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 ADVANCE \d 58 pt Chapter IV

SOURCES OF WATER POLLUTION

Introduction

An evaluation of water quality conditions in a watershed must include an identification, characterization, and where feasible, quantification of known pollution sources. This identification, characterization, and quantification is intended to aid in determining the probable causes of water pollution problems. This chapter presents a summary of the sources of pollution in the greater Milwaukee watersheds. More-detailed information is presented in SEWRPC Technical Report 39, Water Quality and Sources of Pollution in the Greater Milwaukee Watersheds, which is a companion report to this water quality plan.

Pollution Source Categories

Pollutants can reach surface waters by several pathways. First, pollutants may be discharged from discrete outfall points into surface waters. Second, pollutants associated with the land may be transported to the stream system either in surface runoff associated with wet-weather events or through dry-weather pathways. Third, pollutants may be transported from their point of origin through the atmosphere to the watershed. These substances may then be carried into surface waters either through precipitation or dry deposition processes. Finally, pollutants sequestered in sediments within a waterbody may be released to the overlying surface waters. In general, sources of pollutants are divided into two categories: point sources and nonpoint sources.

Point source pollution is defined as pollutants that are discharged to surface waters at discrete locations. Examples of such discrete discharge points include sanitary sewerage flow relief devices, sewage treatment plant discharges, and industrial discharges.

Nonpoint source pollution, also referred to as diffuse source pollution, consists of various discharges of pollutants to the surface waters which cannot be readily identified as point sources. Nonpoint source pollution is transported from the rural and urban land areas of a watershed to the surface waters by means of direct runoff from the land via overland routes, via storm sewers and channels, and by interflow during and shortly after rainfall or rainfall-snowmelt events. Nonpoint source pollution also includes pollutants conveyed to the surface waters via groundwater discharge—base flows—which is a major source of stream flow between runoff events.

The distinction between point and nonpoint sources of pollution is somewhat arbitrary since a nonpoint source pollutant, such as sediment being transported in overland rainfall runoff, can be collected in open channels or in storm sewers and conveyed to points of discharge, such as a storm sewer outfall. Thus, for purposes of this report, nonpoint source pollution includes substances washed from the land surface or subsurface by rainfall and snowmelt runoff and then conveyed to the surface waters by that runoff, even though the entry into the surface waters may be through a discrete location, such as a storm sewer outfall.

Nonpoint source pollution is similar in composition to point source pollution in that it can cause toxic, organic, nutrient, pathogenic, sediment, radiological, and aesthetic pollution problems. Nonpoint source pollution is becoming of increasing concern in water resources planning and engineering as efforts to abate point source pollution become increasingly successful. The control of nonpoint source pollution is a necessary step in the process of improving surface waters to render such waters suitable for full recreational use and a healthy fishery.

Nonpoint source pollution generally differs from point source pollution in one important respect: nonpoint source pollution is transported to the surface water at a highly irregular rate because large portions of the overall transport occur during rainfall or snowmelt events. In the dry period after washoff events, potential nonpoint source pollutants gradually accumulate on the land surface as a result of human activities, becoming available for transport to the surface waters during the next runoff event. The following activities, or effects of human activities, result in nonpoint source pollution: 1) dry fallout and washout of atmospheric pollution; 2) vehicle exhaust and lubricating oil and fuel leakage; 3) the gradual wear and disintegration of tires, pavements, structures, and facilities; 4) improper disposal of grass clippings and leaves; 5) improperly located and maintained onsite wastewater disposal systems; 6) poor soil and water conservation practices; 7) improper management of livestock wastes; 8) excessive use of fertilizers and pesticides; 9) debris, careless material storage and handling, and poor property maintenance; 10) construction and demolition activity; 11) application of deicing salts and sand; 12) streambank erosion; and 13) domestic and wild animal litter.

Data Sources and Analysis Procedures

Commission staff obtained lists of discharge permits issued under the Wisconsin Pollution Discharge Elimination System (WPDES) that were effective in February 2003 for the study area. These lists included permits for discharges from public and private wastewater treatment plants, permits issued under the general permit program for discharges from industrial and related facilities, individual permits for discharges from industrial and related facilities, and permits for the discharge of stormwater. Map locations of the permitted facilities were determined based upon the address of the facility. The facilities were then assigned to the appropriate watershed based on the location. In some instances, facilities were located on aerial photographs and confirmed by site visits.

Locations of sewage bypasses and overflows and data on bypass dates and volumes were obtained from two sources. Information on those sites within the Milwaukee Metropolitan Sewerage District (MMSD) 2020 Facilities Plan study area was provided by the MMSD. Information on sites outside of the MMSD 2020 Facilities Plan study area was provided by the Wisconsin Department of Natural Resources (WDNR). In some instances, bypass site locations were located on aerial photographs and confirmed by site visits.

Pollution loadings were developed through watercourse modeling. The modeling procedures are described in Chapter V of this report. Data from three types of point sources were included in the model: public and private wastewater treatment facilities, facilities permitted to discharge noncontact cooling water under the WDNR’s WPDES general permit program, and facilities with individual permits under the WDNR’s WPDES individual permit program. Monitoring data for public and private wastewater treatment facilities were taken from compliance maintenance annual reports (CMARs) submitted to the WDNR. Monitoring data for facilities discharging under individual or noncontact cooling water permits were taken from discharge monitoring reports (DMRs) submitted to the WDNR. Nonpoint source pollutant loads were estimated through application of the water quality model. For the purposes of comparing wet-weather and dry weather instream pollutant loads, daily average instream pollutant loads were estimated by appropriately combining daily average flow and pollutant ambient concentration.
Point Source Pollution

Sewage Treatment Plants

In 2004, there were 17 public sewage treatment plants in the greater Milwaukee watersheds, as shown in Table 48. Map 37 shows that 12 of these were located in the Milwaukee River watershed, two were located in the 


Table 48

WASTEWATER TREATMENT FACILITIES IN THE GREATER MILWAUKEE WATERSHEDS: 2004

	Number on
Map 37
	Facility Name
	Address
	Municipality
	Ownership

	  1
	Campbellsport Wastewater Treatment Facility

	110 Columbus Park Court
	Campbellsport
	Public

	  2
	Cascade Wastewater Treatment Facility

	N3191 Bates Road
	Cascade
	Public

	  3
	Cedarburg Wastewater Treatment Facility

	W54 N370 Park Lane
	Cedarburg
	Public

	  4
	Fonk’s Mobile Home Park No. 1

	5035 Schoen Road
	Union Grove
	Private

	  5
	Fredonia Municipal Sewer and Water Utility

	210 Park Avenue
	Fredonia
	Public

	  6
	Grafton Water and Wastewater Utility

	1900 9th Avenue
	Grafton
	Public

	  7
	Jackson Wastewater Treatment Plant

	W194 N16658 Eagle Drive
	Jackson
	Public

	  8
	Kettle Moraine Correctional Institution

	W9071 Forest Road
	Plymouth
	Private

	  9
	Kewaskum

	204 First Street
	Kewaskum
	Public

	10
	Long Lake Recreational Area

	N1765 Highway G
	Campbellsport
	Private

	11
	Milwaukee Metropolitan Sewerage
District-Jones Island Plant

	700 E. Jones Street
	Milwaukee
	Public

	12
	Milwaukee Metropolitan Sewerage
District-South Shore Plant

	8500 S. Fifth Avenue
	Oak Creek
	Public

	13
	Newburg

	P.O. Box 50
	Newburg
	Public

	14
	Random Lake Sewage Treatment Plant

	96 Russell Drive
	Random Lake
	Public

	15
	Saukville Village Sewer Utility

	1600 Cottontail Lane
	Saukville
	Public

	16
	South Milwaukee

	3033 Fifth Avenue
	South Milwaukee
	Public

	17
	Town of Scott Sanitary District No. 1

	N1614 Highway 28
	Adell
	Public

	18
	Union Grove

	3710 67th Drive
	Union Grove
	Public

	19
	West Bend

	512 Municipal Drive
	West Bend
	Public

	20
	Yorkville Sewer Utility District No. 1

	720 Main Street
	Union Grove
	Public


Source: SEWRPC.

Root River watershed, and three were located in the Lake Michigan direct drainage area. In 2004, there were no public sewage treatment plants located in the Kinnickinnic River, Menomonee River, and Oak Creek watersheds.

In the Milwaukee River watershed, the plants for the Cities of Campbellsport and Cedarburg and the Village of Jackson discharge effluent to Cedar Creek. The plants for the City of West Bend and the Villages of Fredonia, Grafton, Kewaskum, Newburg, and Saukville discharge effluent to the mainstem of the Milwaukee River. The Village of Cascade plant discharges effluent to a tributary of the North Branch of the Milwaukee River. The Village of Random Lake plant discharges effluent to Silver Creek (Sheboygan County). The Town of Scott Sanitary District No. 1 plant discharges effluent to a soil absorption system.

In the Root River watershed, the Village of Union Grove plant discharges effluent to the West Branch of the Root River Canal. The Town of Yorkville Sewer Utility District plant discharges effluent to Hoods Creek.
In the Lake Michigan direct drainage area, the MMSD South Shore plant and the City of South Milwaukee plant discharge effluent to Lake Michigan. The MMSD Jones Island plant discharges effluent to Lake Michigan via the Milwaukee Outer Harbor.

In 2004, there were also three private sewage treatment facilities in the greater Milwaukee watersheds (Table 48). Two of these were located in the Milwaukee River watershed and one was located in the Root River watershed (Map 37). In 2004, there were no private sewage treatment plants located in the Kinnickinnic and Menomonee River watersheds, the Oak Creek watershed, or the Lake Michigan direct drainage area.

In the Milwaukee River watershed, the sewage treatment plants serving the Kettle Moraine Correctional Institution and the Long Lake Recreational area discharge effluent to the soil for absorption.
Map 37

PLANNED SEWER SERVICE AREAS WITHIN THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA

In the Root River watershed, the sewage treatment plant serving Fonk’s Mobile Home Park No. 1 discharges effluent to the East Branch of the Root River Canal.

The initial regional water quality management plan recommended that all of the sanitary sewer areas identified in the plan be refined and detailed in cooperation with the local units of government concerned.
 Within the Southeastern Wisconsin Region, there are 29 sanitary sewer service areas identified within, or partially within, the greater Milwaukee watersheds. As of 2005, all of these areas with the exception of the MMSD and South Milwaukee service areas and a portion of the Yorkville service area had undergone refinements as recommended. In addition the Franklin and Oak Creek sewer service areas, which were initially included as part of the MMSD service area, were identified and refined since the initial plan. In the portions of the Milwaukee River watershed that are outside of the Region, there are six sanitary sewer service areas. Responsibility for refining these service areas rests with relevant state and local authorities. The planned sanitary sewer service areas in the portions of the greater Milwaukee watersheds in the Region, as refined through June 2005, total about 249 square miles. In addition, about 181 square miles of the greater Milwaukee watersheds are contained in unrefined sanitary sewer service areas in the Southeastern Wisconsin Region and about 5 square miles are contained in planned sanitary sewer service areas in portions of the greater Milwaukee watersheds outside of the Region. Planned sanitary sewer service areas in the greater Milwaukee watersheds are shown on Map 37 and are inventoried in SEWRPC Technical Report No. 39.

Sanitary Sewer Overflow Sites

During the period from August 1995 to August 2002, separate sanitary sewer overflows (SSOs) were reported at 133 locations. Table 49 summarizes the number of locations at which SSOs were reported in each of the watersheds. It is important to note that the number of overflows varied considerably among locations. The SSO sites which were incorporated into the water quality model are indicated on Map 38. More-detailed information on SSOs is given in SEWRPC Technical Report 39.
Combined Sewer Overflows

Combined sewer overflows (CSOs) are potential sources of pollution in the greater Milwaukee watersheds. MMSD has 121 CSO outfalls that discharge into the Kinnickinnic River, Menomonee River, Milwaukee River, and Lake Michigan. These outfalls can convey diluted sewage from the combined sewer system to the surface water systems as a result of high water volume from stormwater, snow meltwater, and infiltration and inflow of clear water during wet weather conditions. This conveyance to surface waters occurs to prevent damage to buildings or the mechanical elements of the conveyance system. Table 49 summarizes the numbers of CSO sites in each of the watersheds. It is important to note that the number of overflows varied considerably among locations. The locations of the CSO outfalls in the greater Milwaukee watersheds are indicated on Map 38. More-detailed information on CSOs is given in SEWRPC Technical Report 39.
Other Known Point Sources

Industrial Discharges

Table 50 summarizes the numbers of industrial discharge permits in effect through the Wisconsin Pollution Discharge Elimination System (WPDES) during February 2003 in the greater Milwaukee watersheds. At that time, 398 permits were in effect in the study area. Individual permits represented 41 of these permits, the rest were spread among 14 categories of general permits. The most common category of permit issued in the greater Milwaukee watersheds was for noncontact cooling water which regulates the discharge of noncontact cooling water, boiler blowdown, and air conditioner condensate. There were 154 facilities in the study area covered by permits in this category. Other common categories of permits were for the discharge of hydrostatic test water, the discharge from contaminated groundwater remedial actions, and the discharge from swimming pool facilities. These types of facilities represented 43, 40, and 34 permits, respectively. The other general permit categories were 


Table 49

SEPARATE SANITARY SEWER OVERFLOW SITES (SSO) AND COMBINED SEWER
OVERFLOW SITES (CSO) IN THE GREATER MILWAUKEE WATERSHEDS: 1995-2002

	
	Watershed

	Permit Type
	Kinnickinnic
River
	Menomonee
River
	Milwaukee
River
	Oak
Creek
	Root
River
	Lake Michigan
Direct Drainage
Area
	Total

	Separate Sanitary Sewer Overflow Sites

	  8
	36
	54
	7
	15
	22
	133

	Combined Sewer Overflow Sites

	26
	28
	65
	- -
	- -
	  2
	121


Source: Wisconsin Department of Natural Resources and SEWRPC.

Table 50

PERMITTED WASTEWATER DISCHARGERS UNDER THE WPDES GENERAL PERMIT AND
INDIVIDUAL PERMIT PROGRAMS IN THE GREATER MILWAUKEE WATERSHEDS: FEBRUARY 2003

	
	Watershed

	Permit Type
	Kinnickinnic
River
	Menomonee
River
	Milwaukee
River
	Oak
Creek
	Root
River
	Lake Michigan
Direct Drainage
Area
	Total

	Carriage/Interstitial Water from Dredging

	- -
	- -
	    1
	- -
	- -
	  1
	    2

	Concrete Products Operations

	  1
	    6
	    6
	- -
	  5
	- -
	  18

	Contaminated Groundwater
Remediation Actions

	  3
	  17
	  16
	  1
	  3
	- -
	  40

	Discharge to Subsurface
Absorption System

	- -
	- -
	- -
	- -
	  1
	- -
	    1

	Hydrostatic Test Water and
Water Supply System

	  1
	  12
	  15
	  1
	  8
	  6
	  43

	Land Applying Food Process
Byproduct Solids

	- -
	- -
	- -
	- -
	  1
	- -
	    1

	Land Applying Liquid Industrial Wastes

	- -
	    1
	    1
	- -
	  1
	- -
	    3

	Land Applying Sludge

	- -
	- -
	    1
	- -
	  1
	- -
	    2

	Noncontact Cooling Water

	16
	  67
	  46
	  3
	  6
	16
	154

	Nonmetallic Mining Operations

	- -
	    4
	  13
	- -
	  2
	  1
	  20

	Petroleum Contaminated Water

	  1
	  10
	- -
	  3
	  1
	  1
	  16

	Pit/Trench Dredging

	- -
	    1
	    2
	- -
	- -
	- -
	    3

	Potable Water Treatment
and Conditioning

	  1
	    9
	    3
	  1
	  4
	  2
	  20

	Swimming Pool Facilities

	  5
	  11
	  10
	  2
	  3
	  3
	  34

	Individual Permits

	  5
	  10
	  14
	  1
	  5
	  6
	  41

	Total
	33
	148
	128
	12
	41
	36
	398


Source: Wisconsin Department of Natural Resources and SEWRPC.

each represented by 20 or fewer facilities. Data from discharge monitoring reports for several facilities covered by individual permits or general permits for noncontact cooling water were included in the water quality model described in Chapter V of this report. These sites are shown on Map 38.
The Menomonee River watershed had the highest number of industrial discharge permits. In February 2003, 148 of these permits were in effect (Table 50). The Milwaukee River and Root River watersheds had the next highest numbers of permits with 128 and 41, respectively in effect in February 2003. The Kinnickinnic River and Oak Creek watersheds and the Lake Michigan direct drainage area had 33, 12, and 36 industrial discharge permits, respectively in effect at that time. In most of the watersheds, the most common category of permit issued was for the discharge of noncontact cooling water. The Oak Creek watershed was the exception to this generalization. In this watershed, the most common categories of permits issued were for the discharge of noncontact cooling water and for the discharge of petroleum contaminated water.

Map 38

MODELED POINT SOURCES OF POLLUTION WITHIN THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA: 2003

More-detailed information on the numbers and types of industrial discharge permits in effect in the greater Milwaukee watersheds in February 2003 is given in SEWRPC Technical Report No. 39.
Due to the dynamic nature of permitted point sources, it is recognized that the number of wastewater sources in the greater Milwaukee watersheds will change as industries and other facilities change locations or processes and as decisions are made with regard to connection of such sources to public sanitary sewer systems.

Nonpoint Source Pollution

Urban Stormwater Runoff

Regulation of Urban Nonpoint Source Pollution through the
Wisconsin Pollutant Discharge Elimination System Permit Program

Facilities engaged in industrial activities listed in Section NR 216.21(2)(b) of the Wisconsin Administrative Code must apply for and obtain a stormwater discharge permit. The WDNR originally developed a three tier system of industrial stormwater permits. Tier 1 permits apply to facilities involved in heavy industry and manufacturing, including facilities involved in lumber and wood product manufacturing, leather tanning, and primary metal industries. Tier 2 permits apply to facilities involved in light industry and manufacturing and transportation facilities, including facilities involved in printing, warehousing, and food processing. Tier 3 permits used to be issued to facilities which have certified, with WDNR concurrence, that they have no discharges of contaminated stormwater. WDNR authority for Tier 3 permits no longer exists and the Tier 3 permits have been terminated. Facilities now submit a certificate of no exposure. In addition, the WDNR also issues separate permits for automobile parts recycling facilities and scrap recycling facilities. Associated with each category of permit are specific requirements for monitoring and inspection. For all categories of permits except Tier 3 industrial permits, the permit requires the facility to develop and follow a stormwater pollution prevention plan (SWPPP). Specific requirements for the SWPPP are listed in Chapter NR 216.27 of the Wisconsin Administrative Code. They include provisions related to site mapping, implementation scheduling, conducting annual plan assessments, and monitoring of discharge.

As shown in Table 51, 677 industrial stormwater permits were in effect in the greater Milwaukee watersheds in February 2003. A total of 414 of these were Tier 2 permits, representing slightly over 61 percent of the permitted facilities in the study area. Tier 3 permits were the next most common in the study area. In February 2003, 137 of these were in effect. This was followed by Construction Site permits and Tier 1 Permits. In February 2003, 107 and 59 of these, respectively, were in effect. The number of Automobile Parts Recycling permits and Scrap Recycling permits in effect in the greater Milwaukee watersheds in February 2003 were 36 and 21, respectively.
The Menomonee River watershed had the highest number of industrial stormwater permits. In February 2003, 300 were in effect (Table 51). The Milwaukee River and Root River watersheds had the next highest numbers of permits with 124 and 105, respectively in effect in February 2003. The Kinnickinnic River and Oak Creek watersheds and the Lake Michigan direct drainage area had 84, 27, and 64 industrial stormwater permits, respectively in effect at that time.

More-detailed information on the industrial stormwater permits in effect in the greater Milwaukee watersheds in February 2003 is given in SEWRPC Technical Report No. 39.

The WDNR also issues and administers construction site stormwater permits through the WPDES General Permit program. All construction sites that disturb one acre of land or more are required to obtain coverage under the General Permit. Permitted construction sites are required to implement a construction site erosion control plan, and a post-construction stormwater management plan as required in Chapter NR 216.46 and Chapter NR 216.47 of the Wisconsin Administrative Code. Owners of permitted construction sites are also required to conduct inspections of their construction erosion control measures on a weekly basis and within 24 hours of a precipitation event of 0.5 inches or more. Due to the dynamic nature of construction activities, it is recognized that the number of sites requiring Construction Site Storm Water permits in the greater Milwaukee watersheds will change as construction projects are completed and new projects are initiated.

Table 51

WPDES PERMITTED STORMWATER FACILITIES IN THE GREATER MILWAUKEE WATERSHEDS: FEBRUARY 2003

	
	Watershed

	Permit Type
	Kinnickinnic
River
	Menomonee
River
	Milwaukee
River
	Oak
Creek
	Root
River
	Lake Michigan
Direct Drainage
Area
	Total

	Industrial Permits
	
	
	
	
	
	
	

	Storm Water Auto Parts Recycling

	  5
	  11
	  13
	  2
	    3
	  2
	36

	Storm Water Construction Site

	  6
	  34
	  17
	  3
	  44
	  3
	107

	Storm Water Industrial Tier 1

	10
	  12
	  20
	  2
	    7
	  8
	59

	Storm Water Industrial Tier 2

	45
	179
	  14
	12
	  39
	28
	414

	Storm Water Industrial Tier 3

	11
	  56
	  54
	  2
	  11
	  3
	137

	Storm Water Scrap Recycling

	  3
	    8
	    6
	  1
	    1
	  2
	21

	Subtotal
	80
	300
	124
	22
	105
	46
	677

	Municipal Stormwater Permits

	  4
	    7
	  13
	  5
	    9
	18
	29a

	Total
	84
	307
	137
	27
	114
	64
	706a


aThe total number of municipal stormwater permits is less than the sum of the permits in the watersheds because several municipalities extend into two or more watersheds.

Source: Wisconsin Department of Natural Resources and SEWRPC.

The WPDES stormwater permits for municipalities within the greater Milwaukee watershed are described below and summarized in Table 52.

Chapter NR 151 of the Wisconsin Administrative Code
Chapter NR 151, “Runoff Management,” of the Wisconsin Administrative Code establishes performance standards for the control of nonpoint source pollution from agricultural lands, nonagricultural (urban) lands, and transportation facilities. The standards for urban lands apply to areas of existing development, redevelopment, infill, and construction sites. In general, the construction erosion control, post-construction nonpoint source pollution control, and stormwater infiltration requirements of NR 151 apply to projects with construction activities that disturb at least one acre of land.

The urban standards are applied to activities covered under the WPDES program for stormwater discharges. As noted below, communities with WPDES discharge permits must adopt stormwater management ordinances that have requirements at least as stringent as the standards of Chapter NR 151. Those communities must also achieve levels of control of nonpoint source pollution from areas of existing development (as of October 1, 2004), that are specified under Chapter NR 151.

Stormwater Management Systems

Stormwater management facilities are defined, for the purposes of this report, as conveyance, infiltration, or storage facilities, including, but not limited to, subsurface pipes and appurtenant inlets and outlets, ditches, streams and engineered open channels, detention and retention basins, pumping facilities, infiltration facilities, constructed wetlands for treatment of runoff, and proprietary treatment devices based on settlement processes and control for oil and grease. Such facilities are generally located in urban areas and constructed or improved and operated for purposes of collecting stormwater runoff from tributary drainage areas and conveying, storing, and treating such runoff prior to discharge to natural watercourses. In the larger and more intensively developed urban communities, these facilities consist either of complete, largely piped, stormwater drainage systems which have been planned, designed, and constructed as systems in a manner similar to sanitary sewer and water utility systems, or of fragmented or partially piped systems incorporating open surface channels to as great a degree as possible. In the greater Milwaukee watersheds, the stormwater drainage systems provide the means by which a significant portion of the nonpoint sources pollutants reach the surface water system.
Table 52

STORMWATER MANAGEMENT INFORMATION FOR CITIES, VILLAGES,
AND TOWNS WITHIN THE LAKE MICHIGAN DIRECT DRAINAGE AREA

	Civil Division
	Stormwater
Management Ordinance
and/or Plan
	Construction
Erosion Control
Ordinance
	Stormwater Utility,
General Fund,
and/or Established
Stormwater
Fee Program
	Obtained WPDES Stormwater Discharge Permit

	Dodge Countya
	- -
	X
	- -
	- -

	Village of Lomira

	- -
	- -
	- -
	- -

	Town of Lomira

	- -
	Xa
	- -
	- -

	Fond du Lac Countyb
	X
	X
	- -
	- -

	Village of Campbellsport

	- -
	X
	- -
	- -

	Village of Eden

	- -
	- -
	- -
	- -

	Town of Ashford

	Xb
	Xb
	- -
	- -

	Town of Auburn

	Xb
	Xb
	- -
	- -

	Town of Byron

	Xb
	Xb
	- -
	- -

	Town of Eden

	Xb
	Xb
	- -
	- -

	Town of Empire

	Xb
	Xb
	- -
	- -

	Town of Forest

	Xb
	Xb
	- -
	- -

	Town of Osceola

	Xb
	Xb
	- -
	- -

	Kenosha County
	
	
	
	

	Town of Paris

	- -
	- -
	- -
	- -

	Milwaukee County
	
	
	
	

	City of Cudahy

	X
	X
	X
	X

	City of Franklin

	X
	X
	- -
	X

	City of Glendale

	X
	X
	X
	X

	City of Greenfield

	X
	X
	X
	X

	City of Milwaukee

	X
	X
	X
	X

	City of Oak Creek

	X
	X
	X
	X

	City of St. Francis

	X
	X
	X
	X

	City of South Milwaukee

	X
	X
	- -
	X

	City of St. Francis

	X
	X
	X
	X

	City of Wauwatosa

	X
	X
	X
	X

	City of West Allis

	X
	X
	X
	X

	Village of Bayside

	X
	X
	- -
	X

	Village of Brown Deer

	X
	X
	- -
	X

	Village of Fox Point

	X
	X
	- -
	X

	Village of Greendale

	X
	X
	X
	X

	Village of Hales Corners

	X
	X
	- -
	X

	Village of River Hills

	X
	X
	- -
	X

	Village of Shorewood

	X
	X
	- -
	X

	Village of West Milwaukee

	- -
	X
	- -
	X

	Village of Whitefish Bay

	X
	X
	- -
	X

	Ozaukee County
	
	
	
	

	City of Cedarburg

	X
	X
	- -
	X

	City of Mequon

	X
	X
	- -
	X

	City of Port Washington

	X
	X
	X
	- -

	Village of Fredonia

	X
	X
	- -
	- -

	Village of Grafton

	X
	X
	- -
	X

	Village of Newburg

	- -
	X
	- -
	- -

	Village of Saukville

	X
	X
	- -
	- -

	Village of Thiensville

	X
	X
	- -
	X

	Town of Cedarburg

	- -
	- -
	- -
	- -

	Town of Fredonia

	- -
	- -
	- -
	- -

	Town of Grafton

	X
	X
	- -
	X

	Town of Port Washington

	- -
	- -
	- -
	- -

	Town of Saukville

	- -
	- -
	- -
	- -


Table 52 (continued)

	Civil Division
	Stormwater
Management Ordinance
and/or Plan
	Construction
Erosion Control
Ordinance
	Stormwater Utility,
General Fund,
and/or Established
Stormwater
Fee Program
	Obtained WPDES Stormwater Discharge Permit

	Racine County
	
	
	
	

	City of Racine

	X
	X
	X
	X

	Village of Caledonia

	X
	X
	X
	X

	Village of Mt. Pleasant

	X
	X
	- -
	X

	Village of North Bay

	- -
	- -
	- -
	- -

	Village of Sturtevant

	- -
	X
	X
	- -

	Village of Union Grove

	X
	X
	- -
	- -

	Village of Wind Point

	- -
	- -
	- -
	- -

	Town of Dover

	- -
	X
	- -
	- -

	Town of Norway

	X
	X
	- -
	- -

	Town of Raymond

	- -
	- -
	- -
	- -

	Town of Yorkville

	- -
	- -
	- -
	- -

	Sheboygan County
	
	
	
	

	Village of Adell

	- -
	- -
	- -
	- -

	Village of Cascade

	- -
	- -
	- -
	- -

	Village of Random Lake

	- -
	X
	- -
	- -

	Town of Greenbush

	Xc
	Xc
	- -
	- -

	Town of Holland

	Xc
	Xc
	- -
	- -

	Town of Lyndon

	Xc
	Xc
	- -
	- -

	Town of Mitchell

	Xc
	Xc
	- -
	- -

	Town of Scott

	Xc
	Xc
	- -
	- -

	Town of Sherman

	Xc
	Xc
	- -
	- -

	Washington County
	
	
	
	

	City of West Bend

	X
	X
	- -
	- -

	Village of Germantown

	X
	X
	- -
	X

	Village of Jackson

	X
	X
	- -
	- -

	Village of Kewaskum

	X
	X
	- -
	- -

	Village of Newburg

	- -
	X
	- -
	- -

	Village of Slinger

	- -
	- -
	- -
	- -

	Town of Addison

	Xd
	Xd
	- -
	- -

	Town of Barton

	Xd
	Xd
	- -
	- -

	Town of Farmington

	Xd
	Xd
	- -
	- -

	Town of Germantown

	Xd
	Xd
	- -
	- -

	Town of Jackson

	Xd
	Xd
	- -
	- -

	Town of Kewaskum

	X
	X
	- -
	- -

	Town of Polk

	Xd
	Xd
	- -
	- -

	Town of Richfield

	Xd
	Xd
	- -
	- -

	Town of Trenton

	Xd
	Xd
	- -
	- -

	Town of Wayne

	X
	X
	- -
	- -

	Town of West Bend

	X
	X
	- -
	- -

	Waukesha County
	
	
	
	

	City of Brookfield

	X
	X
	- -
	X

	City of Muskego

	X
	X
	- -
	- -

	City of New Berlin

	X
	X
	X
	X

	Village of Butler

	X
	X
	X
	X

	Village of Elm Grove

	X
	X
	X
	X

	Village of Menomonee Falls

	X
	X
	- -
	- -

	Town of Brookfield

	X
	X
	X
	- -

	Town of Lisbon

	X
	X
	- -
	X


aThe Town of Lomira is covered under the Dodge County construction erosion control ordinance.

bAll towns are covered under Fond du Lac County’s stormwater management and construction erosion control ordinance.

cAll towns are covered under Sheboygan County’s stormwater management and construction erosion control ordinance.

dIn the indicated towns, Washington County administers either 1) the county stormwater management and construction erosion control (SWM & CEC) ordinance, or 2) a SWM & CEC ordinance adopted by the town.

Source: Wisconsin Department of Natural Resources and SEWRPC.
With the relatively recent application of the WPDES permitting program to stormwater discharges and the adoption of local stormwater management ordinances, controls on the quality of stormwater runoff prior to discharge to receiving streams have become more common. Table 52 indicates the status of stormwater management activities in each of the communities in the greater Milwaukee watersheds.

In the Kinnickinnic River watershed, all of the communities have been issued WPDES stormwater discharge permits, including the Cities of Cudahy, Greenfield, Milwaukee, St. Francis, and West Allis and the Village of West Milwaukee.

In the Menomonee River watershed, the Cities of Brookfield, Greenfield, Mequon, Milwaukee, New Berlin, Wauwatosa, and West Allis; the Villages of Butler, Elm Grove, Germantown, Greendale; Menomonee Falls, and West Milwaukee; and the Towns of Brookfield and Lisbon have WPDES stormwater discharge permits Thus, all of the incorporated communities in the watershed and two Towns comprising 98 percent of the watershed area have been issued WPDES stormwater discharge permits.

In the Milwaukee River watershed, the Cities of Cedarburg, Glendale, Mequon, and Milwaukee; the Villages of Bayside, Brown Deer, Fox Point, Grafton, River Hills, Shorewood, Thiensville, and Whitefish Bay; and the Town of Grafton have received WPDES stormwater discharge permits. The remaining communities in the watershed do not currently have stormwater discharge permits. Thus, communities comprising 16 percent of the watershed area have been issued WPDES stormwater discharge permits.

All of the communities in the Oak Creek watershed, including the Cities of Cudahy, Franklin, Greenfield, Milwaukee, Oak Creek, and South Milwaukee have WPDES stormwater discharge permits.
In the Root River watershed, the Cities of Franklin, Greenfield, Milwaukee, New Berlin, Oak Creek, Racine, and West Allis; the Villages of Caledonia, Greendale, Hales Corners, and Mt. Pleasant have WPDES stormwater discharge permits. The City of Muskego; the Villages of Sturtevant and Union Grove; and the Towns of Dover, Norway, Paris, Raymond, and Yorkville do not currently have stormwater discharge permits. Thus, communities comprising 62 percent of the watershed area have been issued WPDES stormwater discharge permits.

In the Lake Michigan direct drainage area, the Cities of Cudahy, Glendale, Mequon, Milwaukee, Oak Creek, Racine, St. Francis, and South Milwaukee; the Villages of Bayside, Caledonia, Fox Point, Mt. Pleasant, River Hills, Shorewood, and Whitefish Bay; and the Town of Grafton have received WPDES stormwater discharge permits. The City of Port Washington submitted an application for coverage under the WPDES stormwater municipal separate storm sewer system general permit in June 2006 and the Village of Wind Point is required to submit an application for coverage under the general permit. The Village of North Bay and the Town of Port Washington do not currently have stormwater discharge permits. Thus, communities comprising 99 percent of the direct drainage area have been issued, or will be issued, WPDES stormwater discharge permits.

Overall, communities comprising about 42 percent of the area of the greater Milwaukee watersheds have been issued, or will be issued, WPDES stormwater discharge permits. In addition to specific nonpoint source pollution control activities recommended under their WPDES permits, these communities will all be required to develop new, or update existing, stormwater management ordinances to be consistent with the standards of Chapter NR 151 of the Wisconsin Administrative Code. As part of their permit application, each community prepared maps of the stormwater outfalls that are part of the municipal separate stormwater system.

Urban Enclaves Outside Planned Sewer Service Areas

Map 39 shows areas served by centralized sanitary sewer service areas in the greater Milwaukee watersheds in 2000. In that year, 190,664 acres of the watersheds were served by sanitary sewer systems. In addition, there were about 25,242 acres of urban-density enclaves that were not served by public sanitary sewer systems. As shown on Map 40, about 17,354 acres of these enclaves are in areas served by onsite sewage disposal systems that were developed prior to 1980. These older systems may be at particular risk for malfunctioning. As described in 


Map 39

AREAS SERVED BY CENTRALIZED SANITARY SEWERAGE SYSTEMS WITHIN THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA: 2000

Map 40

AREAS WITHIN THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA THAT ARE SERVED BY ONSITE SEWAGE DISPOSAL SYSTEMS: 1980 AND PRIOR AND 1981 THROUGH 2000

Chapter II of SEWRPC Technical Report No. 39, failure of onsite sewage disposal systems can contribute nonpoint source pollutants to streams and groundwater.

Solid Waste Disposal Sites

Solid waste disposal sites are a potential source of surface water, as well as groundwater, pollution. It is important to recognize, however, the distinction between a properly designed and constructed sanitary landfill and the variety of operations that are referred to as refuse dumps, especially with respect to potential effects on water quality. A solid waste disposal site may be defined as any land area used for the deposit of solid wastes regardless of the method of operation, or whether a subsurface excavation is involved. A sanitary landfill may be defined as a solid waste disposal site which is carefully located, designed, and operated to avoid hazards to public health or safety, or contamination of ground water or surface waters. The proper design of sanitary landfills requires careful engineering to confine the refuse to the smallest practicable area, to reduce the refuse mass to the smallest practicable volume, to avoid surface water runoff, to minimize leachate production and percolation into the groundwater and surface waters, and to seal the surface with a layer of earth at the conclusion of each day’s activities or at more frequent intervals as necessary.

In order for a landfill to produce leachate, there must be some source of water moving through the fill material. Possible sources of water include precipitation, the moisture content of the refuse itself, surface water infiltration, groundwater migrating into the fill from adjacent land areas, or groundwater rising from below to come in contact with the fill. In any event, leachate is not released from a landfill until a significant portion of the fill material exceeds its saturation capacity. If external sources of water are excluded from the sanitary landfill, the production of leachates in a well-designed and -managed landfill can be effectively minimized, if not entirely avoided. The quantity of leachate produced will depend upon the quantity of water that enters the solid waste fill site minus the quantity that is removed by evapotranspiration. Studies have estimated that for a typical landfill, from 20 to 50 percent of the rainfall infiltrated into the solid waste may be expected to become leachate. Accordingly, a total annual rainfall of about 32 inches, which is about the average rainfall reported for the period 1950 to 2003 for five meteorological stations located in or near the greater Milwaukee watersheds, could produce from 170,000 to 440,000 gallons of leachates per year per acre of landfill if the facility is not properly located, designed, and operated.
Table 53 shows that as of 2005, there were six active solid waste disposal sites in the greater Milwaukee watersheds. Two of these were located in the Milwaukee River watershed and one each in the Menomonee River, Oak Creek, and Root River watersheds and the Lake Michigan direct drainage area. In addition, there are 78 known inactive solid waste disposal sites. The locations of active and inactive solid waste disposal sites are shown on Map 41. Additional information on solid waste disposal sites in the greater Milwaukee watersheds is given in SEWRPC Technical Report No. 39.

Rural Stormwater Runoff

Rural land uses in the greater Milwaukee watersheds include agricultural—both livestock operations and crop production—and woodlands, wetlands, water, and other open lands as set forth in Chapter II of this report. As noted above, Chapter NR 151 of the Wisconsin Administrative Code establishes performance standards for the control of nonpoint source pollution from agricultural lands, nonagricultural (urban) lands, and transportation facilities. Agricultural performance standards are established for soil erosion, manure storage facilities, clean water diversions, nutrient management, and manure management. Those standards must only be met to the degree that grant funds are available to implement projects designed to meet the standards.
Most of the watersheds comprising the greater Milwaukee watersheds contain rural land uses. The Kinnickinnic River watershed is an exception to this. There are no significant rural lands within the Kinnickinnic River watershed.

Livestock Operations

The presence of livestock and poultry manure in the environment is an inevitable result of animal husbandry and is a major potential source of water pollutants. Animal manure composed of feces, urine, and sometimes bedding 

Table 53

NUMBER OF ACTIVE AND INACTIVE SOLID WASTE DISPOSAL
SITES IN THE GREATER MILWAUKEE WATERSHEDS: 2005

	
	Watershed

	Type
	Kinnickinnic
River
	Menomonee
River
	Milwaukee
River
	Oak
Creek
	Root
River
	Lake Michigan
Direct Drainage Area
	Total

	Active

	0
	1
	  2
	1
	  1
	1
	  6

	Inactive

	1
	7
	47
	7
	13
	3
	78

	Total
	1
	8
	49
	8
	14
	4
	84


Source: Wisconsin Department of Natural Resources and SEWRPC.

material, contributes suspended solids, nutrients, oxygen-demanding substances, bacteria, and viruses to surface waters. Animal waste constituents of pastureland and barnyard runoff, and animal wastes deposited on pastureland and cropland and in barnyards, feedlots, and manure piles, can potentially contaminate water by surface runoff, infiltration to groundwater, and volatilization to the atmosphere. During the warmer seasons of the year the manure is often scattered on cropland and pastureland where the waste material is likely to be taken up by vegetative growth composing the land cover. However, when the animal manure is applied to the land surface during the winter, the animal wastes are subject to excessive runoff and transport, especially during the spring snowmelt period.
Major livestock operations are not common in the greater Milwaukee watersheds. Within this study area, there are six farm operations with more than 1,000 animal units. Five of these are in the Milwaukee River watershed and one is in the Root River watershed. Numerous smaller operations raise a number of different animals including dairy and beef cattle, pigs, sheep, and poultry. The largest numbers of these operations are in the portions of the Milwaukee River watershed in Fond du Lac and Sheboygan Counties.

More-detailed information on livestock operations in the greater Milwaukee watersheds in is given in SEWRPC Technical Report No. 39.

Crop Production

Runoff from cropland can have an adverse effect upon water quality in waterbodies of the greater Milwaukee watersheds by contributing excessive sediments, nutrients and organic matter, including pesticides to streams. Negative effects associated with soil erosion and transport to waterbodies includes reduced water clarity, sedimentation on streambeds, and contamination of the water from various agricultural chemicals and nutrients that are attached to the individual soil particles. Some of these nutrients, in particular phosphorus, and to some extent nitrogen, are directly associated with eutrophication of water resources. The extent of the water pollution from cropping practices varies considerably as a result of the soils, slopes, and crops, as well as in the numerous methods of tillage, planting, fertilization, chemical treatment, and conservation practices. Conventional tillage practices, or moldboard plowing, involve turning over the soil completely, leaving the soil surface bare of most cover or residue from the previous year’s crop, and making it highly susceptible to erosion due to wind and rain. The use of conservation tillage practices has become common in the greater Milwaukee watersheds in recent years within the areas most susceptible to erosion and surface water impacts.

Crops grown in the greater Milwaukee watersheds include row crops, such as corn and soybeans; small grains, such as winter wheat and oats; hay, such as alfalfa and clover; and vegetables, such as cabbages, snap peas, and sweet corn. Row and vegetable crops, which have a relatively higher level of exposed soil surface, tend to contribute higher pollutant loads than do hay and pastureland, which support greater levels of vegetative cover. Crop rotations typically follow a two- or three-year sequence of corn and soybeans and occasionally winter wheat in the third year; however, hay is periodically included as part of a long-term rotation of corn, oats, and alfalfa.

Map 41

ACTIVE AND INACTIVE SOLID WASTE DISPOSAL SITES WITHIN AND ADJACENT TO THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA: 2005

Since the early 1930s, it has been a national objective to preserve and protect agricultural soil from wind and water erosion. Federal programs have been developed to achieve this objective, with the primary emphasis being on sound land management and cropping practices for soil conservation. An incidental benefit of these programs has been a reduction in the amount of eroded organic and inorganic materials entering surface waters as sediment or attached to sediment. Some practices are effective in both regards, while others may enhance the soil conditions with little benefit to surface water quality. Despite the implementation of certain practices aimed at controlling soil erosion from agricultural land, and development of soil erosion plans and/or land water resource management plans for Kenosha,
 Milwaukee,
 Ozaukee,
 Racine,
 Washington,
 and Waukesha
 Counties, such erosion and the resultant deposition of sediment in streams of the greater Milwaukee watersheds remains a problem.

Nutrients such as phosphorus and agri-chemicals, including herbicides and pesticides, are electrostatically attracted to silt sized particles and are transported to surface waters through soil erosion. As previously mentioned, phosphorus is one of the primary nutrients associated with eutrophication of water resources, and agri-chemicals can negatively impact the life cycles of aquatic organisms. In the eutrophication process, phosphorus enhances growth of aquatic vegetation and algae, which has the effect of accelerating the aging process of a water resource. Phosphorus is not usually susceptible to downward movement through the soil profile; instead, the majority of phosphorus reaches water resources by overland flow, or erosion. Nitrogen also is a nutrient that contributes to eutrophication; however, it is most often associated with subsurface water quality contamination. Nitrogen in the form of nitrate can be associated with respiration problems in newborn infants. Nitrogen is susceptible to downward movement through the soil profile; however, due to the nature of soils in the watershed, nitrogen is not a significant threat due to various chemical reactions that occur in the soil.

Woodlands

A well-managed woodland contributes few pollutants to surface waters. Under poor management, however, woodlands may have detrimental water quality effects through release of sediments, nutrients, organic matter, and pesticides into nearby surface waters. If trees along streams are cut, thermal pollution may occur as the direct rays of the sun strike the water. Disturbances caused by tree harvesting, livestock grazing, tree growth promotion, tree disease prevention, fire prevention, and road and trail construction are a major source of pollution from silvicultural activities. Most of these activities are seldom practiced in the greater Milwaukee watersheds.

Annual Pollutant Loadings

Annual average pollutant loadings to the greater Milwaukee watersheds are summarized in Tables 54 through 59. These estimates represent point and nonpoint source loads delivered to the modeled stream reaches, after accounting for any trapping factors that would retain pollutants on the surface of the land. They include loads from groundwater. It is important to note that the stream channel pollutant loads may be expected to be different from the actual transport from the watersheds, because physical, chemical, and biological processes may retain or remove pollutants or change their form during transport over the land surface or within the stream system. These processes include particle deposition or entrapment on the land surface or in floodplains, stream channel deposition or aggradation, biological uptake, and chemical transformation and precipitation. The total pollutant loads summarized in Tables 54 through 59 are representative of potential pollutants moved from the greater Milwaukee watersheds into stream channels, but are not intended to reflect the total amounts of pollutants moving from those sources through the entire hydrologic-hydraulic system.

It is important to note that when average annual pollutant loadings are examined at the scale of the study area, the largest single source of contributions of total phosphorus, total nitrogen, BOD, and copper are the sewage treatment plants located in the Lake Michigan direct drainage area which discharge directly to Lake Michigan, or indirectly to the Lake through the Milwaukee outer harbor. Depending on the pollutant, these account for about 42 to 68 percent of estimated average annual contributions of these four pollutants to the greater Milwaukee watersheds. In addition, while the contribution of total suspended solids (TSS) from these sewage treatment plants represents a small fraction of the total average annual loading of TSS to the greater Milwaukee watersheds, it represents about 88 percent of the loadings from point sources. Because the high proportion of contributions represented by this source and the lower proportions represented by other pollutions sources in the Lake Michigan direct drainage area are not representative of the mix of contributions from pollution sources in the other watersheds. Tables 54 through 59 also present subtotals of pollutant loadings to both the entire riverine system of the greater Milwaukee watersheds and to those three Rivers—the Kinnickinnic River, the Menomonee River, and the Milwaukee River—that discharge into the Milwaukee outer harbor. In general the fraction of the average annual loadings represented by each category of point source to the total loadings to the three Rivers discharging to the harbor do not differ greatly from the fractions of average annual loadings represented by each category of point source to the total loadings to the entire riverine system.

More-detailed information on estimated annual pollutant loadings in the greater Milwaukee watersheds is set forth in SEWRPC Technical Report No. 39.

Point Source Loadings

Average annual total point source loads for six pollutants in the greater Milwaukee watersheds are summarized in Tables 54 through 59. In most of the watersheds, contributions of most of these pollutants by point sources represent a minor portion of the combined total average loads from point and nonpoint sources, generally about 25 percent or less, except for total phosphorus loads in the Menomonee River and Milwaukee River watersheds, in which point sources account for 38 and 54 percent, respectively, of the total loads and fecal coliform bacteria loads in the Kinnickinnic River watershed, in which point sources account for about 31 percent of the total load. In the Lake Michigan direct drainage area, point sources account for much higher fractions of the combined total average loads from point and nonpoint sources, generally about 94 percent or more, except for the TSS load, which is split evenly between point and nonpoint sources and the fecal coliform bacteria load, of which point sources represent about one third. The higher point source loads in the Lake Michigan direct drainage area reflect the presence of three public sewage treatment plants in the area which discharge effluent to Lake Michigan, either directly or indirectly via the Milwaukee outer harbor.

Average annual total point source loads of total phosphorus in the greater Milwaukee watersheds are summarized in Table 54. The total average annual point source load of total phosphorus is about 491,040 pounds. Sewage treatment plants and industrial dischargers account for about three-fourths and one-fourth, respectively, of the contributions of total phosphorus from point sources with much smaller contributions from combined sewer overflows and separate sanitary sewer overflows. The total average annual point source load of total phosphorus to the riverine system of the greater Milwaukee watersheds only is about 174,290 pounds. Industrial dischargers 

Table 54

AVERAGE ANNUAL LOADS OF TOTAL PHOSPHORUS IN THE GREATER MILWAUKEE WATERSHEDSa
	
	Point Sources
	Nonpoint Sources
	

	Watershed
	Industrial
Point
Sources
(pounds)
	SSOs
(pounds)
	CSOs
(pounds)
	Sewage
Treatment
Plants
(pounds)
	Subtotal
(pounds)
	Urban
(pounds)
	Rural
(pounds)
	Subtotal
(pounds)
	Total
(pounds)

	Kinnickinnic River

	1,440
	890
	490
	- -
	2,820
	9,860
	70
	9,930
	12,750

	Menomonee River

	17,550
	580
	1,880
	- -
	20,010
	29,040
	4,070
	33,110
	53,120

	Milwaukee River

	93,840
	780
	1,790
	51,740
	148,150
	45,290
	81,060
	126,350
	274,500

	Subtotal from
Rivers to Harbor
	112,830
	2,250
	4,160
	51,740
	170,980
	84,190
	85,200
	169,390
	340,370

	Percent of Load from
Rivers to Harbor
	33.1
	0.7
	1.2
	15.2
	50.2
	24.8
	25.0
	49.8
	100.0

	Oak Creek

	10
	10
	- -
	- -
	20
	8,500
	2,110
	10,610
	10,630

	Root River

	130
	10
	- -
	3,150
	3,290
	26,510
	54,260
	80,770
	84,060

	Riverine Subtotal
	112,970
	2,270
	4,160
	54,890
	174,290
	119,200
	141,570
	260,770
	435,060

	Percent of
Riverine Load
	26.0
	0.5
	1.0
	12.6
	40.1
	27.4
	32.5
	59.9
	100.0

	Lake Michigan Direct
Drainage Area

	- -
	40
	160
	316,550
	316,750
	13,180
	2,240
	15,420
	332,170

	Total
	112,970
	2,310
	4,320
	371,440
	491,040
	132,380
	143,810
	276,190
	767,230

	Percent of
Total Load
	14.7
	0.3
	0.6
	48.4
	64.0
	17.3
	18.7
	36.0
	100.0


aLoads from groundwater are included. The results are annual averages based on simulation of year 2000 land use conditions and approximated current point source loads and wastewater conveyance, storage, and treatment system operating conditions. The simulations were made using meteorological data from 1988 through 1997, which is a representative rainfall period for the study area.

Source: Brown and Caldwell; HydroQual, Inc.; Tetra Tech, Inc.; and SEWRPC.

Table 55

AVERAGE ANNUAL LOADS OF TOTAL SUSPENDED SOLIDS IN THE GREATER MILWAUKEE WATERSHEDSa
	
	Point Sources
	Nonpoint Sources
	

	Watershed
	Industrial
Point
Sources
(pounds)
	SSOs
(pounds)
	CSOs
(pounds)
	Sewage
Treatment
Plants
(pounds)
	Subtotal
(pounds)
	Urban
(pounds)
	Rural
(pounds)
	Subtotal
(pounds)
	Total
(pounds)

	Kinnickinnic River

	12,410
	51,270
	42,810
	- -
	106,490
	  5,162,520
	29,760
	5,192,280
	5,298,770

	Menomonee River

	58,740
	33,590
	182,960
	- -
	275,290
	15,738,270
	1,950,230
	17,688,500
	17,963,790

	Milwaukee River

	454,000
	24,000
	143,650
	294,000
	915,650
	17,708,000
	39,760,000
	57,468,000
	58,383,650

	Subtotal from
Rivers to Harbor
	525,150
	108,860
	369,420
	294,000
	1,297,430
	38,608,790
	41,739,990
	80,348,780
	81,646,210

	Percent of Load from
Rivers to Harbor
	0.6
	  0.1
	0.5
	0.4
	1.6
	47.3
	51.1
	98.4
	100.0

	Oak Creek

	1,930
	500
	- -
	- -
	2,430
	  4,414,270
	888,310
	5,302,580
	5,305,010

	Root River

	480
	1,030
	- -
	10,400
	11,910
	  8,987,470
	74,772,050
	83,759,520
	83,771,430

	Riverine Subtotal
	527,560
	110,390
	369,420
	304,400
	1,311,770
	52,010,530
	117,400,350
	169,410,880
	170,722,650

	Percent of
Riverine Load
	0.3
	  0.1
	0.2
	0.2
	0.8
	30.4
	68.8
	99.2
	100.0

	Lake Michigan Direct
Drainage Area

	- -
	1,600
	16,040
	6,926,460
	6,944,100
	  5,541,730
	1,227,220
	6,768,950
	13,713,050

	Total
	527,560
	111,990
	385,460
	7,230,860
	8,255,870
	57,552,260
	118,627,570
	176,179,830
	184,435,700

	Percent of
Total Load
	0.3
	<0.1
	0.2
	3.9
	4.5
	31.2
	64.3
	95.5
	100.0


aLoads from groundwater are included. The results are annual averages based on simulation of year 2000 land use conditions and approximated current point source loads and wastewater conveyance, storage, and treatment system operating conditions. The simulations were made using meteorological data from 1988 through 1997, which is a representative rainfall period for the study area.

Source: Brown and Caldwell; HydroQual, Inc.; Tetra Tech, Inc.; and SEWRPC.

Table 56

AVERAGE ANNUAL LOADS OF FECAL COLIFORM BACTERIA IN THE GREATER MILWAUKEE WATERSHEDSa
	
	Point Sources
	Nonpoint Sources
	

	Watershed
	Industrial
Point
Sources
(trillions
of cells)
	SSOs
(trillions
of cells)
	CSOs
(trillions
of cells)
	Sewage
Treatment
Plants
(trillions
of cells)
	Subtotal
(trillions
of cells)
	Urban
(trillions
of cells)
	Rural
(trillions
of cells)
	Subtotal
(trillions
of cells)
	Total
(trillions
of cells)

	Kinnickinnic River

	  0.00
	978.06
	554.79
	- -
	1,532.85
	3,358.20
	0.31
	3,358.51
	4,891.36

	Menomonee River

	  0.00
	640.82
	1,727.39
	- -
	2,368.21
	14,111.84
	393.11
	14,504.95
	16,873.16

	Milwaukee River

	12.11
	429.04
	1,878.91
	41.54
	2,361.60
	24,098.90
	14,366.16
	38,465.06
	40,826.66

	Subtotal from
Rivers to Harbor
	12.11
	2,047.92
	4,161.09
	41.54
	6,262.66
	41,568.94
	14,759.58
	56,328.52
	62,591.18

	Percent of Load from
Rivers to Harbor
	<0.1
	3.3
	6.6
	<0.1
	10.0
	66.4
	23.6
	90.0
	100.0

	Oak Creek

	  0.00
	9.55
	- -
	- -
	9.55
	2,602.87
	179.69
	2,782.56
	2,792.11

	Root River

	  0.00
	19.65
	- -
	3.29
	22.94
	9,213.70
	2,543.51
	11,757.21
	11,780.15

	Riverine Subtotal
	12.11
	2,077.12
	4,161.09
	44.83
	6,295.15
	53,385.51
	17,482.78
	70,868.29
	77,163.44

	Percent of
Riverine Load
	<0.1
	2.7
	5.4
	<0.1
	  8.2
	69.2
	22.6
	91.8
	100.0

	Lake Michigan Direct
Drainage Area

	- -
	33.82
	132.23
	2,043.01
	2,209.06
	3,907.44
	155.13
	4,062.57
	6,272

	Total
	12.11
	2,110.94
	4,293.32
	2,087.84
	8,504.21
	57,292.95
	17,637.91
	74,930.86
	83,435.07

	Percent of
Total Load
	<0.1
	2.5
	5.1
	  2.5
	10.2
	68.7
	21.1
	89.8
	100.0


aLoads from groundwater are included. The results are annual averages based on simulation of year 2000 land use conditions and approximated current point source loads and wastewater conveyance, storage, and treatment system operating conditions. The simulations were made using meteorological data from 1988 through 1997, which is a representative rainfall period for the study area.

Source: Brown and Caldwell; HydroQual, Inc.; Tetra Tech, Inc.; and SEWRPC.

Table 57

AVERAGE ANNUAL LOADS OF TOTAL NITROGEN IN THE GREATER MILWAUKEE WATERSHEDSa
	
	Point Sources
	Nonpoint Sources
	

	Watershed
	Industrial
Point
Sources
(pounds)
	SSOs
(pounds)
	CSOs
(pounds)
	Sewage
Treatment
Plants
(pounds)
	Subtotal
(pounds)
	Urban
(pounds)
	Rural
(pounds)
	Subtotal
(pounds)
	Total
(pounds)

	Kinnickinnic River

	    6,730
	1,870
	  2,290
	- -
	     10,890
	  61,870
	       1,370
	     63,240
	       74,130

	Menomonee River

	  55,650
	1,230
	11,610
	- -
	     68,490
	209,340
	   118,410
	   327,750
	     396,240

	Milwaukee River

	  75,530
	3,280
	17,910
	   123,210
	   219,930
	227,480
	1,733,700
	1,961,180
	  2,181,110

	Subtotal from
Rivers to Harbor
	137,910
	6,380
	31,810
	   123,210
	   299,310
	498,690
	1,853,480
	2,352,170
	  2,651,480

	Percent of Load from
Rivers to Harbor
	5.2
	  0.2
	1.2
	  4.6
	11.3
	18.8
	69.9
	88.7
	100.0

	Oak Creek

	       340
	     20
	- -
	- -
	          360
	  60,650
	     36,100
	     96,750
	       97,110

	Root River

	       540
	     40
	- -
	     26,520
	     27,100
	162,160
	   953,910
	1,116,070
	  1,143,170

	Riverine Subtotal
	138,790
	6,440
	31,810
	   149,730
	   326,770
	721,500
	2,843,490
	3,564,990
	  3,891,760

	Percent of
Riverine Load
	3.6
	  0.2
	0.8
	  3.8
	  8.4
	18.5
	73.1
	91.6
	100.0

	Lake Michigan Direct
Drainage Area

	- -
	     80
	  1,120
	8,261,880
	8,263,080
	  87,380
	     38,010
	   125,390
	  8,388,470

	Total
	138,790
	6,520
	32,930
	8,411,610
	8,589,850
	808,880
	2,881,500
	3,690,380
	12,280,230

	Percent of
Total Load
	1.1
	<0.1
	0.3
	68.5
	69.9
	  6.6
	23.5
	30.1
	100.0


aLoads from groundwater are included. The results are annual averages based on simulation of year 2000 land use conditions and approximated current point source loads and wastewater conveyance, storage, and treatment system operating conditions. The simulations were made using meteorological data from 1988 through 1997, which is a representative rainfall period for the study area.

Source: Brown and Caldwell; HydroQual, Inc.; Tetra Tech, Inc.; and SEWRPC.

Table 58

AVERAGE ANNUAL LOADS OF BIOCHEMICAL OXYGEN DEMAND IN THE GREATER MILWAUKEE WATERSHEDSa
	
	Point Sources
	Nonpoint Sources
	

	Watershed
	Industrial
Point
Sources
(pounds)
	SSOs
(pounds)
	CSOs
(pounds)
	Sewage
Treatment
Plants
(pounds)
	Subtotal
(pounds)
	Urban
(pounds)
	Rural
(pounds)
	Subtotal
(pounds)
	Total
(pounds)

	Kinnickinnic River

	  15,850
	12,620
	  6,880
	- -
	     35,350
	   369,940
	       3,210
	   373,150
	     408,500

	Menomonee River

	116,510
	  8,270
	58,680
	- -
	   183,460
	   993,390
	   175,850
	1,169,240
	  1,352,700

	Milwaukee River

	290,450
	  5,540
	23,270
	   399,810
	   719,070
	1,303,560
	3,210,530
	4,514,090
	  5,233,160

	Subtotal from
Rivers to Harbor
	422,810
	26,430
	88,830
	   399,810
	   937,880
	2,666,890
	3,389,590
	6,056,480
	  6,994,360

	Percent of Load from
Rivers to Harbor
	6.0
	0.4
	1.3
	  5.7
	13.4
	38.1
	48.5
	86.6
	100.0

	Oak Creek


	    3,440
	     120
	- -
	- -
	       3,560
	   237,740
	     61,160
	   298,900
	     302,460

	Root River

	       830
	     260
	- -
	     13,020
	     14,110
	   734,810
	2,509,700
	3,244,510
	  3,258,620

	Riverine Subtotal
	427,080
	26,810
	88,830
	   412,830
	   955,550
	3,639,440
	5,960,450
	9,599,890
	10,555,440

	Percent of
Riverine Load
	4.0
	0.3
	0.8
	  3.9
	  9.1
	34.5
	56.5
	90.9
	100.0

	Lake Michigan Direct
Drainage Area

	- -
	     440
	  2,980
	7,380,790
	7,384,210
	   333,860
	     63,900
	   397,760
	  7,781,970

	Total
	427,080
	27,250
	91,810
	7,793,620
	8,339,760
	3,973,300
	6,024,350
	9,997,650
	18,337,410

	Percent of
Total Load
	2.3
	0.1
	0.5
	42.5
	45.5
	21.7
	32.9
	54.5
	100.0


aLoads from groundwater are included. The results are annual averages based on simulation of year 2000 land use conditions and approximated current point source loads and wastewater conveyance, storage, and treatment system operating conditions. The simulations were made using meteorological data from 1988 through 1997, which is a representative rainfall period for the study area.

Source: Brown and Caldwell; HydroQual, Inc.; Tetra Tech, Inc.; and SEWRPC.

Table 59

AVERAGE ANNUAL LOADS OF COPPER IN THE GREATER MILWAUKEE WATERSHEDSa
	
	Point Sources
	Nonpoint Sources
	

	Watershed
	Industrial
Point
Sources
(pounds)
	SSOs
(pounds)
	CSOs
(pounds)
	Sewage
Treatment
Plants
(pounds)
	Subtotal
(pounds)
	Urban
(pounds)
	Rural
(pounds)
	Subtotal
(pounds)
	Total
(pounds)

	Kinnickinnic River

	  7
	  8
	  15
	- -
	       30
	   525
	       1
	   526
	     556

	Menomonee River

	  4
	  5
	  48
	- -
	       57
	1,768
	   106
	1,874
	  1,931

	Milwaukee River

	  0
	  3
	  52
	     634
	     689
	2,305
	1,352
	3,657
	  4,346

	Subtotal from
Rivers to Harbor
	11
	16
	115
	     634
	     776
	4,598
	1,459
	6,057
	  6,833

	Percent of Load from
Rivers to Harbor
	0.2
	0.2
	1.7
	  9.3
	11.4
	67.3
	21.3
	88.6
	100.0

	Oak Creek

	  0
	<1
	- -
	- -
	         0
	   445
	     52
	   497
	     497

	Root River

	  3
	<1
	- -
	       40
	       43
	1,348
	   548
	1,896
	  1,939

	Riverine Subtotal
	14
	16
	115
	     674
	     819
	6,391
	2,059
	8,450
	  9,269

	Percent of
Riverine Load
	0.1
	0.2
	1.2
	  7.3
	  8.8
	69.0
	22.2
	91.2
	100.0

	Lake Michigan Direct
Drainage Area

	- -
	<1
	    4
	10,445
	10,449
	   622
	     48
	   670
	11,119

	Total
	14
	16
	119
	11,119
	11,268
	7,013
	2,107
	9,120
	20,388

	Percent of
Total Load
	0.1
	0.1
	0.6
	54.5
	55.3
	34.4
	10.3
	44.7
	100.0


aLoads from groundwater are included. The results are annual averages based on simulation of year 2000 land use conditions and approximated current point source loads and wastewater conveyance, storage, and treatment system operating conditions. The simulations were made using meteorological data from 1988 through 1997, which is a representative rainfall period for the study area.

Source: Brown and Caldwell; HydroQual, Inc.; Tetra Tech, Inc.; and SEWRPC.

and sewage treatment plants account for about 65 percent and 31 percent, respectively, of the contributions of total phosphorus from point sources to the riverine system with much smaller contributions from combined sewer overflows and separate sanitary sewer overflows.

Average annual total point source loads of total suspended solids in the greater Milwaukee watersheds are summarized in Table 55. The total average annual point source load of TSS is about 8,255,870 pounds. Sewage treatment plants account for most of the contributions of TSS from point sources with smaller contributions from combined sewer overflows, industrial dischargers, and separate sanitary sewer overflows. The total average annual point source load of TSS to the riverine system of the greater Milwaukee watersheds only is about 1,311,770 pounds. Industrial dischargers, combined sewer overflows, and sewage treatment plants account for about 40 percent, 28 percent and 23 percent, respectively, of the contributions of TSS from point sources to the riverine system with separate sanitary sewer overflows making up the remaining 9 percent.

Average annual total point source loads of fecal coliform bacteria in the greater Milwaukee watersheds are summarized in Table 56. The total average annual point source load of fecal coliform bacteria is about 8,504 trillion cells. Combined sewer overflows account for about half of the contributions of fecal coliform bacteria from point sources with substantial contributions from sewage treatment plants and separate sanitary sewer overflows. Industrial dischargers account for a small portion of contributions. The total average annual point source load of fecal coliform bacteria to the riverine system of the greater Milwaukee watersheds only is about 6,295 trillion cells. Combined sewer overflows and separate sanitary sewer overflow account for about 66 percent and 33 percent, respectively, of the contributions of fecal coliform bacteria from point sources to the riverine system with much smaller contributions from sewage treatment plants and industrial dischargers.

Average annual total point source loads of total nitrogen in the greater Milwaukee watersheds are summarized in Table 57. The total average annual point source load of total nitrogen is about 8,590,000 pounds. Sewage treatment plants account for 98 percent of the contributions of total nitrogen from point sources with much smaller contributions from industrial dischargers, combined sewer overflows, and separate sanitary sewer overflows. The total average annual point source load of total nitrogen to the riverine system of the greater Milwaukee watersheds only is about 326,800 pounds. Sewage treatment plants and industrial dischargers account for about 46 percent and 42 percent, respectively, of the contributions of total nitrogen from point sources to the riverine system with much smaller contributions from combined sewer overflows and separate sanitary sewer overflows.

Average annual total point source loads of biochemical oxygen demand (BOD) in the greater Milwaukee watersheds are summarized in Table 58. The total average annual point source load of BOD is about 8,339,800 pounds. Sewage treatment plants account for about 93 percent of the contributions of BOD from point sources with much smaller contributions from combined sewer overflows, industrial dischargers, and separate sanitary sewer overflows. The total average annual point source load of BOD to the riverine system of the greater Milwaukee watersheds only is about 955,600 pounds. Industrial dischargers and sewage treatment plants account for about 45 percent and 43 percent, respectively, of the contributions of BOD from point sources to the riverine system with much smaller contributions from combined sewer overflows and separate sanitary sewer overflows.

Average annual total point source loads of copper in the greater Milwaukee watersheds are summarized in Table 59. The total average annual point source load of copper is about 11,270 pounds. Sewage treatment plants account for over 99 percent of the contributions of copper from point sources with much smaller contributions from combined sewer overflows, industrial dischargers, and separate sanitary sewer overflows. The total average annual point source load of copper to the riverine system of the greater Milwaukee watersheds only is about 819 pounds. Sewage treatment plants account for 82 percent of the contributions of copper from point sources to the riverine system with much smaller contributions from combined sewer overflows, separate sanitary sewer overflows, and industrial dischargers.

Nonpoint Source Loads

Because nonpoint source pollution is delivered to streams in the greater Milwaukee watersheds through many diffuse sources, including direct overland flow, numerous storm sewer and culvert outfalls, and swales and engineered channels, it would be prohibitively expensive and time-consuming to directly measure nonpoint source pollution loads to streams. Thus, the calibrated water quality model was applied to estimate average annual nonpoint source pollutant loads delivered to streams in the greater Milwaukee watersheds. The results of that analysis are summarized in Tables 54 through 59. General water quality modeling procedures are described in Chapter V of this report. Estimates of average annual nonpoint source pollution loads for individual sub​watersheds are given as existing loads in Appendix B of this report and in Chapters V through X of SEWRPC Technical Report No. 39.
The average annual nonpoint load of total phosphorus is estimated to be 276,190 pounds per year. About 17 percent of the total point and nonpoint source load is from urban nonpoint sources and 19 percent is from rural nonpoint sources (Table 54). Contributions of total phosphorus vary among the watersheds from about 9,930 pounds per year from the Kinnickinnic River watershed to about 126,350 pounds per year from the Milwaukee River watershed.

The average annual nonpoint load of total suspended solids is estimated to be 176,179,830 pounds per year. About 31 percent of the total point and nonpoint source load is from urban nonpoint sources and 64 percent is from rural nonpoint sources (Table 55). Contributions of total suspended solids vary among the watersheds from about 5,192,280 pounds per year from the Kinnickinnic River watershed to about 83,759,520 pounds per year from the Root River watershed.

The average annual nonpoint load of fecal coliform bacteria is estimated to be 74,930.86 trillion cells per year. About 69 percent of the total point and nonpoint source load is from urban nonpoint sources and 21 percent is from rural nonpoint sources (Table 56). Contributions of fecal coliform bacteria vary among the watersheds from about 2,782.56 trillion cells per year from the Oak Creek watershed to about 38,465.06 trillion cells per year from the Milwaukee River watershed.

The average annual nonpoint load of total nitrogen is estimated to be 3,690,380 pounds per year. About 7 percent of the total point and nonpoint source load is from urban nonpoint sources and 24 percent is from rural nonpoint sources (Table 57). Contributions of total nitrogen vary among the watersheds from about 63,240 pounds per year from the Kinnickinnic River watershed to about 1,961,180 pounds per year from the Milwaukee River watershed.

The average annual nonpoint load of BOD is estimated to be 9,997,650 pounds per year. About 22 percent of the total point and nonpoint source load is from urban nonpoint sources and 33 percent is from rural nonpoint sources (Table 58). Contributions of BOD vary among the watersheds from about 298,900 pounds per year from the Oak Creek watershed to about 4,514,090 pounds per year from the Milwaukee River watershed.

The average annual nonpoint load of copper is estimated to be 9,120 pounds per year. About 34 percent of the total point and nonpoint source load is from urban nonpoint sources and 10 percent is from rural nonpoint sources (Table 59). Contributions of copper vary among the watersheds from about 497 pounds per year from the Oak Creek watershed to about 3,657 pounds per year from the Milwaukee River watershed.
Wet-Weather and Dry-Weather Loads

It is important to distinguish between instream water quality during dry weather conditions and during wet weather conditions. Differences between wet-weather and dry-weather instream water quality reflect differences between the dominant sources and loadings of pollutants associated with each condition. Dry-weather water quality reflects the quality of groundwater discharge to the stream plus the continuous or intermittent discharge of various point sources, for example industrial cooling or process waters, and leakage or other unplanned dry-weather discharges from sanitary sewers or private process water systems. While instream water quality during wet weather conditions includes the above discharges, and in extreme instances discharges from separate and/or combined sanitary sewer overflows, the dominant influence, particularly during major rainfall or snowmelt runoff events, is likely to be the soluble or insoluble substances carried into streams by direct land surface runoff. That direct runoff moves from the land surface to the surface waters by overland routes, such as drainage swales, street and highway ditches, and gutters, or by underground storm sewer systems.

Daily average loads of six pollutants—biochemical oxygen demand, copper, fecal coliform bacteria, total nitrogen, total phosphorus, and total suspended solids—were estimated for both wet-weather and dry-weather conditions for seven sites in the greater Milwaukee watersheds based upon flow and water quality data. A water quality sample was assumed to represent wet-weather conditions when the daily mean flow was in the upper 20th percentile of the flow duration curve for the relevant flow gage. This includes flows that are high due to rainfall events, runoff from snowmelt, or a combination of rainfall and snowmelt. Daily average pollutant loads were estimated by appropriately combining daily average flow and pollutant ambient concentration. The flow duration curves for the sampling stations and more-detailed information on the methods are given in SEWRPC Technical Report No. 39.

Table 60 summarizes dry-weather and wet-weather pollutant loads for six pollutants from the Kinnickinnic River at S. 7th Street, the Menomonee River at N. 70th Street, the Milwaukee River at Pioneer Road, the Milwaukee River at N. Port Washington Road, Oak Creek at S. 15th Avenue, the Root River at W. Ryan Road, and the Root River at Johnson Park for the baseline period used to characterize water quality in the greater Milwaukee watersheds.
 In all cases, the estimated pollutant loads occurring during wet-weather periods were considerably higher than the estimated loads occurring during dry-weather periods. Comparison of maximum estimated daily wet-weather loads to mean estimated daily wet-weather loads in Table 60 indicates that individual wet-weather events can sometimes contribute a substantial fraction of the annual pollutant load to a stream or river. For example, the maximum daily estimated wet-weather load of TSS at the N. 70th Street station along the Menomonee River for the baseline period was about 3.6 million pounds. Comparing this to the modeled data set forth in Table 55 shows that this single day’s load represents about 20 percent of the estimated average annual load of TSS for the entire watershed.

More-detailed information on wet-weather and dry-weather pollutant loads for the greater Milwaukee watersheds is given in SEWRPC Technical Report No. 39.

SOURCES OF GROUNDWATER CONTAMINATION

Potential sources of groundwater contamination are many and varied because, in addition to some natural processes, such as dissolved and particulate matter in precipitation, decay of organic matter, natural radioactivity and dissolution of arsenic-containing minerals, many types of facilities or structures and many human activities may eventually contribute to groundwater quality problems. This section summarizes the activities and practices that may affect groundwater quality in the Southeastern Wisconsin Region and greater Milwaukee watersheds and outlines the nature of contamination that may result from such activities. It also describes the nature and extent of potential groundwater contamination sources in the study area. No attempt has been made, however, to rank quantitatively the various potential contamination sources. For the purposes of this study, the sources that were considered to have potential to create contamination problems in the greater Milwaukee watersheds are summarized according to their location in Table 61. More-detailed information on sources of groundwater contamination in the greater Milwaukee watersheds and the Southeastern Wisconsin Region are given in SEWRPC Technical Report No. 39 and SEWRPC Technical Report No. 37, Groundwater Resources of Southeastern Wisconsin, June 2002, respectively.


Table 60

DAILY AVERAGE POLLUTANT LOADS AT WATER QUALITY SAMPLING STATIONS IN THE GREATER MILWAUKEE WATERSHEDS: 1998-2004a
	
	
	Dry Weather
	Wet Weather

	Sampling Station
	Water Quality Parameter
	Minimum
	Maximum
	Mean
	Minimum
	Maximum
	Mean

	Kinnickinnic River at S. 7th Street
	Biochemical Oxygen Demand (pounds)
	4.1
	655.5
	167.5
	187.3
	31,096.6
	4,281.2

	
	Copper (pounds)
	0.2
	1.0
	0.4
	1.3
	102.0
	12.0

	
	Fecal coliform bacteria (trillions of cells)
	<0.1
	11.4
	1.1
	0.3
	434.5
	60.4

	
	Total nitrogen (pounds)
	18.6
	168.9
	69.2
	148.4
	15,548.3
	1,525.5

	
	Total phosphorus (pounds)
	1.4
	13.1
	5.4
	7.0
	1,172.5
	159.1

	
	Total suspended solids (pounds)
	28.6
	1,884.5
	397.9
	730.4
	764,643.0
	85,060.1

	Menomonee River at N. 70th Street
	Biochemical Oxygen Demand (pounds)
	16.7
	2,589.0
	408.4
	97.6
	85,680.2
	15,825.9

	
	Copper (pounds)
	0.3
	6.0
	2.4
	4.9
	538.5
	66.6

	
	Fecal coliform bacteria (trillions of cells)
	<0.1
	405.2
	18.8
	2.1
	3,972.8
	303.8

	
	Total nitrogen (pounds)
	41.5
	975.1
	341.8
	1,140.8
	51,598.5
	9,002.6

	
	Total phosphorus (pounds)
	1.2
	85.8
	22.0
	56.0
	5,712.0
	963.7

	
	Total suspended solids (pounds)
	129.4
	17,723.3
	3,024.4
	7,371.9
	3,617,470.0
	400,346.0

	Milwaukee River at Pioneer Road
	Biochemical Oxygen Demand (pounds)
	79.0
	12,492.6
	2,420.4
	611.6
	45,103.2
	19,972.7

	
	Copper (pounds)
	2.3
	27.8
	11.1
	19.3
	472.7
	74.5

	
	Fecal coliform bacteria (trillions of cells)
	<0.1
	356.4
	9.1
	1.6
	675.8
	128.0

	
	Total nitrogen (pounds)
	717.6
	10,547.0
	4,091.9
	6,390.0
	49,025.7
	22,339.8

	
	Total phosphorus (pounds)
	9.4
	874.5
	207.6
	126.1
	5,819.6
	1,644.1

	
	Total suspended solids (pounds)
	927.7
	148,118.0
	20,240.7
	10,692.2
	2,174,690.0
	415,419.0

	Milwaukee River at N. Port Washington Road
	Biochemical Oxygen Demand (pounds)
	96.5
	20,660.1
	4,169.2
	663.4
	82,249.7
	23,574.9

	
	Copper (pounds)
	1.8
	38.8
	13.2
	21.0
	149.9
	64.2

	
	Fecal coliform bacteria (trillions of cells)
	<0.1
	3,467.3
	82.6
	1.4
	680.3
	134.9

	
	Total nitrogen (pounds)
	706.0
	9,279.8
	3,983.2
	9,295.6
	68,330.5
	23,367.6

	
	Total phosphorus (pounds)
	21.4
	957.9
	230.4
	276.6
	6,116.0
	1,862.5

	
	Total suspended solids (pounds)
	1,889.9
	225,236.0
	35,126.0
	71,243.8
	3,828,360.0
	761,321.0


Table 60 (continued)

	
	
	Dry Weather
	Wet Weather

	Sampling Station
	Water Quality Parameter
	Minimum
	Maximum
	Mean
	Minimum
	Maximum
	Mean

	Oak Creek at 15th Avenue
	Biochemical Oxygen Demand (pounds)
	2.3
	385.1
	60.0
	14.0
	15,147.9
	3,079.4

	
	Copper (pounds)
	0.2
	9.5
	2.4
	1.8
	151.5
	46.7

	
	Fecal coliform bacteria (trillions of cells)
	<0.1
	4.6
	0.3
	<0.1
	82.9
	9.8

	
	Total nitrogen (pounds)
	3.4
	150.6
	57.0
	176.8
	5,856.4
	1,555.6

	
	Total phosphorus (pounds)
	<0.1
	8.6
	2.9
	7.0
	1,013.4
	164.5

	
	Total suspended solids (pounds)
	19.9
	3,117.5
	552.1
	1,823.0
	824,193.0
	17,205.5

	Root River at W. Ryan Road
	Biochemical Oxygen Demand (pounds)
	3.8
	830.6
	83.4
	442.3
	16,638.7
	4,417.3

	
	Copper (pounds)
	0.1
	1.3
	0.5
	1.7
	41.6
	13.3

	
	Fecal coliform bacteria (trillions of cells)
	<0.1
	25.8
	1.2
	0.3
	176.9
	35.8

	
	Total nitrogen (pounds)
	7.2
	574.8
	113.8
	521.8
	8,371.3
	2,809.7

	
	Total phosphorus (pounds)
	0.5
	35.6
	5.9
	36.8
	494.0
	155.8

	
	Total suspended solids (pounds)
	58.9
	10,204.7
	1,418.2
	11,499.1
	727,918.0
	122,046.0

	Root River at Johnson Park
	Biochemical Oxygen Demand (pounds)
	- -b
	- -b
	- -b
	- -b
	- -b
	- -b

	
	Copper (pounds)
	<0.1
	1.33
	0.3
	- -b
	- -b
	- -b

	
	Fecal coliform bacteria (trillions of cells)
	<0.1
	0.3
	0.1
	0.3
	8.0
	2.6

	
	Total nitrogen (pounds)
	23.7
	3,971.5
	1,045.2
	2,657.5
	20,955.0
	8,366.6

	
	Total phosphorus (pounds)
	0.5
	118.5
	22.8
	80.3
	512.9
	257.5

	
	Total suspended solids (pounds)
	125.5
	31,506.3
	3,728.7
	12,673.6
	99,052.1
	53,059.1


aThe baseline period for the study was originally set as 1998-2001. During the course of the study, more recent data were incorporated into analyses as they became available. Thus, the period used for these assessments for the Menomonee River, Kinnickinnic River, and Oak Creek watersheds was 1998-2001. Because more recent data were available when the analyses were conducted, the period used for the Milwaukee River and Root River watersheds and the Lake Michigan direct drainage area was 1998-2004.

bInsufficient data were available for calculating daily average pollutant load for this pollutant.

Source: U.S. Environmental Protection Agency, Wisconsin Department of Natural Resources, Milwaukee Metropolitan Sewerage District, City of Racine Health Department, and SEWRPC.


Table 61

HUMAN ACTIVITIES THAT MAY CREATE GROUNDWATER QUALITY
PROBLEMS IN THE GREATER MILWAUKEE WATERSHEDS

	Originating on the Land
	Originating Below Land Surface

	Above-ground storage tanks (bulk fuel storage)
	Above Water Table

	Accidental spills
	Animal waste storage facilities

	Agricultural activities:
	Landfills

	Animal feedlots
	Leakage:

	Fertilizer and pesticide storage, mixing, and loading
	Underground storage tanks

	Fertilizer and pesticide application
	Underground pipelines

	Irrigation return flow
	Sewers

	Silage and crop residue piles
	Onsite sewage disposal systems

	Dumps
	Surface wastewater impoundments

	Highway de-icing, including material storage sites
	Sumps, dry wells

	Waste spreading or spraying (sewage, sludge, septage, whey)
	Waste disposal in dry excavations

	Stockpiles (chemicals and waste)
	Below Water Table

	Infiltration of contaminated surface water or precipitation
	Ground water development:

	Salvage yards
	Improperly abandoned wells and holes

	Application of fertilizers and pesticides to urban lawns and gardens
	Improper well construction

	Urban runoff
	Overpumping

	
	Drainage or disposal wells

	
	Waste disposal in wet excavations


Source: Wisconsin Geological and Natural History Survey and SEWRPC.

Onsite Sewage Disposal Systems

Private wastewater systems are used to dispose of sanitary wastes in unsewered areas. A conventional onsite system consists of a septic tank and a soil absorption field. Most solids settle at the bottom of the tank where they are partially digested by bacteria. The liquid waste flows from the tank to the soil absorption field where it is purified as it moves through the soil. If these systems are properly installed in suitable soils and located a sufficient distance from a water supply source, most contaminants are removed or attenuated before they can reach the water supply. However, local groundwater contamination may occur in areas of concentrated suburban or rural residential development where individual onsite systems are densely spaced. This may be of most concern where older systems are in place, which may not meet current design criteria. Specifically, the amount of nitrate and chloride may not be significantly reduced.

In addition to conventional onsite systems, newer alternative onsite sewage disposal systems designed to overcome certain types of soil limitations are in use in the greater Milwaukee watersheds. Such systems include “mound-type systems,” in-ground pressure distribution systems, and at-grade systems. Holding tanks that temporarily store wastewater prior to pumping out to a tank truck and transport to a sewage treatment plant are also used.
During 2000, the Wisconsin Legislature amended Chapter Comm 83 of the Wisconsin Administrative Code, which regulates private sewage systems, and adopted new rules governing onsite sewage disposal systems. These rules, which had an effective date of July 1, 2000, increased the number of types of onsite sewage disposal systems that legally could be used from four to nine, significantly altered the previous regulatory framework, and increased the area in which onsite sewage disposal systems may be utilized.

It is estimated that less than 5 percent of the study area population was served by individual onsite systems as of 2000. Map 40 shows areas of urban density that are served by onsite sewage disposal systems. More-detailed maps are included in SEWRPC Technical Report No. 39. The potential contamination sources inventory conducted for the SEWRPC regional groundwater study
 focused on areas of clustered onsite sewage disposal systems, defined as areas with more than 32 housing units per U.S. Public Land Survey section. In the study area, onsite systems tend to be concentrated in Fond du Lac, Ozaukee, Racine, and Washington Counties. Significant portions of Fond du Lac, Ozaukee, and Washington Counties within the study area tend to have relatively permeable soils, especially in the major river valleys. Therefore, clustered onsite systems in these areas are a potential source of contamination to the groundwater. However, sites located in southern and eastern Ozaukee County and in much of Racine County have less permeable soils, thus groundwater contamination is not as great a concern in those locations.

Land Disposal of Solid Waste

Solid waste disposal is an important potential groundwater contamination source. Continuous or intermittent contact between deposited waste and water produces a liquid called leachate, which contains high concentrations of potential contaminants. Landfill leachate is defined as a contaminated liquid characterized by high concentrations of dissolved chemicals, high chemical and biological oxygen demand, and high hardness. Its composition in extremely variable, and is a function of the composition of waste and the volume of water. The threat to groundwater from solid waste disposal sites depends on the nature of leachate, the availability of moisture, the type of soil through which the leachate passes, and the hydrogeology of the site. Because the greater Milwaukee watersheds lie in a humid climatic zone, most waste disposal sites will eventually produce leachate. Disposal site success depends on how leachate production and movement is managed either by engineering design or by locating the site in a more protective environment. Locations of active and inactive solid waste disposal sites in the greater Milwaukee watersheds are shown on Map 41. More-detailed information on active and inactive solid waste disposal sites is set forth in SEWRPC Technical Report No. 39.

Underground Storage Tanks

Storage and transmission of a wide variety of fuels and chemicals are inherent in many industrial, commercial, agricultural, and individual activities. Petroleum and petroleum products are the most common potential contaminants. Throughout the study area and the Region, underground storage tanks for gasoline, oil, and other liquids were installed during the 1950s and 1960s and have now reached or exceeded their expected 20- to 30-year life. The large volume and high concentration of hazardous materials that can leak or can be released from a storage tank or associated piping in a small area creates an onsite, and sometimes offsite, contamination risk. The majority of existing tanks are in urban areas and, as a result, are relatively close to municipal water supply wells. Leaks in petroleum-product conveyance and transmission lines also are a potential source of groundwater contamination.

SEWRPC Technical Report No. 37 used WDNR file data to develop an inventory of underground storage tank sites within the Region, where there has been a release of contaminants. The number of sites per county was tabulated and the site density in sites per square mile was mapped.

The majority of the sites was located in the regional water quality management plan update study area with the highest concentration in Milwaukee County. The WDNR’s classification system considers a leaking underground storage tank to be a high-priority when it is known that the site is causing contamination to the groundwater, or where there is a high potential for such contamination. Additionally, those sites that are assigned a medium priority have known soil contamination or a potential for groundwater contamination. Where high- and medium-priority leaking underground storage tanks occur within the study area, their density generally ranges from one to 10 sites per square mile. In Milwaukee County, the site density ranges from one to 10 sites per square mile up to 41 to 50 sites per square mile. Because of the nature of these potential contamination sites, the number and location are subject to frequent change. The WDNR should be contacted for the most recent inventory data.

Land Application of Liquid Waste and Sewage Sludge

Sludge and biosolids are organic by-products of treated wastewater. Most of the land application of such materials in southeastern Wisconsin involves biosolids which are treated residuals from sewage treatment plants that can be used beneficially. They are composed mostly of water and organic matter. Both industrial sludges or residual solids and municipal biosolids may contain hazardous chemicals and metals removed by the wastewater treatment process. Metals often found in biosolids at variable concentrations include arsenic, cadmium, chromium, copper, lead, mercury, nickel, and zinc. The types and concentrations of the metals found in sludge depend upon the source of the wastewater. Other constituents of sludge that may have an impact on the groundwater are nitrate, chloride, and pathogenic bacteria and viruses.

The land application of municipal sludge is regulated under Chapter NR 104 of the Wisconsin Administrative Code and 40 CFR Part 503. Industrial sludges are also applied in the Region although the majority of the wastewater biosolids is domestic sewage sludge. Industrial sludge is regulated under Chapter NR 214. Waste​water biosolids must meet the requirements of the above regulations before being land applied. The requirements include ceiling concentrations for contaminants, pathogen reduction requirements, and vector reduction options.

Sites for storage and land application of wastewater and sludge in the Region were inventoried under SEWRPC Technical Report No. 37. As of 1999, for counties within both the study area and the Region, WDNR-approved sites were located in Washington (1,065 sites), Ozaukee (408 sites), Waukesha (400 sites), Racine (275 sites), and Kenosha (127 sites) Counties. The number and location of these sites is constantly changing and the WDNR should be contacted for the latest information on the approved sites.

Some land application of wastewater from other sources such as vegetable processing and dairy operation byproducts (whey), septage, and, in some cases, holding tank wastes are also practiced. Sludge and wastewater are only applied to agricultural land in the study area. Biosolids are land-applied to improve the structure of the soil, or as a fertilizer to supply nutrients to crops and other vegetation in the soil. Land application in the study area is done by spreading, spraying, injection, or incorporation of sewerage sludge onto or below the surface of the land to take advantage of the soil enhancing qualities of the biosolids. Almost all of the sludge and wastewater is injected or incorporated into the soil, although there are some spray irrigation systems.

Contamination of groundwater from land application of sludge and wastewater depends upon the concentration of contaminants, application rate, physical and chemical soil properties, amount of precipitation, and distance to the water table. Coarse-textured soils, a shallow water table, and high rates of precipitation favor groundwater contamination. Currently, the wastewater biosolids are applied in such a manner that there should be no impact on the groundwater. All of the municipal residuals that are land-applied in the study area and in southeastern Wisconsin have been treated to meet the appropriate quality parameters. The type of soil, application rate, distance to bedrock and groundwater, slopes, porosity of the soils, percolation rates, solum depth, and distance to lakes, streams, ponds, and other water sources are evaluated for every site approved for land application prior to application.

Major Livestock Operations

Major livestock operations are not common in the greater Milwaukee watersheds. As noted previously, the Milwaukee and Root River watersheds have six farm operations with more than 1,000 animal units. The principal contaminants associated with animal farm operations and feedlots are nitrogen, phosphorus, chloride, oxygen-demanding material, and microorganisms. Feedlots may also cause objectionable odor. The potential for groundwater contamination will depend on the volume of waste produced at a given site, waste handling practices, and general farm operations. Typically, animal waste is stored in a storage facility such as a manure pile, lagoon, or holding tank, and then periodically applied to the land as a source of plant nutrients. Unless livestock manure is applied to sandy soils that are prone to rapid internal drainage, most nutrient loss, especially of phosphorus, occurs by erosion from overland runoff, and presents the greatest potential environmental threat to surface waters.

The WDNR regulates livestock operations with greater than 1,000 animal units through the WPDES permit program. One animal unit is equivalent to a single mature beef unit weighing 1,000 pounds, for example 200,000 chickens (broilers) equal 1,000 animal units. Proper plant nutrient management plays a critical role in assuring that large livestock operations manage the large volumes of animal waste they generate and minimizes detrimental effects on the environment. Because of the nature of these facilities, the number and location changes periodically.
More-detailed information on livestock operations in the greater Milwaukee watersheds is given in SEWRPC Technical Report No. 39.

Agricultural Chemical Facilities

Table 62 summarizes the number of bulk agricultural chemical (fertilizers and pesticides) storage and loading facilities in the greater Milwaukee watersheds. Commercial fertilizers include a variety of types and concen​trations of nitrogen, phosphorus, potassium, and trace elements, most of which are intended to improve plant growth and market value. While both nitrogen and phosphorus may contribute to eutrophication of surface waters, the nitrogen component of fertilizer has generated the most concern regarding groundwater quality. More-detailed information on bulk agricultural chemical storage facilities in the greater Milwaukee watersheds is given in SEWRPC Technical Report No. 39.

Salvage Yards

Salvage yards are a minor potential source of contamination. The danger of groundwater contamination increases if the sites handle hazardous materials from various automotive parts and accessories, such as grease, oil, solvents, and battery acids. Well-operated salvage yards present a minimal threat to groundwater. Salvage yards within the Region were inventoried for SEWRPC Technical Report No. 37. Within the study area, the majority of these sites are located in Milwaukee County and eastern Waukesha County.

Salt Storage Facilities

Salt storage, road salting, and snow dumping are all common practices used in the Region in relation to road de-icing and improvement of winter driving conditions. These activities may contribute to high salt concentrations in both groundwater and surface water. Of these activities, salt storage in uncovered piles appears to be the most critical with respect to potential groundwater contamination. Rainfall can dissolve the salt, which may then seep into shallow aquifers.

Table 62 summarizes the number of salt storage facilities in the greater Milwaukee watersheds. Nearly all of these facilities are covered. Most of these sites are located in counties with a dense network of highways such as Milwaukee and Waukesha. The WDNR has reported documented cases of groundwater contamination due to past salt storage and handling practices; however, current design and maintenance of storage facilities minimizes the potential for infiltration of salt into groundwater.
More-detailed information on salt storage facilities in the greater Milwaukee watersheds is given in SEWRPC Technical Report No. 39.

Temporary Solid and Hazardous Waste Storage Sites

Temporary storage of solid and hazardous waste represents a minor threat to the groundwater. If the waste is handled correctly and regularly transferred to a long-term facility, contamination from these areas should not be significant. An inventory of these sites was made for SEWRPC Technical Report No. 37. Within the greater Milwaukee watersheds, these sites are generally located in urban areas, with the greatest concentration occurring in Milwaukee County. Due to the nature of these facilities, data on the facilities are subject to periodic change. The WDNR should be contacted for the most recent data.
Bulk Fuel Storage Facilities

Bulk fuel storage sites are a potential source of groundwater contamination in the event of a spill or leak at the storage facility. Table 62 summarizes the number of known bulk fuel storage sites in the greater Milwaukee watersheds. Should a spill or leak occur, sites overlying sand and gravel materials would cause the greatest threat to contamination of the groundwater. In other areas, such incidents could also be potential sources of contamination to both groundwater and surface water. Installation of containment structures under and around the storage tanks minimizes the risk of contamination due to ruptures and spills. More-detailed information on bulk fuel storage facilities in the greater Milwaukee watersheds is given in SEWRPC Technical Report No. 39.

Table 62

BULK AGRICULTURAL CHEMICAL STORAGE AND MIXING/LOADING FACILITIES, SALT STORAGE
FACILITIES, AND BULK FUEL STORAGE FACILITIES IN THE GREATER MILWAUKEE WATERSHEDS

	
	Facility

	County
	Bulk Agricultural
Chemical Storage
	Salt Storage
	Bulk Fuel Storage

	Dodge

	- -
	- -
	- -

	Fond du Lac

	- -
	  6
	- -

	Kenosha

	- -
	- -
	- -

	Milwaukee

	  7
	38
	18

	Ozaukee

	  3
	  9
	  1

	Racine

	- -
	  6
	  2

	Sheboygan

	  2
	  4
	  2

	Washington

	  2
	14
	  4

	Waukesha

	  4
	  4
	- -

	Total
	18
	81
	27


NOTE:
The inventory data summarized on this table is subject to periodic change due to the nature of the facilities. For the most recent data, the Wisconsin Department of Agriculture, Trade and Consumer Protection; the Wisconsin Department of Commerce; and the Wisconsin Department of Transportation should be contacted.

Source:
Wisconsin Department of Agriculture, Trade, and Consumer Protection; Wisconsin Department of Commerce; Wisconsin Department of Transportation; and SEWRPC.

Spills of Hazardous Materials

Approximately 1,200 accidental or unintentional spills of hazardous materials are reported in Wisconsin every year, with nearly one-third of these spills occurring within the Southeastern Wisconsin Region. An undetermined number of additional spills and illegal dumping of hazardous materials go unreported. Fortunately, many spills are small and can be cleaned up quickly before much of the substance can reach the groundwater. The types of spills vary, and have included substances such as fuel, mineral spirits, mineral oil, heating oil, hydraulic fluid, transformer fluid, chlorinated solvents, lubricants, hydrocarbons, as well as other unknown substances. By far, petroleum products are the contaminants most commonly involved in spills. The sites are scattered throughout the Region, but most of them have occurred along highways and within urban areas near storage tanks. The spills that required a major cleanup effort have been primarily centered around urban areas, with most occurring in the eastern portion of the Region within the greater Milwaukee watersheds in areas underlain by clay tills with restricted permeability. Sites located on more permeable soils in the study area would be more susceptible to groundwater contamination. Spills of hazardous materials are also a potential hazard to surface waters, especially if the contaminant enters the storm sewer system.

Improperly Abandoned Wells

One of the most important, yet overlooked, sources of groundwater contamination are old wells that are no longer used, but have not been properly sealed when abandoned. Proper well abandonment means filling the well from the bottom up with cement grout or bentonite. The locations of old wells are often long-forgotten, and buildings or roads may have been built over the top of open boreholes. These wells can serve as a means for transmission of contaminants from the land surface to an aquifer and can permit contaminated water to migrate freely from one aquifer to another. This is particularly critical in Southeastern Wisconsin where the open intervals of most wells penetrate many different aquifer units. Even in areas where groundwater contamination potential is ordinarily considered low because of favorable soil and geological properties, such as Milwaukee and eastern Waukesha Counties, large numbers of improperly abandoned or unaccounted-for old wells create a significant threat to groundwater quality. In addition, an abandoned well can become a convenient receptacle for disposal of trash or a safety hazard.

More than 100,000 private domestic and other wells have been drilled in Southeastern Wisconsin since the turn of the 20th century, particularly before municipal water supply systems were established. Since 1936, well drillers have submitted Well Constructor’s Reports (WCRs) for most of these wells to the WDNR, and these WCRs are subsequently filed and sorted by reported location at the Wisconsin Geological and Natural History Survey (WGNHS). Densities of wells drilled between 1936 and 1979 in Milwaukee County and the easternmost townships in Waukesha County were determined based on these records. Densities of wells for which records exist range from less than 10 per square mile in central and southern parts of Milwaukee County to more than 500 per square mile along the Milwaukee-Waukesha county line. Sections with at least 300 old well or boring records per square mile are located primarily in Brookfield, Wauwatosa, and Hales Corners.

Most of Milwaukee County was converted to municipal water supply by 1963. Thus, the 1936-1979 data represent a reasonable count of potentially improperly sealed wells with records. However, the areas in Mil​waukee County with relatively low densities of well records undoubtedly contain many wells drilled prior to 1936, for which no records exist. In eastern Waukesha County, numerous wells have been drilled since 1979, thus the numbers of WCRs and boring records per section between 1936 and 1979 probably are a significant underestimate of the total number of wells actually drilled.

Recently, the WDNR has introduced well abandonment forms, which should be submitted when unused, abandoned wells are properly sealed. The WDNR maintains files of these forms. Unfortunately, it is not possible to match well abandonment records with the original WCRs. Areas with high likelihoods of improperly abandoned wells can be identified using the WCRs; however, for most areas estimates made this way represent an underestimate of the total number of wells drilled.

It is difficult to accurately estimate the number of improperly abandoned wells in the greater Milwaukee watersheds. As municipal water supply service areas expanded, existing private domestic wells may have been sealed, or remain improperly abandoned, or are used for a secondary purpose, such as lawn watering, for which owners may or may not have been granted a permit. By comparing numbers from various sources, the WDNR has estimated that within the study area, three areas: Milwaukee County, eastern Waukesha County, and eastern Racine County, have the most abandoned wells. The WDNR estimated that Milwaukee County had up to 8,000 improperly abandoned wells, eastern Waukesha County within the study area had less than 3,000 improperly abandoned wells; and eastern Racine County within the study area had less than about 1,000 improperly abandoned wells.

The existence of unused, abandoned wells represents a significant contamination threat to both shallow and deep groundwater. It is not an intention of this report to show an accurate, absolute number of such wells, but rather to point out improperly abandoned wells as a serious problem in the greater Milwaukee watersheds.

Contamination Potential of Aquifers

The methodology for evaluating the vulnerability of groundwater to contamination in the study area and more-detailed information on the contamination potential of aquifers in the study area is presented in Chapter XI of SEWRPC Technical Report No. 39 and Chapter VII of SEWRPC Technical Report No. 37.

Contamination Potential of the Shallow Aquifer

Map 42 shows the groundwater contamination potential of shallow aquifers in the portions of the greater Milwaukee watersheds located in the Southeastern Wisconsin Region. Areas most vulnerable to contamination constitute approximately 36 percent of the study area within the Region (Table 63) and are located primarily in inland areas. Generally, the lakeshore areas contain more areas with low contamination potential, which are more suitable for the location of activities that may affect shallow groundwater. These areas cover about 45 percent of the study area within the Region. Within the study area in the Region, these areas can be found in the eastern 

Map 42

GROUNDWATER CONTAMINATION POTENTIAL OF SHALLOW AQUIFERS IN THE PORTION OF THE SOUTHEASTERN WISCONSIN REGION WITHIN THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA

Table 63

GROUNDWATER CONTAMINATION POTENTIAL AREAS BY COUNTY IN THE PORTION OF THE SOUTHEASTERN
WISCONSIN REGION WITHIN THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA

	
	High Potential
	Moderate Potential
	Low Potential
	Total

	County
	Area
(acres)
	Percent
	Area
(acres)
	Percent
	Area
(acres)
	Percent
	

	Kenosha

	0
	  0
	90
	  5
	1,670
	95
	1,760

	Milwaukee

	18,370
	12
	24,710
	16
	111,800
	72
	154,880

	Ozaukee

	47,440
	44
	24,110
	22
	37,000
	34
	108,550

	Racine

	11,850
	13
	8,370
	10
	68,510
	77
	88,730

	Washington

	116,140
	71
	41,070
	25
	6,520
	  4
	163,730

	Waukesha

	2,480
	  8
	5,620
	17
	24,240
	75
	32,340

	Total
	196,280
	36
	103,970
	19
	249,740
	45
	549,990


Source: Wisconsin Geological and Natural History Survey and SEWRPC.

portion of Racine County, in the majority of Milwaukee County, and in eastern Ozaukee County. The remaining 19 percent of the study area within the Region has moderate contamination potential (Table 63).
Contamination Potential of Deeper Aquifers

The vulnerability of the deeper aquifers of southeastern Wisconsin and the study area to contamination is more difficult to assess; a complete evaluation of such vulnerability was beyond the scope of SEWRPC Technical Report No. 37, which is the source for much of the information on groundwater presented in this chapter and which is focused on the shallow groundwater system. In general, the greater thickness of overburden and the first two barriers to contamination—the soil layer and the underlying unlithified geologic conditions, provide an effective shield against contamination of the deeper aquifers. In addition, the deeper aquifers are protected by the ability of shallow aquifers to dilute contaminants. The possibility of contamination of deeper aquifers, however, is very real, although very difficult to detect, and may be impossible to reverse. In addition, the importance of the deeper aquifers as a source of municipal and industrial water supply within the study area cannot be understated. In some cases, these aquifers represent the only practical source of such supply.

A conceivable contamination scenario is the discharge of a large amount of liquid, such as petroleum, into an area where the shallow aquifer is relatively thin, unprotected, and directly connected with the deeper aquifers. A more insidious possibility is a smaller surface spill in the immediate vicinity of an old, forgotten deep well or open borehole that has not been properly abandoned. Another contamination scenario is the drilling of a deep borehole through a shallow contaminated aquifer into the deeper aquifers. Contaminated shallow groundwater can contaminate the deeper aquifers through the borehole before a casing is installed. Other than the possibility of deep open boreholes, if the shallow aquifer is indeed significantly contaminated in a given area, the potential that such contamination will eventually reach the deeper aquifers depends on the nature of the deep bedrock lithology and the direction of flow between aquifers. These factors can be considered to be the third and final barrier to deep groundwater contamination.

Unfortunately, the nature of the deep bedrock lithology of the Region and the study area is not well understood at present, particularly with regard to the distribution of different units and the importance of regional faulting. A major confining unit plays the most significant role in the protection of the deeper aquifers: the Maquoketa Formation, which is continuous over all of the study area. In general, in areas to the west of the edge of this formation and outside the study area, where the Maquoketa Formation is absent, the deeper aquifers are more vulnerable to contamination. However, the variability of lithology of the Maquoketa Formation is not known in detail. The dominant lithology is shale, which is relatively impermeable, but significant proportions of the thickness of this unit in some areas may be dolomite, which is much more permeable.

The other factor that determines the vulnerability of the deeper groundwater to contamination is the direction of flow in deep groundwater systems. In the very thick deep aquifers, groundwater flow is three-dimensional, depending on differences of pressure and gradient. Under steady state, nonpumping conditions gradients are downward in recharge areas and upward in discharge areas. If there is a source like a contaminated shallow aquifer in a regional recharge area, such as west of the Maquoketa confining unit, then deeper aquifers can be contaminated. However, downward gradients can also be caused by pumping from the deeper aquifers and can induce leakage from shallow to deep aquifers through the Maquoketa confining unit. If areas of downward gradients between aquifers near pumping centers coincide with locations of more permeable, dolomitic lithology in the Maquoketa shale, contaminants can penetrate into deeper aquifers over time. For this reason, protective measures for the deep aquifer recharge areas, as well as measures to avoid potential contamination routes through the confining unit, should be an important consideration in land use and water quality management planning.

Summary

The pollution sources inventory for the greater Milwaukee watersheds has been summarized by answering three basic questions. This chapter summarized the information needed to answer the questions. The information is presented below.

What Are the Sources of Surface Water Pollution?

The greater Milwaukee watersheds contain several potential sources of surface water pollution. These sources fall into two broad categories: point sources and nonpoint sources.

Point Sources

Fourteen public and three private sewage treatment plants currently discharge into streams of the greater Milwaukee watershed. In addition, three public sewage treatment plants discharge into Lake Michigan, either directly or through the Milwaukee outer harbor. MMSD has 121 combined sewer overflow outfalls that discharge to the streams of the greater Milwaukee watersheds or to Lake Michigan. These outfalls convey a combination of stormwater runoff and sanitary sewage from the combined sewer system to the surface water system as a result of high water volume from stormwater, meltwater, and infiltration and inflow of clear water during wet weather conditions. Prior to 1994, overflows from these sites typically occurred around 50 times per year. Since MMSD’s inline storage system came online in 1994, the number of combined sewer overflows per year has declined to less than three. Since 1995, separate sanitary sewer overflows (SSOs) have been reported at 133 locations: 28 within MMSD’s SSO area and 105 in local communities. The number of SSO events occurring per year has also declined compared to the time prior to completion of the MMSD Water Pollution Abatement Program facilities in 1993. As of February 2003, 398 industrial dischargers and other point sources were permitted through the WPDES program to discharge wastewater to streams in the greater Milwaukee watersheds. About two fifths of the permitted facilities discharged noncontact cooling water. The remaining discharges are of a nature which typically meets or exceeds the Wisconsin Pollutant Discharge Elimination System permit levels which are designed to meet water quality standards.

Nonpoint Sources

The greater Milwaukee watersheds are comprised of combinations of urban land uses and rural land uses. As of 2000, about 67 percent of the area in the greater Milwaukee watersheds was in rural or other open land uses. About 39 percent of the study area is contained within planned sewer service areas: about 22 percent within planned sewer service areas in the Southeastern Wisconsin Region which have been refined, about 16 percent within planned sewer service areas in the Region which have not been refined, and about 1 percent in planned sewer service areas in counties outside the Region. The status of adoption of stormwater management ordinances and/or plans, of construction erosion control ordinances, of WPDES stormwater discharge permits in each community and county in the greater Milwaukee watersheds is summarized in Table 52. That table also indicates which communities have established stormwater utilities, general funds, or stormwater fee programs. As of 2005, there were six active sanitary landfills in the greater Milwaukee watersheds, two located in the Milwaukee River watershed, and one each located in the Kinnickinnic River, Menomonee River, and Oak Creek watersheds and the Lake Michigan direct drainage area. As summarized in Table 53 and shown on Map 41, there are 78 inactive solid waste disposal sites in the greater Milwaukee watersheds. While they are spread throughout the area, the majority are located in the Milwaukee River watershed.

Quantification of Pollutant Loads

The current annual average load of BOD to streams of the greater Milwaukee watersheds and directly to Lake Michigan is estimated to be 18,337,410 pounds per year. Nonpoint sources and sewage treatment plants contribute about 55 percent and 43 percent of this load, respectively. Industrial dischargers contribute about 2 percent of this load. The rest of the BOD load to the streams of the greater Milwaukee watersheds and Lake Michigan, less than 1 percent, is contributed by separate sanitary sewer overflows and combined sewer overflows. The current annual average load of BOD to streams of the greater Milwaukee watersheds only is estimated to be 10,555,440 pounds per year. Nonpoint sources contribute about 91 percent of this load. Industrial dischargers and sewage treatment plants each contribute about 4 percent of this load. The rest of the BOD load to the streams of the greater Milwaukee watersheds, about 1 percent, is contributed by combined sewer overflows and separate sanitary sewer overflows.

The current annual average load of TSS to streams of the greater Milwaukee watersheds and directly to Lake Michigan is estimated to be 184,435,700 pounds per year. Nonpoint sources and sewage treatment plants contribute about 95 percent and 4 percent of this load, respectively. The rest of the TSS load to the streams of the greater Milwaukee watersheds and Lake Michigan, less than 1 percent, is contributed by combined sewer overflows, industrial dischargers, and separate sanitary sewer overflows. The current annual average load of TSS to streams of the greater Milwaukee watersheds only is estimated to be 170,722,650 pounds per year. Nonpoint sources contribute 99 percent of this load. The rest of the TSS load to the streams of the greater Milwaukee watersheds, slightly over 1 percent, is contributed by industrial dischargers, combined sewer overflows, sewage treatment plants, and separate sanitary sewer overflows.

The current annual average load of total nitrogen to streams of the greater Milwaukee watersheds and directly to Lake Michigan is estimated to be 12,280,230 pounds per year. Sewage treatment plants and nonpoint sources contribute about 68 percent and 30 percent of this load, respectively. The rest of the total nitrogen load to the streams of the greater Milwaukee watersheds and Lake Michigan, less than 2 percent, is contributed by combined sewer overflows, industrial dischargers, and separate sanitary sewer overflows. The current annual average load of total nitrogen to streams of the greater Milwaukee watersheds only is estimated to be 3,891,760 pounds per year. Nonpoint sources contribute about 92 percent of this load. Sewage treatment plants and industrial dischargers each contribute 3.5 to 4 percent of this load. The rest of the total nitrogen load to the streams of the greater Milwaukee watersheds, about 1 percent, is contributed by combined sewer overflows and separate sanitary sewer overflows.

The current annual average load of fecal coliform bacteria to streams of the greater Milwaukee watersheds and directly to Lake Michigan is estimated to be 83,435.07 trillion cells per year. Nonpoint sources and combined sewer overflows contribute about 90 percent and 5 percent of this load, respectively. Sewage treatment plants and sanitary sewer overflows each contribute about 2.5 percent of this load. The rest of the fecal coliform bacteria load to the streams of the greater Milwaukee watersheds and Lake Michigan, less than 1 percent, is contributed by industrial dischargers. The current annual average load of fecal coliform bacteria to streams of the greater Milwaukee watersheds and directly to Lake Michigan is estimated to be 77,163.44 trillion cells per year. Nonpoint sources contribute about 92 percent of this load. Combined sewer overflows and separate sanitary sewer overflows contribute about 5 percent and 3 percent, respectively, of this load. The rest of the fecal coliform bacteria load to the streams of the greater Milwaukee watersheds, less than 1 percent, is contributed by sewage treatment plants and industrial dischargers.

The current annual average load of total phosphorus to streams of the greater Milwaukee watersheds and directly to Lake Michigan is estimated to be 767,230 pounds per year. Sewage treatment plants and nonpoint sources contribute about 48 percent and 36 percent of this load, respectively. Industrial dischargers contribute about 15 percent of this load. The rest of the total phosphorus load to the streams of the greater Milwaukee watersheds and Lake Michigan, less than 1 percent, is contributed by combined sewer overflows and separate sanitary sewer overflows. The current annual average load of total phosphorus to streams of the greater Milwaukee watersheds only is estimated to be 435,060 pounds per year. Nonpoint sources contribute about 60 percent of this load. Industrial dischargers and sewage treatment plants contribute about 26 percent and 13 percent, respectively, of this load. The rest of the total phosphorus load to the streams of the greater Milwaukee watersheds, slightly more than 1 percent, is contributed by combined sewer overflows and separate sanitary sewer overflows.

How Have the Sources of Surface Water Pollution Changed Since 1975?

Since 1975, the numbers and types of point sources present in the greater Milwaukee watersheds have changed. In 1975, there were 26 public sewage treatment facilities in the study area discharging treated wastewater to streams, groundwater, and Lake Michigan. By 2003, this number had decreased to 17. In 1975, 15 private sewage treatment plants discharged to streams, groundwater, and Lake Michigan in the study area. By 2003, this number had decreased to three. In 1975, there were 121 combined sewer outfalls and 352 known separate sewer overflow relief devices located in the greater Milwaukee watersheds. In 2003, there were 121 combined sewer outfalls. Between 1995 and 2002 separate sanitary sewer overflows were reported at 133 locations. In 1975, overflows typically occurred over 50 times per year. Currently combined sewer bypasses have been reduced to less than three per year. Likewise, the number of sanitary sewer overflows has been markedly reduced from the 1975 conditions. In 1975, there were 190 point sources of wastewater other than public and private sewage treatment plants that discharged industrial cooling, process, rinse, and wash waters directly, or indirectly, to the surface water system. In 2003, there were 400 of these point sources.
Figure 47 shows how the relative contributions of four pollutants by six pollution sources to the greater Milwaukee watersheds changed between 1975 and 2000. Two cautions must be kept in mind when interpreting these graphs. First, the breakdowns for 1975 and 2000 were estimated using different water quality models and modeling procedures. The assumptions underlying these models are somewhat different and categorization of nonpoint source loads as rural or urban may have been based on somewhat different criteria. Because of this, the estimates are not strictly comparable and comparisons based on them should be considered to be approximate. Second, between 1975 and 2000, pollutant loadings to streams in these watersheds decreased over time. Depending on the pollutant, total 1975 loads of these four pollutants, as estimated by the model developed for the 1979 regional water quality management plan, were 1.7 to 4.4 times the total 2000 loads, as estimated by the model. One consequence of this is that an increase in the relative contribution of a source to the total load does not necessarily represent an absolute increase in load from the source.
Keeping these caveats in mind, three differences are apparent between the relative contributions of these sources in 1975 and 2000.
First, the fraction of total pollutant contributions represented by combined sewer overflows has decreased dramatically. The most dramatic example of this change occurred for fecal coliform bacteria in the Kinnickinnic River watershed. Combined sewer overflows were estimated to account for 97 percent of contributions of fecal coliform bacteria to streams in this watershed in 1975. They were estimated to account for 11 percent of contributions of fecal coliform bacteria in 2000. While the magnitudes of the changes are generally not this large, the fraction of total pollutant contributions represented by combined sewer overflows decreased in all the watersheds in which combined sewer overflows were occurring in 1975. While several factors may account for this change, two deserve special mention. For the Kinnickinnic River, Menomonee River, and Milwaukee River watersheds, completion of MMSD’s Water Pollution Abatement Program, including construction of the inline storage system, resulted in a reduction in the frequency of combined sewer overflows in the combined sewer area in the City of Milwaukee and the Village of Shorewood from over 50 per year before the inline storage system came online to less than three per year after the inline storage system came online. For the Root River watershed, separation of the remaining combined sewers in the City of Racine during the 1980s eliminated combined sewer overflows.

Second, for most pollutants in most watersheds the fraction of contributions accounted for by nonpoint sources has increased. For all four pollutants shown in Figure 47, in 2000 nonpoint pollution sources constituted the major sources of pollutant loads in these watersheds. In the Kinnickinnic River, Menomonee River, and Oak Creek 

Figure 47

CHANGES IN POLLUTANT LOADINGS IN THE GREATER MILWAUKEE WATERSHEDS: 1975-2000
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Figure 47 (continued)
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Source: SEWRPC.

watersheds, the fractions of total contributions accounted for by urban nonpoint sources have generally increased and currently tend to predominate. Total phosphorus breakdowns in the Menomonee River and Oak Creek watersheds are exceptions to this generalization. While the fractions of total contributions accounted for by urban nonpoint sources decreased in these watersheds between 1975 and 2000, urban nonpoint sources still represent the dominant source of phosphorus. In the Root River watershed, for all the pollutants shown except fecal coliform bacteria, the fractions of total contributions accounted for by rural nonpoint sources have apparently increased and currently tend to predominate.

Third, for most watersheds, the fraction of contributions from industrial dischargers decreased or did not change much. In the Menomonee River watershed, the fractions of contributions of total nitrogen and total phosphorus increased. These increases are due to absolute increases in the loadings of these nutrients and may reflect the fact that between 1975 and 2003 the number of permitted industrial discharges in this watershed increased from 48 to 150. This increase represents about one half of the increase in the number of industrial dischargers in the greater Milwaukee watersheds since 1975.
What Are the Potential Sources of Groundwater Pollution?

Assessments of the groundwater contamination potential of shallow aquifers within the portions of the greater Milwaukee watersheds located in the Southeastern Wisconsin Region indicate that areas most vulnerable to contamination constitute about 36 percent of the study area within the region and are located primarily in inland areas and major river valleys (Map 42) Areas with low contamination potential cover about 45 percent of the study area within the region and can be found in eastern Ozaukee County, eastern Racine County, and the majority of Milwaukee County. The remaining 19 percent of the study area within the region has moderate contamination potential.

The vulnerability of deeper aquifers to contamination is more difficult to assess. Several barriers to contamination from the surface can serve to protect the integrity of deeper groundwater in portions of the study area. These include the soil layer, the unlithified geologic conditions, the presence of relatively impermeable geologic strata, and upward groundwater flow in groundwater discharge areas. The degree of protection that these factors provide may be compromised by both natural factors, such as faulting in the deep bedrock, and anthropogenic factors, such as the presence of improperly abandoned wells and downward gradients in groundwater movement induced by pumping from deeper aquifers.

Many types of facilities or structures and many human activities have the potential to contribute to groundwater quality problems. These include onsite sewage disposal systems, solid waste disposal sites, leaking underground storage tanks, land application of liquid wastes, major livestock operations, salvage yards, hazardous material spills, and bulk storage of agricultural chemicals, fuels, and salt. Proper design and operation can reduce the risks of groundwater contamination associated with some of these activities.
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�SEWRPC Planning Report No. 30, A Regional Water Quality Management Plan for Southeastern Wisconsin—2000, Volume Three, Recommended Plan, February 1979.


�SEWRPC Community Assistance Planning Report No. 164, Kenosha County Agricultural Soil Erosion Control Plan, April 1989.


�Milwaukee County Land Conservation Committee, Milwaukee County Land and Water Resource Management Plan, April 2001.


�SEWRPC Community Assistance Planning Report No. 171, Ozaukee County Agricultural Soil Erosion Control Plan, February 1989.


�SEWRPC Community Assistance Planning Report No. 160, Racine County Agricultural Soil Erosion Control Plan, July 1988.


�SEWRPC Community Assistance Planning Report No. 170, Washington County Agricultural Soil Erosion Control Plan, March 1989.


�SEWRPC Community Assistance Planning Report No. 159, Waukesha County Agricultural Soil Erosion Control Plan, June 1988.


�Soils that have a high clay content and stay wet for long periods of time, or even well-drained soils after a rainfall event, are susceptible to nitrogen losses to the atmosphere through a chemical reaction known as denitrification. This reaction converts nitrate, NO3-, to gaseous nitrogen, N2, which is lost to the atmosphere.


�The baseline period was originally set as 1998-2001. During the course of the study, more recent data were incorporated into analyses as they became available. Thus, the baseline period used for these assessments in the Menomonee River, Kinnickinnic River, and Oak Creek watersheds was 1998-2001. Because more recent data were available when the analyses were conducted, the baseline period used for the Milwaukee River and Root River watersheds and the Lake Michigan direct drainage area was 1998-2004.


�SEWRPC Technical Report No. 37, Groundwater Resources of Southeastern Wisconsin, June 2002.


�The WDNR has increased its surveillance of abandoned wells. The Department is currently in the process of developing a centralized database containing information on abandoned wells.
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