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i STATEMENT OF THE EXECUTIVE DIRECTOR 

This report presents the results of a study of stream water quality in the Southeastern Wis- 

i 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 

i 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 

i 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 

i 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 

i 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 

i urban uses, will place even more severe pollution loadings 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 

i 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 

i 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 

i Executive Director
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Chapter I 

i INTRODUCTION 

The natural resources of an area are vital elements to its economic devclopment and to its ability to pro- 

i 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 

i 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 

i 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- 

i 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 

i urban development, including definitive data on water resources. 

The uses of land and water within the Region are closely interrelated. Urban development is dependent 

i 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 

i 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 

i 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. 

i 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 

i 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 

i 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 

i 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. 

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

5 use patterns.
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3. Forecast of future stream quality in the major watersheds under alternative long-range regional | 

development plans. i | 

SCOPE OF THE STUDY 
In order to fulfill the stream quality data requirements of the regional planning program, a cooperative i ! 

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 i | 

as might be required. 

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

1. The establishment of 87 stream sampling stations on 43 streams and watercourses distributed 

over the 12 major watersheds within the Region, as follows: i 

Watershed Number of Sampling Stations 

Des Plaines River 3 i 

Fox River 28 

Kinnickinnic River 1 

Menomonee River 12 i 

Milwaukee River 12 

Minor streams draining into Lake Michigan 3 

Oak Creek 2 

Pike River 4 

Rock River 13 

Root River 6 

Sauk Creek 2 i 

Sheboygan River 1 

2. The compilation of a photographic record of each sampling station to provide detailed information i 

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. i 

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. i 

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. i 

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- i 

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 i 

municipal sources. Data derived from these sources form a necessary and valuable supplement 

to the data collected by the SEWRPC. ; 

2



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

i 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 

i relation to the alternative land use-transportation plans. 

DURATION OF THE STUDY 

i 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 

i lasted 14 months and was completed on February 26, 1965. 

ACKNOWLEDGMENTS 

The stream quality study would not have been possible without the cooperation of the Wisconsin State Board 

i of Health, the State Committee on Water Pollution, and the Public Health Service of the U. S. Department 

of Health, Education and Welfare. These agencies have made their extensive knowledge of, and experience 

in, water quality and stream pollution problems within the Region freely available to the Commission and 

i have made significant recommendations regarding the technical aspects of the water quality study. The 

State Committee on Water Pollution provided the Commission with the invaluable laboratory services of 

the State Laboratory of Hygiene in running the determinations of fluoride, chromium, hexavalent chromium, 

phosphorus, oil, cyanide, biochemical oxygen demand (BOD), and coliform count. The U. 8. Department 

i of Health, Education and Welfare provided the Commission on a loan basis with analytical instruments; 

chemical reagents; analytical glassware; and streamflow measuring equipment, including such items as 

current meters, a bridge crane, and miscellaneous supporting equipment. The Commission is grateful 

i also to the many other agencies that contributed data on water quality of streams and aquifers in south- 

eastern Wisconsin, particularly to the Metropolitan Sewerage Commission of the County of Milwaukee, who 

not only provided a wealth of historic data and recent analyses of Lake Michigan water sampled near Mil- 

i waukee, but adjusted its own ongoing sampling program to the needs of the study and furnished valuable 

consultive services as well. 
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Stream quality data were obtained from chemical, physical, biochemical, or bacteriological 

analyses of 3,933 water samples collected at 87 sampling stations established by the SEWRPC I 

on 43 streams. 
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i Chapter II 

STUDY BACKGROUND 

i WATER QUALITY SAMPLING STATIONS 

Selection of Sites 

Prior to beginning actual field work on the stream quality study, an integrated network of potential sam- 

i 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 

i 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 

i 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- 

i 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 

i 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 

i 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 

i 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 

i north-south direction, the station designation was painted on the inner culvert surface on the north down- 

stream side. 

Sampling Station Locations 

; The sampling stations 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. 

i 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 

i section, starting at the northeast quarter-quarter section as quarter-quarter section A. 
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Table | 

DESIGNATIONS AND LOCATIONS OF SEWRPC STREAM SAMPLING STATIONS f 

: Designation Designation 

DP- | Brighton Creek at USH 45 Mh- | 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 MIl- | Milwaukee River North of Kewaskum 

Fx- 2 Sussex Creek at STH {64 Mi= 2 Milwaukee River at CTH H 

Fx- 3 Poplar Creek at Barker Road MI- 3 Milwaukee River at STH 33 Near West Bend 
Fx- Fox River at CTH SS Ml=- 4 North Branch Milwaukee River at CTH M 

Fx- § Pewaukee River at CTH SS MIl- 5 Milwaukee River at STH 33 at Saukville 
Fx- 6 Pewaukee River at STH 164 Ml= 6 Milwaukee River at STH 57 at Grafton 

Fx- 7 Fox River at State Street Ml=- 7 Cedar Creek at CTH M 

Fx- 8 Fox River at Sunset Drive MI- 8 Cedar Creek at STH 60 
Fx- 9 , Fox River at CTH HI Ml= 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 Ml=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- | Oak Creek at Shepard Avenue 
Fx-{/4 Fox River at Tichigan Drive Ok=- 2 Qak Creek at STH 32 
Fx-15 Muskego Canal at STH 36 7 Pik - 

Fx-16 Wind Lake Drainage Canal at STH 20 A | Pike meer STH 31 

Fx-17 Fox River at CTH W < 2 ike Creek at i8th Street 
Fx-18 White River at Sheridan Springs Road Pk- 3 Pike Creek at STH 31 
Fx-19 Como Creek at CTH NN Pke 4 Pike River at STH 32 | 
Fx-20 White River at STH I! Rk- | East Branch Rock River at CTH D 

Fx=-21 Honey Creek at Carver Road Rk- 2 Kohlsville River at USH 4I 

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 [8 

. ; Rk-10 Whitewater Creek at N. Fremont Street 

Kinnickinnic River at 29th Street Rk=11 Jackson Creek at Mound Road 

Mn= | Menomonee. River at STH 145 Rk~12 Delavan Lake Outlet at CTH 0 

Mn- 2 Menomonee River at CTH F Rk-13 Turtle Creek at STH I] 

Mn- 3 Menomonee River at me Rt- | Root River at Grange Avenue 
Mn=- 4 Menomonee River - Li ? Road ; Rt- 2 Root River at Ryan Road 

Mn- 5 Menomonee River nr Hope Roa Rt- 3 Root River Canal at Six Mile Road 
Mn- 6 Menomonee River a Si ver Spring Road Rt- U Root River at County Line Road 

Mn- 7 Little Menomonee River a STH 100 Rt- § Root River at Nicholson Road 

Mn=- 7A Menomonee River at Capitol Drive Rt- 6 Root River at STH 38 

Mn- 7B Menomonee River at North Avenue ——- 

Mn- 8 Underwood Creek Near N. /O6th Street. Sk- | Sauk Creek at CTH A i 
Mn- 9 Honey Creek at Honey Creek Parkway Sk- 2 Sauk Creek at STH 33 
Mn-10 Menomonee River at N. 7Oth Street p Sb Tributary of Sheboygan River at CTH BH 

Source: SEWRPC. 
i 

WATER QUALITY PARAMETERS 

Water Quality 

Pure water in the strict chemical sense is not known to exist in nature. Even rainfall contains dissolved i 

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. F 

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 E 
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i 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 

i DP- | 2 | 05 2 C 
DP- 2 2| 09 | B 
DP=- 3 22 32 3 A 

i Fx- | 08 20 29 | A 
Fx- 2 07 i) {2 { B 

Fx- 3 07 20 30 | A 

Fx- 4 07 9 24 4 B 
i Fx=- 5 07 19 15 2 B 

Fx- 6 07 | 19 26 | D 
Fx- 7 06 Ig 03 3 ¢ 
Fx- 8 06 19 16 2 B 

i Fx= 9 06 19 20 3 A 

Fx=10 06 19 3 | Y C 

Fx- || 05 18 2u y A 
Fx=-12 05 18 35 l A 

i Fx-13 05 19 22 3 B 
Fx- 14 04 19 10 [ C 

Fx=15 04 20 O4 | C 

i Fx-16 03 19 0| 3 B 

Fx=-|17 03 19 22 3 A 

Fx-18 02 18 20 3 D 

Fx-19 02 17 23 Y D 

f Fx-20 03 18 25 y D 

Fx=-2\| 04 18 22 3 C 

Fx=-22 03 16 | 2 Y A 

Fx-23 03 19 30 | B 

i Fx-24 02 19 26 2 B 

Fx=-25 0} 19 Rs) Y. D 

Fx=-26 0! 19 12 2 A 

Fx-27 01 20 30 3 D 

i Fx-28 0! 18 26 Y C 

me 
i Mn= | 09 20 15 3 D 

Mn- 2 09 20 28 2 A 

Mn= 3 08 20 O4 | B 

Mn=- 4& 08 20 12 3 B 

f Mn- 5 08 2 | 19 2 B 

Mn- 6 08 20 36 { B 

Mn=- 7 08 2 | 3 | Uy C 

Mn=- 7A 07 2 | 07 | B 

F Mn- 78 07 2\ 20 | B 

Mn= 8 07 2 | 20 2 B 

Mn- 9 07 2 | 27 2 B 

i Mn-10 07 21 27 2 A 

Mi- | 19 33 2 B 

MIl- 2 19 23 2 A 

Ml- 3 20 14 2 B 

j Mil- 4 20 25 2 B 

Mi- 5 2 | 36 2 B 
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Table 2 (continued) | 

| Quarter- E | 

Sampling Quarter Quarter 

Station Township Range Section Section Section | 

Ml- 6 10 24 D ; 
Mi- 7 10 12 D : 

Ml- 8 10 23 A . 

Ml- 9 09 06 B i | 

Mi-10 09 26 B | 

MI-11 07 05 B 
Ml-12 07 33 B | 3 : 

D 
C : 

| 

Ok=- | 05 2) C i 

Ok- 2 05 02 C | 

Pk- | 02 02 B 
Pk- 2 02 15 C ; 
Pk~ 3 02 02 c 
Pk- ¥ 02 18 C 

Rk- | 12 18 30 Y A i 

Rk= 2 12 18 29 l A | 

Rk- 3 10 18 15 y C 

Rk- 4 10 17 13 3 A 

Rk- 5 08 17 07 2 B i 

Rk- 6 08 18 16 2 D 
Rk- 7 08 17 34 4 C | 

Rk- 8 07 17 06 4 D 

Rk=- 9 07 17 33 4 A i 

Rk-10 05 15 32 | D 

Rk-11 02 16 14 i A 

Rk=-12 02 16 19 S C 

Rk-13 02 [5 10 3 A 

Rt- | 06 33 B 
Rt- 2 05 27 A 

Rt- 3 O4 10 D E 

Rt- 4 O4 02 A 
Rt- 5 05 34 C 

Rt- 6 03 06 C i 

Sk- | 

Sk= 2 

Source: SEWRPC. E 

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 i 

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 i 

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 F 

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 i 

characteristic water quality—the natural stream quality. 

i



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- 

f 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 

E 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 

i 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- 

i 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- 

f 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 "yarameters' 

and the quantity or magnitude of the parameters is expressed on a numerical scale. In this report, the 

i physical parameters are listed with the chemical parameters. 

There are hundreds of possible water quality parameters available for study; and this number can be 

f 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 

i 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 

i 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, 

i 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, 

i 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 

i 3. Manganese 14, Nitrite 
4, Chromium 15, Nitrate 

Do. Hexavalent chromium 16. Phosphorus 

6. Calcium 17. Cyanide 

i 7. Magnesium 18. Oil 

8. Sodium (and potassium) 19, Detergents (synthetic) 

9. Bicarbonate 20. Dissolved solids 

i 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. 
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23. Calcium hardness 28. Hydrogen ion (pH) 

24. Magnesium hardness 29. Color i 

25. Alkalinity P 30. Turbidity | 

26. Alkalinity M 31. Dissolved oxygen 

27. Specific conductance at 25°C 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- E 

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 E 

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 o f Analysis | ; 

Collected |Determinations by 

Complete Chemical Analysis. ». es eee ee ee eens 539 12,348? SEWRPC? . 

Special Chemical Analysis WSLHS 

Fluoride, chromium, hexavalent chromium, phosphorus , 

and Oi 1 e 6 e a e 8 6 e e 6 ® e e e e e a e e e ® e e 48 240 B 

Cy anide ® e e s e o e s e e e e e s e e e a s s e e s 30 30 

Subtotal 78 270 

Supplemental Chemical Analysis. » « « « «© © «© © © © © « 136 SEWRPC i 

N i trate ‘ 6 s a ® ® e e e ® a e ® e ® s e ® s s e . ® _—— 101 

Detergents (synthetic). . « 2 «© « © © «© © © © » © © 2 -- 12 
Specific Conductance. . « « « © © © © «© «© © © © © © 2 -- 16 i 

Hydrogen lon (pH) a 8 e e a e a e e e a a a a e s e e =_—— 9 

Color ® a e a ® e e e e e e s e e e 8 e e e ® ® e e e mn 18 

Turbidity oe e a e e e e e e a e e e s 7 e e e e e e e —_— 20 ! 

Subtotal 1 36 176 5 

Determination of Biochemical Oxygen Demand. ..... « 1,064 1,064 WSLH 

Analysis for Dissolved Oxygen . « « « « «© «© © «© « © 8 2 1,066 |, 066 SEWRPC E 

Determination of Membrane Filter Coliform Count... . 1,050 1,050 WSLH 

Temperature Measurement (exclusive of that made as part i 

of the complete chemical analysis). «. « » « « «© » « «@ -- 520 SEWRPC 

Subtotal - Determinations by SEWRPC 14,110 i 

Subtotal - Determinations by WSLH 2,384 

‘ Includes 22 determinations made toward an additional complete chemical analysis. F 

Southeastern Wisconsin Regional Planning Commission. 

© Wisconsin State Laboratory of Hygiene. 

Source: Wisconsin State Laboratory of Hygiene; SEWRPC. i 
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STREAM SAMPLING METHODS 

E 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 

i 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, 

i 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 

E 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 

i 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 

i 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 

j 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 

f 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. 

i 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 

i the stream, Exceptions to this generalization were found, for example, in the entire Root River Canal and 

the Milwaukee River downstream from sampling station Ml-11 at Lincoln Park. Inadequate mixing for 

"grab'' sampling purposes is assumed to prevail over a much greater distance because of the predominantly 
i 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 

i 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 

i 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, 

i or 30. 

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

and 18. 

i 4, Analysis for dissolved oxygen. 

Sampling For Complete Chemical Analysis: Samples for complete chemical analysis were collected in 

i 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. i 

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 i 

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- i 

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 q 

chemical analysis. 

Sampling for supplemental chemical analysis involved the collection of 136 samples for the determination F 

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 i 

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. i 

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 i 

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 — f 

glass-stoppered bottles. Where stream depths were sufficient to permit use of asampling 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 i 

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. i 

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 i 

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 

i 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 byre-immersion. This technique, although used in a number of cases, 

i 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 

i applied when appropriate. 

Sampling For Biochemical Oxygen Demand And For Coliform Count: Samples for the determination of bio- 

i 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- 

i 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- 

i 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. 

i 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 

i 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 

i 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 

i 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 

i 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. 

f 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 

i 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 

A the chart. Samples for determinations of BOD, D.O., and coliform count were collected at 27, 53, and 
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Figure |} 

FREQUENCY OF STREAM SAMPLING AND STREAMFLOW MEASUREMENT i 

© SAMPLING FOR COMPLETE CHEMICAL 8 SAMPLING FOR 80D, D.O.,.AND COLIFORM 
ANALYSIS COUNT DETERMINATION i 

S STREAMFLOW MEASURED BY SEWRPC STREAMFLOW MEASURED BY U.S. 
Hl GEOLOGICAL SURVEY (NOT TOTALED) 
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Prem [xx xxx [xt pet Px ft Px fp fx fx t [xf txpepx [xx [x [xt [x [xt | 
Pomme PETE TT Pepe Pet eT eT TT eT Pte eT Pe et xt 
Poems TTP Ty pepe et TTT pee Pet TPT Txt ExT 
Pre=2o TTT xt xt xt Px pee PT xT Pe xT ftp PTT et TP TTT i 

a 
Pomme TT TTT yf feito Te Tt Te TE ee eT Te TTT xt 

pexmes TTT Px txy TT xp xix x Pe TPT Pet TP Pepe px xT Ppt TP pet TTT 
pra men [x xT [xx] Px Px [xy Tp] [xt [xf yx px pepe Pepe pepe [xfxt [xf px px i 
pene AH AH 
Pore CCC ee 
Poemes {TE Pt xp be et x eb xb et Tey eT i 
| -sveroran [9 [vz] fiz fio|s [o [ar] s [26]z0]r0] 11 ]20[ s [ro [2a] 0 |ro [ae] o [v1 [ze] o [rr ]2s]f o [2e]o7 |is Jin [a7] o fra ze] of [26] o [ri [29] 0 | 
Poe x eT Pet xT Px xT TXT Tx 
| suerora [ofofofofofofofofoli |i fi fol: fofofifofolifofoli [ofr] {i fol: fofol:fofofi fofofifofo]i fo} 
Pomme Tx Px Tx PPT PP Tx PP Pf xx xT xT Px Dx] 
poweme TT TE pet Pt eT et Tt xb TET et 
powers tT ep TT pep BT PE eT Peep TTT eT TT PTT Px 
Pomme TT ET ppt et Tt ex eT xT xT Px i 
Pmems tT xt] TT xt xtxt [xt Pe Tet Pet Txt Pept TTT xt Tet Tx 
[meme [xt xt TTT [xtxt [xt xt [xt Pxfet [xp xt Pepe? [xf Pxpx xp Pett [xp fp 
Power TTT xP TT xfexpetet foe TPP Pet PT Pet xp Pe TPT PPT Px 
powen-va oT TTT TT PP Te Pp ee xt eT et xp TT Te TTT i 
Pomere T TTT ETT TPT eT Tt ye pet Tet et PE xp TE et kT TTT 
J omeme TT pets] TTT Peet Pe TPT eT Pt Pepe xt Txt PT bt TTT 
pomomo TT Txt DT [xf Pet x TT xpd xf ffx ef xt xt xT 

[_suerorat [s[sfol7[7foli fat zfofo}sfefofolsfafo]sfatol s[ufofefefofafe]sfsfe]o}s|izfofsfalols]sfo] 
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I Figure | (continued) 

stream Potts 
i sampuins [ van | Fee [ mar [ apr | may [ yun | yur | aus | see | oct | nov | oec | van | Fee | 

svarios’_[elets|efe[s|ele[slele[slele[s|els[s|clels|cle]s|cle]s|clals|cle[s|clels|clals[clels| 
. Pom TTT TT xt xt ee et ffx xf PP TTT xT 

i Powe Tt xp Tx Px xp fx Px x fT fx 
Poesy kK EP te et et xT 
| suerorat [ofofofofofofofofo[2[z[zfo]sfoli[sfofofsfofofsfofi[sfofs[s]sfifsfoli[s [oli ]s [oli [s [ol 
Pome Pee PP PP Pex Px x x DD TT Tx Px Px Px TTT Px Tx Tx Tx Txt xT 

i ER SRE REE RH 
LT pepe Tx xxx xP Px TT xd x x ee x 

Pomme TTT eye expe x Te xp fet et pe TTT xT 
Poms xt xt Txt Txt [xx [Pf [x pxP Px Ppt [x Pep [xpd [xe [xf [xT Pt] | 

i pom=e {TT dxixt [pet fei xt ee x x et xT TTT 
Pomar ET te  xt xy xy 
[owme [x XE xP Px pfx x x px x x x xx px tix x xx 

i Poms TT xp TT x pp ft Tt Td x ete et x] 
Pom=o TT txpxt TT x ex xT 

[wwe minx [xe x x [x FD Dc] x x |x x x x Tx |x Fe |x Fd xx Fx [x Fx [x x x 
Pome TTT TTT TT eye Txt Tt ey et ke ky xT 

i [sverora [e[a[ofofofo[sfefofafals[efzfofsfufolsfafolafafolufata|sfizfofafiafofafifofsfizfofa ln fo] 
Poo | TT CT TT TT TT txt xt eT kT 
Pome XP DD x Ea Dx Fi x fx x x x eb 
[suerorae [i [rfotitifof [i fofetat fi [zfofifzfolifefofi fe folate ti fife fol [2 fofif2 [oli [2 fofif2 fo] 

i ee ee tT A 
Poer-2 TTT TTT dx txt [x txpxt xt xt Tx eT xix x x xt xt xT 
Pees TT Pee pp Pee xp xp xp pp PPT Pep Pep Pept] 
[ees xT xT xDD xt x [xxx ee [xt xf xf xb peop PefxT Pept | 

[ suerora [iti fofa{sfolz[+[ol[s[s[s[2[e[i[2[efolz[s[ofa[sfofs]s [af [+ fol2[s [ofa fs fofz [sofa] s fo] 
Pree TT TE x x Px cP fx Px Px x Px xxx Dx] TT 
Pomme PTT TTT TT lei TT xp TT xT 

Pees | TT eT TT ke ET eee ete oe xT 
Prw—e XX [x [xT xxx ffx] xt px ff ffx tx xp Px Px [x [xT [|x 
Pores TT PE xT ee pe eT xT xT 
Pores | TT TT xt Pedy expe Tee TT xT 

i i eee 
Pree [x [x{ [x[xt [px [x[x[x[x [xp Pepe [xT [xp Ppp x px [xx ffx Px px 
Pore-e TTT TTT Ty dei Te ep Tx TT Tx] 
poe PTE EE pepe ft Ee pe peep EE) | EL 

i a a a 
Prema TTT xix Txt xp TTT ex efx fx fx xt xT 
Pres [xx PTT xe x i xT xx ff xf Pex xx x xT 
[susrora [a[s[o[7{7[o]s fol zhafafol« fal ols falo[«fafo[sfsfofsfsfolsfsfol«fisfolsfisfofs fisfofs fis] o| 
Perm x fe Pe ee eT eT ET eT OT 
Poe-e {i xike Ee ET ee ee ee 
En OD ee ee 

I Pomme ET pet pee pepe pet pet Papel pete pee pepe pet pe 
Pos | Tf Peet [Pet dete Tt epee eT kT 
Pre me Lf Fx x |x Fe x Dx Dx x [x x x 
| sverorac [ifs folsislo[slelolelslolzlelolzislols[sfofsfefols[ofo[2[sfola[sfol[afelofefelolz[e [ol 

i eee eee 
[_se—e [xx [xp Tx x xp xx Px Pe Tx Pf xx pe Px DfT | 
Psvsrora Fifi fet fofetifeleleti fi fzfol [eof fafofi [2 fof [a fofatef fi [efofi fe fofs [> foli [2 [ol 
rose TTT TTT REET TT Te xe xT Txt 

i [ sverorac Jofolofelofofofofoli[ [fol fofolsfofofifofofsfofofafofi[ififofi fofofi fofoti Topol: Jol 
[rorac_ [e[z7[ 2 [sifsa[s foo]se[ » [s2]e4 [+2 sales] 7 [oo]e7] o [29 [a7] o [so] es] o [55] 67 [20[ +2 [eo]ze]s1[o2] o [21 [as] o 2 [ss] o far fzs [o | 

i Source: THIS AND ALL SUBSEQUENT FIGURES ARE SEWRPC. 
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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. i 

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 i 

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. q 

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- i 

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 i 

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 i 

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. 7 

‘Streamflow Measurement 

Pygmy Current Meter: A pygmy current meter was used by the SEWRPC in making 83 stream discharge f 

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 féet or less. f 

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 i 

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 i 
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 i 

bridges or culverts. 

Small Price Current Meter: A small Price current meter was used in making 30 stream discharge mea- j 

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 i 

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 i 

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. i 
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| original depth to stream bottom from edge of railing. This measured distance corresponds to the stream 

i 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. 

i U. S. Geological Survey Stream Gaging Stations: The Surface Water Branch of the U. 8S. 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 

i 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, 

j the Surface Water Branch of the U.S. Geological Survey recorded streamflow at the gaging stations 

listed below: 

i 1. Fox River at Waukesha 3 

2. Fox River at Wilmot 

i 3. Menomonee River at Wauwatosa 

4, Cedar Creek near Cedarburg 

j do. Milwaukee River at Milwaukee 

i 6. Oak Creek at South Milwaukee 3 

7. Root River near Franklin 3 

i 8. Root River Canal near Franklin ? 

9. Root River at Racine 3 

i 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. 

i Stream-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. 

5 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 

f 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. 

i 3 Stations maintained cooperatively with SEWRPC. 
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Streamflow data were obtained from the U. S. Geological Survey, which has nine gaging stations 

on six streams in the Region, and from 113 SEWRPC discharge measurements at 48 selected samp- 

ling stations on 37 streams. i 
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a Chapter III 

WATER QUALITY STANDARDS AND MAJOR WATER USES 

i 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 

i 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 

j 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 

f 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 

i 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 

i 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 

i and water uses and specific permissible maximum and minimum levels of concentrations of the several 

parameters established inthe form of standards can pollution be defined/land and water use related, future 

conditions and needs forecast, and plans prepared to meet these needs. 

i 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 

f 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 

f 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 

i 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 

i 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 

i the Region and 2) to provide a means of appraising the quality of untreated stream water relative to the 

following 10 use categories: 

i ‘EF fect ive 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 control functions of the Wisconsin Public Service Commission will 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- 

i in the State and formulate plans for the implementation and enforcement of the standards. 
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1. Municipal (public) water supply. i 

2. Industrial water supply. 

3. Cooling. j 

4, Waste assimilation. 

5. Livestock and wildlife watering. 7 

6. Irrigation. . 

7. Preservation and enhancement of aquatic life. 

8. Recreation. i 

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 i 

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 ItsImpurities 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 i 

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 essentialas 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 f 

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 i 

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 i 

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. i 
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Table 4 

WATER QUALITY STANDARDS? FOR MAJOR WATER USES ADOPTED BY THE 

SEWRPC FOR STREAM QUALITY MAPPING AND APPRAISAL 

a neon stint 

Municipal 
(Public) Food Industrial 

Parameter” Baking | Boiler Feed (pressure in psi) Canning Food Process Cooling 

Carbonated| Dairy and Equipment | Water 
| nee freeste| [ots [ise-2so 250-00] >100 | Beverages | Industry | Freezing | Washing | (general) |Laundering| Tanning 

Silica. ee ee ee | nee --- --- 40 20 5 1 50 -- --- o-- = a wes wae wou 
trons eee eee eee | nee 0.3 0.2 o-- --- -- --- O.1 0.2 0.3 0.2 3 ae 0.2 0.2-1.0 2.0 0.5 
Manganese.» see ee ee | mee 0.05 0.2 o-- --- --- --- O.1 0.2 oO. 0.2 0.1 0.2 0.2 0.5 
Chromium (hex.). 2 ee ee | nee 0.05 --- + --- -- --- -- - - --- --- --- wee ams: we 
Calcium ee ee eee ee | mee --- --- o-- --- --- --- {100-500 = oo = --- o-- wes aes a 
Magnesium, we eee eee | nee --- --- -- --- --- --- 30 --- -- -- --- --- oe oe wee 
Sodium se eee eee ee | nee --- = + --- --- --- -- os “+ oe --- --- --- a2: _ 

Bicarbonate.» . s+ + ee | nee --- os 50° 30° 5c oe --- -- “+ os = --- --- oss mes 
Carbonate. «eee ee ee | nee -- se 200 100 40 20 50- 68 os -- o-- o-+ --- --- a om 
Sulfate. . se eee eee o- 250 a +9 mem: oom me, me 250 60 --- --- --- wee oe oe 

Chloride. s+. eee ss | 50-250] 250 = ose -- oo --- | 60-100 250 30 = 250 250 --- --+ oes 
Fluorides we eee eee 1.7 7 --- oe = oo --- 1.0 1.0 --- 1.0 1.0 --- --- --+ --- 
Witrite:s css e we one --- --- oo --- --- --- 0 --- 0 --- --- — --- — = 

Witratess ca ea wees a 45 a wee wee aoe wee 104 ee 30 15 wee wee wise wes oes 
Phosphorus » + eee eee --- --- oe --- --- --- --- --- --- --- --- --- --- --- --- --- 

Cyanide, se eee ee ee | nee 0.01 --- --- --- --- --- --- --- --- --- --- oo --- --- on 
Qiles ce caw ewawe | =e -- --- o-- -- --- --- 0 -- --- --- --- = oo --- o- 
Detergents... eee ee | noe 0.5 --- -- --- --- --- --- --- --- --- --- 1.0 -+ --- = 

Dissolved Solids... 4+ | -=- 500 --- --- --- --- --- [500-1500 850 --- 850 850 750 oe --- --- 

Hardness see ee ee ee | nee --- --- 60 40 10 2 --- 250 180 75-400 10 --- 50 513 1,000 
Alkalinity (total)... | s+ --- --- -- -- --- --- | 75-150 128 --- --- --- --- 60 135 oo 
PH eee ee ee ee ee [6,049.0] -H- --- 8.0m | 8.4m | 9.0m | 9.6m |6.5-7.0 “+ --- 7.54 --- 5.0-9.0 | 6.0-6.8 | 6.0-8.0 | 5.0-9.0 
Specific Conductance... | --- --- --- --- --- -- --- -- -- -- -- --- --- --- --- --- 
Colores we ee ee ee ee | 20-150 15 10 80 40 5 2 10 10 0 --- 20 50 --- 100 --- 
Turbiditye » + +e e+e + | 10-250 5 10 20 10 5 1 10 2 o-- 10 1.0 250 --- 20 50 

Biochemical Oxygen Demand. |3.0-4.0] --- --- -- oo -- -- oot ca -- --- -- 10 --- --- --- 
Dissolved Oxygen... + + |4.6-6.5| --- --- 2.0° 0.2° 0.0° 0.0° -- oo wer oe ore 1.0M oo: chad --- 

Coliform Count... +. | 5,000 1 --- --- o- oo os “+ = 100 I 1 5,000 oo oon wee 

Temperature (°F)... we --- 65 one o-- == = -- --- eae oo oo oo 80 ses ia <90 

x
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a, TL! 

Waste Navigati of Aquatic Life - avigation 
Parameter? and Irrigation 4 Whole Partial KSEEWRLISS 

Assinitati Wildlife Het iio 4 
ssimilation 8 10. Bo i Watering 'y y (commercial) 

Tolerant Facultative Intolerant Contact Contact 

Silice § Gs Gs Wi BES coe - bes woe wow awe wa awe ae 1 soe 33 eoge 
WHOM es oo ves on cose eeu wae se -- oo = a one --- --- --- Less 

ss race 
Manganese... eee eae so --- eee — ane --- - oe a a3 8 

Chromium (hex.). 2 ee ee "2 = — 0.5 0.5 0.5 oa ase wes a 
Caleltns ue Fo 3G ER aS =3 “s+ see or oes aes ee ws a 3.5 

ve sé Magnesium, ws eee eae Be one on o-- --- =e = “+ a. ease 

Sodium se ee eee eee 53 oe oe “++ see o-+ eee ous eee eet? 
oe eas 

, 28 Sead Bicarbonate... ee eee 2 o --- — ws ase --- oe a ese e sce 
Carbonate... eee eee s2 -- --- --- --- oe wee wan wigs 7138 

be osss 
Sulfate, ss ee ese ard = wee wee is age wee 2a zee s3ec 

3 aes 
Chloride se eee ee £¢e 1,500 oo 500 500 500 o-- eon: — oo st 

cred Fluoride ss ee ee eee ee oe o-- on oes -- aon “on ates $2 * 
se cote 

Witeites @swaas ees se -- --- = --- o- oe wee wes s oes 
Se = "oa 

WAP EER Cs ee yee oon cen ase Fos o-- --- o-- --- oe on o-- a wae 
Phosphorus «+ + + ee ee sis --- ooo os --- --- --- --- ae 2 f23 

Cyanides se ee ee eee See oo --- 0.025 0.025 0.025 e+ oe aes eeet 
Bre sures 

Qin ce ee 8 oe a eee £ --- -- -- --- --- or os. --- 23 Deo e508 
Detergents sss. ee eee sa” oe woe 3.5 365 2.0 os: eee 1.0 SoS 

wool S7 we zes 3.53 si38 2s 83 Dissolved Solids... . 32 7,000 2,000 = =: -- ues ses gn sss. ess gz 
Hardness we ee ee ene Boe oe oe --- --- — <n ese awe en 

Alkalinity (total)... . 3a. ou rane wo aos wee we a — Sig3 
£23 Lens 

BIE so ans we ans a: ces im ws ren S28 5.0-9.0 --- 6.0-9.0 6.0-9.0 6.0-9.0 --- 5.0-9.0 5.0-9.0 esos 
Specific Conductance. . + SS0 -- 3,000 ae --- en — == a ote? 

et Seer 
Colors % ais 4 2S kw ES eee =o a wae a ae =+50 wees ore ESSE 

Turbidity, so ee eee 355 250 ee 250 250 250 50 250 ast Ble: 
ees S558 ces ra 

Biochemical Oxygen Demand. oe woe ae wee a wos ease wee exe pest 
so0 eae 

Dissolved Oxygen... . oe --- --- 3.0M° 4.0Me 5.0M 3.0m 3.0M 1.0m Z28e 
Coliform Count... sue Eos --- --- = o-- s+ 2,400 5,000 =: ones 
Temperature (°F). ww we <110 --- --- 90 85 80 < 90 <90 --- 

? Water quality standards adopted from data obtained from five authoritative sources, as discussed on page . Limits are recommended maximum or maximum permissible values, except minimum Limits which have the 
suffix M. Several standards are presented as a range of limiting values. 

s The limiting values of the chemical, physical, biochemical, and bacteriological parameters are expressed in ppm (mg/1) except pH, specific conductance, color, turbidity, coliform count, and temperature. 

© Limits applicable only to feed water entering boiler, not to original water supply. 

d Nitrate as NO3-N. 

© Sixteen hours maximum exposure at indicated concentration. 

Source: Table based in part upon data compiled by SEWRPC.



Several state and interstate agencies have promulgated raw water standards; and natural waters may be 

J 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, 

i 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 

i 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 acombination of substances 

f 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 

f 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 

5 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 

i by the American Water Works Association and by most state public health agencies as minimum standards 

for all public water supplies. 

5 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. 8S. 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 

i 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 

i 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 

f 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 

a 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, 

i 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. 

i 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, 

i and Sturtevant use Lake Michigan water 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 

J the deep-lying sandstone aquifer, the Niagara aquifer, or the surficial glacial drift. 
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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 i 

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. a 

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. | i 

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 channels 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. 5 

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 g 

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. f 

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

use categories: 3 

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. i 

3. General purpose water: used for cleansing and for disposal of industrial wastes. 5 

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. i 

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 i 

important water use. 

COOLING f 
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 

a 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- 

i 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. 

i 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 

i 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 

f 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 

5 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. 

i 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 
i 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 

5 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, 

i 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 

a 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 

i 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 

i as pollution. Pollution is defined in Drinking Water Standards, 1962, as "... the presence of any foreign 
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| i 
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 i | 

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 i | 

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." i | 

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. i 

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- z 

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. q 

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 f 
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 R 

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 i 

regional pollution. . 

LIVESTOCK AND WILDLIFE WATERING | i 

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 5 

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, i 

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, i 

Theoretical factors that should have a bearing on the suitability of a water source 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. i 
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The vast number of possible combinations of theoretical factors makes the establishment of water quality 

a 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 

i 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 

i 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 

f 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- 

5 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 

i fowl may reduce their buoyancy. 

As already noted, widely accepted quality standards have not as yet been developed with respect to the 

5 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 

i to concentrations of dissolved solids. 

Water Quality Dissolved Solids (ppm) 

f Excellent 0 - 1000 

Good 1000 - 4000 

Satisfactory 4000 - 7000 

f Unsatisfactory Over 7000 

IRRIGATION 

The suitability of water for irrigation depends on soil characteristics, on the types of plants tobe irrigated, 

5 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. 

i 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, 

i temperature, and humidity which bear indirectly on the problem ina 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 

J 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. 

i 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 

i is important to irrigators in the western part of the United States, it is not considered to be of sufficient 
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i 
importance in the Lake Michigan Basin to merit setting limits."* Strictly interpreted, this statement 

applies to the nine watersheds in the Region tributary to Lake Michigan and excludes the watersheds of i 

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 i 

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- i 

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 i 

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: B 

Parameter Standard 

Dissolved solids 2000 ppm 5 

Specific conductance 3000 micromhos/cm at 25°C 

PRESERVATION AND ENHANCEMENT OF AQUATIC LIFE i 
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 f 

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 J 

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. f 

A program of water quality control that 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 i 

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 f 

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. i 

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- i 

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 j 
a detailed quality 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 sulfate concentration. i 
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The physiologic characteristics of fish ultimately determine what effect various pollutants will have upon 

i 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- 

i ments, because of high metabolic rates, making them vulnerable tolow dissolved oxygen levels in astream. 

Fish may build up a tolerance to toxic substances if they are continuously exposed to gradually increasing 

f 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 

i 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, 

g 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. 

i 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. 

5 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 

f 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. | 

f 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, 

i results in atmospheric aeration of the stream. This process of stream aeration is further augmented by 

wind action. 

f 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,’ the physical principle that accounts for the buildup of dissolved 

i 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 

J 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 

i channels, and ground water could be an important source of the dissolved oxygen that occurs in the rivers 

j 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. i; 

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 i 

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 i 

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. i 

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 3 

oxygen concentration of 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, i 

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 f 

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 i 

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 winterice boating. Skating onthe ice of river and 

E 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 under changing 

weather conditions. | 

i 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- 

i 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- 

i 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) 

g 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 

i 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 

i 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 

i 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 

f 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 

i 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 

i stream quality. | 

AESTHETICS 

f 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 

7 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 

i 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- 

5 over, the aesthetic value of the streams of the Region have been decreased 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 

i for waste disposal, the aesthetic values of astream involve parameters for which numerical concentrations 

are physically meaningless. Aesthetic values involve man's sight, scent, sound, and touch. In contrast 

fj 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 i 

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 garbage, i 

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 i 

of streams are descriptive and qualitative rather than quantitative. 
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i Chapter IV 

THE NATURE AND SIGNIFICANCE OF SELECTED STREAM QUALITY PARAMETERS 

i 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 

i 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 

i 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 

i 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 

j 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 

i 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. 

7 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. 

f 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 

i apply only to 1965. 

For the illustration of stream quality conditions, the parameter concentrations, or numerical values, are 

7 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 

i 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 

i 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 

i 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 i 

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 _ i 

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 i 

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 i 

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 (SiO) and under laboratory conditions is considered to be insoluble i 

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. i 

Few uses of water are affected by its silica content. The presence of silica in concentrations found in 

natural waters is not 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 used 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 i 

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. Inaddition to 

these three natural sources of silica—ground water seepage, surface runoff, and direct precipitation—there i 

appears to be a fourth source: swamps and marshes along the course of the stream. Such wetlands form 

the headwaters of many of the streams 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- i 

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. i 

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 i 

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 i 

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 i 
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Walworth County. The Milwaukee Formation, which underlies the glacial drift in eastern Ozaukee County 

F 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 

i 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 

i and physical quality of the streams. 

Under natural conditions water from the sandstone aquifer directly supports the flow and affects the quality 

i 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 the streams in the northern and eastern parts of 

the Region indirectly by discharge from sewage treatment plants which process waste water from munici- 

f 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. 

i 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 1 to 30 ppm. Water issuing from 

i 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 

i 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 

i 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. 

i 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- 

i trations are mapped ona 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 

i 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 

i 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 

i occurs as ferrous (bivalent) or ferric (trivalent) salts. Streams that are well aerated seldom have high 

\ 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 i 

(1964 - 1965) 

Watershed . 

Des Plaines River . « « « « « « w@ «© @ 2 16 6 2 18 

! 

Kinnickinnic River. « « «© « © « © » «© « 8 6 4 2 

Menomonee River . .« « « « © «© «© «© © © « 16 7 0 69 

Milwaukee River . 2. « « © « « «© © «© «8 «8 23 6 0 77 

Minor Streams7. « « « «© «© © @ @ ew 10 6 2 lt i 
Oak Creek . « « « « «© «© © «© 2» «@ «© 2 @ 14 8 2 16 

Pike River. « « « «© « «© «© © «© «© © «© @ 6 16 7 0 32 

Rock River. « « « «© « « «© « «© «© © © @« 2 16 7 0 73 , 

Root River. « « « e « «© « « «© « «© s 6 8 16 6 0 40 

Sauk Creek. » « «© » © © «© » «© © © © 8 13 5 | 15 

Sheboygan River . 2. « «© « «© © © © «© «@ 28 8 7 6 2 

Tulse OC—C—sSOSCSC“s‘“S*é~iSCSO 
4 Composite watershed comprising minor streams that are tributary to Lake Michigan. 

Source: SEWRPC. a 

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 i 

oxygen demand, the ferric state is reduced to the ferrous state; and the ferrous salts go into solution. 

This may result in the increased concentration 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 i 

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 arecommended maximum for municipal supplies i 

may deposit a reddish stain on laundry, porcelain, and enamel ware. Coffee, tea, anda 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, i 

as listed in Table 4, Chapter III. 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 i 

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 i 

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 i 

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. i 

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 i 
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The expected maximum silica concentrations for 1965 range from 25 to 5 ppm. Maximum concentra- 

tions are not anticipated to increase significantly in the foreseeable future. The general con- 

ditions shown on the map may prevail for the next 10 to 15 years. 
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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. i 

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 upon174 analyses performed i 

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 

eccurred in the Fox River, Pewaukee River, and Muskego Canal at stations Fx-1, Fx-6, and Fx-15, respec- i 

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 i 

TRON CONCENTRATIONS IN STREAMS IN THE REGION 

(1964 - 1965) 

oe oe) Watershed 

Des Plaines River . . « « «© «© e «© «@ @ 0.14 0.07 0.01 6 i 

Fox River »« « « « » « «© «© © «© #© © # « 2 0.48 0.07 0.00 56 

Kinnickinnic River. .« « « « « «© «© «© «@ «2 0.17 0.11 0.06 2 

Menomonee River .« .« « «© © e « «© «© « @ @ 0.45 0.08 0.01 22 

Milwaukee River . . »« » © 28 8 e © «© « «8 O.14 0.05 0.02 2u i 

Minor Streams . .« « « « « «© © «© «© «© « 0.07 0.04 0.03 5 

Oak Creek . « « « «© «© © «© © © © © @ © « 0.29 0.10 0.03 4 

Pike Rivers wee ee ee ee ee ee 0.27 0.05 0.00 8 f 
Rock River. « « « « « «© «© # #8 « © #@ © «8 0.32 0.05 0.01 29 

Root River. « e « « « » «© » © © 8 #@ @ 2 0.52 0.12 0.01 12 

Sauk Creek. 2. « » © © «© © «© «© «© © «© @ 28 0.60 0.16 0.01 4 

Sheboygan River .« « « «© « « © «© «© «es 0.14 0.09 0.05 2 i 

Source: SEWRPC. i 

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 i 

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 i 

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 i 
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 i 

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 constituent 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 i 

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. i 
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The maximum, average, and minimum concentrations of manganese in the streams of southeastern Wis- 

E 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 

i 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 

i MANGANESE CONCENTRATIONS IN STREAMS IN THE REGION 

(1964 - 1965) 

i watershed anganese Concentration in ppm Number 

Des Plaines River .« « « « «© «© «© « © « «8 0.03 0.01 0.00 3 

FOX River e e 6 e a e e e e s e e se e s 0.07 0.01 0.00 27 

Kinnickinnic River. e e e e es e e e ® e -—— _—=— = 0.047 | 

Menomonee River .« s « «#« « 8 8s « e s e« e 0.02 0.00 0.00 12 

Milwaukee River e t a i) e a e a a s s e 0.03 0.02 0.01 12 

Minor Streams . « « « «© 8» © «© © © 8 © @ 0.0] 0.00 0.00 3 

0 ak Creek a e e e e a e e e e e s a a a 0.03 0.01 0.00 2 

Pike River. « «© «© «© « s «© « © © #© 8 @ 2 0.01 0.00 0.00 4 

i Rock River. e e e e a a e e e e e a a 6 0.01 0.00 0.00 15 

Root River. e e e e a e a a s e 8 e a a 0.04 0.01 0.00 6 

Sauk Creek. « « « « «© «© «© «© #© © 8 # 8 « 0.03 0.02 0.01 2 

Sheboygan River s s e s ® 6 « s . as a e _——- ——- 0.00? | 

i 
4 Only one sample collected and analyzed. 

i Source: SEWRPC. 

Chromium 

i Chromium normally occurs in natural waters in minute trace amounts. Under strongly oxidizing conditions, 

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. 

f 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 

i 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 

5 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 

| i 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 

i presents the chromium analyses by sampling station. 
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Table 8 

CHROMIUM CONCENTRATIONS IN STREAMS IN THE REGION i 

(1964 - 1965) 

rombor Watershed. 

| Maximum | Average | Minimum | of Samples 
Des Plaines River ® e ® e s ® e e e e ° _— ——_— 0.0057 | 

Fox River e e é e e e e e e e e e e e a 0.04 <= 0.0! 0.005 18 

Kinnickinnic River. e 8 e e 2 e e e e e ——o = <0.06? | 

Menomonee River .« « « « «© «© « © © # «@ 28 0.0! < 0.01 0.004 8 

Milwaukee River oe e e e e e e e e e se e < 0.02 < 0.02 <= 0.005 6 

Minor Streams .« .« « «© «© «© « «© «© © © « «8 0.005 0.005 0.005 2 

Qak Creek e e e e e e e e e e e e e e s —_——— -——o < 0.017 | 

Pike River. e e e e e s s e e s e s s . _——= —_——/- <—0.012 | 

Rock River. e a e e a e e a e e e e e e < 0.02 <0.01 | < 0.005 6 

Root River. e 28©«© © «© © @ @ «© © #@ © @ e@ @ ——- —_a os <0.02?7 | 

Sauk Creek. e e e e « e e e e e e e s 6 < 0.005 =< 0.005 <0.005 2 

Sheboygan River »o e © e@ @ #8 @e @ © 8 @ @ ——— “——s < 0.0057 l 

a Only one sample collected and analyzed. 

Source: State Laboratory of Hygiene and SEWRPC, i 

Hexavalent Chromium 

Hexavalent chromium is commonly considered a relatively toxic form of chromium. The U.S. Public i 

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: i 

a. Domestic water supply . . . . . 1. 2. «© «© © ee ee ee eee «(0005 me/1 

b. Stock and wildlife watering . . . . . . . 2... ew ew ee ew ew we «50 mg] i 

c. Fishlife . . . . 0.0. 1. ww ee ee ee ee ee ew we 0 mg /1 
Other aquatic life . 2. 1 ee ee ee ee ee ee we we (005 mg/1" i 

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 i 

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- i 

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. i 

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- i 

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 

i HEXAVALENT CHROMIUM CONCENTRATIONS IN STREAMS IN THE REGION 

(1964 - 1965) 

i nuaber Watershed perce natn [arene [nnn] ot tere 
i Des Plaines River .« « « « 6 « «© © e « « “<= -<-- 0.002 | 

Fox River . « « « « « «© © « © «© «© © «© 2 0.02 0.00 0.00 18 

Menomonee River « « «© « «© © « « « © « « 0.01 0.00 0.00 8 

i Milwaukee River .« « © « © « e « © « « « 0.00 0.00 0.00 6 

Minor Streams . .« « «© e © © © «© «© «© © « 0.00 0.00 0.00 2 

Oak Creek «. « « «© © «© © © © © © © © 8 --- “<- 0.002 | 

Pike River. « « « «© © « © «e © « 8 « «© « “== ~-- 0.007 | | 

i Rock River. « « © « © © e © #» s e « «@ 8 0.00 0.00 0.00 6 

Root Rivere « « « « « « © «© © © @ @ @ “= <- 0.007 | 

Sauk Creek. « «© « « © «© © © © © © © @ «|. 0.00 0.00 0.00 2 

Sheboygan River . « « « « «© «© » ewe ww ~-- --- 0.007 | 

[ 
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 

f 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 

i 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. 

i 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 canbe 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 

i 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 

i 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 

i 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. 

f 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 

i 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 

i from a solution at equilibrium will result in the precipitation of calcium carbonate. 
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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 i 

842 ppm. Lake Michigan water 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 F 

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. i 

Table 10 

CALCIUM CONCENTRATIONS IN STREAMS IN THE REGION 

(1964 - 1965) i 

Des Plaines River « « © e « © « «© « «@ e (31 99 56 18 

Fox River « « «» «© «© « « «@ © «© @ oe w «@ 213 78 25 185 

Kinnickinnic Rivers. « « « « « «© «© w0 «@ 2 93 72 5 | 2 ; 

Menomonee River « e« » « » « » «© e e@ @ « 197 103 55 69 

Milwaukee River «»« »« « « « « © «© 8» » « « 101 71 43 77 

Minor Streams « « « 28 «© © «© «© © «© «© @ 2 140 8 | 34 lI 

Oak Creek « « « «© «© © © © 8 «© © © © © [04 77 46 16 i 
Pike Rivere «2 « 8 © ©» «© © © © © © © © 28 132 Qy U8 32 

Rock Rivers. « « © « «» ©» © «© © © 8 © © 2 bid 66 24 73 

Root Rivera « « «© «© © «© © © © © © @ 2 8 136 98 U3 U0 

Sauk Creeke. « « « «© « @ © «@ «@ © © © 2 28 [24 85 26 15 i 
Sheboygan River « » « « 6 « © © @ «© «© 2 108 106 104 2 

[Total samples SSOSOSSSSSSOSCSCSCS~idSCSCS 
Source: SEWRPC. i 

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 i 

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 E 

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. i 

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 i 

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." ? The streams of southeastern Wisconsin are naturally high in calcium i 

and magnesium bicarbonates. 

The calcium concentrations are mapped ona 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 i 

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- i 

tions that are marginal or exceed this water quality standard, 

2 Birge and Juday, 1911. : 
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rhe expected magi mun calcium concentrat tons for 1965 range from 225 to 50 ppm. Maximum concen- 

rations are anticipated to increase at a low rate. The conditions shown on the map may prevail 

for the next 10 years. 
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Magnesium 

Magnesium, like calcium, 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 i 

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. 8. 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 j 

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, j 

Magnesium and calcium are the principal ions that contribute to the forming of hard water. 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 content of natural waters has a wide range of variation. Sea water contains about 1,270 ppm. i 

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 8 

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. i 

Table Il 

MAGNESIUM CONCENTRATIONS IN STREAMS IN THE REGION 

(1964 - 1965) 

i 

Watershed 

Des Plaines River ». « » « «© © ee we we 69 55 32 18 
Fox River « « « « « «© © © @ @ @ ww 97 43 28 185 

Kinnickinnic Rivere « « « © © © ew we 49 36 24 2 
Menomonee River « « « «© # © ee we we we 91 47 23 69 

Milwaukee River « « « © «© «© «© © ew ew oe 68 39 17 77 

Minor Streams . 2 « » «© » © we ew we ww 63 35 9 LI 

Oak Creek « « « » © © © © @ ww we 47 38 23 16 

Pike River. « « 6 « «© © ©» © © © @ ow 92 51 2i 32 

Rock Rivers « » 6 « © © © © © © we ew ow 57 38 12 73 

Root Rivers. « « «© » wee ew we we ew we ww 61 47 26 40 i 

Sauk Creek. « « « © © © © © ww te we 59 40 10 15 
Sheboygan River « « « « «© © ee ew we we $1 48 45 2 

i 
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 i 
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the flow of streams of southeastern Wisconsin. Major man-related sources of sodium are effluent dis- 

i 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. 

i 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 

i 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- 

i 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 
E 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. 

i Table 12 

SODIUM CONCENTRATIONS IN STREAMS IN THE REGION 

(1964 - 1965) 

i Des Plaines River . « « « « «© « e « «@ « 110 50 0 18 
Fox River .« « « « e «© © © «© © « « « «8 « 340 U5 0 [85 
Kinnickinnic River. « » » « «© «© « » « « 80 50 20 2 

i Menomonee River « « « « «© « «© « 8 «© «© @ 800 115 0 69 

Milwaukee River « « e« «© © © © © « « «8 «2 115 35 0 76 

Minor Streams « « «6 © »© «© «© © © «© 8 @ 2 (75 75 20 ll 

Oak Creek . « « «© © «© © © © © «© 8 8» © «2 L10 80 50 16 

i Pike River. »« « « s © © « « «© 8 © 8 «@ «8 140 55 0 32 

Rock River. .« « «© « « © «© «© «© «© «@ 8 «@ 2 590 80 Q 73 

Root Rivers. « © « «© « «© © «© «© © 8» 8 @ 0 175 95 0 40 

Sauk Creek. « « « « © « «© © © © «© «© « « 80 45 30 15 

i Sheboygan River «.« « « «© © « «8 © « @ @ «2 50 U5 uO 2 

i Source: SEWRPC. 

Bicarbonate 

Bicarbonate (HCO. -) ions in natural waters may come from many sources. Important among these are 

i 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 

i 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 i 

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 i 

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. i 

Ranges in bicarbonate concentrations by watershed are listed in Table 18. 

Table 13 

BICARBONATE CONCENTRATIONS IN STREAMS IN THE REGION i 

(1964 - 1965) 

Nunber . Watershed ew he 
Des Plaines River « « « « « « © © «@ «@ « 390 310 185 18 i 

Fox River .« « « « « © « » © © «© «© # «© « 535 330 150 185 

Kinnickinnic River. « « « © « « © « « « 275 235 195 2 

Menomonee River .« « « « «© « © e © « « « 470 330 215 69 

Milwaukee River « « « e «© «© e © @ «© «@ « 470 330 190 77 

Minor Streams . « © « © © «© 8 © @« « « 2 HIS5 260 150 L| f 

Oak Creek « « « © © «© © © © @ @ @ we 315 275 205 16 

Pike Rivere « «© =» © « «© «© © «© © © #© «@ 8 595 320 200 32 

Rock Rivers ss es ee eee ee eee 480 320 145 73 i 
Root River. « « « « © © © @© # © 8 © « 28 W35 320 190 40 

Sauk Creeke « «© «© «© © «© © © © # © # «@ © 550 340 120 15 

Sheboygan River « « « « © © © © # # «@ 2 H10 340 275 2 

[Tete sais CC—“*‘“S*S*S*“‘“‘;SSSTCTTTTUTTTTTTTCUrrdCté«éid; 
Source: SEWRPC. 

Map 5 shows the maximum bicarbonate concentrations that may be expected in the streams of the Region E 

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- i 

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 i 

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 i 

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 i 

the streams that areof 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. p 

46



i SMATERSHED Ee 
Qy-/ WN s0-/ _ 

i " 2 a Pan pone ee Bs a “7 
Map 5 iT Vw T OMA AL i S Ley | } <a } | 

EXPECTED MAXIMUM BICARBONATE x TN re A | PRUE cc ata | 
CONCENTRATIONS IN THE STREAMS PA ae. le 2 wv Be mk 1-4 en } 

OF THE REGION: 1965 rel ~~ i Es >! se-ify 
ae a» >'S . Di 1 Ad) 

} ae ia ’ oy [esgulucron Reepoonia Be) Mth JJ Our’ 
i LEGEND | * % a | yee 

IN PARTS PER MILLION ! LeRRTON Nc eet GE” 4 
an] eS sO — 7 

[Eq] 0-50 | mde — [fy wetrtcn ez Vi hee 
aoe Hi Ngee | ? ” = ( ES BaAINGTON 

om Koes Woo’ icnven Ec) nie COOP 
si=t00 aooison AMT Sho J [rneqitow a Iss cabous |g 

— PONT (BT OS 7 ee | NG 101-200 ON OS, elgias JE 
[2] 201-400 esa rN MER uee | | Mee a | 

/ , 
i | OO | x “§ RY | Seong CO y 

HB <01-s00 pszeoumerensnte Ko tie i om = oe cao one 
[-_] No paTA FOR INTERPRETATION [ho [ee i byes . | tenis 

| ; 1 aR U "ymewomo ce NA, AO) wie 

> ff — . : CO (u/- a Bee Pee 
tern 0 [RICHFIELD WASHINBTON WA Mn-J 3 | OP AUKE Re Nbwaree SHED: 

TSO Tey REET TM. NC L « Tool Ae 
Cate re! S | Fy} On 7 pe Sip) 

Ry he") no a) l | gnc CME aed!) oR ns) NS 
ies LEO cx a Byford 2 Volpe 

oA een 2 jue a a Mn- 64 a c oN RE. ne At esepn if. 7 ey i HW REBN 
mw) wa iting Fake  REWRUREE Zen ies ae Oe oe 

Parr ag Smut | ee ) 0 ARE | x i suthed Vaiss Ths ie 7 PEEK oP be Gericom 7e\ aN | p) » \ oe A i | ae: we 
i I\ ve an ‘i SOS 3 (exergy BROS f oy lobar | Frey 7) ahs eS eh eo | pee Ey! VA 364 —— fn 

Praegteg) an von iol ti, Ee 1 SousH ik 1 Fyne) Co hyn “ee hee ZY 

a re >> 4 eT Nomerncty i . + fey lr | i MOR Ver eS 
| ws ane | bolero Aes ae ow) | NG \ su SFExsnéo nal 

| Ipara emainie™\ [ey / AS waekey fusoahy fess fice ihe JL Rae 
;  f a al C VTS duaee gee S 
| y Z | i | Le ROOT omen OK 5 
1s ff Cl uckgelhellcemanp al | sige = 
Efi Moxon eee Rr-2py\. | © = 

Rk-10 tence tne nici vernon fae esiaa cof to wil > <p er =: es = eo oe -- oe Fa Sa = eo eC EO J 3 y ieee rd ke ase Az ae bo eS i rey St Aim wre | I 6 (r-l4e on oO 2 

y \ 7 r ae Ny 8 : Ors 2 VA minor 
J ocr )—“te} | a) GE yr SN | 
at a sung _ warensneo if] Oy | Vi j de) i JL Veg hejerrer A Se my ' a 5) un 

wooce yp | ped | 7)! ey 

RIVER : a Ly pe WATERSHED! | ) . 
| rx PUR <> : (Fie Pe | (fed NL 

CON SN Na hee J fj / Ya 
| | war eRSHED | QS ss , a Fx 2 OP Fx-17 PEE sion hove fein HEO Ry Zo, 

ee ere cts 7 ego pesirianes 0}! ) Pr 7C\ ga 
| Rk-13, | ee ee _ C\ Sg | { aa I i Pt " 

| ale pe, ee rr-1e 2 | punuincroOR NRA tee p iJ) YR AN 
; Eeafiew | cae” J 18 ON fal i ie | 4 { oo 
LOaRTRN a il seNavA Ecole <= KBRIGHTON A ipo __..|gowes | Qi h-2 

eT Ae ee RRMnE Fe-26ie ver” [45 Gor-e2 | a 
> am | / WHEAT LANO” UPR Matos: ethocx | oe lef 

RL la SRorpana. on. A ‘ pea : ae J 
ir x pryiace 25 ° \ \\ 

: = mts YY i bux *N, finsies | Omn-3 
ey i oan yo Pp ftet 2g Mom Rl er-27 y c A 
J_L_snaron )[watworti utyn WISCONSIN) tno i RANOALL feign eristoL ) PMR AP-Fe}pirvc aioe wanes Lyn WISCONSIN, PL_BANDA\ oseemescse JORISTON 2 AP-F% - 

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 (CO3--) content of natural waters is commonly less than 10 ppm because many carbonate i 

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. i 

Carbonate is a critical constituent in water used for boiler feed and brewing. Under conditions of high 

temperature ina 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 i 

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- i 

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- i 

tions in streams are commonly very low. Sea water apparently contains no carbonate. Water sampled 

from Lake Michigan near Milwaukee contained 0 ppm carbonate. i 

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 I4 i 

CARBONATE CONCENTRATIONS IN STREAMS IN THE REGION 

(1964 - 1965) 

Des Plaines River « « « e « «© « 8 «8 @ « 30 5 0 18 i 

Fox River .« « « © « «© © © «© © « » 28 «@ e«@ 50 5 0 185 

Kinnickinnic Rivers. « « « « «© «© «© «© «© « 30 15 0 2 

Menomonee River « »« © « » © e 8» © © # « 40 5 0 69 i 

Milwaukee River « « « e «© «© « »« « «© @ «@ 40 10 0 77 

Minor Streams .« « « «© © « © © © © © «© « 20 0 0 1] 

Oak Creek . « © «© « © © «© © © © © 8 @ «2 30 5 0 16 

Pike River. « e « e © © « «© © 8 © © « 2 30 5 0 32 i 

|Rock Rivere « «© «© «© «© © © «© «© © «© 2 @ 28 40 15 0 73 

Root River. e « « «© © e «© «© «© 5» «© © © 2 30 5 0 U0 

Sauk Creek. « © © © © © © © © © 8 &@ © 2 30 5 0 15 

Sheboygan River « « «© «© «© «© « «© © « © 2 0 0 0 2 ‘ 

OR 
Source: SEWRPC. i 

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 i 

animals. In natural waters sulfur occurs most commonly in the highest state of oxidation as sulfate 

(SO,--). 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- i 

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 

i produce sulfates in their manufacturing processes. 

As shown in Table 4, Chapter III, few major uses of water are affected by sulfate content. The U. S. Public 

i 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 

i 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 

i sulfate. Sea water contains about 2,560 ppm. Lake Michigan water sampled near Milwaukee contained 

19 ppm sulfate. 

i 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- 

i shed are listed in Table 15. 

Table 15 

SULFATE CONCENTRATIONS IN STREAMS IN THE REGION 
i (1964 - 1965) 

Des Plaines River « « « «© » « «© «e « « « 336 235 58 18 

Fox River . « « « «© « © «© © © © 8 @ « « 910 116 13 185 

Kinnickinnic Rivers « « « « « © « ec « «@ 168 121 75 2 

i Menomonee River .« « « « «© «© « « «© © «@ 2 620 206 75 69 

Milwaukee River « « « « «© «© e ec ec @ «@ e@ 200 83 36 76 

Minor Streams . « « « «© © «© © « © «© «@ « 420 [49 4Q [| 

; Oak Creek « « «© « «© ©» 8» © © © © © © © 2» 224 167 12 16 

} Pike Rivere « « «© « «© «© © «© © @ © 8 «@ « 295 195 112 32 

Rock Rivers. » » » » » » » «© 8 « «© «© «© « 174 68 19 73 

Root Rivers « « « « «© «© © © © «© «© © «© 2 364 203 75 40 

i Sauk Creeks. » « » © © ©» © ©» © «© 8 @ © « 250 134 29 15 

Sheboygan River .« « « © « «© 6 «© « « @ « 300 234 168 2 

ptt samples SSCS 
i Source: SEWRPC. 

Map 6 shows the expected maximum sulfate concentrations in the streams of the Region as of 1965. The 

i 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 

i 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 

i lower intervals of concentration were selected to show in more detail the occurrence of waters of relatively 

low sulfate concentration. 

i 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, 

i industrial wastes, and salt applications for winter road maintenance. The leaching of rock minerals by 
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The expected maximum sulfate concentrations for 1965 range from 925 to 175 ppm. Maximum concen- 
trations are anticipated to remain generally unchanged. The conditions shown on the map May pre- 
vail for the next 10 to I5 years. i 
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ground water and the movement of ground water into a stream channel establishes a "background" chloride. 

i 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. 

f 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- 

i 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 

i have no lasting effect upon the water quality of streams as spring meltwater and rainfall probably remove 

most of this chloride by runoff. 

5 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- 

i 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 

c 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 

f ' 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) 
a ee 

| i Watershed 

i Fox River s « « « «© «© «© @ © we ew ew we UUS5 50 0 185 
| Kinnickinnic Rivere « « «© «© «© «© © « @ « 115 65 20 2 

| Menomonee River « « « « «© © e «© « «@ @ 2 1,270 [45 15 69 
| Milwaukee River « « « « © © e e e « « 2 170 30 0 77 

i Minor Streams « «se ee eee ween 285 95 20 1 
| Oak Creek « « » » » » » © © © © #©@ #@ @ 8 135 75 30 16 

| Pike River. « « « «© «© «© «© © «© © @ @ 8 90 60 35 32 

| Rock Rivers «es ee ee ee wena 850 95 0 73 
i Root River. « « « «© «© © «© «© © © «© © © ‘2 240 110 30 40 

| Sauk Creek. « « « © 8 «© © © © «© © © © 8 55 30 20 15 

| Sheboygan River .« 6 « » © « «© 8» « « @ « 30 25 20 2 

| 
| Source: SEWRPC. 
| 

| Map 7 shows the maximum chloride concentrations that may be expected in the streams of the Region as of 

| f 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. 

: i As the population and industrial activity increase in the Region, the chloride concentrations can be expected 
| 
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The expected maximum chloride concentrations for 1965 range from 1,300 to 30 ppm. Maximum con- 

centrations are anticipated to increase perceptibly but not alarmingly within the foreseeable 

future. The conditions shown on the map may prevail for the next 5 to 8 years. 
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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- 

i 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. 

i 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 

f wildlife watering (1,500 ppm). 

Fluoride 

Fluorine is a chemically active nonmetallic element that does not occur in an uncombined form in nature. 

7 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 

F 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 

i 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 

i 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. 

i 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 

i 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. 

i 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. 

i 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. 

i 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 

f 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. 

53



Table 17 

FLUORIDE CONCENTRATIONS IN STREAMS IN THE REGION a 

(1964 - 1965) 

tambon ' Watershed | 

Des Plaines River e a e e » es e s e es ea aeca “—— <0.77 | 

Fox River e 8s @ 8 @ © © #@ @ 8 @ 8 @ @ 28 < 1.5 <0.70 <0.35 18 , 

Kinnickinnic River. e ae e@e #8 @ @ @ @ @ @ -—s =_—— <0.77 | 

Menomonee River « « « « « © e © we @e wo 2 < 1.215 <0.85 <O0O.4 8 

Milwaukee River .e e e @ #@ 8 8 8©@ @ @ @ @ <0.55 <0.50 <0.45 6 

Minor Streams « « « «© «© «© © « © © «© © < 0.85 <0.70 <0.55 2 

Oak Creek ee 8s 8s © © ee @ #@ #@ © 8 @ @ @ 8 oon _—_ , <0.757 | 

Pike Rivere e ee 8 e #8 @ ®@® @© 8 @ 8 @ @ @ -_o- =o <0.657 | 

Rock River. « « © « © © a» «© @ # © © @ 28 <1.5 < 0.65 <0.3 6 

Root Rivere »« «© 28« e «© © «© «© © © @ wo @ e@ oae “=—-= <0,92 | 

Sauk Creeke e © « «© © © @e 8s 8s @ «8 w @ @ <0.70 < 0.65 <0.6 2 

Sheboygan River e 8s 8 #8 @ © 8 @ #@ #8 @ @ “=e -_——— <0.657 | 

[TetatsamtesCSC—C—sSSSCSCSCSCSCSTTC“‘(CWCdrTCdTCté«éSR 
a Only one sample collected and analyzed. . 

Source: State Laboratory of Hygiene and SEWRPC. i 

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 i 

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 i 

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 (NO.-) in the streams of southeastern Wisconsin are probably i 

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 E 

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 j 

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 a 

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, i 
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4 Table 18 

NITRITE CONCENTRATIONS IN STREAMS IN THE REGION 

(1964 - 1965) 

§ Nitrite Concentration in ppm Number 
Watershed 

§ Des Plaines River « « « « « « « « @ «© e« 0.3 0.0 0.0 18 

Fox River « « « « « « « «© » © «© © «© © «@ 2.0 0. | 0.0 185 

Kinnickinnic River. « « «© « « s © «© © « 0.0 0.0 0.0 2 

Menomonee River « « « « s « © «© «© « «© « 1.4 0.1 0.0 69 

i Milwaukee River .« « « « « «© « «© e «s « « 0.4 0.0 0.0 77 

Minor Streams . « «© « © @» ©» 8 0@ e « @ « 0.8 0.2 0.0 I | 

Oak Creek e e 8 ee 8 © @ @ 8 © 8@ @ © #8 @ 0.1 0.0 0.0 16 

\ Pike River. e © «8 «8 «© @© © # #© © #8 &8© @ @ 0.6 0.0 0.0 32 

f Rock Rivere « « «© 5s «© © © » © © «© © @ 28 0.8 0.1 0.0 73 

Root River. a e e e e 6 e a e 6 e s e ® 0.3 0.0 0.0 39 

Sauk Creek. « © «© «© »© «© «© © © © @ #2 @ 2 0.1 0.0 0.0 15 

Sheboygan River .« « « « « e e © e «© @ «@ 0. ! 0.1 0.0 2 

Source: SEWRPC. 

J 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 

5 station Sk-2 on Sauk Creek. The ranges in nitrate concentrations by watershed are listed in Table 19. 

Phosphorus 

4 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 (PO4---), 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. 

i Table 19 

NITRATE CONCENTRATIONS IN STREAMS IN THE REGION 

i (1964 - 1965) 
nn EEE 

Nitrate Concentration in ppm Number 
Watershed 

i Des Plaines River .« « « « « e « @e « «8 2 3.2 1.8 0.2 I | 

Fox River e e ® e e e e e Cy e e e e 6 6 18.2 3.1 0.1 10| 

Kinnickinnic River. « « e «© « « «© © @ « 1.8 1.3 0.8 3 

5 Menomonee River »s 8 © @ «© @© #@© @ © @ @ @ 8.4 2.9 0.3 Yu 

Milwaukee River » ses 8 8 «© # # 8» @ 8 @ @ 7.1 2.0 0.5 46 

Minor Streams « « s « « e « © «© «© « « «@ 6. | 2. | 0.6 12 

Oak Creek e 6 e e e s 8 s a e e e e e ® 2.8 1.3 0.7 8 

a Pike Creek. e e ® e ® 6 e e e e e 6 e e 12.5 3.7 0.1 18 

Rock River. e s e e e e e a s e 8 e e s 16.9 2.3 0.0 5 | 

Root River. e es e 6 e e e e es e e e ® e pu. 4 u.e5 0.6 23 

Sauk Creek. e es 8» ee @ @ © 8 #@ © #8 @ @ @®@ 3.4 2.1 0.0 9 

] Sheboygan River * s © 8s 8s # #® 8» @ @ @ @ 2.1 i.8 i. 4 3 

i 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 5 

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 s 

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. i 

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 j 

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 in living 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- i 

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 i 

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 8 

(1964 - 1965) 

ee, Watershed 

Des Plaines River « « « « 8 « « « «© «8 « --- --- 0.317 | 

Fox River « « « e © © » © © «© «© «© #8 «@ 2 3.2 0.86 0.14 18 . 

Kinnickinnic Rivers. « « « » «© «© w wo --- --- 0.727 | 
Menomonee River « « « « « « 8 « © @ @ « 4.6 1.48 0.06 8 

Milwaukee River sss se ee ee wee 0.56 0.33 0.20 6 i 
Minor Streams « « « « © «© « «© @ © 8 «© 2 0.80 0.52 0.24 2 

Oak Creek « 2 2 6 © we ew ew we te ee --- --- 0.487 | 
Pike River. « « «© © «© e «© © «© » © «© «© 2 --- --- 1.377 | | 

Rock Rivers « « « «© «© e © « © 2 «© 2 «@ 28 5.3 1.76 0.12 6 

Root Rivers « » « «© © «© © @ we wwe wee --- -=- 1.3% ER 
Sauk Creeke « « «© « © «© «© «© © © @ @ e@ 2 1.92 [|.09 0.26 2 

Sheboygan River « « «© «© « «© we ee wae --- --- 0.527 | 

[Totei same —COCOC—“*“*S*“‘“‘“‘;CSS™C™CCOCOCOC™CSCOCOCOCOCCC“SC ww t‘iédG 
4 Only one sample collected and analyzed. 

Source: State Laboratory of Hygiene and SEWRPC. a 

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 5 

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 

f 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 

f the heading Sampling for Special Chemical Analysis. 

Cyanide may interfere with several water uses if it occurs in sufficient concentrations, The U. 8. Public 

Health Service Drinking Water Standards 1962 sets a recommended limit of 0.01 ppm and a maximum 

f 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 

s 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 

i 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- 

i 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 ona sample 

collected on Pike Creek at station Mh-2. The minimum concentration of cyanide of less than 0.01 occurred 

q 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 

5 by sampling station. 

Table 21 

CYANIDE CONCENTRATIONS IN STREAMS IN THE REGION 

§ (1964 - 1965) 

' 
Des Plaines River « « « « © «© © ww « « --- --- < 0.017 | 

i Fox River see ew we ee we ee ee < 0.08 < 0.04 < 0.01 10 
Kinnickinnic Rivers. »« « © © © © » » wo --- --- < 0.034 | 
Menomonee River .« « « » 8 « «© «© © « «@ « <0.0! < 0.0! < 0.01 4 

Milwaukee River .« « «© « «© © «© «© «© «© «@ «2 <0.0! < 0.0! <= 0.0] y 

' Minor Streams .« « « © «© «© e «© © @ wo -<- --- < 0.14 | 

Oak Creek « 2 2» 2 oe ww ww tt ww --- --- < 0.037 | 
Pike Rivers. « » «© «© «© se © ww ew we --- --- < 0.03% | 

- Rock Rivers. « « « « © «© « «© © «© © «© @ 8 <0.01 < 0.01 < 0.01 S 

§ Root Rivers. »« « « © © e «© ©» © @e «© «8 «© 2 <0.03 < 0.03 < 0.03 2 

Sauk Creek.s. « « « « © «© © © © © «© 8 © 2 --- --- < 0.01 | 

5 a Only one sample collected and analyzed. 

Source: State Laboratory of Hygiene and SEWRPFC. 

fw 
Oil is defined as comprising a large group of substances that are liquid at about 7 O°F, insoluble or poorly 

i 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 

i 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 s 

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. i 

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 f 

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 i 

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 J 

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 c 

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 5 

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- i 

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 

beable to fly. Farm stock will normally avoid drinking oily water unless driven by thirst, in which case the 5 

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. i 

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 j 

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 i 

Oak Creek. Ranges in oil concentrations by watershed are listed in Table 22. Appendix C presents the | 

oil concentration by sampling station. ; 

Detergents (synthetic) a 

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 i 

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 i 

the soap can act as acleaning 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 j 

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) 
ar nm Ue OTS 

Des Plaines River e e e e e s e e e s e “<«-°e ~_—- < |? { 

FOX River »« e« « e «© e© «© ©» © «© @ #@ 8 s 8 2.0 << it.4 < 0.5 18 

| Kinnickinnic River. e e e e e 8 8 @ 2 “——— o_o < 2? | 

Menomonee River « « 2» « » « e © « «@ © «@ 3.0 < 2.0 < | 8 

Milwaukee River « 2» e »e e « © e « « @ «@ < 2.0 < 1.5 ;.4 6 

Minor Streams . « «© « « «© «© «© e © 8 «@ « < 2.0 < 2.0 < | 2 

Oak Creek e es es e e e e s s « e e e ® s —— =_—— <= 0.57 i 

Pike River. ee 8s e #8 @ @ © #8 © @® #@ @ @ @ “o- -- < 1 l 

Rock River. 6 e e a e e e e s e e e e e < 2.0 < 1.0 <= | 6 

Root River. e e e 8 e e e ® es e e e ® e owe -—_——— <= | 2 | 

Sauk Creek. e © 8» e@ @ «© # #@ @ @ © #8 @ @ < 2.0 <= l.3 <0U.5 2 

| Sheboygan River s e e s e e s e e s s e =_—o o_o <2? | 

i 
@ Only one sample collected and analyzed. 

i 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 contamination of ground water supplies. 

ABS is not known to have adverse physiologic effects, although dermatitis of the hands has increased since 

i synthetic detergents came into general use. 

Recently the ABS compounds have, under legislative pressure, begun to be replaced by LAS (linear alkyl 

i 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 

i 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 

i 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 

a 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. 

j 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. 

i The change from black to colored map symbols was selected to coincide with the recommended limiting 
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i 
Table 23 | 

SYNTHETIC DETERGENT CONCENTRATIONS IN STREAMS . 2 

IN THE REGION (1964 - 1965) 

i 
Des Plaines River « «es eee tease 0.1 0.0 0.0 18 ) 
Fox River s+ se ee ee ee ee ws 3.0 0.2 0.0 185 ? 
Kinnickinnic River. « « « © «© «© © # «© « 0.2 0.2 0.! 2 | | 

Milwaukee River «.« « « «© « © » «© « # «© «8 0.4 0.1 0.0 78 ! 

Minor Streams . »« « « «© » « » «© «© # @ 28 3.0 0.5 0.0 10 i 

Oak Creek . « «© e «© «© © © © © © © © «@ 2 0.2 0.1 0.0 16 

Pike Rivers « « « © © © © ow we @ ew 1.5 0.2 0.0 32 
Rock Rivere « « « « © » © e © © @ «@ « 6 1.0 0.2 0.0 76 i 

Root Rivers. « « « =» © «© «© © © © ww 2.0 0.4 0.0 38 
Sauk Creeks os es es et et ewes 0.2 0.1 0.0 16 
Sheboygan River « « « « «© © « » «© © «@ «2 0.1 0.! 0.0 2 

[Teal saies SO SC—<“—~*—C*sSsSsSSSSSSSSSCTCC(C~;~*dSCs dtd 
Source: SEWRPC. 

concentration in waters used for navigation. The three lower intervals used in mapping show the occur- i 

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. i 

Dissolved Solids | 

The dissolved solids content of water consists of all inorganic and organic substances that occur dissolved 5 

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- i 

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- i 

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. f 

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 B 

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- i 

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. f 

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 5 

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. l 
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The expected maximum synthetic detergent concentrations for 1965 range from 4.0 to 0.1 ppm. With 
the advent of biodegradable synthetic detergents, the expected maximum concentrations shown on 
the map may exceed maximum concentrations expected to prevail for the next 10 to I5 years. 

I 61



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. 8 

Table 24 

DISSOLVED SOLIDS CONCENTRATIQNS IN STREAMS IN THE REGION i 

(1964 - 1965) 

ett PSSST fsa] orien | Watershed 

Des Plaines River « « «© « » «© s «2 #@ @ 2 825 655 430 18 

Fox River « ss ee © we ew te we ww 1,420 510 240 185 i 
Kinnickinnic River. « « »« « » « « «© «@ «@ 680 485 290 2 

Menomonee River .« « « « » «© « © © « 6 « 2,460 790 345 69 

Milwaukee River « »« « «© «© © « «© © «© 6 «8 730 430 245 76 

Minor Streams . « « «© «© «© «© © © ©» «© 8 2 790 570 260 | a 

Oak Creek « « « «©» «© ©» © © © © © © © 2 755 590 375 16 

Pike River. « « » » «© © «© » © © 8 © © 2 905 630 380 32. 

Rock Rivere « »«» « » «© © © © © 8s © «© © «@ 1,970 525 195 73 

Root Rivers. « »« « « © « © « 6» 8s © # « » 955 720 390 40 | 

Sauk Creeke « «© « © © © © © © © «© #8 @ @ 770 510 200 15 

Sheboygan River « « « © » «© «© «© © #8 «@ « 675 6 30 590 2 

[Tesi sumies SS CSC—“‘“‘;CSSSTTTTTtUd Cd 
Source; SEWRPC. 

Map 9 shows the maximum dissolved solids concentration which may be expected in the streams of the a 

Region as of 1965. The dissolved solids concentrations are mapped on ascale 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 i 

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 j 

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 B 

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 5 

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 ij 
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The expected maximum dissolved solids concentrations for 1965 range from 2,500 to 700 ppm. Maxi- 

mum concentrations are anticipated to increase at a low rate. The conditions shown on the map 

are anticipated to prevail for the next 10 years. 
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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. ca 

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 CaCOg (in ppm) R 

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 a 

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) 

Des Plaines River « « « « « « © © «@ «@ « 592 U75 294 18 

Fox River o a e e a e s e ® e e e ® e s 928 37 | 189 185 , 

Kinnickinnic Rivers. « « «= «© © «© » « © «2 435 330 226 2 

Menomonee River . « « « « © « © « e@ © « 866 452 241 69 

Milwaukee River .« « « « « «© © « «© 8 «@ « 529 337 202 77 

Minor Streams .« « « «© © © «© © e «© «© «8 « 606 346 120 1] 

Oak Creek s e e e s e e e e a a s s s s Uu28 350 228 16 

Pike River. e e e a a e e s s s s a s e 582 U3 236 32 

Rock River. a e s a e s e a e e s e s e 476 322 bil 73 

Root River. « « «© =» « © © «© © «@ «© © # e@ 592 438 240 LO 

Sauk Creek. ®e 8s e@ « @ @ ®@® #@ #@ @ © #8 @ @ 55] 377 108 15 

Sheboygan River « e« 8 e e «© e «© @ «© «8 2 469 463 U57 2 

g 
Source: SEWRPC. 

Map 10 shows the maximum hardness which may be expected of streams in the Region as of 1965. The i 

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. i 
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ILLINOIS casei 

The expected maximum hardness concentrations for 1965 range from 950 to 450 ppm. Maximum concen- 

trations are anticipated to increase at a low rate. The conditions shown on the map may prevail 
for the next 10 years. 
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Noncarbonate Hardness 

Noncarbonate hardness is a measure of the so-called 'permanent' hardness of water. The anionic con- S 

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 Table 26. 

Table 26 i 

NONCARBONATE HARDNESS OF STREAMS IN THE REGION 

(1964 - 1965) f 
renege 

atershed 
Average of Samples 2 

Des Plaines River « « « «© ce © «© «© «© «8 e 305 215 0 18 

Fox River « « =» » « «© «© «© «© «© © e « @ «8 805 90 0 185 

Kinnickinnic Rivers. « » « » «» « «© «© « e@ 160 110 65 2 

Menomonee River « « « «© » « « 8 e e @ « 625 175 20 69 i 

Milwaukee River « «6 « © «© « © « «© « «@ 210 55 ) 77 

Minor Streams .« » © « «© » « © «© © © « 2 400 130 0 il 

Oak Creek se we ee ee et et tt ee 215 110 45 16 i 
Pike Rivers. « « 6 © e «© © © «© «© 8 «@ «@ e 335 170 0 32 

Rock Rivers. « « « « « «© © «© «© e @ 2 @ 2 180 35 0 73 

Root Rivers. « « » « « e «© «© « © « 8 «@ 2 4u10 170 0 40 

Sauk Creek. « « «© 28 @ «© «© «© © «© &© 8 @ ¢ 220 90 10 15 

Sheboygan River « « « « « «© @ « © «© @ « 245 180 120 2 i 

[Tote Sempies SO 
Source: SEWRPC. 

E 

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, i 

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 8 

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. 

f 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 

f Creek. Ranges in alkalinity concentrations by watershed are shown in Table 27. 

Table 27 

TOTAL ALKALINITY OF STREAMS IN THE REGION 

i (1964 - 1965) 
a 

Watershed Alkalinity (total) as CaCO, in ppm Number 

Des Plaines River « « « « «© «© « «© @ « « 340 260 160 18 

Fox River * © e # 8 # # #® #8 @ & #8 @ @ 28 YUO 275 125 185 

Kinnickinnic Rivers. « « « © « «© e« «2 «@ 2 255 205 160 2 

Menomonee River .« « « «© «© «© «© «© « « « @ 385 275 175 69 

Milwaukee River .« « « « « «© « «© « e e@ « 415 275 155 77 

Minor Streams . « e « © © «© «© «© «© «© «© 2 340 215 125 Il 

Oak Creek o s a a a e e e s a s a e s a 260 235 170 16 

Pike Rivere « « e © « «© ©» © © «© sw «© o@ 510 270 165 32 

Rock River. e a 6 a 6 e e e e s e e e e 395 280 120 73 

Root Rivere e e a a a e e e @ e 6 e e 6 355 265 160 LO 

Sauk Creek. e e a e a a s s e ® a e e e 470 285 100 15 

Sheboygan River .« « « « «© « © © «© «© « 2 335 280 225 2 

f 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 (77°F). 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 

7 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 

conductivity of stream samples, conductance is most commonly referred to at a "standard" temperature 

of 25 C. 

5 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 

i 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 f 

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 quality 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 onthe 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 

: 
Des Plaines River «2 «0 «2 «© «© «© «© «© «© « « 0.85 0.71 0.58 18 

Fox River « e « «© »# «© «© «© « «© «© @ «© «@ «2 0.91 0.67 0.53 185 | 

Kinnickinnic Rivere « « e © « «© «© « «@ 2 0.68 0.67 0.65 2 : 

Menomonee River « « « « « «© « «© © « « « 0.98 0.69 0.55 69 

Milwaukee River e« « « « « « « « 8 «© «© 28 0.83 0.66 0.56 76 

Minor Streams «2 « » » » © © «© © «© «8 «© « 0.77 0.68 0.59 ll § 

Oak Creek « « « «© «© © © © © 8» «@ «© © 2 28 0.82 0.70 0.63 16 

Pike River. « « © «2 «© © © «© © 8 «@ « © « 0.77 0.68 0.54 32 

Rock River. « »« «© » © e e 8 « # © 8 «2 « 0.78 0.65 0.56 73 

Root Rivere « « « «© @ «© © «© «© «© «© «© @ 2 0.77 0.68 0.52 4O B 

Sauk Creeks. « « © «© © © © 2 © © @« e @ 8 0.8! 0.74 0.66 15 

Sheboygan River « « « « « © «© © «© © @ 2 0.89 0.82 0.74 2 

A 
Source: SEWRPC. 

Specific conductance was measured on 556 stream samples collected at 87 stations in all 12 watersheds of i 

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. i 

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 5g 

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 i 

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 i 

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 biologic decomposition of organic wastes. Many industrial wastes are markedly ; 
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Table 29 

f SPECIFIC CONDUCTANCE OF STREAMS IN THE REGION 

(1964 - 1965) 

Specific Conductance in 

, Watershed Micromhos/cm at 25°C Number 

i Des Plaines River « « « « «e © © 8s 8 8 « |, 220 938 572 18 

Fox River .« « e « © © © » © 8 © © 8 «8 « 2,000 762 390 i189 

Kinnickinnic River. « »« « « «© © «© « e » [,O40 734 426 2 

Menomonee River « « « «© © « « « e s @ « 4,320 1,560 500 76 

§ Milwaukee River « «6 « »« «© «© « «© » « « « 1, 150 648 384 78 

Minor Streams « « « « « «© © © we @ we ee 1,300 848 uIY 11 
Oak Creek e s e e a e e e e o e e a e e 1,020 852 BUY 16 

! Pike Rivere « «© «© © 8 @ © « «© © «2 «© «© @ 1,330 936 522 32 

Rock River. e e.l06hlhle e 6 8 e e e e e 6 e e 3,390 830 258 76 

Root River. « «© « e «© © © 8» e © « © @ 2 [,600 1,080 566 40 

Sauk Creek. « « « « © © ec « © © «© «© «@ «0 992 690 292 16 

i Sheboygan River eee 8 8 ee #© # «© #® @ @ 800 778 756 2 

Total Samples 
| 5S 

‘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. 

5 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 

j were 8.9, 7.8, and 6.7, respectively. The maximum of 8.9 was determined on a sample collected at sta- 

tion Ml-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 I(N STREAMS IN THE REGION 

f (1964 - 1965) 
ee eT Ac 

Hydrogen ton (pH) Concentration in Units Number 
Watershed 

i Des Plaines River « « » « «e « © «© 8 « « 8.6 7.8 7.2 18 

Fox River @ e e e e e a a e es s s s s s 8.8 7.8 6.7 185 

Kinnickinnic Rivere « « «© « 8 © « «© «© «2 8.0 7.6 7.3 2 

i Menomonee River « « e «© 2©« «© « #8 «© «© « 2 8.8 7.8 7.0 74 

Milwaukee River « «© « «© « «© © © «© « «© @ 8.9 7.8 7.0 77 

Minor Streams .« « e« « © « «© «© ©» «© #8 © «8 8.7 7.6 7.2 I | 

Oak Creek e e e e e 8 e e e e e e e a e 8.5 7.8 7.3 16 

, Pike Rivere 6 e a 6 e . 6 a e e e e e e 8.2 7.6 6.9 32 

Rock Rivere « « « « 2» © «© «© © © «© «© « @ 8.8 7.9 6.8 76 

Root Rivere e e s o ® ® ® ® e e e e s e 8,5 7a? 7.0 LO 

Sauk Creek. « « 2© © « 8 © « © © «© 2 «© « 8.7 8.0 7.1 16 

Sheboygan’River .« « «© « © © «© © e # « 2 8.3 7.9 7.5 2 

i Source: SEWRPC. 
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Color 

The apparent color of water depends upon the presence of inorganic and organic materials either in sus- B 

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. | 5 

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 R 

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 a 

desirable in drinking water supplies, as indicated in Table 4, Chapter III. Industrial water use, suchas 

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) s 

Color Density in APHA Platinum 

Watershed Cobalt Standard Units Number 

Des Plaines River . « « « « « #© «6 © e e 80 40 5 18 

Fox River a s e e e e e s e e a e e e e 300 uO 0 203 

Kinnickinnic River. e « «© « «© «© e «© «© « 35 28 20 2 

Menomonee River .« « « «© «© © «© «© » « «@ « 375 45 0 69 

Milwaukee River «.« »« « © «© e «© «© « «@ «@ 2 270 55 5 76 

Minor Streams . « « «© «© «© « «© © «0 «© «© « 125 35 0 1] 

Oak Creek e 28s 8s #8 8» @ #@ © @© @ @ #8 @ @ @ 50 20 5 16 ; 

Pike River. e e e a e e e e e e e s 8 e 140 40 10 32 : 

Rock Rivere « « « «© « «© «© © © «© © « 2 135 25 0 73 

Root Rivers. « « «© « «© «© © «© » © « © « 2 85 35 15 40 

Sauk Creek. a e e e e se e s a e e e e e 110 uO 0 15 5 

Sheboygan River .« « « © «© «© «© «© «© © « @ 110 75 45 2 

Source: SEWRPC. B 

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 i 

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 III. I 
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Maximum, average, and minimum values of turbidity determined on 560 stream samples collected in south- 

f 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 

f Table 32. 
Table 32 

TURBIDITY OF STREAMS IN THE REGION 

i (1964 - 1965) 

Des Plaines River .« « « « «© «0 © «© w e « 55 15 | 20 

Fox River .« « « « e « e e e © © « 8 «@ « 25 6 0 190 

Kinnickinnic Rivers. « « «© « «© « e «8 @ « 65 40 15 2 

f Menomonee River « « © «© « « © © e e « « 50 8 | 75 

Milwaukee River .« « « « © © «© © «© » « «@ U5 5 0 78 

Minor Streams « «6 « « s © « © © © 8 @ « 150 35 2 12 

i Oak Creek » se ee ee eee enna 45 15 5 16 
Pike Rivere « « «© © « © © «© «© e # @ «2 2@ 65 9 2 32 

Rock River. « « « « » «© « 8 «© © © @ « «@ 15 5 0 76 

Root Rivere « © « © «© © «© 8s © © «© © © @ 65 15 2 4O 

5 Sauk Creek. « « « «© © «© © © 8 8 8 8 © «@ 100 10 0) 17 

Sheboygan River « « « «© « «© » «© © «© @ «2 7 5 3 2 

0 
5 Source: SEWRPC. 

Biochemical Oxygen Demand 

The myriad of microscopic and macroscopic plants and animals found in streams range from minute algae 

q 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 

f 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. 

i 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 

i 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; 

g 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 

i 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 

i 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, 

5 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 

f 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, f 

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. j 

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 ina stream. Without 

knowledge of the reaeration characteristics of a stream, BOD values cannot be used, except in a very 5 

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 i 

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 i 

Creek in the Fox River watershed. Ranges in biochemical oxygen demand by watershed are listed in 

Table 33. 

Table 33 i 

BIOCHEMICAL OXYGEN DEMAND OF STREAMS IN THE REGION 

(1964 - 1965) . 

Des Plaines River « » » «© « © « «© «8 «2 e 15.1 3. | 0.5 35 

Fox River « e e« e « » © «© « 8 8 8 @ «@ «8 32.8 U5 0.4 354 

Kinnickinnic Rivere « « « «© © «© «© «© «@ « 9.] 5.3 2.6 I | i 

Menomonee River « « « « © © « « 8 28 @ « 33.9 5.0 0.5 132 

Milwaukee River « « « « « «© « © e « o 2 11.6 3.4 0.5 148 

Minor Streams « « « « «© «© © «© « #8 « «© «@ 25.9 7.! lal 32 

Oak Creek « «© «© «© «© «© «© © © «© © © © @ 2 9.9 3.2 0.5 25 i 

Pike Rivere « « © « «© © © «© © © 8 2 @ « >87.7 >10.3 0.9 | 52 

Rock River. « « «© « © « « « «© «© © «© @ 8 >20.6 > 4.4 0.6 163 

Root Rivers. « « » © «© «© «© «© «© «© 8 @ «@ «@ 65.3 5.9 0.6 77 

Sauk Creeks. « « « © « © © © «© © © © «@ 20.0 5.8 0.5 25 5 

Sheboygan River « « 6 «© «© «© © «© « 8 @ «@ >24.0 > 5.3 l.7 10 

[Totel samples SS 
Source: State Laboratory of Hygiene and SEWRPC. a 

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 5 

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 5 

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 

f 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 

f in another stream or in a different reach of the same stream. The use of black and color symbols, there- 
fore, is applicable only ina 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 

J is of generally acceptable quality in relation to the selected water quality standards. 

Dissolved Oxygen 

The natural dissolved oxygen concentration in a stream is determined by a large number of interacting 

5 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 

f 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- 

8 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 

f 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 

f 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 

j 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- 

J 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, I964 

Concentration in ppm 

6 a.m. 3-3 

5 8 aeM. 2.4 

10 a.m. 4u.0 
12 noon 6.4 

a 2 pom. 10.4 
Y p.m. 16.3 

6 p.m. ‘18. | 

i Source: U.S. Public Health Service. 
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The expected maximum BOD values for 1965 range from more than 85 ppm to 10 ppm. Maximum values 

are anticipated to increase at a low rate until pollution abatement measures become effective. 3 

74



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 

f Milwaukee River, the Rock River, and the Root River. Ranges in dissolved oxygen concentrations by water- 

shed are listed in Table 35. 

Table 35 

f DISSOLVED OXYGEN CONCENTRATIONS IN STREAMS IN THE REGION 

| (1964 - 1965) 

ee Watershed 

Des Plaines River « « « « « © « « © = « 13.9 8.8 2./ 36 

f Fox River « « « «© « s ©» © «© © © « © «© 28 21.6 9.1 0.0 353 

Kinnickinnic River. e« « s « 8 « « « «@ « 13.3 10.6 7.3 it 

Menomonee River »« « « « © « «© « # « « « 20.4 8.3 0.0 133 

z Milwaukee River .« « « « © e «© © «© ow @ 24.2 9.0 0.0 148 
Minor Streams « »« © © «© ©» 2» © » 8 8 © @ 2).7 8.3 0.3 32 

Oak Creek « « « «© ©» «@ © © © «@ © © «© 8 28 13.7 llel 6.4 25 

Pike River. « « © «© «© «© © 8» © «@ © «© «@ 13.2 5.4 O./ 52 

j Rock Rivers. se ee ee ee ee eee I7 0 10.4 0.0 163 
Root River. « © «© « © «© 8 © © «© # 8 @« «8 14.6 6.6 0.0 77 

Sauk Creek. « « « « © «e © © © © © « «© « 19.3 b).4 0./ 25 

Sheboygan River .« « «© « e © « «© © » « « 16.5 9.7 1.0 I | 

f | Total Samples 
Source: SEWRPC. 

f 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 ona 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 

i 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. 

5 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. 

: f 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 I 

become effective. 
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Heavy rainfall occured in southeastern Wisconsin on July 17 and 18, 1964. The effect of this 

rainfall, which ranged from 7.25 inches at West Bend to |.28 inches at Whitewater, was to flush 

vast quantities of dead and decaying organic materials from the marshy and swampy areas into 

many streams. This, in turn, presumably caused moderate to sharp declines in the dissolved 

oxygen concentrations for many days over extensive reaches of at least 16 of 29 streams sampled 
g 

in July subsequent to the heavy rainfall. Fourteen streams were sampled in July prior to the 

heavy rainfall. 77



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 f 

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, 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 i 

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 f 

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 awhole without specify- i 

ing individual bacterial species. | 

The presence of coliform bacteria in streams is generally considered to be an indication of pollution if the 5 

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 8 

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 i 

bacteria of the coliform group that occur ina 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. i 

A number of statements can be made concerning the significance of the coliform bacteria in relation to 

stream quality. It is generally 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 i 

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 8 

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 f 

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- 

f 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, 

i 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 

i 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 

i | | (1964 - 1965) 
enn 

. 
Des Plaines River « « « « © » «© «© e @ e 56,000 7,900 100 36 

i Fox River .« « « © © «© © « © » © © «@ «© «2 3,000,000 39,000 100 337 
Kinnickinnic Rivere « » « 8s «© © » » «@ « 340,000 77,000 4,000 ll 
Menomonee River .« « « « «© © @e © «© « «© « |, 100,000 51,000 100 133 

Milwaukee River « © « « «© « «© © 8 e@ @ 2 170,000 18,000 100 148 

; Minor Streams » es ee ee ew wes 740,000 52,000 100 32 
Oak Creek « «© « «© «© ©» » © © » © © @ @ 2 33,000 8,000 500 25 

Pike River. « « e «© e « « © © » © »@ © 2 1,800,000 173,000 1,200 52 

Rock River. « « © «© s « e e « s « « «© 2,300,000 66,000 100 163 

8 Root River. .« « « « e «© « © «© 8 «© «© «@ 8 1,700,000 105,000 100 77 

Sauk Creek. « « « «© © © © @e © © « e « «8 200,000 16,000 200 25 

Sheboygan River « « « « «© 2» © © « «© «© « 200,000 24,000 2,000 1] 

a 
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 

J 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 ona 

scale ranging from1 to 100,000 MFCC/100 ml or more. The upper scale interval of 100,000 MFCC/100 ml 

i 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 

i 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. 

i 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 

i 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, 

5 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. 

i 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 

i waters edge and extending leaf-filled branches over the stream may intercept sunshine, which is then not 
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The expected maximum coliform counts for 1965 range from 3,000,000 to 1,000 MFCC/100 ml. Maximum 

concentrations are anticipated to increase at a moderate rate until pollution abatement meas- 

ures become effective. 
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The average coliform counts are based on analyses of 1,050 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 part or almost all the water of astream, depending upon the frequency and intensity 

of precipitation and surface runoff that would not only add to the flow but also affect the stream tempera- 

ture. Ground water temperatures in the glacial drift and Niagara aquifer generally range from 48° to 52°F i 

with an average of 51°F. 

Air temperature, humidity, and velocity also affect stream temperature. Wave action caused by air in i 

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 i 

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 i 

not severe. 

Temperature is an important water quality parameter for several water uses, The suitability of water for 5 

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, i 

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 é6r may produce an unfavorable heat environment that aquatic life cannot survive 5 

regardless of the abundance of dissolved oxygen. 

The maximum, average, and minimum water temperatures found in streams of the Region were 91°, 50°, 

and 32°F. The maximum temperature of 91°F occurred on Cedar Creek at station MI-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 i 

TEMPERATURE OF STREAMS IN THE REGION 

(1964 - 1965) 

ee Watershed 

Des Plaines River e« « « « «© © e « # «@ « 84 52 35 ; 

Fox River « « « « « «© © © «© © e e « «@ 8 80 50 34] 

Kinnickinnic Rivere « « «© « «© «© « e «@ @ 82 57 i 

Menomonee River « « « «© «© « «© © 8 e « e@ 79 48 131 

Milwaukee River 2. « « » e « «© « #© « « « | 5 | 149 i 

Minor Streams .« « e« « «© © © © © « «@ «© 8 78 56 32 

Oak Creek « « « « © © © «© © © © © © 73 48 24 

Pike River. « © «© « © © «© «© «© © «© « @ @ 75 49 52 

Rock Rivere e« «© © e « «© © © «© «© © © @ «@ 80 U9 163 , 

Root Rivere « «© « © «© © «© «© © « 8 © @ « 78 52 77 

Sauk Creeks. « «© © © © » © «© © © «© @© @ 2 86 5 | 24 

Sheboygan River « « « « « « «© @ «© «© «@ @ 87 53 Il 

Paul amie pO 
Source: SEWRPC. ; 
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f Chapter V 

CONDITIONS OF STREAM QUALITY AND STREAMFLOW 

: IN THE MAJOR WATERSHEDS OF THE REGION 

STREAM QUALITY AND STREAMFLOW 

f 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 

f 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. 

i 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: 

i 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. 

f 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. 

i 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. 

a 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 

i 82 miles of its total 101-mile length lying within the Region. According to U. 8. 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 

i 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 

f 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 

f 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 

i 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 i 

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 i 

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. i 

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 i 

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. i 

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- i 

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 f 

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, 5 

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 i 

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 i 

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. i 

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 i 

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, these 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 

g 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. 

a 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 stream 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 

i 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 

i 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, 

f 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 "natural'' stream quality and watershed runoff 

i characteristics and the soil and geologic terrane. 

Precipitation data are included as part of the documentation of basic information. No attempt has been made 

f 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 

f 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, 

i a Corridor Plan, anda 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 

i 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 

i estimated 1963 population of 1,674,000. Although each plan provides for the same increase in the 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 

i 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 

i 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 

i 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 

j 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- 

i 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 5 

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 i 

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 i 

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 f 

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 numcrous 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 i 

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 i 

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 j 

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 i 

ESTIMATED POPULATION BY WATERSHED IN THE REGION: 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 

: 
Area® Existing Controlled Satellite vem fot PERT ar [EE] Trend Plan Plan Plan 

Des Plaines River .« « e « « «© «© «@ « 132.9 11,200 20,000 27,000 23,000 

Fox River « « « © «© 2» © «© «© 8 « «© « 941.6 160,000 359,000 377,000 334,000 i 

Kinnickinnic Rivers. « « « «© © « « « 25.7 186,900 219,000 228,000 222,000 

Menomonee River «.« . « « « © © « «@ « 134.5 338,600 487,000 470,000 459,000 

Milwaukee River « « « « © e « e « »« U31.7 508,600 635,000 628,000 665,000 

Minor Streams . 2 2. 2 e ee we we es 93.0 218,200 312,000 298,000 323,000 i 

Oak Creek « « « « 6 © e © © &© 8 @ « 26.7 28,500 95,000 93,000 95,000 

Pike River. « 2 « s © © « © «© « @ 8 50.9 13,000 88,000 93,000 84,000 

Rock River. « « « « © «© © « «© © «@ « 609.4 68,800 123,000 137,000 181,000 i 

Root River. « »« « «© « « » © «© « «© «8 197.9 134,200 330,000 ~~ =303,000 252,000 

Sauk Creek.e. « « «© 2© © 8» © © © 8 8 @ 34.5 5, 400 8,000 20,000 38,000 

Sheboygan River e« « » «© «© «© s s « « 10.3 1,000 2,000 4,000 , 2,000 

5 
4 In the seven-county Region. 

Source: SEWRPC. ; 
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| Precipitation and temperature data were obtained from the U. S. Weather Bureau, which has 18 

i stations in the Region. Theweather stations referred toin this report are indicated on the map. 
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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. i 
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dissolved solids, coliform count, dissolved oxygen, and stream temperature. Chloride normally occurs 

i in the streams of southeastern Wisconsin in higher than "background" concentrations (ranging from 

0 to 15 ppm), primarily asa 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 

i 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 isa biological 

water quality parameter which is of significance in identifying stream reaches that are subject to pollution 

j 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 

i measure water quality in relation to the preservation 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. 

i 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 

f 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 

i 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 

f 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 

i 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 

i 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 

f 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- 

i 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. 

i 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 

i 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. 

| 
| f 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 

i 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 ina stream is related to an esti- 

| i mated population for 1990 using septic tank systems and is assumed to cause a chloride "impact" 
| 
| 
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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 i 
wastes from the estimated 1990 population giving the estimated chloride concentration of the 

stream at a specified sampling station during low-flow conditions. 

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

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 i 

significantly affect regional chloride concentrations in streams by 1990. Industrial chloride wastes 

adversely affect water quality in certain reaches of 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 i 

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 f 

are beyond the scope of the present study, and for these reasons no stream quality predictions 

were related to industrial waste sources. 

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

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

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

about twice the dissolved solids concentration of the water supply sustaining the community served 

by the sewage treatment plant. i 

8. 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- i 

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 i 

specified sampling station during low-flow conditions. 

9. In the calculations discussed above, sodium is presumed to occur with chloride ina ratio deter- 

mined by their combining weights in sodium chloride salt (NaCl). Given a chloride concentration f 
in parts per million, the corresponding concentration of sodium in parts per million equals the 

chloride concentration multiplied by the factor 0.6484. R 2 

10. Estimates of future dissolved oxygen levels are made on the basis of average or minimum dis- ) 

solved oxygen concentrations encountered during the four-month period of June through Septem- | 

ber 1964 in relation to the present population (1963). E ) 

11. Estimates of the 1990 populations of each watershed according to the three alternative plans, the : 

locations of existing and proposed sewage treatment plants, the estimated connected populations i | 

of these treatment plants, the flow characteristics of the stream, and the general evaluations of | 
dissolved oxygen concentrations in relation to present waste loading and algae growth all combine : 

to form a basis upon which intuitive and subjective judgment is expressed in generalized predic- | 

tions of ranges in dissolved oxygen concentrations at a specified sampling station under low-flow i . 

conditions during the four-month period of June through September. | 

12. Estimates of the coliform counts for 1990 are made according to three procedures depending , 

upon whether the stream is affected by wastes from septic tank systems, by the effluent from | 

municipal sewage treatment plants, or by a combination of both sources of wastes. 5 ! 

90 | 
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13. Where the coliform count of a reach of stream is principally affected by wastes from septic tank 

i systems, the ratio between present average coliform counts at a stream sampling station and the 

estimated population contributing to this waste loading is applied when calculating the coliform 

count at the same station based on the population estimate for 1990. 

i 14. Where the coliform count of areach of stream is principally the result of discharges from sewage 

treatment plants, the estimates of the coliform counts for 1990 are based upon present effects 

in relation to forecast connected populations for 1990 under similar conditions of natural stream- 

i flow. 

15. Where the coliform count of a reach of stream is the combined effect of discharges from sewage 

i treatment plants and septic tank systems, the estimate of the 1990 quality condition is based first 

upon the effect of anticipated sewage treatment plant discharges. If the estimates are more than 

5,000 MFCC/100 ml, the additional effect of septic tank discharges is disregarded because the 

principal source of coliform bacteria has been sufficient to exceed the numerical value of the 

i recommended limiting or maximum permissible concentrations for partial-body contact recrea- 

tion. Where the 1990 coliform counts are estimated to be less than 5,000 MFCC/100 ml, the 

impact from septic tank systems is estimated according to the procedure discussed under Item 13 

i above. This value is then added to that estimated for the effect from sewage treatment plants. 

16. The estimates for 1990 of chloride, dissolved solids, and dissolved oxygen concentrations and of 

£ coliform counts are rounded as indicated below: 

Chloride concentrations 

0 to 100 ppm - ncarest 10 ppm 

i 100 ppm or more - nearest 25 ppm 

Dissolved solids concentrations 

i 0 to 1,000 ppm - nearest 50 ppm 

1,000 or more - nearest 100 ppm 

Dissolved oxygen concentrations | 

i Although recorded to 1/10 ppm, dissolved oxygen is expressed in generalized terms of 

expected concentrations 

i Coliform counts 

0 to 5,000 MFCC/100 ml - nearest 500 MFCC/100 ml 

5,000 to 10,000 MFCC/100 ml - nearest 1,000 MFCC/100 ml 
i 10, 000 to 100, 000 MFCC/100 ml - nearest 10,000 MFCC/100 ml 

100,000 MFCC/100 ml or more - indicated as 100,000 MFCC/100 ml or more 

The procedures in rounding estimated numerical values suggest levels of accuracy in predicting the 1990 

i conditions that are not necessarily inherent in the methods used. It should be kept in mind that the proce- 

dures applied in making these predictions are based upon empirical methods and involve all of the uncer- 

tainties inherent in any forecasting procedure. 

i STREAM QUALITY GRAPH SYMBOLS 

To readily display in summary form the water quality of nine larger streams of southeastern Wisconsin, 

use has been made of stream quality graphs. These interpretive graphs show the varying concentrations 

f of chloride, dissolved solids, dissolved oxygen, and coliform count in the Fox, Menomonee, Milwaukee, 

Oconomowoc, Root, and Rubicon rivers and in Jackson Creek, Delavan Lake Outlet, and Turtle Creek 

during each of the 14 months of field investigation from January 1964 through February 1965, The water 

f quality data recorded on these graphs at the several sampling stations are interpreted in relation to major 

sources of water entering the streams from tributaries or from sewage treatment plants. There are no 

known sources of industrial waste waters that are discharged directly into these streams and that con- 

i sistently affect the regional stream quality. 
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The stream channels are shown diagrammatically as straight vertical columns, having uniform width and 

having a length in graph miles measured midstream along the meandering channels either from their ; 

source or from the SEWRPC sampling station farthest upstream through all lakes along the watercourse 

either to where the rivers reach the downstream boundaries of the Region or to the farthest downstream 

SEWRPC sampling station. The location of sampling stations, the discharge location of sewage treatment ; 

plant effluent, and the confluence with selected tributaries are noted in the left margin of the graphs and 

are indicated by short horizontal ''tick'' marks at the left edge of each columnar stream graph. The con- 

centrations of each of the four parameters (chloride, dissolved solids, dissolved oxygen, and coliform 

count) are shown at each sampling station adjacent to the right edge of each column across from the sam- i 

pling station "tick" marks at the left edge of each channel column. The graphs are displayed in Figure 2 

and explained below. Downstream direction is always toward the bottom of each stream channel column. . 

Graph 1. Indicates reach of a stream with uniform water quality conditions throughout. Location of 

a SEWRPC stream sampling station is indicated by tick mark at left edge of stream column, i 

Parameter concentration is indicated by numeral 120at right edge of column across from loca- 

tion mark of stream sampling station. Water quality is uniform in the sense that the sampled 

quality falls within a single interval of parameter concentration, such as within the interval of i 

101 to 250 ppm chloride. 

Graph 2. Indicates reach of stream with two intervals of parameter concentration. Straight line contact 

between intervals denotes estimated approximate location of transitional water quality area ; 

between the upstream and downstream intervals of concentration, such as between the interval 

0 to 50 ppm and the interval 51 to 100 ppm chloride. 

Graph 3. Indicates reach of stream where a sewage treatment plant is inferred to be a source of waste i 

discharges that significantly affect the quality of the stream. This condition is signified by the 

curvilinear contact between the upstream interval of parameter concentration and the presumed 

interval of concentration downstream from the tick-marked location of the sewage treatment ; 
plant outfall. 

Graph 4. Indicates reach of stream and a tributary of similar quality. A tributary is designated graphi- i 

cally by a small opening between two tick marks always in the left edge of the stream channel 

column. 

Graph 5. Indicates reach of stream wherein tributary quality is dissimilar to that of main stream and is E 

inferred to have significant effect upon the quality of the main stream from the confluence to at 

least the nearest sampling station downstream. This condition is signified by the curvilinear 

contact between the upstream interval of parameter concentration and the presumed interval i 

of concentration downstream from the tick-marked location of the tributary. Parameter con- 

centration (412) of the tributary is shown at right edge of stream column. Where no water 

quality symbol is shown on a lateral tributary, this tributary may still be interpreted as ; 

a possible source of water that could account for significant changes in the water quality of the 

main stream. 

Graph 6. Indicates reach of stream wherein a tributary has a quality dissimilar to that of the main i 

stream and is inferred to have a significant effect upon the water quality of the main stream. 

The stream quality at the closest sampling station downstream from the junction with the tribu- 

tary isintermediate between the quality of the main stream above the confluence with the tribu- i 

tary and that of the tributary itself. This condition is signified by the water quality symbol of 

the tributary extending a very short distance downstream. 

Graph 7. Indicates a reach of stream wherein a tributary does not significantly affect the quality of the E 

main stream. The lobate water quality symbol extending from the tributary to part way into, 5 
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the channel column and then tapering off to the left edge of the column in the downstream 

i direction signifies the tributary discharging water of dissimilar quality into the main stream, 

its blending within the main channel, and the dissipation of its quality characteristics in the 

mass of the main stream. 

i Graph 8. Indicates a reach of stream where a tributary does not significantly affect a water quality 

transition that occurs coincidently near the confluence of main stream and tributary. 

i Graph 9. Indicates a reach of stream of unknown or unspecified water quality and a tributary of known 

quality having an indeterminate effect upon the quality of the main stream. 

i Graph 10. Indicates a reach of stream flowing through two lakes (expanded area) that are adjacent to each 

other. The two "internal" tick marks indicate the limits of each lake. Whena stream flows 

through one lake, the internal tick marks are not used. Lake symbols are used only on the 

Oconomowoc River. 
i Figure 2 

STREAM WATER-QUALITY GRAPH SYMBOLS 
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i The discussions of stream quality and pollution presented in this chapter are based upon water analyses 

run by the State Laboratory of Hygiene and the SEWRPC on stream samples collected at 87 sampling 

stations on 43 streams and watercourses from January 1964 through February 1965. As previously noted, 

i a condition of pollution does not exist unless the adverse stream quality condition results from human 

activity and unless the specific water quality parameter in question exceeds the permissible or recom- 

mended maximum or minimum limiting concentrations for the desired water uses as set forth in Table 4. 

Where a parameter concentration in astream is increased by human activity to above the presumed natural 

i "background" levels of concentration but below the adopted standard for a designated water use, there is 

a parameter impact upon the stream from ahuman source; and this condition of waste assimilation is herein 

l identified by that term. 
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DES PLAINES RIVER WATERSHED ) 
The Des Plaines River watershed ranks tenth in population and sixth in size as compared to the other i; 

11 watersheds of the Region. An estimated 11,200! persons reside within this watershed, which has a total ) 

area of 132.9 square miles and an average population density of 84 people per square mile. Principal land 

uses include agricultural, woodland, wetland, and unused land, which together comprise 92.2 percent of the i 

area of the watershed. The area within the watershed devoted to each of eight major land use categories 

is listed in Table 39. 

Two streams were studied by the SEWRPC in the Des Plaines River watershed: the Des Plaines River and i 

Brighton Creek. The Des Plaines River rises in the Region near the Village of Union Grove in south-central 

Racine County and flows approximately 22 miles to the south and east before crossing the state line into 

Illinois. Brighton Creek, a first rank tributary of the Des Plaines River, has its headwaters inthe marshes ; 

northeast of the Village of Brighton in north-central Kenosha County and flows approximately ten miles 

to its confluence with the Des Plaines River at a point 6.4 miles downstream from the source of the Des 

Plaines River. i 

The course of the Des Plaines River and of Brighton Creek is apparently determined by the location of 

end-moraines deposited as low ridges paralleling Lake Michigan during recessional phases of the Lake 

Michigan ice lobe during the Wisconsin ice age. These morainal deposits consist largely of glacial till i 

with much clay content giving rise to gently rolling silty clay loams over silty clay. The soils and under- 

lying parental till probably cause more rapid runoff of rainfall and snowmelt than the soil and geologic 

terranes of areas west of the morainal ridges. Moreover, these soils and till presumably decrease the ; 

vertical recharge potential of underlying water-bearing units. The perennial flow of the Des Plaines 

River and its tributaries.is presumably sustained largely by ground water seepage from glacial drift 

having relatively low storage capacity, which would account for the generally sluggish flow of streams in 

this watershed. ; 

Des Plaines River 

Present Stream Quality: Two sampling stations, DP-2 and DP-3, were established on the Des Plaines i 

River. DP-2 is located 8.6 miles downstream from the source. DP-3 is 11.3 miles downstream from 

DP-2 and 0.8 miles upstream from the state line. The total length of the stream in southeastern Wisconsin 

is 20.7 miles. ; 

The Des Plaines River has relatively constant overall chemical quality and is predominantly a calcium 

bicarbonate stream. Of 16 complete chemical analyses, calcium (ranging from 131 to 64 ppm) was the 

most abundant cation in 15 analyses; and bicarbonate (ranging from 390 to 185 ppm) exceeds all other 

anion concentrations in 14 analyses. One sample of the Des Plaines River was a sodium bicarbonate water 

(DP-3 for January 1964) with a sodium concentration of 110 ppm. Two samples were a calcium sulfate 

~~ 1 Based on SEWRPC estimate for 1963. i 

Table 39 

EXISTING LAND USE IN THE DES PLAINES RIVER WATERSHED: 1963 

ee esessesesenvnsesesnnsnsnens 

Ce eee pe) Land Use 

Agricultural. « « « « « «© © © «© © «© « «© © @ @ 2 100.2 64,16] 75.4 ; 

Woodland, Wetland, and Unused Lands « « « «@ « « 22.4 14,316 16.8 

Transportation = Communication. .« « « « « « «© « 5.4 3,476 4, | 

Residential «ss ee ee ee ee ee et 4.0 2,536 3.0 ; 
Park and Recreational « « « « « «© « e © «© # «@ «@ 0.4 230 0.3 

Governmental = Institutional. .« « « «© © e «@ @ 0.3 179 0.2 

Industrials « « « «© «e «© « #2 © © © © © © © @ @ 0.1 78 0.1 

Commercial. « « e « « e «© © «© © e «© 2 @ e @ @ 8 0.| 56 0.1 i 

a 
Source: SEWRPC. ; 
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water (DP-2 for April 1964 and DP-3 for March 1964), Sulfate occurred in maximum, average, and mini- 

i mum concentrations of 336,318, and 300 ppm, respectively, at DP-2 and 286, 230, and 125 ppm, respec- 

tively, at DP-3, Maximum nitrate concentrations at DP-2 and DP-3 are 3.0 and 3.2 ppm, respectively. 

On October 20, 1964, the total phosphorus was 0,31 ppm at station DP-3. Selected water analyses of the 

i Des Plaines River at sampling station DP-3 are included in Table 40. 

Water quality conditions of the Des Plaines River are indicated in Table 41. The average numerical values 

i are weighted averages. 

The variations in the chloride concentration of the Des Plaines River are shown graphically in Figure 3. 

Although the concentration of this parameter is not detrimental to the present or potential uses of the 

; river, the levels of concentration reflect a chloride impact upon the stream from human sources. This is 

concluded not only from sparse data indicating the probability of low chloride concentration of generally 

less than 10 ppm in water from those rock units that sustain the flow of the Des Plaines River but more 

i reliably from the magnitude of the variations of chloride concentration in the stream itself and from the 

Table 4Q 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 
i COLLECTED AT SAMPLING STATION DP-3 ON THE DES PLAINES RIVER: |96y4 
(EP tec sh 

Date of Date of 
Parameter P| ee fetes [marie | etn 

Silica. « « » « © «© © © © © © 2 5 4-9-64 2 10-20-64 
lrome © « « «© © «© © © «© © © © © 2 0.05 n 0.04 " 

i Manganese . « « « «© © © « e «© « «@ 2 -- -- 0.03 " 

Chromium. « »« «© » © © © « «© «© #© «8 «@ -- -- <0.005 " 

Hexavalent Chromium . «4 « « « « « « -- -- 0.00 " 

Calcium . 2 « » » 28 © «© © © © «© « 2 8 | 4-9-6 106 " 
i Magnesium « « « « «© © «© « « « e « « U6 " 66 " 

Sodium (and potassium). . « « « « « [5 " 65 Nn 
Bicarbonate « « « « « © © © ee 8 0 2 195 " 365 " 

; Carbonate . « « » « «e «© «© «© © «© « 2 0 " 0 " 

Sulfate 2. « « « « « «© « «© e «© © «2 «6 176 " 252 " 
Chloride. « « « « «© «© «© «© © @ w@ eo ss 55 " 85 " 
Fluoride. « « « «© « «© « «© @ «© © e@ 8 -- -- <0.7 " 

i Nitrite see ee ee ee ee ee 0.0 4-9-64 0.0 " 
Nitrate .«. « « « « « «© @e «© «© «© «@ 2 2 -- -- 0.6 " 
Phosphorus «.« « « « e « « © « © e@ « -- -- 0.3! " 
Cyanide « « « « «e « e « «© ©» « «© «© + -- -- <0.01 bi-11-64 

i Oil « « « «@ © © «© 2 wo tw ltl ll -- -- < | 10-20-64 

Detergents. « « « «© e © © «@ «© 8 «@ 2 0.0 ¥~9-6§4 0.0 " 

Dissolved Solidse « « « « « © «8 « « 475 " 755 " 
HardnesSe « © s © © © © «© © © «@ «@ 2 390 " 538 " 

i Noncarbonate Hardness « « « « « we 230 " 240 " 
Calcium Hardness. « s 6 8s « © « « «2 202 " 266 " 
Magnesium Hardness. « « « « « « © « 188 " 272 " 
Alkalinity Pe « «2 « « « © «© «© «0 «@ 2 0 " 0 " 

; Alkalinity Me « « «© © © «© © «© «2 @ 2 160 " 300 " 
Specific Conductancese « « « « se a 796 " I, 110 " 

PH. » » ©» © © © © © © ew ew tw tl 8.0 " 8.0 " 

i Color ss eee ew eee we es 50 " 25 " 
Turbidity »« « « « «© «© © © «© © ww u " [5 " 
Biochemical Oxygen Demand .« « « « 2.4 " 1.8 " 
Dissolved Oxygen. « « «© «© « «© © @ « 10.3 " 10.8 " 

i Coliform Counts « « «© © © «© « we wo |, 300 " 200 " 
Temperature (°F). « « «© « © «© © wo 43 " U6 " 

i Source: SEWRPC. 
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Table 4] 

WATER QUALITY CONDITIONS OF THE DES PLAINES RIVER (1964-1965) i 

=] og Parameter of 

oom ee SES ee 
Dissolved Solids (ppm)... 825 700 4 30 16 

Dissolved Oxygen (ppm)... . 13.9 8.6 2.1 25 

Coliform Count (MFCC/100 m1). 32,000 8,100 <100 25 
Temperature (°F)... « w« « « 8 | 5 | 32 25 i 

Source: SEWRPC. 

condition under which high and low concentrations occur. The chloride concentration apparently increases ; 

in adownstream direction between stations DP-2 and DP-3. This condition may indicate that the tributaries 

discharging into the Des Plaines River between sampling stations DP-2 and DP-3 (Center Creek and Kil- 

bourn Road Ditch) may be contributing additional chlorides to the main stream. i 

The variations in the dissolved solids concentration in the Des Plaines River are shown in Figure 3. Few 

of the possible water uses listed in Table 4 would be adversely affected by the dissolved solids concentra- 

tion of the Des Plaines River, and these few probably do not constitute reasonable uses. The flow (quanti- i 

tative) conditions of this river alone would preclude, for example, its use as a source of municipal water 

supply. The dissolved solids concentration of the Des Plaines River is higher than the presumed dissolved | 

solids concentration of the Niagara aquifer by about 100 to 450 ppm. This may be due in part to human i | 

sources of waste entering the river and in part to natural processes of concentration through evaporation 

and transpiration and by solution occurring in the river channel. It is probable, also, that the analyses of 

water from the Niagara aquifer are not representative of the quality of all water seeping from the glacial E 

till into the river channel. 

The sulfate concentration of the Des Plaines River is consistently higher than that of the Niagara aquifer 

(by about 200 to 300 ppm). However, the surficial glacial till, which is composed of much relatively dense i 

clay, may yield water of high sulfate content as compared to the Niagara aquifer that underlies the glacial 

drift and acts upon the overlying drift with artesian pressure, thus reducing possible movement of pre- 

sumed high sulfate water from above into the Niagara aquifer. It may be tentatively concluded that the high i 

dissolved solids content of the Des Plaines River is largely affected by the quality of water from swamps 

and marshes and of seepage water from the glacial till, to a lesser extent by waste discharges from human 

sources, and to aminor extent by additional solution that occurs inthe channel and by concentration through i 

evaporation and transpiration. 

The variations in dissolved oxygen concentration of the Des Plaines River are shown in Figure 4. Sub- 

standard concentrations of dissolved oxygen for the preservation of fish life (5.0 ppm to 3.1 ppm) occurred i 

during July, August, and September of 1964 at sampling station DP-3. The dissolved oxygen concentration 

at sampling station DP-2 varied similarly to that at station DP-3 but reached a substandard level of con- 

centration only during September. Critical concentrations (3.0 ppm or less) occurred at sampling station i 

DP-3 during July 1964. 

The condition that lowered the dissolved oxygen concentration of the Des Plaines River to 5.0 ppm or less | 

during daylight hours in the summer and early fall of 1964 prevailed over a distance of approximately i 

13 miles. The nature of this condition is conjectural in that the specific polluting agents are not known. 

The temperature and BOD of the river do not correlate adequately with dissolved oxygen to explain the 

decline of this parameter to substandard concentrations. The coliform counts are relatively high during i 

these warm months, which would suggest that sewage wastes may be the source of the pollutant. However, 

this is not substantiated by the BOD determinations. ; 
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Figure 3 Figure 4 
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i Nocturnal dissolved oxygen concentrations are presumably less than those measured during daylight hours 

(which were measured no earlier than 9:15 a.m. and no later than 12:53 p.m.) in July, August, and Sep- 

tember 1964. During these monthly samplings, the dissolved oxygen concentration at sampling station 

i DP-3 was 2.2, 4.5, and 3.4 ppm, respectively. It would appear that the dense growths of algae and of duck- 

weed observed on this river during very low flowin August and September were not adequate to build up 

the daytime dissolved oxygen concentration in the river to above standard quality from the presumed low 

| nocturnal levels of concentration induced by the respiration of these plants. 

The variations in coliform count in the Des Plaines River are shown graphically in Figure 5. The maxi- 

mum coliform count of 32,000 MFCC/100 ml occurred at sampling station DP-3 in September 1964 and 

i again in January 1965. Summer and early autumn were periods of relatively high counts, which made much 

of the river unsuitable for whole-body or partial-body contact recreational use. In May and June, the 

stream was generally suitable for body contact sports. As already noted, the use of the Des Plaines River 

i as a source of municipal water supply or for industrial use is considered unreasonable because of the flow 

regimen of this river. 

The temperature variations of the Des Plaines River are shown graphically in Figure 6, The maximum 

j temperature of 81°F occurred in July 1964 at sampling station DP-2. The average temperature for the 

period of June through September 1964 at stations DP-2 and DP-3 were both 70°F, The temperature of the 

river is climatically influenced, and there are no known regional effects of temperature pollution. 

i Streamflow and Precipitation: The Des Plaines River has two prominent flow characteristics, the first 

being the rapid response of its stream stages to rainfall and meltwater runoff and the second being the 

rapid reversion of its flow to "normal" sluggishness during periods of dry weather. This indicates that 

i the geologic terrane of the watershed contributes relatively little ground water to support the flow of the 

river during periods of no surface runoff. 

! During the present study, the flow of the Des Plaines River was measured by the SEWRPC at sampling 

I station DP-3 in April and October of 1964 during periods of high and low flow. At sampling station DP-3, 
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Figure 5 Figure 6 
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a distance 19.9 miles from the source, the Des Plaines River had a maximum depth of 2.1 feet and was 

approximately 118 feet wide when measured under low-flow conditions in October 1964. Flow measure- i 

ments taken at bridge crossings of CTH MB and CTH ML (sampling station DP-3) by the Surface Water 

Branch of the U. S. Geological Survey and by the SEWRPC in late 1963 and in 1964 are listed in Table 42. 

Daily precipitation at Union Grove, Wisconsin, from January 1964 through February 1965 is indicated in 

Table 43. | 

Forecast Quality of the Des Plaines River for the Year 1990: Population studies by the SEWRPC indicate 

that the population of the Des Plaines River watershed was 11,200 in the year 1963. Alternative regional 

land use plans prepared by the SEWRPC 2 indicate that the population of the watershed by 1990 may be i 

expected to be 20,000 under the Controlled Existing Trend Plan, 27,000 under the Corridor Plan, and 

23,000 under the Satellite City Plan. In 1963 the only sewage treatment plant in the watershed served an 

estimated 60 people at the Village of Paddock Lake. By the year 1990, two additional sewage treatment i 

plants may be in existence within the watershed, one located in the Village of Bristol and the other in the 

Town of Pleasant Prairie, and both may be discharging treated wastes into minor first-rank tributaries of 

the Des Plaines River. The probable future connected populations of these three sewage treatment plants i 

according to the SEWRPC alternative regional land use plans are listed in Table 44. 

The effects which the present population has upon the quality of the Des Plaines River is almost exclusively 

due to discharge from private septic tank systems. Only an estimated 60 people (0.5 percent) of a total a 

estimated watershed population of 11,200 were connected to sewage treatment plant facilities in 1963. It is 

estimated that by the year 1990 approximately 20.5, 60.8, or 47.7 percent of the watershed population will 

be connected to sewage treatment plants according to the Controlled Existing Trend, Corridor, and Satellite 
City land use plans, respectively. i 

According to procedures discussed in the beginning of this chapter, estimated future stream quality condi- 

tions, as expressed in terms of the concentrations of four water quality parameters, are listed in Table 45. i 

a See SEWRPC Planning Report Nox 7, Volume 2, Forecasts and Alternat ive Plans--1990, for a complete description 
of alternative regional land use plans. as i 
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Table 42 

i STREAMFLOW MEASUREMENTS OF THE DES PLAINES RIVER: 1963 AND 1964 

ener ess eee eens ccc cee sence cece eee cece ence e cece cece cence eee cee eee eee eee e eee eee eee eeeccneeeeeee eee eeenee eee  D 

Date Streamflow Previous 7-Day Location Source 

of (cfs) Rainfall of of 

Measurement (in inches)* Measurement Measurement 

[0-1] 1-63 e e e e e e 6 e e se 0. 26 0 CTH MB USGS 

i | 1-13-63 e e e e e es e e ® e 0 0. 18 DP=-3 USGS 

Y= 10-64 e e e e e e e e e e 122 |.83 DP-3 SEWRPC 

7- 1-64 e e e e e e s ° e e 2e 16 0 CTH MB USGS 

8-13-64 e 8s 8 s @ » ee se ® «6 0.34 0. U3 CTH MB USGS 

i 10-13-64 e ° e e ® e * s » e 0.64 0.17 DP=3 USGS 

10-20-64 e e ® e e e e s ® e 0 0 DP=3 SEWRPC 

7 4 Measured at U. S. Weather Bureau station at Union Grove, Wisconsin. 

Source: U. S. Weather Bureau, USGS, and SEWRPFC. 

Table 43 

; PRECIPITATION? AT UNION GROVE, WISCONSIN: JANUARY 1964 THROUGH FEBRUARY 1965 
SS a 

TT ST 988 

i | a ~~ ~~ 7 — 0.14 77 “= “7 7s “> “7 -- 0.17 0.25 

2 oe ee ek kk -- -- -- 0.08 0.13 -- 0.02 -- -- -- 0.38 0.13 0.4) -- 

3 2. «© © © © © @ © 2 -- -- -- 0.40 -- 0.18 -- -- -- -- 0.15 -- -- -- 

Yo. ew ew we te 7< -= -- -- -- -- -- -- -- -- -- 0.12 -- -- 

5 e e . . s s e e e —— = 0.77 0.55 -_— -_- -“—— -<- —=— -= -<- — = = -= 

6 . . « . . e . e s 7 -—- -_- 0.38 0.11 -——- 0.1/8 == —_= -=- -—- -=- = -=— 

7 « @ ee ew ew we -- -- -- 0.50 -~ -- 0.20 -- -- “= -- -- 0.02 0.03 

8B. 1 e te ew we le -- = 0.05 -- 0.29 -~- -- “- -- 0.17 -- -- 0.10 -- 

9. «© «© © «© © © 2 0.04 ~- 0.26 -- -- “= “7 -- 0.03 -- -- -- -- 0.15 

f |0 ~ 2 « «© © «© © «@ 2 -- -- -- -- -- -- -- 0.29 0.19 -- -- -- -- 0.06 

bP) 2 2 «© © @ ee -- -- -- -- -- -- 0.39) O. 14 -- -- -- 0.18 _— -- 

12 2. © © © ee «© © © -- 0.12 -- -- -- 0.23 -- -- -- =- 0.19 -- -< 0.18 

13 «© © «© «© «© «© «@ «@ -- 0.12 -- -- 0.57 -- 0.18 -- -- -- -- 0.11 -- -- 

IY. 6 » » e ew -- -“- 0.32 -< =~ -- 0.24 -- --~ -- ~~ -- -- -= 

15. 0 © o tw wt lt -- “= -- -- -- 1.01 -- -- -- -- 0.96 -- 0.10 -- 

16 ® « e . s ® e e . —— 0.05 -—— -_- 0.76 0.03 -—= = “= = “= — — = — 

17 e ® . e e . . * ® —-—— -_—— 0.02 —-_—— “—— ~—= -—— 0. ! | -- == = - = == -_ = 

18 «© © «© © «© «© «© @ -- -- -- -~- 0.02 -- 4.00 -- 0.66 -- -- -- =-= -- 

19 « «© «© «© © «@ 8 we 0.01 -- -- -- -~ -- -- -- 0.03 -- -- ~- -- -- 

20... ee ew we ew ww | OMS -- 0.405 0.25 -- 0.22 -- -- -- -- 0.01 | 0.07 -- -- 
21 2. © «© © © 8 ew -- -- 0.01 | 0.49 -< 0.02 0.01 1.10 0.21 -- -- -- -- -- 

22 2. «© «© © © © © ee -- -- -- -- -- 0.07 0.42 | 0.68 1.06 -- -- -- 0.50 -- 

23 6» © © «© «© © «© @ -- = -- -- -- 1.27 -- 0.02 0.45 -- -- -- 0.69. 0.04 

24u 2. 6 « te te ew tll 0.04 -- 0.38 -- 0.23 -- -- -- -~ -- -- 0.02 0.58 0.13 

25 . . * « « . . « 2 0.43 -_—— 0.1) == = -_- 0.1) 0.02 = == = -- == ——- 

26 » = «© © «© « 8 © « -- -- 0.18 -- 0.03 -- -- -- 0.39 -- -- -- 0.33 -- 

27 « © © © © 8 we -- -- 0.05 | 0.23 -- -- -- -- 0.08 0.03 0.02 -- -- -- 

28 . © «© » © © © » » -- -- -- 0.05 -- -- 0.28 -- -- -- 1.19 -- -- -- 

29. «© « © © «© 8 ee -- -- 0.05 | 0.28 -- -- 0.02 -- -- -- -- 0.05 -- -- 

30 » 8 © @® s ee se ee @ -_ -_—— -- 0.15 -_—=- -—- -=- 0.22 -- —= oe -~_= -= = 

31 2. 6 © @ e© 2 te ls -- -- wr opoose -- -- -- -- -- -- -- -- -- -- 

; 2 Precipitation measured in inches. Trace quantities not included. 

b Water equivalent of snowfall wholly or partly estimated, using a ratio of 1 inch water equivalent to every 10 inches of new snowfall. 

i Source: U. S. Weather Bureau, 
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Table 44 | 

ESTIMATED CONNECTED POPULATION AND AVERAGE DAILY SEWAGE FLOW RATES FOR i 

SEWAGE TREATMENT PLANTS IN THE DES PLAINES RIVER WATERSHED: | 

1963 AND 1990 ALTERNATIVE LAND USE PLANS | 

Estimated Connected Population | 

Sewage Existing Controlled Satellit Treatment 1963 ontrome aren tte | 
Plant Existing Corridor City | 

Trend Plan Plan Plan ! 
i 

Village of Paddock Lake... . 60 2,500 5,100 2,300 i | 

Village of Bristol. . © 2. « « 0 | ,600 1,300 1,600 : 

Town of Pleasant Prairie. ... 0 0a 10,000 7,100 | 

Total Connected Population | 60 4,100 16, 400 11,000 2 | 

Estimated Average Daily Sewage Flow Rate | 

Village of 6,000 455,400 925,200 u15,800 
Paddock Lake» » «+ + © se ee 0.01% 0.70 1.43 0.64 i : 

Village of 0 282,600 228,600 282,600 | 
Bristol. e e s s . . « 2 . eo -e Oo. 44> 0.35 O.4uy | 

Town of 0 0 1,800,000? 1,274, 400 
Pleasant Prairie .». «© « »« « « « 0 2.78° 1.97 ! 

Estimated Sewage Effluent Contribution at Station DP-3 | 
Cc | SEWRPC pe 88 

Station Estimated Low Streamflow at Station DP-3 | | : 

i a 
a Population connected to sewage system of the City of Kenosha. i 

b Gallons per day. 

© Cubic feet per second. f 

d Water sampling station only; no sewage treatment plant in this location. | 

Source: SEWRPC. . i 

Brighton Creek 

Present Stream Quality: One sampling station, DP-1, was established on Brighton Creek and is located | 

8.3 miles downstream from the source. Brighton Creek enters the Des Plaines River 2.2 miles upstream a 

from sampling station DP-2. Salem Branch is a tributary of Brighton Creek, joining it 1.2 miles upstream 

from sampling station DP-1. The sewage treatment plant for Paddock Lake discharges its effluent into 

Brighton Creek approximately 2.5 miles upstream from sampling station DP-1. i 

Two complete chemical analyses were run on water sampled from Brighton Creek in April and October of 

1964. The stream is of variable quality and shifted from calcium sulfate water in April to sodium bicar- 

bonate water in October. The sulfate concentration in April was 300 ppm and in October 58 ppm. Brighton 

Creek has its source in marshes which presumably have waters that are high in sulfates. During spring 

snowmelt and periods of rainfall, the standing marsh water tends to be flushed out, thus increasing the 

sulfate concentration of the downstream reaches. This phenomenon occurs on all streams in southeastern i 

Wisconsin that originate in marshes. Selected water analyses of Brighton Creek at sampling station DP-1 

are indicated in Table 46. Water quality conditions of Brighton Creek are indicated in Table 47. 

The variations in chloride concentration of Brighton Creek are shown in Figure 3. Of the two determina- i 

tions of chloride, the high concentration of 30 ppm occurred in April 1964 during conditions of high flow 
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Table 45 

i FORECAST QUALITY OF THE DES PLAINES RIVER AT SAMPLING STATION DP-3: 

1990 ALTERNATIVE LAND USE PLANS 

i Forecast Quality for 1990 

Sampling Stream Controlled Satellit Stream a Parameter ualit ro . ateliite 
Station ve 964 Existing Corridor City 

i Trend Plan Plan Plan 

Chloride a 
i (in ppm) 45 170 170 170 

f Dissolved 

Solids 750 750 750 

(in ppm) 

f Des Plaines 

River 

Dissolved 

Oxygen 4.4? Less than 2.0 ppm can be 

(in ppm) expected to occur frequently 

i Coliform 

Count 8,500? More than 25,000 

(in MFCC/ 
i 100 ml) 

@ Based on analysis for October 1964. 

i b Based upon average for period June through September 1964. 

: Source: SEWRPC. 

from surface runoff. A probable source of this chloride is from improperly operating septic tanks in areas 

i where surface runoff moves these wastes into the drainage system. The lower concentration of 15 ppm, 

determined during low-flow conditions, may be approaching the "background" concentration of this parame- 

ter, which is assumed to be 10 ppm. If this is correct, conditions in Brighton Creek reflect a chloride 

impact from human sources. The prime source of these chlorides is thought to be the Paddock Lake 

sewage treatment plant and unsewered areas of urban development at Brighton, Salem, Salem Oaks, and 

Paddock Lake. None of the water uses listed in Table 4 are adversely affected by present concentrations 

i of chloride in Brighton Creek. 

The variations in the dissolved solids concentration in Brighton Creek are also shown in Figure 3. None of 

the water uses listed inTable 4 would be adversely affected by the dissolved solids concentration of Brigh- 

i ton Creek. The principal sources of the dissolved solids concentration is the geologic terrane and soil envi- 

ronment (including wetland areas) and to a much lesser extent the waste discharges from human sources, 

The variations of dissolved oxygen concentration in Brighton Creek are shown in Figure 4. During the 

14 months of study, the dissolved oxygen concentration was not found to be below 5.5 ppm. Waste assimila- 

tion does not suppress the dissolved oxygen concentrations to substandard levels during daylight hours. 

f The variations inthe coliform count in Brighton Creek are shown graphically in Figure 5, The counts were 

generally very low and exceeded 2,400 MFCC/100 ml only in September 1964 and January 1965. Human 

; sources would appear not to be involved in contributing to the coliform counts in this stream except during 

10]



Table 46 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES i 

COLLECTED AT SAMPLING STATION DP=I! ON BRIGHTON CREEK: 1964 

Oa 

Date of Date of i 

Silica se 2 ee ee ew ew ew we ee 6 U-9-64 16 10-20-64 
[ron . . © © ee eo ee eh ee 0.01 " O.14 " i 

Manganese. « « «© © © © «© © © © © o -- -- 0.00 " ' 

Chromium ». . « «© «© «© © © © © # «© o « -- -- -- -- 

Hexavalent Chromium. « «© « © « «© © « -- -- -- -- 

Calcium. «© « « «© © © © «© © «© © @ «8 85 We G-6§4 56 10-20-64 i 

Magnesium. « « «© «© «© © «© «© © «© © © + | " uO " 

Sodium (and Potassium) . . « « « «© « 60 " 60 " 

Bicarbonate. »«» +» © « » «© «© © «© «© 2 «@ 195 " 380 " 

Carbonate. « 5» «© © © © «© 8 © # #8 @ «8 0 " 30 " i 

Sulfate. « « « « © «© «© © © « ee e « « 300 " 58 " 

Chloride . . .« « « © «© © © © «© © © 4 30 " 15 " 

Fluoride .« »« «© » « =» © «© © «© «© «© « « -- -- -- -- 

Nitrite. . «© «© © © «© © © «© «© «© © @ 2 0.0 W-9-64 0.0 10-20-64 8 

Nitrate. .« .« 2» « © © © © © © #8 o 2 -- -- 0.3 " 

Phosphorus « « «© © © © © © «© © @ @ 2 -- -- -- == 

Cyanide. .« « «© «© © «© «© «© © «© «© «© «© «8 -- -- -- -- i 

Oil. 2. ee ew ee we ee ew lk -- -- -- -- | 

Detergents »« » «+ «© «© «© «© «© © © «@ « 2 0.0 4-9-6 4 0.0 10-20-64 

Dissolved Solids « « «© « «© «© « « «- 615 " 460 " 

Hardness »« »« » © « « © «© © © «© © «@ @ 382 " 305 " i 

Noncarbonate Hardness. .« . » «© « «8 « 220 " ¢) " 

Calcium Hardness . «© «© «© «© © © « @ « 212 " 14 | " 

Magnesium Hardness « 2. « « « «© «© @ 170 " (64 " 

Alkalinity Pw. ee ee ee we ee 0 " 15 " J 
Alkalinity Me. se ee ee we ee 160 " 340 " 
Specific Conductance « « « «© » « « 724 " 586 " 

pH .« « «© «© © © © © © «© @ © @ 8 8.3 " 7.8 " 

Color . «.« . © © «© © # © © © # » « 70 " 15 " f 

Turbidity . 2. . 2 ee ew ee eh ee 2 " 7 " | 
Biochemical Oxygen Demand. .« «© « « « 2.0 " < 0.5 " 

Dissolved Oxygen . « «© « © «© «© © « « 13.3 " 10.6 " : 

Coliform Count . . «+ © « «© © ©» @ @ 300 " < 100 " 

Temperature (°F) . 1. « 2 we we et ee 43 " 46 " 

Source: SEWRPC. i 

Table 47 , 

WATER QUALITY CONDITIONS OF BRIGHTON CREEK (1964-1965) 
(2 es nnn, 

Number 
Parameter Numerical Value of i 

Maximum Average Analyses 

Chloride (ppm) .....+4+.. 30 25 15 2 

Dissolved Solids (ppm)... . 615 540 460 2 i 

Dissolved Oxygen (ppm)... . 13.3 9.7 5.5 It 

Coliform Count (MFCC/100 ml) . 56,000 5,900 100 LI 
Temperature (°F) ......6. 84 55 32 10 . 

Source: SEWRPC. 
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| January 1965. However, the higher "background" chloride content of Brighton Creek in April 1964 at 

i a time when the coliform count was 300 MFCC/100 ml would suggest that chloride wastes from human 

sources were in the stream, although the low coliform counts may be entirely from the soil environment 

of the creek. 

i The temperature variations of Brighton Creek are shown graphically in Figure 6. Although this stream 

was 1°F and 5.3°F warmer than the Des Plaines River in July and November 1964 and in February 1965, 

respectively, this higher temperature was not interpreted to indicate temperature impact from human 

i sources, but rather to result from ground water temperature and seepage conditions in relation to climate 

and flow conditions of the stream. 

J The waste assimilation capacity of Brighton Creek at sampling station DP-1 is presently not being persis- 

tently exceeded. Chloride concentrations are well below limiting concentrations for the preservation of 

fish life. Dissolved oxygen concentrations are sufficiently high to maintain fish life. However. the gen- 

f erally shallow depth of Brighton Creek imposes limitations on the size of fish that can inhabit the stream. 

Streamflow and Precipitation: Brighton Creek is a shallow meandering stream occupying a very narrow 

channel. At sampling station DP-1, a distance 8.3 miles from the source, this stream hada maximum 

s depth of 0.35 feet and was 3.6 feet wide when measured under low-flow conditions in October 1964. The 

small size and low flow of this stream preclude its use for all but three of the ten major uses listed in 

Table 4. These three uses are waste assimilation, preservation and enhancement of aquatic life, and 

i aesthetic use. 

Table 43 indicates the daily precipitation at Union Grove, Wisconsin, from January 1964 through Feb- 

ruary 1965 and the days of monthly sampling in the Des Plaines River watershed. These data are chosen 

to represent precipitation in the watershed. 

The flow of Brighton Creek was measured by the SEWRPC at station DP-1 in April and October 1964 as 

i listed in Table 48. 

- Forecast Quality of Brighton Creek for the Year 1990: The anticipated increase by 1990 in the connected 

f population of the sewage treatment plant at Paddock Lake will have adverse effects on the water quality of 

Brighton Creek, as indicated in Table 49. The critical aspects in the change in stream quality will be the 

probable decrease of dissolved oxygen to substandard levels (5.0 to 3.1 ppm) and the increase in coliform 

; counts to above the 5,000 MFCC/100 ml limiting concentration for partial-body contact recreation. 

FOX RIVER WATERSHED 

The Fox River watershed ranks fifth in population and first in size as compared to the other 11 major 

[ watersheds of the Region. An estimated 160, 000 3 persons reside within this watershed, which has a total 

area of 941.6 square miles and an average population density of 170 people per square mile. Principal land 

uses include agricultural, woodland, wetland, and unused land, which together comprise 88.7 percent of 

i the area of the watershed. The area devoted to eachot eight major land use categories is listed in Table 50. 

3Based on SEWRPC estimate for 1963. 

Table 48 

i STREAMFLOW MEASUREMENTS OF BRIGHTON CREEK: SPRING AND AUTUMN {964 
ra 

Sampling Streamflow Previous 7-Day 

s Station Date (cfs) Rainfall (in inches)? 

4-10 22 1.83 

10-20 0.3 0 

i 4 Measured at U. S. Weather Bureau Station at Union Grove, Wisconsin. 

E Source: U. S. Weather Bureau, USGS, and SEWRPC. 
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Table 4g 

FORECAST QUALITY OF BRIGHTON CREEK AT SAMPLING STATION ODPA-I: i 

1990 ALTERNATIVE LAND USE PLANS 
Od 

sampling stream Forecast Quality for 1990 i 

amp lin 1: 
t P ualit 

Stream Station arameter . 964 controlled Corridor Satellite 
Existing Plan City Plan 

Trend Plan 

Chloride 4 

(in ppm) 15 45 i 

Dissolved 

Solids 

Brighton (in ppm) 700 

Creek | 

Dissolved Less than 5.0 ppm can be f 

Oxygen 8. 0° expected to occur frequently. 
(in ppm) 

Coliform 
i 

Count 

(in MFCC/ b 
100 ml) 1,300 8,000 12,000 6,000 i 

4 Based on water analysis for October 1964. 

b Based on average for period June through September 1964. i 

Source: SEWRPC. 

Table 50 

EXISTING LAND USE IN THE FOX RIVER WATERSHED: 1963 fj 
ee a, 

Percent of 

Agricultural . « «© © © «© © © © © @ ew @ 609.5 390,068 64.7 

Woodland, Wetland, and Unused Land... . 226.2 1U4,748 24.0 

Residential 48.0 30,760 5. | 

Transportation-Communication . . . «+ « « 36.5 23,349 3.9 

Park and Recreational. «»§ « « «© «© « « « « 10.1 : 6,466 1.1 

Industrial . .« « «© «© «© «© «© «© © © © #@ «© «8 6. 4 4,099 0.7 

Governmental-Institutional . .....s 3.3 2,990 0.3 

Commercial « « « « «© «© «© © © © 2 8 8 « + 1.7 1,086 0.2 

Source: SEWRPC. i 

Thirteen streams and watercourses were studied by the SEWRPC in the Fox River watershed: the Fox i 

River itself and the following first, second, and third rank tributaries: Sussex Creek, Poplar Creek, 

Pewaukee River, Mukwonago River, Muskego Canal, Wind Lake Drainage Canal, White River, Como Creek, 

Honey Creek, Sugar Creek, Bassett Creek, and Nippersink Creek. The Fox River rises inthe Region near 

the Village of Lannon in northeastern Waukesha County and meanders approximately 81 miles southward 

before entering Illinois. An unnamed tributary that flows from Tamarac Swamp joins the Fox River 

immediately north of Mill Road. This tributary is thought to impart much of the background quality to the ; 
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Figure 7 

CHLORIDE CONCENTRATION IN THE FOX RIVER 
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upper reaches of the Fox River. Data pertaining to the Fox River and selected tributaries are listed in 

Table 51. i 

The Fox River watershed occupies a broad basin of irregular topography. The eastern boundary of the 

watershed falls near the western edge of the end-moraine system that roughly parallels Lake Michigan. | 

The northern boundary falls within an area where the end-moraine system joins with the interlobate 

moraine that was formed along the contact between the Green Bay and Lake Michigan ice lobes. From 

this area of junction, the western boundary trends southwestward along the interlobate moraine from south- 

central Washington County to northwestern Walworth County from where the western boundary changes to , 

a southeasterly direction along the inner and then the outer edge of the Darien moraine and Marengo Ridge. 

The southern limit of the watershed in Wisconsin is the Illinois State Line. 

Fox River i 

Present Stream Quality: Twelve sampling stations, Fx-1, Fx-4, Fx-7 through Fx-11, Fx-13, Fx-14, 

Fx-17, Fx-24, and Fx-27, were established on the Fox River proper at points upstream and downstream 

from the Brookfield, Waukesha, Waterford, and Burlington sewage treatment plant outfalls and from the , 

confluence of the Fox River with Sussex Creek, Poplar Creek, Pewaukee River, Mukwonago River, Wind 

Lake Drainage Canal, White River, and Bassett Creek. The 12 sampling stations, the four sewage treat- 

ment plant outfalls, and the confluences of the seven tributaries are significant points of reference on the 5 

Fox River and are listed in Table 52 in terms of their distances downstream from the river source and the 

distances between consecutive points of reference. 

The Fox River is subject to large changes in overall chemical quality and is predominantly a calcium i 

bicarbonate stream. Of 122 complete chemical analyses, calcium (ranging from 128 to 25 ppm) was the 

most abundant cation in 114 analyses; and bicarbonate (ranging from 510 to 170 ppm) exceeded all other 

anion concentrations in 121 analyses. Sodium occurred as the most abundant cation in eight analyses i 

(at all stations on the Fox River from Fx-7 through Fx-13) at concentrations ranging from 340 to 45 ppm. 

Sulfate concentrations were relatively high inthe upper reaches of the Fox River from Fx-1 through Fx-13. 

In this reach sulfate concentrations at these eight sampling stations ranged from a maximum of 300 ppm i 

through an average of 138 ppm to a minimum of 67 ppm. Downstream from station Fx-13, at sampling 

stations Fx-14, Fx-17, Fx-24, and Fx-27, the maximum, average, and minimum sulfate concentrations 

were 103, 97, and 50 ppm, respectively. Maximum nitrate concentrations of 18.2, 13.2, and 10.6 ppm 

occurred at Fx-5, Fx-4, and Fx-8, respectively. On October 7, 1964, total phosphorus was 0.16 ppm at ; 

station Fx-1, 2.0 ppm at Fx-4, 0.26 ppm at Fx-7, 2.3 ppm at Fx-8, 1.12 ppm at Fx-13, 0.46 ppm at Fx-17, 

0.46 ppm at Fx-24, and 0.42 ppm at Fx-27. Selected water analyses of the Fox River at sampling stations 

Fx-1, Fx-8, and Fx-27 are indicated in Tables 53, 54, and 55, respectively. Water quality conditions of i 

the Fox River are indicated in Table 56. The average numerical values are weighted averages. 

The variations in the chloride concentration in the Fox River are shown by aseries of 14 interpretive water 

quality graphs in Figure 7. In January 1964 a "slug" of water high in chloride concentration (445 ppm B 

maximum) significantly affected the stream quality from sampling station Fx-7 to station Fx-11 (adistance 

of 15.9 miles). The assumed source of this slug was the Brookfield sewage treatment plant (thus extending 

the reach affected to a total of 24.2 miles). The chloride concentration of this slug would be detrimental i 

if the stream in this 24.2-mile reach were used for municipal or industrial water supply. However, no 

such use is presently being made of the stream; nor would it appear likely that these two use categories 

would be potential uses under foreseeable conditions. Fish life presumably would not have been adversely i 

affected by this slug. 

The general levels of chloride concentration in the Fox River are indicative of chloride impact upon the 

stream from human sources that are located largely in the upper reaches of the river from the confluence i 

with Sussex Creek to the sewage treatment plant at Waukesha. During the spring, summer, and autumn of 

1964, except during the months of March and July 1964 (when large runoff caused dilution of the chloride 

concentration of the Fox River throughout its entire length in southeastern Wisconsin), the buildup of i 

chloride concentration levels inthe upper reaches extended continuously farther downstream. For example, 

by November 1964 the reach of the Fox River having a chloride concentration larger than 50 ppm extended 
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Figure 9 

DISSOLVED OXYGEN CONCENTRATION IN THE FOX RIVER 
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from the assumed initial source (the Brookfield sewage treatment plant) to an inferred point about three 

a miles upstream from station Fx-24, a distance of about 54.8 miles. 

Three inferred sources of liquid wastes of regional significance on the Fox River are the sewage treatment 

i plants at Waukesha, Brookfield, and Pewaukee. It would appear that the flow of the Fox River during the 

period of study was sufficient to dilute the effluents from Waterford and Burlington to levels below 50 ppm. 

The variations in dissolved solids concentration in the Fox River are shown by a series of 14 interpretive 

f water quality graphs in Figure 8. In January 1964 the slug of water that was high in chloride concentration 

(445 ppm) was also exceptionally high in sodium concentration (340 ppm). The sodium and chloride ions 

together increase the dissolved solids concentration of the Fox River to 1,210 ppm, 700 ppm above the 

i average of 510 ppm dissolved solids. The Brookfield Sewage treatment plant discharges its effluent into 

the Fox River at a point 10.9 miles downstream from the source of the river. The flow of the Fox River 

is relatively low near the treatment plant, and waste discharges at this point have a more severe impact 

q upon the river than would be the case where the flow is much greater. During 9 of the 13 months for which 

stream quality data are available for interpretation along this upper reach of the Fox River, the effluent 

from the Brookfield sewage treatment plant built up the dissolved solids content of the stream. The 

Mukwonago River enters the Fox River 35.7 miles downstream from the source of the Fox River and dilutes 

5 the dissolved solids concentration of the Fox River. However, the relatively high concentrations of the 

upper reaches of the Fox River tend to spread southward during summer, autumn, and winter. 

i The variations in dissolved oxygen concentration in the Fox River are shown by a series of 14 interpretive 

stream quality graphs in Figure 9. Substandard concentrations for the preservation of fish life (5.0 ppm 

or less) occurred 7 out of 14 times near the headwaters of the river at sampling station Fx-1. Critical 

. concentrations of dissolved oxygen (3.0 ppm or less) occurred four times at sampling station Fx-1, reach-. 

i ing a minimum of 1.4 ppm. 

In July 1964 the dissolved oxygen concentration of the Fox River was critical for the preservation of fish 

a life from sampling station Fx-1 over a distance of 45.6 miles to Fx-14. Within this distance the maximum 

concentrations were 1.6 and 3.0 ppm at Fx-1 and Fx-14, respectively. At the seven intervening sampling 

stations, the maximum, average, and minimum concentrations of dissolved oxygen were 1.0, 0.4, and 

0 ppm, respectively. It would appear that the lowering of the dissolved oxygen concentration in most of the 

f upper 50 miles of the Fox River resulted from the effects of heavy rainfall on the 17th and 18th of July 1964, 

which totalled 7.05 inches at Germantown (24 percent of the total annual precipitation at this location for 

1964). The heavy precipitation flushed vast quantities of vegetal material out of marshy areas into the Fox 

J River, where this material, together with foul odors and dense stream coloration, was carried continuously 

Table 5I 

i LENGTH OF STREAMS AND WATERCOURSES IN THE FOX RIVER WATERSHED 
ee 

[strean er terns | arash Stream or Watercourse Source (in Miles) 

i Fox River « « « «© © « «© «© «© «© © «© « Area northeast of Lannon 81.2 

Sussex Creek. « « «© © «© «© © © «© @ ¢ Area north of Sussex 5.5 

Poplar Creek. .« » »« » 8 » » 8 8 « » Northwest New Berlin 7.5 

i Pewaukee River. « « 2» © « «© «© « «8 « Lake Pewaukee 6.0 

Mukwonago River .« « « « « © « «© « « Eagle Spring Lake 11.2 

Muskego Canal . «© «© «© «© «© © © © «© « Muskego Lake |.5 

Wind Lake Drainage Canal. « « « « . Wind Lake 7.3 

White River .«. «© « «© «© © «© «© © «© «8 «8 Lake Geneva 13.3 

i Como Creek. . 2. 2 0 ew ee ee es Lake Como 3.8 

Honey Creek . «© « © «© © © © «© © w « Mill Lake 18.5 

Sugar Creek . . ss + ee ew we Area northwest of Elkhorn 19.5 
f Bassett Creek .«. .« «© « © © «© © © « + Area south of Bassett Y.5 

Nippersink Creek. .« « «© «© © «© «© «@ 4 Area north of Genoa City 5.2 

f Source: SEWRPC. 
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Table 52 

DISTANCES OF SELECTED POINTS OF REFERENCE ON THE FOX RIVER FROM THE RIVER S$ QURCE ; 

AND BETWEEN CONSECUTIVE POINTS OF REFERENCE 

Distance from Distance between i 

Point of Reference River Source Points of Reference 

(in Miles) (in Miles) 

River Source « « « « « « « «© « 0 -- ; 

Fx-] «© «© «© © © © © © «© © © «© 2 3.6 3.6 

Sussex Creek . «. « « « «© «© «© « 7.5 3.9 

Brookfield STPO®? .... s+ e« « 10.9 3.4 ! 
Poplar Creek . . «© «©» « » «© «© « [2.8 1.9 5 

Fx-4 . «© © 8 © © © © 8 et 8 lt 4.5 |.7 

Pewaukee River .« . «© « «© « « « 15.9 1.4 

FX-7 ew ee ee te et es 19.2 3.3 , 
Waukesha STPO. «. «© «© « «© «© © 20.2 |.0 

Fx-8 2 2 © © © © © © © 8 «© @ 2 21.2 1.0 

Fx-Q9 2 2 2 «© © © «© © we ew 23.8 2.6 

Fx-100 ee eee ee ee 28.6 4.8 f 
FX-}]. 2 © © © © © © 8 © 2 2 35. | 6.5 

Mukwonago River. « « © « «© « « 35.7 0.6 
Fx=-|13. 2. «© «© © © «© © © «© © @ uO.0 “.3 

Fx-]4. 2 «© 2 © © «© ew we ew et 49.2 9.2 | 

Waterford STPO . « « « «© « « 54.8 5.6 

Wind Lake Drainage Canal... 55.8 [.Q 

Fx-17-. «© © © © © © © © © 2 2 59.6 3.8 . 

White River. .« « « «© © «© » o 2 62.5 2.9 i 

Burlington STPO. « « «© «© « «© « 63.5 |.0 

Fx=2U. 2. 2 2 6 ew ew ew et el 68.7 5.2 

Bassett Creek. «© «© « «© © © « « 73.5 4.8 : 

Fx-272 © «© «© © © © © © © «© © 28 80.0 6.5 : i 

State Line . «2. « « « «© «© « «@ « 81.2 1.2 

4 STPO - Sewage treatment plant outfall. 

Source: SEWRPC. 
i 

downstream. This vegetal loading from Tamarac Swamp and from other swampy or marshy areas, 

together with the possible effects of waste loading from overland runoff and from temporary storm effects i 

upon sewage treatment plant operations, probably caused the critical decline in the dissolved oxygen con- 

centration of the stream. 

The SEWRPC sampled the Fox River on July 29, twelve days after the beginning of the large rainfall which i 

occurred over the entire watershed but was heaviest north of Waukesha. The observable vegetal loading 

and odor were still heavy. The color of the Fox River was rust brown and still quite dense as indicated 

in Table 57. i 

The relatively low-color density of sampling station Fx-1 in July as compared to downstream densities at 

stations Fx-4 through Fx-13 may be due in part to the dense color of Poplar Creek (300 ppm), which enters i 

the Fox River 1.7 miles upstream from sampling station Fx-4, and in part to a decline in the color density 

of water entering the Fox River from Tamarac Swamp as compared to what had previously entered the river 

from that source. The increase in color density between sampling stations Fx-8 and Fx-11 in June and 

between Fx-10 and Fx-11in July was probably due to water draining into the Fox River from Vernon Marsh. i 

The variations in the coliform count in the Fox River are shown in Figure 10. As can be seen in the 

14 water quality graphs, the bacteriological quality at sampling station Fx-1 ranges from 18,000 to less , 

than 100 MFCC/100 ml. Excluding the data for July 1964, the stream quality 3.6 miles downstream from 

the source of the Fox River at Fx-1 is of acceptable quality for whole-body contact recreation. The treated 
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Table 53 

f SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

COLLECTED AT SAMPLING STATION FX=-1 ON THE FOX RIVER: [964 

re 

Date of Date of : 
Silica . 2. 2 © 2 © ew ew we we 6 4U-22-64 2 10-7-64 

f [ron 2. 6 «© © © © © © #© ew ew 0.00 " 0.06 " 

ManganeS@. « « « «© « © © 2 « ¢ -- -- 0.02 " 

Chromium . ». « © «© «© © «© «© «© « -- -- <0.02 " 

Hexavalent Chromium. .«. « « « « -- -- 0.00 " 

i Calcium. . 2 «© © © © «© © 2 « « 8 | 4-22-64 74 " 

Magnesium. « « + «© » © s» # « « 43 " U5 " 

Sodium (and Potassium)... . 10 " 35 " 

Bicarbonate. « »« « © © » « «= « 270 " 380 " 

g Carbonate. .. 2+ + e+ + we eae 0 n 0 n 

Sulfate. .« « « « «© «© © «© 0 « «2 142 n 88 " 

Chloride «. « « « «© «© «© «© «@ «8 2 25 " 30 " 

Fluoride » » « »« © © » 2» » » » -< -- <0.4 " 

i Nitrite. . «© « ©» « «© «© © ww 0.0 4-22-64 0.0 " 

Nitrate. «© «© «© «© «© «© © © « «© 2 -- " 1.2 " 

Phosphorus ». « » » » » «© «© « e« -- " 0.16 " 

5 Cyanide. . « « © «© «© «© «© 8 «8 « -- " -- = 

Oil. « «© «© «© © © © «© «© «© » wo 8 -- " <0.5 10-7-64 

Detergents »- »« » «© « «© » «© « « 0.0 " 0.2 " 

Dissolved Solids . ». « » « « « 435 " 460 " 
i Hardness . . « « «© «© «© © « © « 380 " 370 Nn 

Noncarbonate Hardness. » « » -» 160 " 60 " 

Calcium Hardness . . « « 2 » 202 " 185 " 

Magnesium Hardness ... .. « 178 " 185 " 

a Alkalinity P . . © « « » » » » 0 " 0 " 
Alkalinity Mee « «© «© «© «© wo 220 " 310 " 

Specific Conductance ... « « 676 " 700 " 

PH »- © «© © © © © 2 © 28 #© © © » 8.0 " 7.8 " 

f Color. « «© «© « «© © © © « «© « « 60 " 10 " 

Turbidity. » « « « «© «© © « « | " 3 " 

Biochemical Oxygen Demand. . . | " 1.8 " 

Dissolved Oxygen .«. «© «© » « « 7.6 " 7.0 " 

f Coliform Count . . » «© « © « « 100 " 800 " 

Temperature (°F) ee 50 " 42 " 

f Source: SEWRPC. 

waste discharges, assumed to be from the Brookfield sewage treatment plant, increase the coliform count 

of the Fox River north of sampling station Fx-4 to concentrations generally unsuited even for partial-body 

i contact. The effluent from the Waukesha sewage treatment plant persistently contributes further to main- 

taining high coliform counts in the Fox River. This polluted condition of the stream (with respect to coli- 

form count and recreational use of the river) extends to sampling station Fx-11, where the coliform count 

i is sufficiently low for partial-body contact recreation. From sampling station Fx-11 to the Waterford 

sewage treatment plant (a distance of 26.2 miles), the coliform counts are generally sufficiently low for 

whole-body contact recreation from June through August and possibly through September. From the Water- 

ford sewage treatment plant downstream to points of about one to three miles north of sampling station 

i Fx-27, the quality of the Fox River with respect to coliform count is unsuitable for recreational use. 

The coliform counts in the Fox River are detrimental to whole- or partial-body contact recreation over an 

f ageregate distance of approximately 31 miles of the 81.2-mile length of the river in Wisconsin. Favorable 

reaches occur during summer and early autumn in the headwater area to immediately above the Brook- 

field sewage treatment plant, from Fx-11 to immediately above the Waterford sewage treatment plant, and 

i one to three miles north of sampling station Fx-27 to the state line. 
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Figure 10 

COLIFORM COUNT IN THE FOX RIVER i 

MEMBRANE FILTER COLIFORM COUNT PER 100 MILLILITERS (IN THOUSANDS) 
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Table 54 

i SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

oo COLLECTED AT SAMPLING STATION FX-8 ON THE FOX RIVER: 1964 
eee reer eeeee sec ceccee secs ccceen eee ecc reece ccc enee nen ese eceeeeeccec cence eee eS 

Date of Date of 

Silica . « « « «© « «© e e « « 2 4-22-64 7 [O- 7-64 

i fron . « © © © © © 2 © © ew 0.24 " 0.04 " 

Manganese. »« « 5 «© « © « «© « -- -- 0.01 " 

Chromium . « « © © © «© © « « -- -- 0.04 " 

Hexavalent Chromium. ... . -- -- <0.02 " 

i Calcium. » « « «© © « «© « «@ « 89 4-22-64 93 " 

Magnesium. .« « « « «© «© « «@ « 48 " 42 " 

Sodium (and Potassium) .. . 25 " 95 " 

Bicarbonate. . .« »« «© « « «@ 2 275 " 335 " 

f Carbonate. « « «© « © « « ow 0 " 5 " 

Sulfate. «. © »« «© « «© » 8 « 186 " 150 " 

Chloride . . « « «© «© «© w «a U5 " 120 " 

Fluoride « ». « « « « e « « « -- “= <1.0 " 

5 Nitrite. . . « » © « « «© « » 0.0 Y- 22-64 0.2 " 

Nitrate. «© .« »« «© 2 «© « «© « « -- -- 6.7 " 

Phosphorus . 1» « « «© « e « « -- -- 2.3 " 

f Cyanide. ». « « «© «© © « © « « -- == <0.0! [2-28-64 

Oil, ww ee ee ee he -- -- <0.5 l0- 7-64 
Detergents . » « « « «© «© «@ « 0.1 4-22-64 0.6 " 

Dissolved Solids . .... 530 " 685 " 

i Hardness « « «© « « « 8» « «© « uI9 " 4O6 " 

Noncarbonate Hardness. .. . 195 " 120 " 

Calcium Hardness .. 1.1 « « « 222 " 232 " 

Magnesium Hardness » «+ « « o 197 " 174 " 
i Alkalinity P . .« « « « «© « 0 " 2.5 " 

Alkalinity M..« « «© «© «© « « 225 " 280 " 

Specific Conductance... . 800 " 1,050 " 

PH. ee ee et te et ee 7.4 n 7.8 " 
f Color. « «© « «© © © © «© «© «@ 2 30 " 5 " 

Turbidity. .« « « «© « «© «© « « 6 " 5 " 

Biochemical Oxygen Demand. . Y. | " 3.8 " 

Dissolved Oxygen . « « « « « 9.0 " 9.8 " 

a Coliform Count . «© «© « «© « « 9,000 " 140,000 " 

Temperature (°F) « « « « « « 57 on 53 " 

f Source: SEWRPC. 

i Figure 11 shows the coliform count in the upper reaches of the Fox River at sampling stations Fx-1, Fx-4, 

Fx-7, and Fx-8, between a station 3.6 miles south of the source of the Fox River and a station 1.0 miles 

south of the Waukesha sewage treatment plant. The waste assimilation capacity of the Fox River with 

respect to coliform bacteria is greatly exceeded in the upper reaches of the river because of inferred dis- 

i charges from the Brookfield and Waukesha sewage treatment plants. The coliform counts at Fx-1 may be 

taken as "background" level concentrations under the various climatic and streamflow conditions that 

prevailed during the 14-month period of study. Coliform counts at Fx-4 reflect a significant buildup of 

i these counts from an average count at Fx-1 of 2,000 to an average count of 16,000 MFCC/100 ml at Fx-4. 

The inferred cause of this buildup is the effluent from the Brookfield sewage treatment plant. At Fx-7 the 

coliform counts are generally less than at Fx-4, the high coliform counts in the Pewaukee River apparently 

having little effect on the bacteriological quality of the Fox River at Fx-7, a station 3.3 miles downstream 

from where the Pewaukee River enters the Fox River. Downstream from the Waukesha sewage treat- 

ment plant at station Fx-8, coliform counts of the Fox River are further increased to an average of 

84,000 MFCC/100 ml. 
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Table 55 | 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES i ! 

COLLECTED AT SAMPLING STATION FX-27 ON THE FOX RIVER: I964 | 

(ee reece eee 

Date of Date of | | 
Parameter Analysis Collection Analysis Collection 

Silica. ee ee ee ees 8 4-23-64 2 l0- 7-64 | 
Iron .« 6 «© «© «© «© «© e# 8 0 «© @ 0.09 n 0.12 n ; | 

Manganese. »« «+ + «© © © w@ ee -- -- 0.00 " ! 

Chromium * 8 © © 8 «© © 8 @ 28 == “= < 0.0] " 

Hexavalent Chromium. . . =. . -- -- 0.00 " 

Calcium. . 2 ee ee te ees 62 4-23-64 68 " ; | 
Magnesium. « «© 6 «© «© «© «© @ 2 54 " y | " | 

Sodium (and Potassium)... [0 " 40 " | 

Bicarbonate. « » «© «© « » « « 310 " 335 4 

Carbonate. « « «© «© «© © » «© 2 0 " 20 " i 

Sulfate. 2. «© » © © © # 2 2 o 105 " 78 i" | 

Chloride ». « « « » « « « « 20 " 30 " | 

Fluoride .« » »© « «© « « « « « -- -- < 0.9 " | 

Nitrite. . 2. ee ee eee 0.0 4-23-64 0.0 , , | 

Nitrate. »« « »« «© © e « « » « -- -- [.3 " | 

Phosphorus . « « « «© « «© «@ = -- -- 0.42 " 

Cyanide. .«. « « « © «© « «© © « -- -- < 0.04 1-28-65 R 

On -- -- < | 10- 7-64 | 
Detergents « «© «© «© «© «© « « « 0.1 4-23-64 0. | " | 

Dissolved Solids .. .« + « « YI5 " UWS " 

Hardness « © «© « © «© © © «© « 377 " 34 | " i | 

Noncarbonate Hardness. .. . 120 " 30 " | 

Calcium Hardness .« «© « « « «+ 154 " 170 " 

Magnesium Hardness ....« + 223 " 171 " 

Alkalinity Pw. we ee wee 0 n 10 n i 
Alkalinity Ms... ee eee 255 n 995 " 

Specific Conductance... . 656 " 664 " 

PH. 2 8 «© » ew et et ll 8.3 " 8.8 " 

Color. . « «© «© «© © © «© 8 a 8 60 " {5 " 5 

Turbidity. «© « « « © «© « « «2 8 " 9 " 

Biochemical Oxygen Demand. . 6.8 " 9.4 " 

Dissolved Oxygen »~- »« «ey, 11.9 " 14.2 " 

Coliform Count . «© »« « « « «+ 5 ,800 " 200 " i 

Temperature (°F) . « « ws « « 55 " 5 | " 

Source: SEWRPC. i 

The variations in the temperature of the Fox River at three selected sampling stations are shown in Fig- 

ure 12. Sampling stations Fx-1 and Fx-27 were chosen to show temperature differences between points 

at the extreme ends of the Fox River in southeastern Wisconsin. Fx-7 was chosen to indicate temperature j 

conditions of the Fox River at the closest sampling station downstream from a known source of high tem- 

perature liquid industrial wastes. 

The average temperature differential between sampling stations Fx-1 and Fx-27 from May through October i 

1964 was 9°F and ranged from 6°to 12°F, During these months all stations on the Fox River were sampled 

on the same day, although sampling at station Fx-1 occurred from 20 to 60 minutes before sampling at 

station Fx-27, with the average time interval being 35 minutes. Despite this time differential, which could , 

account for probably a maximum of one degree of the total temperature difference between these two sam- 

pling stations, it would appear that the volume of water involved affects the rate of water temperature 

change in response to changes in air temperature. Sampling station Fx-1 is only 3.6 miles downstream i 

from the source of the Fox River and is located ata point where on April 29, 1964, for example, only 

4.2 cubic feet of water was passing through the stream channel per second as compared to 466 cubic feet 

per second at sampling station Fx-27. The large difference in the volume of water passing by each of these i 
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Figure || Figure 12 
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two sampling stations and the large difference in the time these volumes have been exposed to subaerial 

i climatic conditions (following discharge from ground water aquifers) may account for a significant part 

of the stream temperature differential between the two stations. 

i A correlation between stream temperatures at sampling stations Fx-1 and Fx-27 and the mean daily air 

temperatures recorded at the U. S. Weather Bureau stations at Waukesha and at Burlington was made to 

determine whether stream temperatures reflected relatively short- or long-term changes in air tempera- 

ture. Stream temperatures for the months from May through October 1964, at these two sampling stations, 

| were correlated to the mean daily air temperature for periods of one through six consecutive days pre- 

ceding the monthly dates of sampling. Stream temperatures at sampling station Fx-1 correlated most 

closely with the one-day period, indicating that stream temperatures at this station respond rapidly to 

f changes in atmospheric temperature. Stream temperatures at Fx-27 frequently corresponded most closely 

with the five-day or six-day mean air temperature, indicating that the temperature of the Fox River at 

Fx-27 reflected the net effect of air temperatures that prevailed over the previous five to six days, How- 

ever, rapid streamflow involving relatively large volumes of water or very low stream stage with corres- 

i pondingly low-flow rates are conditions that promote heat exchange between stream and atmosphere. Under 

these conditions the Fox River at Fx-27 tended to reflect the net effect of air temperatures that prevailed 

over the previous 2 to 4 days. This correlation does not occur during seasons when stream temperatures 

| are at or near 32°F (the freezing temperature of water), when the streams are partially or completely ice 

covered, and when mean daily air temperatures are slightly above, at, or below 32°F, 

i Streamflow and Precipitation: The flow of the Fox River is measured continuously by the U. S. Geological 

Survey at Waukesha (at sampling station Fx-7) by means of a water-stage recorder and at Wilmot (at sam- 

pling station Fx-27) by means of a wire-weight gage that is read twice daily. The records at the gaging 

stations at Waukesha and Wilmot start in January 1963 and in October 1939, respectively. During the pres- 

j ent study, the SEWRPC made flow measurements in the spring and autumn of 1964. The measurements of 

both agencies provide flow data at Fx-1, Fx-4, Fx-7, Fx-8, Fx-17, and Fx-27 during periods of relatively 

high and low flow. These data are listed in Table 58. The U. S. Geological Survey streamflow measure- 

i ments at Waukesha and Wilmot are listed in Tables 59 and 60, respectively. 
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Table 56 

WATER QUALITY CONDITIONS OF THE FOX RIVER (1964-1965) i 

(RR errr eres renee neers 

Number 

Parameter Numerical Value of i 

Chloride (ppm) . . « « «© « « « 445 50 5 23 

Dissolved Solids (ppm)... . 1,210 510 295 23 

Dissolved Oxygen (ppm) .... 19.0 9.6 0 66 

Coliform Count (MFCC/100 ml) . 610,000 12,600 <100 32 

Temperature (°F)... . ess 80 50 32 67 i 

Source: SEWRPC. 

Table 57 i 

COLOR OF THE FOX RIVER: JUNE AND JULY I964 

a cence nnn esc ccc ccc eecceeeeeecceeee ccc neeeccce seen een 

Color (in Units) Color (in Units) i 

Sampling Station June 1964 July 1964 Sampling Station July (964 

Fx-| « © © © @ 8 UO 170 Fx“|11 © «© «© «© «© 40 190 i 

Fx-U ® ® . e e a UO 270 Fx-13 e ® a e e e 35 175 

Fx-7 e a s s ® a 50 235 Fx-14 e e e e s e _—— 170 

Fx-8 . e . e . ® 30 240 Fx-|7 ® e s e e e —_—— 85 

Fx-9 e s ® « a s _ 195 Fx-24 ® ® s . ® * 30 70 

Fx-i0. a e . e e _—_ 180 Fx=-27 a e 8 e a . 25 60 

Source: SEWRPC. i 

Table 58 ; 

STREAMFLOW MEASUREMENTS OF THE FOX RIVER: SPRING AND AUTUMN I964 
(rrr 

Spring of I964 Autumn of I964 i 

Sampling Previous Previous Source of 
Station Streamflow 7-Day Streamflow 7-Da Measurement 

Date Date y 
(cfs) Rainfall (cfs) Rainfall i 

(in inches} (in inches)? 

Fx-| 2. © «@ 8 e 4-29 u. | .60 10-5 0 -O!| SEWRPC i 

Fx- e e ® e e 4-29 66 +60 10-5 4.6 .01 SEWRPC a 

Fx=7 2 28 © @ e 4-29 97 .60 10-5 8.2 .O| USGS 

® e e e e 4-30 98 67 -_ =“ a USGS 

e e e e e 5- | 96 79 _— _— —_—— USGS i 

a a a e e 5- 2 101 1.05 = “_ =_— USGS 

Fx-8 « «© «8 «@ 5- 2 91 1.05 10-5 2 | .0] SEWRPC 

Fx-17. e es e e u-30 267 48 10-5 uO 0 SEWRPC 

Fx=-27. e s ® e Y-29 466 ~64 10+5 97 0 USGS i 

® ® ® e e 4-30 U55 -79 _—— _— _~_ USGS 

e s e e ® 5- | U7 2 . 98 _= _—— -=- USGS 

8 e e e e 5e 2 466 ee | _—— -_ _—— USGS ; 

4 Measured at U. S. Weather Bureau Stations at Waukesha and Burlington, Wisconsin, and at Antioch, Illinois. 

Source: U. S. Weather Bureau, USGS, and SEWRPC. i 
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Table 59 

i DISCHARGE OF THE FOX RIVER AT WAUKESHA, WISCONSIN: 

JANUARY 1964 THROUGH FEBRUARY 19657 

i 
Day ge 88 

pe [re [we [ee Dor Pom [eT [oer [oe Tone Dae nee [oe [re 
i lew we ew ew we ee | 802 | 626 6.6 28 96 Is | 45 40 9.5 | 9.5 12 | 20 14 8.5 

2. eee ee we ww | BOS 6.2 8.2 4 101 18 iy 29 | 10 9.5 17 | 18 4 | 8.0 
Zee ew ee ee 3.8 7.0 10 85 98 18 12 23 10 7.8 16 | 15 38 8.0 |’ 

bee ee ee ew we | 87 7.4 | 12 85 95 17 i 20 | 10 7.8 my {4 36 8.0 
Be ee ee ee ew | 8 7.8 | 11 86 90 16 16 16 9.5 8.2 13 | 12 28 8.0 
BG. ew ee ew ew ee | 8L6 8.2 | 11 170 83 16 14 14 9.5 9.0 Is | out 21 15 
Tee ee ee ew we | 867 | 7.8 4 15 237 106 15 HI 1 9.0 9.0 13 | 12 20 80 
Bee ee ee ee | 868 6.6 | 14 286 159 14 10 lo | 10 10 12 | 12 24 76 

re 6.2 | 16 216 157 14 9.5 10 9.5 9.0 13 | 12 18 89 
10. ewe ew ew ee ew | 87 6.0 | 15 159 121 15 9.0 lo | ul 7.4 14 | 12 20 130 
[fe ee ee ee ee | 8S 6.0 } 15 132 9 | 18 8.2 15 | 10 7.4 Kee 16 127 
Dw we ee ee ew | 8K 6.0 | 19 1 74 19 7.4 12 9.5 9.5 iy | 15 14 153 
IB. ee ee ee ee | BLS 5.8 | 50 101 76 18 10 12 | 10 12 13 | 16 12 173 
Iho ee ew ew ee ew | 8S 5.6 1124 82 7\ 16 10 12 | 12 VI ee: 10 180 
[Be we ew ee we ww | 85 5.8 {120 86 70 16 9.0 lo | 12 12 is | 14 10 159 
[6 ee ee ee ee we | 885 5.8 1103 68 90 13 10 12 | 1 (2 15 | 12 9.5 | 136 
[Tw we ee ee ww | eG 6.2 | 78 70 150 13 28 12 | 10 10 is | 12 9.5 | 118 
IB. ew ee ee ew | 87 6.6 | 64 70 130 13 97 lt | 19 9.5 4 | 10 10 101 

rs ee 6.6 | 78 62 94 14 8.2 10 | 10 10 14 8.6 | 10 73 
20. +++... + | 7.8 | 6.4 | 34 60 78 4 | 116 10 | 12 LI 14 7.8 | 10 90 
Qle eee ee we ew | 62 6.2 | 18 lou =| 66 14 | 201 4u5 | 14 12 12 8.6 | 10 100 
22... ww ew ew we | BD 6.0 | 35 116 54 44 | 292 25 | 13 12 | 9.5 | 19 90 
23.5.6. eee es | 8.6 | 568 | 37 109 46 80 | 314 24 | 14 I 12 | 10 14 70 
24... ee ee es 130 5.6 | 36 96 40 26 | 280 21 | 10 LI 12. | 10 12 58 
2. ee eee ew ee 118 5.4 | 33 85 34 19 | 237 17 | 12 10 13 9.5 | 12 U6 
26. ee ee ee ee TE 5.4 | 26 77 30 17 | 180 15 | 12 | (2 9.5 | iI 40 
27 ue ee ee ew ee | BOY 5.4 | 24 80 27 15 | 165 15 | 10 12 19 9.0 | 10 36 
2. ee ee ee ww | 668 5.4 | 23 90 25 14 | 133 12 | 10 13 44 | 10 9.5 | 40 
299. eee ee ew ee | Teh 5.6 | 23 97 19 13 | 87 10 | 10 12 30 | 10 9.0 | -- 
80. ee ee ee ee | 7B -- | 23 98 18 12 | 61 12 9.5 | 12 26 | 12 8.5 | -- 
ee 2 -- | 24 -- 19 -- 53 lo | -- 12 -- | 10 8.5 | -- 

4 Data from October through February based on unpublished records subject to revision. 

Z b Underscored flow measurements indicate days when stream sampling occurred in the Fox River watershed. 

Source: U. S. Geological Survey discharge measurements, 

i The mean daily maximum and minimum flows of the Fox River at sampling stations Fx-7 and Fx-27 for 

the 14-month period of field investigation of the present study were 314 and 3.2 cfs and 1,510 and 65 cfs, 

respectively. Maximum and minimum daily flow conditions at the time of sampling on the Fox River were 

f 116 cfs on April 22, 1964, and 7.8 cfs on January 20 and February 5, 1964, at sampling station Fx-7 and 

598 cfs on March 18, 1964, and 88 cfs on December 28, 1964, at Fx-27. 

i Tables 61, 62, and 63 indicate the daily precipitation at Waukesha and Burlington, Wisconsin, and at Antioch, 

Illinois, respectively, from January 1964 through February 1965. 

Forecast Quality of the Fox River for the Year 1990: SEWRPC population estimates for 1963 indicate that 

i the-10 municipal sewage treatment plants in the Fox River watershed had a total connected population of 

60,300 people (37 percent of the estimated total population of the watershed of 160,000 persons), repre- 

senting an estimated total sewage flow rate of 9,700,000 gpd, or 15.0 cfs. By the year 1990, it is estimated 

i that at least three new sewage treatment plants will be in operation in addition to the 10 presently located 

in the watershed. 

Table 64 lists the estimated connected populations of these 13 sewage treatment plants under eaca of the 

proposed alternative regional land use plans. The estimated total 1990 population levels of the Fox River 

watershed are estimated under the Controlled Existing Trend Plan, the Corridor Plan, and the Satellite 

i City Plan at 359,000, 377,000, and 334,000, respectively. The total connected populations of all existing 
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Table 60 

| 

DISCHARGE OF THE FOX RIVER AT WILMOT, WISCONSIN: | 

JANUARY 1964 THROUGH FEBRUARY 19652 | 
| 

Streamflow? (in cfs) i | 

Day i964 | 96s 
Tver [ree [ver [ver [wey [ von [vot [me [se [ oct [ voy [vee | van | ren 

| 

lew. 70 160 106 293 472 162 14 | 280 99 97 96 233 205 80 i | 
Qe. 7 | 146 128 311 466 137 130 258 92 97 89 205 304 80 | 
3... 72 134 155 505 487 158 137 24 85 97 110 180 393 78 
YW... 73 128 163 634 476 142 [19 216 85 97 148 160 375 78 | 
Bene 74 124 151 680 466 138 104 204 85 97 164 145 324 80 | 
6... 78 | 28 210 958 450 135 98 (41 78 90 156 130 292 120 | 
Toes 84 126 370 1,170 424 135 98 106 78 97 140 120 261 260 | 
8... 86 122 886 1,080 510 135 101 106 85 101 133 120 282 717 
9... 88 116 728 1,030 597 135 108 103 92 104 125 121 27 | 1,270 
lO... 86 112 597 919 661 138 104 106 85 104 110 123 261 1,260 i 
Il... 82 110 539 834 478 138 104 132 92 104 103 123 228 1,430 | 
12. 6 80 114 474 828 442 142 104 122 99 101 103 139 179 1,510 | 
i... 78 112 473 783 450 138 108 113 85 87 103 155 147 1,400 
IW... 76 108 635 637 460 138 126 106 68 83 103 159 128 1,300 | 
IS... 74 106 74 I 644 387 138 130 99 71 83 110 163 110 1,120 
I6. 5. 74 Loy 734 608 385 127 137 110 68 79 160 159 100 904 | 
I7. 2. 76 104 673 556 44 | 124 134 112 68 79 189 147 94 813 | 
18... 80 106 598 556 417 124 305 i10 65 79 202 139 92 79 | | 
IQ... 84 108 ug 49 | 373 124 709 106 65 83 198 124 90 755 
20... 98 106 44g U5 | 342 124 762 106 88 87 180 110 90 682 | 
21. . «| 130 102 433 476 285 131 590 240 105 87 160 100 92 783 | 
22... 1] 155 96 393 558 268 221 303 210 I16 87 140 90 106 919 
23. . . | 180 94 370 583 246 410 360 | 185 120 87 125 94 124 813 | 
2u...] 189 92 357 546 242 262 311 160 135 87 133 100 150 682 
25... {| 189 90 383 510 202 262 298 143 127 97 140 105 128 540 | 
26... | 186 89 393 498 246 184 298 143 120 97 14y 100 109 440 | 
27. . « 182 88 383 476 226 168 3tl 12) 112 97 156 96 102 360 

28... |] 74 87 361 487 210 145 355 103 105 97 215 94 91 400 | 
29. . -} 170 88 329 466 18y 137 340 103 98 90 202 90 88 -- | 
30... {| 170 -- 291 455 173 130 345 106 98 97 202 100 84 -- 
31... | 166 -- 293 -- 165 -- 321 103 -- 97 -- 143 82 -- 

| 
4 Underscored flow measurements indicate days when stream sampling occurred in the Fox River watershed. | 

Source: U. S. Geological Survey discharge measurements. } 

and proposed sewage treatment plants by the year 1990 under these three alternative plans are expected to 

be 258,600, 258,600, and 233,500, respectively. By the year 1990, the total connected populations will i 

constitute 72, 68, and 70 percent of the total watershed population estimates according to these same three 

alternative land use plans. 

i 

Inspection of Table 64 indicates that, according to the three regional land use plan alternatives, a relatively 

heavy concentration of population can be expected in the upper reaches of the Fox River watershed, In 

1963 approximately 6,500 people were connected to the three sewage treatment plants located inthe water- i 

shed upstream from the City of Waukesha. The future estimated populations expected to be served by five 
plants in the same part of the watershed in 1990 are 98,600, 62,900, and 67,200 people according to the 

Controlled Existing Trend Plan, the Corridor Plan, and the Satellite City Plan, respectively. This heavy i 

concentration of people will occur in the headwater area of the Fox River watershed, where the natural 

flow of the Fox River is least. 

Table 65 indicates the estimated average daily sewage flow rates of existing and proposed sewage treatment i 
plants in the Fox River watershed for the year 1990. As already noted, in 1963 the total discharge from 

all sewage treatment plants in the watershed was about 9,700,000 gpd, or 15 cfs. By the year 1990, the 

total flow rate is expected to be four to five times larger than the 1963 figures. Upstream from the City of 

Waukesha, 90 percent of the flow of the Fox River proper is expected, by the year 1990, to consist of water 
from sewage treatment plants. i 
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Table 61 

i PRECIPITATION? AT WAUKESHA, WISCONSIN: JANUARY 1964 THROUGH FEBRUARY 1965 

i oy eee eee ee ee ee pe 
Lew ee te we -- -- -- -- 0.12 -- 0.18 -- -- -- 0.04 | 0.05 | 0.32 | 0.03 
Dee ee ee eee ~- -- -- 0.58 | 0.26 | 0.18 -- -- 0.07 | 0.01 | 0.69 | 0.03 | 0.21 -- 
3 e es @ e@ 8 @ @ @ @ _—— _— “= _—— -_ -—— -_— _- =_—— -_—— _— 0.01 “= -- 

Ue ne ew we ee -- -- 0.60 | -- -- -- -- -- -- -- | 0.03 | 0.16 -- -- 
Ba tt et tt es -- -- 0.69 | 0.82 -- -- “- -- -- -- -- -- _- _- 

Bee eet ewe -- -- 0.05 | 1.26 -- -- 0.03 -- -- -- 0.01 -- -- “- 
| -- -- -- 0.03 | 1.66 -- | 0.25] == -- -- -- -- 0.01 | 0.08 

i Bee ee ee ee -- -- 0.50 | == O.14 | -= | 0.02] -- 0.07 | 0.13 -- -- -- | 0.07 
Qe ee ee ee ee -- -- -- -- -- -- -~ -- -- ~~ -- -- -- 0.12 

IOs ww ww we es -- -- -- -- -- -- -- 0.09 | 0.09 -- -- 0.06 -- 0. 0I 
Ll we ww ew ww we | (0207 -- -- -- -- -- 0.02 | 0.54] == -- -- 0.02 ~-- | 0.26 
[2 2 oe we ww we | 0.08 | 0.18 -- -- -- 0.02 -- -- -- -- 0.10 | 0.23 -- 0.04 
13 e ee e« #@ # 8 @ @ -_—— _ “= 0.08 0.60 “= 0. U3 -= oo ow _ on = os —= = 

re -- -- 0.07 -- -- 0,02 | 0.01 -- 0.15 -- -- -- 0.04 -- 
IB we ee et es -- 0.05 -- -- -- 0.27 -- -- -- -- 0.46 -- | 0.05 -- 
Cr -- -- -- -- 0.66 -- -- 0.19 -- -- -- -- 0.02 -- 

17 2 «© «© © «© © © © 8 _ == -- 0.30 —= 0.04 0.85 = = am = we =o == 

rr -- -- -- -~ O11 -- 1.58 -- 0.59 -- -- -- -- -- 
I9 ow ew ew ww ww oe | OLN2 | 0.01 -- -- -- O.14 -- -- 0.03 -- = 0.06 -- -- 
20. ee ee ew ee | 018 -- 0.04 | 0.01 -- -- 0.60 | 0.07 | 0.14 -~ 0.15 -- -- -- 
Qhe ee eee nae =~ -- -- 1.06 | -- | 0.45 -- 1.36 | 0.19 -- -- -- -- -- 
22 © © © © © e 8 le -- -- -- -- -- 1.62 -- 0.02 =< -- -- -- 0.76 -- 

23 ee wwe ewe -- 0.02 -- -- -- -- -- 0.92 | 0.23 -- -- 0.01 | I.tt | 0.17 
Qu... ew ew ew ww we | (0091 -- -- -- 0.23 -- -- -- 0.03 -~ -- -- 0.14 | 0.10 
25 ee we ew ww ee | 0202 -- 0.25 | -- ~~ -- 0.51 -- 0.09 -- -- 0.06 | 0.0! -- 
26 ww ee wenn -- -- 0.13 | 0.07 -- -- -- -- 0.29 -- -- -- 0.27 -- 
1 -- -- 0.07 | 0.19 -- -- 0.26 -- -- 0.03 | 1.23 -- -- -- 
28 « «© © 2@ © © © 8 _— 7-— “—— 0. 20 — -- -_— - “= —_— 0. 23 0.02 -= == 

7 -- -- 0.01 | O.l4 | = _ -- -- -- -- -- | 0.02 -- -- 
30 «© © 2» «© © © © 2 == “= = 0.17 -- -- -= 0.14 = “= a= == = == 

3| . . e . e ® . e e -= u— =“ == 0.04 —— ao —_—= on = ae aoe 0.20 = = 

Ptetet feat | ozs [oer [wer [ee | ere | wre] eee | a | oi | ere] ove | si | 0.88 
4 Precipitation measured in inches. Trace quantities not included. 

i Source: U. S. Weather Bureau, 

Table 66 indicates the estimated quality of the Fox River for the year 1990. The most conspicuous dete- 

rioration of river quality will occur in the upper reaches because of low base flow and the aggregate effect 

of the proposed and existing sewage treatment plants at Lannon, Sussex, Brookfield, near the mouth of 

Poplar Creek, and Pewaukee. This impact will extend to several miles south of sampling station Fx-8. 

The water quality of the entire Fox River, however, may be expected to deteriorate toa level impairing 

[ all uses. 

The proposed expansion of the sewage treatment facilities at the City of Waukesha include plans for post- 

chlorination to disinfect the effluent. It is assumed that this process will be carefully applied tothe treated 

i liquid wastes to avoid excessive kill of the saprophytic bacteria which will continue to reduce the wastes 

to more stable substances in the stream. The non-chlorinated wastes discharged into the Fox River 

upstream from the City of Waukesha sewage outfall will, under the above assumption, blend with the 

wastes from the outfall at Waukesha and tend to be reduced in coliform count. Estimates of the coliform 

counts for 1990 at stations Fx-8 and Fx-11 reflect the possible effects of carefully controlled post-chlorina- 

tion at Waukesha. | 

i Sussex Creek | 
Present Stream Quality: One sampling station, Fx-2, was established on Sussex Creek and is located 

4.7 miles downstream from the river source and 1.3 miles upstream from the mouth, Sussex Creek enters 

i the Fox River 7.5 miles downstream from the source of the Fox River, 3.4 miles upstream from the 

Brookfield sewage treatment plant, and 7.0 miles upstreamfrom sampling station Fx-4, the nearest station 

downstream on the Fox River. The effluent from the sewage treatment plant at Sussex is discharged into 

i Sussex Creek approximately four miles upstream from sampling station Fx~-2. 
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Table 62 

PRECIPITATION? AT BURLINGTON, WISCONSIN: JANUARY 1964 THROUGH FEBRUARY 1965 i 

Re eee ee fre : 
bee ee ee ee -- -- -- -- 0.15 -- -- -- -- -- -- -- -- 0.19 
Qe ee ee es -- -- -- -- | 0.16 -- 0.15 -- -- -- | 0.13 | 0.01 | 0.60 -- 
Bu te et -- -- | 0.03 | 0.85 -- 0.23 -- -- -- -- 0.30 -- “= -- 
Yee ee ee ee -- -- -- -- -- -- -- -- -- -- -- O.14 -- -- 
5B ee tlw ll lll -- -- 0.73 -- -- -- -- -- -- -- 0.03 0.01 -- -- 

Be ee te ee -- -- -- 1.03 -- -- -- -- -- -- -- -- -- -- 
| re -- -- -- 0.10 | 0.12 -- 0.02 -- -- -- -- -- -- | 0.13 

re -- -- -- -- 0.22 -- 0.16 -- -- 0.13 -- -- -- G.15 
Qe. ce ee eee -- -- 0.43 -- -- -- -- -- -- 6.05 -- -- 0.07 -- i 

1 -- 0.01 -- -- -- -- -- G.47 -- -- -- -- -- 0.07 
ee -- -- -- -- -- -- -- 0.27 | 0.16 -- -- 0.13 -- 0.24 

rr -- -- -- -- -- -- -- -- -- -- O.11 -- -- -- 
re -- 0.35 -- 0.03 | 0.30 | 0.02 | 0.02 -- -- -- -- 0.15 -- -- 

re -- -- 0.15 -- 0.40 -- 0.33 -- -- -- -- -- -- -- 
15 ww we et et tt -- -- ~- -- -- -- -- -- -- -- -- -- 0.04 -- 

IG. we ee ee -- -- -- -- 0.70 | 0.84 -- -- -- -- | .05 -- 0.03 -- 
IJ ve ee et ee -- 0.0) -- -- -- 0.06 | 0.40 -- -- -- -- | -- -- -- 
IBe eee ee -- -- -- 0.08 | 0.01 n- 2.00 -- -- -- -- -- -- -- 
i: eee -- -- -- -- -- -- -- -- 0.57 -- -- -- -- -- 
20... 6. +. ee eee | 0.05 -- -- 0.13 -- -- -- -- -- -- -- 0.01 -- -- 
Ql ee ee ee es -- -- 0.12 | 0.73 -- 0.25 ~~ 1.25 | 0.53 -- 0.02 -- -- ~- 
7 re -- -- -- -- -- 0.20 -- -- 0.32 -- -- -- 0.09 -- 

re -- -- -- -- -- 0.99 -- O.14 | 0.61 -- -- -- 1.02 -- 
24. eww ew ee we + | 0010 | 0.10 -- -- 0.24 -- -- -- -- -- -- 0.01 | 0.57 | 0.17 
25. we we we ee | 0250 -- 0.27 -- -- -- 0.95 -- -- -- -- -- -- 0.02 
26 2 eee ee ene -- -- | 0.12 -- 0.10 -- -- -- -- -- ~~ 0.05 | 0.24 -- 
Ww wee ee ene -- -- -- 0.08 | -- -- -- -- 0.51 -- -- -- 6.10 -- 
28. ee ee ee -- -- -- 0.07 | -- -- 0.26 -- -- 0.03 | 1.25 -- -- -- 
1 re -- -- -- 0.15 | -- -- 0.17 -- -- -- -- -- -- -- 
30. we es -- -- ~- 0.15 | -- -- “- 0.33 -- -- ~~ -- -- -- 
Blow es we ee we et -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

ptt fees [oer [ies [avo [ano [ase [eve [avs [ave [oar [ae [osi | are [oer 
4 Precipi tation measured in inches. Trace quantities not included. 

Source: U. S. Weather Bureau. 

Sussex Creek is a calcium bicarbonate stream of relatively constant total mineralization. Of three com- i 

plete chemical analyses of water sampled from Sussex Creek in February, April, and October 1964, 

calcium (ranging from 95 to 80 ppm) was the predominant cation; and bicarbonate (ranging from 395 to 

295 ppm) exceeded all other anion concentrations. Sulfate concentrations were relatively high and ranged i 

from 220 to 116 ppm. The maximum nitrate concentration was 3.6 ppm. On October 7, 1964, total phos- 

phorus was 0.26 ppm. Selected water analyses of Sussex Creek at sampling station Fx-2 are indicated in 

Table 67. Water quality conditions of Sussex Creek are indicated in Table 68. i 

The chloride concentrations in Sussex Creek indicate a probable chloride impact upon the stream from 

human sources. If the "background" chloride concentration of the stream were assumed to be 10 ppm, 

this concentration was exceeded by as much as 60 ppm during the three samplings. The effluent of the i 

Sussex sewage treatment plant may be the source of a greater part of this impact concentration, although 

local sources near sampling station Fx-2, such as the effluents from private septic tanks, may contribute 

to this impact. None of the present or potential uses listed in Table 4 are adversely affected. F 

The variations inthe dissolved solids concentrations of Sussex Creek are affected principally by variations 

in bicarbonate, chloride, sulfate, and sodium concentrations. No present or potential uses are adversely 

affected by the concentrations of dissolved solids. The principal part of the dissolved solids concentration 

(possibly 425) is derived from ground water seepage. 

The dissolved oxygen concentration of Sussex Creek was determined 12 times during the 14-month period , 

of field study. A minimum concentration of 4.3 ppm occurred in February 1965 under ice cover. Waste 

assimilation loading of Sussex Creek does not suppress the dissolved oxygen concentrations to critical 

levels (3.0 ppm or less) during daylight hours. i 
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| Table 63 
PRECIPITATION? AT ANTIOCH, ILLINOIS: JANUARY I964 THROUGH FEBRUARY 1965 

SS SSS SS SSS SSS Sl Ss SSS Ts a 

1964 a my [ane re [ner [tor [er De Dt [nee [see per ee Te 
bo ee -- -- -- -- 0.19 -- 0.07 -- -- -- -- -- 0.43 | 0.05 
) a ee -- -- -- 0.46 0.13 0.19 0.40 -- -- -- 0.32 0.29 0.65 -- 

Zi. ew ew th we -- -- 0.01 0.25 -- -- -- -- -- -- 0.45 | 0.02 -~ -- 
bie ew ew we ee -- -- 0.02 -- -- -- -- -- -- -- 0.04 | 0.39 -- -- 
Bk ee te -- -- | 0.64 | 0.92] -- -- -- -- -- -- -- -- -~ -- 
6. 6 8 © ew ew ew -- -- -- 0.10 0.06 -- -- -- 0.02 0.04 -- -- -- -- 

7 + 6 8 we ew ee -- -- -- -- -- -- 0.54 -- -- -- 0.03 -- 0.3) 0.08 

re -- -- 0.06 -- 1.55 -- -- -- -- 0.06 -- -- -- -- 
9. 2. © © wb te we 0.03 -- -- -- 0.07 -- -- -- -- -- -- -- -- 0.23 

10. « 6 e we ew -- -- -- -- -- -- -- 0.80 0.86 -- -- -- -- 0.05 

Ihe ee ee ee -- -- -- -- -- -- -- | 0.11 -- -- -- | 0.05 -- -- 
> -- 0.30 -- -- -- 0.10 -- -- -- 0.02 0.37 -- -- -- 

f i -- -- -- 0.10 0.57 -- 0.27 -- -- -- -- 0.06 -- -- 

Ibo ee ee ee -- -- 0.20 -- -- -- 0.20 -- -- -- -- -- -- -- 
IS ee ee ee ee -- 0.10 -- -- -- 2.06 -- -- -- -- 0.99 -- 0.30 -- 
16 2. « «© © 2 ew we ew 0.05 0.20 -- -- 0.61 -- -- -- -- -- 0.03 -- -- 0.50 

IP ee ee ee ee -- -- -- 0.04 ~- -- -- -- -- -- -- -- -- -- 
18 2. 2 ee ew ew ee -- -- -- 0.17 -- -- 3.00 -- 0.59 -- -- -- -- -- 

IQ ww we we ee -- -- -- -- ~- -- -- -- -- -- -- ~- -- -- 
20. « 2 es © we we 0. 64 -- 0.55 0.34 -- O./1 -~ -- 0.54 -- 0.08 -- -- -- 
2) 5 ew eee eh -- 0.05 -- 0.33 -- 0.08 | 0.05 | 0.89 -- -- -- ~- -- -- 
yy rn -- -- -- -- -- 1.02 | 0.31 0.17 1.46 -- -- -- 1.19 -- 
23 2. «© © 8 ew ew ew -- -- -- -- -- -- -- -- -- -- -- -- 0.90 -- 
ya. ee 0.94 -- 0.30 -- 0.35 -- -- -- -- -- -- 0.02 0.22 0.50 
25 . . . . . s e * . “= -— = 0.65 ~~ -—— ~~ 0.30 0.04 -- -- = = == ~- 

26 1. © «© © 2 ew ww -- -- 0.10 -- -- -- -- -- -- -- -- 0.06 0.51 -- 
27. ee ewe ee -- -- 0.02] 0.20 -- -- -- -- 0.37 -- -- -- -- -- 
28 2 se ew we et -- -- -- 0.17 -- -- 1.55 -- -- -- 1.75 -- -- -- 
29. «© © © ow te ew -- -- 0.16 0.27 -- -- 0.83 -- -- 0.05 -- 0.02 -- -- 
30. - we ew ew ee -- -- ~= 0.15 -- -- -- 0.22 -- -- -- -- -- -- 
Bl. eee ee -- -- -- -- -- -- -- -- -- -- -- -- 0.10 -- 

i [ent epee] er aeol sep asep re] emf aap on] col oa] wep ca, 
@ Precipitation measured in inches. Trace quantities not included. 

Source: U. S. Weather Bureau. Table 6 4 

a ESTIMATED POPULATION CONNECTED TO EXISTING AND PROPOSED SEWAGE TREATMENT PLANTS 
[IN THE FOX RIVER WATERSHED: 1963 AND 1990 ALTERNATIVE LAND USE PLANS 

SS SSRs SSS SSS SSS lS SS SSS UU, 

Estimated j f Location of Stimated Connected Population | 

Sewage es en 
Existing Controlled 

Treatment 1963 Existing Corridor Satellite 

Plant Trend Plan Plan City Plan 

Village of Lannon. ....., 04 (8,600 300 2,100 
Village of Sussex. . . . es. 1,400 8,800 2,000 5, 300 
City of Brookfield ......, 2,200 27,800 31,700 27,000 
Near Mouth of Poplar Creek. ., Qo 37,000 [7,100 27,400 

;Village of Pewaukee ..... 2,900 6, 400 11,800 5,400 
i City of Waukesha... . se. 35,000 82,100 71,600 66,800 

Village of Mukwonago .... .« 1,900 6,800 10,600 [3,200 

Village of Waterford ...4.-s. 1,600 5,800 14,400 5,600 

Village of Muskego ...... 0? 31,600 YY,000 9,500 
i City of Burlington... . 6,200 14,200 19,400 43,200 

Village of East Troy .... . |, 500 3,600 5, 200 4,400 
City of Lake Geneva. .« « « « « 4,500 [1,000 24,800 17,700 
Village of Twin Lakes. ... . 3,100 4,900 5,700 5,900 

Total Connected Populatiorn 60,300 258,600 258,600 233,500 

a Sewage treatment plant not in existence in 1963. 

i | Source: SEWRPC. 
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Table 65 

ESTIMATED AVERAGE DAILY SEWAGE FLOW RATES OF EXISTING AND PROPOSED f 

SEWAGE TREATMENT PLANTS IN THE FOX RIVER WATERSHED: 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 

Ee ree erect eee ase Tee 

Estimated Average Daily Sewage Flow Rate i 

Existin : 

ree "1963 9 Controlled ; Satellite 

Plant Existing Corridor City 

Trend Plan Plan Plan 

Village of 04 3,300,000 30,000 300,000 ; 
Lannon .. 2. © «© «© « aw 07 5. | 0.05 0.5 

Village of 200,000? 1,600,000 200,000 900,000 
SUSSEX 2 2 « ew ee we 0.3° 2.5 0.3 1.4 

City of 300,000 5,000,000 5,700,000 4,900,000 f 

Brookfield ......-s. 0.5° 7.7 8.8 7.6 

Near Mouth of 04 6,700,000 3,100,000 4,900,000 

Poplar Creek . «1... es 04 10.4 4.8 7.6 f 

Village of 300,000? 1,200,000 2,100,000 1,000,000 
Pewaukee ..... .e « « 0.5° 1.9 3.2 1.5 

city of 6,300,000? 14,700,000 12,900,000 12,000,000 i 
Waukesha . .« « « « « @ 5 9.7° 22.7 20.0 18.6 

Village of 200,0007 1,200,000 1,900,000 2,400,000 
Mukwonago. « « «© «© «© «@ « 0.3° 1.9 2.9 3.7 i 

Village of 04 5,700,000 7,900,000 1,700,000 
Waterford. ». . + se ee 0° 8.8 12.2 2.6 

Village of | 200, 000° 1,000,000 2,600,000 1,000,000 
Muskego. . « « «© «© «© ws 0.3° 1.5 4u.0 1.5 

City of 1,100,000? 2,600,000 3,500,000 7,800,000 

Burlington . «1 « « «© « «6 1.7° 4.0 5.4 12.1 

Village of 200,000° 400,000 1,000,000 500,000 i 
East Troy. « « «© «© «© « + | 0.3° 0.6 1.5 0.8 

‘City of 500,000” 2,000, 000 4,500,000 3,200,000 
Lake Geneva. . .-. ees 0.8°¢ 3.1 7.0 4.9 i 

Village of 400,000° 600,000 1,000,000 1,000,000 
Twin Lakes . . .. «© « . 0.66 0.9 1.5 1.5 

Total Average Daily 9,700,000” 46,000,000 46,400,000 41,600,000 

Sewage Flow Rate 15.06 71.1 71.8 64.3 

4 Sewage treatment plant not in existence in 1963. 

b Gallons per day. i 

© Cubic feet per second. 

Source: SEWRPC. i 

Coliform counts in Sussex Creek were relatively high and exceeded 10, 000 MFCC/100 ml during the months 

of June through September. This stream has coliform counts probably indicative of human sources of i 

pollution, which probably include the Sussex sewage treatment plant and the morc local effluent from 

Septic tanks. 

The maximum temperature of Sussex Creek was 70°F in July 1964. The average temperature for the i 

period of June through September 1964 was 62°F. The temperature condition of Sussex Creek is suitable 

for fish life. i 
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Table 66 

i FORECAST QUALITY OF THE FOX RIVER: 1990 ALTERNATIVE LAND USE PLANS 

ee errr eee e er eee en nescence eee acne cence nn eee eceeee cece a, 

Forecast Quality for 1990 

' Sampling Stream controlled : 
tre Parameter . ontrolle 

Stream 3 Station Quality ae Corridor Satellite 
in 1964 Existing 

: Trend Plan Plan City Plan 

Fx-| 307 150 uO 120 

Fx-4 120 170 170 170 

Fx-7 65 170 170 170 

Fx-8 120 170 170 170 

Chioride Fx-11 65 

(in ppm) Fx=|3 55 From 100 to 150 
f Fx-14 55 

Fx-17 50 

Fx-24 U5 From 50 to |00 

i Fx-27 30 

Fx-| 460° 650 500 600 
Fx-4 765 850 850 850 

Fx-7 600 800 800 800 

i Fx-8 685 750 750 750 

Dissolved Fx-|[| 575 

Solids Fx-13 520 From 600 to 700 

f (in ppm) Fx-14 5 20 

Fx-17 500 

Fx-24 U85 From 500 to 600 

Fox River Fx-27 UWS _ 

Fx-| 2.2° . 
Fx-4 3.2 Concentrations of less than 3.0 

Fx-7 5. | may be expected to occur 

i Fx=8 uo most frequently. 

Dissolved Fx- 11 6.4 Concentrations between 3.0 and 

Oxygen Fx-13 7.3 5.0 may be expected to occur 

(in ppm) Fx-J4 8.4 most frequently. 

Fx-17 10.0 
Fx-24 8.0 More than 6.0 More than 4.0 

Fx=-27 i1.8 More than 6.0 

: Fx-| 5, 100° From 40,000 to more than 100,000 

Fx-¥ 27,000 More than 100,000 

Fx~7 9,000 More than 100,000 

Fx-8 76,000 Less than 50,000 

Coliform Fx- t] 2, 200 Less than 5,000 

— Count Fx-i3 1, 600 More than 15,000 
(in MFCC/ Fx-14 900 More than 5,000 

100 ml) Fx-17 7,100 More than 20,000 
Fx-2u 27,200 More than 50,000 
Fx-27 { ,200 More than 3,000 

i 4 All chloride and dissolved solids concentrations in this column are based on water analyses for October 
1964. | 

b All dissolved oxygen concentrations in this column are based on average for period June through Septem- 
ber. 

© All coliform counts in this column are based on average for period June through October 1964. No data 
i for September 1964. 

Source: SEWRPC. 
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Table 67 i 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 
COLLECTED AT SAMPLING STATION FX-2 ON SUSSEX CREEK: 1964 

eee... 

Date of Date of f 

Silica. « « «© «© «© © © © «© © © © @ 2 3 U-22-64 Y }0-7-64 

[ron . 6 8 e ew et ee ee lk le 0.02 " 0.07 " i 

Manganese. « « « «© «© «© © © © «© © «© 2 -- -- 0.01 " 

Chromium . « «© «© «© © © «© «© © #8 «© @ 2 -- -~ < 0.005 " 

Hexavalent Chromium. . 2. « 5 «© «© «© » -- -= 0.00 " f 

Calcium. «© « « «© «© «© © © © 8» «© © © 95 H-22-64 80 " 

Magnesium. « «2 5» © ©» © © «© «© © «© «2 2 50 " 47 " 

Sodium (and Potassium) . «+ » « « a. 35 " 50 " 

Bicarbonate. « «© « «© « © © «© «© «© «@ 2 295 " 330 " f 

Carbonate. «. « « «© © © «© © © «© «© «© 6 0 " 10 " 

Sulfate. . .« © © « «© © © © © © © 8 2 220 " 116 " 

Chioride . . « « « © © © © © 8 © @ 40 " 65 " 

Fluoride . . « « «© «© «© © © © © © «© « -- -= < 0.35 " i 

Nitrite. . . 2 « «© «© © «© © «© © « wo 6 0.0 4-22-64 (0.0 " 

Nitrate. . « «© «© © «© © © © 8 © «© «8 « =. -= 3.6 " 

Phosphorus . . « «© «© «© © «© «© 8 © @ 8 -- -- - 66 " 

Cyanide. .« 2. «© © «© © © 8 ww ew ew -- -- -- -- i 

Oil. « 2 8 w ew ew ew ee ke lk le -- -- < | 10-7-64 

Detergents . ». « © « es ew we ee eee 0.2 4U-22-64 | o.4 " 
Dissolved Solids . . .« « «© « © «© w « 590 " 535 " 

Hardness . . « 5 © «© © «© «© © © #© «@ + YU3 " 392 " i 

Noncarbonate Hardness. .« « « « «© «© » 205 " 105 " 

Calcium Hardness . 2. «© «© «© «© «© «© «8 « 236 " 199 " 

Magnesium Hardness . .« «© «© «© © «© «@ « 207 " 193 " i 

Alkalinity P . . « «© «© © © «© «© «© @ 4 0 " 5 " 

Alkalinity M . . «© « «© «© «© © «© «© w@ 8 240 " 280 " 

Specific Conductance .... 5. 2 «ss, 836 " 828 " 

DH « 6 0 8 e we ew we ew te ke 7.7 " 8.0 " i 

Color. «© «2 «© © © ew 8 ee we wk 60 " 20 " 

Turbidity. . . 2 «© © 8 © «© © © © «@ 8 2 " 5 " 

Biochemical Oxygen Demand. .... - 2.8 " 2.0 " 

Dissolved Oxygen «. . » «© « «© « w eo 8.9 " 12.2 " i 

Coliform Count . . . « «© «© © © © « 9,000 " 11,000 " 

Temperature (°F) . 1. 2 1 ew ew ew ee 50 " u | " 

Source: SEWRPC. i 

Table 68 
i 

WATER QUALITY CONDITIONS OF SUSSEX CREEK (1964-1965) 

SS SSS SSS Ss SSS SSS SSS SSS Ss SSS 

= |] I Parameter of 

Chloride (ppm) . . 2. « 2 » «© « 70 60 4UQ 3 i 

Dissolved Solids (ppm). ... . 650 590 535 3 

Dissolved Oxygen (ppm). ... . 12.2 7.7 4.3 12 

Coliform Count (MFCC/100 ml). . 85,000 16,000 1,300 Il i 

Temperature (°F)... «© «© © a o 70 48 32 11 

Source: SEWRPC. ; 

124



Streamflow and Precipitation: Sussex Creek is a shallow meandering stream occupying a very narrow 

F channel. At sampling station Fx-2, a distance of 4.7 miles from the source, this stream had a maximum 

depth of 0.4 feet and was six feet wide when measured under low-flow conditions in October 1964. The 

small size and low flow of Sussex Creek preclude its use for all but three of the ten major uses listed in 

f Table 4. These three uses are waste assimilation, preservation of aquatic life, and aesthetic use. 

The waste assimilation capacity of Sussex Creek at sampling station Fx-2 was exceeded, with respect to 

i dissolved oxygen, in that the waste loading was sufficient to occasionally lower the dissolved oxygen con- 

centrations to substandard levels (between 5.0 and 3.1 ppm) for the preservation of fish life. Farther 

upstream toward the Sussex sewage treatment plant, where waste loading can be presumed to be heavier 

(because of less dilution by the stream), the dissolved oxygen concentrations of the creek may be depressed 

i to critical levels (3.0 ppm or less), The generally shallow depth of Sussex Creek imposes natural limita- 

tions on the size of the fish that can inhabit the stream. Regardless of how favorable the quality of Sussex 

Creek may be for the preservation of fish life, the shallow depth of the stream limits its habitation by fish 

f to small species, such as minnows. 

The flow of Sussex Creek was measured by the SEWRPC at station Fx-2 in April and October 1964, as 

listed in Table 69. Table 61 indicates the daily precipitation at Waukesha, Wisconsin, from January 1964 

f through February 1965. 

Forecast Quality of Sussex Creek for the Year 1990: Population studies by the SEWRPC indicate that the 

i Village of Sussex sewage treatment plant had a connected population in 1963 of about 1,400 people. The 

connected population of this sewage treatment plant by the year 1990, according to the SEWRPC alternative 

land use plans, is listed in Table 70. Based on procedures discussed at the beginning of this chapter, 

f estimates of the quality of Sussex Creek at sampling station Fx-2 are listed in Table 71. 

Alternative regional land use plans prepared by the SEWRPC indicate that, under the Controlled Existing 

Trend and Satellite City Land Use Plans, large increases are anticipated in the population served by the 

i Sussex sewage treatment plant. The estimates of future water quality in Table 71 indicate that the most 

serious effects that this human impact can have on the quality of Sussex Creek are the lowering of the dis- 

solved oxygen concentrations to levels that are frequently less than 3.0 ppm and the buildup of nutrients. 

i Although marked increases in the concentrations of chloride, dissolved solids, and coliform bacterial 

counts can be expected, these concentrations should not interfere with the preservation of fish and wildlife 

and the aesthetic use of the stream. However, buildup of BOD and of nutrients in the stream, such as 

i nitrates and phosphates, may result in very critical oxygen levels and in algae blooms that impair the 

aesthetic value of the stream through unsightliness and foul odors and make the stream unsuitable for the 

preservation of fish and wildlife. To what extent Sussex Creek may contribute to the contamination of wells 

i in the shallow aquifers is not considered in this study. 

Poplar Creek 

Present Stream Quality: One sampling station, Fx-3, was established on Poplar Creek and is located 

: 0.3 miles downstream from its source and 0.8 miles from its confluence with the Fox River. Poplar 

; Table 69 

: STREAMFLOW MEASUREMENTS OF SUSSEX CREEK: SPRING AND AUTUMN 1964 
SS SSS SS eS SSS 

Sampling Streamflow Previous 7-Day Rainfall 

5 
4. 0.60 a 

4 Measured at U. S. Weather Bureau Station at Waukesha, Wisconsin. 

i Source: U. S. Weather Bureau and SEWRPC. 
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Table 70 

ESTIMATED CONNECTED POPULATION AND AVERAGE DAILY SEWAGE FLOW RATES i 

FOR THE VILLAGE OF SUSSEX SEWAGE TREATMENT PLANT: 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 

eee 

Estimated Connected Population i 

oe ane SOS 
sewage Existing : : 

Treatment 1963 Controlled Corridor Satel| ite i 

Plant Existing Plan City 
Trend plan Plan 

Estimated Average Daily Sewage Flow Rate 

a Village 200,000 1,600,000 200,000 1,000,000 

of 0.3 2.5 0.3 1.5 ; 
Sussex - 

Estimated Low Flow of Sussex Creek at Station Fx-2 

@ Gallons per day. 

b Cubic feet per second. 

Source: SEWRPC. i 
Table 71l 

FORECAST QUALITY OF SUSSEX CREEK AT SAMPLING STATION FX-2: | 

1990 ALTERNATIVE LAND USE PLANS i 
nee en NT co aa aT oS 

Stream Station Parameter Quality Controlled | Satellite E 

in 1964 Existing Corridor City 
Trend Plan Plan Plan 

Chloride 170 

(in ppm ) 

Dissolved 

Solids i 

(in ppm) 

Sussex Fx-2 

Creek Less than Less than i 

Dissolved 3.0 ppm can 3.0 ppm can 
Oxygen 6.7°| be expected be expected 

(in ppm) to occur to occur | 
frequently. frequently. 

Coliform | 
Count b 

14,300 85,000 20,000 50,000 
(in MFCC/ 

100 ml) 

@ Based on water analysis fort October 1964. f 

b Based on average for the period June through September 1964. 

Source: SEWRPC. i 
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Creek joins the Fox River at apoint 12.8 miles downstream from the source of the Fox River and 1.7 miles 

i upstream from sampling station Fx-4. 

Poplar Creek is a calcium bicarbonate stream of relatively constant total mineralization. Of three com- 

i plete chemical analyses of water sampled from Poplar Creek in February, April, and October 1964, 

calcium (ranging from 117 to 85 ppm) was the predominant cation; and bicarbonate (ranging from 440 to 

220 ppm) exceeded all other anion concentrations. Sulfate concentrations were relatively high and ranged 

from 323 to 155 ppm. The maximum nitrate concentration was 1.6 ppm. On October 7, 1964, total phos- 

i phorus was 0.20 ppm. Selected water analyses of Poplar Creek at sampling station Fx-3 are indicated in 

Table 72. Water quality conditions of Poplar Creek are indicated in Table 73. 

i The chloride concentrations in Poplar Creek are relatively low and reflect a low chloride impact upon the 

stream from human sources, No sewage treatment plants discharge treated wastes into the area drained 

by Poplar Creek. The prime source of the chlorides is presumably the effluent from the many private 

E septic tanks in the housing developments that are scattered throughout the area. No present or potential 

uses listed in Table 4 are adversely affected by the present chloride concentrations of Poplar Creek. 

Table 72 

E SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

COLLECTED AT SAMPLING STATION FX-3 ON POPLAR CREEK: [964 

DF 

Silica « 2. 2 « «© © «© © © 2 o 4 4-22-64 8 10-7-64 
EF Iron « 2 6 «© «© © © «© © 8 tl 0.10 n 0.08 " 

Manganese. « « 6 «© « © © e we -- -- 0.07 " 
Chromium . « 2. « « © © © @ @ -- -- <0.005 " 
Hexavalent chromium. .« .« « « == -- 0.00 " 

i Calcium. . « « «© «© «© © © © © 2 85 Ye 22-64 109 " 
Magnesium. .«. « © « © «© e «@ @ @ Y | " U8 " 
Sodium (and potassium) . .«.. 20 " 40 " 

i Bicarbonate. . « «s+ « e # oe 220 n 440 n 
Carbonate. .« « « « « «© » @ @ 2 0 " 0 " 

Sulfate. « « « «© «© «© © « « © 2 172 " [55 " 

Chloride .« « « » « « © » 2 « «2 50 " 20 " 

i Fluoride .« « « « « © e «© «© « « -- -- <0.60 " 

Nitrite. «© « « « « « © «© « « « 0.0 4-22-64 0.0 " 

Nitrate. « « »« « « « © «© «© «@ 2 -- -- 1.6 " 

Phosphorus .« . «© « « 8 « « «© « -- -- 0.20 " 

P Cyanide. « « « «© © « © « @ «@ 2 -- -- -- -- 

Oil. « « « © © «© © © @ @ ew ew -- -- <2 10-7-64 

Detergents « « « « « © « « « « 0.0 4-22-64 0.1 " 

Dissolved solids . . « « « « « 480 " 595 " 

i Hardness « « » «© «© © e « « © «6 382 " 469 " 

Noncarbonate hardness. . 2 « « 200 " 110 " 

Calcium hardness « « « « « «© « 212 " 272 " 

F Magnesium hardness .« «6 « « « « 170 " 197 " 

Alkalinity P. . «ee we ee 0 n 0 " 
Alkalinity M . « © « « © © @ « 180 " 360. " 

Specific conductance . . « « « 744 " 832 " 
pH . 2 © © «© «© © © «© © 8 © «© « 7.6 " 7.6 " 

i Color. « « « «© © © © © © «© «© @ 90 " 30 " 

Turbidity. .« « « « « «© « «© « 8 5 " 8 " 

Biochemical oxygen demand. . . 2.7 " 2.4 " 

E Dissolved oxygen ». « « « « « « 6.4 " 8.2 " 

Coliform count .« « « « » «-« « 3,600 " 900 " 

Temperature (°F) . . « » « «@ « 5 | " 42 " 

i Source: SEWRPC 
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Table 73 

WATER QUALITY CONDITIONS OF POPLAR CREEK (1964-1965) i 

Number 

Parameter | Numerical Value of i 

Chloride (ppm) .~. . «© « «© « «ws 50 35 20 

Dissolved Solids (ppm)... . 765 615 480 

Dissolved Oxygen (ppm) .... 12.1 5.9 0.1 
Coliform Count (MFCC/100 ml). 9,000 1,900 300 

Temperature (°F)... «ees 73 47 32 i 

Source: SEWRPC.. 

The variations of dissolved solids concentrations in Poplar Creek are affected principally by variations in ; 

bicarbonate, sulfate, calcium, chloride, and sodium concentrations. The principal part of the dissolved 

solids concentration (possibly 550 ppm) is derived from ground water seepage. No present or potential 

uses of the stream water are adversely affected by dissolved solids concentrations. i 

The dissolved oxygen concentration of Poplar Creek was determined on 13 samples collected over the 

period of field study. During June, July, August, and September, the minimum concentration was 0.1 ppm 

following the heavy rains of July 1964. With the exception of that month, a minimum of 3.2 ppm occurred E 

under ice cover in February 1966. This concentration is substandard for the preservation of fish life but 

is not considered to be critical. Waste assimilation loading of Poplar Creek is sufficient to suppress the 

dissolved oxygen concentration for the preservation of fish life to near critical levels during daylight hours. i 

The coliform counts in Poplar Creek are very low as compared to those of the 42 other streams and water- 

courses studied by the SEWRPC. The counts exceeded 2,400 MFCC/100 ml only during January 1965. 

Human sources did not appear necessarily to be contributory to the coliform counts in this stream except 

possibly in January 1965. 

The maximum temperature of Poplar Creek was 73°F in July 1964. The average temperature for the F 

period of June through September 1964 was 63°F. The temperature condition of Poplar Creek is suitable 

for the maintenance of fish life. 

Streamflow and Precipitation: Poplar Creek is a relatively deep meandering stream. At sampling sta- i 

tion Fx-3, a distance 5.3 miles from the source, this stream was 1.5 feet deep and 22 1/2 feet wide when 

measured under low-flow conditions in October 1964, The flow conditions make this stream suitable for 

waste assimilation, preservation of fish and wildlife, partial-body contact recreation, and aesthetic use. 

Although potentially suited for whole-body contact recreation, such as Swimming, this use is problematic 

because the stream has a muck bottom in its lower reaches. 

The flow of Poplar Creek was measured by the SEWRPC at sampling station Fx-3 in April and October 1964, | 

as listed in Table 74. Table 61 indicates the daily precipitation at Waukesha from January 1964 through 

February 1965. i 
Table 74 

STREAMFLOW MEASUREMENTS OF POPLAR CREEK: SPRING AND AUTUMN 1964 

Sampling Streamflow Previous 7-Day Rainfall i 

Station Date (cfs) (in inches)? 

4-29 28 0.60 
Fx-3 10- 6 0 0.01 i 

@ Measured at U. S. Weather Bureau Station at Waukesha, Wisconsin. 

Source: U. S. Weather Bureau and SEWRPC. ; 
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Forecast Quality of Poplar Creek for the Year 1990: A new sewage treatment plant is presently under con- 

i struction near the mouth of Poplar Creek. This plant will service parts of the Town of Brookfield and the 

northwest part of the City of New Berlin, which are estimated by the SEWRPC to have had a combined 

population of 7,500 in 1963. Present development in the area to be serviced depends upon septic tank 

E systems for waste disposal. The connected population of the new sewage treatment plant by the year 1990 

according to the SEWRPC alternative regional land use plans is listed in Table 75. Based on procedures 

discussed at the beginning of this chapter, estimates of the quality of Poplar Creek at sampling station Fx-3 

and downstream from the proposed sewage treatment plant are listed in Table 76 and 77, respectively. 

i The effect of the Poplar Creek Sewage treatment plant upon the quality of the Fox River is discussed under 

the section of this chapter pertaining to the Fox River. 

i Pewaukee River 

Present Stream Quality: Two sampling stations, Fx-5 and Fx-6, were established on the Pewaukee River. 

i Sampling station Fx-5 is located 1.3 miles downstream from the outlet of Pewaukee Lake and 0.8 miles 

downstream from the Pewaukee sewage treatment plant. Sampling station Fx-6 is located 4.9 miles down- 

stream from station Fx-5 and 0.2 miles upstream from where the Pewaukee River enters the Fox River. 

! The confluence of these two rivers is 1.4 miles downstream from sampling station Fx-4 and 3.3 miles 

i upstream from station Fx-7. 

i The Pewaukee River is predominantly a calcium bicarbonate stream that is subject to moderate changes 

| in total mineralization. Of 17 complete chemical analyses, calcium (ranging from 98 to 53 ppm) was the 

most abundant cation in 11 analyses; and bicarbonate (ranging from 535 to 245 ppm) exceeded all other 

anion concentrations in the 17 analyses. Sodium occurred as the most abundant cation in six analyses at 

i concentrations ranging from 120 to 80 ppm. Sodium concentrations tendcd to be higher at sampling station 

Fx-5 than at sampling station Fx-6. Maximum nitrate concentrations at stations Fx-5 and Fx-6 were 

18.2 and 4.5 ppm, respectively, with 18.2 ppm being the highest nitrate concentration encountered at any 

E sampling station in the Region. On October 7, 1964, total phosphorus was 3.2 ppm at station Fx-5 and 

0.96 ppm at station Fx-6. Selected water analyses of the Pewaukee River at sampling station Fx-6 are 

indicated in Table 78. Water quality conditions of the Pewaukee River are indicated in Table 79. The 

i average numerical values are weighted averages. 

Table 75 

ESTIMATED CONNECTED POPULATION AND AVERAGE DAILY SEWAGE FLOW RATES 

; FOR THE POPLAR CREEK SEWAGE TREATMENT PLANT: 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 

SSS SSS SSS SSS SSS SSS sil SSS 

i 
Sewage 980 Sewage . , 

Treatment Existing Controlled Satellite 

Plant 1963 Existing Corridor City 
i Trend Plan Plan Plan 

Te ares eer eee 
Creek 10.4 4.8 7.6 

i 
pt 

i @ Gallons per day. 

b Cubic feet per second. 

E Source: SEWRPC. 
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Table 76 

FORECAST QUALITY OF POPLAR CREEK AT SAMPLING STATION FX-3: ; 

1990 ALTERNATIVE LAND USE PLANS 
(Sn nner rrr a A A, 

Stream Forecast Quality for 1990 

t Sampling Parameter lit Stream Station Quality Controlled Satellite 

in 1964 Existing Corridor City 
Trend Plan Plan Plan , 

Chloride 202 

(in ppm) 

Dissolved 
i 

Solids 600? 550 

(in ppm) 

Poplar i 

Creek Fx=3 

Dissolved 

Oxygen u.g? More than 5.0 i 

(in ppm) 

Coliform ; 

Count 1,500° Less than 1,000 
(in MFCC/ ’ ’ 

100 ml) i 

@ Based on water analysis for October 1964. 

b Based on average for the period June through September 1964 with data for July excluded. i 

© Based on average for the period June through October 1964. 

Source: SEWRPC. z 

The chloride concentrations of the Pewaukee River indicate a strong chloride impact upon the stream from 

human sources. If the "background" chloride concentration of the stream were assumed to be 10 ppm, this 

concentration was exceeded by as much as 110 ppm in the 17 complete chemical analyses run on water i 

samples collected from the Pewaukee River during the study. The effluent of the Pewaukee sewage treat- 

ment plant is the probable source of this impact concentration. None of the present or potential uses of this 

stream are adversely affected by these chloride concentrations. ? 

The variations in dissolved solids concentrations of the Pewaukee River result principally from variations 

in the concentrations of bicarbonate, sodium, chloride, sulfate, and calcium. The principal part of the 

dissolved solids concentration (possibly 425 ppm) is derived from ground water seepage. 

The dissolved oxygen concentrations of the Pewaukee River were determined on 13 samples collected at i 

sampling station Fx-5 and on 14 samples collected at station Fx-6. A minimum concentration of 0.7 ppm 

occurred at station Fx-5 under ice cover during December 1964. The minimum concentration of dissolved 

oxygen from June through September 1964 was 3.0 ppm. Waste loading of the Pewaukee River suppressed i 

the dissolved oxygen concentrations to critical levels (3.0 ppm or less) during daylight hours, with the 

lowest concentrations occurring from December 1964 through February 1965. 5 
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Table 77 

i FORECAST QUALITY OF POPLAR CREEK DOWNSTREAM FROM THE PROPOSED 

SEWAGE TREATMENT PLANT:@ 1990 ALTERNATIVE LAND USE PLANS 
a S01 SS ats 

Stream Station Parameter Quality Controlled | Satellite 

in 1964 Existing Corridor City 

i Trend Plan Plan Plan 

chloride 170 170 170 
f (in ppm) | 

i Dissolved 

Hypothetical Solids 600° 

station (in ppm) 
i downstream 

Poplar 
. from proposed 

C reek 
sewage 

treatment Dissolved 
i plant Oxygen u.g8% Between 2.5 and 5.0 

(in ppm) 

| [ | Coliform 
Count h 

(in MFCC/ More than 100,000 

i 100 ml) 

4 A new sewage treatment plant is presently under construction near the mouth of Poplar Creek. 

i b Based on water analysis for October 1964 at sampling station Fx-3. 

© Based on average for the period June through September 1964 with data for July excluded. 

; d Based on average for the period June through October 1964. . 

| Source: SEWRPC. 

Coliform counts in the Pewaukee River were exceptionally high, reaching a maximum of 3,000,000 

i MFCC/100 ml and averaging 197,000 MFCC/100 ml. The highest counts occurred during the autumn and 

winter months at sampling station Fx-5. Relatively low counts occurred from July through October 1964 

(no data for September). These counts ranged from 3,000 to 8,000 MFCC/100 ml and averaged 5,700 

i MFCC/100 ml. At sampling station Fx-6, the maximum coliform count was 160,000 MFCC/100 ml and 

occurred under ice cover in January and February 1964. Relatively low counts occurred from May through 

October 1964 (no data for September). These counts ranged from 400 to 7,000 MFCC/100 ml and averaged 

i 2,600 MFCC/100 ml. 

The maximum temperature of the Pewaukee River was 74°F at sampling station Fx-5 in July 1964. The 

. average temperatures for the period of June through September 1964 were 65°F at station Fx-5 and 63°F at 

i station Fx-6. The average temperature difference between these two stations of two degrees may have 

been due inpart to the higher heating effect of the sun upon waters of generally higher turbidity downstream 

from the outfall of the Pewaukee sewage treatment plant. Pewaukee Lake may have discharged warmer 

i water into the upper reach of the Pewaukee River which then blended with cooler ground water seeping into 

the stream channel. The temperature of the treated sewage from the Pewaukee sewage treatment plant 

may also have contributed to the slightly higher stream temperature at station Fx-5. 
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Table 78 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES : 

COLLECTED AT SAMPLING STATION FX-6 ON THE PEWAUKEE RIVER: 1964 

Ce ee eee eee eee reer eee eee eee eee eee ee 

, Date of Date of 

Silica. 2 ee ee ee ee ee ee 2 u-22-64 2 10- 7-64 
bron 2 © 8 © © 8 ew ew 8 ee ee el 0.00 " 0.03 " i 

Manganese « «© «© «© © © © © © # we ew -- -- 0.01 " 

Chromium... «© «© «© © © © © «© © «© 2 -- -- <0.02 " 

Hexavalent Chromium. «© « « »© «© «2 «© « -- -- 0.00 " 

Calcium. «© «© « «© «© © «© © © © © © «@ 2 73 4-22-64 77 " ' 

Magnesium. «© 2 «© «© © © «© © © «© 8 @ 8 YY " 46 " 

Sodium (and Potassium) . « « « « «© « 25 " 55 " 

Bicarbonate. . .« « © © © » © «© we @ « 270 " 385 " 

Carbonate. « « © «© «© © «© © © «© «© © «2 0 " 5 n I 

Sulfate. . 2 8 8 8 ew 8 ee ee we 142 " 87 " 

Chloride . . « «© «© » 8 «© © « «© «© @ 2 35 " 65 " 

Fluoride .« « «© «© « « © © © © «© # @ 8 -- -- <0.6 " 

Nitrite. «© 2. © © © © 8 © © we ew 0.0 4-22-64 0.0 " i 

Nitrate. «© © « © «© © «© © © © «© © «© @ -- -- 0.8 " 

Phosphorus .« « « «© «© «© «© © © © «© © «8 -- -- -96 " 

Cyanide. . ee ee et ee ee -- -- < .0! 12-28-64 J 
Oil. . ee ee ee ee ee ee -- -- <0.5 10- 7-64 
Detergents ». » 5» © © «© « © © © © © 2 0.2 4-22-64 0.5 " 

Dissolved Solids . . « « «© «© « «# « « 450 " 530 N 

Hardness « «© «© «© © «© © «© © «© «© 8 « « 363 " 382 " J 

Noncarbonate Hardness. « « 6 « «© «© « 145 " 60 " 

Calcium Hardness « «2 «© «© © © «© «© «© « 182 " 192 " 

Magnesium Hardness « « «© «© «© «© « « « 18] " 190 " 

Alkalinity P .« «2 « «© © »© © «© «© 2 « « Q " 2.5 " i 

Alkalinity Ms. 2. «© «© © «© © © w @ ew 220 n 320 " 

Specific Conductance .« « « «© «© « «= « 700 " 840 " 

PH « 2 8 © 8 8 we ew ee ee el ll 7.8 " 8.0 " 

Color. « «© «© © © © © © © 8 8 ee 20 " 20 " i 

Turbidity. .« «© «© «© © © «© © «© © «© #8 « 5 " 2 " 

Biochemical Oxygen Demand. . . « « « u.Q " 2.3 " 

Dissolved Oxygen . « 2 «© «© «© 2 «© «© « 10.9 " 12.6 " 

Coliform Count .« .« «© «© «© « «© © ee «© « 15,000 " 1,500 " J 

Temperature (°F) . 1. . + ew ew eee 53 " yy " 

Source: SEWRPC. i 

Streamflow and Precipitation: The Pewaukee River is a shallow stream occupying a relatively narrow 

channel. At sampling station Fx-6, a distance 6.3 miles from the outlet of Pewaukee Lake, this stream 

was 0.7 feet deep and 16 feet wide when measured during low flow in October 1964. The flow conditions 

make this stream potentially suitable for waste assimilation, preservation of fish and wildlife, and aesthetic ; 

use. The flow of the Pewaukee River was measured by the SEWRPC at sampling station Fx-6 in January, 

February, March, April, and October 1964, as indicated in Table 80. The daily precipitation at Waukesha 

from January 1964 through February 1965 is listed in Table 61. i 

Forecast Quality of the Pewaukee River for the Year 1990: Population studies by the SEWRPC indicate that 

the Village of Pewaukee sewage treatment plant had an estimated connected population in 1963 of about i 

2,900 people. The estimated future connected populations and average daily sewage flow rates by 1990 are 

listed in Table 81 for each of the alternative regional land use plans. The forecast quality of the Pewaukee 

River which may be expected in 1990 at sampling station Fx-6 under the various land use alternatives is 

indicated in Table 82. It should be noted that the forecast quality does not differ between the three plans, ; 

although the estimated populations and sewage flow rates differ greatly between the plans. This is because 

the anticipated sewage flow rates far exceed the assumed base flow of the stream. i 
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Table 79 

if WATER QUALITY CONDITIONS OF PEWAUKEE RIVER (1964-1965) 

eee eee cease cece scence eee eee eee eee eee eee eee eee eceee eee eee eee eee ee eee nee ee aa 

p ' Numerical Value Number of 
arameter 

Chloride (ppm) . «+. +. « « « | 20 65 30 17 
Dissolved Solids (ppm)... . 755 520 350 14 
Dissolved Oxygen (ppm)... . 12.6 7.3 0.7 27 

Coliform Count (MFCC/100 ml). 3,000,000 197,000 400 25 

Temperature (°F) oe 8 ew 74 48 32 25 

| Source: SEWRPC. 

t Table 80 

STREAMFLOW MEASUREMENTS OF THE PEWAUKEE RIVER: !964 

i Sampling Streamflow Previous 7-Day 

Station Date (cfs) Rainfall (in inches)? 

f 1-21-64 1.2 0.30 

2- W-6uU 0.9 0 

Fx-6 3-20-64 7.3 0.11 

4-29-64 25 0.60 

i 10- 6-64 0.3 0.0) 

4 Measured at U. S. Weather Bureau Station at Waukesha, Wisconsin. 

f Source: U. S. Weather Bureau and SEWRPC. 

f Table 8] 

ESTIMATED CONNECTED POPULATION AND AVERAGE DAILY SEWAGE FLOW RATES 

| FOR THE VILLAGE OF PEWAUKEE SEWAGE TREATMENT PLANT 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 

(rrr rrr rrr TT 

Estimated Connected Population 

Sewage Existing 
Treatment 1963 controlled Corridor Satellite 

Plant Existing City 

7 | | Trend Plan Plan Plan 

2,900 6,400 11,800 5,400 

i Village Estimated Average Daily Sewage Flow Rate 

( of 300,0002 1,200,000 2,100,000 1,000,000 

Pewaukee 0.5? [.9 3.2 [.5 

a Estimated Low Flow of the Pewaukee River at Station Fx-6 

i 4 Gallons per day. 

b Cubic feet per second. 

i Source: SEWRPC. 
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| Table 82 

FORECAST QUALITY OF THE PEWAUKEE RIVER AT SAMPLING STATION FX-6: / 

1990 ALTERNATIVE LAND USE PLANS 

eS 

Forecast Quality for 1990 5 
Stream 

Stream Sampling Parameter Quality Controlled Satellite 

Station in 1964 Existing Corridor City 

Trend Plan Plan Plan 

Chloride ; 
(in ppm) 65 170 170 170 | 

Dissolved 

Solids 750 750 750 
(in ppm) 

Pewaukee 5 ; Fx-6 : River 

Dissolved Less than 5.0 but generally more 
Oxygen 8.2) than 3.0 can be expected to occur 

(in ppm) frequently at Station Fx-6. | 

Coliform 

Count c th 000 (in MFECC/ 1,500 More an 5, 

100 ml) 

4 Based on water analysis for October 1964. i 

b Based on average for period June through September 1964. 

© Based on average for period June through October 1964. No data available for September 1964. 

Source: SEWRPC. q 

Mukwonago River 

Present Stream Quality: One sampling station, Fx-12, was established on the Mukwonago River and is 3 
located 9.1 miles downstream from the source of the river, 0.3 miles upstream from the Mukwonago 
sewage treatment plant, and 2.1 miles upstream from the confluence of the Mukwonago River and the Fox 
River. The Mukwonago River joins the Fox River 35.7 miles from the source of the Fox River, 0.6 miles i 
downstream from station Fx-11, and 4.3 miles upstream from station Fx-13. 

The Mukwonago River is a calcium bicarbonate stream of relatively constant total mineralization. In all 
13 complete chemical analyses, calcium (ranging from 58 to 36 ppm) was the predominant cation; and | 
bicarbonate (ranging from 385 to 230 ppm) exceeded all other anion concentrations. Maximum nitrate 
concentration was 0.9 ppm. No analysis for total phosphorus was made, Selected water analyses of the 
Mukwonago River at sampling station Fx-12 are indicated in Table 83. Water quality conditions of the i 
Mukwonago River are indicated in Table 84. | 

The chloride concentrations of the Mukwonago River are exceptionally low both in terms of the encountered 5 
maximum of 15 ppm and the average concentration of 5 ppm. The assumed "background" concentration 
of the stream is 5 ppm. The maximum concentrations of 15 ppm occurred in three consecutive months 
from November 1964 through January 1965. The Mukwonago River shows very slight effects of chloride 
buildup. This buildup to possibly 10 ppm above the "background" level of concentration is temporary and 
appears to be seasonal. The condition described applies to that part of the Mukwonago River below the 
outlet of Lower Phantom Lake and above the Mukwonago sewage treatment plant, a distance of 0.5 miles. ; 
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Table 83 

s SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

COLLECTED AT SAMPLING STATION FX-12 ON THE MUKWONAGO RIVER: [1964 
cS SS SS SSS SSS 

; Date of . Date of | 
Silica . .« 2 © «© © © «© «@ we | 4-22-64 i5 10-7-64 

, [ron 2. « «© © © © «© «© 2 «© @ 0.17 " 0.03 " 

Manganese. . « « «» © «© « «@ 2 -~ -- 0.01 " 

Chromium . 2. 6 2 «© © «© © «@ « -- -- -- -- 

Hexavalent Chromium. ... . -- -- -- -- 

f Calcium. . «© «© «© «© «© « «© «© «2 Y7 W-22-~64 50 10-7-64 

Magnesium. «© « «© «© «© «© « «© « 33 " 36 Mn 

Sodium (and Potassium)... 10 " 15 Nn 

Bicarbonate. . 2. « «© « w @ 295 " 295 " 

i Carbonate. . 2. «1 « © « «© »@ 0 " 20 " 

Sulfate. . . 2. «© « «© «© «© 2 20 " 28 " 
Chloride . «. 2. « « «© © w «@ s 5 " 5 " 

i Fluoride . . « « »« «© «© «© «@ « -~ -- -- -- 

Nitrite. «© «© « « «© «© © «© @ 6 0.0 4-22-64 0.0 10-7-64 
Nitrate. . 2. « «© «© «© «© 2 «@ -- -- 0.4 " 

Phosphorus . « « «© «© « «© « « -- -- -- -- 

Cyanide. . « ©» « «© © «© # 2 -- -- <0.4 1-27-65 

i Oil. »« «© 2 © «© «© ow we we ew -- -- -- -- 

Detergents . . « « «© « we «we 0. | 4-22-64 0.0 |0-7-64 

Dissolved Solids . .... . 260 " 315 " 

i Hardness . .« « » «© «© « «© « « 253 " 276 " 

Noncarbonate Hardness.:. . . 15 " 0: " 

Calcium Hardness . .... » 116 " 126 " 

| Magnesium Hardness .... . 137 " 150 " 

i Alkalinity P . 2. 2. «© 2 2 «@ 0 " 10 " 

Alkalinity M . . « «© «© «© « « 240 " 260 " 

Specific Conductance... . WYO " 462 " 

PH « «© «© © «© «© «© © © «© «© «© «8 7.9 " 8.6. " 

f Color. 2. « «© « © © «© «© «@ «© 2 15 " 5 " 

Turbidity. .« « » «© «© «© « « « 10 " 2 " 

Biochemical Oxygen Demand. . 2.9 " 1.8 " 

Dissolved Oxygen ..... 4 10.1 " 11.9 " 

i Coliform Count... « « « . 100 " 100 n 

Temperature (°F) 55 n 5 | " 

' Source: SEWRPC. 

f Table 84 

WATER QUALITY CONDITIONS OF THE MUKWONAGO RIVER (1964-1965) 

sees s seer see cscs eeeeeeee eee eee cece eee eee cece eee eeeeeeeeeeeeee eee eee cece eee cceee cece eee 

i = Parameter of 

i Chloride (ppm)... .. +e. [5 5 0 [3 

Dissolved Solids (ppm)... . 400 285 240 13 

Dissolved Oxygen (ppm)... . 16.5 11.6 9.3 13 
f Coliform Count (MFCC/100 ml) . 1,000 250 100 12 

Temperature (°F) . . sw wwe 77 49 35 12 

Source: SEWRPC. 
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The dissolved solids concentrations of the Mukwonago River are relatively low as compared to the 

other streams and watercourses of the Region. The "background" dissolved solids concentration of | 

the stream may be approximately 285 ppm. The maximum of 400 ppm dissolved solids concentration 

occurred in December 1964 and involved increases in the bicarbonate, calcium, sodium, sulfate, and 

chloride concentrations. a 

The dissolved oxygen concentrations of the Mukwonago River are adequate for the preservation of fish life. 

The minimum concentration was 9.2 ppm. The maximum, average, and minimum dissolved oxygen concen- 

trations for the four months of June through September were 9.8, 9.6, and 9.3 ppm. A dam spillway near J 

the outlet of Lower Phantom Lake is located about 750 feet upstream from sampling station Fx-12. This 

spillway and the very minor waste loading that occurs on the stream, together with the broad, flat, and 

shallow depth of the stream bed and the rapid flow of the stream over a gravel and boulder channel bottom, 

are the principal factors in aerating the river. 4 

The coliform counts in the Mukwonago River were exceptionally low, the maximum being less than 1, 000 

MFCC/100 ml and the average less than 250 MFCC/100 ml. These counts are thought to be of "back- I 

ground" concentrations derived from local surface runoff rather than originating from sources of human | 

body wastes. 

The temperature of the Mukwonago River at sampling station Fx-12 was three to four degrees warmer 5 

during the winter months of December, January, and February than the Fox River at stations Fx-11 and 

Fx-13 during the same period. The stream did not freeze over during the 14-month period of the SEWRPC | 

study, indicating a constant rather than an intermittent source of relatively warm water in sufficient E 

quantity to sustain the stream temperature at no less than three degrees above freezing temperature from 

bank to bank and for a distance of possibly 2.1 miles to the confluence of the Mukwonago River and the Fox 

River. This temperature condition is presumably caused by the relatively rapid local seepage of ground | 

water into the stream channel. The volume of ground water seeping at normal ground water temperature J 

(about 51°F) into the channel is sufficient to sustain above freezing temperatures as the river water moves 
to the Fox River. | 

Streamflow and Precipitation: The Mukwonago River is shallow and wide downstream from the Phantom i 

Lake outlet. At sampling station Fx-12, a distance 9.6 miles from the source, this stream was 0.6 feet 

deep and 60 feet wide when measured during low flow in October 1964. The flow conditions make this 

stream suitable for waste assimilation, preservation of aquatic life, whole- and partial-body contact ? 

recreation, and aesthetic use. 

The flow of the Mukwonago River was measured by the SEWRPC at sampling station Fx-12 in February, i 

March, April, and October 1964, as indicated in Table 85. Daily precipitation at Waukesha from Janu- 

ary 1964 through February 1965 is listed in Table 61. 

Forecast Quality of the Mukwonago River for the Year 1990: Population studies by the SEWRPC indicate : 

that the Village of Mukwonago sewage treatment plant had an estimated connected population in 1963 of 

about 1,900 people. The estimated future connected populations and average daily sewage flow rates for 

1990 are listed in Table 86 for each of the alternative regional land use plans. The forecast quality of the i 

Mukwonago River which may be expected in 1990 at sampling station Fx-12 under the three land use alter- 

natives is indicated in Table 87. 

Table 85 i 
STREAMFLOW MEASUREMENTS OF THE MUKWONAGO RIVER: SPRING AND AUTUMN 19648 

nn nn ee 2S I aA acca aac aaa legac adaaaaaayaaaaaaaaaaaasaagagaamaaaaagagaamaaaags agama 

Streamflow Previous 7-Day 

2- 7-64 32 0 
3-20-64 28 0.11 

Fx-12 4-29-64 37 0.60 e 
10- 5-64 13 0.0] 

2 Measured at U. S. Weather Bureau Station at Waukesha, Wisconsin. 

Source: U. S. Weather Bureau and SEWRPC. 7 
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Table 86 

| ESTIMATED CONNECTED POPULATION AND AVERAGE DAILY SEWAGE FLOW RATES 

FOR THE VILLAGE OF MUKWONAGO SEWAGE TREATMENT PLANT: 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 

, Location of 

Sewage 7 980 
| Treatment Existing Controlled Satellite 

Plant 1963 Existing Corridor City 

Trend Plan Plan Plan 

5 | 900 | sy t00 | tooo | ta 00 
200 ,0007 1,200,000 1,900,000 2,400,000 

| Village 
f of 0.2 1.9 2.9 3.7 

Mukwonago Estimated Low Flow of Mukwonago River Downstream from 
. the Village of Mukwonago Sewage Treatment Plant 

i I 
4 Gallons per day. 

5 b Cubic feet per second. 

Source: SEWRPC. 

i It should be noted that the forecast quality of the Mukwonago River applies only to the reach of this stream 

that extends fromthe outlet of Lower Phantom Lake toimmediately upstream from the Village of Mukwonago 

. sewage treatment plant. Under the three alternative land use plans, the future quality of this reach of 

f stream should be subject to little impact from the increasing population. The forecast quality of the Muk- 

wonago River at its confluence with the Fox River is discussed under the section of this chapter dealing 

with the Fox River. 

a Muskego Canal 

Present Stream Quality: One sampling station, Fx-15, was established on the Muskego Canal. This station 

J is located 1.1 miles below the Muskego Lake spillway and 0.2 miles above Wind Lake. 

Two complete chemical analyses were run on water samples collected in April and October 1964 from the 

| Muskego Canal at sampling station Fx-15. The stream is subject to small changes in total mineralization. 

It shifted from a calcium sulfate water in April to a calcium bicarbonate water in October. The calcium, 

sulfate, and bicarbonate concentrations of the two samples for April and October were 213 and 115 ppm, 

910 and 252 ppm, and 150 and 295 ppm, respectively. The maximum calcium (213 ppm) and magnesium 

(97 ppm) concentrations in this watercourse in April 1964 account for the fact that the hardness (928 ppm) 

at this station was the maximum encountered at any of the 87 sampling stations in the Region. The maxi- 

mum nitrate determination was 2.1 ppm. No analysis for total phosphorus was made. Selected water 

analyses of the Muskego Canal at station Fx-15 are indicated in Table 88. Water quality conditions of the 

i Muskego Canal are indicated in Table 89. 

The chloride concentration of the Muskego Canal at station Fx-15 was 35 ppm. This concentration is higher 

! than would be expected as the "background" concentration of the stream. With quality data consisting of 

only two identical analyses, no estimate can be made of the "background" chloride concentration. If it 

were assumed that the "background" chloride concentration was as much as 15 ppm, the Muskego Canal 

f had a chloride impact of at least 20 ppm from human sources, 

The variations in dissolved solids concentrations of the Muskego Canal result principally from variations 

J in sulfate, bicarbonate, calcium, magnesium, and sodium concentrations. Muskego Lake, which is the 
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Table 87 

FORECAST QUALITY OF THE MUKWONAGO RIVER AT SAMPLING STATION FX-12: g 

1990 ALTERNATIVE LAND USE PLANS 

Forecast Quality for 1990 d 
Sampling Stream 

Stream Station Parameter Quality Controlled Satellite 
in 1964° Existing Corridor City 

Trend Plan Plan Plan i 

Chloride 

(in ppm) 

Dissolved ] 

Solids . 

(in ppm) , 
Mukwonago Fx-42 , 

River 

Dissolved } 

Oxygen 9.6° More than 5.0 
(in ppm) 

Coliform i 

Count < 4504 Less than 2,400 
(in MFCC/ 

100 ml) f 

4 Sampling station Fx-12 is upstream from the Village of Mukwonago sewage treatment plant, and the quality of the 
Mukwonago River at this station does not represent the quality of this river downstream from the sewage treat- 
ment plant. f 

b Based on water analysis for October 1964. 

© Based on average for months of June through September 1964. 

d Based on average count for June, July, August, and October 1964. No data available for September 1964. j 

Source: SEWRPC. 

source of the Muskego Canal, is bordered by extensive swamp areas, Analyses of streams having swampy fo 

headwaters or flowing through large swamps indicate that such streams tend to be relatively high in sulfate 

concentration. The high concentration of this parameter in April 1964 may be due toa spring flushing 

effect upon the lake and its swamps caused by the large amount of precipitation that occurred in April prior 

to sampling. . 

The dissolved oxygen concentrations of the Muskego Canal during the period from June through Sep- 

tember 1964 ranged from 8.5 to 0.8 ppm and averaged 3.6 ppm. These concentrations were on the average i 

6.1 ppm less than the solubility of oxygen in water at the prevailing temperatures at the time of sampling. 

The dissolved oxygen concentration of the Muskego Canal was suppressed to critical levels (3.0 ppm or less) 

in the months of August and September 1964 and again in January 1965. Concentrations in the range of i 

5.0 to 3.1 ppm occurred in May, July, and October 1964. 

Coliform counts in the Muskego Canal were relatively high and reached a maximum of 70, 000 MFCC/100 ml 

in June 1964. During the period June through September 1964, the counts ranged from 18,000 to a 

70,000 MFCC/100 ml and averaged 44,000 MFCC/100 ml. These concentrations make the Muskego Canal 

unsuitable for partial- or whole-body recreational use. ; 
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Table 88 

5 SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

COLLECTED AT SAMPLING STATION FX-15 ON THE MUSKEGO CANAL: {964 
eso Sn sis 

i Date of . Date of 

Silica . . « « « © «© «© «© «© «@ « | 4-23-64 8 10-864 

i {ron .« 2 © « «© 8 © «© 8 «© 8 «@ «@ 0.00 n 0.10 " 

, Manganese. «© «© «© «© © © © w© @ -- -- 0.00 " 

Chromium . .« 2 «© «© «© © «© «© «© « -- -- -- -- 

8 Hexavalent Chromium. . .. . » -- -- -- -- 
Calcium. «© «© «© © © «© © © «@ «© 213 4-23-64 114 10-8-64 

Magnesium. .« - «© « «© «© « © «@ ¢ 97 " 54 " 

| Sodium (and Potassium)... . 90 " 25 " 
i Bicarbonate. . .« ©. «© «© « «© «© « 150 " 295 " 

Carbonate. .« 1. «© © © «© 2 «@ «© 0 " 0 " 

Sulfate. .« » 1 2 © «© © «© «© « 2 910 " 252 " 

Chloride . . 2. « «© «© «© «© e@ «© 2 35 " 35 " 

i Fluoride « « « «© «© « «© «© « « « -~ -- -- ~- 

Nitrite. . « « © «© «© © «© «© w@ 0.0 4-23-64 0.0 }0-8-64 

Nitrate. « « © «© © » © «© © ws -- -- 2.1 " 

" Phosphorus . «© « « © «© © «© «@ « -- -- -- ~- 

5 Cyanide. .« « « « «© «© « « «© © « -- -- -- -- 

Oil. «© 6 2 «© © 2 ow we we we ew -- -- -- -- 

Detergents . »« «1 6 «© «© we we ee 0.0 4U-23-64 0.1 10-8-64 
Dissolved Solids .« « « « « « « 1,420 " 635 " 

J Hardness « « «© « «© «© «© « «© « « 928 " 505 " 

Noncarbonate Hardness. ... 805 " 265 " 

Calcium Hardness . .. «2 « « 531 " 284 " 

Magnesium Hardness . . « « « «+ 397 " 221 " 

Alkalinity P. 2. 2. «© «© «© «© © « 0 " 0 " 

Alkalinity M.. 2. « « «© © «@ 125 " 240 " 

, Specific Conductance ..... 1,560 " 884 " 

f PH 2. «© © © © © © © © © 8 oe 7.4 " 7.4 " 

Color. « « © © «© «© © © «© 8 «@ 15 " 130 " 

| Turbidity. . . 2. 1 es ew we 2 n 4 n 

. Biochemical Oxygen Demand. . . 2.4 " 3.5 " 

i Dissolved Oxygen .. .. « « 7.9 " 4.8 " 

Coliform Count... +. « « « « 66,000 " 17,000 " 

Temperature (°F) . . 2. . « « 52 n ug " 

i Source: SEWRPC. 

i Table 89 

WATER QUALITY CONDITIONS OF MUSKEGO CANAL (1964-1965) 

J Number 

Parameter Numerical Value o f 

i Chloride (ppm) . 2. 2 2 « ee wee 35 35 35 2 
Dissolved Solids (ppm) . « « « « + 1,420 7 1,030 635 2 

Dissolved Oxygen (ppm) . »- »« « «= « 14.3 6.2 0.8 10 
5 Coliform Count (MFCC/100 ml)... 70,000 33,000 400 10 

Temperature (°F)... 2» © ws we aw 72 52 32 10 

1 Source: SEWRPC 

139



The temperature of the Muskego Canal at sampling station Fx-15 reached a maximum of 72°F in July 1964. 

The average temperature for the period of June through September 1964 was 66°F. Temperature condi- f 

tions of the Muskego Canal are favorable for the preservation of fish life. : 

Streamflow and Precipitation: Muskego Canal is a relatively deep and wide rectilinear watercourse con- 

necting Muskego Lake with Wind Lake. At sampling station Fx-15, the water in this canal was approxi- 

mately 3.8 feet deep and extended 35 feet from bank to bank during low-flow conditions in October 1964. 

The flow and channel characteristics make the watercourse potentially suitable for partial-body contact 

recreation and aesthetic use. i 

The flow of the Muskego Canal was not measured by the SEWRPC during this study. As with a number of 

streams and watercourses insoutheastern Wisconsin, the flow of water through the Muskego Canal is regu- § 

lated by a water control structure and is, therefore, not necessarily related to rainfall or ice and snowmelt. 

Forecast Quality of the Muskego Canal for the Year 1990: The location of a sewage treatment plant serving ) 

the expected future populations indicated in Table 90 will have a profound adverse effect upon the water ' 

quality of Muskego Lake. It is the considered opinionof the SEWRPC that high coliform counts, eutrophica- 

tion, and algae bloom may convert Muskego Lake into an undesirable body of water, an aesthetic problem . 

to local residents, unsuited for abundant fish life and useless for all forms of whole- or partial-body con- J 

tact recreation. The future stream quality conditions which may be expected in the Muskego Canal in 1990 

at sampling station Fx-15 is indicated in Table 91 for the various alternative regional land use plans. The . 

forecast quality of the Muskego Canal is meant to reflect the quality of Muskego Lake at a time when it has 

reached a relatively stabilized condition in relation to the impact from the Sewage wastes discharged from 

the treatment plant. It should be noted that the forecast stream quality does not differ between the three 

plans, although the forecast populations and sewage flow rates differ greatly between the plans. The , 

similarity in quality in the canal is due to the water quality of Muskego Lake, which, during periods of J 

relatively little or no rainfall, will tend to approach the quality of the treated sewage being discharged into 

the lake from the proposed City of Muskego sewage treatment plant. 

Wind Lake Drainage Canal i 

Present Stream Quality: One sampling station, Fx-16, was established on the Wind Lake Drainage Canal 

Table 90 , 
ESTIMATED CONNECTED POPULATION AND AVERAGE DAILY SEWAGE FLOW RATES : 

FOR THE CITY OF MUSKEGO SEWAGE TREATMENT PLANT: 4 

1963 AND 1990 ALTERNATIVE LAND USE PLANS f 

Location of 

Sewage 7 99 
Treatment Existing Controlled Satellite 

Plant 1963 Existing Corridor City 

Trend Plan Plan Plan 

Pe | tse | oY |S 
anu 5, 700, 000° 7,900,000 1,700,000 i‘ 

O 

Muskego 8.8% 12.2 2.6 : 

ee 'g 
4 This propcsed plant is to be located near the mouth of an unnamed watercourse connecting Little Muskego Lake 

with Muskego Lake. 

b Gallons per day. g 

© Cubic feet per second. 

Source: SEWRPC. , 
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Table 9] 

5 FORECAST QUALITY OF THE MUSKEGO CANAL AT SAMPLING STATION FX-15: 

1990 ALTERNATIVE LAND USE PLANS 

5 samo Water Forecast Quality for 1990 

a ng 
Stream Station Parameter Quality Controlled | satellite 

in 1964 Existing Corridor City 

i 
Trend Plan Plan Plan 

Chloride 170 170 170 
(in ppm) 

i Dissolved 

Solids 850 

| (in ppm) 

Muskego Fx-15 

Canal 

Dissolved 

Oxygen 3.6? Less than 3.0 probably will 
~ (in ppm) occur most frequently 

i Coliform 

= (Count 44,000? More than 50,000 
(in MFCC/ 
100 ml) 

4 Based on water analysis for October 1964. 

i b Based on average for the period June through September 1964. 

Source: SEWRPC, 

i and is located 6.1 miles downstream from the Wind Lake outlet and 1.1 miles upstream from where the 

: canal joins the Fox River. This confluence is 55.8 miles from the source of the Fox River and 6.6 miles 

downstream from sampling station Fx-14, the nearest upstream station on the Fox River. 

i Two complete chemical analyses were run on samples collected from the Wind Lake Drainage Canal. The 

watercourse has relatively constant total mineralization. The quality of water in this canal shifted from 

a calcium sulfate water in April to a calcium bicarbonate water in October 1964. The calcium, sulfate, 

and bicarbonate concentrations of the two samples for April and October were 110 and 71 ppm, 300 and 

132 ppm, and 220 and 315 ppm, respectively. Maximum nitrate concentration was 3.6 ppm. On Octo- 

a ber 8, 1964, total phosphorus was 0.38 at station Fx-16. Selected water analyses of the Wind Lake Drainage 

i Canal at sampling station Fx-16 are indicated in Table 92. Water quality conditions of the Wind Lake 

Drainage Canal are indicated in Table 93. 

| The chloride concentrations of the Wind Lake Drainage Canal at sampling station Fx-16 were low, varying 

from 30 ppm in April to 35 ppm in October. If it were assumed that the "background" chloride concen- 

tration was as much as 15 ppm, the Wind Lake Drainage Canal had a chloride impact of 15 to 20 ppm from 

5 human sources. 

The variations in the dissolved solids concentrations of the Wind Lake Drainage Canal result principally 

1 from variations in sulfate, bicarbonate, calcium, magnesium, and sodium concentrations, This condition 
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Table 92 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES e 

COLLECTED AT SAMPLING STATION FX=!I16 ON THE WIND LAKE DRAINAGE CANAL: 1964 - 

Date of Analysi Date of a 
Parameter Analysis Collection nalysis Collection | 

Silica « « « «© «© © © © w@ we wee l 4-23-64 2 * 10-8=64 

Iron « 2. © © © © © © © eo et 0.05 " 0.11 " i 
Manganese. « «© «© © 8s «© «© © © @ 2 -- -- 0.01 " : 

Chromium . « « «© © » we ew we -- -- < 0.005 " 
Hexavalent Chromium. .« « « « « « -- “= 0.00 " | 

Calcium. « « « © © © © «© © © «© 2@ 110 U-23-64 7\ " g 

Magnesium. « « e« « © « «© @ e @ 86 " U5 " 

Sodium’ (and Potassium) . ... .» 0 " 45 " 
Bicarbonate. » » «© » © © © «© «© « 220 " 315 " 
Carbonate. »« » « « » «© © © w@ @ 0° " 10 " 5 

Sulfate. »« « © « «© © « « « « @ « 300 " 132 " 

Chloride . « « « « » © © «© 2 «@ 2 30 " 35 " . 

Fluoride «ese we ee eee -- -- < 0.65 n 5 
Nitrite. « « « «© «© © e «© @« © es 0.0 4-23-65 0.0 " _ 

Nitrate. « « »« © « e « 8» «© © «© «8 -- -- 1.3 " 

Phosphorus « »« « « « © «© e «© « « -- -- 0.38 " 

Cyanide. « « « « «© © © 8» «© 5» © 2 -- “= -- -- , . 

Oils. «© «2 «© © © © «@ © tw ew tl -- -- < | 10-8-64 : 

Detergents . « « « «© ©» » © » «© 2 0.0 4-23-64 0.1 " 

Dissolved Solids «. 2 «» « « « « « 635 " 495 " 

Hardness « es ee we we ee ee 627 " 363 n f 
Noncarbonate Hardness. « « «© « « WU5 " 85 : n . 

Calcium Hardness .~« «4 « «© «© «© «© « 274 " 178 " 

Magnesium Hardness . « « « 2 « « 353 " 185 " ) 

Alkalinity P .« .« « « © © © « «© 0 " 5 " ; 

Alkalinity M . 2. 6 « «© © « «© © «2 180 " 270 " 

Specific Conductance . . «.« « « « 1,120 " 700 " 
pH ww ee ee we we et te 7.5 n 8.4 n | 
Color. « « « 2 «© © « «© -s «© «@ © 2 100 " 30 " 

Turbidity. « « « » » « «© » we @ 2 10 " 10 " 
Biochemical Oxygen Demand. .. . 3.8 " 3.4 " 
Dissolved Oxygen . « « « « we a es 9.2 " 10.1 " i 
Coliform Count . « « « © « e «@ 2 200 " 200 " 
Temperature (°F) . 2. 2. « w ow « 54 " 50 " | 

Source: SEWRPC. } 

Table 93 i 

WATER QUALITY CONDITIONS OF WIND LAKE DRAINAGE CANAL (1964-1965) 
he eee emereeetenestnnnenmnnmeny 

Parameter 

oe ee ee ome Analyses 

Chloride (ppm) . . . « « « « « 35 35 30 2 i 

Dissolved Solids (ppm)... . 635 565 4W95 2 

Dissolved Oxygen (ppm)... . 16.0 10.2 4. i 

Coliform Count (MFCC/100 ml) . 7,000 1,800 100 | E 

Temperature (°F) . . » ws we ee 76 53 32 II 

Source: SEWRPC. 7 
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| is similar to the shift in water quality that was found occurring in Muskego Canal at sampling station Fx-15 

5 and may be imposed by seasonal quality changes occurring in Muskego Lake and in Wind Lake. 

The dissolved oxygen concentrations of the Wind Lake Drainage Canal during the period from June through 

i September 1964 ranged from 9.8 to 4.1 ppm and averaged 7.5 ppm. These concentrations were on the 

average 3.4 ppm less than the solubility of oxygen in water at the prevailing temperature at the time of 

sampling. The dissolved oxygen concentrations of the Wind Lake Drainage Canal were lowered to a mini- 

i mum of 4.1 ppm in July 1964, which is substandard but normally adequate for the preservation of fish life. 

| Coliform counts in the Wind Lake Drainage Canal were relatively low, reaching a maximum of 7,000 

MFCC/100 ml in July 1964 and in February 1965. During the period of June through September 1964, the 

; counts ranged from less than 100 MFCC/100 ml to 7,000 MFCC/100 ml and averaged 2,500 MFCC/100 ml 

or less than 1,000 MFCC/100 ml, if the July determination is excluded. These concentrations make the 

lower reaches of the Wind Lake Drainage Canal suitable for partial- or whole-body contact recreation. 

f The temperature of the Wind Lake Drainage Canal at sampling station Fx-16 reached a maximum of 76°F 

in June 1964. The average temperature for the period of June through September was 69°F. Temperature 

1 conditions of the Wind Lake Drainage Canal are favorable for the preservation of fish life. 

Streamflow and Precipitation: The Wind Lake Drainage Canal is a relatively deep and wide rectilinear 

watercourse. At sampling station Fx-16, a distance 6.1 miles from the Wind Lake outlet, the canal was 

j 55 1/2 feet wide and had a maximum depth of 5.9 feet when measured in October 1964. The characteristi- 

, cally sluggish flow of this watercourse probably precludes its use for all but four of the ten major uses 

listed in Table 4. The four uses are waste assimilation, preservation of aquatic life, recreation, and 
5 aesthetic use. 

The waste assimilation capacity of the Wind Lake Drainage Canal at sampling station Fx-16 is presently 

being only occasionally exceeded with respect to coliform count. Following the period of heavy rainfall in 

§ July 1964, the coliform count reached a high of 7,000 MFCC/100 ml. During the same month, the dissolved 

oxygen concentration was lowered to a level of 4. ppm, which is substandard for the preservation of fish 

life. Excluding the July measurement, the minimum dissolved oxygen concentration was 7.0 ppm; and 

fi the average was 10.8 ppm. Swimming in the Wind Lake Drainage Canal may be dangerous because of the 

steep banks that afford poor foothold. 

The flow of the Wind Lake Drainage Canal was measured by the SEWRPC in May and October 1964, as 

| listed in Table 94. Table 62 indicates the daily precipitation at Burlington, Wisconsin, from January 1964 

through February 1965. 

‘ Forecast Quality of the Wind Lake Drainage Canal for the Year 1990: Population studies by the SEWRPC 

indicate that the populationin the watershed area tributary to the Wind Lake Drainage Canal at station Fx-16 

totaled approximately 2,500 in 1963. This area is presently served by septic tank systems. There are 

i no sewage treatment plants proposed to serve any part of this area by the year 1990. The estimated future 

population levels by 1990 are listed in Table 95 for each of the alternative regional land use plans. Because 

Table 94 

J STREAMFLOW MEASUREMENTS OF THE WIND LAKE DRAINAGE CANAL: SPRING AND AUTUMN {1964 

; Sampling Streamflow Previous 7-Day 

f Station Date (cfs) Rainfall (in inches)? 

5-2-64 0.68 

Fx-16 10-6-64 0 

g 4 Measured at U. S. Weather Bureau Station at Burlington, Wisconsin. 

i Source: U. S. Weather Bureau and SEWRPC. 
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Table 95 

ESTIMATED POPULATION OF THE WIND LAKE DRAINAGE AREA: f 

[963 AND 1990 ALTERNATIVE LAND USE PLANS | 

ee eee secre eeee cease eee eceeen ene ne eee eeneee enna eee eee eee eee acne n eee n eee eee cence ee ee eee eee eee aa een en 

| Estimated Population g 

cocation 
Existing Control ed Corridor Satellite 

1963 Existing Plan City 

Trend Plan Plan 

Wind Lake 5, 800 8,800 2,900 
Drainage Area 5 

Source: SEWRPC. 

this population is not served by sewage treatment plants, no sewage flow rates are indicated. The future 

water quality of the canal which may be expected in 1990 at sampling station Fx-16 under the various land i 

use alternatives is indicated in Table 96. In estimating future water quality conditions at Fx-16, consid- 

eration was taken of the estimated future water quality conditions of the Muskego Canal. 

White River | i 
Present Stream Quality: Two sampling stations, Fx-18 and Fx-20, were established on the White River. 

Station Fx-18 is 4.4 miles from the source and 0.8 miles upstream from where Como Creek joins the 

White River. Station Fx-20 is 13.4 miles downstream from station Fx-18 and 2.2 miles upstream from the i 

Table 96 | 

FORECAST QUALITY OF THE WIND LAKE DRAINAGE CANAL AT SAMPLING STATION FX-16: 

{990 ALTERNATIVE LAND USE PLANS 

Forecast Quality for 1990 
st Sampling Stream 

ream Station Parameter Quality Controlled Satellite 
. oer Corridor 
in [964 Existing City 

Trend Plan Plan Plan 

Chloride 

(in ppm) j 

Dissolved 

Solids 4952 700° 700 650 
Wind (in ppm) 
Lake Fx-16 

Drainage 

Canal 

Dissolved 
Oxygen 7.5? More than 8.0 

(in ppm) 1 

Coliform 

Count b 
(in MECC/ 2,500 More than 3,000 } 

100 ml) 

4 Based on water analysis for October 1964. 8 

b Based on average for period June through September 1964. 

Source: SEWRPC. f 
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confluence of the White River and the Fox River. The Lake Geneva sewage treatment plant discharges its 

a treated wastes into the White River at a point 2.8 miles upstream from station Fx-18. 

Six complete chemical analyses were run on water samples collected from the White River. Two of these 

§ were collected at Fx-18 in April and October 1964; and four were collected in February, April, May, and 

: October at Fx-20. One sample was collected at station Fx-20 for special chemical analysis. 

The White River is a calcium bicarbonate stream subject to small changes in total mineralization. In the 

i six complete chemical analyses, calcium (ranging from 80 to 45 ppm) was the predominant cation; and 

bicarbonate (ranging from 400 to 270 ppm) exceeded all other anion concentrations. Maximum nitrate 

concentration was 6.8 ppm. On October 8, 1964, total phosphorus was 0.36 ppm. Selected water analyses 

; of the White River at sampling stations Fx-18 and Fx-20 are indicated in Table 97 and Table 98, respec- 

| tively. Water quality conditions of the White River are indicated in Table 99. The average numerical 

5 values are weighted averages. 

Table 97 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

COLLECTED AT SAMPLING STATION FX-18 ON THE WHITE RIVER: 1964 | 

, Date of Date of 

i 
Stlica .« .« « © « y » 8 «© « « »« 2 4-23-64 12 | 10-8-64 

| Pron 2. 6 «© © © © © «© © © 2 0.03 " 0.03 " 

f Manganese. . . « « « «© «© © «© « -- -- 0.02 " 

Chromium . . 2. «© «© «© «© «© «© «@ « -- -- -- ~- 

Hexavalent Chromium. .... -- -- -- -- 

| Calcium. . . «© «© «© «© «© «© «© «@ « 45 4-23-64 80 10-8-64 

4 Magnesium. .». « « «© «© © © «© «© «2 36 " 43 " 

Sodium (and Potassium)... . 5 " 70 " 

|}Bicarbonate. . « 2 « «© © « « 2 270 " 360 " 
Carbonate. . .« «© «© © « 2» © « « 0 " 50 " 

gq Sulfate. . » « « « 8 © «© © © «6 43 " 65 " 

Chloride .« « « « «© «© 2 8 «© «© « 5 " 55 " 

Fluoride . .« « « «© « © «© © w « -- -- -- ~- 

f Nitrite. »« .« « «© » » « « « « -» 0.0 u-23-64 0.3 [0-8-64 

Nitrate. .« « »« «© «© «© 8 «© © « « -- -- 6.8 " 

Phosphorus . « « «© «© «© «© «© = «8 -- -- -- -- 

Cyanide. . « 2. «© «© «© « «© © «8 «2 -- -- -- -- 

| Oile. «© «© «© © «© © 8 © © «© © © 2 -- -- -- -- 

- Detergents . . » « « « «© © «@ « 0.0 4-23-64 0.4 [0-8-64 

Dissolved Solids . .«..« «2 « .« 265 " 560 " 

oe Hardness »« «se © ew we ee es 260 n 378 " 
5 Noncarbonate Hardness. . «© « « 40 " 0 " 

Calcium Hardness . .. « «© « « 113 " 200 " 

Magnesium Hardness . « « « 2 « 147 " 178 " 

Alkalinity P. 2. 2 «© « » «© @ » 0 " 25 " 

J Alkalinity M. 2. «© «© «© «© «© «© « 220 " 345 " 

" Specific Conductance... . . 486 " 766 " 

PH 2. 6 6 8 8 ew we ew 8.3 " 8.0 " 

Color. « «© © «© © © «© © ew oe aw 5 " 0 " 

§ Turbidity. . . 2. 2. eee eee 3 " 10 n 
Biochemical Oxygen Demand. . . 2.7 " 2.8 " 

Dissolved Oxygen... .... 12.6 " 11.8 " 

5 Coliform Count . . . «.« «© 2 « 21,000 " 83,000 " 

Temperature (°F)... . s. @ 50 " 50 " 

i Source: SEWRPC. 
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Table 98 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES i 

COLLECTED AT SAMPLING STATION FX-20 ON THE WHITE RIVER: {1964 

neem cece eeceeeeeeceeeeencee ener cence eee ee eee eee a a 

Date of | Date of i 
Silica .« . © « © « «© © © « we «@ « 8 4-23-64 Y 10-8-64 

[ron 2. «© «© «© «© © © © © © © @ @ 0.16 " 0.07 " i 

Manganese. .« « «© «© «© © © © @ «@ -- -- 0.00 " : 

Chromium . «. « © «© © © e « «© @ « -- -- < 0.01 " 

Hexavalent Chromium. ». . + + se -- -- 0.00 n 
Calcium. « « «© «© «© « «© «© © @ @ 66 4-23-64 67 " c 

Magnesium. » «s+ © © © © ww a 37 " U8 " 
Sodium (and Potassium) .... . 5 " 45 " 

Bicarbonate. . «© « « «© © © «© « « 310 " 400 " 

Carbonate. . «© 2 «© © © «© © © 2 2 0 " 10 " BR 

Sulfate. .« « « © «© «© © «© © © © 2 52 " 62 " 

Chloride . « « «© «© «© «© © «© 8 © «2 15 " 35 " 

Fluoride .«. . « « «se © «© © «© w@ 2 -- -- <0.55 " 

Nitrite. 2. . © «© «© «© «© «© @ we we 0.0 4-23-64 0.0 " 

Nitrate. .« « «© © «© «© © © «© © «@ «6 -- -- 0.9 " 

Phosphorus . .« «© «© «© «© «© © «@ «© -- -- 0.36 " | 

Cyanide. »« « «© » «© «© «© «© © © «@ 2 -- -- == -~- . 

Oil. «© 2 © © © © © © © © © e ew -- -- < | 10-8-64 

Detergents . . «© © © © © © we we 0.0 U-23-64 0. | " | 

Dissolved Solids . . «se « « 1 340 " 470 " | 

Hardness . « « «© «© «© «© © «© «© «@ « 318 " 365 " f 

Noncarbonate Hardness. .... . 65 " 20 " 

Calcium Hardness . ... « © « 164 " 168 " 

Magnesium Hardness .. . «© «© « « 154 " 197 " 

Alkalinity P. 1. 1. ee ew we we ee 0 n 5 n R 
Alkalinity M. 2. 2 «© «© © «© «© © « 255 " 340 " 

Specific Conductance ... .« +s. 564 " 640 " 

PH « 6 «© 6 we ew ew ee le lt lk 8.0 " 8.8 " 

Color. .« « « © « © © © «© © © 8 2 30 " 0 " 

Turbidity. « . « « «© «© © © « « « 10 " 8 " 

Biochemical Oxygen Demand... . 2.0 " 2.4 " 

Dissolved Oxygen . . . «© « « « 2 9.5 " 12.5 " 

Coliform Count... ee ee ae u, 100 n 2,000 n 
Temperature (°F)... es ew a 5 | " 50 " 

Source: SEWRPC. ; 

Table 99 J 

WATER QUALITY CONDITIONS OF THE WHITE RIVER (1964-1965) 
errr errr nr rrr rrr rrr cern n rrr rrr eee TD 

. Number i 
Parameter Numerical Value of 

Chloride (ppm) . « « « » we « 2 55 25 5 , 

Dissolved Solids (ppm)... « 560 390 265 
Dissolved Oxygen (ppm) .... 14.1 10.1 5.6 

Coliform Count (MFCC/100 ml) . 570,000 28,000 400 ee : 
Source: SEWRPC. 

146



The chloride concentrations of the White River were relatively low, varying at sampling station Fx-18 from 

5 5 ppm in April to 55 ppm in October 1964, and at station Fx-20 from 15 ppm in April to 35 ppm in Octo- 

ber 1964. Assuming a "background" concentration of 10 ppm, the White River had a chloride impact of 

5 to 45 ppm from human sources, None of the present or potential uses of the White River are adversely 

5 affected by these chloride concentrations. 

The average dissolved solids concentration of the White River is comparatively low. At sampling station 

Fx-18, the dissolved solids in April was 265 as compared to 560 in October. This increase in mineraliza- 

i tion was due largely to the increases in sodium, carbonate, chloride, bicarbonate, calcium, and silica 

concentrations. At sampling station Fx-20, the dissolved solids concentrations were 340 ppm in April and 

305 ppm in May 1964. This decrease was due largely to decreased calcium, bicarbonate, and silica con- 

; centrations. In October the dissolved solids level was 470 ppm, an increase of 130 ppm since April. This 

increase was due largely to increases in the bicarbonate, sodium, chloride, magnesium, sulfate, and 

carbonate concentrations. 

J The minimum dissolved oxygen concentration in the White River was 5.6 ppm at station Fx-20 in June 1964. 

During the months of June through September, the maximum, average, and minimum dissolved oxygen 

concentrations at station Fx-18 were 10.3, 8.8, and 5.9 ppm, respectively. During the same period, the 

i corresponding figures at station Fx-20 were 10.6, 7.6, and 5.6 ppm, respectively. The dissolved oxygen 

concentrations in the White River are favorable for the preservation of fish life, 

§ Coliform counts in the White River were comparatively high, being as much as 570,000 MFCC/100 ml in 

February 1965 at station Fx-18 and 20,000 MFCC/100 ml in June at station Fx-20. During the period from 

June through September, the maximum, average, and minimum concentrations at station Fx-18 were 

61,000, 19,000, and 2,000 MFCC/100 ml, respectively. During the same period, the corresponding 

a figures at station Fx-20 were 20,000, 10,500, and 3,000 MFCC/100 ml. The White River is consequently 

presently unsuited for partial- or whole-body contact recreation. 

| The maximum temperature of the White River was 77°F in June 1964. The average temperature for the 

period of June through September 1964 was 68°F at stations Fx-18 and Fx-20. The temperature condition 

of the river is suitable for fish life. 

g Streamflow and Precipitation: The White River is a relatively shallow, meandering stream. At sampling 

stations Fx-18 and Fx-20, 4.4 miles and 17.8 miles from the source, respectively, the maximum depths 

of this stream were 1.0 and 1.4 feet, respectively, when measured during low flow in October 1964. The 

f corresponding widths were 21 and 60 feet. The flow of the White River was measured by the SEWRPC at 

| sampling station Fx-18 and Fx-20 in May and October 1964 as indicated in Table 100. The flow conditions 

make this stream suitable for waste assimilation, preservation of aquatic life, recreation, and aesthetic 

f use. Daily precipitation at Burlington, Wisconsin, from January 1964 through February 1965 is listed in 

Table 62. 

| Forecast Quality of the White River for the Year 1990: Population studies by the SEWRPC indicate that the 

5 population of the City of Lake Geneva totaled approximately 4,500 in 1963, The equivalent estimated popu- 

lation and average daily sewage flow rates for 1990 are listed in Table 101 for each of the alternative 

regional land use plans. Included with the data pertaining to the City of Lake Geneva are equivalent data 

I pertaining to the villages of Williams Bay, Fontana, and Walworth, although the treated wastes from these 

villages apparently do not discharge into the White River or into Lake Geneva and, therefore, may have no 

direct bearing on the present or future water quality which may be expected in 1990 at sampling station 

q Fx-20 under the three alternative land use plans, as indicated in Table 102. Considered in this forecast 

are the effects that Como Creek may have upon the quality of the White River at station Fx-20. 

Como Creek 

§ Present Stream Quality: One sampling station, Fx-19, was established on Como Creek. Station Fx-19 is 

0.9 miles from the outlet of Lake Como and 2.9 miles from where Como Creek enters the White River. No 

1 sewage treatment plants are presently located on Como Creek. 
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Table 100 

STREAMFLOW MEASUREMENTS OF THE WHITE RIVER: SPRING AND AUTUMN I964 i 

Sampling Streamflow Previous 7-Day 

Station Date (cfs) Rainfall (in inches)@ i 

Fx-18 2. 2 «© 2 ew ew te 5- 1-64 48 0.45 

Fx-18 2. © © © © © «© «@ « 10-9-64 3.4 0.13 

Fx-20 . «© 2 «© © «© «© @ «2 5- 1-64 105 0.45 i 

Fx-20 . . ® s ® . s . . 10-9-64 U.8 QO. 13 

4 Measured at U. S. Weather Bureau Station at Burlington, Wisconsin. , 

Source: U. S. Weather Bureau and SEWRPC. : 

Table 10] | 

ESTIMATED CONNECTED POPULATION AND AVERAGE DAILY SEWAGE FLOW RATES 

FOR SEWAGE TREATMENT PLANTS NEAR LAKE GENEVA: 

1963 AND 1990 ALTERNATIVE LAND USE PLANS . 

Oe’ , 

Estimated Connected Population 

oe ron ot [TC O™—OC‘STVNCCOC™~“S*S*S*~*~*~SCS~*~S~SC~*@Y 
sewage Existin ; 

Treatment 1963 g Controlled Corridor Satellite 

Plant Existing Plan City 
Trend Plan Plan 

City of E 

Lake Geneva 4,500 11,000 24,800 17,700 

Village of 

Williams Bay 1,500 3,500 3,700 3,500 R 

Village of 

Fontana 1,500 3, 400 1,500 3, 200 

Village of ; 

Walworth 0 500 0 900 

Estimated Average Daily Sewage Flow Rate 

City of 540,0007 1,980,000 4,460,000 3,190,000 ; 

Lake Geneva 0.8? 3.1 6.9 4.9 

Village of 180,000? | 420,000 4U40,000 420,000 
Williams Bay 0.3? 0.6 0.7 0.6 i 

Village of (80,0007 410,000 {80,000 380,000 

Fontana 0.3? 0.6 0.3 0.6 

Village of o¢ 50,000 0 90,000 i 

Walworth ob 0.1 0 0.1 

Estimated Low Flow of the White River at Station Fx=-[8 

Pt 8 
4 Gallons per day. 

b Cubic feet per second. 5 

Source: SEWRPC. 
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Table 102 

5 FORECAST QUALITY OF THE WHITE RIVER AT SAMPLING STATION FX-20: 

1990 ALTERNATIVE LAND USE PLANS 

5 Forecast Quality for 1990 
; Stream | 

Samplin 
Stream Parameter station Quality Controlled Satellite 

. . . idor . | in 1964 Existing Gorn! City 
i Trend Plan Plan Plan 

Chloride a 

: - 

a Dissolved 

Solids 4704 550 700 625 
I White Fx-20 (in ppm) 

River 

Dissolved 

Oxygen 7.62 More than 7.5 

(in ppm) 

Coliform b 
5 Count 10,500 More than 25,000 

@ Based on water analysis for October 1964. 

b Based on average for the period June through September 1964. 

f Source: SEWRPC.. 

Como Creek is a calcium bicarbonate stream of relatively constant total mineralization. In the two com- 

f plete chemical analyses that were run on water samples collected from Como Creek in April and Octo- 

ber 1964, calcium (ranging from 73 to 53 ppm) was the predominant cation; and bicarbonate (ranging from 

425 to 340 ppm) exceeded all other anion concentrations. Maximum nitrate concentration was 2.4 ppm. 

& On October 8, 1964, total phosphorus was 0.24 ppm. Selected water analyses of Como Creek at sampling 

station Fx-19 are indicated in Table 103. Water quality conditions of Como Creek are indicated in Table 104. 

The chloride concentrations of Como Creek were very low, varying from 5 ppm in April to 15 ppm in Octo- 

ber 1964. Assuming a background chloride concentration of 5 ppm, Como Creek had a chloride impact of 

| 0 to 10 ppm from human sources. 

i The maximum dissolved solids concentration of Como Creek is very low compared to that of other streams 

and watercourses in southeastern Wisconsin. The concentration of this parameter varied within narrow 

limits, being 390 ppm in April and 430 ppm in October 1964. The increase in dissolved solids resulted 

§ principally from increases in bicarbonate, calcium, silica, and chloride concentrations offset by a decrease 

in sulfate concentration. 

The minimum dissolved oxygen concentration in Como Creek was 4.8 ppm in August 1964. During the 

i months of June through September, the maximum, average, and minimum concentrations were 7.2, 6.1, and 

4.8 ppm. Dissolved oxygen conditions on Como Creek were substandard for the preservation of fish life 

J in August 1964. 
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Table 103 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES i 

COLLECTED AT SAMPLING STATION FX-I19 ON COMO CREEK: I964 
On eee 

Date of Date of 5 

Silica . 2. « « « © «© © © «© «@ @ 2, 2 4-23-64 14 10-8-64 

[ron .« « «© © © «© © @ © ow 8 8 0.03 " 0.10 " i 

Manganese. . « « es e+ «© @ we we -- -- 0.04 " 
Chromium .« « «© «© © © © © «© «© ws -- “= <0.0) " 
Hexavalent Chromium. . . .. «= « -- -- 0.00 " 

Calcium. . « « «© « © © «© © © © 6 53 4-23-64 73 " , 
Magnesium. . « » «© «© «© © «© «© @ «@ 47 " U5 " 

Sodium (and Potassium) .... . 25 " 25 " 

Bicarbonate. . »« « ©» «© «© «© w© «© « 340 " 425 " 

Carbonate. . . « © «© » © © © © 0 " 0 " g 

Sulfate. .« 2. « « 8 © ew ew ee 89 " 47 " 
Chloride . . . 2. 2 we e ew ee 5 " 15 " 

Fluoride .« « « « «© «© © © «© «© «@ « -- -- <0.4 " 

Nitrite. . 2. « © © «© we we we we 0.0 4-23-64 0.0 " 

Nitrate. . « «© « «© «© © «© 8 «© « -- -- 1.8 " 

Phosphorus « . .« © © «© © © « «@ «8 -- -- 0.24 " 

Cyanide. .« « « «© «© « © © «© «© «8 -- -- -- -- § 

Oil. 2. 2 ew ew we ew ew ee ee -- -- 2 10-8-64 

Detergents . .« «© 6 © © «© «© «© we 0.0 4-23-64 0.0 " 

Dissolved Solids . . «© « « « « « 390 " 430 " 

Hardness . « « « «© © © «© © «© «2 2 329 " 368 " f 

Noncarbonate Hardness. .... 50 " 20 " : 

Calcium Hardness .. . 2+ «© « «@ « 134 " 18 | " 

Magnesium Hardness. + + «+ » « « 195 " 187 " 
Alkalinity Pw... ee ee ee 0 n 0 n £ 
Alkalinity M . 2. «1 «© © © © «© © « 280 " 350 " 

Specific Conductance . .... « 616 " 654 " 

PH «ew ew ww we ke kw we 7.9 " 7.4 " 

Color. « «© « © «© © © © © «© «© «@ 15 " 10 " f 

Turbidity. «© «© » « «# « «© »© «8 «© » 5 " 25 " 

Biochemical Oxygen Demand... . 1.8 " 6.6 " 

Dissolved Oxygen . . « s+ © « «2 « 11.3 " 5.3 " | 

Coliform Count... 2. © « « «© « 6,700 " 16,000 " 5 

Temperature (°F)... «s+ «+ eas 5 | " 50 " 

Source: SEWRPC. 
: 

Table {04 z 

WATER QUALITY CONDITIONS OF COMO CREEK (1964-1965) 

fee a ee i 
Parameter of 

Average 

Chloride (ppm)... .. +... [5 10 5 8 
Dissolved Solids (ppm)... . 430 4Y10 390 

Dissolved Oxygen (ppm)... . 12.3 8.3 4.8 

Coliform Count (MFCC/100 ml) .] 21,000 7,200 300 i 
Temperature (°F)... . wae 77 5 | 32 

Source: SEWRPC. 5 
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Coliform counts in Como Creek, although relatively low with respect to certain other streams in the 

, Region, were high with respect to standards for recreational water use, having a maximum concentration 

of 21,000 MFCC/100 ml in June 1964. During the period from June through September, the maximum, 

average, and minimum concentrations were 21,000, 11,800, and 2,000 MFCC/100 ml. Como Creek is not 

8 suited for partial- or whole-body contact recreation. 

The maximum temperature of Como Creek was 77°F in June 1964. The average temperature for the 

period of June through September 1964 was 67°F, The temperature condition of Como Creek is suitable 

for fish life. 

Streamflow and Precipitation: Como Creek is a shallow stream with few meander bends. At sampling 

f station Fx-19, a distance 0.9 miles from the Lake Como outlet, this stream was 0.3 feet deep and 0.4 feet 

wide when measured during low flow in October 1964. The flow conditions make this stream suitable for 

waste assimilation and aesthetic use. The flow of Como Creek was measured by the SEWRPC at sampling 

f station Fx-19 in April and October 1964, as indicated in Table 105. Daily precipitation at Burlington, 

, Wisconsin, from January 1964 through February 1965 is listed in Table 62. 

Forecast Quality of Como Creek for the Year 1990: Population studies by the SEWRPC indicate that the 

i estimated population of the drainage area tributary to Como Creek at station Fx-19 in 1963 was about 

1,800 people. The sanitary waste disposal needs of these people are presently served exclusively by septic 

| tank systems. No municipal sewage treatment plant has been proposed at this time for this area. The 

, estimated present and future population under each of the alternative regional land use plans is listed in 

Table 106. The future water quality of Como Creek which may be expected in 1990 at sampling station 

Fx-19 under the three land use alternatives is indicated in Table 107. 

i Honey Creek 

Present Stream Quality: Two sampling stations, Fx-21 and Fx-23, were established on Honey Creek. 

5 Station Fx-21 is 11.4 miles from its source, approximately 2.3 miles downstream from the East Troy 

Table 105 

STREAMFLOW MEASUREMENTS OF COMO CREEK: SPRING AND AUTUMN 1964 

f Sampling Streamflow Previous 7-Day 

Station Date (cfs) Rainfall (in inches)? 

§ 4-30-64 12 0.45 
Fx-19 10- 9-64 | 0.13 

4 Measured at U. S. Weather Bureau Station at Burlington, wisconsin. 

f Source: U. S. Weather Bureau and SEWRPC. 

f Table 106 
ESTIMATED POPULATION OF THE LAKE COMO DRAINAGE ARFA: 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 

eee 

i 
Location — Controlled Satellite 

Existing Existing Corridor City 
1963 Trend Plan Plan Plan 

Lake Como Drainage 

Area |, 800 3,100 2,700 2,700 

J Source: SEWRPC. 
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_ Table [07 

FORECAST QUALITY OF COMO CREEK AT SAMPLING STATION FX-19: f 

1990 ALTERNATIVE LAND USE PLANS 

LL 

Forecast Quality for 1990 i 
, Stream 

Sampling p i 
Stream Station arameter Qua ity Controlled | Satellite 

in 1964 Existing Corridor City 
Trend Plan Plan Plan 

Chioride 

Dissolved i 

Solids 430° 450 KYO YO 

(in ppm) i 

Como 

Creek rx- 19 

Dissolved g 

Oxygen More than 6.0 

(in ppm) 

Coliform i 

Count b 
(in MECC / 11,800 More than 15,000 | 

100 ml) 

@ Based on water analysis for October 1964. 

b Based on average for the period June through September 1964. | 

Source: SEWRPC. 

sewage treatment plant and 14.3 miles upstream from station Fx-23. Sampling station Fx-23 is 1.1 miles | 8 

upstream from where Honey Creek enters the White River. - 

Honey Creek is a calcium bicarbonate stream of relatively constant total mineralization. In six complete 

analyses run on water samples collected from Honey Creek at stations Fx-21 and Fx-23, calcium (ranging 

from 104 to 56 ppm) was the predominant cation; and bicarbonate (ranging from 380 to 275 ppm) exceeded 

all other anion concentrations. Maximum nitrate was 5.8 ppm. On October 8, 1964, total phosphorus was 

0.14 ppm at station Fx-23. Selected water analyses of Honey Creek at sampling stations Fx-21 and Fx-23 | 

are indicated in Table 108 and Table 109, respectively. Water quality conditions of Honey Creek are 

indicated in Table 110. The average numerical values in this table are weighted averages. 

The chloride concentrations of Honey Creek were unusually stable in that all six analyses of samples taken i 

at stations Fx-21 and Fx-23 in February, April, May, and October 1964 indicated a concentration of 

15 ppm. None of the present or potential uses of Honey Creek are adversely affected by these chloride 

concentrations. 

Dissolved solids concentrations of Honey Creek were relatively low compared to that of other streams and 

watercourses in the Region. At station Fx-21 the total dissolved solids was 455 ppm in April and 435 ppm a 

in October 1964. At station Fx-23 the concentration of this parameter varied from 440 to 340 ppm. From 

April to October, decreases at both stations in calcium, magnesium, and sulfate concentrations were : 
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Table 108 

i SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

COLLECTED AT SAMPLING STATION FX-21 ON HONEY CREEK: 1964 

f Date of Date of 

Silica . 2. « » « » © « © © «© «© »« 9 Ye 24-64 10. 10-8-64 

i Iron 2. « «© e« » © «© © © © © © © « 0.02 " 0.07 " 

Manganese, « « «© «© « © «© © « «@ @ -- -- 0.01 " 

Chromium . «2 « « «© « «© 8» © @ @ 2 -- -- -- -- 

Hexavalent Chromium. « « « = e« « -- -- -- -- 

; Calcium. « «6 « « «© «© «© «© © © «© 2 lo4 4-24-64 7 | 10-8-64 

Magnesium. .« .« «© « © «© © «© «© «» «@ U8 " 40 " 

Sodium (and Potassium) . . « « « ) " 35 " 

Bicarbonate. .« « « © e « © © « « 275 " 340 " 

f Carbonate. «. « «© «© © © © «© © «© 2 0 " 30 " 

Sulfate. « « « « «© « © «© © 8 «© » 145 " 58 " 

Chloride . « « « « « «© «© «© © «© 2 15 " 15 " 

f Fluoride . we we ee ee es -- -- -- -- 
Nitrite. « « « « «© « © ©» © «© « « 0.0 4-24-64 0.0 10-8-64 

Nitrate. . .« « »« © «© » © « # « « -- -- 4.2 n 

Phosphorus . « « «© © e «e © « « «@ -- -- -- -- 

5 Cyanide. « « « « © «© © » © © @ » -- -- -- -- 

Oils. « © «© «© «© © © © @ © © s wo -- -- -- -- 

Detergents « « « » «© © © »© 28 « 28 0.1 Y- 24-6 4 0. | 10-8-64 

Dissolved Solids .«. . « « « « « e 455 " 435 " 

7 Hardness « « « «e « «© © » «© «© © « U59 " 342 " 

Noncarbonate Hardness. . « « « « 235 " 10 " 

Calcium Hardness . « « « « « « e@ 260 " 177 " 

. Magnesium Hardness . « « « « « «2 199 " 165 | " 

| Alkalinity P « « « «© «© « © e «© «8 0 " 15 " 

Alkalinity M . .« 6 « «© «© © «© © « 225 " 310 " 

Specific Conductance . . « « « « 784 : " 6 30 " 

pH « « 8 © 8 © 8 © © e © © 8 @ @ 8.0 " 8.0 " 

f Color. »« « « «© «© © « «© © © «© © « 55 " 0 " 

Turbidity. « « »« «© » «© « «© 2 « « 7 " 3 " 

Biochemical Oxygen Demand. .. -« 1.8 " 2.8 " 

§ Dissolved Oxygen .« « « « « « 8 « lo. 4 " 10.3 " 

Coliform Count . « « « © «© «© «© « 34,000 " 3,200 " 

Temperature (°F) . « « « «© © « « 50 " 50 " 

i Source: SEWRPC. 

largely offset by increased sodium and bicarbonate concentrations, resulting in little change in the dis- 

f solved solids of the water sampled in April and in October. : 

The minimum dissolved oxygen concentration in Honey Creek at sampling station Fx-21 was 5.2 ppm in 

June 1964. During the months of June through September, the maximum, average, and minimum concen- 

i trations were 12.9, 8.5, and 5.2 ppm, respectively. The minimum dissolved oxygen concentration in Honey 

Creek at sampling station Fx-23 was 4.8 ppm in June 1964. During the months of June through September, 

the maximum, average, and minimum concentrations were 10.2, 7.0, and 4.8 ppm, respectively. The dis- 

8 solved oxygen concentration in Honey Creek was substandard for the preservation of fish life at Fx-23 at 

the time of sampling in June 1964. 

Coliform counts in Honey Creek were relatively low compared to other streams in the Region but were 

| high with respect to standards for recreational water use, having a maximum concentration of 40,000 

MFCC/100 mlat station Fx-21 in January 1965 and a maximum of 7, 000 MFCC/100 mlat Fx-23 inJuly 1964. 

f ‘During the period from June through September, the maximum, average, and minimum concentrations 
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Table 109 ! 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES f 

COLLECTED AT SAMPLING STATION FX-23 ON HONEY CREEK: !964 | 
i | 

Date of Date of 7 i 
Silica . . « «© © © © © © ww ee 8 4Y-23-64 7 10- 8-64 | 
[ron ss 6 © ee ww ew ee es 0.05 " 0.10 " i, 

Manganese. «© «© «© «© «© © «© #8 © « « -- -= -- =o | 

Chromium . . « «© © «© © © © «@ © « -- -- < 0.01 10-8-64 | 

Hexavalent Chromium. . « « «© © e -- -- 0.00 " 

Calcium. .« « «© «© «© «© © « ©» «© «8 « 74 4-23-64 63 " 5 

Magnesium. « « © © © «© © 2» @ @ 45 " 38 " | 

Sodium (and Potassium) . . «= « 10 " 35 " | 

Bicarbonate. «© « « «© « «© © «© «© 345 " 380 n | 

Carbonate. « « « «© «© « «© © «© « 2 0 " 0 " 5 

Sulfate. se ee ee wt ee 78 n 53 " 
Chloride . . « « © © «© «© © # © [5 " 15 " 

Fluoride « « « 6 e« « 8 e© e ee # e« -- -- < 0.85 " | 

Nitrite. . « © © e« » © «© «© © « » 0.0 4-23-64 0.0 " j 

Nitrate. « « »« «© ©» © e 28 «e ee « e -- == 1.8 n 

Phosphorus « «© © © «© © » © «© © «2 -= -- O.14 n 

Cyanide. « « © © « © «© © © «© © « -- -- -- -- g 

Oil. ». «© © ©» © © 2 © © we ew ew -- =~ | 10-8-64 

Detergents »« « « «© © «© «© » » « « 0.0 4-23-64 0.1 " 

Dissolved Solids . »« « « « e e « #00 " 400 " 

Hardness .« « « «© «© « © © 8 # # 28 370 " 315 " 8 

Noncarbonate Hardness. « « « « » 85 " 5 " 

Calcium Hardness « « « + «© «© « « 185 " 157 n 

Magnesium Hardness .« « « « « «© « 185 " 158 " 

Alkalinity P .« «© « «© «© «© © «© «© « 0 " 0 " E 

Alkalinity M. 2. 2. © 2 2» © 2» » 2 285 " 310 " 

Specific Conductance .« .« « « « -« 656 " 54u2 " 

PH « «© «© 2© © «© 28 © e © © 8» #@ @ 8.0 " 8.0 " 

Color. « « «© «© © © © © © we we 55 | " 0 " . 

Turbidity. .« « «© «© © «© © «© «© «© « 15 n 9 " 

Biochemical Oxygen Demand .. . 2.6 " 2.2 " 

Dissolved Oxygen « « « « «© « « « 8. 6 " 12.1 " 

Coliform Count . . « « «© «© «© «» « 400 " 3,000 " | 

Temperature (°F) . . « ss we ee 53 " 5 | " 

Source: SEWRPC. 
j 

Table 110 | 

WATER QUALITY CONDITIONS OF HONEY CREEK (1964-1965) 
Ne 

 ] A Parameter of 

Chloride (ppm)... se. « « « 15 15 15 | 

Dissolved Solids (ppm)... . 4U55 420 340 

Dissolved Oxygen (ppm)... . b4.5 10.2 4U.8 

Coliform Count (MFCC/100 ml) . 40,000 9,400 100 

Temperature (°F)... . «es 77 5 | 32 

Source: SEWRPC. 
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at station Fx-21 were 23,000, 11,800, and less than 1,000 MFCC/100 ml, respectively. Corresponding 

a concentrations at station Fx-23 were 7,000, 3,800, and 2,000 MFCC/100 ml. Honey Creek is unsuited 

for partial- or full-body contact recreation at Fx-21 and unsuited for full-body contact recreation at 

Station Fx-23. 

i The maximum temperature of Honey Creek was 77°F in June 1964. The average temperature for the period 

of June through September 1964 was 68°F at station Fx-21 and 69°F at station Fx-23. The temperature 

‘ condition of the creek is suitable for fish life. 

Streamflow and Precipitation: Honey Creek, a second rank tributary of the Fox River, is a relatively deep 

meandering stream. At sampling station Fx-23, a distance of 17.5 miles from the source, the stream had 

f a depth of 2.2 feet and extended 45 feet from bank to bank during low-flow conditions in October 1964. The 

flow and channel characteristics make Honey Creek suitable for waste assimilation, preservation of aquatic 

life, partial-body contact recreation, and aesthetic use. 

f The flowof Honey Creek was measured by the SEWRPC at sampling station Fx-23 in May and October 1964, 

as indicated in Table 111. Daily precipitation at Burlington, Wisconsin, from January 1964 through Feb- 

. ruary 1965 is listed in Table 62. 

Forecast Quality of Honey Creek for the Year 1990: Population studies by the SEWRPC indicate that the 

Village of East Troy sewage treatment plant had a connected population in 1963 of about 1,600 people. The 

{ estimated future connected populations and average daily sewage flow rates for 1990are listed in Table 112 

for each of the alternative regional land use plans. The future water quality conditions of Honey Creek 

which may be expected in 1990 at sampling stations Fx-21 and Fx-23 under the three land use alternatives 

g are indicated in Table 118. 

Sugar Creek 

Present Stream Quality: One sampling station, Fx-22, was established on Sugar Creek. Station Fx-22 is 

g 6.7 miles downstream from the source of Sugar Creek and 21.5 miles upstream from the point where Sugar 

| Creek joins Honey Creek. No sewage treatment plants are presently located within the area drained by 

Sugar Creek. 

g Sugar Creek is a calcium bicarbonate stream of relatively constant total mineralization. In the two com- 

plete chemical analyses run on water samples collected in April and October 1964, calcium (ranging from 

80 to 72 ppm) was the predominant cation; and bicarbonate (ranging from 415 to 365 ppm) exceeded all 

5 other anion concentrations. Maximum nitrate was 3.6 ppm. No analysis for total phosphorus was made. 

Selected water analyses of Sugar Creek at sampling station Fx-22 areindicated in Table 114. Water quality 

conditions of Sugar Creek are indicated in Table 115. 

i The chloride concentrations of Sugar Creek were relatively low, varying from 30 ppm in April to 20 ppm 

in October. Assuming a background chloride concentration of 10 ppm, Sugar Creek had a chloride impact 

§ of 10 to 20 ppm from human sources. 

Table II] 

i STREAMFLOW MEASUREMENTS OF HONEY CREEK: SPRING AND AUTUMN 1964 

—— iii ll EE—————EE lll rE rE rrr rrr es O_O 

Sampling ' Streamflow Previous 7-Day 

§ Station Date (cfs) Rainfall (in inches)? | 

23 5- 1-64 0.45 

Px 10-6-64 0 

j 4 Measured at U. S. Weather Bureau Station at Burlington, Wisconsin. 

{ Source: U. S. Weather Bureau and SEWRKPC. 
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Table 112 

ESTIMATED CONNECTED POPULATION AND AVERAGE DAILY SEWAGE FLOW RATES i 

OF THE VILLAGE OF EAST TROY SEWAGE TREATMENT PLANT: 1990 

Estimated Connected Population 

Sewage Existing Treatment 1963 Controlled Corridor Satellite 

Plant Existing Plan City 
Trend Plan Plan 

Estimated Average Daily Sewage Flow Rate , 

cast  192,0002 432,000 936,000 528,000 

Troy 0.4? 0.81 1.45 1.03 

Estimated Low Flow of Honey Creek at Station Fx-23 | 5 

13° a 
# Gallons per day. i 

b Cubic feet per second. 

Source: SEWRPC. Table 113 5 

FORECAST OUALITY OF HONEY CREEK 

AT SAMPLING STATIONS FX=+-21 AND FX-23: 1990 

A 

Forecast Quality for 1990 , 

S Vi Stream Cont lled Satellit ampiing . ontro e ate ite 
t Parameter Qualit . 

Stream Station me y Existing Corridor City 
in 1964 Plan 

Trend Plan Plan 

Chloride 25 

(in ppm) 25 

Dissolved 5 

Solids 435° 450 

(in ppm) 400" ¥20 f 

Honey Fx-2| 

Creek Fx-23 

Dissolved 

Oxygen 8.5? Between 8.5 to 9.5 
(in ppm) 7.02 Between 5.0 and 7.0 

Coliform i 

Count 11,8005 More than 20,000 
(in MECC/ 3,800? More than 5,000 
100 ml) 

@ Based on water analysis for October 1964. a 

b Based on average for the period June through September 1964. 

Source: SEWRPC. , 
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Table JI4 | 

q SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

| COLLECTED AT SAMPLING STATION FX-22 ON SUGAR CREEK: {964 

J . Date of Date of 

| Silica . « 2 « © © © © © © © oo 8 Y= 24-64 15 10-8-64 

; fron . « © © «© © © © «© 8 e © « » 0.03 " 0.05 n 

\ Manganese. ». «6 « © © «© © we ow -- -- 0.01 " 
Chromium . « « © e© © ee © © «© «@ 2 -- -- -- -- 

, Hexavalent Chromium. . «© « « «© « -- -- -- -- 

i Calcium. . 2. 1 1 ee ew we ww 80 Y= 24-64 72 10-8-64 
Magnesium. » « « «© © © © e « ee U0 " 35 n 

Sodium (and Potassium) . . « « « 30 " U5 n 

| Bicarbonate. « « « « © «© © «© «© «2 | 365 . YWI5 " 

E Carbonate. « «© « «© «© © © © «© «© « 10 " 0 " 

Sulfate . «© « « « © 2© © «© «© « e 70 " U6 " 

Chloride .« « « « « © © e © © «@ 2 30 " 20 " 

. Fluoride « « « e « « © © © «© « « -- -- -- -- 

; Nitrite, . . . «6 we ee ww ee 0.0 u-24-64 0.0 10-8-64 
Nitrate. « « © « « «© « «© © «@ «© 2 -- -- 1.8 " 
Phosphorus « « « «© « «© © e @ «8 « -- -- -- | =~ = 

= | Cyanide. « « «© © ©» © © © 8 «© «© «8 -- -- -- -- 

- Oil. © «© «© © «© © © © © © «© «© @ 2 -- -- -- —= 

Detergents « « «© oye © «© © «© «© 2 O./ Y= 724-64 0.1 10-8-64 

Dissolved Solids . «© «© « « « « « 450 " 440 " 
q Hardness . 2. « © »© © «© «© «© «© «@ «@ 363 " 325 n 

Noncarbonate Hardness. . - « « « 45 " 0 " 

Calcium Hardness . . «2. 5» © « « « 199 " 180 " 

Magnesium Hardness . « « « « « « 164 " 145 " 

i Alkalinity P.. . « « «© «© « e« « 5 " 0 " 

Alkalinity Mus « 2 ee we we 310 " 340 " 
Specific Conductance .« «. « «© e 694 " 636 | " 

PH «© «© «© «© © 8 © © © © 28© e#e «© «& »® 8.4 " 8.0 " 

7 Color. « « « «© «© © «© © «© © 8 «© + 40 " 5 | " 

Turbidity. . « « « «© «© © «© « «© « 5 " 3 " 

Biochemical Oxygen Demand. .. . < 0.5 " 1.4 " 

. Dissolved Oxygen .«. « « «© «© « « « 12.1 " 10.4 " 

7 Coliform Count . »« « « » «© « « « 1,800 " 1,800 " 

Temperature (°F) . 2. 6 « ws ew 50 " 50 " 

‘ Source: SEWRPC. 

The maximum dissolved solids concentration of Sugar Creek was very low as compared to that of other 

streams and watercourses in southeastern Wisconsin. In the two complete chemical analyses, this parame- 

q ter varied within narrow limits, being 450 ppm in April and 440 in October 1964. The principal part of 

: the dissolved solids concentration (possibly 425 ppm) is derived from ground water seepage into the 

| stream channel. 

q The minimum dissolved oxygen concentration in Sugar Creek at sampling station Fx-22 was 8.5 ppm. 
| During the months of June through September 1964, the maximum, average, and minimum concentrations 

| were 11.8, 9.9, and 8.5 ppm, respectively. The dissolved oxygen concentration of Sugar Creek is suitable 

q for the maintenance of fish life. 

| 
| Coliform counts in Sugar Creek were relatively low at station Fx-22. The maximum count of 13,000 

| MFCC/100 ml occurred in June 1964, and the minimum of less than 100 MFCC/100 ml occurred in Decem- 

7 ber 1964. During the period from June through September 1964, the maximum, average, and minimum 

| concentrations at station Fx-22 were 13,000, 6,400, and 1,400 MFCC/100 ml, respectively. Nevertheless, 

| 4 Sugar Creek is unsuited for partial- and whole-body contact recreation in its upper reaches. 
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| Table 115 i 
WATER QUALITY CONDITIONS OF SUGAR CREEK (1964-1965) 

, Number 

Chloride (ppm)... ee. eae 30 25 20 2 F 
Dissolved Solids (ppm)... . 4u50 US uLO 2 

Dissolved Oxygen (ppm)... . 13.9 10.9 8.5 10 
Coliform Count (MFCC/100 ml) . 13,000 3, 100 100 10 

Temperature (°F) . «1 1 2 we 7 | 52 32 10 i 

Source: SEWRPC. 

The maximum temperature of Sugar Creek was 7 1°F in June 1964. Average temperature for the period of i 

June through September 1964 was 65°F. The temperature condition of the creek is suitable for the main- 

tenance of fish life. I 

Streamflow and Precipitation: Sugar Creek is a relatively deep meandering stream. When measured at 

sampling station Fx-22, a distance 6.7 miles from the source, the creek had a maximum depth of 2.2 fect 

and a width of approximately 24 feet during low-flow conditions in October 1964. The stream is potentially i 

suitable for waste assimilation, preservation of aquatic life, partial-body contact, recreation, and aes- 

thetic use. 

The waste assimilation capacity of Sugar Creek was exceeded by the coliform counts, which rendered the i 

stream unsuitable for full- or partial-body contact recreation at sampling station Fx-22. However, it is 

thought that this condition was local and applied to areach of the creek near the small community of Abells 

Corners from about one mile upstream from station Fx-22 to approximately three miles downstream from i 

the station. 

The flow of Sugar Creek was not measured during this study. EF 

Forecast Quality of Sugar Creek for the Year 1990: Population studies by the SEWRPC indicate that the 

Sugar Creek sub-watershed had anestimated population of 2,000 people in1963. The population is presently 

served by domestic septic tank systems. In the alternative regional land use plans, the Sugar Creek sub- , 

watershed is retained principally as an agricultural and recreational area of low-density population. No 

sewage treatment plants are proposed. The estimated populations of the Sugar Creek sub-watershed for 

the year 1990 are listed in Table 116. i 

| Table 116 

ESTIMATED POPULATION OF THE SUGAR CREEK SUB-WATERSHED: i} 
1963 AND 1990 ALTERNATIVE LAND USE PLANS 

}- 
Location Existing Controlled Corridor Satellite 

1963 Existing Plan City 

Trend Plan Plan 

Sugar Creek 

Sub-watershed 3,400 8,500 

Source: SEWRPC. P 
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The quality of the stream in its middle and lower reaches should not be affected significantly by urban 

z development under any of the three alternative regional land use plans nor impaired for recreational use 

nor for the preservation of fish and wildlife. Table 117 provides a general estimate of the water quality 

of the middle and lower reaches of Sugar Creek. 

f Bassett Creek 

Present Stream Quality: Two sampling stations, Fx-25 and Fx-26, were established on Bassett Creek. 

Station Fx-25 is 1.3 miles from the source of Bassett Creek and about 350 feet downstream from the con- 

i fluence with an unnamed watercourse that receives the treated wastes from the Twin Lakes sewage treat- 

ment plant. This plant is located 0.7 miles upstream from the confluence. Sampling station Fx-26 is 

located about 400 feet from where Bassett Creek joins the Fox River. The distance between the stations 

f is 3.6 miles. 

Bassett Creek is predominantly a calcium bicarbonate stream of relatively constant total mineralization. 

Complete chemical analyses were run on four water samples collected at the two stations on Bassett Creek. 

; At station Fx-25 the analyses indicate that the quality of the stream changed from a calcium bicarbonate 

water in April 1964 to a sodium bicarbonate water in October 1964. This change resulted from a marked 

increase in the concentrations of sodium (from 15 to 100 ppm), bicarbonate (from 360 to 420 ppm), and 

f chloride (from 20 to 90 ppm) between the times of sampling in April and in October 1964. Calcium con- 

centrations decreased from 80 to 76 ppm between April and October 1964. In the two complete chemical 

analyses run on water samples collected at station Fx-26, calcium (ranging from 86 to 75 ppm) was the 

f predominant cation; and bicarbonate (ranging from 440 to 310 ppm) exceeded all other anion concentra- 

Table I17 

s FORECAST QUALITY OF THE MIDDLE AND LOWER REACHES OF SUGAR CREEK: 1990 

Samplin Stream , 
Stream Station Parameter Quality Controlled Corridor Satellite 

in 1964 Existing Plan City 
Trend Plan Plan 

q Chioride 202 

(in ppm) 0 

Dissolved 

Solids 44O? 450 450 

(in ppm) 

Sugar Fx-22 
Creek 

f Dissolved 

Oxygen Between 8.0 and 12.0 
: (in ppm) 

Coliform 

Count 

f (in MECC/ 2,000? 2,000 2,500 4,000 
100 ml) 

i @ Based on water analysis for October 1964. 

b Based on average for the period June through September 1964. 

i Source: SEWRPC. | 
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tions, The maximum nitrate concentrations at stations Fx-25 and Fx-26 were7.0and 2.9 ppm, respectively. 

Selected water analyses of Bassett Creek at sampling station Fx-26 are indicated in Table 118. Water | 

quality conditions of Bassett Creek are indicated in Table 119. 

The chloride concentrations of Bassett Creek at sampling stations Fx-25 and Fx-26 were 20 and 90 ppm, , 

respectively, in April and 30 and 55 ppm, respectively, in October 1964. With an assumed "background" 

chloride concentration of 10 ppm, Bassett Creek had achloride impact of 10 to 80 ppm from human sources. 

The variations in the dissolved solids concentrations of Bassett Creek resulted principally from changes i 

in the concentrations of sulfate, bicarbonate, sodium, chloride, and magnesium. No present or potential 

water uses are adversely affected by the concentrations of dissolved solids. The principal part of the 

dissolved solids concentration (possibly 400 ppm) is derived from ground water seepage. f 

The dissolved oxygen concentrations of Bassett Creek reached a minimum of 3.3 ppm at sampling station 

Fx-25 and 8.2 ppm at station Fx-26 in August 1964. For the period from June through September, the i 

Table 118 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

COLLECTED AT SAMPLING STATION FX-26 ON BASSETT CREEK: 1964 i 

Date of Date of 

Silica .« .« « « « «© 2 «© «© «© « « « 2 4-23-64 15 10-8-64 

fron « « «© © © © «© © © «© @ we 0.02 " 0.16 " 

Manganese. « « «© «© 2 «© © «© 8 @ 2 -- -- 0.03 " 8 

Chromium « « « «© «© «© «© 2@ «© «2 @ 2 -- -- <0.01 " 

Hexavalent Chromium. . .«. « « « .« -- -- 0.00 " 

Calcium. . . 2. « «© © © ee we 86 U-23-64 75 " 
Magnesium. . 2. 0 ee we ew ew ee 77 n uy | " B 
Sodium (and Potassium) . ...e. 25 " 65 " 
Bicarbonate. « « »« « «© «© « «© «@ 2 310 " Y4O " 

Carbonate. « « «© « «© «© «© «© e e@ « 0 " 0 " 

Sulfate. . 2. « «© « «© «© © «© «© « 2 280 " 58 " 

Chloride « .« « « «© «© 8 © © «8 «© e« 30 " 55 " 

Fluoride . « « « «© « © © © « «© «@ -- -- <0.6 " 

Nitrite. . « « © e «© © «© 8 «© 2 2 0 U-23-64 0.1 " 

Nitrate. 2. ee eee ee ee -- -- 2.9 n 5 
Phosphorus « « « © © © © «© «© @ 2 -- -- 1.9 " 

Cyanide. « « « © «© © «© © « © «@ -- -- -- -- 

Oil. « «© © © «© «© © «© © © © «© @ -- -- | 10-8-64 f 

Detergents «. « «© « « © «© «© «© « » 0.1 Y- 23-64 0.4 " 

Dissolved Solids « « «© «© » « « « 655 " 5 30 " 

Hardness .« «+ «© «© © © «© © © « « » 534 " 356 " 

Noncarbonate Hardness. . . « « . 280 " 0 " ; 

Calcium Hardness . . « «© «© 28 «@ 2 216 " 188 " 

Magnesium Hardness . .« « « «© + « 318 " 168 " 

Alkalinity Pw... 0 ee ew we 0 " 0 n 
Alkalinity Me... 2 2 «© © © oe 255 " 360 " , 

Specific Conductance . .. . « « 908 " 762 " 

pH »« «© «© © «© © © © »© © © 8» 8 @ «8 8.0 " 8.0 " 

Colcr. « «© 2 »© © 8© «© © «© 8 « «» 28 70 " 0 " 

Turbidity. .« « «© « «© «© «© « © «@ « 2 " 8. " 5 

Biochemical Oxygen Demand. .. . I. " 2.7 " 

Dissolved Oxygen . . « « © «© «© « 9.2 " 10.8 " 

Coliform Count . . . « «© « « «© « 200 " 10,000 " z 

Temperature (°F) o 2 we ee lt ll 52 " 50 " 

Source: SEWRPC. 
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Table 119 | 

5 WATER QUALITY CONDITIONS OF BASSETT CREEK (1964-1965) 

Number 

f Parameter Numerical Value of 

Chloride (ppm)... . . « « « 90 50 20 4 
i Dissolved Solids (ppm)... . 655 575 530 Y 

Dissolved Oxygen (ppm)... . 19.5 9.2 3.3 23 
Coliform Count (MFCC/100 ml) . 250,000 32,000 200 23 

f Temperature (°F) . «. ss we 73 50 32 23 

Source: SEWRPC. 

maximum, average, and minimum concentrations of dissolved oxygen at sampling stations Fx-25 and 

f Fx-26 were 7.6, 4.9, and 3.3 ppm, and 10.8, 8.3, and 5.6 ppm, respectively. Concentrations of dissolved 

oxygen between 5.0 and 3.1 ppm occurred in July, August, and September 1964 at station Fx-25. The dis- 

solved oxygen concentration at station Fx-26 is not substandard for the preservation of fish life. 

i Coliform counts in Bassett Creek were relatively high, reaching a maximum of 250,000 MFCC/100 ml at 

sampling station Fx-25 in June 1964 and a maximum of 51,000 MFCC/100 ml at sampling station Fx-26 in 

f November 1964. During the period from June through September 1964, the maximum, average, and mini- 

mum counts at stations Fx-25 and Fx-26 were 250,000, 97,000, and 22,000 MFCC/100 ml and 138,000, 

9,300, and 4,000 MFCC/100 ml, respectively. Bassett Creek is not suited for partial- or whole-body 

g contact recreation. 

The temperature of Bassett Creek reached a maximum of 73°F in June 1964, The average temperature 

for the period of June through September was 64°F at sampling station Fx-25 and 65°F at sampling station 

f Fx-26. Temperature conditions of Bassett Creek are favorable for the preservation of fish life. 

Streamflow and Precipitation: Bassett Creek is a shallow meandering stream occupying a narrow channel, 

At sampling station Fx-26, a distance 5.0 miles from the source, this stream had a maximum depth of 

0.6 feet and a width of 11 feet when measured under low-flow conditions in October 1964. The small size 

of this stream precludes its use for all but three of the ten major uses listed in Table 4. These three uses 

i are waste assimilation, preservation of aquatic life, and aesthetic use. 

The waste assimilation capacity of Bassett Creek is presently being exceeded by coliform count and by 

organic wastes that result in the depression of the dissolved oxygen in the upper reaches of the stream to 

f substandard concentrations (5.0 to 3.1 ppm). The aesthetic value of Bassett Creek is diminished in the 

| lower reaches of the stream by thick muck bottom conditions. 

The flow of Bassett Creek was measured by the SEWRPC at station Fx-26 in April and October 1964, as 

indicated in Table 120. The daily precipitation at Burlington, Wisconsin, from January 1964 through 

February 1965 is listed in Table 62. 

Table 120 

5 STREAMFLOW MEASUREMENTS OF BASSETT CREEK: SPRING AND AUTUMN 1964 

Sampling Previous 7-Day 

5 Station Date Streamflow (cfs) Rainfall (in inches) 

4-30 4.7 0.30 

£ Fx-26 10- 9 O.4 0.13 

4 Measured at U. S. Weather Bureau Station at Burlington, Wisconsin. 

i Source: SEWRPC. 
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Forecast Quality of Bassett Creek for the Year 1990: Population studies by the SEWRPC indicate that the 

Village of Twin Lakes sewage treatment plant had an estimated connected population of 3,100 in 1963. The f 

estimated future connected populations and average daily sewage flow rates for 1990 are listed in Table 121 

for each of the alternative regional land use plans. The forecast quality of Bassett Creek which may be 

expected in 1990 at sampling stations Fx-25 and Fx-26 under the three land use alternatives is indicated | 

in Table 122, 

Nippersink Creek 

Present Stream Quality: One sampling station, Fx-28, was established on Nippersink Creek. Station Fx-28 i 

is 0.4 miles downstream from where the East Branch and North Branch join to form Nippersink Creek and 

1.7 miles upstream from where it crosses the state line. Nippersink Creek does not join the Fox River 

in Wisconsin. f 

Nippersink Creek is a calcium bicarbonate stream of relatively constant total mineralization. Complete 

chemical analyses were run on two water samples collected from Nippersink Creek in April and Octo- 

ber 1964. Calcium (ranging from 81 to 73 ppm) was the predominant cation; and bicarbonate (ranging 

from 365 to 355 ppm) exceeded all other anion concentrations. The maximum nitrate concentration was 

2.4 ppm. On October 8, 1964, total phosphorus was 0.24 ppm. Selected water analyses of Nippersink Creek 

at sampling station Fx-28 are indicated in Table 123. Water quality conditions of Nippersink Creek are i 

indicated in Table 124. 

The chloride concentrations of Nippersink Creek were low, varying from 20 ppm in April to 30 ppm in 5 

October 1964. Assuming a "background" chloride concentration of 10 ppm, Nippersink Creek had 

a chloride impact of 10 to 20 ppm from human sources. 

The dissolved solids concentrations of Nippersink Creek were relatively low, varying within the narrow , 

limits of 450 to 455 ppm from April to October 1964, respectively. Slight changes in the concentrations 

of principal cations and anions offset each other, and the dissolved solids remained almost unchanged. : 

The minimum dissolved oxygen concentration encountered on Nippersink Creek was 8.8 ppm in Febru- 

ary 1965. During the months of June through September 1964, the maximum, average, and minimum con- 

Table 121 , 

ESTIMATED CONNECTED POPULATION AND AVERAGE DAILY SEWAGE FLOW RATES 

FOR THE VILLAGE OF TWIN LAKES SEWAGE TREATMENT PLANT: 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 5 
eee en eee rr eer reer rere eee a a 0 ras, 

Estimated Connected Population 

Sewage Existing Controlled Satellit 
+ t 1963 ontro e . ate ite 

™ men Existing Corridor City 
ant Plan Trend Plan Plan i 

Estimated Average Daily Sewage Flow Rate 

400, 0002 600,000 1,000,000 |, 100,000 i 

| Twin 0.67 0.9 1.5 1.7 
Lakes 

Estimated Low Flow of Bassett Creek at Station Fx-26 

# Gallons per day. 

b Cubic feet per second. z 

Source: SEWRPC. 
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Table 122 

5 FORECAST OUALITY OF BASSETT CREEK: 1990 
Serr rarer rrr arrears Qe OSA Ad GG CCGG Ge GO ei asa aaa sama saaapaaeamaranssasmmmtan 

Stream 

f Stream Sampiing Parameter Quality Controlled Corridor Satellite 
Station in 1964 Existing Plan City 

Trend Plan Plan 

i Chloride 904 120 140 

(in ppm) 554 75 90 

eae 6452 725 750 750 
i 5307 580 605 605 

(in ppm) 

Bassett Fx-25 

Creek Fx-26 Less than 3.0 can be expected to occur 
Dissolved b frequently at Fx-25. Less than 5.0 but 

Oxygen #9 generally more than 3.0 can be 

s (in ppm) 8.2 expected at Fx-26 

Coliform 

Count 97,000? More than 100,000 
(in MFCC/ 9,300° More than 12,000 

100 ml) 

f @ Based on water analysis for October 1964. 

b Based on average for the period June through September 1964. 

Source: SEWRPC. 

f centrations at sampling station Fx-28 were 12.8, 11.1, and 9.5 ppm, respectively. A marked condition of 

supersaturation (21.6 ppm) occurred in October during conditions of low flow. Howfar upstream and down- 

stream this condition prevailed and to what extent fish life may have been adversely affected by such high 

dissolved oxygen concentrations are not known. No dead fish were observed at the sampling station at the 

time of sampling in October 1964. 

Coliform counts in Nippersink Creek were relatively low. The maximum of 10,000 MFCC/100 ml occurred 

i in September 1964. During the period from June through September, the maximum, average, and minimum 

concentrations were 10,000, 5,300, and 3,000 MFCC/100 ml. Nippersink Creek is suitable for partial- 

body contact recreation in the area near station Fx-28, 

f The maximum temperature of Nippersink Creek was 77°F in June 1964. The average temperature for the 

period June through September 1964 was 69°F. The temperature condition of the creek is suitable for 

i fish life. 

Streamflow and Precipitation: Nippersink Creek is a shallow meandering stream occupying a relatively 

wide channel at sampling station Fx-28. This station is 0.4 miles from the point of origin; and, when the 

f streamflow was measured in October 1964 under low-flow conditions, the creek had a maximum depth of 

1.3 feet and a width of 28 feet. As a preliminary evaluation based upon the size, flow, and quality of 

Nippersink Creek, it would appear that the stream is potentially suitable for waste assimilation, preserva- 

5 tion of aquatic life, and aesthetic use. 

The waste assimilation capacity of Nippersink Creek is presently being exceeded by the coliform counts 

f which render the stream unsuitable for full-body contact recreation, and for partial-body contact recrea- 
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Table 123 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES f 

COLLECTED AT SAMPLING STATION FX-28 ON NIPPERSINK CREEK: 1964 

Date of | Date of : 
Silica . . 6 « © » » «© » 8 « « ¢ 8 Y¥-23-64 12 10-8-64 

lron 2. 6 «© © © © © © 2 © @ ee 0.10 " 0.03 " i 

Manganese. .« 6 « © «© «© w © 8 © « -- -- 0.03 " 

Chromium .« « « «© «© © «© «© 2© «© @ « -- -- 0.005 " 

Hexavalent Chromium. . «. « 2» « .« -- -- 0.00 " 

Calcium. «© « 6 © © «© © »© © © © «8 8 | ¥-23-64 73 " f 

Magnesium. «© « «© « © © © © «© @ U7 " 43 " 

Sodium (and Potassium) . . « « « 15 " 35 " 

Bicarbonate. .« « « «© « « «© «© «@ « 355 " 365 " 

Carbonate. « « © «© «© © «© © © «@ « 10 " 10 " i 

Sulfate. «© «© «© « «© « © © «© «© «@ « 93 " 72 " 

Chloride »« « 6 « «© «© © © « «© «© « 20 " 30 " 

Fluoride . .« «© « «© «© © « 8» «© « »« -- -- 0.35 " 

Nitrite. «© « «© © « « «© © « «© «8 -» 0.0 4-23-64 0. | " 

Nitrate. . .« «© «© « «© «© 8 «© « e« « -- -- |.7 " 

Phosphorus « «© » e« « «© « © # «© « -- -- 0.24 n 

Cyanide. . « « 6 © © «© « « #© «© -- -- -- -- 

Oils 2 aw ee ew we we ww -- -- 2 10-8-64 , 

Detergents . 2. «© «© «© « » e «© «@ 0.1 4-23-64 0.1 " 

Dissolved Solids . . .« « « « «a 450 " 455 " 

Hardness . « «© «© «© © © © © «© « « 397 " 360 " , 

Noncarbonate Hardness. . . +. « . 90 " 45 " 

Calcium Hardness . .... «ss. 202 " 183 " 

Magnesium Hardness . «© « « « « « 195 " 177 " 

Alkalinity Pw. 2. 1 «2 © © «© © «@ 6 5 " 5 " ; 

Alkalinity M.o. «2 2 2 2 e@ ww 300 " 310 " 

Specific Conductance... . « « 690 " 620 " 

PH we 8 ew ee ee 8.4 " 8.0 " 

Color. . «© « «© «© «© © © © «© «© «@ 4 30 " 10 " B 

Turbidity. «© «© « «© © «© «© «© «© © « 6 " Y " 

Biochemical Oxygen Demand... . 0.6 " 2.0 " 

Dissolved Oxygen . . «© 2 «2 « « . [2.8 " 21.6 " 

Coliform Count . . 2. «© «© «© «© «@ 4 100 " 1,000 " 5 

Temperature (°F)... . + «es 52 " 50 " 

Source: SEWRPC. 

tion during part of the summer and autumn. The dissolved oxygen concentrations and stream depth are ; 

adequate for the preservation of fish life. The aesthetic value of the stream is occasionally diminished by 

heavy growth of floating microscopic and macroscopic plant life. 

The flow of Nippersink Creek was measured by the SEWRPC at station Fx-28 in April and October 1964, 

as listed in Table 125. The daily precipitation at Antioch, Illinois, from January 1964 through February 1965 

is indicated in Table 63. f 

Forecast Quality of Nippersink Creek for the Year 1990: Population studies by the SEWRPC indicate that 

the Nippersink Creek sub-watershed had a population of 1,500 persons in1963. The future population levels 

under each of the three alternative regional land use plans are listed in Table 126. The existing population 8 

in 1963 of an estimated 1,500 people was served by domestic septic tank systems. In the alternative plans, 

the populations outside the service area of the existing City of Genoa sewerage system and its proposed 

expansion will continue to be served by septic tank systems. 5 

The forecast quality of Nippersink Creek which may be expected in 1990 at sampling station Fx-28 under 

the three regional land use alternatives is indicated in Table 127. ; 
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Table 124 

5 WATER QUALITY CONDITIONS OF NIPPERSINK CREEK (1964-1965) 
(ner ernrmenn nat TT A TT 

Numerical Value Number 
f Parameter of 

| Maximum | Average [Minimum | fmetees 
Chloride (ppm) «. « « «© «ee « « 30 25 20 
Dissolved Solids (ppm) . .. . 455 455 450 

Dissolved Oxygen (ppm)... . 21.6 12.3 8.8 

Coliform Count (MFCC/100 ml) . 10,000 2,700 100 

i Temperature (°F) . 2. « « « « 77 52 32 

Source: SEWRPC.. 

f Table 125 

STREAMFLOW MEASUREMENTS OF NIPPERSINK CREEK: SPRING AND AUTUMN !I1964 

nr ee a 
a 

f Sampling Streamflow Previous 7-Day 

Station Date (cfs) Rainfall (in inches)? 

0.64 

0.10 

4 Measured at U. S. Weather Bureau Station at Antioch, Illinois. 

g Source: SEWRPC. 

f Table 126 
ESTIMATED POPULATION OF THE NIPPERSINK CREEK SUB-WATERSHED: 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 
a 

i Estimated Population 

Location a Controlled Satellite 
Existing Existing Corridor City 

1963 Trend Plan Plan Plan 

i Nippersink Creek 

Sub-watershed 1,500 2,300 3,200 2,300 

’ Source: SEWRPC. 
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Table 127 

FORECAST QUALITY OF NIPPERSINK CREEK AT SAMPLING STATION FX=+=28: 1990 f 

; Stream . 
Stream Sampling Parameter Quality Controlled Corridor Satellite B 

Station in 1964 Existing Plan City 

Trend Plan Plan 

Chloride 40 40 

(in ppm) 5 

Dissolved 

Solids 4504 i 

(in ppm) 

Nippersink Fx-28 

Creek j 

Dissolved 
Oxygen More than 8.0 

(in ppm) , 

Coliform ; 

Count 
(in MECC/ More than 6,000 

100 ml) 

@# Based on water analysis for October 1964. ; 

b Based on average for the period June through September 1964. 

Source: SEWRPC. 

KINNICKINNIC RIVER WATERSHED , 

The Kinnickinnic River watershed ranks fourth in population and eleventh in size as compared to the other 

11 watersheds of the Region. An estimated 186,900 persons reside within this small, highly urbanized 

watershed, which has a total area of 25.7 square miles and an average population density of 7,270 people i 

per square mile. Principal land uses include residential and transportation-communication, which together 

comprise 63.5 percent of the area of the watershed. The areas within the watershed devoted to each of 

eight major land use categories are listed in Table 128. . 

One stream was studied by the SEWRPC in the Kinnickinnic River watershed—the Kinnickinnic River 

proper. This stream rises near Lyons Park in the southwestern part of the City of Milwaukee and flows 
generally easterly and northerly approximately 9.6 miles to the Milwaukee harbor. i 

The northern boundary of the Kinnickinnic River watershed extends westward from the mouth of the river 

to halfway across the end-moraine system that parallels Lake Michigan. At this point the western boundary f 

trends abruptly southeasterly, roughly along the western marginof a prominent moraine inthe end-moraine 

system. Thence the southern boundary trends abruptly eastward across the moraine, down upon ground 

moraine, and up onto another broad end-moraine. Here the eastern boundary trends northwesterly along 

the eastern edge of the moraine and ends at the mouth of the Kinnickinnic River. 

Kinnickinnic River 

Present Stream Quality: One sampling station, Kk-1, was established on the Kinnickinnic River. This , 

Station is located 4.4 miles from the source and 5,4 miles upstream from the Milwaukee harbor entrance. 

Based on SEWRPC estimate for 1963. ; 
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Table 128 

f EXISTING LAND USE IN THE KINNICKINNIC RIVER WATERSHED - 1963 

Land Use a 
Transportation-=Communication. . « « «© « e« « 8.2 5,271 32.07 

Residential . .« »« « w«:2 e « «© e © © 8 « @ «8 8.0 5, 165 31..42 

i Woodland, Wetland, and Unused Land. ... . 4.0 2,548 15.50 
Governmental-Institutional. .« « « « « © «@ [.5 977 5.94 

Industrial. « « « © © © © «© © «© 8 © © « «8 2 1.3 829 5.04 

Park and Recreational . . « « « «© «© © e « « 1.4 812 u,94 

f Agricultural. . ee + ee ew ee we ee 0.7 453 2.76 
Commercial. «© « » «© © © © © © © © © © © @ 2 0.6 383 2.33 

f Source: SEWRPC. 

The Kinnickinnic River watershed is served by the Milwaukee metropolitan sewerage system. Industrial 

and domestic waste water in combined storm and sanitary Sewers serving 14 percent of the basin may 

i discharge temporarily into the lower reaches of the Kinnickinnic River during periods of heavy rainfall. 

Seepage from springs reportedly also enters the stream channei and thus contributes, probably in a minor 

way, to the flow of the river. In an effort to improve the stream quality, dilution water is pumped during 

f the summer months from Lake Michigan into the stream by a Milwaukee Metropolitan Sewerage Commis- 

sion pumping station at E. Chase Avenue and S. First Street, which is located 2.7 miles downstream from 

sampling station Kk-1. 

f The Kinnickinnic River is a calcium bicarbonate stream subject to small changes in total mineralization. 

Complete chemical analyses were run on two water samples collected from the Kinnickinnic River in April 

and September 1964. Calcium (ranging from 93 to 51 ppm) was the predominant cation; and bicarbonate 

f (ranging from 275 to 195 ppm) exceeded all other anion concentrations. The maximum nitrate concentra- 

tion was 1.8 ppm. On September 23, 1964, total phosphorus was 0.72 ppm. Selected water analyses of the 

Kinnickinnic River at sampling station Kk-1 are indicated in Table 129. Water quality conditions of the 

a Kinnickinnic River are indicated in Table 130. 

The chloride concentrations of the Kinnickinnic River varied from 115 ppm in April to 20 ppm in Septem- 

ber 1964. Assuming a "background" chloride concentration of 10 ppm, the river had a chloride impact of 

i 10 to 105 ppm from human sources. 

The dissolved solids concentrations varied from 680 ppm in April to 290 ppm in September 1964. No 

f "background" concentration of dissolved solids can be assumed from the two complete water analyses of 

this watercourse. 

f The minimum dissolved oxygen content of the stream at sampling station Kk-1 was 7.3 ppm. During the 

months of June through September 1964, the maximum, average, and minimum concentrations were 11.6, 

9.4, and 7.3 ppm, respectively. Figure 13 shows the variations in dissolved oxygen concentrations for the 

i period May 1964 through February 1965 at sampling station Kk-1. 

Coliform counts in the Kinnickinnic River were found to vary from a maximum of 340,000 to a minimum 

of 4,000 MFCC/100 ml. During the period June through September 1964, the maximum, average, and 

f minimum concentrations at station Kk-1 were 340,000, 102,000, and 8,000 MFCC/100 ml, respectively. 

Figure 14 shows the variations of coliform counts for the period April 1964 through February 1965 at 

station Kk-1, 

i The maximum temperature of the Kinnickinnic River was 82°F in July 1964 and averaged 73°F for the 

period June through September 1964. Figure 15 shows the variations in stream temperature during the 

f period May 1964 through February 19605. 
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Table {29 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES f 

COLLECTED AT SAMPLING STATION KK-=-] ON TFHE KINNICKINNIC RIVER: 1964 

Mee : Parameter Analysis Analysis 
Collection Collection 

Silica ». .« « « « «© «© « «# « « 8 Y-9-6 4 U 9-23-64 

fron . 2 « « © « «© © © ©» © 0.06 " 0.17 N i 

Manganese. « «» « «© «© © «© «@ ¢ --. -- 0.04 n 

Chromium . . « « « «© «© «© «@ 2 -- -- 0.06 " 
Hexavalent Chromium. .. . -- -<- 0.00 n 

Calcium. «© 2 «© «© 2 we ew w 93 ¥-9-64 5 | 9-23-64 f 
Magnesium. « «. 2 «© «© © »© ww « Ug " 24 " 

Sodium (and Potassium)... 80 " 20 | " 

Bicarbonate. . « « « «© « « ¢ 275 " 195 " 

Carbonate. . «. « «© « «© «© © « 30 " 0 " | 5 

Sulfate. .« « « « © « © « «© «@ 168 " 75 " 

Chloride . .« « «© «© «© © © «© + 115 " 20 " 

Fluoride . .« « « « «© «© 8 «@ « -- -- 0.7 " i 

Nitrite. « «© «© « «© « «© «© «@ 6 0.0 Y-9-6§4 0.0 9-23-64 
Nitrate. . .« «6 « «© «© «© «© «8 -- -- 1.4 " 

Phosphorus « « « «© © «© «8 «@ « -- -- 0.72 " . 

Cyanide. ». « » « «© © © © « « -- -- 0.03 10- 4-64 f 

Oil. «2 © «© «© «© «© «© © «© 2 2 -- = 2 9-23-64 

Detergents . » » ss se we ee 0.2 u-9-64 0.1 " 
Dissolved Solids .... .. 680 " 290 " 

Hardness .« « « «© «© «© «© « «8 « U35 " 226 " , 

Noncarbonate Hardness. ... 160 " 65 " 
Calcium Hardness .... 5. » 233 " 127 " 

Magnesium Hardness... . . 202 " 99 " 

Alkalinity P. . 1. 2 ew wa 15 " 0.0 " , 
Alkalinity M. . . «1 «© 2 we 255 " 160 " 

Specific Conductance... . 1,040 " 426 " 

PH « 2. 2 8 © © w oe ew ee 8.0 " 7.3 " 
Color. «© » «© « «© «© «© «2 e@ «@ e 20 " 35 " ; 

Turbidity. .« .« « «© « «© «© «© + 15 " 65 n 

Biochemical Oxygen Demand. . 5.7 " 9.1 " 

Dissolved Oxygen . . «© « « « 11.8 " 8.3 " f 
Coliform Count ...... - 75,000 " 340,000 _ oN 

Temperature (°F) ...... u | " 64 " 

Source: SEWRPC. ; 

Table 130 i 

WATER QUALITY CONDITIONS OF THE KINNICKINNIC RIVER (1964-1965) 

“= | § Parameter of 

Chloride (ppm) ..... 2.46. 115 65 20 f 
Dissolved Solids (ppm)... . 680 485 290 

Dissolved Oxygen (ppm)... . 13.3 10.6 7.3 
Coliform Count (MFCC/!00 ml) . 340,000 77,000 4,000 

Temperature (°F)... . eee 82 57 | 32 ; 

Source: SEWRPC. 
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Figure 13 Figure |4 

i DISSOLVED OXYGEN CONCENTRATIONS COLIFORM COUNT IN THE KINNICKINNIC RIVER 
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Figure 15 

§ TEMPERATURE OF THE KINNICKINNIC RIVER 
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Streamflow and Precipitation: The Kinnickinnic River is a shallow watercourse occupying a channel which 

has been artificially straightened, deepened, and extensively lined with concrete. At sampling station Kk-1, 

i a distance 4.4 miles from the source, this watercourse had a maximum depth of 0.7 feet and a width of 

12 feet when measured under low-flow conditions in September 1964. It appears that the use of the 

Kinnickinnic River has become limited to navigation in its very lowest reach and to waste assimilation 

{ upstream from its navigable portion. The stream is generally very shallow and is, consequently, not being 

controlled for the preservation of fish life. Its aesthetic values are those of a stream artificially channeled, 

concreted, and converted to a functional drainageway for urban waste waters. 

8 The flow of the Kinnickinnic River was measured by the SEWRPC at station Kk-1 in April and Septem- 

ber 1964, as indicated in Table 131. The daily precipitation at West Allis, Wisconsin, from January 1964 

f through February 1965 is listed in Table 132. 
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| 
Table 131 

STREAMFLOW MEASUREMENTS OF THE KINNICKINNIC RIVER: SPRING AND AUTUMN {1964 f 

eae eee eee eee reer reece eee aD , 

7 
Sampling Streamflow Previous 3-Day 

Station Date (cfs) Rainfall (in inches)? i 

4-11-64 2.5 
Kk-| 9-22-64 16 5 

@ Measured at U. S. Weather Bureau Station at West Allis, Wisconsin. 

Source: U. S. Weather Bureau and SEWRPC. 5 

Table |32 

PRECIPITATION? AT WEST ALLIS, WISCONSIN: JANUARY 1964 THROUGH FEBRUARY 1965 f 

1964 | tees | 0 roe [wee [ee [vey [ae [et [ae [ser [oct [ver [nee [aan [ree i 
bee eee ee ee ee -- -- -- oO. 14 -- | 0.27 -- -- -- 0.03 | 0.05 | 0.35 | 0.02 
Qe eee ee ee el oe -- -- 0.73 | 0.21 | o.14 -- -- 0.10 | 0.01 | 0.48 | 0.02 | 0.20 -- 
Ze we ee ee ee -- -- -- -- -- -- -- -- -- -- 0.01 -- -- 
bee ee ee ee ef -- 0.61 -- -- -- -- -- -- -- 0.05 | 0.13 -- -- 
Be ee ee ele -- 0.47 | 0.87 -- -- -- -- -- -- -- -- -- -- 
Gee ee ee ee ep -- -- 0.47 13 -- 0.11 -- -- -- -- -- -- -- 
Tee ee ee ee el one -- -- -- 1.27 -- 0.13 -- -- -- -- 0.02 -- 0.13 
Bi. ee ew ew ew] 0.02 -- 0.42 -- 0.07 -- 0.03 -- -- 0.17 -- -- -- 0.05 
Qe. ee ee ee ee el oe 0.02 -- -- -- -- -- -- -- -- -- -- -- O.11 
lO. we ee ee ee ee -- -- -- -- -- -- 0.06 | 0.01 -- -- 0.07 | -- -- 
Pho eee ee ee eee -- -- -- -- -- -- 0.93 -- -- -- -- -- 0.31 
Qe ee ee ee ee ee 0.16 -- -- -- 0.02 -- -- -- -- 0.13 | 0.35 | 0.01 -- 
IB. ee ee ee ee -- -- -- | 0.36 -- 0.44 -- -- -- -- -- -- -- 
Ihe ee eee ee fe -- 0.11 -- -- 0.07 | 0.03 -- 0.17 -- -- -- 0.02 -- 
[Bie eee ee ee ef oe 0.03 -- -- -- 0.40 “- -- -- -- 0.62 -- 0.03 -- 
16 ee ee ee we ee 0.01 -- -- -- 0.77 -- -- 0.23 -- -- -- -- -- 0.01 
[7 2 8 we ee ee ek -- -- -- 0.17 -- -- 1.76 -- -- -- -- -- -. _- 

IBw ee ee ee eee -- -- -- 0.10 -- 2.43 -- 0.65 -- -- -- -- 0.02 
IQ. ew ew ee we ew wf 0628 -- -- -- -- 0.03 -- -- 0.04 -- -- 0.09 -- -- 
20. 2 ew ww ew ee] 0.08 -- 0.08 | 0.10 -- -- 0.07 | 0.06 | 0.05 -- 0.10 -- -- -- 
Qe eee ee ee we el oe -- -- 1.26 -- 0.40 -- 1.74 | 0.06 -- -- -- -- -- 
22 eee ee ee eel oe -- -- -- -- 0.79 | 0.05 -- 0.10 -- -- -- 0.75 -- 
23 6 © we ew we ww -- 0.01 -- -- -- -- -- -- 0.13 -- -- -- 0.77 0.23 

2H... we ew we ed 1.08 -- 0.02 -- 0.15 -- -- -- -- -- -- -- O.14 | O11) 
25 ewe ee ew ew ww | 0210 -- 0.28 -- -- -- 1.79 -- 0.13 -- -- 0.05 | 0.04 -- 
26-6 eee ee ee el oe -- -- 0.20 -- -- -- -- 0.21 -- -- -- 0.28 -- 
We ee eee ee we ele -- 0.06 | 0.35 -- -- -- -- -- -- lett | 0.02 -- -- 
28 6 6 ee ee ee -- -- -- 0.19 -- -- -- -- -- -- 0.19 | 0.01 -- -- 
29 «© 2 ew ew ew wt kl “= -- -- -- -- -- -- -- -- -- -- -- -- -- 

380. 2. 2 we ee ee -- -- -- O.11 -- -- 0.01 0.13 -- -- -- -- -- -- 

Bbw ee ee te ee ee -- -- -- 0.04 -- -- -- -- -- -- -- 0.22 -- 

4 Precipitation measured in inches. Trace quantities not included. 

Source: U. S. Weather Bureau. f 

Forecast Quality of the Kinnickinnic River for the Year 1990: Population studies by the SEWRPC indicate 

that in 1963 there were 186,900 people living in the Kinnickinnic River watershed. All of this population 

is connected to the Milwaukee metropolitan sewerage system. Table 133 indicates the estimated populations 

for the year 1990 under the three alternative regional land use plans. No estimated sewage flow rates are 

indicated in the table because the sewage is not discharged into the river except during periods of storm 

water runoff that causes overflow from combined sewers. Table 134 indicates the stream quality of the ; 

Kinnickinnic River in 1964 with respect to four selected parameters. The forecast quality of the river by 

1990 is indeterminate because the flow consists largely of industrial wastes and storm sewer discharges. 
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Table 133 

5 ESTIMATED POPULATION OF THE KINNICKINNIC RIVER WATERSHED: 

1963 AND 1990 ALTERNATIVE LAND USE PLANS | 

i Estimated Population 

Existing 990 

Location 1963 Controlled . Satellite 

Existing Corridor City 

Trend Plan Plan Plan 

Kinnickinnic 

River 186,900 219,000 228,000 222,000 
Watershed 

Source: SEWRPC. 

Table |34 

FORECAST QUALITY OF THE KINNICKINNIC RIVER AT SAMPLING STATION KK-I: 

i 1990 ALTERNATIVE LAND USE PLANS 

Forecast Quality for {990 

f 5 i Stream Controlled Satellit ampling . ontrolle atellite 
P mete lit . Stream Station arameter Qua y existing Corridor city 

in 1964 Plan 
Trend Plan Plan 

i Chloride 

(in ppm) 

Dissolved 

Solids 6807 
(in ppm) Present stream quality 

BC determined by industrial 

Kinnickinnic Kk-| wastes and storm sewer 
River discharges. Water quality by 

Dissolved the year 1990 indeterminate. 

Oxygen g. 4) 

i (in ppm) 

a Coliform 

Count = |192,000° 
(in MFCC/ 

100 ml) 

i @ Based on water analysis for April 1964. 

b Based on average for the period June through September 1964. 

f Source: SEWRPC. 

MENOMONEE RIVER WATERSHED 

The Menomonee River watershed ranks second in population and fifth in size as compared to the other 

i 11 watersheds of the Region. An estimated 338,600 persons reside in this watershed, which has a total 

area of 134.5 square miles and an average population density of 2,520 people per square mile. Principal 

f Based on SEWRPC estimate for 1963. 
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land uses include agriculture and residential, which together comprise over 60 percent of the total area 

of the watershed. The areal extent of the eight major land use categories is listed below in Table 135. i 

Four streams were studied by the SEWRPC in the Menomonee River watershed: the Menomonee River 

proper and three first-rank tributaries, the Little Menomonee River, Underwood Creek, and Honey Creek. , 

The Menomonee River rises within the Region in swampy areas immediately north and northeast of the ! 

Village of Germantown in the southeastern corner of Washington County. From this area the Menomonee 

River flows approximately 28.7 miles in a general southeasterly direction to where it joins the Milwaukee 

River 0.9 miles upstream from the mouth of the Milwaukee River. For the purposes of this study, the ; 

Menomonee River watershed is treated separately from the Milwaukee River watershed, although the 

Menomonee River and its tributaries are first- and second-rank tributaries of the Milwaukee River. 

The Menomonee River occupies a relatively narrow basin of irregular topography. The eastern boundary i 

of the watershed coincides generally with a north-south oriented morainal ridge within the end-moraine 

system that roughly parallels Lake Michigan. The southeastern boundary trends southeastward across the 

moraine and onto ground-moraine to the confluence with the Milwaukee River. The northern boundary is i 

oriented generally east-west and extends from within the end-moraine system across a belt of ground- 

moraine and marsh into the eastern hills of the interlobate moraine that was formed along the contact 

between the Green Bay and Lake Michigan ice lobes. From this area the watershed boundary trends i 

southerly along the eastern slopes of interlobate moraine and abruptly trends easterly back across the belt 

of ground-moraine separating the end-moraine system from the interlobate moraine of the Lake Michigan 

glaciers. The western watershed boundary follows roughly along the western margin of the end-moraine i 

system and then trends abruptly eastward across several morainal ridges. From this area the southern 

watershed boundary trends southward and then northward enclosing much of an inter-morainal valley 

occupied by Honey Creek. Thence the boundary trends east across the moraine system to the point of con- 

fluence of the Menomonee River with the Milwaukee River. , 

Menomonee River 

Present Stream Quality: Nine sampling stations, Mn-1 through Mn-6, Mn-7A, Mn-7B, and Mn-10 were i 

established on the Menomonee River proper at points upstream and downstream from the Germantown, 

Menomonee Falls, and Butler sewage treatment plant outfalls and upstream and downstream from the 

confluence of the Menomonee River with the Little Menomonee River, Underwood Creek, and Honey Creek. i 

The nine sampling stations, the three treatment plant outfalls, and the confluences with the three tributaries 

are significant selected points of reference on the Menomonee River and are listed in Table 136 in terms of 

their distances downstream from the river source and the distances between consecutive points of reference. f 

The Menomonee River is predominantly acalcium bicarbonate stream that is subject to medium changes in 

total mincralization. Of 51 complete chemical analyses run on water samples of the Menomonee River, 

calcium (ranging from 197 to 78 ppm) was the most abundant cation in 31 analyses; and bicarbonate f 

Table |35 

EXISTING LAND USE IN THE MENOMONEE RIVER WATERSHED: 1963 

Agricultural . .« 2 © «© «© «© «© © «© © «© @ 51.7 33,112 38.46 i 

Residential. . 1. ee ee ee we eee 30.4 19,477 22.63 
Transportation-Communication .«. « » « « « 19.9 12,765 14.83 

Woodland, Wetland, and Unused Land... . 19.1 12,230 | B 

Park and Recreational. « « «© « «© «© « a 4.4 2,848 3.31 

Governmental-Institutional .« . .« « « « « 3.9 2,511 2.92 

Industrial . 2. 2. «© 2 «© «© © © «© © © ew ew 3.3 2,127 2.47 

Commercial .«. . « « «© «© «© © «© «© «© © © @ 8 1.6 1,007 1.17 , 

Source: SEWRPC. i 
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(ranging from 470 to 250 ppm) exceeded all other anion concentrations in 44 analyses. Sodium (ranging 

5 from 310 to 90 ppm) occurred as the most abundant cation in 20 analyses. At sampling station Mn-1, 

sulfate (ranging from 620 to 282 ppm) was the predominant cation in 6 of 13 complete chemical analyses. 

Maximum nitrate concentration was 8.4 ppm. On October 14, 1964, maximum total phosphorus was 4.6 ppm. 

5 Selected water analyses of the Menomonee River at sampling stations Mn-1, Mn-6, and Mn-10 are indicated 

in Tables 137, 138, and 139. Water quality conditions of the Menomonee River are indicated in Table 140. 

The variations of the chloride concentrations in the Menomonee River are shown by a series of 14 inter- 

i pretive stream quality graphs in Figure 16. A conspicuous interpretive feature of these graphs are the 

marked increase in the chloride concentrations downstream from where the effluent from the Village of 

Menomonee Falls sewage treatment plant enters the Menomonee River. The chloride concentrations of 

, the upper reaches of this river were low with a maximum of 20 ppm at station Mn-1 as compared to the 

maximum of 105 ppm at station Mn-4. The flow of the Menomonee River is normally sluggish, and the 

average discharge of approximately 3.6 cfs from the Village of Menomonee Falis sewage treatment plant 

a has, as inferred from the relatively high concentrations at station Mn-4, a noticeable impact upon the 

chloride concentration in the river. During periods of relatively high streamflow, such as in July 1964, 

sufficient dilution occurs so that the chloride concentrations decrease to less than 50 ppm throughout the 

i entire mapped reach of the river. 

The general levels of chloride concentration in the Menomonee River are indicative of heavy chloride 

impact upon the river from human sources. This impact is occasionally very heavy near sampling station 

5 Mn-10, where chloride concentrations reach as much as 425 ppm. These high chloride concentrations in 

| the Menomonee River at station Mn-10 are probably due to the occasional high chloride concentrations of 

s Honey Creek, which enters the Menomonee River 0.1 miles upstream from the station. 

The variations of the dissolved solids concentrations in the Menomonee River are shown by a series of 

14 interpretive stream quality graphs in Figure 17. As Shown in these graphs, the dissolved solids con- 

i centrations upstream from the Village of Germantown were found to vary from 1, 200 ppm to 435 ppm. The 

Table 136 

DISTANCES OF SELECTED POINTS OF REFERENCE ON THE MENOMONEE RIVER | 

E FROM THE RIVER SOURCE AND BETWEEN CONSECUTIVE POINTS OF REFERENCE 

Distance From Distance Between 

t (in miles) (in miles) 

River Source . « « « «© ss «© « 0 -- 

f Mn-b owe ee ee ee ee 0.8 0.8 
Germantown STPO7... 2. «© « « [.5 0.7 

Mn-2 2 2 e we ww ee ee 2.'2 0.7 
Mn=3 2. 2 «© © © © © © © @ ew ew 4.6 2.4 

Menomonee Falls STPO .... . 7.2 2.6 

i el 8.6 [.4 

Mn-5 2. 2 8 © © we 8 ew ww 11.0 2.4 

Mn-6 2. «© «© «© © © © © © © «© © 2 13.6 2.6 

i Butler STPO. . « « « «© «© «© @ « 15.2 1.6 

Little Menomonee River... « 16.0 0.8 

Mn=-7A. »« © © «© © 8» © © © © «© «8 17.4 1.4 

Mn-7B. « «© © © «© «© «© «© © 8 « « 20. | 2.7 

i Underwood Creek. . « « « « « « 20.2 QO. | 

Honey Creek. .« « «© © «© © «© «@ 2 22.4 2.2 

Mn-10. 2. «© © © © «© © © «© @ 2 22.5 0. | 

i . Milwaukee River. « « « « «© «@ « 28.7 6.2 

@ STPO--Sewage treatment plant outfall. 

i Source: SEWRPC. 
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Figure 16 

CHLORIDE CONCENTRATION IN THE MENOMONEE RIVER 

IN PARTS PER MILLION 
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Figure |7 

DISSOLVED SOLIDS CONCENTRATION IN THE MENOMONEE RIVER 

IN PARTS PER MILLION 
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Table 137 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES i 

COLLECTED AT SAMPLING STATION MN-! ON THE MENOMONEE RIVER: 1964 

se 

Date of Date of i 

Silica . « «© «© © © »© © «© «© «© © « 5 YW-|-64 6 }O-14-64 
from. « © 8 © © © © 2 eo 8 ew 0.20 " 0.05 " i 

Manganese. .« « «© «© «© «© © © © «@ 2 -- -- 0.01 " 

Chromium . « «© © « «© «© © « e« «@ oe -- -- <0.004 " 

Hexavalent Chromium. . «© « « « « -- -- 0.00 " 

Calcium. . « © «© © © 8 8 © « «8 « 197 4u-1-64 83 n i 

Magnesium. « «© «© © © © © «# we 9 | " 43 " 

Sodium (and Potassium) . . « « . 10 " 40 " 

Bicarbonate. . » «1 « «© «© © © «© + 295 " 365 " 

Carbonate. «© « «© «© «© © «© © «© @ 0 " 30 " i 

Sulfate. «© « © «© «© © «© © «© e@ @ 590 " 87 " 
Chloride . «© «© « « «© « e« © «© « « 20 " 20 " 

Fluoride . « « « © «© © «© © © @ 2 -- -- < 0.45 " 

Nitrite. «© « «© «© «© © © © «© « » « 0.0 4-]-64 0.0 " 

Nitrate. . « « © «© «© © © «© «@ @ -- -- |.8 " 

Phosphorus « «© «© «© © «© © «© «© «© «8 -- -- | 0.06 " 

Cyanide. «ee ee ee ee ee -- -- <0.01 12-17-64 i 
Oil. 2. 2 2 w ow we we we ew -- -- 3 10-14-64 

Detergents . ss ee + ee wae 0.0 41-64 0.0 n 
Dissolved Solids . . «© « « © « « 1,060 " 490 " 

Hardness « « 5 « © © © © © © «© 2 866 " 385 " a 

Noncarbonate Hardness. »« « « «© + 625 " 35 " 

Calcium Hardness « « « «© © «© « « 493 " 206 " 

Magnesium Hardness « « «© «© «© « « 373 " 179 " 

Alkalinity a er er ee a er a 0 " 15 " i 

Alkalinity Me. 0 0 ee ew eee 240 " 330 n 
Specific Conductance .« 1» « « « «+ 1,350 " 678 " 

PH ». 2 © 8 © ew 8 ee el ll 8.3 " 7.6 " 

Color. «© « «© «© © © © © © «© «© © 100 " 5 " i 

Turbidity. »« » »« 2 « «# «© « «© «© 6 6 " 7 " 

Biochemical Oxygen Demand. .. . ¥.5 " 3.3 " 

Dissolved Oxygen . «. 2. «= « «© « 6 9.6 " 5.8 " 

Coliform Count . . 2. « «© «© «© « 26 900 " 800 " . 

Temperature (°F)... ss. eee 36 " U7 " 

Source: SEWRPC. ; 

principal ions involved in the higher concentrations of dissolved solids are sulfate, sodium, and calcium. 

It is thought that these variations in the quality of the Menomonee River upstream from the Village of 

Germantown are principally the result of natural processes occurring in the marshy headwater area of i 

the river. 

Effluent from the sewage treatment plants at the villages of Germantown and Menomonee Falls and the i 

flow from the Little Menomonee River presumably reduce the natural dissolved solids concentration in 

the upper reaches of the Menomonee River. An exception to this occurs when the dissolved solids concen- 

tration of the headwater area of the river is relatively low, as in September 1964. Under this condition 

the effluent from the sewage treatment plant at the Village of Germantown may increase the concentration. f 

Honey Creek frequently increases the dissolved solids concentration of the lower reaches of the Menomonee 

River at and near station Mn-10. 

The variations in the dissolved oxygen concentrations in the Menomonee River are shown by a series of i 

14 interpretive stream quality graphs in Figure 18. Critical dissolved oxygen concentrations (3.0 ppm or 
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Table 138 

i SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

COLLECTED AT SAMPLING STATION MN-6 ON THE MENOMONEE RIVER: 1964. 

Date of Date of 

Silica » © « « « «© © « © © «© «© « 8 u-1-64 4 10-14-64 

i lron . «© © e © © © © © @ 8 ew 0.0] " 9.03 " 

Manganese. « « « « «© © «© © «© «© «@ -- -- 0.01 " 

Chromium . « « « «© «© «0 © «@ 8 @ «@ -- -- <0.004 " 

Hexavalent Chromium. .« 2. «© « « « -- -- 0.00 " 

, Calcium. « «© « «© «© «© © © © «© @ 133 Y- 1-64 93. " 

MagnesSiume « «© «© «© «© © «© © @© «@ 58 " U5 n 

Sodium (and Potassium) . ... . 85 " | 30 " 
Bicarbonate. «© «© « «© «© © © e «© « 310 " 390 " 

a Carbonate. .. » « »« « © « « «© «© « 4Q " 0 " 

Sulfate. «© « « « « «© « « e © © « 253 " 168 " 

Chloride .« « « « « « © «© «© « «@ « | 20 " 140 " 

Fluoride « « « « « 2 © © © «© « « -- -- <!.1 " 

Nitrite. .« .« « «© © « e« «© © «© «© 2 0.0 Y- | -64 0.4 " 

Nitrate. . . « « «© «© © «© « 2 « « -- -- 6.7 " 

Phosphorus » « « « «© « «© © «© «@ «8 -- -- 3.68 " 

i Cyanide. . 2 1 ee ew et ee ee -- -- <0.01 12-17-64 
Oil. « « «© © © «© © © 8 © © «© «@ 6 -- -- 3 10-| 4-64 

Detergents « »« « « « « « «© «© «@ « 0.3 Y-|-64 0.7 " 

Dissolved Solids .« « « « « «© « « 850 " 780 " 

a Hardness .«. «© «© « «© «© «© «© «@ «© «© 572 " “16 " 

Noncarbonate Hardness. « + « « « 250 " 95 " 

Calcium Hardness .« «© «© «© «© «© « 332 " 232 " 

Magnesium Hardness . « « «© «© « « 240 " 184 " 

i Alkalinity Pw... ee es ew wee 20 n 0 " 
Alkalinity M . 6 « «© © «© «© «© « « 295 " 320 " 

Specific Conductance .« . « « « « 1,240 " 1,210 no 

PH . 2 2 6 6 ew ew ew ew le ll 8.4 " 8.0 " 

i Color. .« « «© «© «© «© «© © © 2 «8 «© 50 " 10 " 

Turbidity. .« «© « » «© «© «© © © « « 4 " 4 " 

Biochemical Oxygen Demand. «.. .« 4.4 " 3. 0 " 

Dissolved Oxygen «. «© 2 « « « « « 10.2 " 13.4 " 

i Coliform Count .« .« « « «© « «© « « 50,000 " 2, 300 " 

Temperature (°F)... © « we ee 37 " 52 " 

a Source: SEWRPC. 

less) occurred frequently during the period of sampling in June, July, and August 1964 in the upper reaches 

i of the stream. In July 1964 the dissolved oxygen concentration of the Menomonee River was critical for 

the preservation of fish life from station Mn-1 to Mn-7, a distance of approximately 19 miles. Within this 

distance the maximum concentrations were 2.1 and 2.9 ppm at stations Mn-4 and Mn-7B, respectively. 

i At the eight stations along this reach of stream, the maximum, average, and minimum concentrations were 

2.9, 1.3, and 0 ppm, respectively. The Menomonee River upstream from the Village of Germantown was 

apparently very low in dissolved oxygen content during the summer months; and the heavy rainfall that 

f occurred in the upper reaches of the watershed on July 18, 1964, four days prior to the monthly SEWRPC 

sampling of the river, may have flushed large quantities of vegetal material out of marshy areas into the 

Menomonee River where this material was carried downstream. This vegetal loading from marshy areas, 

together with the possible waste loading from overland runoff across septic tank filter fields and from wet 

i weather effects upon sewage treatment plant operations, probably caused the critical decline in the dis- 

solved oxygen concentration of the river much in the same manner as occurred in the Fox River during the 

same month. 
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Figure |8 

DISSOLVED OXYGEN CONCENTRATION IN THE MENOMONEE RIVER i 

IN PARTS PER MILLION 
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| Table 139 
i SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

| COLLECTED AT SAMPLING STATION MN=-10 ON THE MENOMONEE RIVER: 1964 

Bre ttre fatale [tes | eae Parameter Analysis Analysis 
, Collection Collection 

i Silica . 6 6 «© © 8 © we ew ew we es 7 4W- 1-64 2 10-14-64 
| Irom .« © «© © © «© © © «© © «© © 8 «8 0.09 " 0.04 n 

| Manganese. « « «© « « «© «© «© «© «© «8 2 -- -- 0.0} n 

Chromium . «© «© © © «© «© © © © w 2 -- -- <— 0.01 n 

| Hexavalent Chromium. . . . « « «we -- -- < 0.0! " 

i Calcium. «. «© «© «© © © «© © © «© © © 2 [22 Y- 1-64 87 " 

| Magnesium. . « s+ «© © s + we te we 53 " “2 i 

| Sodium (and Potassium) . . ... . {20 " 90 " 

! Bicarbonate. »« « « « « «© «© «© « « « 280 " 315 " 

i Carbonate. « « «© «© « «© © «© «© «© wo 30 " ) " 

| Sulfate. ». « » 5» « «© «© © © 28 « « « 233 " 160 " | 

! Chloride . . « « «© « © © © © «© «© 2 185 " 115 n 

; Fluoride . . « 2 « «© © © 5 «© «© «© « -- -- <0.9 " 

| Nitrite... ee ee ee ee ee 0.0 u-1-64 0. | n 
| Nitrate. 2. ee ee ee ee ee -- ~- 2.6 n 

| Phosphorus « « « «© © «© «© © © «@ « « -- -- 1.32 " 

; Cyanide. «. 2. «© «© © © «© «© © © «@ 2 -- -- <0.01 12-17-64 

| Oil, 2 2 ww ww ww ee we ee -- -- 3 10-14-64 

Detergents . .« «+ « « « « «© «© © «© 0.2 4-|-64 0.3 " 

Dissolved Solids . . «© 1» «» « «» «© « 890 " 655 n 

i Hardness « « « «© «© © © «© © «© «© «@ 6 524 " 389 " 

| Noncarbonate Hardness. .. « « « + 245 " 130 " 

| Calcium Hardness . ». 5 « © «© «0 «© + 305 " 218 " 

| Magnesium Hardness . . « « « «© «@ « 219 " 17] " 

i Alkalinity P . 2. «© «© 2 «© «© © «© «@ 2 15 " 0 " 

Alkalinity Mes ee ee ew ew ee 260 " 260 " 
| Specific Conductance . . . . «es « 1,340 " 1,020 " 

| f PH. ee ew ee ee ee ee 8.7 n 8.0 " 
| Color. «© « « «© «© «© © «© © © «© «© @ U5 " 10 " 

| Turbidity. .« « «© «© « «© «© © «© «© «@ ¢ 7 " 20 " 

| Biochemical Oxygen Demand. ... . 3.3 " 1.8 " 

. ; Dissolved Oxygen . «©. «© 2 «© 2 «@ 18.9 " 11.4 " 

| Coliform Count... ee e+ ee ee 400 " 2,000 n 
Temperature (°F) .. «+ « ws wee Y | " 50 " 

| i Source: SEWRPC. 

| The frequent increase in the dissolved oxygen concentration in the Menomonee River between station Mn-3 

| and station Mn-4 is ascribed to the effects of the falls of the Menomonee River at the Village of Menomonee 

| ; Falls. Effluent from the sewage treatment plants at the villages of Germantown, Menomonee Falls, and 

Butler are the most probable cause of the frequent decreases in the dissolved oxygen concentration of 

| the river. 
| 

| i The variations in the coliform counts in the Menomonee River are shown by a series of 14 interpretive 

| stream quality graphs in Figure 19. The coliform counts are recorded in thousands to conserve space on 

| the graphs. As can be seen in Figure 19, the bacteriological quality at station Mn-1 was found to range 

i from 27,000 to 100 MFCC/100 ml, but was less than 1,000 MFCGC/100 ml for 9 of 14 months. Effluent 

: from the sewage treatment plants serving the villages of Germantown, Menomonee Falls, and Butler pre- 

sumably causes the marked increase in coliform count that frequently occurs between stations Mn-1 

: i and Mn-2, between stations Mn-3 and Mn-4, and between stations Mn-6 and Mn-7A, respectively. The 

| Menomonee River is heavily polluted with coliform bacteria of probable human origin over more than 

| 20 miles of its total length. The treated wastes from the sewage treatment plants are being discharged 

1 
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Figure |9 

COLIFORM COUNT IN THE MENOMONEE RIVER i 

MEMBRANE FILTER COLIFORM COUNT PER 100 MILLILITERS (IN THOUSANDS) 
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i 
into the river in quantities greatly exceeding the waste assimilation capacity of the river. The river is 

i unsuited for partial- and whole-body contact recreation. Figure 20 shows the coliform count in the 

Menomonee River in its upper and lower reaches at stations Mn-1 and Mn-10. This figure shows the net 

changes in coliform count in the Menomonee River between these two sampling stations. It should be noted 

| that the vertical scale in this figure was selected so as to emphasize coliform counts in the range 0 to 

| 5,000 MFCC/100 ml. 

: The variations in the temperature of the Menomonee River at two selected sampling stations are shown 

i in Figure 21. The maximum temperatures at station Mn-1 and Mn-10 are 70° and 78°F, respectively. 

Sampling stations Mn-1 and Mn-10 were chosen to show the temperature difference between stations at the 

| extreme ends of that part of the river studied by the SEWRPC. The temperature differential between 

i sampling stations Mn-1 and Mn-10 from June through September 1964 averaged 5.6 degrees and ranged 

| from 1 to 8 degrees. Sampling stations Mn-1 and Mn-10 are located 0.8 and 22.5 miles, respectively, 

| downstream from the source of the Menomonee River. The difference in temperatures between these two 

| stations is due to several causes, principal among which are the difference in volume of water passing 

| each station, the difference in time these volumes have been exposed to subaerial climatic conditions, and 

| probably the difference in absorption of sunlight due to differences in turbidity. The Menomonee River is 

E not subject to significant adverse temperature conditions. 

The color of the Menomonee River was very dense following the exceptionally heavy rainfall that occurred 

| on July 18, 1964. At the U. S. Weather Bureau Station at Germantown, which is located in the headwater 

i area of the Menomonee River watershed, the total rainfall on that day was 7.05 inches. On July 22 the 

| SEWRPC made its monthly sampling run of the watershed, and comparative data pertaining to the color 

! density of the Menomonee River are presented in Table 141. 

q 
| 
| Table 1|40 

| i WATER QUALITY CONDITIONS OF THE MENOMONEE RIVER (1964-1965) 

| Number 

i Parameter Numerical Value of 

| Maximum | Average [Minimum [| Anauyess 
Chloride (ppm) ........ 425 100 [5 5 | 
Dissolved Solids (ppm)... . 1,340 705 435 5 | 

Dissolved Oxygen (ppm)... . 18.9 7.6 0 99 

Coliform Count (MFCC/100 ml) . [, 100,000 52,000 100 99 

i Temperature ( F) - ... « « « 79 49 32 98 

Source: SEWRPC. 

Table IJI4] 

i COLOR OF THE MENOMONEE RIVER: JUNE AND JULY 1964 

eee 

Sampling Station i 
Mn=-] 2. «© «© © © © © © © «© «© © 2 40 375 

f Mn-6 «© «© «© © © © « © © © «© «@ -«@ Wd 195 . 

Mn-10. © 2 «© «© © «© © «© © «© © o 30 150 

: Source: SEWRPC. 
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Figure 20 Figure 2] 

COLIFORM COUNT IN THE MENOMONEE RIVER TEMPERATURE OF THE MENOMONEE RIVER i 
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Streamflow and Precipitation: The stage of the Menomonee River is read twice daily at Wauwatosa (at sam- 

pling station Mn-10) by the U. S. Geological Survey and converted to streamflow volume. During the | 

present study, the SEWRPC made additional flow measurements in the spring and autumn of 1964. The 

measurements of both agencies provide flow data at Mn-1, Mn-3, Mn-5, and Mn-10 during periods of 

relatively high and low flow. These data are listed in Table 142. The U. S. Geological Survey streamflow 

measurements at Wauwatosa for the period of field study are listed in Table 143, along with days on which i 

the SEWRPC collected stream samples on the Menomonee River. 

Table 142 

STREAMFLOW MEASUREMENTS OF THE MENOMONEE RIVER: SPRING AND AUTUMN 1964 i 
—— 

of (cfs) Rainfall of of j 
Measurement (in inches)@ Measurement Measurement 

B-13-64. 2 2 2 ww ew we 0 0 Mn-1 SEWRPC 

Gem saisaiesi| - a ae i 
Y- 3-64. 2. 2 we we we ew 31 0.44 Mn-3 SEWRPC 

10-13-64. 2. 2 2 we ew ew we 3.4 0 Mn-3 SEWRPC 

We 3-64. 2 2 ew ew ew we 61 0.44 Mn-5 SEWRPC i 

10-13-64. 2 2 ww ew ew 5.7 0 Mn-5 SEWRPC 

iisé8 sel ee o Wn 10 uses 
? Measured at U. S. Weather Bureau Station at Germantown, Wisconsin. i 

Source: U. S. Weather Bureau, USGS, and SEWRPC. i 
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| 

| Table 143 
i DISCHARGE OF THE MENOMONEE RIVER AT WAUWATOSA, WISCONSIN: 

| JANUARY 1964 THROUGH FEBRUARY 1965 

i 

Lees 3.4 9.6 10 26 88 iI 15 24 15 9.4 | 2 15 7.8 
| Qe ee 5.0 9.8 14 38 148 19 28 20 38 8. | 33 15 190 7.2 

| 3... | 11.0 | 10 16 184 112 | 45 37 | 18 12 8.8 | 23 13 90 6.8 
| bee ee | 900] TI r 69 67 | 13 26 | 17 12 8.3 | 18 12 35 6.8 
| Be ee 8.0 | 12 12 360 6 | VI 13 17 9.8 7.5 15 t | 15 8.0 

. 6. ee 8.4 | 14 15 48 | 69 13 16 [5 8.8 7.5 13 10 15 35 
| Teowae 9.0 | 13 88 526 42 iI 13 ly 8.6 6.6 12 9.4 17 500 
! Be wae 6.3 | 11 59 188 394 I 13 15 tI 9.8 U1 9.0 29 305 
| 9... 5.0 | 10 40 117 98 UI 13 14 VI 8.6 9.4 8.2 50 260 

lO. wae 4.4 | 10 35 85 53 10 13 VI 17 8.3 8.8 8.6 15 330 
[ ee 4.0 9.0 55 8 | 32 9.4 12 8 | 15 8.2 10 9.4 rn 210 
| 12. 2 ee 3.6 9.0 65 67 32 10 Lt mm 12 8.3 15 13 9.0 | 160 
| Ig. eee 3.3 | 12 106 53 67 9.8 rn 15 9.8 8.6 12 2 | 8.0 | 130 
| IN. wee 3.2 | 13 304 4 ug 10 2| 12 7.2 | Ub 1 18 7.4 | 110 

a Ibe eae 3.1 | 11 188 yy 30 15 15 15 UI 9.8 49 15 6.9 | 90 
16. ee 3.0 9.4 74 35 123 29 14 22 10 9.8 27 13 6.6 | 80 

| IJ. wee 2.9 8.6 59 35 yy 13 18 12 9.4 9.2 12 42- 6.4 | 64 
| IS. wae 2.8 8.0 37 57 40 14 2,870 8.8 | 129 8.4 9.8 | II 6.4 58 
7 IQ. eee 4.5 8.4 28 37 37 19 1.440 7.9 | 29 7.9 8.8 | 10 6.4 | 54 
| 20... . | 50 8.8 24 32 28 16 882 Tr 23 7.6 8.0 9.6 6.2 | 504 

21... +. | 36 9.0 23 468 23 83 yoo | 232 18 7.7 7.6 9.4 8.0 | 224 
22... . | 28 9.0 22 173 18 18 486 90 14 9.0 7.2 9.2 tI 170 

| 23... +. | 25 9.0 22 90 15 16 300 27 19 10 7.4 9.2 62 110 
au.... | 68 8.8 23 63 18 17 139 16 13 9.8 9.0 9.6 45 76 

| 25... +. | 56 8.6 26 59 13 17 734 12 7.9 9.8 7 10 25 6 | 
| 26... . | 44 8.4 29 72 13 15 155 12 29 9.4 12 10 16 yy 

| 27. » « « | 30 8.2 27 14 12 15 8 | 13 12 13 14 9.6 13 40 
28... . | 20 8.3 24 104 12 14 60 12 9.8 LI 100 9.0 LI 6 | 

| 29... | 13 8.4 22 85 UI 14 5 | I 9.4 iI 80 9.0 10. -- 
i 30... . | 42 -- 20 76 10 13 59 17 8.8 10 40 9.2 9.0 | -- 

| 31 .... | 10 -- 20 -- 10 -- 33 10 -- 12 -- | 8.2] -- 

. 4 Underscored flow measurements indicate days when stream sampling occurred in the Menomonee River watershed. 

| i Source: U. S. Geological Survey. 

The mean daily maximum and minimum flows of the Menomonee River at station Mn-10 during the period 

| of study were 2,870 cfs on July 18, 1964, and 2.8 cfs on January 18, 1964. Maximum and minimum daily 

| flow conditions at the time of sampling on the Menomonee River at station Mn-10 were 468 cfs on July 22, 

1964, and 7.9 cfs on August 19, 1964. 
| 

| Tables 132 and 144 indicate the daily precipitation at West Allis, and at Germantown, Wisconsin, respec- 

! z tively, from January 1964 through February 1965. 

| 
| Forecast Quality of the Menomonee River for the Year 1990: Population studies by the SEWRPC indicate that 
, i in 1963 there were 338,600 people living in the Menomonee River watershed, That part of the Menomonee 

| River watershed which is in Milwaukee County is serviced by the Milwaukee metropolitan sewerage system, 

! and the treated wastes are discharged to Lake Michigan. Effluent from the sewage treatment plants serving 

| the villages of Germantown, Menomonee Falls, and Butler enters the Menomonee River at the respective 

@ plant outfalls. Major sewerage system improvements are currently in progress which will permit the 

| abandonment of all these plants and the connection of the tributary sewers to the Milwaukee metropolitan 

i Sewerage system, so that by the year 1990 the entire population of the watershed will be serviced by this 

| i System. Table 145 indicates the estimated population levels within the watershed for the year 1990 under 

| the three alternative regional land use plans. Table 146 shows forecasts of future stream quality in the 

| Menomonee River. 
| 

| i Little Menomonee River 

| Present Stream Quality: One sampling station, Mn-7, was established on the Little Menomonee River. 
4 

| 
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Table J 44 

PRECIPITATION? AT GERMANTOWN, WISCONSIN: JANUARY 1964 THROUGH FEBRUARY 1965 : 

1964 | i965 
by peo [wer [vor [wey [oon [ vor [ms [ see [oct [vow [ce [aan | Foe i 

Le ww ew ee -- -- -- -- -- -- -- -- -- -- -- -- -~ 0.20 
De eee ee ee -- -- -- 0.44 | 0.45 | 0.14 | 0.46 -- 0.17 -- 0.33 -- -- -- 
Zee -- -- -- 0.09 -- -- -- -- -- -- -- 0.05 -- -- : 
Ue ee ee ee -- -- -- -- -- -- -- -- O.11 -- 0.04 -- -- -- 
Be ee -- -- 1.15 | 0.34 | O.14 -- -- -- -- -- -- -- -- -- | 
Ge ee -- -- -- -- 0.02 -- 0.25 -- 0.13 -- 0.02 -- -- -- 
Tee ee ee ees -- -- 0.05 | 1.19 -- -- 0.10 -- -- -- -- 0.08 | 0.03 -- 
Be ee ee -- -- 0.01 -- 0.23 -- 0.05 -- 0.20 | 0.23 -- -- 0.03 | 0.02 
9. ee ee ew ee | 0001 -- 0.27 -- 0.13 -- -- -- 0.08 -- -- -- -- 0.15 
lO. . eee ee -- 0.02 -- -- -- -- -- 0.05 | 0.30 -- -- -- -- -- 
[L]ow ee ee ee ee | 0018 -- -- -- -- -- -- 0.03 -- -- -- 0.08 -- 0.31 . 
[2 2. ewe we we we | 0.04 | 001 -- -- -- -- -- -- -- -- 0.18 | 0.13 -- -- 
IS. we ee ee -- 0.05 -- -- | 0.32 -- 0.26 -- -- -- -- -- -- -- 
Ihe ee ee ee -- -- 0.07 -- -- -- 0.38 -- 0.06 -- -- -- -- .- 
[Be ee ee ee -- -- -- -~ -- 0.16 -- -- 0.05 -- 0.46 -- 0.05 -- 
16 2 ee ee ee -- -- -- -- 0.48 -- -- -- -- -- -- -- -- ~- 
[Pie ee ee ee -- -- -- -- -- 0.09 -- -- -- -- -- -- -- -- 
Ieee ee ee -- -- -- 0.40 | 0.15 -- 7.05 -- 0.60 -- -- -- -- -- 

re -- -- -- -- -- 0.26 -- -- 0.08 -- -- -- ~- -- 
20. ee ee ew ee | O18 -- 0.01 -- -- 0.01 | 0.26 -- 0.03 -- 0.05 | 0.08 -- -- 
7 re -- -- -- 1.50 -- 0.01 | 0.03 | 1.72 | 0.08 -- -- -- -- -- 
py re -- -- -- -- -- 0.02 | 0.56 | 0.48 | 0.16 -- -- -- 0.05 -- 
23. we ee ee -- 0.01 -- -- -- 0.33 -- -- 0.04 -- -- 0.03 | 0.45 | 0.01 
Mew ee ee ew ew | 0648 -- -- -- 0.24 -- -- -- 0.03 -- -- -- 0.55 | 0.12 
25. ew we ww we | 0.03 -- 0.02 -- -- -- 0.39 -- -- -- -- -- -- -- 
2. eee ee ee -- -- 0.17 -- -- -- -- -- 0.05 -- -- 0.04 | 0.35 -- 
27 ww we we we we ew | OME -- | 0.01 | 0.40 -- -- -- -- -- -- -- -- -- -- 
28... ee ee ew ee | 0.28 -- -- -- -- -- -- -- -- -- 1.48 -- -- .- ) 
29 2 ew ew ee es -- -- -- 0.02 -- -- 0.32 ~- -- -- -- -- -- -- 
30. 6. 6. we ew ew ee -- -- -- 0.12 -- -- ~- 0.22 -- -- -- -- -- -- 

Sloe 6 © © es ew tlt -- -- -- -- 0.04 -- oo -< -- -- -- -- -- ~= 

oa fre [we [amo [roe fren | ae [ar [eee | ae [owe [re | oer 
a Precipitation measured in inches. Trace quantities not included. 

Source: U..S.. Weather Bureau. 

Station Mn-7 is located 9.4 miles downstream from the source of the Little Menomonee River and about 

350 feet upstream from the point where this watercourse enters the Menomonee River. 

The Little Menomonee River is acalcium bicarbonate stream subject to small changes in total mineraliza- 

tion. In four complete chemical analyses run on stream samples collected during the study, calcium was 

the predominant cation in all four samples and ranged in concentration from 117 to 55 ppm. The predomi- 

nant anions were bicarbonate and sulfate, and each occurred as the predominant anion in two samples. 

Bicarbonate and sulfate concentrations ranged from 390 to 225 ppm and from 343 to 91 ppm, respectively. 

Maximum nitrate concentration was6.5 ppm. On October 14, 1964, total phosphorus was 0,24 ppm. Selected ; 

water analyses of the Little Menomonee River at station Mn-7 are indicated in Table 147. Water quality 

conditions of the Little Menomonee River are indicated in Table 148. 

Table | 45 ; 

ESTIMATED POPULATION OF THE MENOMONEE RIVER WATERSHED: 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 

a 

Estimated Population i 

L ti ocation Existing Controlled Corridor Satellite f 
1963 Existing Plan City 

Trend Plan Plan 

Menomonee River 
i 

Watershed $38,000 487,000 470,000 459,000 

Source: SEWRPC. 
i 
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| i 
| Table 146 

i FORECAST QUALITY OF THE MENOMONEE RIVER AT SAMPLING STATION MN-IO: 

1990 ALTERNATIVE LAND USE PLANS 

Sampling Stream Controlled Satellit 
Stream , Parameter Quality . atellite 

Station in 1964 Existing ro City 

i 
| Chloride , 
i (in ppm) 11s 15 15 15 

i Dissolved 
Solids 500 500 

(in ppm) 

Menomonee 

River 

Dissolved 
Oxygen More than 9.0 

i (in ppm) 

i Coliform 
(Count 45,000? Less than 10,000 

(in MFCC/ 

i 100 ml) 

4 Based on water analysis for October 1964. 

b Based on average for the period June through September 1964. . 

i Source: SEWRPC. 

The chloride concentrations in the Little Menomonee River varied from 100 ppm in April to 30 ppm in 

October 1964. Assuming a "background" chloride concentration of 10 ppm, there was a chloride impact. 

upon the river quality of 20 ppm to 70 ppm from human sources. 

The dissolved solids concentrations varied from 815 ppm in April to345 ppm in October 1964, The assumed 

, ttminimum background" concentration of dissolved solids is about 310 ppm. The principalions that occurred 

in higher concentrations in April than in October were sulfate, chloride, calcium, sodium, and magnesium. 

It is thought that the higher concentrations that occurred in the winter and spring were largely due to 

i increased overland drainage from septic tank systems because of increased seasonal saturation of the 

relatively tight soils in the area. 

| The dissolved oxygen concentrations in the Little Menomonee River varied from 13.2 ppm in April to 

0.2 ppm in July 1964. During the period June through September, the maximum, average, and minimum 

concentrations were 10.5, 5.5, and 0.2 ppm, respectively. 

i Coliform counts in the Little Menomonee River ranged from 16,000 MFCC/100 ml in December to 

400 MFCC/100 ml in April 1964. During the months of June through September, the maximum, average, 

and minimum counts were 8,000, 3,200, and 1,300 MFCC/100 ml. 

i The maximum temperature of the Little Menomonee River was 78°F in July 1964 and averaged 65°F for 

the period June through September 1964. 

i 2



Table I47 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES i 

COLLECTED AT SAMPLING STATION MN=-7 ON THE LITTLE MENOMONEE RIVER: 1964 

eS Ss SSS SSS ry Ss SSS eS Si SS 

Date of Date of 

Parameter Analysis Collection Analysis Collection 

Silica ». « « «© © © «© © © «© «© «© «© + 8 Y-1]-64 | 10-14-64 
[ron . « « © 8s «© © «© © © © #8 @ «@ 0.04 " 0.05 " é 

Manganese. »« «© «© «© « «© © © «© © «= «8 -- -- 0.01 " 

Chromium . «© 6 «© «© © 8 © © © «© © 2 -- -- < 0.005 " 

Hexavalent Chromium. « « 2 5 « « » -- -- 0.00 " 

Calcium. . «© «6 2» «© © © 8 «© © «© «@ «@ 107 Y-|-64 55 " 

Magnesium. «© « « «© «© «© © «© © @ © 64 " 28 " 

Sodium (and Potassium) ..... . 75 " 30 " 

Bicarbonate. « «© «© « «© © «© © © «© 2 245 " 225 " i 

Carbonate. « « «© «© « «© «© «© #© # «8 28 0 " 0 " 

Sulfate. .« «© »« « « « © © «© 8 «# «© + 343 " 9 | N 

Chloride .«. » « «© «© «© «© «© «© © «© «8 2 100 " 30 " on 

Fluoride .« « 6 » «© «© « «© 8 «© «@ «© « -- -- <0.9 " i 

Nitrite. . .« «© «© «© « «© © © «© © «© « 0.0 Y- 1-64 0.0 " | 

Nitrate. . 2. . 2 2 ew ww ew te ee -- -- 0.3 " | 
Phosphorus .~ « «© © «© «© «© «© © « «© -- -- 0.24 " | 

Cyanide. «© « 6 «© «© «© © © «© © «© 2 2 -- -- -- -- i 

Oil. « 2 «© © © e ew ew ee ek -- -- <2 1O-14-64 | 

Detergents »« «© » «© «© «© «© «© «© w© «@ 2 0.0 Y-|-64 0.1 " | 

Dissolved Solids . . -« » «© «© «© «» » 815 " 345 " 

Hardness . «© « «© «© «© «© «© © 2 « «© *@ 531 " 253 « i 

Noncarbonate Hardness. «1. « « « « 330 " 70 " : 

Calcium Hardness . .« «+ «© «© © «© «@ 267 " 138 " | 

Magnesium Hardness . . 1 «© «© «© «© « 264 " 115 " 

Alkalinity P . . «© «© © © © «© «© «© « 0 " 0 " i 

Alkalinity M. 2. 2. «© 2 s 2 we ew ew 200 " 185 " 

Specific Conductance . « « «© « « « |, 160 " 500 " | 

PH ee ee ee ee ee ee 8.6 n 8.0 n i 
Color. « «© «© «© «© «© © «© 8 8 © © #8 28 55 " 0 " 

Turbidity. . « « «© « «© «© © © «© «@ 28 5 " 6 " 

Biochemical Oxygen Demand. ... . 2.9 " 1.4 " 

Dissolved Oxygen . « 2 « « «© «© «2 13.2 " 10.5 " i 

Coliform Count . . «© « «© «© © «© © 2 400 " 2,500 " 

Temperature (°F) . 2. «© 2 ew eee 37 " 50 " 

Source: SEWRPC. 5 

Table {148 | 

WATER QUALITY CONDITIONS OF THE LITTLE MENOMONEE RIVER (1964-1965) , 

1] Og Parameter of 

Chloride (ppm)... . eee 100 65 30 4 i 
Dissolved Solids (ppm)... . 815 675 345 4 

Dissolved Oxygen (ppm) .... 13.2 7.5 0.2 12 
Coliform Count (MFCC/100 ml) . 16,000 4,700 400 2 

Temperature (°F). . 2 ww ew 78 49 32 Ll ; 

Source: SEWRPC. 
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. Streamflow and Precipitation: The Little Menomonee River is a shallow watercourse occupying a channel 

| which has been artificially straightened. At sampling station Mn-7, a distance 9.4 miles from the source, 

this stream had a maximum depth of 0.8 feet and a width of 14 feet when measured under low-flow condi- 

tions in October 1964, 

| The flow of the Little Menomonee River was measured by the SEWRPC in the spring and autumn of 1964 

: during periods of relatively high and low flow. The streamflow data are listed in Table 149. Table 144 

indicates the daily precipitation at Germantown, Wisconsin. 

i Forecast Quality of the Little Menomonee River for the Year 1990: By the year 1990, the entire population 

of the Menomonee River watershed will be serviced by the Milwaukee metropolitan sewerage system. The 

effects of urbanization upon the quality of the Little Menomonee River may be expected to be reduced by 

the complete conversion of all urban development within the watershed from private septic tank systems 

to centralized public sanitary sewer facilities connected to the Milwaukee metropolitan system, which will 

involve the export of all sewage for treatment and ultimate discharge into Lake Michigan. Table 150 indi- 

3 cates the forecast quality of the Little Menomonee River for the year 1990 at sampling station Mn-’7. 

Underwood Creek 

i Present Stream Quality: One sampling station, Mn-8, was established on Underwood Creek. Station Mn-8 

is located 8.2 miles downstream from the source of Underwood Creek and 0.8 miles upstream from where 

the creek enters the Menomonee River. A sewage treatment plant in south-central Brookfield discharges 

i treated wastes into the Dousman Ditch, a watercourse tributary to Underwood Creek. 

Underwood Creek is of variable chemical quality and has relatively constant total mineralization. Of four 

complete chemical analyses run on stream samples collected in February, April, May, and October 1964, 

i calcium and sodium were predominant cations. Calcium occurred as the predominant cation in May and 

October at concentrations of 115 and 74 ppm, respectively. Sodium occurred as the predominant cation in 

February and April at concentrations of 205 and 185 ppm, respectively. The predominant anions were 

j bicarbonate, sulfate, and chloride. Bicarbonate was predominant in February and October 1964 at concen- 

trations of 310 and 280 ppm, respectively. Sulfate and chloride each occurred once as the predominant 

anion, sulfate in May at 353 ppm, and chloride in April at 340 ppm. Maximum nitrate concentration was 

1.0 ppm. On October 14, 1964, total phosphorus was 0.16 ppm. Selected water analyses of Underwood 

Creek at station Mn-8 are indicated in Table 151. Water quality conditions of Underwood Creek are indi- 

cated in Table 152, 

i The chloride concentrations in Underwood Creek varied from 340 ppm in April to 80 ppm in October 1964. 

Assuming a "background" chloride concentration of 10 ppm, there was a chloride impact upon the river 

quality of 70 to 330 ppm from human sources, 

, The dissolved solids concentrations varied from 1,090 ppm in April to 550 ppm in October 1964. The 

assumed "minimum background" concentration is about 435 ppm. The principal ions that occurred in 

higher concentrations in April than in October were chloride, sulfate, sodium, calcium, and magnesium. 

f It is thought that the higher concentrations that occurred in the winter and spring were due largely to 

Table |49 

J STREAMFLOW MEASUREMENTS OF THE LITTLE MENOMONEE RIVER: SPRING AND AUTUMN 1964 

Sampling Streamflow Previous 3-Day 

; Station Date (cfs) Rainfall (in inches)? 

Y- 3-64 20 O.44 
' Mn-7 10-13-64 2.7 0 

4 Measured at U. S. Weather Bureau Station at Germantown, Wisconsin. 

i Source: U. S. Weather Bureau and SEWRPC. 
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Table 150 ! 

FORECAST QUALITY OF THE LITTLE MENOMONEE RIVER AT SAMPLING STATION MN-7: [ 

1990 ALTERNATIVE LAND USE PLAN a 

(CAR eee eer eneeaeceeeseneeneesrrrneenesrreeenenesnncscnncceenescseeceeeecceeeee rec | 

3 4 
Forecast Quality for 1990 

S li Stream Controlled Satellite | ampli ing Parameter lit ontr . ~ 
Stream Station Me oes Existing Corridor City 

Plan | Trend Plan Plan i 

Chloride 

(in ppm) i 

Dissolved | 

Solids 345° : 
(in ppm) 

Little | 

Menomonee Mn-7 a 

River 
| 

Dissolved 

Oxygen 5 yb More than 6.0 ppm ! 

(in ppm) 

Coliform i 

Count b Less th 500 (in MECC/ 3,200 ess an |, 

100 ml) ; 

4 Based on water analysis for October 1964. 

b Based on average for the period June through September 1964. i 

Source: SEWRFC. 

increased overland seepage from septic tank systems because of increased seasonal saturation of the rela- i 

tively tight soils in the area. 

The dissolved oxygen concentrations in Underwood Creek varied from 20.4 ppm in May to 4.2 ppm in i 

July 1964. During the period June through September, the maximum, average, and minimum concentrations 

were 14.1, 9.3, and 4.2, respectively. 

Coliform counts in Underwood Creek ranged from 83,000 MFCC/100 ml in July 1964 to less than i 

100 MFCC/100 ml inFebruary 1965. During the months of June through September, the maximum, average, 

and minimum counts were 83,000, 25,000, and 1,000 MFCC/100 ml. i 

The maximum temperature of Underwood Creek was 78°F in July 1964 and averaged 66°F for the period 

June through September 1964. | : 

Streamflow and Precipitation: Underwood Creek is a watercourse occupying a relatively deep channel that 

was artificially straightened, deepened, and extensively lined with concrete during the course of this study. 

At sampling station Mn-8 on the original stream channel, a distance 8.0 miles from the source, this 

stream had a maximum depth of 0.35 feet and a width of 6 1/2 feet when measured under low-flow condi- 

tions in October 1964. 
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! Table | 5] 

i SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

COLLECTED AT SAMPLING STATION MN-8 ON UNDERWOOD CREEK: [1964 

eS 

Date of Date of 

| Silica . « « «© » «#« «© « « « 4 H-]|-64 2 10-]4-64 

i fron .« «6 © © «© «© © «© «© @ 2 0.05 " 0.04 " 

| Manganese. « « « « es we e@ « -- -- 0.0] " 
| Chromium... se we wee -- -- 0.01 " 

Hexavalent Chromium. .. . -- -- 0.00 " 

| Calcium. « « 5 «© © «© «© «© « 130 W-|-64 74 " 

: Magnesium. «© « « «© «© © «© 52 " 37 " 

: Sodium (and Potassium) . . 185 " 70 " 

| Bicarbonate. «. .« « «© « « « 215 " 280 " 

| Carbonate. . « « © «© « «@ 0 " 0 " 

| Sulfate. »« «© « « © «© « « « | 275 " t4y " 

| Chloride... se we wae 340 " 80 " 
| Fluoride . « « « © « © «© « -- -- < 0.85 | " 

! Nitrite. . 2. « « «© «© « « « 0.0 Y- {| -64 0.0 " 

! Nitrate. .« © « « «© © «© «@ « -- -- 1.0 " 

‘Phosphorus . .« « « © «© « « -- -- 0.16 " 

i Cyanide. . « «© « «© © © « « -- -- -- -- 

Oil. «© 2» © «© «© «© © © 2 « -- -- < 2 10-44-64 

Detergents .~. . « « «© «© «© « 0.0 Y- 1-64 0.1 " 

| Dissolved Solids .... . 1,090 " 550 " 

i Hardness ». « «© «© «© «© « « « 54 | " 336 " 

Noncarbonate Hardness. . . 365 " 105 " 

| Calcium Hardness .... - 325 " 184 " 

| Magnesium Hardness... . 216 " 152 " 

i Alkalinity Pw... ae. 0 ' 0 " 
| Alkalinity Ms... see. 175 " 230 " 

Specific Conductance .. . 1,850 " 760 " 

i oT 8.5 " 8. " 
| Color. « «© «© «© © © © @ ew U0 " 10 " 

Turbidity. «© © « « «© «© « « 3 " 2 " 

Biochemical Oxygen Demand. 4.8 " 2.6 " 

i Dissolved Oxygen .... -» 20.4 " 11.8 " 

Coliform Count... «6 « « 5,000 " 1,000 " 

Temperature (°F) ..... 4 | " 49 " 

i Source: SEWRPC. 

i Table 152 

WATER QUALITY CONDITIONS OF UNDERWOOD CREEK (1964-1965) 
me ES 

i Parameter | of 

f Chloride (ppm)... .« «ees 340 210 80 4 
Dissolved Solids (ppm)... . 1,090 880 550 y 

Dissolved Oxygen (ppm)... . 20.4 12.6 4.2 11 

| Coliform Count (MFCC/100 ml) . 83,000 |2, 100 100 l 

Temperature (°F). - - + es «+ 78 4g 32 1 

: Source: SEWRPC. 
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i 
The flow of Underwood Creek was measured by the SEWRPC in its natural channel in the spring and autumn | 

of 1964 during periods of relatively high and low flow. The streamflow data are listed in Table 153. ; 

Table 132 indicates the daily precipitation at West Allis, Wisconsin. 

Forecast Quality of Underwood Creek for the Year 1990: By the year 1990, the entire population of the 

Menomonee River watershed will be serviced by the Milwaukee metropolitan sewerage system. The effects a 

of urbanization upon the quality of Underwood Creek will be reduced by the complete conversion from pri- | 

vate septic tank systems to connection with the Milwaukee metropolitan sewerage system and by the export 

of all sewage from the watershed for treatment and ultimate discharge into Lake Michigan. It appears, i 

however, that. industrial wastes may be affecting the quality of Underwood Creek at Mn-8 more than drain- 

age from private septic tank filter fields. Forecasts of the quality of Underwood Creek for the year 1990 

are indicated in Table 154. These estimates assume that no industrial wastes will be permitted to be dis- i 
charged into Underwood Creek or its tributaries in the future. 

Honey Creek i 

Present Stream Quality: One sampling station, Mn-9, was established on Honey Creek. Station Mn-9 is | 

located 9.4 miles downstream from the source of Honey Creek and 0.2 miles upstream from where the 

creek enters the Menomonee River. i : 

Honey Creek is predominantly a sodium bicarbonate stream that is subject to large changes in total min- 

eralization. Of 10 complete chemical analyses run on stream samples collected in February, April, May, 

June, September through December 1964, and in January and February 1965, sodium and calcium were i 

predominant cations. Sodium occurred as the predominant cation in eight of the analyses at concentrations 

ranging from 800 ppm to 70 ppm. Calcium occurred in one analysis as the predominant cation at a con- 

centration of 59 ppm. The predominant anions were bicarbonate and chloride. Bicarbonate was the 

predominant anion in six analyses, ranging in concentration from 330 to 240 ppm. Chloride occurred as i 

the predominant anion at concentrations ranging from 1,270 to 405 ppm. Maximum nitrate concentration 

was 9.1 ppm. On October 14, 1964, total phosphorus was 0.32 ppm. Selected water analyses of Honey 

Creek at station Mn-9 are indicated in Table 155. Water quality conditions of Underwood Creek are indi- i 

cated in Table 156. 

The chloride concentrations in Honey Creek varied from 1,270 ppm in December 1964 to 50 ppm in Sep- 

tember 1964. Assuming a "background" chloride concentration of 10 ppm, there was a chloride impact i 

upon the creek of 1,260 ppm to 40 ppm from human sources. 

The dissolved solids concentrations varied from 2,460 ppm in December to 375 ppm in September 1964. i 

The assumed ''minimum background" concentration of dissolved solids is about 310 ppm. The principal 

ions that occurred in higher concentrations in December than in September were chloride, sodium, 

calcium, sulfate, and magnesium. It is thought that the frequently very high concentrations that occurred i 

in Honey Creek were largely from industrial sources. 

The dissolved oxygen concentrations in Honey Creek varied from 15.9 ppm in April to 8.0 ppm in Octo- 

ber 1964, During the period June through September, only two samples were collected at sampling sta- i 

tionMn-9. InJune and inSeptember, the dissolved oxygen concentrations were 8.8 and 8.3 ppm, respectively. 

Table 153 

STREAMFLOW MEASUREMENTS OF UNDERWOOD CREEK: SPRING AND AUTUMN 1964 i 
SE 

Sampling Streamflow Previous 3-Day 

Y- 3-64 23 0.73 

4 Measured at U. S. Weather Bureau Station at West Allis, Wisconsin. ; 

Source: U. S. Weather Bureau and SEWRPC. 5 
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Table I54 

i FORECAST QUALITY OF UNDERWOOD CREEK AT SAMPLING STATION MN-8: 

| 1990 ALTERNATIVE LAND USE PLANS 
| 

Sampling stream Controlled Satellit | lit ontrolle a ite 
| Stream Station Parameter Qua | y Existing Corridor City 

| in 1964 Plan 
{ Trend Plan Plan 

| 

| 
| Chloride ; 
f (in ppm) 80 20 20 20 

| 

| i Dissolved 

| Solids 450 450 450 

| (in ppm) 

| i Underwood | 

| Creek 

| Dissolved 
i Oxygen More than 9.0 

| (in ppm) 

| 
| i Coliform 

| Count 25,000° Less than 10,000 
(in MFCC/ . 

| i 100 ml) | 

| @ Based on water analysis for October 1964. 

| i b Based on average for the period June through September 1964. 

| Source: SEWRPC. 

| i Coliform counts in Honey Creek ranged from 430,000 MFCC/100 ml in November 1964 to less than 

| 1,000 MFCC/100 ml in January 1965. In the months of June and September, the coliform counts were 

| 5,000 and 200, 000 MFCC/100 ml, respectively. 

i The maximum temperature of Honey Creek was 67°F in June 1964. No temperature data were available for 

July and August 1964. 

| | 
| i Streamflow and Precipitation: Honey Creek is a watercourse occupying a channel that is artificially deep- 

| ened, widened, and locally lined with concrete. At sampling station Mn-9, a distance 9.4 miles from the 

source, this stream had a maximum depth of 0.4 feet and a width of 2.6 feet when measured under low-flow 

| i conditions in October 1964. 
| 
| 
| The flow of Honey Creek was measured by the SEWRPC in the spring and autumn of 1964 during periods 

| of relatively high and low flow. The streamflow data are listed in Table 157. Table 132 lists the daily 

7 precipitation at West Allis, Wisconsin. 

| Forecast Quality of Honey Creek for the Year 1990: The entire population of the Menomonee River water- 

| fi shed will be serviced by the Milwaukee metropolitan sewerage system by the year 1990, and industrial 

| wastes presumably will not continue to be discharged into Honey Creek. Table 158 indicates the quality of 

| Honey Creek in 1990 with respect to four selected parameters. 

I 
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Table 155 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES i 

COLLECTED AT SAMPLING STATION MN-9 ON HONEY CREEK: 1964 

Date of Date of 

Silica . . « «© «© © © «© © 8 4¥- 1-64 7 10-14-64 
[ron . 1 5 © © © we ew ee 0.12 " 0.45 " i 

Manganese. . . « « © «© «@ « -- -- 0.01 " 

Chromium . . «© «© «© © «© ow» «2 -- -- < 0.0! " 

Hexavalent Chromium. .. . -- -- 0.00 " 

Calcium. .«. «© «1 «© © «© «© «@ « 96 Y- 1-64 69 " , 

Magnesium. .« « « © «© «© aw 39 " 29 " 

Sodium (and Potassium) . . 320 " 80 " 

Bicarbonate. . . « « « «@ 225 " 310 " 

Carbonate. « « « © «© « «© 10 " 5 " i 

Sulfate. .« « « «© « «© #8 «@ « 98 " 112 " 

Chloride... . +e eee 560 " 65 " 
Fluoride .«. « « « «© «© «© « « -- -- < 0.95 " | 

Nitrite. . 2. « «© «© «© «© «© 2 0.0 4- 1-64 0.0 " 

Nitrate. . «2 «© «© «© «© #@ we -- -- 0.8 " 

Phosphorus . « « « «© «© « « -- -- 0.32 " | 

Cyanide. . . . «2 ww ew -- -- -- -- i 
Oil. . 2 2 ew we ee el -- -- 3 10-14-64 | 

Detergents... ...s4-s 0. | 4- 1-64 O.| " 
Dissolved Solids ..... 1,240 | n 525 n 
Hardness ». .« «© « © «© © a « 40 | " 291 " J 

Noncarbonate Hardness. . . 200 " 30 " | 

Calcium Hardness ....s- 240 " 172 " : 

Magnesium Hardness... . 16] " 119 n _ 
Alkalinity P.. «+. «ww 5 " 2.57 " i 

Alkalinity M... . ..s 195 " 220 " 

Specific Conductance... 2,220 " 620 " ) 

pHs we ee ee ek ee 8.8 n 7.5 n 
Color. .« « « «© «© «© «© «© « + U5 " 10 " | 

Turbidity. .« « « » « « «8 « 10 " 50 " 

Biochemical Oxygen Demand. | u. | " 6.3 " : 
Dissolved Oxygen « « « « « 15.9 " 8.0 " | 

Coliform Count « « s « « « 1,600 " 6,000 " | 
Temperature (°F) oe es U | " U9 " | 

4 Estimated. i 

Source: SEWRPC. | 

Table 156 

WATER QUALITY CONDITIONS OF HONEY CREEK (1964-1965) i 

Number 

Parameter Numerical Value o f i | 

Chloride (ppm) ........ 1,270 370 50 

Dissolved Solids (ppm)... . 2,460 985 375 | 

Dissolved Oxygen (ppm)... . 15.9 11.9 8.0 

Coliform Count (MFCC/100 ml). 430,000 62,000 1,000 

Temperature (°F) .....e+.. 67 42 32 | 

Source: SEWRPC. | 

i | 
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Table |57 

i STREAMFLOW MEASUREMENTS OF HONEY CREEK: SPRING AND AUTUMN [964 

Sampling Streamflow Previous 3-Day 

j Station Date (cfs) Rainfall (in inches)? 

Y- 3-64 -73 

10-13-64 0 

i 2 Measured at U. S. Weather Bureau Station at West Allis, Wisconsin. 

: Source: U. S. Weather Bureau and SEWRPC. 

Table 158 

FORECAST QUALITY OF HONEY CREEK AT SAMPLING STATION MN-9: 

1990 ALTERNATIVE LAND USE PLANS 

i Forecast Quality for 1990 

Stream trol] ~ 
Sampling Quality Controlled Satellite 

Stream Station Parameter in 196u Existing rore tor City 

| Trend Plan Plan Plan 

i Chloride 
(in ppm) 20 20 20 

Dissolved 

Solids 5254 450 450 450 
i (in ppm) 

Honey Mn-9 
Creek 

i Dissolved 

Oxygen g.5> More than 9.0 

(in ppm) 

Coliform 

coun 02,0005 L (in MECC/ 102, ess than 10,000 

100 ml) 

i @ Based on water analysis for October 1964. 

b Based on average for June and September 1964. 

i Source: SEWRPC.. 
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MILWAUKEE RIVER WATERSHED | 

The Milwaukee River watershed ranks first in population and third in size as compared to the other i 

11 watersheds of the Region. An estimated 508, 600° persons reside within this watershed, which has 

a total area of 431.7 square miles within southeastern Wisconsin and an average population density of 

1,180 people per square mile. Principal land uses include agricultural and woodland, wetland, and unused 

land areas, which together comprise 80.2 percent of the area of the watershed. The areas within the water- a 

shed devoted to each of eight major use categories are listed in Table 159. 

Three streams were studied by the SEWRPC in the Milwaukee River watershed: the Milwaukee River i 

proper and two first-rank tributaries—the North Branch of the Milwaukee River and Cedar Creek. The 

Milwaukee. River rises outside the Region, in marshes located about seven miles north and northeast of the , 

Village of Campbellsport in southeastern Fond du Lac County, and flows 101.5 miles southeasterly to Lake 

Michigan at Milwaukee. Approximately 81 miles of this stream is within the Region. The North Branch of 

the Milwaukee River has its source outside the Region about three miles northeast of the Village of Cascade 

in southwestern Sheboygan County and flows southerly about 26 miles to join the Milwaukee River about two i 

miles west of the Village of Waubeka. Approximately 6.7 miles of this stream is within the Region. The 

source of Cedar Creek is Cedar Lake in west-central Washington County. From this source Cedar Creek 

flows a distance of about 33.2 miles southeasterly to join the Milwaukee River about two miles east of the i 

City of Cedarburg. 

The Milwaukee River watershed comprises an area underlain by glacial deposits of diverse origin and [ 

diverse hydrologic characteristics. In the Region the eastern boundary of the watershed lies along the 

eastern slope, within, and along the western edge of the end-moraine system of red glacial drift. The i 

western watershed boundary coincides with the eastern and northern boundaries of the Menomonee River 

watershed and of the Rock River watershed. This boundary cuts northwesterly across end moraines and 

ground moraine deposited by the Lake Michigan glacier. In the northern half of Washington County, the 

watershed boundary of the Milwaukee River crosses into an area underlain by morainal deposits of the i 

Green Bay glacier. In Sheboygan, Fond du Lac, and Dodge counties, where the watershed includes the | 

headwaters of the Milwaukee River, the eastern and western boundaries converge and enclose an area 

underlain by ground and end-morainal deposits and by drumlins, outwash deposits, and eskers of the i 

Green Bay and Lake Michigan glaciers. Included in the area are numerous marsh deposits. 

© Based on SEWRPC estimate for 1963. ; 

Table 159 a 

EXISTING LAND USE IN THE MILWAUKEE RIVER WATERSHED: 1963 

SS 

See 

Woodland, Wetland, and Unused Land . 90.8 58,131 21.04 i 

Residential. a 37.7 24,100 8.72 

Transportation-Communication . .. « 31.0 19,823 7.18 

Park and Recreation. . « « © «© «© « « 6.5 4,135 1.50 

Governmental-Institutional .... . u.5 2,877 1.04 ; 

Industrial . 2. «© © « «© © «© © «© © «© 3.7 2,400 0.87 

Commercial . . « « © «© © «© «© © «© «© 2.0 1,26] 0.46 

Total a 
Source: SEWRPC. 
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Milwaukee River 

f Present Stream Quality: Eight sampling stations, MI-1, MI-2, MI-3, MI-5, MI-6, MI-9, MI-10, and 
MI-11, were established on the Milwaukee River. Another station, Ml-12, is located also on the Mil- 

waukee River but is included under the discussion on the Milwaukee River estuary. The eight sampling 

stations are located upstream and downstream from the sewage treatment plant outfalls at the cities and 

i villages of Kewaskum, West Bend, Fredonia, Saukville, Grafton, and Mequon and upstream and downstream 

from the points where the North Branch of the Milwaukee River and Cedar Creek join the Milwaukee River. 

The eight sampling stations, the sewage treatment plant outfalls, and the confluences of the Milwaukee 

f River and the two tributaries are significant selected points of reference on the Milwaukee River. Their 

distances downstream from sampling station Ml-1 and the distances between consecutive points of reference 

are listed in Table 160. 

The Milwaukee River is predominantly a calcium bicarbonate stream that is subject to small changes in 

mineralization. Of the 55 complete chemical analyses run on stream samples collected from the Mil- 

i waukee River, the predominant cations were calcium and sodium. Calcium was the predominant cation 

in 51 analyses at concentrations ranging from 98 ppm in December 1964 at station MI-5 to 43 ppm in 

March 1964 at station M1-11. Sodium was the predominant cation in four analyses at concentrations ranging 
i from 115 ppm in December 1964 to 50 ppm in February 1965 at station Ml-11. Bicarbonate was the pre- 

dominant anion in all 55 analyses at concentrations ranging from 455 ppm at station M1-5 in December 1964 

i Table 160 

DISTANCES OF SELECTED POINTS OF REFERENCE ON THE MILWAUKEE RIVER 

i DOWNSTREAM FROM SAMPLING STATION ML-I AND BETWEEN CONSECUTIVE POINTS OF REFERENCE 

ED 

Distance From Distance Between 

i (in miles) (in miles) 

MI-f 0 ew ew ee ee ee ee 0.0 -. 
Kewaskum STPO@? . . 1. 1 6 2 ew ew 4.4 YY 

J a 7.2 2 .8 

West Bend STPO .. . «© «© « « « « 15.0 7.8 

Os 23.6 8.6 

i North Branch Milwaukee River. . 33.8 10.2 
Fredonia STPO. «. « « « «© «© « «@ + 38.0 7) 

Ml=-5 2 6 «© © © © 8 @ 8 te kl 45.3 7.3 

Saukville. . 2. 2 «© «© «© «© «© «© @ ¢ 46.3 1.0 
Ml-6 «© © 6 8 ee ww ew ke et 51.2 ug 

i Grafton STPO .. .. 2. «© «© «© »@ 52. | 0.9 

Cedar Creek. .«. «. « «© «© «© «© «© « + 5Bul.5 2.4 

MI-9 2. 2 2 © @ © 8 we we ee 55.8 1.3 

f Mequon STPOP . . . ww ew ee 58.9 3.1 
Thiensville STPO .. . . « « « 62.6 3.7 

Ml-10. «© © © © © © «© © © © © @ 8 63. | 0.5 

Mequon STPOS . . . «1 « © es ww 66.8 3.7 

i Ml-}t. 2 2 8 8 we ew ew wt tk we 74.7 7.9 

Menomonee River. « «© «© « « «© « « 81.6 6.9 

Ml-12. 2. 2 © © © © © «© © © «© e@ 8 81.8 0.2 

5 Lake Michigan. » . . . « « « « . 82.5 0.7 

4 STPO— Sewage treatment plant outfall. 

b Ville du Parc facility. 

i © Lac du Cours facility. 

Source: SEWRPC. 
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to 190 ppm at station Ml-11 in July 1964. Maximum nitrate concentration was 7.1 ppm. Total phosphorus 

at stations Ml-1, MI-5, MI-9, and MI-11 were 0.24, 0.56, 0.40, and 0.28 ppm on September 30, 1964. ; 

Selecled water analyses of the Milwaukee River at sampling stations Ml1-1 and MI-11 are listed in Tables 

161 and 162. Water quality conditions of the Milwaukee River are indicated in Table 163. 

The chloride concentrations of the Milwaukee River varied from 170 ppm in December 1964 at station MI-11 f 

to 0 ppm in August 1964 at station Ml-1. Assuming a "background" concentration of 5 ppm, the Milwaukee 

River had a chloride impact of 15 to 165 ppm from human sources. The variations in the chloride concen- i 

trations of the Milwaukee River are shown in Figure 22 in aseries of 14 interpretive stream quality graphs. | 

A conspicuous interpretive feature of these graphs is the relative uniformity of the chloride concentrations 

over a distance of about 75 miles of the stream from sampling station Ml-1 to station Ml-11 during 9 of 

14 months of record. Eight analyses define the water quality with respect to the chloride concentration in 5 

the Milwaukee River in February, April, and September 1964. Assuming relative constant quality and 

Table 16] 5 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

COLLECTED AT SAMPLING STATION ML=-1 ON THE MILWAUKEE RIVER: 1964 i 

se SS 

Date of Date of 

Silica .« .« « »« «» «© « © 8 © «© « « «8 2 4-27-64 [0 9-30-64 

[ron .« « © «© © © © © © © we we 8 0.03 " 0.02 " 

Manganese. » 2. «© «© «© © © © © © © 8 -- -- | 0.01 " i 

Chromium .« « «© «© «© © «© © © 8 « © » -- -- <0.02 " 

Hexavalent Chromium. . . « «» «© «= -- -- 0.00 " 

Calcium. «© «© © © © © © © © @ ew 69 4-27-64 77 " 

Magnesium. « 2 © © «© © © © «© wo 38 " 10 " ; 

Sodium (and Potassium) « » +» « « + 5 " -- .- 

Bicarbonate. » »« « « © © © © © « + 260 " 380 9-30-64 

Carbonate. «© » «© «© © © «© «© ©» «© «@ 8 10 " 0 " 

Sulfate. «© « «© «© © © © «© © © © « 8 93 n -- -- i 

Chloride .« « «© «© «© © © © © © «© «8 28 5 " 30 9-30-64 

Fluoride « « «© «© «© © «© © © © © «© « -- -- <0.45 " 

Nitrite. © « © «© © © © «© © © © © 8 0.0 4-27-64 0.0 " 

Nitrate. «© © «© «© «© © © © © «© © © + -- -- 1.8 " 5 

Phosphorus » « « «© «© © «© © «© «© © 2 -- -- 0.24 " 

Cyanide. « «© «© «© «© «© © © © © © « 8 -- -- <0.01 12-21-64 

ee -- -- 1.4 9-30-64 
Detergents . se eee eee eee 0.2 4-27-64 0.0 n | i 

Dissolved Solids « « « « « «8 e « 350 " -- -- 

Hardness .« « « «© © © © 8 «© «© «© «8 « 329 " 360 9-30-64 

Noncarbonate Hardness. « « « © « « 95 " 50 " 

Calcium Hardness « « + «© «© «© w« « 5 17 | " 19u " ; 

Magnesium Hardness .« « «© «© © « «© « 158 " 166 " 

Alkalinity PP. . ee ee we ees 5 " 0 n 
Alkalinity Mee eee ee ee ee 225 " 310 " i 
Specific Conductance « « «© « «© « 584 " 664 " 

DH « «© © © © © © © © 2 © © 8 8 we 8.3 " 7.8 " 

Color. « «© «© © © 8» © © © © we 70 " -- -- 

Turbidity. «© « e« « © « © «© © «© @ «8 4 " 2 9-30-64 f 

Biochemical Oxygen Demand. .« « « + YW. " 2. | " 

Dissolved Oxygen » « «© «© « «© «© © « 8.5 " 9.9 " 

Coliform Count . . 2. «© © © © © @ 1,400 " 3,000 " 

Temperature (°F) . 1 + «© 2 © ew eo 56 " 5 | " 5 

Source: SEWRPC. | : 
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Figure 22 

| CHLORIDE CONCENTRATION IN THE MILWAUKEE RIVER 

IN PARTS PER MILLION 
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Table 162 . 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES | 

COLLECTED AT SAMPLING STATION ML=-I11 ON THE MILWAUKEE RIVER: 1964 ~ 

— 

ve; Date of bmal ys; Date of z 
Parameter Analysis Collection nalysis Collection 

Silica . 2. © © © «© © «© © © © «@ 2 4-27-64 10 9-30-64 

[rome ee ee ee ee ee 0.07 n 0.04 " i 
Manganese. » » « «© © «© « « «© « « -- -- 0.03 n 

Chromium . « «© « «© «© «© © «© 2 «8 «8 -- -- <0.02 " 

Hexavalent Chromium. .« . « » « - -- -- 0.00 " 5 

Calcium. «© © «© © «© © © «© © #© « 2 75 U-27-64 75 " 

Magnesium. « «© «© «© © «© «© © « « « 30 " 34 " 

Sodium (and Potassium) . . « « « [5 " 35 " 

Bicarbonate. » 2 «© © «© © © © @ « 270 " 30 " i 

Carbonate. « 2 « «© «© «© «© « «© © « 0 " 5 " 

Sulfate. .« « «© «© «© © © «© # e « « 80 " 9| " 

Chloride . « « « © «© © «© © ww 30 " 15 " 
Fluoride « » » « «© « «© «© © e w « -- -- <0.55 " ; 

Nitrite. 2. 6 2 ee ee ew ee 0.0 U-27-64 0.1 n 
Nitrate. «. 2. «© «© © «© © 2 © «© « -- -- 2. | " 

Phosphorus .« « « «© © « © «© «8 « « -- -- 0.28 " 

Cyanide. ». « «© « «© «© © © «© 8 « « -- -- <0.0! 12-21-64 i 

Oil. 2 2 ew ew ew ew he we we -- -- 1.6 9-30-64 

Detergents ». « « «© « «© 2 «© 8 « «8 0. | 4-27-64 0.1 " 

Dissolved Solids .« « « « «© e « « 360 " 435 " 

Hardness « «© « « «© 8 «© » ee ee «© «8 312 " 327 " J 

Noncarbonate Hardness. «© « « « « 90 " 4Q " 

Calcium Hardness .« «© «© «© «© « « « 189 " 187 " 

Magnesium Hardness » « « «© « « « 123 " 140 " 

Alkalinity Pw. ee eee eee 0 n 2.54 n 

Alkalinity M . « «© « « « © © » « 220 " 285 " 

Specific Conductance . «. «+ « «= « 620 " 618 " 

PH. 6 ew te ew ew ew ww ew ee 7.8 n 7.9 n i 

Color. » «© «© «© «© «© #© «© «© © «© «@ 8 30 " 85 " 

Turbidity. »« « « « ©» «© » «© « «@ « 6 " 7 " 

Biochemical Oxygen Demand. .. « 7.3 " 2.6 " 

Dissolved Oxygen . . - « «© « « + 7.6 " 8.5 " i 

Coliform Count .«. « « «© «© « «© «2 « 24,000 " 32,000 " 

Temperature (°F) . . « « ws we we 56 " 58 " 

? Estimated. i 

Source: SEWRPC. 

normal seasonal variations in the sewage discharge from the eight sewage treatment plants into the Mil- i 

waukee River, the flow of the Milwaukee River in April and September 1964 appears adequate to dilute 

the chloride wastes to concentrations that are within the range of 0 to 50 ppm from as far upstream as 

station Ml-1 to station MI1-10. i 

The dissolved solids concentrations in the Milwaukee River varied from 620 ppm in December 1964 at 

station MI-1 to 245 ppm in July 1964 at station MI1-5. The "background" concentration of dissolved solids 

is about 385 ppm. The dissolved solids concentrations in the Milwaukee River are shown in Figure 23 by 5 

a serics of 14 interpretive stream quality graphs. A characteristic feature of these graphs is the rela- 

tively uniform concentrations of dissolved solids that occur throughout reaches of considerable length. 

Cedar Creek is presumed to be the source of higher concentrations of dissolved solids that occurred in 

the Milwaukee River in July, September, and December 1964. The effluent from the sewage treatment i 

plant at Kewaskum may be the source of high dissolved solids concentrations that were determined in the 

upper reaches of the Milwaukee River in September 1964. i 
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Figure 23 

{ DISSOLVED SOLIDS CONCENTRATION IN THE MILWAUKEE RIVER 

IN PARTS PER MILLION 
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Table 163 

WATER QUALITY CONDITIONS OF THE MILWAUKEE RIVER (1964-1965) i 

: Parameter of ; eae 

ee 

Dissolved Solids (ppm)... . 620 415 245 55 ; 
Dissolved Oxygen (ppm)... . 24.2 10.2 0.5 102 

Coliform Count (MFCC/100 ml) . 170,000 14,800 100 103 | 

Temperature (°F) . 1. « « «© os 87 50 32 103 5 

Source: SEWRPC. 

The variations in the dissolved oxygen concentrations in the Milwaukee River are shown by a series of 

14 interpretive stream quality graphs in Figure 24. A conspicuous interpretive feature of these graphs i 

is the generally high dissolved oxygen concentrations that occur in the Milwaukee River from sampling sta- 

tion M1-2 to stationMl-11. This feature is emphasized by the critically low dissolved oxygen concentrations 

that occurred infrequently at stations MI-1 and MI1-6. The heavy rainfall which occurred during the 17th and 

18th of July 1964 lowered the dissolved oxygen concentrations of the upper reaches of the Milwaukee River J 

in the same manner as described herein under the discussion of the dissolved oxygen concentrations of the 

Fox and Menomonee rivers. On July 24, 1964, the dissolved oxygen concentrations at sampling stations 

Ml-1, MI-2, MI-3, MI1-5, MI-6, MI-9, MI1-10, and MI-11 were 2.3, 0.7, 2.4, 4.0, 3.1, 5.9, 5.0, and i 

4.6 ppm, respectively. The average dissolved oxygen concentrations at these stations for the three months 

of June, August, and September were 6.5, 6.8, 9.8, 7.7, 7.8, 12.3, 9.5, and 9.0 ppm, respectively. The 

average dissolved oxygen concentration in July 1964 at all eight stations previously listed was 3.5 ppm as i 

compared to 8.7 ppm for these same stations for the three months of June, August, and September. 

The variations in the coliform counts in the Milwaukee River are shown in a series of 14 stream quality 

graphs in Figure 25. The Milwaukee River was subject to bacteriological pollution throughout its length i 

from station Ml-1 to station MI-11 at one time or another during the 14-month period of field study. 

Presumed sources of persistent bacteriological pollution are the sewage treatment plants at Kewaskum, 

West Bend, Saukville, and Grafton. Heaviest and most persistent pollution occurred between stations MI-10 i 

and MI-11. The sources that may contribute to this condition are not definitely known. The Lac du Cours 

sewage treatment facility at Mequon near the Milwaukee County line is not thought to be a principal source 

of bacteriologic pollution at station MI-11, because of the low average daily sewage flow rate of less than i 

100,000 gpd, or less than 0.2 cfs, and because of the low connected population of less than 200 persons. 

Figure 26 indicates the variations in the coliform counts in the Milwaukee River at stations Ml-1 and MI-11. 

The magnitude of the separation between the two graphs represents the net increase or decrease in the ; 

coliform counts that occurred between stations Ml-1 and MI-11 as a result of opposing processes that 

increase or decrease the coliform counts in a stream, 

The temperature variations of the Milwaukee River at stations Ml-1 and MI-11 are shown in Figure 27. i 

The maximum temperature of 87°F occurred in June 1964 at station M1-10. The maximum, average, and 

minimum temperatures for the period June through September 1964 at stations MI-1 and MI-11 were 

79°, 67°, and 51°F and 85°, 739, and 58°F, respectively. ; 

Streamflow and Precipitation: The Milwaukee River is a shallow meandering stream, which most of the 

year occupies a relatively wide channel between stations Ml-1 and MI-11. At stations Ml-1 and MI-9, which i 

are 19.0 and 74.8 miles, respectively, from the river source, the stream had maximum depths of 1.7 feet 

and 2.3 feet and widths of 43 1/2 feet and 196 feet, respectively, when measured under low-flow conditions 

in September 1964. i 

The U. S. Geological Survey maintains a water-stage recorder 2,000 feet downstream from sampling 

station Ml-11. Table 164 lists the SEWRPC and selected U. 8S. Geological Survey flow determinations for i 
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Figure 24 

ll DISSOLVED OXYGEN CONCENTRATION IN THE MILWAUKEE RIVER 
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Figure 25 

COLIFORM COUNT IN THE MILWAUKEE RIVER ll 

MEMBRANE FILTER COLIFORM COUNT PER 100 MILLILITERS (IN THOUSANDS) 
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Figure 26 Figure 27 

j COLIFORM COUNT IN THE MILWAUKEE RIVER TEMPERATURE OF THE MILWAUKEE RIVER 
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periods of relative high and low flow in April and September 1964. Table 165 lists the mean daily discharge 

f at this station computed from the water-stage records covering the period from January 1964 through 

February 1965. Precipitation data pertaining to the same period of time are listed in Tables 166 and 167. 

i Forecast Quality of the Milwaukee River for the Year 1990: Population studies of the SEWRPC indicate 

that in 1963 there were an estimated 508,600 people living in the Milwaukee River watershed. Table 168 

indicates the estimated 1990 population levels of the watershed under the three alternative regional land 

use plans. These plans also indicate that the public sewage treatment plants in the watershed exclusive 

i of those of the Milwaukee metropolitan sewerage system will have connected populations as indicated in 

Table 169. The estimated average daily sewage flow rates for the year 1990 of existing and proposed 

sewage treatment plants with outfalls on the Milwaukee River are listed in Table 170. 

i The forecast quality of the Milwaukee River for the year 1990 is indicated in Table 171. This forecast 

quality is related only to those municipal sewage treatment plants having outfalls on the Milwaukee River. 

In making the forecast, consideration was given to planned post-chlorination of the effluent from the West 

i Bend sewage treatment plant. The populations of Grafton, Cedarburg, Mequon, and Thiensville are 

expected to be serviced by the Milwaukee metropolitan sewerage system by the year 1990, thus eliminating 

these sources of pollution of the Milwaukee River. The treated effluent wastes from the Milwaukee metro- 

{ politan sewerage system are discharged into Lake Michigan. 

North Branch Milwaukee River 

I Present Stream Quality: One sampling station, Ml-4, was established on the North Branch of the Milwaukee 

River about 17.7 miles from the river source. The effluent wastes from the sewage treatment plants at 

the villages of Adell and Random Lake in Sheboygan County are discharged into tributaries of the North 

{ Branch of the Milwaukee River above this station. 

The North Branch of the Milwaukee River is a calcium bicarbonate stream of relatively constant total 

5 mineralization. In the three complete chemical analyses run on stream samples collected from the North 
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Table |[64 

STREAMFLOW MEASUREMENTS OF THE MILWAUKEE RIVER: SPRING AND AUTUMN [964 . 

ss eee ener cence nce nee cece cece eee eee eee n ence eee eee eee eee eee erence eee eee ae 

Sampling Streamflow Previous 4-Day 
Station Date (cfs) Rainfall (in inches)? ; 

MI-1] U-28-64 YY 0.64 

9-29-64 19 0.12 

M1l-3 4-28-64 159 0.64 

9-29-64 76 0.142 

M1-9 4-29-64 651 0.75 

9-29-64 237 0.12 8 

MI-11 u-28-64 362 0.64 
4-29-64 564 0.75 

9-29-64 276 0.12 ; 

@ Measured at U. S. Weather Bureau Station at West Bend, Wisconsin. 

Source: U. S. Weather Bureau, USGS, and SEWRPC. 5 

Table 165 i 

DISCHARGE? OF THE MILWAUKEE RIVER AT MILWAUKEE, WISCONSIN 

JANUARY 1964 THROUGH FEBRUARY 1965 i 

NN 

Streamflow (in cfs) 

“[=|[w[=[=[=[=[=[=[=[=[e) 9 
) 2 2 25 82 58 198 u85 87 55 193 117 188 110 270 110 95 
2 6 8 27 82 74 367 528 121 50 170 129 188 153 240 140 95 
3. 2 32 8 | 90 398 578 87 46 162 129 179 136 200 162 100 
We. ee 38 82 102 5 | 624 84 50 YY 117 162 133 160 170 120 
Be 46 8 106 626 586 87 55 125 193 157 144 150 i170 300 
6. a 52 By 100 1,060 639 87 12) it4 244 153 157 140 148 478 
Toe «@ 8 56 82 140 1,250 839 8 | 186 106 203 14 153 130 140 768 
8. a 59 78 P14 937 874 75 75 100 179 148 144 120 160 420 
9... 58 76 112 811 47 | 78 125 97 162 14y 148 120 170 330 

10 .« «2 .o 52 74 116 678 43 | 72 LO 94 208 140 140 120 160 828 
i 48 72 122 564 366 70 78 106 379 136 136 130 140 768 
12 2. « U5 7 | 136 47 | 335 68 78 94 385 136 153 140 120 855 
13 . « 42 70 180 HOY 323 65 87 90 293 133 14y 150 100 700 
14... 39 60 310 372 293 62 81 87 249 133 140 160 95 540 
15 2. 2 37 57 420 347 282 84 65 65 198 129 193 150 90 Uu60 
16 2. « . 36 56 600 317 YY 60 60 52 162 129 153 130 90 400 
i 35 57 560 299 215 60 297 55 148 129 136 110 90 350 
18 « 2 36 58 450 323 329 60 ~ 1,490 58 223 12] 136 100 90 320 
19 .« «a uO 59 352 282 624 58 604 60 179 12) 136 100 95 310 
20 .. . U5 60 465 299 372 65 1,800 65 213 121 133 100 100 350 
2) 2. 2 52 58 39) 698 229 62 2,080 462 282 121 106 100 117 400 
22 «© « 64 56 288 616 38 157 2,220 198 424 121 78 100 223 320 
23 2. = o 90 5Y 254 578 218 87 1,670 305 686 121 117 100 129 260 2H. . 130 52 254 485 198 60 1,240 43] 710 121 121 100 136 220 
25 1 ew 130 52 260 417 179 58 858 311 594 114 12] 100 140 i80 26... | 124 51 | 228 372 136 58 503 | 244 678 358 117 97 157 160 
27 6 we 112 5 | 179 458 103 55 208 188 266 129 140 97 150 i150 28...) 104 5 | 168 362 106 52 288 157 293 117 438 103 140 160 29 2. « 96 52 160 564 106 50 226 140 276 L17 213 114 130 “= 30... 90 -- 160 528 100 48 203 133 233 iy 250 110 110 -- 3)... 86 -- 164 -- 94 -- 223 121 -- Pty -- 97 100 -- ; 

4 Underscored flow measurements indicate days when sampling occurred on the Milwaukee River. 

Source: USGS. 
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Table 166 

F PRECIPITATION? AT SHOREWOOD, WISCONSIN: JANUARY 1964 THROUGH FEBRUARY 1965 

Ct SO—OOOC“‘“‘<‘*CYOOC‘GSS 
| lee ee ee -- -- -- -- [| o.12 | -- [o.12 [ -- -- -- -- | 0.01 | 0.08 | 0.31 

| re ~- -- -- 0.36 | 0.25 | 0.37 | 0.17 -- 0.15 -- 0.34 | 0.12 | 0.38 -- 
| Ze ee -- -- -- 0.48 -- -- -- -- -- -- 0.05 | 0.02 -- -- 

Ye ee ee ee -- -- 0.01 -- 0.03 -- -- -- -- -- -- 0.19 -- -- 
| Bt et -- -- 1.48 | 0.56 -- -- -- -- -- -- 0.03 -- -- -- 

| Gee ee ee -- -- -~ | 0.36 | 0.08 -- 0.48 -- -- 0.05 -- -- -- -- 
. Tee ee ene ~- -- -- 0.71 -- -- 0.56 -- -- -- -- 0.05 | 0.02 -- 

Be ee -- -- 0.13 -- 1.26 -- 0.01 -- 0.05 | 0.16 -- -- 0.01 | 0.22 
| 9... ee ew ee | 0.06 | 0.02 | 0.35 -- -- -- -- -- -- 0.02 -- -- -- 0.07 

| lO. eee ee ee -- -- -- -- -- -- -- | 0.02 | 0.24 -- -- -- -- 0.18 
| re -- -- -- -- -- -- 1.03 -- -- -- G.10 -- -- 

| ID ee ee ee -- 0.01 -- -- -- -- -- -- -- -- 0.13 -- -- 0.36 
[Zee eee ee -- 0.17 -- 0.05 | 0.21 -- 0.18 -- -- -- -- 0.32 -- -- 
Dee eee ~- -- 0.10 -- -- -- 0.32 -- 0.06 -- -- -- -- -- 

| [Hoe ee ee ee -- -- -- -- -- 0.39 -- -- 0.16 -- 0.46 -- 0.11 -- 
. 16. + ee ew ee we | 0605 | 0.05 -- -- 0.95 -- -- -- -- -- -- -- -- _- 
| 17 «= © ew ew ew ew ee -- -- -- 0.02 -- -- -- “7 77 77 “7 77 “7 “7 

IB we ee eee -- -- -- 0.47 | 0.18 -- 3.60 | 0.07 | 0.71 -- -- -- 0.01 -- 
i 19 * 8 8 . 8 8 8 s 8 ~= “= = on oo “= -_ -_—— 0.08 —-_—— =~ 0.03 ~~ -- 

: 20. ee we ee ee | 0205 -- 0.13 -- -- 0.02 | 0.03 | 0.04 -- -- 0.13 | 0.02 -- -- 
! re -- -- 0.01 | 1.48 -- -- -- 1.68 | 0.12 -- -- -- -- -- 

ye ~~ -- -- -- -- 0.04 -- 0.08 | 0.11 -- -- -- 0.55 -- 
| re -- 0.01 -- -- -- 1.01 -- -- o.14 -- -- -- 1.30 | 0.07 
| gy ww we tl le 0.57 -- -- -- 0.09 -- -- -- 0.01 -- -- 0.01 0.51 0.15 

| 25 ee ww we we ew ww | 0638 -- -- -- -- -- 1.02 -- -- -- -- -- _- -- 
260 ee eee ee -- -- 0.64 | 0.17 -- -- -- -~ 0.12 -- -- 0.07 | 0.46 -- 

| 27 se ew ew ew ee we | 0.01 -- 0.06 | 0.77 -- -- -- -- 0.12 -- 0.02 -- -- -- 
! 2 ee ee eee -- -- 0.02 | 0.12 -- -- 0.08 -- -- -- 1.13 -- -- -- 
; 7 re -- -- -- 0.07 -- -- 0.01 -- -- -- -- 0.04 -- -- 
! B80. we ee ee ~~ -- -- 0.10 -- -- -- 0.15 -- -- -- -- -- -- 

preter ts Poe | pes sre] a7 | sos | ose | v.07] 2.07 | 0.20 | ome] 0.98 | ova] race! 
| i a Precipitation measured in inches. Trace quantities not included. ° 

| Source: U. S. Weather Bureau. 

Branch of the Milwaukee River, the calcium concentrations ranged from 88 to 63 ppm. Bicarbonate con- 

| centrations ranged from 395 to 300 ppm. Maximum nitrate concentration was 2.2 ppm. Total phosphorus 

! was 0.20 ppm at station MI-4 on September 30, 1964. Selected water analyses of the North Branch of the 

| Milwaukee River are listed in Table 172. Water quality conditions of the river are indicated in Table 173. 

| i The average numerical values in this table are weighted averages. 

| The chloride concentrations of the North Branch of the Milwaukee River varied from 20 ppm in February 

i and September 1964 to 15 ppm in April 1964 at station Ml-4. Assuming a "background" concentration 

| of 5 ppm, the chloride impact upon the North Branch of the Milwaukee River was as much as 15 ppm from 

| human sources. 

3 ; The dissolved solids concentrations in the North Branch of the Milwaukee River varied from 525 ppm in 

! September 1964 to 400 ppm in February and April 1964 at station Ml-4. The "background" concentration 

| s of dissolved solids is about 500 ppm. 

: The dissolved oxygen concentrations in the North Branch of the Milwaukee River varied from 13.5 ppm in 

| February to 0.4 ppm in July 1964 at station Ml-4. The maximum, average, and minimum dissolved oxygen 

i concentrations for the period June through September 1964 were 11.7, 6.7, and 0.4 ppm. Figure 28 indi- 

| cates the variations in the dissolved oxygen concentrations at station Ml-4, The low dissolved oxygen con- 

| centration that occurred at the time of sampling in July probably reflects the same phenomenon that has 

| i previously been described in the discussion of the Fox River. 
| 

The coliform counts of the North Branch of the Milwaukee River varied from 140,000 MFCC/100 ml in 

| : August to less than 100 MFCC/100 ml in February and June 1964 at station Ml-4. The maximum, average, 
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Table 167 

PRECIPITATION? AT WEST BEND, WISCONSIN: JANUARY 1964 THROUGH FEBRUARY 1965 f 

"osu [tess F 

[oe 6 we we te ew -- -- -- -- 0.25 -- 0.33 -- -- -- -- 0.01 0.12 0.28 : 

) re -- -- -- 0.37 | 0.57 0.34 | 0.25 -- 1.03 | -- 0.30 | 0.03 | 0.19 -- | 
3. we ee we ek -- -- -- 0.28 -- 0.06 -- -- 0.57 -- -- -~- -- -- 

Wi. ww ew ww lt -- -- 0.01 -- -- -- -- -- 0.75 -- -- 0.03 -- -- 

oe ee -- -- 0.90 0.57 0.75 -- -- -- -- -- -- -- -- -- | 

6. 2 we ew ew tt -- -- 0.01 0.47 0.11 -- 0.54 -- -- -- | -- -- -- -- : 

Tee ee eee -- -- {| 0.13 | 0.35 | -- -- | OO. -- -- -- | 0.01 | -- -- -- : 
B 1. we we te te ke ke 0.02 -- 0.26 0.0) 0.12 -- 0.06 -- 0.60 0.21 -- -- 0.06 0.13 

9. « ee ew ew te 0.0} 0.01 -- -- 0.07 -- -- -- -- -- -- -- -- 0.04 

10. 2. ew ew ew ee -- -- -- -- -- -- -- 0.04 0.74 -- -- -- -- 0.05 

Ilo. e © © e 8 ee 0.05 -- -- -- -- -- [| oc 0.03 -- -- 0.02 0.12 -- -- 

12 « » © © @ t 8 ew 0.11 0.03 -- -- -- -- -- 0.0) -- -- 0.13 0.03 -- 0.35 

13 2 © © © ew ew tw -- 0.05 -- -- 0.29 -- 0.51 -- -- -- -- 0.11 0.01 -- 

Sr -- -- 0.09 -- -- -- 0.22 -- 0.15 -- -- -- -- -- 

15 » «© «© «© © 2» «© «@ 8 -- -- -- -- -- 0.41 -- “- =-- “- 0.20 -- 0.06 -- 

16 e ® . e a a e e a ~— —_—— -_= -- 0.89 -_ =_— 0.05 -- -—— -—- == “= -- 

17 . a s . . a a a a -_- =_—— =o 0.32 “—— 0.26 0.68 -_— == —— - -- -—=- on 

[8 . « « «© © © ew ew -- -- -- 0.04 0.09 -- 6.57 0.18 0.65 -- -- -- -- -- 

19 . 2 we ew ew we tw -- -- -- -- -- -- -- -- 0.10 -- -- 0.02 -- -- 

20 . «© «© © «© © sw ew -- -- 0.01 -- -- -- 0.47 0.37 0.47 -- 0.10 -- -- -- 

21 6 2 ww wt -- -- -- 0.72 -- 0.14 0.16 1.64 0.98 -- -- -- -- -- 
yy -- -- -- -- -- 0.19 0.03 0.50 0.19 -- -- -- 0.10 -- 
23 2. « «© tw ee -- 0.02 -- -- -- -- -- -- 0.03 -- -- 0.01 0.45 0.04 

Y | Sr re 0.54 -- -- -- 0.21 -- -- -- 0.06 -- -- -- 0.40 0.03 
25 8 et ee wt 0.15 -- 0.01 -- -- -- 0.06 -- ~~ -- -- -- -- -- 

26 « « «© 1 ew te ke -- -- 0.25 0.07 -- -- -- -- 0.12 -- -- -- 0.38 -- 

27 «© «© © © ew e ew ew -- -- 0.03 0.57 -- -- 0.05 -- -- -- 0.02 -- -- -- 

28 . 2 et te ew ew -- -- 0.02 O. 11 -- -- 0.29 -- -- -- 1.04 -- 0.03 -- 
29 2. «2 we we we te ee -- -- 0.03 0.01 -- -- -- -- -- -- -- -- =< -« 

ce -- -- -- 0.04 -- -- -- 0.47 -- -- -- -- -. _. 
Blo. se we ew ke -- -« -- -- 0.05 -- -- -- -- -- -- -- _. _. 

ott | 1.78 | 3-98 | a.uo | 1-40 fio-aa | 3.29 | eae | 0.21 | 1-82 | 0.96 | 1.80 | 0.92 | 
a Precipitation measured in inches. Trace quantities not included. 

Source: U. S. Weather Bureau. i 

Table 168 

ESTIMATED POPULATION OF THE MILWAUKEE RIVER WATERSHED: 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 

ee 

Estimated Population i 

Location Existing Controlled Corridor Satellite 

1963 Existing Plan City 

Trend Plan Plan ; 

Milwaukee 

River Watershed 508,600 635,000 628,000 665,000 5 

Source: SEWRPC. 
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| Table 169 

i ESTIMATED POPULATION CONNECTED TO EXISTING AND PROPOSED 

SEWAGE TREATMENT PLANTS IN THE MILWAUKEE RIVER WATERSHED: 

| 1963 AND 1990 ALTERNATIVE LAND USE PLANS 

i Estimated Connected Population 
Location of 

Sewage _ 
i Treatment Existing Controlled Corridor Satellite 

Plant 1963 Existing Plan City 

| Trend Plan Plan 

i Village of Kewaskum... .« 1,600 4,000 u, 200 5,800 

City of West Bend..... 12,500 27,200 23,500 46,700 
| Village of Fredonia... . 800 1,800 3,500 3,600 

Village of Saukville. ... |, 100 2, 400 4,500 2,600 
i Village of Grafton. ... . 3,900 Population expected to be in the service area 

of the Milwaukee metropolitan sewerage system. 

Village of Jackson? ...., 500 F600 2,000 2,600 
City of Cedarburg ..... 5,400 

f City of Mequon? oe es we we 100 Population expected to be in the service area 

Village of Thiensville. . . 2,800 of the Milwaukee metropolitan sewerage system. 

City of Mequon® ....s.-s. 200 

Total Connected 

Population 28,800 37,000 37,700 61,300 

@ New sewage treatment plant to be constructed at Jackson. 

| i b Ville du Parc Facility. 

© Lac du Cours Facility. 

i Source: SEWRPC. 

and minimum counts for the period June through September 1964 were 140,000, 44,000, and less than 

i 100 MFCC/100 ml. Figure 29 indicates the variations in coliform counts at station MI1-4. 

The maximum temperature of the North Branch of the Milwaukee River was 86°F in June 1964 at sta- 

i tion MI-4. For the period June through September 1964, the maximum, average, and minimum stream 

temperatures were 86°, 70°, and 52°F, 

Streamflow and Precipitation: The North Branch of the Milwaukee River is a meandering stream, which 

most of the year occupies a relatively deep channel from the Washington County line to its confluence with 

the Milwaukee River. At station MI-4, the stream had a maximum depth of 3.9 feet and a width of 67 feet 

when measured under low-flow conditions in September 1964. The SEWRPC measured the flow of the 

E North Branch of the Milwaukee River during periods of relatively high and low flow in April and September 

1964. The SEWRPC flow determinations are listed in Table 174. 
| 
| 

i Forecast Quality of the North Branch Milwaukee River for the Year 1990: It is anticipated that no signifi- 

cant growth in population will occur in the sub-watershed of the North Branch of the Milwaukee River by 

the year 1990. The forecasts of future stream quality, as shown in Table 175, reflect this expected condi- 

i tion of a relatively stable population level. 

Cedar Creek 

Present Stream Quality: Two sampling stations, MI1-7 and MI-8, were established by the SEWRPC on 

i Cedar Creek at locations 17.3 and 26.2 miles downstream from the river source. The effluent wastes from 

the sewage treatment plants at the Village of Jackson and the City of Cedarburg and from several industries 

: are discharged into Cedar Creek. 
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Table 170 

ESTIMATED AVERAGE DAILY SEWAGE FLOW RATES OF EXISTING AND PROPOSED i 

SEWAGE TREATMENT PLANTS IN THE MILWAUKEE RIVER WATERSHED: 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 

Ey 

Estimated Average Daily Sewage Flow Rate ; 

ane Sewage bedi Treatment rere Controlled Corridor Satellite 
Plant 1968 Existing Plan City , 

Trend Plan Plan 

Village of 200,0007 500,000 500,000 1,000,000 
Kewaskum. . « « «© «© ©» ew «@ 0.3° 0.8 0.8 1.5 

City of 2,200,0004 4,900,000 4,200,000 8,400,000 

West Bend . . « « «© «© ew a 3. 4° 7.6 6.5 13.0 

Village of 100,0007 200,000 400,000 400,000 i 

Fredonia. « « « «© « «© «© «@ 0.2° 0.3 0.6 0.6 

Village of 100,000¢ 300,000 500,000 300,000 
Saukville . 2. « © © © 2 » « 0.2° 0.5 0.8 0.5 ; 

Village of 500,000 Population expected to be in the service area 

Grafton . . « « «© «© © © «8 « 0.8° of the Milwaukee metropolitan sewerage system. 

Village of <100,000°% , 200,000 200, 000 300,000 
Jackson@, . 2. 2 «© «© © eo < 0.2 0.3 0.3 0.5 

City of 1, 100,0007 
Cedarburg »« «+ 2. ew ew we 1.5° 

City of <100,0004 5 
Mequon? er ee ee ee ee < 0.2° Population expected to be in the service area 
Village of 300,000¢ of the Milwaukee metropolitan sewerage system. 

Thiensville . .«. 2 « © »© « « 0.5° F 

City of <100,000¢ 
Mequon® . . « 2 « «© «© 2 «© « < 0.2° 

Total Daily <4,700,0007 6,100,000 5,800,000 10,400,000 | i 
Sewage Flow Rate < 7.3° 9.4 9.0 16. | 

4 New sewage treatment plant to be constructed at Jackson. 

b Ville du Park Facility. ; 

© Lac du Cours Facili ty. 

d Gallons per day. i 

© Cubic feet per second. 

Source: SEWRPC. i 

Cedar Creek is a calcium bicarbonate stream that is subject to small changes in total mineralization. In 

the 16 complete chemical analyses run on stream samples collected from Cedar Creek, calcium concen- 

trations ranged from 101 to 52 ppm at station M1-8. Bicarbonate concentrations ranged from 470 to i 

270 ppm. Maximum nitrate concentration was 3.6 ppm. The total phosphorus concentration at M1-8 was 

0.32 ppm on September 30, 1964. Selected water analyses of Cedar Creek at sampling station MI-8 are 

listed in Table 176. Water quality conditions of Cedar Creek are indicated in Table 177. ; 

The chloride concentrations of Cedar Creek varied from 130 ppm in May 1964 to 15 ppm inSeptember 1964 

at station MI-8. Assuming a "background" concentration of 5 ppm, the chloride impact upon Cedar Creek 

was aS much as 125 ppm from human sources. The relatively high chloride concentration of 130 ppm in 5 

Cedar Creek that occurred in May 1964 is exceptional for this stream and apparently was due toa "slug" 

of high chloride wastes that were discharged into the creek from an unknown source. 
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Table 171 

i FORECAST QUALITY OF THE MILWAUKEE RIVER: 1990 ALTERNATIVE LAND USE PLANS 

Forecast Quality for 1990 
Stream 

i Stream Parameter Sampling Quality Controlled Corridor Satellite 
Station in 1964 Existing Plan City 

Trend Plan Plan 

j M1 -| 302 uo® yo? uo 
M1l-2 15 20 20 30 

M1-3 15 20 20 30 

Chloride M1-5 15 20 30 30 

(in ppm) M1-6 15 20 30 20 
M1-9 30 

M1-10 20 Less than 20 

i Ml-t] 15 

MI-| 4307 450 450 450 
M1-2 530 550 550 550 

5 Dissolved M1-3 450 450 450 450 
Solids M1-5 U85 500 500 500 

(in ppm) M1-6 475 500 500 500 
M1l=-9 565 

i M1-10 490 From 400 to 500 
Milwaukee MI-J] U35 

River 

MI | 5. 5° From 3.0 to 5.0 
M1-2 5.3 

Dissolved MI-3 7.9 
Oxygen MI-5 6.8 From 5.5 to 7.0 

(in ppm) M1-6 6.6 

M1-9 [0.7 

M1-10 8.4 More than 8.0 

Ml-1 | 7.9 

i M1 =| 14, 000° 20,000? 20,000? 20,000? 
M1l-2 19, 100 40,000 50,000 60,000 

Coliform M1-3 6,500 <5,000 <5,000 <5,000 

Count M1=5 5,400 10,000 20,000 20,000 

(in MFCC/ M1-6 6,900 10,000 20,000 10,000 
100 ml) M1-9 9, 300 

M1I-10 47,000 Less than 5,000 
i MI-11 56,000 

4 All chloride and dissolved solids concentrations in this column are based on water analyses for September 1964. 
Dissolved solids concentration at station Ml-1 1s estimated. 

i b Presumed numerical value. 

© All dissolved oxygen concentrations and coliform counts in this column are based on average for the period June 
through September 1964. | 

; Source: SEWRPC. 

The dissolved solids concentrations in Cedar Creek varied from 730 ppm in May 1964 to 330 ppm in June 

i 1964 at station M1-8. The "background" concentration of dissolved solids ranges from about 560 to 305 ppm. 

The difference between the maximum and minimum "background" concentration of dissolved solids is 

presumably due largely to natural increases in the sulfate and calcium concentrations of the stream during 

i periods of heavy drainage from marshes. 

The dissolved oxygen concentrations of Cedar Creek varied from 13.4 ppm in November at station MI-8 to 

i 0 ppm in July at stations Ml-7 and MI-8. The maximum, average, and minimum dissolved oxygen con- 
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Table 172 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES i 

COLLECTED AT SAMPLING STATION ML=-4 ON THE NORTH BRANCH MILWAUKEE RIVER: 1964 | 

| 

. Date of Date of 

Silica . «6 « « «© «© © © © w© © 4 4-27-64 [4 9-30-64 

[ron . « © «© © © © © © «© @ «2 2 0.07 n 0.04 " i 

Manganese. »« «© « «© «© © © © © @ -- -- 0.0] " 

Chromium . « 6 «© «© «© «© «© «8 © 2 -- -- 0.02 " 

Hexavalent Chromium. . .. . « -- -- 0.00 n 

Calcium. . «© « « «© © © «© © «8 «8 7 | U-27-64 88 " a 

Magnesium. . « « «© © «© © w «© « U3 " uy " 

Sodium (and Potassium) ... . 15 " U5 n 

Bicarbonate. . « « «© « « «© « 300 " ~ 395 " 

Carbonate. . « « «© «© «© © «© © « 20 " 30 " E 

Sulfate. » « «© «© 8 « « «© e « « 86 " 87 " 

Chloride . « « « « © © e© « « e 15 " 20 " 

Fluoride » « «+ «© «© «© » © «© © -- -- 0,45 " i 

Nitrite. «© 2. « « © «© «© «© «© «© o 0.0 4-27-64 0.0 " 

Nitrate. .»« « «© «© « «© «© 8» 8 « 2 -- -- 2.0 " . 

Phosphorus « « « «© 2» e «© «© «@ -- -- 0.20 -- 

Cyanide. « « « «© «© «© © © « « « -- -- == -- i 

Oil. 2. 2 2 © © ew ew ew ew te -- -- ;.u 9-30-64 

Detergents . .« «+ «© «© «© «© © © « 0. | U-27-64 0.0 i" 

Dissolved Solids . «© « «© « « « 400 " 525 " 

Hardness .« «© « «© «© «© © «© «© © -@ 356 " 40 | " ; 

Noncarbonate Hardness. .. s+ - 80 " 95 " 

Calcium Hardness . «© « « e« «© « 178 " 22) " 

Magnesium Hardness . « « « « « 178 " 180 n 

Alkalinity P . «© « «© « 2 «© «@ 10 " 15 n i 

Alkalinity M . 2. «© «© » «© «© « « 265 " 355 " 

Specific Conductance .. .« « « 610 " 690 " 

PH . «© « «© © © © © © © © © «© 28 8.4 " 7.8 " 

Turbidity. « »« « « 8 «© « © « «+ 7 " 10 " 

Biochemical Oxygen Demand. . . 2.4 " 1.4 " 

Dissolved Oxygen. + «+ « « = « 8.2 " 8.0 " ; 

Coliform Count . . «© « « « « « 900 " 13,000 " 

Temperature (°F) . «1 2 «© we 56 " 52 " 

Source: SEWRPC. 5 

Table 173 5 

WATER QUALITY CONDITIONS OF THE NORTH BRANCH MILWAUKEE RIVER (1964-1965) 

a 
AS 

~ ] A Parameter of 

Chloride (ppm) . . « « « « «= 20 20 15 3 i 

Dissolved Solids (ppm)... + 525 440 400 3 

Dissolved Oxygen (ppm)... . 13.5 8.8 0.4 12 

Coliform Count (MFCC/100 ml) . 140,000 15,000 100 12 

Temperature (°F)... ws wee 86 50 32 12 a 

Source: SEWRPC. : 
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Table 174 

, STREAMFLOW MEASUREMENTS OF THE NORTH BRANCH OF THE MILWAUKEE RIVER: 

SPRING AND AUTUMN |1964 

Oe ee 

i sampling Streamflow Previous 4-Day 

Station Date (cfs) Rainfall (in inches)? 

4U- 29-64 137 0.75 
i M1-4 9-29-64 63 0.12 

4 Measured at U. S. Weather Bureau Station at West Bend, Wisconsin. 

i Source: U. S. Weather Bureau and SEWRPC. 

Table 175 

i FORECAST QUALITY OF THE NORTH BRANCH OF THE MILWAUKEE RIVER 

AT SAMPLING STATION ML-4: 1990 ALTERNATIVE LAND USE PLANS 

i Forecast Quality for {990 
Stream 

Stream Sampling Parameter Quality Controlled Corridor Satellite 

Station in 1964 Existing Plan City 

i Trend Plan Plan 

Chloride a 
/ (in ppm) 20 20 20 20 

; Dissolved 

Cie pon) 5252 500 
in m 

North PP 

i Branch 

Milwaukee MI-4 

River Dissolved 
i Oxygen 6.72 More than 6.5 

(in ppm) 

i Coliform 

Count b 
(in MFCC/ 44,000 More than 40,000 

i 100 ml) 

4 Based on analysis for September 1964. 

; b Based on average for the period June through September 1964. 

Source: SEWRPC. 

centrations during the period June through September at station M1-7 were 8.7, 5.4, and 0.0 ppm. For the 

E same period, but exclusive of the exceptionally low concentration that occurred in Cedar Creek (as in many 

other streams of the Region following the heavy precipitation on the 17th and 18th of July, 1964), the 

average dissolved oxygen concentration was 7.2 ppm. At sampling station MI-8, the maximum, average, 

and minimum concentrations for the period June through September were 11.9, 7.0, and 6.4 ppm. For the 

same period, but with the July determination excluded, the average dissolved oxygen concentration was 

9.3 ppm. The variations in the dissolved oxygen concentrations of Cedar Creek at station M1-8 are shown 

i graphically in Figure 28. 
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Table 176 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES i 

COLLECTED AT SAMPLING STATION ML=8 ON CEDAR CREEK 

wre er i i SSD 

mma | SINS, | tte | tt : 

Parameter Analysis Analysis 
Collection Collection 

Silica »« »« « « e ee « « « s © «» «8 Y Ye 27-64 9 9-30-64 i 

Iron « © «© «© © «© © © © «© © © 0.14 " 0.07 " 

Manganese. « « «© © « © #© « «© « «8 -- -- 0.02 " 

Chromium .« « «© « «© © © «© «© «© « @ -- -- <0.005 " 

Hexavalent Chromium. « « «» « « « -- -- 0.00 " i 

Calcium. « « «© © «© «© «© «© «© © «@ «8 96 Y= 27-6 4 85 " 

Magnesium. « « « « « «© «© «© 8» « 2 47 " YY " 

Sodium (and Potassium) . « 2 « « 0 " 60 " i 

Bicarbonate. « « «© « © © e «© «@ « 295 " 365 " 

‘Carbonate. »« « «© «© «© » «© «© 8 « « 0 " 30 " 

Sulfate. »« =» » « =» 8» «© «© 8 » «8 «@ 160 " 150 " 

Chioride »« »« «© « s e s» © © # « » 20 " 15 " ; 

Fluoride « « »« © e «© © © © e « «8 -- -- <0.5 " 

Nitrite. »« »« «© e ©» » « © » » « 8 0.0 4-27-64 0.0 " 

Nitrate. « »« «© « s « © » «© e «@ « -- -- 2. | " 

Phosphorus « 6 « © « © » e © © @ -= -- 0.32 " / 

Cyanide. « «© « « ©» « © «© © «© «© « -- =~ | <0.01 12-21-64 

Oil. «© » © © ©» » © © © © © © 2 -= -- < | 9-30-64 

Detergents . » =» 8» » © © © © « » QO. | Y= 27-64 0.0 -- 

Dissolved Solids «© « « « s «© « »« U70 " 575 " 

Hardness » ss es + we ee te ae 43 | n 394 n 
Noncarbonate HardnesSe « « « « e 190 " U5 " 

Calcium Hardness .« « «© «© «© « « « 239 " 213 " 

Magnesium Hardness .« « © « «© « « 192 " 18 | " 

Alkalinity P .« « «© » © « © « « « 0 " 15 " 

Alkalinity M . « «© © «© «© » «© « « 240 " 330 " 

Specific Conductance . « « » « » 730 " 708 " i 

pH « © © © e #© © © «© © © © © © 2 8.0 " 8.0 " 

Color. « 2» © © « «© © © «© «© © © 8 65 " 60 " 

| Turbidity. .« « « © « « « « « « « 10 " 7 " 

Biochemical Oxygen Demand. .. -« 2.6 " 3.1 " ; 

Dissolved Oxygen « « « « © « «@ « 8.5 " 9.7 " 

Coliform Count .« « « « © «© «© « 2 1, 200 " -- -= 

Temperature (°F) « « « « e «© « « 56 " 56 9-30-64 i 

Source: SEWRPC. 

Table 177 i 

WATER QUALITY CONDITIONS OF CEDAR CREEK (1964-1965) 

Er ———————EEE EEE EoEEeenE—————EEE TE llr _—_— —E—_E:_[_———El—e—TlTll—E—EE—EEET_E_EOE—[—T 

rene i Parameter of 

Chloride (ppm) . « . « ws eas 130 25 15 16 : 
Dissolved Solids (ppm)... . 730 505 330 16 

Dissolved Oxygen (ppm)... . 13.4 7.5 0 25 
Coliform Count (MFCC/100 ml) . 120,000 17, 200 100 24 7 
Temperature (°F)... . + ss 9 | 5 | 32 25 

Source: SEWRPC. i 
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Figure 28 Figure 29 

{ DISSOLVED OXYGEN CONCENTRATIONS IN COLIFORM COUNT IN THE NORTH BRANCH 

THE NORTH BRANCH M ILWAUKEE RIVER MILWAUKEE RIVER AND CEDAR CREEK 
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The coliform counts of samples collected from Cedar Creek at stations MI-7 and MI-8 varied from 

120,000 MFCC/100 ml at station MI-7 in August 1964 to less than 100 MFCC/100 ml in January 1965 at 

i station MI-8. The maximum, average, and minimum coliform counts for the period June through Septem- 

ber 1964 at stations MI-7 and MI-8 were 120,000, 65,000, and 100 MFCC/100 ml and 40,000, 19,300, and 

800 MFCC/100 ml, respectively. The variations in the coliform counts of Cedar Creek at stationMI-8 are 

i shown in Figure 29. 

The maximum temperature of Cedar Creek of 91°F occurred in June 1964 at station MI-7. The maximum, 

average, and minimum temperatures for the period June through September 1964 at stations MI-7 and MI1-8 

i were 91°, 74°, and 58°F and 85°, 72°, and 56°F at stations MI-7 and MI-8, respectively. 

Streamflow and Precipitation: Cedar Creek is a shallow meandering stream, which most of the year 

occupies a relatively wide channel between stations MI-7 and MI-8. At station MI-8, Cedar Creek had 

i maximum depth of 1 1/2 feet and a width of 83 feet when surveyed in January 1964. 

The U. S. Geological Survey has a wire-weight gaging station on Cedar Creek near Cedarburg (at sam- 

j pling station MI-8). The gage is read twice daily. Flow measurements computed from the stream stage 

readings are listed in Table 178 for the period January 1964 through February 1965. Precipitation data 

are listed in Table 167. 

i Forecast Quality of Cedar Creek for the Year 1990: Population studies by the SEWRPC indicate that sig- 

nificant growth in population will occur in the sub-watershed of Cedar Creek by the year 1990 in and around 

the City of Cedarburg and the Village of Jackson. The estimated population of Cedarburg was 5,400 in 

i 1963 and is expected to be as much as 15,300 by the year 1990, according to the alternative regional land 

use plans, The service area of the Milwaukee metropolitan sewerage system, however, may be extended 

to include Cedarburg; and, thus, the pollution impact from this urbanized area would be diverted from 

i Cedar Creek to Lake Michigan. At Jackson the estimated population was 500 persons in 1963. The sewage 

effluent from this village will continue to be discharged into Cedar Creek. Tables 169 and 170 list the 

estimated populations connected to, and the estimated sewage flow rates of, the existing and proposed 
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Table 178 

DISCHARGE? OF CEDAR CREEK NEAR CEDARBURG, WISCONSIN: ; 

JANUARY 1964 THROUGH FEBRUARY 1965 
eee e errr errs ccc eae 

Streamflow (in cfs) 

Day 196u | tees 

bee eee 3.2 9.4 8.0 28 65 13.8 3.0 27 10.6 | 24 12.4 | 30 10 7.0 
Qe se eee 3.3 9.2 12 35 | 421 13.8 5.5 24 13.8 | 22 18.0 | 20 13 6.8 
Ze ee 3.7 9.0 15 118 | 430 Iu. 5 9.0 22 20 20 18.0 | 15 20 6.6 ! 
Yee ee ee 5.4 9.2 17 91 [102 14.5 7.4 20 26 16.6 | 15.9 | 14 18 6.4 

re 8.0 | 10 15 86 [116 13.8 5.8 15.9 28 15.9 | 15.2 | 13 15 6.2 
Gee ee we | IS VI 14 167 | 107 13.1 6.7 14.5 26 15.9 | 15.2 | 12 13 40 
Tauweeee | UI 12 25 230 88 13.1 7.8 13. | 2 5.9 | 14.5 | 11 13 50 
Bee ee ee 8.0 | 11 22 173 9 | 13. | IL.7 11.7 2 15.9 | 14.5 | 10 14 60 
9... eee 6.6 | 10 19 118 86 13.1 [1.7 10.2 2 | 16.6 | 14.5 | 10 13 90 
lO. we ees 5.6 9.4 17 93 73 9.8 8.6 9.8 20 17.3 | 14.5 | 10 LI 110 
[bee ee ee 4.9 9.2 18 75 63 7.8 7.4 10.6 23 16.6 | 14.5 | 14 9.0 | 150 | 
[De we ee 4.6 9.2 22 65 56 7.4 7.4 9.8 2 | 15.9 | 14.5 | 16 7.8 | 170 
IB. 0 ee ee 4.3 8.8 35 63 53 7.8 8.2 9.0 17.3 | 15.2 | 13.8 | 17 6.8 | 180 
Ibe ee ee 4. | 8.4 | 100 58 5 | 6.7 7.8 7.8 16.6 | 14.5 | 13.8 | 18 6.4 | 150 
[Bee ee 4.0 8.2 | 150 53 48 7.0 7.4 7.0 16.6 | 14.5 | 13.8 | 17 6.0 | 120 
IG ee ee ee 4.0 8.0 | 250 5 | 63 7.8 6.4 6.7 17.3 | 13.8 | 16.6 | 15 5.8 94 
[Tw ew ee ee 4.0 8.2 | 150 46 68 8.2 6.1 6.4 15.9 | 13.8 | 15.2 | U4 5.6 88. | 
IB ee eee 4.4 8.4 39 5 | 60 7.8 86 6.4 15.9 | 12.4 | 14.5 | 12 5.6 86 
IQ. we eee 5.4 8.8 37 48 5 | 7.4 | 488 7.8 27 12.4 | 1.7 | 10 6.0 84 
20. ee eae 7.0 9.2 50 44 4 7.8 | 901 8.6 39 11.0 9.0 9.2 7.0 88 
Qe ee eee 9.0 8.8 46 287 35 6.7 | 847 24 63 11.0 8.6 8.8 | 10 86 i 
22 ee ee ew ew | 48 8.4 47 121 30 6.7 | 568 60 Q| 11.0 8.2 9.0 | 15 70 
23 2... ees | 18 7.8 48 88 25 8.2 | 379 14 102 12.4 | 10.0 9.2 | 19 56 
au... . es | 25 7.6 48 65 24 8.2 | 236 83 78 12.4 | 12.4 9.6 | 20 46 
25... sss | 60 7.5 37 53 22 5.8 | 121 44 53 12-4 | 13.8 | 10 19 38 
26... «es | 46 7.4 30 46 2| 4.9 78 26 42 12.4 | 14.5 9.8 | 16 34 
27» ww ew es | 8h 7.4 27 65 19.0 4.3 60 2 I 35 12.4 | 15.2 9.2 | 13 30 
98... sss | 25 7.3 25 99 16.6 3.8 60 16.6 30 11.7 | 4o 9.0 | 11 70 
29... ees | 17 7.2 24 96 15.9 3.2 53 14.5 28 12.4 | 60 9.0 8.2 -- 
30... eee | 18 -- 24 78 15.2 2.9 37 13.8 27 12.4 | 50 9.2 7.6 -- 
31... ees | 10 -- 25 -- 13.8 -- 32 12.4 -- 12.4 | -- 9.2 7.6 -- | 

4 Underscored flow measurements indicate days when sampling occurred on Cedar Creek. 

Source: USGS. 

sewage treatment plants in the Milwaukee River watershed for the year 1990, including the Village of 

Jackson. The forecast quality of Cedar Creek for the year 1990 is indicated in Table 179. 

Milwaukee River Estuary i 

Present Stream Quality: One sampling station, Ml-12, was established by the SEWRPC in the Milwaukee 

River estuary. The flow system in this part of the Milwaukee River is extremely complex, with massive 

movements of water in constantly shifting currents at differing depths and in varying directions. Currents 

tens of feet wide and at least three feet deep have been observed to move upstream parallel to one bank, 

then suddenly shift to a downstream direction at about a 30 degree angle away from the same bank. Lake 

Michigan water probably enters the lower reaches of the Milwaukee River and moves as far upstream as 

station Ml1-12 (or even farther upstream), causing an equally complex variety of constantly changing i 

admixtures of river and lake water. 

The establishment of sampling station Ml-12 was intended to provide data on the quality of the Milwaukee 

River estuary solely for comparison purposes. Representative samples of the Milwaukee River estuary i 

cannot be expected from a point sample at a given instant at a given stream depth. Consequently, the 

stream quality data presented in Tables 180 and 181 should be used with extreme caution and only within 

context. No forecast of stream quality of the Milwaukee River estuary for the year 1990 is made in i 

this study. 

MINOR STREAMS TRIBUTARY TO LAKE MICHIGAN 

The composite watershed comprising minor streams that are tributary to Lake Michigan ranks third in 7 

population and seventh in size as compared to the other 11 watersheds of the Region. An estimated 218,000 

7 Based on SEWRPC estimate for 1963. ' 
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Table 179 

i FORECAST QUALITY OF CEDAR CREEK: 1990 ALTERNATIVE LAND USE PLANS 
ee rere serene errr rrr eee eee 

f Li Stream Controlled Satellit ; Sampling . ontrolile ate e 
P t ualit . 

Stream er amet Station " gu Existing Corridor City 
Plan Trend Plan Plan 

; Chloride M1l-7 

(in ppm) M1-8 

i lved 
i p Soli ie M1-7 565° 600 650 650 

a (in ppm) M1-8 575 600 600 650 

Cedar Di lved 

f Creek Oxygen M1-7 5. 4 More than 4.0 
(in ppm) M1-8 7.0 More than 6.0 

| Coliform 

Count M1-7 65,000? 200,000 250,000 330,000 
(in MFCC/ M1-8 19, 300 50,000 70,000 90,000 

100 ml) 

i 2 Based on analyses for September 1964. 

b Based on average for the period June through September 1964. 

i Source: SEWRPC. 

persons reside in this composite watershed, which has a total area of 93 square miles and an average 

population density of 2,350 people per square mile. Principal land uses include agricultural and resi- 

i dential, which together comprise over 66 percent of the total area of the composite watershed. The areas 

within the watershed devoted to each of eight major land use categories, are listed below in Table 182. 

i Three streams were studied by the SEWRPC in the composite watershed: Sucker Creek in Ozaukee County 

and Pike Creek and Barnes Creek in Kenosha County, Wisconsin. Sucker Creek rises within the Region 

about two miles northeast of the Village of Belgium and flows southward to its point of discharge into 

Lake Michigan, about three miles north of the harbor at the City of Port Washington. Pike Creek rises 

near the north central suburbs of the City of Kenosha and flows east and southeastward through the City of 

Kenosha to Lake Michigan. The lower reaches of the creek flow through a large-diameter subterranean 

culvert. The source of Barnes Creek is at a point two miles north of the Illinois State line and less than 

i one mile from Lake Michigan. This small creek flows northeast, east, and southeast to Lake Michigan. 

Sucker Creek flows through a low broad valley between two end moraines of red glacial drift paralleling 

i Lake Michigan. Pike Creek flows off the eastern slope of a broad end moraine paralleling Lake Michigan 

immediately west of the City of Kenosha and deepens its channel as it meanders through a belt of emerged 

beach deposits located between the end moraine and Lake Michigan. Barnes Creek rises within this belt 

i of emerged beach deposits, forms a large bend directed northward, and flows to Lake Michigan. 

Sucker Creek 

Present Stream Quality: One sampling station, Mh-1, was established on Sucker Creek. Station Mh-1 is 

; located 5.5 miles downstream from the source of Sucker Creek and 3.3 miles upstream from where the 

creek enters Lake Michigan. 

i Sucker Creek apparently has a relatively constant total mineralization. In two complete chemical analyses 

run on stream samples collected from Sucker Creek, calcium was the predominant cation at concentra- 

tions of 129 and 140 ppm in April and October 1964, respectively. Sulfate and bicarbonate were the 

i predominant anions, sulfate being predominant in April at 420 ppm. Bicarbonate was the predominant 
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Table 180 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES i 

COLLECTED AT SAMPLING STATION ML-12 AT THE MILWAUKEE RIVER ESTUARY: 1964 

Date of Date of | 

Silica . . « « © «© «© « «© © 8 «8 « | 4-27-64 4 9-30-64 
}ron .« 2 © «© «© «© © 8 © © © 8 © 2 0.12 " 0.06 " , 

Manganese. . «+ + + © © we we we ee -- -- 0.03 " : 
Chromium . « «© «© «© «© © «© «© 28 «@ «8 -- -- -- -- 

Hexavalent Chromium. . . « 2» « o -- -- -- -- 

Calcium. . « « «© © © © © © «© «@ ¢ 8 | 4-27-64 57 9-30-64 i 
Magnesium. « «© «© «© © «© © © «© © 6 40 " 25 " 

Sodium (and Potassium) .... . 15 " 30 " 

Bicarbonate. . «+ « « © 8 e@ wa 270 " 255 " a 
Carbonate. « « «© «© «© «© © © © «@ « 5 " 5 " | 

Sulfate. . « »« «© «© 8 «© © 8 e « « 105 " 62 " 

Chloride . . « « «© »© «© «© »#© «8 « 2 u5 " 20 " 

Fluoride ». « « « « «© «© «© «© «© ow « -- -- -- -- i 

Nitrite. ». » 2» © © «© 8 8 © » «@ 2 0.0 4-27-64 0. | 9-30-64 
Nitrate. . « « « «© «© »© «© «© «@ » -- -- 2.4 " 

Phosphorus « « « «© «© « «© e «# « 2 -- -- -- -- 

Cyanide. .« « « «© «© «© «© © © wp « 28 -- -- -- -- i 

Oil. . 2 ew ew ew ee ee ll -- -- -- -- 

Detergents »« « « «© © « « © « « « 0.0 U-27-64 0.1 9-30-64 
Dissolved Solids . .«. « «© «© «2 « « 420 " 330 n 

Hardness « « « «© «© 8 «© «© «© «@ © @ 366 " 247 " , 

Noncarbonate Hardness. « « « « « 140 " 30 " 

Calcium Hardness 2. « « « «© «© « « 202 " 142 " 

Magnesium Hardness . -« « « « « « 164 " 105 " 

Alkalinity P «2. 2. © «© «© © «© «@ 2.5 " 2.5 " i 

Alkalinity M. . « «© «© «© © 2 « . 225 " 215 " 

Specific Conductance .....« « 696 " 508 " 

PH ee ew ee ee ew ee 8.4 " 7.6 n i 
Color. « « «© «© © « e «© «© 8 « © 2 U5 " 4UQ " 

Turbidity. »« « «© « «© «© «© we we we 6 " 10 " 

Biochemical Oxygen Demand. .. . 5.6 " U3 " 

Dissolved Oxygen . «© 2 « « 2 « « 5.8 " 8.8 " f 

Coliform Count . «© «© «© « «© © « « 110,000 " 13,000 " 

Temperature (°F) . . «© 2 we wee 57 " 58 " 

Source: SEWRPC. i 

Table 181 

WATER QUALITY CONDITIONS OF THE MILWAUKEE RIVER ESTUARY (1964-1965) i 
cn ss fs 

= | Parameter of 

Chloride (ppm) « « « « « « « « «2 45 35 20 i 

Dissolved Solids (ppm) . « « « e 420 375 330 

Dissolved Oxygen (ppm) . . . « « 12.0 6. | 2.0 

Coliform Count (MFCC/!00 ml). . 150,000 41,000 3,000 

Temperature (°F) . . « « « « « 79 59 33 f 

Source: SEWRPC. 
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Table 182 

i EXISTING LAND USE IN THE COMPOSITE WATERSHED:7% 1963 

Land Use Percent of Total Watershed Breer] Teter mt ere 
Agricultural .« « « «© e «© «© «© «© «© « 38.2 24,431 41.05 

Residential. « »« « e © «© 8s « « « « 23.6 15,087 25.35 

j Transportation-Communication . « -» 11.7 7,453 [2.52 

Woodland, Wetland, and Unused Land 9.9 6, 347 10.67 

Park and Recreational. « « « « « « 3.4 2,153 3.62 

i Governmental-Institutional . .. » 2.6 1,697 2.85 

Industrial . « s e » «© © « «© © « « 2.6 1,688 2.84 

Commercial .« « © « «© « © © © «© «8 « 1.0 652 1. 10 

a a 
@ Comprised of minor streams within the Region which are tributary to Lake Michigan. 

Source: SEWRPC. 

i anion in October at 415 ppm. Maximum nitrate concentration was 2.4 ppm. Total phosphorus was 0.24 ppm 

on October 15, 1964. Selected water analyses of Sucker Creek at station Mh-1 are listed in Table 188. 

i Water quality conditions of Sucker Creek are indicated in Table 184. 

The chloride concentration in Sucker Creek was 30 ppm in April and in October 1964. Assuming a "“back- 

ground" chloride concentration of 10 ppm, there was a chloride impact upon the stream of 20 ppm from 

f human sources. 

The dissolved solids concentrations were 790 ppm in April and 725 ppm in October 1964. The assumed 

; "minimum background" concentration of dissolved solids is 690 ppm. Sulfate and bicarbonate were the 

principal ions involved in the change in chemical quality of Sucker Creek. Sulfate concentrations were 

420 and 258 ppm in April and October, respectively. Bicarbonate concentrations were 220 ppm in April 

i and 415 ppm in October. 

The dissolved oxygen concentrations in Sucker Creek varied from 10.0 ppm in February 1965 to 0.3 ppmin 

November 1964. During the period June through September, the maximum, average, and minimum concen- 

J trations were 9.1, 4.1, and 0.4 ppm, respectively. As shown in Figure 30, the dissolved oxygen concen- 

: trations inSucker Creek were less than5.0 ppm during six consecutive monthly samplings from August 1964 

through January 1965. Critical concentrations of 3.0 ppm or less occurred in August, September, October, 

i and November. 

Coliform counts in SuckerCreek were found to be extremely variable and ranged from 140,000 MFCC/100 ml 

g in November to less than 100 MFCC/100 ml in June 1964. During the period June through September, 

i the maximum, average, and minimum coliform counts were more than 6,000, 2,000, and less than 

100 MFCC/100 ml. Sucker Creek is a small stream and has a sluggish flow. The lack of consistency in 

the coliform counts in this stream probably indicates a source or sources of bacteriological pollution that 

i affect the quality of the stream intermittently. Higher counts in Sucker Creek occurred when the stream 

was sampled one to two days after a moderate rainfall that followed a period of no precipitation. An evalua- 

tion of available data indicates that the occasional bacteriological pollution of Sucker Creek may be from | 

agricultural sources. Figure 31 shows the coliform counts in the minor streams of the Lake Michigan 

5 watershed. It should be noted that the vertical scale in this figure emphasizes coliform counts in the range 

0 to 5,000 MFCC/100 ml. 

i The maximum temperature of Sucker Creek was 78°F in June 1964 and averaged 66°F for the period June 

through September 1964. Figure 32 shows the monthly variations in the temperature of Sucker Creek at 

' station Mh-1 as compared to the temperature of Pike Creek and Barnes Creek. 
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Table 183 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES i 

COLLECTED AT SAMPLING STATION MH-1I ON SUCKER CREEK: 1964 

ee 

ee ee ee ’ 

Parameter Analysis Analysis 
Collection Collection 

Silica se ee ee ew we ewe 2 4-16-64 9 10-15-64 i 
[ron « «© © © «© «© © © «© © 8 @ «@ 2 0.03 " 0.04 " 

Manganes@€e.e « « « © © © 8» e @ «8 «2 -- -- 0.00 " 

Chromium .« « «© © © © © e © « « 2 -- -- <0.005 " 

Hexavalent Chromium. .« « « «2 « « -- -- 0.00 " : 

Calcium. « « «© «© © «© © © © © @ 2 129 4-16-64 140 " , 

Magnesium. « « » » » «© © « 8 e « 63 " 62 " 

Sodium (and Potassium) . . « » « 35 " 20 " 

Bicarbonate. « »« » © «© «© © se « 2 220 " WIS " g 

Carbonate. « « «© «© 8 © © 28 e «@ 28 0 " 0 " 

Sulfate.e. « »« « « «© © « # « « « e@ 420 " 258 " 

Chloride .« « «© « © e © © « © «© » 30 " 30 " 

Fluoride .« « «© »« « « « «© « « « «@ -- -- 0.85 " i 

Nitrite. « »« © « » © «© © © 0© © e 0.0 4- 16-64 0.0 " 

Nitrate. .« « © «© » e 8s © © »© @ 2 -- -- 2.4 " 

Phosphorus « « « © e « 8 8 # « @ -- -- 0.24 " 

Cyanide. « « « « © «© » © © «© «© «@ -- -- -- -- i 

Oile « «© © «© « «© © © © © © © © -- == <2 10-15-65 

Detergents . « «© « 8» © «© © «© @ 8 0.1 4-16-64 0.1 " 

Dissolved Solids .« « « » « « « « 790 " 725 " 

Hardness « « « «© » « © » e e «8 2 582 " 606 " ? 

Noncarbonate Hardness. « « « « « 400 " 265 " 

Calcium Hardness .« « « © «© «© «© » 322 " 349 " 

Magnesium Hardness .« « «© « «© « »@ 260 " 257 " i 

Alkalinity P 2. « « « «© «© « «© «@ « 0 " 0 " 

Alkalinity M .« « « © « © «© # «@ e@ 180 " 340 " 

Specific Conductance «4 « « « « « 1,020 " 1,030 " 

PH »« «© 8 © © © © © © © © © © © 2 8.0 " 7.2 " | 

Color. « «© « © » «© e © © «© e « 2 125 " 75 " 

Turbidity. « »« © « « « © © « « « zZ " 2 " ; 

Biochemical Oxygen Demand. «2. . 1.6 " | " 

Dissolved Oxygen . « « «© «© » « » 7.4 " 3.0 " i 

Coliform Count .« « «© «© «© © » «© « 400 " |, 600 " : 

Temperature (°F) . « « «© « © w 2 U6 " 52 " 

Source: SEWRPC. i 

Streamflow and Precipitation: Sucker Creek is a relatively shallow stream occupying a narrow channel. » 
Near sampling station Mh-1, a distance 5.5 miles downstream from the source, the stream had a maximum f 

depth of approximately 1 foot and a width of 9 feet when observed under low-flow conditions inOctober 1964. 

The flow of Sucker Creek was measured by the SEWRPC in the spring and autumn of 1964 during periods i 

of relatively high and low flow. The streamflow data are listed in Table 185. Table 186 indicates the daily 

precipitation at Port Washington, Wisconsin. 

Forecast Quality of Sucker Creek for the Year 1990: Population studies by the SEWRPC indicate that in i 
1963 there were 950 people living in the Sucker Creek sub-watershed. Table 187 indicates the estimated 

populations for the year 1990 under the three alternative regional land use plans. No estimates of sewage 

flow rates are listed because the population of this sub-watershed is presently served by and will probably i 

continue to be served by private septic tank systems to 1990. Table 188 indicates the future quality of 

Sucker Creek. ' 
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Pike Creek 
i Present Stream Quality: One sampling station, Mh-2, was established on Pike Creek. Station Mh-2 is 

located 2.8 miles downstream from the source of Pike Creek and 1.4 miles upstream from where the creek 

enters Lake Michigan. 

j Pike Creek is predominantly a calcium bicarbonate stream subject to medium changes in total mineraliza- 

tion. In seven complete chemical analyses run on samples collected from Pike Creek, calcium and sodium 

were the predominant cations. Calcium occurred as the predominant cation in the four samples collected 

i between June and November at concentrations ranging from 77 to 43 ppm. Sodium occurred as the pre- 

dominant cation in the three samples collected between December 1964 and February 1965 at concen- 

trations ranging from 175 to 160 ppm. Bicarbonate and chloride were the predominant anions, ranging 

i from 305 to 205 ppm and from 285 to 220 ppm, respectively. Bicarbonate was the predominant anion in the 
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Table 184 

WATER QUALITY CONDITIONS OF SUCKER CREEK (1964-1965) , 

Numerical Value Number 
Parameter of 

Chloride (ppm) .« « « « «© « « « 30 30 30 | 

Dissolved Solids (ppm) . .. « 790 760 725 

Dissolved Oxygen (ppm)... -. 10.0 4.3 0.3 

Coliform Count (MFCC/ 100 ml) . 140,000 18,800 <100 

Temperature (°F). «2 « « « « 78 52 32 i 

S$ : . Source: SEWRPC Table 185 | 

STREAMFLOW MEASUREMENTS OF SUCKER CREEK: SPRING AND AUTUMN 1964 i 

Sampling Streamflow Previous 4-Day 

Station Date (cfs) Rainfall (in inches)? i 

Y= 25-64 

10-15-64 

4 Measured at U. S. Weather Bureau Station at Port Washington, Wisconsin. i 

Source: U. S. Weather Bureau and SEWRPC. 
Table 186 

PRECIPITATION@ AT PORT WASHINGTON, WISCONSIN: JANUARY I1964 THROUGH FEBRUARY 1965 5 

Feb_[ War_| Aor | May | Jun | Jul | Aug | Sep | dct | Nov | Dec | Jan | Feb 
bo 0 © © @ ew 8 -- -- -- -- 0.30 -- 0.79 -- -- -- 0.02 0.07 0.15 0.03 

) a -~ -- -- 0.76 0.37 0.19 -- -- 0.19 -- 0.38 0.04 0.14 -- 

Be we we ee -- -- -- -- -- -- 0.02 -- 0.46 -- -- 0.04 -- -- 
Ye. 2 © © © ew 8 hw lt -- -- 0.67 -- 0.01 =< -- -- -- -- 0.05 0.02 -- -- 

5 e ® e . e e a e e -- _- 0.92 0.85 0.52 == -—=- -—— ~—= =o —_- = o= -= 

6 2 2 © © © © ew 8 lt -- -- 0.04 0.80 0.04 -- 1.63 -- 0.01 -- -- -- -- -- 

7 0 © © © © © © 8 -- -- -- -- 0.10 -- 0.24 -- -- 0.02 -- -- -- 0.01 

B 2. 6 6 se te ew tl 0.01 -- 0.35 -- 0.04 -- 0.05 -- 0.02 0.15 -- -- -- 0.08 

9. © » © © © 8 8 -- 0.02 -- -~ -- -- -- “- 0.68 -- -- -- -- 0.22 

10 . «© «© © © we ew -- -- -- -- -- -- “= -- 0.41 -- -- 0.08 -- 0.04 

ll we ee we ew we 0.18 -~ -- -- -- -- -- 0.01 -- -- -- 0.01 -- 0.24 
12 «© «© © © «© © 8 «© 2 “= 0.11 -- -- -- -- -- -- -- -- 0.15 0.22 0.01 O.11 

13 . 2 © © © we ew ew -- -- -- -- O.l| “- 0.67 -< -- -- =~ -- -- -- 

ee ee ee er -- -- 0.04 -- -- 0.07 0.03 -- 0.14 -- -- -- 0.03 -- 

15 2. 6 © @ © ew ew wl -- -- “- -= -- 0.22 -- -- -- -- 0.25 -- 0.01 -- 

16 ~. 2 © © © «© © @ 2 -- -- -- -- 1.01 -- -- -= =- -- -- -- -- -- 

17 2. «© © © © © 8 @ -- -- -- 0.20 -- 0.18 0.50 -- -- -- -- -- -- -= = 

18 « « © © 8 © © 8 -- -- -- -- 0.02 -- 0.84 0.26 a -- -- -- -< -- 

19. ww we we ww we | COLO -- -- -- -- -- -- -- -- -- -- 0.02 -- -- 
20. «© © © © tw tw 0.30 -- 0.04 -- -- -- 0.86 0.86 0.57 -- 0.19 -- -- -- 

21 2. 6 © we ew et -- -- -- 1.25 -- 0.03 0.10 1.60 0.27 -- -- ~- -- -- 

22 2. © ew we tll lll -- -- -- -- -- 0.45 -- O.11 -- -- -- -- 0.38 -- 

23 « © ew ew te et ells -~- 0.03 -- -- -- -- -- -- 0.06 -- -- -- 0.61 0.20 

| er er er ee 0.75 -- -- -- 0.15 -- 0.07 -- -- -- -- -- 0.19 0.09 

ys a a er ee er 0.02 -- 0.28 == -- -- 0.77 -- -- -- -- 0.02 0.01 -- 

26 « © @ © © @ 8 8 -- -- 0.17 0.37 -- -- -- -- 0.08 -- 1.12 -- 0.72 -- 

27 «© «@ te we tlt ltl lt -- -- 0.03 0.89 -- -- 1.03 -~ -- -- 0.26 -- 0.01 -- 

28 2. 8 8 ew te tll tl -- -- -- 0.10 -- -- -- -- -- -- -- -- -- -- 

er -- -- -- -- -- == -- -- °° -- -- -- -- -- 
30. « « © © ew ew wo -- -- -- 0.07 -- -- -- 0.05 -- -- -- -- -- -- 

3h. «© © © © «© 8 8 -- -- -- -- 0.01 -- -- -- -- -- -- -- 0.41 -- 

Donut pape paw few fenlinrelaeleofamfaelonizrtia] ff 
@ Precipitation measured in inches. Trace quantities not included. ; 

Source: U. S. Weather Bureau. ; 
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Table |87 

f ESTIMATED POPULATION OF THE SUCKER CREEK SUB-WATERSHED: 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 

i Estimated Population 

| Location ee Controlled corridor Satellite 
Existing Plan City 

Trend Plan Plan 

Sucker Creek 

f Sub-Watershed 950 1,080 

f Source: SEWRPC. 

i Table 188 

FORECAST QUALITY OF SUCKER CREEK AT SAMPLING STATION MH-I: 

1990 ALTERNATIVE LAND USE PLANS 

i Forecast Ouality for 1990 
Stream - 

Stream Sampling Parameter Quality Controlled Corridor Satellite 
j Station in 1964 Existing Plan City 

Trend Plan Plan 

i Chloride 

(in ppm) 

Dissolved 

| Solids 

i (in ppm) 

Sucker 

Creek 

| Dissolved 

Oxygen 4.15 From 3.5 to 4.5 
(in ppm) 

i Coliform 

Count 
(in MFCC/ 2,000° From 1,500 to 3,000 

100 ml) 

4 Based on analysis for October 1964. 

| b Based on average for the period June through September 1964. 

5 Source: SEWRPC. 

221



samples where calcium was the predominant cation. Conversely, chloride was the predominant anion in 

those samples where sodium was the predominant cation. Maximum nitrate concentration was 6.1 ppm. B 

Total phosphorus was 0.80 ppm on October 16, 1964. Selected analyses of Pike Creek at station Mh-2 are 

listed in Table 189. Water quality conditions of Pike Creek are indicated in Table 190. 

The chloride concentrations in Pike Creek varied from 285 ppm in February 1965 to 20 ppm in June and i 

November 1964. Assuming a "background" chloride concentration of 10 ppm, the chloride impact upon 

the stream was as much as 275 ppm from human sources, i 

The dissolved solids concentrations varied from 780 ppm in February 1965 to 260 ppm in November 1964. 

The assumed "background" concentration of dissolved solids is about 325 ppm. The principal ions that 

occurred in higher concentration in February than in November were chloride and sodium. In the samples | 

collected in June, September, October, and November 1964, the chloride concentrations ranged from 

45 to 20 ppm. The corresponding sodium concentrations ranged from 70 to 35 ppm. In December 1964 and 

in January and February 1965, the chloride and sodium concentrations increased markedly. During these f 

Table 1489 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

COLLECTED AT SAMPLING STATION MH-2 ON PIKE CREEK: 1964 i 

Date of Date of 

Parameter Analysis Collection Analysis Collection i 

Silica . « «© «© « © «© «© «© © «© «© «8 « 5 6-11-64 5 10-16-64 

[rom « « © © © © © 8 @ © 8 @ ow -- -- 0.05 " 

Manganese. »« « «© «© «© «© «© 8 8 «© «© ¢ -- -- 0.01 " i 

Chromium . . « 2 «© © «© © © © «© @ -- -- <0,005 " 
Hexavalent Chromium. . « » « « «© « -- -- 0.00 " 

Calcium. . «© « «© «© «© «© © » «© @e «© «8 59 6-11-64 77 " | 

Magnesium. . « « « «© « «© © © «© «@ 8 22 " 33 " 5 

Sodium (and Potassium) ..... . 35 " 70 " 

Bicarbonate. .« «© «© «© «© «© © © © « « 205 " 305 " 

Carbonate. . .« «© «© «© © «© «© e «© « » 0 " 0 " i 

Sulfate. . 2 1 « © © © 8 ee ee 112 " 160 " 
Chloride . . «© « «© © «© «© «© «© © « « 20 " 45 " 

Fluoride .« .« « «© «© «© «© «© © «© © « « -- -- <0.55 " 

Nitrite. «© «© «© «© © «© 8» © © © 2 « 2 0.0 6-11-64 0.4 " i 

Nitrate. . « © « «© «© © «© © © «© «@ -- -- 2.0 " 

Phosphorus . .« « «© © «© «© #8 «© « «© 2 -- -- 0.80 " 

Cyanide. . 2. 1 «© «© © © © we we -- -- <0. bl-tl-64 

Oil, 2 oe ee ee ee ee ke -- -- < | 10-16-64 8 
Detergents . 2. «© « © © «© «© «© © w 6 0.1 6-11-64 -- -- 

Dissolved Solids . . « « « «© » « « 355 " 540 10-16-64 

Hardness .«. «© « «© © «© «© © © 2© © «© « 240 " 327 " 

Noncarbonate Hardness. « « « « © 2 70 " 75 " | a 

Calcium Hardness . ». « « «© «© «© w@ 2 147 " 193 " 

Magnesium Hardness . « 5» « «© « « « 93 " 13y " 

Alkalinity Pw... ee ew we wee 0 n 0 n 
Alkalinity M .« 2. 2 5 © © © «© © « 2 170 " 250 " 

Specific Conductance .... « « « 538 " 740 " 

PH 2. 2 6 we we ew te el ll 7.4 " 7.4 " 

Color. . « «© © 5» «© «© © © © «© «© «@ « 20 " 5 " i 

Turbidity. . . ee ee we ew ee es 10 nl 10 " 
Biochemical Oxygen Demand. ... . }2.1 " u.0 " 

Dissolved Oxygen . 2 «© « «© © «© « 9.8 " 4.2 " 

Coliform Count . . . 6. «© «© «© «© «© 2 28,000 " 60,000 " i 

Temperature (°F) . . 1 se ew we ee 70 " 60 " ; 

Source: SEWRPC. i 
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last three months of sampling, chloride concentrations ranged from 285 to 220 ppm, and sodium concen- 

f trations ranged from 175 to 160 ppm. Pike Creek was also receiving hot liquid wastes in sufficient quan- 

tities during the last two winter months to build up the stream temperature to 37°F when sampled in 

January and to 44°F when sampled in February 1965. The high sodium chloride concentrations of Pike 

i Creek are assumed to be of industrial origin. 

The dissolved oxygen concentrations of Pike Creek varied from 12.0 ppm in January 1965 to 3.5 ppm in 

November 1964. During the period June through September 1964, the maximum, average, and minimum 

5 dissolved oxygen concentrations were 9.8, 6.7, and 4.5 ppm, respectively. As shown in Figure 30, the 

dissolved oxygen concentrations in Pike Creek were less than 5.0 ppm at the time of sampling in August, 

October, and November 1964. Critical concentrations of 3.0 ppm or less did not occur at the time of 

i sampling during the 10 months of record at station Mh-2. 

Coliform counts varied from 740,000 MFCC/100 ml in August to 10,000 MFCC/100 ml in May 1964. The 

coliform counts in Pike Creek are consistently high, indicating a relatively constant source or sources of 

f bacteriological pollution. The relatively high level of the coliform count in Pike Creek appears unrelated 

to rainfall, indicating that the coliform bacteria are not carried into the creek principally by overland 

| runoff, There are no known sewage treatment plants on Pike Creek. The high coliform counts may be 

i of industrial origin. Figure 31 shows the variations in coliform counts in the Pike River at sampling sta- 

tion Mh-1 in comparison to the coliform counts in Sucker Creek and in Barnes Creek. 

The temperature of Pike Creek varied from 75°F in July to 33°F in December 1964 and averaged 70°F 

during the period June through September 1964. Figure 32 shows the monthly variations in the tempera- 

ture of Pike Creek at sampling station Mh-2 as compared to the temperature of Sucker Creek and of 

i Barnes Creek, 

Streamflow and Precipitation: Pike Creek is a shallow stream occupying a relatively deep channel. At 

sampling station Mh-2, a distance 2.8 miles from the source, Pike Creek was 1 foot deep and 12 feet wide 

5 when measured in October 1964, 

| The flow of Pike Creek was measured once by the SEWRPC during low-flow conditions in October 1964, as 

5 listed in Table 191. Table 43 indicates the daily precipitation at Union Grove, Wisconsin, 

Forecast Quality of Pike Creek for the Year 1990: Population studies by the SEWRPC indicate that in 

1963 there were 23,000 people living in the Pike Creek sub-watershed. Table 192 indicates the estimated 

5 population for the year 1990 under the three alternative regional land use plans. No estimate of sewage 

flow rates is listed because the population of this sub-watershed will be connected by 1990 to the City of 

| Kenosha sewerage system. Table 193 presents forecasts of future stream quality of Pike Creek. 

i Barnes Creek 

Present Stream Quality: One sampling station, Mh-3, was established on Barnes Creek. Station Mh-3 is 

t Table 190 

WATER OUALITY CONDITIONS OF PIKE CREEK (1964-1965) 

a 

i Numerical Value Number 
| Parameter of 

i Chloride (ppm) . . « « © «© w « 285 130 20 7 

Dissolved Solids (ppm) ... « 780 515 260 7 

Dissolved Oxygen (ppm)... . 12.0 7.1 3.5 10 

i Coliform Count (MFCC/100 ml) . 740,000 130,000 10,000 10 

Temperature (°F) . 2 2» we ow 75 57 33 10 

a Source: SEWRPC. 
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Table I91 

STREAMFLOW MEASUREMENT OF PIKE CREEK: AUTUMN I964 f 

Sampling Streamflow Previous 4-Day 

Station Date (cfs) Rainfall (in inches)? a 

@ Measured at U. S. Weather Bureau Station at Union Grove, Wisconsin. § 

Source: U. S. Weather Bureau and SEWRPC. 

Table 192 

ESTIMATED POPULATION OF PIKE CREEK SUB-WATERSHED: , 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 

Estimated Population . f 

Location Existing Controlled Corridor Satellite 

1963 Existing Plan City 

Trend Plan Plan 

Pike Creek 

Sub-Watershed 23,000 31,700 i 

Source: SEWRPC. Table 193 

FORECAST QUALITY OF PIKE CREEK AT SAMPLING STATION MH-2: 

1990 ALTERNATIVE LAND USE PLANS 

Forecast Quality for 1990 
Stream 

Stream Sampling Parameter Quality Controlled Corridor Satellite 
Station Existing Plan City 

| Trend Plan Plan i 

Chloride a 
(in ppm) U5 20 20 2 

Dissolved 5 

Solids 5402 500 
(in ppm) 

Pike Mh=9 B 

Creek 

Dissolved b 
Oxygen 6.7 More than 8 

(in ppm) J 

Coliform 

Count 268,000? Less than 10,000 f 
(in MFCC/ 

[00 ml) 

@ Based on water analysis for October 1964. i 

> Based on average for the period June through September 1964. 

Source: SEWRPC. 5 
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| located 3.3 miles downstream from the source of Barnes Creek and about 200 feet upstream from where the 

, creek enters Lake Michigan. 

Barnes Creek is a calcium bicarbonate stream having relatively constant total mineralization. In two 

chemical analyses run on stream samples collected in April and October 1964, calcium was the predominant 

f cation at concentrations of 95 and 98 ppm in April and October, respectively. Bicarbonate was the pre- 

dominant anion at 260 ppm in April and 380 ppm in October. Maximum nitrate concentration was 2.2 ppm. 

No sample of Barnes Creek was collected for phosphorus analysis. Selected water analyses of samples 

5 collected at station Mh-3 are listed in Table 194. Water quality conditions of Barnes Creek are indicated 

- in Table 195. 

i The chloride concentrations of Barnes Creek varied from 45 ppm inApril to 30 ppm in October 1964, If the 

assumed "background" chloride concentration were 10 ppm, there was a chloride impact upon Barnes 

Creek of as much as 35 ppm from human sources. 

| The dissolved solids concentrations varied from 585 ppm in October to 560 ppm in April. Whereas the 
cations remained relatively constant in concentration, bicarbonate concentrations increased 120 ppm 

Table 194 

f SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

COLLECTED AT SAMPLING STATION MH-3 ON BARNES CREEK: [964 

i Date of Date of 

Silica « . « s « © « « « «© 8 « ¢ 8 Y-9-6G4 10 10-16-64 

Iron . « « «© © © © © «© © © © @ 0.07 n 0.05 mn 

f Manganese. « « « » « « « © «© @ « -- -- 0.00 " 
Chromium . 2 « « «© © «© «© e@ «© @ 2 -- -- -- -- 

Hexavalent Chromium. . ... « -» -- -- -- -- 

i Calcium. . ww we we we ee ew ee 95 4-9-64 98 10-16-64 
Magnesium. « « « © © «© © © 8 @ 2 46 " 54 " 

Sodium (and Potassium) .... - 35 " 30 " 
Bicarbonate. « « « « »« « «© © «@ « 260 " 380 " 

Carbonate. « « « « © «© « © @ @ e@ 20 " 0 " 

i Sulfate. « »« « « «© 8» « « e #© 8 «6 182 " 176 " 

Chloride . « « « «© « « «© © e @ « U5 " 30 " 
Fluoride « . «6 « «© « « « ©» se e « -- -- -- -- 

f Nitrite... ew wee ee ee 0.0 U-9-64 0.0 10-16-64 
Nitrate. « « « « « «© e «© «© © we -- -- 0.7 " 

Phosphorus . « © « © © © 8 © « « -- -- -- -- 

Cyanide. « « « « «© «© e «8 e © «@ 8 -- -- -- -- 

i Oil. « «© «© © © © © © © «© © © 2 -- -- -- -- 

Detergents . . « « «© © © «© « «@ 2 0.0 4Y-9-64 0.1 10-16-64 

Dissolved Solids . « « « « e « « 560 " 585 " 

Hardness . « « « © © e « «© « « « 425 " 469 " 

g Noncarbonate Hardness. . « « « « 175 " 160 " 

Calcium Hardness .« .« « « « « «@ «2 236 " 245 " 

Magnesium Hardness . « « « « » »« [89 " 224 " 

Alkalinity P . « « «© « «© «© «© © «2 10 " 0 " 

i Alkalinity M « « « « © « «© © «© «8 235 " 310 " 

Specific Conductance . . « « « « 780 " 840 " 
pH . «6 © © © © © © © © © @ © © 28 8.7 " 8.0 " 

Color. « « « « «© © © © we we 20 " 0 " 
5 Turbidity. . se ee es ewes 7 n 2 n 

Biochemical Oxygen Demand. .. « 2.2 " 2. | " 

Dissolved Oxygen « « « « «© » « «2 12.5 " 15.2 " 

i Coliform Count . « «© « « «© © «@ « 1,100 " 10,000 " 

Temperature (°F) . . «2 we ee 43 " 56 " 

' Source: SEWRPC. 
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(from 260 ppm in April to 380 ppm in October), This increase in the dissolved solids concentration, due «é 

principally to increased bicarbonate concentration, was in part offset by decreased carbonate and chloride 5 

concentrations. 

The dissolved oxygen concentrations of Barnes Creek varied from 20.3 ppm in May to 6.7 ppm in Septem- 

ber 1964. During the period June through September, the maximum, average, and minimum dissolved | 

oxygen concentrations were 21.7, 12.2, and 6.7 ppm, respectively. Figure 30 shows the variations in the 

dissolved oxygen concentrations in Barnes Creek at sampling station Mh-3 in comparison to the dissolved 

oxygen concentrations in Sucker Creek and Pike Creek. f 

The coliform counts in Barnes Creek varied from 88,000 MFCC/100 ml in September to less than 

100 MFCC/100 ml in June 1964. During the period June through September, the average coliform count , 

was 25,000 MFCC/100 ml. Figure 31 shows the variations in the monthly coliform cou.its at station Mh-3 

in comparison to Sucker Creek and Pike Creek. | 

The maximum temperature of Barnes Creek was 77°F in July 1964 and averaged 69°F during the veriod § 

June through September 1964. Figure 32 shows the monthly variations in temperature of Barnes Creek at 

sampling station Mh-3 in comparison to Sucker Creek and Pike Creek. . 

Streamflow and Precipitation: Barnes Creek is a shallow stream occupying a relatively wide channel. 

At sampling station Mh-3, a distance 3.3 miles from the source, the stream had a maximum depth of 

0.4 foot and a width of 4.2 feet when measured under low-flow conditions in October 1964. i 

The flow of Barnes Creek was measured:by the SEWRPC in the spring and autumn of 1964 during periods | 

of relatively high and low flow. The streamflow data are listed in Table 196. The daily precipitation at 

Union Grove, Wisconsin, is listed in Table 43. , 

Forecast Quality of Barnes Creek for the Year 1990: Population studies by the SEWRPC indicate that in 

1963 there were 2,500 people living in the Barnes Creek sub-watershed. Table 197 indicates the estimated f 

Table 195 | 

WATER QUALITY CONDITIONS OF BARNES CREEK (1964-1965) i 

Parameter of 

Chloride (ppm) . . «1 2. « sae U5 40 30 2 
Dissolved Solids (ppm)... . 585 575 560 2 i 

Dissolved Oxygen (ppm)... . 21.7 13.5 6.7 Vl | 

Coliform Count (MFCC/100 ml) . 88,000 14,700 100 II 
Temperature (°F) ....+.. 73 U8 32 U1 A 

Source: SEWRPC. . 

Table 196 

STREAMFLOW MEASUREMENTS OF BARNES CREEK: SPRING AND AUTUMN |964 i 

a 

Sampling Streamflow Previous 4-Day 

Station Date (cfs) Rainfall (in inches)@ i 

4-10-64 2.5 0.40 

Mh-3 10-16-64 0.2 0 : 

@ Measured at U. S. Weather Bureau Station at Union Grove, Wisconsin. i 

Source: U. S. Weather Bureau and SEWRPC. F 
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. Table |97 

i ESTIMATED POPULATION OF THE BARNES CREEK SUB-WATERSHED: 

1990 ALTERNATIVE LAND USE PLANS 

5 Estimated Population 

Location Existing Controlled Satellite 

5 1963 Existing Corridor City 
Trend Plan Plan Plan 

Barnes Creek 

f Sub-Watershed 2,500 13,560 11,530 13,560 

Source: SEWRPC. 

Table 198 

i FORECAST QUALITY OF BARNES CREEK AT SAMPLING STATION MH-3: 

1990 ALTERNATIVE LAND USE PLANS 

eee SSS... 

f Forecast Quality for {990 
, Stream 

, 

Stream Sampling Parameter Quality Controlled Corridor Satellite 
Station Existing Plan City 

Trend Plan Plan 

Chloride 

5 (in ppm) 10 

; Dissolved 

Solids 550 

(in ppm) 

Barnes 
h- 

i Creek Mn-3 

Dissolved b 

Oxygen [2.2 More than |0 

(in ppm) 

i Coliform 
Count 25,000? Less than 5,000 

(in MFCC / 
100 ml) 

i 4 Based on water analysis for October 1964. 

b Based on average for the period June through September 1964. 

j Source: SEWRPC. 

population for the year 1990 under the three alternative regional land use plans. No estimate ol sewage 

flow rates are listed because the population of this sub-watershed will be connected to the City of Kenosha 

sewerage system. Table 198 indicates the forecast quality of Barnes Creek. 

OAK CREEK WATERSHED 

i The Oak Creek watershed ranks eighth in population and tenth in size as compared to the other 11 water- 

sheds of the Region. An estimated 28,5008 persons reside within this watershed, which has a total area 

: 8 pased on SEWRPC estimate for 1963. 
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of 26.7 square miles and an average density of about 1,070 people per square mile. Principal land uses 

include agriculture and woodland, wetland, and unused land, which together comprise 63.9 percent of the i 

area of the watershed. The areas within the watershed devoted to each of eight land use categories are 

listed in Table 199. 

One stream was studied by the SEWRPC in the Oak Creek watershed, Oak Creek proper. This stream a 

rises in south central Milwaukee County in the east central part of the City of Franklin and flows east, 

northeast, and south through the City of South Milwaukee to Lake Michigan. f 

The Oak Creek watershed comprises a land area underlain largely by a system of end moraines, which 

parallel Lake Michigan; by marsh deposits; and by ground moraine. Oak Creek traverses three broad 

morainal ridges and meanders across marsh deposits and ground moraine before entering Lake Michigan. , 

Oak Creek 

Present Stream Quality: Two sampling stations, Ok-1 and Ok-2, were established on Oak Creek. Station 

Ok-1 is located 4.5 miles downstream from the source and 6.8 miles upstream from sampling stationOk-2. f 

Station Ok-2 is located 1.6 miles from where the creek enters Lake Michigan. 

Table 199 B 

EXISTING LAND USE IN THE OAK CREEK WATERSHED: 1963 

reer a 

i Land Use Percent of Total Watershed remem eee] Smt tt 
Agricultural . « « «© «© «© e «© © «© »« 12.6 8,063 47.13 i 

Woodland, Wetland, and Unused Land 4.5 2,871 16.79 

Residential. .« « « « « » e © «© « « u. | 2,601 15.21 

Transportation-Communication .. . 3.5 2,279 13.33 f 
Park and Recreational. « .« « « « « 0.8 533 3.12 

Governmental-Institutional ... . 0.5 314 1.84 

Industrial ~ .« « « « «© «© © e # « « 0.5 293 L.71 

Commercial .« « « « « e «© «© « @ « « 0.2 149 0.87 ; i 

Source: SEWRPC. , 

Oak Creek is subject to small changes in total mineralization. In 16 complete chemical analyses run on 

stream samples collected from Oak Creek, calcium and sodium were the predominant cations. Calcium 

was the predominant cation in seven analyses at concentrations ranging from 100 ppm to 69 ppm. Sodium 5 

occurred as the predominant cation in eight analyses at concentrations ranging from 110 ppm to 50 ppm. 

The calcium and sodium concentrations of the sample collected at Ok-2 in November 1964 each measured 

70 ppm. Bicarbonate was the predominant anion in 15 of 16 complete chemical analyses at concentrations 

ranging from 315 ppm to 205 ppm. Sulfate was the predominant anion in April 1964 at a concentration of f 

224 ppm at station Ok-1. Maximum nitrate concentration was 2.8 ppm. Total phosphorus was 0.48 ppm 

at station Ok-2 on October 4, 1964. Selected water analyses of Oak Creek at station Ok-2 are indicated in 

Table 200. Water quality conditions of Oak Creek are indicated in Table 201. i 

The chloride concentrations of Oak Creek varied from 135 ppm in March and April 1964 at stations Ok-2 

and Ok-1 to 30 ppm in September 1964 at station Ok-1. Assuming a "background" chloride concentration B 

of 10 ppm, the chloride impact upon Oak Creek was as much as 125 ppm from human sources. Figure 33 

shows the chloride concentrations on Oak Creek at stations Ok-1 and Ok-2. 

The dissolved solids concentrations of Oak Creek varied from 755 ppm in April 1964 at station Ok-1 to f 

375 ppm in September 1964 at station Ok-2. The principal ions whose decreased concentrations together 

accounted for most of this difference in dissolved solids concentrations were sulfate, chloride, calcium, : 
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Table 200 

, SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

COLLECTED AT SAMPLING STATION OK-2 ON OAK CREEK: 1964 

i Date of Date of 

ee ee ee ee 

Silica . 2. « © « « « e «© © «© «© » 8 4-9-6 4 6 9-23-64 

i Iron « « © © © © «© © © » e © 8 0.06 " 0.29 " 

Manganese. .« « « «© © «© 8 © « « «@ -- -- 0.00 " 

Chromium .« « « «© «© «© e «© « « @ 2@ -- -- <0.0! " 

Hexavalent Chromium. . . « « « « -- -- 0.00 " 

Calcium, 2. « « « © © » © « 8 « 2 100 4-9-6 4 U6 " 

Magnesium. « « « © « e« «© © © «© 43 " 27 " 

Sodium (and Potassium) . «. « « « 75 " 50 " 

j Bicarbonate, «see ee ee es 260 " 205 " 
Carbonate. .« « « e « « «© «© « « » 0 " 0 " 

Sulfate. . « « « « « «© » © » «© «6 212 " 112 " 

Chloride . « « « « « © « © « « « 115 " 35 " 

f Fluoride . « « « « » « « © 8» « e -- -- <0.75 " 

Nitrite. . « « « e © « «© e «© « « 0.0 4-9-6 4 0.0 " 

Nitrate, .« « « « e «© « e «© e «© 8 -- -- -- -~- 

Phosphorus .« « « © © «© © © « «© » -- -- 0.48 9-23-64 

i Cyanide. « « « « © ©» «© «© «© «© « s -- -- <0.03 1O- 4-64 

Oil. « © © «© © © © @ © ew e 8 8 -- -- <0.5 . 9-23-64 

Detergents . « « =» «© « © © «© « » 0.0 4-9-6 4 0.0 " 

Dissolved Solids . « « « «© « « « 685 " 375 " 

i Hardness . »« « « e e e «© e « «8 428 " 228 " 

Noncarbonate Hardness. .« « « « « 215 " 60 " 

Calcium Hardness . « « 8 « e« «© « 250 " 115 " 

Magnesium Hardness 2. « « «© «© « « 178 " 113 " 

5 Alkalinity P . « «6 « «© © « « « « 0 " 0 " 

Alkalinity M . 2. « « © «© © © «@ « 215 " 170 " 

Specific Conductance . . « « « « 996 " 544 " 

| pH 2. « © © © © © © © © © 8 e© & @ 8.2 " 7.3 " 

Color. « »« © « © © © 8 © 8 © @ « 40 " 5 " 

Turbidity. .« «© » © » «© » © » » » 7 " 20 " 

Biochemical Oxygen Demand. .. =. 2.4 " 5.9 " 

i Dissolved Oxygen « « « © «© e « « 11.6 " 7.3 " 

Coliform Count . « « «© © « «© « = 27,000 " 33,000 " 

Temperature (°F) . « « «© « « «© 46 " 64 " 

i Source: SEWRPC. 

Table 201] 

5 WATER QUALITY CONDITIONS OF OAK CREEK (1964-1965) 

ce 

= Parameter of 

| Maximun | Average | Minimum | Analyse 
a Chloride (ppm)... ee wae 135 80 30 16 

Dissolved Solids (ppm)... . 755 605 375 16 

Dissolved Oxygen (ppm)... . 13.7 10.9 6.4 25 

| Coliform Count (MFCC/100 ml) . 33,000 8,500 500 25 

i Temperature (°F)... se es 77 U8 32 24 

Source: SEWRPC. 

t 
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and sodium, The maximum and minimum "background" dissolved solids concentrations of Oak Creek are 

about 550 and 335 ppm, respectively. Figure 33 shows the dissolved solids concentrations in Oak Creek ll 

at stations Ok-1 and Ok-2. 

The dissolved oxygen concentrations of Oak Creek varied from 13.7 ppm at station Ok-1 in February 1965 ll 

to 6.4 ppm at station Ok-2 in May 1964. The maximum, average, and minimum dissolved oxygen concen- 

trations for the period June through September 1964 at stations Ok-1 and Ok-2 were 13.4, 10.9, and 8.6 ppm 

and 10.3, 9.1, and 7.3 ppm, respectively. Figure 34 shows the dissolved oxygen concentrations at sta- 

tions Ok-1 and Ok-2. | 

The coliform counts inOak Creek varied from 33,000 MFCC/100 ml inSeptember 1964 to500 MFCC/100 ml 

in October 1964 at station Ok-2. The maximum, average, and minimum counts for the period June through q 

September 1964 at stationsOk-1 and Ok-2 were 22,000, 7,000, and 11,000 MFCC/100 ml and 33,000, 11,100, 

and 1,400 MFCC/100 ml, respectively. Figure 35 shows the coliform counts in Oak Creek at stations Ok-1 

and Ok-2. i 

The maximum temperature of Oak Creek was 73°F in July 1964 at station Ok-2 and for the period June 

through September 1964 averaged 58°F and 67°F at stations Ok-1 and Ok-2, respectively. The tempera- 

ture of Oak Creek in the upper reaches of the stream at station Ok-1 apparently reflects a low increase in 2 

stream temperature above a probable average ground water temperature of 51°F, The stream temperature 

in June, July, and August 1964 at stationsOk-1 and Ok-2 were 54°, 59°, and 61°F and 60°, 73°, and 71°F, 
respectively. Figure 36 shows the temperature of Oak Creek at stations Ok-1 and Ok-2. i 

Streamflow and Precipitation: Oak Creek is a shallow meandering stream occupying a relatively wide 

channel. At sampling station Ok-2, a distance 11.3 miles downstream from the source, the stream had 

a maximum depth of 1.2 feet and a width of 18 feet when measured in September 1964. | 

Figure 33 Figure 34 I 

CHLORIDE AND DISSOLVED SOLIDS DISSOLVED OXYGEN CONCENTRATIONS | 

CONCENTRATIONS IN OAK CREEK IN OAK CREEK 
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Figure 35 Figure 36 

f COLIFORM COUNT IN OAK CREEK TEMPERATURE OF OAK CREEK 
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The U. S. Geological Survey, in cooperation with the SEWRPC and Metropolitan Sewerage Commission of gu y p Pp 
i Milwaukee County, has established a water-stage recorder on Oak Creek near the 15th Avenue Bridge, 

about 1.1 miles upstream from station Ok-2. The SEWRPC measured the flow of Oak Creek at station 

Ok-2 in the spring and autumn of 1964 during periods of relatively high and low flow. Table 202 lists the 

SEWRPC flow measurements, together with U. S. Geological Survey flow data for the same days of 

i measurement, Table 203 lists the daily U.S. Geological Survey flow data for the period January 1964 

through February 1965, 

i Forecast Quality of Oak Creek for the Year 1990: Population studies by the SEWRPC indicate that the 

Oak Creek watershed had a total population of 28,500 persons in 1963, By the year 1990, the entire popu- 

lation of the Oak Creek watershed will be serviced by the Milwaukee metropolitan sewerage system and the 

i City of South Milwaukee sewerage system. Table 204 indicates the estimated watershed populations for 

the year 1990 under the three alternative regional land use plans. The forecast quality conditions in Oak 

Creek which may be expected in 1990 at sampling stationOk-2 under the three alternative regional land use 

i plans are indicated in Table 205. 
Table 202 

STREAMFLOW MEASUREMENTS OF OAK CREEK: SPRING AND AUTUMN 1964 

oo 

oe aR [Ra Sampling Station Date (cfs) Rainfall (in inches)® 

OK-2 «© ww we we we 4-11-64 13 1.34 

| usas?, ee 4-11-64 9.7 1.34 

m2 ew ew ee ee -22- 6.0 0.80 

saa see 5-90-64 6.1 0.80 

f 4 feasured at U. S. Weather Bureau Station at West Allis, Wisconsin. 

b U. S. Geological Survey gaging station near 15th Avenue Bridge in South Milwaukee, Wisconsin. 

J Source: U. S. Weather Bureau, USGS, and SEWRPC. 
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| Table 203 

DISCHARGE OF OAK CREEK AT SOUTH MILWAUKEE, WISCONSIN: . 

JANUARY I1964 THROUGH FEBRUARY 1965 

er nee ee ne seen nee eee eeeeeeee eee eee ener eee eeeeee eee eee 

Streamflow (in cfs)* i 
Day 1964 ree 

Mar | Apr | May | Jun | gut | aug | Sep | oct | Nov | Dec | van | Feb | 
1 « © e © « « 6 2.0 2.0 Y.7 18 3.8 16 6.3 4.2 3.4 4.0 ¥.9 10 3.4 

y a ee ee .6 2. 2.4 10 20 4.3 17 6. | 4.3 3.7 7.0 4.7 60 3.3 

3 2. «© © ew ow 8 2.2 2.7 27 17 4.3 5.8 6. | U.7 3.7 5.0 a) 2 | 3.3 

YH. ew ew ew 9 2.3 4.6 20 12 4.0 “7 5.8 4.3 3.5 3.7 Yl 12 3.2 

er er er 1.0 2.5 6.9 22 10 4.0 3.8 5.8 3.8 3.7 3.8 3.8 9.7 3.2 

6 2. «© « © @ 1.0 2.5 3.8 72 9.2 3.8 3.7 5.6 4.0 3.5 3.7 3.6 8.4 5.0 

Tw ew ew we 8 9 2.4 8.6 U5 18 3.8 3.7 5.4 3.8 3.7 3.7 3.4 8.4 30 

8 2. « © e@ ow 8 2.1 17 25 109 3.8 3.8 5. | 3.8 4.2 3.7 3.3 10 72 

9. «© © «© « « 8 1.9 il 20 68 3.7 3.7 5.2 4.0 4.0 3.7 3.2 9.0 90 

10 2. 2 «© © 2 7 1.8 9.5 12 28 3.2 3.6 5.6 4.2 4.0 3.7 3.3 8.0 130 

Ilo. 6 «@ 8 ow 7 1.8 8.9 9.7 17 3.1 3.2 8.7 4.0 4.5 4.0 5.0 7.2 120 

12 ©. © © © @ 6 1.9 14 7.7 13 3.1 3.0 5.2 3.8 u,7 a) 5.4 6.8 100 

13 2. « © © «© «2 . 6 2.0 25 7.2 16 3. 2.8 1.7 3.7 5. | 3.7 5.6 6.4 70 

IY. ww wt 5 2.0 32 5.8 16 3.1 6.0 4.2 4.0 5.1 3.7 5.0 5.6 36 

15 2. 2 8 ow 8 5 1.9 23 5.1 11 8.4 3.6 4.0 3.8 5.4 8.2 4,5 5.0 20 

16 . 2 «© 2 © 5 1.9 13 u.9 35 6. | 3.1 3.8 4.0 5.2 7.2 5.0 a) 25 

17 ~ «© 2 8 2 5 1.8 9.2 5.6 31 5.1 7.7 3.8 4.2 4.9 4.3 4,4 4.2 19 

18 . 2 « «© 8 25 1.7 6. | 5.6 16 4.9 215 3.8 8.4 4.3 3.8 3.8 3.8 2 | 

19 ® eo 6. ® s s 2.0 1.7 4u.9 5.1] 10 U7 146 4¥,0 5.6 4.0 3.8 3.4 3.5 16 

20 . 2 8 @ ew 10 1.7 4.3 4.7 7.0 4.3 62 4.2 4.3 3.8 3.7 3.2 3.3 35 

21. es © 8 8 7.0 1.7 4.0 15 5.8 5.2 33 28 7.2 3.6 3.5 3.4 3.5 80 

y > a ee 5.6 1.7 4.0 18 5.6 13 19 14 6.1] 3.5 3.6 3.8 10 30 

23 1. ee 8 we 5.6 1.7 4.0 II 5.2 13 14 16 8.4 3.9 4.0 4.0 24 20 

2H. te wt lt 9.5 1.7 4.9 7.4 5.4 7.0 13 9.5 4,3 4.2 4.2 4u.0 12 15 

25 6 ww ww 8.0 1.7 5.2 5.8 4.3 5.2 23 6.8 3.5 Yu. | 4.0 3.7 7.0 iI 

26. s © ww 6.0 1.7 4.8 7.0 4.2 4.2 14 5. | 4.9 3.9 3.8. 3.4 6.6 9.0 

27 «2 2 wt 4.4 1.7 4.3 13 4.0 3.5 | 4.3 4.0 4.2 4.2 3.2 5.4 8.0 

28 . 3 we tw ew 3.0 1.7 3.9 20 3.8 3.2 8.4 4.2 3.4 4.0 23 3.1 4.6 7.0 

29 « © 2 @ 2.4 1.7 3.7 17 3.8 3.2 7.2 3.8 3.4 3.8 12 3.0 4,0 -- 

30 e e s e e a 2.2 -_- 3.6 17 3.8 3.7 6.8 a) 3.4 3.7 7.0 3.0 3.7 =-—- 

31 e e e e e e 2.9 -_—o 3.5 -- 3.8 “= 6.5 4.0 — 4.3 -- 3.4 3.5 “= 

4 Underscored flow measurements indicate days when sampling occurred on Oak Creek. 

Source: USGS. J 

Table 204 

ESTIMATED POPULATION OF THE OAK CREEK WATERSHED: R 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 

ned 

Estimated Population i 

Existing 
Location Controlled Satellite 

1963 . . Corridor . Existing City 

Trend Plan Plan Pian 

Oak Creek 

Watershed 28,500 95,000 93,000 95,000 ; 

Source: SEWRPC. 
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Table 205 

i FORECAST QUALITY OF OAK CREEK AT SAMPLING STATION OK-2: 

1990 ALTERNATIVE LAND USE PLANS 

i 
Stream 

Stream Sampling Parameter Quality Controlled Corridor Satellite 
Station in 1964 Existing Plan City 

Trend Plan Plan 

Chloride 

i Dissolved 

Solids 375° 350 

i (in ppm) 

Oak Ok-2 
Creek 

i Dissolved 

Oxygen More than 10 

(in ppm) 

i Coliform 

Count b Le th 
(in MFCC/ 11,000 S$ Fhan 5,000 
100 ml) 

4 Based on water analysis for September 1964. 

i b Based on average for the period June through September 1964. 

Source: SEWRPC. 

i PIKE RIVER WATERSHED 

The Pike River watershed ranks ninth in population and eighth in size as compared to the other 11 water- 

sheds of the Region. An estimated 13,000” persons reside within this watershed, which has a total area 

of 50.9 square miles and an average density of about 255 people per square mile. The principal land use 

is agriculture, which comprises 76.3 percent of the watershed. The areas within the watershed devoted 

J to each of eight major land use categories are listed in Table 206. 

Two streams were studied by the SEWRPC in the Pike River watershed—Pike River proper and Pike Creek, 

a first-rank tributary of Pike River. Pike River rises in southeastern Racine County about two miles 

i north of the Village of Sturtevant and flows easterly and southerly through the northern part of the City of 

Kenosha to Lake Michigan. Pike Creek rises in east central Kenosha County about one mile east of the 

Kenosha Airport and flows northerly to join the Pike River in the northwestern corner of Petrifying Springs 

i Park at a point 7.2 miles downstream from the source of the Pike River. 

The Pike River watershed comprises a land area underlain largely by the system of end moraines which 

parallel Lake Michigan, by ground moraine, by glacial outwash composed of sand and gravel, and by sandy 

i beach deposits that form a belt along Lake Michigan approximately 1.5 miles wide. 

9 Based on SEWRPC cstimate for 1963. 
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Pike River 

Present Stream Quality: Two sampling stations, Pk-1 and Pk-4, were established on the Pike River. Sta- i . 

tion Pk-1 is located 6.7 miles downstream from the source and 8.1 miles upstream from station Pk-4. 

Station Pk-4 is 1.8 miles upstream from where the Pike River enters Lake Michigan. The sewage treat- 

ment plant for the Village of Sturtevant has its outfall on the Pike River. i 

The Pike River is predominantly acalcium bicarbonate stream subject to small changes in total mineraliza- | 

tion. Calcium and sodium were the predominant cations in 17 complete chemical analyses of stream : 

samples collected from the Pike River. Calcium was the predominant cation in 14 analyses at concen- ; 

trations ranging from 132 ppm in February 1965 at station Pk-4 to 75 ppm in April 1964 at station Pk-1. 

Sodium occurred as the predominant cation in two analyses at concentrations of 85 ppm in February and 

60 ppm in Sevtember 1964 at station Pk-1. The calcium and sodium concentrations of the sample collected i 

in November 1964 at Pk-4 both equalled 80 ppm. Bicarbonate and sulfate were predominant anions. Bicar- 

bonate was predominant in 15 of 17 complete chemical analyses at concentrations ranging from 470 ppm in 

January to 200 ppm in September 1964 at station Pk-4. Sulfate was the predominant anion in April 1964 at 

station Pk-1 and Pk-4 at concentrations of 270 and 282 ppm, respectively. Maximum nitrate concentration i 

was 6.7 ppm. Total phosphorus was 1.37 ppm at station Pk-4 on September 23, 1964. Selected water 

analyses of the Pike River at station Pk-4 are indicated in Table 207. Water quality conditions of the 

Pike River are indicated in Table 208. i 

The chloride concentrations of the Pike River varied from 90 ppm in January to 35 ppm in September 1964 

at station Pk-4. Assuming a "background" chloride concentration of 10 ppm, the chloride impact upon i 

the Pike River was as much as 80 ppm from human sources. Figure 37 shows the chloride concentrations 

in the Pike River at stations Pk-1 and Pk-4. 

The dissolved solids concentrations of the Pike River varied from 905 ppm in January to 380 ppm in i 

September 1964 at station Pk-4. The principal ions whose decreased concentrations together accounted 

for most of this difference in dissolved solids concentrations are sulfate, bicarbonate, sodium, calcium, 

and chloride. The maximum and minimum "background" dissolved solids concentrations of Pike River j 

are about 775 and 340 ppm, respectively. Figure 37 shows the dissolved solids concentrations in the Pike 

River at stations Pk-1 and Pk-4. 

The dissolved oxygen concentrations of the Pike River varied from 11.8 ppm inApril to 0.1 ppm in January i 

1964 at sampling station Pk-4, The maximum, average, and minimum dissolved oxygen concentrations 

for the period June through September 1964 at stations Pk-1 and Pk-4 were 4.1, 2.9, and 0.7 ppm and 

0.9, 4.5, and 3.5 ppm, respectively. Figure 38 shows the dissolved oxygen concentration in the Pike River i 

at station Pk~-1 and Pk-4. 

Table 206 i 

EXISTING LAND USE IN THE PIKE RIVER WATERSHED: 1963 

i 
Land Use Percent of Total Watershed | 

Agricultural .~ « « « » « «© «© © «© e 38.8 24,861 76. 28 i 

Residential. « »« »« » e »« e © » « « 3.9 2,490 7.64 

Transportation-Communication.. . 3.4 2, 142 6.57 

Woodland, Wetland, and Unused Land 2.6 1,689 5.18 i 

Park and Recreational. .« « « « e« « 1.3 807 2.48 

Governmental-Institutional . .. . 0.4 288 0.88 

Industrial « « « » © «© «© «© « «© © «2 0.4 263 0.8] 

Commercial « « « » © «8 © «© «© 58 «@ « 0. | 5 | 0.16 ; 

Total 
Source: SEWRPC, : 
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Table 207 

f SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

COLLECTED AT SAMPLING STATION PK=$4 ON THE PIKE RIVER: 1964 

Date of Date of 

Silica . « ee © ws we ew ww we 6 4-8-64 6 9-23-64 
; Iron « « © © © © ©» «© © «© © © © «8 0.04 " 0.27 " 

Manganese, .« « 5s « « © « © © «@ «2 -- -- 0.01 " 

Chromium .« .« « « «© © «© © «© © © « -- -- <0.0!1 " 

Hexavalent Chromium. . .« « « « « -- -- 0.00 " 

i Calcium. .« « © «© © « © « «© «© «@ 8 104 4-8-6 52 " 

Magnesium. .« 6 © 2 «© © e © e «@ «2 57 " 26 " 

Sodium (and Potassium) . « « « e 55 " 45 " 

Bicarbonate. « « «© «© « « © «© « « 240 " 200 " 

i Carbonate. . « « «© © »© «© « « «@ 2 20 " 0 " 

Sulfate. . « « « «© © «© «© © «© «© e 282 " 112 " 

Chloride . « « « «© «© © © « 8 « « 65 " 35 " 

Fluoride . .« « « e © © © e «© » e -- -- < 0.65 " 

i Nitrite. « « « « «© « « «e » « » « 0.0 4-8-6 4 0.0 " 

Nitrate. . « « «© © e © © « « «@ «2 -- -- 2.6 " 

Phosphorus « « « «© 8» «© e © e « » -- -- 1.37 " 

i Cyanide, wee we ee ee ee -- : -- < 0.03 lo- 4-64 
Oil. « © © «© «© © © «© © @ ow tt ls -- -- < | 9-23-64 

DetergentS .~ « «6 e « © s « 8» « 0.0 4-8-6 4 0.1 " 

Dissolved Solids . © « « « « « « 705 " 380 " 

5 Hardness .« «6 e e «© © «© 8s © © «© » 493 " 236 " 

Noncarbonate Hardness. . .« « « « 265 " 70 " 

Calcium Hardness . « « « «© © « « 260 " [31 " 

Magnesium Hardness . « « © « « « 233 " 105 " 

i Alkalinity P .« « «© «© «© » © «© « 2 10 " 0 " 

Alkalinity M . « © « «© «© «© e «# « 215 " 165 " 

Specific Conductance . « « « « « 9¥y " 522 " 

pH . « © «© © «© «© © © «© «© © © @ 8.2 " 7.2 " 

i Color. « © »©« © © » ©» 8» © © 8 « « 20 " 30 " 

Turbidity. « « « « « « « « #e «@ « 4 " 65 " 

Biochemical Oxygen Demand... . 2.7 " a) " 

Dissolved Oxygen .« « « « «© «8 «@ « 11.8 " 2.8 " 

i Coliform Count . « « «© « s « « « 6,000 " 30,000 " 

Temperature (°F) . . . « « » a uO " 64 " 

i Source: SEWRPC 

J Table 208 
WATER OUALITY CONDITIONS OF THE PIKE RIVER (1964-1965) 

Parameter of 

i Chloride (ppm) . .«. « « » » @ « 90 65 35 17 

Dissolved Solids (ppm) ... « 905 600 380 17 

Dissolved Oxygen (ppm)... . 11.8 5.3 0.1 27 

i Coliform Count (MFCC/I100 ml) . 1,800,000 260,000 2,000 27 

Temperature (°F) » +» « « e « 75 4g 32 27 

r Source: SEWRPC. 
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Figure 37 Figure 38 
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The coliform counts in the Pike River varied from 1,800,000 MFCC/100 ml in December 1964 at station i | 
Pk-1 to 2,000 MFCC/100 ml in May 1964 at station Pk-4, The maximum, average, and minimum coliform 
counts for the period June through September 1964 at stations Pk-1 and Pk-4 were 560,000, 245,000, and 
50,000 MFCC/100 ml and 190, 000, 56,000, and 1,200 MFCC/100 ml, respectively. Figure 39 shows the i 

coliform counts in the Pike River. 

The maximum temperature of the Pike River was 75°F in July 1964 at sampling station Pk-4. For the 
period June through September 1964, the temperature averaged 67° and 68°F at stations: Pk-1 and Pk-4, | 
respectively. Figure 40 shows the temperature of the Pike River at stations Pk-1 and Pk-4. 

Streamflow and Precipitation: The Pike River is a relatively shallow meandering stream occupying a rela- J 
tively wide channel during much of the year. At distances of 6.7 miles and 14.8 miles from the source 
of the Pike River, the stream had maximum depths of 0.6 foot and 2.1 feet and widths of 9 feet and 49 feet 
at sampling stations Pk-1 and Pk-4, respectively. I | 

The flow of the Pike River was measured by the SEWRPC at stations Pk-1 and Pk-4 in the spring and autumn | 
of 1964 during periods of relatively high and low flow. The flow data are listed in Table 209. Table 210 
indicates the daily precipitation at Racine, Wisconsin, from January 1964 through February 1965. The i | 
precipitation data at this weather station is presumed to represent precipitation in the Pike River watershed. 

Forecast Quality of the Pike River for the Year 1990: Population studies by the SEWRPC indicate that in i 
1963 there were about 13,000 people living in the Pike River watershed, of which approximately 1,500 

persons were serviced by the sewage treatment plant at Sturtevant. Table 211 indicates the estimated 
population of the watershed under the three alternative regional land use plans for the year 1990. It is 
anticipated that by the year 1990 the sewerage systems of the cities of Racine and Kenosha will service | 
all but a negligible portion of the population living within the Pike River watershed, Table 212 presents 
the forecasts of future stream quality of the Pike River. il 

236 |



Table 209 

i STREAMFLOW MEASUREMENTS OF THE PIKE RIVER: SPRING AND AUTUMN I964 

(gna a Se 

Sampling ' Streamflow Previous 3-Day 

i Station Date (cfs) Rainfall (in inches)? 

Pk-1| 8 e e e e e e e e he 7-64 27 1.903 

Pk-¥ e e e 6 e e e e e y- 7-64 108 1.03 

; Pk-¥ e e e e e e e a e 5-26-64 0.9 0.28 

Pk= | e e e e s e e e e 9-22-64 2.3 0.36 

Pk-4 e e e e e e e s a 9~22-64 1.2 0. 36 

i 4 Measured at U. S. Weather Bureau Station at Racine, Wisconsin. 

Source: U. S. Weather Bureau and SEWRPC. 

Table 210 

5 PRECIPITATION? AT RACINE, WISCONSIN: JANUARY I964 THROUGH FEBRUARY 1965 

nee 

J en a ee ee ee ae De 
! | e e e . s e se e e -- -_- -- -_- 0.21 =_—— - == -—— -_—- 0. 22 0.05 0.40 0. 45 

2. ww et ee -- -- -- 0.15 | 0.10 | 0.56 | 0.98 “- -- -- 0.25 | 0.20 | 0.50 -- 

3 a e e e a . s e . —-—— v_—— 0.01 0. 55 _— - 0.02 ~_—- -_—— -o- 0. 12 oe se =o 

3 J 4 e e e . e e e e e = - 0.02 = == = = _—— -_—— -—— -_— 0.41 -—— =o 

: en -- -- 1.00 0.75 -- -- -- -- -- -- 0.0! -- -- -- 

| 6 2. 2 © © © ew ew -- -- -- 0.28 0.01 -- -- -- -- -- -- -- -- -- 

| 7 e e e e ° e e s e -- -_- -—— 0.06 == -_= C. 58 o_o —— —_—— -—- == 0.05 0.08 

! Bee we we eh te es 0.01 -- 0.15 -- 0.47 -- 0.02 -- -- 0.12 -- -- 0.02 | 0.25 

| 9. ee ew ew we ew ewe 0.01 0.05 | 0.10 -- 0.02 -- 0.02 -- 0.12 | 0.01 -- -- -- 0.10 

| 10 e e e . . e e ® e -—— -- -_— =_—— = -—— == 0.10 0.21 -- -- 0.01 -_-— 0.0! 

| 1 . s a e e a e e s -=- _— _—— _—— -_ -—— _- 0.08 -_—— =-- -_- QO. 12 =-—— = 

| 12 e e e e e e s e s -—- 0.25 -= -_- -_—- 0.05 —— —— —_—— —— 0.20 —_— =o 0.27 

| 13 « « © © © ew ew ew we | COLTS | (0210 -- 0.06 | 0.55 -- 0.15 -- -- -- -- 0.17 -- -- 

| 14 e es es e s e e a e -—— -_—— 0. W5 -- -- -— 0. 29 “= -_— = _= -_—- _— -—— 

| [5 ww ew ew ew wt -- 0.05 -- -- -- [17 -- -- 0.07 -- 6.90 -- 0.36 -- 

16 e e ° e e e . e e 0. 14 0.07 —— 7 0.90 “= -_— == “= -_- -- -_—— -_— -- 

! [7 . ew ew we we ees -- -- 0.10 | 0.30 -- -- -- 0.05 -- -- =~ -- -- 0.09 

18 2. 2 © © © © ew -- -- -- 0.23 0.02 -- 2.68 -- 0.75 0.02 -- -- -- -- 

| 19 e e e e e e se e s -_- 7 -_—— -_—— -_— == “= _— 0.06 ~- -- 0.05 -—=— -—= 

| 20 « «© «© © © e 8 « 2 0.70 -- 0.48 0.06 -- 0.15 0.03 -- -- -- 0.08 0.04 -- -- 

| 21 e e e e e s s e se -_=- 0.02 0. 10 0. 58 “_—— -_——- 0.03 0.83 0.30 -_- -_- = -= -=- 

| 22 e ° . e e s e . . _—— -_- “= = ="_—- 0.03 o- 0.83 0.40 -_— _—— -- 0.60 _—— 

| 23 e e e s e ® e e e == -—~ -_=- -=- -_- 0.96 = = 0.35 == -—- -_- 0.95 0./)2 

| 2. ew ww ww we | 0632 | 0.01 | 0.32 -- 0.28 -- -- 0.01 -- -- -- -- 0.30 | 0.15 

| 25 s s e . e . s e e 0.02 = 0.10 o_o -_- -_—— 0.10 0.05 -= -_- -=- -=- == -—- 

! 26 2s e © «ee we ewe -- -- 0.19 | 0.41 -- -- -- -- 0.32 | 0.02 -- 0.09 | 0.38 -- 

27 e e e e e e s e . = -_=- 0.05 0.39 -_=- -- -_- -_—— 0.03 -—— -=- -- -= -—= 

28 e s e e s e s e e _—= -- -—— QO. 50 -_—- -_- 0.22 =_- =_- —_—— 1.20 ~=- QO. 10 -—- 

| 29 e e e e e s s e . -—— -—— 0.05 0.09 -_- 7° 0.02 -- -- 0.02 -_- 7 -_- -—= 

30 ® se s e . e e e e -—- = == 0. 18 -_- -- 0.03 0.15 -_—- -_—— -- == -=- o- 

| 31 e e se e e e s e e -_— =_=- -_- -_—= -=- -- -——- -- -_—— -_- -—- == =_= == 

i [totes SC« «S88 | 0.88 | 3.12 [4.sa | 2.56 [ 2.92 | 5.17 [2.10 | 261 [oto | 2.98 | 114 | 3.66 | 1.52 | 
| 4 Precipitation measured in inches. Trace quantities not included. 

| Source: U. S. Weather Bureau. 
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Table 211 

ESTIMATED POPULATION OF THE PIKE RIVER WATERSHED: ; 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 

— 
Estimated Population i 

| Existing 
Location 1963 Controlled Satellite 

Existing Corridor City z 

Trend Plan Plan Plan 

Pike River 

Watershed 13,000 88,000 93,000 84,000 ; 

Source: SEWRPC. 

B 

Table 212 
FORECAST QUALITY OF THE PIKE RIVER AT SAMPLING STATION PK-4&: i 

1990 ALTERNATIVE LAND USE PLANS 

Forecast Quality for 1990 i 

Sampling Stream Controlled ) Satellit | . ontrolle atellite | 
Stream Station Parameter Quality Existing Corridor City | 

in 1964 Plan 

Trend Plan Plan Z 

Chloride 

(in ppm) z 

Dissolved i 

Solids 3804 

(in ppm) 

Pike Pk-l i 

River 

Dissolved 

Oxygen More than 6 i 

(in ppm) 

Coliform 
i 

Count b L th 00 
(in MFCC/ 56,000 ess an 5,000 

100 ml) i 

# Based on analysis for September 1964. 

b Based on average for the period June through September 1964. ; 

Source: SEWRPC. 
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Figure 39 Figure 40 

i COLIFORM COUNT IN STREAMS OF TEMPERATURE OF THE PIKE RIVER 

THE PIKE RIVER WATERSHED 
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Pike Creek 

i Present Stream Quality: Two sampling stations, Pk-2 and Pk-3, were established on Pike Creek. Sta- 

tion Pk-2 is located 1.3 miles downstream from the source and 3.0 miles upstream from Station Pk-3. 

Station Pk-3 is about 275 feet upstream from where Pike Creek enters Pike River. 

i Pike Creek is predominantly a calcium bicarbonate stream that has relatively constant total mineralization. 

In 15 complete chemical analyses run of stream samples collected from Pike Creek, calcium and sodium 

i were the predominant cations. Calcium was the predominant cation in 12 analyses at concentrations rang- 

ing trom 128 ppm in September and June 1964, at stations Pk-2 and Pk-3, respectively, to 48 ppm in 

April 1964 at station Pk-2. Sodium occurred as the predominant cation in three analyses at concentrations 

ranging from 140 ppm in February to 75 ppm in October 1964 at station Pk-3. The calcium and sodium 

i concentrations of the sample collected in November 1964 at Pk-4 both equalled 80 ppm, Bicarbonate and 

sulfate were predominant anions. Bicarbonate was predominant in 14 of the 15 complete chemical analyses 

at concentrations ranging from 595 ppm in February at station Pk-3 to 205 ppm in April 1964 at sta- 

i tion Pk-2. Sulfate was the predominant anion in September 1964 at station Pk-2 at a concentration of 

252 ppm. Maximum nitrate concentration was 12.5 ppm. No samples were analyzed for phosphorus con- 

centration. Selected water analyses of Pike Creek at station Pk-3 are indicated in Table 213. Water 

i quality conditions of Pike Creek are indicated in Table 214. 

The chloride concentrations of Pike Creek varied from 90 ppm in March 1964 at station Pk-2 to 35 ppmin 

August 1964 at station Pk-3. Assuming a "background" chloride concentration of 10 ppm, the chloride 

§ impact upon Pike Creek was as much as 80 ppm from human sources. Figure 37 shows the chloride con- 

centrations in Pike Creek at stations Pk-2 and Pk-3. 

5 The dissolved solids concentrations of Pike Creek varied from 840 ppm in February to 505 ppm in Octo- 

ber 1964 at station Pk-3. The principal ions whose decreased concentrations together accounted for most 

of this difference in dissolved solids concentrations are sulfate, bicarbonate, sodium, calcium, and 

i chloride. The maximum and minimum "background" dissolved solids concentrations of Pike Creek are 
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Table 213 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES i 

COLLECTED AT SAMPLING STATION PK=3 ON PIKE CREEK: 1964 
i sh 

Date of Date of Z 

Silica . 2. 2 «© «ee we we we ww 8 4-8 -64 8 9-23-64 
Iron. ww ww ew ew ew we ee 0.00 n 0.04 n i 
Manganese. . « « © © «© «© « « «© e -- -- 0.00 " 

Chromium . «2 « © © «© © © © «© «@ «@ -- -- -- -- 

Hexavalent Chromium. . .« « « « e« -- -- -- -- 

Calcium. « «© « © « 8 « © «8 @ @ ¢@ 62 4-8-6 4 86 9-23-64 i 

Magnesium. . « «© « «© «© «© © #© @ « 77 " 43 " 

Sodium (and Potassium) . . « « « 5 " 80 " 

Bicarbonate. . « « «© « e «e «© we 215 " 340 " 

Carbonate. . « © « «© «© «© «© 8 «© 2 10 " 0 " i 

Sulfate. «. « «© « 2» « « e « «© «© « 185 " 198 " 

Chloride .« « « « © «© e «© « «© « 2 70 " 55 " 

Fluoride « »« »« »« © « e «© © s8 « « -- -- -- -- 

Nitrite. « « « «© « «© « © © © @ 2 0.0 4-8-6 4 0.0 9-23-64 f 

Nitrate. « « © © « © «© © © © @ » -- -- 2.1 " 

Phosphorus . 2. « « «© « © « s « 2 -- ~- -- -- 

TCyanide. « « « « « © «© © « « «© « -- -- -- “= 

Oil. «© «© © «@ © © © © 8 ew tw ew lt ~- -- -- -- 

Detergents ~ « « «© © « «© © © «© « 0 4-8-6 4 0.1 9-23-64 

Dissolved Solids « « « « s « « e 525 " 640 " 

Hardness . « « «© « «© © © © we « 2 469 " 394 " i 

Noncarbonate Hardness. « « « « 2 275 " 115 " 

Calcium Hardness . .. 2. « «© « « 154 " 216 " 

Magnesium Hardness . 2. « « « « 315 " 178 " 

Alkalinity P . «© « «© «© © e © « « 5 " 0 " i 

Alkalinity M . .« « « «© «© « e@ @ « 185 " 280 " 

Specific Conductance . .« « « « « 950 " 980 " 

pH «2 «© © © © © © © © © © @ @ 8 8.2 " 7.2 " 

Color. « « «© «© © «© © © e © #@ « «2 40 " 70 " i 

Turbidity. «© « «© « « «© «© © e « « 3 " 5 " 

Biochemical Oxygen Demand. .. . 4.4 " u.3 " 

Dissolved Oxygen .« « « 8 » 08 © « 12.3 " 3.1 " 

Coliform Count . .« « «© «© «© « «© « 9,000 " 14,000 " i 

Temperature (°F) . 1. 2. 2 «© wo 40 " 63 " 

Source: SEWRPC.. i 

Table 214 i 

WATER QUALITY CONDITIONS OF PIKE CREEK (1964-1965) 
esr iss SS 

Number i 
Parameter Numerical Value of 

ee me ae | RE 

Chloride (ppm) «. «. « « « » «© « 90 65 35 i 
Dissolved Solids (ppm) . « « - 840 620 505 

Dissolved Oxygen (ppm)... . 13.2 6.0 0.4 

Coliform Count (MFCC/100 ml) . 300,000 35,000 1,200 ; 

Temperature (°F) . . «ws wa 71 ug 32 

Source: SEWRPC. ; 
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about 740 and 440 ppm, respectively. Figure 37 shows the dissolved solids concentrations in Pike Creek 

i at stations Pk-2 and Pk-3. 

The dissolved oxygen concentrations of Pike Creek varied from 13.2 ppm in April at station Pk-2 to 0.4 ppm 

i in November 1964 at sampling station Pk-3. The maximum, average, and minimum dissolved oxygen 

concentrations for the period June through September 1964 at stations Pk-2 and Pk-3 were 5.9, 4.5, and 

3.9 ppm and 5.4, 2.8, and 0.9 ppm, respectively. Figure 38 shows the dissolved oxygen concentrations in 

i Pike Creek at stations Pk-2 and Pk-8. 

The coliform counts in Pike Creek varied from 330,000 MFCC/100 ml in November 1964 at station Pk-1 

to 1,200 MFCC/100 ml in June 1964 at station Pk-2. The maximum, average, and minimum coliform 

f counts for the period June through September 1964 at stations Pk-2 and Pk-3 were 190,000, 56,000, and 

1,200 MFCC/100 ml and 27,000, 11,800, and 2,200 MFCC/100 ml, respectively. Figure 39 shows the 

coliform counts in Pike Creek. 

i The maximum temperature of Pike Creek was 71°F inJuly 1964 at sampling station Pk-3 and for the period 

of June through September 1964 averaged 65°F at stations Pk-2 and Pk-3, respectively. 

i Streamflow and Precipitation: Pike Creek is arelatively shallow meandering stream occupying a relatively 

wide channel during much of the year. At distances of 1.3 miles and 4.3 miles from the source of Pike 

Creek, the stream had maximum depths of 0.6 feet and 2.4 feet and widths of 4 feet and 17 1/2 feet at 

i sampling stations Pk-2 and Pk-3, respectively, when measured under low-flow conditions. 

The flow of the Pike River was measured by the SEWRPC at stations Pk-2 and Pk-3 in the spring and 

. autumn of 1964 during periods of relatively high and low flow. The flow data are listed in Table 215. 

Forecast Quality of Pike Creek for the Year 1990: Population studies by the SEWRPC indicate that in 

1963 there were about 13,000 people living in the Pike River watershed. Table 211 indicates the estimated 

i population of the watershed under the three alternative regional land use plans for the year 1990. Itis 

anticipated that by the year 1990 the sewerage systems of the cities of Racine and Kenosha will service all 

but a negligible part of the population living within the Pike River watershed. Table 216 presents the fore- 

i casts of future stream quality of Pike Creek. 

ROCK RIVER WATERSHED 

The Rock River watershed ranks seventh in population and second in size as compared to the other 11 water- 

sheds of the Region. An estimated 68, 800'° persons reside within this watershed, which has a total area of 

609.4 square miles and an average population density of 113 people per square mile. The principal land 

use is agricultural, comprising 68.8 percent of the total area of the watershed. The area within the water- 

i shed devoted to each of eight major land use categories is listed in Table 217. 

10 Based on SEWRPC estimate for 1963. 

i Table 215 

STREAMFLOW MEASUREMENTS OF PIKE CREEK: SPRING AND AUTUMN I964 

i Sampling Streamflow Previous 3-Day 

Station Date (cfs) Rainfall (in inches)? 

Pk-2 Y- 7-64 17 1.03 
Pk-3 Ye 7-64 31 1.03 

Pk-2 9-22-64 0.3 0.36 

Pk-3 9-22-64 0 0.36 

i 4 Measured at U. S. Weather Bureau Station at Racine, Wisconsin. 

[ Source: U. S. Weather Bureau and SEWRPC. 
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Table 216 

FORECAST QUALITY OF PIKE CREEK AT SAMPLING STATION PK-3: i 

1990 ALTERNATIVE LAND USE PLANS 

Forecast Quality for |990 © 

Samplin Stream Controlled Satellit g : ontrolie ate ite lit ; 
Stream Station Parameter Qua ty Existing Corridor City 

in 1964 Plan 
Trend Plan Plan ; 

Chloride 20 20 20 
(in ppm) i 

Dissolved 

Solids 505° 450 450 450 f 
(in ppm) 

Pike Pk - 
Creek 3 

i 
Dissolved 

Oxygen 2.8% More than 4 
(in ppm) i 

Coliform 

Count i 

(in MECC/ 11,800? Less than 5,000 
100 ml) 

# Based on analysis for October 1964. i 

b Based on average for the period June through September 1964. 

S : . ource: SEWRPC Table 217 i 

EXISTING LAND USE IN THE ROCK RIVER WATERSHED: 1963 

ea ae Ta a Se a gh ss ES 

Land Use Percent of Total Watershed ; 

Agricultural . 2. «© «© 2 «© «© «© we @ 419.6 268,534 68.8 

Woodland, Wetland, and Unused Land 139.5 89,271 22.9 

Residential. . . . 2. 2 «© «© «© © ws 2/1.) 13,486 3.5 

Transportation-Communication .. . 19.8 12,685 3.3 

Park and Recreational. .». « « « « « W.5 2,856 0.7 

Industrial « ». «© © «© © © © © © 6 2.5 1,626 0.4 

Governmental-Institutional ... . 1.7 lL, bI7 0.3 

Commercial . « « « © «© «© © © « « « 0.7 U5y 0.1 

Source: SEWRPC. 

Ten streams were studied by the SEWRPC in the Rock River watershed: East Branch of the Rock River, i 

Kohlsville River, Rubicon River, Ashippun River, Oconomowoc River, Bark River, Whitewater Creek, 

Jackson Creek, Delavan Lake Outlet, and Turtle Creek. The East Branch of the Rock River rises where 

Limestone Creek and Allenton Creek join in a marshy area about two miles southeast of the Village of i 

Allenton and flows northwest to the Dodge County line. Kohlsville River, a tributary of the East Branch 

of the Rock River, originates about four miles northeast of the Village of Kohlsville and flows northwest 
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I 
through Kohlsville to join the East Branch of the Rock River near the Dodge County line. The Rubicon River 

i rises in the low marshy area north of Pike Lake, which is two miles east of the City of Hartford, and flows 

west through Hartford and into Dodge County. The Ashippun River flows in a general southwesterly direc- 

tion from its origin, whichis about two miles southwest of the City of Hartford. The river flows through 

i Druid Lake and, after traversing part of Dodge County, enters the northwestern corner of Waukesha County 

and leaves the Region upon passing into Jefferson County. The Oconomowoc River originates in south 

central Washington County, about two miles northeast of Friess Lake, and flows in a general southwesterly 

direction through Friess Lake, North Lake, Okauchee Lake, Oconomowoc Lake, Fowler Lake, and Lac 

i La Belle into Jefferson County. The Bark River rises at Bark Lake in south central Washington County and 

flows southwestward through Nagawicka Lake, Upper and Lower Nemahbin lakes, and Crooked Lake into 

Jefferson County. Whitewater Creek originates in Rice Lake, which is located about four miles southeast 

f of the City of Whitewater, and flows northwest through Trapp Lake and Cravath Lake and through the City 

of Whitewater into Jefferson County. Jackson Creek originates about two miles southeast of the City of 

Elkhorn, flows generally westward to Delavan Lake. Delavan Lake Outlet flows from Delavan Lake through 

the City of Delavan to Turtle Creek. Turtle Creek originates at Turtle Lake, located about seven miles 

f northwest of the City of Delavan, and flows south and east to Comus Lake, past the City of Delavan, and 

westward into Rock County. 

i The Rock River watershed in southeastern Wisconsin is located in the western parts of Washington, Wau- 

kesha, and Walworth counties and is underlain by glacial deposits of diverse origin. In Washington County 

the East Branch of the Rock River, Kohlsville River, Rubicon River, and Ashippun River lie within an area 

underlain by deposits laid down by the Green Bay glacial lobe. In southwestern Washington County, the 

i Rock River watershed is underlain in part by theinterlobate moraine formed along the contact of the Green 

Bay and Lake Michigan glacial lobes, in part by the end-moraine system of the Lake Michigan glacial 

lobe, and by associated ground moraine and outwash deposits. The headwaters of the Oconomowoc River 

. and the Bark River are developed in the area underlain by deposits of the Lake Michigan glacial lobe. In 

Waukesha County the watershed is also underlain by glacial deposits laid at and on either side of the 

interlobate moraine. In the northeastern part of the Rock River watershed in Waukesha County, the 

f Oconomowoc River and the Bark River flow southwesterly across the glacial deposits laid down by the 

Lake Michigan glacial lobe and then traverse the interlobate moraine and flow across areas underlain by 

deposits of the Green Bay glacial lobe. In the northern part of Walworth County, Whitewater Creek drains 

an area underlain by deposits of the Green Bay lobe. The central and southern part of the watershed in 

i Walworth County is underlain by deposits derived in part from the Lake Michigan glacial lobe of Wisconsin 

Age and from the previous (Illinoisan) period of glaciation. Jackson Creek, Delavan Lake Outlet, and 

Turtle Creek flow largely upon deposits laid down by the Lake Michigan glacial lobe. 

i East Branch Rock River 

Present Stream Quality: One sampling station, Rk-1, was established by the SEWRPC on the East Branch 

of the Rock River at a point approximately 11.3 miles downstream from the river source. This stream 

i receives the effluent of the sewage treatment plant serving the Allenton sanitary district. 

The East Branch of the Rock River is a calcium bicarbonate stream that is subject to small changes in 

total mineralization. In the 12 complete chemical analyses run on stream samples collected from the 

f East Branch of the Rock River, the predominant cation and anion were calcium and bicarbonate, respec- 

tively. Calcium concentrations ranged from 101 ppm in May 1964 to 24 ppm in February 1965. Bicarbon- 

ate concentrations ranged from 480 to 145 ppmin January and February 1965, respectively. Maximum 

F nitrate concentration was 2.5 ppm. Total phosphorus at station Rk-1 was 0.24 ppm on September 16, 1964. 

Selected water analyses of the East Branch of the Rock River at station Rk-1 are listed in Table 218. Water 

quality conditions of the river are indicated in Table 219. 

i The chloride concentrations in the East Branch of the Rock River varied from 30 ppm in September to 

0 ppm in April 1964 at sampling station Rk-1. Assuming a "background" chloride concentration of 5 ppm, 

the chloride impact upon the East Branch of the Rock River was as much as 25 ppm from human sources, 

i The dissolved solids concentrations varied from 570 ppm inSeptember 1964 to 195 ppm in February 1965 at 

sampling station Rk-1. The maximum and minimum "background" concentration of dissolved solids are 

E assumed to be 510 and 435 ppm. 
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Table 218 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES E 

COLLECTED AT SAMPLING STATION RK=I ON THE EAST BRANCH ROCK RIVER: I1964 

| Date of Date of 
Parameter Analyses Collection Analyses Collection i 

Silica . »« «© « » « © © © ©» » « e« 8 Ye 2=-6 16 9-16-64 

[rom . « «© «© «© 8» 8 « «© © © © 2 2 0.03 " 0.06 " 

Manganese. 2. 2 «© 2 «© © © © «© © -- “- 0.00 " i 
Chromium . 2 « © «© 8» © © © © © « -- -- <0.005 " 

Hexavalent Chromium. . « »« » « « -- -- 0.00 " 

Calcium. «4 2» « « «© «© © © «© « © «2 92 4-2-64 98 " f 
Magnesium. .« « « © © © © © «© © 2 U8 " U5 " 

Sodium (and Potassium) . « « « « 15 " 45 " 

Bicarbonate. « « « « © © © « «© « 330 " 400 " 

Carbonate. .« « « © 2» © «© 8» © @ 2 40 " 40 " i 

Sulfate. .« © »« « « © © » « «© « «2 120 " 112 " 

Chloride .«. « « © « « 8s « 8 «© « e« 0 " 15 " 

Fluoride « « « « «© e « © e « ee « -- -- <0.55 " 

Nitrite. «© « « «© « «© «© © «© «© @ »« 0.0 Y-2-64 0.0 " f 

Nitrate. « « « « © © «© «© «© «© @ 2 =-- | -- 1.0 " 

Phosphorus .« 2» «© « «© «© e © «© @ 2@ -- -- 0.24 " 

Cyanide. .« « « «© « «© «© © «© © « « “= -- <0.01 11-18-64 

Oil. « « © «© «© © «© © «© © @ 28 ew -- -- <2 9-16-64 i 

Detergents . « « « « © « «© » 8 «@ 0.0 4-2-6 4 0.0 " 

Dissolved Solids . « « « «© « « « 485 " 570 " 

Hardness .« « « «© « © © © @e #@ @ e 428 " 43 | " 

Noncarbonate Hardness. .« « »« « » 90 " 35 " f 

Calcium Hardness. . « «© «© « «© «© e« 229 " 245 " 

Magnesium Hardness . « « « «2 « « 199 " 186 " 

Alkalinity P .« « « « © © « «8 @ e« 20 " 20 " | 

Alkalinity M . « « © «© © © 8 «@ « 310 " 370 " , 

Specific Conductance . . « « « « 680 " 730 " 

pH . « « «© © @« © «© © © «© © © © 2 8.3 " 7.6 " 

Color. « « © «© 8 © « © 8 © © «© 2 40 " 90 " i 

Turbidity. .« « « « «© «© « «© « «@ « 7 " 7 " 

Biochemical Oxygen Demand. .. . 1.8 " 1.7 " 

Dissolved Oxygen . « « » « e@ «@ »« 11.7 " 7.6 " 

Coliform Count .« . « « » « «© « « |, 100 " 2,800 " ; 

Temperature (°F) . . « » ew ee u | " 53 " 

Source: SEWRPC. 
i 

Table 219 i 
WATER QUALITY CONDITIONS OF EAST BRANCH ROCK RIVER (1964-1965) 

Parameter o f 

Chloride (ppm) ......s+.. 30 15 0 12 i 
Dissolved Solids (ppm)... . 570 4Y4O 195 12 

Dissolved Oxygen (ppm)... . 12.8 8.0 ) 12 

Coliform Count (MFCC/100 ml) . 21,000 3,800 300 12 
Temperature (°F) ee ew elk 7 | | U6 32 12 ; 

Source: SEWRPC. 
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The dissolved oxygen concentrations in the East Branch of the Rock River ranged from 12.8 ppm in Nov- 

i ember to 0.0 ppm in March 1964 at station Rk-1. The maximum, average, and minimum concentrations 

for the period June through September were 8.1, 7.5, and 7.1 ppm, respectively. 

The coliform counts in the East Branch of the Rock River ranged from 21,000 MFCC/100 ml in January 1965 

i to 300 MFCC/100 ml in December 1964 at station Rk-1. The maximum, average, and minimum coliform 

counts in the river for the period June through September 1964 were 2,800, 1,500, and 700 MFCC/100 ml, 

respectively. 

i The maximum temperature of the Rock River, as determined by the SEWRPC during the period of the study, 

was 71°F in July 1964. The maximum, average, and minimum temperatures of the river during the period 

June through September 1964 were 71°, 61°, and 53°F, respectively. 

i Streamflow and Precipitation: The East Branch of the Rock River is a shallow meandering stream, which 

most of the year occupies a relatively wide channel in its lower reaches within the Region. At sampling 

station Rk-1, which is about 11.3 miles downstream from the river source, the East Branch of the Rock 

i River had a maximum depth of 2.8 feet and a width of 44 feet when measured under low-flow conditions 

in September 1964. 

Table 220 lists the SEWRPC flow determinations for periods of relatively high and low flow in April and 

September 1964 at station Rk-1. Precipitation data for the period January 1964 to February 1965 are 

listed in Table 221. 

Forecast Quality of the East Branch Rock River for the Year 1990: Population and land use studies by the 

SEWRPC indicate that there will be a minor increase in the population of the sub-watershed of the East 

Branch of the Rock River in southeastern Wisconsin by the year 1990. Most of the expected increase will 

center about the Village of Allenton, which in 1963 had an estimated population of 400. Table 222 lists the 

i estimated future population by the year 1990 for each of the three regional alternative land use plans. The 

forecast quality of the East Branch of the Rock River is listed in Table 223. 

Kohisville River 
Present Stream Quality: One sampling station, Rk-2, was established by the SEWRPC on the Kohlsville 

River, at a point approximately 6.6 miles downstream from the river source. 

The Kohlsville River apparently is acalcium bicarbonate stream of relatively constant total mineralization. 

In the two complete chemical analyses run on stream samples collected from the Kohlsville River, the 

predominant cation and anion were calcium and bicarbonate, respectively. Calcium concentrations were 

87 ppm in September and 80 ppm in April 1964. Bicarbonate concentrations were 340 and 305 ppm in 

i September and April 1964, respectively. Maximum nitrate concentration was 2.7 ppm. No samples of the 

Kohlsville River were analyzed for phosphorus concentration. Selected water analyses of the Kohlsville 

River at station Rk-2 are listed in Table 224. Water quality conditions of the river are indicated in 

i Table 225. 

The chloride concentrations in the Kohlsville River varied from 15 ppm inApril to 5 ppm inSeptember 1964 

at sampling station Rk-2. Assuming a "background" chloride concentration of 5 ppm, the chloride impact 

i upon the Kohlsville River was as much as 10 ppm from human sources, 

The dissolved solids concentrations of the Kohlsville River varied from 490 ppm in April to 470 ppm in 

September 1964 at station Rk-2. The assumed minimum "background" concentration of dissolved solids 

i is about 470 ppm. Table 220 

STREAMFLOW MEASUREMENTS OF THE EAST BRANCH RGCK R IVER: SPRING AND AUTUMN I1964 

| i Sampling Streamflow Previous 4-Day 

Station Date (cfs) Rainfall (in inches)? 

| i 4- 6-64 83 0.76 
, Rk-| 9-17-64 9.0 0.12 

| 

! 4 Measured at U. S. Weather Bureau Station at Hartford, Wisconsin. 

| i Source: U. S. Weather Bureau and SEWRPC. . 

| 
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Table 22 

PRECIPITATION? AT HARTFORD, WISCONSIN: JANUARY 1964 THROUGH FEBRUARY 1965 i 

368 Piss i 
|] 2 «© «© © © © © 8 -- -- -- -- 0.10 -- -- -- -- -- -- -- -- 0.32 

y ee -- -- -- 0.05 0.70 Q.17 0.34 -- 0.37 -- 0.39 0.08 0.32 -- 

Zu te es -- -- -- 0.45 -- 0.05 | -- -- -- -- 0.01 -- -- -- 
bee ee ee es -- -- -- -- -- -- -- -- 0.80 -- -- 0.05 -- -- 
Be ee -- -- 1.57 | 0.26 | 0.94 -- -- -- -- -- -- -- -- -- 

rr -- -- -- 0.40 | O.11 -- -- -- 0.01 -- -- -- -- -- 
1 7. 0 8 ee eee -- -- 0.24 | 0.30 -- -- 0.16 -- -- -- -- 0.01 -- -- 

8 . 2. «© © © © © 2 -- -- -- -- 0.11 -- 0.02 -- -- 0.23 -- -- 0.09 0.15 

Qe. wee eee es -- -- 0.45 -- 0.02 -- -- -- 0.60 -- -- -- -- -- 
1 -- -- -- -- -- -- -- | 0.04 | 0.05] -- -- -- -- | 0.09 

rrr -- -- -- -- -- -- -- -- -- -- 0.10 -- -- 
12 2. © «© © e@ © 8 ew 0.03 -- -- -- -- 0.02 -- -- -- -- 0.27 -- -- 0.26 

13 2. «© «© © «© © © 2 -- 0.16 -- 0.05 0.36 -- 0.08 -- -- -- -- 0.13 =< -- 

a -- -- 0.12 -- -- -- 0.56 -- 0.01 “- 2- -- -- -- 

15 2 2 8 ew ew wl lt -- -- -- -- _ =. 0.21 -- “= 0.11 “= 0.36 -~ 0.06 -- 

16 2. © © «© © © @ «© 0.01 -- -- -- 0.81 -- -- -- -- -- -- -- 0.01 -- 

[Pow ee ee ee -- -- -- 0.0] -- 0.27 -- -- -- -- -- -- -- -- 
18 »« © «© © © © «© «© « -- -- “- 0.12 0.23 0.03 2.00 “< 0.43 -- -- -- -- -- 

19 s e e a a e e . ® == -- —— =_—— —_— —-— =_— 7_—o— 0. 18 —— —— 0.02 = -= 

20 . « 0» © ©» © 8 @ 28 0.14 -- 0.01 -- -- -- 0.99 0.05 0.77 -- 0.1) -- -- -- 

21 5 ew ew ee wt ee -- -- 0.08 0.65 -- -- 0.76 1.32 0.40 -- 0.06 -- -- -- 

22 6. © te te et tk ll -- -- -- -- -- 0.08 “= 0.27 0.86 -- -- -- 0.09 -- 

23 2. «© «© 8 ew ew thle -- 0.02 -- -- -- 0.22 -- -- = -- -- -- 0.63 0.03 

| 0.24 -- -- -- 0.27 -- -- -- 0.11 -- -- -- 0.40 0.19 

25 1. ew we ew we 0.62 -- | -- -- -- -- 0.15 -- ~- -- -- -- -- -- 

26 © © © © © © 8 e@ -- -- 0.48 -- -- -- -- -- 0.25 -- -- -- 0.38 -- 

27 e oe e e a ee 6 eo. -_ -_— 0.05 0.27 -_—— -— -—— “—— ~—— -_- -—= -- = = 

28 . © «© «© © © «© «© 6 -- -- 0.07 0.15 -- -- 0.25 “= “- -- 1.03 0.03 0.02 -- 

29 2. 1 ww ew ew ws -- -- -- 0.06 -- -- -- -- -- -- -- -- -- _- 
B30. 2 we ew ee -- -- -- 0.05 -- -- -- 0.27 -- -- -- -- -- -- 

ee -- = -- -- 0.01 -- -- -- -- -- -- -- -- -- i 

a Precipitation measured in inches. Trace quantities not included. . 

Source: U. S. Weather Bureau. ; 

Table 222 F 

ESTIMATED CONNECTED POPULATION AND AVERAGE DAILY SEWAGE FLOW RATES FOR THE 

VILLAGE OF ALLENTON SEWAGE TREATMENT PLANT: 1963 AND 1990 

ALTERNATIVE LAND USE PLANS i 
rere ncn rrr ee A CC CA ACN aI AAT TICE, 

Estimated Connected Population 

Sewage Existing 1 i 
Treatment 1963 Control ed Corridor Satellite 

Plant Existing - City 

Trend Plan an Plan 

400 1,400 2,400 1,400 i 

East Estimated Average Daily Sewage Flow Rate 

Branch 40,000 2 140,000 240,000 140, 000 
Rock < 0.1? 0.2 0.4 0.2 

River Estimated Low Flow of the East Branch Rock River at Station Rk-] 

< 3.05 < 8.0 
@ Gallons per day. i 
b Cubic feet per second. 

Source: SEWRPC. 
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Table 223 

i FORECAST QUALITY OF THE EAST BRANCH ROCK RIVER AT SAMPLING STATION RK-1: 

1990 ALTERNATIVE LAND USE PLANS 

Sampling Stream Controlled Satellit ontrolle atellite Stream Station Parameter Ore ee existing Corridor city 

Plan i Trend Plan Plan 

Chloride uo 70 uO 

i (in ppm) 

Dissolved 

i Solids 4755 550 
in ppm 

East ( 

Branch Rk-| 

i Rock 

River ; 
Dissolved 

Oxygen 7.5° More than 6.0 
i (in ppm) 

Coliform 

Count c 
(in mMFCC/ 1,500 More than 5,000 

100 ml) 

i @ Based on analyses for September 1964. 

b Based on analyses for October 1964. 

i © Based on average for the period June through September 1964. 

Source: SEWRPC. 

i The dissolved oxygen concentrations varied from 13.4 ppm in January to 6.0 ppm in February 1965 at sam- 

pling station Rk-2. The maximum, average, and minimum concentrations for the period June through 

September were 12.3, 10.7, and 10.0 ppm, respectively. 

i The coliform counts varied from 6,000 MFCC/100 ml in February to 300 MFCC/100 ml in January 1965 at 

station Rk-2, The maximum, average, and minimum coliform counts for the period June through Septem- 

ber 1964 were 3,300, 1,900, and 1,300 MFCC/100 ml, respectively. 

The maximum temperature of the Kohlsville River was 70°F in July 1964, The maximum, average, and 

minimum temperature during the period June through September was 70°, 59°, and 50°F, respectively. 

i Streamflow and Precipitation: The Kohlsville River is a relatively shallow meandering stream, which most 

of the year occupies a relatively wide channel inits lower reaches. At sampling station Rk-2, which is 

6.6 miles downstream from the river source, the Kohlsville River had a maximum depth of 2.2 feet and 

i a width of 30 feet when measured under low-flow conditions in September 1964, 

Table 226 lists the SEWRPC flow determinations for periods of relatively high and low flow in April and 

september 1964 at sampling station Rk-2. Precipitation data for the period January 1964 to February 1965 

i are listed in Table 221. 

Forecast Quality of the Kohlsville River for the Year 1990: Population and land use studies by the SEWRPC 

indicate that there will be only a very slight increase in the population of the sub-watershed of the Kohls- 
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Table 224 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES ; 

COLLECTED AT SAMPLING STATION RK=-2 ON THE KOHLSVILLE RIVER: 1964 

Date of Date of ; 

Silica . . « «© «© «© «© «© © ws 9 4-2-64 13 9-16-64 

Iron « « © 6 © ew ew eh ew 0.04 " 0.03 " f 

Manganese. .« . « © «© «© « «@ « -- -- 0.00 " 

Chromium. . «© « «© «© © «© « « -- -- -- -- 

Hexavalent Chromium. ... . -- -- -- -- 

Calcium. .« « «© © «© «© © «© «© « 80 Y-2-64 87 9-16-64 F 

Magnesium. . « 6 «© « © « « « U8 " | " 

Sodium (and Potassium)... 25 " 25 " 

Bicarbonate. . . »« «© «© « « « 305 " 340 " 

Carbonate. .«. «. « «» «© «© «© «© « 20 " 30 " i 

Sulfate. .« . « «© «© «© «© © «© « 14y " 96 " 

Chloride . . «© «© «© «© we ew ew 15 " 5 " 

Fluoride . « « «© «© «© «© « « « -- -- -- -- i 

Nitrite. « « «© « «© «© © © «© 2 0.0 4-2-64 0.0 9-16-64 

Nitrate. . 2. »« «© «© «© © » «@ -- -- 1. " 

Phosphorus . «© « © «© « © «© « -- -- -- -- 

Cyanide. « « » 5 © «© «© 8 «© «8 -- -- -- -- i 

Oil. 2 2 © ew ew we ee ek -- -- -- -- 

Detergents . « « «© «© «© «© @ 0.0 Y-2-64 0.0 9-16-64 

Dissolved Solids . . «1 2 « « 490 " 470 " 

Hardness « « «© «© «© «© «© #8 «@ « 397 " 387 " i 

Noncarbonate Hardness. .. . 115 " | 55 " 

Calcium Hardness ..... « 199 " 217 " 

Magnesium Hardness... . « 198 " 170 " 

Alkalinity P . . 2. «© «© «© «© o 10 no 15 " i 

Alkalinity M.. 2. «© «© «© « 270 " 310 " 

Specific Conductance... . 64y " 660 " 

PH « 2 8 6 ew ew ew ee 8.3 " 7.8 " 

Color. « «© «© «© « «© © © «© «© 30 " 25 " , 

Turbidity. .« « « « «© «© «© « « 5 " 6 " 

Biochemical Oxygen Demand. . 2.1 " |. 4 " 

Dissolved Oxygen... 2... 11.7 " 10.0 " 

Coliform Count... .« « « « 2,300 " 1,400 " 

Temperature (°F)... we a 4O " 50 " 

Source: SEWRPC. i 

Table 225 i 

WATER QUALITY CONDITIONS OF KOHLSVILLE RIVER (1964-1965) 

Number i 

Parameter Numerical Value of 

Chloride (ppm)... . «+ «ws 15 10 5 2 i 
Dissolved Solids (ppm)... . 490 480d 470 2 

Dissolved Oxygen (ppm) .... 14.5 10.7 6.0 lI 
Coliform Count (MFCC/100 ml) . 6,000 1,700 300 tI 

Temperature (°F) . «. «we wee 70 46 32 I | 

Source: SEWRPC. 
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Table 226 

| i STREAMFLOW MEASUREMENTS OF THE KOHLSVILLE RIVER: SPRING AND AUTUMN {964 

Sampling Streamflow Previous 3-Day 

i Station Date (cfs) Rainfall (in inches)? 

Rk=-2 K— 6-64 26 0.7) 

9-|7-64 0 0.12 

[ 4 Measured at U. S. Weather Bureau Station at Hartford, Wisconsin. 

Source: U. S. Weather Bureau and SEWRPC. 

Table 227 

i FORECAST QUALITY OF THE KOHLSVILLE RIVER AT SAMPLING STATION RK-2: 

1990 ALTERNATIVE LAND USE PLANS 
eel 

i Forecast Quality for 1990 

5 li Stream Controlled Satellit ampling ontrollie atellite 
t Parameter ualit ; 

Stream Station 0 y Existing Corridor City 
in 1964 Plan 

i Trend Plan Plan 

Chloride 54 Less than 10 
(in ppm) 

; Dissolved 

Solids 4704 Less than 500 
(in ppm) 

i Kohisville Rk-2 

River 

Dissolved 

i Oxygen 10.72 More than 10 

(in ppm) 

i Coliform 

Count 1,900" Less than 2,400 
(in MFCC/ 

i 100 ml) 

@ Based on analyses for September 1964. 

i b Based on average for the period June through September 1964. 

Source: SEWRPC. 

ville River in southeastern Wisconsin by the year 1990. The estimated population of the Village of Kohls- 

i ville in1963 was about 100 according to SEWRPC estimates. The population of this village is not anticipated 

to increase significantly by the year 1990. Forecast quality of the Kohlsville River for the year 1990 is 

indicated in Table 227. 

E Rubicon River 

Present Stream Quality: Two sampling stations, Rk-3 and Rk-4, were established by the SEWRPC on the 

Rubicon River at points 6.1 and 11.9 miles downstream from the river source. Effluent from the sewage 

i treatment plants at the Village of Slinger and at the City of Hartford is discharged into the Rubicon River. 

Station Rk-3 is located between Slinger and Hartford. Station Rk-4 is downstream from the sewage treat- 

; ment plant at Hartford. 
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The Rubicon River is acalcium bicarbonate stream at station Rk-3 and is predominantly a sodium chloride 

stream at station Rk-4. The river is subject to large changes in total mineralization. In the 16 complete i 

chemical analyses run on stream samples collected from the Rubicon River, the predominant cations were 

sodium and calcium. Sodium was the predominant cation in 12 analyses at concentrations ranging from 

590 ppm in January to 55 ppmin February 1965 at station Rk-4. Calcium was the predominant cation in 

four analyses at concentrations ranging from 91 ppm at station Rk-4 to 49 ppm at station Rk-3 inApril 1964. i 

Chloride and bicarbonate were predominant anions. Chloride was predominant in nine analyses at concen- 

trations ranging from 850 to 440 ppm at station Rk-4 in January 1965 to 440 in October 1964. Calcium was 

the predominant anion in six analyses at concentrations ranging from 380 ppm in May 1964 to 225 ppm in i 

July 1964 at station Rk-4. Maximum nitrate concentration was 5.1 ppm. Total phosphorus was 4.0 ppm at 

station Rk-4 on September 16, 1964. Selected water analyses are listed in Tables 228 and 229. Water 

quality conditions of the Rubicon River are indicated in Table 230. 

The chloride concentrations in the Rubicon River varied from 850 ppm in January 1965 to 15 ppm in Sep- 

tember 1964 at sampling stations Rk-4 and Rk-3, respectively. Assuming a "background" chloride con- i 

Table 228 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

COLLECTED AT SAMPLING STATION RK=-3 ON THE RUBICON RIVER: {964 i 

Date of Date of 

Silica . « « »« « « « « «© » « 9 Y-2-64 6 9-16-64 

ron. . © © © «© © © «© #8 «8 0.06 " 0.02 " 

Manganese. « «© «© «© © © w « -- -- 0.00 " i 

Chromium 2. 2. e ee ew we we ew -- -- -- -- 

Hexavalent Chromium. ... . -- -- -- -- 

Calcium. «© «© «© © © «© «© »© @ « 74 Y=-2-64 74 9-16-64 

Magnesium. «© «© «© «© «© © «© « « U | " U6 " i 

Sodium (and Potassium) .. . 30 " 30 " 

Bicarbonate. - » « «© «© + « « 270 " 330 i 

Carbonate. »« « «+ «© «© «© «© w 26 40 " 30 " 

Sulfate. «© «© «© «© «© «© «© « o 93 " 96 " i 

Chloride . « « «© » «© » «© «2 « 20 " 15 " 

Fluoride « « « «© 8 «© «© «© « « -- -- -- -- 

Nitrite. . 2 ee ee ee ee 0.0 4-2-64 0.1 9-16-64 ; 
Nitrate. «© «© « © © © «© © « « -- -- 0.6 " 

Phosphorus . « « « «© © © « «+ -- -- -- -- 

Cyanide. .« .« « 5 «© «© «8 «© «8 + -- -- -- -- 

Detergents . .- «+ «+ «+ se © « 0.1 4Y-2-64 0.0 9-16-64 
Dissolved Solids . . . «1 « . 435 " 460 " 

Hardness . « «© © «© © © «© «8 «2 353 " 375 " 

Noncarbonate Hardness. .. . 65 " 55 " i 

Calcium Hardness » . +» «© « . 185 " 18u " 

Magnesium Hardness ... . « 168 " 19] " 

Alkalinity P . «© « «© «© «© « « 20 " 15 " 

Alkalinity Meow ee eee 260 " 300 " ; 
Specific Conductance... . 600 " 674 " 

PH » es we we ew ew te we ee 8.4 " 8.0 " 

Color. .« «© «© «© © © © © «© «© 2 30 " 50 " 

Turbidity. .- «© «© «© «© «© «© a e 6 " 2 " i 

Biochemical Oxygen Demand. . 3.4 " 1.7 " 

Dissolved Oxygen « « « «© « « 13.5 " 13.1 " 

Coliform Count . .« « «© «© « + 300 " 600 " 

Temperature (°F)... ewe 42 " 53 " ; 

Source: SEWRPC. ; 
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Table 229 

; SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

COLLECTED AT SAMPLING STATION RK-4 ON THE RUBICON RIVER: 1964 

. Date of Date of . 
Silica 2. . 2. © «© © «© © © 7 4-2-64 4 9-16-64 

i fron . 2 «© © «© © «© 8 «© © 2 0.03 " 0.04 " 

Manganese. «© « «© «© «© 2 « « -- -- 0.00 " 

Chromium. . «© «© «© «© «© «@ 2 -- -- < 0.02 " 

Hexavalent Chromium. .. . -- -- 0.00 " 

[ Calcium. . .« « © «© «© «© «@ « 9] Y-2-64 73 " 

Magnesium. « « «6 «© «© «© @ 6 36 " 35 " 

Sodium (and Potassium) . . 75 " 360 " 

Bicarbonate. »« . « «+ « « « 295 " 340 " 

i Carbonate. . «. « «© « » «2 « 30 " UO n 

Sulfate. . « « « « «© « « « 93 " 112 " 

Chloride . . « « «© « «© «@ « 105 " U55 " 

Fluoride .« . « «© « «© «© «© « -- -- < 0.85 " 

i Nitrite. .« .« « «© « «© « « « 0.0 4-2-64 0.3 " 

Nitrate. . . 2 « «© «© «© «@ e -- -- u. | " 

Phosphorus .«. « «© «© «© « @ «@ -- -- u.0 " 

i Cyanide. . « « « «© «© «© « « -- -- < 0.0} [1-18-64 

Oil. 2. «© 2 2 © 2 © ww ew -- -- < | 9-16-64 

Detergents . . « « « « « « 0.2 Y¥-2-64 0.4 " 

Dissolved Solids . ... . 580 " 1, 250 " 

i Hardness .« . « « «© «© « « « 373 " 325 " 

Noncarbonate Hardness. . . 85 " 0 " 

Calcium Hardness ...-. - 226 " 182 " 

Magnesium Hardness ... . 147 " 143 " 

i Alkalinity P . .. «© «© «=. 15 " 20 " 

Alkalinity M.. 51 « 2 « « 270 " 320 " 

Specific Conductance... . 924 " 2,930 " 

pH 2. « «© «© «© © © ew we 8.4 " 8.0 " 

J Color. « «© © © © » «© « « + 30 " [5 " 
Turbidity. ». »« « « « e « . y " 4 " 

Biochemical Oxygen Demand. 3. | " 2.9 " 

Dissolved Oxygen .... .« 14.3 " 10.3 " 

i Coliform Count . . .« « « 200 | " 39,000 " 

Temperature (°F) ..... Uy " 57 " 

i Source: SEWRPC. 

. Table 230 

i WATER QUALITY CONDITIONS OF THE RUBICON RIVER (1964-1965) 

ee 

: “ae Parameter of 

i Chloride (ppm) . . «2. «© « « « 850 195 [5 16 

Dissolved Solids (ppm)... . 1,970 745 275 16 

Dissolved Oxygen (ppm)... . | 17.1 11.8 4.2 27 
Coliform Count (MFCC/100 ml) . 270,000 22,000 100 27 

Temperature (°F)... . ew « 77 47 32 27 

' Source: SEWRPC. 
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centration of 5 ppm, the chloride impact upon the Rubicon River was as much as 845 ppm from human 

sources. The variations in the chloride concentrations in the Rubicon River are shown in a series of i 

14 interpretive stream quality graphs in Figure 41. Several industries at the City of Harttord produce 

liquid wastes high in chloride concentration that are discharged into the municipal sewerage system and 

enter the Rubicon River at the sewage treatment plant outfall. Effluent from the Village of Slinger sewage i 

treatment plant is discharged into an intermittent headwater tributary of the Rubicon River, with little or 

no apparent effect on the quality of the river at sampling station Rk-3. 

The dissolved solids concentrations in the Rubicon River varied from 1,970 ppm in January 1965 to 275 ppm i 

in February 1965 at station Rk-4. Assuming a "background" dissolved solids concentration of about 

445 ppm, the dissolved solids impact from human activities upon the Rubicon River was as much as 

1,520 ppm. The variations in the dissolved solids concentrations in the Rubicon River are shown in i 

a series of 14 interpretive stream quality graphs in Figure 42. Figure 43 shows the variations in the 

chloride and dissolved solids concentrations at stations Rk-3 and Rk-4. Much of the variations in dissolved 

solids concentration are due to variations in the chloride and sodium concentrations of the river. ; 

The dissolved oxygen concentrations in the Rubicon River varied from 17.1 ppm in January 1964 at sta- 

tion Rk-3 to 4.2 ppm in January 1965 at station Rk-4. The maximum, average, and minimum dissolved 

oxygen concentrations for the period June through September 1964 were 13.1, 12.2, and 10.9 ppm and i 

13.9, 11.7, and 10.5 ppm, at sampling stations Rk-3 and Rk-4, respectively. A series of 14 interpretive 

stream quality graphs in Figure 44 show the variations in dissolved oxygen in the Rubicon River. Figure 45 

Shows the variations in dissolved oxygen at sampling stations Rk-3 and Rk-4. i 

The coliform counts in the Rubicon River varied from 270,000 MFCC/100 ml in January 1965 at sta- 

tion Rk-4 to less than 100 MFCC/100 ml in February 1964 and in January 1965 at station Rk-3. The 

maximum, average, and minimum counts for the period June through September 1964 were 2,000, 1,000, / 

and 600 MFCC/100 ml and 39,000, 13,200, and 2,000 MFCC/100 ml at sampling stations Rk-3 and Rk-4, 

respectively. Figure 46 is a series of 14 interpretive stream quality graphs showing the variations in 

coliform counts in the Rubicon River. Figure 47 shows the variations in coliform counts at stations Rk-3 , i 

and Rk-4. 

The maximum temperature of the Rubicon River was 77°F in July 1964 at stations Rk-3 and Rk-4. The 

maximum, average, and minimum temperatures for the period June through September 1964 were 779, | 

64°, and 53°F and 77°, 65°, and 57°F at station Rk-3 and Rk-4, respectively. 

Streamflow and Precipitation: Much of the year, the Rubicon River is a shallow meandering stream occupy- i 

ing a narrow channel. At sampling station Rk-4, this stream had a maximum depth of 1.3 feet and was 

24 feet wide when measured under low-flow conditions in September 1964. 

The flow of the Rubicon River was measured by the SEWRPC at station Rk-4 in April and September 1964, i 

as indicated in Table 231. Daily precipitation at Hartford, Wisconsin, from January 1964 through Febru- 

ary 1965 is listed in Table 221. i 

Table 231 

STREAMFLOW MEASUREMENTS OF THE RUBICON RIVER: SPRING AND AUTUMN [964 [ 

Sampling Streamflow Previous 3-Day 

Station Date (cfs) Rainfall (in inches)? i 

Y- 6-64 63 0.71 

Rk-4 9-17-64 2.4 0.12 

4 Measured at U. S. Weather Bureau Station at Hartford, Wisconsin. i 

Source: U. S. Weather Bureau and SEWRPC. | 
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Figure 4] 

CHLORIDE CONCENTRATION IN THE RUBICON AND OCONOMOWOC RIVERS, AND IN 

JACKSON CREEK, DELAVAN LAKE OUTLET, AND TURTLE CREEK 

IN PARTS PER MILLION 
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Figure 42 

DISSOLVED SOLIDS CONCENTRATIONS IN THE RUBICON AND OCONOMOWOC RIVERS, AND IN | 

JACKSON CREEK, DELAVAN LAKE OUTLET, AND TURTLE CREEK 

IN PARTS PER MILLION 
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Figure 44 

i DISSOLVED OXYGEN CONCENTRATION IN THE RUBICON AND OCONOMOWOC RIVERS, AND IN 

JACKSON CREEK, DELAVAN LAKE OUTLET, AND TURTLE CREEK 

IN PARTS PER MILLION 
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Figure 43 Figure 45 

CHLORIDE AND DISSOLVED SOLIDS DISSOLVED OXYGEN CONCENTRATIONS i | 

CONCENTRATIONS IN THE RUBICON RIVER IN THE RUBICON RIVER 
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Forecast Quality of the Rubicon River for the Year 1990: Population and land use studies by the SEWRPC i 

indicate that a significant increase in urban population may be expected in the sub-watershed of the Rubicon 

River by the year 1990. Most of this increase will center about the City of Hartford and Village of Slinger, 

which are estimated to have had populations of 6,000 and 1,200 people, respectively, in 1963. Table 232 I 

lists the estimated future population of these municipalities by the year 1990 according to each of the three 

regional alternative land use plans prepared by the SEWRPC. This table also lists the estimated average 

daily sewage flow rates and the estimated low flow of the Rubicon River at sampling station Rk-4 under § 

each regional alternative land use plan. 

Table 233 indicates the forecast quality of the Rubicon River for the year 1990. The Rubicon River has an 3 

exceptionally high chloride concentration due to the wastes entering the stream from industrial sources of 

pollution. For this reason future quality conditions with respect to chloride and dissolved solids is listed 
as indeterminate. i 

Ashippun River 

Present Stream Quality: One sampling station, Rk-5, was established by the SEWRPC on the Ashippun 

River at a point approximately 9.4 miles downstream from the river source. No sewage treatment plants i 

are located in the sub-watershed of the Ashippun River. 

The Ashippun River is a calcium bicarbonate stream of relatively constant total mineralization. In the 

three complete chemical analyses run on stream samples collected from the Ashippun River, calcium was | 

the predominant cation at concentrations ranging from 65 ppm to 58 ppm at station Rk-5 in February and 

September 1964. Bicarbonate was predominant at concentrations ranging from 390 ppm to 255 ppm at 

station Rk-5 in February and April 1964. Maximum nitrate concentration was 4.6 ppm. Total phosphorus i 

at station Rk-5 was 0.24 ppm on September 14, 1964. Selected water analyses of the Ashippun River at 

station Rk-5 are listed in Table 234. Water quality conditions of the river are indicated in Table 235, ' 
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Figure 46 

5 COLIFORM COUNT IN THE RUBICON AND OCONOMOWOC RIVERS, AND IN JACKSON CREEK, 

DELAVAN LAKE OUTLET, AND TURTLE CREEK 

MEMBRANE FILTER COLIFORM COUNT PER 100 MILLILITERS (IN THOUSANDS) 
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Table 232 

ESTIMATED CONNECTED POPULATION AND AVERAGE DAILY SEWAGE FLOW RATES i 

FOR THE SLINGER AND HARTFORD SEWAGE TREATMENT PLANTS: 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 

Estimated Connected Population i 

Location of 1990 

Sewage Existing 7 tell] 

Treatment 1963 renee ed Corridor Satelite 

Plant XIsting ity 
Plan 

Trend Plan Plan 

Village of Slinger. 1,200 3,200 7,400 5,700 , 

City of Hartford. . 6,000 9,600 fF 18,1000 20,800 
Estimated Average Daily Sewage Flow Rate 

Village of Slinger. 150,0007 400,000 750,000 1,050,000 | 

0.2» 0.6 1.2 1.6 

City of Hartford. . 700,0007 1,150,000 2,350,000 3,750,000 

1.1? 1.8 3.6 5.8 i 

Estimated Low Flow of the Rubicon River at Sampling Station Rk-4¥ 

@ Gallons per day. 
i 

b Cubic feet per second. 

Source: SEWRPC. Table 233 

FORECAST QUALITY OF THE RUBICON RIVER AT SAMPLING STATION RK-4: f 

1990 ALTERNATIVE LAND USE PLANS : 

Forecast Quality for 1990 
Stream 

Stream Sampling Parameter Quality Controlled Corridor Satellite 
Station in 1964 Existing Plan City 

Trend Plan Plan 

Chloride a 5 
(in ppm) U55 indeterminate 

Dissolved 

Solids |, 250° Indeterminate 
(in ppm) 

Rubicon 

River Rk-4 f 

Dissolved 

Oxygen 11.7? More than 8.0 

(in ppm) a 

Coliform . 

Count b 
(in MFCC/ 13,200 20,000 27,000 42,000 

100 ml) 

@ Based on analysis for September 1964. i 

b Based on average for the period June through September 1964. 

Source: SEWRPC. 
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Table 234 

5 SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

| COLLECTED AT SAMPLING STATION RK-5 ON THE ASHIPPUN RIVER: {964 

Date of Date of i 
Silica . .« «© © «© «© «© «© wo Uy Y-2-64 8 9-14-64 

i bron . 2. « © © © © © «© © eo 0.01 " 0.08 " 

Manganese. . «© «© « © © e© « « -- -~ 0.00 " 

Chromium . . «1 «© «© © «© «© «© -- -- <0.005 " 

Hexavalent Chromium. ... . -- -- 0.00 " 

f Calcium. .« « «© «© «© «© «© «© «@ 2 63 Y-2-64 65 " 

Magnesium. « 2 «© « «© «© «© « « 36 " 40 " 

Sodium (and Potassium)... 10 " 20 " 

Bicarbonate. . ». »« » «© « » » 255 " 330 " 

i Carbonate. . .« « «© «© «© « « 2 30 " 20 " 

Sulfate. . . « «© «© «© © «© «@ « 4g " 56 " 

Chloride .«. .« « « « © «© « « « 5 " 5 " 

Fluoride . . 1 «© «© «© «© «© «@ 2 -- -- <0.3 " 

i Nitrite. . . 6 «© « «© «© «© @ 0.0 U-2-64 0.0 " 

Nitrate. . . «© © «© «© «© © @ 2 -- -- 0.8 " 

Phosphorus . . «6 «© «© « «© « -- -- 0.24 " 

 ([Cyanide. .« « 2 «© «© © ew e ew -- -- -- -- 

Oil. « 2 ew we we ew ew we ek -- -- < | 9-14-64 

Detergents . . « «© « «© w @ 0.2 Y-2-64 0.0 " 

Dissolved Solids . . . .. « 320 " 375 " 

F Hardness . . «6 « © «© «© «© « 305 " 329 " 

Noncarbonate Hardness. .. . 45 " 25 " 

Calcium Hardness... .. . 158 " 163 " 

Magnesium Hardness . .« « « « 147 " 166 " 

f Alkalinity PP... 2. « « « . 15 " 10 " 

Alkalinity M.. 2. «© «© ww 240 " 290 " 

Specific Conductance... . 512 " 568 " 

pH . «© 8» © © © © © © » 8 «@ 2 8.2 " 8.0 " 

i Color. « «© « «© © «© «© «© 28 «8 2 20 " 20 " 

Turbidity. . «© « « « « » «#8 « 3 " 5 " 

Biochemical Oxygen Demand. . 1.6 " 1.9 " 

Dissolved Oxygen . «© « « « 13.3 " 10.8 " 

i Coliform Count . . « « «© « « 100 " 2,000 " 

Temperature (°F)... +. as 39 " 56 " 

f Source: SEWRPC. 

i Table 235 

WATER QUALITY CONDITIONS OF THE ASHIPPUN RIVER (1964-1965) 

, = Parameter o f 

f Chloride (ppm)... . «2. ee « « 20 10 5 3 
Dissolved Solids (ppm)... . 440 380 320 3 

Dissolved Oxygen (ppm)... . 15.9 10.3 5.0 | 2 
Coliform Count (MFCC/100 ml) . 10,000 2,500 100 12 

i Temperature (°F) ». . 2. we we 77 50 32 |2 

Source: SEWRPC. 

259



Figure 47 

COLIFORM COUNT IN THE RUBICON RIVER i 
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The chloride concentrations in the Ashippun River varied from 20 ppm in February 1964 to 5 ppm in April 

and September 1964 at sampling station Rk-5. Assuming a "background" chloride concentration of 5 ppm, 

the chloride impact upon the Ashippun River was as much as 15 ppm from human sources, 3 

The dissolved solids concentrations in the Ashippun River varied from 440 ppm in February to 320 ppm 

in April 1964 at sampling station Rk-5. The presumed "background" dissolved solids concentration is | 

375 ppm. 

The dissolved oxygen concentrations in the Ashippun River varied from 15.9 ppm in November to 5.0 in 

July 1964, The maximum, average, and minimum dissolved oxygen concentrations during the period June ij 

through September 1964 were 10.8, 8.7, and 5.0 ppm, respectively. 

| 

The coliform counts in the Ashippun River varied from 10,000 MFCC/100 ml in August to 100 MFCC/100 ml | 

in April 1964 at sampling station Rk-5. The maximum, average, and minimum counts for the period June I 

through September 1964 were 10,000, 4,700, and 1,100 MFCC/100 ml. 

The maximum temperature of the Ashippun River was 77°F in August 1964. The maximum, average, and 

minimum temperatures for the period June through September 1964 were77°, 69°, and 56°F, respectively. 

Streamflow and Precipitation: Throughout muchof the year, the Ashippun River is a shallow stream occupy- 

ing a narrow meandering channel. At sampling station Rk-5, a distance approximately 9.4 miles down- i 

stream from the river source, the Ashippun River had a maximum depth of 0.3 foot and a width of 16 feet 

when measured under low-flow conditions in September 1964. 

The SEWRPC measured the flow of the Ashippun River under conditions of relatively high and low flow in | 

April and September 1964, as indicated in Table 236. Daily precipitation for the period January 1964 

through February 1965 is listed in Table 237. 

Forecast Quality of the Ashippun River for the Year 1990: Population and land use studies by the SEWRPC i 

indicate that no significant increase is expected by the year 1990 in the population of the sub-watershed of 

the Ashippun River. The forecast quality of the Ashippun River for the year 1990 is indicated in Table 238. 
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Table 236 

5 STREAMFLOW MEASUREMENTS OF THE ASHIPPUN RIVER: SPRING AND AUTUMN 1964 

Sampling Streamflow Previous 4-Day 

5 Station Date (cfs) Rainfall (in inches)? 

H- 4-64 U5 0.52 

s Rk=5 9-15-64 2.1 0.07 

4 Measured at U. S. Weather Bureau Station at Oconomowoc, Wisconsin. 

a Source: U. S. Weather Bureau and SEWRPC. 

Table 237 

; PRECIPITATION? AT OCONOMOWOC, WISCONSIN: JANUARY 1964 THROUGH FEBRUARY 1965 

i 8 

i rr -- -- -- -- 0.21 | 0.03 | 0.19 -- -- -- -- -- -- 0.16 
2 ee -- -- -- 0.27 | 0.65 | 0.09 | 0.12 -- 0.04 | 0.01 | 0.33 | 0.07 | 0.28 -- 
Zk ee -- -- -- 0.25 -- 0.04 -- -- -- -- 0.12 -- -- -- 
bo ee ee ee ee -- -- -- -- -- -- -- -- 0.03 -- 0.06 | 0.05 -- ~~ 
Be ee ee -- -- 1.25 | 0.56 -- -- -- -- -- -- -- -- -- -- 

| Gee ee ee ee -- -- -- -- -- -- -- -- 0.02 | 0.01 | 0.02 -- -- -- 
Tee eee es -- -- -- 0.65 -- -- 0.18 -- -- -- -- 0.06 -- 0.03 
Be ee ee -- -- 0.27 -- 0.32 -- 0.17 -- -- 0.13 -- -- 0.03 | 0.06 
Qe ee ee ees ~- -- -- -- 0.06 -- -- -- 0.03 -- -- -- -- 0.03 

5 lO. ee ee ee -- -- -- -- -- -- -- 0.06 | 0.06 -- -- -- -- | 0.06 
re -- -- -- -- -- -- -- 0.13 -- -- -- 0.07 -- -- 

[20 2 we ew ew ee we | O01 | 0.05 -- -- -- -- -- -- -- -- 0.14 | 0.03 -- 0.26 
rr -- 0.10 -- 0.11 | 0.37 -- 0.16 -- -- -- -- 0.09 -- -- 

Ibe ee ee ee -- -- 0.12 -- -- -- 0.24 -- 0.07 -- -- -- -- -- 
Ibe ee ee ee -- -- -- -- -- 0.30 |. -- -- 0.05 -- 0.61 -- 0.03 -- 
IG. we ew ee ew | 0.02 -- -- -- 0.55 -- -- 0.13 -- -- -- -- -- -- 
[Poe eee ee -- -- -- -- -- 0.17 -- -- -- -- -- -- -- -- 

| IB wwe ee ee ee -- -- -- 0.51 | 0.01 -- 2.12 -- 0.37 -- -- -- -- -- 
ee -- -- -- -- -- 0.35 -- -- ~- -- -- -- -- -- 

20. eee ew ew we | OT -- 0.05 -- -- -- 0.78 -- 0.04 -- 0.03 | 0.02 -- -- 
re -- -- 0.20 | 0.47 -- 1.03 -- 1.27 | 0.03 -- -- -- -- -- 

yr -- -- -- -- -- 0.76 | 0.07 | 0.53 -- -- -- -- 0.45 -- 
23 6 ©» © © © «© © «© -- -- -- -- -- -- -- 0.0) | 0.07 = -- 0.03 0.12 -- 

QM. ee ee ew we | 0.39 -- -- -- 0.35 -- -- -- 0.04 -- -- 0.02 | 0.40 | 0.21 
25. we ee ew we | O19 -- -- -- -- -- 0.30 -- -- -- -- -- -- -- 
1 rr -- -- 0.25 -- -- -- -- -- 0.32 -- -- 0.02 | 0.14 -- 
Qe ee eee ee -- -- 0.06 | 0.17 -- -- -- -- -- -- -- -- -- -- 

re -- -- 0.03 | 0.05 -- -- -- -- -- -- 1.05 -- -- -- 
29 se we eh ee es -- -- -- 0.23 -- -- 0.01 -- -- -- -- -- -- -- 
1 ~- -- -- 0.06 -- -- 0.05 | 0.32 -- -- -- -- -- -- 

re -- -- -- -- 0.02 -- -- -~ ~- -- -- -- -- -- 

TotatS~*~*é~sS Cf Ot | ad | age feo | vow | vw] ws] i fos fess [owe | rw] oe 
i a Precipitation measured in inches. Trace quantities not included. 

Source: U. S. Weather Bureau. 

Oconomowoc River 

Present Stream Quality: Three sampling stations, Rk-6, Rk-7, and Rk-8, were established by the SEWRPC 

on the Oconomowoc River at distances of 11.9, 20.6, and 27,2 miles downstream from the river source. 

{ This stream receives effluent from the sewage treatment plant at the City of Oconomowoc. 

The Oconomowoc River is predominantly a calcium bicarbonate stream of relatively constant total miner- 

alization. In the 19 complete chemical analyses run on stream samples collected from the Oconomowoc 

i River, calcium and sodium were predominant cations. Calcium was predominant in 17 analyses at con- 

centrations ranging from 69 ppm at station Rk-8 in October 1964 to 30 ppm at station Rk-7 in September 

1964. Sodium was the predominant anion in two samples at concentrations of 55 and 65 ppm in August and 
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Table 238 

FORECAST QUALITY OF THE ASHIPPUN RIVER AT SAMPLING STATION RK-5: | 

1990 ALTERNATIVE LAND USE PLANS } 

ell 

Forecast Quality for 1990 

li Stream Controlled Satellite : Sampling Parameter ualit ontre a 
Stream Station ere y 964 Existing Corridor City 

Plan Trend Plan Plan 2 

Chloride 

ee ee i 

Dissolved a 

Solids 3754 Less than 400 
(in ppm) 

Ashippun Rk-5 , 

River 

Dissolved 

Oxygen g.7> More than 8.0 

(in ppm) i 

Coliform i 

Count b Approximately 5,000 
(in MECC/ +, 700 a 
100 ml) f 

@ Based on analysis for September 1964. 

b Based on average for the period June through September 1964. 

Source: SEWRPC. ; 

September 1964, respectively, at station Rk-8. Bicarbonate was the predominant anion in all 19 complete 

chemical analyses at concentrations ranging from 400 ppm in October 1964 at station Rk-8 to 200 ppm in ; 

April 1964 at station Rk-7. Maximum nitrate concentration was 3.6 ppm. Total phosphorus concentrations 

at sampling stations Rk-6 and Rk-8 were 0.12 and 5.3 ppm on September 14, 1964. Selected water analyses 

of the Oconomowoc River at station Rk-6 and Rk-8 are listed in Tables 239 and 240. Water quality condi- a 

tions of the river are indicated in Table 241. 

The chloride concentrations in the Oconomowoc River varied from 70 ppm inSeptember 1964 at station Rk-8 | Ep 

to 0 ppm in September 1964 at sampling station Rk-6. Assuming a "background" chloride concentration 

of 5 ppm, the chloride impact upon the Oconomowoc River was as much as 65 ppm from human sources, 

The dissolved solids concentrations varied from 470 ppm in September 1964 at station Rk-8 to 240 ppm 5 

in April 1964 at station Rk-7. Assuming a "background" dissolved solids concentration of about 370 ppm 

at station Rk-8, the dissolved solids impact upon the Oconomowoc River was as much as 100 ppm. The 

variations in the dissolved solids concentrations in the Oconomowoc River are shown in aseriesof 14 inter- , 

pretive stream quality graphs in Figure 42. Figure 48 shows the variations in the chloride and dissolved 

solids concentrations at stations Rk-6, Rk-7, and Rk-8. 

The dissolved oxygen concentrations in the Oconomowoc River varied from 14.1 ppm in November 1964 at i 

station Rk-6 to 4.6 ppm in October 1964 at station Rk-8. The maximum, average, and minimum dissolved 

oxygen concentrations for the period June through September 1964 were 10.5, 8.3, and 6.6 ppm, respec- 5 
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| Figure 48 Figure 49 

i CHLORIDE AND DISSOLVED SOLIDS DISSOLVED OXYGEN CONCENTRATIONS 

| CONCENTRATIONS IN THE OCONOMOWOC RIVER IN THE OCONOMOWOC RIVER 
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tively, at station Rk-6; 10.7, 10.0, and 8.8 ppm, respectively, at station Rk-7; and 10.5, 8.0, and 5.7 ppm, 

| respectively, at station Rk-8. A series of 14 interpretive stream quality graphs in Figure 35 shows the 

variations in dissolved oxygen concentrations in the Oconomowoc River. Figure 49 shows the variations 

in dissolved oxygen at sampling stations Rk-6, Rk-7, and Rk-8. 

fi The coliform counts in the Oconomowoc River varied from 2,300,000 MFCC/100 ml in June 1964 at sam- 

pling station Rk-8 to less than 100 MFCC/100 ml in 9 of 13 months of sampling at station Rk-7. The maxi- 

mum, average, and minimum coliform counts for the period June through September 1964 were 2,500, 

i 1,500, and 700 MFCC/100 ml, respectively, at station Rk-6; 200, 100, and less than 100 MFCC/100 ml, 

respectively, at station Rk-7; and 2,300,000, 900,000, and 110,000 MFCC/100 ml, respectively, at 

station Rk-8. Figure 46 presents a series of 14 interpretive stream quality graphs showing the variations 

| in coliform count in the Oconomowoc River. Figure 50 shows the variations in coliform counts at sampling 

stations Rk-6, Rk-7, and Rk-8. 

The maximum temperatures of the Oconomowoc River occurred in August 1964 and were 77°, 80°, and 
| 79°F at stations Rk-6, Rk-7, and Rk-8, respectively. The maximum, average, and minimum stream 

temperatures at stations Rk-6, Rk-7, and Rk-8 for the period June through September 1964 were 77°, 

69°, and 59°F; 80°, 72°, and 64°F; and 79°, 71°, and 59°F, respectively. The variations in the tempera- 
j tures of the Oconomowoc River at station Rk-8 are shown in Figure 51. 

Streamflow and Precipitation: Throughout much of the year, the Oconomowoc River isa shallow stream 

i occupying a relatively wide meandering channel that flows through six major lakes in the Region. At 

sampling station Rk-6 and Rk-8, the stream had maximum depths of 0.5 foot and 0.7 foot and widths of 

15 and 17 feet when measured under low-flow conditions in September 1964. 

i The SEWRPC measured the flow of the Oconomowoc River under conditions of relatively high and low flow 

in April and September 1964, as indicated in Table 242. Daily precipitation data for the period January 1964 

5 through February 1965 are listed in Table 237. ‘The lake levels and the flow of the Oconomowoc River are 
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Table 239 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES | 

COLLECTED AT SAMPLING STATION RK-6 ON THE OCONOMOWOC RIVER: I964 

nr ee a a 0 9 Aa AIA CCA SCCCAE 

re ce Parameter Analysis Collection Analysis Collection 

Silica . . « « «© «© «© © #8 «© «8 «© + 2 4-2-64 2 9-14-64 3 

Pron . 2. 8 8 8 we ew we ee 0.02 " 0.05 8 Zz 

Manganese. . « « «6 «© © «© «© © «@ a -- -- 0.00 " 

Chromium . . «© «© «© «© © © © ww -- -- <0.005 " 

Hexavalent Chromium. ... .. . -- -- 0.00 " 

Calcium. . «© «© «© «© © «© © «© «© ws 55 4-2-64 53 " i 

Magnesium. . « « «© «© © © © © »© «6 33 " 34 " 

Sodium (and Potassium) .... . 20 " 20 " 

Bicarbonate. . . . 1. « © © «© «© 4 245 " 280 " 

Carbonate. . 2. « 1 «© © «© © w© ew 40 " 10 " i 

Sulfate. 2. 2. 2 . ew ew ew we we 38 " 65 " 

Chloride . . © « «© «© « «© «© « «@ 5 " 0 " 

Fluoride . «2 « «© « «© © «© «© «© w@ -- -- <0.35 " 

Nitrite. . 2. 2 «© © 2 ew ew ew ew es 0.0 4Y-2-64 0.0 " , 

Nitrate. . 2. . «© © © © © © w© -- -- 0.0 " 

Phosphorus . «© « 5» «© © 8 «© © w@ 4 -- -- 0.12 " 

Cyanide. . « « «© © © © © © © wo -- -- -- -- i 

Oil. . 2 nw ew ew ew ew we eee -- -- <i 9-14-64 

Detergents . . . «© « © © «@ © © ¢ 0.2 4-2-64 0.0 " 

Dissolved Solids . .. . . « « . 315 " 325 " 

Hardness . .« « « © «© © 5» © © © 274 " 274 " | 

Noncarbonate Hardness. «. . «se + 5 " 25 " 

Calcium Hardness . . . «1 « « «@ 137 " 133 " 

Magnesium Hardness .. «1 « «© «© «6 137 " 14 | " , 

Alkalinity P . . . 2 «© » «© «© @ 20 " 5 " i 

Alkalinity M... . ee wee 240 n 240 nl 
Specific Conductance ..... . 480 " 490 " 

PH 2. 6 ew 8 ew we ee lk ll 8.4 " 8.0 " 

Color. . « «© © «© © @ 8 8 we et 20 " 25 " , 

Turbidity. . 2. ee es we ee es 2 n 2 " 
Biochemical Oxygen Demand. .. . 3.9 " le. | " 

Dissolved Oxygen ...... 2. 14.0 " 10.5 " 

Coliform Count . .. . «© «© «© « + 600 " 2,500 " I 

Temperature (°F) ......e 39 " 59 " 

Source: SEWRPC 

regulated by water control structures, and the flow of this stream is not necessarily directly related to i 

rainfall or ice and snowmelt. 

Forecast Quality of the Oconomowoc River for the Year 1990: Population and land use studies by the f 

SEWRPC indicate that a significant increase in population may be expected in the sub-watershed of the . 

Oconomowoc River in and near the City of Oconomowoc by the year 1990. In contrast, the remaining area 

of the sub-watershed is not expected to experience significant population growth by 1990. Population fore- i 

casts for the watershed under the three regional alternative land use plans are indicated in Table 243, 

together with the estimated average daily sewage flow rates and the estimated low flow of the Oconomowoc 

River at sampling station Rk-8 under each regional alternative land use plan. The forecast quality of the | 

Oconomowoc River at sampling station Rk-8 for the year 1990 is indicated in Table 244, 

Bark River 

Present Stream Quality: One sampling station, Rk-9, was established by the SEWRPC on the Bark River ; 

at a point 29 miles downstream from the river source. This stream receives effluent from sewage treat- 

ment plants at the villages of Hartland and Dousman, : 
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Table 240 

5 SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

COLLECTED AT SAMPLING STATION RK-8 ON THE OCONOMOWOC RIVER: 1964 

| f Date of Date of 

Silica. se eee eee 2 4-2-64 15 9-14-64 
5 Iron . 6 « ew ew ee tk 0.05 " 0.07 " 

Manganese. . . «1 « «© «© «@ -- -- 0.00 " 

Chromium... . « © « «© « -- -- <0.02 " 

_ Hexavalent Chromium. ... -- -- 0.00 " 

, Calcium. . . 1. © « «© sw w@ 45 4-2-6 58 " 

Magnesium. . « «© © «© « «@ + 37 " 39 " 

Sodium (and Potassium). . 10 " 65 " 
Bicarbonate. . . « «© «© « « 260 " 365 " 

i Carbonate. . . .. © « « + 10 " 10 " 
Sulfate. . 2. « « © «© « «2 « 3 | " 3 | " 
Chloride . . . 1. we we ew aw 15 " 70 " 
Fluoride . 1. . « «© «© © «@ 2 -- -- <1.5 " 

j Nitrite. . 2. 2. 2 2 « ew 2 0.0 4Y-2-64 0. | " 

Nitrate. . . . «© © «© © a -- -- 2.9 " 

Phosphorus . ... «s« «© « « -- -- 5.3 " 

J Cyanide. . . 2. « «© «© ew @ -- -- <0.0] L1-19-64 

Oil. 2 2 2 ew ew ew we ee -- -- < | 9-|4-6y4 
Detergents . . « « © ws « « 0. ! 4-2-64 0.4 " 
Dissolved Solids ..... 280 " 470 " 

, Hardness . . 1. « « « © w@ ¢ 267 " 306 " 

Noncarbonate Hardness. .. 35 " 0 " | 

Calcium Hardness ..... 113 " 145 " 

Magnesium Hardness... . 154 " 16] " 

z Alkalinity P.... 2. « « 5 " 5 " 
Alkalinity M...e..., 225 " 310 " 
Specific Conductance... 470 " 782 n 

PH. ww ew ee ete 8.0 n 7.6 n 
f Color. . . 2. 1. «© «© we ww 10 " 10 " 

Turbidity. . 1... we ew ae 2 " 3 n 
Biochemical Oxygen Demand. 3.7 " 5.4 " 
Dissolved Oxygen ..... 1O.4 " 5.7 " 

i Coliform Count... .... 100 " 1,100,000 " 
Temperature (°F) ..... 4 | " 59 " 

i Source: SEWRPC. 

The Bark River apparently is a calcium bicarbonate stream of relatively constant total mineralization. 

i In the two complete chemical analyses run on stream samples collected from the Bark River, the pre- 

dominant cation was calcium at concentrations of 45 and 47 ppm when sampled inApril and September 1964. 

The predominant anion was bicarbonate at concentrations of 260 and 275 ppm in April and September 1964. 

Maximum nitrate concentration was 1.3 ppm. No total phosphorus determination was made on water 

i sampled by the SEWRPC from the Bark River during the study. Selected water analyses of the Bark River 

| at station Rk-9 are listed in Table 245, Water quality conditions of the stream are indicated in Table 246. 

f The chloride concentrations in the Bark River were 5 ppm when sampled in April and September 1964 at 

sampling station Rk-9. Assuming a "background" chloride concentration of 5 ppm, the chloride impact 

upon the Bark River was negligible from human sources. . 

f The dissolved solids concentrations were 300 and 255 ppm when sampled in September and in April 1964 at 

station Rk-9. Assuming a minimum "background" dissolved solids concentration of about 300 ppm, the 

f dissolved solids impact upon the Bark River was also negligible from human sources. 
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Figure 50 Figure 5] 
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Table 24] 

WATER QUALITY CONDITIONS OF THE OCONOMOWOC RIVER (1964-1965) i 

Number 

Parameter Numerical Value o f f 

| Maximum | Average | Minimum | Analyses 
Chloride (ppm)... «2 « wee 70 15 0 18 
Dissolved Solids (ppm)... . 470 320 240 18 

Dissolved Oxygen (ppm)... . 14.4 10.8 4.6 39 

Coliform Count (MFCC/100 ml) . 2,300,000 128,000 100 39 

Temperature (°F)... . 2. a 80 5 | 32 39 

Source: SEWRPC. i 

Table 242 I 

STREAMFLOW MEASUREMENTS OF THE OCONOMOWOC RIVER: SPRING AND AUTUMN | 964 

Sampling Streamflow Previous 4-Day 

Station Date (cfs) Rainfall (in inches)? 

Y- 4-64 22 0.52 

Rk- 6 9-15-64 7.5 0.07 | 
3-12-64 10 0 

Rk-8 Y= 4-64 58 0.52 

9-15-64 3.8 0.07 i 

4 Measured at U. S. Weather Bureau Station at Oconomowoc , Wisconsin. 

Source: U. S. Weather Bureau and SEWRPC. 5 
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Table 243 

i ESTIMATED CONNECTED POPULATION AND AVERAGE DAILY SEWAGE FLOW RATES 

FOR THE OCONOMOWOC SEWAGE TREATMENT PLANT: 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 

i Estimated Connected Population 

aarraneaal ee 
Sewage Existing 

Treatment 1963 Controlled Corridor Satellite 

Plant Extsting Plan City 

Trend Plan Plan 

Estimated Average Daily Sewage Flow Rate 

City of 1,400,000 3,700,000 4,700,000 8,300,000 
f Oconomowoc 2.2 5.7 7.3 12.8 

Estimated Low Flow of the Oconomowoc River at Sampling Station Rk-8 

i Source: SEWRPC. 

i Table 244 

FORECAST QUALITY OF THE OCONOMOWOC RIVER AT SAMPLING STATION RK-8: 

1990 ALTERNATIVE LAND USE PLANS 

i Forecast Quality for 1990 
Stream 

Stream Sampling Parameter Quality Controlled Corridor Satellite 
Station in 1964U Existing City 

Plan 
Trend Plan Plan 

Chloride a 170 170 

eat | ow fom Pom fom 

Dissolved 

Solids 4u704 700 700 

i (in ppm) 

Oconomowoc Rk-8 

River 

i Dissolved 

Oxygen 8.0? Less than 5.0 

(in ppm) 

i Coliform 

Count b More than 1,000,000 
(in MECC/ 1,000,000 
100 ml) 

f ° Based on analysis for September 1964. 

b Based on average for the period June through September 1964. 

i Source: SEWRPC. 
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Table 245 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 8 

COLLECTED AT SAMPLING STATION RK=9 ON THE BARK RIVER: {1964 

Date of Date of 

Silica . .« © © © © «© «© «© «@ 8 2 4-2-64 Y 9-14-64 

lron . 6 «© «© © © © © e 8 0.05 " 0.07 " i 

Manganese. . « « 2» © «© «© @ « -- -- 0.00 " } 

Chromium . « «© »« © « © «@ «8 -- -- -- -- 

Hexavalent Chromium. ... . -- -- -- -- 

Calcium. . .« «© 2 «© 8» 8 w© «@ a U5 4-2-64 47 9-14-64 f 

Magnesium. . 2. «© « « «© «© «© « 35 " 36 " 

Sodium (and Potassium)... 5 " 15 " 

Bicarbonate. .». . 1» « «© » « « 260 " 275 " 

Carbonate. . «© «© «© « «© «© «@ «2 10 " 10 " j 

Sulfate. . « «© « © » 8 «© « «6 25 " 47 " 

Chloride . .« « « «© «© «© «© «8 « 5 " 5 " 

Fluoride . « « «© «© «© 8» «© « « -- -- -- -- 

Nitrite. . « « « «© «© © «© «@ « 0.0 ¥-2-64 0.0 9-14-64 i 

Nitrate. «© «© © «© «© «© © © »@ 2 -- -- 1.3 " 

Phosphorus « « « « «© «© « «© « -- -- -- -- 

Cyanide. .«. 2. «© 2 «© © © «© © 2 -- -- -- -- 

Oil. «© «© «© «© © © © «© © ww -- -- -- -- 

Detergents . . 2. « «© «© © «© « 0.2 Y-2-64 0.0 9-14-64 

Dissolved Solids... .. » 255 " 300 " 

Hardness . 2. 2 » «© 2 «© «© 257 " 264 " i 

Noncarbonate Hardness. .. . 25 " 20 " 

Calcium Hardness .. « «© « « 113 " 117 " 

Magnesium Hardness « « « « « 144 " 147 " 

Alkalinity P . 2. 2. © «© ew . 5 " 5 " , 

Alkalinity M. . .. 2. «2 «=. 225 " 235 " 

Specific Conductance... . ULES " 488 " 

Os 8.0 " 7.9 " 

Turbidity. ». « « « «© «© « «© « 3 " 2 " 

Biochemical Oxygen Demand. . 2.3 " 1.9 " 

Dissolved Oxygen . « « « « 2 10.9 " 10.8 " 

Coliform Count... .« ». «2 -« 23,000 " 9,000 " i 

Temperature (°F)... wee 42 " 60 " 

Source: SEWRPFC. 
i 

Table 246 i 

WATER QUALITY CONDITIONS OF THE BARK RIVER (1964-1965) 

~ |] OO Parameter of 

Chloride (ppm) . « 2 « « we we 5 5 5 2 a 
Dissolved Solids (ppm)... . 300 280 255 2 

Dissolved Oxygen (ppm)... . 13.5 11.2 9.2 12 

coliform Count (MFCC/100 ml) . 100,000 14,700 300 12 

Temperature (°F)... «wee 76 5 | 32 12 f 

Source: SEWRPC. ' 
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The dissolved oxygen concentrations in the Bark River varied from 13.5 ppm in February 1965 to 9.2 ppm 

f in July 1964 at station Rk-9. The maximum, average, and minimum dissolved oxygen concentrations for 

the period June through September 1964 were 11.8, 10.3, and 9.2 ppm, respectively. 

f The coliform counts in the Bark River varied from 100,000 MFCC/1L00 ml in December to 300 MFCC/100 ml 

in May 1964 at station Rk-9. The maximum, average, and minimum coliform counts for the period June 

through September 1964 were 9,000, 3,300, and 800 MFCC/100 ml, respectively. 

5 The maximum temperature of the Bark River was 76°F in July 1964. The maximum, average, and mini- 

mum stream temperatures for the period June through September 1964 were 76°, 69°, and 60°F. 

j Streamflow and Precipitation: Throughout much of the year, the Bark River is a shallow stream occupying 

a relatively narrow meandering channel. It flows through three major lakes in the Region. At sampling 

station Rk-9, the stream had a maximum depth of 1.4 feet and a width of 20 feet when measured under low- 

j flow conditions in September 1964. 

The SEWRPC measured the flow of the Bark River under conditions of relatively high and low flow in 

April and September 1964, as indicated in Table 247. Daily precipitation data for the period January 1964 

through February 1965 are listed in Table 237. The lake levels and the flow of the Bark River are regulated 

by water control structures, and the flow of this stream is not necessarily directly related to rainfall or 

J ice and snowmelt. 

Forecast Quality of the Bark River for the Year 1990: Population and land use studies by the SEWRPC 

indicate that a significant increase inthe population of the sub-watershed of the Bark River may be expected 

i in the vicinity of the villages of Hartland and Dousman by the year 1990. The estimated connected popula- 

tions of these two villages for 1963 were 2,250 and 700 people, respectively. Table 248 lists the expected 

future population of Dousman by the year 1990, according to each of three regional alternative land use 

plans. This table also lists the estimated average daily sewage flow rates and the estimated low flow of 

the Bark River at sampling station Rk-9 under each alternative regional land use plan. The forecast quality 

of the Bark River at sampling station Rk-9 is indicated in Table 249, 

f Whitewater Creek 

Present Stream Quality: One sampling station, Rk-10, was established by SEWRPC on Whitewater Creek 

at a point 9 miles downstream from the river source. This stream receives effluent from the sewage 

i treatment plant at the City of Whitewater. 

Whitewater Creek apparently is a calcium bicarbonate stream of relatively constant total mineralization. 

In the two complete chemical analyses run on stream samples collected from Whitewater Creek, the pre- 

i dominant cation was calcium at concentrations of 100 and 42 ppm when sampled in April and September 

1964. The predominant anion was bicarbonate at concentrations of 245 and 295 ppm in April and Septem- 

ber 1964. Maximum nitrate concentration was 4.4 ppm. No total phosphorus determination was made on 

i water sampled by the SEWRPC from Whitewater Creek during the present study. Selected water analyses 

of Whitewater Creek at station Rk-10 are listed in Table 250. Water quality conditions of the stream are 

indicated in Table 251. 
Table 247 

i STREAMFLOW MEASUREMENTS OF THE BARK RIVER: SPRING AND AUTUMN 1964 

Sampling Streamflow Previous 4-Day 

f Station Date (cfs) Rainfall (in inches)@ 

U- 4-64 30 0.52 
f Rk-9 9-15-64 6.2 0.07 

@ Measured at U. S. Weather Bureau Station at Oconomowoc, Wisconsin. 

f Source: U. S. Weather Bureau and SEWRPC. 
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Table 248 

ESTIMATED CONNECTED POPULATION AND AVERAGE DAILY SEWAGE FLOW RATES f 

FOR THE VILLAGE OF DOUSMAN SEWAGE TREATMENT PLANT: 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 

| Estimated Connected Population 5 

Sewage Existing 
Treatment 1963 Controlled . Satellite 

Existi Corridor it 
Plant sting City 

Plan 
Trend Plan Plan 

Estimated Average Daily Sewage Flow Rate 

Village 70,000 280,000 280,000 280,000 

of Dousman 0.1 0.4 0.4 0.4 a 

Estimated Low Flow of the Bark River at Sampling Station Rk-9 

ee 
Source: SEWRPC. i 

Table 249 

FORECAST QUALITY OF THE BARK RIVER AT SAMPLING STATION RK=-9: 

1990 ALTERNATIVE LAND USE PLAN ; 

Forecast Quality for 1990 
Stream 

Stream Sampling Parameter Quality Controlled Corridor Satellite 
Station : Existing City 

in 1964 Plan 

Trend Plan Plan 

Chlioride 20 20 20 i 

(in ppm) 

Dissolved E 

Solids 350 350 
(in ppm) i 

Bark Rk -9 

River 

Dissolved ; 

Oxygen More than 8.0 

(in ppm) 

Coliform i 

Count b More th 000 (in MFCC/ 3,300 ore an 5, 

100 ml) 

@ Based on analysis for September 1964. i 

b Based on average for the period June through September 1964. | 

Source: SEWRPC. . 

270



Table 250 

i SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL.ANALYSES OF STREAM SAMPLES 

COLLECTED AT SAMPLING STATION RK-10 ON WHITEWATER CREEK: 1[{964 

Date of Date of 

Silica . 2. 6 « «© © © «© «@ «© 10 4-9-6 6 9-14-64 

i from . © «© © © «© © © @ «@ e@ 0.05 " 0.06 " 

Manganese. . « © «© «© © «© « « -- -- 0.0) " 

Chromium . 1 « © © «© © «© «© 2 -- -- -- -- 

Hexavalent Chromium. ... -- -- -- -- 

, Calcium. . . « « « «© «© 8 «@ « 100 4¥-9-64 42 9-14-64 

Magnesium. « «© « «© © « « « « 43 " 35 " 

Sodium (and Potassium) .. . 5 " 20 " 

Bicarbonate. . «1 « «© © © «© « 245 " 295 " 

5 Carbonate. . . «© «© « « « «© « 30 " 0 " 

Sulfate. .« « «© «© «© © «© sw « « 155 " 34 " 

Chloride... eee ee ee 20 n 15 " 
Fluoride .». « « «© «© «© « « «© « -- -- -- -- 

f Nitrite. .« »« «© «© « © «© «© « « 0.0 Y-9-64 | 0.) 9- | 4-64 

Nitrate. . 6 «© « «© «© « «© « « -- -- 2.5 " 

Phosphorus . « 8 «© «© «© «© @ « -- -- -- -- 

, Cyanide. . « « « « «© © « « « -- -- -- -- 

Oil. «© © © © © © © we ew we -- -- -- -- 

Detergents . « «© « «© «© © «© 0.0 4-9-64 0.2 9-14-64 

Dissolved Solids »« « « « « « 485 " 300 " 

i Hardness . «. « « « «© « « «@ 428 " 250 " 

Noncarbonate Hardness. .. . 180 " 10 " 

Calcium Hardness « « « «2 « « 250 " 1ou " 

Magnesium Hardness .«. .« «ss 178 " 146 " 

i Alkalinity P «2. 2 «© «© 2 wo 15 " 0 " 

Alkalinity M. «© « « «© « « « 230 " 240 " 

Specific Conductance ... . 756 " 500 " 

pH. we we ww ee 8.4 " 8.2 " 

Turbidity. .« «© » « « « « « 15 " 15 " 

Biochemical Oxygen Demand. . 6. | " 4.3 " 

Dissolved Oxygen... . «> b1.4 " 10.4 " 

Coliform Count . . « « « «© - 42,000 " 140,000 " 

Temperature (°F) . . «we U8 " 66 " 

i Source: SEWRPC. 

i Table 251 

WATER QUALITY CONDITIONS OF WHITEWATER CREEK (1964-1965) 

ee 

: = Parameter of 

[ Chloride (ppm) . . « «© « ww 20 20 15 2 
Dissolved Solids (ppm)... . 485 395 300 2 

Dissolved Oxygen (ppm)... .» Pl. 4 8.7 5.6 lt 

Coliform Count (MFCC/100 ml) . 1,000,000 196,000 17,000 1 | 

f Temperature (°F) . . ee ww 80 56 35 Lt 

Source: SEWRPC. 
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The chloride concentrations in Whitewater Creek varied from 20 ppm in April to 15 ppm in September 1964 

at sampling station Rk-10. Assuming a "background" chloride concentration of 10 ppm, the chloride i 

impact upon Whitewater Creek was as much as 10 ppm from human sources. 

The dissolved solids concentrations were 485 and 300 ppm when sampled in April and in September 1964 

at station Rk-10. Assuming maximum and minimum "background" dissolved solids concentrations of 

about 460 and 285 ppm, the dissolved solids impact upon Whitewater Creek was at least 15 ppm from 

human sources, i 

The dissolved oxygen concentrations of Whitewater Creek varied from 11.4 ppmin April 1965 to 5.6 ppm 

in June 1964 at station Rk-10. The maximum, average, and minimum dissolved oxygen concentrations for 

the period June through September 1964 were 11.8, 8.3, and 5.6 ppm, respectively. i 

The coliform counts in Whitewater Creek varied from 1,000,000 MFCC/100 ml in October to 17,000 

MFCC/100 ml in July 1964 at station Rk-10. The maximum, average, and minimum coliform counts for 

the period June through September 1964 were 140,000, 61,000, and 17,000 MFCC/100 ml, respectively. 

The maximum temperature of Whitewater Creek was 80°F in July 1964. The maximum, average, and 

minimum stream temperatures for the period June through September 1964 were 80°, 73°, and 66°F, i 

Streamflow and Precipitation: Throughout much of the year, Whitewater Creek is a shallow stream occupy- 

ing a relatively narrow meandering channel. It flows through two major lakes in the Region. At sampling i 

station Rk-10, the stream had a maximum depth of 1.3 feet and a width of 39 feet when measured under ) 

low-flow conditions in September 1964. 

The SEWRPC measured the flow of Whitewater Creek under conditions of relatively high and low flow in i 

April and September 1964, as indicated in Table 252. Daily precipitation data for the period January 1964 

through February 1965 are listed in Table 237. The lake levels and the flow of Whitewater Creek are 

regulated by water control structures, and the flow of this stream is not necessarily directly related to 5 

rainfall or ice and snowmelt. } 

Forecast Quality of Whitewater Creek for the Year 1990: Population and land use studies by the SEWRPC 

indicate that a significant increase in the population of the sub-watershed of Whitewater Creek may be 

expected in the vicinity of the City of Whitewater by the year 1990. The estimated connected population 

of this city for 1963 was 6,700. Table 253 lists the expected future population of Whitewater by the year 

1990, according to each of three SEWRPC alternative regional land use plans. This table also lists the i 

estimated average daily sewage flow rates and the estimated low flow of Whitewater Creek at sampling 

station Rk-10 under each alternative regional land use plan. The forecast quality of Whitewater Creek at 

sampling station Rk-10 is indicated in Table 254. i 

Jackson Creek 

Present Stream Quality: One sampling station, Rk-11, was established by the SEWRPC on Jackson Creek 

at a distance 1.4 miles downstream from the source. Jackson Creek receives the effluent from the City of 

Elkhorn sewage treatment plant. 

Table 252 

STREAMFLOW MEASUREMENTS OF WHITEWATER CREEK: SPRING AND AUTUMN 1964 i 

Sampling | Streamflow Previous 4-Day 

Station Date (cfs) Rainfall (in inches)? 

4-25-64 30 0.47 
RK-10 | 9-17-64 19 0.12 i 

@ Measured at U. S. Weather Bureau Station at Oconomowoc, Wisconsin. 

Source: U. S. Weather Bureau and SEWRPC. i 
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Table 253 

i ESTIMATED CONNECTED POPULATION AND AVERAGE DAILY SEWAGE FLOW RATES 

FOR THE CITY OF WHITEWATER SEWAGE TREATMENT PLANT: 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 

i Estimated Connected Population 

Sewage Existing trolled 
Treatment 1963 Controlle Satellite 

i Plant Existing Corridor City 

Trend Plan Plan Plan 

Estimated Average Daily Sewage Flow Rate 

City 1,200,000 2,300,000 2,800,000 4,600,000 

of Whitewater i) 3.6 4.3 7.1 

Estimated Low Flow of Whitewater Creek at Sampling Station Rk-10 

<2 
i Source: SEWRPC. 

Table 254 

FORECAST QUALITY OF WHITEWATER CREEK AT SAMPLING STATION RK-10: 

1990 ALTERNATIVE LAND USE PLANS 

Forecast Quality for 1990 

i l Stream Controlled Satellit Sampling , ontrolle atellite 
Stream Parameter ualit : 

. Station ° y Existing Corridor City 
in 1964 Plan 

Trend Plan Plan 

a Chloride a 
(in ppm) 15 20 40 

Dissolved 

Solids 300? 300 350 350 
(in ppm) 

Whitewater 

Creek Rk-10 

i Dissolved 

Oxygen g. 3 More than 5.0 Less than 5.0 

(in ppm) 

| Coliform 

Count b 
(in MFCC/ 61,000 More than 100,000 

100 ml) 

4 Based on analysis for September 1964. 

i b Based on average for the period June through September 1964. 

' Source: SEWRPC. 
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Figure 52 Figure 53 

CHLORIDE AND DISSOLVED SOLIDS DISSOLVED OXYGEN CONCENTRATIONS IN B 
bE hee eu burt cn oN oor te TRE ex JACKSON C Oe - vRTLE. a LAKE OUTLET, 

, REEK 
2400 2400 29 2% 

eee” eee i 
jae ee ns eee te De | ee, 
to ea: Ee ee. i 

eee : fe I a. 
je: fe ey ea i 
ee eet Ra ee: i me see ee ee : te ey, 

* ele el... | : ve a. : 

CECE EERE | . re ae . 
ee ..: 6} ee 
eo Oe en a | eee i 
iit ae... i eT Te AW, 
tA edt i 

SECEEEEPREEEER | EECA ll ae le | eT 
El deathbed eee j 
“winren ‘SPRING ‘SUMMER: AUTUMN belied winter eRe SUMMER Se an wine 

Jackson Creek apparently has a relatively constant total mineralization. In the two complete chemical 

analyses run on samples collected from the stream, calcium and sodium were predominant cations. 3B 

Calcium was predominant in one analysis at a concentration of 86 ppm at station Rk-11 in April 1964. 

Sodium was the predominant cation in one sample at a concentration of 115 ppm in September 1964 at 

station Rk-11. Bicarbonate was the predominant anion in the two complete chemical analyses at concen- i 

trations of 295 ppm in September and 280 ppm in April 1964 at station Rk-11. Maximum nitrate concen- 

tration was 16.9 ppm. No total phosphorus determination was made on water samples from Jackson Creek 

during the present study. Selected water analyses at station Rk-11 are listed in Table 255. Water quality 3 

conditions of the river are indicated in Table 256. 

The chloride concentrations in Jackson Creek were 150 ppm in September and 45 ppm in April 1964 at 

sampling station Rk-11. Assuming a "background" chloride concentration of 10 ppm, the chloride impact I 

upon Jackson Creek was as much as 140 ppm from human sources. Figure 52 shows the chloride and dis- 

solved solids concentrations in Jackson Creek at sampling station Rk-11. 

The dissolved solids concentrations in Jackson Creek were 570 ppm inSeptember and 455 ppm in April 1964 I 

at station Rk-11. Assuming a "background" dissolved solids concentration of 330 ppm, the dissolved 

solids impact upon Jackson Creek was as thuch as 240 ppm from human sources. i 

The dissolved oxygen concentrations in Jackson Creek varied from 13.5 ppm in April to 1.6 ppm in July 

1964 at station Rk-11. The maximum, average, and minimum dissolved oxygen concentrations for the 
period June through September 1964 were 5.9, 3.6, and 1.6 ppm, respectively, at station Rk-11. Figure 53 2 
indicates the dissolved oxygen concentrations in Jackson Creek at sampling station Rk-11. 

The coliform counts in Jackson Creek varied from 300,000 MFCC/100 ml in August to 4,000 MFCC/100 ml 

in September 1964 at station Rk-11. The maximum, average, and minimum coliform counts for the period i 

June through September 1964 were 300,000, 92,000, and 4,000 MFCC/100 ml, respectively. Figure 54 

indicates the coliform counts in Jackson Creek at sampling station Rk-11. a 
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Figure 54 
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The maximum temperature of Jackson Creek was 74°F at sampling station Rk-11. The maximum, aver- 

i age, and minimum temperatures for the period June through September 1964 were 74°, 67°, and 59°F, 

respectively. 

Streamflow and Precipitation: Throughout much of the year, Jackson Creek is a relatively shallow stream 

i occupying a narrow meandering channel, At sampling station Rk-11, which is located near the point where 

the stream enters Delavan Lake, Jackson Creek had a maximum depth of 4 feet and a width of 38 feet when 

surveyed in February 1964. 

i No measurements were made by the SEWRPC of the flow of Jackson Creek during the study. The stream 

is sluggish and during periods of low flow may discharge less than 2 cfs, of which about 1/2 cfs is effluent 

{ from the City of Elkhorn sewage treatment plant. 

Forecast Quality of Jackson Creek for the Year 1990: SEWRPC population studies indicate that the City of 

Elkhorn had a connected population of approximately 4,000 persons in 1963. SEWRPC population forecasts 

i for the City of Elkhorn under the three regional alternative land use plans are indicated in Table 257, 

together with the estimated average daily sewage flow rates. It should be noted that the low flow figures 

indicated at station Rk-11 are estimated figures and are not based on direct field measurements. The 

5 forecast quality of Jackson Creek at station Rk-11 is indicated in Table 258. 

Delavan Lake Outlet 

{ Present Stream Quality: One sampling station Rk-12 was established by the SEWRPC on the Delavan Lake 

Outlet at a distance 2.3 miles downstream from the point where Delavan Lake discharges into the outlet 

stream. Little urban development has occurred along the outlet between Delavan Lake and station Rk-12, 

i and no sewage treatment plants or industries discharge wastes upstream from station Rk-12. 

The Delavan Lake Outlet apparently is acalcium bicarbonate stream of relatively constant total mineraliza- 

' tion. In the three complete chemical analyses run on samples collected from the stream, calcium was 
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Table 255 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 5 

COLLECTED AT SAMPLING STATION RK-I1 ON JACKSON CREEK: |964 

. Date of Date of [ 

Silica . . « «© « «© #© «© w© « « 8 Y-9-64 6 9-16-64 

Iron . 2 © © © © © © © 8 «@ 2 0.04 " 0.09 " i 

Manganese. . « « «© «© «© «© @ «@ -- -- 0.00 " 

Chromium . . «© « «© © «© «© @ 2 -- -- -- -- 

Hexavalent Chromium. ... . -- -- -- -- i 

Calcium. . . « «© «© © «© w© @ 86 4Y-9-64 52 9-16-64 

Magnesium. .« « «© «© © «© © « « 39 " 33 " 

Sodium (and Potassium)... 25 " | 115 " 
Bicarbonate. « » « «© «© © « ¢ 280 " 295 " 

Carbonate. .« « «© « 8» © «© « « 40 " 5 " i 

Sulfate. .« « «© « «© © «© «© «© «8 72 " YY " 

Chloride .« « « © « « « w «8 « U5 " 150 " 

Fluoride . « «© « «© « © » « « -- -- -- -- i 

Nitrite. . . 2 « © © «© «© «© 2 0.0 4¥-9-64 0.2 9-16-64 

Nitrate. . 2. « «© «© «© © «© « « -- -- 16.9 " 

Phosphorus . .« « «© «© «© «© «8 « -- -- -- -= 

Cyanide. .« . « « © » © «© «@ « -- -- -- -- 7 

Oil. «© «© © «© «© © © ew 8 ew -- -- -- -- 

Detergents . «. « « « «© «© «@ « 0.1 Y-9-64 0.8 9-16-64 

Dissolved Solids .... . . 455 " 570 " 

Hardness . .« « « «© «© w© © «© « 377 " 269 " ; 

Noncarbonate Hardness. ... 80 " 20 " 

Calcium Hardness ..... 216 " 134 " 

Magnesium Hardness . . « « « 161 " 138 " 

Alkalinity P. . . «© «© « «@ 20 " 2.5 " i 

Alkalinity M.. 1 « « «© » « 270 " 245 " 

Specific Conductance ... .« 696 " 1,010 " 

PH . « « 1 we ew tw wl 8.8 " 7.6 " 

Color. . «© 2 2 © «© © 2 8 8 15 ” 20 " 

Turbidity. .« « « « « « «© «we 5 " 4 " 

Biochemical Oxygen Demand. . 5.6 " 3.2 " 

Dissolved Oxygen... . « 13.5 " 5.9 " i 

Coliform Count . . . .« «© « « 8,000 " 4,000 " 

Temperature (°F)... ww 45 " 59 " 

Source: SEWRPC. ; 

Table 256 
i 

WATER QUALITY CONDITIONS OF JACKSON CREEK (1964-1965) 
nner 

Parameter of 

Chloride (ppm)... . « 2 « 150 95 U5 2 i 
Dissolved Solids (ppm)... . 570 510 455 2 

Dissolved Oxygen (ppm)... . 13.5 6.0 1.6 12 

Coliform Count (MFCC/!100 ml) . 300,000 86,000 4,000 12 i 

Temperature (°F)... . wee 74 50 32 12 

Source: SEWRPC. 
5 
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Table 257 

f ESTIMATED CONNECTED POPULATION AND AVERAGE DAILY SEWAGE FLOW RATES 

FOR THE ELKHORN SEWAGE TREATMENT PLANT: 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 

ener rn An SP ES SST SPSS 

i Estimated Connected Population 

rocation of 990 Sewage Existing controlled Satellit 
ontrolle atellite 

i Treatment 1963 Existi Corridor 
Plant xisting City 

Plan 
Trend Plan Plan 

Estimated Average Daily Sewage Flow Rate 

City 480.0007 1,800,000 2,900,000 2,900,000 

i of Elkhorn 0.7? 2.8 4.5 4.5 

Estimated Low Flow of Jackson Creek at Sampling Station Rk-I1 

i @ Gallons per day. 

b Cubic feet per second. 

i Source: SEWRPC. 

Table 258 

FORECAST QUALITY OF JACKSON CREEK AT SAMPLING STATION RK-I1I: 

5 1990 ALTERNATIVE LAND USE PLANS 

prereset etna EEO SG CS TT aT Oc LT eee 

Forecast Quality for {990 
Stream 

Stream Sampling Parameter Quality Controlled corridor Satellite 

Station in 1964 Existing City 

Trend Plan Plan Plan 

i Chloride 
(in ppm) 170 170 170 

Dissolved 

Solids 5707 

(in ppm) 

Jackson 

Creek Rk-11 

Dissolved 

Oxygen Critical concentration of less than 2.0 

(in ppm) can be frequently expected. 

Coliform 

Count b 
(in MFCC/ 92,000 Approximately 100,000 

100 ml) 

i 4 Based on analysis for September 1964. 

b Based on average for the period June through September 1964. 

i Source: SEWRPC. 
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the predominant cation at concentrations ranging from 57 to 34 ppm at station Rk-12 in September and 

April 1964. Calcium and magnesium were equal in concentration at 34 ppm in February 1964 at station ; 

Rk-12. Bicarbonate was the predominant anion at concentrations ranging from 295 ppm in September to 

245 ppm in February 1964 at station Rk-12. Maximum nitrate concentration was 1.9 ppm. No total phos- 

phorus determination was made on water samples from the Delavan Lake Outlet during the present study. i 

Selected water analyses at station Rk-12 are listed in Table 259. Water quality conditions of the river are 

indicated in Table 260. 

The chloride concentrations in the Delavan Lake Outlet were 30 ppm in September and 20 ppm in February i 

and April 1964 at sampling station Rk-12. Assuming a "background" chloride concentration of 10 ppm, 

the chloride impact upon this stream was as much as 20 ppm from human sources. Figure 52 shows the 

chloride and dissolved solids concentrations in the Delavan Lake Outlet at sampling station Rk-12. f 

The dissolved solids concentrations in the Delavan Lake Outlet were 385 ppm in September and 255 ppm in 

April 1964 at station Rk-12. Assuming a "background" dissolved solids concentration of 350 ppm, the 

dissolved solids impact upon the Delavan Lake Outlet was no more than 35 ppm from human sources. i 

Table 259 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

COLLECTED AT SAMPLING STATION RK-12 ON DELAVAN LAKE OUTLET: I964 

Date of Date of 

Silica . .« « «© « «© «© «© 2 «2 2 2 ¥-9-64 2 9-16-64 

from « 5 «© © © © © © ew wb 0.02 " 0.06 " 

Manganese. « « © « «© «© «© «@ -- -- 0.01 " 

Chromium . « « «© «© «© «© 8 «© « -- -- -- -- 

Hexavalent Chromium. . . . + -- -- -- -- 

Calcium. . ee ee ee ee 47 4-9-64 57 9-16-64 ; 
Magnesium. «© 2. «© «© «© © «© «@ « 27 " 38 | " 

Sodium (and Potassium) .. . 15 " 35 " 

Bicarbonate. . « «+ « « « « « 255 " 295 " 

Carbonate. « « «© »© «© « w e« « 0 " 30 " ; 

Sulfate. . .« « « «© «© «© » «8 « 19 " 46 " 

Chloride . . . » «© « « » « « 20 " 30 " 

Fluoride .«. . « » «© «© «© » « « -- -- -- oe 

Nitrite. .« 2. « «© «© «© » wo « 0.0 Y-9-64 0.1 9-16-64 i 

Nitrate. « « « © «© «© «© w «© -- -- 1.9 " 

Phosphorus « «© «© © «© © «© «8 « -- -- -- -- 

Cyanide. «. « « «© «© «© 8 » «8 8 -- -- -- -- 

Oil. 2 2 © © © 8 we ww -- -- -- -- i 

Detergents «© « « «© «© «© w «@ 8 0. | U-9-64 0.1 9-16-64 

Dissolved Solids . 2. « « « « 255 " 385 " 

Hardness « «© « « «© © «© » « 226 " 300 " 

Noncarbonate Hardness... . 15 " 10 " Z 

Calcium Hardness «. « « «© « « 116 " 142 " 
Magnesium Hardness .... . 110 " 158 " 

Alkalinity P. . ee ew ew ee 0 n 15 n 
Alkalinity M. . 2 «© «© «© @ 210 " 270 " i 

Specific Conductance ... . uO | " 580 " 

PH « 2 © © © © © © © @ we ew 8. | " 7.6 " 

Color. « «© «© «© © «© «© © «we 10 " 20 " 

Turbidity. « « « «© «© « « « Y " 10 " 

Biochemical Oxygen Demand. . u.4y " 2.1 " 

Dissolved Oxygen ... . « + 13.4 " 7.5 " 

Coliform Count... « « « « <= 100 " 200 " i 

Temperature (°F) . . sw we 43 " 59 " 

Source: SEWRPC. f 
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The dissolved oxygen concentrations in the Delavan Lake Outlet varied from 14.7 ppm in June to 7.2 ppm in 

i August 1964 at station Rk-12. The maximum, average, and minimum dissolved oxygen concentrations for 

the period June through September 1964 were 14.7, 10.5, and 7.2 ppm, respectively. Figure 52 indicates 

the dissolved solids concentrations in the Delavan Lake Outlet at sampling station Rk-12. 

i The coliform counts in the Delavan Lake Outlet varied from 21,000 MFCC/100 ml in July to less than 

100 MFCC/100 ml in February, March, April, and May 1964 at station Rk-12. The maximum, aver- 

age, and minimum coliform counts for the period June through September 1964 were 21,000, 5,700, and 

i 800 MFCC/100 ml, respectively. Figure 54 indicates the coliform counts in the Delavan Lake Outlet at 

sampling station Rk-12. 

i The maximum temperature of the Delavan Lake Outlet was 75°F at sampling station Rk-12. The maximum, 

average, and minimum temperatures for the period June through September 1964 were 759, 66°, and 

59°F, respectively. 

i Streamflow and Precipitation: Throughout much of the year, the Delavan Lake Outlet is a relatively shal- 

low stream occupying a narrow channel. At sampling station Rk-12, the Delavan Lake Outlet had a maxi- 

. mum depth of 1 foot and a width of 21.5 feet when measured in September 1964 under low-flow conditions. 

The SEWRPC measured the flow of the Delavan Lake Outlet in April and September 1964 during periods 

of relatively high and low flow. Table 261 lists the flow determinations at sampling station Rk-12. The 

i daily precipitation recorded at the U. S. Weather Bureau Station at Fontana, Wisconsin, for the period of 

January 1964 through February 1965 is listed in Table 262. 

Forecast Quality of the Delavan Lake Outlet for the Year 1990: The quality of the Delavan Lake Outlet at 

sampling station Rk-12 is dependent almost exclusively upon the quality of Delavan Lake at and near the 

outlet channel. The quality of Delavan Lake may be expected to deteriorate markedly under the impact of 

increasing pollution from Jackson Creek and from lakeside dwellings. Forecast quality of Delavan Lake 

f Outlet at station Rk-12 is indicated in Table 263. 

Turtle Creek 

i Present Stream Quality: One sampling station, Rk-13, was established by the SEWRPC on Turtle Creek 

at a point 13.4 miles downstream from the source. This stream receives the effluent from the City of 

Delavan sewage treatment plant. 

i Turtle Creek is a calcium bicarbonate stream of relatively constant total mineralization. In the 13 com- 

plete chemical analyses run on stream samples collected from Turtle Creek, the predominant cation was 

calcium at concentrations ranging from 74 ppm in December 1964 to 33 ppm in February 1965 at sta- 

i tion Rk-13. The predominant anion was bicarbonate at concentrations of 365 ppm in June 1964 to 185 ppm 

in February 1965 at station Rk-13. Maximum nitrate concentration was 3.4 ppm. Total phosphorus con- 

i Table 260 

WATER QUALITY CONDITIONS OF DELAVAN LAKE OUTLET (1964-1965) 

i Numerical Value Number 
Parameter of 

i Chloride (ppm)... se we a 30 25 20 3 
Dissolved Solids (ppm)... . 385 300 255 3 

Dissolved Oxygen (ppm)... . 14.2 11.6 7.2 13 

i Coliform Count (MFCC/100 ml) . 21,000 3,200 100 13 

Temperature (°F)... . ess 75 48 32 13 

j Source: SEWRPC. 
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Table 261 

STREAMFLOW MEASUREMENTS OF THE DELAVAN LAKE OUTLET: SPRING AND AUTUMN {964 i 

Sampling Streamflow Previous 7-Day 

Station Date (cfs) Rainfall (in inches)? i 

4-26-64 17 0 

Rk-12 9-18-64 0 0 : 

4 Measured at U. S. Weather Bureau Station at Fontana, Wisconsin. 

Source: U. S. Weather Bureau and SEWRPC. i 

Table 262 

PRECIPITATION? AT FONTANA, WISCONSIN: JANUARY 1964 THROUGH FEBRUARY 1965 f 

Dee ee ee ee foe -- -- -- 0.15 -- 0.03 -- -- -- -- -- -- 0.13 ; 
Qe ee ee -- -- -- -- 0.30 -- -- -- -- -- 0.31 | 0.13 | 0.35 -- 
Bk ee es -- -- -- 1.22 -- -- -- -- -- -- 0.18 -- -- -- 
Ue. ee ee -- -- -- -- -- -- -- -- -- -- -- 0.24 -- -- 
Bi ee -- -- 0.90 | 0.71 -- -- -- -- -- -- -- 0.02 -- -- 

re -- -- C.4u1 | 0.37 -- -- -- -- -- -- -- -- -- -- |: 
Tee ee ee eee -- -- 0.22 -- -- -- 0.37 -- -- -- -- 0.01 -- -- 
Bee ee -- -- -- 0.23 | 0.59 -- -- -- -- 0.27 -- -- 0.08 -- 
Qi. ee ee ee ee -- -- _- _. _- _. _. _. __ “ _ "7 uy “ 

lO. ee ee ee -- -- -- -- -- -- -- 0.48 -- -- -- -- -- -- 
[Pow ee ee eee -- -- -- -- -- -- -- 0.11 -- -- -- 0.03 -- -- 
IQ ee ee -- -- -- -- -- 0.15 -- -- -- -- -- -- -- 0.03 
IB. ee ee ee -- 0.33 -- -- 0.41 -- 0.08 -- -- -- -- 0.07 -- -- 
[hee we ee ee -- -- -- -- -- -- 0.25 -- -- -- -- -- -- -- 
IB ee ee -- 0.05 -- -- -- 1.23 -- -- -- -- 1.00 -- 0.13 -- 
16 « ee ew ew ee -- -- -- -- 6.55 -- -- -- -- -- -- -- -- -- 
17 2 2 2 8 we el -- -- 0.10 -- -- 0.07 -- -- -- -- -- -- 0.17 -- 

IB. we ee ee -- -- -- C.12 -- -- 1.34 -- 0.28 -- -- -- -- -- 
i: -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

20. ..+4+-... | 0.09 | -- | 0.43 | 0.32 | -- | o.o4 |] -- -- -- -- | 0.20°| -- -- -- 
re -- -- -- 0.63 -- 0.06 -- 1.28 | 0.59 -- -- -- -- -- 

ye -- -- -- -- -- 1.47 -- 0.12 -- -- -- -- 0.22 -- 
rk -- -- -- -- -- -- -~ -- 0.62 -- -- -- 0.51 | 0.05 
MHe.w see ee ww | HONE -- 0.07 -- -- -- -- -- -- -- -- -- 0.31 | 0.25 
2. es we ee ee -- -- -- -- -- -- 0.60 | 0.05 -- -- -- -- -- -- i 
96. ee ee ee -- -- ~~ -- 0.78 -- -- -- 0.63 -- -- 0.03 | 0.17 -- 
27 we ee we te -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
28. eee ee ee -- -- -- 0.27 -- -- 0.57 -- -- -- 1.12 -- -- |.o-- 
299... wee eee -- -- | 0.05°{ -- -- -- -- -- -- -- -- -- -- -- 
B30. we ee ee -- -- -- 0.22 -- -- -- 0.15 -- -- -- -- -- -- 
Blow ew ee ee -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

? Precipitation measured in inches. Trace quantities not included. } 

b Water equivalent of snowfall wholly or partly estimated using a ratio of 1 inch water equivalent to every 10 

Source: U. S. Weather Bureau. 

centration at station Rk-13 was 0.64 ppm on September 16, 1964. Selected water analyses of Turtle Creek 

at station Rk-13 are listed in Table 264. Water quality conditions of the stream are indicated in Table 265. 

The chloride concentrations in Turtle Creek varied from45 ppm in June to15 ppm in January and April 1964 

at sampling station Rk-13. Assuming a "background" chloride concentration of 10 ppm, the chloride ; 

impact upon Turtle Creek was as much as 35 ppm from human sources. Figure 52 indicates the chloride 

and dissolved solids concentrations in Turtle Creek at sampling station Rk-13. 

The dissolved solids concentrations in Turtle Creek varied from 450 ppm in October to 220 ppm in Febru- i 

ary 1965 at station Rk-13. Assuming a "background" concentration of 390 ppm, the maximum dissolved 

solids impact upon Turtle Creek was about 60 ppm from human sources. i 
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Table 263 

E FORECAST QUALITY OF DELAVAN LAKE OUTLET AT SAMPLING STATION RK-12: 

1990 ALTERNATIVE LAND USE PLANS 

i 
S li Stream Controlled Satellit st ampling p t lit ro atellite 

mean Station orem Fo eu Existing Corridor City 
Plan ; Trend Plan Plan 

Chloride 
i (in ppm) 30 70 70 

i Dissolved 

Solids 385 450 450 450 
(in ppm) 

Delavan 

i Lake Rk-12 

Outlet 

Dissolved Widely varying concentrations possibly 

| Oxygen 10.5 ranging from less than 3.0 to more 

(in ppm) than 5.0 

i Coliform 

Count 
(in MECC/ 5,700 Approximately 6,000 

; 100 ml) 

Source: SEWRPC. 

E The dissolved oxygen concentrations in Turtle Creek varied from 14.6 ppm in September and October 1964 

to 7.8 ppm in July 1964 at station Rk-13. The maximum, average, and minimum dissolved oxygen con- 

centrations for the period June through September 1964 were 14.6, 11.0, and 7.8 ppm, respectively. 

i Figure 53 indicates the dissolved oxygen concentrations in Turtle Creek at sampling station Rk-13. 

‘The coliform counts in Turtle Creek varied from 70, 000 MFCC/100 ml in January 1965 to 400 MFCC/100 ml 
in June 1964 at station Rk-13. The maximum, average, and minimum coliform counts for the period June 

f through September 1964 were 16,000, 7,100, and 400 MFCC/100 ml. Figure 46 indicates the coliform 

counts in Turtle Creek at sampling station Rk-13. 

i The maximum temperature of Turtle Creek was 71°F in July 1964. The maximum, average, and minimum 

temperature for the period June through September 1964 were 719, 67°, and 60°F, respectively. : 

Streamflow and Precipitation: Throughout much of the year, Turtle Creek is a relatively shallow stream 

i occupying a narrow meandering channel. At sampling station Rk-13, Turtle Creek had a maximum depth 

of 1.2 feet and a width of 50 feet when measured in September 1964 under low-flow conditions. 

i The SEWRPC measured the flow of Turtle Creek in April and September 1964 during periods of relatively 

high and low flow. Table 266 lists the flow determinations at sampling station Rk-13. The daily precipita- 

tion recorded at the U. 8S. Weather Bureau Station at Fontana, Wisconsin, for the period January 1964 

i through February 1965 is listed in Table 262. 

Forecast Quality of Turtle Creek for the Year 1990: SEWRPC population studies indicate that the City of 

; Delavan had a connected population of approximately 5,200 persons in 1963. SEWRPC population forecasts 
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Table 264 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES i 

COLLECTED AT SAMPLING STATION RK-13 ON TURTLE CREEK: {964 

erp tl rc PPS 

Date of Date of i 

Silica . . 2. «© © © © © ew we 6 4-9-64 12 9-16-64 

Iron. 6 © © © © © © © w «@ 0.03 " 0.05 " : 

Manganese. . ». » « «© «© w e« « -- -- 0.00 " 

Chromium . « 2 © «© © © © «@ « -- -- < 0.02 " 

Hexavalent Chromium. .. . » -- -- 0.00 " 

Calcium. . « «© « © © «© « @ 59 Y-9-64 68 " f 

Magnesium. .« 2. «© «© «© «© © « 26 " 40 " 

Sodium (and Potassium) .. . 10 " 45 " 

Bicarbonate. « « « «© «© « «2 205 " 330 " 

Carbonate. « «© «© « © «© «© @ 30 " 40 " i 

Sulfate. .« « « «© «© © «© «© @ « 38 " 43 " 

Chloride . 2. .« « « «© « « w@ « 15 " 35 " 

Fluoride .« .« «+ « «© © «© «© # « -- -- <0.4 " 

Nitrite. . « « « « « «© «© @ «@ 0.0 4-9-64 0.2 " i 

Nitrate. « « © «© » © « «© «8 « -- -- 3.4 " 

Phosphorus « « « «© «© «© «© « « -- -- 0.64 " 

Cyanide. « © « «© « # © © «© « -- -- <0.0!1 L1-19-64 ; 

Oil. © « «© © © «© © @ @ ew -- -- < | 9-16-64 

Detergents «© « «© «© «© «© «© «@ « 0.1 4-9-64 0.2 " 

Dissolved Solids . .. . « « 285 " YS " 

Hardness .« « «© «© «© «© © 0 «8 « 253 " 334 " i 

Noncarbonate Hardness. .. . 35 " 0 " 

Calcium Hardness . 2. » « « ¢« 147 " 170 " 

Magnesium Hardness ... « 106 " 164 " 

Alkalinity P . 2. . «© «© «© 2 [5 " 20 " i 

Alkalinity M. 2. 2. 5» « «© « « 200 " 310 " 

Specific Conductance. .. . 472 " 656 " 

pH . «© «© © © © © © © ©» «© @ 8 8.4 " 8.0 " 

Color. «© « « «© «© «© © © 8 «@ « 30 " 5 " ; 

Turbidity. «© »« » « »« « «© « « 10 " 2 " 

Biochemical Oxygen Demand. . 5.1 " 2.6 " 

Dissolved Oxygen... .. 1 13.3 " 14.6 " 

Coliform Count . . +. « « « « 1,900 " 16,000 " E 

Temperature (°F)... ses U5 " 60 " 

Source: SEWRPC. i 

Table 265 

WATER QUALITY CONDITIONS OF TURTLE CREEK (1964-1965) f 

Numerical Value Number 

Parameter of i 

Chloride (ppm) ... 2. «. « we ae U5 25 15 13 , 

Dissolved Solids (ppm)... . 450 375 220 13 

Dissolved Oxygen (ppm)... . [4.6 12.1 7.8 14 

Coliform Count (MFCC/100 ml) . 70,000 18,800 400 1 y 

Temperature (°F)... . 2.2 7 | U8 32 14 i 

Source: SEWRPC. 
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for the City of Delavan under three regional alternative land use plans are indicated in Table 267, together 

f with the estimated average daily sewage flow rates and the estimated low flow of Turtle Creek. The fore- 

cast quality of Turtle Creek at sampling station Rk-13 for the year 1990 is indicated in Table 268. 

i Table 266 

STREAMFLOW MEASUREMENTS OF TURTLE CREEK: SPRING AND AUTUMN 1964 

i Sampling Streamflow Previous 7-Day 

Station Date (cfs) Rainfall (in inches)? 

U-26-64 U5 
f RK-13 9-18-64 10 

4 Measured at U. S. Weather Bureau Station at Fontana, Wisconsin. 

i Source: U. S. Weather Bureau and SEWRFC. 

Table 267 

ESTIMATED CONNECTED POPULATION AND AVERAGE DAILY SEWAGE FLOW RATES 

FOR THE DELAVAN SEWAGE TREATMENT PLANT: 

1963 AND [1990 ALTERNATIVE LAND USE PLANS 

f Estimated Connected Population 

Sewage Existing 

Treatment 1963 eo Corridor Satellite 
Plant XIStInNg City 

Trend Plan Plan Plan 

| 5,200 | ——toz00 | 8200 | 88200 
i Estimated Average Daily Sewage Flow Rate 

City 940,0002 1,800,000 2,700,000 2,700,000 
of Delavan 1.4 2.8 4.2 4.2 

i Estimated Low Flow of Turtle Creek at Sampling Station Rk-13 

es 
i 4 Gallons per day. 

b Cubic feet per second. 

f Source: SEWRPC. 

ROOT RIVER WATERSHED 

The Root River watershed ranks sixth in population and fourth in size as compared to the other 11 water- 

sheds of the Region. An estimated 134, 200!! persons reside in this watershed, which has a total area of 

197.9 square miles and an average population density of 678 people per square mile. The principal land 

use is agriculture, which comprises 66.2 percent of the watershed, The areas within the watershed devoted 

. to each of eight major land use categories are listed in Table 269. 

Two streams were studied by the SEWRPC in the Root River watershed: the Root River proper and the 

Root River Canal. The Root River rises in the City of West Allisnear Greenfield Park and flows 42.2 miles 

f south, east, and southeasterly to Lake Michigan at the City of Racine. The Root River Canal originates at 

the confluence of the East and West Branches of the Root River Canal and flows 5.5 miles northward to 

where it joins the Root River. 

i The Root River watershed is largely developed upon a glacial terrane comprising a series of broad end 

moraines that parallel Lake Michigan and upon ground moraine formed by the Lake Michigan glacier, In 

i 11 Based on SEWRPC estimate for 1963. 
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Table 268 

FORECAST QUALITY OF TURTLE CREEK AT SAMPLING STATION i 

RK-13: 1990 ALTERNATIVE LAND USE PLANS 

Forecast Quality for 1990 

5 li Stream trolled Li Stream amp ting Parameter Quality Controlle Satellite 
Station in 1964 Existing Corridor City 

Trend Plan Plan Plan i 

Chloride a 

(in ppm) $5 . 

Dissolved 

Solids Y45 
(in ppm) 

Turtle 

Creek Rk-13 

Dissolved ; 

Oxygen More than 8.0 

(in ppm) 

Coliform 

Count b . 
(in MFCC/ 7,000 Approximately 10,000 

100 ml) 

4 Based on analysis for September 1964. i 

b Based on average for period June through September 1964. 

Source: SEWRPC. i 

Table 269 ; 

EXISTING LAND USE IN THE ROOT RIVER WATERSHED: 1963 

(Serre A ATT TTT aD 

Land Use Percent of Total Watershed i 

Agriculture «+ ee ee ew ee ee 131.1 83,890 66.3 
Woodland, Wetland, and Unused Land, 22.2 14,212 11.2 

Residential .« « « «© « © « © «© © «© « 20.2 12,945 10.2 

Transportation-Communication. .. . 14.9 9,512 7.5 

Park and Recreattonal ... . « « . 5. | 3,265 2.6 ; 

Governmental-Institutional. ... . 1.8 1, 164 0.9 

Industrial. « «© © «© © «© «© © © © «@ « |.7 1,069 0.8 

Commercial. . . »« «© «© © © © «© «© «© « 0.9 — 584 0.5 

Source:  SEWRPC. 
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Table 270 

f DISTANCES OF SELECTED POINTS OF REFERENCE ON THE ROOT RIVER FROM THE RIVER 

SOURCE AND BETWEEN CONSECUTIVE POINTS OF REFERENCE 

i Point of Reference Distance from Distance between 
River Source Points of Reference 

(in mites) (in miles) 

i River Source . . « « « « « « « --- --- 

Rt-} 2. 2 ew we we ew ww ee le 4.6 u.6 

Hales Corners Tributary. .. , 5.9 1.3 

i Greendale STP0@. ....... 7.6 |.7 

Franklin Creek . . «. . 0 « « «2 11.3 3.7 

House of Correction STPO.. . 13.2 1.9 

Rt-2 «© «© «© «© © © © © © © 2 8 13.6 0.4 

Root River Canal...» «ws 15.8 a) 

i Rt-4 2. 2 2 ew ew ww ee wk 17.6 1.8 

Franksville Tributary. ... . 22.2 4.6 

Caddy Vista STPO . «... «ss 23.4 1.2 

i Rt-5 2. 2 «© «© «© © «© «© «© © 2 «@ 24.0 0.6 

Hoods Creek. . . «© « « «© «© «© « 30.3 6.3 

Rt-6 we ee ee ee ee ee 36. | 5.8 
i Lake Michigan. . . . 2 « » « « 4Y2.2 6. 

“ STPO - Sewage treatment plant outfall. 

i Source: SEWRPC. 

a narrow belt adjacent to Lake Michigan, the Root River cuts through sands and gravels deposited along 

i the shores of glacial Lake Chicago. Marsh deposits occur at many locations in the intermorainal valleys. 

Root River 

Present Stream Quality: Five sampling stations, Rt-1, Rt-2, Rt-4, Rt-5, and Rt-6, were established by 

i the SEWRPC on the Root River. Significant points of reference on the Root River are listed in Table 270 in 

terms of their distances downstream from the river source and the distances between consecutive points 

of reference. 

i The Root River is predominantly a calcium bicarbonate stream that is subject to small changes in total 

mineralization. In the 37 complete chemical analyses of stream samples collected from the Root River, 

calcium or sodium were the predominant cations. Calcium was the predominant cation in 20 analyses 

i at concentrations ranging from 136 ppm in August 1964 at station Rt-1 to 71 ppm in January 1965 at sta- 

tion Rt-6. Sodium occurred as the predominant cation in 16 samples at concentrations ranging from 

175 ppm in February 1964 at station Rt-6 to 55 ppm in July 1964 at station Rt-1. In December 1964 at 

station Rt-4, the calcium and sodium concentrations were equal at 100 ppm. Bicarbonate and sulfate 

i were the predominant anions. Bicarbonate was the predominant anion in 34 analyses at concentrations 

ranging from 435 ppm in August and September 1964 at stations Rt-1 and Rt-2, respectively, to 195 ppm 

in January 1964 at station Rt-6. Sulfate was predominant in three analyses at concentrations ranging from 

i 282 to 224 ppm in April 1964 at stations Rt-4, Rt-5, and Rt-6. Maximum nitrate concentration was 

14.4 ppm. Total phosphorus was 1.3 ppm on September 11, 1964, at station Rt-5 (the only station on the 

Root River at which a sample was collected for total phosphorus determination). Selected water analyses 

i of the Root River at stations Rt-1, Rt-4, and Rt-6 are listed in Tables 271, 272, and 273. Water quality 

conditions of the river are indicated in Table 274. 

The chloride concentrations of the Root River varied from 240 ppm in February and March 1964 at stations 

i Rt-2 and Rt-1, respectively, to 30 ppm in April 1964 at station Rt-1. Assuming a "background" chloride 

concentration of 10 ppm, the Root River has a chloride impact of 20 to 230 ppm from human sources. The 

i variations in the chloride concentration are shown by a series of 14 interpretive stream quality graphs in 
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Table 27) 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 7 

COLLECTED AT SAMPLING STATION Rt-! ON THE ROOT RIVER: 1964 

Oe 

Date of Date of i 

Silica . 2. « « «© « «© «© « «@ + 8 4-8-64 4 9-11-64 

Iron . 2 «© «© «© «© © «© «© © «8 «8 0.07 m" 0.16 tr i 

Manganese. «© « « « «© «© © «2 « -- -- 0.00 mt 

Chromium . «2 «© « «© © © «© «@ « -- -- -- -~ 

Hexavalent Chromium. ... . -- -- -- -- 

Calcium. . «© «© «© © © «© #© « ¢ 107 4-8 -64 82 9-11-64 i 

Magnesium. « « « «© «© « «© «@ o 5 | mt 52 mt 

Sodium (and Potassium)... 0 my 80 mt 
Bicarbonate. . « .« «© « «© «= « 255 my 365 mt 

Carbonate. . « « «© © 8» «© ow « : 10 mt 0 mt i 

Sulfate. . » « 5» «© © e« «© «@ 155 mt 168 my 

Chloride . . «© « «© «© «© « «@ « 30 ms 85 

Fluoride . « « «© « «© ©» w «@ + -- -- -- -~- F 

Nitrite. . 2. © «© «© «© «© » «@ « 0.0 4-8-64 0.0 9-11-64 

Nitrate. « « «© «© « «© » » #@ « -- -- |.3 mm 

Phosphorus . «© © «© © «© » @ « -- -- -- -- 

Cyanide. « « « «© «© » » » © « -- -- -- -- 

Oe -- -- -- -- i 
Detergents . . «© « « «© w» © «+ 0.| 4Y-8-64 0.0 9-11-64 

Dissolved Solids ...... 485 mt 650 rt 
Hardness « « « « « «© «© «© @ 476 mt 419 mm i 

Noncarbonate Hardness. « « . 250 mt 120 rt 

Calcium Hardness ..... . 267 ms 204 

Magnesium Hardness .. . « e 209 my 215 rt 

Alkalinity P . 2. 2 2 «© «© «@ 5 my 0 mt ; 

Alkalinity M « « « «© « «© « « 220 my 300 m1 

Specific Conductance... . 930 mt 960 mt 

re 8.4 rt 7.6 mt 
Color. . « «» «© «© «© «© « «© ew « 30 mt 20 mt i 

Turbidity. «© « « » « « «© « « 20 mt 25 mt 

Biochemical Oxygen Demand. . 2.9 mm 3.7 my 

Dissolved Oxygen . ». » « « «+ 10.4 mt uu mt 

Coliform Count . . . . «2 = . 20,000 ms 3,000 mr i 

Temperature (°F)... wa 38 mt 63 nm 

Source: SEWRPC. i 

Figure 55. The chloride concentrations of the Root River were relatively high throughout the 14-month 

period of field study and throughout the 32-mile reach studied by the SEWRPC, i 

The dissolved solids concentrations of the Root River varied from 955 ppm in February 1964 at sta- 

tion Rt-6 to 390 ppm in July 1964 at station Rt-1. The assumed "background" dissolved solids concentra- 

tion is 540 ppm. The principal ions that contributed to the highest concentration were chloride, sodium, E 

sulfate, and bicarbonate. The variations in the dissolved solids concentrations are shown by a series of 

14 interpretive stream quality graphs in Figure 56. The dissolved solids concentrations of the Root River 

were relatively high throughout the 14-month period of field study and throughout the 32-mile reach studied 

by the SEWRPC, i 

The dissolved oxygen concentrations of the Root Rivcr varied from 14.6 ppm in March 1964 at station Rt-6 

to 0 ppmin February 1964 at station Rt-5, The maximum, average, and minimum dissolved oxygen con- i 

centrations for the period June through September 1964 at stations Rt-1, Rt-5, and Rt-6 were 6.2, 5.4, and 

4.4 ppm; 14.1, 9.7, and 6.3 ppm; and 8.1, 7.9, and 7.5 ppm, respectively. Variations in the dissolved 5 
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Figure 55 

CHLORIDE CONCENTRATION IN THE ROOT RIVER 
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Figure 56 

DISSOLVED SOLIDS CONCENTRATION IN THE ROOT RIVER i 

IN PARTS PER MILLION 
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Table 272 

i SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

COLLECTED AT SAMPLING STATION Rt-4 ON THE ROOT RIVER: 1964 

i . Date of Date of 

Silica . . « « © «© «© 8 «© « «2 6 Y= 8-64 2 9-11-64 

i Iron 2. 2. © 2 2 ee ee 0.04 " 0.24 " 

| Manganesé€.- « « «© « «© «© «© « « -- -- 0.04 " 

Chromium . «© «© «© 2 ew we ee -- -- -- -- 

Hexavalent Chromium. ... . -- -- -- -- 

i Calcium. «© « 1 «© © «© © w@ w@ 97 Y-8- 64 92 9-|1-64 

| Magnesium. . 1. « 2 « @ we a 47 " U5 " 
|Sodium (and Potassium)... 80 " 100 " 

| Bicarbonate. . . « « « « «© « 195 " 3 30 " 

; Carbonate. . .. +. «© « « «@ 20 " 30 " 

Sulfate. . . « «© «© «© © «© «© « 282 " 168 " 

Chioride . . 1. 2 «© «© «© w@ w 85 " 90 " 

Floride. . .« « «© « «© « « «© « -- -- -- -- 

i Nitrite. . 2. «© «© «© «© «© « «© . 0.0 4¥-8-64 0. | 9-11-64 

Nitrate. «© »« «© © «© «© «© 2 2 2 -- -- 3.9 " 

Phosphorus . . «© « «© «© «© @ o -- -- -- -- 

F Cyanide. . »« »« « 2 «© «© «© « « -- -- <“ 0.03 ll- 5-64 

Oil. 2. 2 2 ew ew ew we -- -- -- -- 

Detergents . 2. «© « «© «© « « s 0. | 4¥-8-64 0.5 9-11-64 

Dissolved Solids . .. . « + 710 " 690 " 

i Hardness .~« . « « «© © «© «© «© « 438 " Yi 4 " 

Noncarbonate Hardness. .. . 245 " 95 " 

Calcium Hardness ..... . 243 " 230 m" 

Magnesium Hardness .... « 195 " 184 " 

i Alkalinity P.... .... 10 " 15 " 

Alkalinity M. . . 2. «© © «= « 180 " 300 " 

Specific Conductance... . 920 " 1,030 " 

pH . 2. 6 se ee ee ees 8. | " 7.8 " 

i Color. .« «© « «© «© «© «© «© we « « 30 " 25 " 

Turbidity. .« « « «© «© «© « 2 7 " 55 " 

Biochemical Oxygen Demand... 3.9 " 3.3 " 

Dissolved Oxygen... .. « 9.5 m 5.0 " 

F Coliform Count... ... . 47,000 m 7,000 " 

Temperature (°F) we ek ee 39 " 68 " 

Source: SEWRPC. 

i oxygen concentrations in the Root River are shown by a series of 14 interpretive stream quality graphs 

in Figure 57. Conspicuous features of these graphs are the extremely adverse conditions that existed in 

February 1964 and in February 1965 when the dissolved oxygen concentrations were 0 to 1.6 ppm over much 

/ of the middle reaches of the river. In October 1964 critical concentrations (3.0 ppm or less) occurred 

over a 9-mile reach from station Rt-1 to Rt-2. 

i The coliform counts in the Root River varied from 1,100,000 MFCC/100 ml in February 1964 at station 

Rt-2 to 100 MFCC/100 ml in June at station Rt-4. The maximum, average, and minimum counts for the 

period June through September at stations Rt-1, Rt-5, and Rt-6 were 3,000, 2,000, and 800 MFCC/100 ml; 

390,000, 150,000, and 2,000 MFCC/100 ml; 26,000, 9,100, and 1,500 MFCC/100 ml, respectively. Varia- 

i tions in the coliform counts in the Root River are shown by a series of 14 interpretive stream quality 

graphs in Figure 58. Conspicuous features of the graphs are the extremely high coliform counts (100, 000 

MFCC/100 ml or more) that occurred in February 1964 and in the winter of 1964-1965 over a distance of 

i about 17 miles in the middle reaches of the Root River. Between station Rt-1 and Rt-2, where the effluent 

from three sewage treatment plants enters the Root River, the Root River is subject to severe pollution. 

The Caddy Vista sanitary district treatment plant is thought to contribute much to the very high coliform 

i counts in the Root River at station Rt-5. 
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Table 273 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES i; 

COLLECTED AT SAMPLING STATION RT-6 ON THE ROOT RIVER: 1964 

| Date of | Date of i 

Silica .« « 2 « «© © © «© © @ 8 4-8-64 | 9-11-64 

[ron . 6 «© © © © © © © 8 2 0.02 " 0.52 " , 
Manganese. . « « » © » «© «© « -- -- 0.03 " 

Chromium . . « » «© «© «© «© @ « -- -- -- -- 

Hexavalent Chromium. ... . -- -- -- -- 

Calcium. . « «© 2 © © © © w@ 2 9 | 4-8-64 96 9-11-64 7 
Magnesium. .« « « 2 «© «© «© « « U2 " 50 " 

Sodium (and Potassium) .. . 55 " 70 " 

Bicarbonate. .« « 2» © 2 «© «© « 220 " 340 n 

Carbonate. .«. «© «© «© 28 «© «© «@ 2 0 " 0 " , 

Sulfate. . 2. . es + ew ee ee 224 " 19] " 
Chloride . . . « » «© «© « « « 70 " 85 " 

Fluoride . . » 5» » » © «© «© « -- -- -- -- 

Nitrite. . « « « «© 8» » 8 « = 0.0 4-8 -64 0.0 9-11-64 i 

Nitrate. . « «© «© «© «© «© « « « -- -- 1.9 -- 

Phosphorus . « «© « © «© © «© 8 -~ -- -- -- 

Cyanide. . « © «© «© «© #© «© © « -- -- < 0.03 ll- 5-64 

Detergents . . 2 « «© «© « « « 0.) 4-8-64 0.3 9-|1-64 

Dissolved Solids . . « « « « 600 " 665 n 

Hardness . « « © « © « «© « « 397 " U7 " 

Noncarbonate Hardness. .. « 215 " 165 " ' 

Calcium Hardness .. . . « « 226 " 240 " 

Magnesium Hardness .« « « « -« 17 | " 207 " 

Alkalinity P . 2. « «© «© «© «© « 0 " 0 " 

Alkalinity M. . « «© «© « » 180 " 280 " 

Specific Conductance... .« 856 " {1,020 " 

DH 2. «© «© © © © © «© © «© «© «© « 7.1 " 8.3 " 

Color. « «© «© «© «© «© «© «© «© © 30 " 30 n 7 

Turbidity. .« 2 «© © «© © » 2 {0 " U5 " 

Biochemical Oxygen Demand. . 5.7 " 6.3 " 

Dissolved Oxygen . .- « « « . 12.3 " 8. | " 

Coliform Count . 2. « «© « « « 21,000 " 26,000 " i 

Temperature (°F) . « « w« ws UI " 67 " 

Source: SEWRPC. i 

Table 274 i 

WATER QUALITY CONDITIONS OF THE ROOT RIVER (1964-1965) 

| Parameter of 

Chloride(ppm) . ... «ees 240 115 30 37 ; 
Dissolved Solids (ppm) ... . 955 715 390 37 

Dissolved Oxygen (ppm)... - 14.6 7.2 0 64 

Coliform Count (MFCC/100 ml) . 1, 100,000 71,000 100 64 E 

Temperature (°F)... . we a 78 52 32 64 

Source: SEWRPC. ' 
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Figure 57 

DISSOLVED OXYGEN CONCENTRATION IN THE ROOT RIVER 

IN PARTS PER MILLION 
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Figure 58 

COLIFORM COUNT IN THE ROOT RIVER j 

MEMBRANE FILTER COLIFORM COUNT PER 100 MILLILITERS (IN THOUSANDS) 
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The maximum temperature of the Root River was 78°F in July 1964 at sampling station Rt-2. For the 

3 period June through September 1964, the maximum, average, and minimum stream temperatures were 

74°, 67°, and 59°F at station Rt-1; 77°, 72°, and 66°F at station Rt-5; and 77°, 72°, and 67°F at sta- 
tion Rt-6. Figure 59 shows the monthly variations in the temperature of the Root River at sampling sta- 

f tions Rt-1 and Rt-6, 

Streamflow and Precipitation: The Root River is a shallow meandering stream, which, throughout much 

of the year, occupies a relatively narrow channel. At stations Rt-1 and Rt-6, which are 4.6 and 36.1 miles 

downstream from the river source, the stream had maximum depths of 1.4 feet and 1.0 foot and widths of 

27 feet and 58 feet, respectively, when surveyed in January and March 1964. 

i The U. S. Geological Survey, in cooperation with the SEWRPC, established two water-stage recorders on 

the Root River at or near locations designated in this study as sampling stations Rt-2 and Rt-6. Tables 

275 and 276 list the mean daily discharge at these two stations computed from the water-stage records 

{ covering the period January 1964 through February 1965. Table 210 lists the daily precipitation for the 

{ same period as recorded at the U. S. Weather Bureau Station at Racine, Wisconsin. 

Forecast Quality of the Root River for the Year 1990: There are seven sewage treatment plants in the Root 

5 River watershed that discharge treated wastes into the Root River or its tributaries. These seven sewage 

treatment plants serve the villages of Hales Corners, Greendale, and Union Grove; the City of Franklin 

(Sewerage District #1); the Milwaukee County House of Correction; the community of Caddy Vista; and the 

i State of Wisconsin Southern Colony and Training School, with a combined total connected population of 

approximately 21,300 persons in 1963. By the year 1990, all the sewage treatment plants except the two 

that serve the Village of Union Grove and the State of Wisconsin Southern Colony and Training School are 

expected to be connected to the Milwaukee metropolitan sewerage system. The treated wastes from the 

sewage treatment plants at the Village of Union Grove and at the Southern Colony may be expected to con- 

tinue to be discharged into the West Branch of the Root River Canal through 1990. A food processing plant 

f that presently discharges treated wastes to Hoods Creek is expected to be connected to the City of Racine 

{ Figure 59 
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Table 275 

DISCHARGE OF THE ROOT RIVER NEAR FRANKLIN, WISCONSIN: ; 

JANUARY 1964 THROUGH FEBRUARY {1965 

STREAMFLOW (in CFS) 

, 1964 1965 

Day Feb | war | apr | May | vun | wut | aug | sep | oct | nov | dec | van | Feb | 
Le ee ee ee 1.6 | 4.3 3.5 10 30 2.9 4.5 | 14 6.4 | 4.2 3.2 6.0 9.0 7.2 
Qe eee ee 2.0 | 4.4 4.5 16 38 2.9 8.0 | 13 6.8 | 4.2 | 3.4 5.0 | 120 6.4 
ZB. ee 2.6 | 4.5 6.5 82 34 3.6 9.6 | II 7.6 | 2.4 7.8 | 4.5 60 5.8 
Wee ee es 4.0 | 4.5 5.8 38 26 2.7 6.0 | 1 8.0 | 2.4 6.4 4. | 26 5.4 
Be 2.4 | 4.5 5.0 34 24 3.0 3.4 | 10 6.4 | 2.6 | 4.5 3.8 18 5.0 
Bee ee ee 5.0 | 4.8 8.0 | 154 22 2.8 2.3 | 12 5.1 | 2.8 3.8 3.6 | 15 10 
Tec ee eee 3.0 | 5.0 20 105 22 2.6 2.6 | TI 4.8 | 2.9 3.8 3.4 (2 60 
Be we ee te 2.6 | 4.5 67 53 | 165 2.4 3.0 8.8 4.8 | 2.9 3.8 3.2 25 230 
Qe. eee eee 2.3 | 3.8 38 35 57 2.2 2.8 9.2 3.3 | 3.1 4.2 3. 32 200 
lO. ewe ee 2.0 | 3.1 28 29} 28 2.1 2.5 9.6 3.9 | 2.9 7.2 3.1 16 160 

re 1.9 | 3.1 20 24 22 2.0 2.2 | 14 3.0 | 2.8 7.2 4.5 8.0 | 320 | 
LD. ew ee ee 1.8 | 3.2 | 38 21 18 1.9 2.0 | 18 2.7 | 2.9 7.2 | 11 5.0 | 180 
IB. eee ee 1.7 | 3.5 8 | 20 2u 1.9 3.6 8.0 2.6 | 2.8 6.1 | 12 u.o | 100 

re 1.6 | 3.5 | 143 18 28 3.5 4.5 5.7 2.4 | 2.8 6.1 | 10 3.4 60 
IS ee ee ee 1.6 | 3.5 49 IY 20 15 3.2 3.9 2.0 | 2.9 9.5 8.0 3.2 30 , 
IG. ee ee eee 1.5 | 3.5 28 14 63 LI 2.8 | 3.0 2.6 | 3.1 | 22 6.4 3.0 40 
Pw ee ee ee 1.5 | 3.5 20 14 42 5.7 | 25 4.5 2.4 | 3.2 | 10 5.4 2.9 50 
IB eee ee 1.5 | 3.6 13 16 21 2.3 | 318 5.1 2.9 | 2.9 4.9 4.5 2.9 30 
1 re 1.5 | 3.6 Vl 14 14 2.1 | 680 4.2 | 10 3.2 3.8 3.8 2.8 20 
20. ee ee es 6.0 | 3.6 10 14 9.2 1.9 | 232 3.6 5.1 | 3.2 3.3 3.5 2.8 40 
Ql. ee ew ew ew ee | 20 3.6 10 67 7.8 3.0 88 60 3.6 | 2.9 3.0 3.3 3.0 24 
22. 2 ew ew ee ew | 18 3.5 i 79 6.8 | 35 47 50 2.6 | 3.1 3.0 3.2 30 18 
23.02. 2 ew ee ew | tt 3.4 12 32 5.8 | 30 59 16 5.7 | 3.2 3.2 3.1 80 14 
WH... ee eee | 16 3.2 13 24 5.0 | 15. 30 10 6.0 | 3.1 3.4 3.5 60 12 
25. we ee ew ee | 80 3.2 tI 20 8.0 7.0 97 6.4 3.6 | 3.1 3.4 3.5 40 Lt 
26.6. -.4- 2.4 | 12 3.) 10 18 6.0 4.0 | 245 5.7 2.9 | 3.1 3.2 3.1 30 10 
Wve ee eee 8.0 | 3.1 9.4 28 4.2 3.0 50 5.4 3.3 | 3.1 3.4 2.8 24 Ul 
28 2 2 ee ew ee 5.4 3.1 8.8 36 3.0 2.4 28 5.7 3.3 2.9 | 55 2.8 18 20 
29. eee een 4.5 | 3.2 8.2 33 3.0 2.1 20 6.0 2.9 | 3.1 | 25 3.7 14 --- 
30. eee os 8.2 31 2.6 2.5 18 6.8 2.7 | 3.1 | 14 5.8 Li --- 
Ble we ee ee 4u.3 | --- 8.4 | --- 2.6 --- 16 8.8 w-- | 3.1 --- 8.0 8.4 --- | 

Source: U. S. Geological Survey 

Sanitary Sewerage system. The other major source of industrial wastes within the watershed is a food i 

processing plant located on the West Branch of the Root River Canal in the Town of Raymond. This 

industry is expected to continue to discharge its treated wastes into the Canal but after improved treat- 

ment. Table 277 forecasts the quality of the Root River for the year 1990 at sampling stations Rt-2, Rt-5, ; 

and Rt-6. 

Root River Canal i 

Present Stream Quality: One sampling station, Rt-3, was established by the SEWRPC on the Root River 

Canal at a point 3.5 miles upstream from where the Canal joins the Root River. The Root River Canal has 

its origin two miles upstream from station Rt-3 at the junction of the East and West Branches of the Root | 

River Canal. The City of Union Grove, Southern Colony, and one major industry discharge wastes into the 

West Branch of the Root River Canal. 

The Root River Canal is predominantly a calcium bicarbonate stream of relatively constant total mineral- i 

ization. In the three complete chemical analyses of stream samples collected from the Root River Canal, 

calcium and sodium were the predominant cations. Calcium was predominant in two analyses at concentra- 

tions of 130 ppm in April and 100 ppm in September 1964. Sodium was the predominant cation in February f 

at aconcentration of 170 ppm. Bicarbonate and sulfate were the predominant anions. Bicarbonate was pre- : 

dominant in February and September 1964 at respective concentrations of 435 and 355 ppm. In April 1964 

sulfate was predominant at 364 ppm. Maximum nitrate concentration was 14.4 ppm. No total phosphorus 

determination was made on water samples from the Root River Canal during the present study. Selected | 

water analyses at station Rt-3 are listed in Table 278. Water quality conditions of the stream are indicated 

in Table 279. : 
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Table 276 

5 DISCHARGE OF THE ROQT RIVER AT RACINE, WISCONSIN: 

JANUARY 1964 THROUGH FEBRUARY 1965 

STREAMFLOW (in CFS) 

i 8 8 

fee eee 1.3 | 6.7 5.9 2| 89 | ti 8.4 | 33 6.4 | 17 5.7 | 35 tt 30 
Dewees 1.3 | 6.7 7.0 27 | 100 | 11 15 27 6.7 | it 6.2 | 22 80 24 
Bee eee 1.4 | 6.3 8.4 62 | 106 | 11 15 22 6.4 7.7 6.7 | 15 150 | 20 
Yo ee 1.8 | 6.0 10 156 | 100 9.3 LI 17 5.7 7.3 6.7 | 10 120 17 
Bk ee 1.7 | 7.0 16 113 85 8.8 15 12 5.2 7.7 | 10 8.0 84 15 
Gee eee 2.0 | 7.3 14 216 77 8.8 9.8 | 10 5.0 7.3 | 11 7.2 | 62 14 
Tie eee ae 2.2 | 7.3 25 316 7\ 9.8 8.0 | 9.8 5.2 6.4 8.8 6.8 50 50 
Bee 2.7 | 6.7 43 260 83 | 10 7.3 8.4 5.5 5.9 7.3 6.6 38 | 100 
9. wee 2.5 | 6.7 66 46 | 219 8.8 7.3 7.3 5.2 5.5 7.0 6.6 70 | 210 

rr 2.3 | 6.7 69 98 | 159 8.0 6.7 7.0 5.2 5.2 6.7 6.5 60 | 600 
[he ee ee 2.1 | 6.2 58 77 91 | 7.7 5.9 7.0 | 5.0 | 4.8 6.4 7.0 50 | 719 

| [De ee eae 1.8 | 5.9 55 62 64 8.0 5.5 6.7 5.2 5.0 7.0 9.0 4O | 758 
IB. ee ee 1.6 | 5.9 67 5 | 53 8.0 5.7 | 11 5.2 5.2 7.7 | 12 32 | 706 

re 1.5 | 5.9 | 159 43 53 7.3 5.9 9.8 5.2 5.2 7.3 | 20 24u | 554 
[Soe we es 1.4 | 5.7 | 212 36 69 9.3 5.7 7.7 5.2 5.2 9.3 | 18 20 | 407 
I6.. eee 1.4 | 5.9 | 106 30 79 8.8 5.2 6.7 5.0 5.2 | II 13 17 | 322 
[7 we ees 1.4 | 5.9 64 26 | 143 8.8 6.2 6.2 5.0 4.8 | 15 10 14 | 261 
[Be ee ee 1.4 | 5.9 42 27 | 129 | 41 137 5.7 5.7 5.0 | 21 8.4 12 | 261 

rrr 1.4 | 5.9 | 32 26 85 | 16 524 5.7 6.4 u.5 | 13 7.6 lt | 233 
20.2... .4 5.0 | 5.9 27 26 60 | 13 830 6.2 6.4 4.3 | 10 7.0 10 | 210 

y Qloe ee ene 5.4 | 5.7 25 27 51 | 12 893 8.0 | 12 4.7 8.4 6.6 10 | 180 
22... wa 5.8 | 5.7 23 82 4u5 | 11 604 42 12 4.7 7.3 6.5 iy | 140 
23. ..... | 12 5.5 24 116 43 | 14 375 7\ 8.8 4.7 7.0 6.4 50 | 100 
4... ew ee | 25 5.5 27 62 39 | 57 223 36 5.0 4.8 6.7 6.8 60 70 
25... ees | 18 5.5 32 4u3 | 30 | 62 146 20 6.7 4.7 6.7 7.6 | 130 50 
26... 4.. | 12 5.5 33 45 24 | 31 165 14 8.8 5.0 6.7 8.6 | 110 40 
27. ee ee ew | MS 5.2 30 42 21 | 18 252 10 9.3 5.2 7.0 8.0 90 35 
28... 2s « | 30 5.2 24 57 16 | 12 149 8.8 8.8 5.2 | 17 7.2 70 40 
29. ..... 4 19 5.2 22 79 13 |] 11 75 7.7 8.4 5.5 | 39 6.8 56 | --- 
30. . ee ee | 12 --- 20 85 12 8.8 5 | 8.4 8.0 6.2 | 67 6.8 46 | --- 
Bl. ew ee 8.5 | --- 20 ~-- it --- 40 6.7 --- 5.9 --- 8.2 36 | --- 

Source: U..S. Geological Service. 

| The chloride concentrations in the Root River Canal varied from 170 ppm in February to 45 ppm in April 

f 1964 at sampling station Rt-3. Assuming a "background" concentration of 10 ppm, the maximum chloride 

impact upon the Root River Canal was 160 ppm from human sources. 

i The dissolved solids concentrations of the Root River Canal varied from 710 ppm in February to 390 ppm 

in September 1964 at station Rt-3. Assuming that the maximum and minimum "background" dissolved 

solids concentrations were 650 and 525 ppm, respectively, the dissolved solids impact upon the Root River 

i Canal was as much as 185 ppm. 

The dissolved oxygen concentrations in the Root River Canal varied from 9.2 in April to 0.0 ppm in Febru- 

ary 1964 at station Rt-3. The maximum, average, and minimum dissolved oxygen concentrations in the 

i Root River Canal for the period June through September 1964 were 1.9, 1.4, and 0.9 ppm, respectively. 

| The coliform counts in the Root River Canal varied from 1, 700,000 MFCC/100 ml in February to less than 
i 100 MFCC/100 ml in November 1964 at station Rt-3. The maximum, average, and minimum coliform 

counts for the period June through September were 4,000, 1,100, and 100 MFCC/100 ml. 

The maximum temperature of the Root River Canal was 72°F in August 1964. The maximum, average, 

f and minimum temperatures for the period June through September were 72°, 67°, and 63°F. 

Streamflow and Precipitation: Throughout most of the year, the Root River Canal is a shallow stream 

i occupying a relatively narrow channel, which has been straightened, widened, and deepened in its upper 

reaches. At station Rt-3, the Root River Canal had a maximum depth of 1.5 feet and a width of 47 feet 

when surveyed in January 1964. 
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Table 277 

FORECAST QUALITY OF THE ROOT RIVER AT SAMPLING STATIONS RT-2, RT-5, AND RT-6: f 

1990 ALTERNATIVE LAND USE PLANS 

| Forecast Quality for 1990 i 
. Stream | 

Stream Sampling Parameter Quality Controlled Corridor Satellite 
Station in 1964 Existing Plan City 

Trend Plan Plan : 

Rt-2 Chloride 1154 30 30 30 

Rt=-5 (in ppm) 1004 uO LO 40 

Rt-6 85° 30 30 30 i 

Rt-2 Dissolved 6802 550 550 550 
Rt-5 Solids 770° 700 700 700 | 
Rt-6 (in ppm) 6652 600 600 600 

Root 

River i 

Rt-2 Dissolved 5.2” More than 6.0 

Rt-5 Oxygen 9.7> More than 8.0 
Rt-6 (in ppm) 7.9? More than 8.0 a 

Rt-2 Coliform 5, 500" i 

Rt-6 (in MFCC/ 9,100 
100 ml) : 

@ Based on analysis for September 1964. 

5 Based on average for the period June through September 1964. | 

Source: SEWRPC. i 

The U.S. Geological Survey, in cooperation with the SEWRPC, established a water-stage recorder on 

the Root River Canal at a location designated in the study as sampling station Rt-3. Table 280 lists the ; 

mean daily discharge at this station computed from the water-stage records covering the period January 

1964 through February 1965. Table 210 lists the daily precipitation for the same period recorded at the 

U. S. Weather Bureau Station at Racine, Wisconsin. i 

Forecast Quality of the Root River Canal for the Year 1990: There are two sewage treatment plants that 

discharge effluent to the West Branch of the Root River Canal: one at the Village of Union Grove and one 

at the State of Wisconsin Southern Colony and Training School, with a combined estimated connected popu- i 

lation of 4,000 persons in 1963. The treated wastes from these two sewage treatment plants will continue 

to be discharged to the West Branch of the Root River Canal through 1990. One major industry that dis- 

charges its wastes into the West Branch of the Root River Canal presumably will continue to do so incoming : 

years. Table 281 forecasts the quality of the Root River Canal for the year 1990 at sampling station Rt-3. 

SAUK CREEK WATERSHED 

The Sauk Creek watershed ranks eleventh in population and ninth in size as compared to the other 11 water- i 

sheds of the Region. An estimated 5,400!¢ persons reside within this watershed, which has a total area 

of 34.47 square miles and an average population density of 156 people per square mile. The principal land | 

use is agriculture, which comprises 84.2 percent of the area of the watershed. The areas within the water- , 

shed devoted to each of eight major land use categories are listed in Table 282. 

12 Based on SEWRPC estimate for 1963. : 
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Table 278 

i SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 

COLLECTED AT SAMPLING STATION RT-3 ON THE ROOT RIVER CANAL: [964 

i , Date of Date of 

Silica . .« « « «© «© «© «© «© «© 6 6 4-8-64 I | 9-11-64 
i Pron 2. 2 © © ew ew ew we ll 0.0) " 0.14 " 

Manganese. . 2. «© «© «© © «© «© -- -- 0.00 " 

Chromium. . « «© © « «© © @ 6 -- -~ -- -- 

Hexavalent Chromium. .... : -- -- ~- -- 

, Calcium. . . « «© © «© «© © «@ e 130 4¥-8-64 100 9-|1-64 

Magnesium. «. « «© «© «© «© © «© « 60 " U7 " 

Sodium (and Potassium)... 15 " 85 rr 

|}Bicarbonate. . . 2 « «© 2 « « 190 " 355 " 

f Carbonate. . « « »© © «© ©» «@ « 5 " 30 " 

Sulfate. . 2. « 2 «© «2 «© 2 « 364 " 182 " 

Chioride . . « « © « «© 8 « « U5 " 65 "I 

i Fluoride . 2. « « «© « «© «© @ « -- -- -- -- 

| Nitrite. . . «© «© «© «© © «© «@ « 0.0 4Y-8-64 0.2 9-11-64 

Nitrate. 2. . «© 2 « «© «© 2 «© -- " 14.4 " 
| Phosphorus . « «© «© «© «© «© w « -- -- -- -- 

; Cyanide. . .« « « 5 «© «© «© «© 2 -- -- -- -- 

Oil. 2. 2 uw ww we we we -- -- -- -- 

Detergents . . «© « «© » w© «@ 0. | 4U-8-64 0.4 9-|)-64 

Dissolved Solids ..... . 720 " 710 rt 

i Hardness . 2. « « «© «© «© © «© «¢ 572 tt Wu5 " 

Noncarbonate Hardness... . 410 " 105 " 

Calcium Hardness . .. «as 325 " 250 " 

) Magnesium Hardness .... . 247 " 195 Mm 

Z Alkalinity P .. . ww we es 2.57 " 15 " 
Alkalinity M.. . 2. 2 «© «= 160 " 320 " 

Specific Conductance... . 1,040 " 1,050 " 

rr 7.6 " 7.6 " 

Turbidity. .« .« «© « « «© «© « « 2 " 7 " 

Biochemical Oxygen Demand. . 1.9 " 2.8 " 

Dissolved Oxygen ..... | 9.2 " 1.7 " 

i Coliform Count . . . « « « « 32,000 " 100 m 

Temperature (°F) ...... 39 " 66 " 

| 4 Estimated. 

Source: SEWRPC. 

i Table 279 

WATER QUALITY CONDITIONS OF THE ROOT RIVER CANAL (1964-1965) . 

- Parameter of 

| Neximun | Average | Minimum | Analyse 
i Chloride (ppm)... . «. « « 170 95 U5 3 

Dissolved Solids (ppm) .... 790 740 710 3 

Dissolved Oxygen (ppm)... . | 9.2 3.4 0.0 13 

f Coliform Count (MFCC/100 ml) . 1,700,000 150,000 < 100 13 

Temperature (°F) . . « « w « . 72 50 32 13 

i Source: SEWRPC. 
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; 
Table 280 | 

DISCHARGE OF THE ROOT RIVER CANAL NEAR FRANKLIN, WISCONSIN: a 

JANUARY 1964 THROUGH FEBRUARY 1965 

STREAMFLOW (in CFS) 

by van [fee [wor [vee [wey [vee [wat [tue [ Ser [oct [nev [one [ee | Fe 
ee DP | 1.3 4.9 | 26 2.2 1.7 | 7.5 | 2.2 | 1.8 1.7 | 6.0 7.0 5.8 

Dee ee eee ee ee | O03 | Led [1.5 8.3 | 23 2.9 3.2 | 6.t | 2.1 | 1.8 1.6 | 3.0 | 70 5.4 
Zw ee ee ee ee | O68 | TO 2.0 | 22 19 5. | 2.4 | 5.0 | 2.4 | 1.7 1.6 | 2.7 | 60 5.2 
be ee we ee ee ew | OH | 12 2.5 | 23 16 4.9 2.4 | 4.0 | 2.5 | 1.6 1.7 |] 2.4 | 35 5. | 
Be ee ee ee ew we | OS | 18 2.9 | 21 13 3.8 1.7 | 3.4 | 2.4 | 1.5 | 2.4 | 2.2 | 19 5.0 
Gee ee ee ee ee ew | OG | OY 2.1 | 81 12 3.4 1.0 | 3.0 | 2.1 | 1.4 2.4 | 2.1 | 13 5.8 
Tew eee ee ee ee | 008 | eH 7.0 | 67 9.9 3.2 1.0 | 2.9 | 2.0 |] 1.4 2.2 | 2.0 | TI 40 | 
Be ee ee ee ee we | LO | 28 TS 42 15 2.5 1.0 | 2.5 | 1.7 ] 1.8 2.7} 2.0 | 18 190 ' 
Qe cee ee ee we ee | O68 | 12 | 18 26 14 2.1 1.0 | 2.4 | 1.6 | 2.0 1.8 | 1.9 | 25 180 

nS 19 9.1 2.2 1.0 | 2.4 | 1.8 | 1.8 1.5 | 1.9 | 14 200 
bow ee ee ee ee ee | OH | 9.9 | 15 7.7 | 2.0 1.0 | 2.4 | 2.1 | 1.8 | 1.5 | 2.5 9.4 | 300 

ID ee eee ee ee | OLB | Pet TU 12 7.0 2.0 1.0 | 2.5 | 2.2 | 1.6 1.8 | 6.0 6.6 | 200 
IZ. ee ee we ee ee | O63 | 122 | 16 12 8.5 2.6 1.0 | 2.7 | 1.8 | 1.4 2.2 | 7.0 5.0 | 130 

re Oe De 10 10 1.6 1.0 | 2.6 | 1.6 | 1.2 2.4 | 6.0 3.8 90 
IB ee ee ee ee ee | OL3 | 102 | 19 8.5 7.9 2.6 0.9 | 2.2 | 1.5 | 1.4 3.0 | 5.0 3.4 64 
16 2 ee ww ee ew ew ew | 08 1.2 Vt 7.7 | 25 6.0 0.6 | 2.2 [.6 1.5 7.5 | 4.2 3.0 80 
17 2 © © © © «© © © 6 0.3 1.3 7.0 7.2 | 36 5.3 0.3 2.2 1.7 1.6- 8.5 3.4 2.7 90 

IB we ee ee ee we we | O03 | 18 5.0 7.2 | 21 u.4 | 171 2.2 | 2.0 | 1.6 6.3 | 2.8 2.5 64 
IQ ee ee ee eee ee | O08 | 8 | 4S 6.4 | 15 3.8 | 289 2.6 | 2.6 | 1.4 | 5.0 | 2.3 2.4 46 
20. eee eee eee ee | ES | Od 4.0 5.7 | 10 2.9 | 200 2.5 | 2.2 | 1.3 3.6 | 2.1 2.3 36 | 
7 ee De 4.0 8.8 8.1 2.8 | 137 u.t | 2.1 | 1.3 2.8 | 2.0 2.3 28 
22. eee ee ee we ee | HO f 4.0 | 13 6.8 9.9 9| u. | 2.9 | 1.5 2.4 | 2.2 | 14 24 
2B. ewe ee ee we ww | 209 | dO? 4.0 9.4 5.7 | 61 8 | U.+ | 7.3 | 1.6 2.1 | 2.5 | 50 22 
Mee eee ee ee ew we | 805 | 182 4.6 7.9 5.5 | 41 55 5.0 | 5.5 | 2.0 2.5 | 2.8 | 40 2 | 
Bee eee ee ee ee | a P| Be 7.0 | 4.9 | 21 39 3.2 | 3.4 | 2.0 3.0 | 2.4 | 30 20 
26. ee we ee we ee | 800 | 122 4.6 6.2 4.4 | 13 27 2.9 | 2.2 | 1.8 3.2 | 2.2 | 22 20 i 
Q7ie ee ee we ew ew we we | 2.0 | 422 4.0 6.8 4.8 8.3 19 2.8 | 2.6 | 1.4 3.4 | 2.0 | 16 23 
28. ee ee ee ee ee | 5 | 3.8 | 12 4.8 4.8 16 2.9 | 2.5 | 1.3 | 19 I.9 | 12 60 
29 2 sw ew te we tl lw ll 1.2 1.2 3.7 16 Y. | 2.9 12 2.8 1.8 1.5 24 2.4 9.0 --- 

80 ee eee ee ee ee | ded | ee 3.7 | 22 3.5 1.7 9.8 | 2.6 | 1.6 | 1.6 | 14 4.0 7.2 --- | 
ee 3.9 --- 2.7 --- 8.7 | 2.4 | --- | 1.6 --- | 5.0 6.2 --- 

Source: U. S. Geological Service. 

One stream was studied by the SEWRPC in the Sauk Creek watershed—Sauk Creek proper. This stream 

rises within the Region about 2 miles northeast of the Village of Fredonia in north central Ozaukee County , 

and flows northeast, east, and south to Lake Michigan in the harbor area of the City of Port Washington. 

The Sauk Creek watershed is in an area almost exclusively underlain by end moraines and ground moraine i 

of red glacial drift. The end moraines parallel Lake Michigan and form broad ridges and intermorainal 

valleys. Sauk Creek flows northeasterly off the eastern slope of an end moraine, cuts along the southern 

edge of extensive ground moraine, and proceeds southerly through a relatively broad intermorainal valley 

to Lake Michigan. 

sauk Creek | 

Present Stream Quality: Two sampling stations, Sk-1 and Sk-2, were established on Sauk Creek. Sta- i 

tion Sk-1 is located 5.9 miles downstream from the source of Sauk Creek and 6.7 miles upstream from 

station Sk-2. Station Sk-2 is 0.3 mile from where Sauk Creek flows into Lake Michigan. 

Sauk Creek is predominantly a calcium bicarbonate stream that is subject to medium changes in total i 

mineralization. Of 15 complete chemical analyses run on stream samples collected from Sauk Creek, 

calcium was the predominant cation in all but one analysis at concentrations ranging from 124 ppm in 

October 1964 at station Sk-1 to 26 ppm in February 1965 at station Sk-2. Sodium occurred as the pre- f 

dominant cation in the sample collected at station Sk-2 in February 1965 and had a concentration of 35 ppm. 

Bicarbonate was the predominant anion in all 15 analyses at concentrations ranging from 550 ppm in Octo- 

ber 1964 at station Sk-1 to 120 ppm in February 1965 at station Sk-2. Maximum nitrate concentration was , 

3.4 ppm. Total phosphorus was 1.92 at Sk-1 and 0.26 at Sk-2 on October 15, 1964. Selected water analyses 

of Sauk Creek at sampling station Sk-1 and Sk-2 are indicated in Tables 283 and 284. Water quality condi- 

tions of Sauk Creek are indicated in Table 285. i 

298



Table 28] 

i FORECAST QUALITY OF THE ROOT RIVER CANAL AT SAMPLING STATION RT-3: 

1990 ALTERNATIVE LAND USE PLANS 

Forecast Quality for |990 
; Stream 

| Stream Sampling Parameter Quality Controlled Satellite 
Station Existing Corridor City 

in 1964 Plan 
Trend Plan Plan 

i Chloride 
(in ppm) Less than 30 

| Dissolved 

Solids 710? Approximately 600 | 

(in ppm) 

Root 

River Rt-3 

Canal Dissolved 
Oxygen 1.4? Less than 3.0 

i; (in ppm) 

Coliform 

| Count b L 
(in MECC/ 1,200 ess than |,500 

100 ml) 

i a Based on analysis for September 1964. 

| b Based on average for the period June through September 1964. 

Source: SEWRPC. 

, Table 282 

| EXISTING LAND USE IN THE SAUK CREEK WATERSHED: 1963 

eer aennnmnnmmnmeenennmmeenmneel 

i | Land Use Percent of Total Watershed 

i Agricultural . . 2. «© «© © «© «© «© « 2 29.0 18,572 84.2 

Woodland, Wetland, and Unused Land 2.5 1,587 7.2 

Transportation-Communication.. . 1.7 1,098 5.0 

Residential. . « « «© «© «© «© «© «© « « 0.9 594 2.7 

5 Industrial .« .« © «© «© «© © © «© «© « « 0.2 102 0.5 

Governmental-Institutional ... . 0.1 58 0.2 

Park and Recreational. . « « © «© * 0.) 29 0. | 

Commercial . . « « «© «© «© ee e« «© «© « 0.0 19 0.1 

i 22,059 | 00 
Source:  SEWRPC. 
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Table 283 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES , 

COLLECTED AT SAMPLING STATION SK-1I ON SAUK CREEK: [964 

Date of Date of i 

Silica . 2. 2. « © «© «© «© «© © «© «» «2 | 4-16-64 8 10-15-64 

Iron . 2. © 8 8 8 we we ew ke le 0.01 " 0.60 " i 

Manganese. . « 2. «© «© «© © «© © «@ -- -- 0.01 " 

Chromium . . «© «© © © © © © © «© « | -- -- <0.005 m" 

Hexavalent Chromium. .«. . «2 « a « -- -- 0.00 " , 

Calcium. . . «© 2 © © © w@ we ew 107 4-16-64 124 " 

Magnesium. . 2. 2 se ew we we rat " 59 | " 
Sodium (and Potassium) .... . 40 " 80 " 

Bicarbonate. «© «© «© «© «© 8 © «© » « 280 " 550 m , 

Carbonate. . «s+» © «© © © «© «@ « 0 " 20 " 

Sulfate. « «© «© © © © 8 © «© © @ « 250 " 150 " 

Chloride . . « «© «© «© «© © «© © «@ 2 30 " 55 " 

Fluoride .« . « « «© © «© «© «© 8 © « -- -- <0.70 " i 

Nitrite. . 2. « «© « « «© » «© «© «© «2 0.0 4-16-64 0.0 " 

Nitrate. . 2 » © «© © «© © © «© « « -- -- 3.2 " 

Phosphorus . . «© «© «© © « © «© «@ + -- -- 1.92 " 

Cyanide. « « « « «© «© © «© «© © « 2 -- -- -- -- i 

Oil. 2 ee ee ee ee ee ee -- -- <2 10-15-64 
Detergents . . »« « «© «© «© © » wo 0.1 4-16-64 0.0 " 

Dissolved Solids . .. . ... 610 " 770 " 

Hardness . . « «© «© «© «© «© «© «© © 2 YQ " 651 " i 

Noncarbonate Hardness. .... « 220 " 70 m 

Calcium Hardness « «© «© « «© © « « 267 " 310 " 

Magnesium Hardness .« « « « « « « 182 " 24] " 

Alkalinity P . 2. 2 2 «© «© «© «© = 4 0 " 10 m 5 

Alkalinity M. «2 «© 2 2 e ew ww 230 " 470 " 

Specific Conductance ..... .» 740 " 992 Mm 

a 8.3 " 7.4 " J 
Color. « © «© «©» «© © © «© © «© «© © 2 50 " 70 " 

Turbidity. «© « «© «© «© «© » «© © «@ 4 2 " 10 " 

Biochemical Oxygen Demand... . 4.5 " 19.0 m" 

Dissolved Oxygen . 2. « « « «© «0 « 14.2 " 0.1 m i 

Coliform Count . .« «© «© » » «© « « 16,000 " 7,000 m 

Temperature (°F) . 2. 2. uw we we 52 " 58 " 

Source: SEWRPC. f 

The chloride concentrations in Sauk Creek ranged from 55 ppm in October 1964 at station Sk-1 to 20 ppm 

in January, February, September, and November 1964. Assuming a "background" chloride concentration i 

of 10 ppm, the maximum chloride impact upon Sauk Creek was 45 ppm from human sources. Figure 60 | 

shows the chloride concentrations in Sauk Creek at stations Sk-1 and Sk-2. | 

The dissolved solids concentrations varied from 770 ppm at station Sk-1 in October 1964 to 200 ppm at J 

station Sk-2 in February 1965. The low concentration in February involved marked decreases in the con- 

centrations of all parameters except chloride, sodium, and nitrate. Figure 60 shows the dissolved solids 

concentrations in Sauk Creek at stations Sk-1 and Sk-2. f 

The dissolved oxygen concentrations in Sauk Creek varied from 17.0 ppm at station Sk-2 inApril to 0.1 ppm 

at station Sk-1 in October 1964. The maximum, average, and minimum dissolved oxygen concentrations | 

for the period June through September 1964 at Sk-1l and Sk-2 were 14.7, 8.8, and 3.4 ppm and12.1, 11.3, and 

10.9 ppm, respectively. Figure 61 shows the dissolved oxygen concentrations at stations Sk-1 and Sk-2. : 
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Table 284 

f SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES 
COLLECTED AT SAMPLING STATION SK-2 ON SAUK CREEK: 1964 

Date of Date of 

Silica . . « « « © «© « «© «© «@ «@ 4 | 4-16-64 | 10-15-64 

i fron. 2 2 6 e ew ee we 0.0] " 0.03 " 

Manganese. « « «© « «© © «© «© « «@ 2 -- -- 0.03 " 

Chromium . . . « « «© «© © © #@ @ 2 -- -- <0.005 " 

Hexavalent Chromium. . «© «© « « -- -- 0.00 " 

i Calcium. . . «© © © © «© © © © © 93 4-16-64 79 " 

Magnesium. . « « «© © © © © «© « « U7 " 50 " 

Sodium (and Potassium) . . . « . 40 " U5 | " 
{Bicarbonate. «© « «© «© « © «© «8 « « 270 " 355 " 

j Carbonate. . »« « « «© «© «© @ «© w@ 2 0 " 10 " 

| Sulfate. ». » » «© 8 2© © © © © «» » 236 " 150 " 

Chloride . . 2 s+ © ee ew we 35 " 30 " 
Fluoride « « «© « « «© «© © © «© « « -- -- 0.6 " 

i Nitrite. . . « « «© «© © © © «© «@ 0.0 4-16-64 0.0 " 

Nitrate. .« « © «© «© 8 «© «© 8 «© «© « -- -- 0.4 " 

Phosphorus . .« « «© «© © «© © « «@ «8 -- -- 0.26 " 

Cyanide. « 2. « « «© «© «© «© «© w@ «@ -- -- <0.01 11-13-64 

Oil. . « «© © © © @ ww ew ek ll -- -- <0.5 10-15-64 

Detergents . . «© « «© «© «© «© @ @ 0.1 Y- 16-64 0.1 " 

Dissolved Solids ... « « « « « 580 " 540 " 

i Hardness ... .« «© « « «© © 8 «@ 8 425 " 4Q | " 

Noncarbonate Hardness. . ... » 205 " 95 " 

Calcium Hardness . . . «© «© « « « 233 " 196 " 

Magnesium Hardness . .« «© « «© « 192 " 205 " 

f Alkalinity P . 2. 2. «© «© «© «© © «@ 2 0 " 5 " 

Alkalinity M.. 2 © «© «© «© «@ @ 220 " 300 " 

Specific Conductance ..... . 720 " 680 " 

PH . 2 ew ew we ew we ek ek 8.2 " 8.6 " 

i Color. .« « « « «© «© © «© © «© «© « 4 40 " 15 " 

Turbidity. .»« « «© « » « ©» «© «© «© »« 2 " 8 " 

Biochemical Oxygen Demand. .. . 2.0 " 1.6 " 

Dissolved Oxygen . . . «© «© w « . 17.0 " 16.1 " 

i Coliform Count . . . 2. «© « «© « « 400 " 2,500 " 

} Temperature (°F) ..... 2.6 53 " 56 " 

; Source: SEWRPC. 

i Table 285 

WATER QUALITY CONDITIONS OF SAUK CREEK (1964-1965) 

i ene | Parameter of 

i Chloride (ppm) . . «© « « ws wee 55 40 20 15 

Dissolved Solids (ppm) .... . 770 605 200 15 

Dissolved Oxygen (ppm) ..... 19.3 10.6 0.1 25 

f Coliform Count (MFCC/100 ml). . 200,000 20,000 400 25 

Temperature (°F)... .. 2... 86 5 | 32 24 

i Source: SEWRPC. 
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Figure 60 Figure 6] 

CHLORIDE AND DISSOLVED SOLIDS DISSOLVED OXYGEN CONCENTRATIONS IN i 
CONCENTRATIONS IN SAUK CREEK SAUK CREEK 
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The coliform counts in Sauk Creek varied from 220,000 MFCC/100 ml at station Sk-1 in September 1964 
to 200 MFCC/100 ml at the same station in June 1964. The concentrations varied greatly in the upper 
reaches of Sauk Creek at station Sk-1 in a manner typical of intermittent discharges reaching a stream 2 
from a source or sources of wastes high in coliform count. The coliform counts at station Sk-2 were 
generally low. Eight of 14 analyses were less than 2,400 MFCC/100 ml. Twelve of 14 analyses were 
less than 5,000 MFCC/100 ml. The maximum, average, and minimum coliform counts for the period I 
June through September 1964 were 200,000, 60,000, and 200 MFCC/100 ml and 4,400, 2,300, and 
1,200 MFCC/100 ml, respectively. No sewage treatment plants presently discharge treated sewage into 
Sauk Creek. Figure 62 shows the variations in the coliform counts at stations Sk-1 and Sk-2. j 

The maximum temperature of Sauk Creek was 86°F in June 1964 and for the period June through Septem- 
ber 1964 averaged 67° and 62°F at stations Sk-1 and Sk-2, respectively. Figure 63 shows the temperature 
at Sauk Creek at stations Sk-1 and Sk-2. g 

Streamflow and Precipitation: Sauk Creek is a relatively shallow stream occupying a relatively wide 
channel during much of the year. At sampling station Sk-2, a distance 12.6 miles from the source, the i 
stream had a maximum depth of 0.8 foot and a width of 13.5 feet when measured under low-flow conditions 
in October 1964. 

The flow of Sauk Creek was measured by the SEWRPC in the spring and autumn of 1964 during periods of | 
relatively high and low flow. The streamflow data are listed in Table 286. Table 186 indicates the daily 
precipitation at Port Washington, Wisconsin. 

Forecast Quality of Sauk Creek for the Year 1990: Population estimates by the SEWRPC indicate that in i 
1963 there were 5,400 people living in the Sauk Creek watershed, Table 287 indicates the estimated popu- 
lation of the watershed under the three alternative regional land use plans for the year 1990. The large 2 
increases in population within the watershed by 1990 under two of the alternatives would be located about 
the City of Port Washington and to a much lesser extent about the villages of Belgium and Fredonia. The 
area about Port Washington would be served by Port Washington sanitary sewerage facilities. A negligible I 
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Figure 62 Figure 63 

j COLIFORM COUNT IN SAUK CREEK TEMPERATURE OF SAUK CREEK 
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i Table 286 

STREAMFLOW MEASUREMENTS OF SAUK CREEK: SPRING AND AUTUMN 1964 

__SSRBAMREG MEN QUIKEMEENS -OF BAOR GRREG APAING ANY ANTONE OF 

Bee ett ane Station Date (cfs) Rainfall (in inches)? 

4-25-64 1.25 

pe fo [ose pon > oe 
Source: SEWRPC. 

i Table 287 

ESTIMATED POPULATION OF THE SAUK CREEK WATERSHED: 

| 1963 AND 1990 ALTERNATIVE LAND USE PLANS 

=, Ht ORR AEE TE La SE PRAMS 
[StS mated Population CC*d 

. Radleré big 

Trend Plan Plan Plan 

a Watershed 5,400 8,000 20,000 38,000 

1 Source: SEWRPC. 
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increase in population is expected to occur in the rural areas of the watershed. Table 288 presents fore- 

casts of future quality of Sauk Creek. 5 

SHEBOYGAN RIVER WATERSHED 

The Sheboygan River watershed ranks twelfth in population and twelfth in size as compared to the other a 

11 watersheds of the Region. An estimated 1,000 13 persons reside within this watershed, which has 

a total area of 10.3 square miles and an average population density of 98 people per square mile. The 

principal land use is agriculture, which comprises 82.7 percent of the watershed. The areas within the 

watershed devoted to each of eight major land use categories are listed in Table 289. ; 

One stream was studied in the part of the Sheboygan River watershed that extends into southeastern Wis- 

consin. This stream rises near the Village of Belgium in northeastern Ozaukee County and is an unnamed i 

tributary of Onion River, which flows into Sheboygan River at the City of Sheboygan Falls. 

The Sheboygan River watershed in southeastern Wisconsin occurs in an area underlain by red glacial drift. 

The eastern boundary of the watershed parallels Lake Michigan and is located along an end moraine about 

two miles from the lake. The northern part of the western boundary roughly coincides with the end moraine 

that defines the western limit of the area of red drift. The southern part of the western boundary extends 

across a red ground moraine and marsh land that occupies the area between the end moraines discussed. j 

Tributary of Sheboygan River 

Present Stream Quality: One sampling station, Sb-1, was established by the SEWRPC on an unnamed i 

tributary of Onion River, a first-rank tributary of the Sheboygan River, at a point about one-half mile 

downstream from where the unnamed tributary of the Sheboygan River becomes perennial. This stream 

supposedly does not receive wastes from the Village of Belgium sewage treatment plant. 

13 Based on SEWRPC estimate for 1963. Table 288 

FORECAST QUALITY OF SAUK CREEK AT SAMPLING STATION SK-2: | 

1990 ALTERNATIVE LAND USE PLANS i 

Sampling Stream Controlled | Satellit Stream P t Qualit . ate rite a Station arameter e964 Existing Corridor City z 

Trend Plan Plan Plan 

Chloride | 
(in ppm) 30 30 30 

Dissolved 7 

Solids 540 540 540 540 

(in ppm) 

Sauk 
i 

Creek Sk =-2 

Dissolved 

Oxygen 11.3 More than |0 i 

(in ppm) 

Coliform i 

Count 
(in MFCC/ 2,300 Less than 5,000 

100 ml) ; 

Source:  SEWRPC. J 
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Table 289 

; EXISTING LAND USE IN THE SHEBOYGAN RIVER WATERSHED: 1963 

i ones 
Agricultural . «© «© «© «© «© «© «© ew ew eo 8.5 5,455 82.7 

Woodland, Wetland, and Unused Land . 1.2 784 11.9 

i Transportation-Communication... . 0.3 205 | 3. | 

Residential. . « .« «© «© «© «© «© 28 ww 2 0.2 118 1.8 

Industrial... we ee ee ee <0.1 15 0.2 
i Governmental-Institutional .... . <0. [4 0.2 

Park and Recreational. . . . . « «= « <0.! 4 0. | 

Commercial « « « «© © «© © © © ©» © o@ <0./ 3 0.0 

f Source: SEWRPC. | 

The unnamed tributary is apparently a predominantly calcium bicarbonate stream of relatively constant 

i total mineralization. In two complete analyses run on stream samples from the unnamed tributary, calcium 

was the predominant cation at concentrations of 108 and 104 ppm in October and April 1964, respectively. 

Bicarbonate was the predominant anion in October 1964 at 410 ppm. Sulfate occurred as the predominant 

anion at 300 ppm in April 1964. Sulfate concentrations decreased from 300 ppm in April to 168 ppm in 

; October, whereas the bicarbonate concentration increased from 275 ppm to 410 ppm in the same time 

span. Maximum nitrate concentration was 2.1 ppm. Total phosphorus was 0.52 ppm at station Sb-1 on 

October 15, 1964. Selected water analyses of the unnamed tributary at sampling station Sb-1 are indicated 

; in Table 290. Stream quality conditions of the unnamed tributary of the Sheboygan River are indicated in 

Table 291. 

The chloride concentrations of the unnamed tributary were 30 ppm in April and 20 ppm in October 1964, 

i No chemical analyses are available of ground water from the glacial drift or from the shallow bedrock 

units. Assuming that the "background" chloride concentration was as high as 15 ppm, the maximum 

: chloride impact was 15 ppm from human sources. 

The dissolved solids concentrations of the unnamed tributary were relatively high as compared to that of 

other streams and watercourses of the Region. The maximum and minimum "background" concentrations 

i may be 650 and 570 ppm, respectively. The decrease in dissolved solids between the samples collected 

in April and October 1964 from 675 ppm to 590 ppm was largely due to the net difference between increased 

bicarbonate and decreased sulfate concentrations. 

; The dissolved oxygen concentrations in the unnamed tributary at station Sb-1 varied from 16.5 ppm in June 

to 1.0 in September 1964, The maximum, average, and minimum for the period June through Septem- 

ber 1964 were 16.5, 10.0, and 1.0 ppm, respectively. It would appear that this unnamed tributary is subject 

i to sporadic heavy pollutional loads that lower the dissolved oxygen to temporary critical levels (3.0 ppm 

or less) for the preservation of fish life. Variations in the dissolved oxygen concentrations in the unnamed 

tributary are shown in Figure 64. 

J The variations in the coliform counts in the unnamed tributary are shown in Figure 65. At the time of sam- 

pling in September 1964, the coliform count was 200,000 MFCC/100 ml. The maximum, average, and mini- 

mum concentrations for the period June through September were 200,000, 54,000, and 2,000 MFCC/100 ml. 

i It would appear that this stream is subject to sporadic, heavy pollutional loads that increase the coliform 

counts to levels normally associated only with discharges of treated wastes from sewage treatment plants. 

f The temperature variations of the unnamed tributary are shown in Figure 66. The maximum temperature of 

87°F occurred in June 1964. The average stream temperature for the period June through September 1964 

was 68°F, 

i 
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Table 290 | 

SELECTED CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL ANALYSES OF STREAM SAMPLES i 

COLLECTED AT SAMPLING STATION SB-1 ON AN UNNAMED TRIBUTARY 

OF THE SHEBOYGAN RIVER: 1964 
nen ses SSS SSS SSS SSS SSS SSS SSS SSS ss 

. Date of Date of i 

Silica « .« « « «© © «© «© «© «© «6 6 Y-1]6-64 8 10-15-64 i 

Pron . 2 «© © «© © © 8 © #8 @ 8 0.05 " 0.14 " 

Manganese. « » «© «© «© «© « « « -- -- 0.00 " 

Chromium . .« 2 «© «© «© © «© «@ 28 -- -- <0.005 " | 

Hexavalent Chromium. . .. . -- “= 0.00 " i 

Calcium. . . «© «© «© «© «© «© «@ « 104 4-16-64 108 " 

Magnesium. . « « «© «© © «© @ 5 | " 45 " 

Sodium (and Potassium)... 50 " 40 " 

Bicarbonate. ». » «© « « «© « + 275 " 410 " 

Carbonate. . . «© + © «© ew ew 0 " 0 " 

Sulfate. « »« «© «© «© «© «© «© «© o 300 " 168 " 

Chloride. . ee ee ee ee 30 " 20 n f 
Fluoride . .« « « « « «© © « » -- -- <0.65 " 

Nitrite. . « « © «© © «© © «@ 0.0 4U-16-64 0.1 " 

Nitrate. . .« »« «© © «© « «© « « -- -- 1.9 " 

Phosphorus .« « « « « «© «© « + -- -- 0.52 " f 

Cyanide. .« .« « «© «© «© «© «© «@ « -- -- -- -- 

Oil. . 2 2 2 ew ew tw eh le -- -- <2 10-15-64 

Detergents . . « » «© © «© © « 0.0 4-16-64 0.! " 

Dissolved Solids . ....-. 675 " 590 " i 
Hardness .« « «© =» »© 8 8 »© «© « u69 " 457 " 

Noncarbonate Hardness. .. « 245 N 120 " 

Calcium Hardness ... 1. « . 260 " 270 " 

Magnesium Hardness .... . 209 " 187 " J 

Alkalinity P . . 2. «2. 2 we 0 " 0 " 

Alkalinity M. 2. 2. « «© » «@ 2 225 " 335 " 

Specific Conductance... . 756 " 800 " 

PH . 1. 8 w ew ew ew we lel 8.3 " 7.5 " 

Color. . +» « « 5 «© © «© w© «© « 110 " U5 " 

Turbidity. «© « «© «© 2 «© «© « 3 " 7 " 

Biochemical Oxygen Demand. . 2.9 " 2.0 " i 

Dissolved Oxygen... 2 » 7.6 " 10.5 " 

Coliform Count .... ..-. 3,400 " 7,000 " 

Temperature (°F) ... «ss 4g " 55 " 

Source: SEWRPC. 
5 

Table 291 i 

WATER QUALITY CONDITIONS OF AN UNNAMED TRIBUTARY 

OF THE SHEBOYGAN RIVER: (1964-1965) 
ee nS SS 

Number J 

Parameter Numerical Value of 

Chloride (ppm) . . 1 « « wo 30 25 20 2 
Dissolved Solids (ppm)... . 675 635 590 2 

Dissolved Oxygen (ppm)... . 16.5 9.7 1.0 1 

Coliform Count (MFCC/100 ml). 200,000 24,000 2,000 ll , 

Temperature (°F)... ew ee 87 53 32 I | 

Source:  SEWRPC. r 
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Figure 64 Figure 65 

8 DISSOLVED OXYGEN CONCENTRATIONS IN AN COLIFORM COUNT IN AN UNNAMED TRIBUTARY 

UNNAMED TRIBUTARY OF THE SHEBOYGAN RIVER OF THE SHEBOYGAN RIVER 
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Figure 66 

TEMPERATURE OF AN UNNAMED TRIBUTARY OF 
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Streamflow and Precipitation: The unnamed tributary of the shaboyean River has a relatively narrow, 

artificially deepened, and straightened channel. Although this stream at sampling station Sb-1 drains no 

i more than 10,31 square miles, the ground water discharge during the period of study was sufficient to 

sustain the perennial flow of the stream. At sampling station Sb-1, a distance of about one-half mile 

f from the source, the stream had a maximum depth of 0.8 foot and a width of 3.5 feet when measured under 

low-flow conditions in October 1964. 

During the present study, the flow of the unnamed tributary was measured by the SEWRPC at sampling 

station Sb-1 in April and October 1964. These measurements are listed in Table 292. 

i Table 167 indicates the daily precipitation at West Bend, Wisconsin, from January 1964 through Febru- 

ary 1965. The precipitation data at this weather station is presumed to represent precipitation in the 

i Sheboygan River watershed in the Region. 
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Table 292 

STREAMFLOW MEASUREMENTS OF AN UNNAMED TRIBUTARY OF THE SHEBOYGAN RIVER: f 

SPRING AND AUTUMN 1964 

Sampling Streamflow Previous 7-Day i 

Station Date (cfs) Rainfall (in inches)? 

4-25-64 3.5 0.76 

Sb | 10-15-64 0.5 0.21 ; 

° Measured at U. S. Weather Bureau Station at West Bend, Wisconsin. 

Source: U. S. Weather Bureau and SEWRPC. Z 

Table 293 i 
ESTIMATED POPULATION OF THE SHEBOYGAN RIVER WATERSHED IN SOUTHEASTERN WISCONSIN: 

1963 AND 1990 ALTERNATIVE LAND USE PLANS 

Estimated Population i 

| cxisting 9 (eee 89 
Location 1963 Controlled Satellite 

Existing Corridor City i 
Trend Plan Plan Plan 

Sheboygan 

River 1,000 2,000 4,000 2,000 ; 

Watershed 

Source: SEWRPC. i 

Forecast Quality of a Tributary of the Sheboygan River for the Year 1990: Population studies by the SEWRPC i 
indicate that in 1963 there were about 1,000 people living in the Sheboygan River watershed in the Region. 

Table 293 indicates the estimated population of the watershed under the three alternative regional land 

use plans for the year 1990. According to these same plans, the sewage treatment plant at the Village of 

Belgium will have a connected population ranging from 1,500 to 4,100 people. The treated wastes from i 

this plant will continue to be discharged into a watercourse approximately one mile east of the unnamed 

tributary. The increase in population within the watershed by 1990 will be centralized about the Village 

of Belgium and to a lesser extent about the Village of Fredonia. A negligible increase in population is f 

expected to occur in the rural areas of the watershed. Table 294 presents forecasts of future quality of 

the unnamed tributary of the Sheboygan River. 
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Table 294 

i FORECAST QUALITY OF AN UNNAMED TRIBUTARY OF THE SHEBOYGAN RIVER: 

1990 ALTERNATIVE LAND USE PLANS 

Cen eee een nn nnn 

Forecast Quality for 1990 
Stream 

Stream Sampling Parameter Quality Controlled Corridor Satellite 
Station in 196u Existing City 

Plan i Trend Plan Plan 

Chloride a 
(in ppm) 20 20 20 20 

: Dissolved 

Solids : 590° 590 590 
(in ppm) 

Unnamed 

Tributary 

i of the Sb- | 

Sheboygan Dissolved 

River Oxygen 

i (in ppm) 

Coliform 

i Count 54,000° 55,000 55,000 55,000 
(in MFCC/ 

100 ml) 

[ @ Based on water analysis for October 1964. 

b Based on average for the period June through September 1964. 

i Source:  SEWRPC. 
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Chapter VI 

i SUMMARY AND CONCLUSIONS 

INTRODUCTION 

i The previously stated purpose of the present study indicated that for regional planning application the study 

of stream quality and streamflow must be designed to permit: 1) assessment of the present condition of 

stream quality in relation to existing major sources of pollution, to existing levels of population, and to 

land use; 2) assessment of the effects of stream quality on various water uses and concomitant effects on 

i land use patterns; and 3) forecast of future stream quality in major watersheds under alternative long- 

range regional development plans. 

i ASSESSMENT OF THE PRESENT CONDITIONS OF STREAM QUALITY 

The assessment of the present conditions of stream quality within the Region involved an intensive stream 

quality sampling program extending over a period of 14 months, during which 3,933 water samples were 

i collected at 87 sampling stations established on 43 streams and watercourses. These samples were 

analyzed for over 30 chemical, physical, biochemical, and bacteriological water quality parameters. 

Attention was particularly focused on those conditions of stream quality which would obviate water uses; 

that is, the condition known as pollution. Efforts to map and appraise regional stream quality for com- 

i prehensive planning purposes required stream quality to be evaluated in terms of water quality standards 

for major water uses rather than in terms of effluent standards for sources of pollution. To meet this 

requirement, water quality standards were adopted by the SEWRPC for 10 major water uses: municipal 

i (public) water supply, industrial water supply, cooling, waste assimilation, livestock and wildlife watering, 

irrigation, preservation and enhancement of aquatic life, recreation, navigation, and aesthetic use (see 

Table 4). The procedures for, and the detailed results of, the stream quality study have been described in 
i detail in preceding chapters of this report. To summarize important aspects of the findings, the 43 streams 

were comparatively rated in terms of four selected water quality parameters and then ranked in order of 

decreasing quality. The rank order of each stream in the tabular sequence thus provides a comparative 

i stream quality rating for that stream with respect to the water quality parameter under consideration. 

The four water quality parameters selected for the comparative stream quality rating were: chloride, dis- 

solved solids, dissolved oxygen, and coliform count. Chloride was selected because it occurs in stream 

i waters within the Region generally in higher than background concentrations of approximately 10 ppm, 

primarily as a result of the discharge of treated and untreated sewage and industrial wastes. It is also an 

inorganic substance that does not decompose, is not chemically changed or physically removed by natural 

processes, and is one which may adversely affect several water uses when concentrations exceed quality 

i standards, as, for example, use for municipal water supply when concentrations exceed 250 ppm, use for 

the preservation of fish life when concentrations exceed 500 ppm, and use for livestock and wildlife watering 

when concentrations exceed 1,500 ppm. Dissolved solids provides a good measure of the mineralization 

i and gross quality of surface waters. Dissolved solids also affects sevcral water uses when concentrations 

exceed quality standards, as, for example, use for municipal water supply when concentrations exceed 

500 ppm and use for irrigation when concentrations exceed 2,000 ppm. Dissolved oxygen provides an 

i excellent measure of stream quality in relation to the preservation and enhancement of aquatic life, con- 

centrations of less than 3.0 ppm being critical for the preservation of aquatic life. Finally, the coliform 

bacterial count was selected as one of the four parameters for the comparative stream quality rating 

because it occurs in stream water in high counts, primarily as a result of the discharge of treated and 

i untreated domestic sewage. It also adversely affects a number of water uses when concentrations exceed 

quality standards, as, for example, use for partial-body contact recreation when concentrations exceed 

5,000 ppm and use for whole-body contact recreation when concentrations exceed 2,400 ppm. 

i Finally, the coliform bacterial count was selected as one of the four parameters for the comparative 

[ stream quality rating because it occurs in stream water in high counts, primarily as a result of the dis- 
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charge of treated and untreated domestic sewage. It also adversely affects a number of water uses when 

concentrations exceed quality standards, as, for example, use for partial-body contact recreation when i 

concentrations exceed 5,000 ppm and use for whole-body contact recreation when concentrations exceed 

2,400 ppm. 

Tables 295 through 298 set forth the comparative water quality ratings of the 43 streams and watercourses i 

studied within the Region, together with the three water quality criteria upon which the ratings are based. 

Also listed are the number of samples upon which the averages were based and the number of sampling 

stations located on each stream. Data pertaining to sampling station M1-12 in the Milwaukee River 

estuary are omitted in calculations of the quality ratings of the Milwaukee River because these data are 

not considered representative of quality conditions in the estuary. 

Table 295 i 

COMPARATIVE STREAM QUALITY RATINGS BASED UPON WEIGHTED AVERAGE CHLORIDE 

CONCENTRATIONS !N 43 STREAMS OF SOUTHEASTERN WISCONSIN : 

Scr TTT TTT OTT A AT ETO eT TT ac Tea a eR a ED 

Chloride 
Comparative Concentration Number Number 

Stream Stream Watershed (in ppm) of of 
Quality Stream Sampling 

Average 

| Bark River Rk 5 5 2 

2 Mukwonago River FX 15 0 13 

3 Como Creek F x 15 5 2 

\ Kohlsville River Rk 15 5 2 

5 Ashippun River Rk 20 5 3 

6 Honey Creek F x 15 15 15 6 

7 East Branch Rock River Rk 30 {5 0 12 

8 Oconomowoc River Rk 70 15 0 18 

9 North Branch Milwaukee River MI 20 20 15 3 

10 Whitewater Creek FX 20 20 15 2 

| Brighton Creek DP 30 25 15 2 

12 Delavan Lake Outlet Rk 30 25 20 3 

13 White River Fx 55 25 5 6 

14 Sugar Creek Fx 30 25 20 2 

15 Nippersink Creek Fx 30 25 20 2 

16 Tributary of Sheboygan River Sb 30 25 20 2 1 

17 Turtle Creek Rk U5 25 15 13 | 

18 Cedar Creek M1 130 25 15 16 2 

19 Sucker Creek Mh 30 30 30 2 | 

20 Milwaukee River M1 170 30 0 564 gb 
21 Poplar Creek Fx 50 35 20 3 i 

22 Wind Lake Drainage Canal Fx 35 35 30 2 

23 Muskego Canal Fx 35 35 35 2 

24 Barnes Creek Mh U5 40 30 2 

25 Sauk Creek Sk 55 40 20 15 

26 Bassett Creek F x 90 50 20 y 2 

27 Des Plaines River DP 105 50 20 16 2 

28 Fox River Fx YYUS5 50 5 123 12 

29 Sussex Creek F x 70 60 40 3 I 

30 Pike River Pk 90 — 65 35 17 2 

Pike Creek Pk 90 65 35 15 2 

Little Menomonee River Mn 100 65 30 4 I 

Kinnickinnic River Kk 115 65 20 2 | 

Pewaukee River Fx 120 65 30 17 2 

Oak Creek Ok 135 80 30 16 2 

36 Jackson Creek Rk 150 95 45 2 

37 Root River Canal Rt 170 95 45 3 

38 Menomonee River Mn 425 100 15 5 | 

39 Root River Rt 240 115 30 37 

40 Pike Creek Mh 285 {30 20 7 

Y | Rubicon River Rk 850 195 15 16 

42 Underwood Creek Mn 340 210 80 y 

43 Honey Creek Mn 1270 370 50 10 

Total | 5387 | a6? 
4 Data pertaining to sampling station Ml-12 are omitted. 

b Sampling station MI-12 is not included. 

Source: SEWRPC. 
i 
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The four parameters used in the comparative stream quality ratings are expressed as the maximum, 

i weighted average, and minimum concentrations. With respect to chloride, dissolved solids, and coliform 

count, the sequential order, and thus the comparative stream quality rating, is based upon increasing 

weighted average concentrations. Where streams have identical weighted averages, the sequence within 

; this group is determined by the maximum concentrations, lower maximums preceding higher maximums. 

In rating streams according to dissolved oxygen concentration levels, the sequential order, and thus the 

comparative stream quality rating, is based upon decreasing minimum dissolved oxygen concentrations. 

Where streams have identical minimum concentrations, the sequence within this group is determined by 

the weighted average concentrations, higher weighted averages preceding lower weighted averages. 

i Table 296 

COMPARATIVE STREAM QUALITY RATINGS BASED UPON WEIGHTED AVERAGE DISSOLVED SOLIDS 

CONCENTRATIONS IN 43 STREAMS OF SOUTHEASTERN WISCONSIN 
CRRA RN NaNO TT IEA IIT AT LOT ADT TE TTT TC AST a TOC AOD STI Ta Ta AT I A EN a ST Ta TT aE 

Dissolved Solids 
Comparative Concentration Number Number 

Stream Stream Watershed (in ppm) of of 
Quality Stream Sampling 

Average 

| Bark River Rk 300 280 255 2 

2 Mukwonago River Fx 4Q0 285 240 13 

3 Delavan Lake Outlet Rk 385 300 255 3 

tt Oconomowoc River Rk 470 320 240 18 

5 Turtle Creek Kk 450 375 220 13 

6 Ashippun River Rk Y4O 380 320 3 

7 White River Fx 560 390 265 6 

8 Whitewater Creek Rk 485 395 300 2 

9 Como Creek Fx 430 a) 390 2 

10 Milwaukee River MI 620 415 245 55° 

1 Honey Creek Fx 455 420 340 6 2 

12 North Branch Milwaukee River MI 525 Y4O 400 3 | 

13 East Branch Rock River Rk 570 YO 195 12 i 

14 Sugar Creek F x 450 YYUS HUQ 2 | 

15 Nippersink Creek FX 455 455 450 . 2 | 

16 KohIsville River Rk 490 480 470 2 i 

17 Kinnickinnic River Kk 680 U85 290 2 | 

18 Cedar Creek MI 730 505 330 16 2 
19 Jackson. Creek Rk 570 510 455 2 

20 Fox River F x 1210 510 295 123 12 

2 | Pike Creek Mh 780 515 260 7 | 

22 Pewaukee River Fx 755 520 350 17 2 
23 Brighton Creek DP 615 540 460 2 | 

24 Wind Lake Drainage Canal Fx 635 565 ¥95 2 | 

25 Bassett Creek FX 655 575 530 y 2 

26 Barnes Creek Mh 585 575 560 2 | 

27 Sussex Creek F x 650 590 535 3 

28 Pike River Pk 905 600 380 17 2 

29 Sauk Creek Sk 770 605 200 15 2 
30 Oak Creek Ok 755 605 375 16 2 

i 3 | Poplar Creek Fx 765 615 480 3 i 

32 Pike Creek Pk 840 620 505 15 2 
33 Tributary of Sheboygan River Sb 675 635 590 2 J 

34 Little Menomonee River Mn 815 675 345 4 I 

35 Des Plaines River DP 825 700 430 16 2 

36 Menomonee River Mn 1340 705 435 5 | 9 

37 Root River Rt 955 715 390 37 5 
38 Root River Canal Rt 790 740 710 3 | 
39 Rubicon River Rk 1970 745 275 16 2 

f 40 Sucker Creek Mh 790 760 725 2 | 

uy Underwood Creek Mn 1090 880 550 4 

42 Honey Creek Mn 2460 985 375 10 

43 Muskego Canal Fx 1420 1030 635 2 

Ge 
4 Data pertaining to sampling station Ml-12 are omitted. 

b Sampling station MI-12 is not included. 

i Source: SEWRPC. 
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The weighted average concentration of a parameter was calculated by multiplying the average concentration 

in each reach of stream by the corresponding length of the reach and then dividing the summation of the ; 

resultant products by the total mapped length of the stream. The number obtained from this computation | 

is defined as the weighted average concentration of the given parameter for the specified stream and is 

intended as a measure of the prevailing level of quality throughout the mapped length of the stream. a 

The four comparative stream quality rating tables must be used with considerable reservation. -The rela- 

tive position of each stream in the four rating tables is, in fact, relative and not absolute. Comparisons 

of weighted average, minimum, and maximum numerical values of the four water quality parameters apply i 

to streams having dissimilar numbers of sampling stations (as many as 12, as few as one); dissimilar 

numbers of total samples analyzed for chloride (as many as 123, as few as two), dissolved solids (also 

Table 297 ; 

COMPARATIVE STREAM QUALITY RATINGS BASED UPON MINIMUM DISSOLVED OXYGEN 
CONCENTRATIONS IN 43 STREAMS OF SOUTHEASTERN WISCONSIN ; 

Dissolved Oxygen 
Comparative Concentration Number Number 

Stream Stream Watershed (in ppm) of of 
Quality Stream Sampling 

Average 

l Mukwonago River Fx 16.5 11.6 9.3 13 

2 Bark River Rk 13.5 11.2 9.2 12 

3 Nippersink Creek Fx 21.6 12.3 8.8 1 | 

yy Sugar Creek Fx 13.9 10.9 8.5 10 

5 Honey Creek Mn 15.9 11.9 8.0 1 | 

6 Turtle Creek Fx 14.6 i2.1 7.8 14 | 

7 Kinnickinnic River Kk 13.3 10.6 7.3 | | 

8 Delavan Lake Qutlet Rk 14.2 11.6 7.2 13 

9 Barnes Creek Mh 21.7 13.5 6.7 I | 

10 Oak Creek Ok 13.7 10.9 6.4 25 2 

4 Kohlsville River Rk 1¥.5 10.7 6.0 1 | 
12 White River Fx [4.1 10.1 5.6 23 2 

13 Whitewater Creek Rk ft.4 8.7 5.6 II | 

14 Brighton Creek DP 13.3 9.7 5.5 11 

Re) Ashippun River Rk 15.9 10.3 5.0 12 | 

16 Honey Creek Fx 14.5 10.2 4.8 23 2 
17 Como Creek Fx 12.3 8.3 4¥.8 i | 

18 Oconomowoc River Rk 14.1 10.8 4.6 39 3 

19 Sussex Creek Fx 12.2 7.7 u. 3 12 | 

20 Underwood Creek Mn 20.4 12.6 Yl2 11 

2| Rubicon River Rk 17.1 11.8 4.2 27 2 i 
22 Wind Lake Drainage Canal Fx 16.0 10.2 | 11 | 

23 Pike Creek Mh 12.0 7.1 3.5 10 
24 Bassett Creek F x 19.5 9.2 3.3 23 2 

25 Des Plaines River DP 13.9 8.6 2.1 25 2 

26 Jackson Creek Rk 13.5 6.0 1.6 12 

27 Tributary of Sheboygan River Sb 16.5 9.7 1.0 Vl 

28 Muskego Canal FX 14.3 6.2 0.8 10 

29 Pewaukee River Fx 12.6 7.3 0.7 27 

30 Milwaukee River MI 2u.2 10.2 0.5 1027 i 

3} North Branch Milwaukee River M1 13.5 8.8 O.4 12 i 

32 Pike Creek Pk 13.2 6.0 0.4 25 2 
33 Sucker Creek Mh 10.0 Y. 3 0.3 11 I 

34 Little Menomonee River Mn 13.2 7.5 0.2 12 | 

35 Sauk Creek Sk 19.3 10.6 0.1 25 2 

36 Poplar Creek Fx 12.1 5.9 0.1 | 3- | 

37 Pike River Pk 11.8 5.3 0.1 27 2 
38 Fox River F x 19.0 9.6 0.0 166 12 

39 East Branch Rock River Rk 12.8 8.0 0.0 12 I 

YQ Menomonee River Mn 18.9 7.6 0.0 99 9 

4 | Cedar Creek M1 13.4 7.5 0.0 25 2 
42 Root River Rt 14.6 7.2 0.0 64 5 

43 Root River Canal Rt 9.2 3.4 0.0 13 

Total 
4 Data pertaining to sampling station Ml-12 are omitted. 

b Sampling station Ml-12 is not included. 

Source: SEWRPC. ; 

314



aS many as 123, as few as two), dissolved oxygen (as many as 166, as few as 10), and coliformcount (as 

f many as 155, as few as 10); dissimilar dates of sampling within a given month in relation to significantly 

heavy rainfall (such as that which occurred on July 17 and 18, 1964); and dissimilar geographic spacing 

relative to significant natural and man-made factors that affect stream quality. However, despite these 

i apparent limitations in making fully valid ratings of stream quality, the comparative stream quality ratings 

are presented as a first attempt in stream quality classification and are intended as a broad regional 

appraisal of each of the 43 streams studied by the SEWRPC in 1964 and 1965. 

i ASSESSMENT OF THE EFFECTS OF WATER QUALITY ON WATER USES AND CONCOMITANT 

EFFECTS ON LAND USE PATTERNS 

The assessment of the effects of water quality on various water uses are indicated in Table 299. The exist- 

i 
Table 298 

COMPARATIVE STREAM QUALITY RATINGS BASED UPON WEIGHTED AVERAGE COLIFORM COUNT 

IN 43 STREAMS OF SOUTHEASTERN WISCONSIN 
rr rrr nce ren AAS TE SG a TSS ES i sg GDA A EF Se Na 

i Coliform Count Expressed 
Comparative in Thousands Number Number 

Stream in MFCC 100 m] of of quality Stream Watershed ( | / ) stream sampling 

Average 

| Mukwonago River F x | 0.3 < 0.) 12 

2 KohIlsville River Rk 6 1.7 0.3 1] 

3 Wind Lake Drainage Canal fx 7 1.8 < 0.1 t| 

4 Poplar Creek F x 9 a) 0.3 {2 

5 Ashippun River Rk 10 2.5 0. | 12 

6 Nippersink Creek Fx 10 2.7 0.1 | 

7 Sugar Creek F x 13 3. | < 0./ 10 

8 Delavan Lake Outlet Rk 2 | 3-2 < 0.1 13 

9 East Branch Rock River Rk 2 | 3.8 0.3 12 

10 Little Menomonee River Mn 16 4.7 0.4 12 

1] Brighton Creek DP 56 5.9 < 0.1 | I 

12 Como Creek Fx 2 | 7.2 0.3 | | 

13 Des Plaines River DP 32 8. | 0.8 25 2 

14 Oak Creek 0k 33 8.5 0.5 25 2 

15 Honey Creek F x uO 9.4 <0.! 23 2 

16 Underwood Creek Mn 83 12.) < 0.1! 14 

17 Fox River FX 610 12.6 <0.) 155 

18 Barnes Creek Mh 88 14.7 < 0.1 1] 

19 Bark River Rk 100 [4.7 0.3 12 

20 Milwaukee River M1 170 14.8 <0.) 103? 

2 | North Branch Milwaukee River M1 140 15.4 < 0.1! 12 | 

22 Sussex Creek F x 85 15.9 [.3 rt I 
23 Cedar Creek M1 120 17.2 < 0.1! 24 2 

24 Sucker Creek Mh 140 18.8 0.1 1 | | 

25 Turtle Creek Rk 70 18.8 0.4 14 | 

26 Sauk Creek Rk 200 20 0.4 25 2 

27 Rubicon River Rk 270 22 < 0.1 27 2 
28 Tributary of Sheboygan River Sb 200 24 2.0 1 1 

29 White River Rk 570 28 0.4 23 2 

30 Bassett Creek Fx 250 32 0.2 23 2 

31 Muskego Canal] FX 70 33 0.4 10 | 

32 Pike Creek Pk 330 35 1.2 25 2 

33 Menomonee River Mn 1100 52 0.1 99 9 

34 Honey Creek Mn 430 62 < | ht | 

f 35 Root River Rt 1100 7 | 0.1 64 5 

36 Kinnickinnic River Kk 340 77 4.0 1] | 

37 Jackson Creek Rk 300 86 4.0 12 | 

38 Oconomowoc River Rk 2300 128 < 0.1 39 3 

39 Pike Creek Mh 740 130 10.0 10 | 

uO Root River Canal Rt 1700 150 < 0.1! 13 | 

y } Whitewater Creek Rk 1000 196 17.0 il I 

u2 Pewaukee River FX 3000 197 0.4 25 2 

43 Pike River Pk 1800 260 2.0 27 2 

f 
4 Data pertaining to sampling station Ml-12 are omitted. 

b Sampling station Ml-12 1s not included. 

f Source: SEWRPC. 
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ing and forecast suitability of the water in the 43 streams studied for 10 major water uses are presented 

in this table. . : 

The past and present quality of the streams in southeastern Wisconsin apparently has not, to date, been 

amajor determinant in establishing riverine or areawide land use patterns. While thefresh-water streams i 

are a Significant asset to the natural resource base of the Region, this asset has apparently been taken for 

granted. Despite great advances in the treatment of sewage, the massive "urban sprawl" that has occurred 

in southeastern Wisconsin since 1950 has, however, contributed to a significant decrease in the quality of 

many streams and watercourses within the Region. The shifting of land use from rural agricultural, wood- i 

land, and wetland uses to urban residential, commercial, and industrial uses has not only increased the 

amount of surface runoff but has also massively increased the impact of bacteriological and chemical 

pollutants upon the streams through failure to adjust the new urban land use pattern and its liquid waste ; 

disposal facilities to the ability of the streams to assimilate these wastes. Moreover, many lakeside areas 

have been converted since 1950 from rural to urban use and fromintermittent summer cottage use to year- 

round dwelling use. This change in land use within the catchment area of the inland lakes of the Region may , 

be assumed to affect adversely the quality of these lakes and the quality of the streams fed by the lakes. 

_ This general deterioration of surface water quality within the Region has served to deteriorate or destroy 

completely many of the more important resource values sought by the suburban and rural-urban dweller f 

and has increased public awareness of the need for water pollution control. Unfortunately, it would seem 

that water pollution control measures are generally understood solely as facility construction measures 

that are directed at either initiating, expanding, or improving sewage collection and treatment works to ; 

decrease or obviate pollution; and the problem is not linked to its basic cause, that of changing land use. 

If past trends are continued to the year 1990, people adversely affected by increasing stream pollution 

within the Region may be expected to continue to demand governmental action to restore favorable stream 

quality conditions, at an expense which could be avoided, at least in part, through sound areawide land use i 

planning and plan implementation. There is now available a considerable body of information on the quality 

of the streams of southeastern Wisconsin. It seems reasonable to expect that those who are responsible 

for water pollution abatement and water quality control within the Region would carefully consider the i 

impact which land use development will have on stream quality. In any attempt to maintain or evenimprove 

this quality, consideration should be given as to whether it is justified to assume that technology alone will 

always provide effective and economically feasible solutions to water pollution problems resulting from i 

indiscriminate or poorly planned land use. 

FORECASTS OF FUTURE STREAM QUALITY IN THE MAJOR WATERSHEDS UNDER ALTERNATIVE 

LONG-RANGE REGIONAL DEVELOPMENT PLANS i 

Included in Table 299 are forecasts of expected stream quality conditions within the Region as related to 

the expected suitability of the streams by 1990 for 10 major water uses. Inspection of the tables in 

Chapter V, which list the forecast quality of each stream for the year 1990, shows almost without excep- i 

tion that, under each of the three alternative regional land use plans prepared by the SEWRPC under the 

regional land use-transportation study, the corresponding future suitability of a given stream for the 

various water uses are in the same category. For this reason the predicted suitability of each stream is i 

indicated by one symbol rather than three separate symbols—one for each alternative plan. 

GENERAL CONCLUSIONS 

The following general conclusions can be drawn from the factual findings of this study with respect to i 

stream quality conditions within the Region: 

1. The original, naturally high quality of the streams and watercourses of the Region has markedly i 

deteriorated through the impact of human activity. Stream quality conditions within the Region 

reflect the deleterious effect of human activity as reflected, for example, in the chloride, dis- 

solved solids, and dissolved oxygen concentrations and in the coliform counts found in this study. 

Stream pollution may, therefore, be considered as occasionally or persistently severe either i 

locally or widespread in all of the 12 major watersheds within the Region. Persistent, severe, 

widespread pollution occurs in the watersheds of the Fox, Kinnickinnic, Menomonee, Pike, and ; 
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Table 299 

i EXISTING AND FORECAST SUITABILITY OF STREAMS IN SOUTHEASTERN WISCONSIN FOR 
10 MAJOR WATER USES4 

Munici | 
E (Public) Industrial Cooling Waste 

Stream imi ‘ or Water Supply Water Supply Assimilation 

Watercourse Existing Existing Existing Existing 

1964 1964 i964 1964 

Des Plaines U | U | U | U | S4* S4* 

i Brighton Creek Ul UI U3 U3 U4 U4* 

Fox River U | U | U3 U3 U3 U3 S4* $4 

Sussex Creek U | UI UI Ul Ul UI U4 * Uy* 

Poplar Creek U } U | U | UI U | UI y4* UY 

i Pewaukee River U | Ul U | U | U | U | U4* Uy * 

Mukwonago River Ul Ul S 5 U3 U3 5 4 54 

Muskego Canal Ul U | UI UI UI U | U4* U4* 
Wind Lake 

i Drainage Canal Ul U | U | Ul U | Ul U4 Uy * 

White River U | U |} U J Ul Uj U | S4* S4* 

Como Creek U | Ud UI U | Ul UI Uy* Uy * 

Honey Creek Ul Ul Ui Ul Ul UI U4* UY * 

Sugar Creek U | U | Us UJ Ul U | U4* U4* 

Bassett Creek U | U | Ul Ul Ul Ul UY U4 * 

Nippersink Creek UI UI UI U | UI UI S$ 4* Sy * 

Bo oniccinete aiver fw) Pp 
Menomonee River UI Ul U | U | Ul S4* S4 

Little Menomonee River UI UI UI Ud U | Uy * UY 

Underwood Creek UI UI Ul Ul Ul yy* UY 

Honey Creek Ul Ul UI U | UI U4* U4 

Sucker Creek UI Ul Ul UI Ul Uy* U4* 

Pike Creek Ul Ul Ul Ul Ul U4* Uy * 

i Barnes Creek U | U I U | U | Ul U4* U4 

Milwaukee River Ut U3 U3 U3 U3 S4* S4y* 

North Branch 

Milwaukee River Ul U3 U3 U3 U3 Sy4* Sy * 

Cedar Creek Ut U | U | U | Ul Sy* S4* 

Oak Creek Pou fw fo ow foe foo fi fF se sue 
Pike River Ul U | UI S4* S4 

Pike Creek UI UI UI Sy * S 4 

Fast Branch 

Rock River UI Ul U3 U3 U3 U3 S4* S4* 

i KohIsville River UI U | Ul Ut UI U | S4 S4 

Rubicon River Ul Ul U | UI U | UI S4* Sy * 

Ashippun River Ul U | U | UJ UI UI Sy * S4* 

Oconomowoc River Ul U | Ut U | U | UI S4* S4* 

i Bark River UI U | S S U3 U3 Sy * Sy * 

Whitewater Creek Ul U | U | U | U | UI Sy * S4* 

Jackson Creek Ui U | UI U | UI U | sS4u* Sy4* 

Delavan Lake Outlet U | U | U | U | Ul Ul Sy * S4* 

Turtle Creek Ul Ul UI UI U | UI S4* Sy * 

Root River U | U | Ul U | Sy* S4 

Root River Canal U) UI U | Ul U4* U4* 

a RT 
Tirbutary of 

. Sheboygan River Ul Ul U4* U4 * 
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Table 299 (continued) : 

(GRIT RTC EE LNT ET ATT TT Ca TE TTT TE Ta TD 

Livestock and | \ tion ahencament an 
Stream Wildlife Watering rriga 

or Aquatic Life 

Watercourse Existing Existing Existing ) 

1964 1964 1990 1964 

Des Plaines River S$ S UI Ul S U2 

Brighton Creek 5 5 5 5 U5 U5 

Fox River $ U2 5 5 U2 U2 

Sussex Creek S U2 U | Ul U5 U5 

Poplar Creek 5 5 5 S U2 5 E 

Pewaukee River $ U2 U | UI U2 U2 

Mukwonago River S 5 5 5 5 5 

Muskego Canal S U2 Ul UI U2 U2 

Wind Lake Drainage Canal S U2 | U | U | S U2 

White River Ss 5 S S S Ss 

Como Creek $ 5 Ul U | U5 U5 

Honey Creek S S S S U2 S 

Sugar Creek S S S S 5 5 

Bassett Creek S U2 U | Ul U2 U2 

Nippersink S S S S 3 S 

Kinnickinnic River ee ee ee ee ec i 
Menomonee River S S U2 5 

Little Menomonee River Ss S U2 5 

Underwood Creek S 5 U5 U5 

Honey Creek S U2 U5 U5 

Sucker Creek S S S S U2 U2 

Pike Creek U2 U2 UI UI U2 U2 

Barnes Creek 5 5 Ul Ul U5 U5 i 

Milwaukee River S 5 5 5 U2 U2 

North Branch Milwaukee River S S 5 S 5 S 

Cedar Creek S S S S U2 U2 i 

Pike River S 5 U2 S 

Pike Creek 5 5 U2 S 

Fast Branch Rock River S 5 5 5 U2 U2 

Kohlsville River 5 S S S 5 S 

Rubicon River S 3 S 5 S 3 

Ashitppun River 5 5 5 5 U2 U2 i 

Oconomowoc River 5 S 5 5 S U2 

Bark River S 5 5 S S S 

Whitewater Creek 5 5 5 5 5 U2 

Jackson Creek S S U | U | U2 U2 i 

Delavan Lake Outlet S S UI U | S U2 

Turtle Creek 5 5 S 5 5 5 

Root River S S 5 S U2 S 

Root River Canal U2 U2 Ul U | U2 U2 

Sauk Creek 
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: Table 299 (continued) 

Sn nearer A a A 
A TT 

Stream Whole=Body Partial-Body Navigation Aesthetics 
i or Contact Contact 

Watercourse Existing Existing Existing Existing 

1964 I9 64 1964 1964 

i Des Plaines River U2 U2 U2 U2 U5 U5 $2 U2 

Brighton Creek U5 U5 U2 U2 U5 U5 $2 U2 

Fox River U2 U2 U2 U2 U5 U5 52 U2 

Sussex Creek U5 U5 U5 U5 U5 U5 52 U2 

Poplar Creek U U S S U5 U5 52 $2 

Pewaukee River U5 U5 U5 U5 U5 U5 U U2 

Mukwonago River U5 U5 5 5 U5 U5 52 52 

Muskego Canal U U U2 U2 U5 U5 52 U2 

Wind Lake 

Drainage Canal U U S U2 U5 U5 52 U2 

White River U2 U2 U2 U2 U5 U5 52 $2 

Como Creek U5 U5 U5 U5 U5 U5 S52 52 

Honey Creek U2 U2 U2 U2 U5 U5 52. 52 

Sugar Creek U5 U5 5 5 U5 U5 52 52 

i Bassett Creek U5 U5 U5 U5 U5 U5 U U2 

Nippersink Creek U5 U5 5 U2 U5 U5 52 $2 

[Kinniokinnie River | vs] vs | | fs | s)] 9 | 
Menomonee River U2 U2 U2 U2 S | S| $2 S52 

Little Menomonee River U5 U5 U5 U5 U5 U5 52 $2 

Underwood Creek U5 U5 U2 U5 U5 U5 $3 33 

Honey Creek U5 U5 U2 U5 U5 U5 53 53 

i Sucker Creek U2 U2 U2 U2 U5 U5 $2 $2 

Pike Creek U5 U5 U2 U2 U5 U5 U2 U2 

Barnes Creek U5 U5 U2 U2 U5 U5 52 52 

i Milwaukee River U5 U5 U2 U2 S | S| §2 $2 

North Branch 

Milwaukee River U2 U2 U2 U2 U5 U5 52 $2 

Cedar Creek U5 U5 U2 U2 U5 U5 S2 $2 

Pike River U5 U5 U2 5 U5 U5 52 52 

Pike Creek U5 U5 U2 S U5 U5 $2 S2 

i Fast Branch 

Rock River U2 U2 S U2 U5 U5 $2 $2 

KohIsville River U5 U5 S S U5 U5 $2 $2 

Rubicon River U5 U5 U2 U2 U5 U5 52 S52 

Ashippun River U5 U5 S S U5 U5 52 $2 

Oconomowoc River U5 U5 U2 U2 U5 U5 52 52 

Bark River U5 U5 U2 U2 U5 U5 $2 52 

Whitewater Creek U5 U5 U2 U2 U5 U5 $2 $2 

Jackson Creek U5 U5 U2 U2 U5 U5 $2 52 

Delavan Lake Outlet U5 U5 S U2 U5 U5 52 $2 

Turtle Creek U2 U2 U2 U2 U5 U5 52 $2 

f Root River U2 U2 U2 S 5 | 5 | $2 $2 

Root River Canal U5 U5 U2 U2 U5 U5 U2 U2 

f Tributary of 

Sheboygan River U5 U5 U2 U2 U5 U5 52 52 
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Table 299 (continued) 

Symbols: § - Suitable stream for the specified use, i 

S| - Stream is navigable toships in harbor area and in lower reaches of the stream. 

§2 - Stream has aesthetic value except locally. 

$3 - Aesthetic value of astream occupying achannel that is deepened, straightened, 7 

banked, and concreted. } 

S4 - Waste assimilation capacity commonly not exceeded. 

S4U*- Waste assimilation capacity commonly exceeded by one or more pollutants. 

U - Unsuitable stream for the specified use. i 

Ul - Inadequate streamflow. 

U2 - Substandard quality. 

U3 - Other available sources of water are preferable to stream water. f 

U4“ - Unsuitable for waste assimilation under low-to-moderate flow conditions. 

U4Y*- Unsuitable for waste assimilation under low-to-moderate flow conditions. 
Polluted stream. 

U5 - Inadequate stream depth. i 

4 The evaluations of the suitability of the streams for the 10 major uses are based on the raw water quality 
of the streams. 

Source: SEWRPC. i 

Root rivers and in Pike Creek, which is a minor stream tributary to Lake Michigan. Chloride 

levels have not as yet reached critical levels in terms of most major water uses except in Honey i 

Creek, in the Menomonee River watershed, and in the Rubicon River. With respect to dissolved 

solids, 26 of the 48 streams and watercourses within the Region have weighted average levels 

exceeding 500 ppm; with respect to dissolved oxygen, 19 of the 43 streams and watercourses 

occasionally have minimum levels of less than 3.0 ppm; and with respect to coliform count, 33 of i 

the 43 streams and watercourses have weighted average levels exceeding 5,000 MFCC/100 ml. 

These findings, considered in the light of existing and potential water uses, indicate the serious- 

ness of the water pollution problem within the Region. A more detailed comparison of the existing i 

stream quality conditions to the standards adopted for existing and reasonable potential water uses 

further substantiates the seriousness of the pollution problem within the Region. 

2. The deterioration of stream quality has impaired or prohibited certain water uses associated with ; 

an attractive urban, suburban, and rural environment, particularly full recreational use and use 

as an aeSthetic setting for high-value residential park development. 

The pollution of streams and watercourses of the Region is directly related to urbanization, with f 

the major waste sources being municipal sewage treatment plants and industries. Of the 339.7 

square miles of the Region presently developed for urban use, 217.0 square miles, or approxi- 

mately 64 percent, are served by 53 public sanitary sewage treatment plants, with a total connected i 

population of about 1,419,000 persons, or 84.7 percent of the population of the Region. Of this 

total connected population, approximately 168,000 persons, or 11.8 percent of the total connected 

population, are presently served by 44 sewage treatment plants that discharge treated wastes to i 

the 43 streams and watercourses within the Region. Lake Michigan receives the effluent from nine 

sewage treatment plants with outfalls in or very near the lake, These nine plants serve an estimated 

1,196,000 persons. i 

3. The population of the Region is expected toincrease by over one million persons inthe next 25 years, 

thereby greatly increasing the connected populations of all of the sewage treatment plants and 

requiring the construction of new plants and tributary collection systems in certain areas of the i 

Region. The pollution of the streams and watercourses of the Region is also related to storm water 

runoff and to the development of residential areas served by on-site sewage disposal systems | 

which fail to function properly on certain soils. Over 15 percent of the present population of the ) 

Region, about 255,000 persons, is served by on-site sewage disposal systems. Detailed operational f | 

soil surveys covering the entire Region indicate that over 49 percent of the Region is covered by | 

soils unsuitable for septic tank sewage disposal systems. ; 
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Although municipal sewage treatment plants are concluded to be the most important sources of pollution 

i with respect to almost all of the parameters determined in the study, it is not implied that these plants 

are necessarily operating below efficiency or are of defective design. Although these wastes may be 

processed by conventional secondary sewage treatment methods, the discharge of treated sewage into the 

i natural waterways of the Region poses a real and potential threat to the quality of the receiving streams 

because of the low natural base flow of the streams and concomitant low waste assimilation capacity. 

Moreover, ordinary sewage treatment methods do not remove all plant nutrients from the effluent and, 

therefore, serve to greatly enrich the streams. Such enrichment is indicated by the levels found by this 

F study to prevail in many of the streams within the Region. Without the application of technically feasible 

means for improving the quality of the effluent from municipal sewage treatment plants and ultimately 

removing nutrients, the stream quality forecasts prepared in the study clearly indicate that the natural 

i waste assimilation capacities of many of the streams and watercourses will be overwhelmed by increased 

treated waste loadings and certain streams reduced to little more than open sewers. 

At least three general courses of action appear to be required if further deterioration of stream quality 

E within the Region is to be avoided. | 

1. Further intensive urban development dependent upon on-site sewage diSposal systems on soils not 

i suited to the proper functioning of such systems must be avoided and this growth directed instead 

into those areas of the Region which can be readily served by gravity drainage sanitary sewer 

systems tributary to existing and, in some cases, new Sewage treatment plants. 

E 2. Within the context of a regional sanitary sewerage system plan and a comprehensive watershed 

planning program for each of the major watersheds within the Region, provision must be made 

either for the export of liquid wastes or for the provision of higher levels of treatment than are 

i presently being provided. The latter course of action requires technological advances in the field 

of sewage treatment. It should also be noted that the export of sewage, particularly to Lake 

Michigan, may provide both problems and opportunities with respect to the abatement of pollution 

i of Lake Michigan. The principal problems associated with such export are primarily the result of 

increased pollution loadings on Lake Michigan through decreased utilization of the natural ability 

of tributary streams to treat wastes. The opportunities are primarily associated with the concen- 

i tration of liquid wastes at large centralized treatment plants where not only more efficient plant 

operation can be more readily achieved but where the future addition of improved treatment methods 

may be more readily and economically effected. 

i 3. Since the study clearly indicates a relationship between urbanization and stream pollution, it must 

be recognized that pollution abatement is, within southeastern Wisconsin, basically a problem of 

land use. Consequently, it will be extremely important in the preparation of future land use plans 

i at the local, county, and regional levels to adjust, wherever possible, the future land use pattern 

to the waste assimilation capacities of the streams and watercourses. Such adjustment must be 

recognized as a complex design problem involving many factors and can best be accomplished 

f within the context of comprehensive watershed planning programs properly rclated to an areawide 

regional planning effort. Perhaps the singularly most important conclusion indicated by the study 

is the close relationship between land use and stream pollution within the Region and the need to 

plan future land use and water quality control elements simultaneously. It is, indeed, dangerous 

i to assume that technological advances in waste treatment will always solve pollution and that the 

application of these advances will always be economically feasible. Therefore, increased emphasis 

should be placed on coordinated land and water use planning in all future pollution abatement and 

i water quality control efforts within the Region. 
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. Appendix A 

METHODS OF WATER ANALYSIS 

This presentation of the analytical methods used in determining the chemical, physical, biochemical, and 

i bacteriological parameters is a documentation of procedures and is intended to facilitate evaluation of the 

analytical results and to permit duplication of procedures for future stream quality studies in the Region. 

i The water analyses of stream samples collected as part of the present study were performed by the State 

Laboratory of Hygiene and by the SEWRPC. 

The State Laboratory of Hygiene deter- ©The SEWRPC determined the following parameters: 

mined the following parameters: 

1. Fluoride 1. Silica 14. Dissolved solids 

i 2. Chromium 2. Iron 15. Hardness 

3. Hexavalent chromium 3. Manganese 16. Noncarbonate hardness 

4, Phosphorus 4, Calcium 17. Calcium hardness 

i o. Cyanide Oo. Magnesium 18. Magnesium hardness 

6. Oil 6. Sodium 19. Alkalinity P 

7. Biochemical oxygen demand 7. Bicarbonate 20. Alkalinity M 

8. Coliform count 8. Carbonate 21. Specific conductance at 25°C 
oO. Sulfate 22. pH 

10. Chloride 23. Color 

11. Nitrite 24, Turbidity 

[ 12. Nitrate 25. Dissolved oxygen 

13. Detergents (synthetic) 26. Temperature (°F) 

i STATE LABORATORY OF HYGIENE METHODS OF WATER ANALYSIS 

The methodology of the State Laboratory of Hygiene in water analysis is omitted from discussion because 

it is based exclusively upon procedures set forth in the American Public Health Association, Standard 

i Methods for the Examination of Water and Waste Water. 

SEWRPC METHODS OF WATER ANALYSIS 

i The methodology of the SEWRPC in water analysis is based largely upon commercial analytical procedures 

set forth by the Hach Chemical Company and Hellige, Inc., and in part upon standard methods of the 

American Public Health Association. 

i The analytical methods selected and used by the SEWRPC were considered in relation to the level of 

precision and accuracy required to meet the objectives of the regional stream quality study and in relation 

to the water quality standards applied in the appraisal of stream quality. The analytical methods of the 

i Hach Chemical Company andof Hellige, Inc. , were followed exactly with few exceptions. These exceptions 

are mentioned briefly under the particular parameters to which the analytical methods apply. 

i Silica (Source of analytical method: Hellige, Inc.) 

1. Fill square glass test tube to the 5 ml mark with the sample to be tested. If the sample is not 

clear (has a turbidity exceeding 25 ppm), filter a portion; but do not use the first 15 to 20 ml that 

i pass through the filter. 

; 2. Add 0.2 ml hydrochloric acid (2.4N). 
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3. Add 2 ml ammonium molybdate (11.4 percent). Mix and allow to stand for 2 minutes. 

4, Add sodium sulfite (22.7 percent) until the solution in the tube reaches the 10 ml mark. Mix, note 

the time, and place tube in right-hand opening of color comparator. | 

5. Prepare a blank solution by repeating the procedure with a second tube, but using distilled water i 

in place of sample in Step 1. Place this tube in left-hand opening of the comparator. 

6. Place silica color disc in the comparator. Within 5 to 15 minutes after adding sodium sulfite in i 

Step 4, make the color comparison while using a Hellige Daylite comparator illuminator. Revolve 

the color disc so that one color standard after another is brought into the observation field. When 

a color match is obtained with one of the standards, the result is read directly from the figure seen i 

in the upper opening at the right side of the front cover. If the color of the test solution is inter- 

mediate, the result of the test will be intermediate and may be estimated by interpolation between 

corresponding color standards. i 

Iron (Source of analytical method: Hach Chemical Co. ) 

1. Measure 25 ml of sample and pour into 125 ml beaker. ; 

2, Add 0.1 gram spoonful of TeVer (2,4, 6,-Tripyridyl-s-triazine) powder to the sample. Swirl the 

beaker to mix the sample. Let stand for 5 minutes before measuring color in 1-inch test tube using i 

the Spectronic 20 colorimeter at a wave length setting of 595 mu. If iron is present, a blue color 

will develop. 

3. Use demineralized water for standardizing the colorimeter. i 

4. Measure the color of the prepared test sample and obtain iron concentration in ppm from table. p 

Note: Usually this indicator contains a small blank, which for most accurate work should be subtracted 

from the readings obtained from the table. The reagent blank is determined by measuring the 

color developed by the reagent in 25 ml of demineralized water, when compared with deminera- i 

lized water alone. The blank was found to be 0.031 ppm and was subtracted from the readings 

obtained from the table. 

Manganese (Source of analytical method: Hach Chemical Co. ) i 

1. Measure 250 ml of sample and pour into 500 ml separatory funnel. 

2. Measure 250 ml sample of demineralized water and pour into 500 ml separatory funnel. i 

3. Add to each separatory funnel 1.0 gram spoonful of citrate buffer. Stopper and shake each to mix. i 

4. Add toeach separatory funnel 0.05 gram (in formof acommercially premeasured quantity). Stopper 

and shake each to mix. Allow 5 minutes for maximum color development. 

5. Add to each separatory funnel one level 0.5 gram spoonful of tetraphenylarsonium chloride hydro- i 

chloride. Stopper and shake each to mix. 

6. Add to each separatory funnel exactly 30 ml of dichloromethane. Stopper and grasp the top of the i 

separatory tunnel, gently inverting it. While it is in an inverted position, open the stopcock and 

vent the separatory funnel. Shake vigorously for 30 seconds and vent the funnel. Repeat using the 

other separatory funnel. i 

7. Remove the stopper and allow the separatory funnels to stand for one to two minutes to allow the 

dichloromethane to separate. i 
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8. Drain the dichloromethane through a filter thimble containing a cotton plug into a one inch test tube. 

i Repeat with the other sample. 

9. Use the demineralized water sample for standardizing the Spectronic 20 colorimeter at a wave 

; length setting of 530 mu. 

10. Exactly 10 minutes after addition of the sodium periodate in Step 4, measure the color and obtain 

i the manganese concentration in ppm from the table. 

Calcium (Source of analytical method: Hellige, Inc.) 

In the following analytical procedure, calcium is determined as calcium carbonate (CaCOg) rather than 

i as calcium in its ionic form (Ca++). The ionic concentration of calcium is calculated from the analytical 

results. 

i 1. Measure 58.3 ml of sample and pour it into a 250 ml beaker. 

2. Add 2 ml sodium hydroxide (1.0N). 

i 3. Add 1 measuring scoop of calcium indicator. Stir until the indicator dissolves. 

4, Fill burette to the 0.0 ml mark with hardness titrating solution (Versene). Place beaker on 

i white surface. Titrate slowly and stir well until the end point is just reached. As the end point 

is reached, the pink color of the sample begins to turn purple; and the end point is the complete 

disappearance of the pink color. 

i The results of this analytical procedure are expressed in terms of calcium hardness as calcium carbonate 

(CaCOg) measured in grains per gallon. To express results in ppm, multiply grains per gallon by con- 

version factor 17.12. To obtain the concentration of calcium in its ionic form (Ca++), divide the calcium 

F hardness in ppm by 2.497. 

Magnesium 

i The magnesium content of water samples was calculated from the analytical determinations of total hard- 

ness and calciumhardness. The ionic concentration of magnesium in ppm is equal to the difference between 

the total hardness in ppm and the calcium hardness in ppm divided by 4.116. 

i Sodium 

The sodium content of water samples analyzed by the SEWRPC is computed. This computed value is based 

on the chemical analysis of other constituents of the water and equals the difference between the sum of 

i the determined anions in epm (equivalents per million) and the determined cations expressed in epm. The 

sodium computation includes potassium, and these are not differentiated. 

i The computation method of determining sodium has been used extensively for years because the available 

methods for chemical analysis for this parameter were tedious and costly. Although flame photometry 

has simplified direct determination of sodium, this analytical technique was not available to the SEWRPC. 

i In computing values of sodium, it should be stated that these also include the algebraic sum of possible 

errors in analysis and errors that result from the possible analytical omission of important parameters. 

i Bicarbonate and Carbonate 

Bicarbonate and carbonate are computed in ppm from the direct determinations of methyl-orange (total 

or M alkalinity) and phenolphthalein alkalinity (P alkalinity) according to the following equations: 

i , _ M = 2P 
Bicarbonate = 978007 when P<j/2 M 

F Carbonate = 2P 
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Sulfate (Source of analytical method: Hach Chemical Co.) i 

1. Measure 25 ml of sample and pour into 125 ml beaker. 

2. Add 1 gram spoonful of SulfaVer powder to the sample. Allow the sample to stand undisturbed for i 

30 seconds and then mix for 30 seconds with magnetic mixer. 

3. Use someof the original water sample in 1/2-inch test tube to standardize the Spectronic 20 colori- 

meter after the instrument has been warmed up for at least 5 minutes, adjusted for zero reading, 

and set for 500 mu wave length. Measure turbidity of prepared sample in 1/2-inch test tube and 

obtain sulfate concentration in ppm from the table. i 

The Hach Chemical Company recommends that '... if the sample is colored or turbid," the sample 

should be "... filtered and that the filtered water be used in Steps 1 and 3. Turbidity and/or color 

will interfere and cause high readings.'' Only those stream samples having a turbidity of over ; 

25 units were filtered before chemical analysis for sulfate. No samples were filtered on the basis 

of natural color density unless the turbidity of the sample exceeded 25 ppm. 

Chloride (Source of analytical method: Hellige, Inc. ) i 

1. Measure 50 ml of sample and pour into a 250 ml beaker. i 

2. Add 3 drops of phenolphthalein indicator solution. If a red color appears, add sulfuric acid (N/10) 

one drop at a time with constant stirring until the red color just disappears. i 

3, Add 5 drops of potassium chromate indicator solution and stir. 

A, Fill burette to 0.0 ml mark with silver nitrate solution (N/10). Place beaker on white surface. i 

Titrate carefully, controlling the stopcock of the burette to add a few drops at a time to the sample. 

Stir well after each addition and continue titrating until the end point is just reached. The end point 

is the first permanent change in color from lemon yellow to pale orange or the first appearance of 

a permanent reddish color. 

5. At the end point, note the burette reading in milliliters and multiply by 71 to obtain the result in 

terms of parts per million chloride (Cl°). a 

6. If more than 14 ml silver nitrate is required to reach the end point, repeat the test with a diluted 

sample and multiply by the dilution factor. i 

Note: A blank determination should be made on 50 ml of distilled water. Subtract the burette reading 

for the blank (0.1 ml) from the burette reading for the sample before multiplying as in Step 5. i 

Nitrite (Source of analytical methods: Hach Chemical Co. ) 

Two procedures were used for the determination of nitrite. The first procedure involved visual color 

comparison and was applied to all samples collected from the beginning of the water quality study in i 

January 1964 through June 1964. The second procedure involved the use of a photoelectric colorimeter, 

and this procedure was applied to all samples collected from July 1964 through February 1965. 

Procedure for Visual Comparison: i 

1. Measure 25 ml sample and pour into 150 ml beaker. i 

2. Add 1 premeasured quantity (about 0.25 gram) of NitriVer and swirl to mix. Allow the color to 

develop for 10 minutes, during which time occasionally swirl the sample for several seconds, 5 
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3. Measure the color by filling a sample viewing tube and placing it on a viewing block. Select the 

i color standard ampule that makes the nearest color match by placing color standard ampules on 

the block beside the sample tube and comparing colors. The nitrite concentration in ppm is read 

from the label on the selected color standard ampule. 

i Note: The color standard ampules used for color comparison covered the following nitrite concentra- 

tions in ppm: 0.025, 0.05, 0.075, 0.1, 0.2, 0.3, and 0.4. 

i Nitrite is subject to relatively rapid oxidation and conversion to nitrate. The nitrite determinations made 

from January 1964 through June 1964 are considered to be less than satisfactory as indicating the nitrite 

concentration at the time of sampling. Nitrite was not placed sufficiently high on the list of test priorities 

i established as a guide for the sequence of analytical tests run on all samples. 

i Procedure for Photometric Determination: | 

1-2. Same as Steps 1 and 2 above but allow to stand for 15 minutes. 

i 3. Pour some of the original sample in a 1/2-inch test tube and standardize the Spectronic 20 colori- 

meter at 525 mu wave length setting. 

i 4. Rinse test tube used in Step 3 with distilled water and with a portion of the sample to be tested. 

Refill test tube with test sample, measure the transmissivity and obtain nitrite determination 

from table. 

i Note: The nitrite determinations made from July 1964 through February 1965 are considered to be 

satisfactory as indicating the nitrite concentration at the time of sampling. All nitrite deter- 

minations were made within three days from the time of sampling, and most were made within 

i 24 hours. 

Nitrate (Source of analytical method: Hach Chemical Co.) 

i The analytical method described in the following steps determines nitrate and nitrite in combination. 

Subtract the nitrite content from the nitrate test value to obtain the nitrate content in ppm. 

i 1. Measure 5.0 ml sample and transfer to 125 ml beaker. 

2. Measure 5.0 ml sample of demineralized water and transfer to 125 ml beaker. 

i 3. Measure 20.0 ml titanium free concentrated sulfuric acid and add to each beaker. Swirl each 

beaker gently to mix. 

i 4. Promptly add to each beaker one 0.1 gram measuring spoonful of NitraVer II. Swirl each beaker to 

mix. If nitrate and nitrite are present, a yellow color will develop. Allow 1041 minutes for maxi- 

mum color development. 

i 5. Pour prepared demineralized water sample into 1/2-inch test tube and standardize the Spectronic 20 

colorimeter. The wave length setting is 415 mu. 

i 6. Rinse test tube used in Step 5 with distilled water and a portion of the prepared test sample. Refill 

test tube with prepared test sample and measure transmissivity. Obtain combined nitrate and 

i nitrite concentration from table. 

7. To obtainthe nitrate concentration, subtract the nitrite content (determined from the direct analyti- 

: cal procedure for nitrite) from the nitrate and nitrite test value obtained in Step 6 above. 
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Detergents, synthetic (Source of analytical method: Hach Chemical Co.) i 

1. Measure 9.4 ml sample and place in test tube. 

2. Add 6 drops (0.4 ml) ABS test solution and shake to mix. i 

3. Add 2 ml chloroform. Stopper and shake vigorously for 30 seconds and allow to stand for one 

minute to permit chloroform to separate and settle. i 

4, Using a dropper, remove and discard the water from the test tube. 

5. Refill the test tube with about 7.5 ml demineralized water. Using the dropper, remove and discard [ 

water. This step washes away original water sample used in Step 1. 

6, Place a small ball of glass wool in glass filter thimble. Allow 2 ml chloroform to slowly move 

through thimble and discard the chloroform. This step eliminates an interference effect that has 

been directly ascribed to the use of the fiber glass filtering process. 

7. Refill the test tube with about 7.5 ml demineralized water, stopper and shake vigorously for 30 sec- i 

onds. Allow to stand for one minute to permit the chloroform to separate and settle. 

8. Using a dropper, remove the test chloroform and filter the chloroform into a viewing tube and place i 

on a viewing block. Select the color standard ampule that makes the nearest color match by placing 

color standard ampules on the block beside the sample tube and by comparing colors. The deter- 

gents concentration in ppm is read from the label on the selected color standard ampule. i 

Note: The color standard ampules used for color comparison covered the following detergents concen- 

tration in ppm: 0.0, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 1.5, and 2.0. i 

Dissolved Solids 

The calculation method is used in determining dissolved solids. This method involves the summation of 

all solid constituents in their anhydrous form. For this reason bicarbonate must be converted mathe- i 

matically to carbonate before summation by multiplying the bicarbonate concentration by the conversion 

factor 0.4917. 

Determinations of dissolved solids by the SEWRPC include the following 13 parameters: silica, iron, i 

manganese, calcium, magnesium, sodium (and potassium), bicarbonate (converted to carbonate), car- 

bonate, sulfate, chloride, nitrite, nitrate, and detergents. Of the parameters listed, iron, manganese, 

and nitrate were determined infrequently and were often not included in the dissolved solids calculation. i 

Iron was determined on water samples collected in April and in the September-October period of 1964, 

Manganese was determined during the September-October period. Nitrate determinations were made on 

all water samples collected during the 5-month period extending from October 1964 through February 1965. i 

Iron, manganese, and nitrate are very minor constituents of the water samples collected by the SEWRPC; 

therefore, the dissolved solids determinations indicate closely the total mineralization of the samples. 

This statement is correct if the determination of each reported parameter is valid and if the water analysis i 

is adequately complete. 

Hardness (Source of analytical method: Hellige, Inc.) i 

1. Measure 58.3 ml sample and pour into 250 ml beaker. 

2. Add 12 drops hardness buffer solution. i 

3. Fill measuring scoop with hardness indicator and add to sample. Stir until the indicator dissolves. i 
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4, Fill burette to 0.0 ml mark with hardness titrating solution (Versene). Place beaker on white 

i surface. Titrate slowly and stir well until end point is just reached. As the end point is reached, 

the red color of the sample begins to turn blue. The end point is the complete disappearance of the 

red color. 

i The results of this analytical procedure are expressed in terms of calcium carbonate measured in grains 

per gallon. To express results in ppm, multiply grains per gallon by conversion factor 17.12. 

i Noncarbonate Hardness 

Noncarbonate hardness is calculated according to the following equation: 

Noncarbonate hardness = 50.05 x (epm hardness-epm alkalinity) 

where: epm hardness = sum of epm Ca, Mg, and Ba and 

epm alkalinity = sum of epm bicarbonate and epm carbonate 

i Noncarbonate hardness is expressed in ppm. 

Calcium Hardness and Magnesium Hardness 

Calcium hardness is obtained as part of the analytical procedure for calcium determination. Step 4 under 

i the discussion of calcium expresses the calcium content as calcium carbonate, which is the calcium 

hardness. 

i Magnesium hardness is the arithmetic difference between hardness (also referred to as total hardness) 

and calcium hardness and expresses the magnesium content as magnesium carbonate. 

Alkalinity P (Source of analytical method: Hellige, Inc.) 

i Alkalinity P, phenolphthalein alkalinity, is determined as an indirect measurement of carbonate. Carbonate 

equals the concentration of phenolphthalein alkalinity multiplied by 2. 

i 1. Measure 50 ml sample and pour into 250 ml beaker. 

2. Add 4 drops of phenolphthalein indicator solution and stir. If ared color does not occur, alkalinity P 

i is absent. If a red color appears, proceed to Step 3. 

3. Fill burette to 0.0 ml mark with sulfuric acid (N/10). Place the beaker on white surface. Titrate 

slowly and stir well until the end point is just reached. As the end point is reached, the red color 

i changes to colorless. The end point is the complete change of red to colorless. 

4, At the end point, note the burette reading and multiply by 100 to obtain alkalinity P in ppm calcium 

i carbonate. 

Note: Hellige, Inc. , recommends filtering the sample used in Step 1 if "the sample is very turbid." 

None of the water samples analyzed by the SEWRPC for determination of alkalinity P were 

filtered regardless of the turbidity of the sample. 

Alkalinity M (Source of analytical method: Hellige, Inc. ) 

i Alkalinity M, methyl-orange alkalinity (or total alkalinity), is determined as an indirect measurement of 

bicarbonate. The alkalinity as calcium carbonate is divided by 0.8202 to convert to bicarbonate. 

i 1. Follow the analytical procedure for the determination of alkalinity P. 

2. Do not refill burette if it was used for titrating alkalinity P. If alkalinity P was absent in Step 2, 

i fill burette to 0.0 ml mark with sulfuric acid (N/10). 

3. Add 3 drops of methyl-orange indicator solution to the sample used for alkalinity P determination 
: and stir. The test sample becomes yellow. 
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4, Titrate slowly and stir well until the end point is just reached. As the end point is reached, the 

yellow color changes to pale pink. The end point is the complete change of yellow to pink. i 

5. At the end point, note the burette reading and multiply by 100 to obtain alkalinity M in ppm calcium 

carbonate. i 

Note: None of the water samples analyzed by the SEWRPC for determination of alkalinity M were 

filtered regardless of the turbidity of the sample. i 

Specific Conductance at 25°C (Source of analytical procedure: U. 8. Public Health Service and American 

Public Health Association) 

1. Prepare temperature bath of approximately 35°C. i 

2. Place water sample (in original 2-quart plastic sampling bottle) in temperature bathand stir sample 

with stainless steel centigrade thermometer rod, noting slow temperature buildup from sample 

storage temperature of 20-21°C. 

3, As temperature approaches approximately 24.3°C, remove sample from bath and continue stirring. f 

Note stabilization temperature. Replace sample in temperature bath for a few seconds only, slowly 

building sample temperature to 25.0°C. Reduce sample temperature in cold water bath if 25.0°C is 
bypassed in temperature buildup. i 

4, Measure conductance with electric conductivity bridge pretested on standard potassium chloride 

solution to ensure no change in dip cell constant (2.0) since previous series of conductivity tests. 

Remove dip cell from distilled water container where cell is stored between sample tests. Vigor- i 

ously shake dip cell to remove droplets of distilled water adhering to inner wall of cell casing and 

remove all external moisture to avoid chemical contamination of sample to be tested. Place dip 

cell in water sample and move cell up and down repeatedly to ensure removal of air bubbles inside i 

cell casing through air vents. Immerse cell to a point at least 1/2 inch above air vents. Turn dial 

control to a position where electron ray "eye'' tube null indicator is in balanced position. Record 

conductance scale reading. If conductance is near or beyond the extreme ranges of the instrument i 

scale at position 1 on the conductivity scale selector, reset scale selector to appropriate position to 

ensure that conductance readings fall properly within the extreme ends of the scale. 

5. Multiply conductance scale reading by conductance range-scale factor to obtain unadjusted con- i 

ductance reading. 

6. Multiply cell constant (2.0) by unadjusted conductance reading to obtain specific conductance at 25°C, i 

Note: The cell constant was determined according to APHA Standard Methods. The following cell- 

constant determinations, made near the beginning and near the end of the 14-month period of 

chemical analysis, are listed below: 

1) Date of determination: February 4, 1964. 

Cell constant: 2.0550 i 

2) Date of determination: January 12, 1965. 

Cell constant: 2.0197 i 

pH (Source of analytical method: Hellige, Inc.) 

1. Fill square glass test tube to the 5 ml mark with the sample to be tested. i 

2. Add 0.5 ml cresol red pH indicator solution and mix. 
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i 3. Place tube in right-hand opening of color comparator. 

4, Fill asecond square glass test tube with 5 ml of sample and place in left-hand opening of comparator. 

i 5. Place color disc that corresponds with the indicator solution used in Step 2 in color comparator. 

Make color comparisons while using a Hellige Daylite comparator illuminator. Revolve the color 

disc so that one color standard after another is brought into the observation field. When a color 

match is obtained with one of the standards, the result is read directly from the figure seen in the 

i upper opening at the right side of the front cover. If the color is intermediate, the result of the test 

will be intermediate and may be estimated by interpolation between corresponding color standards. 

i The color disc may be read to the closest one-tenth of a pH unit. 

6. If the pH of the test sample is at or beyond the pH range covered by cresol red, use appropriate 

pH indicator solution and corresponding color disc and proceed from Step 1 to Step 6. 

i Color (Source of analytical method: Hach Chemical Co.) | 

The color determination of water is not an analytical procedure that provides information on the kind and 

amount of dissolved substances that cause the color. Rather, an arbitrary standard scale is used to com- 

i pare the color density with the water sample. 

Color determinations are subject to interference effects by the turbidity of the sample. The analytical 

i procedure used by the SEWRPC does not involve filtration or centrifuging prior to color determination. 

An 8-ounce portion of the sample is set aside for a two-to-three week storage under undisturbed condition 

at 20-21°C. At the time of analysis, the photoelectric colorimeter is standardized with distilled water; 

and the stored test sample iscarefully poured into the colorimeter to avoid dispersing the solids which have 

accumulated at and near the bottom of the storage bottle. 

The method of color determination presented belowinvolves the use of the Hach Direct-Reading Colorimeter 

i and an APHA platinum-cobalt standard with a color meter scale range of 0-500 units. 

1. Insert color meter scale in the photoelectric colorimeter and use the 5543 color filter. Fill colori- 

i meter bottle with distilled water to the base of the bottle neck. Note ground mark on neck of bottle 

and always place bottle inlight cell with ground mark turned toward light switch. Press light switch 

and adjust light control for a meter reading of zero units. 

i 2. Rinse colorimeter bottle with small part of test sample. Fill colorimeter bottle with test sample 

to base of bottle neck. This filling process must be very carefully done to avoid dispersal of 

j settled suspended solids into that part of sample to be poured into colorimeter bottle. 

3. Place colorimeter bottle into light cell in same position as indicated in Step 1. Press light switch 

and read density of color in platinum-cobalt standard units. 

i Note: The accuracy of this test is not definitely known. All readings are thought to be accurate to the 

nearest five units. 

i Turbidity (Source of analytical method: Hellige, Inc.) 

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 

i through a test sample. Turbidity is expressed in Jackson candle units. 

The analytical procedure discussed below omits many details which are important in the mechanics of 

running the turbidity test but are beyond the scope of this presentation. The manufacturer's procedural 

methods were followed without modification. 

1. Inspect turbidity of test sample to select turbidity tube of appropriate viewing depth. (The SEWRPC 

i analyses were based on 20 and 50 mm viewing depths.) 
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2. Select calibration graph for the desired range of turbidity measurement and place filter frame and 

| rectangular door mirror in positions designated on the graph. i 

3. Fill turbidity tube to the level mark on the tube with representative test sample. Immediately insert 

glass plunger into turbidity tube and place it in the circular groove of the turbidimeter mirror. i 

4. Immediately close door of apparatus and switch on the light. 

5. Rapidly balance light intensity of the central spot with the surrounding field of observationby turning i 

light control dial on right side of instrument. The interval of uniform illumination is approached 

from the lower (dark) side, and the reading is taken at a point where the dark central part first 

merges with the surrounding field. j 

6. Record light control dial reading. Correlate reading with calibration graph to obtain turbidity read- 

ing in Jackson candle units. a 

Note: All procedures from Step 3 through Step 5 should be performed rapidly to avoid erroneous read- 

ings due to settling of suspended matter. i 

Dissolved Oxygen (Source of analytical method: APHA Standard Methods) 

1. Collect sample as specified on page 12 and inspect for air bubbles rising within the sample or i 

adhering to the inner surface of the sample bottle. Precaution is required to avoid entrapment and 

solution of atmospheric oxygen in bottle. Reject sample if there is evidence of air bubbles and 

resample until satisfactory condition is obtained. i 

2. Add 2 ml manganous sulfate solution to the bottle followed by 2 ml alkali-iodide-azide reagent well 
below the surface of the sample. Stopper with care to avoid entrapment of air bubbles below stopper. 

Mix by rapidly inverting bottle 20 times. i 

3. When the precipitate settles, leaving aclear supernatant above the manganese hydroxide floc, shake 

again by successive inversions (20 in number), When settling has resulted in at least 100 ml clear i 

supernatant, proceed to Step 4. 

4, Carefully remove stopper and immediately add 2 ml concentrated sulfuric acid by allowing the acid 

to pour down the neck of the bottle, restopper, and mix by inversion until dissolution is complete. i 

9. Pour 203 ml sample into 500 ml Erlenmeyer flask. 

6. Titrate with 0.025N thiosulfate to a pale straw color. Add 1-2 ml freshly prepared starch solution i 

and continue titration to thefirst disappearance of the blue color that appeared by the addition of the 

starch. If the end point is overrun, the sample may be back-titrated with 0.025N biniodate, which ; 

is added dropwise. Correction for the amount of biniodate added should be made. Subsequent 

recolorations should be disregarded. 

7. Record the quantity of titrant used to bring test to completion. Each milliliter of titrant used is i 

equivalent to 1 mg/1 or 1 ppm dissolved oxygen. Record to 0.1 ppm. 

Note: Steps 1 through 4 are performed in the field at the time of sampling. Steps 5 through 7 are per- i 

formed in the laboratory. 

Temperature 

Stream temperature was measured at the time of sampling with either a Fahrenheit or acentigrade thermo- 

meter placed directly into the stream and held in an almost completely submerged position to avoid effects 
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of air temperature. This position was held until a stable temperature reading was obtained. In the present 

i report, all stream temperatures were recorded in Fahrenheit. 

EXPRESSION OF ANALYTICAL RESULTS 

i The analytical concentrations or numerical values of 28 of the 34 parameters listed above are expressed 

in ppm (parts per million). In recent years mg/1 (milligrams per liter) has become frequently used in 

expressing analytical concentrations. This unit of measurement is equivalent to ppm. Coliform count, 

specific conductance, pH, color, turbidity, and temperature are not measured in ppm (or mg/l). Coliform 

i count is expressed as MFCC/100 ml (membrane filter coliform count per 100 milliliters of sample). 

Specific conductance is measured in micromhos per centimeter at 25°F. The pH, color, and turbidity are 

expressed in units, which are spearately explained in Chapter IV under the discussion of each parameter. 

i Temperature is measured in degrees Fahrenheit. 

THE ROUNDING OF NUMBERS OBTAINED FROM THE RESULTS OF SEWRPC WATER ANALYSES 

The results of the water analyses run bythe SEWRPC on the 26 parameters listed in Table A-1 are rounded 

i to conform to the accuracy involved in the analytical methods. 

Table A-| 

i ROUNDING OF ANALYTICAL RESULTS 

eS SSS sts sss sss SSS 

i Silica Nearest whole ppm 

Iron Nearest 1/100 ppm 

Manganese Nearest 1/100 ppm 

i Calcium Nearest whole ppm 

Magnesium Nearest whole ppm 

Sodium Nearest 5 ppm 

i Bicarbonate Nearest 5 ppm 

Carbonate Nearest 5 ppm 

Sulfate Nearest whole ppm 

Chloride Nearest 5 ppm 

i Nitrite Nearest 1/10 ppm 

Nitrate Nearest I|/10 ppm 

Detergents Nearest 1/10 ppm 

i Dissolved solids Nearest 5 ppm; nearest 10 ppm at 

1,000 ppm and larger 

Hardness Nearest whole ppm 

Noncarbonate Hardness Nearest 5 ppm 

i Calcium Hardness Nearest whole ppm 

Magnesium Hardness Nearest whole ppm 

Alkalinity, Phenolphthalein (P) Nearest 2.5 ppm for numbers below 

i 5 ppm; 2.5 ppm is an estimate 

only. Nearest 5 ppm for concentrations 

of 5 ppm or more 

Alkalinity, Methyl-Orange (M) Nearest 5 ppm 

i Specific Conductance at 25°C Nearest even micromhos; nearest 10 

at {,000 micromhos and larger. 

pd Nearest 1/10 unit 

i Color Nearest 5 units 

Turbidity Nearest unit; nearest 5 Jackson candle 

units from 10 units to 100 units; 

nearest 10 units at 100 units or more 

i Dissolved Oxygen Nearest 1/10 ppm 

Temperature Nearest whole degree Fahrenheit 

Source: SEWRFC. 
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COMPARATIVE CHEMICAL ANALYSES 

To permit direct comparison of analytical results, three water samples were collected and split for i 

chemical analyses by the Laboratory of the Wisconsin State Board of Health and by the SEWRPC. The 
results of these three analyses are listed in Table A-2 and indicate close agreement for all but two of 

the parameters. 
; 

Table A-2 

COMPARATIVE CHEMICAL ANALYSES 

Sample 1? 1-28-64 Sample 2° 4-2-64 Sample 3° 2-11-65 i 

Parameter WSBH SEWRPC WSBH SEWRPC WSBH SEWRPC 

Silica .« « « « « «© © « «© + 8.5 8 -- -- 4.2 y j 

Pron . 1 © 8 we we we we 0. 14 0.08 -- -- 0.46 0.32 

Manganese. « « « «© «© © « « 0.06 -- -- -- < 0.05 0.01 

Calcium. . . « «© «© «© © «@ « 68.9 67 _- _- 27.3 29 

Magnesium. . « «© «© «© «© ow f 29 25 -. -- 16 [4 

Sodium . . « «© 6 «© © «© @ -- 25 _- -- -- 55 

Bicarbonate. ......e. -- 280 -- -- -- 150 
Carbonate. . . « «© «© « 2 -- 0 -- -- -- 0 | i 

Sulfate. . . « 6 «© «© « «© « 79 82 -- -- 37 4 | 

Chloride . . . « « «© «© « + 5.5 5 -- -- 51.5 55 

Nitrite. . . . 2. 2. we ew 0.005 0.025 -- -- 0.09 0.05 

Nitrate. . « « «© «© © « «© «+ < 0.08 -- -- -- 1.22 3.0 

Detergents . . .« « «© «© «@ + 0.G4 0.0 <_ 0.04 0.1 0.13 0.1 

Dissolved Solids .... . 352 350 -- -- 290 275 

Hardness . . « «© «© © «© «© « 279 272 -- -- 134 13 | i 

Alkalinity M...... . 203 230 208 225 96 125 

Specific Conductance ...| 655 566 493d 439 550 434 
| 7.9 8.0 -- -- 6.9 7.1 

Turbidity. .« © « « «© «© « = < | 0 -- -- 2 6 i 

4 Cold water tap, Old County Courthouse Building, Waukesha, Wisconsin. 

b Oconomowoc River at sampling station Rk-8; synthetic detergent added to sample. i 

© Rubicon River at Rk-4. 

d Determined at 24° C. i 

Source: SEWRPC and State Laboratory of Hygiene. 
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Appendix B 

i CHEMICAL, BIOCHEMICAL, AND BACTERIOLOGICAL STREAM 

SAMPLE ANALYSES BY THE SEWRPC AND THE 

i STATE LABORATORY OF HYGIENE 

Due to its large bulk and inclusive nature, Appendix Bis omitted from this report but may be obtained 

i from the following source: 

Administrative Officer 

Southeastern Wisconsin Regional 

Planning Commission 

| P.O. Box 769 

916 N. East Avenue 

i Waukesha, Wisconsin 53186 

Appendix B contains all the complete chemical analyses, supplemental chemical analyses, determinations 

i of biochemical oxygen demand, analyses for dissolved oxygen, determinations of coliform count, and the 

temperature: measurements that are discussed in Chapter II. More than 16,200 analytical determinations 

and physical measurements are tabulated in Appendix B. 

i Appendix B and Appendix C (which is included in this report) together comprise all information pertaining 

to the stream samples that were collected in 1964 and 1965 as part of this study of the water quality and 

flow of streams in southeastern Wisconsin. 

i For residents of Kenosha, Milwaukee, Ozaukee, Racine, Walworth, Waukesha, and Washington counties, 

Wisconsin, the purchase price of Appendix B is $5.00. For those persons residing outside this Region, 

i the purchase price is $10.00. All remittances shall be paid in advance. 
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Appendix C 

SPECIAL CHEMICAL ANALYSES i 

Appendix Table Ce] 

SPECIAL CHEMICAL ANALYSES? i | 

Station Date of . Hexavalent . Date of . h Sampling Chromium Chromium Fluoride | Phosphorus pa | Sampling Cyanide i 

Fx- | 10- 7-64 | <.02 0.00 <0.4 0.16 < 0.5 -- -- i 
Fx- 2 10- 7-64 | <.005 0.00 < 0.35 0.66 < | -- .- 
Fx- 3 1O- 7-64 | < .005 0.00 < 0.60 0.20 <2 =. -- 
Fx- 4 10- 7-64 | <.02 0.00 <0.75 2.0 < 0.5 12-28-64 <.0! 
Fx- 5 10- 7-64 | <.005 0.00 <1.5 3.2 < | -- -- i 
Fx- 6 10- 7-64 | <.02 0.00 < 0.6 0.96 < 0.5 12-28-64 <.0] 
Fx- 7 10- 7-64 | <.0] 0.00 < 0.75 0.26 < 0.5 12-28-64 | <.0I 
Fx- 8 10- 7-64 Ou <0.02 < 1.0 7.3 < 0.5 12-28-64 | <.0I 
Fx-1| -- -- -- -- -- -- 1-27-65 <.04 i 
Fx- 12 -- -- -~ -- -- -- 1-27-65 | <.04 
Fx-13 10- 7-64 | <.005 0.00 < 0.8 1.12 < | 1-27-65 | <.08 
Fx-16 10- 8-64 | <.005 0.00 < 0.65 0.38 < | -. -- 
Fx-17 10- 7-64 | <.005 0.00 < 0.6 0.46 < | 1-28-65 <.08 
Fx-19 10- 8-64 | <.0I 0.00 < 0.4 0.24 2 -- -= 
Fx-20 10- 8-64 | <.0] 0.00 < 0.55 0.36 < | -- -- 
Fx-23 10- 8-64 | <.01 0.00 < 0.85 O.14 | -- -~ 
Fx-24 10- 7-64 | <.005 0.00 < | 0.46 < | 1-28-65 <.08 
Fx-26 10- 8-64 | <.0I 0.00 < 0.6 a) | -- -- 
Fx-27 10- 7-64 | <.0]1 0.00 <0.9 0.42 < | 1-28-65 | <.04 
Fx-28 10- 8-64 | <.005 0.00 < 0.35 0.24 <2 -- -- i 

Mn- | 10-14-64 | < .004 0.00 < 0.45 0.06 3 [2-17-64 | <.0I 
Mn- 2 10-14-64 | <.005 0.00 < 0.4 1. 44 < | -- -- 
Mn- lO-14-64 | < .005 0.00 < 1.15 L.6 < | -- -- 
Mn= 6 lO-14-64 | <.004 0.00 <.l 3.68 3 12-17-64 <.01 
Mn- 7 1O-14-64 | <.005 0.00 <0.9 0.24 <2 -- -- 
Mn- 7A -- -- -- -- ~- -- 12-17-64 | <.01 i 
Mn=- 8 LO-i 4-64 Ol 0.00 < 0.85 0.16 <2 -- -- 
Mn- 9 10-14-64 | <.01 0.00 < 0.95 0.32 3 -- -- 
Mn-10 rO-i4-64 | <.01 < 0.0! <0.9 1.32 3 12-17-64 <.01 

Mh- | 10-15-64 | <.005 0.00 < 0.85 0.24 <2 -- -- i 
Mh- 2 10-16-64 | <.005 0.00 < 0.55 0.80 < | bl-11-64 <.! 

Ml- | 9-30-64 | <.02 0.00 < 0.45 0.24 1.4 12-21-64 | <.0I 
MI- 4 9-30-64 | <.02 0.00 < 0.45 0.20 I -- -- i 
Ml- 5 9-30-64 | <.01 0.00 < 0.55 0.56 <2 12-21-64 <.0! 
Ml- 8 9-30-64 | <.005 0.00 < 0.5 0.32 < | 12-21-64 <.0! 
Ml- 9 9-30-64 | <.02 0.00 < 0.55 0.40 1.6 -- -- 
Ml=11 9-30-64 | <.02 0.00 < 0.55 0.28 1.6 12-21-64 | <.01 i 

4 Analyses by State Laboratory of Hygiene. 

Source: SEWRPC. F 
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i Appendix Table C-] (continued) 

Station Date of Chromium Hexavalent Fluoride Phosphorus Date of Cyanide 
No. Sampling Chromium Sampling 

Rk- | 9-16-64 < .005 0. 00 < 0.55 0. 24 < 2 11-18-64 <.0! 

Rk- ¥ 9-16-64 <= .02 0.00 <= 0.85 4.0 <= | 11-18-64 <.01 

Rk=- 5 9-14-64 < .005 0.00 < 0.3 0.24 <= | -- -- 

Rk=- 6 9-14-64 <= .005 0.00 =< 0.35 0.12 < | -- -- 

Rk- 8 9-i 4-64 < .02 0.00 < 1.5 5.3 <= | 11-19-64 <.01 

Rk-13 9-|6-64 <= .02 0.00 <_ 0.4 0.64 <= | l1-19-64 <.0/ 

Rt--4 -- -- -- -- ll- 5-64 < .03 

Rt- 5 9-11-64 < .02 < 0.9 1.3 < | -- -- 

i Rt- 6 -- -- -- -- li- 5-64 <= .03 

Sk- | 10-15-64 < .005 0.00 < 0.70 1.92 < 2 -- -~ 

Sk= 2 10-15-64 < .005 0.00 < 0.6 0.26 < 0.5 11-13-64 <.0! 

Source: SEWRPC. 
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Appendix D 

TECHNICAL ADVISORY COMMITTEE ON NATURAL RESOURCES i 

AND ENVIRONMENTAL DESIGN 

Benjamin F. Richason, Chairman Professor of Geography, Carroll College, Waukesha 

Lawrence E. Wright Chief Natural Resources Planner, SEWRPC i 

Kurt W. Bauer Executive Director, SEWRPC : 

George F. Hanson State Geologist, Wisconsin Geological and Natural History Survey 

Charles L. R. Holt, Jr. District Chief, Water Resources Division, U. S. Geological Survey i 

Walter K. Johnson Director, Planning Division, Wisconsin Department of 

Resource Development i 

Cyril Kabat Assistant Superintendent, Research and Planning Division, 

Wisconsin Conservation Department i 

Harry M. Major Assistant State Conservationist, Soil Conservation Service 

Harold A. McMiller Executive Director, Waukesha County Park and Planning Commission i 

Robert J. Mikula County Landscape Architect, Milwaukee County Park Commission 

Donald W. Niendorf Conservation Education Specialist, State Soil and Water i 

Conservation Committee 

James R. Price Division Engineer, Sewer Construction and Maintenance, Sewerage i 

Commission of the City of Milwaukee 

William Sayles Water Power Engineer, Wisconsin Public Service Commission i 

William F. Steuber Assistant State Highway Engineer, State Highway Commission 

of Wisconsin i 

George B. Wesler Chief, Planning and Reports Branch, U. 8. Army Corps of Engineers 

Donald G. Wieland Division Engineer, Sewer Design, Sewerage Commission of the i 

City of Milwaukee 

Harvey E. Wirth State Sanitary Engineer, State Board of Health i 

Theodore F. Wisniewski Acting Director, Water Resources Division, State Department 

of Resource Development i 

K. B. Young Associate Chief, Water Resources Division, U. S. Geological Survey 
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GLOSSARY 

Aerobic bacteria . . . . . Microscopic, typically one-celled organisms that thrive in the presence 

i of oxygen. 

Algae .... . . . . +. Simple aquatic or terrestrial plants containing chlorophyll. Aquatic 

forms may become adversely prolific when conditions are suitable. 

i Alkali metals. . . . . . +. The chemical elements sodium and potassium (and lithium, rubidium, 

and cesium). 

Alkaline earth metals. . . . The chemical elements calcium and magnesium (and beryllium, stron- 

tium, barium, and radium). 

i Anaerobic bacteria. . . . . Microscopic, typically one-celled organisms that thrive in the absence 

of oxygen. 

Anion . ... . . . . . Negatively charged ion which flows toward the anode under the influence 

i of an electrical potential. 

Cation. .. . . . . . . Positively charged ion which flows toward the cathode under the influence 

of an electrical potential. 

i Facultative fish. . . . . . Fish species that are able to thrive under varying conditions but require 

dissolved oxygen concentrations of no less than 4.0 ppm. Alewives, 

bluegill, sunfish, crappies, largemouth bass, northern pike, perch, 

Shiners, and walleyed pike are examples of facultative fish species. 

i Human (waste) sources . . . <A phrase applied in this report to include all domestic, industrial, agri- 

cultural, and commercial sources of treated or raw wastes that have 

impact upon the quality of receiving waters or that cause water pollution. 

i Ion. ..... . . . . Electrically charged atomic particle resulting from dissociation of 

molecules in solution. 

Ion, predominant . . . . . The anionic or cationic constituent occurring in largest concentration in 

i a given sample of water. 

Impact. ... .. . . . As applied in this report, the buildup of a specific parameter to con- 

centrations above the natural "background" concentration but below 

concentrations adopted as standards for certain water uses, thus, repre- 

i senting intermediate water quality between the natural condition and the 

condition of pollution. 

Intolerant fish . . . . . . Fish species that areintolerant to pollution and require dissolved oxygen 

i concentrations of no less than 5.0 ppm. Trout are an example of intoler- 

ant fish species. 

Parameter, water quality . . A substance, property, or organism identified in a water analysis, such 

as a chemical constituent, a physical property, a biochemical effect, or 

i a bacteriological determination, for the purpose of expressing the quality 

of the water. This term is applied in the same sense as used by the 

U. S. Public Health Service. 

i Phytoplankton . . . . . . Plant plankton. 

Plankton . . . . . . . . Aquatic organisms mostly of microscopic size that live unattached and 

have little ability to move and, therefore, drift with water movement, 

i Pollutant . . . . . . +. +. +A Substance which causes pollution. 

Pollution, stream . . . . . Acondition in which the quality of water in astream is adversely affected 

by waste discharges from human sources, so that one or more uses of 

the stream are obviated. 

i Protozoa... . - . . . Mostly microscopic, aquatic organisms consisting of a single cell or 

cell colonies in which each cell performs all vital functions of life. 

Saprophyte . . . . . . . Anorganism subsisting on dead or decaying matter. 
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Tolerant fish. . . . . . . Fish species that are tolerant to pollutionand require a dissolved oxygen 

concentration of no less than 3.0 ppm. Bream, carp, catfish, gar, gold- i 

fish, and suckers are examples of tolerant fish species. 

Tributary. . . . . . . . Abranch stream flowing to a main stream. 

Tributary, first-rank. . . . A branch stream flowing directly into a main stream. f 

Tributary, second-rank . . . A branch stream flowing directly into a first-rank tributary. 

Zooplankton. . . . . . . Animal plankton. 
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