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The 7-Day 10-Year Low Flows of Illinois Streams

by Krishan P. Singh and John B. Stall

A B S T R A C T

The 11 separate maps provided with this report show all the rivers and streams in Illinois.
Flow values in cubic feet per second (cfs) for the lowest flow expected for a 7-day period at a
recurrence interval of 10 years are given at intervals along the course of each stream. These
flows are useful for calculating the in-stream dilution available for waste water effluents.

The report describes the hydrologic methodology used to derive the flow values. Flow rec-
ords from 266 stream gaging stations were the primary data used. The amount of effluent
waste water flow during low-flow periods was obtained for about 300 existing waste water
treatment plants now discharging into Illinois streams. These locations and flow amounts are
shown on the maps. The hydrologic effects of natural lakes, man-made lakes, gains and losses
from groundwater, navigation dams, and evaporation from the river surface are considered.

The timing, or season, of the 7-day 10-year low flows is described. The special cases of the
controlled waterways within the Metropolitan Sanitary District of Greater Chicago, the Illinois
River, the Mississippi River, and the Ohio River are also described.

INTRODUCTION

State and federal agencies that regulate stream pollution
have based their stream water quality standards on a flow
condition in a stream specified as the 7-day 10-year low
flow. This is defined as the lowest average flow that occurs
for a consecutive 7-day period at a recurrence interval of
10 years. That is, over a long period of years, the average
time interval between 7-day low flows of this severity will
be 10 years.

Accompanying this report are 11 maps covering all the
streams in Illinois, showing the amounts of flow during
this prescribed 7-day 10-year low flow condition. The prep-
aration of these maps is described briefly in the paragraphs
that follow. The remainder of this report explains the
methods used in compiling the 7-day 10-year low flows for
the maps.

Preparation of Maps

Figure 1 shows the state of Illinois and the rivers that
are included on each of the 11 separate maps, and table 1
lists the rivers and drainage for each map. The various
steps that went into preparation of these maps are de-
scribed briefly.

Base maps were first prepared. The drainage area cov-
ered by the stream or river system in a particular region
was marked on the 2-degree maps of the U.S. Geological
Survey. These maps have a scale of 1 to 250,000 or about
1 inch = 4 miles. Where the contours were not defined
well enough to draw the drainage boundary accurately,
use was made of the 15-minute USGS quadrangle maps

Table 1. Rivers Included on the 11 Separate Maps

Rivers

1 Rock River Region — Rock River and Mississippi River
drainage upstream of Rock Island

2 Northeast Region — Chicago Sanitary and Ship Canal and
Chicago, Des Plaines, Du Page, and Fox Rivers

3 Kankakee Region — Kankakee, Mazon, Vermilion, and
Mackinaw Rivers, and Illinois River drainage from the
east upstream of the Sangamon River

4 Spoon River Region — Bureau Creek, Spoon River, and
Mississippi River drainage north of Henderson Creek

5 Sangamon Region — Sangamon River with Salt Creek and
other tributaries

6 La Maine River Region — La Moine River, Macoupin
Creek, and Mississippi River drainage upstream of mouth
of Illinois River

7 Kaskaskia Region — Kaskaskia River and Mississippi River
drainage between the Illinois and Kaskaskia

8 Embarras Region — Vermilion and Embarras Rivers, and
Wabash River drainage above Embarras River

9 Little Wabash Region — Little Wabash River and Wabash
River drainage between the Embarras and Little Wabash

10 Southern Region— Saline, Big Muddy, and Cache Rivers,
plus direct drainage into Wabash, Ohio, and Mississippi
Rivers

11 Border Rivers — Main stem only of Mississippi, Wabash,
and Ohio Rivers along Illinois boundary and the Illinois
River

that have a scale of about 1 inch = 1 mile. A base map
was then prepared showing the drainage boundary, the
stream network, all towns having waste water treatment
plants discharging to the streams, and county lines. The
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Figure 1. Rivers and other drainage included in the 11 separate maps
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USGS stream gaging stations on Illinois streams and bor-
dering rivers were located on the base maps from the
detailed description of their location published in U.S.
Geological Survey Water Supply Papers and Water Re-
sources Data for Illinois.

The locations of waste water effluent outfalls to streams
were obtained from the USGS 7½-minute and 15-minute
quadrangle maps or from the Illinois Environmental Pro-
tection Agency office in terms of latitude and longitude,
or section, township, and range, or in some cases by direct
telephone inquiries. Arrows were drawn on the base map
to indicate the effluent outfall to a stream. The magnitude
of 7-day low flow effluents from municipal and industrial
waste water treatment plants was determined, as described
later in this report, from: 1) the data collected from opera-
tion reports available at the regional Environmental Pro-
tection Agency offices, 2) the applicable curves of effluent
flow versus population where plant effluent data were not
available, and 3) telephone and written inquiries made to
some municipalities and industries. The amounts of waste
water effluents that are indicated on the maps represent
the 1970 effluents entering the receiving stream during the
7-day 10-year low flow condition.

Dams, regulating structures, and lakes were also located
on the base maps. The locations of locks and dams, given
in river miles for the Illinois, Ohio, and Mississippi Rivers
were obtained from the navigation charts published by the
U.S. Army Corps of Engineers. These locations were
checked with those on the 2-degree USGS maps to insure
that all such structures built to the year 1970 were shown
on the low flow maps. The dams, fords, and in-channel
impoundments for municipal water supply were located
on the various streams from the available information in
USGS maps, county plat books, highway maps, river basin
reports, and similar references. In addition, all large and
medium lakes, and some small ones, natural or man-made,
were shown on the maps because of their significant effect
on the 7-day 10-year low flows.

Streams with zero 7-day 10-year low flow were desig-
nated first. From the natural low flow versus drainage
area graphs, described later, the streams with zero 7-day
10-year low flow were determined and shown as dot-dash
lines (figure 2) on the maps. Any waste water plant efflu-
ents entering these intermittent-flow streams were then con-
sidered. If the effluent is lost in the dry streambed before
reaching the perennial stream, the zero 7-day 10-year low
flow stream remains as such. But, if the effluent is not lost,
the stream starts with a 7-day 10-year low flow at the
outfall equal to the magnitude of the effluent, and this
flow is reduced in a downstream direction to the point
where the natural 7-day 10-year low flow begins. Here
the 7-day 10-year low flow is then equal to the reduced
effluent value plus the natural value.

Streams with nonzero 7-day 10-year low flow were
mapped next. To natural 7-day 10-year low flows along
such streams are added the effluents from waste water

Figure 2. Symbols used on the low flow maps

plants to obtain the 7-day 10-year low flows for 1970
conditions. Any removal of water from a stream for a
municipal supply or industrial use is shown by a decrease
in the 7-day 10-year low flow (note net loss symbols in
figure 2).
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METHODOLOGY

Flows at Stream Gaging Stations

The primary data used in this study are the measured
flows at 201 USGS gaging stations on streams in Illinois
and at 15 stations on the Mississippi, Ohio, and Wabash
Rivers bordering the state. These stations are shown on
the eleven 7-day 10-year low flow maps and are listed in
table 2. Daily flow data were available for an average of
25 years at these stations. The flow data were brought
up-to-date to the year 1970 and stored on disks for quick

computer processing. Low flows in Illinois streams occur
most often in the fall months and do not occur in March
or April, which are months of high spring flows, snowmelt,
and high water table. Therefore, the water year selected
for low flow analysis was taken to begin April 1 and end
March 31 of the following year.

A computer program was written in Fortran to compute
the lowest 7-day flow of each low-flow year of the avail-
able record for each station, and to print the year, the
flow value, and the beginning day of the 7-day period. The

Table 2. 7-Day 10-Year Low Flows Adjusted for 1970 Effluent Conditions at USGS Gaging Stations
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Table 2 (Continued)
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Table 2 (Concluded)

computer program also ranks these low flows in ascending
order of magnitude and computes the corresponding per-
cent probability and recurrence interval in years from

in which m is the rank of 7-day low flow, m = 1, 2 , . . ., n;
n denotes the total number of years; pm represents percent
probability of the low flow being equal to or less than mth
low flow; and Tm is the average recurrence interval, in
years, for the mth flow. A typical computer output is
shown in table 3 for Pope Creek near Keithsburg in the

Spoon River Region, USGS gaging station 5-4670, which
has a drainage area of 171 square miles. The 7-day low
flows are given for 35 years.

The first four lowest 7-day flows in Pope Creek, shown
in Part B of table 3, are 1.66, 1.71, 1.79, and 1.87 cfs and
occurred, as shown in Part A, during the years 1964, 1949,
1940, and 1963 and in the months December, September,
October, and October, respectively. These low flows do not
exhibit any trend of increase or decrease over the 35-year
period. There are no waste water treatment plants dis-
charging effluents that affect the flow at this gage. The 7-
day low flow for a 10-year recurrence interval is obtained
by interpolating between the 9-year and 12-year low flow
values shown in table 3, which indicates a 7-day 10-year
low flow of 1.85 cfs at this station.
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Table 3. Typical Computer Output

Pope Creek near Keithsburg, USGS gaging station 5-4670
Drainage area 171 square miles

The 7-day 10-year low flow values at some stations do
indicate a trend for increase in low flow when the drainage
area upstream of the gaging station is slowly or rapidly
urbanizing, and thus discharging more and more waste
water effluents to the stream. Usually the source of water
supply is groundwater from deep wells. These two situations
are discussed in detail in later sections.

Flows along the Streams

The 7-day 10-year low flows at the gaging stations serve
as control points for estimating these low flow values along
the streams and their tributaries. Other pertinent informa-
tion is the location of waste water treatment plant effluents
entering the stream and their 7-day low flow effluents. For
maximum utility, 7-day 10-year values need to be estimated
at locations near towns, at junctions with medium and
major tributaries, at sizeable inflows from waste water
treatment plants, and at regulation or control works. The
7-day 10-year low flows were estimated at these various
points along the streams, but not all of them were shown
on the low flow maps to avoid overcrowding the maps.

The 7-day 10-year low flows along the stream were de-
rived with the use of the following tools, singly or in com-
bination, as dictated by the prevailing conditions in each
general area.

Low Flow vs Area Curves. The 7-day 10-year low flow
versus drainage area curve, applicable to the area under
consideration, indicates the drainage area Ao for which
the 7-day 10-year low flow is zero. The creeks, streams, and
tributaries with drainage area less than Ao are shown by
dot-dash lines on the low flow maps. When the drainage
area equals Ao, the low flow value is shown as 0.00 and
the stream is drawn as a solid line downstream which
means it is then a perennial-flow stream.

Waste Water Treatment Plant Effluents. The waste
water effluents entering the streams pose some problems
in estimating low flows. If these effluents enter streams
that have drainage areas less than Ao, an estimate has to
be made of the losses occurring in the intermittent streams
to determine whether these effluents would be absorbed
before reaching the natural perennial-flow stream. If the
effluent additions are small and enter the stream in the
upper reach, generally they would be lost in the dry stream-
bed. However, if the effluent additions are considerable,
they may contribute to some flow at the stream point with
drainage area Ao. The flow contribution will increase the
larger the effluent and the closer its point of entrance to the
Ao point. Once the stream has nonzero natural 7-day 10-
year low flow, any effluent additions simply increase the
7-day 10-year flow by the amount of effluent addition.

Water from Streams for Municipal and Industrial Use.
Generally any town or industry pumping water from a
stream returns it to the stream after use in the form of
effluents from its waste water treatment plant. Such use
does cause reduction in the 7-day 10-year low flow because
the return water is always less, though the deficit will vary.
Adjustments in 7-day 10-year values are made for these
losses where necessary. Some examples are the loss of 3.9
cfs to the 7-day 10-year low flow in the Illinois River be-
cause of the Peoria water supply, and the loss of 28.0 cfs
to the low flow value for the Chicago Sanitary and Ship
Canal because of water use by the Corn Products
Company.

Timing of Low Flows in Two Major Branches. When
two major branches drain sufficiently large areas before
joining together, the 7-day 10-year low flow versus area
curves applicable to these branches may be quite different
because of hydrologic, geologic, and soil factors. Further,
the low flows may not occur during the same month. Under
such conditions, the 7-day 10-year flow below the junction
will be much more than a simple addition of 7-day 10-year
low flows in the two branches.

For example, the 7-day 10-year flow for the Pecatonica
River at its mouth (drainage area 2647 sq mi) is 412 cfs,
and that for the Rock River just upstream of its junction
with the Pecatonica (drainage area 3640 sq mi) is 240 cfs.
At the USGS gaging station at Rockton on the Rock River,
¾ mile below its confluence with the Pecatonica, the 7-day
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10-year low flow is 795 cfs, which is much more than the
sum of the two low flows above the junction (652 cfs).
Flows in the range of the 7-day 10-year low flow in the
Pecatonica occur during the months of July, December, or
January, whereas they occur during August or September
in the Rock River above the confluence. Such flows at Rock-
ton occur during August or October, and the concurrent
low flows during these two months yield the 7-day 10-year
low flow of 795 cfs for the Rock River at Rockton. Another
example is the 7-day 10-year low flows at the confluence of
the Des Plaines and Kankakee Rivers where they form
the Illinois River downstream, as shown below.

Modification of Low Flow because of Lakes and Pools.
In-stream lakes and pools generally reduce the 7-day 10-
year low flow unless a significant minimum flow release
is provided in the project design. Lakes and pools expose
considerable water surface areas to evaporation, thus re-
ducing the natural low flows. If the water levels are regu-
lated for recreational or other purposes, the flow needed
to maintain the lake level combined with evaporation loss
may reduce the 7-day 10-year low flow at the lake outlet
to zero. If no water is released from lakes in order to hold
water for municipal or industrial use during critical dry
periods, the 7-day 10-year low flow below the impounding
structure would be zero. However, in large multipurpose
reservoirs as discussed in a later section, some minimum
flow release is stipulated downstream of the dam and this
can be taken as the 7-day 10-year low flow at the outlet.

Flow Regulation for Navigation. Flows in the water-
ways of the Metropolitan Sanitary District of Greater
Chicago (MSDGG), and in the Illinois River are regu-
lated through a series of locks and dams for navigation
purposes. On the Illinois River there are five locks and
dams, near Dresden, Marseilles, Starved Rock, Peoria, and
La Grange, creating pools with very little slope during
7-day 10-year low flow conditions. There are three USGS
gaging stations on the Illinois River, at Marseilles, Kingston
Mines, and Meredosia. The observed losses are attributed
to evaporation, leakage, and storage because of regulation.
Because all these are proportional to water surface area,
the distribution of losses along the river is found by the
use of the lake, river, and backwater surface areas at
different points along the river. A detailed description is
given later.

Groundwater Accretion to Low Flow. A stream becomes
a gaining stream when groundwater flows into the stream.
The amount of this accretion has been shown (Singh,
1968) to be related to the depth of streambed incision or
entrenchment. The amount of this gain is estimated from
the low flow data at gaging stations along a major stream,
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streambed conditions, existence of permeable deposits,
and other pertinent factors.

Backwater Effects from Ohio and Mississippi Rivers.
The flows in the river reaches from a confluence to a
variable distance upstream of the Ohio and Mississippi
Rivers can be reversed because of backwater effects. Such
backflow occurs in the Saline River and to a smaller extent
in the Big Muddy River. The water backs up into the small
rivers when their flows are low to moderate while flows
in the Ohio and Mississippi Rivers are high. Because these
backwater conditions last only a few days, are not easily
predictable, affect only a small downstream length of the
river, and depend to a large extent on the flood flow regu-
lation in the Ohio and Mississippi Rivers, the 7-day 10-year
low flows to the mouth have been processed under an
assumption of no interference from backwater.

Flow Data from Gaging Stations in Adjoining States.
For determining 7-day 10-year low flows in the Wabash,
Ohio, and Mississippi Rivers bordering Illinois, the daily
flow data at 50 USGS gaging stations in the neighboring
states of Indiana, Kentucky, Missouri, Iowa, and Wisconsin
were used in addition to 15 stations on the bordering rivers.
The multistation computer program provided the informa-
tion on concurrent flows. With the exception of the timing
problem for low flows in the Missouri-Mississippi Rivers
and Tennessee-Ohio Rivers at their respective confluences,
the period of low flows was primarily decided by low flows
in the Wabash, Ohio, or Mississippi Rivers. In one case
on the Mississippi River, concurrent low flows had to be
considered at 16 main stem and tributary stations.

Other Considerations. Some other assumptions have been
made in deriving 7-day 10-year low flows along the streams
and showing them on the low flow maps.

1) Effluents from waste water treatment plants serving
schools have not been considered because these
would be practically zero during school closure in
July and August — the usual months of low flow in
streams. Therefore, these are not shown on the 7-
day 10-year low flow maps.

2) Effluents from waste water treatment plants serving
trailer parks or recreational areas have not been
considered because such flows are not only small
but also transitory and seasonal. In intermittent
streams, all such effluents would be lost before reach-
ing the perennial stream. For similar reasons, efflu-
ents in the range of 0.02 cfs or less from some small
towns are not shown.

3) Any local conditions that are atypical of the general
area were not considered. For example, flow from
a local spring was not considered unless springs
were distributed over the general area.

4) The 7-day 10-year low flows for the 1970 condition
of effluents may need adjustment in later years with
increases in effluent flows because of increased popu-
lation. The impact of such increases may be rela-
tively more in streams having small natural low flow.



S P E C I A L F A C T O R S A F F E C T I N G L O W F L O W V A L U E S

Waste Water Treatment Plants

All cities operating waste water treatment plants are
required by the Illinois Environmental Protection Agency
to submit monthly operation reports. These reports con-
tain information on the amount of water in gallons per
day leaving the plant after treatment, any waste water by-
passed during rains in the case of combined sewer systems,
and quality parameters such as BOD and concentration of
suspended solids. These operation reports are on file in the
field offices of the Illinois EPA in Chicago, Rockford,
Aurora, Kankakee, Peoria, Champaign, Springfield, Col-
linsville, and Marion. The information from these reports
varies in quality but is generally useful in understanding
the variability of the effluent.

The EPA field offices were visited to collect the informa-
tion on effluent flow for the year 1970, as well as for a
few earlier years where available. The relevant information
was noted in a format specifically prepared for this study.
An example of this information for the city of McHenry
in the Fox River basin is shown in table 4. The 7-day
10-year low flow in the receiving stream, the Fox River,
occurs during the months of July through October.

Table 4. Effluent Flow Data from Waste Water Treatment
Plant at McHenry for 1970

With the exception of the Fox River and the northern
part of the Rock River basin, the 7-day low flow effluent
from waste water treatment plants in Illinois occurs about
the same time as the 7-day 10-year low flow in the receiv-
ing stream. For these special cases in which the effluent
from the plant and the low flow in the stream are not in
phase and the effluent is a small part of the total low flow
in the stream, the 7-day low flow effluent must be deter-
mined for the period of low flow in the receiving stream.

As shown in table 4, the average monthly effluent flow
and the minimum day flow in each month were noted from
the operation reports. During the months of July through
October 1970, the minimum day effluent flow occurred in
August and the average monthly flow for August was also
the lowest in the four-month period. A cursory inspection
of the operation report confirmed that the lowest 7-day
flow occurred in August. Therefore, the daily flows were
copied for the month of August (table 4). The lowest 7-
day flow was for the period August 16-22, 1970, and this
flow averaged 0.721 mgd, or 1.11 cfs. Similar low flow
information was processed from the available records for
as many towns as possible in a river basin or region.

The relation between the 7-day low flow effluent, E7, and
population, P, was defined by plotting information such as
that from table 4 on loglog paper. One such plot for 32
plants in the Fox River basin is shown in figure 3. The
average relation is typified by the principal curve:

in which E7 is the lowest 7-day waste water effluent, in
mgd, during the usual period of low flows in the receiving
stream, and P is the population served. Values of low flow
effluents from waste water treatment plants, in gallons per
capita per day (gpcd), for various populations as obtained
from the average curve are given below.

For individual towns, curves were drawn parallel to the
average curve to obtain 7-day low flow effluents for popu-
lations in other years, which were needed for towns in
rapidly urbanizing basins. The low flow effluents for towns
that had no effluent data were estimated from figure 3 on
the basis of the 1970 population, general location, compari-
son with other towns having plotted data, and the char-
acter of the town, whether residential or lightly or con-
siderably industrialized.
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Intermittent Streams

Intermittent streams at times have zero flow. To illus-
trate the losses in intermittent-flow streams that have sig-
nificant inflows from sewage treatment plants, we will
consider the Sangamon River basin in general. The basin
lies in the Springfield Plain physiographic division (Leigh-
ton et al., 1948) which is the level portion of Illinoian drift

10

sheet in central Illinois and has shallow entrenchment of
streams. From a study of streamflow variability and flow
duration curves for streams in Illinois, Singh (1971) di-
vided the state into 14 hydrologic divisions and an area 'a'
of Wisconsinan sand deposits. The Sangamon River basin
has portions of hydrologic divisions 5, 6, and 10, and area
'a' as shown in figure 4.



Figure 4. Sangamon River basin showing stream gaging stations
and hydrologic divisions 5, 6, 10, and a

There are 19 gaging stations in the basin. Table 5 shows
the drainage areas, the natural 7-day 10-year low flows,
and the 1970-condition low flows as described earlier. The
natural 7-day 10-year low flow is obtained by subtracting
the waste water effluent contributions from the 7-day low
flows. If after subtraction, the flows are negative, they are
put equal to zero. Natural values are plotted against re-
spective drainage areas in figure 5. There are four distinct
curves for the four hydrologic divisions, and three inter-
mediate curves for drainage areas covered by two or more
of these divisions. These curves show that the natural 7-day
10-year low flow would be zero for drainage areas less
than 1, 60, 230, and 600 square miles within the hydrologic
divisions 'a', 6, 5, and 10, respectively.

For some streams, the 1970-condition 7-day 10-year low
flow is zero even when some effluents are being discharged
to the stream in its upper reach. This occurs when the
natural 7-day 10-year value is zero and the drainage area

Table 5. 7-Day 10-Year Low Flows at Gaging Stations
in the Sangamon River Basin

Figure 5. 7-day 10-year low flows as related to drainage area,
Sangamon River basin

at the gaging station is small. During low flow periods, such
streams lose water to groundwater storage, and are called
losing streams. For example, in 1964 the 7-day low flow
for Flat Branch near Taylorville (station 5-5745, drainage
area 279 sq mi) was zero even though the effluent contri-
bution from the town of Macon, upstream of Taylorville,
amounted to 0.15 cfs.

When the effluent discharge is considerable, only part
of it will be lost as it flows down the dry streambed. Sugar
Creek near Hartsburg (station 5-5815, drainage 333 sq mi)
had a 7-day 10-year low flow of 6.8 cfs for the 1950 condi-
tion of effluents. At that time the Bloomington-Normal
plant discharged an effluent of 6.0 cfs to the stream in its
upper reach. The adjacent stream, Kickapoo Creek near
Lincoln (station 5-5805, drainage 306 sq mi), had an
observed 7-day 10-year low flow of 2.5 cfs, had no effluent
contributions for the period of record, and therefore had
a natural low flow equal to its observed low flow, or 2.5
cfs. The natural low flow at Hartsburg was estimated at
2.7 cfs on the basis of drainage area and similar basin and
channel characteristics for the two streams. Thus, the efflu-
ent loss was 1.9 cfs [6.0 + 2.7 - 6.8] out of a total of
6.0 cfs.

For streams in which the natural 7-day 10-year low flow
is not zero, the 1970-condition 7-day 10-year low flow is
the sum of the natural low flow and the sewage treatment
plant effluents discharged to the stream when low flow
conditions prevail.

The philosophy of modification of natural low flow by
sewage treatment plant effluents is briefly described below.

1) A small amount of effluent discharge to a stream will
not add to the natural low flow in the stream, un-
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less the stream is near to having or has some natural
7-day 10-year low flow.

2) A medium amount of effluent discharge, if it is added
to the uppermost reach of a stream, will slightly
increase the low flow. However, the flow increase
will tend to equal the amount of effluent discharge
for effluent locations closer to the stream section
where the natural 7-day 10-year low flow is not
zero.

3) A large amount of effluent discharge will contribute
to streamflow downstream, but the contribution will
decrease with distance until the stream is no longer
intermittent.

The derived natural 7-day 10-year low flow at the 19
gaging stations are given in table 5. These low flow values
serve as control values for interpreting, interpolating, and
extrapolating natural low flows along the entire stream
network consistent with pertinent physical, geologic, hydro-
logic, and soil information for the basin.

Streams in Slowly Urbanizing Basins

For streams draining a slowly urbanizing drainage area,
the lowest 7-day flows show minor changes from increased

effluents but do not exhibit any significant upward trend
with time. As an example we will consider the low flows
occurring in various streams in the Rock River region. Here
the differences in low flow are primarily related to the
natural hydrology. This basin is shown in figure 6, and
table 6 lists the 28 gaging stations in this basin, their drain-
age areas, and the 7-day 10-year low flows corrected to
1970 conditions of waste water effluent inflows. The lowest
7-day flows each year at these stations do not exhibit any
significant time trend. The 7-day 10-year values derived
from the lowest 7-day flows for the available record (1941-
1969) needed adjustment at 8 gaging stations (Nos. 11,
14, 16, 17, 20, 21, 22, and 25) to allow for increased
effluents from municipal and industrial plants, and for an
artificial flow reduction instituted in the Illinois and Missis-
sippi Canal. Values before adjustment for these stations
are also shown in table 6.

For the Kyte River near Flagg Center, the 7-day 10-year
value from the lowest 7-day flows recorded up to 1950 is
2.8 cfs. Rochelle and Ashton discharge effluents from their
treatment plants to the Kyte River and its tributary, re-
spectively. The effluent from the Rochelle waste water plant
has increased by 0.40 cfs from 1950 to 1970, and that from
Ashton makes an effective contribution of 0.10 cfs to the

Figure 6. Rock River basin showing stream gaging stations
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Table 6. 7-Day 10-Year Low Flows at Gaging Stations
in the Rock River Region, 1970 Conditions

low flows. Thus, the 7-day 10-year low flow for the Kyte
River near Flagg Center is adjusted to 3.3 cfs [2.8 + 0.40
+ 0.10] to correct for the 1970 conditions of effluent inflows.

In figure 7 the 7-day 10-year values for all 28 stations
are plotted against drainage area, on cube-root paper. Six

Figure 7. 7-day 10-year low flows as related to drainage area.
Rock River basin

curves are drawn representing 7-day 10-year low flow ver-
sus area relationships for the Pecatonica River, Rock River
above Pecatonica River, Kishwaukee River (north), Kish-
waukee River (south), Green River, and Rock River below
Rockton. For other streams, such as the Galena (station
1), Apple (3), Plum (4), and Leaf (19) Rivers, curves
can be drawn through the relevant flow-area point follow-
ing the configuration of the nearest curves. It is evident
from figures 6 and 7 that:

1) The Pecatonica River curve would be applicable to
the Pecatonica River and at least up to the gaging
stations on the Galena and Leaf Rivers and on Elk-
horn (23) and Rock (24) Creeks. Thus, about 25
percent or more of the Rock River basin in Illinois
follows the Pecatonica curve, which represents the
highest 7-day 10-year low flow for a given drainage
area within the basin.

2) The Kishwaukee River basin in the eastern part of
the Rock River basin, displays two distinct curves
— one for the northern portion draining to the
Kishwaukee River, and the other for the southern
portion draining to the South Branch of the Kish-
waukee River. Both northern and southern curves
yield much lower 7-day 10-year flows than the
Pecatonica curve, but the southern curve indicates
much drier conditions than the northern one. The
dashed southern curve shows natural 7-day 10-year
low flows obtained after subtracting effluents.

3) The Green River curve lies between the Kishwaukee
north and south curves and has on it the Kish-
waukee River near Perryville (located below the
confluence of the two streams draining the north
and south portions).

4) For minor tributaries flowing into the Rock River,
the 7-day 10-year low flow versus area curves will
lie between the curves for areas surrounding them.

5) For the Rock River basin in Illinois, the drainage
area for zero 7-day 10-year low flow varies from 5
square miles in the Pecatonica basin to 60 square
miles in the South Branch Kishwaukee River basin.

The Rock River basin is not homogeneous so far as 7-day
10-year low flows are concerned. However, the basin can
be parcelled out into separate entities and some interme-
diate categories for defining the relation between 7-day
10-year low flow and the drainage area.

Streams in Rapidly Urbanizing Basins

For streams with a rapidly urbanizing drainage area the
lowest 7-day flows each year exhibit a pronounced upward
trend with time. As an example we will consider the lowest
7-day flows observed in the Salt Creek at Western Springs
(station 5-5315, drainage 114 sq mi) during the years
1946-1969, plotted in figure 8. The lowest 7-day curve
typifies the trend and yields a 7-day 10-year low flow of
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Figure 8. Lowest 7-day flows observed at gaging station 5-5315, Salt
Creek at Western Springs, and inflows to stream from waste water

plant effluents, 1940-1970; inset map shows location and
amount of inflows to Salt Creek

14.9 cfs for the 1970 conditions of inflows to Salt Creek
above the gaging station.

The inflows from waste water treatment plants to Salt
Creek for four decade years are given in table 7 and re-
flect the rapid urbanization of the area. Since the total
inflow in 1970 was 19.32 cfs, the loss in the stream channel
amounts to 4.42 cfs [19.32 — 14.90]. It remains to be deter-
mined how this loss is distributed in various reaches.

Salt Creek basin, in general, is poorly drained. Most of
the area is covered by moderately fine textured silty clay
loam derived from glacial till as much as 200 feet thick
which covers a dolomite aquifer. The soil is moderately

Table 7. Inflows from Waste Water Treatment Plants
above Station 5-5315, Salt Creek at Western Springs
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slow to slowly permeable. Land use has been changing
steadily from rural to urban with the increase in population.
Most of the communities in the basin depend on wells for
their water supplies. Water pumped from the ground is
returned to the stream as waste water effluent. In the
southern part of the basin, the glacial drift is thin, and
the basal sand and gravel, though too thin to be used as
an aquifer, does provide a hydraulic connection between
the Salt Creek bed and the dolomite aquifer underlying
the sand and gravel. This relationship is a critical factor
in groundwater recharge in the southern part of the basin.
The entire reach of the Salt Creek south and east of Elm-
hurst can be regarded as an area of potential recharge to
the shallow aquifers.

Favorable conditions for induced recharge exist in the
general area near gaging station 5-5315 because of an ex-
tensive cone of depression caused by groundwater pumping.
Induced recharge from the streambed reduces streamflow;
this effect will be more pronounced at low flow than at
high flow. From a study (Spieker, 1970) of seepage runs
made by the U.S. Geological Survey in 1965 and 1966,
the losses of streamflow from induced recharge were deter-
mined for the various reaches. These losses were used in
determining the 7-day 10-year low flows upstream of the
gaging station that are shown in figure 8.

Natural Lakes

An example showing the effect of natural lakes on 7-day
10-year low flow is for the upper part of the Fox River
basin in Illinois (figure 9). The Fox River drains a total

Figure 9. 7-day 10-year low flows in the upper Fox River basin



of 2580 square miles of which 1640 square miles lie in
Illinois. The upper portion of this basin, from the state
line to the city of Algonquin has a flat low-lying terrain
abounding in lakes, swamps, marshes, and sloughs. Included
in this area are the Fox Chain-of-Lakes with a combined
water surface of 13 square miles.

The principal lakes in the chain are: Pistakee, Nipper-
sink, Fox, Petite, Grass, Marie, Channel, and Catherine.
There are two dams in the area, McHenry and Algonquin
Dams. McHenry Dam is 282 feet long and 6.5 feet high,
with a crest elevation at 736.7 feet. It is gated and creates
a pool extending upstream to the Pistakee Lake outlet. The
surface area of the pool is 403 acres. Algonquin Dam is a
broad-crested weir, 308 feet long and 9.0 feet high, with
a crest elevation at 730.3 feet. The length of the pool is
16.34 miles extending upstream to McHenry Dam, and
the pool has a surface area of 849 acres. Gates at the Mc-
Henry Dam are operated to maintain the water level in the
Chain-of-Lakes for recreational purposes.

On the main river, at the upper and lower ends of the
area, the USGS operates two gaging stations, one at Wil-
mot, Wisconsin, and the other at Algonquin, Illinois; the
respective drainage areas at these stations are 880 and 1402
square miles. Nippersink Creek is the major tributary
draining a total of 234 square miles. There is a gaging
station near Spring Grove (drainage 193 sq mi), and an-
other on Boone Creek near McHenry (drainage 15.3
sq mi).

The observed lowest 7-day flows at Wilmot for 1941-
1969 show no trend and yield a 7-day 10-year value of
62.0 cfs. Low flows in this range occur during the months
of July through October, but mostly in September. The
7-day 10-year low flow in the Fox River at Algonquin,
adjusted for the 1970 condition of effluents from waste
water treatment plants, is 51.0 cfs. Thus, the 7-day 10-year
low flow decreases by 11.0 cfs from Wilmot to Algonquin,
whereas the drainage area increases by 522 square miles.
The various tributaries, groundwater accretion, and waste
water effluents from Wilmot to Algonquin add 44.3 cfs of
flow (table 8 and figure 10). Hence, the losses in the Fox
Chain-of-Lakes and the two pools created by McHenry
and Algonquin Dams are 62.0 + 44.3 - 51.0, or 55.3 cfs.
Distribution of these losses will now be considered.

The following figures apply to evaporation from lake
surfaces (Roberts and Stall, 1967) for the area under con-
sideration during July to October.

Lowest 7-day flows usually occur during September or
late August. Thus, an evaporation loss of 3 cfs per square
mile of lake surface can be applied. For the two pools
created by Algonquin and McHenry Dams, the evaporation

Table 8. Contributions from Tributaries and Effluents
to Upper Fox River

loss becomes 3.0 X [(403 + 849)/640], or 5.9 cfs. The 7-
day 10-year low flow in the Fox River at the outlet of
Pistakee Lake is

Losses in the Fox Chain-of-Lakes are

For a water surface area of 13 square miles, the loss
amounts to 3.8 cfs per square mile. This figure is higher
than the 3.0 cfs for the pool areas created by the in-channel

Figure 10. 7-day 10-year low flows in the upper Fox River showing losses
and gains in the 35-mile reach from Wilmot, Wisconsin,

to Algonquin, Illinois
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dams because of more wind effects in the lake area and
some inhibition of groundwater accretion. Low flow anal-
yses from Algonquin to the mouth of the Fox River and
the losses from the pools created by 10 in-channel dams
downstream of Algonquin Dam indicate that the loss of
3.0 cfs per square mile of water surface from such pools
is satisfactory.

As indicated by the values of 7-day 10-year low flows
along the Fox River from Wilmot to Algonquin shown in
figures 9 and 10, losses in large natural lakes used for
recreation can reduce 7-day 10-year low flows very sig-
nificantly.

Man-Made Lakes

Rivers and streams are dammed to impound water for
various uses such as water supply for towns and industries,
flood control, low flow augmentation, and recreation. In
Illinois, small reservoirs and lakes have been designed
primarily for a single purpose, municipal water supply.
Examples are Lake Decatur, Lake Vermilion, Lake Charles-
ton, and Lake Mattoon. During severe droughts the water
supply from these reservoirs becomes critical and practically
no water is allowed to flow through the sluices or openings.
Thus the 7-day 10-year low flow downstream of dams at
such lakes would be zero. The streams flowing into these
lakes have natural 7-day 10-year low flows equal or close
to zero except in the case of the Sangamon River near
Decatur. There are other small water impoundments for
which the low flow of the inflowing stream may not be
zero, but it may be small enough to be absorbed by evapo-
ration from the lake surface, so that the 7-day 10-year low
flow downstream of the impounding structure is zero.

The state has three large multipurpose reservoirs — Lake
Shelbyville, Carlyle Lake, and Rend Lake. The first two

are on the Kaskaskia River and the third is on the Big
Muddy River. As designed and constructed by the U.S.
Army Corps of Engineers, these lakes provide minimum
releases that can be taken as the 7-day 10-year low flows
at their outlets. These minimum releases can be compared
with the 7-day 10-year low flows that would have existed
if these lakes had not been constructed, as follows:

Some towns such as Breese in Clinton County and
Pontiac in Livingston County pump water from in-stream
impoundments. Breese pumps 0.40 cfs from Shoal Creek
during low flow conditions, reducing the 7-day 10-year
low flow from 0.60 to 0.20 cfs at gaging station 5-5940.
The effluent from its waste water treatment plant is dis-
charged to an intermittent tributary, and thus is lost to
Shoal Creek under 7-day 10-year low flow conditions.
Pontiac pumps 1.8 cfs from the Vermilion River, reducing
the 7-day 10-year low flow at gaging station 5-5545 to 0.20
cfs. However, the effluent from the Pontiac waste water
plant enters the river a little distance downstream of the
gage and therefore does not affect the low flows farther
downstream.

Use of large quantities of river water and its return later
to the river in the form of effluents from the waste water
plant does involve some loss during dry weather conditions.
The loss is attributed to such things as consumptive water
use, watering of lawns, or leakage from sewer systems. For
the city of Peoria using Illinois River water, the net loss
to 7-day 10-year low flow in the river is estimated at 3.9 cfs.

LOW FLOWS I N THE I L L I N O I S W A T E R W A Y

MSDGC Waterways

The Metropolitan Sanitary District of Greater Chicago's
three major sewage treatment works and the combined
storm-sanitary sewers discharge to a system of waterways
that are tributary to the Des Plaines River. Lock and dam
facilities prevent the backflow of these contaminated waters
into Lake Michigan during high flows that occur during
heavy rains. The dam at Lockport at the downstream end
of this waterway system is so operated as to lower the
water level in the waterways, thus providing greater water
surface slope to increase the conveyance capacity in the
system. A few bypasses in the lower reach of the system
help in diverting part of the flood flows to the Des Plaines
River and other streams. The MSDGC waterways are
shown in figure 11 together with the locations of diversions
from Lake Michigan.
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The MSDGC waterways serve a dual purpose. They
provide open drainage for effluents from sewage treatment
works serving Greater Chicago, and navigation facilities
both ways for shipping from Lake Michigan to the Mis-
sissippi River via the Illinois River. The water levels in
these waterways are controlled primarily for navigation
which requires wide and deep waterways. Diversions from
Lake Michigan are restricted to a 1500-cfs average over
the year, but much more water is diverted in summer than
in winter because greater dilution is needed in summer
to maintain certain minimum dissolved oxygen levels in
the waterways. With limited flow during low flow condi-
tions the water surface has a very small slope. The veloci-
ties during 7-day 10-year low conditions may range from
a minimum of less than 0.1 to a maximum of 0.7 foot per
second in these waterways.



Figure 11. 7-day 10-year low flows for principal waterways of
the Metropolitan Sanitary District of Greater Chicago

The three major MSDGG sewage treatment works
(STW) are the Northside, West Southwest, and Calumet.
Northside STW discharges its effluent to the North Shore
Channel which joins the North Branch Chicago River
about 3 miles downstream. The North Branch Chicago
River meets the Chicago River which carries Lake Michi-
gan water coming through the lock facilities at Chicago
Harbor. From this junction to Damen Avenue the channel
is known as the South Branch Chicago River. Downstream
of Damen Avenue to Lockport, it is named the Chicago
Sanitary and Ship Canal. The largest MSDGC sewage
treatment works, West Southwest, discharges its effluent
to this waterway. The Canal is joined by the Calumet-Sag
Channel from the east, which carries Lake Michigan water
passing through the Calumet River and the O'Brien Lock
and Dam, water from the Grand Calumet and Little Calu-
met Rivers, and effluent from the Calumet STW, the third
major MSDGC sewage treatment works. Downstream of
the Lockport Lock and Dam, the Chicago Sanitary and
Ship Canal joins the Des Plaines River, which later com-
bines with the Kankakee River to form the Illinois River.

An analysis of daily diversions from Lake Michigan to
the North Shore Channel at Sheridan Road, to the Chi-
cago River at Outer Drive, and to the Calumet River at
O'Brien Lock and Dam, as obtained from the MSDGC
office for the period May 1968 to March 1972, yielded the
lowest 7-day diversions that are shown in table 9.

Table 9. Minimum 7-Day Diversions from Lake Michigan
(Amounts in cubic feet per second)

Thus, the diversions from Lake Michigan during low
flow months, which are January and March for the Chicago
Sanitary and Ship Canal at Lockport, may be taken as
29, 27, and 30 cfs at Wilmette, Chicago Harbor, and
O'Brien Lock and Dam, respectively. The 7-day 10-year
low flow at Lockport, gaging station 5-5370, is estimated
at 1700 cfs from the daily flow data for the years 1939-1970.

Rivers and creeks entering the Chicago Sanitary and
Ship Canal and the Calumet-Sag Channel add flows
amounting to ~ 152 cfs to the 7-day 10-year low flows in
these waterways (table 10). The balance of 1548 cfs [1700
— 152] is made up by the effluents from the MSDGC sew-
age treatment works and a number of industrial plants.

Visits were made to the Environmental Protection
Agency office in Springfield to collect data on the use of
water by industries along the Chicago Sanitary and Ship
Canal, Calumet-Sag Channel, and Des Plaines River in-
cluding any addition to flows by industries using ground-
water but discharging effluents to the waterways, and any
loss to flow by industries using water from these waterways
and either not discharging it back or discharging a smaller
amount because of consumptive use in plant processing or
cooling. Many industries were contacted by telephone to
gather the required information or to verify the available
information regarding their use of water. Additions to flow
from groundwater in this area were small, and such small

Table 10. Balance of Gains and Losses to 7-Day 10-Year
Low Flows in MSDGC Waterways

Balance of Flows
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additions or losses to flow (less than 1 cfs) were neglected
because of the high order of flows in the waterways. The
information on industrial use of water (December to
March) in MSDGC waterways to Lockport is given in
table 10. This excludes the Calumet River from Calumet
Harbor to O'Brien Lock and Dam because this reach is
directly connected to Lake Michigan and its flows are
controlled by the dam.

A balance of flows in the MSDGC waterways, also shown
in table 10, yields a 7-day 10-year low flow of 1700 cfs in
the Chicago Sanitary and Ship Canal at Lockport. The
7-day 10-year low flows in the MSDGC waterways up to
the junction with the Des Plaines River are shown on
figure 11.

Illinois River

Flow in the Illinois River is regulated through a series
of locks and dams for navigation purposes. Figure 12 shows
the bed profile, the longitudinal water surface profile dur-
ing low flows, the five locks and dams near Dresden, Mar-
seilles, Starved Rock, Peoria, and La Grange and the five
pools they create, and the three USGS gaging stations. The

five pools have very little surface slope during 7-day 10-
year low flow conditions. The gaging stations and their
7-day 10-year low flows are: station 5-5435, Illinois River
at Marseilles, 3240 cfs; station 5-5685, Illinois River at
Kingston Mines, 3000 cfs; and station 5-5855, Illinois River
at Meredosia, 3500 cfs.

The 7-day 10-year low flow at the beginning of the Illi-
nois River at the confluence of Des Plaines and Kankakee
Rivers has been estimated at 3181 cfs from a study of con-
current flows at the following gaging stations:

5-5275 — Kankakee River near Wilmington
5-5325 — Des Plaines River at Riverside
5-5370 — Chicago Sanitary and Ship Canal
5-5390 — Hickory Creek at Joliet
5-5405 — Du Page River at Shorewood
5-5420 — Mazon River near Coal City
5-5435 — Illinois River at Marseilles

The groundwater accretion to flow during 7-day 10-year
low flow conditions in the reach above Marseilles is esti-
mated at 2.25 cfs per mile on the basis of balancing the
inflows from the tributaries and the flows in the Illinois
River.

Figure 12. Bed profile and water surface elevations in the various pools of the Illinois River
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Between the gaging stations at Marseilles and Kingston
Mines, river mile 246.6 to 145.3, the main tributaries are
the Fox and Vermilion Rivers, Big Bureau Creek, and the
Mackinaw River. The low flows in the range of the 7-day
10-year low flow at Kingston Mines occur during August
through October or in January, compared with October
or January at Marseilles. The addition of August and
September to the low flow period at Kingston Mines under-
scores the reduction of the impact of low flows from the
Chicago Sanitary and Ship Canal, which occur mostly in
January or March. A brief balance of flows between Mar-
seilles and Kingston Mines is given in table 11.

Loss of 698 cfs in 7-day 10-year low flow in the river
reach between Marseilles and Kingston Mines is attributed
to evaporation losses from river, lake, and backwater areas,
and to regulation of water levels for navigation. Modifica-
tion of low flow because of these two factors depends on
the extent of water surface area. These areas were calcu-
lated from USGS quadrangle maps and maps of Illinois
River backwater areas (Department of Public Works and
Buildings, 1969). The total water surface area during low
flow conditions from mile 246.6 to mile 145.3 of the Illi-
nois River was calculated at 40,257 acres, yielding a loss
to 7-day 10-year low flow of 0.0173 cfs per acre or 11.1
cfs per square mile. The loss will vary from mile to mile
depending on the additional water surface area.

The 7-day 10-year low flow increases from 3000 cfs at
Kingston Mines, mile 145.3, to 3500 cfs at Meredosia, mile
71.1. Low flows in the range of the 7-day 10-year low flow
occur during September through October or in January
at Meredosia, and therefore are concurrent with the low
flow periods at Kingston Mines. The main tributaries be-
tween the two stations are Quiver Creek and the Spoon,
Sangamon, and La Moine Rivers, which together con-
tribute 399 cfs to the 7-day 10-year low flow in this reach
as listed in table 11.

An area covered by Wisconsinan sand deposits lies along
this reach, and is a source of considerable groundwater
recharge (Walker et al., 1965) to the river from mile 145.3
to 89.0, though the recharge per mile varies depending on
the extent of Wisconsinan deposits in the Havana Lowland
portion. The accretion to river flow during 7-day 10-year
low flow conditions is estimated at 0.6 cfs per square mile
of the Havana Lowland area, and 0.5 cfs per square mile
of the other permeable low-lying areas. The total accretion
from groundwater to flow in the Illinois River is 309 cfs.

Table 11. Gains and Losses to 7-Day 10-Year Low Flows
in Illinois River, Marseilles to Meredosia

The water surface area of the river, lakes, and back-
water areas under low flow conditions from Kingston Mines
to Meredosia is 22,016 acres. Therefore, the loss in this
reach because of evaporation and regulation is 0.0095 cfs
per acre, or 6.1 cfs per square mile.

From Meredosia to the mouth of the Illinois River, the
permeable lowland area is estimated to yield a flow of 99
cfs to the river during low flow conditions. Flow additions
from Mauvaise Terre and Macoupin Creeks and from
waste water treatment plants add another 10 cfs to the
river low flow. Many of the lakes, for example Stump and
Gilbert Lakes, have no direct connection with the Illinois
River during low flow conditions. A loss of 9 cfs is allowed
for Swan Lake. This brings the 7-day 10-year low flow at
the mouth of the Illinois River to 3600 cfs [3500 + 99 +
10 — 9]. The water level in the Alton pool extending from
mile 80.2 to the mouth of the river is governed by the
operation of the Lock and Dam at Alton, on the Missis-
sippi River.

The 7-day 10-year low flows at various river miles along
the Illinois River are given in table 12 together with a
description of each location.

Table 12. 7-Day 10-Year Low Flows in Illinois River
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Table 12 (Continued)

L O W F L O W S I N B O R D E R R I V E R S

The Wabash, Ohio, and Mississippi Rivers bordering
Illinois originate far away, and drain areas in two or more
other states. In the river reaches bordering Illinois, they
receive tributary rivers from Indiana, Kentucky, Tennessee,
Iowa, and Missouri. The 7-day 10-year low flows in these
rivers are discussed here for the Wabash, Ohio, and Mis-
sissippi Rivers, in that order.

Wabash River

The Wabash River originates in Mercer County, Ohio,
about 15 miles east of the Indiana-Ohio state line. The
river drains a total of 33,100 square miles. The largest
tributary is the White River in Indiana, draining an area
of 11,402 square miles. The major tributaries from Illinois
are the Vermilion, Embarras, and Little Wabash Rivers.
The 7-day 10-year low flows in the Wabash River at the
USGS gaging stations, as obtained from an analysis of
available daily flow data, are given in table 13.

Tributaries between the Covington and Montezuma gag-
ing stations are the Vermilion River, Coal Creek, Little
Vermilion River, Sugar Mill Creek, and Sugar Creek with
drainage areas at their mouth of 1520, 264, 242, 76, and
811 square miles, respectively, which practically account

for the increase in drainage area from Covington to Mon-
tezuma. From the multistation computer program, the
flows from these tributaries to the Wabash River during
7-day 10-year low flow conditions (usually in September)
are 70.0, 8.0, 0.4, 1.6, and 34.0 cfs, respectively, making
a total of 114 cfs. The difference of 49 cfs [886 — 723 —
114] is distributed along the river from Covington to Mon-
tezuma gages, that is, over 31.1 miles from miles 271.1 to
240.0.

Practically all the drainage area between the gages at
Montezuma and Terre Haute is supplied by Big Raccoon
and Brouilletts Creeks, which add 38 and 2 cfs respectively
to the 7-day 10-year low flow in the river. Thus there is a

Table 13. 7-Day 10-Year Low Flows at USGS Gaging
Stations on the Wabash River
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groundwater accretion of 82 cfs [1008 — 886 — 40] in this
25.6-mile reach of the river.

From Terre Haute to Riverton, the tributaries are Sugar,
Big, and Mill Creeks with 94, 107, and 120 square miles
of drainage area, respectively. These tributaries do not add
any flow to the Wabash River during 7-day 10-year low
flow conditions. Therefore, the 241 cfs increase in 7-day
10-year low flow is distributed along the river reach of 52.4
miles. In the next reach, Riverton to Vincennes, the only
major tributary is Sugar Creek which adds 3.2 cfs to the
7-day 10-year low flow in the river. In this reach of 32.2
miles, the flow accretion from groundwater is 2.3 cfs per
mile [(1326 - 1249 - 3.2)/32.2].

The three major tributaries to the Wabash River from
Vincennes to Mt. Carmel add 1046 cfs to the 7-day 10-year
low flow of the river as follows: Embarras River (drainage
2438 sq mi), 45 cfs; White River (drainage 11,402 sq mi),
994 cfs; and Patoka River (drainage 862 sq mi), 7 cfs.

There is only 1 chance in 3 that low flows in the range
of the 7-day 10-year low flow will occur near the same time
in the Wabash River at Vincennes and at Mt. Carmel. The
reason is the large flow from the White River; its drainage
area combined with that of the Embarras River is prac-
tically of the same order as that of the Wabash River. The
7-day 10-year low flow in the White River at its mouth
is estimated at 790 cfs, but its addition to the 7-day 10-year
low flow in the Wabash River is 994 cfs because of the
usual nonconcurrency of low flows. The groundwater ac-
cretion to flow along the river reach of 35.3 miles is 118
cfs [2490 - 1326 - 1046].

From Mt. Carmel to New Harmony, a distance of 43
miles along the Wabash River, the drainage area increases
by 560 square miles, about half of which is contributed
by Bonpas Creek. However, it does not add any flow to
the river during the 7-day 10-year low flow conditions.
The difference in 7-day 10-year low flows between New
Harmony and Mt. Carmel gages, that is, 130 cfs, is pro-
vided by groundwater accretion along the river reach of
43 miles. This means an increase of 3.03 cfs per mile of
river length.

In the last reach of the river from New Harmony to
the confluence with the Ohio River, the major tributary
is the Little Wabash River draining an area of 3209 square
miles and adding 9.0 cfs to the 7-day 10-year low flow
in the Wabash River. The present river length is 43.5 miles
as measured from USGS topographic maps; this reach was
shortened from the 51.5 miles shown in table 13 by con-
struction of a new channel which cut off one large meander.

The accretion rate along the Wabash River increases
from Covington to Terre Haute, but then decreases prob-
ably because of changed hydrogeologic conditions as indi-
cated by comparatively lower 7-day 10-year low flows in
the tributary rivers. From New Harmony to the mouth of
the Wabash River, the major tributary (Little Wabash
River) has a much lower 7-day 10-year low flow than
either the Embarras or Vermilion River. The accretion

rate in this 43.5 mile reach can be expected to be lower
than that in the previous reach, and is taken as 2.5 cfs
per mile. The 7-day 10-year low flow at the mouth of the
Wabash River is 2738 cfs [2620 + 9 + 43.5(2.5)].

Ohio River

The Allegheny and Monongahela Rivers collecting run-
off from the western slopes of the Appalachian Mountains
merge together at Pittsburgh, Pennsylvania, to form the
Ohio River. From its source the Ohio winds a meandering
course southwest for 981 miles to join the Mississippi River
at Cairo, Illinois. Over the years the river has been canal-
ized throughout its entire course. The successive construc-
tion of 46 locks and dams has converted the river into a
series of elongated pools with a minimum channel depth
of 9 feet (Cleary, 1967). From Pittsburgh to Cairo, the
boats are lowered by 430 feet over the entire length.

The portion of the Ohio River pertinent to this 7-day
10-year low flow study for Illinois streams extends from
the confluence with the Wabash River to where it meets
the Mississippi River, that is, mile 848 to 981. There are
four locks and dams — 50, 51, 52, and 53 at river mile
876.8, 903.1, 938.9, and 962.6, respectively. The 7-day 10-
year low flows in the Ohio River at the USGS stations,
as obtained from an analysis of available daily flow data,
are given in table 14.

The 7-day 10-year low flows occur during the months
of September and October at both Evansville and Gol-
conda, and their periods of occurrence are practically con-
current. Major tributaries are the Wabash, Saline, and
Tradewater Rivers, draining 33,100, 1130, and 970 square
miles and adding 2850, 5, and 5 cfs, respectively, to the
7-day 10-year low flows in the Ohio River. The area drain-
ing directly and through small tributaries into the Ohio
River is 1700 square miles [143,900 - (107,000 + 33,100
+ 1130 + 970)]. The 7-day 10-year low flow generated
along the river equals 1040 cfs [12,610 - (8710 + 2850 +
5 + 5)] over a length of 110.8 miles. This yields an accre-
tion rate of 9.4 cfs per mile. The values of 7-day 10-year
low flow were calculated and are shown on the low flow
maps starting from Lock and Dam 49 at mile 845.

In the river reach from Golconda to Metropolis, mile
903.1 to 944.0, the two major rivers that add a large
amount of flow to the 7-day 10-year low flow in the Ohio
River are the Cumberland and Tennessee Rivers. Their
drainage areas are 17,850 and 40,330 square miles, and

Table 14. 7-Day 10-Year Low Flows and Average Flows
for the Ohio and Tennessee Rivers
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their flow additions as derived from the multistation com-
puter program are 3200 and 28,580 cfs, respectively. A
smaller tributary, Clarks River, drains an area of 480 square
miles and adds 20 cfs to the low flow in the river. The
area accounted for by small tributaries and direct drainage
is 440 square miles [203,000 - (143,900 + 17,850 + 40,330
+ 480)]. The contribution to 7-day 10-year low flow by
flow accretion along the river is 410 cfs [44,820 — (12,610
+ 3200 + 28,580 + 20)]. This means an accretion of 10
cfs per mile, a little more than the 9.4 cfs per mile in the
previous reach. It is interesting to note that the flow in the
Tennessee River is now almost completely regulated. A
comparison (table 14) of 7-day 10-year low flow with the
average discharge at some gaging stations emphasizes this
point.

From Metropolis to Cairo at its confluence with the
Mississippi River, a distance of 37 miles, there is no major
or medium tributary except the Cache River, which to-
gether with small effluent flows from towns contributes only
2 or 3 cfs to the 7-day 10-year low flow in the Ohio River.
Therefore, an accretion rate of 10 cfs per mile, as in the
reach from Golconda to Metropolis, was adopted for the
last reach. The 7-day 10-year low flow in the Ohio River
just upstream of the junction with the Mississippi River
is 45,190 cfs [44,820 + (37 X 10)].

Mississippi River

The Mississippi River originates at Lake Itasca in cen-
tral Minnesota and flows southerly toward the Gulf of
Mexico. The river length bordering Illinois stretches from
mile 580.7 at the Wisconsin-Illinois line to mile zero at
the confluence with the Ohio River. The creation of the
9-foot navigation channel in the Upper Mississippi River
has converted the river above St. Louis into essentially a
series of pools during periods of low and normal flows. To
evaluate the 7-day 10-year low flows along the river, the
daily flow data at the USGS gaging stations (table 15) on
the Mississippi River were run on the low flow program.

The increments to the 7-day 10-year low flow in the
Mississippi River from the tributary rivers and streams were
derived by applying the multistation computer program to
river reaches between two successive gaging stations as
listed in table 15. Table 16 lists the tributary rivers, their

Table 15. 7-Day 10-Year Low Flows at USGS Gaging
Stations on the Mississippi River

drainage areas, the river mileage where they meet the
Mississippi, their 7-day 10-year low flows, and their flow
additions to the Mississippi River flow during its 7-day
10-year low flow condition. Brief descriptions of low flows
for river reaches between the gaging stations on the Mis-
sissippi River follow.

McGregor to Clinton, Iowa. The station at McGregor,
Iowa, is 52.7 miles upstream from the Illinois-Wisconsin
state line. The tributaries in the McGregor to Clinton

Table 16. Tributary Rivers to the Mississippi River
from McGregor, Iowa, to Thebes, Illinois
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reach drain an area of 17,094 square miles and add 4265 cfs
of flow to the 7-day 10-year low flow in the Mississippi
River. In this reach of 121.6 miles, there are three locks
and dams— 11, 12, and 13 at mile 583.1, 556.7, and 522.6.
The flows in the range of the 7-day 10-year low flow at
McGregor occur during August through October or in
January, whereas they occur during August through No-
vember or in February at Clinton. From the multistation
computer program, the concurrent low flow at McGregor
for the 7-day 10-year low flow condition at Clinton was
estimated at 9700 cfs. Unexplained flow additions between
McGregor and Clinton come to 5 cfs [13,970 - (9700 +
4265)]. This accretion is assumed to occur above the Wis-
consin-Illinois state line. The 7-day 10-year low flow at this
line was calculated as 13,477 cfs. The 7-day 10-year low
flows along the Mississippi River downstream to Clinton,
Iowa, are shown on the low flow maps.

Clinton to Keokuk, Iowa. In this river reach of 147.6
miles, from mile 511.8 to 364.2, there are six locks and
dams—14, 15, 16, 17, 18, and 19 at mile 493.4, 482.9,
457.2, 437.1, 410.4, and 364.3 of the Mississippi River. The
total area drained by the tributaries shown in table 16 is
31,588 square miles leaving 1812 square miles to lateral
drainage and minor tributaries. There is a loss of 1637
cfs [13,970 + 2837 — 15,170] over this reach, or a loss of
11.1 cfs per mile. This loss is caused by such factors as flow
regulation for navigation and evaporation.

Keokuk, Iowa, to Alton, Illinois. In the river reach from
Keokuk to Alton, the drainage area increases by 52,500
square miles and the 7-day 10-year low flow by 6300 cfs.
The drainage area supplied by the tributaries in table 16
is 50,989 square miles and the flow accretion is 4469 cfs.
Thus, 1511 square miles are accounted for by lateral drain-
age and minor tributaries. The accretion to flow in this
reach is 1831 cfs [21,470- (15,170 + 4469)] over 161.5
miles length, which yields an accretion rate of 11.3 cfs per
mile. This reach lies in a rather drier area compared with
the previous reach. The flow accretion, instead of loss as in
the previous reach, is attributed to flow regulation com-
bined with the timing and magnitude of tributary low
flows. The 7-day 10-year low flows in the Mississippi River
are shown on the low flow maps. There are six locks and
dams —20, 21, 22, 24, 25, and 26 at river mile 343.2,
324.9, 301.2, 273.5, 241.5, and 202.9, respectively.

Alton, Illinois, to St. Louis, Missouri. This reach extends

from mile 202.7 to 180.0, a distance of 22.7 miles. The last
dam, No. 27, on the Mississippi River is located at mile
190.3 in this reach. The dominant tributary is the Missouri
River draining an area of 529,800 square miles. The 7-day
10-year low flow at its mouth is 11,820 cfs and this usually
occurs in December or January. The 7-day 10-year low
flow at Alton occurs mostly in October, whereas it occurs
in January at St. Louis, 14.3 miles downstream of the con-
fluence with the Missouri River. The shift in the low flow
timing in the Mississippi River is caused by the Missouri
River low flow, which is of the same order as that for the
Mississippi upstream of the confluence but occurs two or
three months later. The concurrent low flows under the
7-day 10-year low flow conditions at the confluence are
30,540 and 15,300 cfs for the Mississippi and Missouri
Rivers, respectively. Granite City Steel takes 100 cfs from
the Chain of Rocks Canal. Therefore the accretion of flow
along the reach equals 230 cfs [45,970 - (30,540 + 15,300
— 100)] distributed over 14.3 miles. Lateral drainage and
minor tributaries contribute 700 square miles to the drain-
age area.

St. Louis, Missouri, to Chester, Illinois. The Mississippi
River flows for a length of 70.1 miles in this reach, gaining
a drainage area of 11,600 square miles out of which 9820
square miles is contributed by the Meramec and Kaskaskia
Rivers. A total of 870 cfs is added to the 7-day 10-year low
flow. The Meramec and Kaskaskia Rivers together contrib-
ute 846 cfs and the waste water effluents from St. Louis and
industries from mile 180 to 170 discharge about 122 cfs.
The loss in this river reach amounts to 98 cfs, or 1.4 cfs
per mile.

Chester to Thebes, Illinois. The Big Muddy River joins
the Mississippi River at mile 75.5, and adds 80 cfs to its
7-day 10-year low flow. The area covered by lateral drain-
age and minor tributaries is 2240 square miles. Flow of
890 cfs [47,810 - 46,840 - 80] is distributed over this
reach of 66.2 miles, giving an accretion rate of 13.4 cfs per
mile.

Thebes, Illinois, to Confluence with Ohio River. There
are only minor tributaries in this reach of 43.7 miles. The
hydrologic conditions in this reach are similar to those in
the reach from Chester to Thebes. A flow accretion of
13.4 cfs per mile was adopted, giving a 7-day 10-year low
flow of 48,390 cfs ½ mile upstream of the confluence with
the Ohio River.
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