQUD PLUS NITRO= NITRO=- PHOS=~
DI5= NITRATE GEN GEN PHORUS
TIME CHAKGE (N} (N) (N) (P)
VATE CFT3/3) (MG/L) (MG/L) (MG/L) (MG/LL)
iﬁ3626121230800 - STRONG RANCH SLOUGH AT COUNTRY CLUB CENTER
uCT.
ETeas 2215 £4.0 0627 0.96 1.2 0.10
C7eas 2400 £2.0 «51 1.5 2.0 .12
NUV,
Uleae 1230 El.0 «63 le8 244 W12
1430 E.50 «53 las 1.9 .13
1150 E£2.5 «59 37 38 .12
1400 El.0 <02 46 W47 «05
E1.8 .42 1.1 1.4 W11
E. ESTIMATED.
TotaL
TotaL KJEL= TOTAL
INSTAN- NITRLIE DaHL TOTAL ORTHO
TANEOUS PLUS NITRO- NI TRO=- PHOS=-
DIS= N1TRATE GEN GEN PHORUS
TIME CHARGE (N} (N} (N) (P)
GATE CFT3/75) {MG/L) (MG/L) (MG/L) (MG/L)

583630121214300 - STRONG RANCH SLOUGH AT EL CAMINO HIGH SCHOOL

U7s0e
FEH

12400

MEANS

1300 E0.20
1210 EeSU
E.38

0.13

12
213

0e 74

46
.60

0.87

a7
.67

0.05

04
oL

E.

ESTIMATED.



WATER-QUALITY DATA

CHEM= B10~
1CAL CHEM=
SeTTLE=- OXYGEN ICAL
SUS= ABLE DEMAND OXYGEN
PENDED  MATTER TEMPER= (H16GH DEMAND
SOLINS (ML/L ATURE LEVEL) S DAY
DATE (MG/L) /HR} (0EG C) (MG/L) (MG/L)
. %74239122042401 - JOSEPH AVENUE --CONTINUED
¥ .
CTese 10 Oec - 58 S.0
cBeae 12 «0 - 90 4,5
NOV,
Uleas 5 o2 - 44 18
UTeus 31 ) - 16 10
JAN,
06ave 0 ol - “8 4o
MAR,
Cleee 157 4.2 10.5 200 36
2laee 66 o2 10,0 47 10
2lees 101 o 10,0 44 Se2
MEANS ALL 55 .8 10.0 71 13
DATA
EXCEPT
JAN. 6
CHEM= 810~
1CAL CHEM=
SETILE= DXYGEN 1CAL
SuS- ABLE DEMAND  OXYGEN
PENDED  MATTER TEMPER= (HIGH DEMAND
soL1oS (ML.7L ATURE LEVEL) S DAY
DATE (MG/L) /HR) (DEG C) (MG/L) (MG/L)
NOV 374258122034801 - MADISON AVENUE --CONTINUED
.
07¢ae 87 Oeb - 47 1a
JAN.
0604 7 o4 -- 54 6.8
MAR o
Clees 19 ] 9.5 9 3.2
2less 62 o4 9.5 27 7.9
Zleee 163 «5 1040 56 11
MEANS ALL 82 .5 9.5 35 8.9
DATA
EXCEPT
JAN. 6
CHEM= RIO=
ICAL CHEM=~
SETTLE~ OXYOEN 1CAL
SUS=- ABLE DEMAND OXYGEN
PENDED  MAITER TEMPER- (HIGH DEMAND
SOLIDS (ML/L ATURE LEVEL) S DAY
DATE (MG/L) /HR) (DEG C) (MG/L) (MG/L)
383626121230800 - STRONG RANCH SLOUGH AT
0 COUNTRY CLUB CENTER--CONTINUED
Cleas 32 Oec 19,0 34 44l
27400 8 o 19,0 58 6.5
NUV o
U7ean 10 o 15.0 49 648
07¢as 2 o 19.0 92 10
FEbe
12440 305 o2 1045 34 Gy
1240 70 <.l 11.0 18 3.2
MEANS 71 .3 13.5 41 6.0
CHEM= B8ID=-
1CAL CHEM=
SETTLE= OXYGEN 1caL
SUS~ ABLE DEMAND  OXYGEN
PENDED MAT1ER  TEMPER= (HIGH NEMAND
SCLIVS (ML7L ATURE LEVEL) S DAy
VATE (MG/L) /HR) (DEG C) (MG/L) (MG/L}
383630121214300 ~ STRONG RANCH _SLOUGH AT
WOV EL CAMINO HIGH SCHOOL--CONTINUED
07000 8 0443 15.0 30 1.9
FEB.
12440 3 + Y 11.9 i2 3.2
MEANS 6 .2 13.0 21 2.6
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