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CONVERSION FACTORS

For readers who prefer to use the International System of Units
(SI) rather than inch-pound units, the conversion factors for the terms
used in this report are listed below.

Multiply inch-pound unit By To obtain SI unit

foot 0.3048 meter

inch per hour 0.007056 millimeter per second
foot per mile 0.1896 meter per kilometer
foot per second 0.3048 meter per second
cubic foot per second 0.02832 cubic meter per second
mile 1.609 kilometer

square mile 2.590 square kilometer

acre 0.4047 hectare

ton 907.2 kilogram

inch 25.4 millimeter

To convert temperature in °C (degrees Celsius) to °F (degrees Fahrenheit),

multiply by 1.8 and add 32.
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QUALITY OF STORMWATER RUNOFF IN THE BLUE RIVER BASIN,
MISSOURI AND KANSAS, JULY-OCTOBER 1981 AND APRIL-JULY 1982

By Dale W. Blevins
ABSTRACT

Stormwater-runoff sampling was done at three stations on the Blue River in
Kansas City, Missouri, to describe the quality of stormwater runoff in a
combined urban and rural setting. Urban land use upstream from the mainstem
stations increased from 17 percent of the basin (46 square miles) at the most
upstream station to 33 percent (88 square miles) at the most downstream station.
Stormwater-runoff sampling also was done at three stations on urban tributaries
(Brush Creek, Blue Ridge Mall storm sewer, and an unnamed tributary of Blue
River) that drain areas of residential, commercial, and mixed-urban land uses.
Samples were analyzed for chemical and biochemical-oxygen demands, dissolved
solids, suspended sediment, dissolved and total nutrients, dissolved and total
metals, and total organic carbon. Discharge also was measured at the six
stations.

Total concentrations of copper, iron, lead, and zinc exceeded the numeric
aquatic-life criteria values Tlisted in Missouri's water quality standards.
However, the state's criteria implementation policy applies only to dissolved
concentrations of these metals. Most constituents, except lead and zinc, were
associated with concentrations of suspended sediment of as much as 3,100
milligrams per liter from the predominately agricultural areas in the upstream
part of the basin. Regression equations with correlation coefficients greater
than 0.70 indicated a significant relationship between suspended-sediment
concentrations and the total concentrations of a number of constituents in
stormwater runoff from the basin.

The large number of impervious surfaces and lined channels in urban areas
caused increased volumes of stormwater runoff per unit drainage area as much as
three times that from nonurban areas and limited the availability of sediment to
streams. Consequently, concentrations of most constituents were small, but the
loads per unit drainage area were large when compared with those in the Blue
River. When stormwater runoff from Brush Creek reached unlined channels it
picked up sediment, and loads for most constituents increased by factors as much
as 4 in the Blue River after receiving runoff from Brush Creek.

Combined sewer overflows along Brush Creek caused large concentrations of
5-day biochemical-oxygen demand, dissolved solids, suspended sediment,
nutrients, and metals in the initial storm runoff. Concentrations of 5-day
biochemical-oxygen demand were as much as 380 milligrams per liter at a
discharge of 458 cubic feet per second. However, the sewers were quickly
flushed and the total volume of water discharged by combined sewers was a small
fraction of that in the Blue River. Consequently, the mean 5-day
biochemical-oxygen demand was only slightly increased from 0 to 23 percent in
the Blue River.



After extended dry periods, concentrations of lead and zinc, as much as
1,100 and 1,000 micrograms per liter, were larger during the leading edge of
stormwater runoff than during later runoff 1in all three urban tributaries.
Concentrations of most constituents in the Tleading edge of stormwater runoff
were not large or consistent at the downstream Blue River station (Coalmine Road
and St. John Avenue) when compared to later runoff due to mixing and timing of
tributary runoff. However, concentrations of 5-day biochemical-oxygen demand,
suspended sediment, dissolved phosphorus, and lead that occured upstream in the
Blue River near Gregory Boulevard, were 0 to 300 percent larger in the leading
edge of stormwater runotf if dry antecedent conditions and sufficient stormwater
runoff occured.

Concentrations of total lead and total zinc were significantly increased in
stormwater runoff from the urban area. During the storm of July 27-28, 1981,
urban areas contributed 3.4 tons of Tead and 7.4 tons of zinc to the Blue River.

Two low-head dams upstream from the St. John Avenue sampling station on the
Blue River caused suspended-sediment concentrations to be as much as 30 percent
smaller and concentrations of dissolved solids to be as much as 85 percent
larger during the first part of runoff from small storms. This was due to
sediment trapping and the flushing of impounded water from behind the dams.
These dams also decreased the total storm load of suspended sediment 10 and 39
percent in two small storms.

INTRODUCTION

Stormwater quality is of concern to water planners and managers, as well as
to the public, to assure that water-quality standards are being met and for
water-resource management for water supply, recreation, waste disposal, and
other purposes. Of particular concern is the water quality of streams draining
urban areas where accumulations of street litter, pesticides, fertilizers,
chemicals and abrasijves used in ice control, animal wastes, and automobile and
stack emissions may be significant sources of pollution. Although the quality
of streamflow generally 1is characterized by periodic, discrete sampling, the
actual water quality 1is quite variable depending on areal and temporal
conditions of precipitation, streamflow, land use, and other factors. A
potentially significant contribution of pollutants to urban streams is the
initial runoff from spring and summer storms that flush pollutants accumulated
since previous storms into receiving waters. The study was done in cooperation
with the Missouri Department of Natural Resources to assist the U.S.
Environmental Protection Agency in determining the quality of stormwater runoff
in the Blue River basin.

The purpose of this report is to describe the quality of stormwater runoff
entering the Blue River and several of its tributaries as determined from both
composite and discrete samples collected at selected sites chosen to represent
both urbanized and non-urbanized areas of the Blue River basin. Samples were
collected during runoff resulting from a number of storms in the basin during
July-October 1981, and April-July 1982.

Description of Study Area

The Blue River basin is on the Missouri-Kansas border and has an area of
269 square miles (fig. 1). A large part of the Kansas City metropolitan area is
drained by the downstream one-half of the Blue River Basin. As of 1978, 88
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square miles (33 percent) of the Blue River basin had been urbanized and the
remaining 181 square miles (67 percent) was chiefly agricultural use
(Mid-America Regional Council, 1981). These conditions are relatively unchanged
at present (1983). Much of the agricultural area is used for row crops,
although hay crops, pasture and woodlands cover a significant part of the area.
Several small towns are located in the relatively undeveloped upstream part of
the basin. Part of the city of Olathe, Kansas, approximately 2 square miles, is
within the basin, but the area covered by other small towns total less than 1
square mile. A summary of land use within the basin during 1978 is shown in
table 1. The corporate boundaries in figure 1 delineate the approximate limit
of urbanization in the Kansas City area.

More than 75 percent of the soils in the upstream, agricultural areas have
saturated hydraulic conductivity ranging from 0.016 to 0.04 inch per hour, and
erodibility factors (K) ranging from 0.28 to 0.43 (Mausel and others, 1976).
Although the natural susceptibility to erosion is moderate, most soils in the
agricultural areas are cultivated. In combination with the minimal hydraulic
conductivities that increase runoff, cultivation creates the potential for large
sediment yields from overland and channel erosion.

The Kansas City area receives an average of 37 inches of precipitation per
year, which includes an average annual snowfall of 19 inches. Although
precipitation is distributed throughout the year, May, June, and September
receive the most precipitation. Precipitation generally is associated with
frontal movement, although localized convectional storms are common during the
summer. The average daily mean temperature is 28.6 °C during July and 0.4 °C
during January (National Oceanic and Atmospheric Administration, 1982).

A combined sanitary and stormwater sewage system typically increases
biochemical-oxygen demand, suspended solids, and total phosphorus two to four
times more than stormwater runoft alone (Gehm and Bergman, 1976). About 56
square miles of the downstream end of the Blue River basin (21 percent of the
entire basin) are served by a combined system that carries both sanitary sewage
and stormwater runoff (fig. 2). The Big Blue interceptor sewer is located along
the downstream 16-mile reach of the Blue River, and during dry conditions routes
all sanitary sewage to a large wastewater-treatment facility near the mouth of
the Blue River. However, during periods of significant rainfall, runoff mixes
with sanitary sewage until the interceptor can no longer accommodate all the
inflow, and the excess is discharged directly into the river (fig. 2). Newer
developments in the southern parts of Kansas City have separate sanitary and
stormwater sewage systems. The point where effluent from the Big Blue Sewage
Treatment Plant enters into the Blue River is located downstream from the reach
sampled in this study.

Data-Collection Methods

Rainfall data were compiled from three National Weather Service sites and
collected at four U.S. Geological Survey sites (fig. 1). Rainfall
data-collection sites were chosen or established to show relative depths of
rainfall for the major tributaries contributing flow at the sampling sites.
Data from Stillwell, Kansas, represent rainfall on the upper Blue River basin.
Data from Morse and Olathe, Kansas, represent rainfall on the Indian and
Tomahawk Creek basins. Rainfall data from Prairie Village, Kansas, represent the
Brush Creek basin. Data collected at Gregory Boulevard represent rainfall on

3



3NUAAY Uyop *1§

0oL 00v‘2iL 8 009°t1L 65  00$°10L e 00LY € 005y 4 00€°€ 92 007t 483U U3ALY 3Nn|g L1
JA3M3S Wi031s

0oL 0§ 0 0 0 0 0 0 0oL 0§ 0 0 0 0 Llew abpty antg 8
peoy auLw|eo)

00L 00L‘8SL 8 ooLel 29  008°L6 l 0052 A 000y 4 00L°2 be 000° 8¢ 18 J3ALY anig L
anuaAy poomu|3

00L 0p5°8L £ 06% L 085°2 L o€l L 02€° 1 12 09L 1L 09z°¢l 18 4334) ysnug 9
paeaanog Auobauy

noL 000°vEl £ 005°6 I 002°S6 A 0022 4 005°¢ L 006°1 L1 0022 483U UdALY 3nig 12
anuaAy etutbuaip e

0oL €le 0 0 0 0 0 0 1 oL 0 0 96 €0¢ AaeingLay aanty antg A

1U3D49d SAUDY  JUADAI4 SBADY  IUIIIAJ $3AIY  JU3DUIJ S3UOY JUSDAD SAUOY  JU3IUDd SBJIY  JUIIUI S34IY

Le3of 43430 JuedeA LeL43snpu] EENENTTR) LeLluaptsSas LeL3uaptsad urseq (1°6L3)
pue Aycwey K| Lwey abeureag  s3qunu
1 e4n3{ndLuby -1311nY -abutg uotiels

utseq abeuteuap 2303 }O 3bejuadaad pue Saude uL “3sn pueq

(1861 ©(touno) (euoLbay edidauy-plLy wWo4s DY Ldwo)]

8/61 Hutanp suoirle}s Buyjdwes wody weadysdn asn puej--*1 aiqey



'SDSUDY PpuD NOSS|N ‘DaJD ub}ijodoljaw KA}H SOSUDY

UJBY{Nos 3y} 4O $3110PUNOQ 24010di0 PUD ‘DEJD UDQIN -UOU ‘S3}JS UOJ43]|00-DIOP ‘UjSD] JOAY 8Nl Y} JO UOJ4DIO] = -] @inBiy4

AYVANNOG  3IVOd¥0D - ---
AYVANNOE NISVYE—-—
WVQa Qv3H-MO1 X

Aoaing [po1Boj08S) ‘G--pDOY umoyApy gi
Kemang
|p21Bojo8s) ‘G--sosupy ‘eBo||IA euIbygd /|
Aeaing |D21BOJ0RS) ‘GT\--piDAS|NOg AJ0Baio) 9|
Aeming [D1Boj0RS) ‘G'N--8nusAy DBIA G
821AJ9G 19YiDOA\ |DUOYUDN--SDSUDY ‘e4iol0 ¢
9D1A19G 18Y|DOAA |DUOHDN] -- SDSUDY '9SIO0W £
9J1AJ8G  JBYIDBAN |DUOLDN -- SDSUDY ‘||om||4S Tt
SIOVONIVY @

984S YZ| 4o Jealy enig Of
proy Jejsiuung o JeAy eng €
NOILLVLS
ONIOVO-MOTIWVIILS QIODTY-SNONNIUNOD W

19045 Y/g 4D JBAy enig 4
984G PIEQ D oAy eng ©
pooy Yieuusy o Jeay eng |

NOIIVIS ONITdWVS MO-3SvE A

9NUGAY UYO[ ‘IS JDOU J9AYY en|g
Jemeg wioig ||ow oBply eng
pooy eulw|po) b J9Aly ang
9NUGAY POOMW|] D Ye8s) ysnig
pioasinog AioBeso) iosu seay eng

onueAy owiluA 4o Aiojnquy oAy en|g
NOLWVIS ONIdWVS
4ONNY -JILVMWIOLS OGNV MOTIWVIILS N

NOILVNVIdX3

—
—

NSTON®

SHILINOTIN

SITNO

IMNOSSIN

o e
uisoq . NS
FLYVIY /-

. 4.008¢
4L 2 e // w&/ﬂ!
v‘\i IQIOL g ] __...r
¢’OZ, mu B! O_Oﬂ% i
Iy Lo/

.

— L -~ Jsoss

L0296

oe 07 0546



$19M38 pauIqQWOD

"(bL61 ‘lIPuno) [puoiBay DOLIAWY- PIW WO,  PaLIPOW)
AQ pauiDip uISDQ J3AIY 3Nn|g Y4 JO DaJsy--2 9inbiy

AYVONNOS 3LvHOdH¥Od————
ANVONNOS NISYE —— -

WVa QVIH-M01 X
SY3IM3S G3NIENOD A8 GENIVEG V3NV {\\

NOILYNY1dX3

© ol [o]
i
[o]] ] ]

SH¥3ILINOUN
S3ITUN

=
®
@
o
<
]

008¢

t 3 i ,s08¢
_'
5 ol
U

4@

S ———-

m
< @v\v

1
0246

,05p6



the lower Blue River basin, and rainfall data from Virginia Avenue and Raytown
Road represent small land-use areas as well as the middle and lower Blue River
basin. Precipitation data for Stillwell, Morse, and Olathe, Kansas, are from
National Weather Service records. Rainfall data for Gregory Boulevard and
Virginia Avenue were collected as a part of this study. Precipitation data at
Raytown Road and Prairie Village, Kansas, were collected by the U.S. Geological
Survey for a separate rainfall-runoff study.

Continuous-record, streamflow information was collected at all six
stormwater-runoff sampling stations--Blue River tributary at Virginia Avenue
(station 2), Blue River near Gregory Boulevard (station 4), Brush Creek at
ETmwood Avenue (station 6), Blue River at Coalmine Road (station 7), Blue Ridge
Mall storm sewer (station 8), and Blue River near St. John Avenue (station 11)
(fig. 1). For the Blue River stations, stage-discharge rating curves were
developed from 10 to 12 discharge measurements at each station, from comparison
with the long-term streamflow-gaging station on the Blue River at Bannister Road
(station 3), from a streamflow-gaging station on the Blue River at 12th Street
(station 10), and from comparisons between the study stations. Although the
rating curve for Brush Creek at Elmwood Avenue was affected by backwater from
the Blue River, a satisfactory relationship was developed between the mean
velocity at Elmwood Avenue and the change in water-surface elevation between
this station and thg Blue River at Coalmine Road for various stages (coefficient
of determination r©=0.98). Stream-depth measurements made at Elmwood Avenue
were used to develop the relationship between gage height and cross-sectional
area. Discharge for a given gage height was computed by multiplying the
computed mean velocity by the cross-sectional area from the curve developed at
Elmwood Avenue. A stage-discharge rating curve for the Blue River tributary at
Virginia Avenue was based on five discharge measurements. At the Blue Ridge
Mall storm sewer, more than 30 velocity measurements at various stages in the
center of a 5-foot diameter pipe and theoretical velocity distributions were
used with the Prandtl-VonKarman universal-velocity-distribution equation (Chow,
1964) to compute discharges for a stage-discharge rating curve. The rating
curves were used tc composite water-quality samples and obtain discharge
hydrographs.

Six water-quality sampling stations were established; three on the Blue
River and three on urban tributaries of the Blue River. Stations on the Blue
River are located: (1) Near the mouth, near St. John Avenue; (2) just downstream
from the confluence with Brush Creek at Coalmine Road; and (3) Swope Park near
Gregory Boulevard, upstream from most urban development and downstream from
agricultural land. The three sampling stations on wurban tributaries are
located: (1) Downstream from a mixed-urban land-use area on Brush Creek near its
mouth at Elmwood Avenue; (2) downstream from a small, commercial land-use area
at the Blue Ridge Mall storm sewer; and (3) downstream from a small, residential
land-use area at Virginia Avenue in southern Kansas City (fig. 1). Samples were
collected with automatic samplers at five stations and manually at the station
on the Blue Ridge Mall storm sewer.

During July-October 1981, consecutive discrete samples collected at equal
time increments were composited into one to four samples for each storm based on
values of discharge. These composite samples were used to compute mean
constituent concentrations during storms and to show general trends in water
quality during periods of stormwater runoff. During April-July 1982, discrete
samples were collected at the Blue River and Brush Creek stations at the start
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of stormwater runoff and during increased discharge to determine the effects of
flushing of material accumulated in combined sewers and on land surfaces. A1l
samples collected from the commercial and residential land-use areas were
discharge-weighted composites. Sampling intervals were 7% minutes to 1 hour
depending on the size of the basin. Samples were collected from July 25 to
October 17, 1981; and April 28 to July 6, 1982.

Although samples were not collected during the winter for this study, the
analysis of a sample collected from Brush Creek during January for a study of
combined sewer overflows indicated the concentrations of dissolved-solids to be
more than 1,100 milligrams per Iiter. This large concentration of dissolved
solids was related to washoff of deicing salts (Lamb, 1983).

Chemical analyses of water samples were made by the U.S. Geological Survey
laboratory in Arvada, Colorado, for metals (total and dissolved),
chemical-oxygen demand, total organic carbon, and dissolved solids, in
accordance with procedures outlined by Skougstad and others (1979). Chemical
analyses of water samples for nutrients (total and dissolved), turbidity, and
5-day biochemical-oxygen demand (BODS) were made according to procedures
outlined by the U.S. Environmental Protection Agency (1979) at the agency's
laboratory in Kansas City, Kansas. Analyses for suspended sediment and particle
size were made in the U.S. Geological Survey Laboratory in Rolla, Missouri,
according to procedures outlined by Guy (1969).

For this report, chemical constituents referred to as "total" or "total
recoverable" were determined from unfiltered samples that were digested by a
method that results in dissolution of readily soluble substances. "Dissolved"
constituents were determined from samples that passed through 0.45 micrometer
filters. Four reconnaissance samples were collected on April 15, 1981, on Blue
River and Brush Creek near the end of a streamflow recession were analyzed for
common contaminants usually present in runoff from urban areas. The resluts
were used to guide the selection of constituents and properties to be determined
for stormwater-runoff samples. Chemical- and biochemical-oxygen demands,
dissolved solids, suspended-sediment, nutrients, metals, and total organic
carbon were chosen as practical and acceptable for general water-quality
characterization. This selection was supported by four high-flow samples that
were analyzed for 103 of the U.S. Environmental Protection Agency's (1979)
priortiy pollutants. Concentrations of analyzed constituents were less than
detectable 1limits except certain metals, calcium, magnesium and 1, 1, 2, 2
tetrachloroethane. The priority-pollutant data are shown in the "Supplemental
Information" section at the back of this report.

Two sets of depth-integrated, equal-discharge-increment samples from Blue
River near Gregory Boulevard, one set from Blue River at Coalmine Road, and two
sets from Brush Creek at Elmwood Avenue were collected concurrently with pumped
samples collected from the automatic samplers. A comparison of
suspended-sediment and dissolved-solids concentrations collected manually and
automatically is shown in table 2. Total-iron analyses were included where
suspended-sediment samples had been destroyed in transport. Concentrations for
the automatically collected samples generally were typical of constituent
concentrations representative of the entire stream cross section. This probably
is the result of the natural mixing characteristics of the Blue River caused by
large sinuosity, small width-to-height cross-section ratios, and increased
velocities during high flows.
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Although manually collected samples were not obtainable near St. John
Avenue, adequate mixing at the low-head dam just upstream and average high-flow
velocities between 6 and 8 feet per second in the vicinity of the sampler
probably sustained a well-mixed flow. Therefore, it was assumed that
automatically collected samples at this station were representative of the
entire cross section.

RAINFALL

Data for storm and antecedent rainfall for sampled storms collected at the
seven raingages in the study area are presented in table 3. Rainfall for days
with no corresponding runoff data is indicated by dashes.

STREAMFLOW

The flow regime present during sampled storms was summarized with
flow-duration information from a long-term station. The mean discharge and
duration of runoff for the Blue River near Gregory Boulevard (drainage area, 203
square miles) and a mean daily flow-duration table for the Blue River at
Bannister Road (drainage area, 188 square miles) were used to approximate the
percentages of time flow in the Blue River exceeds the mean discharge of each
storm sampled and are shown in table 4. The discharge and approximate flow
duration at which sampling was begun on streamflow rises near Gregory Boulevard
also are shown. Sampling began at the Blue River and Brush Creek stations when
the stage reached approximately 2 feet more than the base-flow (sustained or
fair-weather flow) gage height. A1l flows sampled are exceeded 10 percent of
the time or less.

QUALITY OF STORMWATER RUNOFF DETERMINED FROM COMPOSITE SAMPLES,
JULY-OCTOBER 1981

Values of properties and concentrations of constituents in runoff are
significantly affected by storm-specific conditions such as antecedent rainfall,
rainfall distribution, quantity of runoff, and the time since the beginning of
runoff. Therefore, storm-specific conditions are described for all stormwater
runoff characterized by composite samples. When possible, water-quality
data are interpreted in consideration of these conditions.

Mean values of selected properties and mean concentrations of selected
constituents are plotted for each Blue River station in downstream order and
connected by a straight line for each storm (numbered chronologically 1 through
5) in figure 3 and the data are summarized in table 5. The graphs in figure 3
show downstream changes in water quality caused by increasing quantities of
urban runoff. Storm hydrographs and concurrent values for selected properties
and concentrations for selected constituents are shown in figures 4 through 9
stations on the Blue River and Brush Creek. The values and concentrations shown
are from composite samples collected during periods separated by the dashed
vertical lines below the hydrographs. These lines divide the total volume of
runoff into approximately equal fractions at a given site (that is, one-half,
one-third, one-fourth). General variations of water quality with flow and time
are shown in figures 4 through 9. Periods of missed samples are indicated by
hatchured lines. Properties and constituents included in these figures were
selected to indicate as much about the total water quality as possible. For
example, because most total metals concentrations were significantly correlated

10
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Table 4.--Daily flow duration for the mean-storm discharge of
sampled runoff in the Blue River near Gregory Boulevard

Mean-storm1

Date discharge, Runoff Flow duration for the
of in cubic feet duration, Blue River at Bannister
storm per second in hours Road, in percent exceedence
July 25, 1981 917 19 2.8
July 27-28, 1981 2,170 42 1.1
Sept. 1, 1981 550 17 4.6
Oct. 13-14, 1981 672 40 3.8
Oct. 17, 1981 472 18 5.2
Smallest
discharge 245 -- 10.0
sampled
1

12

Mean of discharge during entire period of runoff.
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with suspended-sediment concentrations, (see "Relaticnship Between
Concentrations of Constituents in the Suspended and Dissclved Phases and
Sediment" section) only suspended sediment is shown. Trends detected for
suspended sediment can be expected for most metals. Total nitrogen, total
phosphorus, and dissolved phosphorus are plotted to indicate trends in nutrient
concentrations. Total Tlead is plotted because it is an element related to
vehicle exhaust and deposits on urban surfaces and is not well correlated with
suspended sediment. Five-day biochemical-oxygen demand, chemical-oxygen demand,
and to some extent suspended sediment, are plotted to represent major
oxygen-demanding substances. Specific-conductance values were determined for
all composite samples and any discrete samples with water remaining in the
sample bottle after water for the composites were removed. Where
specific-conductance values are available, they are shown as a dashed line on
the hydrograph. Concentrations of constituents not plotted in figures 4-9 can
be found in the "Supplemental Information" section at the back of this report.

Stormwater-runoff volumes and loads of 5-day biochemical-oxygen demand and
selected dissolved and total constituents for all storms sampled during 1981 are
shown in table 6 for the Blue River stations near Gregory Boulevard, at Coalmine
Road, near St. John Avenue, and for Brush Creek at Elmwood Avenue. The volumes
and loads represented by each composite sample are expressed as a percentage of
total storm volumes and loads for the same storms and stations and are shown in
tables 7-10.

Storm 1, July 25, 1981

Most of this storm rainfall occurred on the rural, upstream areas of Blue
River and Indian Creek. Antecedent rainfall quantities were minimal throughout
most of the basin for the week preceding the storm; however, a large rainstorm
occurred about 10 days earlier (table 3).

Runoff quality near Gregory Boulevard and at Coalmine Road was represented
by three composite samples for storm 1 (fig. 4). Because of the extreme
flatness of the hydrograph and an underestimation of discharge at lower gage
heights at St. John Avenue, 60 percent of the storm runoff passed the gage in
the rising and receding parts of the hydrograph below the gage height of sample
activation. Consequently, there were not enough samples to make more than one
composite (fig. 4). Brush Creek did not rise enough to allow thorough sampling.

Specific conductance values decreased initially during the runoff at each
station as the more mineralized base flow was replaced with less mineralized
runoff (fig. 4). The specific-conductance trace for runoff at St. John Avenue
shows an abrupt break, indicating the time when base-flow water impounded behind
the Tow-head dams (fig. 1) was replaced by upstream runoff. The BOD. also was
largest in the first composite and generally decreased in subsequent égmp]es.

Although this storm produced Tittle runoff from urban areas, it produced
the largest concentrations of suspended sediment in the Blue River of the five
storms. This indicates that the upstream agricultural area is the source for
most of the suspended sediment and associated nutrients and metals.
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