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December 2, 1966
STATEMENT OF THE EXECUTIVE DIRECTOR

This report presents the results of a study of stream water quality in the Southeastern Wis-
consin Region. The study was made as part of an intensive effort to adjust regional land use
and transportation system development plans tothe underlying and sustaining natural resource
base. As such, it represents a highly unusual, if not unique, attempt to relate stream water
quality to land use development and to forecast such water quality under alternative land use
development patterns,

More specifically, this report documents stream water quality data collected in the study,
relates the present condition of stream water quality within the Region to existing major
sources of pollution, assesses the effect of stream water quality on various watcr uses, and
explores the interrelationships between stream water quality and land use patterns. Numerous
tables and water quality graphs present the factual and interpretive data produced in the
study, and these alone should serve to make this report of lasting historic value. Forecasts
of future stream water quality within the major watersheds of the Region are presented for
alternative land use development plans. The assumptions and rationale underlying these fore-
casts should prove of assistance in anticipating future stream water quality conditions within
the Region,

Stream water quality conditions within the Region reflect the deleterious effect of human
activity, and certain water uses have been seriously impaired or entirely prohibited by such
activity, Major waste sources are municipal sewage treatment plants and industries. The
anticipated increase of over one million people in the population of the Region over the next
25 years, with the attendant massive conversion of land from extensive rural to intensive
urbhan uses, will place even more severe pollutionloadings on many streams. The assumption
that technological advances will not only provide the means by which liquid waste loadings can
be adjusted to the waste assimilative capacities of the streams and watercourses, regardless
of the land use pattern which may generate these loadings, but that the application of these
advances will become economically as well as technologically feasible in the near future is
a dangerous one. A more sound and conservative approach requires an effort to carefully
adjust land use development to the waste assimilative capacities of the streams and water-
courses and to other important interrelated elements of the natural resource base. Failure
to accomplish such an adjustment can only lead to a continued decline in the quality of the
environment for life within the Region.
Respectfully submitted,

K. W. Bauer
Executive Director
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Chapter I
INTRODUCTION

The natural resources of an areua are vilal elements to its economic devclopment and to its ability to pro-
vide a pleasant and habitable environment for human life. Moreover, natural resources not only condition
but are conditioned by regional growth and urbanization. Any meaningful comprehensive regional planning
effort must, therefore, recognize the existence of a limited natural resource base to which urban and rural
development must be properly adjusted if serious environmental problems are to be avoided.

It is significant, then, that an extensive effort to relate regional land use and transportation plans to the
underlying and supporting natural resource base has been made an integral part of the SEWRPC Regional
Land Use-Transportation Study. Land and water resources within the Region are limited and subject to
grave misuse through improper land use and transportation facility development. Such misuse may lead
to severe environmental problems, which are very expensive to correct, and to the deterioration and des-
truction of the resource base itself. An intelligent selection of the most desirable regional development
patterns from among alternatives must, therefore, be based in part upon a careful assessment of the
effects of each development proposal on the supporting natural resource base. Such assessment requires
the collection of a great deal of information concerning the natural resource base and its ability to sustain
urban development, including definitive data on water resources.

The uses of land and water within the Region are closely interrelated. Urban development is dependent
upon surface water resources for the dilution of treated sewage wastes, for the recharge of ground water
aquifers, for recreational purposes, and in some cases for water supply. The importance of stream water
quality to regional development stems from the limitations that are imposed on water use by the natural
mineral content of the water and by the organic and inorganic pollutants that are introduced into the water
by man from domestic, municipal, agricultural, and industrial sources. These limitations decrease the
number of uses to which the streams can be put, depending upon the mineral concentration and the type
and quantity of pollutants present. The economic, aesthetic, and recreational potential of any area is, as
a consequence, closely dependent upon water quality; and any meaningful assessment of the possible effects
of urban development on the surface water resources of the Region requires information about the quantity
and quality of the water in the major streams of the Region.

The quantity of water present inthe streams is noless important than the quality of that water in evaluating
the multi-purpose use of streams and the use of the adjacent land. In southeastern Wisconsin streams are
subject to significant change in seasonal flow. Large differences in flow also occur between the upper and
lower reaches of the streams within the Region. Water uses that separately or collectively require the
withdrawal of large quantities of stream water can induce low-flow conditions. Low-flow conditions, either
natural or induced, can adversely affect water uses, such as waste assimilation and recreation. These and
other uses can also be adversely affected by high-flow conditions. Consequently, the quantitative as well
as qualitative aspects of streamflow within the Region must be considered in the preparation of regional
development plans and in the consideration of proposed multi-purpose use of the streams and of the
adjacent land.

PURPOSE OF THE STUDY
For planning application the necessary stream quality and quantity studies must be designed to permit:

1. Assessment of the present condition of stream quality in relation to existing major sources of
pollution.

2. Assessment of the effect of stream quality on various water uses and concomitant effects on land
use patterns.



3. Forecast of future stream quality in the major watersheds under alternative long-range regional
development plans.

SCOPE OF THE STUDY

In order to fulfill the stream quality data requirements of the regional planning program, a cooperative
agreement was negotiated with the State Board of Health and the State Committee on Water Pollution for
the cooperative completion of a water quality investigation of the major streams within the Region, together
with provision of interpretations for planning purposes. In addition, the Public Health Service, of the
U. S. Department of Health, Education and Welfare, agreed to provide equipment and consultive services
as might be required.

The major work elements necessary to fulfill the purpose and objectives of the study include:

1. The establishment of 87 stream sampling stations on 43 streams and watercourses distributed
over the 12 major watersheds within the Region, as follows:

Watershed Number of Sampling Stations
Des Plaines River 3
Fox River 28
Kinnickinnic River 1
Menomonee River 12
Milwaukee River 12
Minor streams draining into Lake Michigan 3
Oak Creek 9
Pike River 4
Rock River 13
Root River 6
Sauk Creek 2
Sheboygan River 1

2. The compilation of a photographic record of each sampling station to provide detailed information
on its situation and landmarks.

3. A transit and tape field survey of each sampling station to record bridge or culvert dimensions
(all stations are at locations where streams are crossed by bridges or flow through culverts),
stream cross section, and the angle of bridge traverse across the stream. This information pro-
vides a plan and cross section record of the sampling station.

4. The establishment of abench mark for stream stage measurement ateach sampling station. From
this information it is possible to evaluate the general conditions of streamflow at the time of each
monthly sampling.

5. The collection of stream samples on a monthly basis at the 87 sampling stations. Data derived
from the analyses of these samples provide the basic information regarding the chemical and
bacteriological quality of the stream.

6. Streamflow records of nine U.S. Geological Survey stream-gaging stations, together with SEWRPC
flow measurements at 48 of the 87 sampling stations, during seasonal periods of relatively high-
and low-flow, provide the basic information on the quantity of water that flows through the main
streams and their major tributaries.

7. The collection of existing stream quality and streamflow data from federal, state, county, and
municipal sources. Data derived from these sources form a necessary and valuable supplement
to the data collected by the SEWRPC.



8. The selection and application of water quality standards for 10 major water uses to permit map-
ping and appraisal of stream quality.

9. Correlation of present stream quality and flow with present sources of pollution and population
distribution. This information is necessary for forecasting future conditions of stream quality in
relation to the alternative land use-transportation plans.

DURATION OF THE STUDY

The regional stream quality study commenced on December 2, 1963, when the staffing of the project was
completed. The stream sampling program was started on January 20, 1964, at which time all of the nec-
essary equipment for the study had been gathered and the study design completed. The sampling program
lasted 14 months and was completed on February 26, 1965.
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Chapter II
STUDY BACKGROUND

WATER QUALITY SAMPLING STATIONS

Selection of Sites

Prior to beginning actual field work on the stream quality study, an integrated network of potential sam-
pling station sites was selected from inspection of 15-minute and 7 1/2-minute U. S. Geological Survey
topographic quadrangle maps. In the selection consideration was given to attaining an adequate dispersal
of sampling sites on major streams and tributaries in keeping with the regional approach to the water
quality study. Sufficient density was needed, however, in reaches of the streams which were known or
anticipated to be heavily polluted. These potential sites were then field inspected to determine their suita-
bility as stream sampling and streamflow measurement stations. In the interest of efficiency, the sam-
pling station sites had to be easily accessible the year around. To meet this requirement, all sites were
located at points where the streams were crossed by public streets or highways.

Favorable conditions for the measurement of streamflow were also a requisite of potential stream sam-
pling sites. In this respect, it was of prime importance to avoid selecting a site at which relatively high
stream turbulence could be anticipated that would decrease the accuracy of flow measurement. Once
a potential sampling site was field inspected and approved, the sampling site was given an identifying
designation and was referred to as a sampling station. Map 1 shows the location of SEWRPC stream
sampling stations.

Sampling Station Designations

A permanent identifying designation was assigned to each sampling station in the 12 drainage basins of
southeastern Wisconsin, The designations consist of a two-letter prefix, representing the watershed
in which the sampling station is located, and a number, representing the particular sampling station
within the watershed. The numbering sequence is arranged in downstream order in accordance with
standard usage.

The sampling station numbers were then painted in black on the respective bridge abutments and culverts
in an inconspicuous location. For bridges traversing a stream in a general east-west direction, the sam-
pling station designation was painted on the west abutment under the bridge deck on the downstream side of
the bridge. For bridges traversing a stream in a general north-south direction, the station designation
was painted on the north abutment under the bridge deck on the downstream side of the bridge. For cul-
verts traversed by roads having a general east-west direction, the station designation was painted on the
inner culvert surface on the west downstream side. For culverts traversed by roads having a general
north-south direction, the station designation was painted on the inner culvert surface on the north down-
stream side.

Sampling Station Locations

The sampling statigns were not only designated by watershed and number but were also named with respect
to the stream and to the traversing highway or road. Table 1 lists the designations and locations of the
SEWRPC stream sampling stations established for the study.

In addition to this method of naming and locating the sampling stations, the stations were also located by
the U. S. Public Land Survey system as shown in Table 2. The locations of the stream sampling stations
were recorded by township (North), range (East), section, quarter section and quarter-quarter section.
Within each section, the quarter sections were numbered from 1 through 4 in counter-clockwise sequence
starting with the northeast quarter section as quarter section number 1. The quarter-quarter sections
were designated by capital letters A through D in the same counter-clockwise sequence within the quarter
section, starting at the northeast quarter-quarter section as quarter-quarter section A.



Table 1
DESIGNATIONS AND LOCATIONS OF SEWRPC STREAM SAMPLING STATIONS

Sampling Station sampling Station Location Sampling Station Sample Station Location
Designation Designation
DP- | Brighton Creek at USH Uu5 Mh- 1 Sucker Creek at CTH P
DP- 2 Des Plaines River at STH 50 Mh- 2 Pike Creek at 43rd Street
DP- 3 Des Plaines River at CTH ML Mh- 3 Barnes Creek at Lake Shore Drive
Fx- | Fox River at Mill Road Ml- | Milwaukee River North of Kewaskum
Fx- 2 Sussex Creek at STH 164 Ml=- 2 Milwaukee River at CTH H
Fx- 3 Poplar Creek at Barker Road MI- 3 Milwaukee River at STH 33 Near West Bend
Fx- U Fox River at CTH SS MI=- 4 North Branch Milwaukee River at CTH M
Fx- 5 Pewaukee River at CTH §S MI- & Milwaukee River at STH 33 at Saukville
Fx- 6 Pewaukee River at STH 164 MI- 6 Milwaukee River at STH 57 at Grafton
Fx- 7 Fox River at State Street MI- 7 Cedar Creek at CTH M
Fx- 8 Fox River at Sunset Drive Ml- 8 Cedar Creek at STH 60
Fx- 9 . Fox River at CTH HI Mi=- 9 Milwaukee River at CTH C
Fx-10 Fox River at CTH | MI-10 Milwaukee River at Mequon Road
Fx-11 Fox River at STH 15 Mi=11 Milwaukee River at Hampton Avenue
Fx-12 Mukwonago River at STH 83 MI=-12 Milwaukee River at STH 32
Fx-13 Fox River at Center Drive Ok- | 0ak Creek at Shepard Avenue
Fx=14 Fox River at Tichigan Drive Ok- 2 0ak Creek at STH 32
Fx-15 Muskego Canal at STH 36 " :
Fx-16 Wind Lake Drainage Canal at STH 20 Pk= | Pfke River at STH 31
Fx-17 Fox River at CTH W Pk- 2 P!ke Creek at i18th Street
Fx-18 White River at Sheridan Springs Road ::: 3 :;:Z g::zt :: :I: 2;
Fx-19 Como Creek at CTH NN
Fx-20 White River at STH 11 Rk- 1 East Branch Rock River at CTH D
Fx=21 Honey Creek at Carver Road Rk- 2 Kohlsville River at USH 41
Fx-22 Sugar Creek at USH 12 Rk= 3 Rubicon River at Slinger Road
Fx-23 Honey Creek at Spring Prairie Road Rk=- 4 Rubicon River at Goodland Road
Fx-24 Fox River at CTH J Rk= 5 Ashippun River at CTH CW
Fx-25 Bassett Creek at CTH F Rk=- 6 Oconomowoc River at STH 83
Fx-26 Bassett Creek at CTH W Rk= 7 Oconomowoc River at USH 16
Fx=-27 Fox River at CTH C Rk=- 8 Oconomowoc River at CTH BB
Fx-28 Nippersink Creek at Darling Road Rk- 9 Bark River at USH 18
Kk 1 Kinnickinnic River at 29th Street o Nhlpowater Creck at M. fremont Street
Mn= | Menomonee River at STH |45 Rk=12 Delavan Lake OQutlet at CTH 0
Mn- 2 Menomonee River at CTH F Rk=-13 Turtle Creek at STH 11
Mn- 3 Menomonee R!ver at CTH ¢ Rt- | Root River at Grange Avenue
Mn- 4 Menomonee R!ver at Lilly Road Rt- 2 Root River at Ryan Road
Mn- 5 Menomonee R,ver at G?Od Hope ?oad Rt- 3 Root River Canal at Six Mile Road
Mn- 6 Mgnomonee River at.S|lver Spring Road Rt~ U Root River at County Line Road
Mn- 7 Little MenoTonee Rlver.at STH'IOO Rt- 5 Root River at Nicholson Road
Mn=- 7A Menomonee River at Capitol Drive Rt- 6 Root River at STH 38
Mn- 78 Menomonee River at North Avenue -
Mn- 8 Underwood Creek Near N. 106th Street. Sk= 1 Sauk Creek at CTH A
Mn- 9 Honey Creek at Honey Creek Parkway Sk- 2 Sauk Creek at STH 33
Mn-10 Menomonee River at N. 70th Street Sb- 1 Tributary of Sheboygan River at CTH BH

Source: SEWRPC.

WATER QUALITY PARAMETERS
Water Quality

Pure water in the strict chemical sense is not known to exist in nature. Even rainfall contains dissolved
gases. If all water were chemically pure, there would be no water quality problems, no need for water
quality studies, and no life on earth as it is known. All hypothetical water analyses would be identical
wherever and whenever sampled. In reality, water, regardless of source, always contains foreign matter;
and under most conditions this foreign matter is vital to the support of plant and animal life. Consisting
of inorganic and organic substances in solution or suspension, these '"impurities' can either enhance or
detract from the usefulness of water as a vital substance inthe biologic and economic existence and welfare
of man. The kinds and amounts of foreign matter contained determine the suitability of a particular source
of water for particular uses—hence, the concept of "water quality," a term relating to the chemical, physi-
cal, biochemical, and bacteriological aspects of water, as determined by water analyses, that affect its
usefulness to man.

The inorganic and organic matter that occurs in streams comes from two sources—nature and man. The
natural quality of stream water depends upon the flow of the stream, its physical environment of soil and



Table 2

LOCATIONS OF STREAM SAMPLING STATIONS BY THE

U.S. PUBLIC LAND SURVEY SYSTEM

Quarter-
Sampling Quarter Quarter
Station Township Range Section Section Section
DP- | ol 21 05 2 C
DP- 2 0l 21 09 | B
DP- 3 0l 22 32 3 A
Fx- | 08 20 29 | A
Fx=- 2 07 19 12 | B
Fx- 3 07 20 30 | A
Fx=- 4§ 07 19 24 4 B
Fx= § 07 19 15 2 B
Fx- 6 07 19 26 | D
Fx= 7 06 19 03 3 ¢
Fx- 8 06 19 16 2 B
Fx=- 9 06 19 20 3 A
Fx=10 06 19 31 4 c
Fx=11 05 18 24 4 A
Fx=12 05 18 35 | A
Fx-13 05 19 22 3 B
Fx=14 oy 19 10 | c
Fx=156 ou 20 oy | C
Fx=-16 03 19 0l 3 B
Fx=17 03 19 22 3 A
Fx-18 02 18 20 3 D
Fx=19 02 17 23 4 D
Fx=-20 03 18 25 4 D
Fx=21 oy 18 22 3 C
Fx=22 03 16 12 4 A
Fx-23 03 19 30 | B
Fx-24 02 19 26 2 B
Fx=25 ol 19 15 4 D
Fx=26 0l 19 12 2 A
Fx=-27 ol 20 30 3 D
Fx-28 0l 18 26 4 c
Kk=- 1 06 21 12 4 D
Mn- | 09 20 15 3 D
Mn- 2 09 20 28 2 A
Mn- 3 08 20 () | B
Mn- 4§ 08 20 12 3 B
Mn- b 08 21 19 2 B
Mn- 6 08 20 36 | B
Mn- 7 08 21 31 4 c
Mn=- 7A 07 21 07 | B
Mn- 7B 07 21 20 | B
Mn- 8 07 21 20 2 B
Mn- 9 07 21 27 2 B
Mn=-10 07 21 27 2 A
Mi=- | 13 19 33 2 B
M- 2 12 19 23 2 A
Ml- 3 1 20 14 2 B
MI- 4§ 12 20 25 2 B
Ml- § 11 21 36 2 B




Table 2 (continued)

Quarter-

Sampling Quarter Quarter

Station Township Range Section Section Section
Ml- 6 10 21 24 i D
M- 7 10 20 2 2 D
M1- 8 10 21 23 2 A
Ml- 9 09 22 06 2 B
Mi-10 09 21 26 2 B
Mi-11 07 22 05 2 B
Mi=1|2 07 22 33 2 B
Mh- | I 22 02 2 A
Mh- 2 02 23 30 3 D
Mh- 3 0l 23 20 2 C
Ok- 1 05 22 21 4 c
0k- 2 05 22 02 4 c
Pk=- 1 02 22 02 3 B
Pk- 2 02 22 15 3 c
Pk~ 3 02 22 02 3 c
Pk- 4 02 23 18 4 (
Rk= 1 12 18 30 u A
Rk= 2 12 18 29 | A
Rk= 3 10 18 15 4 4
Rk- 4 10 17 13 3 A
Rk= 6 08 17 07 2 B
Rk- 6 08 18 16 2 D
Rk- 7 08 17 34 13 c
Rk- 8 07 17 06 u D
Rk= 9 07 17 33 4 A
Rk=10 05 15 32 | D
Rk=11 02 16 14 | A
Rk=12 02 16 19 4 c
Rk-13 02 15 10 3 A
Rt- | 06 21 33 I B
Rt- 2 05 21 27 | A
Rt- 3 0y 21 10 4 D
Rt- 4 o4 21 02 | A
Rt- 5 05 22 34 3 c
Rt- 6 03 23 06 | c
Sk= 1 12 22 33 | B
Sk- 2 11 22 28 3 A
Sb- | 13 22 34 3 c

Source: SEWRPC.

rock, and the natural assemblage of plants and animals that live in its watershed. The natural flow of
a stream is supported by direct precipitation, surface runoff during and following rainfall, snowmelt, and
ground water seepage into the stream channel. Although rainfall is the result of atmospheric condensation
of water vapor derived from the natural distillation process of evapotranspiration, it is not free from dis-
solved gases, such as nitrogen, oxygen, and carbon dioxide. Once rainfall, or melt water, is in contact
with the earth and runs into the natural drainage system, this surface runoff dissolves and suspends rock
particles and organic matter derived from living or decaying plants and animals. These substances affect
the water quality of the main stream and of the tributaries that drain into it. The natural water quality of
a stream is determined further by the seepage of ground water into the stream channels. The ultimate
source of ground water is precipitation. The prolonged contact of ground water with its subterranean rock
environment, however, increases the mineralization of ground water and contributes much to the chemical
quality of streams., This natural geologic and biological environment. imparts to a stream a more or less
characteristic water quality—the natural stream quality.

8



Natural stream quality is not constant but varies geographically along the course of the stream, with time,
and in response to a number of interrelated factors. These factors include the geographic or spatial dis-
tribution and intensity of rainfall, surface runoff, streamflow, ground water conditions, daily and seasonal
temperature changes, seasonal growth and decay of plants, and diurnal and seasonal changes in photo-
synthetic processes of plant life in the stream proper.

Human activities comprise the second major source of inorganic and organic matter that affects the water
quality of streams. Municipal, industrial, domestic, agricultural, and commercial waste-water discharges
can profoundly affect the water quality of streams. These discharges can transform a brook, creek, or
river into an open sewage trough that is disgusting to the senses and useless except as a sewer. Between
such an extreme condition of waste loading and the natural condition of a stream that is not used for waste
disposal, there is a complete spectrum of quality conditions determined by the impact of human activities
within a watershed. The deleterious effects on water uses of wastes discharged into a watercourse con-
stitute pollution. It is important to note, however, that whether or not such effects are considered delete-
rious ultimately depends upon what use is to be made of the stream water.

Water quality is determined by chemical, physical, biochemical, and bacteriological tests of representa-
tive water samples. These tests, or analyses, are developed for the specific purpose of determining the
quantity or magnitude of a given substance, physical property, or organism in a given quantity of sampled
water. These substances, physical properties, and organisms are commonly referred to as "pammeters"I
and the quantity or magnitude of the parameters is expressed on a numerical scale. In this report, the
physical parameters are listed with the chemical parameters.

There are hundreds of possible water quality parameters available for study; and this number can be
expected to increase as new processes, products, and materials are developed by a highly industrialized
and technological society. Water quality analyses are generally expensive to perform and often time con-
suming. A water quality surveillance must, therefore, of necessity select for determination from the
hundreds of possible parameters those specific parameters which best meet the objectives of the study.

Chemical and Physical Water Quality Parameters

To describe the present chemical and physical quality of the streams in southeastern Wisconsin, it was
determined that 32 parameters should be used. Of this total the SEWRPC performed the analyses for
25 parameters directly by chemical or physical determinations or indirectly by calculation from-the results
of the chemical tests for other parameters. In addition to analyses of water samples for the 25 parameters,
stream temperature was measured in degrees centigrade and Fahrenheit.

The Wisconsin State Laboratory of Hygiene, in cooperation with the State Committee on Water Pollution,
performed the analyses for 6 of the 32 parameters: fluoride, chromium, hexavalent chromium, phosphorus,
oil, and cyanide.

The 32 parameters selected to describe the present chemical and physical stream water quality were:

1, Silica 12. Chloride

2. Iron 13. Fluoride

3. Manganese 14. Nitrite

4, Chromium 15. Nitrate

5. Hexavalent chromium 16. Phosphorus

6. Calcium 17. Cyanide

7. Magnesium 18. Oil

8. Sodium (and potassium) 19. Detergents (synthetic)
9. Bicarbonate 20. Dissolved solids

10. Carbonate 21. Hardness
11. Sulfate 22, Noncarbonate hardness

' The term “parameter,” as applied in this report, is defined as a chemical substance, a physical property, or

an organism analytically determined in a water sample as an indicator of water quality.



23. Calcium hardness

24, Magnesium hardness

25. Alkalinity P

26. Alkalinity M

27. Specific conductance at 25°C

28. Hydrogen ion (pH)
29. Color

30. Turbidity

31. Dissolved oxygen
32. Temperature

Biochemical and Bacteriological Water Quality Parameters

In addition to the chemical and physical analyses of stream samples, the State Laboratory of Hygiene
performed biochemical and bacteriological analyses on stream samples collected in the study. The two
parameters determined were: biochemical oxygen demand and membrane filter coliform count.

The analytical methods used by the SEWRPC in performing the analyses for the 25 parameters previously
noted are discussed in Appendix A. Complete tabulation of the SEWRPC determinations and of the bio-
chemical and bacteriological analyses performed by the State Laboratory of Hygiene is presented in

Appendix B,

Table 3 lists the number of samples collected and the number of analytical determinations performed by

the State Laboratory of Hygiene and by the SEWRPC.

Table 3
NUMBER OF STREAM SAMPLES COLLECTED AND ANALYTICAL DETERMINATIONS PERFORMED

BY THE STATE LABORATORY

OF HYGIENE AND THE SEWRPC

Number Number
Type of Water Analysis of Samples of Analysis
Collected [Determinations by
Complete Chemical Analysis. « + ¢« « « « « ¢« o « o o o & 539 12,3487 SEWRPC?
Special Chemical Analysis WSLHE
Fluoride, chromium, hexavalent chromium, phosphorus ,
and 0il & & 4 & 4+ 4 e 4 s s e e s e e s s e e e s 48 240
Cyanide « o o o o o o o o 5 2 o s o s 3 8 &« e o e . 30 30
Subtotal 78 270
Supplemental Chemical Analysise o o « & « & « o ¢« & o & 136 SEWRPC
Nitrate « « o o o o o o o o & o o o s s s s s s s o = - 101
Detergents (synthetic). . . + « « + ¢« v & ¢« v 4 « & & -- 12
Specific Conductance. . + « « & & o« « « & 2 o « « o & -- 16
Hydrogen lon (PH) « « & ¢ & v ¢« &« o & & & ¢ o o o & » -- 9
Color o & o &« & & & & o o o s & o « s o « o« . e . - 18
Turbidity v & v ¢ v 4 v e s e e e e e e e e e e e -- 20
Subtotal 136 176
Determination of Biochemical Oxygen Demand. . . . . . . 1,064 1,064 WSLH
Analysis for Dissolved Oxygen . « + « + « & « & & + o 1,066 1,066 SEWRPC
Determination of Membrane Filter Coliform Count . . . . 1,050 1,050 WSLH
Temperature Measurement (exclusive of that made as part
of the complete chemical analysis). « « « « o « o« o« o+ & -—- 520 SEWRPC
Subtotal - Determinations by SEWRPC 14,110
Subtotal - Determinations by WSLH 2,384
Total 3,933 16,494

a

b

Southeastern Wisconsin Regional Planning Commission.
¢ Wisconsin State Laboratory of Hygiene.

Source: Wisconsin State Laboratory of Hygiene; SEWRPC.

10
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STREAM SAMPLING METHODS

The methods used to collect stream samples for analysis depend upon the purpose of the water quality study
and upon the characteristics of the stream being sampled. Methodology involves instrumentation, proce-
dure, and sampling location. The study purpose may be one of many. It may be a research project to
determine physical principles and cause-and-effect relationships and involve a staff of technicians, num-
erous sampling stations, and frequent stream sampling and flow measurement at specified intervals of
time. The purpose may also be to study a local pollution problem and involve one man tracing a pollutant
to its source. The stream itself, the object of study, has variable characteristics, such as width, depth,
flow, velocities, turbulence, and cross-sectional and longitudinal channel configuration. These character-
istics affect the choice of sampling methods to be used. The variety of purposes of water quality studies of
streams and the variety of stream characteristics require that the sampling methods be carefully selected
and evaluated as to suitability, particularly during the early period of study.

In considering sampling methods, one of the first questions which must be answered is whether water
samples, to be representative of conditions in the stream, must be taken at several locations and depths
across the stream at each station and blended to form a composite sample or whether a single '"grab"
sample can be used to represent conditions at each station. A primary factor in reaching a decision is
the streamflow characteristics encountered.

The mixing of waters of different composition and volume is a function of the turbulence of the receiving
stream. If a single water sample taken at a point location is to represent properly the water quality of the
entire cross-sectional area of the stream through the point, then water entering the receiving stream at
one bank must be well dispersed laterally from bank to bank and vertically from surface to bottom; and the
diluting flow of the receiving stream must disperse high local concentrations of pollutants throughout the
cross-sectional area of the stream. If any pollutants move downstream for many miles in concentrated
sub-streams within the channel, composite samples, rather than the so-called '"grab" samples, would
be required.

A map study of the streams in southeastern Wisconsin, together with a field inspection of all potential
sampling sites, indicated that stream turbulence should adequately mix converging waters if the sampling
station were at least one mile downstream from the point of convergence as measured along the course of
the stream. Exceptions to this generalization were found, for example, in the entire Root River Canal and
the Milwaukee River downstream from sampling station M1-11 at Lincoln Park. Inadequate mixing for
""grab' sampling purposes is assumed to prevail over a much greater distance because of the predominantly
linear rather than sinuous configuration of both these streams at the locations noted.

Sampling For Chemical Analysis
Four methods were used in collecting stream samples for chemical analysis. The particular method used
depended upon the type of water analysis to be run on the sample. The four types of analysis were:

1. Complete chemical analysis: the determination of as many as 25 parameters; Nos. 1, 2, 3, 6 through
12, 14, 15, 19 through 30, and 32, as listed on page 9.

2. Supplemental chemical analysis: the determination of one parameter; Nos., 15, 19, 27, 28, 29,
or 30,

3. Special chemical analysis: the determination of five or six parameters; Nos. 4, 5, 13, 16, 17,
and 18.

4, Analysis for dissolved oxygen.

Sampling For Complete Chemical Analysis: Samples for complete chemical analysis were collected in
plastic bottles of 2-quart capacity. The sample bottles were premarked with grease pencil on the textured
bottle surface, indicating sampling station and month of collection. As standard procedure the bottles
were rinsed twice with the stream water at the point of collection at each sampling station. This was done
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to remove probable moisture of distilled water remaining inthe bottle as the last step of the bottle-cleaning
process. The sample bottle was held by its handle and immersed, where possible, to approximately six-
tenths of stream depth. The bottle was placed into the stream on the upstream side of the person sampling,
with the bottle opening tilted upstream and the handle oriented downstream from the opening. Care was
taken not to sample water with turbidity resulting from the stream bed being stirred up during sampling.

Samples were collected under many conditions of weather and streamflow, and the basic method described
above was used most frequently. However, under low-flow conditions on minor tributaries, the stream
depth was too shallow for sampling in the manner described. To permit sampling directly into the 2-quart
plastic bottle, a small trench was dug into the channel bottom. After the turbidity caused by the digging
was cleared away by the flow of the stream, the bottle was lowered into the trench and tilted into sampling
position. Care was taken not to sample the turbidity that may occur near the bottle neck under this condi-
tion of sampling,

Sampling For Supplemental Chemical Analysis: Samples for supplemental analysis were collected in plastic
bottles of 8-ounce capacity. All procedures were identical to those discussed under sampling for complete
chemical analysis.

Sampling for supplemental chemical analysis involved the collection of 136 samples for the determination
of nitrate, synthetic detergents, specific conductance, pH, color, or turbidity. The purpose of this sam-
pling was to provide additional water quality data at selected stations not scheduled for chemical sampling
during the particular month or months involved. For example, in the Fox River watershed heavy rains in
July 1964 resulted in a flushing effect upon the swamps at the headwaters of the Fox River proper and upon
the marshland bordering Lake Muskego. The color of the Fox River was noticeably more dense than usual,
and 18 samples for supplemental determination of color were collected in addition to the 10 samples sched-
uled for complete analysis in July.

Sampling For Special Chemical Analysis: Stream samples for special analysis by the State Laboratory of
Hygiene were collected in plastic 2-quart bottles and sampled according to the methods discussed above
under Sampling For Complete Chemical Analysis. Fluoride, chromium, hexavalent chromium, phospho-
rus, and oil were analyzed from the 2-quart samples, whereas the analysis for cyanide required the col-
lection of a separate 2-quart sample to which 4 ml of sodium hydroxide solution was added at the time of
collection. The samples for cyanide analysis were delivered under refrigerated conditions to the State
Laboratory of Hygiene on the day of collection.

All sampling involved the full immersion of the sampling container well below water surface; and this prac-
tice was applied to samples collected for oil analysis, as well as all others.

Sampling For Dissolved Oxygen: Samples for dissolved oxygen determination were collected in 250 ml
glass-stoppered bottles. Where stream depths were sufficient to permit use of a sampling device (a sewage
sampler), the glass bottle was lowered into the stream in the sampler. The intake tube was kept well
below the surface of the stream. Upon filling, the sampler was raised from the stream; and the sample
bottle was inspected immediately for air bubbles before being stoppered. If no bubbles appeared floating
within the sample or adhering to the inside, the bottle was stoppered immediately and again inspected.
If no bubbles were observed, reagents were added tothe sample as discussed in Methods of Water Analysis,
Appendix A,

If air bubbles were observed inthe sample upon removal from the sampler, immediate attempts were made
to dislodge the bubbles by tapping the bottle. If the bubbles did not rise and escape through the bottle neck,
the sample was discarded; and the procedure was repeated until a satisfactory sample was obtained.

Where stream depth was insufficient for use of the sampler, the 250 ml bottle was hand-held well below
the water surface. The bottle was tilted upstream; and as it filled, it was reoriented progressively toward
the vertical. If bubbles adhered to the inside, the bottle was re-immersed without spillage and tapped on
the side opposite the bubbles. Bubbles accumulating on the shoulder of the sample bottle were removed by
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tapping and tilting to permit high-angle rise of the bubbles to the bottle opening. Unsuccessful attempts at
removal of entrapped air necessitated resampling.

When successive attempts failed at bubble removal, a small part of the sample was poured out, permitting
a larger bubble to enter the upper part of the bottle. This bubble, by tilting and turning the bottle around
its long axis, was made to overrun and engulf the smaller bubbles adhering to the bottle shoulder. The
larger bubble would then be dispelled by re-immersion. This technique, although used in a number of cases,
was avoided and used only as a last solution to the problem of entrapped air.

To obtain the most reliable results, quickness of procedure was required both in the techniques of sample
collection and of sample preparation by the addition of reagents. All sampling techniques discussed were
applied when appropriate.

Sampling For Biochemical Oxygen Demand And For Coliform Count: Samples for the determination of bio-
chemical oxygen demand and of coliform count were collected in separate glass bottles furnished by the
State Laboratory of Hygiene. The samples were collected in the same manner as described previously,
with one exception: the samples for determination of coliform count were collected by holding the coliform
bottle at its base and lowering it into the stream in the inverted position. At the desired depth of sam-
pling, the bottle opening was pointed upstream, permitting water to enter the bottle. Care was taken to
avoid touching the bottle and lid where the sample could become contaminated by contact with the hands.
The samples were stored in ice in boxes specifically designed for storage and shipment of BOD and coli-
form samples.

The BOD and coliform samples were delivered by the SEWRPC to the State Laboratory of Hygiene the
same day of sampling. Sampling began after 8:00 a. m. and usually ended before 1:30 p. m. Samples were
received at the State Laboratory about 3:00 p. m. In the few instances when samples were delivered the
day after collection, the time span between collection and completed delivery was less than 22 hours.

FREQUENCY OF STREAM SAMPLING AND STREAMFLOW MEASUREMENT

The SEWRPC collected 3,933 stream samples for chemical, biochemical, and bacteriological analyses
during the 14-month field investigation. Samples were collected on a monthly basis; and of the total
analyses, 539 were complete chemical analyses; 78, special chemical analyses; 136 supplemental chemical
analyses; 1,064, BOD determinations; 1,066, D.O. determinations; and 1, 050, coliform counts.

The frequency of stream sampling with respect to the principal sample categories is shown in Figure 1.
The category designated C includes complete analyses only. Special chemical analyses and supplemental
chemical analyses are not included in the frequency chart. Ten to 14 samples for complete chemical

"analysis were collected at intervals of one month or more at 30 key stations in the Region; 9 stations were

sampled for complete chemical analysis during each of the 14 months; 16 stations were sampled 13 times;
4 stations were sampled 12 times; 1 station was sampled 10 times; 1 station was sampled 7 times; 1 station
was sampled 5 times; 4 stations were sampled 4 times; 21 stations were sampled 3 times; 26 stations
were sampled twice; and 4 stations were sampled once. In April 1964, during a period of relatively high
streamflow, samples were collected for complete chemical analysis at 82 of the 85 stations established at
that time. In September and October 1964, during a period of low flow, samples for complete chemical
analysis were collected at all 87 stations established for the water quality study.

Samples for special chemical analysis were collected once at 53 selected stations during the 14 months of
field investigation. These samples were collected between September 11, 1964, and January 28, 1965.
Such one-time sampling is not shown on the frequency chart but is listed in Appendix C.

Samples for supplemental analysis were collected at many stations throughout the Region at irregular
intervals for spot-check purposes. Also omitted from the sampling frequency chart, these analyses are
listed with the SEWRPC analyses in Appendix B.

The sampling for BOD, D.O., and coliform count are-combined in one category, which is designated B in
the chart. Samples for determinations of BOD, D.O., and coliform count were collected at 27, 53, and
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54 stations during January, February, and March 1964, respectively. From April 1964 through Feb-
ruary 1965, all stations were scheduled for sampling once a month.

Streamflow measurements were made by the SEWRPC at 48 selected stations and included 113 individual
flow measurements. Of this total number of flow measurements, 95 were made during high- and low-flow
conditions in April and in September-October 1964, respectively. The remaining 18 flow measurements
were made for spot-check purposes at 12 stations. The frequency of SEWRPC flow measurements are
shown in Figure 1 in the column designated S for streamflow measurement.

The Surface Water Branch of the U. S. Geological Survey? has stream gaging stations at nine locations in
the Region, as indicated in Figure 1. Approximately 3,825 daily mean streamflow determinations were
made by the Survey from data collected at these nine stations during the SEWRPC 14-month field investi-
gation. The number of streamflow measurements made at these stations during the period of the SEWRPC
field investigation are not included in the frequency chart.

STREAMFLOW AND STREAM STAGE MEASUREMENT

Uses of streams are closely dependent upon streamflow and stream depths, as well as upon the stream
quality. Changing quantities of water in movement through-the watercourses of the Region relative to the
varying quality define the limits within which these watercourses can be used. Where stream quality is
acceptable for a particular use, the streamflow may be inadequate, thus excluding this use of the stream
regardless of water quality. No study of the water quality of streams can be fully useful without supporting
data on streamflow.

Streamflow Measurement

Pygmy Current Meter: A pygmy current meter was used by the SEWRPC in making 83 stream discharge
measurements in the Region. This meter was used where streams were too shallow for convenient or
accurate use of a small Price current meter. Flow measurements were made at six-tenths depth where
stream depths were two and one-half feet or less.

The pygmy current meter had a cup-type bucket wheel, no tailpiece, and a single-revolution contact and
was used with a five-foot wading rod. Distance along the stream section was measured by tag line or by
measuring off the stream traverse with a three-foot gage section. Spin tests were run before and after the
flow determinations.

Each station was inspected both downstream and upstream for the most favorable site of measurement.
Favorable sites were those where turbid flow was at a minimum, near-bank and channel vegetation were
least extensive, rock obstructions were absent or would cause the least problems of flow measurement,
and where the channel was constricted and stream velocities correspondingly increased to permit flow
measurements on sluggish streams. All measurements were made on the downstream side of station
bridges or culverts.

Small Price Current Meter: A small Price current meter was used in making 30 stream discharge mea-
surements in the Region. The meter was used where streams were too deep for wading, where stream
widths were about 75 feet or more, or where the current was too swift for accurate use of a pygmy meter.

The small Price current meter was used with a hand line and a 15-pound Columbus type sounding weight
with tail vanes. Measurement of stream depth was made by lowering the current meter assembly to stream
bottom at the point of measurement on the bridge railing along the stream traverse. When the sharply
decreased pull on the hand line indicated that the sounding weight had reached bottom, all slack was taken
from the hand line as it was gently pulled upwards along the outer edge of the bridge railing. Thumb and
forefinger were clamped on the hand line at the level of the bridge railing, and the current meter was
pulled up until the horizontal weight vane exactly skimmed the surface of the stream. The distance was
measured from the edge of the railing to the point on the hand line where thumb and forefinger indicated

2 Effective July 1, 1966, the Wisconsin offices of the Surface Water Branch and the Ground Water Branch were

consolidated as part of a nationwide reorganization of the Water Resources Division of the U. S. Geological Survey.
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original depth to stream bottom from edge of railing. This measured distance corresponds to the stream
depth. Where this depth was less than two and one-half to three feet, the stream current was measured
at six-tenths depth. Where stream depth exceeded two and one-half to three feet, the current measure-
ments were made at two-tenths and eight-tenths stream depth.

U. S. Geological Survey Stream Gaging Stations: The Surface Water Branch of the U. S. Geological Survey
maintains nine gaging stations in southeastern Wisconsin where continuous records of discharge are
obtained. Five of these nine stations are maintained in cooperation with the SEWRPC. The stream dis-
charge records are based on water-stage recorder data or on observer readings of a nonrecording gage.
Discharge for any stream stage is computed from stage-discharge relation curves. In addition to the
stream gaging stations, the Surface Water Branch maintains 19 partial-record stations where streamflow
data are collected over a period of years for hydrologic analyses.

During the period of SEWRPC field investigation, extending from January 1964 through February 1965,
the Surface Water Branch of the U. S. Geological Survey recorded streamflow at the gaging stations
listed below:

1. Fox River at Waukesha 3

2. Fox River at Wilmot

3. Menomonee River at Wauwatosa

4. Cedar Creek near Cedarburg

5. Milwaukee River at Milwaukee

6. Oak Creek at South Milwaukee 3

7. Root River near Franklin 3

8. Root River Canal near Franklin 3

9. Root River at Racine 3
The location of USGS stream gaging stations are shown on Map 2.
SEWRPC Stream Gaging Stations: The SEWRPC selected 48 sampling stations as sites for streamflow

measurements during high- and low-flow conditions and for miscellaneous measurements. These stations
are shown on Map 2, together with the U. S. Geological Survey gaging stations.

Strecam-Stage Measurements

Stream-stage measurements were made in conjunction with the monthly stream sampling program. These
measurements involved the establishment of an arbitrary but "permanent' reference bench mark on bridge
railings or bridge decks and on culverts from which the distance to stream level was measured at each
station at the time of each monthly sampling. These measurements became part of the regular monthly
sampling program in June 1964 and were continued through December 1964,

The purpose of the stream-stage measurements was to obtain information regarding the gross aspect of
the flow situation from one month to another, in the absence of monthly flow measurements at each station,
and to permit the calculation of stream depth at each station. No attempt was made at rating the stations
because the stage measurements, although measured to the nearest one-hundredth of a foot, were consid-
ered to be accurate to only one-tenth of .a foot and under windy conditions to only one-half of a foot.

3 Stations maintained cooperatively with SEWRPC.
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Chapter II1
WATER QUALITY STANDARDS AND MAJOR WATER USES

The SEWRPC has no authority to establish, regulate, or enforce water quality standards in the Region.
This power rests with the State Committee on Water Pollution, the State Board of Health,! the Wisconsin
Conservation Commission, the Wisconsin Public Service Commission, and the Metropolitan Sewerage
Commission of the County and City of Milwaukee.

The State Committee on Water Pollution regulates industrial waste effluents that are discharged directly
into a watercourse, whereas the State Board of Health has jurisdiction over municipal, industrial, and
commercial wastes that flow through sewerage systems to sewage treatment plants and are then discharged
into a watercourse. The Wisconsin Conservation Commission protects the natural resources of Wisconsin,
which include fish and game, lakes, streams, and plant life. The Wisconsin Public Service Commission
regulates the level and flow of water in all navigable streams and lakes and is thereby indirectly concerned
with water quality standards. The Metropolitan Sewerage Commissions of the County and City of Milwaukee
are empowered to maintain reasonable stream quality standards within their geographic jurisdiction and
may act jointly or separately to enforce these standards.

The interest of the SEWRPC in water quality standards stems from the fact that water quality and pollution
affect and are, in turn, affected by regional development patterns. Land and water use are inextricably
interrelated and must be considered together in any meaningful comprehensive planning effort. Numerical
expressions of water quality, that is, of the concentrations of dissolved or suspended foreign matter in
water, have no significance as such in planning. Only where water quality has been related to potential land
and water uses and specific permissible maximum and minimum levels of concentrations of the several
parameters established inthe formof standards can pollution be defined{land and water use related, future
conditions and needs forecast, and plans prepared to meet these needs.

Water standards are of two types, depending on whether the standards apply to the condition of a receiving
stream or body of surface or ground water or whether they apply to the composition and strength of the
waste discharges from a given source, such as to the effluent from a municipal sewage treatment plant
or waste discharges from an industrial plant. These two types of standards are often referred to as
"Receiving Water Standards' and as "Effluent Standards," respectively.

In Wisconsin the approach to stream pollution control has been varied with the circumstances, and both
effluent and stream quality have received consideration. Pollution abatement has been controlled histori-
cally, primarily through effluent quality standards and control measures established and enforced by the
Committee on Water Pollution, the State Board of Health, and other authorized agencies. However, mapping
and appraisal of regional stream quality require receiving water standards. As of this writing (autumn
1965), few such standards have been established. To meet the requirement, the SEWRPC has adopted, for
use in this report, selected water standards that have been established or recommended by responsible
state and federal agencies and by industry as related to 10 major water use categories.

The water quality standards adopted by the SEWRPC are intended to serve two principal functions: 1) to
provide a basis for mapping stream quality in order to establish the spatial distribution of pollution within
the Region and 2) to provide a means of appraising the quality of untreated stream water relative to the
following 10 use categories:

VEffective August 1, 1966, the powers, duties, and functions of the State Committee on Water Pollution and
the State Board of Health concerning water quality standards were transferred to the reorganized State Department
of Resource Development. The water contyol functions of the Wisconsin Public Service Commissionwill also be
transferred to the State Department of Resource Development effective July 1, 1967 . Before June 30, 1967, the State
Department of Resource Development will establish water quality standards applicable to interstate waters with-
in the State and formulate plans for the implementation and enforcement of the standards.
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1. Municipal (public) water supply.

2. Industrial water supply.

3. Cooling.

4. Waste assimilation.

5. Livestock and wildlife watering.

6. Irrigation.

7. Preservation and enhancement of aquatic life.
8. Recreation.

9. Navigation (commercial).

10. Aesthetics.

The water quality standards adopted by the SEWRPC are listed in Table 4. The water quality standards
adopted were derived largely from information provided by five authoritative sources: 1) Water Quality
Criteria by the California State Water Quality Control Board; 2) Drinking Water Standards - 1962 by
the Public Health Service, U. S. Department of Health, Education and Welfare; 3) Wisconsin State Board of
Health and the State Committee on Water Pollution; 4) unpublished data from the Technical Advisory Com-
mittees of the Great Lakes-Illinois River Basin Study; and 5) Water and Its Impurities by Thomas R. Camp.
References to the source of each water quality standard are not included in this report.

Table 4 lists the water quality standards adopted by the SEWRPC for water classification and mapping pur-
poses. Standards are presented for 10 selected major water uses. The standards are expressed in terms
of 29 parameters measured inthe regional stream water quality study. All numbers are maximum permis-
sible or recommended limiting concentrations except where otherwise indicated. Blank spaces indicate
that no maximum permissible or recommended limiting concentrations have been established relative to
parameter and water use.

MUNICIPAL (PUBLIC) WATER SUPPLY

The most important use of water is to sustain animal and plant life. Living organisms are largely com-
posed of water which they require for vital biological processes and for maintaining sufficient moisture in
their internal environment. Any marked reduction in the intake of water to meet the normal water require-
ments of an animal or plant can result in severe symptoms of water starvation or in death. This biologic
requirement for water, obvious and essential as it may be, is often not inthe forefront of human conscious-
ness. Nevertheless, the prime function of a municipal water supply is to provide potable and palatable
drinking water to meet this essential biologic water need in human beings.

Water quality standards that apply to treated water for municipal use involve 14 parameters: iron, man-
ganese, hexavalent chromium, sulfate, chloride, fluoride, nitrate, cyanide, oil, detergents, dissolved
solids, color, turbidity, and coliform count. Iron or manganese in concentrations larger than the estab-
lished standard for this parameter may impart brownish color to laundry or adversely affect the taste of
drinking water or beverages. The amounts of iron and manganese established as standards for treated
drinking water are of minor quantity as compared to the amounts normally ingested and are not likely to
have toxic effects. Hexavalent chromium is not considered to be toxic to man at levels at and below
0.05 ppm. Watcr containing larger sulfate or chloride concentrations than the recommended maxima may
have a temporary laxative effect upon persons not accustomed to this higher concentration. Fluoride in
excess of the maximum permissible concentration at the prevailing annual average maximum daily air
temperature may cause discoloration of teeth. Nitrate concentrations exceeding 45 ppm may cause fatal
methemoglobinemia in infants.
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Table 4 (continued)
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Several state and interstate agencies have promulgated raw water standards; and natural waters may be
classified as excellent, good, or poor sources for municipal supply depending upon the degree of pretreat-
ment required. The standards adopted by the SEWRPC for stream water meet the requirements for a good
source of municipal supply requiring only chlorination and filtration. Significant parameters are chloride,
fluoride, pH, color, turbidity, biochemical oxygen demand, dissolved oxygen, and coliform count. Chlorides
are not physiologically harmful except at high concentrations or to people with health problems requiring
low chloride ingestion. Taste is the principal consideration in establishing the standard. Fluorides may
cause discoloration of teeth at concentrations exceeding 1.7 ppm. The pH of raw water to be used for
municipal supply affects the taste and corrosiveness of the water and the treatment processes of chlorina-
tion and coagulation. Color and turbidity are aesthetically undesirable and must be reduced by pretreat-
ment. Biochemical oxygen demand is not a pollutant but measures the effect of a combination of substances
and conditions. Pretreatment reduces the biochemical oxygen demand, which in a good source of supply
ranges as a maximum from 3.0 to 4.0 ppm. Dissolved oxygen in municipal water supplies improves the
palatability of water and is not considered to be physiologically harmful. Coliform count in a good source
of municipal supply must be less than 20 percent over 5000/100 ml. Prechlorination reduces the coliform
count to the acceptable sanitary level, which must not exceed 1/100 ml in the treated supply.

The use of water for drinking purposes requires that the municipal supply be afforded sanitary protection
to ensure the health and well-being of individuals and the community. The U. S. Public Health Service
promulgates quality standards for drinking water on interstate common carriers subject to the Federal
Quarantine Regulations. These quality standards apply to the water after treatment and have been accepted
by the American Water Works Association and by most state public health agencies as minimum standards
for all public water supplies.

Quality standards that apply to the source of water for drinking purposes, that is, to the raw water quality
standards, are not promulgated by the U. S. Public Health Service in the 1962 revision of Drinking Water
Standards. The reason for this may lie in the present effectiveness and anticipated advances in water
treatment methods. Raw water standards for municipal supply could needlessly eliminate the use of some
water sources that may become important under changing economic conditions and technological advances.
Quality standards applicable to municipal water supply are, therefore, separated into two categories. The
first category involves quality standards for raw water at the source of supply. The second category of
municipal water supply standards involves quality standards for treated water at the point of use. Although
the quality standards for drinking water listed in Table 4 must be met by interstate carriers and although
these standards have been accepted by most state regulatory agencies for municipal water supply, many
municipal supplies in the United States are using more highly mineralized water without any apparent
adverse effects or severe complaints. Where such use occurs, water of lower mineralization is not avail-
able. For example, a dissolved solids concentration four times larger than the 500 ppm established as
a standard is used in over 100 public supplies in the United States.

Water utilities are charged with the responsibility of collecting water for municipal supply at the source,
treating the water as conditions may require, and distributing it to the users. In southeastern Wisconsin
the populated areas served by municipal water supply systems provide water, not only for drinking and
culinary purposes, but also for a variety of other uses, including waste disposal, bathing, washing,
laundering, heating, air conditioning, lawn sprinkling, gardening, industries, business establishments,
and fire protection. The temporary curtailment of water use due to water shortages during seasonal
periods of high water demand is often the result of an inadequate municipal system of water treatment or
distribution capacity rather than of a physical shortage of water at the source.

The municipal water supplies of the Region are presently obtained both from surface water and ground
water sources. The cities of Milwaukee, Wauwatosa, West Allis, Greenfield, Cudahy, South Milwaukee,
Racine, Kenosha, and Port Washington and the villages of Whitefish Bay, Fox Point, Shorewood, Glendale,
and Sturtevant use Lake Michigan watex for municipal supply. No other lakes are used for this purpose in
the Region. All other cities and villages within the Region use ground water obtained from wells tapping
the deep-lying sandstone aquifer, the Niagara aquifer, or the surficial glacial drift.

23



None of the many streams of the Region are used presently as sources of municipal water supply, nor is it
likely that they will be used for this purpose within the foreseeable future. The ready availability of water
from Lake Michigan and the thick and extensive subterranean ground water reservoirs that underlie the
Region can be expected, with proper planning and management, to meet the water needs of the Region for
many decades, both with respect to water quantity and water quality.

The consideration of stream quality standards for municipal water supply is more academic than practical
in southeastern Wisconsin. The consistently low mineralization of Lake Michigan water and the relatively
uniform chemical and physical characteristics of ground water, coupled with the greater reliability and
predictability of these sources of supply as compared to the variable chemical, physical, and bacterio-
logical qualities and available quantities of stream water, exclude streams from serious consideration as
a potential source in the foreseeable future.

Although the streams of the Region are not used as a source of municipal water supply, it is common
practice for municipalities and industries to use these streams and stream channgls for the discharge of
treated sewage and occasionally untreated sewage consisting largely of the municipal water supply after it
has been fouled by use. During low-flow conditions in the Root River watershed, for example, the flow of
the Root River Canal apparently is sustained exclusively by liquid wastes of municipal and industrial origin.

INDUSTRIAL WATER SUPPLY

The industrial water supply category includes a large variety of uses and a corresponding wide range of
quality requirements. Quality is not, for example, a consideration in water supply for use as sprays to
scrub stack gases to decrease air pollution, whereas distilled or demineralized water is required in sev-
eral processes applied in the manufacturing of television tubes. Not only do water quality requirements
vary with the type of industry; but they vary also within a single industrial plant where water may be used
for multiple purposes, each having different quality requirements,

For SEWRPC purposes industrial water supply, exclusive of cooling water, was classified into three major
use categories:

1. Boiler feed water: used to produce steam for heating and power production.
2. Process water: used as an ingredient in the preparation of a finished product.

3. General purpose water: used for cleansing and for disposal of industrial wastes.

The wide variety of industrial water uses and the numerous quality standards established by industry pre-
clude simplification to meet the needs of the SEWRPC for water quality mapping and water use appraisal.
Table 4 presents water quality standards pertaining to these three major industrial use categories and
certain selected subcategories, including baking, boiler feed at four ranges of pressure, brewing, carbon-
ate beverages, dairy industry, food canning and freezing, food equipment washing, laundering, processing
(general), and tanning. Water for cooling, that is, water used for engine, compressor, and condenser
cooling and air conditioning, is not listed in Table 4 under industrial water use, although a large part of
industrial water is used for cooling purposes. Cooling water standards are listed separately in Table 4 and
discussed under the following separate heading in order to facilitate a more detailed consideration of this
important water use.

COOLING

Engine jacket systems, condensers, air conditioning, refrigeration systems, and alarge number of indus-
trial operations require water in the cooling process. The water is circulated through the machinery or
equipment to reduce temperatures by absorbing heat and carrying it away. There are three principal types
of cooling systems in use: 1) the once-through system, 2) the open recirculating system, and 3) the closed
recirculating system. The chemical and physical suitability of water for cooling purposes depends on the
type of cooling system involved.
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In the once-through cooling system, water moves through the heat-exchange units and goes to waste. The
cooling water must be consistently of ‘suitably low temperature and be dependably available in large
quantities. No evaporation takes place; and the total mineralization of the cooling water, consequently,
is not increased. Scale formation and corrosion adversely affect the cooling system. Principal constitu-
ents or properties of water that contribute to deposition of dissolved salts from the cooling water or to the
formation of deposits by corrosion are silica, calcium, magnesium, bicarbonate and carbonate, dissolved
solids, and pH. Calcium carbonate frequently comprises most of the scale deposit.

In the open recirculating system, the cooling water is passed through the heat-exchange units and is dis-
charged to the atmosphere over structures that facilitate heat dissipation by partial evaporation of the used
cooling water. Upon completion of this process, the reconditioned cooling water is recirculated to the
heat-exchange system; and the cycle is repeated. This method of cooling causes progressive increase in
the mineralization of the cooling water and water loss through evaporation requiring the addition of makeup
water. Scale formation becomes more troublesome. Where calcium carbonate usually is the principal
precipitate in the once-through system, calcium and magnesium silicate and sulfate salts are also formed
in addition to the calcium carbonate in the open recirculating system.

In the closed recirculating system, the cooling water is passed through the heat-exchange units and is
reconditioned in an enclosed cooling tower that dissipates absorbed heat by convection. Makeup water is
added, and the cooling water is recirculated through the heat-exchange equipment. This method of cooling
involves little evaporation loss, and makeup water is used normally in small quantities to replace loss
from leakage. Corrosion can be a serious problem in this type of cooling system. Because of the low
makeup water requirements, however, corrosion and scale formation can be effectively controlled by
adding inhibitors to the cooling water.

Quality standards for cooling water are indicated in Table 4. Water meeting these standards is ideally
suited for cooling purposes, with respect to the parameters listed. Industry, however, has contended for
many decades with sources of cooling water supply of inferior chemical quality; and a multitude of treat-
ment methods have been developed over the years that may be used to chemically condition the water.
Thus, it becomes possible to use sources of water for cooling that are of inferior chemical quality but
meet the requirements for temperature and quantity dependability.

WASTE ASSIMILATION

The capacity of a stream to assimilate wastes may be measured in terms of the amount of nondegradable
and degradable wastes that can be carried in solution or suspension by the stream without exceeding the
limits of concentration established for those uses of the stream water that are deemed necessary or
desirable. This capacity depends, in part, directly upon the extent of dilution of nondegradable wastes
that occurs in the stream. Nondegradable wastes are wastes, such as chloride, that are not subject to
decomposition, chemical change, or physical removal. Primarily, however, the capacity of a stream to
assimilate wastes is a dynamic variable that is a function of a multitude of interacting physical, chemical,
biochemical, and biological processes that occur naturally in streams. These processes disassociate,
decompose, or even remove the degradable wastes from solution or suspension, thus making the streams
capable of self-purification.

The self-purification processes of a stream are always operative, but the processes may become ineffec-
tive from a practical standpoint if waste loading creates a condition of pollution over extensive and impor-
tant reaches of the stream that far exceeds the natural waste assimilation capacity. The major interrelated
factors that determine whether extensive gross pollution will occur are the amount and quality of water
available in the stream to dilute the wastes relative to the quantity and concentration of these wastes.

No one water quality parameter can be used to determine the extent to which a stream has assimilated
wastes. Although the biochemical oxygen demand is a commonly applied measure of this capacity and of
the pollutional load (because oxygen-demanding wastes are common), other wastes are alsoimportant. The
extent to which a stream has assimilated wastes is, of course, related to the undesirable condition known
as pollution. Pollution is dcfined in Drinking Water Standards, 1962, as '... the presence of any foreign
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substance (organic, inorganic, radiological, or biological) in water which tends to degrade its quality
so as to constitute a hazard or impair the usefulness of the water.' The Federal Security Agency of the
U. S. Public Health Service in Suggested State Water Pollution Control Act and Explanatory Statement

defines pollution as "... such contamination, or other alteration of the physical, chemical, or biochemical
properties of any waters of the state, or such discharge of any liquid, gaseous or solid substance into any
waters of the state, as will or is likely to create a nuisance or render such waters harmful or detrimental
or injurious to public health, safety or welfare, or to domestic, commercial, industrial, agricultural,
recreational, or other legitimate beneficial uses, or to livestock, wild animals, birds, fish or other
aquatic life."

Definitions of pollution usually make no reference to the sources of the foreign substances, contamination,
or discharges causing the undesirable condition; yet the sources may significantly affect the meaning and
use of the term. The SEWRPC regards water pollution as being exclusively related to human activity.
Such activity may be the direct cause of pollution, as for example, through the discharge of domestic
sewage or industrial wastes into a stream, Such activity may also be the indirect causes of pollution, as
for example, through the introduction into a stream of body wastes from a herd of cattle or poor agricul-
tural practices that increase erosion and thereby augment the sediment load of a stream. A broader con-
cept associated with the term pollution is one which not only describes human activities as the sources of
pollution but also includes natural processes. Thus, a stream having a natural minimum chloride concen-
tration of about 2,000 ppm, and consequently being unsuited for many purposes, is '"naturally polluted" in
the broad inclusive sense of the word. According to the usage adopted by the SEWRPC, this stream would
not be polluted with respect to its chloride content but would be referred to as having a natural chloride
concentration making the stream unsuited for specified uses.

Pollution occurs only when the waste assimilation capacity of a stream has been exceeded with respect
to those parameters for which standards have been established for the existing or potential water uses
involved. An industry discharging wastes into a stream is polluting it only in that reach of the stream
where the undiluted, partially diluted, or completely diluted wastes adversely affect the water quality with
respect to specified uses. The distance along the stream channel affected by the waste discharge may also
be a factor in defining pollution. Where, for example, an industry is contributing pollutants that are diluted
by the stream to acceptable levels of concentration within a relatively short distance downstream from
the point of effluent outfall, the effect of this pollution may be so localized, and from a regional standpoint
so insignificant, that the industry may be considered to be contributing only to a potential condition of
regional pollution.

LIVESTOCK AND WILDLIFE WATERING

Water used for agricultural purposes is commonly separated into two categories: irrigation water that
is applied to the cultivated soil by various methods of spreading to sustain the growth of plants and non-
irrigation water that is used for watering livestock and poultry and for cleansing and general purposes
relating to farm activities.

Quality standards for water used by livestock, poultry, and wildlife should be set to assure the same basic
objective as standards for drinking water for human consumption; namely, preservation of the health and
well-being of the animals. The limits of water quality tolerance, however, are apparently greater for
animals than for human beings. A careful review of selected authoritative publications on water quality
standards indicates that few quality standards have been established for water used by livestock, poultry,
and wildlife. The general sparsity of quality standards for water used by animals may indicate that the
water sources that have been used to date to sustain livestock and poultry offer few serious health prob-
lems in terms of severity of disorder and number of animals involved.

Theoretical factors that should have a bearing on the suitability of a water sourcc for livestock, poultry,
and wildlife are the animal species, age, sex, physiology, and inherent adaptability to water quality con-
ditions. Factors that pertain to the water source are its chemical composition in terms of the many pos-
sible types and concentrations of organic and inorganic substances in solution or suspension, the toxic
nature of these substances, pH, synergic and antagonistic effects, water temperature, and the pathogenic
microorganisms that may be present. An external factor of importance may be the season of the year.
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The vast number of possible combinations of theoretical factors makes the establishment of water quality
standards immensely complex. Any 'generalization or oversimplification of the possible multitude of
standards could result in erroneous evaluations, and no standards are presently established that have
gained national stature and application. In Wisconsin, no water quality standards have been established
for livestock, poultry, or wildlife.

Water of high mineralization may have sufficiently severe physiologic effects to cause death. Lactation
and egg production are known to decrease and possibly terminate due to continuous ingestion of highly
mineralized water. Concentrations of 7,000 ppm dissolved solids may be safe for temporary and short-
term use. Although animals can adjust to the use of highly mineralized water, the change in concentration
should be gradual because sudden large increases in mineralization may cause acute poisoning and death.

Bacteriologically polluted water may be expected to transmit disease to livestock, poultry, and wildlife.
Independent studies have shown that cattle and swine which had been fed water highly polluted with both
treated sewage and untreated sewage for periods ranging from six months to two years remained without
symptoms of bacterial infection although virulent disease organisms were known to occur in the polluted
water. This is, however, not to be considered final in the matter; and water known to contain bacteria
pathogenic to livestock and wildlife generally should not be used for watering or animal care. Beef tape-
worms may be transmitted through sewage, and waste waters from dairies and slaughterhouses are suspect
but not proven sources of animal disease. Toxic algae and protozoa are known to be fatal to livestock and
poultry; oils and oily substances could be detrimental to livestock and adhering to the feathers of water
fowl may reduce their buoyancy.

As already noted, widely accepted quality standards have not as yet been developed with respect to the
parameters listed in Table 4 as related to livestock and wildlife use. However, the water quality classi-
fication published by the Agriculture Experiment Station of the South Dakota State College has been adopted.
The following classifications represent the suitability of water for cattle, swine, and poultry as related
to concentrations of dissolved solids.

Water Quality Dissolved Solids (ppm)
Excellent 0 - 1000
Good 1000 - 4000
Satisfactory 4000 - 7000
Unsatisfactory Over 7000

IRRIGATION

The suitability of water for irrigation depends on soil characteristics, on the types of plants tobe irrigated,
and on the quality of the irrigation water. As with human beings and with farm animals, the water quality
should be such as to contribute to the health of the plants. Successful irrigation is not possible, even with
water of excellent quality, if the soil is poorly drained.

The complex interrelationships between soil, plant, and water make it extremely difficult to establish
quality standards for irrigation water. Quite aside from the multitude of variables inherent in each of the
three aspects bearing directly on the problem generally, there are also the climatic conditions of rainfall,
temperature, and humidity which bear indirectly on the problem in a given area. Moreover, the effects of
the numerous chemical constituents and physical properties of irrigation water are not well known. It may,
therefore, be assumed that when quality standards are established they will have provincial rather than
general applicability. The presence of coliform bacteria in water spread for irrigation is generally con-
sidered to be objectionable, not because of the effect upon the plants, but because of possible effect on
human and animal health. Insufficient data is available, however, to permit a standard to be established.

The Technical Committee of the U. S. Public Health Service Great Lakes-Illinois River Basins Project,
together with the Project Staff, concluded in a recent work group study that while "... chemical quality
is important to irrigators in the western part of the United States, it is not considered to be of sufficient
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importance in the Lake Michigan Basin to merit setting limits." 2 Strictly interpreted, this statement
applies to the nine watersheds in the Region tributary to Lake Michigan and excludes the watersheds of
the Des Plaines River, the Fox River, and the Rock River, which are outside the area of study of the Great
Lakes-Illinois River Basins Project in that they drain into the Mississippi River. Considering climatic
conditions, soils, and stream quality, there is no reason to believe, however, that this statement should
not apply equally well to all of the watersheds of the Region.

In order to provide a scale by which the water quality of the streams of the Region can be measured in
terms of suitability for irrigation use, however, it was decided to adapt two of the criteria of the Cali-
fornia State Water Control Board; namely, dissolved solids and specific conductance. Because of the
limited experience available within the Region, the resulting standards should not be construed as rigid or
immutable. Rather, the numerical values indicated should be thought of as guides to the evaluation of the
water quality data for irrigation use. The numerical values selected may change in light of the findings of
possible future studies aimed at establishing standards for irrigation water specifically for the Region.
The parameters are maxima and are listed below:

Parameter Standard
Dissolved solids 2000 ppm
Specific conductance 3000 micromhos/cm at 25°C

PRESERVATION AND ENHANCEMENT OF AQUATIC LIFE

The primary significance of the fish and related aquatic life in southeastern Wisconsin lies in the aesthetic
and recreational values that they offer to the sport fisherman, the vacationer, and to the adult and child
who enjoy nature in the course of their daily experiences. The fish of stream and lake (and the wildlife of
field and forest) have intrinsic value to man which is intangible, difficult to define, and incalculable in
terms of money. Although the value of fish to man can be approximated in terms of what sportsmen spend
annually on equipment, licenses, and sports-related travel, such approximation in no way measures the
human values derived. Sportsmen, vacationers, and people engaged in the everyday routine of living appear
to be more consciously seeking the natural beauty of their environment and attempting, through govern-
mental action, to decrease the apparent unfavorable impact urbanized and industrial life is having on fish
of stream and lake.

A program of water quality control thal implements stream quality standards for the preservation and
enhancement of aquatic life attempts to maintain or restore the aquatic environment that'is essential to the
survival, growth, and propagation of fish that live inthe streams and, consequently, also of the wildlife that
seek the streams for water and food. The establishment of such water quality standards can also serve to
assist in defining the goals of pollution control and facilitates enforcement of pollution control regulations.

There are a large number of complexly interacting factors that must be considered in establishing water
quality standards to maintain or restore stream conditions favorable to fish life. To maintain or restore
a favorable aquatic environment for fish, the level of a wide variety of possible pollutants should be held
at all times to a concentration or magnitude that is less than the threshold value at which the pollutants
produce harmless but slight detectable effects. Although many cause-and-effect relationships have been
determined regarding various pollutants and their effects upon fish, it would appear that much additional
research is required in this field.

There are numerous factors that must be considered in establishing water quality standards with respect
to fish life. These factors may be separated into four categories relating to: 1) the physiologic charac-
teristics of fish, 2) the food chain that sustains the fish, 3) the aquatic environment, and 4) the technical
and interpretive problems involved in the research experiments performed to establish quality standards.
Only the first three categories are of direct interest in the regional stream quality study.

2 For example, the California State Water Quality Control Board publication Water Quality Criteria presents
a detailed quaIJty classification of irrigation waters in tabular form, considering interrelationships of sodium
content, specific conductance, and dissolved solids content of the water and plant tolerances to boron, chloride
concentration, and sul fate concentration.
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The physiologic characteristics of fish ultimately determine what effect various pollutants will have upon
their health and survival. Important variables within this category are the species, stage of growth (egg,
fry, adult, old age), sex, activity phase (vegetative versus propagative), adaptability to adverse conditions
of aquatic environment, and the condition of health prior to exposure to pollution. Water that is of favor-
able quality to one species of fish may not be adequate for another. Eggs and fry have high oxygen require-
ments, because of high metabolic rates, making them vulnerable tolow dissolved oxygenlevels in a stream.
Fish may build up a tolerance to toxic substances if they are continuously exposed to gradually increasing
concentrations, further complicating the task of establishing quality standards.

The food chain that sustains fish may be adversely affected by concentrations of substances that do not
directly affect the fish, and only one link in the food chain need be eliminated to produce highly unfavorable
conditions for fish sustenance. Fish may survive by migration to unaffected reaches of a stream or may
perish if conditions do not improve. The tolerance levels are imperfectly known for pollutants that may
affect the many forms of aquatic life that range from phytoplankton and zooplankton to hellgrammites and
crayfish that comprise a small part of the chain of organisms providing food for fish life. The food chain,
therefore, must also be considered in establishing water quality standards.

Changes inthe aquatic environment through human activities may have effects upon the fish life of a stream
that range from undetectability through mild effects to severe effects and death. Of particular concern in
this respect are pesticides, insecticides, and herbicides, which may enter a stream by wind or by surface
runoff in such concentrations as to cause local or regional fish kills.

Of the parameters measured in the regional stream quality study, the oxygen content of the water is of
greatest importance to the preservation of fish life. The dissolved oxygen in the aquatic environment of
fish is equally vital to fish for the same reason that oxygen in the atmosphere is vital to human beings.
Whereas air at sea level contains about 20 percent oxygen by weight, or about 200, 000 ppm, the maximum
dissolved oxygen content of water is 14.6 ppm, under conditions of saturation at 32°F. Although this
maximum dissolved oxygen content of water is extremely small as compared to the oxygen content of the
air, this relatively small concentration is more than enough to meet the physiologic oxygen requirements
of fish and of the organisms which make up the food chain.

There are two principal sources of dissolved oxygen that occurs instreams: the atmosphere and the photo-
synthetic plants. Atmospheric oxygen is taken up by the stream through the process of absorption at the

.water-air interface. Wave action in the main channel, along the stream embankments, and at and near

obstructions, together with the agitation and dispersal in stream rapids, waterfalls, and at dam spillways,
results in atmospheric aeration of the stream. This process of stream aeration is further augmented by
wind action.

The second important source of oxygen in streams is derived from the photosynthetic processes of both
microscopic and macroscopic plants. The photosynthesis occurring during daylight hours releases oxygen
into the stream. The amount of oxygen taken up by the stream from aquatic plants, principally composed
of algae, depends on many factors. A condition of supersaturation with respect to dissolved oxygen in the
streams of the Region is not uncommon, however, and often results, in part, from photosynthetic action.

According to Professor Champ B. Tanner,3 the physical principle that accounts for the buildup of dissolved
oxygen to levels of supersaturation is the diffusion rate of dissolved gases in water. This diffusion rate is
very slow; and as the aquatic plants release oxygen, this low diffusion rate permits the buildup of the dis-
solved oxygen content to supersaturation at the prevailing equilibrium of temperature and pressure. There
is no instantaneous diffusion of the excess dissolved oxygen from the plant source through the water to the
stream surface where the excess quantities can be immediately released to the atmosphere.

Streamflow in southeastern Wisconsin is largely maintained by ground water discharge into the stream
channels, and ground water could be an important source of the dissolved oxygen that occurs in the rivers

3 personal communication , 1965, Champ B. Tanner, Professor of Soils and Meteorology, University of Wisconsin.
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and creeks. However, there appears to be little information on this subject based on direct investigations.
Ground water may be deficient in dissolved oxygen.

There are a number of naturally occurring processes that oppose the aeration or oxygenation of streams.
Rather than adding oxygen to the rivers and creeks, these processes remove the oxygen from solution and
thus reduce the amount of dissolved oxygen available to the respiratory processes of fish and of the many
aerobic forms of life that comprise the food chain. Important among these processes of deoxygenation are
biochemical processes that demand oxygen for completion of the process. The organic wastes discharged
into streams from municipal, industrial, or domestic sources are decomposed to stable substances by
bacteria and other microorganisms. These organisms require oxygen in the processes of decomposition
of organic wastes and may cause the marked lowering or complete depletion of the dissolved oxygen content
of the stream.

The algae and other plant life in the streams contribute oxygen to the stream by photosynthesis during the
daylight hours. During the night and during periods of insufficient light intensities; these same plants will
use oxygen in respiratory processes, resulting in small to large decreases in dissolved oxygen depending
on the plant population, temperature, and net effect of processes of aeration. The daily changes in the
dominance of the photosynthetic over the respiratory processes result in a diurnal change in the dissolved
oxygen content of the streams. This diurnal change may vary from a condition of supersaturation to a con-
dition of critically low dissolved oxygen concentration.

Fish life and the organisms comprising their food chain depend upon the actual concentration of dissolved
oxygen in their aquatic environment. The opposing processes of oxygenation and deoxygenation have at all
times a net effect that controls the absolute amounts of oxygen available to sustain fish life. The minimum
oxygen content that must be available to fish at all times is not a matter of general agreement. When the
preservation of fish life is involved, however, whatever the concentration that is decided upon as a mini-
mum standard, this minimum must not only be adequate for all species of fish life desired to be preserved
but also for all stages of their development and for the maintenance of a healthy food chain. If dissolved
oxygen standards are established for the preservation of preferred species of fish, the minimum dissolved
oxygen concentrationof the stream must at all times be adequate for those species of fish, for those stages
of fish development that require the most dissolved oxygen, and for the food chain organisms.

The various species of fish have different dissolved oxygen requirements and are classified as tolerant,
facultative, and intolerant to stream pollution. Tolerant fish species include carp, catfish, goldfish, and
suckers, all requiring a minimum of 3.0 ppm dissolved oxygen. Facultative species include alewives,
shiners, walleyes, crappies, bluegills, northern pike, and perch. A minimum of 4.0 ppm dissolved oxygen
is a generally accepted standard for this group of fish. Intolerant fish include trout, chubs, and whitefish,
requiring a minimum of 5.0 ppm dissolved oxygen.

The SEWRPC has adopted quality standards with respect to dissolved oxygen required for the preservation
of fish life. These standards, together with those for other important parameters, are listed in Table 4. It
should be noted that the dissolved oxygen concentrations are minimum values that should apply to all
seasons of the year.

The preservation of wildlife, as distinguished from fish life, should meet the quality requirements of
streams used for livestock and poultry, as previously noted. Few standards have been established for
this non-irrigational use of water for agricultural purposes.

RECREATION

The recreational use of streams and lakes in southeastern Wisconsin involves such activities as swimming,
bathing, fishing, boating, water skiing, picnicking in park areas adjacent to water, skating, and ice boat-
ing, The predominant recreational use of the streams of the Region is fishing, which is done frequently
from bridges and stream banks. Whereas swimming and bathing in the streams is now uncommon within
the Region, picnic areas adjacent to streams are becoming increasingly numerous. Because of relatively
narrow channels, shallow depths, and frequent meander bends, streams within the Region offer poor com-
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petition to lakes for summer boating and water skiing and winter ice boating. Skating onthe ice of river and
creek is hazardous because of the solid materials that can project through the ice, the frequent unsafe ice
conditions near the stream banks, and the tension and heave fractures that readily develop underchanging
weather conditions.

The recreational uses of streams are commonly divided into two categories relating to whether there is
partial-body contact or full-body contact. Water quality standards established for recreational use reflect
concern for human health, well-being, and aesthetic enjoyment. The Wisconsin State Board of Health pro-
mulgates that for full-body contact activities, such as swimming and bathing, the coliform count should
not exceed 2,400 per 100 ml during the recreational season. The Technical Advisory Committee of the
U. S. Public Health Service Great Lakes-Illinois River Basin Study recommends as a standard for partial-
body contact a monthly average of 5,000 coliforms per 100 ml during the recreation season. Table 4 pre-
sents these and other standards for recreational use of streams.

NAVIGATION (COMMERCIAL)

In southeastern Wisconsin there are four port cities that serve users of the upper Great Lakes and the
St. Lawrence Seaway: Milwaukee, Racine, Kenosha, and Port Washington. The harbors of these cities
are deep enough to accommodate ocean-going vessels of moderate size. The navigation of such vessels as
ore boats, coal boats, barges, tugs, and large pleasure craft is possible only in the very lower reaches of
those streams that enter the harbors at Milwaukee, Racine, and Kenosha. At Milwaukee the Milwaukee
River, the Menomonee River, and the Kinnickinnic River are navigable by large commercial vessels for
distances of approximately one to three miles upstream from the Milwaukee River estuary. At Racine
the Root River is navigable by large pleasure craft for a distance of about one mile upstream from its
mouth. At Kenosha Pike Creek is navigable by large pleasure craft for about one-half mile upstream from
its mouth.

The pollutants that are deleterious to the use of streams for navigation are acids or alkalies that corrode
metal or cause the deterioration of wood, floating debris, and suspended solids that can be a hazard to
ships and floating oil that could ignite and cause fire damage. Approximate standards are provided in
Table 4. In the lower reaches of the streams entering Lake Michigan at the port cities, there are complex
shifting currents causing the irregular dispersal of Lake Michigan water into the stream estuaries and
lower stream channels. Water quality sampling stations were not established where this condition was
known to exist, in order to avoid a water quality and flow complex that properly requires separate and
extremely detailed study. An exception to this rule was the establishment of station M1-12 on the Mil-
waukee River at STH 32. This station was used for comparative purposes only and not for the mapping of
stream quality.

AESTHETICS

The aesthetic value of streams relates to man's emotional and intellectual response to Nature. His appre-
ciation of the scenic beauty of a stream is both intangible and indefinable, but nonetheless real. This
appreciation of the beauty of a brook, creek, and river is in contrast to his appraisal of the usefulness of
water as expressed in physical or economic terms.

Our civilization is developing with an ever-increasing deleterious effect upon the streams of the Nation.
In southeastern Wisconsin, where 40 percent of the population live in 5 percent of the land area of the
state, this development has caused undesirable changes in both the number and kind of fish that occur in
the streams, occasional severe fish kills, accelerated nutrient enrichment giving rise to unsightly algae
blooms, and increased pollutional loads that adversely affect extensive reaches of many streams. More-
over, the aesthetic value of the streams of the Region have been decreaséd markedly or in some cases
entirely destroyed.

In contrast to the technical appraisal of streams in terms of their usefulness as sources of water supply or
for waste disposal, the aesthetic values of a stream involve parameters for which numerical concentrations
are physically meaningless. Aesthetic values involve man's sight, scent, sound, and touch. In contrast
to the technical appraisal of streams that involves numerical expression of water quality parameters, the
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aesthetic use of a stream may immediately be impaired by thc mcrc presence of any one of a wide variety
of materials or substances that are offensive to eye and nose or to body contact. At many locations
throughout the Region, refuse heaps litter the banks of streams and extend into their channels. Discarded
automobile and truck tires, tin cans, glass bottles, metallic and wood scrap, paper, and waste material
of all varieties are to be observed locally on all streams and watercourses. Floating or suspended garhage,
oils, sewage wastes, algal slime, detergent foam, offensive odors, and a wide array of unpleasant matter
can preclude the aesthetic enjoyment of a reach of stream. Maximum permissible concentrations are not
meaningful in relationship to the aesthetic use of streams unless one arbitrarily states that the concen-
tration should be zero for all unsightly and odoriferous materials. Quality standards for the aesthetic use
of streams are descriptive and qualitative rather than quantitative.
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Chapter 1V
THE NATURE AND SIGNIFICANCE OF SELECTED STREAM QUALITY PARAMETERS

SELECTED STREAM QUALITY PARAMETERS

The SEWRPC study of the water quality and flow of streams in southeastern Wisconsin was undertaken for
regional planning purposes and has as its first objective the assessment of the present stream quality in
relation to major sources of pollution. This chapter discusses the nature and significance of the 34 parame-
ters of water quality determined as part of this study and presents in tabular form the numerical values
of the parameters obtained in the sampling program, including the maximum, average, and minimum
concentrations found of each parameter by watershed. Thirteen regional stream quality maps are also
included, which permit ready comparison of maximum, minimum, or average conditions within the Region
and its subareas with respect to 11 selected parameters.

Of the 34 stream quality parameters determined in the laboratory analyses, three will be omitted from
discussion: calcium hardness, magnesium hardness, and alkalinity P. The analytical determinations of
these parameters were performed as necessary steps in the calculation of the ionic concentrations of
calcium, magnesium, and carbonate, respectively, which serve as the actual water quality parameters.
The tables presenting the maximum, average, and minimum concentrations, or numerical values, of the
remaining 31 parameters are based exclusively upon the SEWRPC and the State Laboratory of Hygiene
analyses. Where available, comparable stream quality data obtained from state, county, and municipal
agencies were reviewed and were found to be of similar orders of magnitude for the period of study at
sampling locations relatively near or at those established for the study. The average concentrations, or
numerical values, of the parameters discussed in this chapter are presented in several stream quality
maps and are tabulated by watershed as unweighted averages. Included in the tables is the number of
stream samples upon which the maximum, average, and minimum values are based.

The 13 interpretive stream quality maps show the similarities and differences in the concentrations of
each of 11 selected water quality parameters in the main streams and larger tributaries in the 12 water-
sheds of southeastern Wisconsin. These maps show expected maximum, minimum, or average concentra-
tions for 1965 based on the SEWRPC and State Laboratory of Hygiene water analyses of stream samples.
Where sufficient information is available on the occurrence of a particular parameter, the maps show
expected stream quality conditions not only for 1965 but also for a period extending five to ten years into
the future. Unless otherwise stated in the discussion of each interpretive stream quality map, these maps
apply only to 1965.

For the illustration of stream quality conditions, the parameter concentrations, or numerical values, are
expressed by map symbols representing ranges of concentrations. The ranges selected were considered
to be sufficiently wide to permit reasonable accuracy in mapping without being so wide as to be of little use
in regional planning or so narrow as to imply an unreasonably high accuracy of mapping. The limits of
each range are related to the standards presented in the preceding chapter for one or several major water
uses. For example, the stream quality standards for the preservation and enhancement of fish life indicate
that minimum concentrations of dissolved oxygen for tolerant, facultative, and intolerant species of fish
are 3.0, 4.0, and 5.0 ppm, respectively. In mapping the dissolved oxygen concentrations in the streams of
the Region, the ranges of concentration are related to these standards and are: 0 to 3.0 ppm, 3.1 to 5.0 ppm,
5.1 to 10.0 ppm, and more than 10.0 ppm. The stream quality interval of 3.1 to 4.0 ppm dissolved oxygen
was avoided in mapping because the range interval was considered to be too narrow for any reasonable
representation of general conditions on regional maps. A relatively broad range of concentration (5.1 to
10.0 ppm) was used where the dissolved oxygen concentrations exceeded the minimum requirement for
intolerant species of fish., No standard was established for the maximum dissolved oxygen concentration
recommended; and, therefore, the range interval has an undefined upper limit: more than 10.0 ppm.
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Mapping of stream quality in the lower reaches of the Milwaukee River, Menomonee River, Kinnickinnic
River, Oak Creek, Root River, and Pike River was not possible because of insufficient data or because
of the extreme complexity of the streamflow patterns where the varying stream stages are at or near
the changing levels of Lake Michigan into which these streams discharge. Stream reaches were not
mapped where sufficient data were not available upon which to prepare interpretations of expected stream
quality conditions.

Color was used in the interpretive mapping to indicate channel reaches wherein the stream quality, as
indicated by the numerical value of the parameter used in mapping, was substandard or marginal with
respect to selected water uses. Progressively deeper shades of color signify progressively poorer
water quality.

In presenting the occurrence and significance of the 31 stream quality parameters, information has been
drawn from many sources. To promote readability, this report has intentionally avoided reference to all
but the most important; and these are footnoted in the text or are listed in the Selected Bibliography.

The reader is referred to publications of the Wisconsin Geological and Natural History Survey and of the
U. S. Geological Survey for reports pertaining to the geology and hydrology of southeastern Wisconsin.
Discussions of the geology and of hydrologic principles presume knowledge of the technical nomenclature.

Silica

Silica is composed of silicon dioxide (SiOz) and under laboratory conditions is considered to be insoluble
in water and in acids (except hydrofluoric). Although more than 60 percent of the earth's crust is com-
posed of silica, the low solubility of this substance under natural conditions of occurrence largely accounts
for its relatively low concentration in most bodies of surface water and ground water.

Few uses of water are affected by its silica content. The presence of silica in concentrations found in
natural waters is pot known to have adverse physiologic effects upon human beings, livestock, poultry,
fish and wildlife, or upon irrigated plants. Boiler feed water, however, must be practically free of silica
to avoid formation of boiler scale. Water u§ed in the brewing industry preferably should contain no more
than 50 ppm. All other uses listed in Table 4 are unaffected by the silica content of water.

The natural silica content of the streams of southeastern Wisconsin, as with most other constituents, is
determined by the silica concentration of the ground water, surface runoff, and direct precipitation that
enter the stream channel and that individually or collectively make upthe water of the stream. Inadditionto
these three natural sources of silica—ground water seepage, surface runoff, and direct precipitation—there
appears to be a fourth source: swamps and marshes along the course of the stream. Such wetlands form
the headwaters of many ol Lhe sireams of the Region. Water analyses of stream samples collected during
the period of study from January 1964 through February 1965 indicate exceptionally high silica concentra-
tions in the upper reaches of these streams during periods of relatively high streamflow resulting from
prolonged moderate or sudden heavy rains that tend to flush the wetlands of stagnant water. The physical
and chemical properties of swamp water and the physical characteristics of the swamp lands may be con-
ducive to the accumulation because of the normally stagnant conditions that prevail in a swamp or marsh.
Such accumulations may then be flushed downstream during periods of heavy rain and high streamflow.
The specific reasons for the high silica concentrations are, however, a matter of speculation; and it is
beyond the scope of this study to establish the cause and effect relationships of this phenomenon.

Silica may also enter streams artificially with the effluent waste waters from municipal sewage treatment
plants, industries, and domestic sources. All development within the Region, other than that served by
Lake Michigan water, depends upon ground water as a source of supply. This water is obtained from wells
that may tap the shallow water-bearing glacial drift, the Niagara aquifer, or the deeper sandstone aquifer.

Ground water from the glacial drift and the Niagara aquifer discharges naturally by seepage and by springs

into the streams of Washington, Ozaukcc, Milwaukee, Racine, and Kenosha counties and into the streams
traversing approximately the eastern three-quarters of Waukesha County and the eastern one-half of

34



Walworth County. The Milwaukee Formation, which underlies the glacial drift in eastern Ozaukee County
and northeastern Milwaukee County, presumably contributes locally to the flow of the Milwaukee River,
Sucker Creek, Sauk Creek, and the Little Menomonee River. In southwestern Washington County, in
western Waukesha County, and in the western half of Walworth County, the glacial drift and presumably
the underlying Platteville-Galena unit' contribute tothe flow of the Ashippun River, the Oconomowoc River,
the Bark River, Whitewater Creek, Turtle Creek, Jackson Creek, the Delavan Lake Outlet, Honey Creek,
Sugar Creek, and the White River by way of Lake Geneva. Water from these rock units may thus sustain
the flow of the streams in the Region during periods of dry weather and significantly influence the chemical
and physical quality of the streams.

Under natural conditions water from the sandstone aquifer directly supports the flow and affects the quality
of streams in southwestern Washington County, in the western part of Waukesha County, and in the western
half of Walworth County. Water from this aquifer reaches thé streams in the northern and eastern parts of
the Region indirectly by discharge from sewage treatment plants which process waste water from munici-
palities and industries that obtain water from wells tapping the sandstone aquifer. Thus, water from the
sandstone aquifer may affect the chemical and physical quality of streams, including the silica concentra-
tion, throughout most of the Region.

Other probable artificial sources of silica in waste discharges reaching the streams are the zeolite used
in the process of water softening and silicates used in municipal water treatment as coagulants and corro-
sion inhibitors. Sodium silicofluoride has been used in fluoridating water supplies.

Concentrations of silica in natural waters exceeding 100 ppm are relatively rare. Concentrations ranging
from 30 to 100 ppm are fairly common. The most common range is 1to 30 ppm. Water issuing from
a spring on Rio San Antonio in Sandovdl County, New Mexico, is recorded as having a silica concentration
of 103 ppm. High temperature water (122°F) from an 800-foot deep flowing artesian well in Owyee County,
Idaho, has a silica concentration of 99 ppm. Sea water contains very little silica—0.04 ppm. Lake Michigan
water sampled near Milwaukee had a concentration of 3 ppm.

In the regional stream quality study, atotal of 540 samples collected at 87 sampling stations in all 12 water-
sheds of the Region were analyzed for silica concentration. The regional maximum, average, and minimum
concentrations of this constituent were found to be 24, 7, and 0 ppm, respectively. The corresponding
concentrations for each watershed within the Region are listed in Table 5.

Map 3 shows the maximum silica concentrations that may be expected in the streams of the Region as of
1965. There is no reason to believe that the maximum silica concentrations indicated will change markedly
within the foreseeable future, so that Map 3 may be regarded as not only representative of present condi-
tions but also indicative of conditions which may prevail for possibly the next 10 years. The silica concen-
trations are mapped on a scale ranging from 0 to more than 50 ppm. This scale is subdivided into seven
intervals of concentration as shown on Map 3. The four lower intervals of concentration that range from
0 to 20 ppm are mapped in black, whereas the three intervals ranging from 21 to more than 50 ppm are
shown in color. The seven successive intervals indicate progressively larger concentrations of silica.
The color patterns apply to higher concentrations as related to water quality standards for water uses
affected by this parameter. The break between black patterns and color patterns at 21 ppm is intended
to visually emphasize those reaches of the several streams that are of relatively acceptable quality (black
patterns) and those that are relatively unacceptable (color patterns). The concept of relativity is important
in this connection because of the wide range in the numerical values of the standards established for silica
concentrations in boiler feed water and water for brewing.

Iron
Iron is one of the more abundant metallic elements of the earth's crust. In natural surface waters, it
occurs as ferrous (bivalent) or ferric (trivalent) salts. Streams that are well aerated seldom have high

V' The Platteville Formation, the Decorah Formation, and the Galena Dolomite area are referred to collectively
as the Platteville-Galena unit in this report.
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Table 5

SILICA CONCENTRATIONS IN STREAMS IN THE REGION
(1964 - 1965)

Silica Concentration in ppm Number
Watershed
Maximum Average Minimum of Samples

Des Plaines River « « « « « « o o &« o & 16 6 2 18
FOX RIiVEr « & & & & o o o o 2 s s o & &« 24 7 0 185
Kinnickinnic River. « « o « o o« « s & 8 6 4 2
Menomonee River . .« . « & « « s &« &« o & 16 7 0 69
Milwaukee River . « « « o & « & + o« o & 23 6 0 77
Minor Streams@. « v « & & « ¢ & & & o 10 6 2 11
Oak Creek « &+ o« o « & « & o 2 & « o« o = Iy 8 2 16
Pike River. . o« « & o« « & o & « s 2 o« & 16 7 0 32
Rock Rivere « o « o o « & « o« s ¢ o o &« 16 7 0 73
Root River. « « « « &+ ¢ ¢ « &« o & o« s & 16 6 0 40
Sauk Creeke &+ + & o « & o 2 ¢ o ¢ o & 13 5 | 15
Sheboygan River . « .+ « « &« « & o« ¢ o & 8 7 6 2

Total Samples 540

2 Composite watershed comprising minor streams that are tributary to Lake Michigan.

Source: SEWRPC.

concentrations of iron. Ferrous iron is soluble only under anaerobic conditions. In the presence of oxygen,
the ferrous ions tend to oxidize to the ferric state forming insoluble hydroxides that precipitate and settle
upon or coat the surfaces of rock and other solid materials of the stream channel, When the oxygen con-
tent is depleted, as for example, when a stream carries a heavy pollution load with a high biochemical
oxygen demand, the ferric state is reduced to the ferrous state; and the ferrous salts go into solution.
This may result in the increased congentration of silicate, iron, phosphate, and bicarbonate, depending
on the natural chemical quality of the water. Iron-fixing bacteria precipitate iron hydroxides as sheets
covering the bacteria, or they excrete strands that adhere to objects in the streams.

Many uses of water are adversely affected by its iron content. Even the relatively small concentrations
of iron that naturally occur in streams make them unsuited for many uses without pretreatment. Drinking
water may have an unpleasant bitter taste when the iron concentrations are 1.8 ppm or larger, although
taste acuity varies with individuals and the bitter taste may be detected at lower concentrations. Iron con-
centrations exceeding the 0.3 ppm standard established as a recommended maximum for municipal supplies
may deposit a reddish stain on laundry, porcelain, and enamel ware. Coffee, tea, and a variety of foods
become discolored when prepared with such water. Iron in concentrations of 1.0 ppm is not known to have
an‘adverse physiological effect. Industrial use of water most frequently requires low iron concentrations,
as listed in Table 4, Chapter IIl. Cooling water must be of low iron content because iron is an incrusting
substance and can precipitate and form a scale which reduces the efficiency of the cooling process by
decreasing the heat exchange. Water high in iron content (no recommended limiting concentration has been
established) can cause dairy cows to drink less water and thus reduce milk production.

The iron content of a stream depends largely upon the dissolved oxygen concentration and pH of the water
and upon the natural and artificial sources of iron in the stream environment, In well-aerated water of
slightly alkaline pH, iron occurs in concentrations of less than 0.50 ppm and commonly less than 0.10 ppm.
In highly acid water where the pH may be less than 3.0 ppm, iron may be present in more than 100 ppm.
In Shamokin Creek at Weigh Scale, Pennsylvania, where the stream quality has been affected by acid
coal mine drainage, the dissolved iron concentration is recorded as 37 ppm. Pond River at Jewel City,
Kentucky, has a maximum iron content of 15 ppm. A recent analysis of Lake Michigan water sampled near
Milwaukee contained 0.06 ppm total iron.

Stream samples were analyzed for iron concentration largely during conditions of low flow in the Fall of
1964. The samples were not treated with acid to redissolve the iron fraction that may have precipitated
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during sample storage. As a consequence the results of the SEWRPC iron analyses may be regarded as
minimum values of concentration and represent the iron in solution at the time of analysis.

The maximum, average, and minimum dissolved iron concentrations of the streams of southeastern Wis-
consin were 0.60, 0.07, and 0.00 ppm, respectively. These figures are based upon 174 analyses performed
upon samples collected at 87 sampling stations in all 12 watersheds of the Region. Sauk Creek was found to
have the highest iron concentrations for the period of record at station Sk-1. The lowest concentrations
occurred in the Fox River, Pewaukee River, and Muskego Canal at stations Fx-1, Fx-6, and Fx-15, respec-
tively, and in the Pike River and Pike Creek at stations Pk-1, Pk-2, and Pk-3. The ranges in dissolved
iron concentrations by watershed are listed in Table 6.

Table 6
IRON CONCENTRATIONS IN STREAMS IN THE REGION
(1964 - 1965)
Iron Concentration in ppm Number
Watershed
Maximum Average Minimum of Samples
Des Plaines River . . . « « « « « « « . 0.14 0.07 0.01 6
Fox RiVer « « & ¢ & ¢ « & o « o & & & o 0.u8 0.07 0.00 56
Kinnickinnic River. . « &« &« &« & &« « o« & 0.17 0.11 0.06 2
Menomonee River « « « &« « ¢ « o « « &« « 0.45 0.08 0.01 22
Milwaukee River « « « o & & & =« o « o & 0.14 0.05 0.02 24
Minor Streams . . « & « ¢ & « & & & & . 0.07 0.04 0.03 5
Oak Creek + « + « o« & 5 o s s s s« o o &« 0.29 0.10 0.03 1}
Pike River. « « o« « ¢« o o « s o & o« & =« 0.27 0.05 0.00 8
Rock RiVere « « o« o« & o 2 o s s« & s s & 0.32 0.05 0.0l 29
Root River: « « « « &« ¢ « s o« s s s &« o 0.52 0.12 0.0t 12
Sauk Creek. « « & o & & & ¢ ¢ 4 s 4 w0 0.60 0.16 0.01 '3
Sheboygan River « « « & & & + « o« o 0 & 0.14 0.09 0.05 2
Total Samples 174

Source: SEWRPC.

Manganese

Manganese is similar to iron in its occurrence and chemical properties; however, it is much less abundant
in nature and is commonly present in stream water in only trace -amounts. The dissolved manganese in
streams affects the same major water uses as iron. Whereas iron is not known to have toxic effects
in excessive concentrations, manganese dust and fumes are reported to have adverse physiologic effects.
The minimum levels of manganese concentration in drinking water that would produce harmful effects are
not.known, The U. S. Public Health Service states that domestic "... complaints arise when the level of
manganese exceeds 0.15 mg/1 regardless of iron content." Previous standards have indicated that the
combined concentrations of iron and manganese should not exceed 0.3 ppm. The U. S. Public Health
Service Drinking Water Standards 1962 considers these constituents separately and recommends that
manganese have a limiting concentration of 0.05 ppm.

Stream samples were analyzed for manganese content during the period of low streamflow in the autumn
of 1963. As with iron, manganese also tends to precipitate upon sample storage; and the SEWRPC analyses
determined dissolved manganese rather than total manganese. However, the difference between dissolved
and total manganese may be unimportant as compared to iron.

The manganese content of stream water depends upon the presence of this coanstituent in ground water,
surface runoff, and wastes entering the streams. Reducing conditions and bacterial activity would appear
to be important processes in bringing manganese into solution. Natural waters most commonly contain
less than 0.20 ppm manganese. Surface water does not often have a manganese concentration larger than
1.0 ppm except when mining or industrial wastes contain manganese. In Shamokin Creek at Weigh Scale,
Pennsylvania, the manganese concentration was recorded to be 10 ppm, Lake Michigan water sampled
near Milwaukee contained 0.0 ppm manganese.
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The maximum, average, and minimum concentrations of manganese in the streams of southeastern Wis-
consin were 0.07, 0.01, and 0.00 ppm, respectively. These figures are based on 88 analyses performed
upon samples collected at 87 stations in all 12 watersheds of the Region. Poplar Creek in the Fox River
watershed had the maximum concentration of 0.07 ppm at station Fx-3. Minimum concentrations of
0.00 ppm occurred in all watersheds except in those of the Kinnickinnic River, Milwaukee River, and
Sauk Creek. The ranges in manganese concentrations by watershed are listed in Table 7.

Table 7
MANGANESE CONCENTRATIONS IN STREAMS IN THE REGION
(1964 - 1965)
Watershed Manganese Concentration in ppm Number
Maximum Average Minimum of Samples
Des Plaines River « « « « o« « « s & ¢ & 0.03 0.01 0.00 3
FOX RiVEr & o « ¢ 2 ¢ « « s s o s o« s » 0.07 0.01 0.00 27
Kinnickinnic Rivers « « &« « & o« o « »+ - - 0.0u2 1
Menomonee River . « « « « & &« « o « & = 0.02 0.00 0.00 12
Milwaukee River « . « « & &+ « o « & & 0.03 0.02 0.0l 12
Minor Streams . « « ¢« « & o o o s & s @ 0.01 0.00 0.00 3
Oak Creek « o« « = s o o o s & o« s s o« = 0.03 0.01 0.00 2
Pike River. « « o« « o o o s o« s o s s 0.01 0.00 0.00 4
Rock River. « « o « o « s o « o o s s 0.01 0.00 0.00 15
Root River. « « « ¢« o ¢ & 2 s o« &« o « & 0.04 0.01 0.00 6
Sauk Creek. « « ¢« o o o & o s o s s & » 0.03 0.02 0.01 2
Sheboygan RivVer « « « « + ¢ « o & « o --- -— 0.004 |
Total Samples 88

2 Only one sample collected and analyzed.

Source: SEWRPC.

Chromium

Chromium normally occurs in natural waters in minute trace amounts. Under strongly oxidizingconditions,
chromium may occur as chromate; but natural occurrences of chromate are rare. Industrial waste waters
are likely sources of chromium where streams contain unusual concentrations of this substance.

Chromium is known to cause cancer when inhaled by man., However, it is not known whether chromium will
cause cancer when ingested. According to the U. S. Public Health Service Drinking Water Standards 1962,
chromium "... is not known to be a common or significant element in food sources. That which may be
found in small quantities in foods is in trivalent form, is usually adventitious, and arises chiefly from
cooking in stainless steel ware. Neither the amounts nor the assimilability are known to be of any
hygienic significance."

None of the 10 major water-use categories listed in Table 4 have recommended limiting or maximum
permissible concentrations for chromium. This element is not significant to these uses, except that
chromium salts may be toxic to aquatic life depending upon the species of plant or animal, the tempera-
ture, pH, chromium valence, and the effects of synergism or antagonism. The conditions of toxicity are
complex, and the SEWRPC lists no standards for chromium salts other than for hexavalent chromium
discussed subsequently.

The maximum, average, and minimum concentrations of chromium determined on 48 samples collected
at 48 sampling stations in the 12 watersheds of southeastern Wisconsin were 0.04, less than 0.012, and
less than 0.005 ppm, respectively. The maximum concentration of 0.04 ppm was determined on a stream
sample collected at station Fx-8 on the Fox River. Minimum values of less than 0.005 occurred in 8 of the
12 watersheds. The ranges in chromium concentrations by watershed are listed in Table 8. Appendix C
presents the chromium analyses by sampling station.
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Table 8
CHROMIUM CONCENTRATIONS IN STREAMS IN THE REGION
(1964 - 1965)
Chromium Concentration in ppm Number
Watershed
Maximum Average Minimum of Samples
Des Plaines RiVEr + « « o o « o s s & & - -—- 0.005° |
FOX RiVeEr « « o 2 o o o o o 2 s & o s & 0.0u < 0,0! 0.005 18
Kinnickinnic Rivere « « « « &+ « « o« o & -—- -—— < 0.06° |
Menomonee RiVer « « « & ¢ « « & o & o & 0.01 < 0.01 0.004 8
Milwaukee RivVer o « & o o ¢ s o o o « @ <0.02 < 0.02 < 0.005 6
Minor Streams . .« « &+ « ¢ & « o o o o & 0.005 0.005 0.005 2
0ak Creek o o = o s o o o s o s o &« o » --- -—-- <0.01° 1
Pike RiVEre « o« o o o o s o o o s o o« -—-- - <0.01° |
Rock Rivere « « « o« o« ¢ « o « o« o « « & <0.02 < 0,011 < 0.005 6
ROOt RiVEre « « o o ¢ o o o s o & o« o & -—— --- < 0.02°2 |
Sauk Creeke o o ¢ o ¢ o o o o o o o o &« < 0.005 < 0.005 < 0.005 2
Sheboygan RiVer « « « o « « o & o & o« - --- < 0.0057 1
Total Samples u8

2 0Only one sample collected and analyzed.

Source: State Laboratory of Hygiene and SEWRPC,

Hexavalent Chromium

Hexavalent chromium is commonly considered a relatively toxic form of chromium. The U. S. Public
Health Service Drinking Water Standards 1962 establishes a maximum permissible concentration of
0.05 ppm. Water Quality Criteria states that "... it appears that the following concentrations of chromium,
trivalent or hexavalent, will not interfere with the specified beneficial uses:

a. Domestic water supply . . . . . . . . . . . . . . « . . . . 005mg/1
b. Stock and wildlife watering . . . . . . . . . . . . . . . . . .50 mg/1

c. Fishlife . . . . . . . . . . . . . « . « v v < « . . . .10 mg/1
Other aquatic life . . . . . . . . . . + v « v v « « « + . 0.05mg/1"

Maximum, average, and minimum concentrations of hexavalent chromium encountered in the streams of
southeastern Wisconsin were less than 0.02, 0.00, and 0.00 ppm as based on 48 analyses performed upon
samples collected at 48 stations in all of the 12 watersheds of the Region. The trace determination of less
than 0,02 ppm occurred in the sample collected at station Fx-8 on the Fox River. A trace concentration
of less than 0.01 ppm occurred at station Mn-10 on the Menomonee River. All other analyses were
0.00 ppm. The ranges inconcentrations of hexavalent chromium by watershed are listed in Table 9. Appen-
dix C presents the hexavalent chromium analyses by sampling station.

Calcium

Calcium occurs abundantly in the soil, glacial drift, and bedrock of southeastern Wisconsin. Because it
oxidizes readily in air and reacts with water, elemental calcium does not exist in nature but occurs as
carbonates, oxides, and other salts. Calcium salts and ions are the most common substances in the
streams of the Region.

There is no significance in the calcium concentration of water in relation to many uses of water. The
U. S. Public Health Service Drinking Water Standards 1962, makes no reference to recommended limit-
ing concentrations or maximum permissible concentrations of calcium. Cause and effect relationships
between high and low calcium concentrations in drinking water and the formation of kidney stones and
a severe form of rickets have not been proven. Water Quality Criteria states that concentrations of cal-
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Table 9
HEXAVALENT CHROMIUM CONCENTRATIONS IN STREAMS IN THE REGION
(1964 - 1965)
Hexavalent Chromium Concentration in ppm Number
Watershed
Maximum Average Minimum of Samples
Des Plaines RivVer « « o« o« o o s « o o & —— - 0.00°2 |
FOX RiVEr & « « o ¢ o o« o & o s o s o« & 0.02 0.00 0.00 18
Kinnickinnic River. « « « ¢ o« o ¢ ¢ & & ——— - 0.00°% |
Menomonee RiVer o« « « « o o s o o s o & 0.01 0.00 0.00 8
Milwaukee River « « « o« ¢ o o o o« « o & 0.00 0.00 0.00 6
Minor Streams « « « ¢ « &+ &+ o ¢ s o o . 0.00 0.00 0.00 2
Oak Creek « « o o o o o o s o « o o« o & --- .-- 0.00% |
Pike RiVere o « o« o ¢ o o o o o s s ¢ & ——— —— 0.00°% 1
Rock River. « « o &« o o ¢ s o s ¢ « o & 0.00 0.00 0.00 6
Root RiVErs « ¢« « o o « s ¢ o o o o o & -—- -——- 0.00° 1
Sauk Creeke o o o o o o o o o o o o o of. 0.00 0.00 0.00 2
Sheboygan RivVer « o« o o« « o o o o o« o - --- 0.00° |
Total Samples us

a Only one sample collected and analyzed.

Source: State Laboratory of Hygiene and SEWRPC.

cium up to 1,800 ppm in drinking water are reported to be harmless. Household use of water high in
calcium concentration is undesirable because its reaction with soap forms insoluble curds that interfere
with washing, bathing, and laundering. Calcium also tends to form deposits on cooking ware and in humidi-
fiers and water heaters. The brewing industry prefers to use water containing no more than 500 ppm
calcium. Minimum concentrations of 50 ppm calcium are recommended to inhibit corrosion of cast iron
and steel. The toxic effects of many substances upon fish and other forms of aquatic animal life are
inhibited by the presence of moderate quantities of calcium (50 ppm) in the water.

Calcium and magnesium are the principal ions that cause water hardness. Both ions can be readily
removed by water softening processes that involve ion exchange with sodium. For this reason the calcium
(and magnesium) content of a water source can be frequently disregarded when considering the usability
of the water source. Hardness is discussed in a separate section of this chapter.

Principal sources of calcium in the streams of the Region are the calcium and magnesium carbonate
minerals that are abundant in the soil and geologic terrane that forms the rock environment of the streams.
The shallow bedrock units of the eastern part of the Region (the Niagara aquifer and the Milwaukee Forma-
tion) are composed largely of these minerals. The shallow bedrock unit underlying the southeastern part
of the Region (the Platteville-Galena unit) is also composed largely of calcium and magnesium carbonate
minerals. The glacial drift overlying these units includes considerable rock debris in the form of cal-
careous silt, sand, gravel, and boulders of bedrock origin. The soils are residual except in the flood
plains and are also largely calcareous. This rock and soil environment of the streams imposes its broad
chemical characteristics upon the water that flows over and through this terrane on its way to the streams.

The calcium content of water depends not only upon the availability of a source but also largely upon the
carbon dioxide content of the water. Streams are in contact with the air and usually have a condition of
equilibrium between carbon dioxide and calcium carbonate. The buildup of carbon dioxide in the streams
as the result of the nightly cessation of the photosynthetic processes of aquatic plants may have a marked
influence upon the overall calcium content of the streams. The ability of water to take calcium carbonate
into solution increases with increased carbon dioxide content of the water. The loss of carbon dioxide
from a solution at equilibrium will result in the precipitation of calcium carbonate.

4]



Calcium concentrations in natural surface waters have a wide range of variation. An example of high con~
centration is the Pecos River near Roswell, New Mexico, where the calcium content has been as high as
842 ppm. Lake Michigan waler near Milwaukee contained 35 ppm calcium.

The maximum, average, and minimum calcium concentrations in the streams of southeastern Wisconsin
were 213, 82, and 24 ppm, respectively. These figures are based upon analyses of 540 samples collected
at 87 sampling stations in all 12 watersheds of the Region. The maximum and minimum concentrations
occurred in the Muskego Canal at station Fx-15 and inthe East Branch Rock River at station Rk-1, respec-
tively. The ranges in calcium concentrations by watershed are listed in Table 10.

Table 10
CALCIUM CONCENTRATIONS IN STREAMS IN THE REGION
(1964 - 1965)
Watershed Calcium Concentration in ppm Number
Maximum Average Minimum of Samples
Des Plaines River « « o « « s s o « « & 131 99 56 18
FOX RiVEr o « o o & o« o « 2 2 @« s s & & 213 78 25 185
Kinnickinnic Rivers « o+ o« o o s o o & & 93 72 51 2
Menomonee RiVEr « o o o o o s s o o o &« 197 103 55 69
Milwaukee River « s o o « o o o« = o o & 101 71 43 77
Minor Streams « 4 « ¢ 2 o o « s @« s o 40 8l 34 N
Oak Creek « s o« o o o o 5 s s s s s o & oy 77 u6 16
Pike RivVere « o o s o o s s s s s s s & 132 94 48 32
Rock RiVEre o« o o o 2 o s o o s s o s & (N 66 24 73
Root Rivere o« o o s o o o s o s o o o« » 136 98 43 40
Sauk Creeke o« o o o o o o o« o s o o s & 124 85 26 15
Sheboygan River . + « « o o o o 2 o & = 108 106 104 2
Total Samples 540

Source: SEWRPC.

Map 4 shows the expected maximum calcium concentrations in the streams of the Region as of 1965, The
calcium concentrations in streams may increase with nutrient enrichment by nitrogenous and phosphatic
substances. These nutrients can be expected to increase growths of algae and other aquatic plants which,
in turn, will increase the carbon dioxide content of the stream and thus facilitate the solution of calcium
carbonate. Although this process of further nutrient enrichment may be expected to take place over the
years to come, the rate of calcium increase should be relatively low. Map 4, therefore, may be regarded
as not only representative of present conditions but also indicative of the calcium concentrations that may
prevail for possibly the next 10 years or more.

There appears to be no simple solution to the problem of flourishing algae growth. If the artificial sources
of nitrogenous and phosphatic substances were adequately controlled to avoid nutrification, the problem
of algae growth might still persist, inasmuch as '"calcium and magnesium are also of importance in their
influence upon the total number of algae present, because the bicarbonates of these metals furnish a supple-
mental supply of carbon dioxide for photosynthesis. The greater abundance of algae in hard-water lakes,
as compared with their abundance in soft-water lakes, is traceable directly to a utilization of dissolved
bicarbonates in photosynthesis.”2 The streams of southeastern Wisconsin are naturally high in calcium
and magnesium bicarbonates.

The calcium concentrations are mapped on a scale ranging from 0 to more than 500 ppm. This scale is
subdivided into six intervals of concentration. The four lower intervals of concentration, ranging from
0 to 400 ppm, are mapped in black, whereas the two intervals ranging from 401 to more than 500 ppm are
shown in color. The black patterns denote expected maximum calcium concentrations that are well below
the 500 ppm established as a maximum standard for brewing water. The color patterns denote concentra-
tions that are marginal or exceed this water quality standard,

2 Birge and Juday, 1911.
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Magnesium
Magnesium, like calecium, occurs abundantly in the soil, glacial drift, and bedrock of southeastern Wis-

consin. Because this metallic substance is chemically active, it is not found in its elemental form under
natural conditions. In solution magnesium is normally present in ionic form and tends to remain in solu-
tion with greater constancy than calcium. The salts of magnesium are very soluble except hydroxides at
high pH levels. In the presence of carbon dioxide, the solubility of magnesium carbonate is increased.
Magnesium does not precipitate from solution to form carbonate salts as readily as calcium, Magnesium
carbonate is more soluble in water containing sodium salts (including sodium chloride) than in pure water.

A recommended limiting concentration of magnesium is not established in the U. S. Public Health Service
Drinking Water Standards 1962. At high concentrations magnesium salts have a laxative or diuretic effect
on man and beast. However, this condition is normally temporary because physiologic tolerance can be
established to originally unaccustomed concentrations. Water high in magnesium and low in calcium con-

tent used by stock and wildlife may cause rickets. In the brewing industry, the limiting concentration of
magnesium is 30 ppm,

Magnesium and calcium are the principal ions that contribute to the forming of hard watler. Water hard-
ness can be fully removed by water softening processes that involve the precipitation or retention of these
ions. For this reason the magnesium (and calcium) content of a water source can be frequently disre-
garded when considering the usability of the water source.

The magnesium confent of natural waters has a wide range of variation. Sea water contains about 1,270 ppm.
Lake Michigan water sampled near Milwaukee had a magnesium concentration of 11 ppm.

The maximum, average, and minimum magnesium concentrations of 540 stream samples collected at
87 sampling stations in southeastern Wisconsin were 97, 43, and 9 ppm, respectively. The maximum con-
centration of 97 ppm was obtained on a stream sample collected at station Fx-15 on Muskego Canal in the
Fox River watershed, The minimum concentration occurred in Pike Creek at station Mh-2. Ranges in
magnesium concentrations by watershed are listed in Table 11.

Table 1|1
MAGNESIUM CONCENTRATIONS IN STREAMS IN THE REGION
(1964 - 1965)
Magnesium Concentration in ppm Number
Watershed
Maximum Average Minimum of Samples
Des Plaines RivVer + o« o o o« s s s o s & 69 556 32 18
FoXx RIVEr a s o o & 4 s & & o 5 s a » & 97 43 28 185
Kinnickinnic Rivers o o & w » o« = a & s 49 36 24 2
Menomonee RiVEr « o o s 5 s s s s & o = 91 47 23 69
Milwaukee RiVEr =« « « o o« s 2 s 2 & & & 68 39 17 77
Minor Streams + o ¢« « ¢ o« & s s s o &« = 63 35 9 L1
Ddlk Breek o & o + & = 5 & o o 0w o ® = 8 47 38 23 16
Pike RIVere ¢ & o a o o s 5 ¢ & » s & a 92 51 21 32
Rock Rivers « s s a s o a & s s s o a » 57 38 12 73
Root RIVEr: « o o o o a o ' o & & » = 61 47 26 40
Sauk Creeke o o s 2 o o s s s s s s = & 59 4o 10 15
Sheboygan River « « +«+ « o s o s o« s & & 51 48 U5 2
Total Samples 540

Source: SEWRPC.

Sodium

Sodium is a chemically active metallic element that does not occur in a free state in nature. Most sodium
salts are very soluble in water, and the sodium that enters streams from natural and man-related sources
will remain in solution. Sodium salts exist as minor constituents in the rock formations that contribute to
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the flow of streams of southeastern Wisconsin. Major man-related sources of sodium are effluent dis-
charges from sewage treatment plants, wastes entering the streams from industries using soluble sodium
compounds, and winter applications of salt on highways to provide safe and convenient movement of traffic.

No quality standards have been established or adopted by the SEWRPC regarding the sodium concentrations
in water used for the ten water uses considered important to regional planning. No recommended limiting
or maximum permissible concentrations of sodium are established in U. S. Public Health Service Drinking
Water Standards 1962. Persons with heart, kidney, or circulatory diseases require drinking and culinary
water that contains little or no sodium. Boiler feed water containing more than 50 ppm sodium and potas-
sium may cause foaming. Irrigation water high in sodium content may be toxic to plants and adversely
affect soil conditions. A threshold limit of 2,000 ppm for livestock water has been suggested. Although
sodium concentrations of 500 to 1,000 ppm reportedly are toxic to fish in aerated distilled or soft water,
when the sodium salts of chloride and nitrate were tested, it appeared that in the hard-water streams of
southeastern Wisconsin sodium concentrations of 1,000 ppm or less should not be harmful to fish regard-
less of their species or stage of development.

The sodium concentration of natural waters ranges from 0 to more than 100,000 ppm. Sea water contains
about 10,560 ppm. Lake Michigan water sampled near Milwaukee contained 5 ppm sodium (and potassium).

The maximum, average, and minimum sodium concentrations calculated from the analyses of 539 stream
samples collected at 87 sampling stations were 800, 65, and 0 ppm, respectively. The maximum concen-
tration of 800 ppm occurred at station Mn-9 on Honey Creek in the Menomonee River watershed. The
minimum value of 0 ppm occurred in 7 of the 12 watersheds of the Region. Ranges in sodium concentra-
tions of stream samples by watershed are listed in Table 12.

Table 12
SODIUM CONCENTRATIONS IN STREAMS IN THE REGION
(1964 - 1965)
Watershed Sodium Concentration in ppm Number

Maximum Average Minimum of Samples
Des Plaines River « « « o« o s o« o o« @« o 110 50 0 18
FOX RiVEr & « o o o o o o o« o o o« o s & 340 us5 0 185
Kinnickinnic Rivere o« o s o o o o o & 80 50 20 2
Menomonee RivVer o« o« & ¢ « o o s o o« o« & 8060 115 0 69
Milwaukee River « o « o o o ¢ o o o« o & 115 35 0 76
Minor Streams « « o« o« o o & o & o s o & 175 75 20 1
Oak Creek o« o « o o o s o o o s s s o & b0 80 50 16
Pike River. « o o o o o o o 2 s s « o & 140 55 0 32
Rock River: « o o o o o o o s o o s o & 590 80 s} 73
Root Rivers « o o o o ¢ « o o o o & o & 175 95 0 40
Sauk Creeke o « o o o o o s o o o s o & 80 U5 30 15
Sheboygan RivVer « « « o« o o s o o ¢ o & 50 us uo 2

Total Samples 539

Source: SEWRPC.

Bicarbonate

Bicarbonate (HCO,-) ions in natural waters may come from many sources. Important among these are
the carbonate rocks and rock debris that make up the geologic environment of the watersheds of the Region.
The interaction of water and dissolved carbon dioxide with the calcium and magnesium carbonate minerals
results in the formation of bicarbonate, which in solution reaches the streams by ground water seepage
and surface runoff. Bicarbonate may also be formed by the interaction of carbon dioxide and water through
hydrolysis or by decomposition of organic matter. Industrial wastes commonly contain bicarbonate salts.

Bicarbonates in water generally do not adversely affect most water uses. They contribute to the dissolved
solids content of the water and tend to form carbonates and scale at high temperature. In industrial use,
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as indicated in Table 4, Chapter III, boiler feed water should contain no more than 0 to 50 ppm bicarbonate,
depending upon boiler pressure. High bicarbonate concentrations reportedly affect the stability of vitamins
in processing of preserves and cause the swelling of skins in tanneries.

The bicarbonate content of natural waters has a wide range of variation, extending from concentrations
exceeding 5,000 ppm to 0 ppm, Ocean water contains about 140 ppm bicarbonate. Lake Michigan water
sampled near Milwaukee had a bicarbonate content of 107 ppm.

The maximum, average, and minimum bicarbonate concentrations of 540 stream samples collected at
87 stations in the 12 watersheds of southeastern Wisconsin were 595, 325, and 120 ppm, respectively.
The maximum concentration of 595 ppm occurred at station Pk-3 on Pike Creek in the Pike River water-
shed. The minimum of 120 ppm was determined on a sample collected at station Sk-2 on Sauk Creek.
Ranges in bicarbonate concentrations by watershed are listed in Table 13.

Table 13
BICARBONATE CONCENTRATIONS IN STREAMS IN THE REGION
(1964 - 1965)
Bicarbonate Concentration in ppm Number
Watershed

Maximum Average Minimum of Samples
Des Plaines RIVEr « o « o o o o o &« o 390 310 185 18
FOX RIVEr « o & o s o & 5 s o s s o o & 536 330 150 1856
Kinnickinnic Rivere « o« o« o o « o o o » 275 235 195 2
Menomonee RIVEr « « « o o s o o o o o &« 470 330 215 69
Milwaukee River « « o o o o o o « o o« & 470 330 190 177
Minor Streams o+ « « o o o o s o o o o & 45 260 150 |
Oak Creek « o« o« o o s s o s s s o o o &« 3156 275 205 16
Pike RiVEre o« o 2 s s s o o o« s o s s & 595 320 200 32
ROCK RiVeEre o o o s o o s s s s s o o & 480 320 145 73
Root Rivere « o« o« o o o s o s o« s o o & 435 320 190 40
Sauk Creeke « o o o o o o s o 2 @« o 4« &« 550 340 120 156
Sheboygan River « « o & o « o & o & o & W10 340 275 2

Total Samples 540

Source: SEWRPC.

Map 5 shows the maximum bicarbonate concentrations that may be expected in the streams of the Region
as of 1965, The maximum bicarbonate concentrations may increase with nutrient enrichment of the
streams. Heavier concentrations of aquatic plants will increasc the carbon dioxide content of the streams,
facilitating the solution of carbonate as bicarbonate. However, no radical change in the bicarbonate con-
centrations can be foreseen; and Map 5 indicates expected maximum conditions for the next 10 years
or more.

The bicarbonate concentrations are mapped on a scale ranging from 0 to 600 ppm, with the upper limit of
this scale being determined by the maximum concentration (595 ppm) encountered in the Region. This
scale is divided into five intervals of concentration, indicating progressively larger concentrations of
bicarbonate. The two lower intervals of concentration that range from 0 to 100 ppm are mapped in black
patterns, whereas the three intervals ranging from 101 to 600 ppm are shown in color patterns. The color
patterns apply to higher concentrations of this parameter, as related to water quality standards. The break
between black patterns and color patterns at 100 ppm is intended to visually emphasize those reaches of
the streams that are of relatively acceptable quality (black patterns) and those that are relatively unaccept-
able quality (color patterns). Consideration was taken of the alkalinity (total) standard for carbonated
beverages in selecting the break between black and color patterns. The lowest interval of concentration
(0-50 ppm) was chosen to show reaches where the expected maximum bicarbonate concentration was less
than the limiting concentration for boiler feed water. The minimum bicarbonate concentration encountered
in the Region was 120 ppm, and black patterns are significantly absent.

46




SHE BOYGAN RIVER
WATERSHED

Asb-i
JER— B ——— = -'T——c_:
ST ~ Shv¥ s o
rcrggsue M |

Sk -1
\ @

Map 5

EXPECTED MAXIMUM BICARBONATE
CONCENTRATIONS IN THE STREAMS
OF THE REGION: 1965

LEGEND
IN PARTS PER MILLION

51-100

101-200
201-400
401-600 : o
|Hm« TFORWATE F'-S"LT:F? LK
[[] No DATA FOR INTERPRETATION

|
Al
B
f

i

WATERSHED i ‘\\
RICHMOND AR_CR

| Rk-13f
PARIEN \.
é.deh
" iy ﬁ
§ [y [ ‘ﬂ-\l
? 1 } : | WATERSHED
SHARON Ji ) 4 r—- / :
l_l_‘;mman _._i__emoﬂrk Ly WISCONSING 5€ncs BRISTOL |

ILLINOIS

The expected maximum bicarbonate concentrations for 1965 range from 600 to 250 ppm. Maximum con-
centrations are anticipated to increase at a low rate. The conditions shown on the map may pre-
vail for the next 10 years.
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Carbonate

The carbonate (COg--) content of natural waters is commonly less than 10 ppm because many carbonate
salts are insoluble. Factors determining the concentration of carbonate in a stream are not only the
quantities that enter the stream but also the temperature, pH, presence of metallic ions, and character-
istics of other dissolved salts.

Carbonate is a critical constituent in water used for boiler feed and brewing. Under conditions of high
temperature in a boiler, the carbonates decompose into hydroxide and carbon dioxide. Corrosion of steam
pipes and return lines is in part caused by carbon dioxide. To avoid this cause of corrosion, the carbonate
content of boiler feed water should be as low as possible. Bicarbonate also contributes to this problem,
because under high temperature conditions it, too, breaks down and forms carbonate and carbon dioxide.
The carbonate produced by the temperature breakdown of bicarbonate further decomposes with the car-
bonates that were originally present in the water. In the brewing industry, free carbon dioxide in water
used for preparation of beer reportedly causes bitterness.

In natural waters carbonate ranges in concentrations from 0 to more than 16,000 ppm, although concentra-
tions in streams are commonly very low. Sea water apparently contains no carbonate. Water sampled
from Lake Michigan near Milwaukee contained 0 ppm carbonate.

The maximum, average, and minimum carbonate concentrations of 540 stream samples collected at 87 sta-
tions in southeastern Wisconsin were 50, 5, and 0 ppm, respectively. The maximum concentration of
50 ppm occurred in the Fox River watershed on the White River at station Fx-1. The minimum value of
0 ppm occurred in all the watersheds of the Region. Ranges in carbonate concentrations of stream samples
by watershed are listed in Table 14.

Table 11U
CARBONATE CONCENTRATIONS IN STREAMS IN THE REGION
(1964 - 1965)
Watershed Carbonate Concentration in ppm Number
Maximum Average Minimum of Samples
Des Plaines River « « « o« o 2 s s s o & 30 5 0 18
FOX RivVer o« o« o s o o ¢ s o s o s s o & 50 5 0 185
Kinnickinnic Rivers « o« o« o o o« o o o & 30 15 0 2
Menomonee River « « o « 2 s & » o s s & uo0 5 0 69
Milwaukee River « + o« « ¢ o o & o s & & 40 10 0 77
Minor Streams o « o« o« o « o o o o o o & 20 0 0 11
Oak Creek « o« o o o o o o o o o o s o @ 30 5 0 16
Pike River. « o« o« ¢ o o s s s s s o o & 30 5 0 32
Rock RivVere « « o« « o o s o s s o s o & 40 15 0 73
Root River. « o o o o o o o o o o « o & 30 5 0 u0
Sauk Creeke s o o o o o o s s s s » » 30 5 0 15
Sheboygan River « « o o o & o o s o o =« 0 0 0 2
Total Samples 540

Source: SEWRPC.

Sulfate

Sulfur occurs in nature combined with other elements to form widely disseminated minerals that occur in
soil, mantle, and bedrock and combined with organic substances that make up body tissue of plants and
animals. In natural waters sulfur occurs most commonly in the highest state of oxidation as sulfate
(SO4--). Ground water and surface runoff, both of which contribute to and largely sustain the flow of
streams, contain sulfates formed by the leaching and oxidation of sulfide and sulfate minerals. In swamps
and marshes where decaying vegetation tends to accumulate, sulfates may occur in considerable concen-
tration as a step in the sulfur cycle. Rainwater may also be a minor source of sulfates in that atmospheric
dust forms nuclei for condensation, and these nuclei are carried to soil and stream by precipitation. Sul-
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fates may enter streams in wastes discharged from industries that use sulfates or sulfuric acid or that
produce sulfates in their manufacturing processes.

As shown in Table 4, Chapter I, few major uses of water are affected by sulfate content. The U. S. Public
Health Service Drinking Water Standards 1962 establishes a recommended limiting concentration of 250 ppm
to avoid the laxative effect on people unaccustomed to water containing larger concentrations of sulfate.
Quality standards with respect to sulfate content of process water used in the dairy industry and in the
making of carbonated beverages are listed in Table 4,

Sulfates of the common metallic elements are very soluble in water. Waters low in calcium content and
high in magnesium and sodium may contain more than 100,000 ppm sulfate. Some streams contain no
sulfate. Sea water contains about 2,560 ppm., Lake Michigan water sampled near Milwaukee contained
19 ppm sulfate.

The maximum, average, and minimum sulfate concentrations of 539 stream samples in southeastern Wis-
consin were 910, 134, and 13 ppm, respectively. The maximum concentration of 910 ppm was in a stream
sample collected at station Fx-15 on the Muskego Canal. The minimum concentration within the Region
was encountered at station Fx-12 on the Mukwonago River. Ranges in concentrations of sulfate by water-
shed are listed in Table 15,

Table 15
SULFATE CONCENTRATIONS I[N STREAMS IN THE REGION
(1964 - 1965)
Watershed Sulfate Concentration in ppm Number

Maximum Average Minimum of Samples
Des Plaines River « « « o o« o & o o & & 336 235 58 18
FOX River &« « o« o o o« o o o s s s o o & 910 116 13 185
Kinnickinnic River.: « « « « s o« ¢ ¢ « & 168 121 75 2
Menomonee RiVeEr « « « o o o ¢ s ¢ s o 620 206 75 69
Milwaukee RivVer « « ¢« « « « ¢ o o o o & 200 83 36 76
Minor Streams + « « o &« o« o o 2 « o o 420 149 40 |
Oak Cl’eek e & 8 & 8 8 ® s & s 8 s = s » 224 167 112 16
Pike Riveres o« o o o o o o s o o o s o & 295 195 112 32
Rock RivVers s o o o 5 o s o s ¢ o o o & 174 68 19 73
Root Rivere « o o« o o s o o o o s « o & 364 203 75 40
Sauk Creeke o o s o s o o o o 2 s o o » 250 134 29 15
Sheboygan River « « o o ¢ o ¢ o o o« o & 300 234 168 2

Total Samples 539

Source: SEWRPC.

Map 6 shows the expected maximum sulfate concentrations in the streams of the Region as of 1965. The
sulfate concentrations are mapped on a scale ranging from 0 to 910 ppm with the upper limit being deter-
mined by the maximum concentration of 910 ppm encountered in the Region. This scale is divided into six
intervals of concentration, which indicate progressively larger concentrations of sulfate. The four lower
intervals of concentration that range from 0 to 250 ppm are mapped in black, whereas the two intervals
ranging from 251 to 910 ppm are shown in color. The color patterns indicate sulfate concentrations higher
than the water quality standards for this parameter. The change from black to color patterns at 250 ppm
was selected to coincide with the recommended limiting sulfate concentration for drinking water. The four
lower intervals of concentration were selected to show in more detail the occurrence of waters of relatively
low sulfate concentration.

Chloride

The chloride content of the streams of southeastern Wisconsin is derived from five principal sources:
leaching of rock minerals by ground water and surface runoff, human sewage, water softening processes,
industrial wastes, and salt applications for winter road maintenance. The leaching of rock minerals by
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ground water and the movement of ground water into a stream channel establishes a "background" chloride
concentration that is characteristic of the stream providing that bank storage has been dissipated and that
streamflow is maintained by ground water discharge into the stream channel.

Liquid biologic wastes of human origin contain approximately 7,000 to 10,000 ppm chloride and contribute
significantly to the buildup of the chloride content of human sewage. Domestic water softeners that operate
on the principal of ion exchange with zeolites or resinous exchangers also contribute to the chloride con-
tent of sewage during the regeneration cycle. These chlorides remain in solution and ultimately are dis-
charged with the treated sewage into streams. Several industries in the Region discharge wastes that are
high in chloride content and that locally build up the chloride concentrations of streams to levels far above
those caused by nonindustrial sources. Salt applications to maintain winter road traffic are presumed to
have no lasting effect upon the water quality of streams as spring meltwater and rainfall probably remove
most of this chloride by runoff.

Many water uses are affected by the chloride content. The U. S. Public Health Service Drinking Water
Standards 1962 recommends 250 ppm chloride as the limiting concentration. Water used in industry and
for the preservation of fish and wildlife must meet the quality standards listed in Table 4, Chapter III.
Chlorides of the common metallic elements are very soluble and tend to stay in solution. Chloride con-
centration in water is related to dilution because it does not decompose and is not chemically changed
or physically removed by natural processes. Natural waters may contain 8,000 ppm or more chloride.
Sea water contains approximately 19,000 ppm. Lake Michigan water sampled near Milwaukee contained
7 ppm chloride.

The maximum, average, and minimum concentrations of chloride in the streams of southeastern Wisconsin
were 1,270, 70, and 0 ppm, respectively. The maximum concentration of 1,270 ppm chloride was deter-
mined on a sample collected at station Mn-9 on Honey Creek in the Menomonee River watershed. The
minimum concentration of 0 ppm occurred at station Fx-12 on the Mukwonago River, at station MI-1 on
the Milwaukee River, and at stations Rk-1 and Rk-6 on the East Branch of the Rock River and on the
Oconomowoc River, respectively. Ranges in concentrations of chloride by watershed are listed in Table 16.

Table 16
CHLORIDE CONCENTRATIONS IN STREAMS IN THE REGION
(1964 - 1965)
Chloride Concentration in ppm Number
Watershed

Maximum Average Minimum of Samples
Des Plaines River « « s s o o o s s o &« 105 55 15 18
Fox River s & e e 8 e & @ o & e @ s ° @ 445 50 0 185
Kinnickinnic Rivere s« « o s o« o s s s &« 115 65 20 2
Menomonee RiVer o« « o« o & s o o s s o & 1,270 145 15 69
Milwaukee RivVer « o« o o« o s o« o o o« o & 170 30 0 77
Minor Streams « « ¢« « & & « s e e s e 285 95 20 |
Oak Cl’eek e 8 ® a 3 8 8 8 8 & 8 s s & @ 135 75 30 16
Pike RiVef- « o & 8 e 8 & e e« 8 & s @ @ 90 60 35 32
Rock Rivel’. s 8 8 & 8 8 8 8 8 8 8 83 @ @ 850 95 0 73
Root Rivere « o« o s ¢ o ¢ o o o o o o 240 110 30 40
Salk Creeke « o o o s s s o s s o s s & 55 30 20 15
Sheboygan River « « o« « s s o o ¢ & s o 30 25 20 2

Total Samples 540

Source: SEWRPC.

Map 7 shows the maximum chloride concentrations that may be expected in the streams of the Region as of
1965. The chloride concentrations of the streams in southeastern Wisconsin that exceed 10-15 ppm may be
attributed to artificial sources, such as waste discharges from sewage treatment plants and industries.
As the population and industrial activity increase in the Region, the chloride concentrations can be expected
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to increase perceptibly. For this reason, Map 7 indicates expected maximum concentrations of chloride
for a period extending no more than five to eight years in the future.

The chloride concentrations are mapped on a scale ranging from 0 to more than 1,500 ppm. The upper
part of this scale was selected to be sufficiently larger than the maximum concentration (1,270 ppm)
encountered in the Region in order to indicate the possible chloride concentrations upstream from the
SEWRPC sampling stations in the direction of sources of pollution. The scale is divided into six intervals
of concentration, which indicate progressively larger concentrations of chloride. The three lower inter-
vals that range from 0 to 250 ppm are mapped in black patterns, whereas the three ranging from 251 to
more than 1,500 ppm are shown in color. The change from black to colored map symbols at chloride con-
centrations of 250 ppm coincides with the recommended limiting chloride concentration for drinking water.
The three lower intervals of concentration were selected to show in more detail the occurrence of waters
of relatively low chloride concentration, whereas the three higher intervals coincide with quality standards
pertaining to the preservation and enhancement of fish and aquatic life (500 ppm) and for livestock and
wildlife watering (1,500 ppm).

Fluoride

Fluorine is a chemically active nonmetallic element that does not occur in an uncombined form in nature.
Fluoride compounds are not naturally abundant except in localized deposits and are not a common con-
stituent of natural surface waters. Ground water is known to have high concentrations of fluoride in cer-
tain parts of the country. Although fluoride compounds are used in a number of industrial processes and
products, they are not commonly found in industrial wastes except as traces or occasionally as more con-
centrated slugs due to spillage.

The presence of fluoride in drinking water may be harmful depending on its concentration and on water
consumption, which is affected by many factors, including average daily maximum air temperatures.
Fluoride concentrations exceeding 0.8 ppm can cause permanent mottling of children's teeth if present in
drinking water during formation of the second set. In adults this condition of fluorosis is not likely to
occur at concentrations less than 3 or 4 ppm. Although these relatively high concentrations of fluoride
in drinking water cause unsightly ‘discoloration of teeth, there are studies that indicate the advantages of
maintaining 0.8 to 1.5 ppm fluoride to reduce dental decay. To avoid the adverse effects of fluoride in
drinking water, the U. S. Public Health Service places maximum permissible concentrations at 1.7 ppm in
regions (including southeastern Wisconsin) where the annual average of maximum daily air temperature
is between 50.0 to 53.7°F.

Industrial use of water containing fluoride may be harmful if the water is used in products for human
ingestion. Irrigation water containing fluoride concentrations normally encountered in natural waters or
even in polluted streams reportedly has no adverse effects on plants. Stock and wildlife are subject to
similar physiologic effects as human beings in that teeth are mottled and kidneys are affected. Fluorides
have lethal toxic effects on human beings and upon stock and wildlife in high concentrations not encountered
except under controlled laboratory conditions or inferred from the severity of sub-lethal concentrations.
Fish life is adversely affected at relatively low concentrations of fluoride. For example, the eggs of test
fish showed signs of slower and poorer hatching at a concentration of 1.5 ppm fluoride.

Fluoride concentrations in natural waters'range from 0 to 50 ppm or more. Most surface waters seldom
contain more than 1.0 ppm. Sea water may contain 1.4 ppm fluoride. An analysis of Lake Michigan water
sampled near Milwaukee indicated a fluoride content of 0.1 ppm.

The maximum, average, and minimum concentrations of fluoride in the streams of southeastern Wisconsin
were less than 1.5, less than 0.7, and less than 0.3 ppm, respectively. The maximum concentration of
less than 1.5 ppm was encountered at station Fx-5 on the Pewaukee River and at station Rk-8 on the
Oconomowoc River. The minimum concentration of less than 0.3 ppm occurred at station Rk-5 on the
Ashippun River. Ranges in concentrations of fluoride by watershed are listed in Table 17.
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Table 17
FLUORIDE CONCENTRATIONS IN STREAMS IN THE REGION
(1964 - 1965)
Fluoride Concentration in ppm Number
Watershed
Maximum Average Minimum of Samples
Des Plaines River « « o o s s o s s & . - <0.72 1
FOX RiVEr « o« o« ¢« o o s o s s s s s s & <1l.5 <0.70 <0.35 18
Kinnickinnic Rivere « o« « o« o« o « « « & ——— -—-- <0.72 |
Menomonee RiVEr « « « o o o « s o o« o & <l.l5 <0.85 <0.U 8
Milwaukee RivVer « « s« o s s o o s o o & < 0.55 <0.50 <0.U45 6
Minor Streams o« « o o s s o « s s s s o < 0.85 <0.70 <0.55 2
0ak Creek « s s o o s s s s s s s s s & - --- <0.752 |
Pike RIVEre o o« o o « o o s o « s o « » --- --- <0.65° 1
Rock Rivers « o« s « s o s ¢ o o« o s 2 & < l«b <0,65 <0.3 6
Root RiVeEre s o s « o « & o s s &« o &« & --- .- <0.97 |
Sauk Creeke o« o o o o o o s a &« s s o« & <0.70 < 0.65 <0.6 2
Sheboygan RiVer « o« s s o« o s s s s o - -—-- <0.652 |
Total Samples 48

a Only one sample collected and analy:zed.

Source: State Laboratory of Hygiene and SEWRPC.

Nitrite

Nitrite (NO,-) occurs in nature as a chemically unstable substance readily oxidized to nitrate, and for
this reason normally occurs in very low concentrations in surface waters. Nitrites are often by-products
of bacteriologic action upon ammonia and nitrogenous substances.

Nitrites are toxic but rarely occur in large enough concentrations to cause a health hazard. The brewing
and dairy industries require that water contain no nitrites. Nitrites are nutrients and stimulate the growth
of algae and other phytoplankton.

Maximum, average, and minimum concentrations of nitrite in 539 stream samples collected at 87 sampling
stations were 2.0, 0.1, and 0 ppm, respectively. The maximum concentration of 2.0 occurred at station
Fx-5 on the Pewaukee River. The minimum concentration of 0.0 ppm nitrite occurred in all 12 watersheds
of the Region. The ranges in nitrite concentrations by watersheds are listed in Table 18,

Nitrate

The principal natural sources of nitrate (NO3-) in the streams of southeastern Wisconsin are probably
the nitrogenous waste products from sewage treatment plants, domestic septic tanks, and food and milk
processing industries. Upon adequate aeration these wastes form nitrate as a stable end product. Surface
runoff from fields where there has been application of natural or artificial fertilizers may also contribute
significant quantities of nitrates to the streams and lakes of the Region. Where inorganic nitrogen (nitrate)
and soluble phosphorus occur in concentrations of over 0.30 and 0.015 ppm, respectively, excessive
growth of algae and other aquatic plants may occur giving rise to unsightly scum and unpleasant odors.
Aquatic plants that grow in the water and terrestrial plants that grow near the waters edge utilize nitrates
that are dissolved in the stream water and thus serve to reduce nitrate concentrations.

Quality standards have been established for several water uses with respect to nitrate content. The
U. S. Public Health Service Drinking Water Standards 1962 indicates that the maximum permissible con-
centration of nitrate is 45 ppm. As shown in Table 4, Chapter III, the brewing, dairy, and food processing
industries also have quality standards with respect to nitrate concentration.

Within the Region nitrates generally occur in the stream waters in concentrations of less than 5 ppm.
Lake Michigan water sampled near Milwaukee generally contains less than 1 ppm nitrate. The maximum,
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Table 18
NITRITE CONCENTRATIONS IN STREAMS IN THE REGION
(1964 - 1965)
Nitrite Concentration in ppm Number
Watershed

Maximum Average Minimum of Samples
Des Plaines RivVer « o« « o o o o o s o & 0.3 0.0 0.0 18
FOX RiVEr & o o o o o o o o o o o s » » 2.0 0.1 0.0 185
Kinnickinnic Riveres « « o o« o s o o« o & 0.0 0.0 0.0 2
Menomonee RiVEr « o« o« o s o s s o & o & l.4 0.1 0.0 69
Milwaukee River « « « « o« o o o o« ¢ o @ 0.4 0.0 0.0 77
Minor Streams . « o s o« s o o o o s o & 0.8 0.2 0.0 |
Oak Creek o« o o o o s 2 o o s s o o o 0.1 0.0 0.0 16
Pike RivVer. o« « o o s o o a s s s s o s 0.6 0.0 0.0 32
Rock Rivere « « o « o s o 2 2 s o« s o & 0.8 0.1 0.0 73
Root Riveres « o« o« o ¢ o o o o« « s s o &« 0.3 0.0 0.0 39
Sauk Creeke o o o o o o o s s o s s o & 0.1 0.0 0.0 15
Sheboygan River « « « « « o« ¢ o o o o &« 0.1 0.1 0.0 2

Total Samples 539

Source: SEWRPC.

average, and minimum concentrations of nitrate in 329 stream samples from southeastern Wisconsin were
18.2, 2.8, and 0.0 ppm, respectively. The maximum concentration occurred at station Fx-5 on the Pewaukee
River. The minimum concentration of 0.0 ppm occurred on the Oconomowoc River at station Rk-6 and at
station Sk-2 on Sauk Creek. The ranges in nitratc concentrations by watershed are listed in Table 19.

Phosphorus

Phosphorus is a chemically active element that does not occur in free form in nature. In many chemical
water analyses, the phosphorus content is expressed as orthophosphate ions (POg---), although presuma-
bly it is not intended to imply that the phosphorus necessarily occurs in this state in the water. The
phosphorus analyses for this report were performed by the State Laboratory of Hygiene and expressed as
total elemental phosphorus. To convert to orthophosphate, the phosphorus determination is multiplied
by 3.07.

Table 19
NITRATE CONCENTRATIONS IN STREAMS IN THE REGION
(1964 - 1965)
Nitrate Concentration in ppm Number
Watershed
Maximum Average Minimum of Samples
Des Plaines River « « « « o« o o o« o o & 3.2 1.8 0.2 11l
FOX RiVEr « o« o o o s 2 2 2 « s s s s &« 18.2 3.1 0.1 101
Kinnickinnic Rivere « o« o« « o o o« o o & 1.8 1.3 0.8 3
Menomonee RIiVEr « o« s o« o o o o s o o & 8.4 2.9 0.3 4y
Milwaukee River . « o« o o o o« s o o o & 7.1 2.0 0.5 46
Minor Streams « « « ¢ « « ¢ o o s« o o » 6.1 2.1 0.6 12
Oak Creek « +« o « s s o o @« s o s o o 2.8 1.3 0.7 8
Pike Creeke o« o o o s ¢ s o s s o s o s 12.5 3.7 0.1 18
Rock RiVers « « o o o o o « s o s s o & 16.9 2.3 0.0 51
Root Rivere. « o« o « o o o o « o s o o & T4, 4 4.5 0.6 23
Sauk Creeke o o s o o o o s o ¢ s o o o 3.4 2.1 0.0 9
Sheboygan River + « o s o o« s » s s o & 2.1 1.8 () 3
Total Samples 329

Source: SEWRPC.
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Phosphorus is a vital nutrient to both plants and animals. Like nitrogen, it is involved incycles of decom-
position and reconversion to cell substance that alternately release and then remove phosphorus in the
aquatic environment. The release of organically combined phosphorus to a stream is effected by the
decomposition of dead plants and animals and by animal release of body wastes that are further decomposed
in the stream environment. In aquatic plants the phosphorus is removed from the aqueous habitat of the
plants and is incorporated into cell substance by absorption and photosynthesis. In animals these same
processes of removal and incorporation are accomplished by ingestion and digestion. With optimal amounts
of nitrates, soluble phosphorus can cause verdant growth of aquatic plants.

The phosphorus content of a stream is derived principally from the phosphorus contained in ground water
seepage, surface runoff, treated and untreated sewage, and industrial wastes entering the stream and from
the decomposition of aquatic plants and animals. This phosphorus may be inorganic or organic and may
occur combined with oxygen, hydrogen, sulfur, halides, and metals.

No water quality standards have been adopted by the SEWRPC concerning the phosphorus content of
streams relative to the ten water uses considered important to regional planning, the primary reasons
-being that phosphorus occurs in many combined forms, each having varying properties in relation to use.
The chemical analysis for phosphorus expresses the total inorganic and organic phosphorus present in the
sample in solution or combined inliving or dead organic matter. The analysis does not indicate the concen-
tration of, for example, inorganic phosphorus or orthophosphate or organic phosphates used as pesticides.

The maximum, average, and minimum phosphorus concentrations determined on 48 stream samples col-
lected at 48 sampling stations in the 12 watersheds of the Region were 5.3, 0.97, and 0.06 ppm, respec-
tively. The maximum concentration of 5.3 ppm was determined on a stream sample collected at station
Rk-8 on the Oconomowoc River. The minimum concentration of 0.06 ppm phosphorus was obtained at
station Mn-1 on the Menomonee River. Ranges in concentrations of phosphorus by watershed are listed
in Table 20.

Table 20

PHOSPHORUS CONCENTRATIONS IN STREAMS IN THE REGION
(1964 - 1965)

Phosphorus Concentration in ppm Number
Watershed -
Maximum Average Minimum of Samples

Des Plaines RiVEr « o « « s o« « « s o & - --- 0.31°% |
FOX RivVer o« o« o o s o o s o s o o o @« » 3.2 0.86 0.14 18
Kinnickinnic Riveres « o« « o « o o o« « &« -—— -—— 0.72° |
Menomonee RIiVEr « « o« o o« ¢ s+ s o o o & 4.6 .48 0.06 8
Milwaukee River « « o o« o o s s s o o & 0.56 0.33 0.20 6
Minor Streams « o & o « ¢ o o« s s s o 0.80 0.52 0.24 2
Oak Creek o o o s o s o & o s s o o + » - --- 0.u8? ]
Pike RIVErs & ¢ o o o o « o o s o o s &« - --- 1.379 |
Rock Rivere o« o« o o o« o s o s s o s o & 5.3 1.76 0.12 6
ROOt RIVEre o« « s o o o s o o « o o « & --- --- .32 ]
Sauk Creeke o« o« o « o o o s o « o o & o 1.92 1.09 0.26 2
Sheboygan RiVEr o« « « « « o « o o & o & - --- 0.52° 1

Total Samples ¥}

4 Only one sample collected and analyzed.

Source: State Laboratory of Hygiene and SEWRPC.

Cyanide

Cyanide does not occur in nature. It is a product of industry and enters streams in the waste discharges
from gas works, from coke ovens, from the scrubbing of gases at steel plants, from metal cleaning and
electroplating processes, and from chemical industry. The term cyanide includes all compounds of cyanide
that are analytically expressed as cyanide ion (CN-) regardless of the salts involved.
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Cyanide occurs mostly as HCN, hydrogen cyanide, in water with a pH value of 8 or less. Toxic values
expressed as CN- refer principally to HCN. In streams cyanide is broken down by bacterial action, and
samples collected for chemical analysis must be treated at the time of sampling to prevent the original
cyanide content of the sample from diminishing during sample storage, as discussed in Chapter II under
the heading Sampling for Special Chemical Analysis.

Cyanide may interfere with several water uses if it occurs in sufficient concentrations. The U. S. Public
Health Service Drinking Water Standards 1962 sets a recommended limit of 0.01 ppm and a maximum
permissible limit of 0.2 ppm. The odor threshold for hydrogen cyanide in water is reportedly 0.001 ppm.
Toxic and lethal doses for cows, horses, and sheep range from 0.04 grams to 0.92 grams per kilogram of
body weight. The toxic effects of cyanide upon fish are determined by a large number of factors. Included
among these are fish species, period of exposure, pH, water temperature, dissolved oxygen, and dissolved
solids. No standards have been adopted by the SEWRPC, however, for fish, stock, or wildlife because of
the diversity of factors that control the toxicity of cyanide. These preclude the adoption of meaningful
standards for these use categories. However, it would appear that cyanide concentrations of 0.05 ppm or
less are safe for most species of fish that are exposed for no longer than three days.

The maximum, average, and minimum cyanide concentrations of 30 stream samples collected at 30 sam-
pling stations in 11 of the 12 watersheds of southeastern Wisconsin were less than 0.1, less than 0.03, and
less than 0.01 ppm, respectively. The maximum concentration of less than 0.1 was obtained on a sample
collected on Pike Creek at station Mh-2, The minimum concentration of cyanide of less than 0.01 occurred
in the watersheds of the Des Plaines River, Fox River, Menomonee River, Milwaukee River, Rock River,
and Sauk Creek. No samples were collected in the Sheboygan River watershed for cyanide analysis. Ranges
in cyanide concentrations by watershed are listed in Table 21. Appendix C presents the cyanide analyses
by sampling station.

Table 21
CYANIDE CONCENTRATIONS IN STREAMS IN THE REGION
(1964 - 1965)
P4 - .
Watershed .Cyanu e Concentration in ppm Number
Maximum Average Minimum of Samples
Des Plaines River . . -—-- --- < 0.01° I
Fox River . « s & o & < 0.08 < 0.04 < 0.01 10
Kinnickinnic River. . - - < 0.03¢ I
Menomonee River « . . <0.01 < 0.01 < 0.0l 4
Milwaukee River . . <0.01 < 0.01 < 0.0] y
Minor Streams . . . . -——- -—- <0.14 |
0ak Creek + o« s o o o« s o s o s s o s & -—-- -—-- < 0.039 I
Pike RiVEre o s o o o o o s o « & s « & --- --- < 0.037 I
Rock Rivers « o« « o o o o o o o o o o & <0.01 < 0.0l < 0.01 4
Root Rivers o o« 2 o o ¢ o o o o o o o & <0.03 < 0.03 < 0.03 2
Sauk Creeke o« o« s o o o ¢ o o 2 o o s & - -—— < 0.01 |
Total Samples 30

2 Only one sample collected and analyzed.

Source: State Laboratory of Hygiene and SEWRFPC.

il

Oil is defined as comprising a large group of substances that are liquid at about 7 0°F, insoluble or poorly
soluble in water, and usually lighter than water. Oils may be of mineral, vegetable, or animal origin.
Crude mineral oil contains light and heavy oil fractions, gases, and volatile liquids, such as kerosine
and gasoline. Refined oils may contain light and heavy fractions but contain little or no dissolved gases
or volatile liquids. Animal and vegetable oils are derived from the decomposition of plants and animals.
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Oils in the streams of southeastern Wisconsin come principally from industries and from wastes dis-
charged from ships and boats operating in the navigable reaches of the major streams that are tributary
to Lake Michigan. Oils of vegetable or animal origin may occur in the streams; but aside from accidental
discharges, it is improbable that oils from these two sources would occur in larger than tracc quantities.

Oils have a specific gravity less than water and spread out on the water surface floating as a thin film.
However, emulsification may disperse minute globules of oil into the aqueous mass of the stream; and oil
in this state acts as a suspended liquid in a liquid. Reportedly, certain light petroleum fractions may go
into true solution.

The SEWRPC, in its water quality sampling program, attempted to avoid inclusion of floating oil in all
samples collected for chemical, biochemical, and bacteriological analysis. This procedure applied also
to those samples collected for oil analysis because these analyses were intended to represent the concen-
tration of oil occurring in the stream. At locations where floating oil was observed, the surface film was
temporarily dispersed by shallow agitation of the water surface. The sampling bottle was inverted and
quickly lowered into the stream to about six-tenths stream depth where the sample was taken. Equal care
was taken to avoid contamination of the sample upon withdrawal of the sample bottle from the stream.

All uses of water are impaired by the presence of oil, although numerical quality standards have been
established on only a few of the water uses listed in Table 4, Chapter III. Oils in drinking water cause
objectionable taste and odor at concentrations ranging from 0.1 to 2.0 ppm, depending upon the type of oil
involved and the sensory acuity of people. These concentrations reportedly are far below the chronic
toxicity level. Oil in boiler feed water causes a number of serious problems, including overheating of
tubes and retardation of heat transfer. Cooling waters used in recirculation systems are subject to pro-
gressive concentration of the impurities including oil, causing the cooling water to become slimy. Taste
and odor problems arise if water containing oil is used in food processing equipment or is allowed to con-
taminate the product. Oil films reportedly do not inhibit the growth of crops, and it would appear that oil
is not a serious problem in irrigation water. Birds whose feathers become coated with floating oil may not
be able to fly. Farm stock will normally avoid drinking oily water unlessdriven by thirst, in which case the
oil may have a laxative effect or cause poisoning. Fish may become asphyxiated by heavy oils adhering to
their gills. The food chain may be disrupted causing starvation of adult and fry. Ingested oil may impart
an unpalatable taste to the fish flesh. Recreational use of water is seriously impaired by floating oil.
Navigation can be hazardous in areas where heavy accumulations of oil may pose a fire threat if ignited.
The aesthetic use of water is seriously impaired by the unsightly appearance of floating oil.

The maximum, average, and minimum oil concentration of 48 stream samples collected at 48 sampling
stations in the 12 watersheds of the Region were 3, less than 1.4, and less than 0.5 ppm, respectively.
The maximum oil concentration of 3 ppm occurred in the Menomonee River watershed at stations Mn-1,
Mn-3, Mn-9, and Mn-10. The minimum concentration of less than 0.5 ppm occurred at station .Ok-2 on
Oak Creek. Ranges in oil concentrations by watershed are listed in Table 22. Appendix C presents the
oil concentration by sampling station.

Detergents (synthetic)

Synthetic detergents contain surface active agents that have been developed primarily to avoid cleaning
problems related to hard water. Conventional sodium or potassium stearate soaps develop an insoluble
curd or scum in hard water causing a dingy appearance in clothes. The calcium, magnesium, and other
metallic ions that contribute to hardness in water combine with the stearates and form the insoluble
curd. Some of the sodium or potassium in the soap goes into solution by displacement with the hardness
ions. In effect, the soap acts as a softening agent until the hardness has been reduced to the point at which
the soap can act as a cleaning agent, although its effectiveness is offset by the insoluble curd formed in
the softening process. The softening process thus consumes soap without suspending dirt or emulsifying
oil, which are the primary cleaning tasks of soap. The cost of cleaning with soap rises with increasing
water hardness. Synthetic detergents do not form an insoluble curd in hard water and are, therefore,
more economical.
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Table 22
OIL CONCENTRATIONS IN STREAMS IN THE REGION
(1964 - 1965)
Watershed 0il Concentration in ppm Number
Maximum Average Minimum of Samples
Des Plaines RiVEr « « s s « s o o & o & .- --- <2 |
FOX RiVEr o« o« o o o o o s s « ¢ & s s & 2.0 <l.4 < 0.5 18
Kinnickinnic River. « « s o o« o s o s & -—- - < 2@ 1
Menomonee RIiVEr « « o o s o o o o o s & 3.0 < 2.0 <l 8
Milwaukee RiVeEr « s+ o s o o s o« o o« o & < 2.0 <1l.5 1.4 6
Minor Streams o« « ¢ ¢ ¢ o o o« o ¢ o o & < 2.0 <2.0 < 2
O0ak Creek « o o o o o o s o « o s s o & --- --- <0.57 I
Pike River. « o« o« o o o s s s s s o o &« - -—- < l
Rock Rivere « « o o ¢ « ¢« « o o o« o o & < 2.0 <1.0 < 6
ROOt RiVEre o« o« o« o o« o s o o s s o s & - - <@ 1
Sauk Creeke o o s o o o o s o o s s o » < 2.0 < 1.3 <0.5 2
Sheboygan River « « o« s s s s o s o s & -—— -—-- <2 |
Total Samples u8

2 Only one sample collected and analyzed.

Source: State Laboratory of Hygiene and SEWRPC.

Until recently the specific surface-active ingredient most commonly used in synthetic detergents was
a group of alkyl benzene sulfonates (ABS) having a molecular composition that practically prevents its
chemical or bacterial degradation. ABS compounds caused dramatic forms of pollution, ranging from thick
extensive foams in rivers and at sewage treatment plants to unseen contaminationof ground water supplies.
ABS is not known to have adverse physiologic effects, although dermatitis of the hands has increased since

'synthetic detergents came into general use.

Recently the ABS compounds have, under legislative pressure, begun to be replaced by LAS (linear alkyl
sulfonates) that are reportedly degradable. Thus, it appears that the visible pollution problems arising
from nondegradable ABS may soon become part of history rather than a persistent problem of the present.
This statement is particularly true of streams and lakes. However, the contamination of ground water by
past use of ABS can be expected to persist for a much longer period of time.

The study of detergents in the streams of southeastern Wisconsin was made during a time when ABS
compounds were still in general use. Maximum, average, and minimum concentrations of detergents
encountered in the Region were 4.0, 0.2, and 0.0 ppm, respectively, as based on analyses of 545 samples
collected at 87 sampling stations in the 12 watersheds of the Region. The maximum concentration encoun-
tered in the Region (4.0 ppm) was in the Menomonee River watershed at station Mn-7B. The minimum
concentration of 0.0 ppm occurred in all watersheds except that of the Kinnickinnic River. However, the
Kinnickinnic River was sampled only twice. The ranges in concentrations of synthetic detergents by water-
shed are listed in Table 23.

Map 8 shows the maximum concentrations of synthetic detergents which may be expected in the streams
of the Region as of 1965. With the advent of more degradable synthetic detergents, these indicated concen-
trations may be expected to decline; and the values shown on Map 8 may largely exceed maximum concen-
trations to be expected in subsequent years.

The detergent concentrations are mapped on a scale ranging from 0 to 4.0 ppm, with the upper limit being
determined by the maximum concentration (4.0 ppm) encountered in the Region. The scale is divided into
five successive intervals of concentration. The three lower intervals of concentration ranging from 0 to
1.0 ppm are mapped in black, whereas the two intervals ranging from 1.1 to 4.0 ppm are shown in color.
The change from black to colored map symbols was selected to coincide with the recommended limiting

59



Table 23
SYNTHETIC DETERGENT CONCENTRATIONS [N STREAMS
IN THE REGION (1964 - 1965)
Detergent Concentration in ppm Number
Watershed
Maximum Average Minimum of Samples
Des Plaines River « o« o« « s o« o s s o » 0.1 0.0 0.0 18
Fox RiVEr « o« o o o o « 2 s o s« s a s 3.0 0.2 0.0 185
Kinnickinnic RivVers o« « o« s s s s s o 0.2 0.2 0.1 2
Menomonee River . o« o« o o s 2 o s s 2 4.0 0.3 0.0 72
Milwaukee River « o« « o« o s s o ¢ o« o« & 0.4 0.1 0.0 78
Minor Streams « « « o« « o« o s s o & o 3.0 0.5 0.0 10
Oak Creek « o« o « s o s o s s o« s s o« & 0.2 0.1 0.0 16
Pike Rivere « o« o o o o s s s ¢ s o o & 1.5 0.2 0.0 32
Rock RivVere « « o o« o a s o s s o o & & 1.0 0.2 0.0 76
Root Riveres o« o o 2 s s o o s s s s 2 » 2.0 0.4 0.0 38
Sauk Creeks o« o o o s s o o o« a o o o & 0.2 0.1 0.0 16
Sheboygan River « « o« o o o « s o o o @ 0.1 0.1 0.0 2
Total Samples 5u5

Source: SEWRPC.

concentration in waters used for navigation. The three lower intervals used in mapping show the occur-
rence of waters in which the expected maximum detergent concentration would be less than 1.0 ppm and
possibly suitable for drinking purposes with respect only to synthetic detergent content. The color symbols
denote concentrations exceeding 1.0 ppm.

Dissolved Solids

The dissolved solids content of water consists of all inorganic and organic substances that occur dissolved
in the water regardless of source. Excluded by this definition are suspended organic or inorganic mate-
rials, floating organisms, and dissolved gases. Included are, for example, iron, calcium, bicarbonate,
chloride, nitrate, and detergents. In addition to these substances and to those that are commonly deter-
mined in a "complete' water analysis, and which typically constitute more than 95 percent of the dissolved
solids, there are a multitude of natural and man-made substances that theoretically can occur as dissolved
solids in water, ranging from undetectable concentrations (by present methods of analysis) through trace
quantities to concentrations measured in whole parts per million. The importance of these minor sub-
stances that are not determined in a complete analysis depends upon the substance, its concentration,
interrelated physical and chemical conditions of the water, and the particular water uses that are involved.

The dissolved solids content of water has an important bearing upon its suitability for several water uses
listed in Table 4, Chapter III. The U. S. Public Health Service Drinking Water Standards 1962 recommends
a limiting concentration of 500 ppm dissolved solids, although many public water supplies in the United
States provide water of considerably higher mineralization. Quality standards with respect to dissolved
solids content of water used for carbonated beverages, food canning, food equipment washing, and general
processing are generally higher than for drinking water. Agricultural water use for nonirrigation purposes
preferably should contain no more than 7,000 ppm dissolved solids. Many factors are interrelated in deter-
mining the suitability of water for irrigation, important among which are the type of crop, the soil com-
position, drainage conditions, and climate. It would appear that water containing no more than 2,000 ppm
dissolved solids is probably suitable for irrigation purposes in southeastern Wisconsin.

Dissolved solids concentrations have a wide range of variation in natural waters. An example of highly
mineralized water is the Pecos River near Carlsbad, New Mexico, which has been reported to contain more
than 16,500 ppm dissolved solids. Sea water has a dissolved solids content of about 34,300 ppm. Lake
Michigan water sampled near Milwaukee had 153 ppm dissolved solids.
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The maximum, average, and minimum concentrations of dissolved solids encountered in the streams of
southeastern Wisconsin were 2,460, 570, and 195 ppm, respectively, based on analyses of 539 samples
collected at 87 stations in the 12 watersheds of the Region. The maximum concentration of 2,460 ppm was
encountered on Honey Creek in the Menomonee River watershed at station Mn-9. The minimum concentra-
tion of 195 ppm occurred at station Rk-1 on the East Branch of the Rock River. Ranges in dissolved solids
concentrations by watershed are listed in Table 24.

Table 24
DISSOLVED SOLIDS CONCENTRATIQNS IN STREAMS IN THE REGION
(1964 - 1965)
Dissolved Solids Concentration in ppm Number
Watershed
Maximum Average Minimum of Samples
Des Plaines River « o o« o o o s s o o & 825 655 430 18
FOX RiVEr & « o o o o o s o s o s o o o 1,420 510 240 185
Kinnickinnic River. « « o« o« o« o o s o & 680 485 290 2
Menomonee RiVer « « o« s o o o s o « s & 2,460 790 345 69
Milwaukee RiVEr « o« o o s s o o o s o 730 430 245 76
Minor Streams o« « 2 2 o« o« a s o o o o & 790 570 260 |
Oak Creek « « o o s 5 o o s o o s o o & 755 590 375 16
Pike RiVer- e & 8 8 e e & 8 8 8 8 & 8 905 630 360 32
ROCk Riveras « o o« s o o o s s o o s s & 1,970 525 195 73
Root Rivere o« o o s o o s o s s s o s » 955 720 390 40
Sauk Creeke o o o s s o s o o o s s o & 770 510 200 15
Sheboygan River « « « o s s o o s o o o 675 630 590 2
Total Samples 539

Source: SEWRPC.

Map 9 shows the maximum dissolved solids concentration which may be expected in the streams of the
Region asof 1965. The dissolved solids concentrations are mapped on a scale ranging from 0 to 2,500 ppm,
with the upper limit being selected to fall near the maximum (2,460 ppm) encountered in the Region.
The scale is divided into five successive intervals of concentration. The two lower intervals that span
concentrations ranging from 0 to 500 ppm are shown in black symbols, whereas the three upper intervals
ranging from 501 to 2,500 ppm are shown in color. The break between black and colored symbols coin-
cides with the recommended limiting concentration of dissolved solids (500 ppm) for drinking water.
Water quality indicated in black symbols is acceptable for drinking purposes with respect to its dissolved
solids concentrations.

Hardness

Hardness is a property of water rather than a constituent. This property is commonly related to the use
of soap and the formation of boiler scale. Waters are considered to be "hard" when sodium or potassium
stearate soaps form little suds and much insoluble curd, which floats upon the water and adheres to sinks
and tubs, or when water, upon being heated, forms scales or deposits in boilers, hot-water heaters, and
in pipes or on the cooking surfaces of pots. ''Soft" water reacts with soap to form much suds and little or
no curd. Upon heating, ''soft" water does not tend to develop scale.

The principal constituents of water that contribute to the property of hardness are calcium and magnesium.
Although all metallic ions other than the alkali metals (such as sodium and potassium) contribute to the
hardness of water, they normally occur astrace elements and consequently are often omitted in discussion
of hardness.

Hardness interferes with many uses of water. As listed in Table 4, Chapter III, limiting concentrations
have been established for many industrial uses of water and for cooling water. The U. S. Public Health
Service Drinking Water Standards 1962 neither discusses nor establishes recommended limiting or maxi-
mum permissible concentrations of hardness, probably because calcium and magnesium hardness have no
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known harmful physiological effects upon man in the concentrations that occur in nature. Although water
treatment before use increases the cost of the water supply to individual consumers, "hard" water canbe
efficiently softened to meet the quality requirements of normal domestic and industrial use.

Waters may be classified as soft, moderately hard, hard, and very hard according to the usage of the
U. S. Geological Survey listed below:

Designation Hardness as CaCO3 (in ppm)
Soft water 0- 60
Moderately hard water 61 - 120
Hard water 121 - 200
Very hard water More than 200

The hardness of natural surface waters has a wide range of variation. Sea water contains about 400 ppm
calcium and 1,270 ppm magnesium, which would give a calculated hardness of 6,200 ppm. Lake Michigan
water near Milwaukee had a hardness of about 130 ppm.

The maximum, average, and minimum hardness encountered in the streams of southeastern Wisconsin
were 928, 382, and 108 ppm, respectively. The maximum hardness occurred in Muskego Canal at station
Fx-15. The minimum hardness was determined on a sample drawn from Sauk Creek at station Sk-2. The
ranges in hardness by watershed are listed in Table 25.

Table 25
HARDNESS OF STREAMS IN THE REGION
(1964 - 1965)
Watershed Hardness as CaCO3 in ppm Number
Maximum Average Minimum of Samples
Des Plaines RivVer « « o &« o s o o o o &« 592 475 294 18
FOX RIiVEr & o o o o o o« o 2 s o o o s & 928 371 189 185
Kinnickinnic River. « « « « « « & & + & 435 330 226 2
Menomonee RiVer « o o « « 2 o o s s s & 866 452 24| 69
Milwaukee River « « o« o 2 s o s o s s & 529 337 202 77
Minor Streams « « « & 4 o & & &« o « & & 606 346 120 11
Oak Creek o o « o« o o o ¢ o o« o s s s &« u28 350 228 16
Pike Rivers. « o« « o« o« o o s 2 s « s s » 582 443 236 32
Rock Rivers s « o o o o o o« o s o o s &« u76 322 1 73
Root Rivers « « o « o o o o s o o s o & 592 438 240 40
Sauk Creeka o o o« « o « o o s o o s o & 551 377 108 15
Sheboygan River « « s+ s o s s s o o o 469 463 us7 2
Total Samples 540

Source: SEWRPC.

Map 10 shows the maximum hardness which may be expected of streams in the Region as of 1965. The
hardness concentrations are mapped on a scale ranging from 0 to 1,000 ppm, with the upper limit of the
scale reflecting the general magnitude of the maximum hardness concentration (928 ppm) encountered
in the Region. The scale is divided into six successive intervals of concentration. The three lower inter-
vals of concentration range from 0 to 200 ppm and are indicated in black symbols, whereas the three
upper intervals of concentration range from 201 to 1,000 ppm and are indicated in colored symbols. The
change from black to colored map symbols at 200 ppm was selected to coincide with the lower limit of the
U. S. Geological Survey classification of very hard water (200 ppm). The expected maximum hardness
of streams throughout southeastern Wisconsin exceeds 200 ppm, and black symbols are not applicable
in Map 10.
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Noncarbonate Hardness

Noncarbonate hardness is a measure of the so-called "permanent'" hardness of water. The anionic con-
stituents of water, such as bicarbonate, carbonate, sulfate, and chloride, may cause noncarbonate 'per-
manent" hardness or carbonate 'temporary' hardness. The scales that form upon evaporation or heating
of water may consist predominantly of sulfate and chloride anions if the bicarbonate and carbonate anions
occur in concentrations that are less than those of calcium and magnesium. This hardness is referred to
as noncarbonate hardness and is 'permanent' because it cannot be removed by acid. Where the bicar-
bonate anions are equivalent to or larger than the concentrations of the calcium and magnesium cations,
the scales may consist of bicarbonate and carbonate anions. These are readily dissolved by acid and are,
therefore, referred to as '"temporary" or carbonate hardness. Standards for noncarbonate hardness were
not included in Table 4, Chapter III, because this parameter is not considered significant from a water
quality standpoint. It has been included here as a matter of convenience for those water users who might
have a particular interest in this water quality parameter.

The maximum, average, and minimum noncarbonate hardness in the streams of southeastern Wisconsin
were 805, 105, and 0 ppm, respectively. Maximum concentrations occurred on the Muskego Canal at station
Fx-15. In 7 of the 12 watersheds; the minimum noncarbonate hardness was 0 ppm. Low minimum concen-
trations (less than 45 ppm) were found in the Menomonee River, Oak Creek, and Sauk Creek watersheds.
Relatively high minimum concentrations were found in the Kinnickinnic River watershed (65 ppm) and in
the unnamed tributary in the Sheboygan River watershed (120 ppm). The ranges in concentrations of non-
carbonate hardness by watershed are listed in Tablc 26.

Table 26
NONCARBONATE HARDNESS OF STREAMS IN THE REGION
(1964 - 1965)
Noncarbonate Hardness as Caco3 in ppm Number
Watershed

Maximum Average Minimum of Samples
Des Plaines River « « o &« o &« o s o s &« 305 215 0 18
FOX RiVEr o« « o o o« o o 6 o o o o s o & 805 90 0 185
Kinnickinnic Rivers o« s « o o o« o o o &« 160 110 65 2
Menomonee RiVeEr « « s ¢ o o« o« s ¢ o o & 625 175 20 69
Milwaukee River « o o« o « o o o o &« & & 210 55 0 77
Minor Streams . &+ o « o 2 ¢ s s s & o & 400 130 0 I
Oak Creek « o o « ¢ ¢ o & o o« s o o o & 215 110 45 16
Pike RiVEre o o o 5 o o o 5 o s o &« » & 335 170 0 32
Rock Rivere « o« o« ¢ o o o o 2 o o o« o 180 35 0 73
Root River. . e« 8 & a2 s 8 e« & ° o s s = 410 170 0 40
Sauk Creeke o« o o o o o s o o o o o o o 220 90 10 15
Sheboygan RivVer « « « o & o « s ¢ o s & 245 180 120 2

Total Samples 540

Source: SEWRPC.

Alkalinity

Alkalinity, like hardness, is a property of water rather than a specific constituent. This property involves
the ability of water to neutralize acid. The method of determining alkalinity in water analyses, however,
uses a pH end point of 4.5 in the alkalinity titration process. A pH of 4.5 is well on the acid side of the
pH scale, which ranges from 0 to 14 with 7.0 being the neutral point separating acids from bases. Despite
this apparent inconsistency between the stated chemical meaning of the term 'alkalinity" and the actual
process of analysis, alkalinity is a parameter commonly determined in water quality studies and has
been included in the discussion of water quality parameters to provide comparative data for those who are
familiar with the direct use of alkalinity.

In the SEWRPC study, alkalinity was determined both as total alkalinity (methyl-orange alkalinity or
alkalinity M) and as phenolphthalein alkalinity (alkalinity P). The analytical determination of alkalinity P
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was used solely as the basis for calculating carbonate. Alkalinity has not been used in this study for water
quality mapping purposes.

Quality standards have been established for several industrial water uses relative to total alkalinity.
Water used for carbonated beverages, laundering, and tanning have limiting concentrations as indicated
in Table 4, Chapter III.

Maximum, average, and minimum concentrations of alkalinity encountered in the streams of southeastern
Wisconsin were 510, 270, and 100 ppm, respectively. The maximum concentration occurred at station Pk-3
on Pike Creek in the Pike River watershed. The minimum concentration was found at station Sk-2 on Sauk
Creek. Ranges in alkalinity concentrations by watershed are shown in Table 27.

Table 27
TOTAL ALKALINITY OF STREAMS IN THE REGION
(1964 - 1965)
Watershed Alkalinity (total) as CaC0y in ppm Number

Maximum Average Minimum of Samples
Des Plaines River « « « « o s o o « « « 340 260 160 18
FOX RiVEr &« « o o o 2 2 s o & o o« o s & 440 275 125 185
Kinnickinnic Rivere « o« s s o o &« &« o &« 255 205 160 2
Menomonee RiVer « « « o o s o o o« o s &« 385 275 175 69
Milwaukee RivVer « « &« & « o « s o« o o & 415 275 155 77
Minor Streams . +« « & ¢ o & & &+ & . 340 215 125 |
Oak Creek o o« o « o o o o o o s « s &= 260 235 170 16
Pike RiVere o« « o o 2 o s s s « o o« s & 510 270 165 32
Rock Rivers « o« s o o o ¢ o « « o « o » 395 280 120 73
Root Riveres o o« o« o « ¢ o« o o o o & o = 355 265 160 40
Sauk Creeke v o o o o o 2 2 ¢ s o s o 470 285 100 15
Sheboygan River . « o o « o o« o ¢ & o 335 280 225 2

Total Samples 540

Source: SEWRPC.

Specific Conductance

The specific conductance of water is a measure of its ability to conduct an electric current. This current
is measured between electrodes spaced one centimeter apart at a temperature of 25°C (770F). Conduc-
tivity is the reciprocal of electric resistance, which is expressed in ohms. Conductance is expressed in
micromhos because of the very low conductivity of most natural waters, one micromho being one-millionth
of a mho.

Important factors that affect the conductivity of water are the concentration of dissolved solids, the ionic
dissociation of these dissolved solids, and the temperature. Inorganic and organic substances may be
ionically dissociated or undissociated. The undissociated substances do not conduct an electric current.
Increasing mineralization and ionization cause increasing electrical conductivity. Increasing water tem-
perature also causes increasing conductivity; and to obtain comparable results in the measurement of the
cond%ctivity of stream samples, conductance is most commonly referred to at a 'standard' temperature
of 25°C.

Specific conductance was measured to determine the ratio of dissolved solids to specific conductance in
anticipation of future SEWRPC water quality studies in which dissolved solids, from a cost standpoint, may
not be feasible to determine. The ratio of dissolved solids to specific conductance is not a constant for
all ranges in dissolved solids concentration and for all mixtures of dissolved substances. Natural waters
are known to have sufficiently diverse physical and chemical properties to cause the ratio to vary from
0.5 to 1.0. For this reason, specific conductance is not a direct measure of the total dissolved solids. It
is, however, an indicator of the general magnitude of the dissolved solids concentration that may be
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expected. The level of accuracy obtained by using specific conductance as a measure of dissolved solids
concentration may be quite adequate for many water quality studies, in which case much is gained by using
the rapid and efficient electrical method of measuring conductance rather than the analytical determination
of actual dissolved solids content by evaporation and weighing of residue. Future water qualify studies in
southeastern Wisconsin may be greatly facilitated by using specific conductance as an indirect measure
of the mineralization of stream samples that would otherwise not be analyzed for dissolved solids.

The ratio of dissolved solids to specific conductance was determined on 539 stream samples collected at
87 stations in the 12 watersheds of the Region. The maximum ratio encountered in the Region was 0.98 at
station Mn-1 on the Menomonee River. The minimum ratio was 0.52 at station Rt-1 on the Root River.
The average ratio for the Region was 0.67. The maximum, average, and minimum ratios listed by water-
shed are shown in Table 28,

Table 28
RATIO OF DISSOLVED SOLIDS TO SPECIFIC CONDUCTANCE OF STREAMS
IN THE REGION (1964 - 1965)
Ratio of Dissolved Solids to
Watershed Specific Conductance Number
Max imum Average Minimum of Samples
Des Plaines River « « o« « o« « ¢« o« « o« . 0.85 0.71 0.58 18
FOX RIVEr & « « o o o o o o s o o s o & 0.91 0.67 0.53 185
Kinnickinnic Riveres o« o « « 2 o ¢ o« o 0.68 0.67 0.65 2
Menomonee RiVer « « o o o 2 « s o o s &« 0.98 0.69 0.55 69
Milwaukee RivVer « « o« 2 « o ¢ s « o o » 0.83 0.66 0.56 76
Minor Streams o« « o« o s o o « s ¢ s o » 0.77 0.68 0.59 11
Oak Creek « o« o o « o s o o« s o s s o« & 0.82 0.70 0.63 16
Pike Rivere « o « o o 2 s « s o 2 o« o & 0.77 0.68 0.54 32
Rock Rivere « o s o o o o s s s s o o & 0.78 0.65 0.56 73
Root Rivere « o« « o o o s @« s o o « s & 0.77 0.68 0.52 40
Sauk Creeke o« s o o o o s 2 s s o o o« &« 0.81 0.74 0.66 15
Sheboygan River « « « « o & o o o s o = 0.89 0.82 0.74 2
Total Samples 539

Source: SEWRPC.

Specific conductance was measured on 556 stream samples collected at 87 stations in all 12 watersheds of
the Region. The maximum, average, and minimum specific conductance readings based on these samples
were 4,320, 905, and 258 micromhos/cm, respectively. The ranges in specific conductance by watershed
are shown in Table 29.

Hydrogen Ion Concentration (pH)

The hydrogen ion concentration or hydrogen ion activity of a solution is expressed in pH units which are
equal to the logarithm of the reciprocal of the hydrogen ion concentration. This system of denotation was
devised to avoid negative coefficients and numbers with many decimals. The p stands for potenz, which is
German for power, and H is the chemical symbol for hydrogen. Thus a pH value of 7.0 is equal to a num-
erical value of 0.0000001 hydrogen ion concentration in grams per liter of solution. As already noted, the
pH scale ranges from 0 to 14, with 7.0 marking the neutral point separating acids with values of less than
7.0 from bases with values of more than 7.0.

The hydrogen ion concentration is dependent upon the dissolved substances, both solids and gases, that
occur in the water. Many natural surface waters tend to have a neutral pH. Waste discharges can alter
the pH of the stream depending on the complex of chemical, physical, and biological conditions that exist
separately in the receiving water and in the waste discharge and that combine to interact upon blending of
these waters. Most domestic (municipal) sewage is neutral or slightly basic. A pH range of 5 to 9 units is
generally favorable for the hiologic decomposition of organic wastes. Many industrial wastes are markedly
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Table 29
SPECIFIC CONDUCTANCE OF STREAMS IN THE REGION
(1964 - 1965)
Specific Conductance in
Watershed Micromhos/cm at 25°¢ Number

Maximum Average Minimum of Samples
Des Plaines River « o« s o 4 o s ¢ s o o 1,220 938 572 18
FOX RiVEr o « o o o o o o s s s o s s » 2,000 762 390 189
Kinnickinnic Riveres « s« s o« o o o o o 1,040 734 426 2
Menomonee RIVEr « « o s s « s s o s o & 4,320 1,560 500 76
Milwaukee River « « o« s o o o s o ¢ o =« 1,150 6u8 38u 78
Minor Streams « « o« o« o o o o o o s o o 1,300 848 4y |
Oak Creek « o o o o o s s s s s o s o & 1,020 852 544 16
Pike RiVEre « o+ o o s o o s s o s s « & 1,330 936 522 32
Rock Rivere « o« v o s o o o o o s o« o s 3,390 830 258 76
Root RiVere « &« o o o o o s o o o o« o & 1,600 1,080 566 40
Sauk Creeke o o o o« o s o o o o 8 s o » 992 690 292 16
Sheboygan River « « « o« o« « « o o » o 800 778 756 2

Total Samples 556

Source: SEWRPC.
basic or acid and may greatly affect the pH of a receiving stream. The streams of the Region are charac-
teristically calcium bicarbonate waters that act as chemical buffers tending to neutralize acids or bases.

Most of the water uses listed in Table 4, Chapter III, are affected by pH. As shown in this table, the rec-
ommended pH concentrations are pH ranges or values that must exceed specified minimums.

The Kiskiminetas River near Leechburg, Pennsylvania, has had a pH as low as 2.5. Lake Michigan water
sampled near Milwaukee had a pH of 8.2.

The maximum, average, and minimum pH values encountered in the streams of southeastern Wisconsin
were 8.9, 7.8, and 6.7, respectively. The maximum of 8.9 was determined on a sample collected at sta-
tion M1-3 on the Milwaukee River. The minimum concentration of 6.7 pH units was obtained on a sample
collected at station Fx-1 on the Fox River. The ranges in pH concentrations by watershed are listed in
Table 30.

Table 30
HYDROGEN ION CONCENTRATIONS IN STREAMS IN THE REGION
(1964 - 1965)
Hydrogen lon (pH) Concentration in Units Number
Watershed
Maximum Average Minimum of Samples
Des Plaines River « « « o o« « s o &« o & 8.6 7.8 7.2 18
Fox River « o« « o ¢ o o« & o o o o o 2 & 8.8 7.8 6.7 185
Kinnickinnic River. o« « o o o o o « o« o 8.0 7.6 7.3 2
Menomonee RivVer « « o« « o« o ¢ o o« o« o 8.8 7.8 7.0 74
Milwaukee RIVEr « o & o o o s o & o & & 8.9 7.8 7.0 77
Minor Streams « o« o o« s o o ¢ o s s o @ 8.7 7.6 7.2 11
Oak Creek « o o o o o o« o o o s @« s « o 8.5 7.8 7.3 16
Pike RiVEre o o o o s o o o o o o o s & 8.2 7.6 6.9 32
Rock Rivere « « o o« o o o« o« o ¢ o o « @ 8.8 7.9 6.8 76
Root RivVere o« o o o 5 s s o s o o« o« o & 8.5 7.7 7.0 40
Sauk Creeke o« o o o o o« ¢ o o o o o o 8.7 8.0 7.1 16
Sheboygan 'River « « o o« o s o ¢ o s o« @ 8.3 7.9 7.5 2
Total Samples 5u9

Source: SEWRPC.
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Color

The apparent color of water depends upon the presence of inorganic and organic materials either in sus-
pension or solution. Compounds of iron and manganese; decomposition products of dead vegetation, such
as peat, algae, weeds, and humus; suspended live algae and sand, silt, and clay; and dissolved or sus-
pended wastes from industries and sewage treatment plants may contribute to the color of water.

In the chemical analysis of water samples, the true color of water is considered attributable only to dis-
solved matter. The color of water cannot be accurately measured if the water contains suspended matter
in significant quantities. Color determinations can be affected by this turbidity, which must be eliminated
to obtain reliable readings. Color is measured in units and determined colorimetrically using the APHA
platinum cobalt standard filter and a color meter scale range of 0-500 units.

Color is of significance to several of the ten major water uses considered in this report. Color is not
desirable in drinking water supplies, as indicated in Table 4, Chapter III. Industrial water use, such as
brewing, carbonated beverage production, dairy industry, food equipment washing, and general processing,
also have limiting standards for concentrations of water color, as has the use of water for whole-body
contact recreation.

The maximum, average, and minimum color densities of 557 stream samples collected at 87 sampling
stations in the 12 watersheds of the Region were 375, 40, and 0 units, respectively. The ranges in color
density by watershed are listed in Table 31.

Table 31
COLOR OF STREAMS IN THE REGION
(1964 - 1965)
Color Density in APHA Platinum
Watershed Cobalt Standard Units Number
Maximum Average Minimum of Samples
Des Plaines River . o« « o o« « o o o o « 80 4o 5 18
FOX RIVEFr &« o o« o o o s s o & s o o o &« 300 40 0 203
Kinnickinnic Rivere « o o s o s o« o o & 35 28 20 2
Menomonee RiVer « « o« s s o s o« o &« o & 375 45 0 69
Milwaukee RiVEr « « o o s o ¢ o « o o &« 270 55 5 76
Minor Streams « « o o o s o &« o o s s & 125 35 0 ]
Oak Creek « o o 2 s o o o ¢ o o s s o & 50 20 5 16
Pike RiVers « « o o o o o o o« « s o s & 140 40 10 32
Rock RiVers o« o« o o o o o o @« s s s a & 135 25 0 73
Root Rivers o« + o « o o o o o o o o o » 85 35 15 40
Sauk Creeke o« o o« o 2 o o o s o o o o & 110 40 0 15
Sheboygan River « o« « o« o« o « s o o« o o 110 75 45 2
Total Samples 557

Source: SEWRPC.

Turbidity

The turbidity of a stream is caused by suspended matter of coarse to colloidal size which imparts a murky
appearance to the stream and decreases light penetration. Substances which commonly cause turbidity are
suspended clay, silt and sand particles, micro-organisms, organic debris, sewage, and industrial wastes.
The measurement of water turbidity is similar to color determination in that the kind and amount of sub-
stances causing turbidity are not determined, but rather the amount of optical obstruction of light passing
through a test sample., Turbidity is expressed in Jackson candle units.

Turbidity is an undesirable property for many water uses. The U. S. Public Health Service Drinking Water
Standards 1962 specifies that turbidity shall not exceed 5 ppm. Water quality standards for many industrial
uses, for cooling purposes, for fish and wildlife, and for recreation specify maximum turbidities, as
indicated in Table 4, Chapter II.
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Maximum, average, and minimum values of turbidity determined on 560 stream samples collected in south-
eastern Wisconsin were 150, 8, and 0 Jackson candle units. The maximum value of 150 occurred at sam-
pling station Mh-2 on Pike Creek, a minor stream tributary to Lake Michigan. The minimum value of
0 units occurred in 4 of the 12 watersheds of the Region. Ranges in turbidity by watershed are listed in
Table 32.

Table 32
TURBIDITY OF STREAMS IN THE REGION
(1964 - 1965)
Turbidity in Jackson Candle Units Number
Watershed
Max.imum Average Minimum of Samples
Des Plaines River « « « « « o« o« o & o » 55 15 | 20
FOX RIiVEr o « o o o o o @« o s o a s s & 25 6 0 190
Kinnickinnic Riveres « o« o o ¢« ¢ o o o @ 65 40 15 2
Menomonee RiVeEr « ¢ o o o « s s o o o & 50 8 | 75
Milwaukee River « s« « o« « o ¢ o o« s o« u5 5 0 78
Minor Streams « « o« o o o o o s s s o & 150 35 2 12
Oak Creek « « o« « o o o s s o o o o o & 45 15 5 16
Pike River- a = s 8 e ® & e 8 & & &8 & @ 65 9 2 32
Rock RivVere « « o s o s o s s o s o o &« 15 5 0 76
RoOt RiVere o« o« 2 2 o o o o o @« s s o &« 65 15 2 4o
Sauk Creeke « o o o o o s o s o s @« o o 100 10 0 17
Sheboygan River « « « « « o o &« o o o & 7 5 3 2
Total Samples 560

Source: SEWRPC.

Biochemical Oxygen Demand

The myriad of microscopic and macroscopic plants and animals found in streams range from minute algae
and protozoa to large aquatic plants and fishes of many species. These organisms constitute a biologic
community in which the many life forms are mutually interdependent. An important aspect of this inter-
dependence is the natural purification of the stream which occurs when dead organisms, such as fish and
algae, are fed upon and ultimately decomposed by bacteria to chemically stable inorganic salts, such as
nitrates or sulfates. This process of self-purification is principally biologic, in that saprophytic bacteria
attack dead organic matter and produce simpler stable substances that do not foul the aquatic environment.

The entire biologic community living in a stream is dependent upon the availability of dissolved oxygen,
which is not only vital to fish but equally so to aerobic bacteria. This normal assemblage of organisms
places ademand upon the dissolved oxygen content of the stream. This demand commonly is met by hatural
processes of stream aeration. The biologic stream community is balanced in terms of the general popu-
lation densities of the many animal and plant species and the availability of oxygen to support this life.
Mass deaths of individual species or of large parts of the community are accidental, usually temporary;
and the original favorable conditions are restored naturally with time.

When organic wastes from sewage treatment plants enter streams, these wastes can provide a massive
addition to the normal food supply for decay bacteria. The bacterial population increases in response to
this artificially increased food supply, and the dissolved oxygen demand of the entire biologic community
also increases. If the organic sewage wastes continue to enter the stream in sufficient concentration, the
dissolved oxygen content can be lowered to levels of concentration that are inadequate to sustain the normal
aquatic life of the stream. A complete change then takes place in the type of organisms living in the
stream; and instead of having, for example, bluegill fish, clams, and normal aerobic decay bacteria that
produce stable inorganic end products, the stream becomes the habitat of bloodworms, sludge worms,
leeches, rattailed maggots, and anaerobic bacteria that produce unstable organic acids and foul odors.

Biochemical oxygen demand (BOD) is a determination of the oxygen used over a 5-day period at 20°C
in the aerobic bacterial decomposition of the organic wastes in a water sample. Thus, BOD may be
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thought of as a measure of the concentration of decomposable organic substances. It should be noted that
BOD is not a pollutant, the reasons being that it is not a specific chemical substance, physical property,
or an organism or group of organisms; and it is measurable only in the presence of aerobic decay bacteria
under a standard set of controlled test conditions of internal physical, chemical, and biological environ-
ment that does not prevail in nature., BOD is a measure of a biochemical process as determined by the
amount of oxygen required by aerobic decay bacteria to decompose organic substances in the test sample
over a given length of time at a given constant temperature without being exposed to the many external
influences that prevail in nature.

BOD determinations are important in water quality studies to the extent that they may indicate areas of
pollution and the potential decrease in dissolved oxygen concentration that may occur in a stream. Without
knowledge of the reaeration characteristics of a stream, BOD values cannot be used, except in a very
general way, to determine where dissolved oxygen concentration may reach critically low levels for the
preservation of fish life.

The maximum, average, and minimum biochemical oxygen demand of 1,064 stream samples collected at
87 sampling stations in the 12 watersheds of the Region were more than 87.7, 4.8, and 0.4 ppm, respectively.
The maximum biochemical oxygen demand was determined on a water sample collected at station Pk-3 on
Pike Creek in the Pike River watershed. The minimum demand was encountered at station Fx-2 on Sussex
Creek in the Fox River watershed. Ranges in biochemical oxygen demand by watershed are listed in
Table 33.

Table 33
BIOCHEMICAL OXYGEN DEMAND OF STREAMS IN THE REGION
(1964 - 1965)

yatershed Biochemical Oxygen Demand in ppm Number

Maximum Average Minimum of Samples
Des Plaines River « « o o o« o o s o s @ 16541 3.1 0.5 35
FOX RIVEFr o « o o o o o o o s 5 2 o 2 32.8 4.5 0.4 354
Kinnickinnic Rivere o« s o o s « s s o o« 9.1 5.3 2.6 11
Menomonee RiVEr « + « o ¢ « &« o o « s 33.9 5.0 0.5 132
Milwaukee RivVer « « o o« « o ¢« s o o« s 11.6 3.4 0.5 148
Minor Streams o« « 2 o ¢ o s « o s o« o & 25.9 7.1 1.1 32
Oak Creek « o o o « 2 o o o s s s s« & » 9.9 3.2 0.5 25
Pike River- "« ® 8 & 8 e e 8 s e = e 8 & >87.7 >|0-3 0.9 52
Rock Rivere o« o o o o « o« ¢ o o s s & & >20.6 > 4.4 0.6 163
Root River. « « o s o o o« o o s s s o o 65.3 5.9 0.6 77
Sauk Creeke o« o o o o o o s o s s o o & 20.0 5.8 0.5 25
Sheboygan River « « « o« s « s o o o« s >24.0 > 5.3 1.7 10
Total Samples 1,064

Source: State Lahoratory of Hygiene and SEWRPC.

Map 11 shows the maximum biochemical oxygen demand that may be expected in the streams of the Region
as of 1965. Increasing population and industrial activity in southeastern Wisconsin will cause an increasing
BOD unless technological advances in the treatment of human sewage and industrial wastes can decrease
the BOD of liquid waste discharges in future years. Because of increasing urbanization, Map 11 should
not be considered indicative of general BOD conditions in southeastern Wisconsin for more than the next
five to eight years.

The concentrations of BOD are mapped on a scale ranging from 0 to 200 ppm, with the upper limit of the
scale having the general magnitude as the BOD of raw sewage. The scale is divided into seven succes-
sive intervals of concentration. The three lower intervals of concentration range from 0 to 15.0 ppm and
are indicated in black map symbols, whereas the four upper intervals range from 15.1 to. 200 ppm and are
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shown in color. The change from black to colored map symbols at 15.0 ppm is arbitrary and is not related
to the BOD standards adopted by the SEWRPC as shown in Table 4, Chapter III. Due to different stream
reaeration conditions, it should be recognized that a given BOD loading in one stream or in one reach of
a stream may induce a considerably different decrease in dissolved oxygen than the same BOD loading
in another stream or in a different reach of the same stream. The use of black and color symbols, there-
fore, is applicable only in a broad relationship to water quality evaluation. The range of the lower inter-
vals of concentration, however, was chosen to be sufficiently narrow to permit reasonably reliable mapping
of the lower BOD concentrations. Normally, concentrations of this order would indicate that the stream
is of generally acceptable quality in relation to the selecled water quality standards.

Dissolved Oxygen

The natural dissolved oxygen concentration in a stream is determined by a large number of interacting
factors, which may be divided into four major categories: 1) physical, 2) chemical, 3) biochemical, and
4) biological. Important physical factors pertain to: the volume of water in the stream as evidenced by
stream depth, cross-sectional area, and flow rate; stream turbulence induced by wind action or resulting
from channel characteristics; stream temperature; atmospheric pressure; and the oxygen content of sur-
face runoff, ground water, and direct precipitation that contribute to the flow of the stream. Chemical
factors include: the dissolved solids content of the water and those chemical reactions that may occur
without biologic interaction in a stream between the dissolved oxygen and the inorganic and organic sub-
stances in solution or suspension. Biochemical reduction in the dissolved oxygen content of a stream
results fromthe demand for oxygen by micro-organisms involved in the biologically induced decomposition
of organic or chemical wastes. The biological factors affecting the dissolved oxygen content of a stream
include the oxygen consumed in the respiration of aquatic animals and the daily variation of the dissolved
oxygen content because of the diurnal variations in the photosynthetic processes of aquatic plants.

The principal significance of dissolved oxygen in stream water is biologic. As discussed under the pre-
ceding section on Biochemical Oxygen Demand, the oxygen content of a stream determines the type of
aquatic life that can exist in the stream. Under aerobic conditions the stream can support numerous
species of beneficial and desirable forms of animal and plant life. Aerobic bacteria carry on the decay
process of complex organic compounds to produce stable inorganic salts, such as nitrates and phosphates.
Where streams contain no dissolved oxygen, decay of organic wastes is carried on by anaerobic bacteria
causing putrifaction. Organic acids and foul odors are the end products of this anaerobic decay. Life
forms that inhabit the streams under this condition of deoxygenation are useless to man and unpleasant
to behold.

An important biologic effect upon the dissolved oxygen content of a stream is the diurnal variations caused
by the photosynthetic processes of aquatic plants. During daylight hours, sunlight promotes the contribution
by these plants of oxygen to the stream, particularly on cloudless days. During the night and on cloudy
days, the respiratory use of dissolved oxygen by plants and animals may counterbalance the oxygen pro-
duction during the daylight hours. Under special temperature and pressure conditions and uniform condi-
tions of water salinity, temporary conditions of supersaturation or oxygen depletion may occur diurnally.
An example of the diurnal fluctuation of dissolved oxygen concentration is shown by data collected at station
Fx-10 by the U. S. Public Health Service in Table 34.

Table 34
DIURNAL DISSOLVED OXYGEN VARIATIONS AT SAMPLING STATION FX-10 ON AUGUST 18, 1964

. Dissolved Oxygen
Time Concentration in ppm
6 a.m, 3.3
8 a.m. 2. 4

10 a.m, 4.0
12 noon 6.4
2 p.m. 10. 4
Y PeMm, 163
6 p.m, 1841

Source: U.S. Public Health Service.
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The maximum, average, and minimum dissolved oxygen concentrations in 1,066 stream samples collected
at 87 sampling stations in the 12 watersheds of the Region were 24.2, 8.9, and 0 ppm, respectively. The
maximum concentration of 24.2 occurred at station M1-3 on the Milwaukee River. The minimum concen-
tration of 0 ppm dissolved oxygen occurred in the watersheds of the Fox River, the Menomonee River, the
Milwaukee River, the Rock River, and the Root River. Ranges in dissolved oxygen concentrations by water-
shed are listed in Table 35.

Table 35
DISSOLVED OXYGEN CONCENTRATIONS IN STREAMS IN THE REGION
(1964 - 1965)
Dissolved Oxygen Concentration in ppm Number
Watershed
Maximum Average Minimum of Samples
Des Plaines River « « « o o o s o s o & 13.9 8.8 2.1 36
FOX RiVEr « o o o o s o o s o s o s s 21.6 9.1 0.0 353
Kinnickinnic Rivers « o« s« o « o« s o« o o« 13.3 10.6 7.3 Il
Menomonee RiVEr « o+ « o = o« o o o &« o & 20. 4 8.3 0.0 133
Milwaukee River « « o o« o o o o s o o & 24,2 9.0 0.0 148
Minor Streams « s s o o » s s 5 s s s 21.7 8.3 0.3 32
Oak Creek « o o s s a s s o o o s o s 13.7 (| 6.4 25
Pike RiVere « o o o s o s 5 s a s & o & 13.2 5.4 0.1 52
ROCK RIVEr. o« o o o o o o s o o s o s = 1741 10.4 0.0 163
Root Rivere « o o« o o o s s s s s o o » 14.6 6.6 0.0 77
Sauk Creeke « o o o o o o o o o o o o & 19.3 et 0.1 25
Sheboygan River « « o o« o ¢« o ¢« o « o 16.5 9.7 1.0 11
Total Samples 1,066

Source: SEWRPC.

Map 12 shows the minimum dissolved oxygen concentrations which may be expected in the streams of the
Region as of 1965, Unusually heavy precipitation in July 1964, following a long period of less than average
rainfall, was accompanied by what appeared to be exceptionally low dissolved oxygen concentrations over
long reaches of the major streams of the Region. These conditions may have produced some of the lowest
concentrations of dissolved oxygen that may be expected from predominantly natural causes.

The dissolved oxygen concentrations are mapped on a scale extending from 0 to more than 10.0 ppm and
arranged in reverse order to that used in all previous or subsequent maps that do not pertain to dissolved
oxygen. Whereas all other parameters adversely affect water use as their concentrations increase, dis-
solved oxygen does not follow this general rule; and water quality deteriorates with decreasing dissolved
oxygen. The two lower intervals of concentration range from 0 to 5.0 ppm and are indicated by colored
map symbols. Low concentrations in the interval of 0 to 3.0 ppm are lethal to, or at best marginal for,
aerobic forms of life. The interval of 3.1 to 5.0 ppm spans a dissolved oxygen range that is thought to be
generally adequate to preserve desirable forms of aquatic life if all other factors are favorable.

Map 13 shows the minimum dissolved oxygen concentrations in the streams of the Region during the period
from January 1964 through February 1965 excluding July 1964. Because of the exceptionally low dissolved
oxygen concentrations in many streams of southeastern Wisconsin following the unusually heavy rains of
the 17th and 18th of July, Map 13 shows minimum dissolved oxygen concentrations in the streams with the
data for July omitted. The concentrations are mapped according to the same scale as shown in Map 12.
Dissolved oxygen content, like BOD is affected by increased population and industrial activity within
a watershed; and Map 12 should not be considered indicative of general dissolved oxygen conditions within
the Region for more than the next five to eight years.

Coliform Bacteria
Coliform bacteria comprise a group of microscopic fungi that occur in the intestinal tracts of human
beings and of other warm-blooded animals, in sewage, in freshwater lakes and streams, in soil, and on
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The expected minimum dissolved oxygen concentrations for 1965 range from 7.5 to 0 ppm. Minimum
concentrations are anticipated to decline at a low rate until pollution abatement measures
become effective.
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vegetation. Originally, the coliform group of bacteria were thought to comprise but a single bacterial
species, later referred to as Bacillus coli (B. coli). Further investigation indicated that the Bacillus
coli included many different bacterial species and subspecies or variants. The present concept concerning
the coliform group is defined in Standard Methods as including '"... all of the aerobic and facultative
anaerobic, Gram-negative, nonspore-forming, rod-shaped bacteria which ferment lactose with gas forma-
tion within 48 hours at 35°C." The Bacillus coli are equivalent to the coliform group.

According to Roy J. Christoph,3 the presence of coliform bacteria in the human intestine is incidental;
and their physiologic significance to man is a matter of continued study. Certain strains of coliform
bacteria are thought to promote digestion by bacterial decomposition of partly digested food and to pro-
mote physical regularity by maintaining adequate moisture conditions in the intestine. Vitamin K (the
vitamin which inhibits bleeding by coagulating blood) is produced as a by-product of coliform activity in
the colon. Thus, the coliform group would appear to constitute an intestinal flora that is beneficial to man.

The coliform group is subdivided into two bacterial categories, which include species of presumed fecal
or nonfecal origin. Escherichia coli, for example, is thought to be of fecal origin, whereas Aerobacter
aerogens usually is not considered to be of direct fecal origin. Human feces, however, tends to include
considerable numbers of Aerobacter aerogens. The significance of these closely related types of coliform
bacteria is not well established, and routine water analyses determine the group as a whole without specify-
ing individual bacterial species.

The presence of coliform bacteria in streams is generally considered to be an indication of pollution if the
coliform counts are persistently high and appear to be closely associated to man-related waste sources,
such as to the effluent of a sewage treatment plant or to the fecal wastes from other warm-blooded animals,
such as a herd of cattle occupying agricultural land along a stream. Water-borne diseases are mostly of
intestinal origin. Therefore, to safeguard public health, it is assumed that where coliform bacteria occur
there is also the possibility of the presence of infectious micro-organisms and viruses. Micro-organisms
or viruses are the causative agents of suchdiseases as typhoid fever, paratyphoid fever, amoebic dysentery,
and infectious hepatitis.

As already noted, in routine bacteriological analyses of water samples, specific bacterial species or
viruses are not determined. Instead, the coliform count is taken as a measure of the concentration of
bacteria of the coliform group that occur in a given amount of sample, commonly 100 ml. Because of the
intestinal origin of the coliform group in many areas of bacteriological stream pollution, the coliform
count is an important water quality parameter indicating the disease potential to man.

A number of statements can be made concerning the significance of the coliform bacteria in relation to
stream quality. It is gcnerally assumed that, if the coliform group is not present, water is bacteriologically
safe. If coliform bacteria are present, the coliform count should be generally proportional to the amount
of human fecal pollution where such pollution can be reasonably attributed to a human source. Where
disease bacteria of intestinal origin are present, they are always associated with much larger numbers of
coliform bacteria. The coliform bacteria appear to survive better in the aquatic environment of a stream
than pathogenic bacteria and may be subject to aftergrowth in polluted waters. The limitations of accuracy
that are involved in obtaining representative samples, the problems of sample storage prior to analysis,
and the inherent problems of bacteriological determinations place reservations upon interpretations of
coliform counts. Nevertheless, coliform counts are considered to be a most important parameter relating
to human sources of fecal pollution.

As related to water uses, the coliform count of a good source of water for municipal supply must be less
than 20 percent over 5,000 MFCC/100 ml. Prechlorination reduces the coliform count, which must not
exceed 1 MFCC/100 ml in the treated supply. As shown in Table 4, Chapter III, water used in the dairy
industry must contain no more than 100 MFCC/100 ml. Water used for food canning, freezing, and for
food equipment washing must contain no more than 1 MFCC/100 ml. General processing has more liberal

3 Personal communication , 1965, Roy J. Christoph, Professor of Biology, Carroll College, Waukesha, Wisconsin.
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quality standards permitting water containing as much as 5,000 MFCC/100 ml. Whole-body and partial-
body recreational use of water have coliform standards of 2,400 and 5,000 MFCC/100 ml, respectively.

The maximum, average, and minimum coliform counts found in 1, 050 stream samples collected at 87 sam-
pling stations in the 12 watersheds of the Region were 3, 000,000, 51,000, and less than100 MFCC/100 ml,
respectively. The maximum coliform count of 3,000,000 MFCC/100 ml was encountered at station Fx-5 on
the Pewaukee River. The minimum coliform count of less than 100 MFCC/100 ml occurred in the watcr-
sheds of the Des Plaines River, the Fox River, the Menomonee River, the Milwaukee River, the minor
streams tributary to Lake Michigan, the Rock River, and the Root River. Ranges in coliform counts by
watershed are listed in Table 36.

Table 36
COLIFORM COUNT IN STREAMS IN THE REGION
(1964 - 1965)
Watershed Coliform Count in MFCC/100 ml Number
Maximum Average Minimum of Samples
Des Plaines River « « o« o« o s o o« ¢ o« & 56,000 7,000 100 36
FoX RiVer « o s o o 5 o o o 2 o s s o & 3,000,000 39,000 100 337
Kinnickinnic Riveres o« o« « s 2 s o & o & 340,000 77,000 4,000 |
Menomonee RiVer « « o « o ¢ « s s o« o & 1,100,000 51,000 100 133
Milwaukee RiVeEr « o« o o o o o« s s s o o 170,000 18,000 100 148
Minor Streams . o+ & « « o« « ¢ s o o o & 740,000 52,000 100 32
Oak Creek « o o o o o 5 5 s 2 s o o o & 33,000 8,000 500 25
Pike Rivere « « o o« o« ¢ o s o s s o o » 1,800,000 173,000 1,200 52
Rock Riveres s« s« o o o o« o ¢ o ¢ ¢ o« o & 2,300,000 66,000 100 163
Root River. « o« o« o« o o o o ¢ o o o 2 & 1,700,000 105,000 100 77
Sauk Creekes « o« o o o o o o o o o o s & 200,000 16,000 200 25
Sheboygan River « o« o« o o o« o s ¢ o o » 200,000 24,000 2,000 |
Total Samples 1,050

Source: State Laboratory of Hygiene and SEWRPC.

Map 14 shows the maximum coliform count which may be expected in the streams of the Region as of
1965, Since high coliform counts are directly related to human activity within a watershed, and since
such activity may change rapidly over time, Map 14 should not be considered indicative of general condi-
tions within the Region for more than the next five to eight years. The coliform counts are mapped on a
scale ranging from1 to 100,000 MFCC/100 ml or more. The upper scale interval of 100,000 MFCC /100 ml
or more was chosen to span all very high coliform counts to avoid needless differentiation of counts
that range in the hundreds of thousands and in the millions. The scale is divided into six intervals of con-
centration. The lower two intervals range from 1 to 2,400 MFCC/100 ml and are indicated in black map
symbols. Concentrations ranging from 2,500 to 100,000 MFCC /100 ml or more are shown in color. The
change from black to colored symbols was chosen at 2,400 MFCC /100 ml, which coincides with the maxi-
mum permissible concentration for full-body contact in the recreational use of water.

Map 15 shows the average coliform count in the streams of the Region during the period from January 1964
through February 1965. The coliform counts are mapped according to the same scale as shown in Map 14,

Temperature

The temperature of a stream is a measure of its heat energy as expressed in degrees Fahrenheit or in
degrees centigrade, Natural stream temperature in southeastern Wisconsin is ultimately controlled by
climatic conditions through the heat exchange between a stream and its land and atmospheric environment,
rather than by subterranean thermal sources.

The most important factor affecting stream temperature is sunlight. The direct penetration of sun rays
into a stream results in the conversion of electromagnetic waves to heat energy facilitated by turbidity.
The width, ‘depth, volume, and velocity of a stream determine to a large extent how the stream tempera-
ture will be affected by sunshine. The warming of a stream depends upon the quantity of water being
exposed to a given intensity of sunshine over a given area of exposure. Trees growing at and near the
waters edge and extending leaf-filled branches over the stream may intercept sunshine, which is then not
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The average coliform counts are based on analyses of [,050 samples collected at 87 stations on
43 streams in the Region. The maximum, average, and minimum number of samples collected gener-
ally once a month at these 87 stations are I4, 12, and 7, respectively.
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available to the stream. Cloud cover and haze may weaken solar radiation. Daily and seasonal changes
in radiation intensities result indiurnal and seasonal fluctuations in water temperatures under the influence
of other environmental factors.

Significant among other environmental factors is the temperature of ground water that discharges by seep-
age and by springs into the stream channel from intersected water-bearing rock units or from temporary
bank storage built up during periods of higher stream stage at the then prevailing water temperature.
Ground water makes up partor almost all the water of a stream, depending upon the frequency and intensity
of precipitation and surface runoff that would not only add to the flow but also affect the stream fempera-
ture. Ground water temperatures in the glacial drift and Niagara aquifer generally range from 480 to 52°F
with an average of 51°F.

Air temperature, humidity, and velocity also affect stream temperature. Wave action caused by air in
motion creates a larger contact surface between water and atmosphere, facilitating more rapid heat
exchange. Air humidity affects vapor pressure and the rates of evaporation from the stream surface
which, in turn, affects water temperature.

In addition to the climatic conditions that affect the natural stream temperature, hot liquid wastes from
industry and spent cooling water discharged into a stream can affect the stream temperature to the extent
that these wastes become thermal pollutants. The effluent from sewage treatment plants may also affect
stream temperature; but it would appear that, because of normal sewage temperatures, this effect is
not severe.

Temperature is an important water quality parameter for several water uses. The suitability of water for
general industrial processing, for cooling purposes, and for sustenance of aquatic life depends upon the
temperature of water. Water for drinking purposes is usually satisfactory at 50°F but generally causes
complaints at 66°F or above. Survival time of infectious bacteria and ova of parasitic worms decreases
with increasing water temperature, an advantageous aspect of increasing water temperatures. However,
increasing water temperatures stimulate algae growth and odor-producing organisms. High water tem-
peratures may reduce the dissolved oxygen content of the water to critically low levels for survival of fish
and other aquatic life 6r may produce an unfavorable heat environment that aquatic life cannot survive
regardless of the abundance of dissolved oxygen.

The maximum, average, and minimum water temperatures found in streams of the Region were 91°, 500,
and 32°F. The maximum temperature of 91°F occurred on Cedar Creek at station M1-7 in the Milwaukee
River watershed. The minimum of 32°F occurred in all 12 watersheds of the Region. Stream tempera-
tures by watershed are listed in Table 37.

Table 37
TEMPERATURE OF STREAMS IN THE REGION
(1964 - 1965)
Temperature in °F Number
Watershed

Maximum Average Minimum of Samples
Des Plaines RivVer « « « s o o s o o o« &« 84 52 32 35
FOX RiVEr o & o ¢ « o o s o o o ¢ o o & 80 50 32 34
Kinnickinnic Rivere « s s o & s o s o & 82 57 32 Il
Menomonee RiVeEr « s s o s o« ¢ o s s o & 79 48 32 131
Milwaukee RiVEr « « o o o o o o s s o« & 91 51 32 149
Minor Streams « « « « o o o « o @« « o o 78 56 32 32
Oak Creek « o« o o o o o o o o« s o o & 73 48 32 24
Pike RiVer. o« « o o« o o s s « o s s s & 75 49 32 52
Rock RiVeErs « « o o o o s s « o« o o & & 80 49 32 163
Root RivVer: « o« « o o s &« o s s s s o & 78 52 32 77
Sauk Creeke o« o o o s 2 o « o s o « o 86 51 32 24
Sheboygan River o« o« s o s o « ¢ o o o & 87 53 32 |
Total Samples 1,050

Source: SEWRPC.
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Chapter V

CONDITIONS OF STREAM QUALITY AND STREAMFLOW
IN THE MAJOR WATERSHEDS OF THE REGION

STREAM QUALITY AND STREAMFLOW

The streams of southeastern Wisconsin are small and, therefore, subject to a relatively large variability
in natural water quality. This variability is evident when comparing one stream with another and when
comparing quality conditions of different reaches of the same stream. Large streams, such as the
Mississippi River, typically have a high degree of uniformity in water quality. Because of the relatively
narrow range in the variation between extreme quality conditions over extensive reaches of such large
streams, consideration of average water quality conditions may be adequate for planning purposes. In
southeastern Wisconsin stream quality conditions vary between relatively wide ranges, and water quality
averages alone are not particularly meaningful for planning purposes; therefore, careful consideration
must be given to extremes in the ranges.

To classify streams in terms of their variations in overall chemical quality, this report uses a scale of
reference based on the ratio of the maximum to the minimum dissolved solids concentration of all SEWRPC
samples collected from each stream during the 14-month period of study. The classification is as follows:

1. A stream has relatively constant overall chemical quality when the ratio of the maximum to the
minimum dissolved solids concentration is 1.0 to 1.9.

2. A stream is subject to small changes in overall chemical quality when the ratio of the maximum
to the minimum dissolved solids concentration is 2.0 to 2.9.

3. A stream is subject to medium changes in overall chemical quality when the ratio of the maximum
to the minimum dissolved solids concentration is 3.0 to 3.9.

4, A stream is subject to large changes in overall chemical quality when the ratio of the maximum
to the minimum dissolved solids concentration is 4.0 or more.

Of the 43 streams studied by the SEWRPC, 41 rise in southeastern Wisconsin, Only the Milwaukee River
and the North Branch of the Milwaukee River have their sources outside the seven-county Region. Five of
the 12 watersheds of the Region are contained entirely within the regional boundaries. Twenty-six streams
have their watershed areas entirely inside the Region. The longest stream is the Milwaukee River, with
82 miles of its total 101-mile length lying within the Region. According to U. S. Geological Survey records
to February 1965, the maximum mean daily flow of any stream was 15,100 cfs or about 6.8 million gpm,
which occurred on the Milwaukee River in 1918. Minimum flow of 0 cfs has undoubtedly occurred on
a number of streams in the Region besides the Des Plaines River and the Milwaukee River for which
measurements are available. By way of comparison, the Wisconsin River (the largest river withits head-
waters in Wisconsin) had a maximum flow of 80,800 cfs (36.3 million gpm) in 1952. The maximum flow
of the Mississippi River at a location 2.6 miles upstream from the mouth of the Wisconsin River was
197,500 cfs (88.7 million gpm) in the same year.

THE WATERSHED AS A STUDY UNIT

In an effort to relate the regional stream quality study findings to a meaningful geographic planning unit,
the results of the study were analyzed, interpreted, and presented by watershed. This selection of the
watershed as the basic geographic area of study and reference was made only after careful consideration
of the comprehensive planning as well as of the hydrologic and geologic factors involved.

Resource and resource-related studies and planning efforts can conceivably be carried out on the basis
of various geographic areas. Such areas may be delineated on the basis of governmental jurisdiction, eco-
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nomic linkage, common areawide development problems, or topography, the latter type of delineation
including the watershed. None of these geographic areas are perfect for selection as a resource and
resource-related planning unit, There are many advantages, however, to the selection of the topographically
defined watershed as a study and planning unit since many resource problems are surface water oriented.

A natural stream channel network forms a system into which overland runoff from rainfall or snowmelt
drains and moves downstream under the influence of gravity. The land area which contributes the overland
runoff comprises the tributary watershed, the boundary of which is defined by the topographic divide
separating those land areas where overland runoff flows to the stream system under consideration from
those land areas where runoff flows to other stream systems. Thus, the watershed may be defined as
a geographic area, the topographic boundaries of which delimit the catchment area contributing overland
runoff to a given stream system.

The watershed forms a meaningful geographic planning unit, not only for the consideration of storm
water drainage and flood control problems which must be considered on a watershed basis, but also for
the consideration of other land and water use problems closely related to drainage and flood control,
including flood plain utilization, park and open-space reservation, fish and wildlife conservation, and
stream pollution.

Water supply and sewerage facility planning may involve problems that cross watershed boundaries, but
the watershed must be recognized as a planning unit if surface streams are utilized as the source of supply
or if the sewerage systems discharge pollutants into the stream system. Changes in land use and trans-
portation requirements are ordinarily not controlled primarily by watershed factors but can greatly
influence watershed development. The land use and transportation pattern determines the amount and
spatial distribution of the hydraulic and pollution loadings to be accommodated by the stream system of
a watershed. In turn, the drainage, flood control, and water quality control facilities and their effect upon
the historic floodways and flood plains and upon surface water quality determine to a considerable extent
the use of riverine areas of the watershed. Finally, it should be noted that the related physical problems
of a watershed tend to create a strong community of interest among the residents of the watershed; and
citizen action groups can readily be formed to assist in solving water-related problems. It may be con-
cluded, therefore, that the watershed is a suitable unit of area to be selected for resource planning pur-
poses, provided that the relationships existing between watershed and region are recognized. Accordingly,
the results of the stream quality study were analyzed and interpreted, utilizing watersheds as the basic
geographic area of study and reference.

In considering stream quality within the context of a watershed, however, it must always be recognized
that, in addition to overland runoff, ground water seepage, artificial discharges from human sources
(such as sewage treatment plants and industries), and direct precipitation into the stream channels also
contribute to the total flow of the stream system. In southeastern Wisconsin the base flow of perennial
streams is determined largely by ground water seepage into the stream channels. Runoff contributes to
the flow of streams only during and immediately following rainfall or snowmelt., During periods of heavy
runoff, stream stages rise; temporary bank storage occurs; and normal ground water gradients may be
reversed so that ground water recharge may occur. Dissipation of the runoff may last only two to four
days following rainfall or snowmelt. Water in temporary bank storage moves back into the stream channels
until ground water gradients are reestablished toward the channels, and ground water basin storage again
contributes to the perennial streamflow.

The gravitational movement of ground water is determined by the hydraulic gradients established by the net
effect between the geographical distribution of ground water recharge and discharge. Where ground water
occurs under water table conditions in relatively permeable surficial deposits, such as sands and gravels,
or in the underlying Niagara aquifer, the configuration of this water table tends to be a subdued image of
the surface topography. Under this condition the topographic divides that form the watershed boundaries
will generally coincide with the underlying ground water divides. Where surficial deposits are composed
of relatively impermeable deposits, such as clay or till, thcsc deposits may tend to absorb relatively
little precipitation, thereby augmenting surface runoff and providing relatively little local ground water
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storage to maintain base flows. The ground water divide under these conditions generally does not coincide
with the watershed divide.

In studies and applications where water quality and stream pollution are matters of primary concern, the
significance of any incongruities between watershed and ground water divides is more than academic.
Stream base flow conditions provide the best available data on the background quality conditions of the
streams, because it is under base flow conditions that the water in a sltream is comprised almost entirely
of ground water seepage into the stream channel, together with whatever artificial discharges may occur
from man-made sources. If the ground water divides extend far beyond the watershed boundaries, ground
water may be moving into or out of the watershed under the influence of subterranean hydraulic gradi-
ents; and the water quality of the stream system may be affected by ground water originating outside
the watershed.

The inorganic chemical quality of the streams of southeastern Wisconsin is determined to a considerable
extent by the geochemistry of the soil and geologic terrane in relation to precipitation and runoff. Soil
types also determine to a very large degree the runoff characteristics of a watershed and thus ultimately
affect streamflow, flooding, basin storage, ground water recharge rates, and water quality changes. In the
presentation and discussion of the present stream quality within each of the 12 watersheds of the Region,
few statements are made regarding the predominant types of soil covering the tributary watershed area and
the geologic formations that yield water to the surface drainage system and sustain the base flow of the
perennial streams. It should be understood that it is not within the scope of this study either to determine
or discuss specific cause and effect relationships between 'matural' stream quality and watershed runoff
characteristics and the soil and geologic terrane.

Precipitation data areincluded as part of the documentation of basic information. No attempt has been made
to present the correlation of these data with streamflow and water quality except in the broadest terms.

Map 16 shows the location of U. S. Weather Bureau stations in southeastern Wisconsin. Precipitation data
are included in this report from those Weather Bureau stations designated on Map 16. Map 17 shows the
location of selected sewage treatment plants in the Region.

ALTERNATIVE REGIONAL LAND USE PLANS

The SEWRPC has prepared three alternative regional land use plans: a Controlled Existing Trend Plan,
a Corridor Plan, and a Satellite City Plan. In addition, a fourth alternative future land use pattern was
explored that would result from continuation of existing development trends in the absence of any attempt
to guide regional development. This alternative is not a plan but a forecast of unplanned development and
serves not as a recommendation but as abasis of comparison for the true land use plans. Each of the three
alternative plans represents anattempt to meet established regional development objectives with abasically
different design. All three plans and the uncontrolled forecast meet the same future regional population
level of 2,678,000 by the year 1990, an increase of slightly more than one million inhabitants over the
estimated 1963 population of 1,674,000, Although each plan provides for the same increase in thc regional
population and although the distribution of ‘the total population within the Region and within each watershed
of the Region varies from one plan to the other, each plan does not necessarily have a significantly different
effect upon the streams in each watershed.

Table 38 indicates the estimated 1963 and 1990 population level of southeastern Wisconsin by watershed
according to each of the alternative land use plans. Whereas the population estimates for the Controlled
Existing Trend Plan, the Corridor Plan, and the Satellite City Plan have been included in the table, the
estimates for the fourth alternative, the uncontrolled existing trend alternative, have not been included.

The uncontrolled existing trend alternative is based upon an assumed continuation of the development
trends which occurred in the Region from 1950 to 1963. This development was characterized by primary
emphasis upon highly dispersed, low-density residential land use development with water supply and sewage
disposal provided by shallow private wells and domestic septic tank systems. Continuation of these trends
to 1990 would envision continued emphasis upon low-density residential development with a proportionately
greater population served by private wells and septic tank systems than by centralized municipal water and
sewerage systems. The impact of such development upon stream quality would not only be extremely dif-
ficult to forecast but might be misleading as a basis for alternative plan evaluation. Unlike sewage treat-
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ment plant effluent, septic tank effluent is not discharged directly into streams. Septic tank systems that
are properly constructed will function effectively only if the system is located where the local soil condi-
tions, geology, and ground water levels are favorable for this method of sewage disposal. There are,
however, extensive areas in southeastern Wisconsin where soil permeability is low. Under this condition,
the capacity of the disposal field is largely limited to that of the drain tile trenches which may become
continually or intermittently waterlogged, causing soggy soil, foul odors, surface seeps that contribute
undesirable wastes to local streams or lakes, and health hazards. Where soil and unconsolidated rock
form a relatively thin veneer over fractured bedrock, septic tank systems may function poorly in that
water percolating from the disposal field may be inadequately filtered and may pollute the ground water
supply that sustains local wells. Where the water table is shallow, septic tank systems function poorly
and are often sources of ground water pollution and cause surface seeps due to waterlogging of the disposal
field. Moreover, other environmental problems attendant to the widespread utilization of on-site septic
tank sewage disposal facilities and of private wells would probably be far more serious than the adverse
effects of the use of such sewage disposal facilities on stream quality. Continued widespread use of shallow
wells could be expected to result in a continued decline of ground water levels in the shallow aquifers under
and near areas of heavy collective withdrawals, with the attendant creation of water supply problems.
Continued widespread use of septic tanks could be expected to subject these shallow aquifers to pollution in
more numecrous locations involving larger and larger areas, with serious attendant public health problems.
Odor and drainage problems could be expected to continue to arise where homes are located on soils
poorly suited for septic tank systems. Such soils are widespread, covering over 50 percent of the total
land area of the Region.

Consequently, although the uncontrolled existing trend alternative might possibly have less direct effect
on the water quality of streams as compared to the other three alternative land use plans, this considera-
tion becomes academic when considered in light of the adverse effects such a plan would probably have
upon the ground water resources and public health. It is for these reasons that predictions of stream
quality based on the uncontrolled existing trend alternative were not made for this report.

FORECAST STREAM QUALITY—ASSUMPTIONS AND RATIONALE

The presentation and discussion of the existing stream quality within each major watershed in the Region

are concerned primarily with the main stream in each watershed and secondarily with the major tribu-

taries. Five parameters have been selected to describe stream conditions within each watershed: chloride,
Table 38

ESTIMATED POPULATION BY WATERSHED IN THE REGION:
1963 AND 1990 ALTERNATIVE LAND USE PLANS

Estimated Population For (990

Watershed Area® Existing | Controlled , satellite

(sq. mi.) 1963 Existing Corridor City

Trend Plan Plan Plan
Des Plaines River « o« o« o« o s o o « 132.9 11,200 20,000 27,000 23,000
FOX RiVEr o o o o s 5 s o s s o s » 941,6 160,000 359,000 377,000 334,000
Kinnickinnic River. « « o« o« o s s & 25.7 186,900 219,000 228,000 222,000
Menomonee RIiVEr « « o« o o s o o o & 134.5 338,600 87,000 470,000 459,000
Milwaukee RiVEr « &« o« o o o« s o o &« 431.7 508,600 635,000 628,000 665,000
Minor Streams . « + « « ¢« « « « « 93.0 218,200 312,000 298,000 323,000
0ak Creek « o« o o o o o o o o s o o 26.7 28,500 95,000 93,000 95,000
Pike Rivers. « « o ¢« o o« ¢ o s o o« & 50.9 13,000 88,000 93,000 84,000
Rock Rivere o« o o o o « o o s o o 609.4 68,800 123,000 137,000 181,000
Root Rivere. o« « o o o o 2 s s s s & 197.9 134,200 330,000 303,000 252,000
Sauk Creeke o o o2 s 2 o s s s o s & 34,5 5,400 8,000 20,000 38,000
Sheboygan River « « o« o s o s s s« & 10.3 1,000 2,000 4,000 2,000
Total 2,689, 1 1,674,400 2,678,000 2,678,000 2,678,000

4 In the seven-county Region.

Source: SEWRPC.
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Map 16

LOCATION OF U.S. WEATHER BUREAU
STATIONS IN THE REGION
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Precipitation and temperature data were obtained from the U, S. Weather Bureau, which has 18

stations in the Region.

The weather stations referred to inthis report are indicated on the map.
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Map |17

LOCATION OF SELECTED SEWAGE
TREATMENT PLANTS IN THE REGION
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Forty four sewage treatment plants in the Region have outfalls located on streams. These plants
service approximately 168,000 persons. Nine sewage treatment plants discharge directly into Lake
Michigan and service approximately 1,196,000 persons.
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dissolved solids, coliform count, dissolved oxygen, and stream temperature. Chloride normally occurs
in the streams of southeastern Wisconsin in higher than 'background" concentrations (ranging from
0 to 15 ppm), primarily as a result of discharges of treated human sewage, water-softener regeneration
brine, industrial wastes, and seasonal runoff from salted streets and highways. Chloride is an inorganic
substance that does not decompose, is not chemically changed or physically removed by natural processes,
and adversely affects a number of water uses in concentrations exceeding the quality standards. Dissolved
solids is a measure of the mineralization and overall water quality condition. Coliform count isabiological
water quality parameter which is of significance in identifying stream reaches that are subject to pollution
from sources of human wastes, primarily sewage treatment plants. Dissolved oxygen, although always
determined in this study on samples collected during daylight hours and, therefore, not reflecting the
nocturnal decrease in dissolved oxygen, is the most important single parameter which could be used to
measure water quality in relation to the presérvation and enhancement of fish and other desirable forms
of aquatic life. Stream temperature is an adjunct to chemical, biochemical, and bacteriological analyses
and is important in relation to dissolved oxygen and to overall stream quality conditions.

The forecast stream quality presented herein for each of the land use patterns proposed by the Controlled
Existing Trend Plan, the Corridor Plan, and the Satellite City Plan are approximations and, while believed
to be realistic, are predicated upon certain assumptions. These predications are made in light of present
sewage treatment and disposal techniques and practices and do not take into account any possible changes
in the effectiveness of these techniques and practices. Although recent research in advanced waste treat-
ment techniques has provided some reason to anticipate future improvement in effluent quality, the rate
at which improved treatment methods may be developed to a practical level and applied within the Region
cannot be foreseen at this time. Moreover, the study was made during a period in which precipitation and
streamflow were generally below normal, Assuming that normal discharges of polluting wastes occurred
during this same period, the measured conditions of stream quality may be somewhat lower than might be
encountered during a period of more normal precipitation and streamflow. The forecast is, therefore,
believed to properly reflect stream quality conditions of most concern for planning purposes. To provide
a better understanding of the meaning of these forecasts, the assumptions and rationale upon which they are
based are presented as follows:

1. Estimates of future chloride concentration levels are made only for streams where the chlorides
are presumed to be principally of domestic origin, that is, derived from liquid body wastes and
from waste waters of the regeneration cycle in the water-softening process. These liquid wastes
are discharged directly to a receiving stream from sewage treatment plants or reach the stream
by seepage from septic tank systems or by surface runoff.

2. Chloride concentrations in treated municipal sewage are, assumed to be principally of domestic
originif these concentrations do not exceed 250 ppm and average between 150 and 200 ppm. Muni-
cipal sewage treatment plants are assumed to discharge an average of 100, 120, or 180 gallons of
water per day per person when the total connected populations are 1, 000 or less, between 1,000 to
5,000, or more than 5,000 persons, respectively.

3. Estimates of chloride concentrations in streams receiving discharges from septic tanks are based
first on a quality "impact'" calculation relative to the 1963 estimated population connected to
septic tank systems. The corresponding 1990 population, according to the three alternative land
use plans, is secondly assumed to effect an increase in chloride concentration in proportion to the
ratio between the 1963 and the 1990 population of each plan.

4. The chloride "impact' calculation is based upon assumptions regarding the "background" chloride
concentration of the stream, which is determined by the chloride concentrations of the ground
water that sustains the base flow of the stream. Inspection of chemical water analyses of stream
samples collected during low-flow conditions and inspection of analyses of available ground water
tapping the glacial drift and the shallow bedrock aquifer permit the selection of a chloride concen-
tration that is presumed to represent the natural "background" concentration of chloride in the
stream. The buildup from domestic sources of the chlorides in a stream is related to an esti-
mated population for 1990 using septic tank systems and is assumed to cause a chloride 'impact"
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11.

12.

90

proportional to that caused by the present population under low-flow conditions. The "background'
chloride concentration of the stream is added to the impact concentration caused by domestic
wastes from the estimated 1990 population giving the estimated chloride concentration of the
stream at a specified sampling station during low-flow conditions.

. Stream quality impact by nondomestic chloride wastes is not estimated in this study, Included

in this category are liquid wastes from agricultural activities and from industrial processes.
Regional effects of agricultural chloride sources on streams are not known to occur in detectable
concentrations in southeastern Wisconsin, nor is it anticipated that these economic endeavors will
significantly affect regional chloride concentrations in streams by 1990. Industrial chloride wastes
adversely affect water quality in certain reachesof several streams in the Region. It is, however,
impossible either to forecast or to specify in a regional land use plan what industries may be
located in the Region by 1990. Moreover, even if this information were available, all of the many
complex factors determining what ultimate effect the liquid wastes from these industries may have
on the chloride concentrations of the stream would have to be investigated. Such investigations
are beyond the scope of the present study, and for these reasons no stream quality predictions
were related to industrial waste sources.

. Estimates of future dissolved solids concentrations are made only for streams where the dissolved

solids are presumed to be affected by liquid wastes of domestic origin.

. The dissolved solids concentration of treated municipal sewage is assumed to be on the average

about twice the dissolved solids concentration of the water supply sustaining the community served
by the sewage treatment plant.

. Estimates of dissolved solids concentrations in streams receiving discharges from septic tanks

by surface seeps or by surface runoff are based on the complete chemical analysis for September
or October 1964. The chloride and sodium concentrations that are above "background'" concen-
trations of these two parameters are subtracted from the dissolved solids, giving a base figure.
The predicted chloride and sodium '"impact" concentrations for 1990 are added to this base
figure, giving the minimum future dissolved solids concentration that may be expected at the
specified sampling station during low-flow conditions.

. In the calculations discussed above, sodium is presumed to occur with chloride in