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CONVERSION FACTORS AND ABBREVIATIONS

For the convenience of readers who may want to use metric (International
System) units, the inch-pound values in this report may be converted by using

the following factors:

Multiply inch-pound unit

inch (in.)

foot (ft)

square foot (ft2)

cubic foot (ft3)

mile (mi)

square mile (mi?2)

cubic foot per second (ft3/s)

million gallons per day (Mgal/d)

pound, avoirdupois (1b)

25.4
0.3048
0.09294

28.32
1.609
2.590
0.02832

0.04381
3,785

453.6x103
453.6x106

To obtain metric unit

millimeter (mm)

meter (m)

square meter (m2)

liter (L)

kilometer (km)

square kilometer (km2)

cubic meter per second (m3/s)

cubic meter per second (m3/s)
cubic meter per day (m3/4)

milligram (mg)
microgram (ug)

Temperature in degress Celsius (°C) can be converted to degrees Fahrenheit

(°F) as follows:

°F = 1.8 x °C + 32

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.
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STORM RUNOFF AND ITS EFFECTS ON THE WATER QUALITY AND BOTTOM-MATERIAL

QUALITY OF CEDAR CREEK, WEST-CENTRAL ILLINOIS, 1985-86

By Ward O. Freeman, Arthur R. Schmidt, and Roger D. McFarlane

ABSTRACT

Storm—-related constituent loads to a 26.2-mile reach of Cedar Creek,
flowing through Galesburg, Illinois, were estimated from measurements made at
49 combined sewers, 7 storm sewers, a wastewater-treatment facility, 3 tribu-
taries, and 5 stream sites along Cedar Creek. Sediment oxygen demands and
bottom-material constituent concentrations were determined at 45 locations in
the creek and tributaries. Data were collected from May through December 1985,
and from March through October 1986.

Storm-related water-quality samples from Cedar Creek indicate that concen-
trations of copper, lead, cadmium, zinc, iron, manganese, and dissolved solids
exceeded the State general-use water—-quality standards. Combined-sewer over-
flow concentrations of total suspended solids, zinc, iron, and oxygen-demanding
wastes exceeded the State effluent standards. Odors and the amount of floating
material may indicate that the combined-sewer overflows also exceeded the
State standard on offensive discharges. Storm-sewer discharge concentrations
of lead, iron, and dissolved solids also exceeded the State effluent standards.

Bottom-material constituent concentrations of mercury, lead, chromium,
cadmium, and zinc were extremely high compared to mean background concentra-
tions for Illinois. Sediment oxygen demands ranged from 0.4 to 9.1 grams per
square meter per day. Agricultural runoff contributes a substantial amount of
suspended solids and oxygen-demanding materials, but these sources are, for the
most part, downstream from the areas of bottom material having high sediment
oxygen demands. Bottom-material samples and the locations of the subreaches
with high sediment oxygen demands indicate that runoff from the ongoing con-
struction of U.S. Highway 34 did not contribute substantial amounts of metals
or oxygen—-demanding sediments. The locations of the majority of sites with
elevated sediment-oxygen—-demand rates and bottom-material constituent concen-
trations indicate that major sources of constituents are runoff from combined
sewers and storm sewers and effluent from the Galesburg wastewater-treatment
facility. A sludge-application field located just upstream from the wastewater-
treatment facility also is a possible source of oxygen-demanding materials.
Runoff from combined sewers is a major source of cadmium, copper, lead, and
zinc in streamflow and bottom materials in Cedar Creek. The wastewater-
treatment-facility effluent and runoff from the storm sewers are major sources
of mercury and chromium, respectively, in streamflow and bottom materials in
Cedar Creek. Mercury from the wastewater-treatment facility is most likely in
the dissolved phase because suspended-solids concentrations are very low com-
pared to other sources of runoff.



INTRODUCTION
Background

Assessment of the characteristics of storm runoff and its effects on water
quality in a receiving stream requires knowledge of the environmental processes
in the stream as well as knowledge of the constituent loads contributed by the
runoff. Several studies to characterize the effect of urban runoff on stream-
flow have been conducted since the Nationwide Urban Runoff Program began in
1978. Similar studies that examine runoff from rural areas have been conducted
more recently under the Rural Clean Water Program (Dressing, 1987). Many of
these studies have indicated that the effect of runoff on the water quality of
the receiving stream is fairly localized, of short duration, and generally
limited to the high-flow period caused by the storm. However, as the stream
conditions return to prestorm levels, suspended solids contributed by storm
runoff can settle to the streambed and form deposits having high constituent
concentrations or high oyxgen demands (Athayde, 1984; Clarke, 1984). This
implies that the effect of storm runoff on water quality is most evident
during subsequent low-flow periods, when dilution by streamflow is reduced and
dissolved-oxygen concentrations may be low.

Physical and chemical characteristics of storm runoff depend on many fac-
tors including size, topography, surface cover, and land use of the drainage
basin; antecedent soil-~moisture conditions; and characteristics of the storm.
The most important of these factors is land use (Wanielista and others, 1977;
Polls and Lanyon, 1980; Novotny and others, 1985; and Dressing, 1987).
Agricultural runoff differs from urban runoff just as, within an urban area,
runof £ from an industrial region will differ from residential runoff.
Constituent loads contributed by these different sources of runoff will have
differing effects on the receiving stream.

The U.S. Geological Survey, in cooperation with the Illinois Environmental
Protection Agency (IEPA), has conducted several stream-quality-assessment
studies in Illinois. This study focuses on Cedar Creek, a small stream in
west-central Illinois, and is the first of these studies to assess the water-
quality characteristics of storm runoff.

A report by the Illinois State Water Survey (1916) indicates that very
severe pollution problems existed in Cedar Creek in the early 1900's. Although
the water quality of Cedar Creek appears to have improved since then, more
recent studies by the IEPA, the Galesburg Sanitary District (GSD) (Ken Newman,
Illinois Environmental Protection Agency, written commun., 1985), and by Clark,
Dietz, and Associates (1980) indicate that water in Cedar Creek still does not
meet State water-quality standards in several subreaches. These studies indi-
cate that dissolved-oxygen concentrations, in particular, were below the mini~
mum concentration required by the State general-use water-quality standard
(Illinois Pollution Control Board, 1986).

The purpose of this study was to describe the water quality of Cedar Creek
and to determine cause-and-effect relations of processes that affect the water
quality in the creek. This study was approached in two phases. The first
phase, described by Schmidt and others (1989), was an assessment of the low-
flow water quality of Cedar Creek. The second phase, described in this report,



is an assessment 'of storm-runoff quality and storm-related constituent loads.
The first phase of this study identified sediment oxygen demand as the primary
process causing low dissolved-oxygen concentrations in Cedar Creek. Because
of this, a major focus on the second phase of the study is to characterize
bottom materials and identify sources of sediments to the creek. The data-
collection methods and summaries of the data for both phases of the project
are described by McFarlane and others (1987).

Purpose and Scope

The purpose of this report is to describe the storm-related sources of
chemical constituents that affect the water quality of Cedar Creek. In par-
ticular, the purpose is to describe the characteristics of combined-sewer
overflows and storm—-sewer discharges from the city of Galesburg and their
contribution to constituent loads and bottom materials in the creek.

This report details the interpretation methods and results used to
describe storm runoff and to identify the primary storm-related sources of
several constituents to Cedar Creek. This report includes discussion of the
duration, accumulation, and intensity of precipitation for several storms;
the frequency, duration, and peak discharge of overflow from each of 49 com-
bined sewers within the study reach; the constituent concentrations determined
from samples of combined-sewer overflow, storm-sewer discharge, wastewater-
treatment-facility effluent, and streamflow; the sediment oxygen demands and
bottom-material constituent concentrations determined from 45 sites in Cedar
Creek and its tributaries; and the storm-related discharge volumes from each
of seven sources of storm runoff. The seven sources of storm runoff are flow
from upstream of Galesburg, overflow from combined sewers, discharge from
separate storm sewers, effluent from the wastewater-treatment facility, and
discharges from three tributaries draining agricultural land. Constituent
loads for these seven sources are estimated from constituent concentrations
and discharge volumes from samples and measurements made primarily during five
storms in 1986. The storm-related constituent loads are used to determine the
percentage of the total load that is contributed by each of the seven sources
of runoff. These results, in conjunction with the locations of elevated sedi-
ment oxygen demands and bottom-material constituent concentrations, indicate
the effect of storm runoff on water quality of Cedar Creek.

Study Area

Cedar Creek drains 165 mi2 (square miles) of Knox, Warren, and Henderson
Counties in west~central Illinois. This study focused on a 26.2-mile reach
of Cedar Creek from near its headwaters at RM (river mile) 45.2 (45.2 miles
above the mouth of Cedar Creek) to the confluence of Markham Creek with Cedar
Creek (RM 19.0) (fig. 1). Figure 2 shows the land-use characteristics of the
66.9-mi2 study area. Almost 80 percent of the basin is cropland or pasture.
Galesburg (population 35,305, U.S. Census Bureau, 1980) is the only urban area
in the study basin. The land use in Galesburg is 56.5 percent residential;
26.0 percent commercial; 7.2 percent cropland or pasture; 5.5 percent indus-
trial; 3.1 percent transportation, communications, and utilities (much of
which is railways); and 1.7 percent other uses (U.S. Geological Survey, 1979).
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The upstream part of the creek is highly channelized and includes a
concrete-lined subreach in Galesburg. Several other subreaches of Cedar Creek
also have been channelized by the Illinois Department of Transportation (IDOT)
as a part of the construction of U.S. Highway 34. This construction was
taking place during the study.

Downstream from its headwaters, the first 4.5 miles of the creek (head-
waters to site 3) flow intermittently in a natural channel containing several
pools and riffles (fig. 3). The streambed is composed of silt and clay and
contains some organic material washed from the farm fields at the creek's
headwaters. Trees lining a part of this subreach contribute leaf litter to
the organic material in the stream. Part of the subreach without trees--that
is open to sunlight--supports macrophytic growth during the summer. Streamflow
velocities are low through this entire subreach, and, although the streamflow
is intermittent, there is usually some flow, and the pools almost always con-
tain water. Site 1 (fig. 3) was located in this subreach at RM 45.2 to provide
information on the quality and quantity of flow from upstream of Galesburg.
Table 1 describes the data-collection sites shown in figure 3.

The next 1.8 miles of Cedar Creek (site 3 to site 5) are concrete lined
and contain about 120 combined-sewer and storm-sewer outfall pipes that dis-
charge to the creek. There is little bottom material in this subreach because
velocities are fast enough to transport the material farther downstream. This
subreach flows intermittently, but ground-water inflow through cracks in the
concrete-lined channel and from infiltration to storm sewers generally main-
tains some flow in the channel. During the summer, abundant growths of peri-
phyton cover the channel bottom.

From the end of the concrete channel downstream 2.0 miles to the
wastewater-treatment-facility outfall (site 5 to site WWTF), the streambed is
composed of clay, sand, and silt. Velocities in this subreach are very low,
and suspended materials tend to settle out. There are extensive deposits of
silt and sludge-like material. Site 8 was located in this subreach at RM 40.8
to provide information on the quality and quantity of flow leaving Galesburg.

The remaining 21.2 miles of the study reach (site WWTF to site 20) are a
natural meandering channel with a regular pattern of pools and riffles. The
streambed is composed primarily of silt and clay material. Sites 11, 14, and
18 (RM 38.1, 31.9, and 24.7) were located in this subreach to characterize the
quality and quantity of flow in Cedar Creek. Five sections of this subreach
were channelized as a part of the construction of U.S. Highway 34. The long-
est of these is the 0.36-mile section downstream from RM 37.4 (downstream from
site 11) (fig. 4).

There are several sections in each subreach with large deposits of
organic sludge-like material. The largest of these deposits is upstream from
the channel modification at RM 39.5 (fig. 4). This channel modification is a
high-flow diversion where low and medium flows follow the natural channel and
high flows follow a straight section bypassing the natural channel. A bend in
the creek and a rubble dam that routes low flows to the natural channel cause
an eddy where velocities are low, and suspended materials settle to the stream-
bed. Because velocities in the natural channel are seldom fast enough to
resuspend bottom materials, the entire section of natural channel around the
high-flow diversion contains large deposits of sludge and silt.
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Table 1.--Stream and precipitation data-collection site descriptions

[site codes correspond to those in figures 1 and 5-8 of
this report; dashes indicate no data]

River Drainage
mile area
Site Station above (square
code number } mouth miles) Site name and location
Stream sites
1 05468200 45.2 2.08 Cedar Creek at Farnham Street at
Galesburg
Lat: 40°58'07" Long: 90°20'42"
3 05468210 44.0 2.80 Cedar Creek at Losey Street at
Galesburg
Lat: 40°57'17" Long: 90°21'12"
A - 43,2 - Cedar Creek at Kellogg Street at
Galesburg
Lat: 40°57'04" Long: 90°21'58"
B - 42.7 - Cedar Creek at Academy Street at
Galesburg
Lat: 40°56'57" 1long: 90°22'33"
5 05468220 42.2 8.01 Cedar Creek at Henderson Street
at Galesburg
Lat: 40°56'46" Long: 90°23'01"
C - -- - Railroad Creek at Depot Street at
Galesburg
Lat: 40°56'45" 1Long: 90°22'52"
6 05468225 41.6 8.45 Cedar Creek at McClure Street at
Galesburg
Lat: 40°56'35" Long: 90°23'44"
8 05468240 40.8 11.6 Cedar Creek at Highway 34 at
Galesburg
Lat: 40°56'31" Long: 90°24'34"
WWTF 405617090250101 40.2 -- Galesburg Sanitary District

wastewater-treatment-facility
outfall at Galesburg
Lat: 40°56'17" Long: 90°25'01"



Table 1.--Stream and precipitation data-collection

site descriptions--Continued

River Drainage
mile area
Site Station above (square
code number mouth  miles) Site name and location
Stream sites--Continued
1 05468265 38.1 20.2 Cedar Creek at County Line Road
near Galesburg
Lat: 40°55'43" Long: 90°26'28"
14 05468308 31.9 36.9 Cedar Creek at Road 1500 E near
Coldbrook
Lat: 40°55'16" Long: 90°29'53"
18 05468367 24.7 60.8 Cedar Creek at Road 1100 E near
Mommouth
Lat: 40°55'S0" Long: 90°34°'23"
20 05468400 19.0 66.9 Cedar Creek above mouth of
Markham Creek near Monmouth
Lat: 40°57'27" Long: 90°37'14"
(not a data-collection site for
this phase of the project)
T21 05468253 239.3 3.82 Cedar Creek Tributary No. 1 at
Road 1450 N at Galesburg
Lat: 40°55'29" 1ILong: 90°25'17"
T23 05468280  237.7 6.98 Cedar Creek Tributary No. 2 at
Road 2100 N near Galesburg
Lat: 40°55'58" Long: 90°26'39"
T24 05468293 237.0 4.52 Cedar Creek Tributary No. 3 at
Atchison, Topeka, and Santa Fe
Railroad near Galesburg
Lat: 40°55'18" ©Long: 90°26°'39"
Precipitation sites
1 05468200 45.2 - Cedar Creek at Farnham Street at

RG2 405544090230501 --

Galesburg

Lat: 40°58'07" Long 90°20'42"

Henderson Street at Galesburg

Lat: 40°55'44" ©Long 90°23'05"



Table 1.-~Stream and precipitation data=-collection
site descriptions--Continued

River Drainage
mile area
Site Station above (square
code number ! mouth miles) Site name and location
Precipitation sites~~Continued
RG3 405256090294201 -— - Road 1750 N at Cameron
Lat: 40°52'56" ©Long: 90°29'42"
RG4 405756090262701 et - County Line Road near Galesburg
Lat: 40°57'56" Long: 90°26'27"
18 05468367 24.7 - Cedar Creek at Roade 1100 E near
Monmouth

Lat: 40°55'50" ILong: 90°34'23"

l station numbers refer to the site identifications used in the
U.S. Geological Survey's National Water Information System computerized data

base.

2 River miles indicates the location of the mouth of the tributary above
the mouth of Cedar Creek.
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Other areas of deposition generally are associated with reduced stream
velocities because of deep pools or bends in the channel. One of these areas
is upstream from the wastewater-treatment facility. Velocities are low enough
that suspended materials settle and sludge-like bottom materials accumulate
and raise sediment oxygen demands. Velocities in this subreach, however, are
fast enough during periods of high flow to resuspend much of the bottom
material and transport it farther downstream.

Surface runoff at Galesburg is drained primarily by cambined sewers,
although a large part of the city also is drained by separate storm sewers.
In many cases, the combined- and storm-sewered areas coincide. Most of the
combined-sewer systems consist of vitrified clay pipe. Inspection of the con-
dition of the combined-sewer system has shown many cracks and joint separa-
tions, which make infiltration of ground water a possible problem (Huff and
others, 1981). The GSD has been actively reducing the number of storm-drainage
connections to the combined-sewer system. However, infiltration to the system
and storm-drainage connections that still (1986) exist overload the system
during storms and cause overflows to Cedar Creek.

Combined sewage can overflow either directly to the creek or to storm
sewers that discharge to the creek at 49 points in the system. Combined sewers
overflow when captured storm runoff exceeds their capacity or when flow to the
interceptor sewer is obstructed. Figure 5 shows a diagram of a typical over-
flow drainage structure in Galesburg. The location of these combined-sewer
overflow structures, as well as the location of several of the major storm
sewers, are shown in figures 6 through 9 and are described in appendix A at
the end of this report.
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METHODS OF DATA COLLECTION AND INTERPRETATION

Data-collection methods and data summaries are described in detail by
McFarlane and others (1987). The following is a brief description of the
data-collection methods for the second phase of the study as well as a some-
what more detailed description of some of the calculations used to interpret

these data.
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Manhole

EXPLANATION

H is the height of water in the manhole.
N -
= = z is the height of the weir.
s o}
.5 5 L'’ is the length of the overflow pipe
] . .
3_,) ul from section | to section 2, and
L v v d is the diameter of the overflow pipe.
- Lateral
1 overflow H (inflow)

dl to creek

Weir

Main
interceptor to
wastewater
treatment
facility

NOT TO SCALE

Orifice to
interceptor

NOT TO SCALE

Figure 5.-~Typical combined-sewer overflow structure in Galesburg
(modified from McFarlane and others, 1987, fig. 2).
Symbols refer to equations 3 through 6 of this report.

Precipitation

Rain gages were installed at five locations in (or near) the study area
(fig. 3). Tipping-bucket rain gages were used to measure precipitation in
1/100-inch increments. Precipitation quantities were totaled using 5-minute
time intervals.

Seventy-one storms were monitored between August and November 1985 and
between May and October 1986. For this project, a storm was considered to be
a period of precipitation with a 2-hour period of no precipitation both preced-
ing and following it. Samples of runoff and streamflow were collected during
five storms in 1986--May 16-20, July 7-10, July 31 to August 1, August 26-27,
and September 11-12,
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EXPLANATION
Q—Monitored manhole, SS indicates storm-sewer
and C indicates combined sewer

(for description refer to appendix A)

@——Crest—stage gage

(for description refer to table 1)
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Figure 6.--Location of selected storm sewers, combined sewers, and crest-
stage gages in the northeastern quarter of Galesburg (from
McFarlane and others, 1987, fig. 5).

Precipitation characteristics calculated from two rain gages (sites 1 and
RG2) were related to characteristics of combined-sewer overflow, storm-sewer
discharges, and percent runoff from Galesburg. Descriptive characteristics
for the storms were developed from area-weighted averages determined using the
Theissen method (Linsley and Franzini, 1964, p. 13-14).

Combined sewers were examined after every storm, when possible, to deter-

mine if an overflow had occurred. Storms often occurred too frequently,
however, to allow time for examination of the combined sewers. Methods for
monitoring the combined sewers are described in a later section of this report.
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EXPLANATION

Monitored manhole, SS indicates storm-

sewer and C indicates combined-sewer
(for description refer to appendix A)
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Figure 7.--Location of selected storm sewers, combined sewers, and crest-
stage gages in the northwestern quarter of Galesburg (modified
from McFarlane and others, 1987, fig. 6).
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EXPLANATION

&Monltored manhole, SS indicates storm-sewer and
C indicates combined-sewer (for description
refer to appendix A)

@—— Crest-stage gage (for description refer to table 1)

Figure 8.--Location of selected storm sewers, combined
sewers, and crest-stage gages in the south-
eastern quarter of Galesburg (from McFarlane
and others, 1987, fig. 7).

The period between each time the combined sewers were examined will be referred
to as a monitoring period. Combined sewers were monitored for 33 periods in
1985 and 1986. Bach of these monitoring periods included one or more storms.

Total accumulated precipitation was calculated from the Theissen-averaged
data for each of these 33 periods, and the total precipitation from the largest
storm occurring during a monitoring period also was calculated. Maximum 1-hour
intensity was calculated from Theissen-averaged data summed over 1-hour periods.

Antecedent-precipitation indices were developed using a method described
by Viessman and others (1977, p. 99-101). PFor the calculations used in this
report, precipitation for 10 days prior to a storm was assumed to have an
effect on the moisture content of the soil and, thus, the amount of water that
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EXPLANATION

Monitored manhole, SS indicates storm-sewer and C indicates combined-sewer
RR1 indicates Railroad Creek, a storm water conveyance (for description refer to
appendix A)

@-— Crest-stage gage (for description refer to table 1)

Figure 9.--Location of selected storm sewers, combined sewers, and crest-

stage gages in the southwestern quarter of Galesburg (from
McFarlane and others, 1987, fig. 8).
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could be absorbed. 1In calculating the antecedent-precipitation index, total
S5-minute precipitation values were weighted exponentially so that precipita-
tion 10 days prior to the storm would have the least weight and precipitation
5 minutes prior to the storm would have the most weight. The equation used is
as follows:

P, = byggp P2ggo + P2g79 P2g79 * ----c + by Py (1)

where P, is the antecedent-precipitation index;

b 1is the coefficient ranging exponentially from 0.04 (for 2,880
S-minute periods prior to current storm) to 0.99 (for one
5-minute period prior to current storm); and

p is the total 5-minute precipitation [the subscripts indicate
the length of time prior to the storm from 10 days (2,880)

to 5 minutes (1)].

The method described above generally is not used for a single storm; cal-
culations usually are based on daily totals instead of 5-minute totals. It was
necessary for this study, however, to develop indices for individual storms
because short-term antecedent conditions were expected to have some effect on

the quantity and quality of runoff from Galesburg.

Discharge Rates and Volumes

Cedar Creek and Its Tributaries

Continuous-stage recorders were installed at five sites on Cedar Creek
(sites 1, 8, 11, 14, and 18) and at sites on three tributaries (sites T21, T23,
and T24) (fig. 3 and table 1). Discharge was measured several times at each
site, under differing conditions, to develop stage-discharge relations by use
of methods described by Rantz and others (1982). Discharge was estimated from
stage measurements by use of these relations.

These eight sites were automated, but equipment malfunctions did occur.
The most reliable site was site 14, which was used as an index gage of stream
discharge for the project. Most problems occurred at site 8, the only site
where stage was monitored using pressure transducers. The pressure trans-
ducers were difficult to calibrate; did not hold a calibration; and, because
of sensing methods, stage readings would fluctuate enough to require time
averaging. Sites T21 and T23 were subject to flooding, which also caused
equipment malfunctions.

The total volume of discharge for each storm was defined as the amount of
water that passed a site within a certain period. The period was based on the
shape of the flow hydrograph and the traveltime of the peak of the hydrograph.
The period for the five creek sites began when the discharge rose to 1.5 times
the mean base discharge, as determined from the stage record immediately pre-
ceding the storm. The period ended when discharge had receded to near the
mean base discharge. The traveltime from site to site was reviewed to verify
that the duration, starting time, and ending time were reasonable from one
site to the next.

18



The period over which discharge was summed to determine volume for the
three tributary sites was based on the traveltime from the mouth of the tribu-
tary to the next site on Cedar Creek downstream from the mouth. The time
period at the tributary site was equal to the period at the creek site but was
offset by the traveltime. This period was chosen to account for the flow from
the tributary that contributed to the volume of flow at the next creek site
downstream. This method can slightly overestimate the contribution from the

tributaries.

Some stage records for sites were lost because of equipment malfunctions.
When records were lost, volumes at a site for a storm event were estimated on
the basis of drainage area and records from surrounding sites. This was
accomplished by use of the following equation:

VU.=Vk "'Vi - (CkxDx)r (2)

where V., is the unknown volume for the upstream site,
Vi is the known volume from the downstream site,

V. 1is the volume of any inflows between the upstream and
downstream sites,

Cx is the runoff coefficient for the known site (calculated
by dividing the volume of runoff by the drainage area
for the site), and

D is the intervening drainage area minus the drainage areas
for the known inflows.

The volume at site 8 was used to calculate the discharge from Galesburg.
This calculation was important in determining the amount of storm-sewer dis-
charge. Site 8 also was the site with the most missing record. Stage record
for four of the five storms sampled in 1986 (May 16-20, July 7-10, July 31 to
August 1, and August 26-27) were missing at site 8. Comparisons between
volumes calculated from stage records at site 8 and volumes calculated using
equation 2 indicate that the results from equation 2 may be in error by as
much as plus or minus 20 percent. Equation 2 also was used to estimate the
discharge volume at site 11 for three of the five storms (May 16-20, July 31
to August 1, and August 26-27). Comparisons with volumes from stage records
at site 11 also indicate that the results fram equation 2 may be in error by
as much as plus or minus 20 percent.

Discharge volumes at Tributary No. 1 and Tributary No. 2 (sites T21 and
T23) were estimated for the second of the five sampled storms (July 7-10) by
multiplying the drainage area of each tributary by the runoff coefficient for
Tributary No. 3. Comparisons with measured values indicate that this method
is fairly accurate for Tributary No. 2 (plus or minus 5 percent), but it may
substantially underestimate the volume from Tributary No. 1. The discharge
volume at Tributary No. 3 (site T24) for the first of the five sampled storms
(May 16-20) was estimated by multiplying the drainage area by the runoff coef-
ficient for Tributary No. 2. Comparisons with measured results indicate that
for volumes in this range (5 to 10 million cubic feet) the estimated results
may be in error by as much as plus or minus 40 percent.
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Many of the discharge volumes for this phase of the study were estimated.
The comparisons between estimated and measured discharge volumes, as described
above, indicate that there may be a significant amount of error in the
estimates. There are not enough measured values, however, to develop improved
methods of estimating volume; so these estimates, along with measured values,
when available, are used for calculations in the remainder of this report.

The volume of streamflow contributed by runoff from Galesburg was calcu-
lated by subtracting the discharge volume at site 1 from the discharge volume
at site 8 (fig. 3). The percent runoff for Galesburg (percentage of total
precipitation to reach the creek) was determined by dividing the volume of
runoff from Galesburg by the product of the total precipitation and the inter-
vening drainage area.

Runoff From Galesburg

All flow data from the wastewater-treatment facility are based on stage
above a sharp-crested weir located at the entrance to the discharge pipe to
the stream. Stage was measured by personnel of the Galesburg Sanitary District
nine times daily, and discharge was estimated from a stage-discharge rating for
the weir. Volume was determined by summing discharge over a certain period.
The period was based on the traveltime from the effluent discharge pipe to the
next site on Cedar Creek downstream from the discharge pipe. The period was
set equal to the period at the creek site but was offset by the traveltime.
This period was chosen to account for the flow from the wastewater-treatment
facility that contributed to the volume of flow at the next creek site
downstream. This method can slightly overestimate the contribution from the
wastewater-treatment facility.

All 49 combined sewers were monitored to determine if they overflowed with
each storm event. The outfall pipes and the crests of the weirs were coated
with a chalk-water mixture between storms to identify if flow in the pipe had
occurred. Crest-stage gages and flow-duration timers were used in 24 of the
combined-sewer manholes to identify the peak-flow stage and the flow duration.
Flow-duration timers also were installed by the GSD. These timers gave reli-
able results that were used for most overflow-volume calculations. Two of the
49 combined-sewer overflows were instrumented with dye-injection equipment,
automatic samplers, and ultrasonic stage sensors. A complete description of
the sampling and monitoring methods is provided by McFarlane and others (1987,
p. 23-28).

Appendix B, at the end of this report, describes the physical character-
istics and locations of the combined sewers in Galesburg. Included in this
appendix is a ranking of the combined sewers on the basis of the frequency of
overflows monitored during this study. A rank of 1 indicates that the pipe
overflowed more frequently and a rank of 49 indicates that the pipe overflowed
less frequently. This ranking is just an approximation and includes some less-
reliable data from 1985. Ties were broken by comparing the number of times
overflow results were uncertain (sewers with greater uncertainty were assumed
to overflow less frequently).
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Overflow characteristics were determined for use in estimating constituent
loads to the receiving stream. If no overflow-duration data were available for
a given combined-sewer overflow structure, then both the maximum duration and
the mean duration of overflows measured from all the combined sewers for that
storm event were used to give a possible range. Durations greater than 20
hours were considered to be outliers and were not used to calculate the maxi-~
mum or mean duration results. The U.S. Geological Survey flow-duration timer
results were used if the value was lower than the GSD duration value or lower
than the maximum duration when GSD duration data were not available because
some of the U.S. Geological Survey timers would not always stop timing after
the overflow had stopped.

Peak discharge rates from the combined sewers were calculated using one
or more of four theoretical discharge equations. If the peak elevation of the
water above the weir (fig. 5) were known, this information and the diameter of
the outfall pipe were used to determine which of the theoretical equations to
use. If the height of the water in the manhole (H) divided by the diameter of
the outfall pipe (d) was less than 1.2, the following sharp-crested-weir for-
mula described by Chow (1959, p. 360-362, was used:

Q =crh'-3, (3)

3.27 + 0.40(h/z), in £t0:3/s;
= L' - 0.02h, in feet;

where

is the discharge, in cubic feet per second;

g0 B0

is the height of water above the weir, in feet;

is the height of the weir, in feet; and

N

L' is the length of the weir, in feet.

If the value of the height of water in the manhole (H) divided by the diameter
of the outfall pipe (d) were equal to or greater than 1.2, the following ori-
fice flow formula described by Chow (1959, p. 467-469) was used:

Q = 0.81a \/2qH, (4)

where = w(d/2)2, area, in square feet;

A
g 1is the acceleration due to gravity, in feet per second squared;
H is the height of water in the manhole, in feet;

d is the diameter of the outfall pipe, in feet; and

all other variables are as described above.

Several combined-sewer overflow structures did not have stage-monitoring
equipment, so that peak stage above the weir was not measured. Maximum dis-
charge for these overflow pipes was calculated from the maximum elevation of
flow as determined by the chalk washed from sections 1 and 2 in the overflow
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pipes (fig. 5). These calculations used one or both of the following methods
--a variation on the slope area method described by Chow (1959, p. 3-16)

2g(Ay-hg)
Q = a, , £ s (5)

where he = £(L"/d)(v2/(29)),
£ = 116n2/R0'33, for inch-pound units;

a 1is the cross-sectional area of flow (1 and 2 indicate upstream
and downstream sections, respectively), in square feet;

Ay is the difference in water-surface elevation between sections 1
and 2, in feet;

hg 1is the loss due to friction in the pipe, in feet;
f is the dimensionless Darcy friction coefficient;
L"®™ is the distance between sections 1 and 2, in feet;
v is the velocity, in feet per second;

n is the dimensionless Manning's roughness coefficient (Chow,
1959, p. 110);

R is the hydraulic radius, in feet; and

all other variables are as described above;

or the following California pipe equation for free overfall described by
Henderson (1966, p. 197):

0 = 1.55(h'/a) '+ 88 (42 |ga), (6)

where h' 1is the peak stage measured just inside the outfall pipe
(section 2), in feet; and

all other variables are as described above.

For those pipes where peak discharge could not be determined, the mean of the
peak-discharge rates determined from all of the other pipes for that storm was
used.

Two methods were used to calculate the volume of overflow fram each pipe
for each storm. These methods gave a range in overflow volume by indicating
the high and low boundaries. The first assumed a Gaussian-type distribution
of discharge over time (fig. 10A) and that the overflow durations for pipes
without duration data were equal to the maximum measured duration (excluding
outliers) for that storm. For these assumptions, volume of overflow was cal-
culated by multiplying 50 percent (coefficient representing flow distribution
= 0.50) of the peak discharge rate (to account for Gaussian-type distribution)
by the duration. The Gaussian-type distribution was chosen as a first approxi-
mation of the shape of the overflow hydrograph. The shape of the hydrograph
was measured for only 2 of the 49 pipes and only for a few of the storms.
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Figure 10.~-An example of (A) theoretical Gaussian-type distribution
of overflow discharge and (B) the distribution of over-
flow discharge for a site equipped with an ultrasonic

stage sensor (site C22) (modified from McFarlane and
others, 1987, fig. 13).

These measured results indicate that the Gaussian approximation may overesti-
mate the volume. Thus, by using this approximation and the maximum duration
for those pipes without known duration values, a maximum boundary for the range
in overflow volume was obtained.

Two of the combined sewers (C6 and C22) used ultrasonic stage recorders.

Figure 10B shows an example of the discharge determined from site C22. Volumes
were calculated from the stage data with the sharp-crested weir or orifice flow
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formulas (equations 3 or 4). Because of equipment malfunctions, however,
results were only obtained for four overflow events. One event was signifi-
cantly different from the rest and was not considered. The remaining three
were used with the measured duration to solve for the coefficient representing
flow distribution. These results indicate that volume calculations using a
coefficient of 0.50 will overestimate the overflow volumes. The coefficients
determined from sites C6 and C22 ranged from 0.34 to 0.42, The mean value of
0.37 was used to calculate volumes.

The second method used to calculate overflow volumes assumed a distribu-
tion similar to that measured at sites C6 and C22 and that the overflow dura-
tions for pipes without duration data were equal to the mean of the measured
durations (excluding outliers). Volume of overflow for these assumptions was
calculated by multiplying 37 percent (coefficient representing flow distribu-
tion = 0.37) of the peak-discharge rate (to account for the distribution simi-
lar to sites C6 and C22) by the duration. Calculations based on the mean
duration yielded the low boundary for the range in overflow volume. Values
from both calculation methods will be used throughout this report. Appendix B,
at the end of this report, summarizes the combined-sewer overflow duration,
peak discharge, and overflow volume for 11 of the 18 periods monitored in 1986.
Volumes for the remaining seven periods were insignificant. Comparisons
between U.S. Geological Survey and GSD overflow frequency results indicate that
there are some combined sewers that are listed as having no data or no flow in
table 14 of the report by McFarlane and others (1987, p. 137-147) that are in
error. These discrepancies are noted in Appendix B of this report.

The total volume discharged from all the combined-sewer overflows during
a storm was determined by summing the volumes from the individual pipes.
Because there were two values calculated for each pipe (maximum durations and
Gaussian-type distribution, and average durations and a distribution similar
to that measured for sites C6 and C22), two total volumes also were calculated
for all of the pipes. These two total combined-sewer overflow volumes are
referred to as the maximum and average overflow volumes for the remainder of
this report. Regression techniques were used to relate combined-sewer overflow
characteristics such as the number, duration, and volume of overflow with pre-
cipitation characteristics.

Volume of storm-sewer discharge was calculated by subtracting the total
volume of combined-sewer overflow from the total runoff contributed by
Galesburg. Because two values were estimated for overflow volume, two values
also were determined for storm-sewer discharge volume. As previously dis-
cussed, this gave a probable range in the volume of discharge for both the
storm sewers and combined sewers. The storm-sewer discharge volume determined
from maximum overflow volume is smaller than the volume determined from average
overflow volume. These two values of storm-sewer discharge, however, also are
referred to as maximum and average, even though the values may make these
labels seem incongruous.

Two of the storm sewers (sites SS24 and SS35) were equipped with automatic
stage-activated samplers and dye-injection systems. Results from dye-dilution
discharge calculations were not reliable (dye-mixing lengths were insufficient
to mix the dye and discharge was too unsteady) and are not reported.
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Water Quality and Constituent Loads

Cedar Creek and Its Tributaries

Automatic stage-activated samplers were used at five sites on Cedar Creek
(sites 1, 8, 11, 14, and 18) and at three tributary sites (sites T21, T23, and
T24) (fig. 3, table 1). A rise in the stage triggered a series of timed sample
collections. Each sampler could collect as many as six samples without being
serviced. Equipment failure reduced the number or volume of samples collected
on several occasions. Complete coverage of a storm hydrograph was not always
obtained because of the limits on the number of samples that could be collected
by the samplers and the difficulty in setting sampling frequencies to cover
rising and falling limbs of hydrographs with differing durations. A detailed
description of sampling methods, problems, and results is presented by
McFarlane and others (1987, p. 23-28).

Concentrations of as many as 39 constituents were determined from the
samples collected by the automatic samplers. Each water sample was analyzed
in the IEPA laboratory to determine specific conductance and concentrations of
total ammonia nitrogen, total nitrite plus nitrate nitrogen, total organic plus
ammonia nitrogen (total Kjeldahl nitrogen), total phosphorus, total suspended
solids, volatile suspended solids, and total organic carbon. Approximately 50
percent of the samples were analyzed for chemical oxygen demand; ultimate car-
bonaceous BOD (biochemical oxygen demand); total arsenic and fluoride, and 21
metals—--total calcium, magnesium, sodium, potassium, barium, boron, beryllium,
cadmium, chromium, copper, cobalt, iron, lead, manganese, nickel, silver,
strontium, vanadium, zinc, aluminum, and mercury. If sample volumes were
insufficient to analyze for the entire group of constituents, analyses for
chemical oxygen demand and ultimate carbonaceous BOD were given priority.
Finally, one sample from each site was analyzed for hardness, chloride, sul-
fate, phenols, total BOD, and dissolved solids. Samples were analyzed using
IEPA laboratory methods (Illinois Environmental Protection Agency, 1986).
Results of all analyses are listed by McFarlane and others (1987, p. 147-177).

Descriptive statistics of the constituent concentrations were determined
using a computerized statistical program. These statistics include low, high,
mean, standard deviation, and median concentrations for each constituent.
Constituent concentrations that were less than the detection limit of the ana-
lytical method were considered missing values and were not used to determine
most of the descriptive statistics. Median concentrations, however, were cal-
culated using two methods. The first method assumes that less-than-detection
values are missing, and the second method assumes that all less-than-detection
values are equal to the detection limit. Appendix C, at the end of this
report, lists the descriptive statistics for each of the eight creek and trib-
utary sites, the wastewater-treatment facility, the combined sewers (together),
the storm sewers (together), and Railroad Creek (Site RR1, fig. 9), which is a
storm-runoff conveyance for a large part of Galesburg. Descriptive statistics
are listed for results from samples collected during each of the five sampled
storms in 1986 and for the results from all five storms combined for each site.
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Loads were calculated as the product of the median concentration
(determined by setting the less-than-detection values equal to the analytical
detection limit) and the flow volume. This method was chosen because, in most
instances, data were insufficient to show changes in concentration over time
to improve the accuracy of calculated total loads. If the median concentration
was determined from only one sample, it was not considered to be representative
of the storm. For these cases, the median concentration determined from the
samples collected for all of the storms at that site was used to calculate the
loads using the following equation:

Id=Mxc xV, (7)

where Ld 1is the contaminant load, in pounds;
M is the median concentration, in milligrams per liter;

c is a constant (0.000062426) to convert milligrams per liter
to pounds per cubic foot; and

\'4 is the volume, in cubic feet.

Runoff From Galesburg

Eight of the 49 combined-sewer overflow structures were equipped with
single-stage samplers. These samplers were installed so that when the stage
inside the manhole reached an elevation where it would overflow the weir,
siphon action caused a sample to be collected of the first overflow from these
combined sewers. In addition to these single-stage samplers, 2 of the 49
combined-sewer overflow structures (C6 and C22), two major storm sewers (SS24
and SS35), Railroad Creek (RR1), and the wastewater-treatment facility outfall
(WWTF) were equipped with automatic stage—activated samplers (figs. 3, 6-9).
These samplers collected six samples on a time basis similar to the samplers
at the creek and tributary sites. The samplers were activated by a rise in
stage above a specified level in the manhole or, in the case of the wastewater-
treatment facility, a rise in stage in the creek. Additional samples were
collected manually from some of the other combined-sewer and storm-sewer
discharges.

Samples were analyzed for the same constituents as described for the creek
and tributary samples. Sample volume was sometimes insufficient to determine
the concentrations of all constituents. Analyses were prioritized with the
same scheme used for the creek and tributary samples. Descriptive statistics
for combined-sewer overflows were determined using the results from all of the
combined sewers where samples were collected. Similarly, all of the storm
sewers were used to develop the descriptive statistics for storm-sewer dis-
charge. Railroad Creek, a large storm-runoff conveyance that receives overflow
from up to nine combined sewers, was not considered to be representative of
either storm-sewer discharge or combined-sewer overflow quality. Descriptive
statistics are listed in appendix C at the end of this report.
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Median concentrations, determined for each of the five sampled storms,
were used with discharge volume to calculate constituent loads from combined
sewers and storm sewers. As previously discussed, constituent concentrations
that were less than the analytical detection limit were set equal to the
detection limit to determine medians. If the median concentration was deter-
mined from only one sample, it was not considered to be representative. For
these cases, loads were calculated with the median concentration determined
from all of the samples collected during the five storms.

Bottom-Material Quality

Sediment oxygen demands were measured at 45 locations (figs. 11, 12).
Table 2 describes the bottom-material sampling sites and lists the sediment
oxygen demands for Cedar Creek and its tributaries. Measurements were made in
the stream using the methods described by McFarlane and others (1987, p.
15-19). These methods were based on the techniques described by Butts (1974,
p. 3-10) and resulted in a rate of oxygen consumption for the point
(approximately 0.6 square foot of streambed) where the measurement was made.
Sediment oxygen demand for each subreach of the creek (as opposed to points in
the creek) was estimated by using the results of these measurements and model-
simulation techniques. These simulation results are described by Schmidt and
others (1989).

The Illinois State Water Survey (Butts, 1986, p. 16) describes general
bottom-material quality in terms of sediment oxygen demand, as shown in table
3. This classification is used to describe bottom-material quality in Cedar
Creek. Some measurements made by the Illinois State Water Survey in Cedar
Creek also are included in these interpretations (Butts, 1986).

Ninety-seven bottom-material samples were collected at 45 sites in the
creek and tributaries (table 2 and figs. 11, 12). Samples were analyzed for
the following 12 constituents: percent volatiles, total organic plus ammonia
nitrogen, chemical oxygen demand, arsenic, cadmium, chromium, copper, iron,
lead, manganese, mercury, and zinc. Bottom-material samples were collected
primarily by scooping up the material with a sample bottle. Samples were not
sieved or prepared in any other way. In a few cases, where the stream was too
deep, samples were collected by using a length of PVC (polyvinylchloride) pipe
as a core sampler and saving only the top 1 to 2 inches of material for analy-
sis. Samples were analyzed by the IEPA using IEPA (1986) laboratory methods.

Kelly and Hite (1984, p. 5), in a report summarizing bottom-material data
collected during 1974-80 for Illinois streams, classify bottom-material quality
for all 12 constituents measured in this study (table 4). Samples used by
Kelly and Hite (1984) were not sieved. They classify all of the constituents,
except cadmium, in the following manner: They describe 'elevated' concentra-
tions as being greater than or equal to two standard deviations higher than
the background mean concentration, 'highly elevated' concentrations as being
greater than or equal to four standard deviations higher than the background
mean concentration, and 'extreme' concentrations as being greater than or equal
to eight standard deviations higher than the background mean concentration.
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28



(0T "HbTI ‘1861 ‘saoylzo pue DUBRTIRIOW
WOXF PoTITpow) utrseq Apnis 921D Iepsd syl Jo axed I9mOT Syl Ut
§931s buridwes [eTid3eW~WO330q puR JUSWSINSEIW PUBWSP-UIDAXO-JUSUIPES—--°ZT 2InbTI

Kaepunogq uiseq—-abeuresqg - --—...

(2 21983 03 Jajad ‘uoyzdiuosap _- o ...Iw.
40§) 3318 Buydwes Jo JuawWaINSBRAY — | ¢ e arren v :
L= 1
NOILVNV1dX3 e é i
-
; ¥00JOV"3
I‘c
~ >
\.- - " -
N // -
|
) - AR Vet e
(. /

\ SY3LINOIN
L)
S3INN 2 ‘

o~-0

29



- 00t 1L 98/12/80 (@6p11q punoquiliou woxy uweaixlsdn 33 00Z)
- 0001 98/12/80 (®6p1aq punoquiiou woly weaiisdn 33 002)
- 0001 98/1.2/90 (26pTaq punoqyizou woiy wearisdn 33 002)
bangsaren 3 pg LemybTH °S°'n IPBU YSSID IVPID LOEEYTO60ZEISOY 80V -8
- 00tl 98/L2/90 (obpTaq WoIy uwealjsusop 33 0SL)
6InqsaTen 3B 399135 POOMUTT IBBU Y9I IBPSD LOEZYZ060ZEISOY 6°0¥ z-L
- oottt 98/62/80 (ebpraq jo opIs weailsdn)
- 0001 98/62/80 (9bp11q Jo oprs uresiysdn)
- s8/€2/01 (9bpTaq 3o oprTs wesiisdn)
0°t $8/L2/90 (obpTIq 3O 9PTS ureaxazsdn)
banqsaTen e IBBIJS POOMUTT B YBBID IEPID LOOLYT060EEI9SOY [ 8 4 i~L
1°t oot 98/52/90 (5399135 pOOMUTT pue SINTDOW u9am3laq Aempru)
- 0001 98/52/90 (5399135 POGMUTT puR SINTIOW udsamlaq Aempru)
bangseTen Je 399135 SINTDOW IBSU YDBID IRPSD LOSSEZO60LEISOY €1y z-9
Lz ootit 98/91/90 (9bpTIq WOII WRaIISUMOP 3T 0F)
- 0oot 98/91/90 (9bp1aq WOI¥ WeaI3SUMOP 3IJ 0F)
- sg/ez/o0l (9bpPTiq WOIF UedIISUMOP 3T 01)
tAkA s8/ze/Lo (obp1aq woxy weazisdn 3F §|)
banqsetes e 399135 SINTDOW IB IPOID IePa) LOVPEZ060SEISOY 9Ly 1-9
Ly 98/92/90 (S399135 2INTOOW PUR YOTIIBTQ udamisq Kemptu)
banqseTen @ 399135 YOTIIVTQ IWSU ¥BOID IEPED LOEEEZ0608E9SOY Loy -5
- sg/gz/0L (ebpTIiq woxy uweaizsdn 3F ¢7)
€°€ s8/2e/L0 (ebpTiq woiy uweaxisdn 33 §Z)
fanqseTen @ J99I3IS YOTIIDTQ I° F99ID IVPED 1012€Z060L¥9S0Y 8 LY =S
tAk4 00it 98/L1/90 (S3T9ATIO wox3I weaalsdn 33 0S)
€°€ 0001 98/L1L/90 (s3x9ATNO woxj uweaxisdn 33 06)
- sg/€z/0L (s3x0ATNO woly uweoxlsdn 37 01)
st s8/ze/Lo (S339ATNO wo13J wesilsdn 33 L)
banqsated e 399135 UOWDII 3B EPBID ILPID 100502060V VLSOV 9°vv 1~z
- 98/92/90 (SIT2ATND WOIJ WeDIISUMOP 33 02)
banqsaen e 399135 WeyUIRI 3B HIVID Iepad 10Z2¥02060L08S0V Z sy -1
{p/(zu/B)] 19WTL (aeak UOTIROOT B3ITS Jaqumu y3anow Isqunu
ajex /Kep UOTIRDTITIUSPT saoqe 231s
~pueusp /y3uour) aseq e3jeq Ea gt
~uabixo ajea I9ATY
~-3uaWIPas

SaTIRINQII3 S3IT pue Y@81) Jeps) 103

[e3ep ou a3eoTpUT seysep {Aep iad 1939w aixenbs xad sweab .ﬁ\ANE\mV
{3z0d91 STY3I JO (Ol pue g S8INBTI UT IS0yl 03 puodsairod sIAqUNU I3TS]

sajel puewap-uabixo-juswipes pajndwoo pue suoTIdTIOSIP 93TS [RTISJPW-WOIJOd--°7 STqRL

30



QoL l
0001t

oot t
0001

oot
0001

00iL 1t
000l
00t1
0001

0oLl
0001

0011
0001

0oLt
000!

00L1
0001

00c1
00Ll
0001

98/80/0t
98/80/01t
98/0€/L0

98/¢1/80
98/22/L0
98/22/L0
98/52/90
s8/€2/01

98/20/60
98/20/60
S8/L1/L0

98/0€/80
98/0€/80
98/81/90
98/81/90
sgs/ez/0t

98/80/80
98/80/80
ss8/ez/0L

98/¥1/80
98/¥1/80
98/21/80
98/61/90
98/61/90
$8/€2/01
$8/92/90
$8/92/90

98/61/80
98/L1/L0
$8/€2/01
$8/52/L0
S8/52/L0
S8/82/L0
$8/92/90

bangsaresn aeau

coN Azeanqral JO yanow wozxj wesaisdn Yo9ID IepID

pangsatesn aeau
UOTSISATP MOTJI-ybTY wox3j weaa3zsdn yaax) Iepad

(SIXBATNO WOIXJ WeaIISUMOP 33 00S)
(S3I9ATND WOIJ weaIxlsumop IJ 00S)
(S3I8ATND WOIJ ueaI3SuMOpP 13 00S)

pangsaTes Iesu peoyd PIeYOTd PIO IedU ¥BIID IEPa)d

(s3x8aTnO woxj uweaxisdn 33 00L)
(s3I2ATNO wox3 ueaxizsdn 313 00L)
(SITBATNO WOIJ WeaIISUMOP 3F 01)
(S3IPATNO WO WESIISUMOP 3F OL)
(s3xaaTno wox3l weaxisdn 33 §)

bangsaten Ieau peod pIeXOId PIO 3 Y93I) Iepa)

(TTe3Ino wWoIJ weaIjsusop 313 00L)
(TTeJIN0 WOIJ uweaxisumop 33 001L)
(TTe3INO WOIJ WeSIISUMOP 3 OL)
fangsaren e [Tejano A3ITTroe3
-3USW}E3I3~-I93eMOISeM HINGSSTR) Je YEIID Iepa)d

(9bpraq woxj uesxysdn 33 Q€)
(e6pTIq woxy wesaxisdn 33 Q¢)
(°6p1aq wox3y weazisdn 33 0¢)
(9bp1aq wox3 uwesaxisdn 33 0¢)
(abpTaq woxj ueaxisdn 33 0¢)
(a6p1aq s,437710R3 x8pUN)
(9bpTaq §,4A3TTTOL] WOIJ URSIIISUMOP)
(9bp1aq s,£31710R3 WOx3l weaxisdn)
bangsates je A3TTIORI JUSW}RSEIZ
-I93emo3Sem bangssTed uwoaj wearjsdn Yoax) Iepad

(@bp1Iq punoqyizou wox3j ueaxisdn 33 0¢)
(96pTIq PUTOQUITIOS WOIJ WeaIISUMOP 3] §)
(9bp1Iq punoqulIou woaj wesaisdn 33 0§)

{sbp1aq punoqylrou xspun)
(9bpPTIq punoquyixou wox3j weaajzsdn 33 0G)
(9bpTIq puUnOQqUIIOU WOxI weaalsdn 33 00L)

(26pT2q punoqylIoUu IIPUN)

bangsates 3e ¢ AemybTH °S°n e ¥831D IEPaI)

106€£52060EVSSOY

106252060¥5SS0Y

L0¥25206085SS0%

10125206010950%

100052060L1950%

L0LY$206052950Y

LOYEDPZ0601E950Y

€°6¢

L°6¢

8°6¢

(A1} 4

SOV

L°0¥

y-0t

£€-01

=01

=01

1 -dIMM

-6

-8

31



- 98/21/80 (ebpraq woa3y wesrisdn aTTW p/f)
€°¢ 0oLl 9L/62/L0 (e6pT2q wox3y wesazsdn oTTW b/¢)
z°8 0001 98/62/L0 (o6p71aq woxy wesaisdn eYTW p/¢)
YoOoIqPTOD 1eSU F (59| PROH Woil weaalsdn 99a) 1epad LovvL2060825S0Y L°S€E -z
- 98/Z1/80 (yanow woij wesxISUMOP 3IF 00Z‘L)
vy 00t 98/82/L0 (y3anow woIj weaIlsumop 33 00T‘L)
6°C 0001 98/8Z/L0 {yanow wox3y wesaIjsumsop I3 002°L)
bangsaren aesau
€ °"ON AIeanqril 3JO YINOW WOIJ WeSIISUMOP YSBID IepeD 10SLL206061550¥ Le9g v-Lt
- 98/21/80 (yanow woxy wesaisdn 33 00S‘1L)
9°¢€ ooLt 98/82/L0 (yanow woxay ueaxlsdn 33 00§‘1L)
L€ 0001 98/82/L0 (yanow woly weaaisdn 33 00S°L)
banqsates Ie0U
€ °"ON Are3nqril 3o Yanow woaj wesaysdn 991D IEP) L0Y0LZ06082S50¥ €Lt £-t1
Lz 0oLt S8/12/90 (ebpTaq woiy weax3suMOp I3 0S1)
S°€ 0001 S8/12/90 (®bpraq woa3 uwaa3zsumop I3 0G1)
BangseTen xweu pecy sUTT AJunc) 1esU Y8IID PR 100£920602VSSOY 0°8¢ z-1t
9°C 0011 98/61/80 (ebpt1aq woay weexisdn 33 Gp)
L9 0001 98/61/80 (ebp1aq wox3y wesajsdn 313 §G)
0°2 ootLt 98/02/90 (ebpyaq woaj weaxzsdn 37 G1)
€1 0001 98/02/90 (ebpraq woxy ureax3sdn 33 G)
- 0oLy 68/€2/01 (ebp1aq woxy wesazsdn 33 ¢)
- 0001 $8/€£2/01 (°6pT1q WOl wesSIISUMOP 3IJ 0F)
0°v S8/L1/L0 (o6praq woxy wesaysdn 33 0g)
6°¢€ 00t L $8/02/90 (ebp1raq WO WeDIISUMOP 3IF G)
vy 0001 $8/02/90 (ebpraq woxy wesxasdn 33 S¢)
fangssTen aesu peoy SUTT A3unc) e BIID IVPRD 108Z92060€VSSOY L°8¢€ -t
9°9 0oLt 98/¥0/60
- 0001 98/¥0/60 bangseTed VLU
UOTSIBATP MOTI-YBTY WOIJ WEDIISUMOP YBOID Xepe) L09VSZ0600SSS0Y 0°6€ 9-01
- 0oLt 98/80/01
- 0001 98/80/01 HanqseTesn 1eou
I *ON Axe3nqri] JO YINOU WOIJ WRDAISUMOP Yoox) Iepa) 109¥S20602VSSOY Z2°6¢ S-01
Hv\aus\m: 1oWTL (2eak UOTIRD0T SIS TJaqunu yanou Jaqumu
a3ex /Kep UOT3EDIITIUIPT aa0qe °31§
~puewsp /4y3uow) @seq ejeq STTW
~uabixo ajeq I9ATYH
~3juauTpes

PONUTIUOD--SDTILINGTAI SIT pue X@o1) Jepa) I03F

So3el pUrTWRp-USDAXO-3USWTPaS pe3nduod pue SUOT3ATIOSSpP 93TS [PII93ew-wol30g--°Z STqel

32



6°1

001L1
0001

oott
0001

00t
000t

oott
0001

001t
0001

oott
000t
001t
oot

0ott
0001

98/80/80
98/80/80
$8/£2/01
S8/L1/90
s8/L1/90

S8/81/90

98/0€/L0
98/0€/L0

s8/€z/0t
s8/91/L0

s8/€2/01
S8/91/L0

98/21/80
98/91/L0

s8/€2/01
S8/vz/L0
$8/61/90

98/%v2/90
98/%2/90
s8/v2/L0
s8/€z/0t

98/21/80
98/62/L0
98/62/L0

98/61/80
98/51/80
$8/€2/01
98/52/90
$8/52/90

98/51/80
98/51/80

(ebpTaq woay uwesxlsumop 33 0Z)
(°bpyaq woay ureaxjsumop 33 01)
{®6pTIq WOX3 wesI3SUMOP 3T 01)
(ebpTaq woxy uresajsumop 33 01)
(@bp1aq wox3y uresx3sumop 33 02)
300IQPTOD IVdU F (0ZL PROU 3B YPBID

(ebpyaq wox3y ureaxisdn 33 00S‘L)
YooaqpioD Iesau g 0zl Peod woay wesaxjsdn 993D

(96pPYIq WOIJ wesI3SUMOP 33 00%)
{e6pT1q WoOI3 WesI3SUMOP 33 00V)
300IqPTOD IedU g (0€) DeOY Iesu Xe9I1D)

(ebpTIq UeSI3SUMOP)
(ebpTaq wesI3sumop)
F00aqpTo) awdU J Q€L Pbroy 3 ¥82ID

(ebpraq weaxisdn)
(sbpraq ureaxysdn)
300IQPTOD Iwsu T Q0L PROY I IPBID

(@b6p12q wWox3y wesaxzsdn oTTW H/1)
{ebpt1aq woay wesxjsdn aTTW §/1)

300IqPTOD IesU & (0¥l Peoy WOl wearlsdn Y3BID

(ebp1aq woxy wesi3zsumop 33 0€)
(obpyaq woxy uwresx3zsumop 33 0¢)
(°bp1aq wol3 uesI3sSUMOP 33F 0¢€)
300IqPTOD IeSU & 00S! PEOY Je Yeo1

(9bpTaq weaa3suUMOp)

(ebp1aq weaIjsumop)

(ebpraq wesaxisdn)

(abpt1aq weaxzsdn)

}00IqPTO) IedU F (661 Peod e IP8x)

(uea13sumop 33 000°¢c)
(weaI3sumop 33 000°€)
(ues33s5UMOP 33 000°€)
J00IqPTOD IedU F (0691 PEOY WOIF WesIJISUMOP @310

(abptag 3Jo SpPTS WesaIISUMOD)

(96pTIq JO SPTS WeSIJSUMOP)

(ebp1aq jo opts weaxlsdn)

(ebpTiq wWoOI3 wesIsumop IJ 61)
(36pTaq 3O @pTSs wesaysdn)

J00IqPTOD aedu J (0691 PeOd B IBRILD

(obpTaq wox3y weaxysdn oTW Z/1)
(@bp1aq woa3y wesaysdn =1TW Z/1{)
}ooxqpToeD aIesu ¥ (069{ PeOd Jesu ¥BRID

aepaD

Jepa)

I1epa)

Ieps)

aepa)

Iepad

1epap

Tepap

aepap

aepaD

TepaD

LOSLEE0600ESSOY

1085Z€06002SS0Y

L08LZ€06012S5S0Y

L0ELZE060V TSSOV

10€0L€060025S0Y

L0¥S0£060225S0Y

L0€S6Z0609LSSOV

10116Z0600ZSS0V

101€82060915S0V

1060820600550V

106SL206092SS0V

0°LZ

€°LT

€782

y°8¢

0°0¢

€£°0¢

L°€€

9°ve

[AR 13

v°sE

=Lt

=Lt

=91

=91

-6t

-Gt

(5 A1

1-€1

v-zi

-2l

33



- s8/1€/01 (339ATNO g 00G1 Peoy woay wearysdn)
(A4 S8/vZ/L0 (3x2ATND F 00S1 PeO¥ WOy weaxisdn 33 0¢€)
uoaswe)
Jeau p¢ AemybTH *S°n I ¥ 'ON ATe3nqrILl X99ID IepaD 10LS62060L0SS0¥ 9°1€; 1-s2
- $8/1€/01 (°bPTIq PROITTEI WRSIISUMOP)
6°L s8/€z/L0 (°6pTaq peOITTEl WeSIISUMOD)
HInqgsoTes ILSU PeoIlTey 94 ©IUES
pue ‘exadol ‘UOSTYOIV 3@ € "ON AIPINQTAL YPPID 1ePID 106£9206081SS0V 0° L 1-ve
(B oott 98/50/60 (s3x2A10O woxy wesaizsdn 33 6)
S°1 0001 98/50/60 {S310ATND WOIXZ wesalysdn 313 1)
- S8/1€/01 (s3xeAaIno uweaxlsdn)
L€ S8/€2/L0 (S3I2AIND WOIJ WRSIISUMOP 3T 0Z)
6IngsaTe Iwau N Q0LZ PPOY 32 z "ON AIPINnTIl ¥9IID Iepa) 106£9206085550% LeLE, 1-€z
- s8/L€/01 (°bp1aq uweaIysdn)
9°1 S8/£2/L0 (®6p1aq uweax3sdn)
fangsores e peoifrey 24 ejues
pue ‘exedol ‘uoSTYPIY 3@ | "ON ATRIngraL ¥SIID TP 106€£520602VSS0Y £°6€7 1-zz
6°C 98/€0/60 (°6p1aq I9pPUN)
6anqsaTen 3@ N 0S¥l Peod 32 | "ON Areingril ¥e9I1) Ieped L0L15Z060625S0Y £°6£2 -1e
6°1 S8/S1/L0 (@ouanyjuos weaiisdn)
YINOUWUOW IeOU
¥99ID WeYNIEW YITM 20USNTIUOD WOIj uwerisdn %321 IEPED LOV1LE060LTLSOY 061 -0z
- S8/£2/01 (ebpTIq ¥¢ AeMmybTH PIO WOIF WeDIISUMOP 3T 009)
Y3Inoumoy Iesu pe AeMybTH ‘S° IV PIID IEPI) LOLLSEO60LZISOY 9°2¢C z-61
- S8/€2/01 (96praq weaijzsdn)
0t S8/62/L0 (sbpT1q ueaxisdn)
81 S8/S1/L0 (ebpraq ureaxjsdn)
yInouuoy xesu ye KesmySTH PTO @ ¥22X IEpE 10Z1S£060529S0V L'ze 1-61
- $8/22/01 (obpyaq wox3 weaxzsdn 33 09)
£°L S8/L1/90 (obpyaq woiy wesizsdn I3 09)
U3INOWUON IeSU @ 00L| DPeOH 3B YISID IEPI) LOEZYE0600SSSO0Y Ly 1-81
[p/{zu/6)] 1°WTL (el UOTIBOOT 93TS Iaqumu y3nouw Jaqumu
33ex /Kep UOT3EOTITIUSPT aa0qe 2318
~puruep /y3uou) sseq ®3eq aTTwW
=uabixo a3eq IaATY
-3uawTpas

PONUTIUOD-~52TIRINGTI] SIT pue Y99I) Iepd) 103

Sejel pueuwlsp-uabAxo-juawTpas paindiod pue SUOT}dIIOSap 931S [PIXojPW-WO3J0g—— *Z STARL

34



"399I) IepPs) JO Y3now sy3 saoqe AIeINGTII SY3 JO YINOW SY3 JO UOTIBOOT Y3 9IOTPUT SOTTW IBAT 4

“opeW SeM JUSWDINSESW € USUYM O3
13391 ArTen3oe J0U S0P SWYL ISV LIEP SYI UT O3BP SUWRS SY3 UO SITS SURS SYI I SpEW SIUSUWDINSESW SIRTIUSISIITP O3 PIsSh ST WL

- <8/1€/01 (9bpTIq WeaI3SUMOP)

y3noumoW Iedu N 000z PeCY 3B 9 °ON AIeINqTAL Y99I IePe) 100S€€060L0550Y 8°G¢g -tz

- s8/1€/01 (obpTaq weoa3sdn)

¥0OIqpToD IedU N Q¥0Z Peod 31e § °"ON Areanqnril 3@9I) 1epaD 100LEE0602€ESSO0Y L°Leg 1-9Z

35



Table 3.--Classification of general bottom-material quality
in terms of sediment oxygen demand

[from Butts,

1986, p. 16; >, greater than]

Sediment oxygen demand,

Bottom-material in grams per square

quality meter per day
Clean 0.0 - 0.5
Moderately clean > .5 - 1.0
Slightly degraded >1.0 - 2.0
Moderately polluted >2.0 - 3.0
Polluted >3.0 - 5.0
Grossly polluted >5.0 - 10.0
Sewage sludge-like >10.0

Table 4.--Classification of bottom-material constituent concentrations
in Illinois

[from Kelly and Hite,

1984, p.

5, 24.

Ranges of concentrations are based

on 1, 2, 4, and 8 standard deviations above background mean, except for
cadmium, which is based on 50, 65, 80, and 95 percent distributions for

all samples.

otherwise noted.

3, greater than or equal to]

Concentrations are in milligrams per kilogram unless

Background Slightly Highly

Constituent mean elevated Elevated elevated Extreme
Chemical

oxygen

demand 49,000 »90, 000 »>132,000 »>215, 000 »380,000
Total

Kjeldahl

nitrogen 1,380 2,300 »3,200 25,100 >8,800
Total

volatile

solids

(in percent) 4.4 26.5 »8.8 »>13 »>22
Arsenic 5.2 »8.0 >11 >17 >28
Chromium 9.8 »16 323 >38 »60
Copper 15 »>38 »>60 »>100 »200
Iron 13,000 >18,000 »23,000 »32,000 »50,000
Lead 17 »28 >38 »>60 >100
Manganese 740 »1,300 >1,800 »2,800 5,000
Mercury .04 ».07 »>.10 »>.17 ».30
Zinc 50 >80 >100 »>170 »300
Cadmium ».5 ».5 »>1.0 »2.0 »20.0
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Background mean concentrations were computed by Kelly and Hite (1984, p. 10)
from samples collected at 94 sites in Illinois "that were judged to be unim-
pacted by point or non-point discharge with the exception of agricultural non-
point inputs." Constituent concentrations were rated using this system. For
cadmium, a similar rating scheme was used except that instead of 2, 4, and 8
standard deviations, concentrations were rated elevated, highly elevated, and
extreme based on 65, 80, and 95 percent distributions, respectively (for all

samples Kelly and Hite analyzed).

CHARACTERISTICS OF STORM RUNCFF

The quantity and quality of runoff discussed in this section of the report
relate to the seven types of storm-related sources of runoff considered in this
study. The seven sources were (1) flow from upstream of Galesburg (site 1),
(2) overflow from the combined sewers, (3) discharge from the storm sewers and
overland runoff from Galesburg, (4) effluent from the Galesburg wastewater-
treatment facility (site WWTF), and (5 through 7) flow from three tributaries
draining agricultural land (sites T21, T23, and T24). Flow from upstream of
Galesburg is not discussed in detail in this section but is included because
it is needed to isolate the contributions of runoff from Galesburg. The
quality and quantity of storm runoff as they relate to the characteristics of
the five storms also are discussed.

Total precipitation for the five sampled storms ranged from 0.37 to 3.76
inches. Maximum 1-hour intensities and antecedent moisture conditions also
varied over a wide range. Table 5 lists the total accumulated precipitation,
total precipitation for the largest storm, maximum 1-hour intensity, antecedent-
precipitation index, and number of combined-sewer overflows for each of the 33
monitoring periods, which includes the 5 sampled storms in 1986.

The percent runoff from Galesburg ranged from 4 to 30 percent. Regression
analyses indicated that the hourly intensity of a storm was the primary factor
controlling the percent runoff, although antecedent-precipitation conditions
and total precipitation also had some effect.

The first storm, which ended May 20, produced a total precipitation of
2.69 inches and a maximum 71-hour intensity of 0.70 inch per hour. This storm
was the first big spring storm of the year. Previous storms had occurred, but
none produced sufficient runoff to scour bottom material in Cedar Creek. Data
were not available to calculate an antecedent-precipitation index for this
storm. Total rainfall for the first half of May was approximately 1.5 inches,
indicating that soil-moisture content may have been high. Sixty-three percent
of the combined sewers overflowed with a total overflow volume of 1.2 to 2.5
million ft3 (cubic feet) (appendix B). Fifteen percent of the total precipi-
tation falling on the city of Galesburg reached the stream as runoff.

The second storm, which ended July 10, produced moderate precipitation
that totaled 0.92 inch, with a maximum 1-hour intensity of 0.57 inch per hour;
the antecedent-precipitation index was 21.23. For this storm, 76 percent of
the combined sewers overflowed with a total volume of overflow of 0,11 to 0.47
million ft3, Only 7 percent of the total precipitation falling on Galesburg

reached the stream as runoff.
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Table 5.--Precipitation characteristics of selected storms for

combined-sewer monitoring periods during 1985 and 1986

[Determined from an area-weighted average of rain-gage site 1 and

site RG2 using the Theissen method; dashes indicate no data;

CS0O, combined-sewer overflow]

Combined-sewer Total precipitation Maximum
monitoring Largest 1-hour Antecedent-~
period During storm in intensity precipi-

From To period period (inch/ tation Number 1

(month/day/year) (inches) (inches) hour) index of CSO's
08/14/85 08/19/85 0.27 0.21 0.11 - 5
08/19/85 08/26/85 .65 .63 .34 19.33 15
08/26/85 09/11/85 .15 .08 .08 18.54 8
09/11/85 09/18/85 .59 .59 .25 .99 18
09/18/85 09/23/85 1.27 .70 .33 21.35 17
09/23/85 10/01/85 .43 .20 .10 54.79 17
10/01/85 10/06/85 .94 .94 .21 7.86 17
10/06/85 10/08/85 .18 .18 .18 30.23 14
10/08/85 10/10/85 .89 .32 .16 40.32 10
10/10/85 10/16/85 .23 .15 .05 86.12 6
10/16/85 10/20/85 1.69 1.59 81 10.90 24
10/20/85 10/28/85 .65 .65 .65 45.88 25
10/28/85 11/05/85 1.92 1.92 .18 5.99 11
11/05/85 11/13/85 2.23 1.44 .33 39.93 26
11/13/85 11/19/85 2,23 1.21 .25 82.27 29
205/08/86 05/20/86 2.93 2.69 .70 - 36
05/20/86 05/28/86 .42 +09 .06 20.90 1
05/28/86 06/09/86 .36 .36 «30 16.94 8
06/11/86 07/02/86 2.26 <91 .73 6.50 45
207/02/86 07/10/86 1.27 .92 .57 21.23 37
07/10/86 07/14/86 1.21 .66 .51 81.17 39
207/14/86 08/01/86 4.05 3.76 1.93 58.49 49
08/01/86 08/06/86 .79 77 .23 82.20 15
08/06/86 08/08/86 .28 .25 .25 110.74 37
08/08/86 08/12/86 .11 .11 .06 47.42 1
08/12/86 08/18/86 .49 .34 .32 21.07 3
208/18/86  08/27/86 .37 .37 .31 3.14 14
208/27/86 09/12/86 1.16 .91 .70 .55 34
09/12/86 09/25/86 3.99 2.36 1.70 15.06 48
09/25/86 10/01/86 2.28 1.92 .56 88.26 45
10/01/86 10/08/86 2.12 2.02 .72 112.45 46
10/08/86 10/15/86 .23 .11 .08 13.05 1
10/15/86 10/29/86 1.42 1.07 .15 .55 2

1 Number of combined sewers to overflow; not all combined sewers were

checked during: 1985 monitoring periods.

2 Samples were collected during this monitoring period.
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The third storm, which ended August 1, was the largest storm monitored
and produced a total precipitation of 3.76 inches and a maximum 1-hour inten-
sity of 1.93 inches per hour. This storm had an antecedent-precipitation
index of 58.49, indicating that soil-moisture content was high. All of the
combined sewers overflowed; the total overflow volume was 6.9 to 12.7 million
ft3. fThirty percent of the total precipitation falling on Galesburg reached
the stream as runoff.

The fourth storm, which ended August 27, was a small storm that produced
a total precipitation of 0.37 inch and a maximum 1-hour intensity of 0.31 inch
per hour. This storm also had a low antecedent-precipitation index of 3.14.
Twenty-nine percent of the combined sewers overflowed; the total overflow
volume was 0.02 to 0.09 million ft3. Only 4 percent of the total precipita-
tion falling on Galesburg reached the stream as runoff.

The fifth storm, which ended on September 12, produced moderate precipi-
tation that totaled 0.91 inch, with a maximum 1-hour intensity of 0.70 inch
per hour; the antecedent-precipitation index was a very low 0.55. Sixty-nine
percent of the combined sewers overflowed with a total overflow volume of 0.21
to 0.59 million ft3. Eleven percent of the total precipitation falling on
Galesburg reached the stream as runoff.

Rates and Volumes

Galesburg Combined-Sewer Overflows

Overflows occur with almost every storm event. Results show (table 5)
that, during each of the 33 monitored periods, at least 1 cambined sewer
overflowed. Monitoring methods used during the 1986 data-collection period
were more comprehensive than those used during the 1985 period. More combined
sewers were monitored, several methods were used to determine overflow occur-
rence for each combined sewer, and improved peak-stage information was
obtained. Statistical analyses were done using, primarily, the 1986 data.
Results of stepwise-regression analysis indicated that the percentage of cam-
bined sewers that will overflow can be predicted fairly well from the natural
logarithm of the maximum 1-hour intensity alone, as follows:

POF = (0.314 1n (i) + 0,764) x 100, (8)

where POF is the percentage of the combined sewers that overflow, and

i is the maximum 1-hour intensity, in inches per hour.

The value of the independent variable (i) can be such that the dependent
variable (POF) is greater than 100. Assume in these cases that POF equals 100
indicating that all of the cambined sewers probably overflowed. Solving the
equation with 1986 data yielded values of POF with a multiple correlation coef-
ficient of 0.89 and a standard error of estimate of 16 percent, which corres-
ponds to about eight overflow points. These regression results indicate that
40 percent of the pipes will overflow with a 1-hour intensity of 0.3 inch per
hour and about 70 percent of the pipes will overflow with a 1-hour intensity
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of 0.8 inch per hour. Measured results indicate that more than 70 percent of
the pipes will overflow with a 1-hour intensity of 0.8 inch per hour. This is
somewhat dependent, however, on both the total and the antecedent-precipitation
conditions.

The ability to predict the number of pipes that will overflow is slightly
improved when the independent variables for total and antecedent-precipitation
conditions also are considered. The equation developed with all three charac-
teristics is

POF = (0.175 1n(i) + 0.162 1n(T) + 0.044 1n(A) + 0.516) x 100, (9)

where T is the total precipitation, in inches;
A is the antecedent-precipitation index; and

all other variables are as described above.

As with eqguation 8, values of the independent variables (i,T,A) can be such
that the resultant POF is greater than 100. This indicates that all of the
combined sewers probably overflowed. This equation has a multiple correlation
coefficient of 0.95 and a standard error of estimate of 12 percent, which
corresponds to about six overflow points. The GSD has an ongoing program to
modify combined-sewer overflow structures in an attempt to reduce the number
of overflows. However, because there are many cross connections in the sewer
system, the above equations should be useful (within standard error limits)
until major modifications to the sewer system are made.

Overflow durations as high as 189 hours were measured. These very long
durations generally were caused by an obstruction in the orifice leading to
the interceptor sewer (fig. 5). Durations varied depending on the character-
istics of the storm but generally were in the range of 2 to 8 hours. Peak
discharges were highest for intense storm events. Peak overflow discharges as
high as 34 ft3/s (cubic feet per second) were estimated from peak stage results.
Mean pegk discharges for the five storms sampled in 1986 ranged from 1.35 to
16.7 ft3/s.

Overflow volumes for individual combined sewers, calculated from measured
duration values assuming a distribution of discharge over time similar to
sites C6 and C22, were as high as 1,480,000 £t3. Volumes, calculated assuming
a maximum overflow duration for pipes without duration data and assuming a
Gagssian-type distribution of discharge over time, were as large as 1,860,000
ft3.

The storm with the greatest total precipitation occurred between July 14
and August 1, 1986. All of the pipes overflowed. However, this was not the
storm that produced the largest combined-sewer overflow volume. That storm
occurred between October 1 and 10, 1986, and produced a total precipitation
equal to about half of that of the first storm; 94 percent of the pipes over-
flowed. The difference in the number of pipes that overflowed during these
two storms is related to the antecedent-precipitation conditions. As table 5
shows, a significant amount of precipitation fell during the second half of
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September. The ground was saturated and the sewer system had not recovered
from the previous storms. The antecedent precipitation index for the October

storm was almost twice that of the July storm.

Table 6 summarizes the storm-runoff volumes for the five storms sampled
in 1986. Average overflow volumes from all of the combined sewers for the
five sampled storms ranged from 23,300 to 6,890,000 ft3, and maximum overflow
volumes ranged from 85,400 to 12,700,000 ft3.

Table 6.--Total volumes for the five gtorms sampled in 1986

Volume of flow, in cubic feet

Site code
source name May 16-20  July 7-10 J:égugttf August 26-27  September 11-12
1 2,040,000 131,000 386,000 24,600 42,100
Combined-sewer
overflow!l
average 1,220,000 113,000 6,890,000 23,300 208,000
maximum 2,550,000 470,000 12,700,000 85,400 586,000
Storm-sewer
dischargez
using average CSO 8,740,000 1,730,000 20,300,000 296,000 2,600,000
using maximum CSO 7,410,000 1,370,000 14,500,000 234,000 2,220,000
8 12,000,000 1,970,000 27,600,000 344,000 2,850,000
WWTF 6,700,000 2,120,000 4,720,000 1,100,000 1,580,000
T21 4,730,000 213,000 8,400,000 112,000 343,000
11 30,600,000 5,630,000 53,300,000 2,090,000 4,680,000
T23 10,700,000 389,000 5,570,000 79,900 152,000
T24 6,930,000 235,000 5,230,000 50,600 99,300
14 56,200,000 6,860,000 74,700,000 2,650,000 4,910,000
18 63,800,000 6,760,000 94,900,000 2,460,000 5,650,000

1 Average refers to combined-sewer-overflow volumes calculated assuming a distribution of
discharge over time similar to that measured at sites C6 and C22 and assuming overflow
durations for those pipes without duration data are equal to the average of the measured
durations (excluding outliers).

Maximum refers to combined-sewer-overflow volumes calculated assuming a normal distribution of
discharge over time and assuming overflow durations for those pipes without duration data
are equal to the maximum measured duration (excluding outliers).

2 ysing average CSO refers to storm-sewer-discharge volumes calculated by subtracting the average
combined-sewer-overflow volume, as described above, from the total runoff from the city of
Galesburg.

Using maximum CSO refers to storm-sewer-discharge volumes calculated by subtracting the maximum
combined:sewer-overflow volume, as described above, from the total runoff from the city of
Galesburg.
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Galesburg Storm-Sewer Discharges

The volume of flow from the storm sewers was estimated from the total
volume of flow from Galesburg and the average and maximum combined-sewer over-
flow volumes. The difference between the total volume contributed by the city
and the total volume contributed by overflow from the combined sewers was
attributed to storm-sewer discharges and overland runoff (table 6). Storm-
sewer discharge volumes, calculated from average cambined-sewer overflow
volumes, ranged from 296,000 to 20,300,000 ft3. Storm-sewer discharge volumes,
calculated from maximum combined-sewer overflow volumes, ranged from 234,000
to 14,500,000 £t3.

Tributary and Wastewater-Treatment-Facility Effluent Discharges

Discharge rates from the three tributaries were variable throughout each
storm event, and stage would rise and fall rapidly. Volumes were calculated
on the basis of traveltimes so that only the flow contributing to the volume
calculated for the next creek site downstream fram the mouth of the tributary
would be included. This method for calculating volume may have slightly over-
estimated the storm-related discharge volume from the tributaries. Volumes of
flow from the tributaries ranged from 50,600 to 10,700,000 ft3 for the five
sampled storms (table 6).

Volumes of effluent from the wastewater-treatment facility were determined
from GSD effluent-discharge records. The period of time used to calculate
volume was based on the traveltime from the outfall pipe to site 11, so that
only effluent contributing to the flow volume calculated for site 11 would be
included. Effluent flow volumes ranged from 1,100,000 to 6,700,000 ft3 for
the five sampled storms (table 6).

Water Quality and Constituent Loads

Galesburg Combined-Sewer Overflows

Constituent concentrations determined from samples of combined-sewer over-
flow (McFarlane and others, 1987, p. 148-177) indicated that concentrations of
oxygen-demanding solids, total suspended solids, zinc, and iron exceeded the
State effluent standards (Illinois Pollution Control Board, 1986). These
samples were grab samples and the averaging rule of the effluent standards
indicates that concentrations determined from a grab sample shall not exceed
five times the specified standard. A substantial amount of grease and float-
ing material, including raw sewage, was observed in the creek and overflows,
indicating that the combined-sewer overflows exceeded the standard against
offensive discharges.

Concentrations of constituents in combined-sewer effluent were highly
variable. Generally, concentrations were initially high or increased rapidly
at the beginning of an overflow and then decreased to more dilute concentra-
tions. In many cases, the concentrations determined from the second in the
series of six samples were higher than the concentrations in the other five
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samples. All constituent concentrations are summarized by McFarlane and
others (1987, p. 148-177). Appendix C, at the end of this report, lists the
descriptive statistics determined from these combined-sewer samples and from
all the storm-related samples collected during this phase of the study.

Constituent loads for samples from each of the five storms were calcu-
lated by using the total volume of overflow for the combined sewers and the
median constituent concentrations. These loads are listed in appendix D at the
end of this report. Constituent loads and discharge volumes from the combined
sewers can differ depending on, among other things, land use, drainage area,
lateral pipe size, position along the interceptor, orifice size, and condition
of the sewer system. Because it was not possible to sample all of the
combined-sewer overflows, those that were sampled were assumed to represent
the characteristics of all the combined-sewer overflows.

Galesburg Storm-Sewer Discharges

Analyses of discharge samples from storm sewers indicate that concentra-
tions of lead, iron, and total dissolved solids exceeded the State effluent
standards (Illinois Pollution Control Board, 1986). Even though concentrations
generally were lower than those determined from the combined sewers, estimated
volumes of storm-sewer discharge were substantially higher, so the resulting
constituent loads were often higher (appendix D).

Tributary and Wastewater-Treatment-Facility Effluent Discharges

Constituent concentrations determined from the samples collected at the
three tributary sites (T21, T23, and T24) indicated copper, lead, manganese,
and iron exceeded the State general-use water—quality standards. Wastewater-
treatment-facility effluent samples indicated that concentrations did not
exceed the State effluent standards for any of the constituents analyzed.
Loads of several oxygen-demanding constituents (ultimate carbonaceous BOD,
chemical oxygen demand, total organic carbon, total organic plus ammonia
nitrogen, and volatile suspended solids) were substantially higher at site T24
than at either of the other two tributaries (appendix D). These increased
loads were caused by increased concentrations that may have been derived from
runof £ from feedlots (hogs and cattle) just upstream from this site.

WATER QUALITY AND BOTTOM-MATERIAL QUALITY IN CEDAR CREEK

Water Quality

Cedar Creek was sampled at five locations (sites 1, 8, 11, 14, and 18).
Several constituents were found to exceed the State general-use water-quality
standards (Illinois Pollution Control Board, 1986). Concentrations of copper,
lead, cadmium, zinc, iron, manganese, and total dissolved solids exceeded
their respective standards in several subreaches of the creek (McFarlane and
others, 1987, p. 148-177). Appendix C, at the end of this report, lists the
constituents and gives a statistical summary of the water-quality results for
the five storms sampled in 1986.
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Constituent concentrations generally are influenced by the rate of dis-
charge in a stream. This relation may result from increased constituent loads

from runoff, increased loads from scour of bottom materials, decreased concen-
trations caused by dilution, or, more likely, a combination of these and other
factors. In almost every case, there is some relation between concentration
and discharge; however, it commonly is difficult to determine because of its
complexity. The relation between concentration and discharge at the five
sites in Cedar Creek was studied by use of regression methods. However, the
data points are too variable and too few, in most instances, to yield conclu-
sive results.

Regression analyses were performed for the concentration of each con-
stituent by using discharge as the explanatory variable. Linear, logarithmic,
semilogarithmic, and inverse functions were tested. These analyses were done
for each site separately and then for all sites together. No relations were
determined for sulfate, beryllium, phenols, and dissolved solids. Some trends
were indicated for the other constituents, even though data were limited.
Regression results for silver, boron, and specific conductance indicated that
concentrations decreased with increasing discharge. Regression results for
the remaining constituents (listed in appendix C) indicated that concentra-
tions increased with increasing discharge. Regression results at a few sites
contradicted the overall trend for some constituents.

Water quality of a stream is generally more evident during low-flow con-
ditions. Because of this, the results of the low-flow phase of this study,
described by Schmidt and others (1989), provide the best indicators of the
water quality in Cedar Creek. The water-quality results indicated that, during
low-flow periods measured in 1985, concentrations of iron, copper, manganese,
phenols, and dissolved solids exceeded the State general-use water-quality
standards (Illinois Pollution Control Board, 1986) in some subreaches of Cedar

Creek.

Dissolved-oxygen concentrations also were less than the standard specified
by the Illinois Pollution Control Board (1986) throughout most of the study
reach. Dissolved oxygen is a primary indicator of water quality because it is
necessary for the survival of most aguatic organisms. A steady-state, one-
dimensional computer model was calibrated in the first phase of this study to
determine the effects of environmental factors on water-quality degradation.
Model-simulation results indicate that sediment oxygen demand is the primary
factor that causes low dissolved-oxygen concentrations in Cedar Creek (Schmidt
and others, 1989).

Bottom-Material Quality

Storm runoff can contribute significantly to the sediment loads in the
creek. As discussed previously, the sediment contains materials having poten-
tially high oxygen demands and constituent concentrations. A total of 70
sediment-oxygen—demand measurements were made at 45 locations in Cedar Creek
and its tributaries (table 2 and figs. 11, 12). A total of 97 bottom-material
samples were collected at these same locations, many in conjunction with the
measurements of sediment oxygen demand. The locations and methods of measure-
ment, as well as the results, are described by McFarlane and others (1987).
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The highway construction and channel modifications along Cedar Creek by
the IDOT (fig. 4) uncovered and loosened the topsoil in many areas adjacent to
the creek, allowing storm runoff to transport a large amount of sediment to the
creek. The sediment was deposited downstream from the channel modifications,
and visual observations indicate that this had some effect on the aquatic
habitat in the area. Most constituent concentrations, including those related
to oxygen-demanding materials determined from samples of bottom-material from
areas of deposition that primarily were affected by washoff from the highway
construction (bottom-material sampling sites 15-1 to 18-1), were not elevated
(McFarlane and others, 1987, p. 84-93). Most of the areas with elevated sedi-
ment oxygen demands or bottom-material constituent concentrations were upstream
from the highway construction.

Sediment Oxygen Demand

Measured sediment oxygen demand ranged from 0.4 to 9,1 (g/m2)/d (grams
per square meter per day). By use of the Illinois State Water Survey rating
scheme (table 3) (Butts, 1986, p. 16), results from all but 3 of the 70
measurements indicated that the bottom-material quality was slightly degraded
or worse--23 were slightly degraded, 17 were moderately polluted, 19 were
polluted, and 8 were grossly polluted (fig. 13).

10 T 1 1 T T 1
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% . & SUGHTLY |
. . . POLLUTED

[EE—

SEDIMENT-OXYGEN-DEMAND RATE,
IN GRAMS PER SQUARE METER PER DAY
I
i

50 45 40 35 30 25 20 15
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Figure 13.-~Measured sediment-oxygen-demand rates in Cedar Creek as
a function of location (tributary results not shown;
WWTF indicates wastewater-treatment-facility outfall;
quality classification after Butts, 1986).
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Seven measurements of sediment oxygen demand were made in tributaries to
Cedar Creek (figs. 11, 12)--three measurements at bottom-material sampling site
23-1 and one measurement at each of sites 21-1, 22-1, 24-1, and 25-1 (tributary
measurements are not shown in fig. 13). Sediment oxygen demands in the tribu-
taries ranged from 1.1 to 3.7 (g/m?)/d. Bottom-material quality at sites 21-1
and 25-1 were moderately polluted (2.9 and 2.2 (g/m2)/d, respectively) accord-
ing to the Illinois State Water Survey rating scheme (Butts, 1986). One
measurement at site 23-1 was polluted (3.7 (g/m2)/d) and the remaining were
slightly degraded according to this same rating scheme.

The Illinois State Water Survey also made some measurements of sediment
oxygen demand in Cedar Creek in June and September 1985. The results of their

measurements yielded values of 1.0 to 7.8 (g/m2)/d (Butts, 1986). The highest
values were found close to the location where the highest values were found by

the U.S. Geological Survey, upstream from the wastewater-treatment facility at
bottom-material sampling site 9-1.

Constituent Concentrations

The constituent concentrations used by Kelly and Hite (1984, p. 5, 16) to
describe bottom-material quality are listed in table 4. Analysis of the bottom-
material samples indicate that concentrations of all 12 constituents (percent
volatiles, total organic plus ammonia nitrogen, chemical oxygen demand, arsenic,
cadmium, chromium, copper, iron, lead, manganese, mercury, and zinc) were ele-
vated in at least one of the samples. Concentrations of all 12 constituents
except arsenic and chemical oxygen demand were highly elevated in some samples.
Concentrations of all constituents except arsenic, chemical oxygen demand,
copper, and total organic plus ammonia nitrogen were extreme in some samples.

Concentrations of the 12 constituents and sediment oxygen demands in
Cedar Creek are generally higher in areas of deposition than in areas of non-
deposition. Samples were collected and measurements were made at a particular
point; thus, they do not represent the characteristics of the entire cross
section or subreach. However, more than one sample was collected or measure-
ment made in most cross sections. Emphasis was placed on the subreach of the
creek upstream from RM 35 (bottom—material sampling site 12-4) where 69 of the
97 samples were collected. Accordingly, any comparison, between different
locations, of the number of samples with extreme constituent concentrations may
be biased toward the upstream subreaches of the creek. Figures and discussion
of the results for each of the 12 constituents follow (for clarity, results of
tributary sampling are not included in the figures). Tables of the results are
presented by McFarlane and others (1987, p. 90-93).

Nine bottom-material samples were collected from six tributaries to Cedar
Creek (sites 21-1, 22-1, 23-1, 24-1, 25-1, 26-1, and 27-1; figs. 11, 12). The
mercury concentration in one sample collected at site 21-1 was 0.43 mg/kg
(milligrams per kilogram), which is considered extreme. The mercury concentra-
tion in one sample at site 22-1 was 0.22 mg/kg, and the cadmium concentration
was 1.0 mg/kg; these concentrations are considered highly elevated and elevated,
respectively. Both of these sampling sites are in Tributary No. 1 (fig. 3).
All the remaining bottom-material-quality results from the tributary show that
constituent concentrations are slightly elevated or below.
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Mercury.--Bottom-material-quality results show that 76 percent of all the
samples have mercury concentrations considered to be elevated or above; 62
percent are extreme (fig. 14). Of the samples collected upstream from RM 35,
77 percent of the mercury concentrations are extreme compared to 37 percent
from samples collected downstream from RM 35. Mercury is very toxic to animals
and aquatic organisms. Once ingested, mercury remains in the organism and can
accumulate to toxic levels (Kelly and Hite, 1984, p. 64).
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. One sample at river mile 39.88
= 13.0 milligrams per kilogram
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MERCURY CONCENTRATION,
IN MILLIGRAMS PER KILOGRAM

Figure 1l4.--Mercury concentrations in the bottom materials of Cedar Creek
as a function of location (tributary results not shown;
WWTF indicates wastewater-treatment~facility outfall;
quality classification after Kelly and Hite, 1984).

Lead.--Bottom-material~quality results show that 62 percent of all the
samples have lead concentrations considered to be elevated or above; 29 percent
are extreme (fig. 15). All of the extreme concentrations are from samples
collected upstream from RM 35 and represent 41 percent of the upstream samples.
Seventy-four percent of the samples collected downstream fram RM 35 have lead
concentrations that are slightly elevated or below. Lead is toxic to aquatic
organisms; the degree of toxicity depends on other water—quality characteris-
tics (pH, alkalinity, hardness, and so forth) and on the organisms involved
(Kelly and Hite, 1984, p. 57).

Chromium.--Bottom-material-quality results show that 55 percent of all
the samples have chromium concentrations that are elevated or abowve; 26 per-
cent are extreme (fig. 16). One sample collected downstream from RM 35 has a
concentration considered to be extreme; the remaining samples with extreme
concentrations were collected upstream from RM 35 and represent 35 percent of
the upstream samples. Most of the extreme chromium concentrations were down-
stream from the wastewater-treatment facility (Rm 40.2). Chromium, in trace
amounts, is an essential metal for mammals, although some forms are toxic.
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Figure 15.--Lead concentrations in the bottom materials of Cedar Creek
as a function of location (tributary results not shown;
WWTF indicates wastewater-treatment-facility outfall;
quality classification after Kelly and Hite, 1984).
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Figure 16.--Chromium concentrations in the bottom materials of Cedar Creek
as a function of location (tributary results not shown;
WWTF indicates wastewater-treatment-facility outfall;
quality classification after Kelly and Hite, 1984).

As with lead, chromium's toxicity to aquatic organisms depends on other water-
quality characteristics and on the species of organism (Kelly and Hite, 1984,

p. 47).

Cadmium.--Bottom-material-quality results show that 98 percent of all
the samples have cadmium concentrations considered to be elevated or above;
13 percent are extreme (fig. 17). All extreme cadmium concentrations are from
samples collected downstream from the wastewater-treatment facility (RM 40.2)
and upstream from RM 35. The extreme concentrations represent 16 percent of
the samples collected upstream fram RM 35. Cadmium is relatively rare and
highly toxic to most organisms (Kelly and Hite, 1984, p. 42-45).
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Figure 17.--Cadmium concentrations in the bottom materials of Cedar Creek
as a function of location (tributary results not shown;
WWTF indicates wastewater-treatment~facility outfall;
quality classification after Kelly and Hite, 1984).

Zinc.--Bottom-material-quality results show that 66 percent of all the
samples have zinc concentrations considered to be elevated or above; 10 per-
cent are extreme (fig. 18). All of the extreme zinc concentrations are from
samples collected upstream from RM 35 and represent 14 percent of the upstream
samples. Zinc is an essential trace metal in plants and animals but can be
highly toxic to aquatic organisms (Kelly and Hite, 1984, p. 69).
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Figure 18.--Zinc concentrations in the bottom materials of Cedar Creek
as a function of location (tributary results not shown;
WWTF indicates wastewater-treatment-facility outfall;
quality classification after Kelly and Hite, 1984).
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Copper.--Bottom-material-quality results show that 27 percent of all the
samples have copper concentrations considered to be elevated or above; 5 per-
cent are highly elevated, but there were no extreme concentrations (fig. 19).
All of the elevated and highly elevated copper concentrations are from samples
collected upstream from RM 35 and represent 45 percent of the upstream samples.
All of the highly elevated concentrations were collected downstream from the
wastewater-treatment facility (RM 40.2). Copper is a relatively common metal.
It is an essential nutrient for most plants and animals but is toxic in high
concentrations. The toxicity varies depending on oxidation states and water-
quality parameters (Kelly and Hite, 1984, p. 50).
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Figure 19.--Copper concentrations in the bottom materials of Cedar Creek
as a function of location (tributary results not shown;
WWTF indicates wastewater-treatment-facility outfall;
quality classification after Kelly and Hite, 1984).

Manganese and iron.--Manganese and iron are chemically similar elements.
Bottom-material-quality results show that 4 and 9 percent of all the samples
have manganese and iron concentrations, respectively, that are considered to
be elevated or above (figs. 20 and 21). Results from one sample collected at
RM 34.8 (bottom-material sampling site 12-4) indicated extreme concentrations
of both constituents. Manganese and iron are naturally occurring constituents
and elevated concentrations are not uncommon in Illinois. Manganese and iron
generally are not considered toxic, but high concentrations make water unsuit-
able for some uses (Kelly and Hite, 1984, p. 54-56, 61-64; Windholz and others,
1976, p. 669-670, 743).

Arsenic.--Bottom-material-quality results show that only one sample,
collected at RM 34.8 (site 12-4), had an arsenic concentration considered to
be elevated (fig. 22). A few samples show slightly elevated concentrations,
but most are nonelevated. Arsenic is toxic to animals and aquatic organisms
(Kelly and Hite, 1984, p. 41).

Total organic plus ammonia nitrogen.--Bottom-material-quality results show
that 6 percent of all the samples have total organic plus ammonia nitrogen
concentrations considered to be elevated or above (fig. 23). One sample was
hightly elevated, but none were extreme. All concentrations considered to be
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Figure 20.--Manganese concentrations in the bottom materials of Cedar Creek
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WWTF indicates wastewater~treatment-facility outfall;
quality classification after Kelly and Hite, 1984).
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Figure 21.--Iron concentrations in the bottom materials of Cedar Creek
as a function of location (tributary results not shown;
WWTF indicates wastewater-treatment-facility outfall;
quality classification after Kelly and Hite, 1984).
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22.--Arsenic concentrations in the bottom materials of Cedar Creek
as a function of location (tributary results not shown;
WWTF indicates wastewater-treatment-facility outfall;
quality classification after Kelly and Hite, 1984).

o]
-
Q

=]

[n}

[0}

>
=
IS,
o
=

1 1

HIGHLY ELEVATED

4,000

T
i

2,000 | oo

e we
-
L
-
A

0 1 L 2l () o ° »
50 45 40 35 30 25 20
WWTEF,
RIVER MILES ABOVE MOUTH

TOTAL ORGANIC PLUS AMMONIA
NITROGEN CONCENTRATION,
IN MILLIGRAMS PER KILOGRAM

Figure 23.--Total organic plus ammonia nitrogen concentrations in the
bottom materials of Cedar Creek as a function of location
(tributary results not shown; WWTF indicates wastewater-
treatment-facility ourfall; quality classification after
Kelly and Hite, 1984).
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elevated and above were collected upstream from RM 35 and represent 9 percent
of the upstream samples. Dead plant material and human and animal wastes are

sources of these constituents; agricultural runoff also can contain high
nitrogen concentrations, especially ammonia. This material is converted by
microbial action from organic nitrogen to ammonia to nitrite to nitrate, and
oxygen is consumed in this process.

Chemical oxygen demand.--Bottom-material-quality results show that 6 per-
cent of all the samples have chemical-oxygen-demand concentrations considered
to be elevated (fig. 24). These were all collected upstream from RM 35 and
represent 9 percent of the upstream samples. No samples had concentrations
considered to be highly elevated or extreme. Chemical oxygen demand is an
indicator of the amount of oxidizable material present (both biologically and
chemically oxidizable).
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Figure 24.--Chemical-oxygen-demand concentrations in the bottom materials
of Cedar Creek as a function of location (tributary results
not shown; WWIF indicates wastewater-treatment facility out-
fall; quality classification after Kelly and Hite, 1984).

Percent volatile solids.--Percent volatile solids is another indicator of
the amount of material present that may contribute to the oxygen demand of the
sediments. Bottom-material-quality results show that 21 percent of all the
samples have a percentage of volatile solids considered to be elevated or
above; 6 percent are highly elevated, and 1 percent are extreme (fig. 25).

All but one of the concentrations that are elevated or above were collected
upstream from RM 35 and represent 29 percent of the upstream samples.

Discussion

Visual observations indicate that elevated sediment oxygen demands and
bottom-material constituent concentrations are associated with areas of depo-
sition. This may be why chromium, mercury, lead, and manganese appear to be
related somewhat to sediment oxygen demand on the basis of regression analyses.
It should also be noted that storm runoff and wastewater-treatment-facility
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Figure 25.--Percent volatile solids in the bottom materials of Cedar Creek
as a function of location (tributary results not shown;
WWTF indicates wastewater-treatment-facility outfall;
quality classifications after Kelly and Hite, 1984).

effluent from Galesburg are major sources of these metals (except manganese)
and this suggests that Galesburg also is a major source of oxygen—-demanding
sediments.

High streamflows during storms can resuspend bottom materials. This
process can add substantial amounts of suspended materials and their associated
constituents to the streamflow. The maximum discharge rate at RM 31.9 (site 14)
for the five sampled storms ranged from 44 to 1,070 ft3/s. It was not possible
to sample all sources of sediment to the creek during a storm; for this reason,
results of mass-balance analyses are somewhat questionable. These results were
used to indicate changes in contaminant loads that could be attributed to the
intervening watershed. Results indicate that resuspended bottom materials are
a probable source of the (water-column) constituent concentrations that exceed
State general-use water-quality standards in Cedar Creek during periods of high
flow.

CONTRIBUTIONS OF STORM RUNOFF TO CONSTITUENT LOADS
AND BOTTOM MATERIALS IN CEDAR CREEK

Seven storm-related sources of constituents were monitored in this study:
(1) Cedar Creek upstream from Galesburg (site 1), (2) combined-sewer overflows,
(3) storm-sewer discharges, (4) the Galesburg wastewater-treatment-facility
effluent (site WWTF), and (5 through 7) three tributaries that drain agri-
cultural land (sites T21, T23, and T24). The constituent loads contributed by
these seven sources are summarized in appendix D, at the end of this report.

Two values (maximum and average) were calculated for the total volume of
overflow from the combined sewers. These two values were used to calculate
two values for the total volume of discharge from the storm sewers (refer to
section of this report titled "Runoff From Galesburg" under "Methods of Data
Collection and Interpretation”™). Calculation of constituent loads using these
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two volumes resulted in different total loads. Generally, these total loads
were very similar, but because some differed significantly, both are presented

in appendix D.

The percentage of total load contributed by each source is shown in
appendix E, at the end of this report. Because total loads are given as two
values (maximum and average), percentage contributions also are given as two
values. These percentages give an estimated range for the percent contribu-
tion of constituent loads. When reviewing this information, it is important
to consider the assumptions used in calculating the loads. These assumptions
were (1) median concentrations best represent the general characteristics of
each contaminant source; (2) the difference in flow volume between site 8 and
site 1 represents the runoff contributed by the city of Galesburg; (3) distri-
butions of discharge over time from all the combined sewers are somewhere be-
tween a Gaussian-type distribution and the mean-flow distribution measured at
sites C6 and C22; (4) theoretical discharge calculations represent the flow
from the combined sewers; (5) estimated volumes determined from drainage areas
and runoff coefficients represent the actual volume; and (6) the quantity and
quality of all runoff from Galesburg that was not accounted for by combined-
sewer overflow is equal to that of the sampled storm-sewer discharges.

The results in appendix E give the best representation of the percentage
of constituents contributed from each source. To view the results graphically,
a mean contribution was calculated for several of the constituents. This mean
was calculated by using the sum of all 10 values for the total load (five
storms, two calculation methods) as the total. For the combined sewers and
storm sewers, the sum of all 10 values was divided by the total to get the
proportion of the total load from each of these sources. For the other sources
(sites 1, WWIF, T21, T23, and T24), the sum of all five values was doubled and
divided by the total to get the proportion of the total load from each of these
sources. This mean contribution tends to average out the effects of differing
precipitation characteristics. The figures representing the mean contribution
are presented and discussed in the following pages.

Oxygen-Demanding Constituents

Five of the constituents that give some measure of the oxygen-demanding
characteristics of the discharges are ultimate carbonaceous BOD, chemical
oxygen demand, total organic carbon, total organic plus ammonia nitrogen, and
volatile suspended solids. Ammonia also can contribute to the oxygen demand
through nitrification. Ultimate carbonaceous BOD and chemical oxygen demand
were determined for less than half of the samples because of laboratory

constraints.

The percentages of total load contributed by each of the seven sources
(appendix E) indicate that the combined sewers were not the primary source of
these five constituents (ultimate carbonaceous BOD, chemical oxygen demand,
total organic carbon, total organic plus ammonia nitrogen, and volatile sus-
pended solids), except during the third storm when there was long duration of
overflow from several of the combined sewers. The storm sewers did contribute
a substantial amount of these constituents, especially during the first and

55



fifth storms. In general, the primary sources of these oxygen-demanding
materials were the tributaries and the wastewater-treatment-facility effluent.
Tributary No. 3 (site T24) frequently contributed a larger percentage of the
total load than did any of the other sources, possibly because of runoff from
a small feedlot (hogs and cattle) that was just upstream from the sampling
site. Because of feedlot runoff, many constituent concentrations may have been
higher than would be expected in agricultural runoff. The results indicate
that the wastewater-treatment facility contributed a substantial percentage of
the total loads of these materials, especially during the second and fourth
storms. This was due, in part, to the small amount of precipitation associated
with these two storms. The base flow from the wastewater-treatment facility
exceeded the volume of runoff from other sources. Another source of oxygen-
demanding material is a sludge-application field used by the Galesburg
wastewater-treatment facility. This field is drained by a ditch that enters
Cedar Creek just upstream from bottom-material sampling site 9-1, the site
where the highest sediment oxygen demands were measured.

Ultimate carbonaceous BOD.--Ultimate carbonaceous BOD is a measure of the
amount of biologically oxidizable material that is present. The mean percent-
ages of this constituent in the total load from each source indicates that
wastewater-treatment-facility effluent and storm sewers are major contributors
to the BOD loads (fig. 26). Decay rates for BOD give an indication of the
biodegradability of the oxygen-demanding material. The rates determined were
highly variable. The mean decay ratel for the wastewater-treatment-facility
effluent was 0.10 reciprocal days; the mean decay rates for the other six
sources ranged from 0.14 to 0.19 reciprocal days. This indicates that the
wastewater-treatment-facility effluent was less easily decayed than were the
other sources, so that the short-term demand exerted by a comparable amount of
oxygen—-demanding material would be slightly less from the wastewater-treatment-
facility effluent than from the other sources.

The BOD concentrations in the cambined sewers were very high [943 mg/L
{milligrams per liter)] in same samples, and, although concentrations tend to
fall off rapidly as the overflow continues, the contribution from the combined
sewers to contaminant loads in Cedar Creek also is significant (fig. 26).
Sampling methods for the combined sewers may have resulted in lower constitu-
ent concentrations than what actually was present. Material larger than
0.3-inch diameter could not be collected by the samplers, and solid material
larger than this was observed in combined-sewer overflows and Cedar Creek on
several occasions.

Chemical oxygen demand.--Chemical oxygen demand is a measure of the
amount of material that can be oxidized biologically or chemically. Much of
this can be material that will not exert an oxygen demand in the stream. Mean
percentages of this constituent in the total load from each source indicate
that Tributary No. 3 (site T24) contributes substantially more than the other
sources. The storm sewers and combined sewers each contribute about equal

1a11 rate coefficients in this report are determined using natural
logarithms (base e).
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Figure 26.~-Ultimate carbonaceous biochemical oxygen demand
from storm~related sources to Cedar Creek
(a) average percentage of total loads and
(B) descriptive statistics of concentration.

percentages (fig. 27). Appendix E shows that the wastewater-treatment facility
contributed 30 and 50 percent of the total loads for the second and fourth
storms, respectively, but, if averaged over all storms, the contribution from
the wastewater-treatment facility was only 5.9 percent. The highest median
concentration was at site T24 (230 mg/L). The highest concentrations were

from the combined sewers (1,300 mg/L), although runoff fram storm sewers also
contained high concentrations (960 mg/L).
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Volatile suspended solids.--Volatile suspended solids is another indi-

solids (fig. 28).

cator of the amount of organic material present.
constituent in the total load from each source indicate that the tributaries,
especially sites T23 and T24, are major contributors of volatile suspended

The highest mean concentration was at site T24 (230 mg/L).
The highest concentrations were from the combined sewers (860 mg/L), site T24
(720 mg/L), and storm sewers (640 mg/L).
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Figure 28.--Volatile suspended solids from storm-related
sources to Cedar Creek (A) average percentage
of total loads and (B) descriptive statistics
of concentration.

Total organic plus ammonia nitrogen.--Total organic plus ammonia nitrogen
is a measure of the amount of material present that could contribute to the
oxygen demand in the creek through nitrification. Measurements described by
Butts (1986) indicate that nitrification is a substantial part of sediment
oxygen demands in some areas of Cedar Creek. Mean percentages of this con-
stituent in the total load from each source indicate that Tributary No. 3
(site T24) is a major contributor of nitrogen loads (fig. 29). Tributary
No. 2 (site T23), the storm sewers, and the combined sewers each contribute
about equal percentages of the load. Again, the results in appendix E indicate
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Figure 29.--Total organic plus ammonia nitrogen from
storm-related sources to Cedar Creek
(3a) average percentage of total loads
and (B) descriptive statistics of
concentration.

that a larger percentage of the loads would be from the wastewater-treatment
facility. The highest median concentration was at site T24 (13.0 mg/L), and
the highest concentration was from the combined sewers (48 mg/L).

Total ammonia nitrogen.--Total ammonia nitrogen can be converted to
nitrite and to nitrate by a microbial process that uses oxygen. These com-
pounds are nutrients for aquatic plants, and, as such, can support large
growths of algae. The mean percentages of this constituent in the total load
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from each source indicate that the combined sewers and storm sewers are major
contributors (fig. 30). Median concentrations are highest at site T24 (0.50

mg/L). Concentrations of ammonia are highest from the combined sewers and
storm sewers (6.80 and 5.10 mg/L, respectively).
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Figure 30.--Total ammonia nitrogen from storm-related
sources to Cedar Creek (A) average per-
centage of total loads and (B) descriptive
statistics of concentration.
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Organic nitrogen.--Subtracting ammonia nitrogen loads from the total
organic plus ammonia nitrogen loads gives the organic nitrogen loads. The
results indicate that the mean percentages of this constituent in the total
load from each source are comparable to those for total organic plus ammonia
nitrogen. Tributary No. 3 (site T24) is the major contributor (38.2 percent),
followed by Tributary No. 2 (site T23, 16 percent), and the storm sewers (14

percent).

Total organic carbon.--Total organic carbon is an indicator of the amount
of organic pollution present. Many of these organic compounds are biodegrad-
able and thus can exert an oxygen demand in the creek. Mean percentages of
this constituent in the total load from each source indicate that Tributary
No. 3 (site T24) is the major contributor, followed by the storm sewers (fig.
31). The data in appendix E suggest that the wastewater-treatment facility is
a more significant contributor than the mean percentages indicate. The median
concentration was the highest at site T24 (53 mg/L). Median concentrations
for the other sources were similar, but the highest concentrations were from
the combined sewers (160 mg/L).

Dissolved solids.--Dissolved solids are of interest because concentrations
in some subreaches of Cedar Creek exceeded the State general-use water-quality
standard (1,000 mg/L). Mean percentages of this constituent in the total load
from each source indicate that storm sewers and wastewater-treatment-facility
effluent are major contributors of the total dissolved solids loads (fig. 32).
The highest median concentration was from the wastewater-treatment-facility
effluent (513 mg/L). Concentrations of dissolved solids from combined sewers
ranged from 63 to 255 mg/L, which are low compared to other sources.

Suspended solids.-~-Suspended solids indicate the amount of solids a storm-
related source of runoff transports to Cedar Creek. This suspended material
may later settle to the streambed in areas of deposition. Mean percentages of
this constituent in the total load from each source indicate that Tributary
No. 3 (site T24) is the major contributor of suspended solids, almost 50 per-
cent (fig. 33). The highest median concentration was from Tributary No. 3
(1,940 mg/L). Concentrations from the wastewater-treatment facility (site
WWTF) were very low (9 to 78 mg/L) compared to other sources.

Arsenic and Metals

Concentrations of arsenic and 21 metals were determined from the water
samples. Bottom—-material samples were analyzed for 9 of the 22 elements.
These nine elements were cadmium, chromium, copper, lead, iron, manganese,
zinc, arsenic, and mercury. Tables of all the concentrations are listed in
the report by McFarlane and others (1987). Six of the 22 elements (cadmium,
copper, lead, iron, manganese, and zinc) were present in concentrations in the
streamflow that exceeded the State general-use water-quality standards. Iron
and manganese primarily are from natural sources; the tributaries are the major
contributors to loads of these constituents. Arsenic is present naturally in
small concentrations. Arsenic also is used widely in agriculture and industry,
and it is released from the combustion of fossil fuels (Kelly and Hite, 1984,
p. 41-42; Windholz and others, 1976, p. 107). Arsenic concentrations were
very low or below the detection limit in both bottom-material and water samples.
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The following discussions relate to the remaining six constituents for which
concentrations were determined in water and bottom-material samples.

Cadmium.--Mean percentages of this constituent in the total load from
each source indicate that combined sewers contribute the largest percentage of
cadmium loads (fig. 34). Storm sewers also contribute a large percentage of
the loads. Most other sources had several samples with concentrations of cad-
mium that were below the analytical detection limit. Concentrations were
highest from the combined sewers and storm sewers [27 and 25 pg/L (micrograms
per liter), respectively]. The median concentrations are the same from all
sources and are equal to the analytical detection limit (3.00 pg/L). Cadmium
is used in metal plating, engraving, photoelectric cells, and nickel-cadmium
storage batteries. Cadmium also is a product of the combustion of fossil
fuels (Kelly and Hite, 1984, p. 42-45; Windholz and others, 1976, p. 205).

Chromium.--Mean percentages of this constituent in the total load from
each source indicate that the storm sewers contributed more than half of the
total chromium loads (fig. 35). Maximum and average concentrations were higher
in water from the storm sewers, but the highest median concentration was at
site T24 (16.0 ug/L). Chromium is used in metal plating, in photographic and
dyeing processes, and in the manufacture of ceramics, paper, and paint. It
also is used in hospitals as a blood tracer (Relly and Hite, 1984, p. 47;
Windholz and others, 1976, p. 288-289).

Copper.--Mean percentages of this constituent in the total load from each
source indicate that more than half of the total copper loads are from the
combined sewers (fig. 36). Appendix E, however, indicates that the storm
sewers and wastewater-treatment-facility effluent contributed the largest per-
centage of the copper, except during the third storm when the combined sewers
contributed 70 to 80 percent of the total load. The highest median copper
concentration was in water from the combined sewers (59 ug/L). Copper is used
in electrical components, chemical products, pipes, and as an alloy in brass
and bronze. Copper also is used in the form of copper sulfate to control
algae in lakes, ponds, and streams (Kelly and Hite, 1984, p. 50; Windholz and
others, 1976, p. 325).

Lead.--Mean percentages of this constituent in the total load from each
source indicate that the combined sewers contribute the largest percentage of
the total lead loads (fig. 37). Appendix E, however, indicates that the storm
sewers were a major source of lead, except during the third storm when combined
sewers contributed a comparable percentage of the load. Concentrations of lead
were at or below the detection limit in most samples collected from sites 1,
WWTF, T21, T23, and T24. The highest median concentration was in water from
the combined sewers (190 ug/L). The highest concentrations were in water from
the storm sewers. ILead is used in numerous manufacturing processes including
electrical devices, storage batteries, plastics, and as pigments for paints.
The most abundant source of lead is from the combustion of leaded gasoline
(Relly and Hite, 1984, p. 59-60; Windholz and others, 1976, p. 708-709).

Zinc.--Mean percentages of this constituent in the total load from each
source indicate that the combined sewers contribute the largest percentage of
the zinc load (fig. 38). Appendix E, however, indicates that the storm sewers
were the major source of zinc, except during the third storm when combined
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sewers contributed 60 to 70 percent of the loads. Maximum, mean, and median
zinc concentrations were highest in water from the combined sewers (median,
380 ug/L). Zinc is used to galvanize iron, in electrical equipment, and in
several chemical products such as paints, agricultural fertilizers, and pesti-
cides (Kelly and Hite, 1984, p. 69; Windholz and others, 1976, p. 1306-1307).

Mercury.--Mercury was one of the constituents that was present in very
high concentrations in bottom material (62 percent of the samples were con-
sidered extreme). Mean percentages of the constituent in the total load from
each source indicate that the wastewater-treatment-facility effluent contrib-
utes more than half of the total mercury load (fig. 39). The data in appendix
E also indicate that the wastewater-treatment-facility effluent contributes
the largest percentage of the mercury load. The storm sewers also were a major
contributor during the third and fifth storms. Maximum, mean, and median
mercury concentrations were substantially higher from the wastewater-treatment
facility than from any other source (median concentration, 0.14 ug/L). How-
ever, much of this could have been in the dissolved phase because wastewater-
treatment-facility-effluent concentrations of suspended solids were low
compared to other sources. Dissolved mercury is known to form a precipitate
with many metals (Windholz and others, 1976, p. 767) and, thus, could have
contributed to bottom-material concentrations. Mercury has many common uses
including electrical switches, fluorescent lights, and dentistry. Mercury
also is used in some manufacturing processes such as pharmaceuticals, paints,
and agricultural pesticides (Kelly and Hite, 1984, p. 64-66; Windholz and
others, 1976, p. 766-767).

Discussion

Most of the elevated sediment oxygen demands (fig. 13) occur upstream
from bottom-material sampling site 11-1 (RM 38.1). However, a rate of 8.2
(g/m2)/d was measured once at RM 35.1. Site 11-1 is upstream from the mouths
of Tributary No. 2 and Tributary No. 3 (RM 37.7 and RM 37.0, respectively).
Tributary No. 1 is near the downstream end of a subreach of Cedar Creek with
bottom materials having elevated sediment oxygen demands and constiutent con-
centrations. Constituent loads from Tributary No. 1 are small compared to the
other sources. The locations of the elevated bottom-material constituent con-
centrations indicate that the major source of constituents is upstream from
the three tributaries. Thus, the constituent loads are dominated by runoff
from the city of Galesburg, wastewater-treatment-facility effluent, and runoff
from the 4-mi? drainage area hetween site 8 and site 11. This small drainage
area contains a sludge-application field that may contribute to loads of oxygen-
demanding materials. Agricultural contributions are generally downstream from
the subreaches with bottom materials having elevated sediment oxygen demands
and constiutent concentrations. Storm sewers and combined sewers contribute
about equally to the loads of oxygen-demanding materials that can be deposited
in these subreaches. The contribution of oxygen-demanding material from
storm-related discharges from the wastewater-treatment facility is less than
that from the storm or combined sewers.

Elevated metals concentrations in bottom-material samples from the up-

stream subreaches of the creek indicate that metals associated with particu-
lates settle to the streambed fairly rapidly. However, high stream velocities
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Figure 39.--Mercury from storm-related sources to
Cedar Creek (A) average percentage of
total loads and (B) descriptive
statistics of concentration.

and resulting scour can resuspend them and transport then farther downstream.

As discussed previously, some of the constituent concentrations that exceeded

the water-quality standards may have been caused by contributions to the water
column from scour of bottom materials.

The major sources of metals were the combined and storm sewers. Mercury
is one exception to this, as it came primarily from wastewater-treatment-
facility effluent even though suspended-solids concentrations were low
compared to other sources. Mercury is often associated with suspended solids
(U.S. Environmental Protection Agency, 1976). The third storm resulted in
very long combined-sewer overflow durations and large volumes of overflow, as
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indicated by percent-contribution results. Data in appendix E indicate that
the wastewater-treatment facility was a major source of several constituents
during the second and fourth storms, partly because these were small storms
and the base flow from the wastewater-treatment facility was larger than the
volume of runoff from other sources.

SUMMARY AND CONCLUSIONS

The purpose of this study was to describe the water quality of Cedar Creek
and the cause-and-effect relations among processes that affect water quality in
the creek. This report describes the second phase of the study, which was an
assessment of the stormflow water quality and storm-related constituent loads.
In particular, this report describes the quality and quantity of storm-related
flow in Cedar Creek and flow from seven storm-related sources of constituent
loads to Cedar Creek. The seven sources are (1) flow from upstream of the
city of Galesburg; (2) overflow from the 49 combined-sewer outfall pipes to
Cedar Creek; (3) overland runoff and storm-sewer discharges from the city of
Galesburg; (4) effluent discharge from the Galesburg wastewater-treatment
facility; and (5 through 7) discharge from three tributaries draining predomi-
nantly agricultural land.

Dissolved-oxygen concentrations commonly are below the State water-
quality standard in several subreaches of Cedar Creek. Results of low-flow
simulations indicate that sediment oxygen demand is the primary cause of low
dissolved-oxygen concentrations in Cedar Creek. Constituent loads and the
percentage of the total load contributed by each of the seven sources are
calculated and related to areas of Cedar Creek with bottom materials having
elevated sediment oxygen demands and constituent concentrations.

Seventy-one storms were monitored from August through November 1985 and
from May through October 1986. Samples of runoff were collected from five of
the storms in 1986. Precipitation characteristics of the five storms were
different. Total precipitation ranged from 0.37 to 4.05 inches. Maximum
1-hour intensity ranged from 0.31 to 1.93 inches per hour. Antecedent soil-
moisture conditions also were variable. The percentage of the total precipi-
tation over the city of Galesburg that reached the stream as runoff ranged
from 4 to 30 percent.

Combined-sewer overflows were monitored during 33 periods in 1985 and
1986. One or more storms occurred during each of these monitoring periods.
At least one combined sewer overflowed during each period. Results of regres-
sion analyses indicate that 40 percent of the combined sewers will overflow as
a result of a storm having a maximum 1-hour rainfall intensity of 0.3 inch per
hour and about 70 percent will overflow as a result of a storm having a maxi-
mum 1-hour rainfall intensity of 0.8 inch per hour. Durations of overflow
generally ranged from about 2 to 8 hours, but overflows lasting as long as
189 hours were measured.

The overflow volume from each combined sewer was calculated by use of two

methods that provided a possible range in overflow volume. Volumes were
summed to determine a total overflow volume from all of the combined sewers.
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The estimated total combined-sewer overflow volume ranged from 23,300 to
12,700,000 ft3 for the five sampled storms. Runoff from Galesburg that was
not accounted for by the combined-sewer overflows was considered to have a
quality similar to that determined from samples of storm-sewer discharge. The
total volume of storm-sewer discharge for the five sampled storms ranged from
234,000 to 20,300,000 ft3.

Illinois' effluent standards for total suspended solids, zinc, iron,
oxygen-demanding wastes, and offensive discharges were exceeded in the combined-
sewer overflows. Concentrations of constituents in the combined-sewer over-
flows generally started off high and would decrease as the overflow continued.
Constituent loads from the combined sewers were variable. This variability
may be related to differences in land use, the size of lateral inflow pipes,
the position along the length of the interceptor pipe, the size of orifice to
the interceptor, the condition of the sewer system, and several other factors.
Samples were collected from 8 of the 49 combined sewers and results were
assumed to represent the quality characteristics of all of the combined sewers.

State effluent standards for lead, iron, and dissolved solids were exceeded
in the storm-sewer discharges. Concentrations in the storm—sewer discharges
generally were not as high as in the combined sewers. However, volumes were
higher than from the combined-sewer overflows and constituent loads generally
equaled or exceeded loads from the combined-sewer overflows. Samples were
collected from seven storm sewers and the results were used to approximate the
quality characterisitcs of all storm sewers and overland runoff.

Constituent concentrations from the three tributary sites indicate that
State general-use water-quality standards for copper, lead, manganese, and
iron were exceeded. Wastewater-treatment-facility effluent did not exceed any
State effluent standards during the five sampled storms. Concentrations of
copper, lead, cadmium, zinc, iron, manganese, and dissolved solids exceeded
the State general-use water-quality standards in several subreaches of Cedar
Creek.

Sediment oxygen demands ranged from 0.4 to 9.1 (g/m2)/d. Of the 70
sediment-oxygen—-demand measurements, 20 indicated the bottom~material quality
was polluted and 7 of the measurements indicated grossly polluted bottom
materials. Bottom-material samples indicated that concentrations of mercury,
lead, chromium, cadmium, and zinc were extremely high. Subreaches with high
sediment oxygen demands and high bottom-material constituent concentrations
extend downstream from the concrete-lined channel at RM 42.2 (bottom-material
sampling site 5-1) to approximately RM 35 (site 12-3). The highest sediment
oxygen demands and highest metals concentrations were located upstream from
RM 38.1 (site 11-1) and primarily in two areas of sediment deposition--one
just upstream from the wastewater-treatment facility at RM 40.5 (site 9-1) and
another downstream from the wastewater-treatment facility and just upstream
from the channel modification at RM 39.5 (site 10-3).

Bottom-material samples from subreaches that primarily were affected by
runoff from the construction of U.S. Highway 34 did not have elevated concen-
trations of most measured constituents, including those relating to oxygen—
demanding materials. The subreaches affected by the highway construction were
downstream from the subreaches having elevated sediment oxygen demands and
constituent concentrations.
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The locations of most of the elevated sediment oxygen demands are up-
stream from RM 38.1 (bottom-material sampling site 11-1), which is upstream
from the mouths of Tributary No. 2 and Tributary No. 3 (RM 37.7 and RM 37.0,
respectively). Tributary No. 1 is near the downstream end of the area having
elevated sediment oxygen demands and constituent concentrations, but loads from
Tributary No. 1 are small compared to the other sources. The distributions of
the bottom materials with elevated constituent concentrations indicate that
the major source of constituents is upstream from the three tributaries and,
thus, is dominated by runoff from Galesburg and effluent from the wastewater-~
treatment facility. A sludge-application field upstream from the wastewater-
treatment facility also may contribute to the loads of oxygen-demanding
materials. Agricultural contributions are substantial, but, for the most
part, they are downstream from the subreaches having elevated sediment oxygen
demands and constituent concentrations. The major source of most metals is
the combined sewers; chromium and mercury were exceptions to this. Chromium
concentrations were primarily detected in runoff from the storm sewers, and
mercury was primarily detected in runoff from the wastewater-treatment-
facility effluent.
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APPENDIX B

Galesburg Combined-Sewer Overflow Characteristics for 11 Monitoring
Periods in 1986

[Dashes indicate no flow; * indicates volumes calculated from

ultrasonic stage recorders; ft3/s is cubic feet per second.
Footnotes listed at end of appendix B]

Monitored on 5/20

a: Mean duration = 4.46 hours (data from sites C29 and C30 were not used)
or maximum duration = 10.98 hours
b: Mean peak discharge = 3.78 £t3/s

Overflow Peak Combined-sewer overflow

duration, discharge, volume, in cubic feet !

Site in hours in ft3/s Maximum Average

c1 - -= - -

c2 - - - -
Cc3 1.91 1.15 3,950 2,930
c4 a 2.35 46,400 14,000
C5 a .09 1,780 535
Cé6 2.90 19.9 22,800%* 22,800%*
c7 .34 .49 300 222
c8 a b 74,700 22,500
co a 1.10 21,700 6,530
c10 3.56 4.52 29,000 21,400
c11 4.09 1.22 8,980 6,650
c12 3.19 1.71 9,820 7,270

Cc13 - - - -
C14 .10 .69 124 91
Cc15 7.38 5.03 66,800 49,400
c16 a 4.49 88,700 26,700
c17 a 3.63 71,700 21,600
c18 2.13 1.13 4,330 3,210
c19 a 5.00 98,800 29,700
c20 a 4.74 93,700 28,200
c21 5.20 6.04 56,500 41,800
c22 a 13.9 275,000 82,600
c23 8.83 8.50 135,000 100,000
c24 a 1.49 29,400 8,850
Cc25 4.20 6.10 46,100 34,100
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APPENDIX B

Galesburg Combined-Sewer Overflow Characteristics for 11 Monitoring
Periods in 1986--Continued

Monitored on 5/20--Continued

Overflow Peak Combined-sewer overflow

duration, discharge, volume, in cubic feetl

Site in hours in ftd/s Maximum Average
C26 a 7.27 144,000 43,200
c27 - - - -~
c28 a 2.94 58,100 17,500
c29 22.75 6.61 271,000 200,000
Cc30 31.30 b 213,000 158,000
C31 a 6.15 122,000 36,500
c32 3.95 .94 6,680 4,950
Cc33 4.08 1.35 9,910 7,340
c35 10.98 b 74,700 55,300
C36 8.48 b 57,700 42,700
c37 - - - -
Cc3° - - - -
c40 -— - - --
ca1 a b 74,700 22,500
c42 - - - -
Cc43 a b 74,700 22,500
c44 a 8.18 162,000 48,600
c4s - -— - -
c46 a .90 17,800 5,350
c47 a b 74,700 22,500
c48 - - - -
c49 - - - -
C50 - - - -
Cc51 - - - -
2,550,000 1,220,000
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APPENDIX B

Galesburg Combined-Sewer Overflow Characteristics for 11 Monitoring

Periods in 1986~~Continued

Monitored on 7/2

Mean duration = 0.62 hours or maximum duration = 2.0 hours

Mean peak discharge = 5.90 ft3/s

Overflow Peak Combined-sewer overflow
duration, discharge, volume, in cubic feet 1
Site in hours in ft3/s Maximum Average
c1 a b 21,200 4,870
c2 a b 21,200 4,870
c3 0.14 0.01 2.5 1.9
c4 a 7.65 27,500 6,320
Cc5 a .40 1,440 330
Cc6 a 9.65 34,700 7,970
c7 a 10.8 38,900 8,920
c8 a b 21,200 4,870
Cco a 5.20 18,700 4,290
c10 1.01 6.22 11,300 8,370
c1 a 4,98 17,900 4,110
c12 7.94 28,600 6,560
c13 - - - -
c14 .25 2.94 1,320 979
c15 a 3.49 12,600 2,880
C1le a 9.95 35,800 8,220
c17 a 4.85 17,500 4,010
c18 .41 3.79 2,800 2,070
c19 a 8.29 29,800 6,850
c20 a 8.32 30,000 6,870
c21 a 14.4 51,800 11,900
c22 a 18.1 65,200 14,900
c23 .04 21 15 11
c24 a 1.25 4,500 1,030
c25 a 3.22 11,600 2,660
Cc26 2.0 9,07 32,700 24,200
ca27 a b 21,200 4,870
c28 a 3.73 13,400 3,080
c29 .27 5.42 2,630 1,950
2¢c30 29.52 b 314,000 232,000
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APPENDIX B

Galesburg Combined-Sewer Overflow Characteristics for 11 Monitoring
Periods in 1986--Continued

Monitored on 7/2--Continued

Overflow Peak Combined-sewer overflow
duration, discharge, volume, in cubic feet!

Site in hours in ft3/s Maximum Average
Cc31 a 8.64 31,100 7,140
Cc32 .44 2.04 1,620 1,200
C33 .92 2.06 3,410 2,520
Cc35 62.53 b 664,000 491,000
Cc36 .71 b 7,540 5,580
Cc37 a b 21,200 4,870
c39 a b 21,200 4,870
c40 a b 21,200 4,870
c41 a b 21,200 4,870
c4a2 a b 21,200 4,870
c43 a b 21,200 4,870
c44 a 2.72 9,790 2,250
ca5 - - - -
Cc46 a b 21,200 4,870
c47 a b 21,200 4,870
c48 a b 21,200 4,870
Cc49 a b 21,200 4,870
C50 - - - -
Cc51 — - - -

1,820,000 948,000
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APPENDIX B

Galesburg Combined-Sewer Overflow Characteristics for 11 Monitoring

Periods in 1986~-Continued

Monitored on 7/10

Mean duration = 0.61 hour or maximum duration = 2.21 hours

Mean peak discharge = 3.60 £ft3/s

Overflow Peak Combined-sewer overflow

duration, discharge, volume, in cubic feetl

Site in hours in ftd/s Max imum Average
c1 - - - -
Cc2 - - - -
c3 a 0.54 2,150 439
c4 a .64 2,550 520
Cc5 - - - -
c6 0.41 .37 273 202
c7 a .32 1,270 260
cs8 a b 14,300 2,930
ce a 21.5 85,500 17,500
c10 a 12.1 48,100 9,830
c11 a .70 2,780 569
c12 .06 1.08 117 86
c13 a .54 2,150 439
c14 .06 .54 58 43
c15 a 2.45 9,750 1,990
c16 a 5.39 21,400 4,380
c17 a 4.13 16,400 3,360
c18 a .28 1,110 228
c19 a 2.04 8,120 1,660
Cc20 a 2.47 2,830 2,010
c21 a 5.03 20,000 4,090
c22 a 3.00 11,900 2,440
c23 - - - -
c24 a .22 875 179
c25 a 4.67 18,600 3,790
C26 a 4,23 16,800 3,440
c27 a b 14,300 2,930
c28 a 5.89 23,400 4,790
c29 .33 3.10 1,840 1,360
c30 2.21 b 14,300 10,600
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APPENDIX B

Galesburg Combined-Sewer Overflow Characteristics for 11 Monitoring
Periods in 1986--Continued

Monitored on 7/10--Continued

Overflow Peak Combined-sewer overflow
duration, discharge, volume, in cubic feet !l

Site in hours in ft3/s Maximum Average
c31 a b 14,300 2,930
c32 .41 b 2,660 1,970
2¢33 .62 b 4,020 2,970
2¢35 .91 b 5,900 4,360
2c36 .47 b 3,050 2,250
c37 - - - -
c39 a b 14,300 2,930
c40 a b 14,300 2,930
2ca1 a b 14,300 2,930
c42 - - - -
c43 a b 14,300 2,930
c44 a 5.12 20,400 4,160
c45 - - - -
c46 - - - -
2047 a b 14,300 2,930
c48 - - - -
c49 - - - -
c50 - - - -
c51 - - - -

470,000 113,000
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APPENDIX B

Galesburg Combined-Sewer Overflow Characteristics for 11 Monitoring

Periods in 1986-—-Continued

Monitored on 7/14

Mean duration = 1.72 hours or maximum duration = 6.75 hours

Mean peak discharge = 5.88 £t3/s

Overflow Peak Combined-sewer overflow

duration, discharge, volume, in cubic feet !

Site in hours in ft3/s Maximam Average

c1 -— - - -
c2 -- -~ -- --
C3 0.33 4,92 2,920 2,160
c4 a 10.8 131,000 24,700
C5 a .01 122 23
(of a 3.00 36,500 6,870
c7 4,70 1.78 15,100 11,100
Cc8 a b 71,400 13,500
c9 a .79 9,600 1,810
Cc10 a 12.1 147,000 27,700
ci1 a 2.90 35,200 6,640
c12 1.16 6.49 13,600 10,000
c13 a .06 729 137
c14 .43 4.78 3,700 2,740
c15 a 5.94 72,200 13,600
c16 a 3.56 43,300 8,160
c17 a 5.38 65,400 12,300
c18 a 1.63 19,800 3,730
c19 a 5.87 71,300 13,400
c20 a 10.3 125,000 23,600
c21 a 11.9 145,000 27,300
c22 a 2.46 29,900 5,640
c23 .68 4.23 5,180 3,830
c24 a 1.25 15,200 2,860
Cc25 4.26 5.77 44,200 32,700
C26 a 11.1 135,000 25,400
c27 a b 71,400 13,500
c28 a 17.6 214,000 40,300
c29 a 6.07 73,800 13,900
C30 6.75 b 71,400 52,900
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APPENDIX B

Galesburg Combined-Sewer Overflow Characteristics for 11 Monitoring
Periods in 1986--Continued

Monitored on 7/14--Continued

Overflow Peak Combined-sewer overflow

duration, discharge, volume, in cubic feetl

Site in hours in ft3/s Maximum Average
c31 +53 10.3 9,830 7,270
c32 .85 .81 1,240 917
C33 1.38 2.46 6,110 4,520
Cc35 1.81 b 19,200 14,200
C36 1.42 b 15,000 11,100
c37 - - - -
C39 a b 71,400 13,500
c40 a b 71,400 13,500
ca1 a b 71,400 13,500
caz - - - -
c43 a b 71,400 13,500
ca4 a 16.3 198,000 37,300
c45 - - - -
C46 - - - -
ca7 a b 71,400 13,500
c48 - - - -
c49 - - - -
C50 - -- - -
C51 - - - -
2,280,000 543,000
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APPENDIX B

Galesburg Combined-Sewer Overflow Characteristics for 11 Monitoring
Periods in 1986--Continued

Monitored on 8/1

Mean duration = 5.70 hours (data from site C43 were not used)

a:
or maximum duration = 12.44 hours
b: Mean peak discharge = 16.7 ft3/s
Ooverflow Peak Combined-sewer overflow
duration, discharge, volume, in cubic feetl
Site in hours in ft/s Maximum Average
C1 a b 374,000 127,000
c2 a b 374,000 127,000
Cc3 4.74 15.6 133,000 98,500
c4 a 31.8 712,000 241,000
Cc5 a 2.14 47,900 16,200
Co 5.14 20.4 159,000%* 159,000%*
Cc7 11.07 b 333,000 246,000
cs8 5.49 b 165,000 122,000
co 4.55 8.91 73,000 54,000
c10 4.08 23.1 170,000 126,000
c11 a 11.8 264,000 89,600
c12 3.09 15.6 86,800 64,200
c13 2.29 1.00 4,120 3,050
c14 2.30 18.4 76,200 56,400
Cc15 2.62 16.3 76,900 56,900
C16 8.76 19.8 312,000 231,000
c17 2.53 10.1 46,000 34,000
c18 2.72 b 81,800 60,500
c19 2.90 5.47 28,600 21,100
c20 8.46 32.0 487,000 361,000
c21 2.99 20.5 110,000 81,600
c22 4.37 19.0 108,000%* 108,000*
c23 8.96 22.3 360,000 266,000
Cc24 7.86 .46 6,510 4,820
Cc25 7.99 9.921 143,000 105,000
C26 7.67 15.6 215,000 159,000
c27 7.55 b 227,000 168,000
c28 7.87 18.0 255,000 189,000
c29 3.12 31.8 179,000 132,000
Cc30 6.48 b 195,000 144,000
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APPENDIX B

Galesburg Combined-Sewer Qverflow Characteristics for 11 Monitoring
Periods in 1986--Continued

Monitored on 8/1--Continued

Overflow Peak Combined-sewer overflow
duration, discharge, volume, in cubic feet!

Site in hours in ft3/s Maximum Average
Cc31 12.44 32.1 719,000 532,000
C32 4.94 34.2 304,000 225,000
Cc33 8.37 3.28 49,400 36,600
C35 7.20 b 216,000 160,000
Cc36 7.16 b 215,000 159,000
c37 a b 374,000 127,000
Cc39 a b 374,000 127,000
c40 a b 374,000 127,000
c41 a b 374,000 127,000
c4?2 a b 374,000 127,000
c43 24.00 b 721,000 534,000
c44 a 25.0 560,000 190,000
c45 a b 374,000 127,000
c46 1.13 2.46 5,000 3,700
c47 a b 374,000 127,000
c48 a b 374,000 127,000
c49 a b 374,000 127,000
Cc50 a b 374,000 127,000
Cc51 a b 374,000 127,000

12,700,000 6,890,000
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APPENDIX B

Galesburg Combined-Sewer Overflow Characteristics for 11 Monitoring
Periods in 1986--Continued

Monitored on 8/8

Mean duration = 1.47 hours or maximum duration = 9.52 hours

a:
Mean peak discharge = 5.32 ft3/s
Overflow Peak Combined-sewer overflow
duration, discharge, volume, in cubic feetl
Site in hours in ft3/s Ma ximum Average
c1 a b 91,200 10,400
Cc2 a b 91,200 10,400
C3 1.24 1.97 4,400 3,250
c4 a b 91,200 10,400
C5 a 1.22 20,900 2,390
Cc6 .54 b 5,170 3,830
c7 1.37 3.82 9,420 6,970
cs8 a b 91,200 10,400
(of°] .93 3.56 5,960 4,410
c10 +46 6.86 5,680 4,200
c11 3.94 3.01 21,300 15,800
c12 .54 6.20 6,030 4,460
c13 .21 .82 310 229
ci4 .37 6.37 4,240 3,140
c15 .53 b 5,080 3,760
c1ié .89 6.37 10,200 7,550
Cc17 .17 7.97 2,440 1,800
cis .43 .37 286 212
c19 .43 b 4,120 3,050
Cc20 .16 13.0 3,740 2,770
c21 9.52 5.06 86,700 64,200
c22 1.25 10.5 23,600 17,500
c23 <70 5.26 6,630 4,900
c24 a b 91,200 10,400
c25 .56 4.83 4,870 3,600
C26 a 13.2 226,000 25,800
c27 «29 b 2,780 2,060
c28 8.82 3.46 54,900 40,600
c29 «33 1.66 286 730
Cc30 1.29 b 12,400 9,140
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APPENDIX B

Galesburg Combined-Sewer Overflow Characteristics for 11 Monitoring
Periods in 1986~--Continued

Monitored on 8/8--~Continued

Overflow Peak Combined-sewer overflow
duration, discharge, volume, in cubic feet!
Site in hours in ft3/s Maximum Average
Cc31 1.93 11.4 39,600 29,300
Cc32 .53 2.15 2,050 1,520
C33 a 3.28 56,200 6,420
2¢c35 1.32 b 12,600 9,350
2c36 .89 b 8,520 6,310
c37 - - - -
c39 - _ - -
c40 - -- - -
2ca1 a b 91,200 10,400
ca2 - - - -
c43 - - - -
ca4 - - -- --
cas - - - -
c46 - - - -
2ca7 a b 91,200 10,400
c48 - - - -
c49 -— - - -
C50 - - - -
Cc51 - - - -
1,290,000 362,000
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APPENDIX B

Galesburg Combined-Sewer Overflow Characteristics for 11 Monitoring
Periods in 1986--Continued

Monitored on 8/27

a: Mean duration = 0.90 hours or maximum duration = 3.48 hours

b: Mean peak discharge = 1.35 ft3/s

Overflow Peak Combined-sewer overflow
duration, discharge, volume, in cubic feet !
Site in hours in ft3/s Maximum Average
Cct - - - -
c2 a b 8,460 1,620
Cc3 - -- - --
c4 - ~- -— -
C5 - -- - -—
Co6 - - -~ -
c7 -— - - -
Cc8 a b 8,460 1,620
co - - - -
c10 -- - ’ -- --
c11 - ~= - -
c12 - ~— - -
c13 - - -~ -
c14 - ~— - -
Cc15 - - - -
C16 0.53 0.28 267 198
Cc17 ~— - -_ -
c18 -~ - - -
c19 - -- - -
c20 3.48 1.49 9,330 6,910
c21 .35 .05 32 23
c22 a 1.09 6,830 1,310
c23 - - - —_
c24 a b 8,460 1,620
c25 .25 3.84 1,730 1,280
C26 - - - _—
c27 ~— - —_ -
c28 a b 8,460 1,620
c29 - - - -
Cc30 .46 b 1,120 827
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APPENDIX B

Galesburg Combined-Sewer Overflow Characteristics for 11 Monitoring

Periods in 1986--Continued

Monitored on 8/27--Continued

Site

overflow
duration,
in hours

Peak

discharge,

in ft3/s

Combined-sewer overflow
volume, in cubic feet!

Maximum

Average

Cc31
c32
C33
C35
C36

c37
C39
C40
c41
c42

c43
C44
C45
C46
c47

c48
c49
C50
Cc51

+33

.30

100

178

8,460

8,460
15,200
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APPENDIX B

Galesburg Combined-Sewer Overflow Characteristics for 11 Monitoring

Mean duration =

Periods in 1986-~-Continued

Monitored on 9/12

1.13 hours or maximum duration

5.13 hours

Mean peak discharge 4.11 fti/s
Overflow Peak Combined-sewer overflow
duration, discharge, volume, in cubic feet !
Site in hours in ftd/s Maximum Average
C1 a b 38,000 6,190
Cc2 a b 38,000 6,190
C3 - - - -
c4 - - - -
cS - - - -
cé6 0.45 4.23 3,430 2,540
c7 5.13 .37 3,420 2,530
c8 .64 b 4,730 3,500
ce .10 .85 1,050 779
c10 .67 4.17 5,030 3,720
c11 .61 1.35 1,480 1,100
c12 .34 4.20 2,570 1,900
c13 - - - -
c14 .18 1.54 499 369
Cc15 .98 2.45 4,320 3,200
c16 1.23 3.63 8,040 5,950
c17 .28 3.03 1,530 1,130
cisg a .09 831 135
Cc19 .30 2.82 1,520 1,130
c20 .29 4.64 2,420 1,790
c21 2.68 6.71 32,400 24,000
c22 1.51 13.3 24,800%* 24,800*
c23 - - - -
Cc24 .79 1.03 1,460 1,080
c25 .99 4.31 7,680 5,680
C26 .58 4.23 4,420 3,270
c27 a b 38,000 6,190
c28 <11 3.46 685 507
c29 a .80 7,390 1,200
Cc30 2.74 b 20,300 15,000
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APPENDIX B

Galesburg Combined-Sewer Overflow Characteristics for 11 Monitoring

Periods in 1986--Continued

Monitored on 9/12=-Continued

Overflow Peak Combined-sewer overflow
duration, discharge, volume, in cubic feet!

Site in hours in ft3/s Maximum Average
Cc31 2.57 5.32 24,600 18,200
Cc32 a 1.37 12,700 2,060
C33 .67 3.28 3,960 2,930
c35 1.89 b 14,000 10,300
C36 1.33 b 9,840 7,280
c37 - -- - -
c39 -— - - —-—
c40 a b 38,000 6,190
ca1 a b 38,000 6,190
ca2 -- -- -~ -
c43 a b 38,000 6,190
c44 a 16.6 153,000 25,000
Cc45 - - - -
Cc46 - - - -
ca7 —-— - - -
c48 - - - -
C49 - - - -
C50 - - - -
C51 - - - -

586,000 208,000
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APPENDIX B

Galesburg Combined-Sewer Overflow Characteristics for 11 Monitoring
Periods in 1986--Continued

Monitored on 9/25

Mean duration = 3.79 hours (data from sites C8, C14, C16, €21, C30, C31,

a:
C35, C43, and C44 were not used) or maximum duration = 13.69 hours
b: Mean peak discharge = 13.9 ft3/s
Overflow Peak Combined-sewer overflow
duration, discharge, volume, in cubic feet!l
Site in hours in ft3/s Maximum Average
c1 a b 343,000 70,200
c2 a b 343,000 70,200
C3 6.68 15.6 188,000 139,000
c4 11.81 31.8 676,000 500,000
Cc5 2.87 .33 1,700 1,260
cé 6.84 19.6 241,000 179,000
Cc7 3.25 18.1 106,000 78,400
c8 20.28 b 507,000 375,000
Cc9 .32 12.9 7,430 5,500
c10 2.05 20.7 76,400 56,500
c11 2.07 9.91 36,900 27,300
c12 1.70 20.5 62,700 46,400
c13 3.46 2.85 17,700 13,100
c14 26.85 13.0 628,000 465,000
c15 1.47 14.0 37,000 27,400
c16 22.83 b 571,000 423,000
c1? 2.02 7.69 28,000 20,700
c18 1.17 4.96 10,400 7,730
c19 1.59 12.8 36,600 27,100
Cc20 2.48 33.0 147,000 109,000
c21 36.47 24.4 1,600,000 1,190,000
c22 6.34 19.2 219,000 162,000
Cc23 9.33 25.1 422,000 312,000
c24 12.80 1.41 32,500 24,000
c25 3.41 5.36 32,900 24,300
C26 2.37 15.6 66,500 49,200
c27 .70 b 17,500 13,000
c28 9.73 6.83 120,000 88,500
c29 2.10 8.92 33,700 25,000
Cc30 24.93 b 624,000 462,000
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APPENDIX B

Galesburg Combined~-Sewer Overflow Characteristics for 11 Monitoring
Periods in 1986--Continued

Monitored on 9/25--Continued

Overflow Peak Combined-sewer overflow
duration, discharge, volume, in cubic feetl

Site in hours in ft3/s Maximum Average
C31 24.25 b 607,000 449,000
c32 3.45 14.9 92,500 68,500
C33 6.77 3.28 40,000 29,600
Cc35 22.77 b 570,000 422,000
C36 13.69 b 343,000 253,000
Cc37 .75 b 18,800 13,900
Cc39 2.04 b 51,000 37,800
Cc40 .83 b 20,800 15,400
C41 1.42 b 35,500 26,300
2c42 .53 b 13,300 9,810
c43 25.18 b 630,000 466,000
c44 22.44 22.3 901,000 667,000
c45 - - - -
c46 .61 3.16 3,470 2,570
c47 2.16 b 54,000 40,000
c48 1.09 b 27,300 20,200
Cc49 2.53 b 63,300 46,800
2¢50 2.63 b 65,800 48,700
Cc51 5.20 b 130,000 96,300

10,900,000 7,700,000
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APPENDIX B

Galesburg Combined-Sewer Overflow Characteristics for 11 Monitoring
Periods in 1986--Continued

Monitored on 10/1

Mean duration = 6.03 hours (data from sites C4, C9, C13, C16, C20, C23,

c35, C36, C43, C44, C49, C50 were not used)
or maximum duration = 19.30 hours

b: Mean peak discharge = 6.48 fe3/s
Overflow Peak Combined-sewer overflow
duration, discharge, volume, in cubic feetl
Site in hours in ftd/s Maximum Average
C1 - - - -
C - - - — — -
C3 a 7.27 253,000 58,400
c4 31.42 5.85 331,000 245,000
c5 8.32 50 7,490 5,540
C6 18.73 6.31 213,000 157,000
c7 6.25 1.32 14,900 11,000
cs8 3.83 b 44,700 33,100
c9 20.57 2.60 96,300 71,200
c10 2.90 9.71 50,700 37,500
c11 4.32 2.09 16,300 12,000
c12 2.96 8.04 42,800 31,700
ci3 66.14 b 771,000 571,000
c14 .39 2.67 1,870 1,390
c15 1.5 3.18 8,590 6,350
c16 22.04 25.7 1,020,000 754,000
c17 1.36 3.76 9,200 6,810
c1s .21 1.03 389 288
c19 1.63 6.08 17,800 13,200
c20 22.93 8.48 350,000 259,000
c21 10.37 13.3 248,000 184,000
c22 6.67 .28 3,360 2,490
c23 26.29 22.4 1,060,000 784,000
c24 4.12 1.41 10,500 7,740
c25 4.08 3.41 25,000 18,500
C26 4.31 4.92 38,200 28,200
c27 a b 225,000 52,000
c28 6.06 2.94 32,100 23,700
c29 .69 5.56 6,910 5,110
C30 a b 225,000 52,000
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APPENDIX B

Galesburg Combined-Sewer Overflow Characteristics for 11 Monitoring
Periods in 1986--Continued

Monitored on 10/1--Continued

Overflow Peak Combined-sewer overflow
duration, discharge, volume, in cubic feet!

Site in hours in ft3/s Maximum Average
C31 17.30 5.62 175,000 130,000
c32 15.84 6.03 172,000 127,000
Cc33 17.97 3.28 106,000 78,500
Cc35 59.47 b 694,000 513,000
C36 81.38 b 955,000 707,000
Cc37 a b 225,000 52,000
Cc39 .64 b 7,470 5,520
Cc40 a b 225,000 52,000
Cc41 .34 b 3,970 2,930
c42 - - - -
C43 57.83 b 675,000 499,000
c44 27.90 17.8 894,000 661,000
c45 - - - -
C46 .09 b 1,050 777
c47 5.40 b 63,000 46,600
c48 3.64 b 42,500 31,400
Cc49 30.17 b 352,000 260,000
2¢s0 30.39 b 354,000 262,000
C51 19.3 b 225,000 167,000

10,300,000 7,030,000
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APPENDIX B

Galesburg Combined-Sewer Overflow Characteristics for 11 Monitoring
Periods in 1986--Continued

Monitored on 10/8

a: Mean duration = 7.17 hours (data from sites C3, C4, C5, C6, C13, C23, C30,
c31, C32, C33, C36, C43, C44, C49, C50, and C51 were not used)
or maximum duration = 18.74 hours

b: Mean peak discharge = 7.28 fe3/s

Overflow Peak Combined-~sewer overflow
duration, discharge, volume, in cubic feet 1
Site in hours in ft3/s Maximum Average
c1 13.36 b 175,000 130,000
c2 10.31 b 135,000 100,000
C3 51.09 15.6 1,430,000 1,060,000
c4 65.27 b 855,000 633,000
Cc5 37.00 b 485,000 359,000
c6 62.09 16.6 1,860,000 1,370,000
c7 18.74 9.93 335,000 248,000
cs 7.25 b 95,000 70,300
(04°] 10.87 6.23 122,000 90,200
c10 4.11 6.74 49,900 36,900
c11 12.93 2.66 61,900 45,800
ct12 4.05 4.47 32,600 24,100
c13 94.75 2.58 440,000 326,000
c14 1.64 5.45 16,100 11,900
c15 2.28 4.79 19,700 14,500
c16 3.45 3.12 19,400 14,300
c17 4.01 3.24 23,400 17,300
c18 1.64 1.56 4,610 3,410
Cc19 2.41 6.50 28,200 20,900
c20 3.98 9.27 66,400 49,100
c21 3.27 7.30 43,000 31,800
c22 10. 11 b 132,000 98,000
Cc23 38.93 22.4 1,570,000 1,160,000
c24 a 1.75 59,000 16,700
Cc25 a 5.99 202,000 57,200
C26 a 13.2 445,000 126,000
c27 a b 246,000 69,500
c28 a 4.01 135,000 38,300
c29 a 6.16 208,000 58,800
Cc30 188.54 b 2,470,000 1,830,000
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APPENDIX B

Galesburg Combined-Sewer Overflow Characteristics for 11 Monitoring

Periods in 1986--Continued

Monitored on 10/8--Continued

Overflow Peak Combined~sewer overflow
duration, discharge, volume, in cubic feet !

Site in hours in ft3/s Maximum Average
C31 35.83 11.6 748,000 554,000
c32 30.90 3.36 187,000 138,000
Cc33 25.17 .56 25,400 18,800
C35 18.54 b 243,000 180,000
Cc36 41.35 b 542,000 401,000
c37 - - - -
Cc39 6.09 b 79,800 59, 100
2c40 .41 b 5,370 3,980
ca1 3.60 b 47,200 34,900
C42 - - - -
Cc43 77.32 b 1,010,000 750,000
c44 41.17 19.4 1,440,000 1,060,000
c45 -- - - ——
C46 a 2.14 72,200 20,400
c47 13.23 b 173,000 128,000
c48 8.56 b 112,000 83,000
c49 61.31 b 803,000 595,000
Cc50 69.71 b 913,000 676,000
Ccs1 52.80 b 692,000 512,000

18,900,000 13,300,000
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APPENDIX B

Galesburg Combined-Sewer Overflow Characteristics for 11 Monitoring
Periods in 1986--Continued

l Maximum overflow volume = duration x 3,600 x peak discharge x 0.5,

where: duration is in hours and missing values (a) are set to the
maximum duration for the storm (excluding any outliers),

peak discharge is in cubic feet per second and missing
values (b) are set to the arithmetic mean for the storm,

3,600 converts hours to seconds, and

0.5 accounts for Gaussian-type distribution.

Average overflow volume = duration x 3,600 x peak discharge x 0.37,

where: duration is in hours and missing values (a) are set to the
arithmetic mean duration for the storm (excluding outliers),

0.37 accounts for the distribution similar to that measured
for sites C6 and C22, and

all others are as described above.

2 These combined sewers are listed in table 14 of the report by McFarlane
and others (1987, p. 139-147) as having no data or no flow when records

indicate that flow 4did occur.
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986

[Dashes indicate no data; units given with constituent code at end of table--mg/L, milligrams
per liter and pg/L, micrograms per liter; low, high, mean, and standard deviation

calculated from values greater than the analytical detection limit.

Footnotes are listed at end of appendix C}

Results for Cedar Creek at Farnham Street at Galesburg; Site 1

storm number 1, M

ay 16-20

con-
stit- Number
uent of Standard
code!l samples2 Low High Mean deviation Mediand
SPCN 10 400.00 700.00 540.00 122.384 465.00
BOD 3 17.00 25.00 21.00 4.000 21.0
CcoD 3 70.00 150.00 98.33 44.814 75.00
TSS 10 57.00 1,420.00 590.50 500.313 642.50
vss 10 5.00 185.00 86.90 70.918 122.50
NH3 6/10 .15 1.50 .45 +523 .23/ 0.16
TKN 10 .40 22.00 5.07 6.338 4.25
NoOx 10 .12 12.00 7.55 4.121 7.70
P 10 .11 6.90 1.26 2.030 .89
TOC 9 2.80 71.00 14.23 21.696 10.00
HRD 3 200.00 230.00 216.67 15.275 220.00
Ca 3 50.00 58.00 55.00 4,359 57.00
Mg 3 18.00 21.00 19.33 1.528 19.00
Na 3 14.00 24.00 20.67 5.774 24.00
K 3 3.80 5.20 4.27 .808 3.80
cl 1 38.00 38.00 38.00 .00 38.00
S0, 1 24.00 24.00 24.00 .00 24.00
F 3 .10 .20 17 .058 «20
As 3 5.00 7.00 5.67 1.155 5.00
Ba 3 200.00 300.00 233.33 57.735 200.00
Be 0/3 - - - - -/ 2.00
B 0/3 - - - -— -~/ 50.00
cd 2/3 4.00 5.00 4.50 .707 4.50/ 4.00
Cr 3 11.00 13.00 11.67 1.155 11.00
Co 3 10.00 10.00 10.00 .00 10.00
Cu 3 14.00 21.00 17.33 3.512 17.00
Fe 3 7,900.00 11,000.00 9,566.67 1,563.117 9,800.00
Pb 0/3 - - - - -/ 50.00
Mn 3 540.00 1,100.00 733.33 317.700 560,00
Ni 3 13.00 16.00 14.67 1.528 15.00
Ag 0/3 - - - - -/ 3.00
Sr 3 100.00 100.00 100.00 .00 100.00
v 3 19.00 26.00 21.67 3.786 20.00
Zn 2/3 110.00 130.00 120.00 14.142 120.00/ 110.00
Al 3 6,200.00 8,600.00 7,333.33 1,205.543 7,200.00
PHNL 1 10.00 10.00 10.00 .00 10.00
TDS 1 385.00 385.00 385.00 .00 385.00
Hg 1/3 .05 .05 .05 .00 .05/ « 01
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek at Farnham Street at Galesburg; Site 1--Continued

storm number 2, July 7-10

Con=-
stit= Number
uent of Standard
codel samples? Low High Mean deviation Median3
SPCN 1 260.00 260.00 260.00 0 260.00
BOD 1 11.00 11.00 11.00 0 11.00
CcoD 1 51.00 51.00 51.00 ] 51.00
TSS 1 566.00 566.00 566.00 0 566.00
vss 1 56.00 56.00 56.00 o 56.00
NH, 0/1 - - - -- -—/ 0.10
TKN 1 2.50 2.50 2.50 o 2.50
NOx 1 2.70 2.70 2.70 o 2.70
P 1 41 .41 .41 o 41
TOC 1 8.20 8.20 8.20 o 8.20
HRD 1 200.00 200.00 200.00 0 200.00
Ca 1 55.00 55.00 55.00 0 55.00
Mg 1 15.00 15.00 15.00 0 15.00
Na 1 9.40 9.40 9.40 0 9.40
K 1 1.60 1.60 1.60 0 1.60
cl 1 15.00 15.00 15.00 0 15.00
S04 1 20.00 20.00 20.00 0 20.00
F 0/1 - - - - -/ «10
As 1 1.00 1.00 1.00 0 1.00
Ba 1 100.00 100.00 100.00 0 100.00
Be 1 4.00 4.00 4.00 0 4.00
B 1 50.00 50.00 50.00 0 50.00
cd 0/1 - - - - -/ 3.00
Cr 0/1 - - - - -/ 5.00
Co 0/1 -- - - - -/ 5.00
Cu 1 15.00 15.00 15.00 0 15.00
Fe 1 4,700.00 4,700.00 4,700.00 0 4,700.00
Pb 1 50.00 50.00 50.00 0 50.00
Mn 1 350.00 350.00 350.00 0 350.00
Ni 0/1 - .- - - -/ 5.00
Ag 0/1 - - -~ -- -/ 3.00
sr 1 70.00 70.00 70.00 0 70.00
v 0/1 -- -- -- -- -/ 5.00
Zn 1 110.00 110.00 110.00 0 110.00
Al 1 3,100.00 3,100.00 3,100.00 0 3,100.00
PHNL 1 10.00 10.00 10.00 0 10.00
TDS 1 160.00 160.00 160.00 0 160.00
Hg 1 .02 .02 .02 ] .02
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--~Continued

Results for Cedar Creek at Farnham Street at Galesburg; Site 1--Continued

storm number 3, July 31 to Augqust 1

Con-
stit- Number
uent of Standard
code! samples 2 Low High Mean deviation Median3
SPCN 15 90.00 820.00 492.67 303.279 $50.00
BOD 10 1.80 14.00 7.77 5.274 7.30
cop 10 7.00 130.00 54.10 43.981 45.50
TSS 15 27.00 1,160.00 445.20 449.924 174.00
vVss 15 6.00 210.00 73.27 76.361 30.00
NH; 7/15 .15 .41 .28 .086 .27/ 0.10
TKN 14/15 .60 5.00 2.33 1.459 1.85/ 1.60
NOx 15 .67 6.40 3.67 2.316 3.30
P 15 <12 2.00 .64 .559 «59
TOC 14 2.40 16.00 7.09 4.042 7.00
HRD 3 91.00 250.00 187.00 84.481 220,00
Ca 3 24.00 78.00 56.00 28.355 66.00
Mg 3 7.40 15.00 11.80 3.940 13.00
Na 3 1.20 2.70 1.97 .751 2.00
X 3 2.00 7.60 3.90 3.205 2.10
cl 1 2,20 2.20 2.20 .00 2.20
S04 0/1 - - - - -/ 10.00
F 0/3 - - - - -/ .10
As 4 .00 5.00 2.75 2.062 3.00
Ba 3 100.00 200.00 166.67 57.73% 200.00
Be 0/3 - - - - -/ .50
B 0/3 - - - - -/ 50.00
cd 1/3 5.00 5.00 5.00 .00 5.00/ 3.00
Cr 2/3 5.00 6.00 5.50 707 5.50/ 5.00
Co 3 6.00 10.00 7.67 2.082 7.00
Cu 3 21.00 22.00 21.33 577 21.00
Fe 3 8,500.00 9,700.00 9,200.00 624.500 9,400.00
Pb 0/3 - - - - -~/ 100.00
Mn 3 620.00 900.00 756.67 140.119 750.00
Ni 3 10.00 12.00 11.00 1.000 11.00
Ag 0/3 - - - - -~/ 3.00
sr 3 40.00 50.00 43.33 5.774 40.00
v 3 15.00 20.00 16.67 2.887 15.00
Zn 3 120.00 130.00 126.67 5.774 130.00
Al 3 5,300.00 7,300.00 6,066.67 1,078.579 5,600.00
PHNL 1 10.00 10.00 10.00 .00 10.00
TDS 1 80.00 80.00 80.00 .00 80.00
Hg 2/3 .05 .11 .08 .042 .08/ .05
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek at Farnham Street at Galesburg; Site 1--Continued

storm number 4, no samples collected

storm number 5, September 11-12

Con-

stit~ Number

uent of Standard

codel samp].es2 Low High Mean deviation Median3

SPCN 3 130.00 800.00 470.00 335.1119 480.00

BOD 3 2.30 13.00 8.00 5.3842 8.70

[ofe]s] 3 21.00 44.00 34.67 12.0968 39.00

TSS 3 197.00 556.00 359.00 182.0412 324.00

vss 3 31.00 62.00 49.00 16.0935 54.00

NHj 2/3 +10 .12 11 .0141 JAY 0.10

TKN 3 1.00 1.60 1.30 .3000 1.30

NOx 3 .45 2.20 1.28 .8780 1.20
P 3 .28 +56 .43 .1419 .46

TOC 3 3.90 12.00 7.70 4.0731 7.20

HRD 1 110.00 110.00 110.00 .00 110.00
ca 1 32.00 32.00 32.00 .00 32.00
Mg 1 7.60 7.60 7.60 .00 7.60
Na 1 3.30 3.30 3.30 .00 3.30
X 1 1.30 1.30 1.30 .00 1.30
Ccl 0 - - - - -

S04 0 - -- - - -
F 0/1 - - - - -/ .10
As 1 1.00 1.00 1.00 .00 1.00
Ba 1 100.00 100.00 100.00 .00 100.00
Be 0/1 - - - - -~/ +50
B 0/1 - - - - -~/ 50.00
cd 0/1 - -~ - - -/ 3.00
Cr 0/1 ~-- -- - - -/ 5.00
Co 0/1 - - - - -/ 5.00
Cu 1 15.00 15.00 15.00 .00 15.00
Fe 1 5,300.00 5,300.00 5,300.00 .00 5,300.00
Pb 0/1 - - - - -/ 50.00
Mn 1 380.00 380.00 380.00 .00 380.00
Ni 0/1 - - - - -/ 5.00
Ag 0/1 - -~ - - -/ 3.00
sr 1 30.00 30.00 30.00 .00 30.00
v 1 10.00 10.00 10.00 .00 10.00
Zn 0/1 _— - -— - -- / 100.00
Al 1 3,600.00 3,600.00 3,600.00 .00 3,600.00

PHNL 0 - - - - -

TDS 0 - - - - -
Hyg 0/1 - - - - -/ .05
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986-—-Continued

Results for Cedar Creek at Farnham Street at Galesburg; Site 1--Continued

samples collected for storms 1, 2, 3, and 5 combined

Con-
stit- Number
uent of Standard
codel samples? Low High Mean deviation Median3
SPCN 29 90.00 820.00 498.62 248.146 480.00
BOD 17 1.80 25.00 10.34 6.911 11.00
CcoD 17 7.00 150.00 58.29 42.154 51.00
TSS 29 27.00 1,420.00 490.55 436.770 324.00
vss 29 5.00 210.00 74.86 68.470 54.00
NH;3 15/29 .10 1.50 .33 .339 .24/ 0.10
TKN 28/29 .40 22.00 3.20 4.066 1.85/ 1.60
NOx 29 .12 12.00 4.73 3.615 4.90
P 29 .11 6.90 .82 1.262 .56
TOC 27 2.40 71.00 9.58 12.869 7.20
HRD 8 91.00 250.00 190.12 57.819 210.00
Ca 8 24.00 78.00 52.50 17.436 56.00
Mg 8 7.40 21.00 14.50 5.007 15.00
Na 8 1.20 24.00 10.07 9.621 6.35
X 8 1.30 7.60 3.42 2.155 2.95
Cl 3 2.20 38.00 18.40 18. 141 15.00
S04 2/3 20.00 24.00 22.00 2.828 22.00/ 20.00
F 3/8 .10 .20 .17 .058 «20/ .10
As 9 .00 7.00 3.33 2.345 3.00
Ba 8 100.00 300.00 175.00 70.711 200.00
Be 1/8 4.00 4.00 4.00 .00 4.00/ 1.50
B 1/8 50.00 50.00 50.00 .00 50.00/ 50.00
cd 3/8 4.00 5.00 4.67 .577 5.00/ 3.00
Cr 5/8 5.00 13.00 9.20 3.493 11.00/ 5.50
Co 6/8 6.00 10.00 8.83 1.835 10.00/ 8.50
Cu 8 14.00 22.00 18.25 3.327 19.00
Fe 8 4,700.00 11,000.00 8,287.50 2,231.871 8,950.00
Pb 1/8 50.00 50.00 50.00 .00 50.00/ 50.00
Mn 8 350.00 1,100.00 650.00 256.069 590.00
Ni 6/8 10.00 16.00 12.83 2.317 12.50/ 11.50
Ag 6/8 - - - - -~/ 3.00
Sr 8 30.00 100.00 66.25 30.208 60.00
v 7/8 10.00 26.00 17.86 5.080 19.00/ 17.00
2n 6/8 110.00 130.00 121.67 9.832 125.00/ 115.00
Al 8 3,100.00 8,600.00 5,862.50 1,874.595 5,900.00
PHNL 3 10.00 10.00 10.00 .00 10.00
TDS 3 80.00 385.00 208.33 158. 140 160.00
Hg 4/8 .02 .11 .06 .038 .05/ .03
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Descriptive Statistics for the Samples Collected During the Five Storms Sampled

APPENDIX C

in 1986--Continued

Results for Cedar Creek at Highway 34 at Galesburg; Site 8

storm number 1, May 16-20

Con-~

stit~ Number

uent of Standard

codel samples2 Low High Mean deviation Median3

SPCN 9 510.00 780.00 652.22 86.859 670.00

BOD 2 18.00 19.00 18.50 .707 18.50

COoD 3 30.00 42.00 36.33 6.028 37.00

TSS 9 13.00 303.00 134.11 95.980 130.00

vss 9 2.00 50.00 27.22 16.954 33.00

NH3 9 .10 30 .20 .082 .25

TKN 9 .50 2.00 1.56 .557 1.80

ONOx 9 1.60 7.70 3.20 2.555 2.00
P 9 .10 41 .25 .106 .27

TOC 9 3.20 9.50 6.50 2.132 6.30

HRD 3 260.00 350.00 306.67 45.092 310.00
Ca 3 61.00 82.00 71.67 10.504 72.00
Mg 3 26.00 36.00 31.00 5.000 31.00
Na 3 26.00 28.00 26.67 1.155 26.00
K 3 2.00 2.50 2.30 «265 2.40
cl 1 53.00 53.00 53.00 .00 53.00

S04 1 86.00 86.00 86.00 .00 86.00
F 3 .20 .30 .27 .058 <30
As 3 2.00 3.00 2.33 577 2.00
Ba 3 70.00 100.00 90.00 17.321 100.00
Be 0/3 - -— - - -/ 1.00
B 3 110.00 130.00 120.00 10.000 120.00
cd 1/3 4.00 4.00 4.00 .00 4.00/ 3.00
Cr 3 7.00 12.00 8.67 2.887 7.00
Co 1/3 6.00 6.00 6.00 .00 6.00/ 5.00
Cu 3 10.00 33.00 18.33 12.741 12.00
Fe 3 1,000.00 4,600.00 2,600.00 1,833.030 2,200.00
Pb 0/3 - - - - -/ 50.00
Mn 3 97.00 360.00 229.00 131.503 230.00
Ni 2/3 7.00 10.00 8.50 2.121 8.50/ 7.00
Ag 0/3 - - - - -~/ 3.00
Sr 3 130.00 160.00 146.67 15.275 150.00
v 1/3 8.00 8.00 8.00 . .00 8.00/ 5.00
Zn 1/3 150.00 150.00 150.00 .00 150.00/ 100.00
Al 3 440.00 2,200.00 1,206.67 901.628 980.00

PHNL 1 10.00 10.00 10.00 .00 10.00

TDS 1 439.00 439.00 439.00 .00 439.00
Hg 3 .05 .09 .06 .023 .05
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek at Highway 34 at Galesburg; Site 8--Continued

storm number 2, no samples collected

storm number 3, July 31 to August 1

Con-
stit- Number
uent of Standard
codel samples? Low High Mean deviation Median3
SPCN 14 130.00 890.00 552.86 309.48 715.00
BOD 10 2.00 37.00 11.72 11.81 6.25
coD 10 6.00 360.00 102.50 131.19 20.00
TSS 14 4.00 4,090.00 995.86 1,425.28 84.50
Vss 14 2.00 540.00 132.07 181.38 17.00
NHy 14 <15 53 25 <10 22
TKN 14 .70 8.20 3.05 2,75 1.15
" NOx 14 .59 3.80 1.84 1.14 2,15
P 14 .12 2.30 .76 .80 .27
TOC 14 4.00 32.00 11.06 9.10 5.90
HRD 4 160.00 590.00 335.00 181.93 295.00
Ca 3 86.00 180.00 118.00 53.70 88.00
Mg 3 14.00 31.00 22.33 8.50 22.00
Na 3 3.50 9.50 6.77 3.04 7.30
X 3 2.90 5.10 4.30 1.22 4.90
38 1 22.00 22.00 22.00 «00 22.00
S04 1 38.00 38.00 38.00 .00 38.00
F 2/3 .10 .20 «15 .07 .15/ 0.10
As 3 5.00 12.00 8.00 3.61 7.00
Ba 3 200.00 700.00 500.00 264.58 600.00
Be 1/3 2.00 2.00 2.00 .00 2.00/ +50
B 3 70.00 140.00 113.33 37.86 130.00
cd 3 10.00 16.00 13.67 3.21 15.00
Cr 3 28.00 42.00 33.33 7.57 30.00
Co 3 10.00 20.00 16.67 5.77 20.00
Cu 3 65.00 87.00 74.00 11.53 70.00
Fe 3 15,000.00 42,000.00 31,000.,00 14,177.45 36,000.00
Pb 3 210.00 380.00 300.00 85.44 310.00
Mn 3 710.00 2,300.00 1,636.67 827.06 1,900.00
Ni 3 25.00 60,00 44.33 17.79 48.00
Ag 2/3 3.00 5.00 4.00 1.41 4.00/ 3.00
Ssr 3 70.00 180.00 126.67 55.08 130.00
v 3 20.00 70.00 47.00 25.24 51.00
Zn 3 360.00 730.00 493,33 205.51 390.00
Al 3 7,300.00 26,000.00 17,100.00 9,382.43 18,000.00
PHNL 0 - - - - —-—
TDS 1 161.00 161.00 161.00 .00 161.00
Hg 1/3 .05 .05 .05 .00 .05/ .01
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek at Highway 34 at Galesburq; Site 8--Continued

storm number 4, August 26-27

Ccon-

stit- Number

uent of Standard

codel samples? Low High Mean deviation Median3

SPCN
BOD
CcoD
TSS
vss

340.00 340.00 340.000 0.00 340.00
5.50 14.00 9.750 6.0104 9.75
12.00 42.00 27.000 21.2132 27.00
8.00 16.00 12.000 5.6569 12.00
4.00 6.00 5.000 1.4142 5.00

NN -

.13 .29 .210 .1131 .21
.80 1.00 .900 1414 .90
+59 .88 735 .2051 73
.26 1.70 .980 1.0182 .98
3.30 14.00 8.650 7.5660 8.65
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--~Continued

Results for Cedar Creek at Highway 34 at Galesburg; Site 8--Continued

storm number 5, September 11-12

Con-
stit- Number
uent of Standard
codel samples? Low High Mean deviation Median3
SPCN 5 230.00 760.00 378.000 217.1866 310.00
BOD 5 5.40 15.00 9.760 3.9202 9.80
cop 5 13.00 39.00 31.000 10.2713 34.00
TSS 5 16.00 337.00 106.200 130.7180 56.00
vss 5 4.00 47.00 17.400 17.1406 12.00
NH; 2/5 .11 .23 «170 . 0849 A 0.10
TKN 5 .70 1.50 1.120 .3633 1.00
Nox 5 .58 1.10 <770 .2218 .71
P 5 .15 .45 .286 . 1069 .28
TOC 5 4.20 10.00 7.960 2.2367 8.60
HRD 1 110.00 110.00 110.000 .00 110.00
Ca 1 32.00 32.00 32.000 .00 32.00
Mg 1 +7.00 7.00 7.000 .00 7.00
Na 1 7.10 7.10 7.100 .00 7.10
K 1 2.20 2,20 2.200 .00 2.20
Ccl 1 9.40 9.40 9.400 .00 9.40
S04 1 21.00 21.00 21.000 .00 21.00
F 1 <10 .10 .100 .00 .10
As 2 .00 1.00 .500 .7071 .50
Ba 1 40.00 40.00 40.000 .00 40.00
Be 0/1 -- - - - -/ .50
B 0/1 - - - - --/ 50.00
cd 1 6.00 6.00 6.000 .00 6.00
Cr 1 8.00 8.00 8.000 .00 8.00
Co 0/1 - - - - -/ 5.00
Cu 1 27.00 27.00 27.000 .00 27.00
Fe 1 1,000.00 1,000.00 1,000.000 .00 1,000.00
Pb 0/1 - -- - -- -~/ 50.00
Mn 1 100.00 100.00 100.000 .00 100.00
Ni 0/1 -- -- - -- -/ 5.00
Ag 0/1 - -— - -- -/ 3.00
Sr 1 60.00 60.00 60.000 .00 60.00
v 0/1 - - - -— -/ 5.00
2n 0/1 - - - -- ==/ 100.00
Al 1 540.00 540.00 540.000 .00 540.00
PHNL 1 15.00 15.00 15.000 .00 15.00
TDS 1 156.00 156.00 156.000 .00 156.00
Hg 0 - - - - -
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986~-Continued

Results for Cedar Creek at Highway 34 at Galesburg; Site 8--Continued

samples collected for storms 1, 3, 4, and 5 combined

con-
stit- Number
uent of Standard
codel samples? Low High Mean deviation Median3
SPCN 29 130.00 890.00 546.21 252.13 630.00

BOD 19 2.00 37.00 11.71 9.04 9.80

CcoD 20 6.00 360.00 67.15 97.59 34.00

TSS 30 4.00 4,090.00 523.47 1,057.53 78.50

vss 30 2.00 540.00 73.03 134.37 16.00

NHq 27/30 .10 .53 .22 .09 .23/ 0.21
TKN 30 .50 8.20 2.14 2.07 1.35

NOx 30 .58 7.70 2.00 1.79 1.85

P 30 .10 2.30 .54 63 .27

TOC 30 3.20 32.00 9.01 6.72 6.80

HRD 8 110.00 590.00 296.25 143.62 295.00

Ca 7 32.00 180.00 85.86 45.81 82,00

Mg 7 7.00 36.00 23.86 10.32 26.00

Na 7 3.50 28.00 15.34 10.76 9.50

K 7 2.00 5.10 3.14 1.30 2.50

cl 3 9.40 53.00 28.13 22.44 22.00

504 3 21.00 86.00 48.33 -33.71 38.00

F 6/7 .10 .30 .20 .09 .20/ .20
As 8 .00 12.00 4.00 3.93 2.50

Ba 7 40.00 700.00 258.57 273.40 100.00

Be 1/7 2.00 2.00 2.00 .00 2.00/ 1.00
B 6/7 70.00 140.00 116.67 25.03 125.00/ 120.00
cd 5/7 4.00 16.00 10.20 5.31 10.00/ 6.00
Cr 7 7.00 42.00 19.14 14.08 12.00

Co 4/7 6.00 20.00 14.00 7.12 15.00/ 6.00
Cu 7 10.00 87.00 43.43 30.42 33.00

Fe 7 1,000.00 42,000.00 14,542.86 17,476.35 4,600.00

Pb 3/7 210.00 380.00 300.00 85.44 310.00/ 100.00
Mn 7 97.00 2,300.00 813.86 910.08 360.00

Ni 5/7 7.00 60.00 30.00 23.33 25.00/ 10.00
Ag 2/7 3.00 5.00 4.00 1.41 4.00/ 3.00
Sr 7 60.00 180.00 125.71 45.04 130.00

v 4/7 8.00 70.00 37.25 28.37 35.50/ 8.00
Zn 4/7 150.00 730.00 407.50 240.05 375.00/ 150.00
Al 7 440.00 26,000.00 7,922.86 10,166.73 2,200.00
PHNL 2 10.00 15.00 12.50 3.54 12.50

TDS 3 156.00 439.00 252.00 161.97 161.00

Hg 4/6 .05 .09 .06 .02 .05/ .05
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek at County Line Road near Galesburg; Site 11

storm number 1, May 16-20

Con-
stit- Number
uent of Standard
codel samples2 Low High Mean deviation Median3
SPCN 10 300.00 830.00 616.00 201.616 730.00
BOD 3 35.00 72.00 53.67 18.502 54.00
coD 3 180.00 320.00 243.33 70.946 230.00
TSS 10 27.00 2,410.00 993.80 908.794 1,052.00
vss 10 .00 340.00 145.00 126.875 171.00
NH3 10 .22 1.10 .71 .299 .68
TKN 10 1.40 11.00 5.62 3.543 6.40
NOx 10 1.50 8.50 5.07 2.957 5.20
P 10 .74 5.60 2.64 1.587 2.70
TOC 10 5.70 15.00 9.49 2,695 9.80
HRD 3 290.00 460.00 383.33 86.217 400.00
Ca 3 91.00 140.00 110.33 26.083 100.00
Mg 3 16.00 34.00 25.33 9.018 26.00
Na 3 19.00 -47.00 30.67 14.572 26.00
K 3 4.20 6.20 5.30 1.015 5.50
cl 1 68.00 68.00 68.00 .00 68.00
S04 1 68.00 68.00 68.00 .00 68.00
F 3 .20 .50 .33 .153 .30
As 3 8.00 12.00 9.33 2.309 8.00
Ba 3 300.00 600.00 466.67 152.753 500.00
Be 1/3 2.00 2.00 2.00 .00 2.00/ 1.00
B 3 80.00 200.00 130.00 62.450 110.00
cd 3 17.00 46.00 31.00 14.526 30.00
Cr 3 79.00 170.00 123.00 45.574 120.00
Co 3 10.00 20.00 13.33 5.774 10.00
Cu 3 120.00 220.00 180.00 52.915 200.00
Fe 3 14,000.00 24,000.00 19,000.00 5,000.000 19,000.00
Pb 3 240.00 450.00 326.67 109.697 290.00
Mn 3 750.00 1,500.00 1,150.00 377.492 1,200.00
Ni 3 31.00 43.00 36.00 6.245 34.00
Ag 1/3 6.00 6.00 6.00 .00 6.00/ 3.00
Sr 3 90.00 180.00 143.33 47.258 160.00
v 3 23.00 36.00 28.33 6.807 26.00
Zn 3 440.00 730.00 540.00 164.621 450,00
Al 3 7,600.00 12,000.00 9,866.67 2,203.028 10,000.00
PHNL 1 5.00 5.00 5.00 .00 5.00
TDS 1 464.00 464.00 464.00 .00 464.00
Hg 3 .01 .38 .14 211 .02
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek at County Line Road near Galesburg; Site 11--Continued

storm number 2, July 7-10

Con-
stit- Number
uent of Standard
codel samples? Low High Mean deviation Median3
SPCN 8 310.00 880.00 655.00 227.031 745.00
BOD 5 23.00 33.00 28.80 4.494 31.00
coD 5 77.00 120.00 106.60 19.540 120.00
TSS 8 484.00 1,340.00 859.25 292.664 775.00
vVss 8 50.00 140.00 95.50 32.368 89.00
NH3 8 .42 .63 .51 .067 .50
TKN 8 4.00 7.10 5.36 1.036 5.30
NOox 8 2.00 9.40 6.32 3.153 7.55
P 8 1.30 4.80 3.12 1.260 3.45
TOC 8 12.00 19.00 15.37 2.446 15.00
HRD 5 180.00 350.00 292.00 77.910 340.00
ca 5 55.00 92.00 78.20 15.255 84.00
Mg 5 12.00 32.00 24.20 9.445 30.00
Na 5 19.00 76.00 52.60 28,527 70.00
K 5 2.90 6.60 5.14 1.790 6.20
Ccl 1 28.00 28.00 28.00 .00 28.00
S04 1 27.00 27.00 27.00 .00 27.00
F 5 .10 .30 .24 .089 .30
As 5 3.00 7.00 4.20 1.643 4.00
Ba 5 200.00 300.00 240.00 54.772 200.00
Be 5 3.00 7.00 5.40 1.817 6.00
B 5 120.00 260.00 206.00 74.027 260.00
ca 5 9.00 30.00 19.20 8.408 18.00
Cr 5 28.00 84.00 51.80 22.186 43.00
Co 1/5 10.00 10.00 10.00 .00 10.00/ 5.00
Cu 5 57.00 110.00 86.40 23.437 83.00
Fe 5 6,800.00 14,000.00 9,760.00 2,875.413 9,400.00
;: ;/5 ;;ggg :gg.go 155.00 38.730 155.00/ 140.00
; . .00 458.00 145.842 390.00
Ni 3/5 8.00 45.00 21.33 20.551 11.00/ 8.00
23 ;/5 aggg 153.00 8.00 .00 8.00/ 3.00
. .00 126.00 33.615 150.00
v 5 6.00 26.00 13.20 7.727 11.00
Zn 5 210.00 310.00 276.00 44.497 300.00
Al 5 4,000.00 8,300.00 5,600.00 1,764.936 5,200.00
PHNL 0/1 - - - -- - 5.00
ng ;/5 193.32 193.00 193.00 .00 193.00
) . .05 .03 .015 .03/ .02
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek at County Line Road near Galesburg; Site 11--Continued

storm number 3, July 31 to August 1

Con-
stit- Number
uent of Standard
code!l samples? Low High Mean deviation Median3
SPCN 14 340.00 840.00 632.14 160.201 635.00
BOD 9 4.20 25.00 11.17 7.689 7.70
coD 9 14.00 300.00 86.11 109.208 23.00
TSS 14 10.00 5,120.00 1,110.07 1,800.017 115.50
vss 14 4.00 500.00 119.86 183.006 17.00
NH3 14 .28 .80 .43 +129 .38
TKN 14 1.60 10.00 4.51 3.328 2.20
NOx 14 1.50 6.80 4.14 1.821 3.70
P 14 .58 5.10 2.29 1.580 1.60
TOC 14 7.40 33.00 15.76 9.943 8.60
HRD 3 250.00 350.00 303.33 50.332 310.00
Ca 3 64.00 97.00 B83.67 17.388 90.00
Mg 3 21.00 26.00 23.00 2.646 22.00
Na 3 19.00 59.00 39.67 20.033 41.00
K 3 6.50 9.70 8.40 1.682 9.00
cl 1 59.00 59.00 59.00 .00 59.00
S0, 1 38.00 38.00 38.00 .00 38.00
F 3 «30 .60 47 .153 .50
As 3 6.00 11.00 9.33 2.887 11.00
Ba 3 400.00 800.00 633.33 208.167 700.00
Be 0/3 - - - - -/ 2.00
B 3 160.00 240.00 210.00 43.589 230.00
cd 3 16.00 63.00 38.67 23.544 37.00
Cr 3 69.00 100.00 84.00 15.524 83.00
Co 3 10.00 30.00 20.00 10.000 20.00
Cu 3 62.00 180.00 120.67 59.003 120.00
Fe 3 18,000.00 27,000.00 23,666.67 4,932.883 26,000.00
Pb 3 110.00 320.00 240.00 113.578 290.00
Mn 3 860.00 1,900.00 1,553.33 600.444 1,900.00
Ni 3 23.00 52.00 41.33 15.948 49.00
Ag 2/3 4.00 4.00 4.00 .00 4.00/ 4.00
Sr 3 130.00 170.00 146.67 20.817 140.00
v 3 34.00 49.00 43.33 8.145 47.00
Zn 3 180.00 540.00 410.00 199.750 510.00
Al 3 13,000.00 17,000.00 15,333.33 2,081.666 16,000.00
PHNL 1 5.00 5.00 5.00 .00 5.00
TDS 1 310.00 310.00 310.00 .00 310.00
Hg 2/3 .08 217 .12 .064 12/ .08
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek at County Line Road near Galesburg; Site 11--Continued

storm number 4, August 26-27

Con=
stit- Number
uent of Standard
codel sam‘ples2 Low High Mean deviation Median3
SPCN 7 520.00 850.00 731.43 110.8195 740.00
BOD 5 15.00 24.00 20.60 3.5071 21.00
coD 5 39.00 59.00 48.80 7.6289 51.00
TSS 8 17.00 359.00 172.50 124.5586 160.50
vVss 8 6.00 53.00 27.75 16.9179 24.50
NH4 8 .23 .52 .30 0947 .28
TKN 8 2.00 3.40 2.44 .4838 2.25
NOx 8 2.60 5.20 3.76 .9884 3.45
P 8 1.70 3.80 2.56 .8123 2.40
TOC 8 9.50 16.00 11.94 2.2747 11.50
HRD 3 280.00 330.00 310.00 26.4575 320.00
Ca 3 70.00 81.00 76.00 5.5678 77.00
Mg 3 27.00 31.00 29.33 2.0817 30.00
Na 3 43.00 66.00 52.33 12.0968 48,00
K 3 7.20 9.20 7.93 1.1015 7.40
Ccl 1 90.00 90.00 90.00 .00 90.00
S04 1 62.00 62.00 62.00 .00 62.00
F 3 .60 .70 63 0577 .60
As 3 2.00 3.00 2.33 .5774 2.00
Ba 3 100.00 200.00 133.33 57.7350 100.00
Be 1/3 3.00 3.00 3.00 .00 3.00/ 2.00
B 3 240.00 270.00 250.00 17.3205 240.00
cd 3 5.00 11.00 7.67 3.0551 7.00
Cr 3 25.00 39.00 31.33 7.0946 30.00
Co 2/3 7.00 8.00 7.50 .7071 7.50/ 7.00
Cu 3 28.00 53.00 38.00 13.2288 33.00
Fe 3 2,700.00 4,600.00 3,666.67 950.4385 3,700.00
Pb 0/3 -- - -- -- -~/ 100.00
Mn 3 200.00 250.00 223.33 25.1661 220.00
Ni 3 11.00 12.00 11.33 .5774 11.00
Ag 0/3 -- -~ - -- -/ 3.00
Sr 3 140.00 150.00 146.67 5.7735 150.00
v 2/3 7.00 12.00 9.50 3.5355 9.50/ 10.00
Zn 2/3 100.00 120.00 110.00 14.1421 110.00/ 100.00
Al 3 2,300.00 3,200.00 2,833.33 472.5816 3,000.00
PHNL 1 15.00 15.00 15.00 .00 15.00
TDS 1 549.00 549.00 549.00 .00 549.00
Hg 3 .07 .14 .12 .0404 .14
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986~--Continued

Results for Cedar Creek at County Line Road near Galesburg; Site 11--Continued

storm number 5, September 11-12

Con~-
stit- Number
uent of Standard
codel sample52 Low High Mean deviation Median3
SPCN 4 410.00 870.00 620.00 202.9778 600.00
BOD 3 19.00 20.00 19.33 <5774 19.00
coD 3 34.00 38.00 36.00 2,0000 36.00
TSS 4 9.00 404.00 116.25 192.5017 26.00
vss 4 2.00 60.00 18.00 28.0832 5.00
NHj3 4 .63 .77 .68 .0645 «67
TKN 4 2.10 3.20 2.60 .5354 2.55
NOx 4 2.10 7.60 4.43 2.6850 4,00
P 4 1.20 3.00 2.07 .9069 2.05
TOC 4 11.00 14.00 12.25 1.2583 12,00
HRD 1 150.00 150.00 150.00 .00 150.00
ca 1 40.00 40.00 40.00 .00 40.00
Mg 1 71.00 11.00 11.00 .00 11.00
Na 1 27.00 27.00 27.00 .00 27.00
X 1 4.10 4.10 4.10 .00 4.10
cl 1 37.00 37.00 37.00 .00 37.00
S04 1 34.00 34.00 34.00 .00 34.00
F 1 .30 <30 +30 .00 .30
As 1 3.00 3.00 3.00 .00 3.00
Ba 1 70.00 70.00 70.00 .00 70.00
Be 0/1 - - - - -/ 2.00
B 1 120.00 120.00 120.00 .00 120.00
cd 1 3.00 3.00 3.06 00 3.00
Cr 0/1 - - - - -/ 5.00
co 0/1 - - - - -/ 10.00
Cu 1 23.00 23.00 23.00 .00 23.00
Fe 1 2,000.00 2,000.00 2,000.00 .00 2,000.00
Pb 0/1 - -— -— - -/ 50.00
Mn 1 130.00 130.00 130.00 .00 130.00
Ni 0/1 - - - —— -/ 5.00
Ag 0/1 - - - - -—/ 3.00
534 1 80.00 80.00 80.00 .00 80.00
v 0/1 - - - —-- -/ 5.00
2n 0/1 - - - - -=/ 100.00
Al 1 1,300.00 1,300.00 1,300.00 .00 1,300.00
PHNL 1 10.00 10.00 10.00 .00 10.00
TDS 1 259.00 259.00 259.00 00 259.00
Hg 1 .07 .07 .07 .00 .07
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek at County Line Road near Galesburg; Site 11--Continued

Samples collected for storms 1, 2, 3, 4, and 5 combined

Con-
stit- Number
uent of Standard
codel samples? Low High Mean deviation Median3
SPCN 43 300.00 880.00 647.67 177.520 700.00
BOD 25 4.20 72.00 22.66 15.281 20.00
coD 25 14.00 320.00 95.60 90.311 51.00
TSS 44 9.00 5,120.00 777.23 1,152.553 259.50
vss 44 .00 500.00 95.14 126.262 42.50
NHy 44 .22 1.10 .51 .220 .48
NOx 44 1.50 9.40 4.71 2.431 4.20
P 44 .58 5.60 2.55 1.346 2.55
TKN 44 1.40 11.00 4.37 2.783 3.05
TOC 44 5.70 33.00 13.25 6.319 12.00
HRD 15 150.00 460.00 306.67 79.702 320.00
Ca 15 40.00 140.00 82.73 22.852 84.00
Mg 15 11,00 34.00 24.33 7.575 26.00
Na 15 19.00 76.00 43.87 21.098 43.00
K 15 2.90 9.70 6.31 2.049 6.50
Cl 5 28.00 90.00 56.40 24.765 59.00
S04 5 27.00 68.00 45.80 18.089 38.00
F 15 .10 .70 .39 .181 .30
As 15 2.00 12.00 5.80 3.489 4.00
Ba 15 70.00 800.00 331.33 224.908 300.00
Be /15 2.00 7.00 4.57 2.070 4.00/ 2.00
B 15 80.00 270.00 194.67 66.961 230.00
cd 15 3.00 63.00 22.07 16.744 17.00
Cr 14/15 25.00 170.00 69.57 41.006 66.50/ 64.00
co 9/15 7.00 30.00 13.89 7.721 10.00/ 10.00
Cu 15 23.00 220.00 98.07 62.060 83.00
Fe 15 2,000.00 27,000.00 12,653.33 8,518.456 11,000.00
Pb 10/15 110.00 450.00 232.00 108.095 220.00/ 140.00
Mn 15 130.00 1,900.00 746.67 606.579 570.00
Ni 12/15 8.00 52.00 27.50 16.844 27.00/ 12.00
Ag 4/15 4.00 8.00 5.50 1.915 5.00/ 3.00
Sr 15 80.00 180.00 134.67 32.042 150.00
v 13/15 6.00 49.00 23.08 14.852 23.00/ 14.00
Zn 13/15 100.00 730.00 342.31 183.265 310.00/ 300.00
Al 15 1,300.00 17,000.00 7,560.00 5,028.036 6,300.00
PHNL 4/5 5.00 15.00 8.75 4.787 7.50/ 5.00
TDS 5 193.00 549.00 355.00 147.481 310.00
Hg 12/15 .01 .38 «10 103 .07/ .05
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek at Road 1500 E near Coldbrook; Site 14

storm number 1, May 16-20

Con-
stit- Number
uent of Standard
codel samples? Low High Mean deviation Median3
SPCN 9 680.00 780.00 746.67 35.000 750.00
BOD 3 20.00 32.00 25.33 6.110 24.00
coD 3 69.00 170.00 116.33 50.797 110.00
TSS 9 76.00 1,920.00 755.89 705.149 524.00
vss 9 8.00 228.00 89.67 79.269 72.00
NH3 9 .18 .78 .38 .204 <30
TKN 9 1.60 9.80 4.56 2.920 4.00
NOx 9 7.00 11.00 9.34 1.408 9.20
P 9 .56 4.10 2.50 1.449 3.00
TOC 9 4.00 15.00 9.01 3.232 9.90
HRD 3 290.00 330.00 310.00 20.000 310.00
Ca 3 71.00 82.00 76.33 5.508 76.00
Mg 3 28.00 30.00 29.00 1.000 29.00
Na 3 48.00 52.00 50.67 2.309 52.00
K 3 6.90 8.00 7.43 551 7.40
Ccl 1 72.00 72.00 72.00 .00 72.00
S04 1 49.00 49.00 49.00 .00 49.00
F 3 .50 .60 .57 .058 .60
As 3 4.00 6.00 5.00 1.000 5.00
Ba 3 200.00 500.00 333.33 152.753 300.00
Be 0/3 - -- -~ - -/ 0.50
B 3 190.00 220.00 210.00 17.321 220.00
cd 3 6.00 25.00 14.67 9.609 13.00
Cr 3 27.00 100.00 60.00 37.000 53.00
Co 2/3 9.00 10.00 9.50 707 9.50/ 9.00
Cu 3 34.00 130.00 76.00 49.112 64.00
Fe 3 8,000.00 26,000.00 16,666.67 9,018.500 16,000.00
Pb 1/3 150.00 150.00 150.00 .00 150.00/ 100.00
Mn 3 430.00 1,200.00 800,00 385.876 770.00
Ni 3 10.00 32.00 20.67 11.015 20,00
Ag 1/3 5.00 5.00 5.00 .00 5.00/ 3.00
Sr 3 140.00 160.00 150.00 10.000 150.00
v 3 13.00 39.00 26.00 13.000 26.00
Zn 3 120.00 310.00 203.33 97.125 180.00
Al 3 5,200.00 17,000.00 11,066.67 5,900.282 11,000.00
PHNL 1 5.00 5.00 5.00 .00 5.00
TDS 1 485.00 485.00 485.00 .00 485.00
Hg 3 .01 .10 .05 .045 .05
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--~Continued

Results for Cedar Creek at Road 1500 E near Coldbrook;

site 14--Continued

storm number 2, July 7-10

Con-
stit- Number
uent of Standard
code! samp].es2 Low High Mean deviation Median3
SPCN 12 620.00 830.00 755.83 79,023 785.00
BOD 6 17.00 33.00 22.67 6.377 21.00
CcOoD 6 52.00 110.00 69.83 24.903 56.50
TSS 11 80.00 1,290.00 617.91 341.335 564.00
vss 11 10.00 180.00 68.55 48.134 52.00
NH3 12 .19 3.33 .64 .863 .33
TKN 12 2.80 6.30 3.95 1.084 3.90
NOx 12 5.70 8.80 7.67 1.035% 7.90
P 12 2.10 3.20 2.74 .281 2.70
TOC 12 10.00 17.00 12.42 2.429 11.50
HRD 6 270.00 330.00 308,33 25.626 315.00
Ca 6 66.00 80.00 75.50 5.648 77.00
Mg 6 26.00 32.00 29.33 2.658 29.50
Na 6 46.00 71.00 57.67 9.266 60.00
X 6 5.30 6.50 5.78 436 5.75
cl 2 83.00 84.00 83.50 .707 83.50
S04 2 54.00 68.00 61.00 9.899 61.00
F 6 .30 .30 .30 .00 «30
As 6 3.00 5.00 4.17 .753 4.00
Ba 6 200.00 300.00 233.33 51.640 200.00
Be 4/6 2.00 2.00 2.00 .00 2.00/ 2.00
B 6 210.00 240.00 225.00 10.488 225.00
cd 6 8.00 17.00 11.67 3.559 10.50
Cr 6 12.00 53.00 32.00 17.550 28.00
Co 0/6 - - - okt -/ 5.00
Cu 6 41.00 330.00 98.67 113.924 53.00
Fe 6 6,600.00 14,000.00 9,900.00 3,382.307 8,850.00
Pb 0/6 - - - - -~/ 50.00
Mn 6 300.00 570.00 411.67 119.903 365.00
Ni 3/6 8.00 13.00 10.33 2.517 10.00/ 6.50
Ag 0/6 - - - - -/ 3.00
Sr 6 130.00 150.00 143.33 8.165 145.00
v 6 9.00 21.00 15.50 5.128 16.00
Zn 6 140.00 230.00 168.33 33.116 155.00
Al 6 4,100.00 9,600.00 6,800.00 2,590.753 6,650.00
PHNL 2 5.00 5.00 5.00 .00 5.00
TDS 2 464.00 5,420.00 2,942.00 3,504.421 2,942.00
Hg 5/6 02 .07 .04 .022 .03/ .02
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek at Road 1500 E near Coldbrook; Site 14--Continued

storm number 3, July 31 to August 1

Con-
stit- Number
uent of Standard
code! samples? Low High Mean deviation Median3
SPCN 12 140.00 780.00 500.00 216.963 465.00
BOD 8 2.90 22.00 10.34 6.935 8.90
CcoD 8 12.00 280.00 96.37 102.934 51.50
TSS 12 24.00 3,130.00 1,135.25 1,264.111 383.00
vss 12 6.00 325.00 124.58 129.262 56.50
NHy 12 .18 <49 26 .080 <24
TKN 12 1.30 12.00 5.56 4.285 4.60
NOx 12 1.20 7.40 4.02 2.376 3.30
P 12 .56 3.20 1.91 1.142 1.75
TOC 12 5.40 54.00 27.04 18.170 24.50
HRD 3 230.00 270.00 243.33 23.094 230.00
Ca 3 56.00 67.00 60.33 5.859 58.00
Mg 3 20.00 25.00 22.33 2.517 22.00
Na 3 21.00 38.00 27.33 9.292 23.00
K 3 8.90 9.50 9.27 .321 9.40
Cl 1 36.00 36.00 36-90 .00 36.00
$04 1 33.00 33.00 33.00 .00 33.00
F 3 .30 .50 37 .115 <30
As 3 6.00 9.00 7.67 1.528 8.00
Ba 3 500.00 800.00 700.00 173.205 800,00
Be 3 2.00 4.00 3.33 1.155 4.00
B 3 210.00 270.00 240.00 30.000 240.00
cd 3 11.00 21.00 16.33 5.033 17.00
Cx 3 29.00 51.00 42.33 11.719 47.00
Co 3 10.00 30.00 20.00 10.000 20.00
Cu 3 63.00 91.00 76.67 14.012 76.00
Fe 3 37,000.00 51,000.00 45,333.33 7,371.115 48,000.00
Pb 3 160.00 240.00 190.00 43.589 170.00
Mn 3 1,300.00 3,000.00 2,200.00 854.400 2,300.00
Ni 3 35.00 52.00 44.00 8.544 45.00
Ag 1/3 6.00 6.00 6.00 .00 6.00/ 3.00
Sr 3 140.00 140.00 140.00 .00 140.00
v 3 62.00 78.00 70.00 8.000 70.00
Zn 3 280.00 310.00 293.33 15.275 290.00
Al 3 23,000.00 31,000.00 28,000.00 4,358.899 30,000.00
PHNL 1 10.00 10.00 10.00 .00 10.00
TDS 1 242.00 242.00 242.00 .00 242.00
Hg 3 <11 .23 .15 .069 «11
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in_ 1986--Continued

Results for Cedar Creek at Road 1500 E near Coldbrook; Site 14--Continued

storm number 4, August 26-27

Con-

stit- Number

uent of Standard

codel samples? Low High Mean deviation Median3

800.00 800.00 800.00 0.00 800.00
13.00 14.00 13.50 «70711 13.50
29.00 47.00 38.00 12.72792 38.00
21.00 30.00 25.50 6.36396 25.50

5.00 6.00 5.50 «70711% 5.50
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NN N =

<11 49 .30 .26870 .30
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7.50 14.00 10.75 4.59619 10.75
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek at Road 1500 E near Coldbrook; Site 14--Continued

storm number 5, September 11-12

Con-
stit- Number
uent of Standard
code!l samples? Low High Mean deviation Median?
SPCN 11 380.00 880.00 669.09 192.429 670.00
BOD 7 10.00 22.00 15.43 4.791 15.00
coDp 8 27.00 63.00 43.50 15.693 38.50
TSS 1" 20.00 748.00 398.00 294.326 478.00
vss 11 3.00 80.00 46.00 31.045 60.00
NH3 1 .32 1.20 .76 .283 .83
TKN 1" 1.70 4.30 2.89 1.018 3.00
NOx " 2.00 6.90 4.55 2.112 3.80
P 1" 1.20 4.00 2.56 1.231 2.40
TOC 1 8.10 15.00 11.48 2.788 13.00
HRD 3 250.00 310.00 286.67 32.146 300.00
Ca 3 63.00 75.00 70.33 6.429 73.00
Mg 3 23.00 30.00 27.00 3.606 28.00
Na 3 51.00 75.00 66.33 13.317 73.00
K 3 8.30 12.00 10.43 1.914 11.00
cl 1 95.00 95.00 95.00 +00 95.00
S04 1 58.00 58.00 58.00 .00 58.00
F 3 .70 .90 .83 115 .90
As 3 3.00 4.00 3.67 577 4.00
Ba 3 200.00 200.00 200.00 .00 200.00
Be 0/3 - - - - -/ 0.50
B 3 200.00 260.00 236.67 32.146 250.00
cd 3 6.00 9.00 7.33 1.528 7.00
Cr 3 16.00 30.00 22.67 7.024 22.00
Co 0/3 -—- - - -- -/ 5.00
Cu 3 34.00 39.00 36.00 2.646 35.00
Fe 3 6,600.00 8,600.00 7,400.00 1,058.301 7,000.00
Pb 0/3 -- - - -- --/ 50.00
Mn 3 400.00 530.00 470.00 65.574 480.00
Ni 2/3 15.00 16.00 15.50 .707 15.50/ 15.00
Ag 0/3 - - - - -/ 3.00
Sr 3 130.00 150.00 143.33 11.547 150.00
v 3 10.00 15.00 11.67 2.887 10.00
Zn 3 110.00 110.00 110.00 .00 110.00
Al 3 4,000.00 5,600.00 4,700.00 818.535 4,500.00
PHNL 1 5.00 5.00 5.00 .00 5.00
TDS 1 525.00 525.00 525.00 .00 525.00
Hg 2/5 .14 .19 .16 .035 .16/ +05
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek at Road 1500 E near Coldbrook; Site 14--Continued

samples collected for stomms 1, 2, 3, 4, and 5 combined

Ccon-
stit- Number
uent of Standard
code!l samples? Low High Mean deviation Median3
SPCN 45 140.00 880.00 665.56 182.83 740.00
BOD 26 2.90 33.00 16.53 7.86 16.50
CoD 27 12.00 280.00 72.70 63.18 55.00
TSS 45 20.00 3,130.00 703.38 795.94 504.00
vss 45 3.00 325.00 79.40 84.85 56.00
NH, 46 A1 3.33 «50 .50 .32
TKN 46 1.30 12.00 4.17 2.77 3.55
NOx 46 1.20 11.00 6.22 2.77 6.90
P 46 .56 4.10 2.41 1.08 2.70
TOC 46 4.00 54.00 15.27 11.73 11.00
HRD 15 230.00 330.00 291.33 34.82 300.00
Ca 15 56.00 82.00 71.60 8.09 73.00
Mg 15 20.00 32.00 27.40 3.62 28.00
Na 15 21.00 75.00 51.93 16.05 52.00
K 15 5.30 12.00 7.74 2.09 7.40
cl 5 36.00 95.00 74.00 22.75 83.00
504 5 33.00 68.00 52.40 12.90 54.00
F 15 «30 .90 47 22 «30
As 15 3.00 9.00 4.93 1.71 4.00
Ba 15 200.00 800.00 340.00 213. 14 200.00
Be 7/15 2.00 4.00 2.57 .98 2.00/ 2.00
B 15 190.00 270.00 227.33 21.87 220.00
cd 15 6.00 25.00 12.33 5.64 11.00
cr 15 12.00 100.00 37.80 22.49 30.00
co 5/15 9.00 30.00 15.80 9.12 10.00/ 5.00
Ccu 15 34.00 330.00 77.20 74.64 61.00
Fe 15 6,600.00 51,000.00 117,840.00 5,371. 11 10,000.00
Pb 4/15 150.00 240.00 180.00 40.82 165.00/ 50.00
Mn 15 300.00 3,000.00 858.67 797.24 530,00
Ni 11/15 8.00 52.00 23.27 15.28 16.00/ 13.00
Ag 2/15 5.00 6.00 5.50 .71 5.50/ 3.00
Sr 15 130.00 160.00 144.00 8.28 140.00
v 15 9.00 78.00 27.73 23.38 19.00
Zn 15 110.00 310.00 188.67 75.30 160.00
Al 15 4,000.00 21,000.00 11,473.33 9,377.36 8,500.00
PHNL 5 5.00 10.00 6.00 2.24 5.00
TDS 5 242.00 5,420.00 . 1,427.20 2,234.76 485.00
Hg 13/17 .01 .23 .09 .07 .07/ .05
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APPENDIX

[of

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek at Road 1100 E near Monmouth; Site 18

storm number 1, May 16-20
Con=-
stit- Number
uent of Standard
codel samples? Low High Mean deviation Median3
SPCN 9 530.00 730.00 623.33 69.282 640,00
BOD 3 23.00 26.00 24.67 1.528 25.00
cop 3 180.00 230.00 206.67 25.166 210.00
TSS 9 137.00 3,700.00 2,201.22 1,311.403 2,350,00
vss 9 9.00 320.00 189.67 123.501 200.00
NHj3 9 .20 .61 .42 . 147 .46
TKN 9 1.60 11.00 7.38 3.781 8.60
NOx 9 5.00 11.00 6.97 2.480 5.60
P 9 .76 4.40 2.87 1.488 3.40
TOC 9 5.90 22.00 14.40 6.564 14.00
HRD 3 330.00 360.00 343.33 15.275 340.00
Ca 3 79.00 88.00 85.00 5.196 88.00
Mg 3 30.00 35.00 32.G0 2.646 31.00
Na 3 25.00 34.00 28.32 4.933 26.00
K 3 6.80 9.70 8.20 1.453 8.10
cl 1 58.00 58.00 58.00 .00 58.00
S04 1 50.00 50.00 50.00 .00 50.00
F 3 .40 .50 .43 .058 .40
As 3 6.00 8.00 7.33 1.155 8.00
Ba 3 600.00 700.00 666.67 57.735 700.00
Be 2/3 2.00 2.00 2,00 .00 2.00/ 2.00
B 3 90.00 120.00 106.67 15.275 110.00
cd 3 8.00 10.00 8.67 1.155 8.00
Cr 3 24.00 36.00 31.00 6.245 33.00
Co 3 20.00 30.00 23.33 5.774 20.00
Cu 3 54.00 66.00 60.00 6.000 60.00
Fe 3 21,000.00 40,000.00 31,000.00 9,539.392 32,000.00
Pb 0/3 - - - - -~/ 100.00
Mn 3 2,100.00 2,800.00 2,400.00 360.555 2,300.00
Ni 3 42.00 51.00 45.33 4.933 43.00
Ag 1/3 4.00 4.00 4.00 .00 4.00/ 3.00
Sr 3 170.00 190.00 180.00 10.000 180.00
\ 3 55.00 68.00 60.33 6.807 58.00
Zn 2/3 2,800.00 2,900.00 2,850.00 70.711 2,850.00/2,800.00
Al 3 15,000.00 23,000.00 19,333.33 4,041.452 20,000.00
PHNL 1 15.00 15.00 15.00 .00 15.00
TDS 1 426.00 426.00 426.00 .00 426.00
Hg 0/3 - - - - -/ 0.01
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek at Road 1100 E near Monmouth;

Site 18--Continued

storm number 2, July 7-10

con-
stit~- Number
uent of Standard
codel samples2 Low High Mean deviation Median3
SPCN 12 460.00 830.00 753.33 135.535 810.00
BOD 5 11.00 14.00 12.40 1.140 12.00
coD 6 37.00 50.00 44.00 4.690 44.00
TSS 12 300.00 532.00 428.50 79.187 456.00
vss 12 26.00 80.00 55.50 15.635 60.00
NH3 12 .11 .31 .15 .053 .13
TKN 12 2.60 3.40 3.03 .284 3.05
NOx 12 4.00 9.00 8.00 1.660 8.65
P 12 1.30 2.80 2.14 .342 2.20
TOC 12 6.70 11.00 9.52 1.492 9.85
HRD 6 210.00 330.00 308.33 48.339 330.00
Ca 6 52.00 80,00 74.50 11.077 79.00
Mg 6 3,20 32.00 25.20 11.798 32.00
Na 6 23.00 61.00 51.33 14.194 57.00
K 6 4.80 5.50 5.18 232 5.20
cl 1 78.00 78.00 78.00 .00 78.00
504 1 60.00 60.00 60.00 .00 60.00
F 6 .20 .30 .28 .041 .30
As 6 4.00 5.00 4.17 .408 4.00
Ba 6 200.00 200.00 200.00 .00 200.00
Be 1/6 2.00 2.00 2.00 .00 2.00/ 2.00
B 6 120.00 210.00 190.00 34.641 200.00
cd 5/6 3.00 6.00 4.20 1.095 4.00/ 4.00
Cr 6 7.00 16.00 10.00 3.688 8.50
Co 0/6 - -~ - - -/ 5.00
Cu 6 22.00 706.00 39.00 17.889 32.50
Fe 6 5,200.00 9,800.00 7,583.33 1,640.020 8,000.00
Pb a/6 - - - - -/ 50.00
Mn 6 300.00 430.00 383.33 55.737 405.00
Ni. 0/6 - - - - -/ 5.00
Ag 0/6 - - - - - 3.00
Sr 6 110.00 160.00 146.67 18.619 150.00
v 6 10.00 17.00 13.67 2.805 14.00
Zn 5/6 100.00 210.00 134.00 43.359 120.00/ 120.00
Al 6 3,600.00 6,600.00 4,883.33 1,088.883 5,050.00
PHNL 1 15.00 15.00 15.00 .00 15.00
TDS 1 535.00 535.00 535.00 .00 535.00
Hg 5/6 .02 .14 .06 .045 .05/ .05

133



APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986~-Continued

Results for Cedar Creek at Road 1100 E near Monmouth;

storm number 3, July 31 to August 1

Site 18~-Continued

con-
stit- Number
uent of Standard
code! samples2 Low High Mean deviation Median3d
SPCN 15 160.00 730.00 454.67 218.37 380.00
BOD 9 4.00 29.00 12.14 9.80 5.20
cop 9 12.00 600.00 157.11 194.01 46.00
TSS 15 57.00 7,180.00 2,368.07 2,636.34 592.00
vss 15 8.00 670.00 231.13 243.82 62.00
NHy 15 .10 .88 .29 .23 .20
TKN 15 1.30 19.00 5.25 4.94 2.60
NOx 15 1.20 6.80 3.55 2.49 1.50
P 15 .55 5.60 1.85 1.55 .86
TOC 15 4.70 96.00 26.92 27.41 13.00
HRD 3 230.00 460.00 320.00 122.88 270.00
Ca 3 58.00 120.00 83.67 32.35 73.00
Mg 3 20.00 41.00 28,00 11.36 23.00
Na 3 12.00 18.00 14.00 3.46 12.00
K 3 7.90 12.00 9.60 2.14 8.90
Ccl 1 22.00 22.00 22.00 .00 22.00
S04 1 26.00 26.00 26.00 .00 26.00
F 3 <20 .30 27 .06 .30
As 3 .00 12.00 9.33 3.06 10.00
Ba 3 800.00 1,700.00 1,133.33 493.29 900.00
Be 3 3.00 6.00 4.00 1.73 3,00
B 3 150.00 220.00 173.33 40.41 150.00
cd 3 11.00 16.00 13.647 2.52 14.00
Cr 3 21.00 30.00 24.33 4.93 22.00
Co 3 30.00 70.00 43.33 23.09 30.00
Cu 3 70.00 130.00 92.33 32.81 77.00
Fe 3 40,000.00 81,000.00 55,000.00 22,605.31 44,000.00
Pb 3 130.00 220.00 163.33 49.33 140.00
Mn 3 3,500.00 8,000.00 5,066.67 2,542.31 3,700.00
Ni 3 50.00 100.00 67.00 28.58 51.00
Ag 3 4.00 7.00 5.33 1.53 5.00
Sr 3 130.00 240.00 170.00 60.83 140.00
v 3 82.00 150.00 105.33 38.70 84.00
Zn 3 270.00 530.00 363.33 144.68 290.00
Al 3 23,000.00 41,000.00 30,333.33 9,451.63 27,000.00
PHNL 1 20.00 20.00 20.00 .00 20.00
TDS 1 147.00 147.00 147.00 .00 147.00
Hg 2/3 .08 .11 .09 .02 .09/ 0.08
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek at Road 1100 E near Monmouth; Site 18-~Continued

storm number 4, August 26-27

con-

stit- Number

uent of Standard

codel samples? Low High Mean deviation Median3

SPCN
BOD
cop
TSS
vss

760.0 760.00 0.00 760.00
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek at Road 1100 E near Monmouth; Site 18--Continued

storm number 5, September 11-12

Con-
stit- Number
uent of Standard
code!l samples? Low High Mean deviation Median3
SPCN 10 400.00 960.00 714.00 251.3607 770.00
BOD 8 8.90 17.00 12.74 2.7323 13.00
cop 8 26.00 71.00 38.00 15.0143 33.00
TSS 10 16.00 1,930.00 279.00 587.3345 76.50
vss 10 4.00 200.00 30.90 59.9230 12.00
NH; 9/10 .22 .96 .43 .2222 .39/ 0.40
TKN 10 1.50 3.60 2.38 .6015 2.40
NOx 10 2.00 5.40 3.41 1.3868 3.00
P 10 1.10 3.00 2.16 .8249 2.55
TOC 10 7.60 19.00 11.43 3.8239 10.00
HRD 3 320.00 340.00 333.33 11.5470 340.00
Ca 3 78.00 81.00 80.00 1.7321 81.00
Mg 3 31.00 33.00 32.33 1.1547 33.00
Na 3 79.00 86.00 82.00 3.6056 81.00
K 3 9.90 11.00 10.63 +6351 11.00
Cl 1 110.00 110.00 110.00 .00 110.00
S04 1 60.00 60.00 60.00 .00 60.00
F 3 .80 .90 .87 .0577 .90
As 3 2.00 2.00 2.00 .00 2.00
Ba 3 90.00 100.00 93.33 5.7735 90.00
Be 0/3 - - -- - -/ .50
B 3 260.00 290.00 273.33 15.2753 270.00
cd 0/3 -- - - - -/ 3.00
Cr 3 8.00 12.00 9.67 2.0817 9.00
Co 2/3 7.00 9.00 8.00 1.4142 8.00/ 7.00
Cu 3 18.00 35.00 27.67 8.7369 30.00
Fe 3 810.00 1,300.00 1,070.00 246.3737 1,100.00
Pb 0/3 - - - -- --/ 50.00
Mn 3 130.00 180.00 153.33 25.1661 150.00
Ni 3 12.00 14.00 13.00 1.0000 13.00
Ag 0/3 - -- -- - -/ 3.00
Sr 3 160.00 160.00 160.00 .00 160.00
v 2 5.00 5.00 5.00 .00 5.00
Zn 1/3 50.00 50.00 50.00 .00 50.00/ 50.00
Al 3 410.00 650.00 563.33 133.1666 630.00
PHNL 1 15.00 15.00 15.00 .00 15.00
TDS 1 601.00 601.00 601.00 .00 601.00
Hg 0/3 -- - - - -/ .05



APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek at Road 1100 E near Monmouth; Site 18-~Continued

samples collected for storms 1, 2, 3, 4, and 5 combined

Con-
stit- Number
uent of Standard
code!l samples2 Low High Mean deviation Median3
SPCN 47 160.00 960.00 624.89 219.04 660.00
BOD 27 4.00 29.00 13.62 6.95 12.00
cob 28 12.00 600.00 94.89 125.75 43.00
TSS 48 16.00 7.,180.00 1,322.00 1,851.23 438.00
vss 48 4.00 670.00 128.69 170.51 51.00
NHy 45/48 .10 .96 .31 .21 .22/ 0.22
TKN 48 1.20 19.00 4.36 3.65 2.80
NOx 48 1.20 11.00 5.36 2.87 5.35
P 48 .55 5.60 2.18 1.18 2.20
TOC 48 4.70 96.00 16.16 17.08 10.00
HRD 15 210.00 460.00 322.67 57.00 330.00
ca 15 52.00 120.00 79.53 14.78 79.00
Mg 15 3.20 41.00 28.55 8.93 32.00
Na 15 12.00 86.00 45.40 25.59 52.00
K 15 4.80 12.00 7.76 2.53 7.90
cl 4 22.00 110.00 67.00 36.86 68.00
S04 4 26.00 60.00 49.00 16.04 55.00
F 15 .20 .90 .43 .24 .30
As 15 2.00 12.00 5.40 2.97 4.00
Ba 15 90.00 1,700.00 458.67 446.46 200.00
Be 6/15 2.00 6.00 3,00 1.55 2.50/ 2.00
B 15 90.00 290.00 186.67 61.26 200.00
ca 11/15 3.00 16.00 8.00 4.36 8.00/ 4.00
Cr 15 7.00 36.00 17.00 10.03 13.00
Co 8/15 7.00 70.00 27.00 19.63 25.00/ 7.00
Cu 15 18.00 130.00 51.60 29.08 50.00
Fe 15 810.00 81,000.00 20,447.33 22,760.62 8,300.00
Pb 3/15 130.00 220.00 163.33 49.33 140.00/ 50.00
Mn 15 130.00 8,000.00 1,677.33 2,175.30 430.00
Ni 9/15 12.00 100.00 41.78 27.65 43.00/ 13.00
Ag 4/15 4.00 7.00 5.00 1.41 4.50/ 3.00
Sr 15 110.00 240.00 160.67 29.15 160.00
v 14 5.00 150.00 42.07 42,72 16.50
Zn 11/15 50.00 2,900.00 682.73 1,079.83 210.00/ 120.00
al 15 410.00 41,000.00 11,999.33 12,198.47 5,200.00
PHNL 4 15.00 20.00 16.25 2.50 15.00
TDS 4 147.00 601.00 427.25 200.28 480.50
Hg 7/15 .02 .14 .07 .04 05/ .05
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986~-Continued

Results for Cedar Creek Tributary No. 1 at Road 1450 N at Galesburg; site T21

storm number 1, no samples collected

gtorm number 2, July 7-10

Con~
stit~- Number
uent of Standard
code!l f.sa.mples2 Low High Mean deviation Median3
SPCN 7 380.00 720.00 520.00 132,916 490.00
BOD 3 13.00 18.00 15.00 2.646 14.00
con 3 77.00 92.00 85.67 7.767 88.00
TSS 7 288.00 872.00 532.57 230.887 500.00
vss 7 36.00 112.00 70.29 30.885 64.00
NHjy 6/7 11 3.5¢0 .84 1.314 .34/ 0.30
TKN 7 1.60 8.10 3.37 2.194 2.50
NOx 7 2.90 16.00 5.83 4.521 4.40
P 7 <37 2.00 <9 523 .78
TOC 7 6.40 16.00 11.29 3.198 11.00
HRD 3 200.00 280.00 236.67 40.415 230.00
ca 3 54.00 73.00 62.33 9.713 60.00
Mg 3 16.00 23.00 19.67 3.512 20.00
Na 3 14.00 26.00 20.00 6.000 20.00
K 3 4.90 6.10 5.50 «600 5.50
Cl 1 24.00 24.00 24.00 .00 24.00
S04 1 47.00 47.00 47.00 .00 47.00
F 3 .10 .20 .17 .058 .20
As 3 11.00 31.00 18.33 11.015 13.00
Ba 3 100.00 200.00 166.67 57.735 200.00
Be 0/3 - dd - -~ -~/ 2.00
B 3 180.00 290.00 240.00 55.678 250.00
cd 0/3 - - -- - -/ 3.00
Cr 3 12.00 17.00 14.67 2,517 15.00
Co 2/3 5.00 7.00 6.00 1.414 6.00/ 5.00
Cu 3 26.00 28.00 27.00 1.000 27.00
Fe 3 8,500.00 13,000.00 10,833.33 2,254.625 11,000.00
Pb 0/3 - -- -- -- --/ 100.00
Mn 3 380.00 550,00 490.00 95.394 540.00
Ni 3 5.00 14.00 10.33 4.726 12.00
Ag 0/3 -- - - - -/ 3.00
Sr 3 120.00 130.00 123.33 5.774 120.00
v 3 11.00 21.00 17.33 5.508 20.00
Zn 3 170.00 200.00 183.33 15.275 180.00
Al 3 4,000.00 7,900.00 6,266.67 2,025.669 6,900.00
PHNL 1 10.00 10.00 10.00 .00 10.00
TDS 1 306.00 306.00 306.00 .00 306.00
Hg 1/3 .01 .01 .01 .00 01/ .01
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek Tributary No. 1 at Road 1450 N at Galesburg; Site T21-~Continued

storm number 3, no samples collected

storm number 4, Auqust 26-27

Con-

stit— Number

uent of Standard
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek Tributary No. 1 at Road 1450 N at Galesburg; Site T21--Continued

storm number 5, September 11-12

Con-
stit- Number
uent of Standard
codel samples? Low High Mean deviation Median3
SPCN 7 390.0¢C 870.00 591.43 196.6747 530.00
BOD 4 10.00 16.00 12.75 2.7538 12.50
cOD 4 23.00 55.00 44.00 14.3062 49.00
TSS 7 90.00 648.00 422.86 182.8254 462.00
vss 7 16.00 68.00 50.57 18.0264 54.00
NH;y 2/7 .22 W22 .22 .00 22/ 0.10
TKN 7 1.00 2.10 1.61 .4375 1.80
NOx 6/7 1.00 2.20 1.60 .4517 1.55/ 1.40
P 7 .29 .82 .63 . 1699 .68
TOC 7 7.50 16.00 12.07 2.7451 12.00
HRD 3 240.00 450.00 326.67 109.6966 290.00
Ca 3 60.00 110.00 81.00 25.9422 73.00
Mg 3 22.00 44.00 31.00 11.5326 27.00
Na 3 23.00 44.00 31.33 11.1505 27.00
K 3 5.40 6.20 5.77 4041 5.70
cl 1 48.00 48.00 48.00 .00 48.00
S04 1 130.00 130.00 130.00 .00 130.00
F 3 .20 .30 .23 .0577 <20
As 3 7.00 8.00 7.33 .5774 7.00
Ba 3 100.00 200.00 133.33 57.7350 100.00
Be 1/3 4.00 4.00 4.00 .00 4.00/ .50
B 3 320.00 630.00 443.33 164.4182 380.00
cd 0/3 - -~ -- - -~/ 3.00
cr 0/3 - - -- -- -/ 5.00
Co 1/3 7.00 7.00 7.00 .00 7.00/ 5.00
Cu 3 18.00 57.00 31.67 21.9621 20.00
Fe 3 4,900.00 6,700.00 5,700.00 916.5151 5,500.00
Pb 0/3 == - - - -/ 50.00
Mn 3 310.00 400.00 366.57 49.3288 390.00
Ni 3 9.00 13.00 10.67 2.0817 10.00
Ag 0/3 - - - - -/ 3.00
Sr 3 130.00 240.00 173.33 58,5947 150.00
v 3 13.00 14.00 13.33 .5774 13.00
zZn 0/3 -= -— - - --/ 100.00
Al 3 3,000.00 4,500.00 3,666.67 763.7626 3,500.00
PHNL 1 10.00 10.00 10.00 .00 10.00
TDS 1 574.00 574.00 574.00 .00 574.00
Hg 1/3 .07 .07 .07 .00 .07/ .05
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APPENDIX C

Ly

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek Tributary No.

samples collected from storms 2, 4, and 5 combined

1 at Road 1450 N at Galesburg; Site T21-~Continued

Con-
stit- Number
uent of Standard
code!l samples 2 Low High Mean deviation Median3
SPCN 15 380.00 870.00 556.67 159.493 530.00
BOD 8 4.10 18.00 12.51 4.248 13.50
COD 8 18.00 92.00 56.38 27.759 52.50
TSS 15 10.00 872.00 446.53 234.019 462.00
vss 15 3.00 112.00 56.60 29.413 60.00
NHy 8/15 .11 3.50 .68 1.146 .26/ 0.11
TKN 15 .70 8.10 2.37 1.770 1.90
NOx 14/15 1.00 16.00 3.84 3.738 3.15/ 2.90
P 15 .16 2.00 .73 .416 <71
TOC 15 5.80 16.00 11.29 3.173 12.00
HRD 6 200.00 450.00 281.67 88.863 260,00
Ca 6 54.00 110.00 71.67 20.285 66.50
Mg 6 16.00 44.00 25.33 9.832 22.50
Na 6 14.00 44.00 25.67 10.132 24.50
K [3 4.90 6.20 5.63 .480 5.60
Cl 2 24.00 48.00 36.00 16.971 36.00
S04 2 47.00 130.00 88.50 58.690 88.50
F [3 .10 .30 «20 .063 .20
As 6 7.00 31.00 12.83 9.218 9.50
Ba 6 100.00 200.00 150.00 54.772 150.00
Be 1/6 4.00 4.00 4.00 .00 4.00/ 1.25
B [ 180.00 630.00 341.67 156.386 305.00
cd 0/6 - -- -= -- -/ 3.00
Cr 3/6 12.00 17.00 14.67 2.517 15.00/ 8.50
Co 3/6 5.00 7.00 6.33 1.155 7.00/ 5.00
Cu 6 18.00 57.00 29.33 14.137 26.50
Fe 6 4,900.00 13,000.00 8,266.67 3,205.412 7,600.00
Pb 0/6 -- -- -- -- --/ 50.00
Mn 6 310.00 550.00 428.33 95.795 395.00
Ni 6 5.00 14.00 10.50 3.271 11.00
Ag 0/6 -- -- - - -/ 3.00
Sr 6 120.00 240.00 148.33 46.224 130.00
v 6 11.00 21.00 15.33 4.131 13.50
Zn 3/6 170.00 200.00 183.33 15.275 180.00/ 135.00
Al 6 3,000.00 7,900.00 4,966.67 1,975.517 4,250.00
PHNL 2 10.00 10.00 10.00 .00 10.00
TDS 2 306.00 574.00 440.00 189.505 440.00
Hg 2/6 .01 .07 .04 .042 .04/ .03
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek Tributary No. 2 at Road 2100 N near Galesburg; Site T23

storm number 1, May 16-20

Con-
stit- Number
uent of Standard
codel samples 2 Low High Mean deviation Median3
SPCN 6 480.00 720.00 603.33 88.015 590.00
BOD 3 12.00 24.00 16.33 6.658 13.00
cop 3 63.00 140.00 111.00 41.869 130.00
TSS 6 860.00 1,720.00 1,215.00 327.277 1,130.00
vss 6 92.00 200.00 150.33 45.527 160.00
NH; 6 .19 .46 31 .118 .28
TKN 6 3.60 7.10 5.30 1.349 5.55
NOx 6 5.20 6.10 5.77 .314 5.80
P 6 .82 1.60 1.22 .340 1.20
TOC 6 7.60 16.00 11.12 3.062 11.50
HRD 4 230.00 330.00 277.50 45.735 275.00
ca 3 57.00 79.00 69.33 11.240 72.00
Mg 3 26.00 33.00 29.33 3.512 29.00
Na 3 15.00 26.00 20.00 5.568 19.00
K 3 5.80 7.00 6.53 .643 6.80
Ccl 1 31.00 31.00 31.00 .00 31.00
504 1 50.00 50.00 50.00 .00 50.00
F 3 .20 .30 .27 .058 .30
As 3 6.00 8.00 6.67 1.155 6.00
Ba 3 200.00 400.00 300.00 100.000 300.00
Be 0/3 -- - - - -—/ 2.00
B 3 170.00 320.00 240.00 75.498 230.00
cad 0/3 -- - - - -—/ 3.00
Cr 3 13.00 23.00 18.00 5.000 18.00
Co 3 8.00 10.00 9.33 1.155 10.00
Cu 3 17.00 29.00 25.00 6.928 29.00
Fe 3 13,000.00 24,000.00 19,666.67 5,859.465 22,000.00
Pb 0/3 - -- - -- -~/ 50.00
Mn 3 670.00 1,000,00 806.67 172.143 750.00
Ni 3 13.00 24.00 18.00 5.568 17.00
Ag 0/3 - - -~ -- -/ 3.00
Sr 3 130.00 170.00 150.00 20.000 150.00
v 3 26.00 45.00 37.67 10.214 42.00
Zn 2/3 160.00 180.00 170.00 14.142 170.00/ 160.00
Al 3 8,400.00 17,000.00 13,800.00 4,703.190 16,000.00
PHNL 1 5.00 5.00 5.00 .00 5.00
TDS 1 360.00 360.00 360.00 .00 360.00
Hg 1/3 .01 .01 .01 .00 .01/ .01
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek Tributary No. 2 at Road 2100 N near Galesburg; Site T23--Continued

storm number 2, no samples collected
storm number 3, no samples collected

storm number 4, Auqust 26-27
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stit~- Number

uent of Standard

code!l sample52 Low High Mean deviation Median3
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek Tributary No. 2 at Road 2100 N near Galesburg; Site T23--Continued

storm number 5, September 11-12

Con-
stit- Number
uent of Standard
code! samples2 Low High Mean deviation Median3
SPCN 1 630.00 630.00 630.00 0 630.00
BOD 1] - - -- - -
coD 1 24.00 24.00 24.00 0 24.00
TSS 1 53.00 53.00 53.00 0 53.00
vss 1 12.00 12.00 12.00 0 12.00
NH3 0/1 - - - - -/ 0.10
TKN 1 1.20 1.20 1.20 0 1.20
NOx 1 3.20 3.20 3.20 0 3.20
P 1 .31 .31 31 a .31
TOC 1 9.00 9.00 9.00 0 9.00
HRD 1 320.00 320.00 320.00 0 320.00
Ca 1 76.00 76.00 76.00 0 76.00
Mg 1 32.00 32.00 32.00 0 32.00
Na 1 14.00 14.00 14.00 0 14.00
K 1 4.40 4.40 4.40 0 4.40
cl 1 34.00 34.00 34.00 0 34.00
S04 1 33.00 33.00 33.00 V] 33.00
F 1 <30 .30 .30 Q .30
As 1 1.00 1.00° 1.00 a 1.00
Ba 1 100.00 100.00 100.00 1 100.00
Be 1 3.00 3.00 3.00 Q 3.00
B 0/1 - - b -- -/ 50.00
ca 0/1 -- - - - -/ 3.00
Cr 0/1 - - - - -/ 5.00
Co 0/1 -- - - - -/ 5.00
Cu 1 7.00 7.00 7.00 0 7.00
Fe 1 950.00 950.00 950.00 0 950,00
Pb 0/1 - - -- - -/ 50.00
Mn 1 130.00 130.00 130.00 0 130.00
Ni 0/1 - - - - -/ 5.00
Ag 0/1 - - -— - -/ 3.00
Sr 1 160.00 160.00 160.00 0 160.00
A 0/1 == - - - -/ 5.00
Zn 0/1 - - - - -/ 50.00
Al 1 660.00 660.00 660.00 0 660.00
PHNL 1 5.00 5.00 5.00 0 5.00
TDS 1 427.00 427.00 427.00 0 427.00
Hg 0/1 - - - - --/ .05
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek Tributary No. 2 at Road 2100 N near Galesburg; Site T23--Continued

samples collected for storms 1, 4, and 5 combined

Con-

stit- Number

uent of Standard

codel samples2 Low High Mean deviation Median3

SPCN 8 480.00 720.00 601.25 76.80 590.00

BOD 4 6.00 24.00 13.75 7.50 12.50

COoD 5 21.00 140.00 75.60 56.81 63.00

TSS 8 13.00 1,720.00 919.50 613.19 1,015.00

vss 8 2.00 200.00 114.50 76.75 125.00

NH3 7/8 .19 .46 .31 -1 .30/ 0.27

TKN 8 1.10 7.10 4.26 2.23 4.55

NOx 8 3.20 6.10 5.22 1.06 5.75
P 8 .23 1.60 .98 .53 1.00

TOC 8 5.50 16.00 10.15 3.28 10.00

HRD 5 230.00 330.00 286.00 43.93 300.00
ca 4 57.00 79.00 71.00 9.76 74.00
Mg 4 26.00 33.00 30.00 3.16 30.50
Na 4 14.00 26.00 18.50 5.45 17.00
K 4 4.40 7.00 6.00 1.19 6.30
cl 2 31.00 34.00 32.50 2.12 32.50

S04 2 33.00 50.00 41.50 12.02 41.50
F 4 .20 .30 .28 .05 .30
As 4 1.00 8.00 5.25 2.99 6.00
Ba 4 100.00 400.00 250.00 129.10 250.00
Be 1/4 3.00 3.00 3.00 .00 3.00/ 2.00
B 3/4 170.00 320.00 240.00 75.50 230.00/ 200.00
cd 0/4 -- - - -- -~/ 3.00
Cr 3/4 13.00 ’ 23.00 18.00 5.00 18.00/ 15.50
Co 3/4 8.00 10.00 9.33 1.15 10.00/ 9.00
Cu 4 7.00 29.00 20.50 10.63 23.00
Fe 4 950.00 24,000.00 14,987.50 10,510.34 17,500.00
Pb 0/4 - - - -- -~/ 50.00
Mn 4 . 130.00 1,000.00 637.50 366.37 710.00
Ni 3/4 13.00 24.00 18.00 5.57 17.00/ 15.00
Ag 0/4 -— - - -— -~/ 3.00
Sr 4 130.00 170.00 152.50 17.08 155.00
v 3/4 26.00 45.00 37.67 10.21 42.00/ 34.00
Zn 2/4 160.00 180.00 170.00 14.14 170.00/ 130.00
Al 4 660.00 17,000.00 10,515.00 7,609.96 12,200.00

PHNL 2 5.00 5.00 5.00 .00 5.00

TDS 2 360.00 427.00 393.50 47.38 393.50
Hg 1/4 .01 .01 .01 ‘ .00 .01/ .01
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek Tributary No. 3 at Atchison, Topeka, & Santa Fe Railroad

near Galesburg; site T24

storm number 1, May 16-20

Con-
stit- Number
uent of Standard
code!l samp1e52 Low High Mean deviation Median3
SPCN 6 140.00 280.0 201.67 56.006 195.00
BOD 3 22.00 31.0 26.00 4.583 25.00
cop 3 250.00 550.0 443.33 167.730 530.00
TSS 6 1,990.00 4,840.0 3,113.33 1,253.071 2,540.00
vss 6 190.00 560.0 370.00 139.284 350.00
NH3 6 .58 1.2 .89 214 .94
TKN [3 10.00 33.0 18.17 8.060 16.00
NOx 6 1.60 3.8 2.73 .789 2.80
P 6 3.50 9.4 5.27 2.211 4.65
TOC 5 53.00 100.0 78.40 22.367 81.00
HRD 3 180.00 270.0 216.67 47.258 200.00
Ca 3 49.00 74.0 58.33 13.650 52.00
Mg 3 15.00 20.0 17.00 2.646 16.00
Na 3 2.10 4.4 2.90 1.300 2.20
K 3 7.90 10.0 8.63 1.185 8.00
Ccl 1 21.00 21.0 21.00 .00 21.00
S04 1 42.00 42.0 42.00 .00 42.00
F 3 .20 .3 .23 .058 «20
As 3 8.00 14.0 10.67 3.055 10.00
Ba 3 1,000.00 1,200.0 1,100.00 100.000 1,100.00
Be 3 4.00 5.0 4.67 577 5.00
B 1/3 50.00 50.0 50.00 .00 50.00/ 50.00
cd 2/3 3.00 4.0 3.50 .707 3.50/ 3.00
Cr 3 22.00 29.0 26.00 3.606 27.00
Co 3 30.00 40.0 33.33 5.774 30.00
Cu 3 58.00 68.0 64.00 5.292 66.00
Fe 3 32,000.00 44,000.0 37,000.00 6,244.998 35,000.00
Pb 0/3 - -- - -- -- / 100.00
Mn 3 2,700.00 3,200.0 3,033.33 288.675 3,200.00
Ni 3 42.00 49.0 44.67 3.786 43.00
Ag 1/3 3.00 3.0 3.00 .00 3.00/ 3.00
Sr 3 120.00 170.0 143.33 25.166 140.00
v 3 81.00 91.0 86.00 5.000 86.00
Zn 3 220.00 320.0 263.33 51.316 250.00
Al 3 29,000.00 36,000.0 31,666.67 3,785.939 30,000.00
PHNL 1 20.00 20.0 20.00 .00 20.00
TDS 1 222.00 222.0 222.00 .00 222.00
Hg 1/3 .20 o2 .20 .00 20/ .01
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APPENDIX C

Descriptive Staﬁistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek Tributary No. 3 at Atchison, Topeka, & Santa Fe Railroad

near Galesburg; site T24--Continued

storm number 2, no samples collected

storm number 3, July 31 to August 1

Con-
stit- Number
uent of Standard
code!l samples? Low High Mean deviation median3
SPCN 6 150.00 280,00 198.33 46.22 185.00
BOD 3 17.00 26.00 22.33 4.73 24.00
con 3 210.00 410.00 316.67 100.66 330.00
TSS 6 1,280.00 8,570.00 3,291.67 2,691.61 2,275.00
vssS 6 150.00 720.00 334.17 208.77 242.50
NH3 6 .16 .71 .49 .20 .52
TKN 6 10.00 25.00 16.33 5.20 15.50
NOx 6 1.40 3.80 2.38 .88 2.20
P 6 1.70 4.60 3.00 .95 3.00
TOC 6 32.00 96.00 60.67 21.67 55.00
HRD 3 190.00 250.00 213.33 32.15 200.00
Ca 3 49.00 73.00 58.00 13.08 52.00
Mg 3 14.00 19.00 16.67 2.52 17.00
Na 3 2.10 3.90 2.90 .92 2.70
K 3 4.80 10.00 8.23 2.97 9.90
cl 1 13.00 13.00 13.00 .00 13.00
304 1 26.00 26.00 26.00 .00 26.00
F 3 .10 .20 .13 .06 .10
As 3 7.00 13.00 10.00 3.00 10.00
Ba 3 500.00 1,200.00 866.67 351.19 900.00
Be 2/3 4.00 4.00 4.00 .00 4.00/ 4.00
B 3 80.00 110.00 96.67 15.28 100.00
cd 3 5.00 6.00 5.67 .58 6.00
Cr 3 12.00 18.00 15.33 3.06 16.00
Co 3 20.00 40.00 30.00 10.00 30.00
Cu 3 33.00 70.00 56.67 20.55 67.00
Fe 3 17,000.00 37,000.00 29,666.67 11,015.14 35,000.00
Pb 3 100.00 190.00 150.00 45.83 160.00
Mn 3 1,600.00 3,500.00 2,566.67 950.44 2,600.00
Ni 3 25.00 45.00 34.00 10.15 32.00
Ag 0/3 - - - - -~/  3.00
Sr 3 110.00 150.00 126.67 20.82 120.00
v 3 40.00 88.00 68.33 25.15 77.00
Zn 3 180.00 310.00 246.67 65.06 250.00
Al 3 12,000.00 29,000.00 23,000.00 9,539.39 28,000.00
PHNL 1 10.00 10.00 10.00 .00 10.00
TDS 1 137.00 137.00 137.00 .00 137.00
Hg 1/3 .05 .05 .05 .00 .05/ .01
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results for Cedar Creek Tributary No. 3 at Atchison, Topeka, & Santa Fe Railroad

near Galesburg; site T24--Continued

storm number 4, August 26-27

Con-
stit- Number
uent of Standard
codel samples 2 Low High Mean deviation Median3
SPCN 7 620.00 620.00 620.00 0.00 620.00
BOD 3 3.30 4.80 4.17 777 4.40
cOoD 4 13.00 19.00 14.75 2.872 13.50
TSS 7 43.00 176.00 99.71 40.570 91.00
vss 7 6.00 27.00 16.00 6.272 15.00
NH3 0/7 - - - - -/ 0.10
TKN 7 .30 1.00 +63 <236 .60
NOx 7 13.00 13.00 13.00 .00 13.00
P 7 .15 +23 .18 .025 .18
TOC 7 1.70 5.40 2.54 1.306 2.00
HRD 3 350.00 380.00 363.33 15.275 360.00
Ca 3 80.00 86.00 83.00 3.000 83.00
Mg 3 37.00 40.00 38.33 1.528 38.00
Na 3 11.00 12.00 11.33 .577 11.00
K 3 1.70 2.00 1.87 .153 1.90
cl 1 20.00 20.00 , 20.00 .00 20.00
S04 1 38.00 38.00 38.00 .00 38.00
F 3 .30 .30 30 .00 .30
As 3 1.00 2.00 1.67 .577 2.00
Ba 3 200.00 200.00 200.00 .00 200.00
Be 0/3 - - - - -/ +50
B 3 50.00 50.00 50.0C .00 50.00
ca 0/3 - - - - -—/ .50
Cr 3 9.00 12.00 11.00 1.732 12.00
Co 1/3 7.00 7.00 7.00 .00 7.00/ 5.00
Cu 3 9.00 9.00 9.00 .00 9.00
Fe 3 2,900.00 5,800.00 4,200.00 1,473.092 3,900.00
Pb 0/3 - = - - -/ 50.00
Mn 3 150.00 280.00 223.33 66.583 240,00
Ni 3 7.00 10.00 8.67 1.528 9.00
Ag 0/3 - -~ -~ - -~/ 3.00
Sr 3 170.00 180.00 173.33 5.774 170.00
v 3 15.00 19.00 16.67 2.082 16.00
Zn 1/3 120.00 120.00 120.00 .00 120.00/ 100.00
Al 3 3,000.00 5,600.00 4,533.33 1,361.372 5,000.00
PHNL 0/1 - - - L -/ 5.00
TDS 1 401.00 401.00 401.00 .00 401.00
Hg 3 .04 .12 .07 .046 .04
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms saggied in 1986--continued

Results for Cedar Creek Tributary No. 3 at Atchison, Topeka, & Santa Fe Railroad

near Galesburg; site T24--Continued

storm number 5, no samples collected

samples collected for storms 1, 3, and 4 combined

Con-
stit- Number
uent ’ of Standard
codel samples 2 Low High Mean deviation Median3
SPCN 19 140.00 620.0 354.74 211.64 240.00

BOD 9 3.30 31.0 17.50 10.65 22.00

coD 10 13.00 550.0 233.90 216.23 230.00

TSS 19 43.00 8,570.0 2,059.37 2,195.23 1,940.00

VSs 19 6.00 720.0 228.26 213.23 230.00

NH3 12/19 »16 1.2 .69 .29 .67/ 0.50
TKN 19 .30 33.0 11.13 9.70 13.00

NOx 19 1.40 13.0 6.41 5.21 3.20

P 19 .15 9.4 2.68 2.51 2.90

TOC 18 1.70 100.0 42.99 37.54 53.00

HRD 9 180.00 380.0 264.44 79.86 250.00

ca 9 49.00 86.0 66.44 15.68 73.00

Mg 9 14.00 40.0 24.00 10.93 19.00

Na 9 2.10 12.0 5.71 4.30 3.90

) 4 9 1.70 10.0 6.24 3.66 7.90

cl 3 13.00 21.0 18.00 4.36 20.00

S0, 3 26.00 42.0 35.33 8.33 38.00

F 9 .10 .3 22 .08 .20

As 9 1.00 14.0 7.44 4.85 8.00

Ba 9 200.00 1,200.0 722.22 443.78 900.00

Be 5/9 4.00 5.0 4.40 .55 4.00/ 4.00
B 7/9 50.00 110.0 70.00 26.46 50.00/ 50.00
cd 5/9 3.00 6.0 4.80 1.30 5.00/ 3.00
Ccr 9 9.00 29,0 17.44 7.14 16.00

Co 7/9 7.00 40.0 28.14 11.58 30.00/ 30.00
Cu 9 9.00 70.0 43.22 27.95 58.00

Fe 9 2,900.00 44,000.0 23,622.22 16,214.10 32,000.00

Pb 3/9 100.00 190.0 150.00 45.83 160.00/ 100.00
Mn 9 150.00 3,500.0 1,941. 11 1,395.85 2,600.00

Ni 9 7.00 49.0 29.11 16.92 32.00

Ag 1/9 3.00 3.0 3.00 .00 3.00/ 3.00
Sr 9 110.00 180.0 147.78 26.35 150.00

v 9 15.00 91.0 57.00 33.75 77.00

Zn 7/9 120.00 320.0 " 235,71 70.44 250.00/ 220.00
Al 9 3,000.00 36,000.0 19,733.33 13,070.58 28,000.00
PHNL 2/3 10.00 20.0 15.00 7.07 15.00/ 10.00
TDS 3 137.00 401.0 253.33 134.76 222.00

Hg 5/9 .04 2 .09 .07 .05/ .04
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Galesburg wastewater-treatment-facility outfall at Galesburg; site WWTF

storm number 1, no samples collected

storm number 2, July 7-10

Con-
stit- Number
uent of Standard
codel samples? Low High Mean deviation Median3
SPCN 12 790.00 1,050.00 938.33 92.130 950.00
BOD 6 13.00 44.00 27.50 12.438 27.00
CoD 6 27.00 51.00 38.50 11.640 37.50
TSS 12 10.00 27.00 14.42 4.680 13.50
vVsSs 12 6.00 13.00 9.08 2.109 9.00
NH3 7/12 <19 .61 .45 .126 .47/ 0.32
TKN 12 1.60 4.80 2.97 1.082 2.40
NOx 12 9.74 14.00 12. 14 1.830 12.00
P 12 4.10 10.00 4,87 1.635 4.50
TOC 12 11.00 17.00 13.50 1.977 13.00
HRD 6 280.00 290.00 286.67 5.164 290.00
Ca 6 70.00 73.00 71.67 1.366 72.00
Mg 6 25.00 27.00 26.00 .894 26.00
Na 6 80.00 110.00 96.00 12.837 96.00
K 6 7.50 9.50 8.52 .875 8.55
cl 2 110.00 140.00 125.00 21.213 125.00
$04 2 61.00 68.00 64.50 4.950 64.50
F 6 .30 .90 .63 .294 .65
AsS 1/6 1.00 1.00 1.00 .00 1.00/ 1.00
Ba 6 40.00 50.00 45.00 5.477 45.00
Be 4/6 2.00 4.00 3.25 .957 3.50/ 2.50
B 6 290.00 . 340.00 308.33 19.408 305.00
ol | 0/6 - - - - -/ 14.50
Cr 6 11.00 20.00 14.67 3.327 14.50
Co 1/6 6.00 6.00 6.00 .00 6.00/ 5.00
Cu 6 33.00 400.00 110.17 144.037 43.00
Fe 6 230.00 320.00 266.67 33.862 260.00
Pb 1/6 50.00 50.00 50.00 .00 50.00/ 50.00
Mn 6 40.00 60.00 47.83 7.441 47.00
Ni 1/6 14.00 14.00 14.00 .00 14.00/ 5.00
Ag 1/6 3.00 3.00 3.00 .00 3.00/ 3.00
Sr 6 120.00 130.00 123.33 5.164 120.00
v o/6 -- -— - - -/ 5.00
Zn a/6 - —-— - - -~/ 100.00
Al 2/6 50.00 90.00 70.00 28.284 70.00/ 50.00
PHNL 1/2 15.00 15.00 15.00 .00 15.00/ 10.00
TDS 2 580.00 623.00 601.50 30.406 601.50
Hg 6 <11 1.00 47 .358 43
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms .Sampled in 1986--Continued

Galesburg wastewater-treatment-facility outfall at Galesburg; site WWTF--Continued

storm number 3, no samples collected

storm number 4, no samples collected

storm number 5, September 11-12

Con~

stit- Number

uent of Standard

codel samples? Low High Mean deviation Mediand

SPCN 7 660.00 770.00 742.86 38.1725 750.00

BOD 4 35.00 51.00 40.00 7.3937 37.00

CcOoD 4 51.00 120.00 71.00 32.9747 56.50

TSS 7 2.00 78.00 22.29 24.8979 16.00

vss 7 4.00 51.00 12.57 17.0182 7.00

NH3 7 1.00 2.30 1.83 .4821 2.00

TKN 7 3.90 6.60 5.04 .8619 4.90

NOx 7 4.30 8.90 6.33 1.5250 6.40
P 7 3.30 4.00 3.66 .2370 3.60

TOC 7 15.00 22.00 18.29 2.2887 18.00

HRD 4 210.00 240.00 220.00 14.1421 215.00
Ca 4 54.00 59.00 56.00 2.1602 55.50
Mg 4 19.00 21.00 192.75 9574 19.50
Na 4 62.00 66.00 64.25 1.7078 64.50
K 4 7.70 9.30 8.67 .7136 8.85
Cl 2 80.00 83.00 81.50 2.1213 81.50

S04 2 33.00 40.00 36.50 4.9497 36.50
F 4 .70 .90 .82 .0957 .85
As 2/4 1.00 1.00 1.00 .00 1.00/ 1.00
Ba 4 40.00 60.00 45.00 10.0000 40.00
Be 3/4 2.00 5.00 3.33 1.5275 3.00/ 4.00
B 4 170.00 270.00 230.00 43.2049 240.00
cd 1/4 3.00 3.00 3.00 .00 3.00/ 3.00
Cr 2/4 8.00 26.00 17.00 12.7279 17.00/ 6.50
Co 0/4 - -- ~- -~ -~/  5.00
Cu 4 29.00 100.00 52.50 32.1299 40.50
Fe 4 200.00 1,000.00 450,00 376.9173 300.00
Pb 0/4 - == - - -/ 50.00
Mn 4 25.00 130.00 54.75 50.3810 32.00
Ni 1/4 10.00 10.00 10.00 .00 10.00/ 7.50
ag 0/4 -- - -~ -- --/  3.00
Sr 4 100.00 110.00 105.00 5.773% 105.00
v 0/4 - - - - -/ 5.00
Zn 1/4 100.00 100.00 100.00 .00 100.00/ 100.00
Al 4 70.00 210.00 125.00 61.9139 110.00

PHNL 2 15.00 35.00 25.00 14.1421 25.00

TDS 2 359.00 446,00 402.50 61.5183 402.50
Hg 1/4 .14 .14 .14 .00 .14/ .05
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986~-~Continued

Galesburg wastewater-treatment~facility outfall at Galesburg; site WWTF~~Continued

samples collected for storms 2 and 5 combined

Con-
stit- Number
uent of Standard
cogdel samples? Low High Mean deviation Median3
SPCN 19 660.00 1,050.0 866.32 122.7106 820.00
BOD 10 13.00 51.0 32.50 12.0761 35.50
COoD 10 27.00 120.0 51.50 26.8214 50.50
TSS 19 9.00 78.0 17.32 15.3371 14.00
vss 19 4.00 51.0 10.37 10.1117 8.00
NH3 14/19 .19 2.3 1.14 .7914 .80/ 0.47
TKN 19 1.60 6.6 3.74 1.4190 4.10
NOx 19 4.30 14.0 10.00 3.3365 10.00
P 19 3.30 10.0 4.43 1.4204 4.10
TOC 19 11.00 22.0 15.26 3.1241 15.00
HRD 10 210.00 290.0 260.00 35.5903 280,00
Ca 10 54.00 73.0 65.40 8.2489 70.00
Mg 10 19.00 27.0 23.50 3.3417 25.00
Na 10 62.00 110.0 83.30 19.0091 82.00
K 10 7.50 9.5 8.58 .7757 8.85
cl 4 80.00 140.0 103.25 27.9687 96.50
S04 4 33.00 68.0 50.50 16.6633 50.50
F 10 .30 .9 .71 .2470 .85
As 3/10 1.00 1.0 1.00 .00 1.00/ 1.00
Ba 10 40.00 60.0 45.00 7.0711 40.00
Be 7/10 2,00 5.0 3.29 1.1127 3.00/ 3.00
B 10 170.00 340.0 277.00 49.6767 290.00
cd 1/10 3.00 3.0 3.00 .00 3.00/ 3.00
Cr 8/10 8.00 26.0 15.25 5.6758 14.50/ 12.50
Co 1/10 6.00 6.0 6.00 .00 6.00/ 5.00
Cu 10 29.00 400.0 87.10 112.9459 42.00
Fe 10 200.00 1,000.0 340.00 238.6536 260.00
Pb 1/10 50.00 50.0 50.00 .00 50.00/ 50.00
Mn 10 25.00 130.0 50.60 29.8262 43.50
Ni 2/10 10.00 14.0 12.00 2.8284 12.00/ 5.00
Ag 1/10 3.00 3.0 3.00 .00 3.00/ 3.00
Sr 10 100.00 130.0 116.00 10.7497 120.00
v 0/10 - - - - -/ 5.00
Zn 1/10 100.00 100.0 100.00 .00 100.00/ 100.00
Al 6/10 50.00 210.0 106.67 57.1548 90.00/ 60.00
PHNL 3/4 15.00 35.0 21.67 11.5470 15.00/ 15.00
TDS 4 359.00 623.0 502.00 121.5319 513.00
Hg 7/10 .11 1.0 42 .3494 25/ .14
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results from all of the sampled combined-gsewer overflows

storm number 1, May 16-20

Con-
stit- Number
uent of Standard
code!l samples? Low High Mean deviation Median3
SPCN 12 130.00 530.00 289.17 123.910 325.00
BOD 6 22.00 943.00 194.50 367.340 51.00
coD 6 25.00 950.00 294.17 350.206 155.00
TSS 12 102.00 1,670.00 768.17 501.938 669.00
vss 12 54.00 660.00 235.83 205.424 134.00
NHy 10/12 .22 6.20 3.54 2.245 4.10/  3.75
TKN 12 1.40 33.00 12.98 11.555 10.65
NOx 11/12 .10 <64 .27 <199 .18/ .16
P 12 .14 6.70 2.79 2.490 2.20
TOC 12 5.70 52.00 22.27 14.798 21.00
HRD 4 90.00 350.00 230.00 134.412 240.00
Ca 4 27.00 110.00 69.75 40.451 71.00
Mg 4 '5.40 22.00 13.55 9.190 13.40
Na 4 2.20 25.00 10.80 10.381 8.00
K 4 .50 3.70 1.97 1.389 1.85
Ccl 2 4.00 15.00 9.50 7.778 9.50
S04 1/2 16.00 16.00 16.00 .00 16.00/ 13.00
F 2/5 .20 .30 «25 071 .25/ .10
As 4 2.00 18.00 6.50 7.681 3.00
Ba 4 30.00 700.00 230.00 314.854 95.00
Be 0/4 - - - - -~/ .75
B 1/4 120.00 120.00 120.00 .00 120.00/ 50.00
cd 2/4 13.00 27.00 20.00 9.899 20.00/ 8.00
Cr 4 11.00 30.00 17.50 8.737 14.50/ 14.50
Co 3/4 5.00 10.00 7.33 2.517 7.00/ 6.00
Cu 4 22.00 6390.00 203.50 324.638 51.00
Fe 4 1,500.00 18,000.00 7,725.00 7,234.812 5,700.00
Pb 4 120.00 540.00 292.50 184.639 255.00
Mn 4 88.00 430.00 274.50 151.924 290.00
Ni 3/4 6.00 36.00 16.67 16.773 8.00/ 7.00
Ag 3/4 4.00 14.00 7.33 5.774 4.00/ 4.00
Sr 4 30.00 120.00 65.00 40.415 55.00
v 4 5.00 27.00 12.50 9.849 9.00
Zn 4 180.00 1,200.00 515.00 464.004 340.00
Al 4 800.00 8,600.00 3,375.00 3,538.714 2,050.00
PHNL 2 5.00 60.00 32.50 38.891 32.50
TDS 2 103.00 205.00 154.00 72.125 154.00
Hg 2/4 .05 +33 .19 .198 «19/ .03
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Fi\;e Storms Sampled in 1986--Continued

Results from all of the sampled combined-sewer overflows--Continued

storm number 2, July 7-10

Con-
stit- Number
uent of Standard
codel seunples2 Low High Mean deviation Median3
SPCN 14 90.00 350.00 142.14 65.888 125.00
BOD 7 15.00 64.00 34.29 18.053 27.00
cobp 8 15.00 240.00 66.63 71.881 49.00
TSS 14 20.00 835.00 311.29 256.444 278.00
vss 14 5.00 196.00 66.93 56.790 53.00
NH3 10/15 .10 1.10 42 .326 32/ 0.20
TKN 15 1.40 31.00 5.02 7.436 3.00
NOx 15 .11 1. 10 .44 .230 41
P 15 .11 5.30 .98 1.309 .62
TOC 15 .00 63.00 17.07 17.508 8.90
HRD 8 40.00 360.00 154.13 126.313 113.00
Cca 8 14.00 100.00 45.00 35.112 32.50
Mg 8 1.50 23.00 9.79 8.677 7.90
Na 8 3.90 18.00 8.30 5.036 6.45
K 8 .70 2.30 1.41 .594 1.30
cl 2 6.10 20.00 13.05 9.829 13.05
S0, 1/2 27.00 27.00 27.00 .00 27.00/ 18.50
F 1/8 .20 .20 .20 .00 .20/ .10
As 6/8 2.00 24.00 6.83 8.519 4.00/ 2.50
Ba 8 20.00 200.00 65.00 59.522 50.00
Be 3/8 4.00 6.00 5.00 1.000 5.00/ 1.25
B 5/8 60.00 170.00 94.00 45.056 70.00/ 65.00
cd 1/8 11.00 11.00 11.00 .00 11.00/ 3.00
Cr 5/8 10.00 21.00 14.20 4.438 13.00/ 10.50
Co 1/8 8.00 8.00 8.00 .00 8.00/ 5.00
Cu 8 14.00 170.00 60.13 50.340 42.00
Fe 8 400.00 9,000.00 3,345.00 3,333.754 1,900.00
Pb 3/8 200.00 450.00 360.00 138.924 430.00/ 100.00
Mn 8 41.00 570.00 203.88 207.129 111.00
Ni 2/8 8.00 13.00 10.50 3.536 10.50/ 5.00
Ag 1/8 140.00 140.00 140.00 .00 140.00/ 3.00
Sr 8 20.00 70.00 40.00 20.702 30.00
v 2/8 7.00 10.00 8.50 2.121 8.50/ 5.00
Zn 8 120.00 900.00 311.25 256.706 205.00
Al 8 190.00 4,100.00 1,355.00 1,473.286 510,00
PHNL 1/2 10.00 10.00 10.00 .00 10.00/ 7.50
TDS 2 75.00 255.00 165.00 127.279 165.00
Hg 1/8 .05 .05 .05 .00 .05/ .01
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results from all of the sampled combined-sewer overflows--Continued

‘storm number 3, July 31 to August 1

Con-
stit- Number
uent of Standard
code! samples2 Low High Mean deviation Median3
SPCN 17 80.00 600.00 234.12 151.536 220.00
BOD 9 11.00 66.00 30.33 16.867 30.00
cop 8 38.00 1,300.00 565.62 611.696 205.00
TSS 16 71.00 2,380.00 862.81 739.878 515.50
vss 16 18.00 860.00 308.50 312.436 141.50
NH3 17 +26 6.80 1.59 1.931 .69
TKN 17 .90 48.00 15.29 16.201 5.60
NOx 12/17 «37 2.50 .82 +569 .62/ 0.60
P 17 .22 7.30 2.34 2.458 .84
TOC 17 5.90 160.00 42.48 44.622 17.00
HRD 6 94.00 950.00 392.33 326.706 305.00
Ca 6 30.00 300.00 120.83 102.263 91.00
Mg 6 4.70 46.00 20.73 16.452 17.50
Na 6 2.00 32.00 10.12 11.425 6.85
X 6 1.00 8.80 3.72 2.914 3.10
Ccl 1 24.00 24.00 24.00 .00 24.00
S0, 2 11.00 20.00 15.50 6.364 15.50
F 3/5 «20 «30 .23 .058 .20/ .20
As 6 14.00 660.00 271.67 289.840 220.00
Ba 6 40.00 800.00 366.67 337.204 350.00
Be 0/6 - - - - -/ «50
B a/6 70.00 270.00 157.50 83.815 145.00/ 100.00
cd 6 3.00 21.00 12.00 7.266 13.00
Cr 6 6.00 30.00 19.67 10.596 21.50
Co 3/6 20.00 20.00 20.00 .00 20.00/ 12.50
Cu 6 45.00 750.00 392.83 344.297 375.00
Fe 6 2,900.00 23,000.00 12,850.00 9,120.252 13,050.00
Pb 6 140.00 640.00 403.33 235.514 435.00
Mn 6 170.00 830.00 458.33 264.758 400.00
Ni 6 7.00 43.00 25.50 18.534 27.00
Ag 3/6 3.00 8.00 6.00 2.646 7.00/ 3.00
Sr 6 20.00 430.00 166.67 166.453 115.00
v 4/6 10.00 35.00 25.50 10.970 28.50/ 18.00
Zn 6 260.00 7,800.00 2,035.00 2,869.214 1,130.00
Al 6 1,200.00 22,000.00 8,066.67 7,949.256 6,300.00
PHNL 2 5.00 25.00 15.00 14.142 15.00
TDS 1 238.00 238.00 238.00 .00 238.00
Hg 3/6 .05 11 .08 .030 .08/ .03
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampied in 1986--Continued

Results from all of the sampled combined-sewer overflows--Continued

storm number 4, August 26-27

Con=
stit~- Number
uent of . Standard
codel samples? Low High Mean deviation Median3
SPCN 3 110.00 200.00 140.00 51.9615 110.00
BOD 1 31.00 31.00 31.00 .00 31.00
CcOoD 1 120.00 120.00 120.00 .00 120.00
T8S 3 30.00 508.00 356.67 231.6405 472.00
vss 3 25.00 132.00 90.33 57.2917 114.00
NHj3 3 .33 1.80 .86 .8163 .45
TKN 3 2.40 10.00 5.37 4.0649 3.70
NOx 3 .66 .81 .72 .0794 .69
P 3 .73 2.70 1.41 1.1150 .81
TOC 3 20.00 79.00 42.00 32.2335 27.00
HRD 1 130.00 130.00 130.00 .00 130.00
Ca 1 41.00 41.00 41.00 .00 41.00
Mg 1 7.60 7.60 7.60 .00 7.60
Na 1 3.90 3.90 3.90 .00 3.90
K 1 2.50 2.50 2.50 .00 2,50
cl 1 4.40 4.40 4.40 .00 4.40
504 1 14.00 14.00 14.00 .00 14.00
F 0/1 - - -- -- -/ 0.10
As 1 6.00 6.00 6.00 .00 6,00
Ba 1 80.00 80.00 80.00 .00 80.00
Be 0/1 - - - -- -/ .50
B 1 80.00 80.00 80.00 .00 80.00
ca o/1 - -- - -- -~/ 3.00
Cr 1 12.00 12.00 12.00 .00 12.00
Co 0/1 - - - - -/ 5.00
Cu 1 71.00 71.00 71.00 .00 71.00
Fe 1 5,400.00 5,400.00 5,400.00 .00 5,400.00
Pb 1 170.00 170.00 170.00 .00 170.00
Mn 1 220.00 220.00 220.00 .00 220.00
Ni 1 8.00 8.00 8.00 .00 8.00
Ag 0/1 -- il R -~ -/ 3.00
Sr 1 40.00 40.00 40.00 .00 40.00
v 1 7.00 7.00 7.00 .00 7.00
Zn 1 420.00 420.00 420.00 .00 420.00
Al 1 2,200.00 2,200.00 2,200.00 .00 2,200.00
PHNL 1 15.00 15.00 15.00 .00 15.00
TDS 1 117.00 117.00 117.00 .00 117.00
Hg 0/1 -- -~ -- - -/ .01
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results from all of the sampled combined-gsewer overflows-~Continued

storm number 5, September 11-12

Con~
stit- Number
uent of Standard
codel samples? Low High Mean deviation Median3
SPCN 9 70.00 370.0 145.56 103.333 100.00
BOD 6 10.00 207.0 73.00 76.194 44.00
cob 6 24.00 400.0 149.33 136.940 101.50
TSS 9 36.00 1,330.0 408.78 408.758 276.00
vss 9 8.00 440.0 98.00 135.754 45.00
NH;y 9 .13 3.1 61 947 .23
TKN 9 1.00 14.0 3.63 4.201 1.80
NOx 8/9 22 .4 .29 . 069 +29/ 0.27
P 9 .24 2.8 .89 «840 .58
TOC 9 4.80 46.0 15.86 13.712 12.00
HRD 2 51.00 170.0 110.50 84.146 110.50
Ca 2 16.00 56.0 36.00 28.284 36.00
Mg 2 2.60 7.4 5.00 3.394 5.00
Na 2 2.10 3.3 2.70 .849 2.70
K 2 .60 7 +65 071 65
cl 1 2.80 2.8 2.80 .00 2.80
S04 0/1 - -- -- - --/ 10.00
F 0/2 -- - - - -/ .10
As 2 1.00 6.0 3.50 3.536 3.50
Ba 2 20.00 70.0 45.00 35.355 45.00
Be 1/2 2.00 2.0 2.00 .00 2.00/ 2.00
B 0/2 - - - - --/ 50.00
cad 1/2 4.00 4.0 4.00 .00 4.00/ 3.50
cr 0/2 - - -- - --/  5.00
Co 0/2 -— -— - - -/ 5.00
Cu 2 18.00 73.0 45.50 38.891 45.50
Fe 2 840.00 4,900.0 2,870.00 2,870.854 2,870.00
Pb 1/2 220.00 220.0 220.00 .00 220.00/ 135.00
Mn 2 56.00 240.0 148.00 130.108 148.00
Ni 0/2 -- -- -- -- -~/  5.00
Ag 0/2 -- -- -- - -/ 3.00
Sr 2 20.00 30.0 25.00 7.071 25.00
v 0/2 - - - -- -~/ 5.00
Zn 2 100.00 440.0 270.00 240.416 270.00
Al 2 390.00 1,900.0 1,145.00 1,067.731 1,145.00
PHNL 1 10.00 10.0 10.00 .00 10.00
TDS 1 63.00 63.0 63.00 .00 63.00
Hg 1/3 .00 .0 .00 .00 00 / .05
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APPENDIX C

Descriptive Statistics for the Samples Collectied During the Five Storms Sampled in 1986~-Continued

Results from all of the sampled combined-sewer overflows--Continued

samples collected from storms 1, 2, 3, 4, and 5 combined

Con-
stit- Number
uent of Standard
codel samples? Low High Mean deviation Median3
SPCN 55 70.00 600.00 203.09 127.844 140.00
BOD 29 10.00 943.00 73.86 171.724 31.00
coD 29 15.00 1,300.00 270.31 401.148 120,00
TSS 54 20.00 2,380.00 595.00 556.241 438.00
vss 54 5.00 860.00 182.52 225.256 104.00
NH3 49/56 <10 6.80 1.52 1.916 .48/ 0.41
TKN 56 .90 48.00 9.64 12.056 3.60
NOx 49/56 .10 2.50 .49 <384 .40/ «37
P 56 <11 7.30 1.79 2.052 .81
TOC 56 .00 160.00 27.04 30.078 15.00
HRD 21 40.00 950.00 231.33 217.869 140.00
Ca 21 14.00 300.00 70.33 67.187 44.00
Mg 21 1.50 46.00 13.07 11.715 7.60
Na 21 2.00 32.00 8.55 7.999 5.70
K 21 .50 8.80 2.16 1.930 1.30
Ccl 7 2.80 24.00 10.90 8.658 6.10
sS04 5/8 11.00 27.00 17.60 6.189 16.00/ 12.50
F 6/21 <20 .30 «23 052 .20/ .10
As 19/21 1.00 660.00 90.00 198.608 6.00/ 5.00
Ba 21 20.00 800.00 181.43 251,322 70.00
Be 4/21 2.00 6.00 4.25 1.708 4.50/ 50
B 11/21 60.00 270.00 118.18 ) 63.058 100.00/ 60.00
cd 10/21 3.00 27.00 12.70 7.818 13.00/ 3.00
Cr 16/21 6.00 30.00 16.94 8.070 14.50/ 12.00
Co 7/21 5.00 20.00 12.86 6.842 10.00/ 5.00
Cu 21 14.00 750.00 181.62 261.255 59.00
Fe 21 400.00 23,000.00 6,947.62 7,105.940 4,200.00
Pb 15/21 120.00 640.00 337.33 188. 167 280.00/ 190.00
Mn 21 41.00 830.00 285,48 224.954 220.00
Ni 12721 6.00 43.00 19.33 16.030 10.00/ 7.00
Ag 7/21 3.00 140.00 25.71 50,533 7.00/ 3.00
Sr 21 20.00 430.00 79.52 103.173 40.00
v 11/21 5.00 35.00 16.00 11.225 10.00/ 5.00
Zn 21 100.00 7,800.00 843.81 1,648.940 380.00
Al 21 190.00 22,000.00 3,677.62 5,215.227 1,800,00
PHNL 7/8 5.00 60.00 18.57 19.518 10.00/ 10.00
TDS 7 63.00 255.00 150.806 79.876 117.00
Hg 7/22 .00 .33 .10 <109 .05/ .01

158



APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled' in 1986--Continued

Results from all of the sampled storm sewers

storm number 1, May 16-20

Con-
stit- Number
uent of Standard
codel samples?2 Low High Mean deviation Median3
SPCN 12 300.00 1,010.00 558.33 230.29 520.00
BOD 6 27.00 66.00 48.00 13.55 50.00
coD 6 180.00 960.00 390.00 303.97 245.00
TSS 12 58.00 3,200.00 855.17 1132.93 234.00
vss 12 26.00 640.00 196.67 225.11 74.00
NHy 12 «34 4.30 1.74 1.24 1.45
TKN 12 4.30 25.00 10.38 6.86 7.65
NOx 10/12 .10 1.30 .42 .42 20/ 0.13
P 12 57 4.50 1.46 1.18 1.04
TOC 11 2.40 63.00 34.04 20.67 35.00
HRD 6 140.00 960.00 401.67 308.44 '265.00
Ca 6 43.00 290.00 120.83 95.80 75.00
Mg 6 ‘7.30 57.00 24.38 17.58 19.50
Na 6 8.40 49.00 25.57 17.82 19.50
K 6 5.40 13.00 8.67 2.94 9.05
cl 2 55.00 91.00 73.00 25.46 73.00
S04 2 32.00 100.00 66.00 48.08 66.00
F 4/6 <10 .20 .15 06 «15/ «10
As 6 2.00 30.00 11.17 11.87 6.00
Ba 6 40.00 1,000.00 290.00 374.70 125.00
Be 1/6 7.00 7.00 7.00 .00 7.00/ +50
B 6 50.00 210.00 141.67 59.47 145,00
ca 4/6 3,00 19.00 8.25 7.54 5.50/ 3,00
Cr 6 11.00 37.00 19.17 10.52 14.00
Co 3/6 6.00 30.00 15.33 12.86 10.00/ 5.50
Cu 6 35.00 290.00 112.00 95.99 84.50
Fe 6 1,100.00 58,000.00 16,916.67 22,355.98 7,350.00
Pb 4/6 110.00 1,500.00 652.50 606.65 500.00/ 230.00
Mn 6 140.00 3,900.00 1,128.33 1,456.38 585.00
Ni 6 17.00 71.00 31.50 20.71 25.00
Ag 1/6 4.00 4.00 4.00 .00 4,00/ 3.00
sr 6 70.00 240.00 125.00 60.91 115.00
\ 5/6 6.00 100.00 36.00 39.01 21.00/ 14.50
Zn 6 190.00 2,500.00 781.67 908.99 350.00
Al 6 460.00 33,000.00 9,268.33 12,772.95 3,720.00
PHNL 2 20.00 35.00 27.50 10.61 27.50
TDS 2 304.00 535.00 419.50 163.34 419.50
Hg 3/6 .11 .28 17 .09 .13/ .06
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results from all of the sampled storm sewers-~Continued

storm number 2, July 7-10

Con~

stit~ Number

uent of Standard

codel samples 2 Low High Mean deviation Median3

SPCN 8 70.00 280.00 172.50 69.23 180.00

BOD 6 9.40 79.00 23.57 27.34 12.50

cob 6 20.00 360.00 90.83 133.66 30.00

TSS 8 21.00 1,620.00 309.75 537.28 120.50

vss 8 7.00 220.00 46.25 71.25 20.50

NH3 5/8 12 23 .18 .05 .19/ 0.12

TKN 8 .50 6.30 2.10 1.82 1.55

NOx 2/8 «55 1.40 .86 .29 79/ .76
P 8 .10 1.40 .43 .41 .31

TOC 8 2.70 70.00 15.66 22.45 8.00

HRD 6 34.00 710.00 186.50 259.58 96.50
Ca 6 12.00 220.00 58.67 80.07 29.00
Mg 6 ‘1.20 42.00 10.12 15.75 5.40
Na 6 1.80 18.00 9.30 5.90 8.50
K 6 .60 8.00 2.47 2.79 1.60
Ccl 4 2.10 22.00 10.37 8.56 8.70

504 1/4 23.00 23.00 23.00 .00 23.00/ 10.00
F 2/6 .10 .10 .10 .00 <10/ <10
As 5/6 1.00 26.00 6.20 11.08 1.00/ 1.00
Ba 6 20.00 500.00 111.67 190.73 40.00
Be 0/6 - - - - -/ «50
B 3/6 90.00 170.00 126.67 40.41 120.00/ 70.00
cd 1/6 25.00 25.00 25.00 .00 25.00/ 3.00
Cr 2/6 11.00 99.00 55.00 62.23 55.00/ 5.00
Co 0/6 e -— L - -/ 5.00
Cu 4/6 8.00 730.00 249.75 339.65 130.50/ 9.50
Fe 6 430.00 26,000.00 5,538.33 10,069.22 1,705.00
Pb 2/6 100.00 2,900.00 1,500.00 1,979.90 1,500.00/ 50.00
Mn 6 33.00 2,000.00 416.33 778.67 112.00
Ni 1/6 48.00 48.00 48.00 .00 48.00/ 5.00
Ag 0/6 - -- -- - -/ 3.00
Sr 6 10.00 160.00 55.00 53.94 45.00
v 1/6 34.00 34.00 34.00 .00 34.00/ 5.00
Zn 4/6 160.00 2,100.00 655.00 963.52 180.00/ 160.00
Al 6 240.00 12,000.00 2,616.67 4,617.52 800.00

PHNL 2/4 10.00 10.00 10.00 .00 10.00/ 7.50

TDS 4 83.00 170.00 127.75 41.40 129,00
Hg 4/6 .03 .16 .09 .06 .08/ .04
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Descriptive Statistics for the Samples Collected During the Five Storms Sampled

APPENDIX C

in_ 1986--Continued

Results from all of the sampled storm sewers--Continued

storm number 3, July 31 to Augqust 1

con-
stit- Numberx
uent of standard
code! samples2 Low High Mean deviation Median3
SPCN 8 240.00 1,410.00 1,120.00 524.976 1,405.00
BOD 5 2.60 40.00 16.94 19.278 3.10
cOD 5 3.00 180.00 53.60 77.468 4.00
TSS 8 2.00 420.00 107.37 192.344 4.00
vss 7/8 2.00 102.00 30.57 48.117 3.00/ 2.50
NH3 2/8 <11 .24 .17 .092 .17/ .10
TKN 8 <30 4.60 1.37 1.497 «85
NOx 8 .88 5.70 4.36 1.941 5.30
P 8 .02 .88 .19 312 .04
TOC 8 2.10 18.00 6.44 6.589 3.25
HRD 3 250.00 610.00 483.33 202.320 590.00
Ca 3 80.00 140.00 120.00 34.641 140.00
Mg 3 12.00 63.00 45.67 29.160 62.00
Na 3 10.00 83,00 58.33 41.861 82.00
K 3 1.40 4.50 2.43 1.790 1.40
cl 2 16.00 140.00 78.00 87.681 78.00
S04 2 40.p0 240.00 140.00 141.421 140.00
F 3/4 20 20 <20 .00 .20/ .20
As 1/3 2.00 2.00 2.00 .00 2.00/ 1.00
Ba 3 40.00 70.00 50.00 17.321 40.00
Be 0/3 - - - - -/ +50
B 3 130.00 470.00 353.33 193.477 460.00
cd 2/3 3.00 8.00 5.50 3.536 5.50/ 3.00
Cr 3 13.00 110.00 64.33 48.748 70.00
Co 2/3 6.00 7.00 6.50 .707 6.50/ 6.00
Cu 3 8.00 23.00 13.00 B8.660 8.00
Fe 2/3 70.00 4,000.00 2,035.00 2,778.930 2,035.00/ 70.00
Pb 1/3 140.00 140.00 140.00 .00 140.00/ 50.00
Mn 3 7.00 370.00 130.00 207.868 13.00
Ni 2/3 12.00 14.00 13.00 1.414 13.00/ 12.00
Ag 1/3 3.00 3.00 3.00 .00 3.00/ 3.00
sr 3 70.00 170.00 136.67 57.735 170.00
v 1/3 9.00 9.00 9.00 .00 9.00/ 5.00
Zn 1/3 150.00 150.00 150.00 .00 150.00/ 50.00
Al 1/3 1,700.00 1,700.00 1,700.00 .00 1,700.00/ 50.00
PHNL 0/1 - - - - -/ 5.00
TDS 2 211.00 897.00 554.00 485.075 554.00
Hg 2/3 .05 .14 .09 .064 .09/ .05
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Descriptive Statistics for the Samples Collected During the Five Storms Sampled

APPENDIX C

in 1986-~Continued

Results from all of the sampled storm sewers--Continued

storm number 4, August 26-27

Con-
stit- Number
uent of Standard
codel samples2 Low High Mean deviation Median3
SPCN 9 140.00 580.00 291. 11 131.856 250,00
BOD 3 19.00 23.00 21.33 2.082 22.00
COoD 4 56.00 320.00 150.50 116.977 113.00
TSS 9 37.00 380.00 184.78 97.724 170.00
vss 9 11.00 128.00 65.67 38.288 54.00
NHy 8/9 .11 +63 .37 «193 40/ 0.36
TKN 9 1.30 14.00 5.07 4.389 3.10
NOx 9 1.10 2.80 1.69 494 1.60
P 9 <26 1.90 .73 <556 .38
TOC 9 11.00 70.00 34.78 23.456 19.00
HRD 4 100.00 180.00 142.50 38.622 145.00
ca 4 34.00 54.00 42.75% 10.308 41.50
Mg 4 ‘4.90 15.00 9.15 4.270 8.35
Na 4 5.50 22.00 11.85 7.818 9.95
K 4 2.40 9.10 4.30 3.220 2.85
cl 2 6.30 8.30 7.30 1.414 7.30
504 2 16.00 20.00 18.00 2.828 18.00
F 1/4 .10 .10 .10 .00 .10/ .10
As 4 1.00 5.00 3.75 1.893 4.50
Ba 4 40.00 90.00 55.00 23.805 45.00
Be 3/4 2.00 4.00 3.00 1.000 3.00/ 2.50
B 3/4 80.00 130.00 100.00 26.458 90.00/ 85.00
cd 2/4 3.00 4.00 3.50 .707 3.50/ 3.00
Cr 3/4 32.00 320.00 167.33 144.780 150.00/ 91.00
Cco 2/4 6.00 7.00 6.50 . 707 6.50/ 5.50
Cu 4 25.00 110.00 67.75 39.076 68.00
Fe 4 2,300.00 5,800.00 3,650.00 1,621.727 3,250.00
Pb 2/4 120.00 290.00 205.00 120.208 205.00/ 110.00
Mn 4 120.00 290.00 200.00 78.740 195.00
Ni 2/4 9.00 11.00 10.00 1.414 10.00/ 7.00
Ag 1/4 3.00 3.00 3.00 .00 3.00/ 3.00
Sr 4 30.00 70.00 45.00 17.321 40.00
v 2/4 7.00 11.00 9.00 2.828 9.00/ 6.00
Zn 4 170.00 310.00 222.50 63.966 205.00
Al 4 1,400.00 4,000.00 2,300.00 1,160.460 1,900.00
PHNL 2 10.00 35.00 22.50 17.678 22.50
TDS 2 181.00 266.00 223.50 60.104 223.50
Hg 2/4 <01 12 .06 .078 .06/ <01
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results from all of the sampled storm sewers--Continued

storm number 5, September 11-12

con-
stit- Number
uent of standard
codel samples? Low High Mean deviation Median3
SPCN 20 110,00 1,140.00 465.00 353.025 340.00
BOD 11 10.00 100.00 39.55 30.911 27.00
CoD 1 45.00 320.00 126.64 94.282 100.00
TSS 20 30.00 900.00 188.25 203.330 121.50
Vss 20 10.00 225.00 55.40 53.222 38.50
NH3 9/20 .10 5.10 1.36 2.043 <15/ 0.10
TKN 20 +90 11.00 3.18 2.659 2.05
NOx 19/20 .16 4.00 1.49 1.110 1.20/ 1.08
P 20 .18 2.10 «66 577 .43
TOC 20 9.50 68.00 26.92 18.545 20.50
HRD 9 81.00 510.00 220.22 146.740 170.00
Ca 9 25.00 120.00 60.11 32.367 50.00
Mg 9 4.00 50.00 17.40 16.217 12.00
Na 9 6.50 50.00 22.01 17.601 13.00
K 9 1.10 9.40 4.07 2.708 3.30
cl 3 9,30 91.00 39.43 44.869 18.00
S04 3 20,00 130.00 63.33 58.595 40.00
F 5/9 <10 +30 «20 .071 +20/ «10
As 9 2.00 6.00 3.67 1.225 3.00
Ba 9 30.00 100,00 65.56 27.437 60.00
Be 3/9 +50 5.00 2.50 2.291 2.00/ 1.00
B 8/9 60.00 470.00 162.50 138.950 115.00/ 100.00
cda 1/9 4.00 4.00 4.00 .00 4.00/ 3.00
Cr 8/9 6.00 88.00 28.87 27.972 18.00/ 12.00
Co 3/9 5.00 7.00 6.33 1.155 7.00/ 5.00
Cu 9 11.00 180.00 51.78 52,127 31.00
Fe 9 1,700.00 7,400.00 3,544.44 2,046.406 2,800.00
Pb 5/9 110.00 280.00 192.00 74.632 210.00/ 110.00
Mn 9 90.00 2,300.00 532.22 718.745 200.00
Ni 7/9 7.00 16.00 11.29 2.690 11.00/ 11.00
Ag 0/9 - - - - - / 3.00
Sr 9 30.00 170.00 74.44 47.463 60.00
v 4/9 5.00 10.00 7.25 2.062 7.00/ 5.00
Zn 9 110.00 440.00 220.00 109.430 210.00
Al 9 520.00 2,500.00 1,364.44 653. 129 1,400.00
PHNL 2 5.00 10.00 7.50 3.536 7.50
TDS 3 117.00 662,00 350.67 280.678 273.00
Hg 2/9 .07 .32 .19 177 <19/ .05
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Degcriptive Statistics for the Samples Collected During the

APPENDIX C

Five Storms Sampled in 1986--Continued

Results from all of the sampled storm

samples collected from storms 1, 2, 3, 4,

sewerg--Continued

and 5 combined

Con~-
stit- Number
uent of Standard
codel samples? Low High Mean deviation Median3
SPCN 57 70.00 1,410.00 508.07 410.59 340.00
BOD 31 2.60 100.00 32.68 25.66 27.00
CoD 32 3.00 960.00 160.87 190.12 98.00
TSS 57 2.00 3,200.00 333.81 620.49 133.00
vss 56/57 2.00 640.00 82.91 126.16 44.00/ 44.00
NHJ 36/57 <10 5.10 1.04 1.38 .45/ <15
TKN 57 .30 25.00 4.59 5.04 2.60
NOx 53/57 .10 5.70 1.67 1.59 1.20/ 1.10
P 57 «02 4.50 <74 <79 .45
TOC 56 2.10 70.00 25.05 21.03 17.00
HRD 28 34.00 960.00 268.96 231.01 175.00
ca 28 12.00 290.00 76.75 65.38 52.00
Mg 28 1.20 63.00 19.19 19.09 12.00
Na 28 1.80 83.00 22.49 22.23 13.50
K 28 .60 13.00 4.57 3.45 3.25
Ccl 13 2.10 140.00 36.65 43.93 16.00
S04 10/13 16.00 240.00 66. 10 71.97 36.00/ 23.00
F 15/29 .10 «30 .17 .06 <20/ .10
As 25/28 1.00 30.00 5.92 7.81 3.00/ 3.00
Ba 28 20.00 1,000.00 120,36 204.06 50.00
Be 7/28 «50 7.00 3.36 2.17 3.00/ «50
B 23/28 50.00 470.00 169.13 127.70 130.00/ 115.00
cd 10/28 3.00 25.00 8.00 7.76 4.00/ 3.00
Cr 22/28 6.00 320.00 52.32 71.61 25.50/ 13.00
Co 10/28 5.00 30.00° 9.10 7.46 7.00/ 5.00
Cu 26/28 8.00 730.00 94.12 149.14 45.00/ 39.50
Fe 27/28 70.00 58,000.00 6,862.96 12,182.94 2,600.00/2,550.00
Pb 14/28 100.00 2,900.00 508,57 781.06 225.00/ 100.00
Mn 28 7.00 3,900.00 544.57 882.12 170.00
Ni 18/28 7.00 71.00 20.11 16.45 13.00/ 11.00
Ag 3/28 3.00 4.00 3.33 .58 3.00/ 3.00
Sr 28 10.00 240,00 83.57 57.43 65.00
v 13/28 5.00 100.00 20.77 26.75 9,00/ 5.00
2n 24/28 110.00 2,500.00 430.42 612.07 205.00/ 195.00
Al 26/28 240.00 33,000.00 3,634.23 6,880.99 1,400.00/1,400.00
PHNL 8/11 5.00 35.00 16.87 11.93 10.00/ 10.00
TDS 13 83.00 897.00 304.38 245.58 211.00
Hg 13/28 .01 «32 .12 .09 11/ <05
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Descriptive Statistics for the Samples Collected During the Five Storms Sampled

APPENDIX C

in 1986--Continued

Results from Railroad Creek storm sewer; site RR1

storm number 1, May 16-20

Con-

stit- Number

uent of . standard

codel samples 2 Low High Mean deviation Median3

SPCN 5 300.00 390.0 324.00 37.148 310.00

BOD 3 13.00 61.0 29.67 27.154 15.00

cob 3 31.00 190.0 90.67 86.604 51.00

TSS 5 38.00 510.0 195.60 189.264 126.00

vss 5 17.00 140.0 55.00 48.826 44.00

NH3 5 .24 .5 .35 .102 «35

TKN 5 1.60 5.0 2.66 1.367 2.30

NOx 5 .33 1.2 .96 .365 1.10
P 5 <23 1.2 53 +391 «39

TOC 5 7.00 15.0 9.54 3.280 8.50

HRD 3 130.00 250.0 173.33 66.583 140.00
ca 3 40.00 79.0 53.33 22,234 41.00
Mg 3 ‘8.30 14.0 10.37 3.156 8.80
Na 3 12.00 13.0 12.67 .577 13.00
K 3 3.20 4.2 3.67 .503 3.60
cl 1 17.00 17.0 17.00 .00 17.00

S0, 1 34.00 34.0 34.00 .00 34.00
F 3 .20 .2 .20 .00 .20
As 3 10.00 19.0 13.67 4.726 12.00
Ba 3 40.00 100.0 66.67 30.551 60.00
Be 0/3 - — -~ - -/ 0.50
B 3 90.00 120.0 110.00 17.321 120.00
cd 1/3 8.00 8.0 8.00 .00 8.00/ 3.00
Cr 2/3 5.00 18.0 11.50 9.192 11.50/ 5.00
Co 1/3 10.00 10.0 10.00 .00 10.00/ 5.00
Cu 3 13.00 63.0 31.33 27.538 18.00
Fe 3 1,400.00 7,200.0 3,433.33 3,265,476 1,700.00
Pb 1/3 210.00 210.0 210.00 .00 210.00/ 100.00
Mn 3 64.00 400.0 186.33 185.689 95.00
Ni 2/3 6.00 12.0 9.00 4.243 9.00/ 6.00
Ag 0/3 - - - - -/ 3.00
Sr 3 70.00 90.0 80.00 10.000 80.00
\'4 1/3 11.00 11.0 11.00 .00 11.00/ 5.00
Zn 2/3 100.00 420.0 260.00 226,274 260.00/ 100.00
Al 3 470.00 3,100.0 1,403.33 1,471.813 640.00

PHNL ] - - - - -

TDS 1 225.00 225.0 225.00 .00 225.00
Hg 0/3 - - - - -~/ .01
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pDescriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results from Railroad Creek storm sewer; site RR1--Continued

storm number 2, July 7-10

con-
stit~- Number
uent of Standard
code!l samples? Low High Mean deviation Mediand
SPCN 7 170.00 270.00 222.86 45.722 210.00
BOD 4 9.30 33.00 22.07 12.197 23.00
cop 4 27.00 160.00 82.75 63.757 72.00
TSS 7 36.00 640.00 230.71 274.893 70.00
vss 7 13.00 104.00 43.00 38.423 20.00
NH3 3/7 .10 .27 .19 .085 .20/ 0.10
TKN 7 .80 4.20 2.07 1.288 1.60
NOx 7 .82 1.60 1.09 .325 <91
P 6/7 .19 1.20 .54 .385 .48/ .33
TOC 7 4.20 23.00 9.77 6.178 7.60
HRD 4 93,00 310.00 173.25 98.635 145.00
Ca 4 30.00 100.00 56.25 31.983 47.50
Mg 4 3.50 11.00 7.15 2.793 6.55
Na 4 5.80 11.00 8.23 2.298 8.05
K 4 1.70 4.70 3.05 1.261 2.90
cl 2 7.80 16.00 11.90 5.798 11.90
S04 2 27.00 39.00 33.00 8.485 33.00
F 0/4 - - - - -/ .10
As 4 3.00 36.00 18.50 13.675 17.50 .
Ba 4 30.00 100.00 62.50 33.040 60.00
Be 0/4 - - - - -/ «50
B 4 60.00 100.00 77.50 17.078 75.00
ca 0/4 - - - -= -~/ 3.00
Cr 3/4 13.00 20.00 15.67 3.786 14.00/ 13.50
Co 0/4 - - - -— -/ 5.00
Cu 4 17.00 57.00 30.00 18.673 23.00
Fe 4 980.00 6,300.00 3,345.00 2,536.684 3,050.00
Pb 2/4 110.00 210.00 160.00 70.711 160.00/ 80.00
Mn 3 59.00 550.00 230.33 277.078 82.00
Ni 1/4 260.00 260.00 260.00 .00 260.00/ 5.00
Ag 0/4 -- - - - -/ 3.00
sr 4 50.00 70.00 62.50 9.574 65.00
v 2/4 6.00 9.00 7.50 2.121 7.50/ 5.50
Zn 2/4 300.00 340.00 320.00 28.284 320.00/ 200.00
Al 4 440.00 3,000.00 1,417.50 1,201.010 1,115.00
PHNL 2 5.00 40.00 22.50 24.749 22.50
TDS 2 171.00 180.00 175.50 6.364 175.50
Hg 2/4 .05 .05 .05 .00 .05/ .03



APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results from Railroad Creek storm sewer; site RR1--Continued

storm number 3, no samples collected
storm number 4, no samples collected

storm number 5, September 11-12

Con-
stit- Number
uent of Standard
codel samples? Low High Mean deviation Median3
SPCN 3 170.00 290.00 230.00 60.0000 230,00
BOD 2 13.00 35.00 24.00 15.5563 24.00
cop 2 68,00 160.00 114.00 65,0538 114.00
T8S 3 170.00 688.00 387.33 268.8668 304.00
vss 3 46.00 122.00 77.33 39.7157 64.00
NH; 2/3 .15 .23 .19 .0566 <19/ 0.15
TKN 3 1.00 3.70 2.37 1.3503 2.40
NOX 3 .52 .84 .66 .1650 .61
P 3 .33 1.30 .85 .4895 .93
TOC 3 13.00 23.00 18.33 5.0332 19.00
HRD 1 250.00 250.00 250.00 .00 250,00
Ca 1 74.00 74.00 74.00 .00 74.00
Mg 1 16.00 16.00 16.00 .00 16.00
Na 1 11.00 11.00 11.00 .00 11.00
K 1 4.70 4.70 4.70 .00 4.70
cl 1 13.00 13.00 13.00 .00 13.00
S04 1 27.00 27.00 27.00 .00 27.00
F 1 .20 .20 .20 .00 .20
As 1 11.00 11.00 11.00 .00 11.00
Ba 1 100.00 100,00 100.00 .00 100.00
Be 1 .50 .50 .50 .00 .50
B 1 130.00 130.00 130.00 .00 130.00
cd 0/1 - - - - -/ 3.00
cr 1 13.00 13.00 13.00 .00 13.00
Co o/1 - - - - -/ 5.00
cu 1 120.00 120.00 120.00 .00 120,00
Fe 1 7,000.00 7,000.00 7,000.00 .00 7,000.00
Pb 1 200.00 200.00 200.00 .00 200.00
Mn 1 1,000.00 1,000.00 1,000.00 .00 1,000.00
Ni 1 10.00 10.00 10.00 .00 10.00
Ag 0/1 - -- -- -- -/ 3.00
sr 1 90.00 90.00 90.00 .00 90.00
v 1 9.00 9.00 9.00 .00 9.00
Zn 1 270.00 270.00 270.00 .00 270.00
Al 1 2,600.00 2,600.00 2,600.00 .00 2,600.00
PHNL 1 15.00 15.00 15.00 .00 15.00
TDS 1 215.00 215.00 215.00 .00 215.00
Hg - - - - -
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

Results from Railroad Creek storm sewer; site RR1--~Continued

samples collected from storms 1, 2, and 5 combined

con-
stit~ Number
uent of Standard
code! samples? Low High Mean deviation Median3
SPCN 15 170.00 390.00 258.00 64.387 270.00

BOD 9 9.30 61.00 25.03 16.824 15.00

CcOoD 9 27.00 190.00 92.33 63.975 68.00

TSS 15 36.00 688.00 250.33 241.312 140.00

vss 15 13.00 140.00 53.87 41.433 44.00

NH3 10/15 .10 «50 .27 115 25/ 0.20
TKN 15 .80 5.00 2.33 1.256 2.30

NOx 15 «33 1.60 .96 . 341 <91

P 14/15 .19 1.30 <60 «399 .45/ «39
TOC 15 4.20 23.00 11.41 5.993 9.90

HRD 8 93.00 310.00 182.87 78.561 160.00

ca 8 30.00 100.00 57.37 25.037 50.50

Mg 8 4.50 16.00 9.46 3.963 8.55

Na 8 5.80 13.00 10.24 2.699 11.00

K 8 1.70 4.70 3.49 1.043 3.40

cl 4 7.80 17.00 13.45 4.132 14.50

S04 4 27.00 39.00 31.75 5.852 30.50

F 4/8 .20 .20 .20 .00 20/ 15
As 8 3.00 36.00 15.75 9.794 13.50

Ba 8 30.00 100.00 68.75 29.970 70,00

Be 1/8 +«50 <50 .50 .00 50/ 50
B 8 60.00 130.00 96.25 25.600 95.00

ca 1/8 8.00 8.00 8.00 .00 8.00/ 3.00
Cr 6/8 5.00 20.00 13.83 5.193 13.50/ 13.00
Cco 1/8 10.00 10.00 10.00 .00 10.00/ 5.00
Cu 8 13.00 120.00 41.75 36.962 23.00

Fe 8 980.00 7,200.00 3,835.00 2,727.966 3,150.00

Pb 4/8 110.00 210.00 182.50 48.563 205.00/ 105.00
Mn 7 59.00 1,000.00 321.43 356.514 95.00

Ni 4/8 6.00 260.00 72.00 125.358 11.00/ 5.50
Ag 0/8 - - - - -~/ 3.00
Sr 8 50.00 90.00 72.50 13.887 70.00

v 4/8 6.00 11.00 8.75 2.062 9.00/ 5.50
Zn 5/8 100.00 420.00 286.00 118.237 300.00/ 185.00
Al 8 440.00 3,100.00 1,560.00 1,189.009 1,170.00
PHNL 3 5.00 40.00 20.00 18.028 15.00

TDS 4 171.00 225.00 197.75 26.273 197.50

Hg 2/7 05 .05 .05 .00 .05/ .01
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APPENDIX C

Descriptive Statistics for the Samples Collected During the Five Storms Sampled in 1986--Continued

l constituent codes refer to the following list.

Name Description
SPCN Specific conductance (microsiemens per centimeter)
BOD Oxygen demand, biochemical ultimate Carbonaceous (mg/L)
Ccob Chemical oxygen demand, total (mg/L)
TSS Total suspended solids (mg/L)
vss . Volatile solids, total suspended (mg/L)
NH3 Nitrogen, ammonia total (mg/L)
TKN Nitrogen total organic plus ammonia (mg/L)
NOx Nitrogen, NO; + NO5 total (mg/L)
P Phosphorus, total (mg/L)
TOC Carbon, total organic (mg/L)
HRD ' Hardness (mg/L)
Ca Calcium, total recoverable (mg/L)
Mg Magnesium, total recoverable (mg/L)
Na Sodium, total recoverable (mg/L)
K Potassium, total recoverable (mg/L)
Ccl Chloride, total recoverable  (mg/L)
S04 Sulfate, total recoverable (mg/L)
F Fluoride, total recoverable (mg/L)
As Arsenic, total recoverable (ug/L)
Ba Barium, total recoverable (ug/L)
Be ‘ Beryllium, total recoverable (ug/L)
B Boron, total recoverable (ug/L)
cd Cadmium, total recoverable (ug/L)
Cr Chraomium, total recoverable (ug/L)
Co Cobalt, total recoverable {ug/L)
Cu Copper, total recoverable (ug/L)
Fe Iron, total recoverable (ug/L)
Pb Lead, total recoverable (ug/L)
Mn Manganese, total recoverable (ug/L)
Ni . Nickel, total recoverable (ug/L)
Ag Silver, total recoverable (ug/L)
Sr Strontium, total recoverable (ug/L)
v Vanadium, total recoverable (ug/L)
Zn Zinc, total recoverable (ug/L)
Al . Aluminum, total recoverable (ug/L)
PHNL Phenols, total (ug/L)
TDS Solids, dissolved (mg/L)
Hg Mercury, total (ug/L)

2 pumber of samples in the form of number above detection limit/number of samples total

3 Medians determined from samples above detection limit/all samples with those below detection limit
set equal to the detection limit.
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APPENDIX E

Selected Constituent Loads as Percentage of Total lLoads from Sources
of Storm-Related Runoff to Cedar Creek

[Storm No. indicates the five sampled storms in 1986 where 1 = May 16-20,

2 = July 7-10, 3 = July 31 to August 1, 4 = August 26-27, and

5 = September 11-12; maximum total loads are based on volumes

of combined-sewer overflow calculated assuming a Gaussian—-type
flow distribution and assuming maximum overflow durations for
missing duration results; average total loads are based on

volumes of combined-sewer overflow calculated assuming a
flow distribution similar to that measured for sites C6
and C22 and assuming average overflow durations for
missing duration results]

Note.--Because of rounding the sum of the percentages from all seven sources
does not always equal 100.

Combined- Storm~
Storm Site sewer sewer Site Site Site Site
No. 1 overflows discharges WWTF T21 T23 T24

Carbonaceous biochemical oxygen demand

Based on maximum total loads

1 3.7 11.3 32.0 20.5 5.5 12.0 15.0
2 1.4 12.5 16.9 56.4 2.9 4.8 5.1
3 .3 42.1 5.0 18.6 12.5 7.7 13.9
4 .5 5.3 10.3 78.4 3.0 2.0 .4
5 .2 16.9 39.2 38.2 2.8 1.2 1.4
Based on average total loads
1 3.7 5.4 37.9 20.5 5.5 12.0 15.0
2 1.5 3.2 22.5 59.4 3.1 5.1 5.4
3 .4 27.6 8.4 22.4 15.1 9.3 16.8
4 .5 1.5 13.2 79.2 3.1 2.0 .5
5 .3 6.2 47.9 39.9 2.9 1.3 1.5
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APPENDIX E

Selected Constituent Loads as Percentage of Total Loads from Sources
of Storm-Related Runoff to Cedar Creek--Continued

Combined- Storm-
storm Site sewer sewer Site Site Site Site
No. 1 overflows discharges WWTF T21 T23 T24

Chemical oxygen demand

Based on maximum total loads

1 1.9 5.0 o1 4.2 3.2 17.4 46.1
2 2.7 8.8 16.4 31.6 7.6 9.5 23.4
3 .3 47.1 1.1 4.4 8.2 6.5 32.4
4 1.2 9.6 25.6 52.7 5.6 4.7 .7
5 .4 14.0 52.8 21.1 3.8 2.3 5.7
Based on average total loads
1 1.9 2.4 25.7 4.2 3.2 17.2 45.5
2 2.7 2.3 20.8 32.5 7.8 9.8 24.1
3 .4 32.7 1.9 5.6 10.4 8.2 40.9
4 1.2 2.6 32.0 53.3 5.6 4.7 .7
5 .4 5.0 61.3 21.5 3.8 2.3 5.7
Total suspended solids
Based on maximum total loads
1 3.6 4.6 4.7 0.3 5.9 32.9 48.0
2 3.1 9.6 12.1 2.1 7.8 28.9 36.3
3 .2 23.3 .2 .2 13.8 20.1 42.2
4 3.3 16.8 16.5 6.4 21.5 33.6 1.9
5 1.4 16.3 27.2 2.6 16.0 15.6 21.0
Based on average total loads
1 3.6 2.3 5.7 0.3 6.0 33.4 48.7
2 3.2 2.4 15.9 2.2 8.2 30.2 37.9
3 .3 14.1 .3 .3 15.4 22.4 47.2
4 3.6 5.0 22.6 6.9 23.3 36.5 2.1
5 1.5 6.1 33.8 2.7 17.0 16.5 22.3
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APPENDIX E

Selected Constituent Loads as Percentage of Total Loads from Sources
of Storm-Related Runoff to Cedar Creek--Continued

Combined~ Storm-
Storm Site sewer sewer Site Site Site Site
No. 1 overflows discharges WWTF T21 T23 T24

Volatile suspended solids

Based on maximum total loads

1 4.5 6.1 9.8 1.0 5.1 30.6 43.1
2 3.6 12.6 14.1 9.6 6.9 24.5 28.7
3 .3 41.2 .8 .9 11.6 16.0 29.2
4 2.7 19.5 25.3 17.6 13.5 20.0 1.6
5 1.2 14.1 45.8 5.9 9.9 10.2 12.9
Based on average total loads
1 4.5 3.0 11.7 1.0 5.1 31.0 43.7
2 3.8 3.2 18.9 10.2 7.3 26.1 30.5
3 .3 27.5 1.4 1.1 14.2 19.7 35.8
4 2.9 5.7 34.6 19.0 14.5 21.6 1.7
5 1.2 5.1 54.3 6.0 10.1 10.3 13.0
Total ammonia nitrogen
Based on maximum total loads
1 1.0 28.3 31.8 9.3 1.5 8.9 19.3
2 1.0 7.5 13.2 54.2 5.1 8.5 10.5
3 2 49.7 8.2 12.5 5.2 8.7 15.4
4 .4 5.6 12.4 75.9 1.8 3.2 .8
5 .1 3.7 6.1 86.5 .9 1.1 1.5
Based on average total loads
1 1.1 14.9 41.2 10.3 1.7 9.7 21.2
2 1.1 1.8 17.0 55.4 5.2 8.7 10.7
3 .3 33.5 14.3 15.5 6.5 10.8 19.2
4 4 1.5 15.8 76.5 1.8 3.2 .8
5 o1 1.3 7.2 87.7 1.0 1.2 1.5
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APPENDIX E

Selected Constituent Loads as Percentage of Total Loads from Sources
of Storm-Related Runoff to Cedar Creek--Continued

Combined- Storm-
Storm Site sewer sewer Site Site Site Site
No. 1 overflows discharges WWTF T21 T23 T24
Total organic plus ammonia nitrogen

Based on maximum total loads
1 2.9 9.1 18.8 9.1 3.0 19.9 37.1
2 1.4 9.7 14.4 35.4 3.7 12.2 23.2
3 .3 31.2 5.5 8.5 7.1 11.3 36.1
4 ‘6 5.2 11.7 72.7 3'4 6‘0 .4
5 .3 6.6 28.0 48. 1 3.9 4.3 8.7

Based on average total loads
1 2.9 4.4 22.8 9.2 3.0 20.1 37.5
2 1.5 2.4 19.4 36.5 3.8 12.5 23.9
3 .3 19.3 8.8 9.6 8.0 12.9 41.0
4 .7 1.4 14.9 73.2 3.4 6.0 .4
5 .3 2.3 32.8 47.7 3.9 4.3 8.7

Total nitrite plus nitrate nitrogen

Based on maximum total loads
1 8.8 0.2 0.6 37.4 7.7 34.6 10.8
2 2.1 6 3.3 81.5 3.0 7.2 2.3
3 .6 3.8 38.3 23.5 12.1 15.9 5.7
4 .9 .5 2.9 84.6 2.5 3.5 5.1
5 .4 1.1 16.7 70.3 3.3 6.1 2.1

Based on average total loads
1 8.8 0.1 0.7 37.4 7.7 34.6 10.8
2 2.0 .1 4.2 81.2 3.0 7.1 2.3
3 .6 1.8 47.2 20.7 10.7 14.0 5.0
4 .9 .1 3.6 84.3 2.5 3.5 5.0
5 .3 .4 19.2 68.8 3.3 6.0 2.1
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APPENDIX E

Selected Constituent Loads as Percentage of Total Loads from Sources
of Storm-Related Runoff to Cedar Creek--Continued

Combined=- Storm~-
Storm Site sewer sewer Site Site Site Site
No. 1 overflows discharges WWTF T21 T23 T24

Total phosphorus

Based on maximum total loads

1 2.0 6.2 8.5 30.1 3.7 14.1 35.4
2 .6 2.5 3.7 82.0 1.4 3.3 6.4
3 .4 18.4 1.1 33.4 10.3 9.5 27.0
4 .3 1.4 1.8 93.0 1.6 1.6 o2
5 .3 4.4 12.4 73.9 3.0 2.0 4.1
Based on average total loads
1 2.0 3.0 10.2 30.6 3.8 14.4 36.0
2 «6 .6 4.7 82.8 1.4 3.4 6.4
3 .4 10.8 1.7 36.2 11.1 10.4 29.3
4 <3 .4 2.3 93.5 1.6 1.6 $2
5 .3 1.6 14.6 74.4 3.1 2.0 4.1
Total organic carbon
Based on maximum total loads
1 1.8 4.5 21.9 8.6 4.8 10.5 47.9
2 1.5 6.7 17.5 43.8 3.9 6.2 20.4
3 .4 26.9 6.0 9.1 13.1 7.3 37.3
4 o7 8.9 17.8 63.6 5.3 3.2 .5
5 .3 7.7 48.7 31.3 4.5 1.7 5.7
Based on average total loads
1 1.7 2.2 25.5 8.5 4.7 10.3 47.0
2 1.5 1.6 22.3 44.0 3.9 6.2 20.5
3 4 16.7 9.4 10.1 14.4 8.0 41.1
4 .7 2.5 22.7 64.9 5.4 3.2 .5
5 .3 2.7 55.3 30.2 4.4 1.6 5.5
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APPENDIX E

Selected Constituent Loads as Percentage of Total Loads from Sources
of Storm-Related Runoff to Cedar Creek--Continued

Combined- Storm~-
Storm Site sewer sewer Site Site Site Site
No. 1 overflows discharges WWTF T21 T23 T24

Hardness as calcium carbonate

Based on maximum total loads

1 4.3 5.8 18.5 18.5 11.8 27.7 13.4
2 2.6 5.1 12.8 58.5 4.8 11.2 5.1
3 .5 20.6 45.6 7.1 12.0 8.6 5.6
4 1.2 2.8 7.9 71.2 6.7 5.6 4.5
5 .9 6.7 40.0 35.0 10.3 4.7 2.3
Based on average total loads
1 4.3 2.8 21.5 18.5 11.8 27.7 13.4
2 2.6 1.2 15.6 59.2 4.8 11.4 5.1
3 .4 10.2 58.9 6.5 11.0 7.9 5.1
4 1.2 .7 10.1 71.1 6.7 5.6 4.5
5 .9 2.3 45.6 34. 10.1 4.6 2.3
Total recoverable calcium
Based on maximum total loads
1 4.2 6.4 20.3 16.8 11.6 27.9 12.8
2 2.7 5.6 14.8 56.1 4.7 10.6 5.4
3 .5 23.8 43.0 6.9 11.6 8.6 5.6
4 1.3 3.4 8.9 70.4 6.7 5.4 3.8
5 .9 7.9 41.7 33.3 9.7 4.2 2.4
Based on average total loads
1 4.2 3.1 23.7 16.8 11.6 27.8 12.7
2 2.7 1.4 18.4 56.5 4.8 10.7 5.5
3 .5 12.2 56.3 6.6 11.0 8.1 5.3
4 1.3 .9 11.3 70.5 6.8 5.4 3.8
5 .9 2.8 47.9 32.5 9.5 4.1 2.3
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APPENDIX E

Selected Constituent lLoads as Percentage of Total Loads from Sources
of Storm-Related Runoff to Cedar Creek--Continued

Combined=- Storm~-
Storm Site sewer sewer Site Site Site Site
No. 1 overflows discharges WWTF T21 T23 T24

Total recoverable magnesium

Based on maximum total loads

1 4.3 3.8 16. 1 17.9 11.8 33.9 12.3
2 2.2 4.2 8.4 62.0 . 13.5 4.7
3 .3 13.2 52.7 7.0 11.3 10.3 5.3
4 1.0 1.8 5.2 73.5 . 6.5 5.2
5 .8 3.8 35.4 39.6 12.1 6.0 2.3
Based on average total loads
1 4.2 1.8 19.3 17.6 11.6 33.4 12.1
2 2.2 1.0 10.7 62.7 5.0 13.6 4.8
3 .3 6.1 64.3 6.0 9.8 9.0 4.6
4 1.0 .5 6.5 73.5 6.9 6.5 5.2
5 .8 1.3 38.9 38.9 11.9 5.9 2.3
Total recoverable sodium
Based on maximum total locads
1 4.5 1.9 13.1 49.6 10.5 19.0 1.4
2 .4 1.3 5.0 88.4 1.8 2.8 .3
3 .0 4.4 60.1 19.5 10.5 4.8 7
4 .2 .5 2.5 92.1 2.8 1.4 .6
5 .2 1.1 19.8 70.5 6.4 1.8 .2
Based on average total loads
1 4.4 0.9 15.7 48.7 10.3 18.6 1.4
2 .4 .3 6.2 88.2 1.8 2.8 .3
3 .0 2.0 68.2 16.4 8.9 4.0 .6
4 .2 .1 3.0 92.0 2.8 1.4 .6
5 .2 .4 22.6 68.7 6.2 1.7 .2
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APPENDIX E

Selected Constituent Loads as Percentage of Total Loads from Sources
of Storm-Related Runoff to Cedar Creek--Continued

Combined- Storm-
storm Site sewer sewer Site Site Site Site
No. 1 overflows discharges WWTF T21 T23 T24

Total recoverable potassium

Based on maximum total loads

1 2.6 1.6 22.9 20.1 9.3 24.5 19.1
2 1.5 2.3 8.5 66.9 4.4 9.1 7.3
3 .3 16.9 8.8 17.6 19.7 14.9 21.7
4 .6 .9 5.7 82.5 5.3 4.2 .8
s .5 1.5 28.9 54.7 7.5 3.8 3.1
Based on average total loads
1 2.5 0.7 25.9 19.6 9.0 23.8 18.5
2 1.5 .6 10.3 66.8 4.4 9.1 7.3
3 .4 9.3 12.8 18.5 20.6 15.7 22.8
4 .6 .3 7.1 81.8 5.2 4.2 .8
5 .5 .5 32.6 52.6 7.2 3.6 3.0
Total recoverable chloride
Based on maximum total loads
1 1.6 1.3 28.9 34.0 9.3 18.7 6.3
2 .6 1.9 3.7 86.0 2.4 4.0 1.3
3 .3 3.4 50.8 20.0 13.6 7.9 4.0
4 .3 .5 1.5 91.3 3.5 2.2 7
5 .3 1.8 20.9 67.0 6.4 2.6 -9
Based on average total loads
1 1.5 0.6 32.5 32.5 8.9 17.9 6.0
2 .6 .5 4.8 86.4 2.4 4.0 1.3
3 .2 1.6 59.8 16.9 11.5 6.6 3.4
4 .3 .1 1.8 91.3 3.5 2.2 .7
5 «3 .6 23.8 65.5 6.3 2.5 .9
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APPENDIX E

Selected Constituent Loads as Percentage of Total Loads from Sources
of Storm-Related Runoff to Cedar Creek--Continued

Combined- Storm-
Storm Site sewer sewer Site Site Site Site
No. 1 overf lows discharges WWTF T21 T23 T24
Total recoverable sulfate
Based on maximum total loads
1 2.0 1.7 24.7 16.7 20.7 22.3 11.9
2 1.3 4.2 6.7 66.6 9.4 7.8 3.9
3 2 5.3 56.9 6.6 20.1 6.1 4.8
4 N 1.4 5.4 72.9 12.9 4.4 2.3
5 .4 3.8 45.4 29.7 15.7 3.2 1.7
Based on average total loads
1 1.9 0.8 27.8 16.2 20.1 21.6 11.6
2 1.3 1.0 8.7 67.5 9.5 7.9 4.0
3 2 2.5 65.9 5.5 16.8 5.1 4.0
4 .6 .4 6.8 72.6 12.9 4.4 2.3
5 .4 1.2 50.7 28.1 14.8 3.0 1.6
Total recoverable fluoride
Based on maximum total loads
1 3.3 2.0 5.8 45.3 7.4 25.2 11.0
2 .7 2.6 7.7 77.3 2.4 6.6 2.6
3 .3 19.4 21.8 30.3 12.1 12.1 4.0
4 2 .8 2.3 90.6 2.2 2.3 1.5
S .2 3.4 12.7 76.2 3.9 2.5 1.1
Based on average total loads
1 3.3 1.0 6.9 45.3 7.4 25.2 10.9
2 7 .6 9.9 77.2 2.4 6.6 2.6
3 .3 10.5 30.4 30.4 12.2 12.2 4.0
4 .2 .2 2.8 90.7 2.2 2.3 1.5
5 .2 1.2 14.6 76.5 3.9 2.5 1.1
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APPENDIX E

Selected Constituent Loads as Percentage of Total Loads from Sources
of Storm-Related Runoff to Cedar Creek-~Continued

Combined- Storm-
Storm Site sewer sewer Site Site Site Site
No. 1 overflows discharges WWTF T21 T23 T24

Total recoverable arsenic

Based on maximum total loads

1 4.1 3.1 18.1 2.7 18.1 25.9 27.8
2 3.9 9.1 11.7 16.9 22.1 19.5 16.9
3 .0 93.6 5 2 2.8 1.2 1.8
4 .0 10.7 25.0 25.0 25.0 10.7 3.6
5 1.1 14.0 45.2 10.8 16.1 6.5 6.5
Based on average total loads
1 4.1 1.5 21.0 2.7 17.8 25.5 27.4
2 4.1 2.7 4.9 17.6 23.0 20.3 17.6
3 .1 88.7 1.2 .3 4.7 2.0 3.1
4 .0 3.7 29.6 25.9 25.9 11.1 3.7
5 1.1 5.4 53.3 10.9 16.3 6.5 6.5
Total recoverable barium
Based on maximum total loads
1 3.1 1.8 6.9 2.0 5.2 23.8 57.1
2 4.5 4.2 9.6 17.0 7.6 17.3 39.7
3 .6 35.5 4.6 1.5 10.0 11.0 36.8
4 4.4 5.3 9.5 40.2 14.3 17.2 9.0
S 2.1 6.8 33.3 16.0 8.4 9.6 23.7
Based on average total loads
1 3.1 0.9 8.1 2.0 5.2 23.7 57.0
2 4.6 1.0 12.3 17.1 7.7 17.4 39.9
3 o7 22.3 7.6 1.8 11.7 12.9 43.0
4 4.5 1.5 12.1 40.8 14.6 17.5 9.2
S 2.1 2.3 38.5 15.9 8.3 9.5 23.4
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APPENDIX E

Selected Constituent Loads as Percentage of Total Loads from Sources
of Storm-Related Runoff to Cedar Creek--Continued

186

Combined- Storm-

Storm Site sewer sewer Site Site Site Site
1 overflows discharges WWTF T21 T24

Total recoverable beryllium

Based on maximum total loads
1 4.3 2.1 4.0 22.5 6.4 38.1
2 1.8 7.1 7.1 58.9 5.4 10.7
3 o2 9.1 10.2 20.0 15.0 29.5
4 .0 .0 14.8 77.8 3.7 .0
5 .0 0.8 21.5 60.0 1.5 3.1

Based on average total loads
1 4.3 1.0 4.7 22.6 6.4 38.3
2 1.9 1.9 9.3 61.1 5.6 1.1
3 .2 5.0 14.3 20.0 15.0 29.5
4 .0 .0 17.9 75.0 3.6 .0
5 .0 4.8 25.4 61.9 1.6 3.2

Total recoverable boron

Based on maximum total loads
1 1.4 1.7 14.5 25.9 19.4 4.7
2 o7 3.3 10.5 69.9 5.8 1.3
3 o1 9.3 49.5 10.0 18.9 3.9
4 .3 1.3 4.8 80.5 8.4 .6
5 .3 3.6 27.9 47.8 16.1 .6

Based on average total loads
1 1.4 0.8 16.8 25.5 19.1 4.7
2 .7 .8 13.2 69.7 5.7 1.3
3 o1 4.4 59.7 8.7 16.5 3.4
4 .3 .4 6.4 79.9 8.4 .6
5 .3 1.3 . 31.3 47.0 15.9 .6



APPENDIX E

Selected Constituent I.oads as Percentage of Total Loads from Sources
of Storm-Related Runoff to Cedar Creek-~Continued

* Combined- Storm-
Storm Site sewer sewer Site Site Site Site
No. 1 overflows discharges WWTF T21 T23 T24

Total recoverable cadmium

Based on maximum total loads

1 5.9 14.9 16.1 14.9 10.2 23.0 14.9
2 3.2 9.6 27.7 42.6 4.3 7.4 5.3
3 .4 54.8 14.8 4.8 8.8 5.5 11.0
4 .0 6.3 12.5 65.6 6.3 6.3 3.1
5 1.0 13.4 43.3 30.9 6.2 3.1 2.1
Based on average total loads
1 6.2 7.4 19.5 15.8 10.8 24.4 15.8
2 3.2 2.2 34.4 43.0 4.3 7.5 5.4
3 5 37.5 25.4 5.9 10.7 6.7 13.4
4 .0 .0 18.8 65.6 6.3 6.3 3.1
5 1.0 5.2 51.0 31.3 6.3 3.1 2.1
Total recoverable chromium
Based on maximum total loads
1 3.3 5.5 15.5 12.4 6.0 28.8 28.6
2 1.4 8.8 12.2 54.0 5.7 10.8 7.1
3 o1 17.2 63.7 3.7 4.5 5.5 5.3
4 -4 2.5 53.9 35.7 2.5 3.3 1.7
5 .3 6.2 58.6 22.1 3.8 5.2 3.8
Based on average total loads
1 3.3 2.6 18.2 12.4 6.0 28.7 28.7
2 1.5 2.1 15.9 56.0 5.9 11.2 7.4
3 .1 7.9 75.9 3.2 3.8 4.6 4.4
4 .4 .7 61.4 31.0 2,2 2.9 1.4
5 .3 2.3 64.7 20.7 3.6 4.9 3.6
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Selected Constituent lLoads as Percentage of Total Loads from Sources

of Storm-Related Runoff. to Cedar Creek--Continued

Storm=

Combined-

Site
™4

Site Site
T23

T21

Site
WWTF

sewer
discharges

sewer
overflows

Site

Storm

NOf

Total recoverable cobalt

Based on maximum total loads

5.3 23.9 46.3

3.4

7.5
32.4

8.9
21.1

3.4
7.4
30.5

4.6

21.6

10.8

3.4

30.2

9.5

4.6

16.6

@ «~
. .
-

Based on average total loads

5.3 23.9 46.3

7.5
32.4

10.7

1.6
2.0
17.9

4.6
3.4

3.4 10.8 21.6

8.6
7.0

6.2

26.5

32.5

10.3

5.0
59.6

25.2

.6

1.8

1.1

3.5
10.7

8.8
5.1

17.5

1.8
3.9

27.5

45.5

Total recoverable copper

Based on maximum total loads

15.4 23.6

6.3

14.6

31.7

6.6

1.8

T o
o N

.7
3.4

2.6
2.0

4.1

63.3

21.6

7.0
15.3

.7
.5

36.1 3.9

38.8

Based on average total loads

6.2 15.1 23.0

4.0

14.3

36.5

3.1

1.7
1.8

10.1

6.2
3.5
2.6
2.1

63.4

11.1

3.3
70.6

9.7

6.2
4.1

5.3
62.2

4.4
27.9

.2
.6

3.6

1.9
5.5

4.0

37.5

46.9
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Selected Constituent lLoads as Percentage of Total Loads from Sources
of Storm-Related Runoff to Cedar Creek--Continued

Combined- Storm-
storm Site sewer sewer Site Site Site Site
No. 1 overflows discharges WWTF T21 T23 T24

Total recoverable iron

Based on maximum total loads

1 3.2 2.4 9.0 0.3 5.8 39.7 39.7
2 5.3 4.1 10.9 2.5 10.9 30.6 35.7
3 7 31.8 .2 o2 12.7 19.4 35.0
4 5.5 8.6 18.4 7.0 20.7 34.0 5.9
5 2.3 9.6 37.4 2.9 11.5 16.3 20.1
Based on average total loads
1 3.2 1.1 10.5 0.3 5.8 39.5 39.5
2 5.4 1.0 13.2 2.5 11.0 30.9 36.0
3 .8 20.7 .3 .3 14.8 22.5 40.6
4 5.5 2.4 23.7 7.1 20.9 34.4 5.9
5 2.3 3.6 43.2 2.9 11.5 16.3 20.2
Total recoverable lead
Based on maximum total loads
1 2.4 15.2 40.8 7.8 5.6 12.2 16.0
2 2.3 15.9 23.6 36.2 7.1 6.6 8.2
3 .5 68.4 9.0 3.0 5.2 3.4 10.5
4 1.2 14.6 23.4 49.7 5.1 3.7 2.3
5 5 18.1 55.3 18.1 4.1 1.7 2.3
Based on average total loads
1 2.4 7.1 48.6 7.9 5.6 12.3 16.1
2 2.4 4.1 31.5 38.6 7.6 7.0 8.8
3 .7 52.0 17.2 4.1 7.1 4.7 14.2
4 1.2 4.3 30.7 52.1 5.4 3.8 2.5
5 .5 6.7 66.6 18.1 4.1 1.7 2.3
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Selected Constituent Loads as Percentage of Total Loads from Sources
of Storm-Related Runoff to Cedar Creek--Continued

Combined-~ Storm-

Storm Site sewer sewer Site Site Site Site
No. 1 overflows discharges WWTF T21 T23 T24

Total recoverable manganese

Based on maximum total loads
1 2.9 1.9 11.1 0.7 4.9 20.6 57.7
2 5.5 3.8 11.0 7.1 8.3 19.5 44.8
3 1.1 19.1 .7 .8 12.6 14.9 50.8
4 6.1 8.0 18.6 20.0 18.6 23.3 5.5
5 2.3 7.8 40.4 4.6 12.1 9.7 23.1

Based on average total loads
1 2.9 0.9 13.1 0.7 4.9 20.4 57.1
2 5.5 .9 13.8 7.1 8.3 19.5 44.8
3 1.2 1.1 1.0 .9 13.8 16.4 55.7
4 6.1 2.1 24.1 20.1 18.7 23.4 5.5
5 2.3 2.7 45.8 4.6 12.0 9.6 22.9

Total recoverable nickel

Based on maximum total loads
1 3.8 2.2 23.8 4.2 6.5 21.8 37.7
2 3.8 6.3 18.0 27.6 6.7 15.1 22.6
3 .5 38.3 20.1 2.7 10.6 9.5 18.3
4 2.9 5.8 14.5 49.3 11.6 11.6 4.3
5 1.0 5.9 49.5 24.4 6.9 4.6 7.6

Based on average total loads
1 3.7 1.0 27.0 4.1 6.4 21.2 36.7
2 3.8 1.7 22.6 27.6 6.7 15.1 22.6
3 .5 24.1 30.1 3.0 11.7 10.4 20.1
4 2.9 1.4 18.8 49.3 11.6 11.6 4.3
5 .9 2.2 55.9 23.0 6.5 4.3 7.1
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Selected Constituent Loads as Percentage of Total Loads from Sources
of Storm-Related Runoff to Cedar Creek--Continued

Combined- storm-
Storm Site sewer sewer Site Site Site Site
No. 1 overflows discharges WWTF T21 T23 T24

Total recoverable silver

Based on maximum total loads

1 4.8 8.1 17.7 16.4 11.3 25.3 16.4
2 3.2 9.7 28.0 43.0 4.3 7.5 4.3
3 .7 24.9 28.0 9.1 16.6 10.4 10.2
4 .0 6.3 12.5 65.6 6.3 6.3 3.1
5 1.1 11.6 44.2 31.6 6.3 3.2 2.1
Based on average total loads
1 4.9 3.9 20.6 16.7 11.5 25.7 16.7
2 3.3 2.2 34.8 43.5 4.3 7.6 4.3
3 o7 13.5 39.5 9.1 16.6 10.4 10.2
4 .0 .0 18.8 65.6 6.3 6.3 3.1
5 1.1 4.2 51.6 31.6 6.3 3.2 2.1
Total recoverable strontium
Based on maximum total loads
1 4.0 2.7 16.4 15.4 11.7 30.9 18.8
2 1.7 3.1 13.6 55.6 5.6 13.2 7.3
3 o2 20.8 34.2 8.0 15.5 12.3 8.9
4 .8 1.9 5.1 72.5 8.0 6.8 4.9
5 .6 3.6 33.2 40.0 12.8 6.0 3.6
Based on average total loads
1 3.9 1.3 19.1 15.2 11.5 30.4 18.5
2 1.7 o7 16.8 55.0 5.5 13.1 7.2
3 o2 10.5 47.2 7.5 14.6 11.6 8.4
4 .8 .5 6.5 72.4 8.0 6.8 4.9
5 «6 1.3 37.6 38.8 12.4 5.8 3.5
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Selected Constituent Loads as Percentage of Total Loads from Sources

of Storm-Related Runoff to Cedar Creek--Continued

Sstorm-
sewer
discharges

Combined-

Site
T24

Site Site
T23

T21

Site
WWTF

sewer
overflows

Site

storm

No.

Total recoverable vanadium

Based on maximum total loads

4.9 34.2 45.2

7.3

11.0

2.6
17.9

1.7 8.2
1.7

3.2
3.8

32.6

22.6

21.7

38 .8

18.6

2.3
42.0

7.0
11.1

.6
3.7

7.4
19.7

21.0

11.1

3.7
7.2

11.2 12.9

19.7

27.7

1.6

Based on average total loads

4.9 34.0 45.0

2.6
17.9

9.6
14.7

0.8

3.2

22.6 32.6

7.3
11.8

1.1

12.8

3.8

41.7

20.0

2.5
42.0

10.5

.6
3.7

7.4
19.6

21.0

11.1

13.6

1.2
2.8

11.2 12.8

19.6

32.4

1.6

Total recoverable zinc

Based on maximum total loads

7.5 20.8 20.8

7.9
30.2

30.2

10.2

2.6

8.1

7.4
3.8
4.6

5.6
6.0

32.5

13.9

2.2

7.0

2.5
49.2

3.8
21.4

76.6

2.5
2.8

6.7

14.3

1.3

2.2

3.9

18.4

53.8

18.4

.6

Based on average total loads

7.5 20.7 20.7

5.8
9.1

35.7 7.9
31.4

4.9

2.6

8.4
10.5

7.7

41.0

3.4
62.6

2.3

5.7
4.9
2.3

3.7
51.6

8.0
28.4

.4
1.3

2.6

7.0
4.0

4.1

2.9

18.9

64.8

6.7

.6
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Selected Constituent lLoads as Percentage of Total Loads from Sources
of Storm-Related Runoff to Cedar Creek--Continued

Combined- storm-
Storm Site sewer sewer Site Site Site Site
No. 1 overflows discharges WWTF T21 T23 T24
Total recoverable aluminum
Based on maximum total loads
1 3.3 1.2 6.0 0.1 4.6 38.9 46.0
2 5.1 1.6 7.2 .7 9.7 31.6 44.2
3 .6 24.2 2 .1 10.6 20.3 44.0
4 5.7 6.0 17.6 2.6 18.9 38.4 10.7
1 2.5 6.6 30.0 1.7 11.8 18.9 28.4
Based on average total loads
1 3.2 0.6 7.0 0.1 4.6 38.7 45.8
2 5.0 .4 9.0 .7 9.6 31.4 43.9
3 .7 14.7 .3 o1 11.9 22.8 49.4
4 5.7 1.6 22.0 2.6 18.9 38.4 10.7
5 2.5 2.3 35.5 1.7 11.6 18.5 27.8
Total phenols
Based on maximum total loads
1 3.3 13.5 33.3 16.4 7.7 8.7 17.0
2 2.9 8.1 23.4 48.4 4.8 4.4 8.1
3 .6 31.7 24.1 11.8 14.0 4.6 13.1
4 1.3 3.2 20.9 65.2 4.4 1.9 3.2
1 .7 8.7 24.4 58.0 4.9 1.2 2.1
Based on average total loads
1 3.4 6.6 39.7 16.6 7.8 8.8 17.2
2 2.9 1.8 29.7 48.4 4.8 4.4 8.1
3 .7 18.1 35.6 12.4 14.7 4.9 13.7
4 1.2 .6 25.8 63.2 4.3 1.8 3.1
5 .7 3.1 29.0 58.8 5.0 1.2 2.1
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Selected Constituent Loads as Percentage of Total Loads from Sources
of Storm-Related Runoff to Cedar Creek-~Continued

Combined- Storm~
Storm Site sewer sewer Site Site Site Site
No. 1 overflows discharges WWTF T21 T23 T24

Dissolved solids

Based on maximum total loads

1 2.2 2.6 21.0 23.3 14.1 28.4 8.4
2 1.1 4.2 9.6 69.3 5.1 8.3 2.3
3 .3 7.9 42.6 12.8 19.7 11.7 5.0
4 .5 1.4 7.3 78.3 6.9 4.4 1.3
5 .4 4.4 39.2 41.2 9.8 3.9 1.2
Based on average total loads
1 2.2 1.2 24.2 22.7 13.7 27.8 8.2
2 1.1 1.0 12.2 69.8 5.1 8.4 2.3
3 «3 3.8 52.6 11.3 17.3 10.3 4.4
4 .5 4 9.1 77.6 6.8 4.3 1.3
5 .4 1.5 44.2 39.6 9.4 3.7 1.1
Total mercury
Based on maximum total loads
1 0.0 0.0 27.3 54.5 9.1 9.1 0.0
2 .0 .0 .0 100.0 .0 .0 .0
3 .0 15.4 38.5 30.8 15.4 .0 .0
4 .0 «0 .0 100.0 .0 <0 .0
5 .0 .0 100.0 .0 .0 .0 .0
Based on average total loads
1 0.0 0.0 27.3 54.5 9.1 9.1 0.0
2 .0 .0 .0 100.0 .0 .0 .0
3 .0 7.7 46.2 30.8 15.4 .0 .0
4 .0 0 .0 100.0 .0 .0 .0
5 .0 .0 100.0 .0 .0 .0 .0
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