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CONVERSION FACTORS, SYMBOLS, AND VERTICAL DATUM

Multiply By To obtain
Length
inch 2.54 centimeter
inch 254 millimeter
foot 0.3048 meter
mile 1.609 kilometer
Area
acre 4,047 square meter
acre 0.4047 hectare
square mile 259.0 hectare
square mile 2.590 square kilometer
Volume
ounce 0.02957 liter
gallon 3.785 liter
gallon 0.003785 cubic meter
cubic foot 28.32 cubic decimeter
cubic foot 0.02832 cubic meter
Flow rate
cubic foot per second 0.02832 cubic meter per second
Mass
pound 0.4536 kilogram
pound per gallon 0.1198 kilograms per liter
Pressure
pound per square inch 6.895 kilopascal

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
°F=(18x%x°C)+32

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:
°C=(°F-32)/1.8

Abbreviated water-quality units used in this report: Chemical concentrations given in

milligrams per liter (mg/L) or micrograms per liter (ug/L) express the concentrations of constituents

in solution as weight (milligrams or micrograms) of solute per unit volume (liter) of water.

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD

of 1929)—a geodetic datum derived from a general adjustment of the first-order level nets of both

the United States and Canada, formerly called Sea Level Datum of 1929.

Symbols: >, greater than
<, less than



Characterization of Stormwater Runoff
in Sioux Falls, South Dakota, 1995-96

By Colin A. Niehus

ABSTRACT

Urban stormwater runoff was characterized
and effects of the stormwater runoff on receiving
waters were determined in Sioux Falls, South
Dakota. The study included collecting stormwater
runoff at three sites considered representative of
commercial, industrial, and residential land uses
and analyzing for selected constituents or proper-
ties; estimating annual loads and event-mean con-
centrations of selected constituents or properties in
stormwater runoff; evaluating the effects of the
quantity of stormwater runoff on receiving waters;
and analyzing trends in specific conductance of
receiving waters.

Stormwater-runoff samples were collected
during 1995 and 1996 at three sites in Sioux Falls
that were considered representative of commer-
cial, industrial, and residential land uses. The first
sampling site was considered representative of
commercial land use and was located at the south-
west edge of Sioux Falls in an open channel
upstream of two 72-inch culverts that drain into
the Big Sioux River. The second sampling site
was considered representative of industrial land
use and was located at the north-central edge of
Sioux Falls in an open channel upstream of two
48-inch culverts that drain into the Big Sioux
River Diversion Channel. The third sampling site
was considered representative of residential land
use and was located at the southwest edge of Sioux
Falls in a concrete-lined open channel upstream of
three 54-inch culverts that drain into Skunk Creek.

Stormwater runoff was sampled at the three
sites from storms that had total rainfall that ranged

from 0.16 to 0.75 inch. The collected samples
were analyzed for nearly 150 constituents or prop-
erties including chemical and biochemical oxygen
demands, bacteria, major ions, dissolved and sus-
pended solids, nutrients, metals and trace
elements, cyanide, and organics (volatile, base/
neutral, acid, and pesticide compounds). Stage,
discharge, and rainfall were measured at each site
during representative storms. Four sets of storm-
water samples were collected at each sampling site
during six representative storm events.

Annual loads and event-mean concentra-
tions in stormwater runoff were estimated for
chemical oxygen demand, biochemical oxygen
demand, dissolved solids, suspended solids, total
Kjeldahl nitrogen, total nitrogen, total phosphorus,
dissolved phosphorus, total cadmium, total cop-
per, total lead, and total zinc. Annual loads were
estimated using the national regression equations
developed by the U.S. Geological Survey and
using the "simple method" recommended by the
U.S. Environmental Protection Agency. Load cal-
culations by the “simple method” generally were
larger than those determined using national regres-
sion equations. Event-mean concentrations were
calculated using estimated annual loads, annual
rainfall, drainage areas, weighted-average runoff
coefficients, and correction factors.

Possible effects of the quantity of Sioux
Falls stormwater runoff on receiving water bodies
were investigated. The volume and discharge of
stormwater runoff to receiving waters were esti-
mated to show how it compares to the discharge in
the Big Sioux River and Skunk Creek. During low
flows in the Big Sioux River and Skunk Creek, the
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runoff from an average storm event could repre-
sent a significant portion of the stream discharges,
thereby affecting the water quality of Skunk Creek
and the Big Sioux River within and downstream of
Sioux Falls.

Trends in specific conductance (an approxi-
mate indicator of the dissolved solids in water)
from receiving waters (Big Sioux River and Skunk
Creek) were analyzed to study any changes in
water quality of the receiving waters in Sioux
Falls. Examination of a plot of specific conduc-
tance versus time (1973-95) for water from the Big
Sioux River indicates a possible negative trend in
conductance. Regression of conductance versus
time supports this observation. Statistical-trend
tests that take into account the flow and seasonal
effects did not indicate that a significant trend was
present in specific conductance in the Big Sioux
River.

The effects of urbanization on specific con-
ductance of water from Skunk Creek also were
investigated using similar methods that were used
on the Big Sioux River. Examination of a plot of
specific conductance versus time (1973-95) for
water from Skunk Creek and regression of con-
ductance versus time did not indicate that a signif-
icant trend was present. Statistical-trend tests that
take into account flow and seasonal effects indi-
cated a significant positive trend.

INTRODUCTION

Prior to the 1980’s, urban stormwater runoff was
considered to be an insignificant source of contamina-
tion of receiving waters. However, the National Urban
Runoff Program (NURP) studies conducted by the U.S.
Environmental Protection Agency (USEPA) from
1978-83 found that urban stormwater runoff could
have detrimental effects on receiving waters (U.S.
Environmental Protection Agency, 1983). Under
Section 402(p) of the Water Quality Act of 1987, the
USEPA is required to regulate stormwater discharge
from municipalities with a population of 100,000 or
more under the National Pollutant Discharge
Elimination System (NPDES) program. In November
1990, the USEPA published final rules for obtaining
the NPDES permits required under these regulations.

Under these rules, the City of Sioux Falls, South
Dakota, submitted a permit application consisting of
two parts. Part I of the application provided an ade-
quate basis for identifying and characterizing sources
of pollutants to receiving waters. Part II of the applica-
tion provided information for the preparation of man-
agement plans that stress source controls of pollutants
in urban stormwater runoff.

The U.S. Geological Survey (USGS) provided
technical assistance to the City of Sioux Falls for the
NPDES work. The USGS cooperated with the City of
Sioux Falls during 1993-97 to characterize urban
stormwater runoff and to determine the effects of the
stormwater runoff on receiving waters in Sioux Falls.
The study included collecting stormwater runoff at
three sites considered representative of commercial,
industrial, and residential land uses and analyzing for
selected constituents or properties; estimating annual
loads and event-mean concentrations of selected con-
stituents or properties in stormwater runoff; evaluating
the effects of the quantity of stormwater runoff on
receiving waters; and analyzing trends in specific con-
ductance of receiving waters.

Stormwater runoff collected from the three pre-
dominant land uses was used to represent runoff from
all the land uses in Sioux Falls. The samples that were
collected were analyzed for chemical and biochemical
oxygen demands, bacteria, major ions, dissolved and
suspended solids, nutrients, metals and trace elements,
cyanide, and organics (volatile, base/neutral, acid, and
pesticide compounds).

This report describes results of the study.
Results from this study will aid other cities with similar
environmental settings in evaluating and managing
their water resources. Results of the study also will
assist policy makers in determining the effectiveness of
stormwater-management practices and in developing
future stormwater-management programs.

The author acknowledges the cooperation of
Sioux Falls municipal officials in providing informa-
tion on the City’s stormwater system, providing geo-
graphic information system (GIS) coverages of land
use, and providing space in the Water Purification Plant
for preparation of water samples for shipment to the
laboratory. The assistance of the National Weather
Service in Sioux Falls in providing detailed precipita-
tion forecasts also was appreciated. Finally, the author
thanks the residents and businesses near the sample-
collection sites for allowing the installation of the
equipment shelters and associated equipment.
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Table 1. Annual and monthly storm and precipitation characteristics for 1949-88 for Sioux Falls

[Based on data from National Oceanic and Atmospheric Administration (1949-88); only storms with volumes greater than 0.1 inch precipitation were used
in computations; a 6-hour dry period was used to differentiate between storms. --, not calculated]

Mean storm characteristics Mean
Month Number of Volume! Duration! Intensity Precipitation Snowfall
events (inches) (hours) (inches per hour) (inches) (inches)

January 1.4 0.29 155 0.022 0.53 6.7
(0.15-0.44) (7.8-23.3)

February 1.6 0.42 16.0 0.026 0.77 8.1
(0.21 - 0.63) (8.0-24.0)

March 32 0.48 15.7 0.036 1.71 10.1
(0.24-0.72) (7.9 - 23.6)

April 4.3 0.56 12.3 0.057 243 24
(0.28 - 0.84) (6.2-18.5)

May 5.6 0.51 8.5 0.083 3.11 0.0
(0.26 - 0.77) (4.3-12.8)

June 6.3 0.56 6.4 0.12 3.65 0.0
(0.28 - 0.84) (3.2-9.6)

July 5.1 0.50 45 0.14 2.70 0.0
(0.25-0.75) (2.3-8.0)

August 5.2 0.55 53 0.14 3.00 0.0
(0.28 - 0.83) (2.7-8.0)

September 45 0.64 8.6 0.097 2.94 0.0
(0.32 - 0.96) 4.3-12.9)

October 2.6 0.55 10.9 0.059 1.62 05
(0.28 - 0.83) (55-164)

November 1.8 0.51 16.0 0.034 1.04 4.8
(0.26 - 0.77) (8.0-24.0)

December 1.8 0.34 13.3 0.027 0.72 7.8
(0.17-0.51) (6.7 -20.0)

Annual sum 434 -- -- -- 24.22 404

Mean -- 0.49 11.1 0.070 -- --
(0.25-0.74) (5.5-16.6) 1(0.035 - 0.105)

Values in parentheses represent the range (% —X%/2) to (X +%/2), where ¥ = mean.

Description of the Study Area
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Land Use and Drainage Basins

Land use and drainage-basin characteristics
within and near Sioux Falls are shown in tables 2 and 3
and figures 2 and 3. Areas of different land uses and
drainage basins were determined using ARC/INFO
(GIS) by combining attributes of different data layers.
Twenty-nine drainage basins (drainage basin 29 is
actually not one drainage basin, but a collection of four
small areas that drain away from Sioux Falls) were
delineated and digitized using the topography on
7.5-minute 1:24,000 USGS quadrangle maps. Existing
studies done for Sioux Falls also were used as an aid in
delineating the drainage basins (DeWild and others,
1979, 1986, 1987, 1990, 1992a, 1992b; HDR
Engineering, Inc., 1994; JSA Engineers and Land
Surveyors, Inc., 1989, 1990a, 1990b, 1993, 1994,
1995; and R.F. Sayre and Associates, 1986, 1991).

Drainage basin 29 includes a number of small,
unconnected drainage basins that total 237 acres.
These unconnected drainage basins were not each

Table 2. Land-use classification within and near Sioux Falls

[Nonclassified includes water and interstate highway rights of way]

assigned a unique number because of their small size
and because they all drain away from Sioux Falls
before reaching receiving waters.

The municipal boundary of Sioux Falls
encompasses about 48.5 square miles. The predomi-
nant land use within the City boundary is residential,
covering about 21.2 square miles or 43.6 percent of the
total municipal area. Over 70 percent of the municipal
area is developed (commercial, industrial, or residen-
tial).

The delineated drainage basins encompass
67.1 square miles within and near the City. The pre-
dominant land uses of these basins are agricultural and
nonclassified (covering 25.2 square miles or
37.5 percent of the total), which includes water and
interstate highway rights of way, and residential
(covering 22.5 square miles or 33.5 percent of the
total). Over 54 percent of the area within the delin-
eated drainage basins is developed (commercial,
industrial, or residential).

Drainage-basin area delineated within

Area within the City and near the City’
Land use
(square miles) (acres)? :‘:';::It (square miles) (acres)? Percent of total
area delineated area
Commercial 7.5 4,821 15.6 7.5 4,806 11.2
Industrial 6.0 3,825 12.3 6.4 4,105 9.6
Residential 21.2 13,539 43.6 22.5 14,410 335
Agricultural and 8.0 5,133 16.5 25.2 16,121 37.5
nonclassified
Parks and 54 3,444 11.1 5.1 3,272 7.6
recreational
Planned 04 275 0.9 0.4 275 0.6
residential or
industrial
Total 48.5 31,037 100.0 67.1 42,989 100.0

1Drainage—basin areas do not include Big Sioux River and Skunk Creck waterways within and near the City.

2Acre values were computed before square-mile values were rounded.
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Table 3. Drainage basins within and near Sioux Falls

[Land use group: 1, commercial; 2, industrial; 3, residential; 4, agricultural and nonclassified; 5, parks and recreational; 6, planned residential or industrial]

Area of land-use group in

Percent of total

DLain'age Land-use drainage basin Total area per drainage basin drainage-basin area
asin group (acres) (square miles) (acres) (square miles) per land-use g.jroup1
1 3 394 0.62 18.5

4 1,725 2.69 80.7
18 0.03 0.8
2,137 3.34
2 1 508 0.79 8.1
3 1,987 3.11 31.9
4 3,264 5.10 524
5 197 0.31 32
6 275 0.43 4.4
6,231 9.74
3 1 26 0.04 6.7
3 285 0.45 74.8
4 20 0.00 0.00
5 70 0.11 18.5
381 0.60
4 1 1 0.00 0.1
3 264 0.41 14.0
4 1,599 2.50 84.7
5 23 0.04 1.2
1,887 2.95
5 3 18 0.03 54.9
4 2 0.00 7.1
5 13 0.02 38.0
33 0.05
6 4 9 0.01 47.2
5 10 0.02 52.8
19 0.03
7 1 308 0.48 12.0
2 730 1.14 28.3
3 464 0.72 18.0
4 723 1.13 28.0
5 354 0.55 13.7
2,579 4.02
8 1 20 0.00 0.4
2 53 0.08 82.0
4 11 0.02 17.6
64 0.10
10 2 72 0.11 6.0
3 29 0.05 24
4 1,085 1.70 90.9
5 8 0.01 0.7
1,194 1.87
11 1 73 0.11 18.2
2 214 0.34 53.6
3 9 0.02 23
4 98 0.15 24.5
5 6 0.01 1.4
400 0.63

Description of the Study Area
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Table 3. Drainage basins within and near Sioux Falls—Continued

Drain.age Land-use Area ::;?::;:s: ag;:uP n Total area per drainage basin dr:i:::::-:a::;:t::ea
basin group - - 1
(acres) (square miles) (acres) (square miles) per land-use group
12 1 44 0.07 2.6
3 1,261 1.97 74.5
4 195 0.30 11.5
5 192 0.30 114
1,692 2.64
13 1 20 0.03 1.1
3 1,452 2.27 80.2
4 279 0.44 15.4
5 59 0.09 33
1,810 2.83
14 1 4 0.01 0.2
3 292 045 12.5
4 2,036 3.18 87.0
5 7 0.01 0.3
2,339 3.65
15 1 6 0.01 0.9
3 595 0.93 92.3
4 32 0.05 5.0
5 12 0.02 1.8
645 1.01
16 1 9 0.01 25
3 238 0.37 70.9
4 89 0.14 26.6
5 %0 0.00 0.0
336 0.52
17 1 1 0.00 0.1
3 227 0.35 17.2
4 1,082 1.69 81.9
5 11 0.02 0.8
1,321 2.06
18 1 21 0.03 5.2
3 357 0.56 90.7
4 5 0.01 1.2
5 11 0.02 2.9
394 0.62
19 1 482 0.75 13.5
2 394 0.62 11.0
3 1,987 3.11 55.7
4 355 0.55 10.0
5 348 0.54 9.8
3,566 5.57
20 2 67 0.10 34
3 337 0.53 17.0
4 1,255 1.96 63.3
5 323 0.51 16.3
1,982 3.10
21 1 294 0.46 14.4
2 1,182 1.85 57.7
3 250 0.39 12.2
4 264 0.41 12.9
5 58 0.09 2.8
2,048 3.20
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HDR Engineering, Inc. also has collected water-
quality data for Covell Lake (fig. 1) as part of a basin
study (HDR Engineering, Inc., 1993), which was done
to assist the City of Sioux Falls in collection of baseline
water-quality data for the purpose of assessing the cur-
rent trophic status of the lake. Samples from the lake,
which receives stormwater-system runoff from Sioux
Falls, were collected in the spring and summer of 1992.

The South Dakota Department of Environment
and Natural Resources (SDDENR) has collected
water-quality data at seven sites on the Big Sioux River
and at one site on Skunk Creek near Sioux Falls (fig. 1).
Sample information including the sampling proce-
dures, analyses done, and analytical methods used are
documented in a 305(b) Water Quality Assessment
report (South Dakota Department of Environment and
Natural Resources, 1992). Data on the sampled water-
quality constituents are on file at SDDENR.

The 305(b) report (South Dakota Department of
Environment and Natural Resources, 1992) was com-
piled to fulfill the Federal Clean Water Act reporting
requirements. A summary of information on the Big

Sioux River, Skunk Creek, and Covell Lake, which are
listed in the 305(b) report, is shown in table 4. Accord-
ing to this report, urban stormwater runoff has a
moderate effect on the Big Sioux River from the Big
Sioux River Diversion Channel to 3 miles east of
Canton. Urban stormwater runoff has had a significant
effect on Covell Lake, which is eutrophic due mainly to
its high nutrient enrichment and siltation. The lakes in
the Big Sioux River Basin are all eutrophic to varying
degrees due to algae, nutrient enrichment, and siltation.
This is expected to continue in the future because of the
relatively small size and shallow depth of the lakes.
The characteristics of Covell Lake differ from the
typical lake in this basin by having no algae problem
and by having the major source of its impaired uses due
to urban runoff as contrast to the typical lake’s
impaired uses due to agriculture runoff and septic-tank
leakage. Much of the Big Sioux River is not supporting
its fishable/swimmable beneficial uses, which in Sioux
Falls is due in large part to the high fecal coliform num-
bers and suspended solids. Skunk Creek near Sioux
Falls is supporting its beneficial uses.

Table 4. Characteristics of the Big Sioux River, Skunk Creek, and Covell Lake within and near Sioux Falls
[From South Dakota Department of Environment and Natural Resources (1992). --, not classified]

Water body Reach ss;isr::\balte:: e Causes of nonsupport Source categories Trend T;toa ’::::
Big Sioux  |Above Dell Rapids to Nonsupported [ Organic enrichment Non-irrigated crop production |Degrading --
River Sioux Falls Diversion (slight) (moderate)
Channel - 42 miles pH (slight) Pasture land (moderate)
Suspended solids Feedlots—all types (moderate)
(moderate} Animal holding/management
Pathogens (slight) areas (moderate)
Salinity/dissolved
solids/chlorides
(slight)
Big Sioux  |Sioux Falls Diversion Nonsupported | Suspended solids (high) |Natural (moderate) Stable --
River Channel to 3 miles east pH (moderate) Non-irrigated crop production
of Canton - 30 miles Pathogens (high) (high)
Ammonia (slight) Pasture land (moderate)
Organic enrichment Feedlots—all types (high)
(slight) Urban storm sewers (moderate)
Urban surface runoff
(moderate)
Streambank modification/
destabilization (moderate)
Skunk Creek (Headwaters to mouth -  [Supported -- -- - --
50 miles
Covell Lake |Sioux Falls Nonsupported | Nutrients (high) Urban surface runoff (high) Unknown |Eutrophic
Siltation (high)
Chlorine (moderate)
Oil and grease
(moderate)

Description of the Study Area
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METHODS OF INVESTIGATION

Stormwater-runoff samples were collected from
three sites considered representative of the major land
uses in Sioux Falls (commercial, industrial, and resi-
dential). At each sampling site, stage, discharge, rain-
fall, and water-quality samples were measured and/or
collected during four representative storms occurring
at least one month apart. Runoff from storms was sam-
pled only if preceded by at least 72 hours of dry
weather (less than 0.1 inch of rainfall).

Site Selection and Land Characteristics

Criteria used to select the sampling sites
included hydraulics, safety, runoff representativeness,
land-use representativeness, and accessibility. The
sampling sites were selected in consultation with per-
sonnel of the City of Sioux Falls.

Hydraulic factors were important in choosing the
sampling sites. An open-channel site must be located
where an accurate stage-discharge relationship can be
established and where stage and discharge can be
measured accurately. Therefore, the sampling sites
must be located where the channels have adequate
hydraulic control, are relatively uniform, and are rela-
tively stable (negligible degradation or aggradation).
These factors also are important if any weirs or flumes
are placed in the channel to assist in discharge
measurement and stage-discharge rating curve estab-
lishment. The site locations also were selected where
there were no major ponding effects in the channels to
avoid concentration of constituents.

Safety was important in choosing the sites both
for accident prevention and for quality control. In
order to obtain accurate results, the data had to be col-
lected in an unhurried and organized manner without
risk of injury. Confined sites were avoided both
because of increased risk of injury and because of the
increased time required to collect data due to the addi-
tional confined-space safety requirements. Areas of
high traffic where lack of light and/or visibility create
conditions conducive to accidents or injuries also were
avoided.

The sampling sites were chosen so that they were
representative of the stormwater runoff found through-
out Sioux Falls. Thus, the sites that were selected rep-
resent the major land uses found in Sioux Falls
(commercial, industrial, and residential). It is not
appropriate to collect data and apply it to all of the out-

falls if the conditions at the sampling sites are unique.

Accessibility of the monitoring sites also was
important. The samples had to be collected, preserved,
and analyzed according to a specific time schedule.
The sampling crews had to be able to conveniently
transport their sampling equipment to the location of
the site to collect and process the required samples in a
timely manner.

A summary of the characteristics of land uses
and drainage basins of the sampling sites is shown in
table 5. Commercial, industrial, and residential land
uses represent 71.5 percent of the total land use in the
City and 100 percent of the developed land. Little
additional information could have been gained by sam-
pling for other land uses. The other land-use categories
(agricultural and nonclassified, planned residential or
commercial, and parks and recreation) have less poten-
tial for water-quality effects than do the developed
(residential, commercial, and industrial) land uses.
The locations of the sampling sites are shown in
figure S.

Site 1, representative of commercial land use, is
located at the southwest edge of Sioux Falls near the
intersection of Interstate 29, 41st Street, and the Big
Sioux River. The sampling site is in an open channel
upstream of two 72-inch culverts that drain into the Big
Sioux River immediately east of the site. More than
70 percent of the drainage basin upstream of this water-
quality sampling site is developed as commercial land
use. The remainder of the upstream drainage basin is
classified as residential (25.9 percent), parks and recre-
ation (3.6 percent), and agricultural and nonclassified
(0.3 percent). The drainage area upstream of this site is
0.23 square mile, which although small, provided an
adequate amount of water for sampling during storm
events. The majority of the land use is composed of
general commercial (not heavy commercial). Much of
the drainage area is composed of parking lots, which
produced a large amount of runoff to the sampling site.
The site has little traffic and is readily accessible from
Louise Avenue. The site is a good location for sam-
pling because of the uniform channel with only a slight
problem created by small trees and heavy vegetation in
the channel. A concrete weir was constructed across
the open channel to provide hydraulic control and to
pond the water slightly during storm events. Ponding
of the runoff, which was necessary to provide adequate
depth of water to sample, was kept to a minimum to
avoid concentration of constituents. Most of the other
potential sampling sites for commercial land use were
determined not to be adequate sites due to the high per-
centage of residential land use within the same drain-
age basins.
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Site Instrumentation

Instrument shelters were installed on the banks
of the open channels at each of the three sampling sites.
Instrumentation at each site included a pressure trans-
ducer to measure stream stage and a tipping-bucket
rain gage installed on the roof of the shelters to measure
precipitation volume and intensity. Data from these
instruments were recorded by a data logger that also
served to activate an automatic water-quality sampler
to initiate stream-sample collection when stream stages
reached pre-selected levels. Each site also had phone
service and associated modems that allowed communi-
cation with the data logger such that stream-stage and
precipitation data could be monitored from remote
locations. Also, appropriate adjustments could be
made by phone to the programs that controlled the acti-
vation of the automatic sampler.

Concrete control structures were constructed in
the open channels at the commercial and industrial
sites, and a metal control structure was fastened to the
concrete lining of the open channel at the residential
site. Stage-discharge ratings initially were established
by indirect methods and later verified by manual
current-meter discharge measurements.

The automatic samplers were installed according
to the following guidelines:

1. the intake hose was located above the channel

bottom in an area of well-mixed flow;

2. the intake hose and sample container
materials were selected so as to prevent metal
or organic contamination of samples;

3. the sampler was located at a minimum height
above the intake hose so that the automatic
sampler could pump water during sampling.

Sample Collection and Processing

A detailed protocol was developed to satisfy
USEPA requirements for water-quality sampling for
NPDES purposes and was revised by the SDDENR,
which was designated by the USEPA as South Dakota’s
NPDES certifying agent. This protocol is presented in
the Supplemental Information section (at the end of the
report) and was used for all phases of the water-quality
sampling program. This protocol included instructions
for standard observations upon arrival at the monitor-
ing sites, for grab sampling, for operation of the auto-
matic samplers and stage-collection equipment, for
preparation of the flow-weighted composite samples

from discretely collected samples, for field quality
assurance, for preservation of the samples for labora-
tory analyses, for shipping, and for tracking.

All equipment used for sample collection and
processing was cleaned by personnel wearing latex
gloves by washing with nonphosphate detergent and
tap water, rinsing with tap water, rinsing with deionized
water, rinsing with methanol, and rinsing again with
deionized water. All equipment then was allowed to air
dry. All openings then were covered with aluminum
foil.

Collection, processing, and analysis information
for the various samples are summarized in table 6.
Constituents including bacteria, cyanide, oil and
grease, volatile organic compounds (VOC’s), and total
phenols were collected as grab samples. The grab sam-
ples typically were collected manually (not using the
automatic samplers) just below the water surface in the
middle of open channels within 1 hour after runoff
commenced from acceptable storms. Samples col-
lected in the channels were considered to be represen-
tative because the flow was well mixed during
stormwater runoff. Field measurements of specific
conductance, pH, water temperature, and total residual
chlorine were made at approximately the same time
that the grab samples were collected. Total residual
chlorine was determined by using a field test that esti-
mates free and total chlorine. If residual chlorine had
been detected in any of the samples, it would have been
necessary to add sodium thiosulfate or ascorbic acid
when analyzing for bacteria, cyanide, or VOC’s.

Discrete samples intended for later flow-
weighted compositing typically were collected using
automatic samplers during the first hour of the storm.
The automatic samplers were programmed to collect
3,750 mL (milliliter) every 15 minutes once the sam-
plers were triggered by specific stages. A total of four
3,750-mL glass jars were filled by each sampler. Addi-
tional discrete samples were collected manually every
15 minutes for the remainder of the stormwater-runoff
period or for a maximum of two additional hours by
wading near the middle of the channel and filling
1-gallon glass jars just below the water surface. Total
sampling time was a maximum of 3 hours from the
start of runoff or until the storm ended and the stage in
the channel returned to its pre-storm level. Additional
1-gallon glass jars, if available, were filled near the run-
off peak to ensure that enough water was available for
the flow-weighted compositing that was performed
later.

Methods of investigation 19



Table 6. Collection, processing, and analysis information associated with sampling of stormwater runoff in Sioux Falls

[USGS (field), determined at the sampling site by U.S. Geological Survey personnel; USGS, performed at Sioux Falls Water Purification Plant by U.S.
Geological Survey personnel; Quanterra, Quanterra Environmental Services in Arvada, Colo.; poly, polyethylene; BOD, biochemical oxygen demand;
grab, grab sample during initial 2 hours of storm; composite, flow-weighted composite sample; L, liter; mL, milliliters; pL, microliters; HCL,

hydrochloric acid; HNOs, nitric acid; HySOy, sulfuric acid; NaOH, sodium hydroxide; --, not applicable]

Preservative

. Collection Analyzing S Sample Maximum
Constituent or property method laboratory Filtration container (amount/ holding time
strength)
Specific conductance (field), Grab USGS (field) No 300-mL poly -- Analyze
pH (field), temperature immediately
(field), and total residual
chlorine (field)
Bacteria Grab USGS Yes 300-mL glass -- 6 hours
Cyanide Grab Quanterra No 250-mL poly NaOH 14 days
(2 mL/50%)
Oil and grease Grab Quanterra No 1-L glass H,S04 28 days
(4 mL/50%)
Volatile organic compounds  Grab Quanterra No Three 40-mL glass HCL 14 days
(200 pL/100%)
Phenols Grab Quanterra No 500-mL glass H,S0,4 28 days
(2mL/50%)
pH, specific conductance, Composite  Quanterra No Included with BOD -- 14 days
and alkalinity
Chemical oxygen demand, = Composite ~ Quanterra No 500-mL glass H,S0,4 28 days
organic carbon, and (2 mL/50%)
nutrients (except dissolved
phosphorus)
BOD Composite  Quanterra No 1-L poly - 48 hours
Dissolved calcium, Composite  Quanterra Yes 500-mL poly HNO, 28 days
magnesium, potassium, (10 mL/20%)
and sodium
Dissolved chloride, sulfate, = Composite  Quanterra Yes Included with BOD - 28 days (chloride
and solids & sulfate); 7
days (solids)
Suspended solids Composite  Quanterra No Included with BOD - 7 days
Dissolved phosphbrus Composite  Quanterra Yes 500-mL glass H,S0, 28 days
(2 mL/50%)
Metals Composite  Quanterra No 500-mL poly HNO, 6 months
(10 mL/20%)
Mercury Composite  Quanterra No Included with metals HNO; 13 days
Petroleum hydrocarbons Composite ~ Quanterra No 1-L glass H,S0, 28 days
(4 mL/50%)
Acid and base/neutral Composite  Quanterra No Two 1-L glass (amber) -- 7 days until
organic compounds extraction;
40 days after
extraction
Pesticide organic compounds Composite ~ Quanterra No Two 1-L glass - 7 days until
extraction;
40 days after
extraction
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Field sample containers were made of glass with
Teflon-lined lids. All samples collected either by
manual sampling or by the automatic samplers were
chilled by storing in ice chests as soon as possible after
collection. Samples were taken to the Sioux Falls
Water Purification Plant immediately after sampling
was completed to facilitate processing and shipping to
the analytical laboratory within the allowable holding
times.

The discrete samples were composited at the
Sioux Falls Water Purification Plant in direct propor-
tion to the discharge occurring at the respective times
of collection. The discharge at the sampling time for
each discrete sample was determined from the stage/
discharge rating curve for the site. The volumetric pro-
portion of the total sample volume represented by a
given discrete sample was calculated by the ratio of
discharge at the time of the given discrete sample to the
sum of discharges for all the discrete samples collected
during the storm event. Because the time interval
between collection of discrete samples was consistent
(15 minutes), this discharge ratio represents the volu-
metric proportion of a given discrete sample relative to
the stream volume passing the sampling site for the
total sampling period. The discharge ratios were used
to determine the appropriate volume of each discrete
sample that would yield a final flow-weighted
composite sample volume of about 11 to 12 L (liters)
that would be representative of the entire storm sam-
pling period. The calculated volume for each discrete
sample was measured by pumping water into a glass
graduated cylinder while the sample in the sample
bottle was being continuously stirred with a Teflon stir
rod. The appropriate measured volumes were then sub-
divided into 10 one-galion glass bottles using a cone
splitter constructed such that all parts in contact with
the sample water were made of Teflon. This composit-
ing procedure ensured that the samples contained in
each of the 10 one-gallon glass bottles receiving
sample water from the cone splitter were flow-
weighted composites representing the entire sampling
period for the storm event. Sample water from the 10
one-gallon glass bottles was then decanted into
individual sample containers provided by Quanterra

Environmental Services in Arvada, Colo., that already
contained appropriate preservatives as outlined in
40CFR Part 136 (U.S. Environmental Protection
Agency, 1990). Samples requiring filtering were
pumped from the 10 one-gallon glass bottles through a
capsule-filter unit into individual sample bottles with
appropriate preservatives. After the individual sample
bottles were filled, they were packed in shipping
containers (filled with ice where appropriate) and sent
to Quanterra Environmental Services for analysis.

The samples were handled under chain-of-
custody procedures. A chain-of-custody record was
attached to each ice chest containing the grab and dis-
crete samples before the chests were shipped to
Quanterra Environmental Services. The original
record was sealed in a plastic, ziplock-type bag and put
in the sample shipping ice chests prior to shipping; a
copy was retained by field personnel. A laboratory
request form accompanied the chain-of-custody
record, which identified the constituents or properties
to be analyzed, sample containers designated for each
parameter, and preservation methods used. Grab sam-
ples collected for bacteria analyses were processed at
the Sioux Falls Water Purification Plant by USGS
personnel.

Sample Analysis

The samples collected for this study generally
were analyzed by Quanterra Environmental Services in
Arvada, Colo. Exceptions were analyses for bacteria
and miscellaneous field measurements, which were
performed by USGS personnel. The methods used to
analyze selected constituents or properties for the
stormwater runoff are shown in table 7. The analytical
methods used are USEPA-approved methods except
for the bacterial analyses. Procedures for bacteria
analyses were patterned after Fishman and Friedman
(1989) and were approved by SDDENR. Specific pro-
cedures used in bacteria analyses are included in the
Supplemental Information section.
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Table 7. Laboratory methods of analysis for selected constituents or properties for stormwater runoff in Sioux Falls

[USEPA, U.S. Environmental Protection Agency. Analyses done by Quanterra Environmental Services in Arvada, Colo., unless otherwise noted by “*,”
then analyses done by U.S. Geological Survey in Huron, S. Dak. Biochemical oxygen demand analyses done by both Quanterra and U.S. Geological Survey
(Huron). Analytical methods as specified in NPDES stormwater sampling guidance document (U.S. Environmental Protection Agency, 1992a)]

Constituent or property Analytical method Constituent or property Analytical method
Properties Volatile organic compounds—Continued
(1) Specific conductance USEPA 120.1 (5) Carbon tetrachloride USEPA 624
(2) pH USEPA 150.1 (6) Chlorobenzene USEPA 624
(3) Chemical oxygen demand USEPA 410.4 (7) Chlorodibromomethane USEPA 624
(4) Biochemical oxygen demand USEPA 405.1 (8) Chloroethane USEPA 624
(5) Alkalinity, total USEPA 310.2 (9) 2-chloroethylvinyl ether USEPA 624
Bacteria (10) Chloroform USEPA 624
(1) Total coliform* USGS B-0025-85 (11) Dichlorobromomethane USEPA 624
(2) Fecal coliform* USGS B-0050-85 (12) 1,1-dichloroethane USEPA 624
(3) Fecal streptococcus* USGS B-0055-85 (13) 1,2-dichloroethane USEPA 624
Major ions (14) 1,1-dichloroethylene USEPA 624
(1) Calcium, dissolved USEPA 200.7 (15) 1,2-dichloropropane USEPA 624
(2) Magnesium, dissolved USEPA 200.7 (16) 1,3-dichloropropylene USEPA 624
(3) Sodium, dissolved USEPA 200.7 (17) Ethylbenzene USEPA 624
(4) Potassium, dissolved USEPA 200.7 (18) Methyl bromide USEPA 624
(5) Sulfate, dissolved USEPA 300.0 (19) Methyl chloride USEPA 624
(6) Chlorine, residual USEPA 330.1 (20) Methylene chloride USEPA 624
(7) Chloride, dissolved USEPA 300.0 (21) 1,1,2,2-tetrachloroethane USEPA 624
Dissolved or suspended solids (22) Tetrachloroethylene USEPA 624
(1) Solids, dissolved USEPA 160.1 (23) Toluene USEPA 624
(2) Solids, suspended USEPA 160.2 (24) 1,2-trans-dichloroethylene USEPA 624
Nutrients (25) 1,1,1-trichloroethane USEPA 624
(1) Nitrogen, nitrite plus nitrate USEPA 353.2 (26) 1,1,2-trichloroethane USEPA 624
(2) Nitrogen, total Kjeldahl USEPA 351.2 (27) Trichloroethylene USEPA 624
(3) Nitrogen, total USEPA 351.2 & (28) Vinyl chloride USEPA 624
USEPA 353.2 Base/neutral organic compounds
(4) Phosphorous, total USEPA 365.3 (1) Acenaphthene USEPA 625
(5) Phosphorous, dissolved USEPA 365.3 (2) Acenapthylene USEPA 625
Metals or trace elements (3) Anthracene USEPA 625
(1) Antimony, total USEPA 200.7 (4) Benzidine USEPA 625
(2) Arsenic, total USEPA 206.2 (5) Benzo a anthracene USEPA 625
(3) Beryllium, total USEPA 200.7 (6) Benzo a pyrene USEPA 625
(4) Cadmium, total USEPA 200.7 (7) 3,4-benzofluoroanthene USEPA 625
(5) Chromium, total USEPA 200.7 (8) Benzo(ghi)perylene USEPA 625
(6) Copper, total USEPA 200.7 (9) Benzo(K)fluoranthene USEPA 625
(7) Lead, total USEPA 200.7 (10) Bis (2-chloroethoxy) methane USEPA 625
(8) Mercury, total USEPA 245.1 (11) Bis (2-chloroethyl) ether USEPA 625
(9) Nickel, total USEPA 200.7 {(12) Bis (2-chloroisopropyl) ether USEPA 625
(10) Selenium, total USEPA 200.7 (13) Bis (2-ehylhexyl) phthalate USEPA 625
(11) Silver, total USEPA 272.2 (14) 4-bromophenyl phenyl ether USEPA 625
(12) Thallium, total USEPA 279.2 (15) Butylbenzyl phthalate USEPA 625
(13) Zinc, total USEPA 200.7 (16) 2-chloronaphthalene USEPA 625
(14) Cyanide, total USEPA 335.3 (17) 4-chlorophenyl phenyl ether USEPA 625
Organic compounds (18) Chrysene USEPA 625
(1) Total organic carbon USEPA 415.1 (19) Dibenzo(A,h)anthracene USEPA 625
(2) Oil and grease USEPA 413.1 (20) 1,2-dichlorobenzene USEPA 625
(3) Petroleum hydrocarbons, total USEPA 418.1 (21) 1,3-dichlorobenzene USEPA 625
Volatile organic compounds (22) 1,4-dichlorobenzene USEPA 625
(1) Acrolein USEPA 624 (23) 3,3'-dichlorobenzidine USEPA 625
(2) Acrylonitrile USEPA 624 (24) Diethyl phthalate USEPA 625
(3) Benzene USEPA 624 (25) Dimethyl phthalate USEPA 625
(4) Bromoform USEPA 624 (26) Di-n-butyl phthalate USEPA 625
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Table 7. Laboratory methods of analysis for selected constituents or properties for stormwater runoff in Sioux

Falls—Continued

Constituent or property Analytical method Constituent or property Analytical method
Base/neutral organic compounds—Continued Acid organic compounds—Continued
(27) 2 4-dinitrotoluene USEPA 625 (10) Phenols, total USEPA 420.1
(28) 2,6-dinitrotoluene USEPA 625 (11) Phenol USEPA 625
(29) Di-n-octyl phthalate USEPA 625 (12) 2,4,6-trichlorophenol USEPA 625
(30) 1,2-diphenylhydrazine (as USEPA 625 Pesticide organic compounds
azobenzene) (1) Aldrin USEPA 608
(31) Fluoranthene USEPA 625 (2) Alpha-BHC USEPA 608
(32) Fluorene USEPA 625 (3) Beta-BHC USEPA 608
(33) Hexachlorobenzene USEPA 625 (4) Gamma-BHC USEPA 608
(34) Hexachlorobutadiene USEPA 625 (5) Delta-BHC USEPA 608
(35) Hexachlorocyclopentadiene USEPA 625 (6) Chlordane USEPA 608
(36) Hexachloroethane USEPA 625 (7) 4,4-DDT USEPA 608
(37) Indeno (1,2,3-cd) pyrene USEPA 625 (8) 4,4-DDE USEPA 608
(38) Isophorone USEPA 625 (9) 4,4-DDD USEPA 608
(39) Napthalene USEPA 625 (10) Diazinon USEPA 608
(40) Nitrobenzene USEPA 625 (11) Dieldrin USEPA 608
(41) N-nitrosodimethylamine USEPA 625 (12) Alpha-endosulfan USEPA 608
(42) N-nitrosodi-n-propylamine USEPA 625 (13) Beta-endosulfan USEPA 608
(43) N-nitrosodiphenylamine USEPA 625 (14) Endosulfan sulfate USEPA 608
(44) Phenanthrene USEPA 625 (15) Endrin USEPA 608
(45) Pyrene USEPA 625 (16) Endrin aldehyde USEPA 608
(46) 1,2,4-trichlorobenzene USEPA 625 (17) Heptachlor USEPA 608
Acid organic compounds (18) Heptachlor epoxide USEPA 608
(1) 2-chlorophenol USEPA 625 (19) PCB-1242 USEPA 608
(2) 2,4-dichlorophenol USEPA 625 (20) PCB-1254 USEPA 608
(3) 2,4-dimethylphenol USEPA 625 (21) PCB-1221 USEPA 608
(4) 4,6-dinitro-o-cresol USEPA 625 (22) PCB-1232 USEPA 608
(5) 2,4-dinitrophenol USEPA 625 (23) PCB-1248 USEPA 608
(6) 2-nitrophenol USEPA 625 (24) PCB-1260 USEPA 608
(7) 4-nitrophenol USEPA 625 (25) PCB-1016 USEPA 608
(8) P-chloro-m-cresol USEPA 625 (26) Toxaphene USEPA 608
(9) Pentachlorophenol USEPA 625

Quality Assurance

Quality assurance (QA) procedures were used to
produce data of known quality. QA steps were used
both in collection and in analyses of the samples.

Instruments used in the field to measure proper-
ties such as pH and specific conductance were cali-
brated with reference standards daily prior to field use.
Calibration records were maintained, including instru-
ment type, date, and response.

QA samples submitted from the field for labora-
tory analysis consisted of two field-equipment blanks
and one field replicate. Field-equipment blanks were
used to assess sample contamination that could have
occurred during collection, handling, compositing,
shipment, storage, and analysis of the samples. Before
each automatic sampler was placed in service, the units
were cleaned by pumping nonphosphate detergent and
water through the pump and tubing, followed by rinses
with tap water, methanol, and deionized water. Before

the actual sampling was begun, an equipment blank
was collected (Mar. 23, 1995) at the industrial site (the
site considered to have the greatest potential for con-
tamination) by pumping inorganic- and organic-free
blank water provided by Quanterra Environmental Ser-
vices through the unit, and processing and analyzing
the sample using identical procedures as for the flow-
weighted samples. After the sampling program was
completed, another equipment blank was collected
(July 9, 1996) at this site and subsequently analyzed.
QA results of field-equipment blanks collected at the
industrial sampling site are shown in table 8. No con-
stituents were detected in the field-equipment blanks
with the exception of small concentrations of dissolved
calcium, dissolved solids, nitrite plus nitrate, total zinc,
and total organic carbon. Some possible sample con-
tamination is indicated from the automatic sampler,
compositing procedure, laboratory analysis, or the
blank water itself.
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Table 8. Quality-assurance results of field-equipment blanks for flow-weighted constituents or properties collected at the

industrial site

[Analyses by Quanterra Environmental Services laboratory in Arvada, Colo. Values in micrograms per liter except where indicated. mg/L, milligrams per
liter; pS/cm, microsiemens per centimeter at 25°C; <, less than indicated reporting limit]

Constituent or property 03/23/95 07/09/96 Constituent or property 03/23/95 07/09/96
Properties Organic compounds
Specific conductance (lab) 3.8 4.0 Total organic carbon (mg/L) 1.2 <1.0
(uS/cm) Petroleum hydrocarbons, total <1.0 <1.0
pH (lab) 6.3 6.6 (mg/L)
Chemical oxygen demand <20.0 <20.0 Base/neutral organic compounds
(mg/L) Acenaphthene <10 <9.8
Biochemical oxygen demand <2.0 11.8 Acenapthylene <10 <9.8
(mg/L) Anthracene <10 <9.8
Alkalinity, total (mg/L as <5.0 <5.0 Benzidine <100 <98
CaCOy) Benzo a anthracene <10 <9.8
Major ions Benzo a pyrene <10 <9.8
Calcium, dissolved (mg/L) <0.20 0.33 3,4-benzofluoroanthene <10 <9.8
Magnesium, dissolved (mg/L) <0.20 <0.20 Benzo(ghi)perylene <10 <9.8
Sodium, dissolved (mg/L) <5.0 <5.0 Benzo(K)fluoranthene <10 <9.8
Potassium, dissolved (mg/L) <5.0 <5.0 Bis (2-chloroethoxy) methane <10 <9.8
Sulfate, dissolved (mg/L) <0.50 <0.50 Bis (2-chloroethyl) ether <10 <9.8
Chloride, dissolved (mg/L) <0.50 <0.50 Bis (2-chloroisopropyl) ether <10 <9.8
Dissolved or suspended solids Bis (2-ehylhexyl) phthalate <10 <9.8
Solids, total dissolved (mg/L) <10.0 12.0 4-bromophenyl phenyl ether <10 <9.8
Solids, total suspended (mg/L) <2.0 <2.0 Butylbenzyl phthalate <10 <9.8
Nutrients 2-chloronaphthalene <10 <9.8
Nitrogen, nitrite plus nitrate <0.10 0.39 4-chlorophenyl phenyl ether <10 <9.8
(mg/L) Chrysene <10 <9.8
Nitrogen, total Kjeldahl <0.50 <0.50 Dibenzo(A,h)anthracene <10 <9.8
(mg/L) 1,2-dichlorobenzene <10 <9.8
Nitrogen, total (mg/L) <0.60 <0.89 1,3-dichlorobenzene <10 <9.8
Phosphorous, total (mg/L) <0.050 <0.050 1,4-dichlorobenzene <10 <9.8
Phosphorous, dissolved <0.050 <0.050 3,3’-dichlorobenzidine <20 <20.0
(mg/L) Diethyl phthalate <10 <9.8
Metals or trace elements Dimethy] phthalate <10 <9.8
Antimony, total (mg/L) <0.060 <0.060 Di-n-butyl phthalate <10 <9.8
Arsenic, total (mg/L) <0.0050 <0.0050 2,4-dinitrotoluene <10 <9.8
Beryllium, total (mg/L.) <0.0020 <0.0020 2,6-dinitrotoluene <10 <9.8
Cadmium, total (mg/L) <0.0050 <0.0050 Di-n-octyl phthalate <10 <9.8
Chromium, total (mg/L.) <0.010 <0.010 1,2-diphenylhydrazine (as <10 <9.8
Copper, total (mg/L) <0.020 <0.020 azobenzene)
Lead, total (mg/L) <0.050 <0.050 Fluoranthene <10 <9.8
Mercury, total (mg/L) <0.00020 <0.00020 Fluorene <10 <9.8
Nickel, total (mg/L) <0.040 <0.040 Hexachlorobenzene <10 <9.8
Selenium, total (mg/L) <0.20 <0.20 Hexachlorobutadiene <10 <9.8
Silver, total (mg/L) <0.00050 <0.00050 Hexachlorocyclopentadiene <10 <9.8
Thallium, total (mg/L) <0.0050 <0.0050 Hexachloroethane <10 <9.8
Zinc, total (mg/L) 0.023 <0.020 Indeno (1,2,3-cd) pyrene <10 <9.8
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Table 8. Quality-assurance results of field-equipment blanks for flow-weighted constituents or properties collected at the

industrial site—Continued

Constituent or property 03/23/95 07/09/96 Constituent or property 03/23/95 07/09/96
Base/neutral organic compounds—Continued Pesticide organic compounds—Continued
Isophorone <10 <9.8 Beta-BHC <0.050 <0.049
Napthalene <10 <9.8 Gamma-BHC <0.050 <0.049
Nitrobenzene <10 <9.8 Delta-BHC <0.050 <0.049
N-nitrosodimethylamine <10 <9.8 Chlordane <0.50 <0.50
N-nitrosodi-n-propylamine <10 <9.8 4,4’-DDT <0.10 <0.097
N-nitrosdiphenylamine <10 <9.8 4,4’-DDE <0.10 <0.097
Phenanthrene <10 <9.8 4,4-DDD <0.10 <0.097
Pyrene <10 <9.8 Diazinon <0.25 <0.24
1,2,4-trichlorobenzene <10 <9.8 Dieldrin <0.10 <0.097
Acid organic compounds Alpha-endosulfan <0.050 <0.049
2-chlorophenol <10 <9.8 Beta-endosulfan <0.10 <0.097
2,4-dichlorophenol <10 <9.8 Endosulfan sulfate <0.10 <0.097
2,4-dimethylphenol <10 <9.8 Endrin <0.10 <0.097
4,6-dinitro-o-cresol <50 <49 Endrin aldehyde <0.10 <0.097
2,4-dinitrophenol <50 <49 Heptachlor <0.050 <0.049
2-nitrophenol <10 <9.8 Heptachlor epoxide <0.050 <0.049
4-nitrophenol <50 <49 PCB-1242 <1.0 <0.97
P-chloro-m-cresol <10 <9.8 PCB-1254 <1.0 <0.97
Pentachlorophenol <50 <49 PCB-1221 <2.0 <1.9
Phenol <10 <9.8 PCB-1232 <1.0 <0.97
2,4,6-trichlorophenol <10 <9.8 PCB-1248 <1.0 <0.97
Pesticide organic compounds PCB-1260 <1.0 <0.97
Aldrin <0.050 <0.049 PCB-1016 <1.0 <0.97
Alpha-BHC <0.050 <0.049 Toxaphene <5.0 <4.9

Field replicates were used to assess the variabil-
ity in the results due to variability in field collection,
handling, shipment, and storage procedures and in lab-
oratory handling, storage, and analysis procedures.
The field replicates were grab samples collected at the
commercial site at the same location and immediately
following collection of the primary grab samples.
Field replicates were collected only for constituents or
properties to be submitted for laboratory analysis.
Field replicates were not performed for flow-weighted
composite samples. The water-quality results from the
commercial site field replicates were identical to the
results from the primary commercial site samples.
Quality-assurance results of field replicates are shown
in table 9.

Laboratory QA samples prepared and analyzed
by Quanterra Environmental Services consisted of
method blanks, duplicate control samples, matrix
spikes, and duplicate matrix spikes. Method blanks

were used to assess the potential sample contamination
attributable to laboratory-analysis procedures. Method
blanks were analyzed at a minimum frequency of one
per 20 samples. The duplicate control samples con-
sisted of reagent water spiked with some of the analytes
of concern. The purpose of the duplicate control sam-
ples is not to duplicate the sample matrix, but rather to
provide an interference-free homogeneous matrix from
which to gather data to establish control limits. These
limits are used to monitor the data generated by the lab-
oratory. The matrix spikes involved introducing surro-
gates, which are non-target compounds, into every
sample to provide an additional indication of accuracy.
Matrix-spiked samples were used to estimate matrix
recovery of organic compounds and laboratory accu-
racy. A duplicate matrix-spiked sample was analyzed
each time that a matrix-spiked sample was analyzed to
provide an estimate of laboratory precision. The sam-
ples were spiked prior to any extractions performed
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during the analysis. The matrix-spiked and duplicate These quality-control tests provided an indica-

matrix-spiked samples were analyzed at a frequency of  tion of precision and accuracy. Precision is the

one per 20 samples. measure of the variability of individual sample
measurements and was calculated as follows:

Table 9. Quality-assurance results of field replicates for
grab constituents or properties collected at the commercial _ |lc-D| % 100 1)

site T 05(C+D)
[Analyses by Quanterra Environmental Services laboratory in Arvada,

Colo. Values in micrograms per liter except where indicated. mg/L, where
milligrams per liter; ND, not detected; <, less than indicated reporting P = precision of the measurement pair, in
limit] percent;
Com- Com- C= concentrat%on in the field sample; and.
Constituent or property  mercial rl::lli'g::a Precision D= concen.tratlon in the field-sample }'epllcate.
(07-03-96) (07-03-96) Accuracy is the measure of system bias or the
Metal or trace element difference between the true c<?ncentration of the sample
Cyanide, total (mg/L) <0010 <0010 0 and the measured concentration of the sample and was
Organic compound calculated as follows:
Oil and grease (mng/L) <5.0 <5.0 0 MC
Volatile organic compounds A= ac %100 (2)
Acrolein <100 <100 0
Acrylonitrile <100 <100 0 where .
Benzene <5.0 <5.0 0 A = accuracy of the determm'atlon, in percent;
Bromoform <5.0 .0 0 MC = measured concentration in the sample; and
Carbon tetrachloride <0 5.0 0 AC = actual concentratiqn .in the sample. .
Chlorobenzene <50 <5.0 0 C9ntrol limits for precision range from O (identi-
Chlorodibromomethane  <5.0 5.0 0 c?.l du‘phcate c.ontrol samplc? results) to the average
historical relative percent difference plus three stan-
Chloroethane <10 <10 0 dard deviation units. Control limits for accuracy are
2-chloroethylvinyl ether ND ND 0 based on the average historical percent recovery plus or
Chloroform <30 <0 0 minus three standard deviation units.
Dichlorobromomethane  <5.0 <5.0 0 The quality-control tests for the method blanks,
1,1-dichloroethane <5.0 <5.0 0 duplicate control samples, matrix spikes, and duplicate
1,2-dichloroethane <5.0 <5.0 0 matrix spikes were acceptable with a few exceptions
1,1-dichloroethylene <5.0 <5.0 0 (which did not include any constituents or properties
1,2-dichloropropane <5.0 <5.0 0 for which loads were calculated). There were detec-
1,3-dichloropropylene <5.0 <5.0 0 tions on the method blanks for one property (specific
Ethylbenzene <5.0 <5.0 0 conductance), one volatile organic compound (methyl-
Methyl bromide <10 <10 0 ene chloride), and one base/neutral organic compound
Methyl chloride <10 <10 0 (di-n-butyl phthalate). The precision control limits
Methylene chloride <5.0 <5.0 0 were exceeded in the duplicate control samples for one
1,1,2.2-tetrachloroethane  <5.0 <5.0 0 volatile organic compo.und (2-chloroethylv?nyl ether),
Tetrachloroethylene <50 <5.0 0 five base/neutral organic compounds (benzxdme,.
Toluene 5.0 <5.0 0 3,4-benzofluoranthene, benzo (K) fluoranthene, d.le.thyl
12-trans-dichloroethylene  <5.0 <50 0 phthalate, and dimenthyl phtbalate), and two pesticides
1.1.1-trichloroethane <0 <0 0 (endosulfan S}llf‘ate and endrin aldc.ahyde). Tl!e accu-
o racy control limits were exceeded in the duplicate con-
L1,2 trichlorocthans <0 <0 0 trol samples for two base/neutral organic compounds
Trichloroethylene <50 <0 0 (benzidine and hexachlorocyclopentadiene) and one
Vinyl chloride <10 <10 0 pesticide (heptachlor). The specific results for these
Acid organic compound quality-control procedures are on file at Quanterra
Phenols, total (mg/L) <0.0050 <0.0050 0 Environmental Services.
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CHARACTERIZATION OF STORMWATER
RUNOFF

Stormwater runoff was sampled and precipita-
tion recorded at the three representative stormwater-
runoff sites during May through September 1995 and
May through July 1996. Runoff from six representa-
tive storm events (table 1) was collected during this
period. Twelve sets of stormwater runoff samples were
collected during these storm events, four at each site
(table 10). Nine sets of stormwater runoff samples had
complete analyses done. One additional partial sample
from each site also was collected but had incomplete
analyses due to difficulties encountered in shipping and
meeting constituent holding times. However, the
analyses that were completed for the additional partial
samples were acceptable and were reported and used in
all calculations of loads and event-mean concentra-
tions. The date and duration of the storm events sam-
pled, the amount of rainfall that fell immediately before
and during the sampled discharge, and the time
between the storm events sampled and the end of the
previous measurable storm events are listed in table 10.
The elapsed dry period (period preceding sampling
where there were no storms of greater than 0.10 inch)
ranged from 72 to 317 hours at the three sites. If runoff
from the storm events continued for more than 3 hours,

samples were collected during the initial 3 hours of
runoff; otherwise, runoff from the entire event was
sampled. Rainfall amounts associated with sampled
discharges ranged from 0.16 to 0.69 inch. For compar-
ison, the total amount of rainfall for the events that
were sampled ranged from 0.16 to 0.75 inch. All
sampled events comply with the intent of USEPA
requirements for rainfall amounts and durations
between measurable storm events (U.S. Environmental
Protection Agency, 1990).

Description of Sampled Storms

Grab samples for analysis of selected constitu-
ents or properties (see tables 6 and 7) typically were
collected manually by USGS personnel during the first
hour after initial rise of stream stage; discrete samples
for later flow-weighted compositing were collected at
15-minute intervals either by automatic sampler or
manually by USGS personnel. Gage heights, dis-
charges, and rainfall during the storms are shown in
figures 6-8 for four sets of stormwater samples from
the representative storm events collected at each of the
three monitoring sites (commercial, industrial, and
residential, respectively).

Table 10. Characteristics of stormwater runoff sampled during 1995-96 in Sioux Falls

[Total rainfall, total rainfall in inches for the entire storm event; Elapsed dry period, time between the storm event sampled and the previous measurable

storm event of greater than 0.1 inch]

Sampling-site - inant Beginning of End of storm Rainfall during Total rainfall Elapsed dry
reference land use stor'm (date/time) sampling (inches) period
number (date/time) (inches) (hours)
1 Commercial 6-23-95/0025" 6-23-95/0343 0.19 0.19 313.7
9-18-95/1710 9-19-95/0105 0.69 0.75 316.0
5-3-96/1253 5-3-96/1852 0.23 0.24 286.1
7-3-96/1256 7-3-96/1416 0.16 0.16 249.2
2 Industrial 5-7-95/1800 5-8-95/1210 0.22 0.37 85.3
6-23-95/0030" 6-23-95/0653 0.29 0.30 317.2
9-18-95/1715 9-19-95/0905 0.55 0.63 316.9
5-3-96/1300 5-3-96/1840 0.23 0.23 286.4
3 Residential 5-12-95/1928! 5-13-95/0424 0.18 0.22 72.0
9-18-95/1645 9-19-95/0040 0.65 0.70 3164
5-3-96/1245 5-3-96/1819 0.24 0.25 286.2
7-3-96/1305 7-3-96/1411 0.18 0.18 249.5

1Incomp]ete analyses.
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Figure 7. Gage height, discharge, and cumulative rainfall for the storm events sampled at the industrial site.
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