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This plan was prepared under the provisions of the Wisconsin Nonpoint Source Water Pollution
Abatement Program by the Wisconsin Department of Natural Resources and the Door County Soil
and Water Conservation Department.
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State of Wisconsin DEPARTMENT OF NATURAL RESOURCES

Carrolt D. Besadny
Secretary

BOX 7921
MADISON, WISCONSIN 53707

February 23, 1987 File Ref: 2600

Mr. Lawrence Johnson, Chair

Door County Land Conservation Committee
Courthouse

Sturgeon Bay, WI 54235

Dear Mr. Johnson:

I am pleased to be able to approve the Nonpoint Source Control
Plan for the Upper Door Peninsula Priority Watershed. This
document represents a new achievement in the protection of
groundwater through nonpoint source controls. Door County is to
be congratulated for its efforts in assisting in the development
of the Plan and preparing for its implementation.

As you know, the watershed encompasses the portion of the county
north of the Sturgeon Bay Ship Canal. The plan estimated the
total nonpoint source control needs of the watershed to be
$7,053,000, and an additional staff need to the county of about
14.5 person years over the eight year project. The Department
has made funds available for the additional county resources
needed and for the cost sharing of the recommended practices.

This plan, and its implementation, in conjunction with waste
water management facility planning, septage disposal planning,
groundwater management planning, and land use planning, is one
important piece of the entire effort currently being conducted
cooperatively by the County and the Department. With the
county's continued support, the comprehensive land use plan will
address other sources of water pollution and will serve to
improve and protect the natural resources of Door County.

The Nonpoint Source Control Plan has been reviewed by Department
staff and it meets the intent and conditions of s. 144.25,
Stats.; and NR 120 of the Wisconsin Administrative Code. It is





consistent with, and will serve to implement, the areawide water
gquality plan (Section 208, PL92-500) of the Twin-Door-Kewaunee
Basin and is therefore approved as an element of that plan.

Once again, I thank you for your efforts and cooperation and
look forward to our continued working relationship.

Sincerely,

ce: Harvey Malzahn Jr.
Chair, Door County Board of Supervisors
William Schuster
Door County Land Conservation Dept.
Rep. Lary Swoboda
Sen. Alan Lasee
Charles Higgs - LMD
Charles Sutfin - U.S. EPA, Reg. V

i1






£}0
DOOR COUNTY
SOIL and WATER CONSERVATION DEPARTMENT
Courthouse o (414) 743-5511
Sturgeon Bay, Wisconsin 54235

February 19, 1987

Mr., Carroll D, Besadny, Secretary
WI Department of Natural Resources
Box 7921

Madison, WI 537114

Mr. Besadny:

I am pleased to inform you that the Door County Land
Conservation Committee forwarded the Nonpoint Source Control
Plan for the Upper Door Peninsula Priority Watershed to the
Door County Board for their approval. On February 19, 1987,
the Door County Board took action approving the plan.

The Door County Land Conservation Committee members and the
Sail and Water Conservation Department staff look forward to
working with your Department on the implementation of the
Upper Door Peninsula Priority Watershed.

Sincerely,

(LS ST

William E. Schuster
County Conservationist

WES/sch
cc: Harvey Malzahn, Jr., County Board Chairman

Lawrence Johnson, LCC Chairman
Jim Bachhuber, DNR
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A NONPOINT SOURCE CONTROL PLAN
FCR THE UPPER DOOR
PRIORITY WATERSHED PROJECT

PLAN SUMMARY

INTRODUCTION

This plan for the Upper Door Priority Watershed Project addresses the nonpoint
sources of pollutants to the water resources within the upper Door County
peninsula, and the management practices which are needed to control these
pollutants. The project area includes all of the lands noxth of the Sturgeon
Bay Ship Canal, including Washington Island (Figure 1). 1In this area
livestock manure is the major nompoint source of pollution.

The major reasons for the selection of the Upper Door Priority Watershed
Project are the protection and improvement of the groundwater in the region.
In addition, the water quality of the three major lakes that receive extensive
recreational use and the six streams which support seasonal or year-around
sport fish populations will be protected.

This watershed plan sets out the objectives for the water resources in the
project area and establishes a target level of pollutant contrel to protect
these resources., The plan also describes the administrative procedures and
agency responsibilities for carrying out the plan. The deocument was developed
jointly by the Door County Soil and Water Conservation Department and the
Wisconsin Department of Natural Resources.

Funding for developing this document and implementing its recommendations is
provided by the Wisconsin Nonpoint Source Water Pollution Abatement Program.
This state-funded program is administered by the Wisconsin Department of
Natural Resources,

GROUNDWATER QUALITY AND SOURCES OF POLLUTION

The groundwater quality in the project area has been assessed for many
different pollutants through many different studies over the past 40 years.
Bacteria and nitrates are the pollutants most often tested for and are the
pollutants of most widespread concern. Other chemicals that have been found
in isolated areas within the Upper Door Watershed are lead and arsenic (which
remain at previous pesticide mixing sites and in orchards) and volatile
organic compounds (which likely result from leaking petroleum tanks).

The bacteria and nitrates are two groundwater pollutants which can be
controlled through nonpoint source management measures. Although there may be
many sources of these contaminants, major sources are livestock manure and
cropland fertilizer. The other pollutants that have been found in the
groundwater come from sources that are regulated by other state and local
programs, and the control of these sources 1g not addressed in this plan.

Bacteria and nitrate contamination of wells have been found under various
conditions: 1in wells located throughout the project area; in wells with
various casing depths; and in wells sampled throughout the yeéar. Studles
cited in Chapter II of the watershed plan document these statements.





ASSESSING THE SQURCES OF POLLUTION

In addition to identifying pollutant sources, the severity of the nonpoint
sources of pollutants and how they affect the groundwater were also assessed.
Using state funds, Door County hired staff to conduct an inventory of the
various sources. The sources that were studied included conventional nonpoint
sources such as manure storage sites, barnyards and croplands. These sources
were assessed as to thelr potential for impacts on the groundwater, Other
gources that are not considered nonpoint sources from an "administrative"
aspect were also studied. These included private septic systems, septage land
spreading sites, and landfills, The latter sources were assessed in order to
determine their potential for impacts on the groundwater relative to the
livestock manure sources.

The physical features of the project area were also inventoried to determine
where the groundwater is most susceptible to pollution resulting from
activities on the land. This work was done by Door Gounty with help from the
University of Wisconsin - Green Bay. The features that were plotted in detail
on a 1:24000 scale map included: soil depth, soil permeability, high water
table soils, fracture traces, exposed bedrock areas, karstic features and
closed depressions. All of these features affect how easily surface water,
which carries the pollutants, enters the groundwater system. A composite map
was produced from all of these features. This composite map shows areas of
the project where land activities have the most potential for affecting the
groundwater,

Copies of these detailed maps will be available at a later date upon request
to the Door County Soil and Water Conservation Department or the Wisconsin
Department of Natural Resources (Nonpoint Source and Land Management Section)
in Madison. '

RESULTS OF THE GROUNDWATER SOURCE INVENTORIES

1. Barnyards

Of the 277 barnyards assessed, 159 barnyards were found to have some
potential to affect the groundwater. The assessment was based on the
depth and permeability of the soils, both below the barnyard itself and
downslope from the yard. The results are summarized in Table 21 in the
watershed plan.

The barnyards that are included in the upper left portion of Table 21 have
the greatest potential for affecting the groundwater and will also require
extensive control practices to minimize the pollution. The yards in the
lower right portion of the table have the least potential for affecting
the groundwater and will require little or no control measures to protect
the groundwater,

2. Manure Storage Sites

A total of 226 manure storage sites were also inventoried. These sites
were assessed In a manner similar to the bharnyards. The results of this
effort are summarized in Tables 22 and 23,
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As with the barnyards (Table 21), the unconfined storage sites summarized
in the upper left portion of Table 22 have the most potential for
affecting groundwater.

3, (Croplands

Croplands in the project area were assessed as to their potential to allow
the infiltration of fertilizers or pesticides into the groundwater.
Several consecutive years of Agricultural Stabilization and Conservation
Service (ASCS) aerial slides were used to determine the locations of
croplands which were planted in continuous row crops, since fields in this
type of rotation have the highest use of fertilizers and pesticides. The
locations of these fields were overlaid with the soil depth map, and the
fields located on the shallowest soils were considered to have the
greatest potential for contaminants to infiltrate into the groundwater.
These results are summarized in Table 20.

Control measures for cropland infiltration have not been recommended in
this document. Studies will be conducted to determine how to best control

contaminant infiltration from these croplands.

SURFACFE WATER QUALITY

The water quality of the streams and lakes within the Upper Door Watershed was.
also assessed using several methods. The basic goal of these assessments was
to determine what use each water resource was currently supporting, and the
use the resource could support if nonpoint source pollutants were controlled.
Examples of water resource uses are sport fishing and swimming.

In general, the conditions of the lakes and streams in the project area are
good. The objectives of nonpoint source controls as related to these surface
waters are to protect the current quality.

ASSESSING THE SQURCES OF POLLUTANTS

As with the groundwater sources, barnyards and manure storage sltes were
evaluated as to their potential to affect streams and lakes. For the
barnyards, a computer model was used which calculates the quantity of
phosphorus centained in the runoff from each lot for a rain storm. The
barnyards are then ranked based on this value, Manure storage sites will be
evaluated on a site-by-site basis during the implementation phase of the
project.

Cropland and streambank erosion were considered to be such minor concerns as
they affect surface waters that inventories were not done on these sources.
The need for controlling cropland and streambank erosion will be determined on
a site-by-site basis during the implementation phase of the project.

RESULTS OF THE SURFACE WATER SOURCE INVENTORIES

There are 89 barnyards considered to have runoff to the surface waters of the
project area. According to the model results, 13 barnyards account for half
of the total projected amount of phosphorus coming from barnyard runoff.
Fifteen additional yards accounted for an additional 30 percent of the total
phosphorus amount.
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ADMINTSTERING THE PROJECT

The Door County Soil and Water Conservation Department (SWCD) will have the
major responsibility for administering the Upper Door Priority Watershed
Project at the watershed level. The SWCD will 1) contact the landowners, 2)
sign the cost share agreements, 3) design the control practices, 4) certify
proper imstallation of the practices, 5) make the cost share payments to the
landowners, 6) keep all records, and 7) conduct an education and information
program, The SWCD will receive assistance for these responsibilities from the
Soil Conservation Service (SCS) and UW-Extension. The county will receive
funds for both the administrative needs to carry out the project and to cost
share the installation of practices. These funds will come from the State of
Wisconsin through the Department of Natural Resources.

GENERAL, PROCEDURES FOR IMPLEMENTING THE PROJECT

In order to prevent the pollution of groundwater, the implementation
activities of this project will focus mainly on the control of livestock
wastes from barnyards, manure stacking sites and manure spreading sites. In
addition, efforts will be made to control the sources of nonpoint source
pollutants which affect surface waters. This means that landowners or renters
with critical nonpoint sources on their lands will be contacted, have the
program explained to them, and be encouraged to install the recommended
control practices as determined by this watershed plan and the Door County
staff. The practices agreed to by the landowner and the county will be cost
shared with state funds administered by the county.

The project will begin in the spring of 1987, There will be a five year sign-
up period during which 1) the county will contact landowners and 2) the
landowners will be able to enter into "cost share agreements" with the county
for the installation of the necessary management practices. Among other
things, the cost share agreement will list the practices, the cost share
amounts, and the schedule for the installation of the practices. A landowner
can schedule a practice to be installed up to five years from the signing of
the cost share agreement (but not to exceed the end of the project in 1995, a
total of eight years from this spring). Entering into the agreement is
voluntary, No new agreements will be signed after the five year period. A
list of the eligible practices and their cost share rates is shown in Table 47
in the watershed plan,

After the agreement is signed by the landowner and Door County, the county
will provide designs for the practices. The landowner will be responsible for
arranging for the installation of the practice and the county must certify
that the practice is installed in accordance with the design specifications.
The landowner then presents the paid bills for the practice to the county for
reimbursement of the cost share portion. Upon approval by the county, a check
is issued to the landowner for the cost share amount.

PROJECT COSTS AND COUNTY STAFF NEEDS

Based on the inventory data, estimates were made on the costs of all the
needed control practices in the watershed. At a 75 percent participation
level, the total cost of the practices is estimated to be $5,289,750. Of this
amount, $2,748,835 is the state's portion of the costs, based on the
appropriate cost share rates.
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The additional staff that will be needed by Door County to administer the
project was also estimated. On the average, there will be a need for between
1.5 and two additional staff each year for the eight-year project.

INFORMATTQON AND EDUCATION PROGRAM

An information and education program will be conducted throughout the project
period. This program will be most intensive during the first four years of
the project and the activities will taper off during the rest of the project,
The activities will include management practice demonstrations, tours,
newsletters, and public meetings. Some of this work was underway at the time
this plan was being drafted.

EVALUATING THE PROJECT

The Department of Natural Resources will be responsible for evaluating the
progress of the project and monitoring changes in the water quality. The
evaluation will include two approaches. First, the changes in land use and
calculated pollutant levels that result from the installed practices will be
investigated. Second, the actual changes in water quality that resulted from
the project will be measured.

For the surface waters, changes in the biology and chemistry of selected
streams and lakes will be monitored throughout the project period and after
the project is completed. For the groundwater, a special study has begun in a
portion of the project area. This study will monitor groundwater quality
changes on a long-term basis., The changes in the water quality will depend
upon the participation and cooperation of the landowners within the project
area.
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PREFACE

PURPOSE AND APPROACH OF THE WISCONSIN NONPQINT SOURCE WATER POLLUTION
ABATEMENT PROGRAM

The Upper Door Watershed was selected in May of 1984 as a priority watershed
project under the Wisconsin Nonpoint Source Water Pollution Abatement Frogram.
This program was created by the Wisconsin Legislature in 1978 to reduce
surface and groundwater pollution caused by nonpoint pollutant sources.
Examples of these sources include: eroding agricultural lands; eroding
streambanks and roadsides:; poorly managed livestock wastes; erosion from both
established and developing urban areas; and stormwater runoff from urban
areas.

The Wisconsin Nonpoint Source Water Pollution Abatement Program approach to
water quality management has four major characteristiecs:

1. The purpose of the program is to improve or protect water resources.
Under this program, the installation of land management practices 1is
restricted to nompoint pollutant sources that contribute significantly to
water quality problems.

2. The program is implemented on a watershed basis so that all of the majoxr
nonpoint pollutant sources in an area draining to a watey resource c¢an be
addressed at the same time. A substantial commitment of money and staff
time is needed to control enough of the critical nenpoint pollutant
‘sources in a watershed to affect water quality. Therefore limiting the
program to carefully selected watersheds helps assure that this
comprehensive effort can be made. In additiom to the Upper Door Priority
Watershed Project, there are 25 active priority watershed projects in
various stages of planning or implementation.

3. TInvolvement in the program by landowners, land renters, or municipalities
that have critical nonpoint pollutant sources is yoluntary. Participation
is encouraged by state-supplied cost share assistance to help offset the
cost of installing the recommended management practices. In addition, an
information and education program is used to raise landowner awareness of
the Nonpoint Source Control Program and foster its acceptance.

4. The monpoint source program is conducted locally by the county ox counties
in the watershed. Using the watershed plan as a gulde, the designated
counties provide the technical assistance necessary to design and install
the needed management practices; provide administrative and financial
management; and carry out the information and education program. This
effort is usually carried out by the staff of the county’s Land
Conservation Department plus the Soil Conservation Service and the
University of Wisconsin-Extension, under the authority of the Gounty Board
and/or county Land Conservation Committee.





THE WATERSHED SELECTION PROCESS AND THE SELECTION OF A UNTQUE PROJECT

Priority watershed projects, including the Upper Door Watershed, are selected
because of: 1) the severity of water gquality problems in the watershed; 2)
the importance of controlling nonpoint sources of pollutants in order to
attain water quality improvement or protection; and 3) the capability and
willingness of the local government agencies to carry out the planning and
implementation of the project.

The watersheds are selected through a three step process. First, all the
watersheds in the state are ranked, based upon water quality and land use
factors. Second, the regional advisory group recommends a watershed from
their area of the state., Finally, the State Nonpoint Source Coordinating
Committee recommends to the Department of Natural Resources the watersheds for
selection.

In the early 1980s, the emphasis of the Nonpoint Scurce Controel Program was
primarily on improving surface water quality. Since the primary water quality
concern in the Upper Door Watershed is groundwater protection, this watershed
was not ranked under the first step of the selection process. However, other
watersheds can be recommended by a regional advisory group via a "wild card"
process 1f they are convinced of a watershed'’s merits. In this case, in 1981
Door County recommended that the Upper Door Watershed be selected through the
"wild card" method, even though the use of nonpoint source pollutant controls
to protect groundwater was a relatively new idea. This county effort was
successful in 1984 with the selection of this watershed as a project.

While the Upper Door Priority Watershed Project is unique in the Nonpoint
Source Control Program because it is the first watershed project selected
primarily for the purpose of protecting and improving groundwater quality,
there are surface waters in the project area that will benefit from the
control of nonpoint sources of pollution. However the concern for the
protection of groundwater remains the major reason for this project'’'s
selection.

Because of this concern for groundwater, the Upper Door Watershed planning
process, and this plan, have some unique features. These features will be
discussed below,

THE STRUCTURE OF THIS REPORT AND HOW IT WAS DEVELOPED

A priority watershed project is carried out in three steps: assessment and
planning, implementation, and evaluation.

Once the Department of Natural Resources' offer of a priority watershed
project is accepted by the county boards of the invelved counties, the local
agencles along with the Department of Natural Resources prepare a watershed
plan such as this document.
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The watershed plan contains three parts. Part one assesses existing water
quality and watershed conditions, and identifies the management practices and
actions mecessary to improve and/or protect the water quality of the
watershed. Part two identifies the tasks necessary to carry out the plan; the
agencies responsible for the various tasks; and the time frame for completing
the identified tasks. This section also includes estimates of the funds
required to install the recommended practices and administer the project,

Part three discusses project evaluation.

The watershed plan for the Upper Door project contains assessments of many
sources that are not nonpoint sources of pollution. Some of the sources
discussed are regulated by the state or county through permit programs. The
sources were assessed as part of the planning process, or during the same time
frame as the planning process, and are discussed in this report because of
their interrelated impacts on the area's groundwater. Examples of regulated
sources that have the potential of affecting the groundwater are landfills,
land disposal of septage, septic systems, holding tanks, and underground
petroleum storage tanks. The control needs and implementation portions of the
Upper Door plan will pertain only to the nonpoint sources of pollution. The
nonpoint source control program does not have the authority to make
recommendations to other regulatory programs of the Department of Natural
Resources or to the county.

At this time, the control of nonpoint source pollutants under the Nonpoint
Control Source Program is accomplished through a nonregulatory approach.

The implementation phase of the Upper Door project will begin with the
approval of this watershed plan by both the Department of Natural Resources
and the Door County Board. During the implementation phase, the state will
provide funds to the county to carry out the recommendations made in the plan.
This implementation phase may last up to eight years. During an initial five
year period, certain critical landowners in the watershed will be eligible to
receive cost sharing if they agree to install the land management practices
recommended in the plan. The cost share agreement signed by the landowner and
the county outlines the practices, costs, cost share amounts and schedule of
installation. The practices can be scheduled for installation up to five
years from the date of signing the cost share agreement.

This watershed plan was written with the best information available at the
time of its preparation. Situations and conditions may change during the
implementation of this plan, requiring changes in this document. Any
revisions to this document must be approved by both Door County and the
Department of Natural Resources.
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LEGAL _STATUS OF THE WATERSHED PLAN

This plan has been prepared under the authority of the Wisconsin Nonpoint
Source Water Pellution Abatement Program described in s. 144,25, Wisconsin
Statutes, and Chapter NR 120 of the Wisconsin Administrative Code.

This plan is the basis for providing cost share and local assistance grants
through the Wisconsin Nonpoint Source Water Pollution Abatement Program
administered by the Wisconsin Department of Natural Resources. The Wisconsin
Statutes and Chapter NR 120 of the Wisconsin Administrative Code, however,
govern the conduct of the Nonpoint Source Water Pollution Abatement Program,
In the event a discrepancy occurs between this plan and the statutes or the
administrative rules, or if the statutes or administrative rules are changed,
the statutes and rules override this plan.

This plan, once approved through the procedures described in Chapter NR 121,

Wisconsin Administrative Code, becomes part of the Twin-Door-Kewaunee River
Basin Water Quality Management Plan.
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A NONPOINT SOURCE CONTROL PLAN
FOR THE

UPPER DOOR PRIORITY WATERSHED PROJECT

SECTION ONE: THE WATERSHERD ASSESSMENT

CHAPTER 1. GENERAL DESCRIPTION OF THE WATERSHED

A,

Location

The Upper Door Priority Watershed Project is located in Door County,
Wisconsin. Door County is located in northeastern Wisconsin and
encompasses the main portion of a peninsula that lies between Green Bay
and Lake Michigan (Figure 1). The Upper Door watershed project covers the
northern half of the Dooxr County peninsula, which includes all areas north
of the Sturgeon Bay ship canal (including Washington Island and Chambers
Islands).

The Wisconsin Nonpoint Source Water Pollution Abatement Program was
established to deal with water quality problems on a watershed basis, that
is, the entire land area that drains to one water course or water body.

‘The Upper Door project is unique to the program in that:

1. Being a small peninsula, the area is not a true watershed as far as
the surface hydrology is concerned. Rather, the surface waters which
are not internally drained (into the groundwater system) consist of
several small lakes and creeks which drain into Lake Michigan,

Green Bay or Sturgeon Bay,

2. As will be described very extensively in this plan, the emphasis in
the Upper Door project is on the groundwater system., Groundwater does
not follow surface water hydrologic patterns, and this area comprises
one interrelated groundwater system, unlike the surface waters. The
project area is also a unit since it is surrounded by water, including
the shipping canal to the south,

Physical Features That Are Related To The Potential For Groundwater
Contamination

Groundwater 1s the most important drinking water source in the Upper Door
Priority Watershed Project. Most of the wells obtain their water from the
layer of the bedrock which was formed during the Silurian age (about 420
million years ago). The groundwater in the Silurian age dolomite bedrock
is divided into the upper Niagaran aquifer and the lower Alexandrian
aquifer (Figure 2). Water occurs in the dolomite aquifer in vertical
joints and horizontal cracks (called bedding-planes.) New groundwater is
brought in from direct precipitation and snowmelt. The water yielded from
the dolomite aquifer is very hard due to mineral content and some
locations also have high iron concentrations.

Two unique factors in the physical setting make Door County susceptible to
groundwater quality problems. First, much of Door County has very shallow





soils over bedrock. Socil depth is important because the soil filters
water which might be contaminated from activities on the surface. Simply
put, thin soils provide less opportunity for filtering than do deeper
soils. The shallow soils lie directly above the dolomite bedrock from
which most of the drinking water in Door County is obtained. The Soil
Survey of Door County Wisconsin (USDA, 1978), states that 22 percent of
Door County has soils less than 18 inches deep. An additional 17 percent
of the soils are mapped as being between 18 inches and 38 inches to
bedrock. 1In comparison, in the northeastern part of the state of Iowa,
where a similar bedrock geology is found, "thin soils" are defined as
being less than 50 feet to bedrock and "very thin soils" are defined as
being less than 25 feet to bedrock (Hoyer, 1984).

The second physical factor contributing to groundwater contamination is
the nature of the underlying dolomite bedrock (Figure 3). As mentioned
above, the bedrock has well developed horizontal and vertical crevices.
The crevices have been enlarged by the weak acidic infiltrating water
disselving the alkaline dolomite bedreck. The enlarged crevices allow for
the rapid infiltration and horizontal movement of groundwater, The
dissolving of bedrock by acidic water is often referred to as "solution,"
or "karstie" action.

In addition to the enlarged crevices there are other karstic features
called "sinkholes" and "collapse features." Sinkholes are locations
where enlarged crevices in the underlying bedrock are exposed at the
surface. A collapse feature is where the area surrounding a sinkhole has
caved in because enlarged crevices have weakened the bedrock. Sinkhole
and collapse features provide direct conduits for contaminated surface
water to reach the underlying drinking water with no filtering at all.
The enlarged horizontal and vertical crevices allow the contaminated water
to travel long distances in short periods of time, threatening to pollute
wells over a wide area. The rapid movement of the groundwater is unique
to areas with these bedrock conditions.

In addition to thin soils, creviced bedrock and karstic features, the
surface runoff patterns are characterized by many "closed depressiong".
Closed depressions are areas which have no surface water outlet such as a
creek, In these depressions, all the runoff water must infiltrate into
the groundwater systems. If such a closed depression is associated with
shallow soils or some of the bedrock features, the potential for
groundwater pollution is all the greater.

Surface Water Resources

The most prominent surface water resources related to the project are Lake
Michigan and Green Bay. These resources are extensively used for
recreational activities, commercial fishing, and commercial shipping.

In additional to these large bodies of water, there are several sizable
lakes within the Door County peninsula. These lakes are generally clean
and clear with little algae or weed problems. Several of the streams that
flow into Lake Michigan support trout and salmon runs in the spring or
fall and one stream supports a resident trout population. The major
streams and lakes are listed in Tables 1 and 2, and are shown in Figure 9.
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Table 1. Major Lakes in the Upper Door Priority Watershed Project

Name Surface Acres Maximum Depth Location
(Acres) (Feet)

Clark Lake 864 22 T28&29N, R27E
Furope Lake 275 8 T32N, R29E, §.9
Gurlack Lake 80 1 T28N, R27E, 5.30
Kangaroo Lake 1,109 13 T29&30N, R27E
Lost Lake 91 5 T29N, R27E, 5.7&8
Mackaysee Lake 354 26 T31N, R26E, S5.3&%4
Mud Lake 155 5 T30&31N, R28E, 5.33

Table 2. Major Creeks in the Upper Door Priority Watershed Project

Name Length Gradient Location
{(miles) (ft/mi)

Ephriam Creek 1.5 2.0 T31N, R27E, §,23
Fish Creek 1.0 15.0 T31N, R27E, §,29
Heins Creek 2.9 7.8 T29N, R28E, S5,6
Hibbard Creek 5.4 7.6 T29N, R27E, 5,14
Hidden Springs Greek 1.0 10.0 T31N, R27E, §,24
Lilly Bay Creek 3.4 19.1 T27N, R27E, 5,6
Logan Creek 4.8 17.7 T29N, R27E, S,33
Maple Creek 3.6 9.7 T28N, R27E, §,30
Reiboldt Creek 1.0 5.0 T30N, R28E, §,10
Shivering Sands Creek 1.1 12.5 28N, R27E, 8,32
Three Springs Creek 2.3 16.9 T31N, R28E, 5,14
Whitefish Bay Creek 1.1 7.3 T28N, R27E, 5,9





Land Use

The Upper Door Priority Watershed Project area has a mix of rural
agricultural land use and tourist-associated land use. Approximately 66
percent of the permanent population lives in the rural areas. The
interior of the peninsula from Sturgeon Bay north to a line drawn from
approximately Fish Creek to Baileys Harbor is predominately agricultural
land use. Worth of that line agricultural land use exists to a much
lesser degree. Fallow lands are common morth of the line from Fish Creek
to Baileys Harbor.

in the entire Upper Door Priority Watershed Project there are 260
barnyards, with dairy being the main agricultural type. The handling,
storage and disposal of animal wastes comprises the greatest agricultural
source of pollutants of concern to water quality. Intermixed with the
dairy farms are fruit orchards and cash crop operations.

The shorelines of Sturgeon Bay, Green Bay and Lake Michigan are lined with
mostly seasonal residential dwellings. The villages of Egg Harbor, Fish
Creek, Ephriam, Sister Bay, Ellison Bay, Baileys Harbor and Jacksonport
are all along the shoreline and are the locations of concentrated
tourist-related activities. The annual number of seasonal visitors to
Door Gounty is estimated to be in the millions while the permanent
population is estimated at approximately 26,000, Tourist-related land
uses ineclude golf courses, resorts, motels, cottages, supper clubs, parks
and similar developments. There are four major state parks in the project
area (Peninsula, Newport, Whitefish Dunes, and Rock Island) which provide
camping and related activities. The tourist industry generates large
volumes of human waste, which is the principal water quality concern
related to the tourist industry,

Soils and Topography

Glaciers scoured the Upper Door Watershed area numerous times during the
Pleistocene (about 10,000 years ago), altering the underlying bedrock and
depositing the soil layer now present. Direct glacial deposits (called
till), soils transported in water and deposited in glacial melt waters and
lakes, and the subsequent development of organic soils in poorly drained
depressions all preceded the complex intermingled soil patterns now
ohserved in the area.

The upland areas are nearly level to sloping sandy loam or loam subsoil
over sandy loam or fine sandy loam till or dolomite bedrock. Bedrock
strongly influences the topography and is often very near or at the
surface. The poorly drained areas are nearly level soils and are
underlain by fine sand outwash or have a gilt loam subsoil over stratified
lake sediments. The very poorly drained areas are nearly level with
organic soils,

The Upper Dooxr Priority Watershed Project area's most significant
topographic feature is the Niagaran Escarpment, which is found along the
west flank of the peninsula, The cliff of the escarpment faces to the
west, with the back slope dipping to the southeast. The remainder of the
project area's topography is gentle to moderately rolling.
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CHAPTER 1I. GROUNDWATER QF THE UPPER DOOR PROJEGT AREA

A,

Introduction

Chapter II is a very lengthy and extensively detailed chapter that deals
with many aspects of the groundwater in the Upper Door project.
Information crucial to the watershed project is included in this chapter,
including the following information which:

1. FEstablishes groundwater pollution as the main concern in northern Door
County,

2. Measures the groundwater pollution problem;
3. Documents how the significant pollutant sources were determined; and

4. Discusses realistically what can be done to control pollutant sources
and improve groundwater quality.

After the groundwater information is analyzed, the objectives and
limitations for the groundwater aspects of the project are discussed at
the end of the chapter,

This chapter contains three major sections. The first section discusses
groundwater assessment methods and the results of past monitoring efforts.
It is followed by a discussion of the determination of significant
pollutant sources and control needs. Based on the information and
analyses contained in the first two sections, the third major section
presents the actual groundwater objectives for the Upper Door Priority
Watershed Project.

Groundwater Quality Assessment

1. Introduction

As part of the development of the watershed plan, the current water
quality and water use conditions of the groundwater in the project
area were examined. Then assessments were made of the potential
changes in water quality and use that might be expected as a resgult of
the control of nonpoint sources. These assessments were based on many
sources of information, including chemical and biological water
quality data from Department of Natural Resources (DNR) files, input
from the Door County Soil and Water Conservation District (SWCD) and
Soil Conservation Service (SCS) staffs, and DNR water quality
specialists.

The methods used in the groundwater assessment are discussed below.
2. Croundwater Quality Assessment Methods

Most groundwater monitoring efforts analyze the water's chemical
characteristics or detect the presence of bacteria. These tests are
done to determine the suitability of the water for human consumption.
The two most common tests are 1) the analysis for bacteria and 2) the
analysis for the nitrate concentration.





Bacteria

Bacteria are of concern in drinking water because of the potential
for transmitting disease. Water-borne bacteria can transmit
serious diseases such as typhoid, cholera, and hepatitis. These
diseases were more common before proper disinfection techmniques

became commonplace for water supplies and waste disposal, and

before proper well construction procedures were in place.

There are two basic methods for testing for the presence of
bacteria in a water supply. For municipal water systems the
standard laboratory analysis for bacteria is called the "Membrane
Filtered Coliform Count", For private wells an analysis method is
called the "Most Probable Number". In either methed, if any
bacteria are found, the sample is labeled "unsafe" for human
consumption. There is usually no reporting of the level of
bacteria found. The type of bacteria observed are not the type
that cause human disease but they do indicate that other
disease-carrying bacteria may be present in the sample.

Nitrates

Nitrates are of concern in the drinking water because of the their
ability to interfere with the ability of blood to carry oxygen.
This interference is only present in some infants under the apge of
six months. A nitrate level of 10 milligrams per liter (mg/l) or
higher (measured as "Nitrate-N")} is considered unsafe for
drinking.

Other Parameters

Many other compounds have been tested for in the project area, for
various reasons at various times. These include tests for lead,
pesticides, and volatile organic compounds. Special purpose
monitoring projects have been conducted for these parameters in
different areas of the county over the past decade. The results
of these monitoring projects are given below.

3. Results of the Groundwater Monitoring

a.

Introduction

The monitoring of groundwater in a dolomite bedrock aquifer is
very difficult. The water moving rapidly through the vertical and
horizontal joints means that the quality of the water can change
very rapldly during rain storms or snowmelt periods.

This section summarizes available groundwater data in the Upper
Door Watershed by contaminant type. The information is drawn from
published reports and DNR files, Data is available for the
following contaminants: bacteria, nitrates, lead, arsenate, toxic
metals, radiocactivity, organic pesticides, and volatile organie
compounds (VOCs).

Generally, the data are too sparse or are biased with respect to
sampling parameters (such as locations, time of year, and depth)
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to make definitive statements about groundwater quality in the
Silurian aguifer. The most obvious widespread problems are
bacteriological, nitrate, and lead contamination. Most of the
remaining contamination problems seem related to specific sites or
contamination incidents,

The following discussion summarizes available data by contaminant
type.

Bacteria

A number of bhacteriological surveys have heen performed in Door
County over the past 30 years. Such surveys generally employ
private and public water supply wells as sample points, and as
such characterize the water supply quality rather than
groundwater quality. The data from these surveys may often be
subject to several geographical and seasonal bilases, In addition,
the various studies were conducted by many different groups with
different objectives. However, these surveys do indicate that
many points throughout most of northern Door County can be
susceptible to bacteriological contamination.

Each of the studies iIs summarized below and the results are also
summarized. General conclusions on bacteria contamination in the
project area are given after all of the studies are described.

1) Homeowner's Self-monitoring Results: 1983 - 1985

These data are an accumulation of voluntary samples by
homeowners from 1983 through 1985. For a fee, any resident in
the state can send in a sample of their well water for
bacterial analysis by the State Laboratory of Hygiene in
Madison, Wisconsin. Tables 3 and 4 and Figure 4 summarize
these analyses for the project area.

In analyzing this data, several assumptions were made.

a. Any older well that was considered unsafe at any time -
even if presently safe - was considered as an unsafe well,
This indicates a wells’ susceptibility to bacteriological
contamination (not necessarily its present condition),

b. The most recent unsafe date is the date used if a well was
tested unsafe more than once.

¢. A new well that tested unsafe, then later safe, was
considered a safe well by these data. This is because new
wells brought into service often test unsafe initially
because of temporary contamination during the installation
process.

d. TIf casing depths were not reported, data from these wells
were combined with data from wells with casings less than
100 feet. This procedure was used because casings of less
than 100 feet were the most commen before good records
were kept.





Table 3. 1983, 1984 & 1985 Upper Door Watershed Bacteria Data Summary by
Season
Season Bacteria Total Samples
Yes No
Spring 23 (11%) 182 205
Summer 48 (12%) 367 415
Fall 55 (16%) 290 345
Winter 18 (11%) 143 161
Total laa (13%) 982 1126
Table 4. 1983 & 1984 Upper Door Watershed Bacteria Data Summary by Well

Casing Depth

Casing Bacteria Total Samples

Depth Yes No

0’ 88 (21%) 325 413
10 - 99 6 ( 9%) 63 69
100 - 169 29 (11%) 224 253
< 170" 21 ( 8%) 254 275
Total: 144 (148) 866 1010
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Figure 4 LOCATION OF
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2)

It should also be noted that the data were not collected underx
the guidance of an experimental design. Several biases could
be present with these data, and they are noted below:

a. Since all samples were sent in voluntarily by the property
owners, those expecting a problem may have been more
likely to have taken a sample.

bh. At certain seasons, vacation homeowners were not available
to have samples taken. Thus, many lake shore areas could
be improperly represented on a seasonal basis.

c¢. Many vacation homes that were sampled probably alsc have
periodically resting septic systems. A good or bad sample
here may depend on when it was taken,

d. A true distribution of unsafe wells as a percentage of the
total number of wells may appear distorted since the safe
wells are not plotted on the map.

The preceding notations are not an attempt to negate the
findings of this map compilation. They are stated here so
that caution is used in the formulation of conclusions.

Tables 3 and 4 and Figure 4 shows the wide distribution of
bacteriologically unsafe wells in Door County both
geographically, and by well casing depth.

Review of Past Water-Borne Disease Outbreaks in Door County

A report by the Wisconsin State Board of Health in 1942
surveyed water supplies, water distribution and waste disposal
methods in the fruit growing areas of Door County.

The paper reviewed sanitation procedures and water-borne
disease outbreaks in Door County. The following disease
outbreaks traceable to contaminated groundwater were
documented:

a. 1916, City of Sturgeon Bay, typhoid outbreak. Local wells
were polluted by a cesspool of a hospital which had
received typhoid patients,

b. 1921, City of Sturgeon Bay, typhoid outbreak. Wells were
polluted by a leaking sewer line leading from the same
hospital to the bay. 8ix typhoid cases resulted.

e. 1922, City of Sturgeon Bay, typhoid outbreak. Same causes
as in 1921. Forty people were infected,

d. 1924, Gity of Sturgeon Bay, typhoid outbreak. Wells were
polluted by a leaking sewer line in another part of town.
Twenty people were infected.





e. 1927, Baileys Harbor, intestinal disturbance and typhoid.
Pit toilets apparently were responsible for well
contamination. Twenty people were infected.

£. 1929, Town of Sevastopol, typhoid outbreak. A polluted
well was implicated as the disease cause. Fifty people
contracted typhoid directly from the well, and another 27
contracted the disease from secondary contact. Seven
deaths were reported.

g. The report also states gastroenteritis is common in June,
July, and August of each year,

3) U.s. Public Health Service. 1955, Reported in: T. Calabresa.
1978a. Case history of bacteriological contamination of
groundwater in Door County (DNR file summary).

Twenty-seven wells supplying water at hotels, restaurants, and
parks were sampled once a week for 10 weeks between June 28
and September 2, 1955. Fourteen wells (51.9 percent) and 19.8
percent of all samples tested positive for coliform bacteria.

#) Wisconsin State Board of Health. 1357. Reported in:
T. Calabresa. 1978a. Case history of bacteriological
contamination of groundwater in Door County (DNR file
sSummary) .

Twenty-nine wells (including twenty-seven of the study
summarized above) were sampled once a week from June 25 to
August 27. Of these 61.1 percent of all wells and 12.6
percent of all samples were bacteriologically unsafe.

5) Wisconsin State Board of Health, 1959, 1960, and 1961.
Reported in: T. Calabresa. 1978a. Case history of
bacteriological contamination of groundwater in Door County
(DRR file summary).

A study was pexrformed over these three years to determine if
water quality in wells with less than 100 feet of casing was
different than those with the required amount of casing, No
further information is available on sample dates, well
locations, or well construction. Study results are listed in
Table 5.

6) Oleson, Don. 1971. "Poison in paradise", The Milwaukee
Journal. Reported in: T. Calabresa. 1978a. Case history of
bacteriological contamination of groundwater in Door County
(DNR file summary).

Oleson collected 20 samples in August of 1970 and 10 in March,
1971. Of the 30 samples, 46.7 percent were unsafe. However,
newer wells meeting the 100 foot casing requirements were
almost uniformly safe. The survey was nonrandom and may have
had false positives due to poor faucet sterilization
procedures,
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7)

8)

9)

10)

Department of Natural Resources and Department of Health and
Social Services (DHSS). 1971. Reported in: T. Galabresa.
1978a. Gase history of bacteriological contamination of
groundwater in Door County (DNR file summary).

As a result of the "Poison in paradise™ article in The
Milwaukee Journal, DNR and DHSS undertook a cooperative water
quality survey in the summer of 1971. DHSS sampled wells at
mobile home parks and establishments licensed by the Hotel and
Restaurant Section and DNR sampled facilities such as service
stations, taverns, marinas, and airports. Private homeowners
were also encouraged to submit samples for analysis. Results
are summarized in Table 6, Overall, 15.8 percent of wells
yielded unsafe water.

League of Women Voters. 1971. Mission possible. The League
of Women Voters conducted a voluntary sampling program of 706
Door County wells between July 6 and April 21, 1971. About 16
percent of the wells were bacteriologically unsafe., Sample
results are summarized by township in Table 7.

Department of Natural Resources. 1978, Water quality in wells
constructed since 1971 zoning requirements. Reported in:

T. Calabresa. 1978a. Case history of bacteriological
contamination of groundwater in Door County (DNR file
SUmMmMary) .

This study compiled analyses performed by the State Lab of
Hyglene from newly constructed wells in Door County. These
samples apparently were those required immediately after well
construction. Results are summarized in Table 8. The report
concluded the following:

"...results indicate that the new casing [170 feet]
requirements have been successful in improving the
bacteriological quality of water supplied by Door County
wells. Out of the 1,216 new wells tested, 1,186 produced safe
samples on either the first test or on re-tests after
disinfection, The percentage of unsafe first tests (6.4
percent) is probably comparable to new wells in the rest of
the state {a direct comparison is impossible to make; results
of tests on new wellg only are not kept for the rest of the
state)."

Calabresa, T. 1978b. Report on investigation--Door County
wells with limited casing. Unpublished Wisconsin DNR report.

A total of 50 wells (four with 40 feet of casing, one with 41
feet, one with 45.5 feet, one with 46 feet, one with 65 feet,
and 47 with less than 40 feet) were sampled for bacteria in
May and June, 1978. Six wells (12.2 percent) were unsafe,.
Forty-one of the wells were resampled in August and 12 (29.2
percent) were unsafe. The report states the wells were
distributed widely over the county.
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Table 5. Results of 1959, 1960, and 1961 Water Quality Surveys in Door County

Bacteria Results

1959 Safe Unsafe % Unsafe
Wells with 100’ or more of casing 35 6 (14.6%)
Wells with less than 100’ of casing (variances) 3% 3 (50.0%)
All wells 38 9 (19.1%)

1960
Wells with 100' or more of casing 59 4 (6.3%)
Wells with less than 100'of casing (variances) 21 3 (12.5%)
Unknown casing length 4 0 {0.0%)
All wells 84 7 (7.7%)

1961
Wells with 100' or more of casing 48 4 (7.7%)
Wells with less 100’ of casing (variances) 33 3 (8.3%)
Unknown casing length 1 0 (0.0%)
All wells 82 7 (7.9%)

*Does not include one well which tested unsafe and then safe.

Table 6. Results of 1971 Water Quality Survey in Door County

Bacteria Results

Safe Unsafe
Wells sampled by DNR
Wells with 100' or more of casing 11 1 (9.1%)
Wells with less than 100’ of casing 7 2 (28.6%)
Unknown casing length 33 9 (27.3%)
All wells ' 51 12 (19.0%)
Wells Sampled by DHSS
Wells with 100' or more of casing 126 i6  (11.3%)
Wells with less than 100’ of casing 46 2 (4.2%)
constructed since 1957 (wvariances)
Wells with less than 100’ of casing or 615 119 (16.2%)
untknown casing length constructed
prior to 1957
All wells 787 137  (14.8%)
Wells gampled by owners
Wells with 100’ or more of casing 312 35 (10.1%)
Wells with less than 100’ of casing 76 5 (6.2%)
constructed since 1957 (variances)
Wells with less than 100' of casing or 637 152 (19.3%)
unknown casing length constructed
prior to 1957
All wells 1,025 192 (15.8%)





Table 7. League of Women Voters Voluntary Water Testing Program - Mission
Possible - July 6,-- August 21, 1971 (project area only)

Approximate Wells %
Population Area Tested Safe Unsafe Unsafe

654 Baileys Harbor 85 61 17 20

606 Gibraltar 29 27 1 4

707 Jacksonport 35 25 7 20

852 Egg Harbox 76 59 10 13

221 Ephriam 90 73 13 14

606 Fish Creek 32 22 9 28

1,190 Liberty Grove 87 76 10 12

1,950 Sevastopol 121 106 11 9

520 Sister Bay 55 36 13 24

502 Sturgeon Bay 61 53 8 13

610 Washington Island 35 28 6 17

Total: 8,418 706 601 105 15

Table 8. Eacteriological Quality of Water from New Wells Drilled in Door
County between September, 1971 and July, 1978

Bacteria Results

Safe Unsafe
First test results 1,137 79  (6.5%)
Retest results for wells testing 42 17 (28.8%)
unsafe on first test
Retest results for wells testing 7 2 (22.2%)

unsafe on first and second test

11) Sherrill, M.G. 1978. Geology and groundwater in Door County,
Wisconsin, with emphasis on contamination potential in the
silurian dolomite. U, S, Geological Survey Water-Supply Paper
2047,

This study concluded that bacteriological contamination in
Door County is a problem anywhere soils are thin. Safe water
can often be obtained with wells cased more than 170 feet
below grade or 30 feet below the water table, whichever is
deeper.

12) McMahon Associates, Inc. 1984. Evaluation of alternatives for
water supply from wells #6, 8 and 10. Report to City of
Sturgeon Bay.
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13)

14)

15)

Sturgeon Bay has nine municipal water supply wells. Six of
these are consistently unable to yield safe water. This study
summarized water samples taken from Sturgeon Bay wells numbers
1, 3, 5, 6, 7, 8 and 10 from January 10 through November 5,
1984, Only well number 7 consistently yielded safe water,

Kraft, G, J. 1983, Holiday Acres subdivision complaints.
Unpublished Wisconsin DNR memorandum,

This report focused on water quality changes, chemical and
bacteriological, in four wells in the Holiday Acres
Subdivision. In the springtime, large numbers of coliform and
iron bacteria were confirmed. ©No fecal coliform or fecal
streptococcus were present. All wells were of recent
construction with 170 feet or greater casing. Report
concluded that rapid infiltration through nearby sinkholes was
probably responsible for the problem.

Upper Door Small Basin Monitoring Project

In 1986 a cooperative monitoring project was begun in the
project area by the DNR, Wisconsin Geologic and Natural
History Survey, Door County SWCD, and UW-Green Bay (Figure 5).
The long term goal of this effort is to measure changes in the
groundwater that resulted from the control of nonpoint source
pollutants. This project is explained in detail in the
"Project Evaluation" portion of this plan. Beginning in
February of 1986, 45 wells and five springs were monitored
every two weeks. A summary of the bacteria analysis from this
monitoring is shown in Table 9.

Conclusions

The following conclusions can be drawn based upon the existing
sample results and general water quality information
available,

a. Many areas of Door County have historically shown a
potential for bacteriological contamination,

b. Bacteriological contamination occurs from natural sources
as well as surface cultural sources, but in most cases it
is caused by cultural sources.

¢. There can be contamination in both the shallow as well as
the deeper wells .in the county, because of the geology of
the area. However, there appears to be a higher frequency
of shallow well contamination (casing depth less than 100
feet) than deeper well contamination.
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Table 9. Upper Door Small Basin Study: Summary of Total Coliform Analysis
{(February - December 7, 1986)

% of # of % of
# of # Samples # of Wells Wells
Samples >G.W,#* >G.W. Wells >G.W. >G.W.

Standard Standard Tested Standard Standard

775 283 36 % 62 53 85 %

* Ground Water Standard for Total Coliform Bacteria = 0 count/100 mls

______________________________________________________________________________

d. The bacteriological problem varies with the time of year,
and the occurrence of reported well water problems is
highest during groundwater recharge periods (generally
spring and fall). This conclusion is not supported by
Table 3, but it has been the experience of the DNR and
county staff that this is the case.

e. From a historical standpoint, proper construction and well
codes have aided in a reduction of bacteriological
contamination occurrences.

f. Regional groundwater contamination is evident from the
bacteria survey of the Sturgeon Bay municipal well system.
Several wells on both sides of the Sturgeon Bay Ship Canal
have contained bacteria in the past,

c¢. Nitrates

Nitrate data is available from a number of sources, including (1)
the pesticide monitoring program, (2) noncommunity public well
surveys, (3) municipal and public other-than-municipal well data,
(4) private well samples, and 5) the Upper Door Priority Watershed
Project monitoering project. These studies are summarized below
and conclusions are made after these summaries.

1) Pesticide Monitoring Program

Nitrates were analyzed at each well which was sampled for
pesticides from 1983 to 1985. Nine wells were sampled on one
occasion and one was sampled twice. Nitrates were present in
concentrations greater than 0.5 milligrams per liter [mg/l]
NG,/NO3-N) in six of eight samples. The average value in
samples with detects was 2.3 mg/l. The highest observed level
was 4.0 mg/l. The drinking water standard for nitrate is

10.0 mg/l. Sample locations are listed in Table 10 in
addition to being shown on Figure 7.
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2)

3)

4)

5)

Municipal and Public Other-than-Municipal Well Data

Two municipal and seven public other-than-municipal (Tabie 11)
water systems in the Upper Door Watershed were sampled a total
of 20 times over the period 1979-1986. Eighteen samples
contained nitrates over the detection limits (0.5 mg/l
nitrate/nitrogen). None of these samples exceeded the
drinking water standard of 10.0 mg/1.

Private well samples sent to State Lab of Hygiene

An audit of State Lab of Hygiene results from Door County was
performed to summarize available nitrate data for 1983 to
1984. Of 1348 samples submitted, 11 were analyzed for
nitrates (Table 12). Nine of the eleven samples contained
nitrate nitrogen over the detection limit (0.5 mg/l). Two
samples (19 percent) were over the health advisory. The
highest observed level was 14.4 mg/l.

Noncommunity Public Well Survey

A nitrate survey of noncommunity (such as restaurants,
taverns, and motels) wells was performed throughout Door
County in 1979 by the DNR. Approximately 522 wells were
sampled at least once. Of these, 379 (72.6 percent) had a
nitrate detect (greater than 0.5 mg/l NO,/NO;-N) at least
once. The average nitrate/nitrite- nitrogen level in wells
with detects was 1.53 mg/l. Only one sample exceeded the
health advisory level of 10 (10.2 mg/1).

Upper Door Small Basin Monitoring Project

In 1986 a cooperative monitoring project was begun in the
project area by DNR, Wisconsin Geologic and Natural History
Survey, the Door County SWCD, and UW-Green Bay. The long term
goal of this effort is to measure changes in the groundwater
that resulted from the control of nonpoint source pollutants,
This project is explained in detaill in the project evaluation
portion of this plan. Beginning in February of 1986, 45 wells
and five springs were monitored every two weeks (Figure 5). A
summary of the nitrate analysis from this monitoring through
June of 1986 is shown in Table 13.
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Table 10. Nitrate Resultg at Pesticide Monitored Wells

Site Location Sample Nitrate Level *
# TNRG S5 Q@ Q Date (mg/L1)
1 28 26 16 SW SW 1/9/84 2.6
2 28 26 17 NW NE 3/11/85 4.0
3 28 26 8 SW NE 3/11/85 1.8
b4 30 26 24 NE SE 3/20/85 1.5
5 30 27 19 NW SW 1/9/84 2.1
5 30 27 19 NW SW 3/20/85 1.9
6 30 27 35 SW NE 1/9/84 0.5
7 32 28 33 s5W sW 1/9/84 0.5
8 28 26 34 NE NE 4/22/85 8.6
9 30 27 25 NE sW 5/6/85 0.5
10 30 28 3 NE NE 5/6/85 0.5
%* Drinking water standard for nitrate = 10.0 mg/1

Table 11. Nitrate Results from Municipal and Public (Other Than Municipal)

Wells
Site Sample Date  Nitrate Level
# location Date {mg/1)
11 Baileys Harbor Yacht Glub 1/31/83 <0.5
8/16/79 <0.5
13 Car-Villa Mobile Home Park 5/25/86 2.9
(Well #1) 10/08/84 2.6
5/25/83 2.9
11/04/80 2.1
14  Car-Villa Mobile Home Park 10/08/84 3.0
(Well #2) 11/04/80 3.1
15 Hyland Mobile Home Park (Well #1) 10/08/84 2.5
11/04/80 2.8
Hyland Mobile Home Park (Well #2) 10/08/84 2.8
11/04/80 3.2
16 Rocky Shores Condo (Well #1) 12/26/84 1.3
7/07/80 1.1
Rocky Shores Condo (Well) 9/04/80 1.1
17 Sister Bay, Village of 3/23/82 1.1
(Distribution System)
18 Sturgeon Bay Waterworks 11/05/81 3.1
(East Distribution System)
19 Wagon Trails Condo 8/19/82 2.9
3/27/80 2.5

The drinking water standard for Nitrate is 10.0 mg/l





Table 12. Nitrate Detections in Private Well Samples

Site Nitrate Lewvel *
# Sample Site Location Date (rng,/1)
20 T29N,R27E, 508 ,NW 1/31/83 14.0
21 T31N,R27E,512,NW 5/30/83 <0.5
22 T31N,R27E,S24 ,NE 8/14/83 <0.5
23 T31N,R27E, (Ephriam) 9/19/83 1.2
24 T31N,R28E,529,NE 1/04/84 2.5
25 T28N,R26E,S29,SE 4/24/84 4.8
26 T30N,R28E,517,NE 8/28/84 <0.5
27 T31N,R28E,S0%,NW 11/19/84 4.6
28 T30N,R27E 11/27/84 10.9
29 T30N,R27E 11/27/84 2.6
30 T32N,R28E,527,5W 12/18/84 8.0

* The drinking water standard for nitrate is 10.0 mg/l

Table 13. Upper Door Small Basin Study: Summary of Nitrate Analysis
(February - December 7, 1986)

# of Wells % of Wells

# of # > G.W. % > G.W. # of Wells > G.W. > G.W
Samples Standard Standard Tested Standard Standard
702 84 12 % 62 21 34 g

* Ground Water Standard for Nitrate = 10.0 mg/1

d. Lead and Arsenic
1) Background

The concern over lead contamination in Door County stems from
the discovery of abandoned lead arsenate pesticlide mixing
facilities in the county., Lead arsenate was the staple
pesticide in Door County’s fruit growing industry prior to
1960. Powdered lead arsenate was brought to mixing stations
where it was dissolved in water and subsequently transported
to and applied on orchards, The Department of Natural
Regources became aware of the abandoned facilities in 1984. A
sampling program was conducted between March 1984 and August
1985 (Figure ©). The study was implemented to answer some of
the questions regarding this problem.
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Figure 6

Location of Known Historical Pesticide Mixing Sites
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2)

3}

Methods

a.

The following areas were sampled:

- Areas where existing information provided by hazardous
waste personnel indicated the presence of major mixing
facilities. Residents in these areas were urged
through news releases and a poster campaign to take
their own water samples.

. Hazardous waste personnel provided information on the
locations of additional major mixing facilities after
the program became active. Wells in nearby areas were
sampled by DNR personnel.

- Residents outside of these designated areas were
encouraged to sample their wells after the first week
of the program.

The sampling program was to be initiated during the peak
groundwater recharge period {(the beginning of snow melt
periods), based on monitoring water levels in several USGS
observation wells and weather conditions. In application,
these methods did not provide a definite determination of
the peak groundwater recharge period. Snow-melt occurred
very gradually in the spring of 1985, and spring rains
were not as heavy as were expected. Therefore, the
starting date was chosen as April 1.

Samples were sent to the State Lab of Hygiene for
analysis. All samples were analyzed for lead. Those
wells in which lead was detected were subsequently tested
for arsenic,

The bulk of samples were taken by homeowners and renters,
Bottles were distributed and collected by the Door County
Sanitarian’s office,

The Sanitarian's office assigned each sampled well an
identification number and completed a form on each well
sampled. The same was done for all DNR sampled wells.
Residents were notified of the results from their wells.

Results

A total of 446 samples were taken from 308 wells from March &,
1984 to August 26, 1985, Table 14 summarizes the numbers of
wells and samples for lead. There was no detectable level of
arsenic in any of the samples.





Table 14, Detections of Lead in Groundwater

Lead Detections

# of
Time Period Wells < 3 ug/l* 3 - 49 ug/l > 50 ug/l Total
Sampled (Below Detection)} (Drinking Water # of
Standard) Samples
3/8/84 - 3/31/85 87 100 39 5 144
4/1/85 - 8/26/85 243 176 115 11 302
Total: 308 276 154 16 446

* ug/l = micrograms per liter
The symbol < means "less than"
> means "greater than"

Preliminary investigation indicated the following:

(1) Soils around mixing sites are heavily contaminated with lead and arsenic.
(2) Groundwater near mixing sites is often lead contaminated.

{3) Lead levels seem closely tied to aquifer recharge periods.

{4) Lead was detected in about 32 percent of all wells and 38 percent of all
samples. The drinking water standard (50 ug/l) was exceeded by 3.33
percent of all samples. The standard was exceeded at least once in 2.56
percent of all wells.

(5) Arsenic does not appear to be entering the groundwater.

(6) Arsenic was not detected (detection limits = 10 ug/l) in any of the 85
"~ samples analyzed for arsenic.

4) Discussion

To date there have been 36 suspected lead mixing sites
identified in Door County. Twenty-seven of these appear on
the western half of upper Door County. This western half also
tends to show the most apparent relationship to lead
contamination and groundwater. The sampling sites are shown
in Figure 6.

e. Other Toxic Metalg (in addition to the 1985-86 lead arsenate

study)

Data on toxic metals in groundwater is available from 1)
municipal wells, 2) public other-than-municipal (OTM) wells,
and 3) a lead arsenate sampling program. Toxic metals and
their respective drinking water standards, and State Lab of
Hygiene detection limits are presented in Table 15.






Table 15. Toxic Metals, Their Drinking Water Standards, and Current State Lab
of Hygiene Detection Limits.

State Lab of Hygiene Drinking
Metal Detection Limit (ug/l) Water Standard (ug/l)
Arsenic 10 50
Barium 400 1000
Cadmium 0.2 10
Chromium 3 50
Lead 3 50
Mercury 0.2 2
Selenium 5 10
Silver 0.5 50

With the exception of lead and arsenate, there has mot been extensive
monitoring of the proundwater for metals in the project area.

Summary of Data;

Municipal Data. Three municipal systems in Door County (Sister Bay, Sturgeon
Bay East and Sturgeon Bay West) are being monitored for metals. The three
were sampled a total of eight times from 1974 to 198l. No metals were
detected. The samples were drawn from the water distribution system rather
than at the well head, so the samples may be more representative of the water
in the drinking water system rather than the groundwater at these locations.
However, since metals were not found in the distribution system, it is highly
unlikely that the metals would be found in the source (the groundwater) at
these sites.

"Other Than Municipal” (OTM) Data. Six water supply systems at five locations

have been monitored for metals in the Upper Door Watershed. A total of 18
samples were taken from each site from 1977 through 1984. There have been
eight metal detects reported over the period. These are summarized in
Table 16.

Table 16. Toxic Metal Detects in Upper Door Watershed "Other Than Municipal"
Water Systems,

Date Metal Concentration {ug/l) Sample Point

02/01/77 Lead 4 sample tap

10/25/77 Lead 4 outside tap
01/16/78 Lead 11 sample tap

01/31/78 Lead 6 distribution system
08/16/79 Lead 5 sample tap

11/21/80 Chromium 3 sample tap

10/08/84 Lead 21 distribution system
10/08/84 Cadmium 0.6 distribution system
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Pesticides

Very little information is available on organic pesticides
present in the Upper Door Watershed groundwater. In 1984 and
1985 a limited program conducted by DNR sampled 10 wells in
this region. Tests for a variety of common agricultural
pesticides were tested, but none were detected during this
sampling, The list of sample sites and parameters tested for
are presented in Table 17 and sample locations are shown in
Figure 7. Five of the ten wells tested were mnew wells with
more than 170 feet of casing.

Volatile Organic Compounds

Existing data, while sparse, suggests volatile organic
compounds (VOC) contamination is a site-specific problem and
is not widespread. In the project area, most VOC detections
in the groundwater are from petroleum storage tanks.

Thirty private, two municipal (Sister Bay and Sturgeon Bay
East), and six public OTM wells have been sampled and
analyzed for volatile organic compounds in the Upper Door
Watershed project. Fifteen of the thirty private well samples
were taken in response to complaints or locations where spills
had been reported in the past, including eight near two
gasoline spills on Washington Island. There were a total of
three positive samples, all from private wells on Washington
Island.

Cherrv Processing Wastewater

The Department's Lake Michigan District Water Supply files
contain a long list of complaints about cherry processing
wastewater, Apparently, processors in the past land-applied
or dumped large quantities of wastewater, and some area
residents subsequently would complain that their water became
odorous and colored. The complaints involved many of the
processors,

A study was performed in 1978 to confirm the problem., Samples
from four wells were analyzed on four to nine dates over the
period June 8 to September 21, 1978, for BOD (Biochemical
Oxygen Demand), TDS (Total Dissolved solids), TKN (Total
Kjeldahl Nitrogen), nitrate, nitrite, nitrogen, alkalinity,
hardness, chlorides, suspended solids, coliform, pH (acidity)
and COD (Chemical Oxygen Demand).

Results indicated low levels of BOD and COD, and
bacteriological contamination of the wells. Results were
inconclusive in implicating cherry processing wastewater as a
source of the pollution. However, since that time, all
processing wastewater must receive treatment in compliance
with a discharge permit regulated by DNR. This requirement
has halted the practice of applying untreated processing
wastewater to the land,
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Table 17. Pesticide Sampling in the Upper Door Region 1984-1985

Carbaryl X+ X %
Aldrin X X
Endrin X X
DDT & X x
metabolites

Dieldrin X X
Diazinon X X
Parathion X X
Simizine X X
Atrazine X

---------------- Site # and Date of Testing * -----------

Compound 1 2 3 4 5 5 6 7 8 9 10

Tested 1/84 3/85 3/85 3/85 1/84 3/85 1/84 1/84 4/85 5/85 5/85

L
E
H]

Cyanazine b4

* See Figure 7 for site locations

"

llx

means that an analysis of the pesticide was conducted for that site

No sites showed any detectable levels of any pesticides

C. Groundwater Pollutant Source Assessment

1.

Introduction

Another part of the watershed planning process was the collection of
information on the various nonpoint sources of pollutants and other
potential sources of groundwater contamination in the Upper Door
Watershed. Most of these Inventories were conducted under the
supervision of the Door County Scil and Water Conservation Department
(SWCD) with funding support from the DNR. Staff was hired by the SWCD
to gather the actual field data. The quality of these data were
reviewed and approved by the SWCD. Then these data were analyzed by
the DNR and the county. The inventory methods used for each

pollutant source are described below.

During the inventories, areas of the project which drained into the
groundwater system were identified. Runoff from these areas would
most likely be detrimental to the groundwater quality. The sourxces of
pollutants in these areas were compared only to each other for their
potential to affect groundwater. These groundwater pollutant sources
were not compared to surface water pollutant sources,

The relative importance of groundwater pollutant sources was
determined independently of the relative importance of surface water
pollutant sources.

Two methods were used in conducting the inventory for potential
groundwater pellutants. TFirst, the physical features in the project
area that could increase the potential for groundwater contamination
were examined. These features are discussed bhelow along with a
description of how each assessment was done., Table 18 indicates the
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rankings for all of the soils for the first three physical features
described below. Second, potential sources of pollutants to
groundwater were inventoried. These sources included nonpoint sources
such as barnyards which will be addressed in the implementation
section of this plan.

Other sources such as septic systems and landfills were also
inventoried even though the control of these sources will be done
through other state and county programs not directly related to the
Nonpoint Source Control Program and this plan. These "other" sources
were examined in oxder to assess the overall potential for impacts on
groundwater within the project area. The metheds used to examine and
analyze the nonpoint sources and the other sources are also described
below.

Physical Feature Assessment Methods

a.

Shallow Soil Map

The depth of the soil is a major factor in determining what degree
of pollutant filtering will take place as surface waters percolate
downward into the groundwater system. The lack of soil cover
limits the natural filtering ability of the soil. Minimum soil
depths are also identified in the specifications for wvarious
methods of storage and disposal of human and animal wastes. Thus,
the locations of shallow soils are considered an important factor
concerning the potential for groundwater contamination.

In order to assess soil depths, two mosaic base maps were
constructed for each township using the reduced scale soil survey
gheets. This was done by reducing USDA Soil Conservation Setrvice
Soil Survey sheets for Door County from their printed scale of 1"
= 1,320* to 1" = 2,000', The 1" = 2,000' scale was used because
it matches the existing USGS topographic maps and county zoning
base maps.

Soil mapping units were divided into three shallow soil groupings.
The three groupings are 0 to 12 inches, 10 to 20 inches and 20 to
51 inches. There are five soil mapping units in the 0-12 inch
grouping; seven soil mapping units in the 10-20 inch grouping,; and
eleven soil mapping units in the 20-51 inch grouping. Most of the
soils in the 20 to 51 inch grouping are actually in the depth
range of 20 to 38 inches, an important fact since three feet of
g0il depth is often considered the line between shallow and very
shallow soils. As a result of this mapping process, shallow soils
were identified in abundance throughout the Upper Door Watershed.

The locations of the shallow soil mapping units were identified in
three colors on a mylar overlay of the mosaic base map. This
produced a three-colored overlay which can be used with other maps
depicting land use concerns. A total of five township maps were
completed in this manner.






So0il Permeability Map

The rate at which surface water percolates through the soil is
another factor in the amount of natural filtering of the water
which will occur, and whether or not the water will enter the
aquifer system. Permeable soils are often soils which lack clay.
In terms of groundwater pollution potential, areas with highly
permeable soils are more of a concern than those areas with soils
with slow permeability rates,

The reduced-scale mosaic base maps of soil survey sheets
(described in the preceding section on shallow soils mapping) were
also used to prepare the soil permeability map.

Soil mapping units of the Door County Soil Survey were divided
inte two permeability groupings. The two groupings are 1)
"moderate to moderately rapid" permeability and 2) "rapid to very
rapid" permeability soils. Most of the soils in the Upper Door
Watershed are in the "moderate to moderately rapid" permeability
grouping with most of the remaining soils in the "rapid to very
rapid" permeability grouping. Scils with slow permeability are
not a major soil mapping unit.

A mylar overlay of the mosaic base map was made identifying in
color the locations of the “"moderate to moderately rapid" and
"rapid to very rapid" permeability soil mapping units. The
product was a two-colored overlay which can be used with other
maps depicting land use concerns, Five township maps were
completed,

High Water Table Soil Map

Another important factor is that soils with high seasonal water
tables are not conducive to the proper disposal of either human or
animal wastes, or other potentially polluting sources. Minimum
soil depths to high water table are identified in the
specifications for various methods of storage and disposal of
human and animal wastes. With this potential for groundwater
pellution, locating soils with high water table conditions was
another important assessment activity in this watershed project.

The reduced-scale mosaic base maps of soil survey sheets
(described in the preceding section on the shallow soils mapping)
were also used to prepare the high water table map.

Soil survey mapping units of the Door County Scil Survey which
have high water table conditions were listed in one group. High
water table conditions are apparent at depths of three feet or
less in the 29 scils contained in the grouping used to make the
high water table soil map. 1In the Upper Door Watershed, high
water table soils are found predominantly in the creek bottoms and
along the Lake Michigan shoreline.

As with other soil maps, a colored mylar overlay of the mosaic

base map was prepared showing the locations of the soils with
apparent high water tables. The end product is a one-color
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Table 18: Soil Properties in the Upper Door Priority Watershed

| . | Soil Permeability | { Soil Septic Limitations |

| % of | Soil bepth (inches) | | | Unsuitable |

Soil Name  |Entire| |V. Stow HModerate to Rapid to |Water Table] Slight |Conven- Convent. |
I

ICounty| 0-12 10-20 20-51 »>5% |to Mod. Mod. Repid V. Rapid |< 3 ft deep|Limitation |tional or Mound

Allendsle | 0.2 | X | x | I I x|
Alpena | 1.0 | X | X | no | X I I
Angelica | 2.8 | X | X | yes | | LA
Beaches [ 0.1 ] X | X | yes | | X I
Bonduel | 2.4 | X | X | yes | | o
Bonduel | 0.8 X | X | vyes | I x|
(Shallow Var.}] i [ | | | I
Bonduel | 0.9] X | X | ro ; | x|
(Wet var.) | | | | ; | I
Boyer * | 0.6 X | X | no ] X I I
Carbondale | 4.9 | X | X | yes | I L
Casco | 0.3 X X { no | X I I
Cathro | 1.9} X | X | yes | I |
chippeny { 0.1 X | x | yes | I I
Deford | 0.8] X | X | yes | | I
buel | 0.3 | X | X | mo I Poox |
puel | 0.2 X | X I oyes | f x|
(Variant) | | | | i | I
Emmet | 12.6 | X | X | ™ ! X I I
Fabius | 0.1] X | X I oyes | I x|
Fluvagquents oot X | X | yes | I X I
Gravel Pits | 0.1 ] X | X | no [ ! x|
Kewaunee * | 5.2 | X | X | o I I x|
Kiva | 1.1 X | X | no | X | I
Kolberg * | 2.1 | X | X | nmo | ! x|
Kolberg ] 0.8 | X | X | no | I x|
(Verient) | | | I | I I
Longrie | 1.9} X } X | no I | I
Manawa | 1.8 X | x booves | I x|
Manistee * I 0.2 X | X | mo I I x
Markey | 1.7} X | X | yes I i X [
Hamur | 6.7 X | X | mo | I x|
Namur ] 0.4 x i X | ves | f x|
{variant) i | ! I I I I
Omena | 9.3 X | X | ro f X I I
omena | 0.5 X | X | yes | | x|
(Variant) | | | I | | I
omro * | 1.5 | X ] X [ no I I X I
Pinconning | 0.2 X | X | yes | I X
Poygan I 0.5 | X | X | ves | ! x
Rock Outcrop | 0.8 [ X | X I no I I I

* These soils occur very rarely in the project area (most are in southern Door County)

- 32 -





Table 18: Soil Properties in the Upper Door Priority Watershed

Soil Name

Rondeau
Rousseau
Saprists
Sisson *
Solona
Suamico
Summerville
Unisamments
Udorthents
Wainola
Yahara
Water

|
| % of |
{Entire!
[County|

o

v

= O O O NSO D O W
N B WOV W O O s

—

Soil Depth (inches)

0-12 10-20 20-51 »>51

- o o

| Soll Permeability | | Soit Septic Limitations i
| | | Unsuitable |
[V. Slow Moderate to Rapid to [Water Table| Slight |Conven-  Convent. |
|to Mod. Hod, Rapid V. Rapid |< 3 ft deep|lLimitation [tiocnal or Hound |

I X | yes | J L O
J X [ no | X I |
[ X | yes | | L
I X i no I X !
I X | yes | ! x|
| X [ yes | I x|
f X | no [ ; X
I X Foves | X !
| X | yes | | X |
I X I yes | I x|
! X | yes | | x|
[ I I | I





overlay which can be used with other maps showing land use types
to identify pollution concerns. Five township maps were
completed.

Fracture Traces, Exposed Bedrock and Solution Features Maps

Three separate maps showing fracture traces, exposed bedrock and
solution features were prepared as overlays to the reduced-scale
mesaic base maps of the soil survey sheets as described in the
preceding section on the shallow scils mapping.

Three maps concerning the geologic features were prepared by
University of Wisconsin-Green Bay personnel. A technieal report
titled Mapping and Inventorying of Geologic Features in the Upper
Door Priority Watershed (Stieglitz and Johnson, 1986), describes
the investigation and findings in detail,

Lf contaminated water reaches the underlying dolomitic bedrock,
little or no filtering action takes place prior to the mixing of
the contaminated water with the drinking water aquifer. The
location, nature, and concentration of fracture traces, exposed
bedrock and other solution features are thus major concerns in the
Upper Door Watershed.

1Y Fracture Traces

A fracture trace is defined as a natural linear feature
consisting of topographic (including straight stream
sediments), vegetation, or soil tonal alignments which are
visible primarily on aerial photographs and are expressed
continuously for less than one mile. The fracture traces map
was developed using stereo pair aerial photographs to locate
the fracture traces., The photographs were observed for ten
minutes per square mile for a maximum of two hours per
sesgion. The photographs were then observed out of stereo for
any obviously missed fracture traces.

Many fracture traces were mapped in the Upper Door Watershed,
with similar densities in all townships. The distribution
ranged from very high densities with many intersections to
iseclated features to large areas where no fracture traces were
identified,

The map produced by UW-Green Bay is a black line mylar overlay
showing the locations of the fracture traces.

2) Exposed Bedrock and Solution Features

The exposed bedrock map and the solution features maps were
compiled with information gather during field reconnaissance
beginning in the fall of 1984, with the majority of the field
work being conducted in the spring and summer of 1985.

Field workers conducted interviews with northern Door County

landowners, especially long-time farmers and hunters,
Questions cencerning karst features and the individual's
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familiarity with the area were asked, This information was
field checked by the investigations for accuracy, location and
descriptions.

The field investigators also checked fields, woodlots and
suspicious areas independent of those identified through the
interviews. Sinkholes, crevices, dolomite pavements,
insurgent points, springs and caves were inventoried and
mapped. Information was also obtained from a review of the
limited published and unpublished literature.

The exposed bedrock map illustrates the location of exposed
bedrock, quarries, sand and/or gravel pits, and abandoned
wells when observed. The solution features map illustrates
open sinkholes or insurgent points, filled sinkholes, swallets
(a form of sinkhole), springs, crevices, dolomite pavement,
caves, historic karst features and areas with numerous
features,

On the maps produced, the distribution of karst features
showed a greater number of features in the more southern
townships of Sturgeon Bay, Sevastopol, Egg Harbor, and
Jacksonport,

As witnh the fracture traces map, the exposed bedrock and
solution features maps were prepared as black line mylar

overlays.

Closed Depression Map

As a result of glaciation and karstic action, many areas within
the Upper Door project area are internally drained, meaning that
is there is no surface outlet for the surface runoff water. In
order to leave the closed topographic depression, runoff water
must enter the groundwater system or leave through evaporation.
The closed topographic depressions found in the watershed range in
size from a few square feet to a couple square miles in size.

The locations of the large closed topographic depressions are of
importance in considering potential groundwater contamination due
to their function as contaminated water traps. These "traps"
permit the water to enter the groundwater system,

Utilizing USGS 7.5 minute topographic maps with ten foot contour
lines, the drainage areas were delineated. However, because of
the limitation of the ten foot contour interval, closed
depressions with a change in elevation of less than ten vertical
feet were not mapped using this method. Field investigations by
SWCD staff were conducted to locate other significant closed
depressions. Particular attention was given to the upper (usually
northern) end of the delineated drainage areas.

Since closed depressions range greatly in size, only those which
are large enough to be significant in terms of nonpoint source
pollutant land use concerns were mapped. The larger, more
significant closed depressions were often mapped in the upper end
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of the drainage areas, particularly in the southern portion of the
Upper Door project area. The northern portion of the project area
had a greater number of smaller closed depressions than the
southern portion.

The closed depression maps were prepared as black line mylar
overlays (at a scale of 1" to 2,000') to correspond with the othex
resource maps that had been developed. A total of five township
maps were completed.

Pollutant Attenuation Potential Map

Water polluted by various land use activities often can be
"cleansed" (to different degrees) as 1t moves from the surface
downward through soil layers before reaching the groundwater.
Pollutants in the water react in different ways to a variety of
physical and chemical properties of soils, determining both what
quantity and which pollutants are removed from the water.

This process, which is called attenuation, involves factors such
as holding essential plant nutrients for uptake by crops,
immobilizing metals, and removing bacteria contained in animal or
human wastes. These complex processes make the soil an integral
part of groundwater protection from surface pollutants.

The pollution of groundwater can occur when either the attenuation
capacity of the soil system is exceeded or when the system simply
does not have sufficient attenuation capacity to treat the type or
quantity of pollutants which are moving through it. In Door
County, the preponderance of thin soils overlying fractured
dolomitic limestone greatly reduces the attenuation capacity and
accelerates the transport of polluted surface waters into the
groundwater system.

In the Upper Door project, it was essential to evaluate the
capacity of the soil system te remove pollutants as one component
of the overall process to determine the susceptibility of the
groundwater to contamination. A method was developed to assess
the soil properties which play a role in the attenuation of
potential groundwater pollutants. The results of this assessment
were used to prepare a Pollutant Attenuation Potential Map.

In assessing the potential of the soil for attenuation, six
physical and chemical soil properties were given weighted values.
These values were summed and soil mapping units with similar total
point scores were placed into five groups which reflect differing
attenuation potentials. Soil properties evaluated were 1) the
organic matter content of the surface layer; 2) the pH of the
surface layer; 3) the soil drainage class; 4) the permeability of
the control section, which on soil maps is the top five-foot layer
of goil, regardlesgs of type; 5) the depth to bedrock, and 6) the
depth to gravelly or cobbly substratum. Technical information for
the rating system was obtained from the Door County Soil Survey
Report (SCS, 1978) and current soil interpretation records.






The organic matter content of the soil is Important because it
increases the ability of the soil to 1) hold nutrients, making
them available for plant uptake; 2) to bond heavy metals, making
them less soluble in water; and 3) to absorb organic chemicals
such as herbicides and pesticides. Also, it provides a valuable
medium for soil microorganisms, which play an important role in
the breakdown of organic wastes and pesticides. The pH of the
soil is also included in the ranking since the processes mentioned
above usually function better in a neutral or mildly alkaline soil
pH system.

The effectiveness of the soil as a treatment/recycling system
depends on the rate at which water moves through the soil. Thus,
the permeability of the top five-foot layer of soil (the control
section) was ranked.

Soil drainage ¢lass, which indicates the high water table or zone
of gaturation was also an important factor considered. A deep,
medium-textured, well-aserated soil offers the best opportunity for
water to percolate through with maximum contact between potential
pollutants and the mineral and organic fractions.

Depth to bedrock and depth to gravelly or cobbly substratum were
also evaluated. In the Upper Door project, more emphasis was
placed on depth to bhedrock than on any other facter evaluated,
because pollutants can move rapidly into groundwater supplies
through the fractured dolomitic limestone so common in the project
area.

Table 19 summarizes these groups with their corresponding
characteristics for each property described above,

The reduced-scale mosaic base maps of the soil survey sheets described
in the preceding section on shallow soils mapping were also used as
the base map for the Pollutant Attenuation Potential Map. A mylar
overlay of the mosaic base map was prepared, locating in color the
soils identified in the five groups described above. The end product
is a five-color overlay which can be used with nonpeint source
location maps to identify groundwater pellution concerns. Five
township maps were completed.

g. Groundwater Pollution Potential Composite Map

A major goal of the work conducted during the assessment phase was
to identify areas which are of a greater potential for groundwater
pollution than others. The development of the Groundwater
Pollution Potential Composite Map is the end product of that goal.
A UW-Green Bay technical report contains greater detail and
analysis of the Pollution Potential Composite Map (Slieglitz and
Johnson, 1986),

As described in previous sectiong, the following five maps were
prepared as part of the physical feature assessment work:

1) Fracture Traces Map,
2) Exposed Bedrock Map,





Table 19. Soil Characteristics for Groundwater Attenuation Potential

Water Table

Attenuation Soil Depth Soil Within Additional
Potential (inches) Texture 3' of Surface Characteristics
Very Low 0-10 Loamy Not Apparent Includes Exposed
Bedrock
- Loamy Apparent
20 - 40 Sandy Apparent
> 60 Gravel & - No Seoil Profile
Cobble Development
> 60 Sandy - No Soil Profile
Development
Low . 10 - 20 - - -
20 - 40 Loamy Apparent
20 - 51 - Apparent Organic Soil
20 - 40 Sandy - -
Low to Moderate 20 - 40 Loamy - Clayey - -
> 40 Sandy Apparent -
> 60 - - Loamy Subsoil
Moderate > 60 Sandy - Exhibits Profile
Development
> 60 Loamy - Clayey Apparent -
> 60 Loamy - Gravel Substratum
at 20-40"
> 60 - Apparent Organic Soil

Good > 60 Loamy - Clayey Not Apparent -

3) Solution Features Map,
4} Closed Depression Map, and
5) Pollutant Attenuation Potential Map

All five maps serve to identify areas which, based on the
individual map, have a greater potential for groundwater pollution
due to surface land use activities. The premise of the
Groundwater Pollution Potential Composite Map is that the
occurrence of a gombination of any of the mapped features of the
five individual maps creates a greater potential for groundwater
pollution than any one feature located by itself. The question
then arises as to what combination (or combinations) at what
density is of a higher potential for groundwater pollution,

The Pollutant Attenuation Potential Map has five mapping groups of
so0il potential for reducing the threat of groundwater poilution.
The five mapping units range from low to good potential to
attenuate groundwater pollutants. Since the ranking system which
has been established for the Pollutant Attenuation Potential Map
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is consistent with the intent of the Groundwater Pollution
Potential Composite Map, the Pollutant Attenuation Potential Map
was used asg the base map for the Groundwater Pollution Potential
Composite Map.

The other four maps, the Fracture Traces Map, the Exposed Bedrock
Map, the Solution Features Map and the Closed Depression Map, were
then overlaid onto the Pollutant Attenuation Potential Map. Then
the combinations and density of features could be examined in
greater detail, and consideration given to areas of higher
potential for groundwater pollution.

The Pollutant Attenuation Potential Map ranking system was
strongly oriented towards the depth of the soil to bedrock, and
soils with this condition are found in the mapping groups with the
lowest potential for effective attenuation of pollutants.

However, it should be noted that the soils which are conslidered
"deep" soils in the Upper Door Priority Watershed Project area are
often considered shallow soils in other areas of groundwater
quality concern.

An area which contains all five of the mapped features must be

considered to have the hipghest potential for groundwater
pollution. Areas with most of the mapped features must be

considered areas of high potential for groundwater pollution.
Exposed bedrock and shallow scils provide little or no filtering
of the infiltrating tainted surface runoff waters. Sinkholes
transport the contaminated surface waters directly into the
groundwater system and the known location of one or more sinkholes
can indicate that other covered or filled sinkholes are also
present. The occurrence of fracture traces in the area further
indicates that the bedrock is highly creviced and that water
transport in the bedrock will be rapid and pollutant filtration
ineffective., If this same site is also located in a closed
depression in which all surface runoff is internally drained, and
there is no surface water outlet, all vunoff-carried pollutants
must be filtered by natural processes or they will enter into the
groundwater system. The greater the density of any of the three
features mentioned above, the higher the groundwater pollution
potential will be,

The other extreme case (based on the Pollutant Attenuation
Potential Map) with good potential to attenuate groundwater
pollutants, and with none of the other features found on the other
four maps, would be considered to have the lowest potential for
groundwater pollution. This is not to say that groundwater

pollution will not occur but rather the relative potential is less
than other sites with different physical features.

Ranking sites in between the two extreme cases just described
(that is, sites with one to four of the features mapped on the
five physical features maps), is more difficult than selecting the
two extreme cases. For example, the closed depression which is
drained by a sinkhole(s) as the principal outlet has a very high
potential to pollute groundwater whether or not shallow soils or
any other bedrock features are found. However, a sinkhole

- 129 .





draining a location with shallow soils would be of a higher
concern than such a location with deep soils, Simply put, the
more features found at a site the greater the potential for
groundwater pollution.

To attempt to rank all of the possible combinations of physical
features would be impossible. Considering the nine physical
features (five maps with one of the maps, the Pollutant
Attenuation Potential Map, having five groups), there are 511
possible combinations. The 511 possible combinations would also
not give any consideration to the density of features of any
physical feature type. It is also not reasonable to assume that
groundwater pollution potential can be calculated to that fine of
a degree. The technical report noted at the beginning of this
section (Stieglitz and Johnson, 1986), gives more detailed
consideration to the ranking of the various combinations of
physical features and density. However, this ranking is done in
groups of combinations and densities rather than individual
combinations and densities.

It is not the intent of the Groundwater Pollution Potential
Composite Map to address cultural practices or pollutant sources
which, when combined with areas of wvarious groundwater pollution
potential, are considered of high concern. Therefore, in addition
to the five maps showing the areas most susceptible to groundwater
pellution that were used to make the composite map, additional
maps were prepared that show identified sources of pollutants,
These source maps weyre prepared for 1) croplands, 2) barnyards and
manure storage, 3) on-site septage, and 4) land disposal of
septage. These maps permit the comparison of pollutant sources to
the areas most susceptible to pollutionm.

In order to better understand the Groundwater Pollution Potential
Composite Map, the point must be made that not all areas with the
various physical features are groundwater pollution points of
entry or sources. The location of a site, surface water drainage,
and land use must all be considered in order to determine if the
site is a point of entry or source of groundwater pollution.
Bedrock features in woodlots, high topographic positions or other
areas where no man-induced pollutants exist are not considered
threatening to groundwater quality.

Conversely, those features which are located in areas such as |
ditches, grass waterways, urban development sites, barnyards, and

crop fields are comnsidered as having a high potential for

groundwater pollution. The determination of groundwatex pollution

potential remains a site-specific determination, even with the

development of the Groundwater Pollution Potential Composite Map.

However. the Composite Map should be considered a principal tool |
in making this determination.

As noted in the discussion of the bedrock feature maps and the
closed depression maps, there is a change in the types and
distribution of features north of a line drawn from Fish Creek to
Baileys Harbor. This distribution change is also true in the case
of the Pollutant Attenuation Potential Map, as there is a higherx
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percentage of soils in the mapping groups with the lowest
potential for effective attenuation of pollutants scuth of the
line from Fish Creek to Baileys Harbor. There is also a higher
percentage of the lower attenuation potential soils along the west
side of the peninsula. However, soils of all the mapping groups
are found both north and south of this approximate line,

The effect of overlapping the bedrock feature maps and the
Pollution Attenuation Potential Map is that the area south of a
line from Fish Creek to Baileys Harbor is identified as having a
greater percentage of the areas with a high potential for
groundwater pollution. However, areas with a high potential for
groundwater pollution are also found north of this line. The
closed depressions found south of this line are larger and of a
more significant nature than those north of the line, where the
greater number of smaller closed depressions are found, with fewer
being drained by open solution features. It is alse interesting
to note that most of the agricultural land use is also south of
this line.

The Groundwater Pollution Potential Composite Mapsg will be
available at a later date as a supplement to the Upper Door
Priority Watershed Project plan and as a separate series of maps
for general distribution. The specific intent is to make the
Groundwater Pollution Potential Composite Maps available to those
persons who make land use decisions concerning the Upper Door
project area, including government officials, realtors and
developers, and concerned citizens. The maps will be available on
request to the Door County Soil and Water Department or the
Department of Natural Resources.

3. Pollutant Source Assessment Metheds, Results and Control Needs

a. ECropland Infiltration

1) TInventory Method

With the thin soils found in the watershed project area, the
infiltration of fertilizers and pesticides from croplands into
the groundwater is a concern. The application of cropland
chemicals can introduce nitrates, insecticides, and herbicides
to the groundwater. Croplands used for continuous row crops
are the lands that receive the most agricultural chemicals,

To determine which fields were in row crops for three or more
continuous years, ASCS aerial slides of the project area for
1980 to 1984 were analyzed, These fields were mapped on a
1:24,000 scale map. The locations of these fields were
overlaid with the thin soils map. Fields in continuous row
crop on the thinnest soils were considered to have the highest
potential for agricultural chemicals to leach into the
groundwater.





2)

Inventory Results

Table 20 summarizes the results of the cropland inventory.

The values in the table are approximate because the acres were
determined by multiplying the percent of land within each soil
depth category for each landowner by the amount of cropland
owned by the farmer. Each field of cropland was not
inventoried for the soil depth within the field.

Table 20. Cropland Inventory Summary: Acres of Farmland by Soil Depth

Soil Depth Acres % Percent
12v 2,382 8 %

10 - 20" 7,109 24 %

21 - 51v - 7,716 25 %

over 60 12,966 43 %

Total: 30,173

* these figures are for land owned by the farm operatorsg only and do not
include rented lands.

3)

The major concern with croplands in relation to groundwater is
the potential for nitrogen fertilizers to infiltrate into the
groundwater and result in high nitrate levels., Because the
nitrate form of nitrogen is very water soluble and moves
through the soil wvery easily, and because of the fast flow of
water once it 1s in the bedrock layer, all of the cropland
used for row cropping was considered to be of concern
regarding fertilizer management. Croplands on the shallowest
soils are still considered the most critical for fertilizer
management.

Control Needs

On land used for row crops, most of the fertilizer uptake
through the crop's root systems occurs in the first 24 inches
of soil, thus reducing the amount of fertilizer available to
pellute the groundwater. Lands with less than 24 inches of
s0il depth arxe of critical concern in protecting groundwater
since fertilizer uptake is diminished. These lands are in
greatest need of proper fertilizer management.

The groundwater below row crop lands with soil depths between
24 and 60 inches would also likely bhenefit if chemical centrol
measures were practiced, however the need for protection on
these soils is less critical.

There are several approaches that can be used to control the
infiltration of agricultural chemicals, primarily nitrogen,
from cropland into the groundwater. The approaches include:
1) timing the application as close to the polint when the crop
can utilize the nitrogen, 2) applying only the amount of
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nitrogen that the crop can use, and 3) testing the soil to
deteriine the fertilizer needs, and crediting for nutrients
provided by manure and legume crops.

It is uncertain which approach or combination of approaches is
the most effective in reducing nitrate leaching or how these
approaches can be applied as a management practice.

Therefore, at this time, management practices for the control
of cropland fertilizer infiltration will not be established.
Discussions are being held with Door Gounty SWCD, DNR, and
UW-Extension to determine the best methods and management
practices for controlling nitrate leaching. The results of
these discussions will be incorporated into the implementation
phase of this project.

b. Animal Lot Infiltration and Runoff

1)

2)

Inventory Method

Dairy operations are the major type of agriculture in the
Upper Door Watershed. All of the barnyards were inventoried
for their potential to affect water quality, primarily by
contributing pollutants contained in manure to the
groundwater. The manure contains several components that can
adversely affect the water quality, including nitrates which,
if in high enough concentrations, can render the groundwater
unsate for drinking by human infants or livestock. Also,
bacteria found in livestock manure can be harmful to humans ox
livestock using the water for drinking.

Because of the concern for groundwater contamination from
barnyards in this project, information was collected to help
determine the potential for impacts on groundwater from the
inventoried barnyards. This information includes 1) soil
depth and/or karst features at the barnyard site, and 2) soil
depth or the presence of karst features at the barnvard runoff
destination. Figure 8 illustrates this concept. Barnyards
that are located on soils less than 60 inches deep, or whose
runotf flowed across soils less than 60 inches deep, were
assumed to be primarily affecting the groundwater rather than
surface water.

Inventory Results

All barnyards that pollute the groundwater were grouped
together since the same water resource was affected. The
results of the inventory are shown in Table 21, The table
indicates the number of animal lots by soil conditions in the
yards and soil conditions at runoff destination points. Along
with the number of animal yards, the total animal units in
each category are indicated in Table 21. This is done to
indicate the volume of manure produced at in the various
categories shown in Table 21.






Fipure 8. Diagram showing animal lot infiltration(l) and runoff(2).

3) Control Needs

a.

Criteria for Establishing the Control Needs

Since there are no established groundwater protection
criteria or codes for the separation of a barnyard from
groundwater or bedrock, criteria had to be established for
the Upper Door project in order to determine barnyard
control needs. Two criteria were selected as necessary
for groundwater protection:

1) A vertical separation between animal lot and
groundwater or bedrock of a 36 inch soil depth, and

2) At least 25 percent of the soil passing a #200 sieve.

These criteria are compatible with the separation
requirements for a type IIA storage facility as
specified in the SCS Technical Guide Standard #313, A
36 inch vertical separation distance is also required
in the Wisconsin Well Code (Chapter NR 112, Wis. Adm.
Code) for manure storage facilities. Since the most
predominant soill types in the agricultural areas of
northern Door County exceed the criteria for percent
passing a #200 sieve (25 to 75 percent), soil depth
thus became the limiting criteria for groundwater
protection.

It should be noted that the Longrie soil type
(described statewide as ranging from 20 to 50 inches
in depth) usually occurs in the Upper Door project
area with less than 36 inches of depth. Since a 36
inch separation to bedrock is the minimum distance
needed for groundwater protection, most of the
projects’ barnyards on the Longrie soil series are
considered to have the potential to pollute the
groundwater,
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Table 21. Barnyard Inventory Results: Numbers and Locations of Barnyards and
Down Slope Areas With Respect to Soil Series '

Axx B G D E
Down Slope Soil Series Type
Barnvard Emmet &
Soil Series Bedrock Namur Summerville Longrie  Omena Total
Type [0"] [1-12"] [l0-20"] {20-50"] [> 60"}
1%% Bedrock 6" O 0 0 0 6
(0"l (275) (275)
2 Namur 2 18 0 0 0 20
[1-12"] (186) (958) (1144)
3 Summerville 4 0 30 3 1 38
[L0-20") (382) (1598) (177) (69) (2226)
4 Longrie 3 0 1 52 0 56
{20-50"] (104) (24) (2964) (3092)
5 Emmet & 2 4 13 20 29 68
Cmena {(354) (131) (549) (769) (1150) (2953)
[> 60"]
Total 17 22 44 75 30 188
(1301) (1089) (2171) (3910) (1219) {(9690)

The soil series named on the chart are the predominant types. Other soil
series with similar characteristics were grouped into one of these
categories. The numbers in [ ] are so0il depth to bedrock,

The letters "A-E" and numbers "1-5" refer only to the columns and rows in
this table. They are used in the text in combination to identify wvarious
categories of animal yards,

This is the number of barnyards in each category. The numbers in ( } are
the total animal units in each category.
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In the runcff area from an animal lot, criteria for the
vertical separation needs were ohbtained from the SCS
Technical Guide Standard for filter strips (#313 and
#393)., The two basic criteria are:

1) a 24 inch separation between the top of the filter
strip area and the groundwater or bedrock, and

2) at least 25 percent of the soil passing a #200 sieve.

Downslope areas from barnyards not meeting these criteria
were considered to be in need of a control practice to
correct the situation. These criteria for runoff
destination points also were applied to downslope areas
from manure storage sites, as discussed later in this
plan.

Identified Contrel Needs

For barnyards located on less than 36 inches of seil,
paving of the animal lot is the prescribed control
measure. If the yard is on soll depths greater than 36
inches, complete paving of the yard will not necessary.

Barnyards which now contribute runoff to areas with soils
of less than 24 inches in depth will need to eliminate
runoff. Runoff can be eliminated by building a roof over
the barnyard, installing a holding basin to catch the
barnyard runoff, or a combination of the two., For
barnyards that contribute runoff to areas with soil depths
greater than 24 inches, the construction of a filter strip
will be required. In general, the level of needed runoff
control is more stringent for the more shallow soils,

Using the criterla discussed above, the practices
necessary for groundwater protection are explained in more
detail in the following eight groupings of categories
taken from Table 21. The letters "A-E" and numbers "1-3"
refer to the columns and rows in Table 21.

1. For Yards In Categories: Al through A4, and Bl
through B4

Estimated Practice Needs:

a. complete paving of "intensive" barnyard area

b. retain all storm runoff (through holding basins,
roofs, diversions or any combination of the
three)

c. may be able to find an alternate site for the
yard

Estimated Number of Yards in thig Group: 33






For Yards in Categories: €l through C&

Estimated Practice Needs:

a. Same as "1" except:

b. Runoff may be allowed ontc a filter strip if the
area surrounding the strip has the
characteristics of a Longrie (or deeper) soil.
This will likely affect only a few of the yards.
This determination will be made by the project
manager.

Estimated Number of Yards in This Group: 31

For Yards in Categories: Dl through b4

Estimated Practice Needs:

a. Same as in "1" except:

b. Runoff will be allowed onto a filter strip if the
area surrounding the strip has the
characteristics of a Longrie (or deeper) soil.
This will likely be the case for most of the

vards in this category. This determination will
be made by the project manager.

Estimated Number of Yards in This Group: 55
For Yards in Categories: A5 and B5

Estimated Practice Needs:

a. No complete paving

b. Must contain all the runoff (no filter strips)
Estimated Number of Yards in This Group: 6

For Yards in Category: C5

Estimated Practice Needs:

a. Same as "4" except:

b. In a few cases a filter strip may be used if the
adjacent area has minimum soil depths of the
Longrie series; however in most cases the runoff
will need to be contained on the site. This
determination will be made by the project
mariage r.

Estimated Number of Yards in This Group: 13

For Yards in Category:. D5

- 47 -





Estimated Practice Needs:

a. Same asg "4V except:

b. In most cases filter strip will be used if the
adjacent area has minimum soil depths of the
Longrie series, This determination will be made
by the project manager.

Estimated Number of Yards in This Group: 20

7. TFor Yards in Categories: El through E4

Estimated Practice Needs:

a. Same as "3" except:

b. In most cases little will need to be done with
the filter strips; only shaping will be needed to
prevent ponding and channelized flow.

Estimated Number of Yards in This Group: 1

8, For Yards in Category: E5

In the absence of any other karst features, these
yards are not eligible for cost sharing for
groundwater protection.

Estimated Number of Yards in This Group: 29

The costs of installing the control practices outlined
in this section are discussed in Chapter VIII, in the
Implementation Section.

NOTE ON THE PRESENCE OF KARST FEATURES: The presence
of karst features (such as sinkholes, crevices, and
fractures as shown in Figure 3) in an area means that
there is an increased chance of other unobserved
features to be present in the area., This means that
the presence of karst features pnear a barnyard or down
slope of a yard in a "deep soll" situation may result
in that yard becoming eligible for a runoff control
system. The eligibility will be determined on a case-
by-case basis to be agreed upon by the county and
Department of Natural Resources sgtaff.

¢. Improper Manure Storage and Disposal

1y

Inventory Method

Livestock wastes that are not stored in properly designed
structures, or that are disposed of improperly, can have a
serious impact on surface and groundwater. Rainfall and
snowmelt on an unprotected manure stack can generate runoff,
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2)

3)

which ecan enter the lakes, streams, or groundwater of the
area.

Also, uncontained manure stored on thin soils can be a source
of pollutants infiltrating into the groundwater directly from
the stack. The impacts on the ground or surface waters from
this source are the same as those described in the barnyard
runoff section. The major concern for improperly stored
manure in the Upper Door Watershed is the potential for
groundwater contamination.

Each livestock operation in the project area was inventoried
as to manure storage status, Information was recorded on the
type of storage system present, the soil depth at the storage
site, and the destinatlion of any runoff from the storage site.
The storage types fell into the following six categories:

No storage or stack of any type

Waste storage pond constructed to SCS specifications
Waste storage structure constructed to SCS specifications
Waste storage pond not meeting SCS specifications

Waste storage structure not meeting S5CS specifications
Unconfined waste stack

tHhoe owo O

The soil depth at the storage site was also broken down into
the following five categories:

Exposed bedrock (no soil present)

Shallow Soil: 12 inches or less to bedrock
Shallow Soil: 10 - 20 inches to bedrock
Shallow Soil: 20 - 51 inches to bedrock

Deep Soil: greater than 60 inches to bedrock

[ TN+ T w )

Finally, the manure storage runcff site was characterized
using the preceding five soil depth descriptiocns.

Inventory Results

The results of inventorying manure storage methods are
presented in Tableg 22 and 23.

Control Needs
a. Criteria for Establishing the Control Needs

The storage sites were evaluated as to their suitability
in meeting the criteria as defined in the SCS Technical
Guide Standards #313 and #425. The runoff areas from the
storage sties were also evaluated as to their suitability
in meeting the criteria as defined in the SCS Technical
Cuide Standard #393. These standards are in compliance
with DNR's well code requirements.





Table 22, Manure Storage Inventery Results: Numbers and Locations of
Unconfined Stacks and Downslope Areas With Respect to Soil Sevies *

A% B C D E
Downslope Soil Series Type

Storage Site Bedrock Namur Summerville Longrie Emmet & Omena
Soil Series Type [0"] [1-12"] [10-20%] [2G-50"] [> 60") Total
1 Bedrock 9 0 0 0 0 9
[o"]
2 Namur 1 17 0 0 0 18
f1-12"]
3 Summerville 2 0 30 1 1 34
[10-20"]
4 Longrie 2 0 3 28 0 32
{20-50"]
5 Emmet & Omena 11 1 9 12 22 56
[»> 60"}
Total: 25 18 42 41 23 149
*  The soil series named on the chart are the predominant types. Other soil

series with similar characteristics were grouped inte one of these
categories. The numbers in [] are soil depth to bedrock.

#% The letters "A-E" and numbers "1-5" refer to the columns and rows in this
table. They are used in the text in combination to identify wvarious
categories of manure storage needs.

Table 23. Manure Storage Inventory Results: Numbers of Storage Units Other
Than Unconfined Stacks

Storage Location

or Type Number of Units Total Animal Units
Uniknown Storage Type 13 1,075
No Storage of Any Type 4y 1,920

Storage Meeting SCS
Specifications: 16 1,581

Storage Structure Not
Meeting Specifications 4 411






Identified Practice Needs

Practice needs for each category of the matrix in Table 22
were based on the type "I", "II" and "III" storage systems
as described in the SCS Technical Guide Standards #313.

As defined in the Technical Guide, a type I storage unit
has liquid-tight concrete floors and walls. A type II
unit has a liquid-tight concrete floor with wall
construction that allows minimal seepage. A type IIT unit
has liquid-tight concrete floor with walls that allow for
drainage of the liquids.

1. Type I or II (or IIT with holding basin) storage
systems will be allowed in the categories of Al
through A4, and Bl through B4.

Estimated number of Manure Storage Systems in This
Group: 31

2. Type I, II, or III storage systems will be allowed in
the categories of Cl through C4. Type III will be
allowed only if the down slope area has a minimum soil
depth of the Longrie geries. This likely will affect
only a few sites, and the suitability of a type IIIl
storage system will be determined by the project
manager .

Estimated number of Manure Storage Systems in This
Group: 33

3. Type III storage systems will most likely be used in
the categories of D1 through D4 and E1l through E4.

Estimated number of Manure Storage Systems in This
Group: 30

4, Control of the liquid runocff (by either retention or
construction of a filter strip), but not necessarily a
constructed storage system, will be needed for the
categories of A5, B5, G5, and D5, Sites in the "D5"
category will be eligible only for work that prevents
ponding of the runoff on the soil,

Estimated number of Manure Storage Systems in This
Group: 33

5. In the absence of other circumstances, unconfined
stacks in category E5 do not have control needs.
("Other circumstances" includes the physical
characteristics of the fields where the manure from
these operations is spread. This is discussed in the
next paragraph, titled "Note on field spreading
criteria for storage needs."

Estimated number of Manure Storage Systems in This
Group: 22





d.

The costs of installing the systems outlined in this
section are discussed in Chapter VIII, in the
Implementation Section.

NOTE ON FIELD SPREADING CRITERIA FOR STORAGE NEEDS:
Certain operations may need a manure storage system
because of lands unsuitable for winter spreading of
manure. These situations will be determined on a
case-by-case basis and must be approved by the Dooxr County
and the DNR staffs.

On-Site Septapge Disposal

1

Background and Inventory Methods

Approximately 70 percent of the residences in northern Door
County are not on a centralized sewer system. The residents
of these homes are responsible for the proper disposal of
their household wastes, and either septic systems or holding
tanks must be used. Holding tanks hold the entire volume of
wastes produced at a site until the tank is pumped out on a
periodic basis and the wastes are disposed of elsewhere, A
septic system has a tank that separates the solids from the
liquids and then allows the liquid to drain through a drainage
field.

The solids must be pumped from the tank at a frequency
determined by a number of factors, including amount of use of
the septic system. If either a septic system or holding tank
is improperly installed or is in need of upgrading it may
allow wastes to enter the groundwater. These wastes includes
bacteria and nitrates, O0ld septic or holding tanks may have
leaks that also would discharge wastes to the groundwater.

The operation and installation of on-site disposal systems is
regulated by the state and Door County. The county requires
permits for the installation of new septic systems and holding
tanks. Each year the owner of a holding tank must submit a
form to the county which describes how often the tank was
pumped, the volume of the pumping, and the location of the
tank. However, the numbers and locations of septic systems
relative to the groundwater-sensitive areas of the project
area were unknown., To gather this information the two-step
process described below was used.

First the county staff used the USGS 7.5 minute topographic
maps to locate all dwellings shown on the maps. Field work
was conducted to locate dwellings not found on the topographic
maps. All dwellings were assumed to have some manner of waste
disposal. Next, county holding tank permit records were used
to leocate all holding tanks in the watershed project area.
Then the location of all dwellings not having holding tanks
were overlaid with the "Soil With Septic Limitation Map" to
determine how many of these dwellings have a high potential






2)

3)

for improperly operating septic systems, based on the
*following two eriteria.

First, the "soils with septic limitations map" identifies
areas with soils which are not suitable for conventional
on-site septic systems. The dwellings located in the "not
suitable areas" which do not have a holding tank are
considered to have a high chance of having a failing septic
system,

Second, the occurrence of one or more holding tanks in an area
of other mapped dwellings with septic systems, suggests that
the septic system may be improperly located. The greater the
density of holding tanks mapped in such an area, the greater
the probability that the septic systems are failing.

Results of Inventory

Using the inventory methods just described, the areas of high
density of failing septic systems were located.

Control Needs

The control of failing on-site septage disposal systems is not
an eligible practice under the Wisconsin Nonpoint Source Water
Pollution Abatement Program. However, Door County has taken
steps to begin correcting these sources of groundwater
contamination. In June of 1986, the Door County Board passed
an ordinance which requires that septic systems be inspected
and updated to comply with current state codes whenever the
property is sold or ownership is transferred. Eventually,
this ordinance will result in all failing septic systems being
updated to working condition or replaced. The Door County
Health Commission is also considering the use of on-site
sanitary surveys in the areas of highest concern to identify
individual failing systems.

e, Land Disposal of Human Septage

1

Background Information

As mentioned above, both septic tanks and holding tanks need
to be pumped out, with helding tanks normally needing to be
emptied much more often than septic tanks. Private
contractors pump the tank contents into a tank truck, and then
utilize one of two methods of waste disposal. The wastes are
either taken to a waste treatment facility and pumped into the
treatment system; or the waste is disposed of by spreading on
selected lands.






2)

Land spreading of holding tank wastes is not allowed in the
State of Wisconsin during a period from November 17 to

April 15. The activity of the contractor is regulated by the
State. The fields selected for land disposal had to meet
certain criteria to insure protection of the environment, In
the past, however, there was not always a high level of
compliance with the regulations. At times, septage was spread
on lands with very thin soils, located too close to wells, on
land with karst features, or into drainage systems. Land
spreading regulations were not enforced due to lack of state
personnel.

Door County has a new ordinance regulating the land disposal
of septic and holding tank wastes., It is expected that this
will help in the enforcement of this activity. In addition,
state regulations (NR 206) governing the disposal of septage
were revised (as of April 1, 1985) so that a private hauler
must dispose of the septage waste at a wastewater treatment
plant if a plant is located within 20 miles of the pumped
site, and if the plant has the capacity to handle the wastes,

The land disposal of human septage is a concern since the
septage contains bacteria and nitrates that can contaminate
the groundwater if it is spread on unsuitable lands,

Determining Volumes of Septage Generated

To determine how much and where septage was being disposed of
in the project area, five methods were used (Table 24). The
results were all for 1984 volumes. The first three methods
utilized quarterly reports from the Door County Sanitarian’s
office. These reports are filed by both the landowner and
septage pumper.

a. Estimate 1: The wvolume of septage reported to the
sanitarian’s office by pumpers was totaled and amounted to
8,283,570 gallons for 1984,

b. Estimate 2: The volume of septage reported to the
sanitarian’'s office by the landowner was totaled and
amounted to 11,963,326 gallons for 1984,

c. Estimate 3: While analyzing reports from pumpers and
landowners, it was discovered that great differences
existed between what a landowner reported and what the
pumper reported pumped from that residence. An estimate
was then generated using both pieces of information. If
only one report was available, either landowner or pumper,
that volume was used. If both landowner and pumper
reported volumes, then an average was used between the two
reports., Additional volumes were added using data
collected from conversations with individuals for whom no
quarterly reports had been submitted. An estimate of
15,456,000 gallons for 1984 was calculated.





d. Estimate 4: When pumpers were interviewed as to the sites
used for spreading, they were also asked to estimate the
gallons of septage they had pumped in 1984. A total of
13,523,750 gallons were estimated by northern Doovr County
haulers,

e, Estimate 5: A numerical calculation was made using 2.67
people per residence (1980 census figure) using an average
of 50 gallons septage/day/person. It was determined that
there were 188 resident holding tanks with 365 days of
full use and 458 nonresident holding tanks with 45 days of
full use per year. Using these figures, a total of
11,912,200 gallons of septage per year was estimated to be
generated in northern Door County.

It should be noted that this method does not account for
large and/or frequently pumped commercial holding tanks,
thus the total of 11,912,200 gallons is considered low.
Methods 1 through 4 relied on pumper and landowner
reports, and the estimates are quite variable.

The average of the five estimates equals 12,227,760
gallons of septage per year (Table 24).

Table 24. Results of Estimated Septage Volume for 1984

Method of Estimation Gallons per Year
1. Pumpers Report 8,283,600
2. Landowners Report 11,963,300
3. Average of Reports 15,456,000
4 Pumpers Estimate 13,523,700
5 Calculated Estimate 11,912,200
Average 12,227,760

Determining Volumes of Land Spread Septage

The four wastewater treatment plants in the project area
reported that they had accepted a total of 1,617,600 gallons
of septage from septage haulers in 1984.

Based on the average volume of septage as determined in

Table 24, and deducting the septage disposed of at wastewater
treatment plants, a total of 10,610,160 gallons of septage
were landspread in 1984 (Table 25),
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Table 25, Estimates of Gallons of Septage Land Spread in 1984

Average of estimates 12,227,760 gallons
Accepted at WWT Plants -1,617.600
Estimate of land spread septage 10,610,160 gallons

Changes in Volumes of Septage Disposed of at Treatment Plants
Between 1984 and 1985

In March of 1985, all four wastewater treatment plants were
visited to inspect records kept on volumes of septage disposed
of at the plants by septage haulers in 1984. In late August,
the four plants were again visited to inspect records on
volumes of septage dumped during the summer of 1985. The
August, 1985 figures were not for the complete month. Septage
data from the summer of 1984 were compared to data from the
summer of 1985 to evaluate the effectiveness of the revised
state regulations (Chapter NR 206, Wis. Adm. Code) which
required haulers within 20 miles of a wastewater treatment
plant to use the plant for disposal.

Table 26 details the amount of septage dumped during the
summer months at these three wastewater treatment plants,
where consistent information was available. The fourth
treatment plant (at Fish Creek) did not accept septage during
1984 and 1985.

Table 26. Changes in Septage Disposal at Treatment Plants Between 1984 and

1986

Treatment Plant

Sturgeon Bay
Valmy
Sister Bay

Fish Creel

Gallons of Septage Accepted at Plants

1984 1985 1985 1986
May -August May-August April-May April-May
425,250 2,158,250 1,089,450 2,029,940
262,575 585,260 -- --
32,000 3,595,840 -- --
0 0 -- --

The trend shown in Table 26 towards more septage dumped at
wastewater treatment plants continued in 1986 at the Sturgeon
Bay plant, ag illustrated by the figures in Table 26.
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Only data from the Sturgeon Bay plant is included in Table 26
for 1986 because during the summer of 1986, the Fish Creek,
Sister Bay, and Valmy wastewater treatment plants limited or
stopped accepting holding tank waste due to plant overloading
or other considerations.

5) Landspread Sites

In order to determine the significance of the large volume of
landspread septage, all spreading sites in the project area
were reviewed during 1985. Thirty-six disposal sites were
located, and site investigations were conducted. Soil borings
with power augers were made to determine depth to bedrock,
using a grid pattern spaced at 200 feet. If a significant
change in topography was encountered between the 200 foot
intervals, an additional boring was usually made at 50 to 100
foot intervals. Slope, distances from wells and residences,
and soil cores for mottling were also reviewed for compliance
with regulations,

Following the investigation, the sites were grouped as to
their suitability for safe landspreading of septage. The
results are presented in Table 27.

Table 27. Results of Septage Disposal Site Inventory

Site Classification Number of Sites
Meeting NR 206%* 4
Partially Meeting NR 206 19
Not Meeting NR 206 10
Unknown 3
Total 36
* NR 206 refers to the Natural Resources Administrative Rule, the revised

state regulations for septage disposal (April 1, 1985, Wis. Adm. Code}.

Sites partially meeting NR 206 were sites which, if the
spreading was limited to a smaller area(s), would be usable,
At the time of the investigation, septage was being spread in
areas which did not meet the regulations. Many of the sites
in the group which partially meets NR 206 would not be
operationally practical sites if reduced to the areas meeting
the regulations.

Unknown sites require additional investigations to make a
determination. In some cases the soil was too stony to make
the soil borings, and a backhoe was necessary to dig pits.

As Table 27 shows, the majority of the sites being used in
1985 did not meet the site criteria in the state regulations.
Most of the sites not meeting the criteria had soil too
shallow to bedrock. In addition, the methods used to spread
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6)

the waste at many sites did not meet the regulations. Waste
was often dumped too heavily and not "landspread" as required,

A plastic overlay showing the watershed project area soils
unsultable for landspreading of septage was also developed.

It showed that the majority of the project area has soils
which are too shallow or too wet to safely landspread human
septage. When this soils overlay was used with other project
maps, it showed that the areas which have the correct soil
types for landspreading often have additional limitations such
as lack of landowner permission, distances to wells and/or
residences, and the presence of bedrock features and/or
waterways. Thus, the large scale, long-term use of
landspreading as a method for the disposal of human septage in
the project area is not feasible.

County Action on Septage Disposal

In June of 1986, the Door County Board passed an ordinance
requiring all landowners with holding tanks (other than those
serving private residences), or planning replacement systems
must have a contract for year-around disposal of the waste at
a municipal wastewater treatment facility. In addition, the
town or village in which a holding tank installation is
planned must certify to the Door County Health Commission that
it will provide a wastewater treatment facility in the event
that a contract is not obtained.

f. Underground Petroleum Storage

1)

Inventory Method

If underground petroleum storage tanks develop leaks, the
petroleum can contaminate the groundwater. In fact, there
have been cases in the Upper Door watershed where leaking
petroleum tanks were the source of gasoline that entered
private wells,

These storage tanks are regulated by the State Department of
Industry, Labor and Human Relations (DILHR). This department
has traditionally regulated the underground tanks from a fire
hazard prevention standpoint. Recently however, DILHR has
also become involved in preventing the groundwater pollution
potential of these tanks.

The Wisconsin Legislature recently required that all
underground tanks in the state containing petroleum products
must be located and an inventory be kept on file at DILHR. To
comply with this requirement, a survey form was sent out by
DILHR in April, 1985 to all fire chiefs, oil jobbers, service
station owners, bulk plant owners and industries or commercial
operations which had buried tanks. It requested Information
on the locaticn, contents, and construction of any underground
tanks. The survey forms are expected to be returned and
tabulated by summer of 1986,





2)

Inventory Results

The status of underground holding tanks in the project area is
summarized in Table 28,

g. Landfills

1)

2)

Inventory Method

Landfills are regulated by the State of Wisconsin under
statutory authority. Properly located, designed, and managed
landfills pose little threat to the groundwater or surface
water. Abandoned waste dumping sites which were mot properly
designed or closed are a major concern as a soutrce of
pollutants to the water resources of the state. One of the
reasons for this concern is that the contents of old landfills
are unknown and any toxic materials contained in old landfills
may leak into a water resource, especially groundwater,

In the spring of 1985 the Department of Natural Resources
conducted an inventory of abandoned landfills in Door County
as part of a statewide effort. The purpose of this inventory
was to determine the number of abandoned waste sites that had
a high potential as a threat to the environment and would need
further investigation.

The need for a follow-up visit to a site was based on three
factors: 1) the type of waste present at the site; 2) the
location of the site relative to water supply wells; and 3)
the physical features at the site (such as soil, bedrock, and
surface waters). If one of these factors indicated a high
potential for concern, the site was placed in a high priority
category for further investigation. A more complete
explanation of this inventory program can be found in a
publication by the DNR's Bureau of Solid Waste Management
entitled October, 1985 Update, Priorities for Abandoned Waste

Site Investigations (DNR, 1985).

In the watershed project area, 29 abandoned sites were
inventoried.

Inventory Results

The inventory results shown in Table 29 indicate the number of
sites which need further investigation in order to determine
impacts on the environment. The second line of data shows the
results of a similar inventory in the DNR's 14 county Lake
Michigan District, which includes Door County. This table
indicates that abandoned landfills in northern Door County
have a higher potential for polluting the groundwater.

The sites listed as high priority will be re-inventoried by

Department staff. The follow-up investigations will he more
extensive to establish the impacts, if any, from the sites.
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Table 28: Summary of Underground Holding Tank Status Within the Project Area

Township Status of Tank Number
Baileys Harbor Currently In Use 30
Abandoned, No Product in Tank 2
Egg Harbor Currently In Use 33
Abandoned, No Product in Tank 9
Past Site, No Tank Currently 3
Gibraltar Currently In Use 16
Abandoned, No Product in Tank 1
Jacksonport Currently In Use 16
Abandoned, No Product in Tank 5
Liberty Grove Currently In Use 39
Abandoned, No Preoduct in Tank 2
Sevastopol Currently In Use 48
Abandoned, No Product in Tank 16
Abandoned, Product in Tank 1
Washington Island Currently In Use 6
Abandoned, No Product in Tank 13
Sturgeon Bay Currently In Use 122
Abandoned, No Product in Tank 26
Abandoned, Product in Tank 2
Past Site, No Tank Currently 2
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Table 29. Summary of Abandoned Landfill Screening in Northern Door County:

Sites Needing Further Investigation

Priority Not Total
High Low Unknown  Evaluated

Number of Sites 11 7 9 2 29
in Project Area {38%) (24%) (31%) (7%)

DNR-Lake

Michigan District (20%) (44%) (31%) (5%)

Any clean-up efforts at the abandoned landfill sites are not
be eligible for cost share funds under the Wisconsin Nonpoint
Source Control Program, however, the Department is in the
process of seeking federal funds to aid in any required clean-
up effort. It is not in the scope of this watershed plan to
make any recommendations on how the follow-up effort should
proceed or which sites are the most critical. These decisions
are the responsibility of the Bureau of Solid Waste Management
within the DNR.

D. Groundwater Objectives

The primary use of the groundwater in northern Door County is for public
and private water supplies. - Two municipalities serving a total of 10,000
people use the groundwater as their source of water. In addition,
approximately 9,000 full time residents obtain thelr water supplies from
private wells.

Given the water supply use, the following two objectives are set for this
project in relation to the groundwater:

1.

In areas where the groundwater has been classified as "safe", the
objective is to protect the beneficial uses of the groundwater within
the preject from the impacts of nonpoint sources of pellutants.

In areas where the groundwater has been shown to be contaminated, the
objective is to decrease the frequency of contaminated wells in the
project areas affected by nonpoint sources of pollutants.

Because of the high standards of quality required for a potable water
supply, these objectives will be met only through a very high level of
cooperation from the landowmers and a high level of control at each
nonpoint source site. In response to the groundwater problems in the
project area, several innovative management practices for the control
of nonpoint sources have been developed. These alternative practices
will he eligible for cost sharing through the Upper Door Priority
Watershed Project, They are described later in this plan, in

Chapter V (Best Management Practices).

5





It is recognized that the Upper Door Priority Watershed Project alone
will not eliminate all of the groundwater quality problems that have
occurred in this area. As a result of the physical setting, some
water quality problems will likely take place no matter how high a
level of control of the nonpoint pollutant sources is obtained.
However, a successful project will substantially reduce the
contaminant loading to the groundwater in the area.

It is also important to note here that the objectives are set for the
project area's groundwater, not for the area's water supply (which is
the water actually in the wells). Although the "groundwater" and the
"water supply" are completely connected, this distinction is made
because it is the policy of this report that contaminated wells do not
need to be found in order to justify the need for a nonpoint source
control practice. Rather, an observation that polluted water is
running off the surface and entering the bedrock through a sinkhole, a
crevice, or shallow soil is evidence enough that a control practice is
needed, This policy ig necessary because of the complicated flow
pattern of water in a karst bedrock situation. It is very difficult
to know the source of water found in a well, thus the comnection
between a contaminated well and a specific pellutant source is not
often possible to make,

In the Upper Door project most of the nonpoint source concerns center
around livestock waste management and cropland infiltration, which are
sources for both bacteria and nitrates to the groundwater. The word
"safe" In the objective statements means no bacteria and a nitrate
level below 10 mg/l in water used as drinking water. Ideally, no
water which has been in contact with livestock wastes should be
allowed to enter the groundwater. From a practical viewpoint, this
cannot be assured, even with the proper control practices. The
application of the established objectives then will be to minimize the
potential for contaminated runoff entering the groundwater.






CHAPTER III. SURFACE WATER QUALITY AND SCURCES OF POLLUTION

A. Surface Water Quality and Use Assessment Methods

1.

Biotic Index

The type of insects found living on rocks and in other habitats in a
streambed reflects the water conditions of that stream. Certain
species of insects will only tolerate unpolluted waters while others
are able to survive various degrees of water pollution. The term
pollution in this discussion means organic material in the water. Two
ways organic pollution affects water quality are: 1) the organic
material adds nutrients to the water which may result in nuisance
growth of algae or weeds, and 2) the breakdown of the organic material
by bacteria can deplete the water of its dissolved oxygen, which is
required for fish survival.

A system developed in Wisconsin indicates the degree of organic
pollution in a stream by the types of insects living in the stream
(Hilsenhoff, 1982). The procedure used in Wisconsin is called the
Hilsenhoff Biotic Index (HBI). Organic pollution tolerance values are
assigned to various species of insects., The scale of these values is
zero to five, with zero being the least tolerant (insects least
tolerant to organic pollution in the stream). The number and types of
insects found at a stream slte are used to calculate a HBI value
between zero and five for the stream. Qualitative descriptions of
water quality for the index values are given in Table 30.

This procedure was conducted on 1l streams at 12 sites in the Upper
Decor Watershed in 1985 (Figure 9). 1In order for a biotic index to be
calculated at least 80 individual insects must be found in the sample.
For various reasons, mot all samples contain this required number of
insects, In these cases, although an index value cannct be
calculated, the sample still indicates a qualitative condition of the
stream. Table 31 contains the results of this sampling.

Stream Fishery Habitat Assessment

In order to determine the present and potential future fishery uses of
the streams, a procedure developed by the DNR described in the
unpublished report Stream Classification Guidelines for Wisconsin
(Ball, 1982) was used. The system wuses an inventory of the stream'’s
physical fish habitat (including such factors as stream flow, bed
type, amount of riffles and pools, and streambank conditions) along
with water quality, water temperature, pH (degree of acidity or
alkalinity), and current stream biotic conditions to clasgify the
present fishery use of the stream. Then this information is modified
to simulate the habitat conditions and resultant fishery that would
occur following an effective nonpoint source control project.
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Table 30, Qualitative Descriptions for the Hilsenhoff Biotic Index (HBI)

HBI Range Water Quality Degree of Organic Pollution

0.00 - 3,50 Excellent No organic poliution

3.51 -~ 4,50 Very Good Possible slight organic pollution
4.51 - 5.50 Good Some organic pollution

5.51 - 7.00 Faix Significant organic pollution

7.01 - 8,50 Poor Very significant organic pollution
8.51 - 10,00 Very Poor Severe organic pollution

Source: Hilsenhoff, W, 1982. DNR Technical Bulletin No. 132

.............................................................................

Table 31, Biotlc Index Sampling Results in the Upper Door Project

Biotic Water Quality

Creek Site Date Index Category

Shivering Sands Co. Hwy. T 5/7/85 4,39 V. Good

Lake Mich. Dr. 5/1/86 4.69 Good
Riebolts Co. Hwy. Q 4/21/86 6.54 Fair
Whitefish Bay Cave Point Rd. 5/7/85 7.50 Poor
Heins St, Hwy. 57 5/7/85 6,25 Fair
Hibbards St, Bwy. 57 5/7/85 4,25 V. Good
Three Springs Co Hwy. ZZ 5/1/86 6.23 Fair
Maple Haberli Rd. 5/7/85 6.22 Fair
Fish St. Hwy. 42 5/7/85 6.55 Fair
Logan St. Hwy. 57 5/7/85 4.05 V. Good
Lilly Bay Co, Hwy. T 5/7/85 3.83 V. Good
Ephraim St. Hwy. 42 4/21/86 5.01 Good

..............................................................................
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Table 32 indicates the general conditions that need to be present in
order for a stream to support a certain type of fishery.

Staff from the Department of Natural Resources' Bureau of Water
Resources Management staff conducted this habitat classification
procedure at 13 sites in eight streams in 1985, The results of these
field investigations are discussed for each stream in the section,
"Surface Water Resource Descriptions.™"

Lake Trophic Status

An assessment of the lakes in the Upper Door Watershed was also
conducted. The water quality conditions of a lake is often referred to
as the lake’s "trophic status™. 1In general, this refers to the
nutrient level in the lake’s waters. A lake with high levels of
nutrients will support nuisance algae and weed growth and is termed
eutrophic. A lake low in nutrients that has clear water during the
summer is called gligotrophic. A level between these two classes is

called mesotrophie.

There are three indicators commonly used to establish the "trophic
status" of a lake. The first is the in-lake phosphorus concentration.
In Wisconsin lakes, phosphorus is usually the most significant
nutrient limiting the growth of algae and weeds. The higher the
concentration of phosphorus in the water, the greater the potential
for nuisance growth of algae and weeds.

A second indicator of the trophic status of a lake is the level of
chlorophyll a, which is a substance found in algae. The concentration
of chloxophyll a in the water can be correlated with the amount of
algae in the water.

The third indicator is a measurement of the secchi disc depth. A
secchi disc is an eight inch diameter weighted plate with black and
white markings. The depth to which the disc can be lowered and be
seen in the lake’'s water is called the secchi depth. This depth can
vary depending on the roughness of the water, the angle of the sun,
and the technique of the observer. However, it does measure the depth
of sunlight penetration, and the turbidity of the water which could be
due to algae or other suspended material,

Using these three indicators, plus some other information on a lake's
physical characteristics, several computer models have been developed
which can determine the trophic status of a lake and predict the
trophic status given a change in the amount of nutrients entering into
the lake on a yearly basis. Thug, if the amount of nutrient control
that can be achieved with the installation of practices in a lake's
watershed is known, a model can predict the changes in the lake's
trophic status. Table 33 indicates some of the wvalues that could be
expected for the parameters discussed above, in various lake water
quality situations. It must be emphasized that the values given in
Table 33 are only very general guidelines.





Table 32. Physical and Chemical Criteria Guidelines for Aquatic Life Use
Classes

Parameter A B C D E
Flow (efs) (1) >.5 >3 >.2 >.1 >0

Water Quality
Dissolved Oxygen

{mg/l) (23(3) >4 >3 >3 >1 <1
Temperature (Deg.F)(3) <75 <86 <86 <50 >90
pH (3) 5-9.5 5-10.5 5-10.5 4-11 4-11
Toxies (4) <acute <acute <acute acute >acute
Habitat Rating (1) <144 <144 <144 >144 >200
(1) Wis DNR "<" means "less than"
(2) U.S. EPA (1977) ">" means "greater than"
{3) Alabaster and Lloyd {1980) cfs = cubic feet per second
(4) U.S. EPA (1980) mg/l = milligrams per liter
A: Cold Water Sport Fishery D: Rough Fish
B: Warm Water Sport Fishery E: No Fishery

C: Valuable Tolerant Forage Fishery

Source: DNR Technical Bulletin (Ball, 1982)
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Table 33. Water Quality Index for Wisconsin Lakes Based on Total Phosphorus,

Chlorophyll a Concentrations, and Water Clarity.

Approximate Approximate Approximate

Total Water Approximate Trophic
Water  Phosphorus Clarity Chlorophyll a Status
Quality (mg/1) (ft) {ug/1) Index *
Excellent < ,001 > 20 <1 < 34
V. Good .001 -,01 10 - 20 1-5 34 - 44
Good .01 -.03 6 - 10 5 - 10 44 - 50
Fair .03 -.05 5- 6 10 - 15 50 - 54
Poor 05 -.15 3 -5 15 - 30 54 - 80
V. Poor > .15 < 3 > 30 > 60

* After Carlson (1977)

Source: DNR Technical Bulletin 138 (1983)

ug/l = micrograms per liter <" means "less than"

mg/l = milligrams per liter ">" means "greater than"
The lake trophic model actually used to analyze the lakes in the Upper
Door project was developed by P.J. Dillon and F.H. Rigler (1975).
Most of the data required to conduct this analysis was obtained from
the DNR’'s Bureau of Research.

4,  Summary

The biotic index, stream habitat assessment, and lake model are
important tools that were used in setting water quality and water use
objectives in the Upper Door project. Although no water gquality
assessment tool can predict with 100 percent accuracy the changes in
water quality and water use, these tools are useful in appraising the
current and potential future conditions of the water resources in the
watershed project area.

B. Surface Water Pollutant Source Assessment Methaods

1.

Introduction

Another part of the watershed planning process was the collection of
information on the various nonpoint sources of pollutants and other
potential sources of surface water contamination in the watershed.
Most of these inventories were conducted under the supervision of the
Door County Soil and Water Conservation Department (SWCD) with funding
support from the DNR. Staff was hired by the SWCD to gather the
actual field data. The quality of these data was reviewed and
approved by the SWCD. Then the data were analyzed by the DNR and
county staff. The inventory methods used for each pollutant source
are described below.

During the inventory process, the areas of the project which drained
to the surface waters were defined. The drainage areas were defined
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by individual surface water resources. The data from each of the
inventories were organized by the drainage areas. With this
information, objectives were set for each surface water body and the
corresponding reduction in pollutants needed to meet the objectives
were determined.

Pollutant Source Assessment Methods and Results

a. Animal Lot Runoff

1)

Inventory Method

Dairy operations are the major type of agriculture in the
Upper Door Watershed. All of the barnyards were inventoried
for their potential to affect water quality from their runoff,

Regarding surface waters, runoff from barnyards can carry
pollutants from manure to the streams and lakes of the
watershed. The manure contains several components that can
adversely affect water quality and aquatic life. Manure
contains nitrogen which can breakdown to ammonia in the
streams and lakes. In high concentrations the ammonia can be
toxic to fish and other aquatic life. When the manure enters
a surface water system, the breakdown of the organic matter
results in a depletion of the oxygen in the water which fish
require to survive., Also, the nutrients in manure (including
nitrogen and phosphorus) will promote nuisance algae and weed
growth in the streams and lakes. Finally, the bacteria found
in livestock manure can be harmful to other livestock which
drink the water, and people who use the water for recreation,

The United States Department of Agriculture’s Agriculture
Research Service developed a computer model (the ARS Barnyard
Model) to estimate the amount of pollutants coming from a
barnyard as a result of a raimstorm. This model was modified
by the Wisconsin DNR's Nonpoint Source Section and has been
used to indicate which barnyards within a watershed have the
greatest potential teo adversely affect water quality from a
rainfall that washes manure from a barnyard. The model does
not assess any needs for manure storage or the effects of
manure runoff from spread fields - it only assesses the
barnyard runoff pollutant quantities.

Qut of the 259 harnyards in the Upper Door project, 61
(Table 34) were determined to have the major portion of the
runoff draining into surface waters. Runcff from the other
barnyards was found to primarily affect groundwater rather
than surface water,

The data from the 61 barnyards that is needed to run this
barnyard model includes the types and numbers of livestock;
the size of the yard; the physical characteristics of the area
which contributes surface runoff waters to the yard, and the
physical characteristics of the area through which the runoff
waters leaving the barnyard flow before becoming channelized.
A rainfall amount is assigned to the model.
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The 10 year, 24 hour rain event (3.6 inches) was used to
generate a rainfall input to the barnyard runoff model. With
the above information plus the rainfall amount, the model
calculated the pounds of phosphorus and pounds of chemical
oxygen demand (COD is a measure of the amount of organic
material in the barnyard runoff) that would run off of each
barnyard as a result of the selected rainfall event.

Although these 61 barnyards affect different streams and lakes
in the project, they all ultimately drain into Lake Michigan
or Green Bay. Therefore, all of the yards were ranked against
each other in order to determine the most significant
barnyards in terms of phosphorus runoff,

2) Inventory Results

The data for the 61 barnyards Iinventories are shown in Table
34, grouped according to receiving surface waters.

Upland Erosion

In many areas of the state, upland erosion is a major contributor
of sediment to streams and lakes. Sediment in streams and lakes
can adversely affect the water resources in many ways. The
suspended sediment can make it difficult for fish to feed, and it
can abrade fish gills making the fish more susceptible to disease.
The suspended sediment also causes the water to be warmer in the
summer, and warm water cannot hold as much oxygen as cold water.
Sediment that settles out to the stream or lake bottom can fill in
pools in streams (destroying the fish habitat) and can fill the
bays in lakes (promoting excess aquatic weed growth). Soil from
cropland that enters surface waters can also contain nutrients and
pesticides which can both increase the algae and weed growth in
lakes and harm the resident aquatic life.

Upland erosion was not inventoried for this project. In northern
Door County the slopes of the soils are generally not steep, and
the erosion from croplands was not considered a widespread
significant problem affecting the lakes and streams. There may be
individual fields near streams or lakes that do have significant
erosion and affect the surface water resource. The eligibility of
these fields for the installation of management practices will be
determined after an on-site inspection and determination of the
erosion levels and delivery rates by the county staff.

Streambank Erosion Survey

Streambank erosion is the bank failure along channels caused by
the cutting action of water on the banks. This erosion affects
fish habitat through the loss of bank shade and cover and the
sediment filling in the stream’s pools. Streambank erosion can be
caused by cultural activities such as grazing cattle or it can be
a natural condition.





Table 34. Summary of Barnyard Runoff Inventory for Surface Waters

Total Total
Drainage # of Animal Phosphorus
Area Barnyards Units (lbs/event)
Little Creek 1 4 0.0
Big Creek 8 412 54.9
Unnamed Tributary 3 85 7.4
{County TT)
Lilly Bay Creek 4 101 7.5
Maple Creek 15 496 38.3
Arbter Lake/ 4 132 25.6
Goldenrod Creek
West Branch 5 224 19.8
Whitefish Bay Creek
Logan Creek/ 7 156 24.8
Cilark Lake
Hibbards Creek 10 599 251.2
Washington Island 2 122 1.6
Direct to Green Bay
or Lake Michigan 2 55 5.0
Totals 61 2,386 436.1
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C.

Streambank erosion was not inventoried in the Upper Door
Watershed. The county staff and DNR fish managers determined that
the streambank erosion situation did not warrant a detailed
investigation. As with cropland erosion, if individual streambank
erosion sites are found which are affecting the fish habitat of a
stream, these sites may be eligible to have cost shared management
practices installed.

Surface Water Resource Descriptions

1.

Introduction

Because of the emphasis of this project on groundwater protection the
nonpoint source inventory work conducted on sources that may affect
surface water was more restricted compared to other priority watershed
projects. Only barnyard runoff was analyzed for its potential impacts
on surface waters. For this reason, the nonpoint source control needs
for surface waters will be presented for all the streams and lakes
following the section discussing the water quality conditions of each
surface water resource.

Figure 9 shows the locations where water quality monitoring was
conducted on all of the lakes and streams discussed in this sectionm.

Water Quality Conditions, Current Uses and Objectives

a, Big Creek

General Information: Big Creek is a moderate grade intermittent
stream east of State Highways 57-42 that drains an estuary of
Sturgeon Bay. The stream’'s watershed includes approximately 8,320
acres.

Water Quality and Fishery: Lake Michigan fish species such as
trout and salmon migrate up Big Creek during high water. Water
quality data in DNR District files is limited to a survey on

July 30, 1985, when two sites were observed. The first site was
at the Utah Road crossing. The temperature was 11°C, and
dissolved oxygen was 12.6 mg/l. Dissolved oxygen saturation at
11°C is 11.1 mg/l. Thus, the reading on July 30 was 114 percent
saturation or super-saturated. Oxygen depletion was not apparent
at the time of the survey. The super-saturated oxygen level is an
indication of plant photosynthesis in the water "pumping" oxygen
into the stream during daylight hours. At night, the plant life
in the stream will deplete the oxygen in the water through
respiration.

A habitat assessment was conducted on a stretch of this stream
from the road crossing to a point 900 feet below the road. The
width of stream varied from 4.5 feet to 50 feet where the estuary
begins. Rubble, boulders, gravel, sand and silt were the kinds of
bottom material observed. A green algae called Hydrodictyon, or
water net, formed a dense mat across the open pool area. Elodes,
a type of rooted aquatic weed, was also present as well as
periphytic growth (organisms that live attached to underwater
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surfaces). All are indicators of excess productivity as a result
of nutrients in the stream system. The stream habitat rating from
this site was 168, which is considered fair.

The other site on Big Creek which was classified was less than a
mile upstream, where County Highway TT crosses the stream. The
survey was conducted the same day, on July 30, 1985. Above the
road the stream was dry. Below the road a small pool of water was
observed with smartweed present. No flow was apparent in this
area.

Big Creek is a system dominated during low flow by spring-fed
water that provides cool water temperatures and high dissolved
oxygen. During runoff periods the creek has been observed to have
flowing water much higher up in the watershed.

An undocumented water quality concern is the impact from urban
runoff on this creek. The City of Sturgeon Bay uses an area near
the creek to dispose of snow, which contains road salt and
possibly heavy metals common to urban areas. The impacts on Big
Creek of this snowmelt are unknown.

Objective: The objective for Big Creek is the protection of
migrating f£ish during high water. 1t is not likely that this
creek could support a cold water fishery during low flow periods,
The protection will be achieved by reducing sediment and
phosphorus from the rural nonpoint sources. The urban nonpoint
sources may need to be controlled, depending upon investigations
carried out during the implementation of this project.

Ephriam Creek

General Information: Ephriam Creek, 1.5 miles long, is a low
gradient stream that drops two feet per mile before emptying into
Green Bay south of Ephriam. The lands draining to this creek
comprise three square miles. One mile of the stream is Class II
trout waters. Some natural trout reproduction occurs but not
enough to utilize available food and space.

Water Quality and Fishery:; A survey was conducted on Ephriam
Creek on September 11, 1985 from the mouth to a distance 300 feet
upstream. The area is adjacent to Winding Brook Condominiums.
The stream temperature was 12°C. No flow was detected with the
flow meter and a dissolved oxygen measurement was not done. The
maximum depth was 2.5 feet. The width of the stream averaged 13
feet. B8ilt covered 80 percent of the bottom; sand, rubble and
gravel made up the other 20 percent. The land adjacent to the
creek i1s landscaped and mowed, and a narrow buffer of natural
vegetation borders the creek.

A point source discharge from a one-inch black pipe to a graveled
waterway entered the creek from Winding Brook Condominiums. Where
the discharge entered the gravel area a large amount of
filamentous algae had accumulated, indicating the discharge was
nutrient-rich,






In April of 1986 a biotic index sample was taken at the State
Highway 42 bridge crossing. The index was calculated to be 5.01
which is in the "good" category.

Objective: The objectives for Ephriam Creek will be to protect
the seasonal migratien of fish from Green Bay (including smelt and
trout) as well as to protect the Class Il trout waters from
sediment and nutrients from runoff.

Figsh Creek

Fish Creek ig a small, moderate grade, intermittent ecreek that
flows into Green Bay at the Village of Fish Creek. The drainage
area is two square miles. The stream is one mile long and drops
15 feet per mile. Observations by DNR fish management personmnel
indicate a warm water fishery exists that includes smallmouth bass
and walleyes. Anadromous fish such as rainbow trout migrate up the
stream seasonally.

Water Quality and Fishery: Limited chemical sampling was done on
Fish Creek during the period of January through June, 1976 (Table
35). Total phosphorus concentrations taken at the State Highway
42 bridge during this time ranged from 0.010 mg/l to 0.031 mg/l.
The Biochemical Oxygen Demand (BOD) taken the same time ranged
from 1.2 mg/l to 2.5 mg/l, and the total organic nitrogen ranged
from 0.19 mg/l to 0.60 mg/l. These values represent low
concentrations and indicate nutrient input to the stream during
this period was not significant. The stream was dry during the
period from July through December in 1976.

A survey was conducted on September 11, 1985 within an area 75
feet above the State Highway 42 bridge. Two weeks prior to this
the stream bed was dry. The flow was less than 0.1 ft/sec. on the
day of the survey. The water temperature was 13.0°C. The stream
bed contained 30 percent silt, 10 percent sand, and 60 percent
rubble and gravel. The habitat rating was not applied because of
the low water and intermittent nature of the stream,. *
The fishery use observed by the fish managers is only seasonal,
cccurring during high flow periods.

Objectives: The protection of the near shore waters of Green Bay
from nonpeint source pollutants is the objective for this stream.

Heins (Heinz) GCreek

General Information: Heins Creek is a low gradient, 2.9 mile long
stream that drops 7.8 feet per mile. The drainage area is

14 square miles. It is the outlet for Kangaroo Lake and flows
into Lake Michigan three miles south of Baileys Harbor. Carp move
into the area and some years have been isolated because of the
erratic water levels, resulting in a fish kill. Anadromous fish
make seasonal runs. Further upstream is an important holding
place for stocked fish such as rainbow trout. The stream is

-

classified as Class II trout waters for 0.7 miles,.






Table 35. Water Chemistry Monitoring from Fish Creek, 1976 (at State
Highway 42)

Bact. Sugspended Total Soluble Total
Date Temp. DO BOD (MFFCC/ Solids P P Org N NH3-N
(¢*) (mg/l) (mg/1) 100 ml) (mg/1)  (mg/l) (mg/l) (mg/l) (mg/l)

Jan 13 i 9.6 2.0 <10 0 0.013 0.013 0.19 0.20
Feb 17 0 8.1 1.2 250 2 0.310 0.024 0.60 0.34
Mar 9 5 8.6 2.5 10 1 0.030 0.016 0.41 0.15
April 13 11 8.5 2.4 <10 9 0.010 0.010 0.32 0.05
May 19 18 8.0 2.4 10 17 0.170  0.005 0.49 0.06
June 16 17 7.6 2.5 180 4 0.029 0.005 0.47 0.05
July 2% through December 6 - No Flow

DO = Dissolved Oxygen P = Phosphorus

BOD = Biochemical Oxygen Demand N = Nitrogen

MFFCC = Membrane Filter Fecal Goliform Count NH3-N = Ammonia nitrogen

<" means "less than

Table 36. Water Chemistry Monitoring from Heinz Creek, 1976 (at State
Highway 57)

Bact, Suspended Total Soluble Total
Date Temp. DO BOD  (MFFCC/  Solids P P Org N NH3-N
(¢*)  (mg/l) (mg/l) 100 ml) (mg/1)  (mg/1) (mg/l) (mg/1) (mg/1)

Jan 13 1 13.0 2.0 <10 0 0.007 0.005 0.40 0,39
Feb 17 1 7.6 1.6 <10 6 0.019 0.005 0.92 0.53
Mar 9 5 9.5 2.5 <10 5 0.010 0,005 0.54 0.50
April 13 9 8.7 2.0 <10 7 0.013 0.009 0.47 0.20
May 19 16 8.1 2.9 10 2 0.012 0,003 0.47 0.14
June 16 18 9.4 1.2 120 2 0.013 ©0.002 0.39 0.09
July 21 17 4.0 4.0 30 1 0.040 0.010 0.58 0.25
Aug.16 18 3.0 3.0 10 3 0.030 0.008 0.68 0.19

Sep 28 through December 6 - No Flow

(See Table 35 for definitioms)
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Water Quality and Fishery: Water chemistry samples collected once
a month in 1976 at State Highway 57 indicated low phosphorus and
nitrogen values (Table 36). Flows measured twice in 1976 were
33.7 cubic feet per second (cfs) in April and 0.3 cfs in June.

The stream was dry from September through November 1976. A flow
measurement was also taken on September 12, 1985 and was 3.75 cfs,
A biotic index sample was collected on May 7, 1985, The index was
6.25 which is considered "fair" and indicates some organic matter
in the stream. The stream survey conducted on September 12, 1985
included flow, a temperature reading of 15°C and the ewvaluation of
the habitat. The bottom material in the area of the State Highway
57 bridge included silt (10 percent), clay (20 percent) and sand
(60 percent). The rest of the material was 10 percent rubble.

The habitat rating was 147, which is fair,

Objective: The objective for Heins Creek is to protect the near
shore waters of Lake Michigan from the nutrients and sediment
loading from this creek. The erratic and low flows of this creek
prevent a year-around or long-term fishery from being established.

Hibbards Creek

General Information: Hibbards Creek origimates in Thorp Pond, two
miles west of Kangaroo Lake; and outlets to Lake Michigan just
north of Jacksonport. It is 5.4 miles long and the gradient is
7.6 feet per mile. The stream is bordered by wetlands along most
of its length. The drainage area is 17 square miles. The stream
supports a native brook trout population and provides habitat for
stocked rainbow trout, with 2.8 miles of the stream classified as
Class II trout waters.

Water Quality and Fishery: Water chemistry samples were collected
once a month in 1976 from Hibbards Creek (Table 37). Phosphorus
was low. The inorganic forms of nitrogen NO,-NO; were higher than
other streams in Door County sampled at the same time,
Agricultural runoff or septic wastes could account for the higher
levels.

A biotie index sample was collected on this creek on May 7, 1985
at the State Highway 57 bridge crossing. The taxonomic work has
been completed and the index has been calculated to be 4.25, which
is very good and indicates little organic matter in the stream.

A field survey was conducted on September 12, 1985. The water
temperature was 12°C. The flow taken just above State Highway 57
was measured to be 6.96 cubic feet per second (efs). A habitat
rating conducted over a stretch of stream just above Highway 57
revealed a substrate that was 15 percent silt, 15 percent sand, 20
percent gravel, and 50 percent rubble. The habitat rating was
135, or fair.

Fifty feet above County Highway A, a riffle 20 feet long wasg
survey for habitat. The flow was 6.38 cfs. Like the Highway 57
survey site, the flow measurement was adequate for the support of
trout. The bottom substrate was 70 percent rubble, 10 percent
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sand, and 20 percent gravel. The water temperature was 12°C. The
habitat rating was 111, or good.

Objegtive: The objective for Hibbards Creek is to protect the
Clags II trout waters by preventing sediment and phosphorus
transport from nonpoint sources.

Logan Creek

General Information: Logan Creek is a moderate to high grade
stream that originates at Lost Lake and empties into Clark Lake.
The stream is 4.8 miles long and drops 17.7 feet per mile., The
drainage area is 12 square miles. The land adjacent to the stream
is mostly wetlands,

Water Quality and Fishery: Native brook trout inhabit the area
above State Highway 57. Warm water species such as northerns,
walleyes, perch and bluegills migrate up from Clark Lake. The
stream has 0.4 miles classified as Class I trout waters and 0.25
miles are Class I1 waters.

A detailed report prepared in July 1978 includes water chemistry
data and fishery information, as well as a physical description of
the system. This report is available from the DNR-Lake Michigan
Office in Green Bay. Recommendations contained in the 1978 report
include stream improvements below Highway 57 to narrow and
increase the velocity of the stream. Additional cover was also
suggested. Concern about the northern population eliminating the
trout was also expressed. Fishing conditions as well as access to
the area were described as good.

A macroinvertebrate sample collected in October 1976 (Table 38)
suggested water quality was falir (moderate enrichment or
disturbance). Another macroinvertebrate sample taken in November
1978 had a biotic index which indicated poor water quality. Some
enrichment may have occurred in this area at this time. However,
a third macroinvertebrate sample, collected May 7, 1985, indicated
good water quality with a blotic index of 4.05. The source of the
organic matter may have been removed between the late 1970s and
1985.

Qther parameters have also been measured at various times and
locations. On August 20, 1984, the flow above the Highway 57
bridge was measured to be 0.95 cfs.

A stream survey conducted on July 30, 1985 included a temperature
reading of 11°C, dissolved oxygen (DO) of 8.4 mg/1l, and flow at
2.12 cfs. A riffle 15 feet long above Highway 57 was assessed for
habitat. The bottom was 20 percent sand, 50 percent gravel and 30
percent rubble. The average depth was 0.45 feet and the width was
eight feet. The habitat rating was 161, or fair. A run just
above the riffle was also assessed. Filamentous algae was
observed., The bottom consisted of 10 percent silt, 20 percent
sand, 30 percent gravel, and 30 percent rubble and sand.





Table 37. Water Chemistry Monitoring for Hibbards Creek, 1976 (at State
Highway 57)

Bact, Suspended Total Soluble Total
Date Temp. DO BOD (MFFGG/ Solids P P Org N NH3-N

(¢*)  (mg/1l) (mg/1) 100 ml) (mg/1)  (mg/1) (mg/1) (mg/l) (mg/1)

Jan 13 0 13.0 1.6 <10 1 6.006 0.006 0.21 0.06
Feb 17 0 10.2 2.5 10 26 0.031 0.008 0.73 0.12
Mar 9 4 10.2 2.5 <10 9 0.020 0.005 0.34 0.03
April 13 8 8.1 2.9 <10 11 0.015 <0.003 0.74 0.05
May 19 12 9.0 3.3 10 3 0.012 0,008 0.80 0.11
June 16 16 8.8 0.9 230 2 0.018 0.010 0.39 0.06
July 21 19 6.3 2.8 150 0 0.030 <0.003 0.40 0.05
Aug 16 17 6.7 2.5 130 5 0.030 0,007 0.40 0.06
Sep 28 11 8.5 2.9 10 6 0.020 0.008 0.38 0.02
Oct 27 9 9.0 3.3 10 3 0.020 0.004 0.37 <0.02
Nov 23 3 - 4.1 10 0 0.010 0.005 0.31 0.06
Dec 6 5 - 1.2 <10 29 0.070 06.010 0.61 0.08

(See Table 35 for definitions)

Table 38, Water Chemistry Monitoring for Logan Creek, 1976 (at State
Highway 57)

Bact. Suspended Total Soluble Total
Date Temp. DO BOD  (MFFCG/ Solids 2 P Org N NH3-N

(€*)  (mg/1) (mg/1) 100 ml) (mg/1)  (mg/1) (mg/1) (mg/1) (mg/1)

Jan 13 5 11.4 1.6 <10 0 0.008 0.008 0.26 0.06
Feb 17 4 8.3 1.8 10 3 0.013 0.011 0.22 Q.07
Mar 9 7 9.2 2.5 <10 2 0.010 0.008 0.27 0.03
April 13 9 8.8 2.4 10 3 0.011 0.011 0.32 0.06
May 19 13 8.6 2.4 50 0 0.007 0,004 0.36 0.06
June 16 8 7.7 0.6 10 0 0.006 0.005 0.15 . 0.04
July 21 15 6.8 2.5 30 0 0.010 ¢.005 0.21 0.06
Aug 16 17 6.0 2.1 40 1 0.010 0.011 0.20 0.07
Sep 28 12 7.5 3.3 20 4 0.010 0,008 0.21 0.04
Qct 27 11 7.5 2.9 50 6 0.010 0.004 0.25 0,03
Nov 23 4 - 25.0 <10 100 0.230 0,004 4.30 0.05

Dec 6 Frozen

(See Table 35 for definitions)
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Chemical samples collected in 1976 (Table 38) were somewhat high
in NO,-NO,. Phosphorus was low.

Cbjective: The main objective for Logan Creek is to protect the
sport fishery in the Class I and Class II waters. Controlling
sources of phosphorus and organic material will be especially
important in protecting this creek.

A second objective is to minimize the nutrient and sediment input
to Clark Lake from Logan Creek.

Lilly Bay Creek

General Information: Lilly Bay Creek is a high gradient

(19.1 ft/mile), 3.4 mile long stream that enters Lake Michigan
above the Sturgeon Bay canal. The drainage area is 11 square
miles. Smelt and sucker fishing is popular in the spring. A
creel census in May 1964 revealed that brock and rainbow trout
were taken from this stream. Brook trout were stocked in 1956,
Lilly Bay Creek has 1.6 miles of Class II trout waters.

Water Quality: DNR records show no water chemistry samples were
collected from the stream. A biotic index sample was collected
100 feet above County Highway T on May 7, 1985. The index
indicated very good water quality with a value of 3.83. Another
survey was conducted on July 30, 1985. At that time, the
temperature was 13°C, the dissolved oxygen was 10 mg/l, and a flow
measurementt of 0.17 cfs was recorded.

The stream was clasgified at two sites below County Highway T,
using the stream habitat rating system. The bottom material in a
run/riffle area that extends 40 feet consisted of 80 percent sand,
15 percent gravel and five percent rubble. Stream bank deposition
in this area consisted of 10 percent silt and 90 percent sand.

The water depth averaged less than one foot, and the width was 7.5
feet. The habitat rating score was 182, which is fair.

Inadequate water depth and lack of cover were two factors
identified as limiting the fishery. A 50 foot-long run/pcol
located below the riffle was evaluated the same day, and received
a habitat rating of 159, which is fair.

Objective: The objective for Lilly Bay Creek will be to protect
the existing seasonal use of the stream by Lake Michigan fish.
This objective will be achieved through the reduction of sediment
and nutrients.

Maple Creek

General Information: Maple Creek is a low gradient (9.7 ft/mile
drop) stream that empties into Gurlack Lake, which is also known
as Mud Lake. The stream is 3.6 miles long. The drainage area is
10 square miles, Wetland and agricultural drainage affect this
area.






A fish kill was investipgated on Maple Creek on February 26, 1981.
The source was discovered to be improper management of animal
waste from a sizable dairy operation. Forage fish were primarily
affected.

Water Quality: Water chemistry information is lacking on Maple
Creek. A biotic index sample was collected below Haverly Road on
May 7, 1985, which, with a wvalue of 6,22, indicated some organic
pollution, A habitat rating was conducted at Haverly Road on
July 30, 1985. Water temperature was 16°C, dissolved oxygen was
7.2 mg/l, and a flow measured water was 0.57 cfs. The bottom
material was 15 percent silt, 10 percent sand, 50 percent gravel,
15 percent rubble and 10 percent boulders. The habitat rating
score was 140, which is fair,

Objective: The objective for the stream will be to protect the
seasonal migration of Lake Michigan fish. Because of the
seasonally low flows this creek will not support a fishery on its
owr.,

Mink River

General Information: Mink River is a long, low gradient stream
that empties into Rowley Bay on Lake Michigan. Most of the land
adjacent to the river is wetland owned by the Nature Conservancy
or the State of Wisconsin. The Mink River area is a very
significant resource in that it is one of the last pristine
estuaries left on the upper Great Lakes. The upstream area of
this estuary has been referred to as Rogers Lake.

The fishery consists primarily of warm water species such as
northerns, yellow perch and black bullheads. ' A survey conducted
in 1975 identified the above three species comprising the bulk of
the fishery, with significant northern spawning in the area.
Fewer numbers of sunfish and smallmouth bass as well as rainbow
and brook trout were also observed,

Water Quality: Water chemistry data is lacking in the Mink River
area. High water in late summer of 1985 prevented any work on the
stream. A habitat evaluation, temperature and dissolved oxygen
survey will be conducted in the summer 1986.

Little impact on the Mink River from nonpoint sources of
pollutants is suspected because of the undeveloped nature of the
subwatershed.

Objective: Because there are no known nonpoint sources of
pollutants contributing to the Mink River, no water quality
objectives have been established by the project for this river,

Rieboldts Creek

General Information: Rieboldts Creek is a low gradient stream
that drains extensive timber lands and wetlands. The stream is
one mile long and drops five feet per mile. The Creek enters Mud
Lake before emptying into Moonlight Bay on Lake Michigan, morth of
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Baileys Harbor. The State owns land in the watershed adjacent to
the stream. Stream flows were measured in April and May of 1976,
and found to be 60 and 87 c¢fs, respectively,

The system contains warm and coldwater fish species.

Water Quality: Water chemistry samples taken in 1976 showed low
phosphorus and nitrogen concentrations (Table 39).
Macroinvertebrates samples were taken in October, 1976. Water
quality was determined to be fair with moderate enrichment or
disturbance. A later biotic sample obtained in April, 1986
repeated this "fair" rating with a value of 6.54.

High water in late summer 1985 limited any investigative work on
the stream. A habitat rating, temperature, and dissclved oxygen

survey will be conducted in the summer of 1986.

Objective: There are no known nonpoint sources of pollutants to
Rieboldts Creek so no objectives have been established.

Shivering Sands Creek

General Information: Shivering Sands Creek is a short (one mile
long) moderate grade (12.5 ft/mile), stream that is the outlet for
Gurlack Lake. The creek empties into Lake Michigan about five
miles north of the ship canmal. Smelting is popular in the spring
and Lake Michigan fish make spring and fall runs into the system.
Some warm water specles also inhabit the area.

Water Quality: A biotic index sample collected in October, 1976
from the creek indicated fair water quality. A macroinvertebrate
sample was collected in November, 1978, and the biotic index
indicated excellent water quality. Replicate biotic index samples
were collected on May 7, 1985 at County Highway T and indicated
very good water quality with an index of 4.40. The taxconomic work
has not been completed. High water in late summer 1985 prevented
any stream survey work, A habitat rating, dissolved oxygen, and
temperature survey will be conducted in the summer of 1%86.

Water chemistry samples were taken at County Highway T once a
month during 1976 (Table 40), 1In general, the data indicated a
high quality stream. However, a dissolved oxygen level of 5.8
mg/l and summer BOD levels above 4.0 mg/l indicated some organic
contributions to the creek. Since there are no known nonpoint
sources of pollutants contributing directly to the stream, these
organic loadings could be a result of algae growth in Gurlack
Lake.

Objectives: No nonpoint sources of pollutants are known to be
directly affecting Shivering Sands Creek, and the quality of the
creek 1s directly dependent upon Gurlack Lake and the drainage
area above the lake. Because of this, no objectives related to
nonpoint source control have been established for this creek,






Table 39. Water Chemistry Monitoring for Rieboldts Creek, 1976 (at County
Highway Q)

Bact. Suspended  Total Soluble Total
Date Temp. DO BOD  (MFFCC/  Solids P P Org N NH3-N

(€*)  (mg/1) (mg/l) 100 ml) (mg/1)  (mg/1) (mg/1) (mg/1l) (mg/1)

Jan 13 0 10.0 2.9 <10 1 0.010 0.009 0.48 0.43
Feb 17/ 0 9.4 3.1 <10 14 0.017 0.005 0.47 0.38
Mar 9 4 7.5 3.1 <10 4 0.010 0.002 0.46 0.22
April 13 10 8.0 2.4 <10 8 0,013 0.00% 0.41 0.06
May 19 15 7.6 2.9 <10 0 0.008 0.003 0.64 0.09
June 16 18 8.0 2.8 10 4 0.027 0.004 0.70 0.06
July 21 22 5.5 3.1 30 1 0.030 <0.003 0.61 0.10
Aug 16 22 6.1 2.8 10 8 0.020 0.003 0.45 G.08
Sep 28 13 8.4 3.3 10 10 0.020 0.005 0.33 0.09
Oct 27 10 10.0 2.9 <10 5 0.030 <0.003 1.04 0.11
Nov 23 5 = 5.3 <10 2 0.030 0,003 1.12 0.31
Dec 6 5 6.0 6.1 <10 122 0.140 0.010 2.60 1.50

(See Table 35 for definitions)

Table 40. Water Chemistry Monitoring for Shivering Sands Creek, 1976 (at
County Highway T)

Bact, Suspended  Total Soluble Total
Date Temp. DO BOD (MFFCC/ Solids P P Org N NH3-N

(¢*)  (mg/1l) (mg/l) 100 ml) (mg/1)  (mg/1) (mg/1) (mg/l) (mg/1)

Jan 13 0 12.2 6.1 <10 75 0.140 0.008 1.68 0.52
Feb 17 0 9.2 1.8 <10 2 0.010 0.009 0.70 0.39
Mar 9 & 9.5 3.1 40 15 0.020 0.008 0.50 0.21
April 13 10 8.0 3.3 <10 5 0.019 0.012 0.75 0.04
May 19 15 8.4 3.7 10 0 0.017 0.009 0.72 0.12
June 16 16 7.0 1.5 10 3 0.029 0.008 0.66 0.10
July 21 22 6.3 4.3 106 2 3.040 0.008 0.87 0.08
Aug 16 23 5.8 3.1 10 4 0.030 0.008 0.64 0.07
Sep 28 1z 7.2 4.1 10 4 0.030 0.004 0.87 0.02
Oct 27 12 9.0 2.9 <10 4 0.020 0.003 0.6l 0.02
Nov 23 4 - 5.7 <10 20 0.040 0.006 0,93 0.08
Dec 6 5 - 2.0 <10 10 0.080¢ 0.023 0.54 0.09

{S¢e Table 35 for definitions)
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Table 41. Water Chemistry Monitoring for Whiteflsh Bay Creek, 1976 (Clarks
Road)

Bact. Suspended  Total Soluble Total
Date Temp. DO BOD  (MFFCC/  Solids P I Org N NH3-N
(C*) (mg/1) (mg/1) 100 ml) (mg/1)  (mg/1) (mg/1) (mg/l) (mg/l)

Jan 13 1 12.86 1.6 <10 0 0,005 0.005 0.38 0.13
Feb 17 0 10.0 1.2 <10 2 0.008 0.006 0.53 0.14
Mar 9 6 9.1 3.1 <10 & 0.01 0.005 0.47 0.15
April 13 10 8.6 2.4 <10 4 0.011 0.009 0.48 0.07
May 19 16 7.3 2.9 <10 3 0.007 0.005 0.43 0,12
June 16 16 5.9 1.5 100 2 0.02 0.004 0.39 0.07
July 21 20 6.1 3.7 120 3 0.01 0.002 0.41 0.12
Aug 16 21 5.5 2.8 30 2 0.01 0.004 0.35 0.18
Sep 28 11 6.5 3.3 10 4 0.01 0.003 0.48 0.11
Oct 27 10 7.0 2.4 10 15 0.02 0.004 0.42 0.13
Nov 23 5 - 4.5 <10 0 0.02 <.003 0.49 0.10
Dec 6 5 12.6 1.2 <10 3 0.03 0.008 0.53 0.1¢

(See Table 35 for definitions)






Three Springs Creek

General Information: Three Springs Creek is a small, spring-fed
creek that originates in Zoo Lake and drains wetlands before
emptying into North Bay in Lake Michigan. Drainage above Zoo lLake
is intermittent. A 1953 survey identified Myriophyllum, a
macrophyte that indicates slow moving, somewhat productive waters,
Chara or muskgrass, a type of algae, was also observed. The
stream is inaccessible. No monitoring is planned for this stream.

Whitefish Bay Creek

General Information: Whitefish Bay Creek iz the outlet for Clark
Lake and runs between Clark Lake and Lake Michigan. It is a low
gradient (7.3 ft/mile) stream. The entire length (1.95 miles) is
clasgified ag Class IT trout waters, Warm water fish inhabit this
stream as well as coldwater species. The creek receives a
significant amount of its flow from a west branch which enters it
about half way between Clark Lake and Lake Michigan.

Watexr Quality: Water chemistry samples were collected on a
monthly basis in 1976. The sampling indicated low concentrations
of phosphorus and for the most part, low concentrations of
nitrogen (Table 41). The NO,-NO; levels were somewhat elevated in
the spring.

A macroinvertebrate sample was collected in May of 1985 and the
index shows poor water quality with a value of 7.50. A survey
conducted at Clark Lake Road on July 30, 1985 identified the flow
as 2.38 cfs, temperature of 22°C, dissclved oxygen at 10.2 mg/l,
and a habitat rating of fair.

Objective: The objective for Whitefish Bay Creek will be to
protect the warmwater fishery and seasonal migration of Lake
Michigan fish by controlling sediment delivery from the unnamed
west branch tributary.

Clark Lake

General Information: Clark Lake, the second largest lake in Door
County, measures 868 acres with a maximum depth of 28 feet. Logan
Creek drains from the northwest, and Whitefish Bay Creek is the
ocutlet. A report prepared by the DNR in 1983 classified Clark as
oligotrophic (Rasman, 1983a).

Water Quality: The 1983 DNR report contains much of the water
quality information collected on Clark Lake. The water chemistry
information is summarized in Table 42. The data indicated a lake
with generally good dissolved oxygen levels except for the low
levels that occur at the bottom of the lake during the winter.






Table 42: Clark Lake Sampling Data

Water Diss. Water Diss.

I
Date Depth Temp 02 Tot P Secchi Chlor., a | Date Depth Temp 02 Yot P Secchi Chlor. a
(m) (C) (mg/l) (mg/l) (m) (ug/Lly | (my <€) (mg/l) (mgsly (m) {ug/L)
.................................................... R LR e PR PR
7-7-80 o - - <.02 1.1 <5 [8-19-81 0 22.0 8.7 <.02 2.5 <5
1 21.0 12.3 | 1 22.0 8.7
2 210 11.0 | 2 22.0 8.7
3 21,0 . 10.0 | 3 22,0 8.7
4 21.0 9.0 i 4 21.5 B.7
5 21.0 8.7 | 5 21.0 9.0
6 21.0 8.0 | 6 21.0 .0
7 21.0 7.7 | 7 21.0 3.5
| 8 21.0 3.0
11-18-80 0 5.0 1.0 <02 2.0 55 | 9 21.0
T 4.0 11.0 f
2 4.0 11.0 [11-16-81 0 5.0 12.0 <.002 3.5 <5
3 4.0 11.2 [ i 5.0 12.0
4 4.0 11.5 | 2 5.0 12.0
5 4.0 11.5 | 3 5.0 12.0
6 4.0 11.7 | 4 5.0 12.0
7. 4.0 1.7 | 5 5.0 12.0
8 4.0 1.7 | 6 5.0 12.0
| 7 5.0 12.0
1-27-81 0 4.0 6,0 <,02 - <5 |
1 4.2 6.0 j2-1%-82 0 0.0 13.7  <.02 - -
2 5.0 5.7 | 1 1.0 13.7
3 5.7 5.0 | 2 2.0 12.7
4 6.0 4.7 i 3 2.0 10.5
5 7.0 2.0 [ 4 2.0 7.5
6 7.0 1.7 | 5 2.2 4.5
I
5-12-81 0 10.0 1.0 <.02 - |5-1%-82 6 - - <.02 - <5
1 10.0 11.0 |
2 10.0 11.0 |
3 10,0 10.7 |
4 10.0 10.2 |
5 9.2 ?.7 |
6 9.0 9.2 i
7 9.0 9.5 I
8 9.0 ?.5 |
9 9.0 9.3 i
10 8.0 2.0 i





The chlorophyll a measurements also indicated a lake very low in
nutrients and low in algae growth.

The colipotrophic nature of this lake has actually caused some
controversy in that the lake is not able to support the fishery
desired by many of the lake area residents.

Objectives: The protection of Clark Lake'’s high water quality is
the objective for this resource. This will be accomplished
through the reduction of the nutrient and sediment loads from
nonpoint sources into Logan Creek.

Europe Lake

General Information: Europe Lake, in northern Door County, is
characterized by low productivity and high alkalinity. The
surface acreage is 273 acres, and the maximum depth is ten feet.
The lake is bounded on the east side by Newport State Park and has
a boat ramp on the west side.

Water Quality: Water chemistry samples were taken on August 18,
1982 and May 12, 1983. Phosphorus levels were all below the
detectable level. Nitrogen was also low. Table 43 summarizes the
data from these two sampling dates. A vegetation survey conducted
in August 1982 revealed the following taxa as sparse: Scirpus,
Potamageton gramineus, Najas, and Equisetum.

Objective: Because there are no known sources of nonpoint source
pollutants to this lakes, no specific water quality objectives
have been set, Future development around the lake is a likely
potential source of pollution,

Kangaroo Lake

General Information: Kangaroo Lake is the largest lake in Door
County, with 1,123 acres. The maximum depth is 12 feet. The lake
has a highly developed shoreline with resorts, single family
homes, and cottages, It drains to Heins Creek.

Water Quality: The DNR monitored the lake in the late 1960s and
early 1980s. A report written in 1983 concluded that Kangarco is
an oligo/mesotrophic, clear water, low productivity lake (Rasman,
1983b). Table 44 summarizes the data from the monitoring from
1980 to 1982, The data indicates good dissolved oxygen levels
even during the winter period. The chlorophyll a level indicates
little algae growth was present at the time of sampling. The
phosphorus concentrations also show that the lake is low in
nutrients and likely would not support nuisance algae growths.
The large size and shallow depth of Kangaroo Lake allows wind
action to disturb the bottom, re-suspending sediments and causing
some turbidity as measured by the secchi disc. Nutrient levels
were much lower in 1980-82 than 1968,

Objective: The objective for Kangaroo Lake 1s to protect the
lake's current high water quality.





Table 43: Europe Lake Sampling Data
Water Diss.
Date Depth Temp 02 Tot P Secchi Chler. a
(m} (C) (mgsly (mg/l) (m) fug/l)
8-18-82 1 <. 02 <5
2 <.02
Table 44: Kangaroo iLake Sampiing Data
Water Diss.
Date Depth Tenp oz Tot P Secchi Chlor. a
(m) (C) (mg/ly (mgslY) (m) (ug/t)
7-7-80 0 22.0 8.2 «<.02 1.4 &
1 22.0 8.2
2 22.0 8.5
3 22.0 7.0
11-18-80 0 5.0 11.0 <.02 2.0 3
1 5.0 11.7
2 4.0 11.5
3 3.0 1.2
4 3.0 11.0
5 3.7 11.0
& 4.0 10.7
7 4.0 10.2
8 4.0 10.0
9 4.0 10.0
10 4.0 9.5
1M 4.0 9.0
8-19-81 0 22.90 8.7 <.02 2.2 <5
‘ 1 22.0 8.5
2 22.0 8.2
-3 21.0 7.0
4 21.0 3.0
11-16-81 0 5.0 2.4 <02 - 7

| Water Diss.

| Date Depth Temp 02 7ot # Secchi Chlor. a
I (my (Cy (mg/l)  (mg/Ll) (m)} fug/l)
L L L LT E PP TR PP ERPEPR
|5-12-83 0 <.02 3.0 2

| 2 <.02

| Water Diss.

| Date Depth Temp 02 Tot P Secchi Chlor. a
] tm} (Cy (mg/l) (mg/l) {(m} (ug/L)
Jom e
11-27-81 0 <. 02 "

[ 1 4.0 5.5

| 2 4.0 5.0

| 3 4.0 4.0

I

| 5-4-81 0 12.0 9.5 <.02 - 5

| 1 12.0 10.2

| 2 12.0 16.5

| 3 12.¢ 11.0

| 4 12.0 11.0

i 5 12.0 1.0

| 6 12.0 10.7

| 7 11.0 10.0

I

|2-11-82 0 0.0 1.0 .02 3

| 1 1.0 11.0

| 2 2.7 8.7

| 3 3.0 5.5

| 4 4.0 2.5

!

|5-11-82 - <.02 7

I

I

!

i






. Mackaysee

General Information: Mackaysee Lake is a hardwater lake located
on Chambers Island. The surface acreage is 354 acres with a
maximum depth of 26 feet. Extensive logging took place on the
island in the early 1980s.

Water Quality: Water chemistry samples were taken in Mackaysee
Lake on August 17, 1982 and May 11, 1983 (Table 45). Dissolved
oxygen and temperature stratification occurred in the summer.
Nutrient levels support some vegetation. Varieties of Potomageton
were common, and coontail, milfoil, Elodea, Nuphar, and Scirpus
were also observed. The lake appears to be meso/oligotrophic with
some production of vegetatiomn.

Table 45. Mackaysee Lake Sampling Data

Water Diss.
Date Depth Temp 02 Total P Secchi Chlor, a
(m) (c) (mg/1) (mg/1) (m) (ug/1)
§-17-82 0 22.0 8.9 0.02 4.5 <5
2 22.0 8.9
4 21.0 7.9
5 19.5 7.8
6 19.0 4.8
7 19.0 3.6 <.02
8 19.0 2.1
5-11-83 0 10.0 11.0 0.02 2
8 10.0 11.0 <.02
Objective: Although there are no known monpoint sources of
"pollution affecting Mackaysee Lake, the water quality could be
threatened by potential future lakeshore development. The
objective for this lake is to maintain the high quality of the
water.
D. Nonpoint Source Control Needs for Surface Water Protection

The management categories for barnyard runoff control were established
based on the calculated phosphorus load from each yard. TFor yards
contributing te a surface water resource, the management category
determination was based on the following criteria:

Management Category I. when barnyards are ranked from high to low based
on the phosphorus lead, these yards contribute 50 percent of the total
load.

Management Gategory II: when yards are ranked from high to low based on
the phosphorus load, these yards contribute between 51 and 70 percent of
the total load,





Management Category III: when yards are ranked from high to low based on
the phosphorus load, these yards contribute the portion of the load above
70 percent.

The control needs listed in Table 46 address only barnyard runcff
control. If other nonpoint sources are found during the implementation
of the plan to be affecting surface water quality, these sites will be
eligible for control upon approval by the county and DNR.

____________________________________________________________________________________

Table 46: Summary d¢f the Number of Eligible Sources and Management Categories
For the Protection of Surface Waters

Criteria Categories Criteria
Source Total Number Fox (# of Sources) For
# Eligible Eligibility I 1II I1I Mgt Category
Barnyard 61 28 Cumulative yards 13 15 37 Cat.I: Yards
Runoff with 70% of the with top 50%
Phosphorus load of phos. load
to a creek or lake Cat.Ii: Yards

between 51 and 70%
of phos. load
Cat.II1: Yards
contributing < 70%
of the phos. load

Manure 32 ? To be determined

Store/Mgmt by a site investigation
by County with DNR
approval
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SECTION TWO: A DETAILED PROGRAM FOR IMPLEMENTATION

CHAPTER 1V, INTRODUCTION TO THE IMPLEMENTATION PROGRAM ., AND AGENCY INVOLVEMENT

A, Introduction

The purpose of this portion of the Upper Door Priority Watershed Project
plan is to serve as a guide for the efficient implementation of the
recommendations which were identified in the preceding Watershed
Assessment portion of the plan.

The implementation section of the plan identifies:

1. the tasks necessary to implement the recommendations in the management
plan;

2. the agencies and units of government responsible for the tasks;
3. the time frame for completion of those tasks;

4. the type and amount of staff needed;

5. the cost of carrying out the project; and

6. the information and education program.

The general approach used for achieving the water quality objectives
identified in the Watershed Assessment is the voluntary installation of
corrective land management practices to control the critical nonpoint
sources of pollutants. Cost share funds are provided to contract with
landowners to cover a percentage of the costs of installing approved
practices. In addition, funds are made available to local agencies to
cover the accelerated work effort required to carry out their
responsibilities,

B. Agencies Involved and their Responsibilities

1. Management Agencies

Management agencies are those local units of government identified in
the areawide water quality management plans as having responsibility
for soil and water conservation, including the implementation of Best
Management Practices to improve water quality,

For unincorporated areas in the Upper Door Priocrity Watershed Project,
the Door County Board will serve as the management agency. The county
is represented by the Land Conservation Committee (LCG). The City of
Sturgeon Bay, and the villages of Sister Bay, Egg Harbor, Fish Creek,
and Baileys Harbor are the identified management agencies for nonpoint
source responsibilities within their respective incorporated limits,
The cities and villages are singled out because the county's authority
does not extend into incorporated areas. Together these units of
government are able to provide project cest share funding to
landowners and to install practices on public lands.
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In the Upper Door watershed project, most of the nonpoint source
concerns are in the rural, unincorporated areas of the project. For
this reason, the management agencies with most of the responsibilities
will be the Door County Soil and Water Conservation Department (SWCD),
through the direction of the Land Conservation Committee.

The Door County Land Gonservation Committee, acting for the Door
County Board, is responsible for the Upper Door Priority Watershed
Project. Door Gounty is responsible for coordinating activities among
all other management agencies in the watershed. The LCC is also
contractually and financially responsible to the State of Wisconsin
for overall management of the project, and responsible for
coordinating activities of all the agencies involved.

The specific responsibilities for the management agencies, which are
defined in the Wisconsin Administrative Rules, NR 120.06, are
summarized below:

a. Assist with the development and approval of the priority watershed
plan;

b. Recommend revisions to the plan to allow for necessary changes as
the project is implemented,

c¢. Carry out education and information programs about nonpoint source
pollution and land management needs within the watershed project
area;

d. Administer the cost sharing element of the project including
sign-ups, approval, authorization of payments, and record keeping;

e. Certify installation, operation, and maintenance of management
practices;

f. Coordinate and control cost sharing monies with local cost sharing
sources;

g. Report to DNR on project progress and recommended project
modifications;

h. Screen applications for variances of the cost sharing rates; and
i. Determine priority for assistance among grant applications.
All of these activities may be carried out by the management agencies
or by delegation to other agencies or units of government. The

management agencies are still responsible for the activities whether
they are done by the management agency or delegated to another agency.





Cooperating Agencies

In addition to the management agencies, the Upper Door watershed
project will receive assistance from the other agencies listed below,.

a.

Soil Conservation Service (SCS): This agency works through the
lecal Land Conservation Committee for the county. The SCS
provides technical assistance for installing conservation
practices. The county SCS persomnel worked with other project
persermel to provide inventories of conservation needs, and
estimated costs of Best Management Practices. They also will aid
the county in planning, designing, layout, and supervision of
practice installations.

University of Wisconsin Extension (UW-Extension): County Extension
Agents will provide expertise in planning, coordinating and
conducting public information, education, and participation
efforts. UW-Extension will also assist the counties in the
development of watershed tours, workshops, and newsletters.

Department of Natural Resources (DNR): The Department has the
overall administrative responsibility for the Wisconsin Nonpoint
Source Water Pollution Abatement Program, of which the Upper Door
Priority Watershed Project is a part. The DNR is responsible for
allocation of funds to the project, for water quality and fish
surveys, and for evaluation of the watershed project,





CHAPTER V. BEST MANAGEMENT PRACTICES

A,

Eligible Practices

The land management practices which will effectively control the nonpoint
sources of pollution are called Best Management Practices (BMPs). The
practices eligible in the Upper Door Watershed project for cost sharing
under the Nonpeint Source Control Program are listed in Table 47.

The BMPs included in Table 47 are those practices which will help to meet
the water quality objectives set for the watershed. The specifications
used for these practices must meet the Soil Gonservation Service
requirements concerning technical design. For practices not included in
the SCS Technical Guide, the practice must meet the design criteria as
defined in this plan. It is possible some practices may be recommended
that are not included on the BMP list. Administrative Rule NR
120.18¢4)(b) and (c), Wis. Adm. Code, provides for substitute practices
under conditions which are set on a case-by-case basis,

Following are brief descriptions of some of the practices which will have
unique components in this project because of the groundwater protection
aspect. The conditions under which these components will be used are also
described below.

More detailed descriptions of the practices, and the conditions under
which they are cost shared, are included in the Department's

"Administrative Rules NR 120, Wis. Adm, Code, which is on file at the

county offices,
1. Barnyard Runoff Management

Barnyard runoff management is a system designed to reduce the quantity
of manure-related pollutants which is carried by runoff water to
streams, lakes, or groundwater, The system includes the prevention of
overland flow runming through the livestock concentration area, and
the safe contaimment or distribution of waters leaving the barnyard
area.

The wvarious components that will be needed for a runoff contrecl system
depend upon the physical characteristics of the animal lot and the
surrounding area. These needs were estimated based on Table 21 in
Chapter II. An estimate of the components needed for the various
physical situations was also given in that section.

2. Manure Storage

Manure storage involves a structure for the temporary storage of
animal wastes. The storage of manure allows the farm operator to
spread the manure at a time when runoff to surface or ground waters or
infiltration to the groundwater will be minimized. The properly
installed system also protects the groundwater from the leaching of
pollutants from unconfined stored manure.
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Table 47. Maximum Cost Sharing Rates for Best Management Practices¥

Practice Maximum Cost Sharing Rate"
Contour Cropping 50% (flat rate of $6/ac)
Strip Cropping (1) 50% (flat rate of $12/ac)
Reduced Tillape 50% (2)(3)

Waterways 70%

Field Diversions 70%

Terraces 70%

Critical Area Stabilization 70%

Grade Stabilization Structures 70%

Shoreline Protection 70%

Barnyard Runoff Management 70%

Short-term Manure Storage 70% (56000 maximum)
Long-term Manure Storage 70% ($10,000 maximum)
Livestock Exclusion from Woodlots 50%

Structural Urban Practices 70%

Alternative Best Management Practices:
Roofs for Barnyard Runoff & Manure Storage 70%

Runoff Collection Basin for Manure Storage 70%

Additional Information (Referenced Above)

(1)
(2)

(3)

(4)

$10/per acre for field strip cropping.

$15/per acre for one year only for reduced tillage on crop rotations with
hay.

$45/per acre over three years only for reduced tillage on continuous row
croplands.

In addition, management agencies may increase the state cost share rate up
to 80 percent for: critical area stabilization, grade stabilization
structureg, shoreline protecticn, roofs for animal lots and manure storage
facilities as per the conditions of section 144.25(8)(h), Wisconsin
Statutes,

* Reference: NR 120.18, Wis. Adm. Code
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Manure Storage Runoff Holding Basin

Under certain conditions, the protection of groundwater from manure
storage runoff will be accomplished by creating a "no runoff" storage
system (a "Type I or II" system under the S5CS Guidelines #313). One
of the components of this type of system may be a holding basin which
collects all the liquid runoff from a storage system and holds it
until the liquid can be pumped out and disposed of properly. The
conditions under which a "no runcff" storage system Is necessary are
described in Chapter II. The holding basin system is not considered
part of the storage system for cost sharing purposes.

Barnyard or Manure Storage Roofs

Roofs over the barnyard or manure storage systems are one technique
that can be used to create "no runoff" systems. The roofs will
prevent rain or snow from coming in contact with the manure and will
keep the barnyard or stored manure drier. Runoff can be eliminated if
roofs are used in conjunction with other runoff control practices.

Roofs will be eligible under the circumstances where "no runoff”
systems are required or eligible and roofs are the least-cost
alternative,

The roof is considered a separate practice from the storage facility
for cost sharing purposes,

Cropland Fertilizer Management

Fertilizer management is designed to maximize the crop's uptake of
applied nitrogen fertilizers and minimize the amount of nitrogen
leaching into the groundwater. This practice is has not been suitably
defined for application at this time, and will be amended to the
watershed plan after completion of a study by the UW-Extension.

Cost Sharing Guidelines

Cost share funding is available to landowners for a percentage of the
costs of installing the Best Management Practices on their lands that are
necessary to meet the watershed project objectives, Landowners have five
years to sign up for cost share funds after the watershed plan has
formally been approved and the implementation phase of the project has
begun.

The fellowing general policies apply to cost share eligibility under the
Nonpoint Source Control Program:

1.

Only BMPs installed at specific locations necessary to improve or
protect water quality are eligible.

Rural and incorporated areas are eligible.

Cost sharing is limited to areas of the state with approved areawide
water quality management plans,





4. Cost sharing is limited to the Priority Management Areas of priority
watershed projects.

Cost sharing is not available for practices which:
1. are normally and routinely used in growing crops;

2. are normally and customarily used in the maintenance or cleaning of
streets and roads;

3. have drainage of land as the primary objective;

4. the installation costs can reasonably be passed on to potential
COTSUMers.

It is possible some practices may be "custom" designed and do not fit the
established definition for a particular practice. The Nonpoint Source
Control Program will provide for substitute management practices after
review and approval by the DNR and the county to make a determination on
eligibility for cost sharing and to assign a maximum cost sharing rate.
Design specifications may be recommended by the SGS Technical Guide Weork
Group.

For certain areas within the project, some local, state, or federal
permits may be needed in order to install some of the management
practices. The land areas most likely to require permits are the zoned
wetlands of a county and the shorelines of streams and lakes. These
permits are required regardless of whether the activity is associated with
the watershed project or mot. The Planning and Zoning Office or the Soil
and Water Conservation Office in the county should be consulted to
determine if any permits are required in specific cases.

The Cost Share Agreement

The cost share agreement is a contract between the landowner and the
appropriate management agency. The cost share agreement includes the
number and types of practices that are needed, the estimated installation
dates, estimated practice costs, cost share percentage rate, and estimated
cost share reimbursement amount, The agreements also include practices
which are needed to meet water quality objectives but are not cost shared
under the Nonpoint Source Control Program {(such as crop rotation}.

Once the agreement ig signed, the landowner has up to five years to
install the practices depending on the schedule agreed to on the cost
share agreement form. Once this agreement has been signed by both
parties, both parties are bound to carry out the provisions in it. If the
land which is to receive practices changes ownership, the original owner
retaing responsibility to carry out the agreement unless the new landowner
counter-signs the cost share agreement. The agreement is filed with the
County Register of Deeds.






CHAPTER VI. ADMINISTRATIVE PROCEDURES

AL

Introduction

Upon written approval of this plan by the DNR and Door County, the
implementation phase of this project will begin. During the
implementation phase of the project, the county and the DNR are guided and
bound by two agreements which are signed by the Department and Door
County., These two agreements, and the procedures by which they will be
administered, are discussed in detail below.

Administering the Cost Share Funds

1.

DNR - Door County Procedures

Cost share funds are transferred from the state to the county by the
Nonpoint Source Grant Agreement. The Grant Agreement only controls
the cost share funds, that is, money for the installation of Best
Management Practices. Several items are defined on this agreement
including:

The parties of the agreement (in this case, DNR and Door County).
The priority watershed project for which the agreement is to be
used.

The amount of the agreement.

The eligible period for entering into cost share agreements.

The effective period of the grant,

Eligible practices which can be cost shared.

The sites eligible for the cost share funds.

The conditions to which the DNR and Door County are bound,

T

oOge o Ao

Advance funding will be made through the Grant Agreement to the Door
County So0il and Water Conservation Department in order to establish
the watershed cost share fund account in the county. In this way, the
landowners can be reimbursed for the installed practices directly from
the county soon after completion of a practice.

As landowners are reimbursed by the county for completed practices and
the balance is drawn down, the SWCD will forward the appropriate
documents to DNR. The Department will in turn reimburse the county so
that the county’s account always has a balance. The necessary
documentation for a relmbursement request from the county includes:

1) the "Cost share Calculation and Practice Certification Form" (Form
#3200-53) for each landowner who was reimbursed; 2) a "Request for
Advance or Reimbursement Form" (Form #3400-54) which indicates total
prier pay requests and the amount of reimbursement being requested;
and 3) "Wisconsin Fund Reimbursement Claim Work Sheet®" (Form #4400-47)
which contain a listing of all landowners to be reimbursed by the
specific reguest and by county check/voucher,

The initial amount of the Nompoint Source Grant Agreement is less than
the project will likely need throughout the project period. The
agreement will be amended to increase this "grant amount” as practices
are cost shared. AT no time can the total costs of the practices
under cost share agreements exceed the total amount of funds in the
Grant Agreement.





2, County Procedures

Within the county, a procedure has been established for the
administration of cost share funds from the time a landowner is
contacted to the time the landowner is reimbursed for an installed
management practice. The following procedure has been agreed on by
Door County,

Cost Share Fund Reimbursement Procedure:

a. The lahdowner and conservation planner meet to discuss the
watershed project and the landowner's management practice needs.

b. The landowner agrees to cooperate with the project.

c. A Conservation Plan (if necessary) is prepared by the SWCD or SGCS
personhel.

d. The landowner agrees to the plan and a Cost Share Agreement (form

3400-68) is signed by the landowner and the county.

Approved practices are designed by the SWCD or SCS, and a copy of

the design is delivered to the landowner,

The landowner obtains a contractor.

The SWCD or SCS lay out the practices if necessary.

The contractor ({or landowner) installs the practice.

The SWCD certifies the installation (form 3200-53),

The landowner submits paid bills and cancelled checks to the SWCD

office. :

The SWCD prepares vouchers for the bills,

The LCC approves the vouchers at regular monthly meeting,

The Door Gounty Treasurer issues checks on approved vouchers, and

delivers checks to SWCD office,

The SWCD records check amount, number, and date on form 3200-53.

The checks are malled directly to the landowners with SWCD cover

letters.

Co b TR Hh @
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Administering the Local Assistance Funds

The agreement entered inte by the LCC/SWCD and the DNR during the
implementation phase of the project is called the Local Assistance
Agreement. This document provides for the reimbursement to the county for
the costs of implementing the watershed project. The costs handled in
this agreement include 1) the costs to conduct the landowner contacts, 2)
conservation planning, 3) the design and installation of the management
practices, 4) the costs of the information and education program, and 5)
the direct costs for the project such as travel and supplies. The
duration of the agreement is one year, and each year, for the life of the
project, a new agreement is signed,

An important aspect of the Local Assistance Agreement is that it 1s used
to estimate both the work load for the project and the amount of
additional resources are needed by the county in order to complete the
projected work load. An estimate of the total project work load for the
Upper Door Priority Watershed Project iIs made in chapter VIII (Local
Assistance Needs and Costs).

The Local Assistance Agreement provides funding for activities necessary
to implement the watershed project. All activities generally grouped
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under the term "technical assistance" are eligible for funding, provided
that additional staff or staff time is required to carry out the activity.
These technical assistance activities include 1) contacting landowners, 2)
identifying site-specific Best Management Practices, 3) developing cost
share agreements, &) designing and certifying Best Management Practices,
and 5) reviewing practice operation and maintenance. Direct costs for
education materials and other materials are also eligible for funding, as
are transportation costs,

Project management and fiscal management activities are not eligible for
funding. These two activities represent the Door County’s commitment to
the project. Additional Door County staff hired for the purpose of
conducting the activities listed in the preceding three paragraphs or for
allowing present county staff to work on project-eligible activities are
eligible for funding.

Project Tracking

For a project as complicated and as long in duration as the Upper Door
Priority Watershed Project, it is essential to have a detailed tracking
system. This system will be used to keep up-to-date on project
accomplishments and the work yet to be done; and to assist in scheduling
activities in the future.

While each watershed project may have a different system for tracking
information, under whatever system is used, the following information will
be recorded;

1. Landowner contacts: who has been contacted; when; what is their
management category; who is left to contact,

2. Update of inventory information: if changes have occurred from the
inventory, these changes should be noted.

3. Landowner contracts: what sources were controlled; what the new
pollutant levels are (for example phosphorus runoff); what does this
represent in terms of the objectives set for the watershed.

4, Status of the Cost Share Agreement: what has been designed,
installed, certified, and reimbursed; is the schedule of installation
still accurate?

The Department and Door County will agree on the format for two forms to
be used to assist in tracking the project. The first form is the
"Landowner List". This is a list of all the rural landowners in the
project, their management category for each of the inventoried pollutant
sources, and spaces for writing in the dates of contact and if a contract
is signed. This list will be kept by the county, will be updated on a
quarterly basis and will be made available for Department review.

The second form is a "Landowner Tracking Form", This form is filled out
after the landowner has been contacted. Space is provided for the
landowner name, location, and comments from the county field person after
each contact., There is also a section for updating the landowner's
inventory situation if the inventory information is no longer accurate.
Finally, if a Cost Share Agreement is signed for the appropriate
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management practices, there is space to record the "after" situation of
the source conditions. These forms will be kept in Door County offices
and made available to the Department for evaluation of the project's
progress.,
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CHAPTER VII. INFORMATION AND EDUCATION PROGRAM

AL

Introduction

The information and education program of the Upper Door Priority Watershed
Project is intended to serve three purposes. The first purpose is to
provide current information regarding the project activities to all
landowners and nonlandowners in the project area. The second purpose is
to increase the awareness of project-area landowners as to the benefits of
participating in the implementation phase of the project, thus increasing
overall project participation. The third purpose is to educate the public
as to the impacts of land use activities on the quality of the
groundwater, the current and potential future status of groundwater
quality, and an overall better understanding of the groundwater system.
This is to allow both program participants and nonparticipants to make
educated decisions regarding the impacts their land uses have on water
quality.

The various informational and educational activities are described in the
next section, and the agency primarily responsible for each activity is
identified.

Activities
1. Newsletters

Newsletters are designed to supply all people in the watershed with
the "who, what, why, and where" of the Upper Door Priority Watershed
Project, Emphasis will be placed on increasing landowner
understanding of land use/water quality relationships and how the
ongoing activities in the watershed can protect and improve water
quality,

The goals of the newsletters will include: developing cooperation
between all the agencies and individuals involved in the project;
giving updates on the progress of the watershed project; introducing
conservation management practices to the landowners; developing
engoing communication among all the people in the watershed; and
encouraging landowners to become involved in the watershed activities,

The theme throughout all of the newsletters should address the
relationship of land use to water quality. The newsletters will be a
source of information about the people who are involved with the
project and what practices are being used to improve water quality.

The lead responsibility of coordinating the development, design,
printing and mailing of the newsletters will lie with the Door County
University of Wisconsin-Extension office. SWCD staff will provide
much of the written materials and photographs for newsletters.
Cooperating agency staff will also be requested to contribute material
for the newsletters.
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2.

Intensive Study Area Information Program

a. Direct Mailings

Landowners within the area of the small basin study (discussed in
the Groundwater Quality Assessment) will be provided with more
detailed information and updates regarding the projects within the
study area.

To accomplish this goal, direct mailings to all landowners in the
study area will be conducted to inform those landowners of the
water quality data collected, landowner participation rates, and
other information that may be generated. Some of the more
detailed information would not be appropriate material to be
included in the overall watershed newsletter, All landowners in
the study area will be included on the mailing list. The direct
mailings will be prepared and distributed by the SWCD staff.

b. Landowher Contacts

To further facilitate the updating of the landowners with the
progress of the study area and to help insure a high level of
landowner participation and cooperation, individual landowner
contacts will be made. Landowner contacts will not be limited to
just potential cost share reclpients but will include all
landowners who may participate in some segment of the studies
being conducted. SWCD staff will conduct the individual contacts,

News Releases

Feature stories, news releases, and photographs will be supplied to
the local and area print media to highlight activities in the Upper
Door Priority Watershed Project. The media releases will be intended
for all members of the public within the project area, to stress the
importance of the watershed project in terms of the quality of the
public’s groundwater - derived drinking water and the surface waters
of Door County.

News releases and photographs will be prepared by SWCD staff and
covperating agency staff, A feature story writer will be hired for up
to two extensive feature stories per year. The University of
Wisconsin-Extension office will coordinate the news release effort.
SWCD personnel will provide technical review for all news releases.
Individual agency news columns will also be utilized.

Fact Sheets

Ten one-page fact sheets will be prepared for distribution teo the
public, FEach fact sheet will address one toplec regarding the
watershed project and will be used to answer specific topic questions
of landowners and the general public, Fact sheet topics may Iinclude
(but are not limited to) geology, soils, storage facilities, barnyard
improvement, waste utilization, chemical usage, septic systems, wells,
and the watershed cost share program.
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The writing of the fact sheets will be coordinated by the SWCD staff.
The printing and production of the fact sheets will be coordinated by
the University of Wisconsin-Extension office.

A folder with the Upper Door Priority Watershed Project loge printed
on the front will be developed for distribution to landowners
requesting several fact sheets and other watershed project materials,

Slide Sets

The University of Wisconsin-Extension office has a slide and tape
program concerning the topic of karst geology and groundwater
pollution. Ten slide subsets, covering ten topic areas, will be
developed to be used in conjunction with the existing karst geology
and groundwater pollution slide set. Topic areas may be similar to
the fact sheet topic areas described above.

The development of the slide and tape program subsets will be
coordinated by the University of Wisconsin-Extension office, The SWCD
staff will provide most of the slides necessary for the slide sets.
Cooperating agencies and departments will also be requested to assist
in building the slide collection.

Traveling Display

A traveling display will be developed which presents to the public
descriptions of both the water quality protection needs and the Upper
Door Priority Watershed Project. The display will be used at
locations where it will expose numbers of people to the watershed
project. The display must be appealing to attract attention and
stimulate interest. The development of the traveling display will be
coordinated by the University of Wisconsin-Extension office.

Tours and Field Days

Tours and field days will focus mainly on water pollution abatement
practices that address animal waste storage, barnyard management, and
waste utilization projects., It is imperative that farmers see first
hand how approved practices have been installed and how they have
worked for other farmers. Personal exchange of information between
farmers is very important and effective in encouraging farmer
participation.

The University of Wisconsin-Extension office will coordinate the tour
and fleld day effort. The SWCD staff will participate, and
cooperating agencies’ staff will be requested to participate in the
actual conducting of the tours and field days.

Watershed Farmer Advisory Group

The Watershed Farmer Advisory Group will be a five-to-nine member
group of farmers from the project area who will provide guidance to
the Upper Door Priority Watershed Project. The group will bring their
thoughts concerning agriculture effects on groundwater in the project
area, and will also be a source of dissemination of watershed
information and ideas,
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10.

This group will be important, since members will carry information
back to other landowners of the watershed project area on topics such
as how it was decided to create the project; the history behind the
project; the need for the project; who is involved in implementing the
approved practices proposed to reduce nonpoint source pollutants; the
area that will be included in the project; which practices will be
cost shared and at what levels; and what educational activities are
ongoing in the watershed.

The Watershed Farmer Advisory Group effort will be coordinated by the
SWCD personnel, One LCC member will be designated as the lialson to
the Advisory Group.

Well Testing Program

A well testing program will be established through which a landowner
may pick up a water bottle, take a sample of their well water, return
the bottle and then receive the lab test results. This service will
be provided at no cost to the landowner. Four one-day sampling days
will be conducted during the fall and the spring season of the first
year of the project.

The purpose of the program is not a research project to determine how
many wells are contaminated and where they are located, but rather to
create a better understanding of the public as to the connection
between their surface activities and the quality of their drinking
water. The program will also be very effective in publicizing and
promoting the Upper Door Priority Watershed Project.

The well testing program will be oriented towards, but not limited to,
landowners in the rural agricultural areas as a means to increase
participation in the sign-up period of the watershed project. At the
bottle pick-up site informational displays and materials will be
available and resource personnel will be present to discuss the Upper
Door Priority Watershed Project and water quality.

The SWCD personnel will coordinate the conducting of the well testing
program, while University of Wisconsin-Extension office personnel will
coordinate publicity. The assistance of an established citilzen
service group will be requested to assist in operating the bottle
pick-up site. Cooperating agency personnel will be requested to
assist with answering questions at the bottle pick-up sites.

Soil Testing Program

In order to limit nitrate leaching into the groundwater system, a free
soil testing program will be established to encourage the timely and
proper rate of application to the soll of animal waste and nitrogen
fertilizer. Landowners will be able to take samples of their soil and
receive a lab analysis of the fertilizer needs of the soil. Soil and
Water Conservation Department and/or cooperating agency personnel will
assist the landowner in calculating nitrogen application rates, taking
into account the credits of nitrogen from previous crops and
applications of animal waste.
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The testing and follow-up assistance in calculating the correct and
timely application of nitrogen fertilizer will result in supplying
nitrogen to the corn crop when the plants require the nitrogen and at
a quantity which can be utilized. Proper application will reduce
nitrate contamination to the groundwater system.

A farmer will be eligible to receive one free soil test per field on
the farm throughout the entire length of the implementation phase of
the watershed project. After testing the soil and calculating
nitrogen needs on several fields, it is anticipated that many farmers
will appreciate the value of this practice as not only a water quality
practice but also a good cost-efficient management practice and will
adopt it as a normal operating technique.

In addition to reducing nitrate leaching, soil testing program will
also give the SWCD an opportunity to promote other aspects of the
watershed project, thus increasgsing landowner participation.

The SWCD personnel will coordinate this program with the assistance of

cooperating agency personnel in order to calculate nitrogen
application rates.

106 -





CHAPTER VIII. PROJECT NEEDS AND COSTS

AL

Management Practice Needs and Cgsts

The Best Management Practices (BMPs) needed in the Upper Door Priority
Watershed Project are listed in Table 47. The quantities of needed BMPs
were estimated using the assumptions outlined on the pages which follow
Table 48. The estimated costs for each unit of practice were based on the
county's experience and the costs of similar practices in other watershed
projects. The state’s share of the project costs based on a landowner
participation rate of 75 percent is estimated to be $2,748,825.

The procedures for estimating practice needs in the Upper Door Watershed

are described on the pages following the table. The figures on Table 48

are the best estimate at this time and should not be interpreted to be an
exact budget.

The assumptions and procedures used to calculate the practice needs and
costs in Table 48 are described as follows:

1. Barnyard Lot Runoff Management.

For convenience, Table 21 from Chapter II in the Assessment Section is
reprinted here. The costs for barnyard runoff management were based
on the predicted component needs for the barnyards in the various
physical settings listed in the table. The predicted components
needed for each category on the table are listed.

A detailed explanation of the practices and costs required for the
specific physical situations is given as follows:

a. For Yards In Categories: Al through A4; Bl through B4; and Cl
through C4

Estimated Practice Needs:

1. complete paving of "intensive" barnyard area

2. retain all storm runoff (through holding basins, roofs,
diversions or any combination of the three)

3. may be able to find an alternate site for the yard

Estimated Average Costs:

1. heolding basin = S 3,000

2. paving yard = 6,000 (4000 ft*x $1.50/ft*)
{max cost $40,000)

3. roof = 15,000 (50' x 70' x #3.50/ft?)
(max cost up to $50,000)

4. diversions = 3,000

5. curb & filter wall = 3,000

Average (osts: $30,000

Estimated Number of Yards in this Group: 64
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Table 48: Estimated Practice Needs and Costs for the Upper Door Priority Watershed Project *

GROUNDWATER PROTECTION PRACTICES:
A. Barnyard Runoff Control

State Cost
Type of Runeff Control Estimated Estimated Total Share Amount
System Needed # Eligible Average Cost  Cost 70%)
1. Complete paving; retain &4 30,000 1,920,000 1,344,000
all runoff (A1-A4; B1-B4; C1-C4)
2. Complete paving; with 56 13,000 728,000 509,600
filter strips (D1-D4; E1-E&)
3. No complete paving; retain 19 24,000 456,000 319,200
all runoff; (A5, BS%, C5)
4. No complete paving; filter strips (D5) 20 13,000 260,000 182,000
5. Mot eligible for runoff controls (E5) 29 0 0 0
188 $ 3,364,000 % 2,354,800
B. Manure Sterage Facility
State Cost
Type of $torage Estimated Estimated Total Share Amount
System Needed # Eligible Average Cost Cost {$10,000 max)
Type 1 or 11 64 40,000 2,560,000 640,000
Type 111 30 20,000 600,000 300,000
Runoff Control Only 33 5,000 165,000 115,500
Net eligible 22 0 0 i
$ 3,325,000 $ 1,055,500
SURFACE WATER PROTECTION PRACTICES:
C. Barnyard Runoff Control
State Cost
Type of Control System Estimated Estimated Total Share Amount
# Eligible Average Cost Cost {70%)
Conventional Rurmoff Control System 28 13,000 364,000 254,800
(diversion, filter wall, filter strip) Smommrseres weeanaoooo
3 364,000 % 254,800

Total Project Costs: % 7,053,000 & 3,665,100

at 75% participation: $ 5,289,750 $ 2,748,825

* Costs were only estimated for animial waste control practices. Other nenpoint source control

prectices are eligible although they will not have a significant impact on the overall project costs






For Yards in Categories: D1l through D4 and El through E4

Estimated Practice Needs:

1. Same as in "1" except:

2. Runcoff will be allowed onto a filter strip if the area
surrounding the strip has the characteristics of a Longrie (or
deeper) soil. This will likely be the case for most of the
yards in this category. This determination will be made by
the preoject manager.

Estimated Average Costs:

1. filter strip = $ 1,000
2. complete paving = 6,000 (50’ x 70 x #3.50/ft?)
(max cost up to $§40,000)
3. diversions = 3,000
4, curb & filter wall = 3.000
Average Costs: 513,000

Estimated Number of Yards in This Group: 55

For Yards in Categories: A5, B5, and C5

Estimated Practice Needs:

1. No complete paving
2. Must contain all the runoff (no filter strips)

Estimated Average Costs:

1, holding basin = 5 3,000
2. roof = 15,000 (50'x70' x $3.50/ft%)
(max cost $50,000)
3. diversions = 3,000
4. curb & filter wall = 3,000
Average Costs: 524,000

Estimated Number of Yards in This Group: 19

For Yards in Category: D5

Estimated Practice Needs:

1. Same as "4" except:

2. In most cases a filter strip will be used if the adjacent area

has minimum soil depths of the Longrie series. This
determination will be made by the project manager.
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Table 21, Barnyard Inventory Results: Numbers and Locations of Barnyards and
Down Slope Areas With Respect to Soil Series

Ak B C D E
: Down Slope Soil Series Tvpe
Barnyard Emmet &
Soil Series  Bedrock Namur Summerville Longrie  Omena Total
Type [0"] [L-12"} [10-20"] [20-50"] [> 60"]
4% Bedrock 6+ 0 0 0 0 6
fo"] (275) (275)
2 Namur 2 18 0 0 0 20
[1-12"] (186) (958) (1144)
3 Summerville 4 0 30 3 1 38
[10-20"] (382) (1598) (177) (69) (2226)
4 Longrie 3 0 1 52 0 56
[20-50"] (104) (24) (2964) (3092)
5 Emmet & 2 4 13 20 29 68
Omena (354) (131 (549) (769) (1150) (2953)
[> 60"]
Total 17 22 4ty 75 30 188
{1301 (1089) (2171 (3910) (1219 (9690)

The soil series named on the chart are the predominant types. Other soil
series with similar characteristics were grouped into one of these
categories. The numbers in [ ] are soil depth to bedrock.

%% The letters "A-E" and numbers "1-53" refer only to the columns and rows in
this table. They are used in the text in combination to identify wvarious
categories of animal yards.

This is the number of barnyards in each category. The numbers in ( ) are
the total animal units in each category.
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Estimated Averape Costs:

1. filter strip = S 1,000
2. complete paving = 6,000 (50'x70' x #3.50/ft?)
{max cost $40,000)
3. diversions/gutters 3,000
4. curb & filter wall = 3,000
Average Costs: 513,000

f

Estimated Number of Yards in This Group: 20

For Yards in Category: E5

In the absence of any other karst features, these yards are not
eligible for costs sharing for groundwater protection.

Estimated Number of Yards in This Group: 29

Manure Storage

For convenience, Table 22 from Chapter II in the Assessment Section is
reprinted here. The type of storage system required depends on the
physical characteristics of the location of the storage system.

Practice needs for each category of the matrix were based on the type
"I", "II" and "III" storage systems as described in the SCS Technical
Guide Standards #313.

a,

Type I or I1 storage systems (or Type III with holding basin) will
be needed in the categories of Al through A4, and Bl through B4.

State Cost Sharing = $10,000/site
Estimated Number of Manure Storage Systems in this Group: 31

Type I, 11, or III storage systems will be allowed in the
categories of Gl through C4. Type III will be allowed only if the
downslope area has a minimum soil depth of the Longrie series.
This likely will affect only a few sites and the suitability of a
type II1 storage system will be determined by the project manager.

State cost sharing = $10,000/site
Estimated Number of Manure Storage Systems in this Group: 33

Type III storage systems will most likely be used in the
categories of Dl through D4 and E1 through E4.

State cost sharing = $10,000/site
Estimated Number of Manure Storage Systems in this Group: 30

Control of the liquid runoff (by either retention or construction
of a filter strip), but not necessarily a constructed storage
system, will be needed for the categories of A5, B5, G5, and D5,
S3ites in the "D5" category will be eligible only for work that
prevents ponding of the runcff on the soil.

- 111 -





State cost sharing = $5,000/site
Estimated Number of Manure Storage Systems in this Group: 33

e¢. In the absence of other circumstances, unconfined stacks in
category E5 do not have control needs. ("Other circumstances"
includes the physical characteristics of the fields where the
manure is spread.)

Estimated Number of Manure Storage Systems in this Group: 22

Table 22, Manure Storage Inventory Results: Numbers and Locations of
Unconfined Stacks and Downslope Areas With Respect to Soil Series *

AR B C D B
Downslope Soil Series Type

Storage Site Bedrock Namur Summerville Lengrie Emmet & Omena
Soil Series Type . [0"] [1-12"] ([10-20"} [20-50"] {> 60"] Total
1 Bedrock 9 0 0 0 0 9
[0"]
2 Namur 1 17 0 0 0 18
(1-12"]
3 Summerville 2 0 30 1 1 34
[10-20")
4 Longrie 2 0 3 28 0 32
[20-50"]
5 Emmet & Omena 11 1 9 12 22 56
[> 60"] b
Total: 25 18 42 41 23 149

The go0il series named on the chart are the predominant types. Other soil
series with similar characteristics were grouped into one of these
categories., The numbers in [] are soil depth to bedrock.

b

%% The letters "A-E" and numbers "1-5" refer to the columns and rows in this
table, They are used in the text in combination to identify wvarious
categories of manure storage needs.

______________________________________________________________________________
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Cost GContainment Procedures

To comply with the requirements for a cost containment procedure under
NR 120.19, Door County shall use a combination of bidding, maximum
allowable cost, and actual cost of available materials.

Landowners installing cost shared Best Management Practices will be
required to receive bids from at least two contractors, provided that two
contractors are available to install the practice. The bid accepted by
the landowner, and the final cost of the practice installation, shall be
reviewed for compliance with the maximum allowable cost for that Best
Management Practice and/or the maximum allowable costs of the materials
used during the installation of the Best Management Practices.

The county recognizes that under unusual or exceptional circumstances, the
cost of a Best Management Practice, and/or specific materials used for
installation of the Best Management Practice, may exceed the maximum
allowakle cost. In such cases where the maximum allowable cost is
exceeded, the landowner, and/or the contractor, will be required to
decument an explanation of the cost overrun to the county. Practices
exceeding the maximum allowable cost will be reviewed and considered for
approval on a case-by-case basis by the county.

It is further recognized that the maximum allowable cost listing prepared
by Door County will be comprehensive to the extent that all cost-sharable
practices and/or all materials used will be included. Allowable costs of
practices not included on the maximum allowable cost listing will be
determined by the bidding process in which the lowest bid is accepted.
Allowable costs of materials not included on the maximum allowable cost
listing shall be the cost which the landowner or contractor had to pay to
acquire the material.

The county will prepare a listing of maximum allowable costs of Best
Management Practices and specific materials, and update it each year of
the watershed project. The maximum allowable cost listing shall be kept
on file in the Door County Soil and Water Conservation Department. A copy
of the maximum allowable cost shall also be sent to the DNR contact person
for the Upper Door Priority Watershed Project.

Local Assistance Needs and Costs

Local assistance is the extra staff and direct costs the county will
require in order to carry out this project. The estimated needs are based
on the number of landowners predicted to participate in the project and
the numbers and types of practices needed by those landowners. Through
the planning process, the number of landowners with nonpoint source
control needs has been estimated. Table 49 shows this information.

Along with the installation costs, the estimated quantity and types of
Best Management Practices needed in this project allows for an estimate to
be made on the time needed to contact the landowners, draft the
conservation plans, design the practices, and install and certify the
practices.
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Table 49. Numbers of Landowners in the Various Management Categories

Total Number of Landowners Inventoried: 257

Landowners with at least one
Management Category I Source: 81

Landownexrs with only
Management Category II Sources: 95

Landowners with only
Management Category III Sources: 76

Landowners with unknown
Management Categories: * 5

* These landowners have a degree of livestock waste discharge to wetlands and
their eligibility will be determined on a case-by-case basis.

Table 50 summarizes the time requirements for this project. ‘This table
reflects an optimistic level of landowner participation so these estimates
should be interpreted as maximum needs.

The estimates made in Table 30 are important because they indicate how
much additional staff time may be needed by Door County if the project
follows the projected participation rate, The assumptions made to
calculate the time requirements shown in Table 50 are explained as
follows: : '

1.

Project Management

Project management estimates were based on past priority watershed
projects, using the following fipures:

500 hours per year for the first three years
250 hours per year for the last five years

Landowner Contacts

The estimate of landowner contacts is based on contacting every
landowner with at least one nonpoint source classified as Management
Category I or II. The rate of six hours assumes two hours per contact
with an average of three contacts per landowner. This category of
effort is defined as the time needed to get a landowner to verbally
agree to have the county staff prepare a cost share agreement.

Pre-Agreement Planning

The pre-agreement planning effort is the time required to develop the
basic layout and costs of the practice(s) to be entered on the cost
share agreement, The estimate is based on an average of 40 hours per
agreement. It is assumed that 75 percent of the eligible landowners
will participate in the project.
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Table 50. Estimated Staff Time Requirements for the Project (assuming
75 percent participation and an 8 year project)

Estimated County
Quantity Rate Total
Activity Needed (Hrs/Unit) Hours
Project Management -- hrs 3,500
Landowner Contacts 176 &6 hrs ea. 1,056
Cost Share Agreement 132 2 hrs ea. 264
Development
Pre-Agreement Planning 132 40 hrg ea. 5,280
Practice Design and Installation/Certification*
Animal Lot Rumnoff 140 units 80 hr/unit 11,200 hrs
Control
Manure Storage 95 units 80 hr/unit 7,600 hrs
Project Total: 28,900 hrs
Average/year: 3,612 hrs

* The design and installation/certification of other practices will be
eligible activities for the project, however the time required for these
practices will not have a large impact on the overall project staff time
needs.





Cost Share Agreement Development

Cost share agreement development includes the time required to
actually f£ill in the agreement form and have it signed by the
landowner and the county. The number of agreements assumes 75 percent
of the landowners contacted will sign an agreement.

Practice Design and Installation/Certification
For practice design and installation/certification, the quantities of

practices are 75 percent of the values shown in Table 48, and the
rates for the tasks were obtained from Door County.
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CHAPTER IX. PROJECT SCHEDULE

A schedule for carrying out the Upper Door Priority Watershed Project has heen
estimated, and is shown in Table 51. The Upper Door project has a sign up
period of five years (not the usual three years), while the total project
period remains at eight years. The reason for this change is that most
landowners in this project will need fewer types of practices compared to
other projects. There is very little need for upland erosion control,
streambank protection and gully erosion controls, Instead, barnyard runoff
contrel and manure storage will be the most common practices installed. This
means that there is little need to schedule practice installation over a long
period., In fact, a long delay in the installation of a practice may lead to a
decrease in participation by landowners. With this schedule, the county will
be able to sign up landowners and install the practices with a minimum of
delay.

The accuracy of this schedule will of course depend upon the participation of
the landowners. The schedule, as presented, is most useful to help determine
the staff needs of the counties for the initial one te three years of the
project. During this time most of the effort will be spent on landowner
contacts and conservation planning, which are activities that will occcur
independent of the landowner participation rate.

The assumptions used to prepare the project schedule (based on a 75 percent
participation rate) that is shown in Table 51 are described as follows:

A. YEAR ONE:

Landowner Contacts
176% x 6 hrs/contact x 1/5%% = 211 hrs

Pre-contact Office Inventory
(Organize landowner tracking sheets, air photos, etc,)

176 x 0.5 hrs each % 1/5 = 17 hrs
Pre-agreement Planning :

176 x 75%%%% % 40 hrs/plan x 1/5 = 1,056 hrs
Cost Share Agreement Development

176 ® 75% = 2 hrs/agreement x 1/5 = 53 hrs
Design & Installation of Practices = 1,300 hrs
Project Management = 300 hrs

(This value is based on previous projects)

Year One Total: = 3.137 hrs

B. YEARS TWO THROUGH FIVE:

Landowner Contacts
176 x 6 hrs/contact x 1/5 = 211 hrs
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Pre-contact Office Inventory
(Organize landowner tracking sheets, air photos, ete.)

176 x 0.5 hrs each x 1/5 = 17 hrs
Pre-agreement Planning

176 x 75% x 40 hrs/plan x 1/5 = 1,056 hrs
Cost Share Agreement Development

176 % 75% ® 2 hrs/agreement x 1/5 = 53 hrs
Design & Installation of Practices = 2,200 hrs

{(The level of this category is established to
maintain a constant total workload)

Project Management = 500 hrs
{(This wvalue is value is based on previous projects)

Years 2 - 5 Total: = 4 037 hrs

C. YEARS SIX THROUGH EIGHT:

Landowner Contacts 0
Pre-contact Office Inventory 0
Pre-agreement Planning 0
Cost Share Agreement Development 0
Design & Installation of Practlces = 2,900 hrs

(Based on remaining practice design and
installation needs from Table 48)

Project Management = 500 hrs
(This value is based on previous projects)

Years 6 - 8 Total: = 3,400 hrs

NOTE: * 176 = number of landowners with eligible
nonpoint source management needs

*% 1/5 = one-fifth of the five year sign up period

*%% 75% = 75 percent participation rate
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Table 51: Project Schedule (assuming a 75% participation rate & an 8 year project)

................................ HOURS s e e M e et c e A r s e maesam =
Activity Project Project Project Project Project Project Project Project Project
Year Year fear Year Year Year Year Year Total
1 2 3 4 5 [ 7 8
Landowner Contacts 211 211 211 211 211 0 0 9 1,055
Pre-Contact Office Inventory
17 17 17 17 17 0 o 0 85
Pre-Agreement Planning 1,056 1,056 1,056 1,056 1,056 0 ] 0 5,280
Cost Share Agreement Development
53 53 53 53 53 0 0 a 265

Practice Design & Installation
1,300 2,200 2,200 2,200 2,200 2,900 2,900 2,900 18,800

Information/Education Activities

150 150 150 150 150 50 50 50 227
Project Management 500 500 500 500 500 400 400 400 3,700
Total Hours Needed: 3,287 4,187 4,187 4,187 4,187 3,350 3,350 3,350 30,085
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SECTION THREE: THE PROJECT EVALUATTION

CHAPTER X. EVALUATION QF THE UPPER DOOR PRIQRITY WATERSHED PROJECT

A,

Iintroduction

There are two major approaches used to evaluate the success of a priority
watershed project. The first approach provides interim evaluations, and
is based on factors other than actual water quality data. Methods used in
this approach would include: 1) changes in land use practices, such as
the number of critical barnyards in which control practices have been
installed, and 2) the calculated reductions in pollutant loads.

The second approach requires the actual monitoring and analysis of water
guality data, and provides actual numerical data of water quality changes.

With the emphasis on groundwater in the Upper Door Watershed, these
approaches are greatly expanded since the approach will be used for both
ground and surface waters. These approaches are discussed in detail in
this section of the watershed plan.

Groundwater Evaluation

1. Intreduction

As discussed throughout much of this watershed plan, it is difficult
to 1) quantify the extent of the aquifer contamination and 2) define
the groundwater flow patterns and the hydrologic connection between
the land surface and the aquifers.

Because of these difficulties, measuring the changes in groundwater
quality due to changes in land use practices is very complicated. As
a result, two approaches will be uzed to monitor for changes in
groundwater quality as a result of the installation of nonpoint source
control practices.

One approach involves an intensive study of a selected area within the
watershed project. This study was begun in July, 1985, and is being
conducted mainly through an agreement with the Wisconsin Geologic and
Natural History Survey (WGNHS), along with the DNR, Door County SWCD,
and UW-Green Bay.

The second appreach will use the knowledge gained through first
approach to target groundwater monitoring sites at selected nonpoint

source control sites so actual changes in well water can be measured.

2. Intensive Study to Determine Groundwater Movement and Quality Within a
Selected Area

a. The Approach to the Study

To answer some of the questions regarding the groundwater movement
and quality, an area of limited size was selected for study.

The groundwater flow patterns and gradients for the study area are

first being identified in order to interpret the water quality
data and the impacts of land use changes. To judge the impacts of
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land use changes, baseline water quality information was
established for the study area.

The selection of the limited study area considered the following
items:

1) The presence of karst features, such as surface bedrock
fractures, solution holes, and sink holes

2) The presence of definite nonpoint source pollutant sources
with conveyance to the groundwater system

3) ‘Agriculture as a major land use and landowners in the area who
4re expected to participate in the Upper Door project once
cost share funds are avallable

4} An area small enough to allow for a detailed determination of
groundwater flow patterns

5) An area of the Upper Door Watershed which has a history of
known groundwater contamination

6) A large percentage of the area mapped as shallow solls

7) Springs located in the area, or located nearby and
hydrologically connected to the study atrea

Using these criteria, the involved agencies reviewed the data
compiled on the Upper Door project area and other watershed
projects, and decided that the study would be located 1n an
interior area south of a line drawn between Egg Harbor and Baileys
Harbor, extending to Sturgeon Bay,

A generalized schedule for conducting this study is shown in
Table 52,

Preliminary Investigations and Final Study Site Selection

In order to further define the study area, the collection of
additional information was required. During the late fall of
1985, Door County SWCD persomnel began field investigations to
locate springs and water wells for water quality sampling.
Forty-five landowners distributed within the possible study areas
were contacted to establish a well testing program, Five major
springs were also selected for sampling. Spring and well sampling
began in February of 1986.

The spring and well sampling was conducted at a schedule of once
every two weeks until the start of the spring thaw. During the
period of spring thaw, the sampling schedule will be increased to
once every week in order to collect samples during the rainfall
and/or runoff events of spring. The sampling will continue until
the fall of 1986. Water samples are tested for bacteria,
chloride, nitrate, turbidity, and conductivity.
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Table 52. Schedule for Groundwater Monitoring Study
Activity Year
1986 1987 1988

Sping Sum. Fall Wint. Sping Sum Fall Wint, Sping Sum,

Preliminary
Monitoring

Final Site
Selection

Detailed
Monitering

During the sampling program, based on interim water sample test
results, sampling sites will be added and deleted in an attempt to
define the location of the limited-size study area. Sometime
after the fall of 1986 the actual study area will be selected,
based on the sampling data and the information collected during
the inventory and assessment phase of the Upper Door project.

Study Goals and Information Collection

Once a specific limited-size study area is selected, WGNHS, DNR,
UW-GB, and SWCD personnel will cooperate in a detailed study of
the area, Existing wells, drilled observation wells, and springs
will be utilized to determine the flow patterns and to collect
additional water quality information. Additional field
investigations will be conducted to collect land use and physical
feature information,

The major goals of the detailed study of the area are:

1) To better understand the groundwater flow patterns and system
response to rainfall and/or runoff events.

2) To establish an existing aquifer water quality baseline.
3) To better understand the changes resulting from the
installation of pellutant abatement practices and altering

land use practices on the existing groundwater quality.

4) To assist the DNR in future groundwater studies in the project
area.

To accomplish the major goals of the groundwater monitoring
project the following information will be collected for the study

area.

1) A map of the water table and overall hydrology of the
groundwater basin.
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2) A map of the surface watersheds and the calculation of a water
budget.,

3) The location of ecritical groundwater recharge areas.

4) Water quality data for both wells and springs, as a result of
a more detailed water quality testing program. Water will be
tested before, during and after the installation of water
pollution abatement practices.

5) Groundwater flow, through flow tracing studies.

6) The amount and rate of interchange of water between shallow
and deep zones of the aquifer.

7) A more detailed map of unconsolidated materials, bedrock
exposures and karstic features,

8) The location of specific groundwater pollutant sources and
land uses.

9) The location and types of installed water pollution abatement
practices.

The detailed study of the area will be conducted during the
implementation phase of the Upper Door project. Most of the field
investigation work will be done during the first year of the
implementation phase. The sampling of wells and springs will be
done during and after sampling of the implementation phase.

The Department and WGNHS will be the principle funding sources for
the groundwater monitoring project. Proposals will also be

submitted to other funding sources for portions of the project.

The Application of the Results of the Intensive Study to Other Sites

As mentioned in the introduction to the project evaluation section,
once considerable knowledge of the groundwater is gained by through an
intensive study of a selected area in the Upper Door Watershed, this
knowledge will be used in a second study to select groundwater
monitoring sites at selected nonpoint source control sites. At these
monitoring sites, changes in well water that result from the
installation of nonpoint source controls will be monitored.

Since the process and results of changes in well water are of prime
interest, only those sites are most likely to show change in the
groundwater will be selected for this monitoring effort. The scale of
the second monitoring effort has yet to be determined. The number of
sites to be selected, the parameters, the frequency of sampling, and
the logistics of sample pick-up and analysis will be determined
through meetings with the DNR, WGNHS, Door County SWCD, and UW-Green
Bay. All of these issues will be addressed based on the information
gained from the previously described intensive study which is underway
at this time.
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C.

Surface Water Evaluation

Introduction

As mentioned in the project evaluation section introduction, the
progregs and success of the Upper Door Priority Watershed Project will
be evaluated in two ways.

One approach will provide interim evaluations by assessing the changes
in land use practices and calculating reductions in pollutant loads
that result from the implementation of the control practices
recommended in the management plan. Because of the rapid movement of
surface runoff and pollutants into the groundwater in this watershed,
this type of evaluation will apply to bhoth ground and surface
resources. This explains why a portion of the groundwater evaluation
will be discussed in detail in this surface water section rather than
in the previous section on groundwater evaluation.

The second appreach to surface water evaluation, as with groundwater
evaluation, involves actual measurements of water quality. Changes in
aquatic habitat are also recorded for surface waters,

Both of these approaches are discussed in this section.

Changes in Land Use Practices and Pollutant Loads That Affect Ground
and Surface Waters '

Nonpoint sources of pollutants have been degrading water quality in
the Upper Door Watershed for a long period of time and the improvement
in water quality from the control of the pollutant sources will occur
gradually. As a result, an evaluation procedure is needed that will
indicate progress hefore the actual changes in water quality can be
measured. The first evaluation approach, utilizing changes in land
use practices and pollutant loads, allows such an assessment to be
made .

The baseline conditions of the Upper Door Watershed related to
nonpoint sources of pollutants were documented through the inventory
process. The changes in these baseline conditions will be documented
throughout the project through the use of tracking forms. After each
cost share agreement is signed and practices are installed, the
resulting changes in upland soil loss, barnyard runoff phosphorus
load, critical acres of land spread with manure, or streambank erosion
will be recorded on the tracking sheet by the county staff, This will
be dome for practices that are cost shared through the Nonpoint Source
Control Program as well as those installed through other coordinated
programs, These tracking sheets will be turned in te DNR on an annual
hasis or upon request by the Department.

This evaluation effort will have two benefits. First, as mentioned
before, it will allow for an indication of the progress of the project
before changes in water quality are apparent. Second, this evaluation
will guide the Department as to which water bodies or areas of
groundwater are most likely to show changes as a result of the lewvel
of practice installation in its subwatershed. The DNR can then
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concentrate limited monitoring resources to those areas where results
can best be detected.

3. Changes in Surface Water Quality, Habitat, and Water Resource Use

The objectives set for each water body are usually related to a
fishery change or improvement, or to other recreational uses. In order
for those objectives to be met, three steps must be accomplished.
First, pollutant loads must be reduced through the installation of the
control practices. Second, the water quality and physical
characteristics must respond to the reduction in pollutant loading.
Third, the aquatic life (fish, algae, and weeds}) must, in turn,
respond to the improvements in the water quality and habitat.

Under this second approach to water quality evaluation, several water
resource measurements will be used to help indicate if the objectives
are being met. Many of these techniques will be the same ones that
were used to help determine the present conditions of the water
bodies, as described in Chapter II,

Because of the cost and time commitment required for these monitoring
techniques, only a few selected sites will be monitored. If
improvements can be measured at these sites, 1t can be concluded that
similar land use changes in other subwatersheds will result in similar
water quality changes.

Logan Creek has been selected for monitoring. This creek was chosen
because of the amount of background information available and the
amount of nonpoint source pollutants currently affecting it. Also
important in choosing this stream is the likelihcod of good
cooperation by landowners. This stream is most likely to show changes
in the water quality and fishery resources as a result of the project.

Table 53 summarizes these evaluation activities and the proposed
schedule.

Table 53. Schedule of the Surface Water Evaluation Procedures

Evaluation Project Year

Technique Sites 1 2 3 4 5 6 7 8 9 1011
Bictic Index X X X X X
Habitat Assessment X X X X

Assessment

Lake Monitoring Clark Lake X ¥ X X X X X X X X X
{4 times/year)

Figh Survey Logan Creek X X X





Biotic Index

Biotic Index sampling has occurred at two sites on Logan Creek.
These sites will be resampled during the spring and fall in 1987
and 1987, and some new sites may be added if good sampling
locations are found. The sites will be resampled each spring and
fall of the last three years of the project.

These samples will be used to indicate if there has been a change
in the organic loading condition of the streams at those sites,
The main factor that would affect these conditions is the control
of livestock waste runoff from barnyards or fields.

Stream Fishery Habitat Assessment

Fish habitat will be assessed at one site on the Logan Creek
during the summer of 1987. This site will be re-assesgsed during
the fourth and seventh years of the project, plus one year after
the project’s completion.

This assessment will help to measure improvements in the fish
habitat, which will result mainly from the installation of
streambank fencing and upland erosion control practices,

Fish Surveys

The selected stream will be surveyed to determine its current
sport game and nongame fishery populations and age class
distribution. The trout population survey will be conducted only
if a creel census can be funded along with the survey. The creel
census is necessary in order to document the number of trout in
the stream and the number taken from the stream, If a creel
census cannot be funded, then an indicator nongame species of fish
will be surveyed. The fish surveys will be repeated upon the
completion of the project.

The base line data for this survey will also be collected.

These surveys will be the most important indication of
accomplishing the objectives for the selected streams. The
response of the fish population will show if all the factors
affecting the stream have improved changed enough to actually
affect the stream’s capacity for supporting a sport fishery.

Lake Water Quality Measurements

The Department will monitor Glark Lake on an annual basis over a
period of ten years. The lake’'s nutrient and oxygen
concentrations will be measured four times a year over this
period. In addition, vegetative surveys will be conducted in the
area where Logan Creek enters Clark Lake. Quantification and
qualification of the vegetation over a period of time could show a
trend in production related to nutrients from Logan Greek.
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GROUNDWATER POLLUTION POTENTIAL AND
POLLUTION ATTENUATION POTENTIAL MAP

HOW TO USE AND INTERPRET THIS MAP

The Groundwater Pollution Potential Map was produced by
considering five factors to identify areas which have a
high potential for groundwater pollution from surface
landuse activities, The premise of the OGroundwater
Pollution Potential and Pollution Attenuation Potential
Map is that a combination of any of the five factors
creates a greater potential for groundwater pollution
than any one feature located by itself. The five
factors considered include fracture traces, exposed
bedrock, solution features, closed drainage depres—
sions, and the pollutant attenuation potential of
soils. The Nonpoint Source Control Plan for the Upper
Door Priority Watershed Project (Bachhuber, J.A.. and
Schuster, W.E., 1987) and Mapping and Inventorying of
Geologic Features in the Upper Door Priority Watershed
(Stieglitz, R.D. and Johnson, S5.B., 1986) describe the
map preparation and interpretation in greater detail
and should be reviewed by the interested reader. The
following is a brief summary of the previously noted
references.

If contaminated water reaches the underlying dolomitic
bedrock, little or no filtering action takes place
prior to the mixing of the contaminated water with the
drinking water in the aguifer. The location, nature,
and concentration of fracture traces, exposed bedrock
and other solution features are of interest when evalu-
ating a location for groundwater pollution potential.

1. Fracture Trace
A fracture trace is defined as a natural linear
feature consisting of topographic (including
straight stream sediments), vegetation, or soil
tonal alignments which are visible primarily on
aerial photographs and are expressed continuously
for less than one mile. Fracture traces represent
bedrock joints, groups of Jjoints or small faults.
The fracture traces were mapped using stereo pair
aerial photographs. The increased recharge of
sur face water to the aquifer via a fracture trace
can increase the potential for groundwater pollu-
tion. Many fracture traces were mapped in northern
Door County with similar densities in all townships.

when the system simply does not have sufficient
attenuation capacity to treat the type or quantity
of pollutants moving through 1it. In much of
northern Door County thin soils overlying fractured
dolomitic limestone greatly reduces the attenuation
capacity and accelerates the transport of polluted
surface waters into the groundwater system. In
assessing the potential of the soil for attenua-
tion, six physical and chemical soil properties
were given weighted values. These values were
summed and so0il mapping units with similar total
point scores were placed into five groups which
reflect differing attenuation potentials. Soil
properties evaluated were 1) the organic matter
content of the surface layer; 2) the pH of the
surface layer; 3) the soil drainage class; 4) the
permeability of the control section, (which on s0il
maps is the top five-foot layer of soil); 5) the
depth to bedrock, and &) the depth to gravelly or
cobbly substratum. The soil attenuation ranking
system was strongly oriented toward the depth of
the soil to bedrock, and thin soils are found e o)
the mapping groups with the lowest potential for
effective attenuation of pollutants. However , it
should be noted that the soils which are considered
"deep" soils in Door County are often considered
shallow so0ils in other areas of the State.

An area which contains all five of the mapped features
is considered to have the highest potential for ground-

tion

water pollution. Areas with most of the mapped fea-

tures are considered areas of high potential for
agroundwater pollution. Exposed bedrock and shallow
soils provide little or no filtering of the infiltrat-
ing surface runoff waters. Sinkholes route the contam-—
inated surface waters directly into the groundwater
system and the known location of one or more sinkholes
might indicate that other covered or filled sinkholes
are also present. Fracture traces in the area further
indicates that the bedrock is highly creviced and that
water transport in the bedrock will be rapid and pol-
lutant filtration ineffective. If this same site is
also located in an internally drained closed depres-
sion, all runoff-carried pollutants must be filtered by
natural processes or they will enter the groundwater
system. The greater the density of any of the three
features mentioned above, the higher the groundwater
pollution potential will be. At the other extreme,
sites with good potential to attenuate groundwater
pollutants, and with none of the other features would
be considered to have the lowest potential for ground-
water pollution. This is " not £p Say that groundwater
pollution will not occur but rather the relative

3. Exposed Bedrock and Solution Features
Exposed bedrock and solution features were mapped
with information gathered during field reconnais-—
sance. Sinkholes, crevices, dolomite pavements,
insurgent points, springs, bedrock exposed at the
land's surface and caves were inventoried and
mapped. The density of solution features was found
to be greater in the more southern townships of

Sturgeon Bay, Sevastopol, Egg Harbor and
Jacksonport.

4. Closed Topographic Depression
As a result of glaciation and karstic action, many
areas within the Upper Door project area are
internally drained, meaning that there is no
surface outlet for the surface runoff water. In

order to leave the closed topographic depression,
runoff must either enter the groundwater system or

evaporate. The closed topographic depressions
found in the watershed range in size from a few
square feet to several square miles in size. The

locations of the large closed topographic depres-—
sions are of importance in evaluating potential
groundwater contamination due to their function as
contaminated water traps. These '"traps" permit the

Map Usage

water to enter the groundwater system. Sinee
closed depressions range greatly in . oo Ly
those—targe erroaghn T T Icant 1 Lerms.  OF
nonpoint source pollutant land use concerns were
mapped. The larger, more significant closed
depressions usually occur in the upper end of the
surface drainage areas, particularly in the

southern portion of the project area. The northern
portion of the project area had a greater number of
smaller closed depressions than the southern
portion.

5. S0il Attenuation
Water polluted by various land use activities often
can be '"cleansed" (to different degrees) as it
moves from the surface downward through soil layers
‘before reaching the groundwater. A variety of
physical and chemical properties of soils, deter-—
mine both the quantity and the type of pollutants
removed from the water. This process, is called
soil attenuation, involves factors such as holding
essential plant nutrients for uptake by crops, im—
mobilizing metals, and removing bacteria contained
in animal or human wastes. These complex processes
make the soil an integral part of the protection of
groundwater from surface pollutants. The ground-
water pollution can occur when either the attenua-
tion capacity of the so0il system is exceeded or

potential is less than other sites with different

physical features. Ranking sites with one to four of
the features considered, is more difficult than select-
ing the two extreme cases. For example, the closed
depression which is drained by a sinkhole(s) as the
principal outlet has a very high potential to pollute
groundwater whether or not shallow soils or any other
bedrock features occur. However, a sinkhole draining a
location with shallow soils would be of a higher con-
cern than such a location with deep soils. As stated
previously, the more features found at a site the

greater the potential for groundwater pollution. To
attempt to rank all of the possible combinations of
physical features would be impossible. Considering the
number of physical features used in the ranking there
are hundreds of possible combinations. Ranking all the
possible combinations would also not give any consider-
ation to the density of any type of physical feature.
It is also not reasonable to assume that groundwater
pollution potential can be calculated to that fine of a
degree.

It is not the intent of the Groundwater Pollution

Potential and Pollution Attenuation Potential Map to
address cultural practices or pollutant sources.
Therefore, in addition to reviewing the areas of
concern on this map the reader should also consider the

llutants of an area. Tn order to

better understand the Groundwater Pollution Potential
and Pollution Attenuation Potential Map, the point must
be made that not all areas with the various physical
features are groundwater pollution points of entry or
sources. The location of a site, surface water drain-
age, and land use must all be considered in order to
determine if the site is a point of entry or source of
groundwater pollution. Bedrock features in woodlots,
high topographic positions or other areas where no
man—induced pollutants exist are not considered threat-
ening to groundwater quality. Conversely, those fea-
tures which are located in areas such as ditches, grass
waterways, urban development sites, barnyards, and crop
fields are considered as having a high potential for
groundwater pollution.

This map only highlights the areas that have a high
potential for the transport of contaminates from
surface runoff to the groundwater. This map does not
preclude the need for field determinations of the
groundwater pollution potential for any specific site
of interest. The determination of groundwater pollu-—
tion potential remains a site-specific determination,
even with the development of the Groundwater Pollution
Potential and Pollution Attenuation Map. However, this
map should be considered a principle tool in making
this determination and to guide landuse decisions.

William E. Schuster, Door County Soil and Water Conservation Department, Sturgeon Bay
James A. Bachhuber, Nonpoint Source & Land Management Section, Wisconsin Department of Natural Resources, Madison

Ronald D. Stieglitz, Dept. of Natural & Applied Sciences, University of Wisconsin-Green Bay

August 1989
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GROUNDWATER POLLUTION POTENTIAL AND
POLLUTION ATTENUATION POTENTIAL MAP

HOW TO USE AND INTERPRET THIS MAP

The Groundwater Pollution Potential Map was produced by
considering five factors to identify areas which have a
high potential for groundwater pollution from surface
landuse activities. The premise of the Groundwater
Pollution Potential and Pollution Attenuation Potential
Map is that a combination of any of the five factors
creates a greater potential for groundwater pollution
than any one feature located by itself. The five
factors considered include fracture traces, exposed
bedrock, solution features, closed drainage depres-—
sions, and the pollutant attenuation potential of
spils. The Nonpoint Source Control Plan for the Upper
Door Priority Watershed Project (Bachhuber, J.A. and
Schuster, W.E., 1987) and Mapping and Inventorying of
Geoloqgic Features_ in the Upper Door Priority Watershed
(Stieglitz, R.D. and Johnson, 5.B., 1986) describe the
map preparation and interpretation in greater detail
and should be reviewed Dby the interested reader. The
following is a brief summary of the previously noted
references.

I1f contaminated water reaches the underlying dolomitic
bedrock, little oF no filtering action takes place
prior to the mixing of the contaminated water with the
drinking water in the aquifer. The location, nature,
and concentration of fracture traces, exposed bedrock
and other solution features are of interest when evalu-—
ating a location for groundwater pollution potential.

1. Fracture Trace
A fracture trace is defined as a natural linear
feature consisting of topographic (including
straight stream sediments), vegetation, or soil
tonal alignments which are visible primarily on
aerial photographs and are expressed continuously
for less than one mile. Fracture traces represent
bedrock joints, groups of Jjoints or amall faults.
The fracture traces were mapped using stereo pair
aerial photographs. The increased recharge of
surface water to the aquifer via a fracture trace
can increase the potential for groundwater pollu-
tion. Many fracture traces were mapped in northern
Door County with similar densities in all townships.

when the system simply does not bhave sufficient
attenuation capacity to treat the type or quantity
of pollutants moving through 1it. In much of
northern Door County thin soils overlying fractured
dolomitic limestone greatly reduces the attenuation
capacity and accelerates the transport of polluted
surface waters into the groundwater system. In
assessing the potential of the soil for attenua-
tion, six physical and chemical so0il properties
were given weighted values. These values were
summed and s0il mapping units with similar total
point scores were placed into five groups which
reflect differing attenuation potentials. Soil
properties evaluated were 1) the organic matter
content of the surface layer; 2) the pH of the
surface layer; 3) the soil drainage class; 4) the
permeability of the control section, (which on soil
maps is the top five-foot layer of soil)y: 5 the
depth to bedrock, and 6) the depth to gravelly or
cobbly substratum. The soil attenuation ranking
system was strongly oriented toward the depth of
the soil to bedrock, and thin soils are found in
the mapping groups with the lowest potential for
effective attenuation of pollutants. However, it
cshould be noted that the soils which are considered
"deep" soils in Door County are often considered
shallow soils in other areas of the State.

An area which contains all five of the mapped features
is considered to have the highest potential for ground-

tion

water pollution. Areas with most of the mapped fea-—

tures are considered areas of high potential for
groundwater pollution. Exposed bedrock and shallow
soils provide little or no filtering of the infiltrat-
ing surface runoff waters. Sinkholes route the contam-
inated surface waters directly into the groundwater
system and the known location of one or more sinkholes
might indicate that other covered or filled sinkholes
are also present, Fracture traces in the area further
indicates that the bedrock is highly creviced and that
water transport in the bedrock will be rapid and pol-
lutant filtration ineffective. If this same site |is
also located in an internally drained closed depres-—
sion, all runoff-carried pollutants must be filtered by
natural processes or they will enter the groundwater
system. The greater the density of any of the three
features mentioned above, the higher the groundwater
pollution potential will be. At the other extreme,
sites with good potential to attenuate groundwater
pollutants, and with none of the other features would
be considered to have the lowest potential for ground-
water pollution. This is not to say that groundwater
pollution will not occur but rather the relative
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2.8 3. Exposed Bedrock and Solution Features

Exposed bedrock and solution features were mapped
with information gathered during field reconnais-—

sance. Sinkholes, crevices, dolomite pavements,
insurgent points, springs, bedrock exposed at the
land's surface and caves were inventoried and
mapped. The density of solution features was found

to be greater in the more southern townships of

Sturgeon Bay, Sevastopol, Egg Harbor and
Jacksonport.

4. Closed Topographic Depression
As a result of glaciation and karstic action, many
areas within the Upper Door project area are
internally drained, meaning that there |is no
surface outlet for the surface runoff water. In

order to leave the closed topoagraphic depression,
runoff must either enter the groundwater system or

evaporate. The closed topographic depressions
found in the watershed range in size from a few
square feet to several square miles in size. The

locations of the large closed topographic depres—
sions are of importance in evaluating potential
groundwater contamination due to their function as
contaminated water traps. These "traps" permit the
water to enter the groundwater system. Since
closed depressions range greatly in size, only

those large enough —to be significant —in terms of—

nonpoint source pollutant land use concerns were

mapped . The larger, more significant closed
depressions usually occur in the upper end of the
sur face drainage areas, particularly in the

southern portion of the project area. The northern
portion of the project area had a greater number of
smaller closed depressions than the southern
portion.

5, Sgil Attenuation
Water polluted by various land use activities often

can be "cleansed" (to different degrees) as it
moves from the surface downward through soil layers
before reaching the groundwater. A variety of

physical and chemical properties of soils, deter—
mine both the quantity and the type of pollutants
removed from the water. This process, is called
soil attenuation, involves factors such as holding
essential plant nutrients for uptake by crops, im—
mobilizing metals, and removing bacteria contained
in animal or human wastes. These complex processes
make the soil an integral part of the protection of
groundwater from surface pollutants. The ground-
water pollution can occur when either the attenua-
tion capacity of the soil system is exceeded or

potential is less than other sites with different

physical features. Ranking sites with one to four of
the features considered, is more difficult than select—
ing the two extreme cases. For example, the closed
depression which is drained by a sinkhole(s) as the
principal outlet has a very high potential to pollute
groundwater whether or not shallow soils or any other
bedrock features occur. However, a sinkhole draining a
location with shallow soils would be of a higher con-
cern than such a location with deep soils. As stated
previously, the more features found at a site the

greater the potential for groundwater pollution. To
attempt to rank all of the possible combinations of
physical features would be impossible. Considering the
number of physical features wused in the ranking there
are hundreds of possible combinations. Ranking all the
possible combinations would also not give any consider-—
ation to the density of any type of physical feature.
It is also not reasonable to assume that groundwater
pollution potential can be calculated to that fine of a
degree. ‘

It is not the intent of the Groundwater Pollution

Potential and Pollution Attenuation Potential Map to
address cultural practices or pollutant sources.
Therefore, in addition to reviewing the areas of
concern on this map the reader should also consider the

&#—B&%&u%aﬂ%S—ﬁ4;iﬁ%ﬁHH%&T——%ﬁ*aFGEFﬁ%ﬁ<@*?~ﬁ~——

better understand the OGroundwater Pollution Potential
and Pollution Attenuation Potential Map, the point must
be made that not all areas with the various physical
features are groundwater pollution points of entry or
sources. The location of a site, surface water drain-
age, and land use must all be considered in order to
determine if the site is a point of entry or source of
groundwater pollution. Bedrock features in woodlots,
high topographic positions or other areas where no
man—induced pollutants exist are not considered threat-
ening to groundwater quality. Conversely, those fea-
tures which are located in areas such as ditches, grass
waterways, urban development sites, barnyards, and crop
fields are considered as having a high potential for
groundwater pollution.

This map only highlights the areas that have a high
potential  for the transport of contaminates from
surface runoff to the groundwater. This map does not
preclude the need for field determinations of the
groundwater pollution potential for any specific site
of interest. The determination of groundwater pollu—
tion potential remains _a site-specific determination,
even with the development of the Groundwater Pollution
Potential and Pollution Attenuation Map. However, this
map should be considered a principle tool in making
this determination and to quide landuse decisions.

William E. Schuster, Door County Soil and Water Conservation Department, Sturgeon Bay y
James A. Bachhuber, Nonpoint Source & Land Management Section, Wisconsin Department of Natural Resources, Madison

Ronald D. Stieglitz, Dept. of Natural & Applied Sciences, University of Wisconsin-Green Bay

August 1989






GROUNDWATER POLLUTION POTENTIAL AND
POLLUTION ATTENUATION POTENTIAL
IN DOOR COUNTY, WISCONSIN

WASHINGTON TOWNSHIP

LAKE MICHIGAN

ROCK ISLAND

LAKE MICHIGAN

DETROIT ISLAND

LEGEND

| Soil Pollution Attenuation Potential
B Very Low

0 Low

Low to Moderate

Moderate

Good

Bedrock Geology Symbols

PLUM ISLAND

GREEN BAY

o ' i ¢ Open Sinkhole

) + Filled Sinkhole
s« Swallet
< Crevice
olomite Pavement

Sources: USDA/Agricultural Stabilization and Conservation
Service Aerial Photographs, 1968

10

USDA/Soil Conservation Service Door County Soil
Survey, 1978 v Exposed Bedrock
United States Geological Survey Topographic
Quadrangles, 7.5 minute series, 1981-82 : d ave ‘
Door County Soil & Water Conservation Department _
Field Observations and Interpretations, 1984-85 . ’
University of Wisconsin - Green Bay Literature ; £ rea Wlth N umerOUS Featu res
' Search & Review, Field Observations and Aerial }
Photo Interpretations, 1984-85 " Fractu re Trace

Map Compilation: Door County Soil & Water Conservation

‘ Department, 1985-86 . *

University of Wisconsin - Green Bay, 1985 Surface Waterbhed SymbOIS
Project Funding: The field work and printing of this map was M _ W ; h

completed, and funded, as a project of the ' — Maior F P

Upper Door Priority Watershed. The Upper -I ater Ed BOundarleS

Door Priority Watershed project is a Priority - .

Watershed under the Wisconsin Department Closed DepﬂeSS|ons

of Natural Resources Nonpoint Source Water 2 ol S treams

Pollution Abatement Program. Local
administration by the Door County Soil &

Water Conservation Department. = Intermittent treams

Scale: 1 inch =2640 feet







Introduction

Mapping
Features

GROUNDWATER POLLUTION POTENTIAL AND
POLLUTION ATTENUATION POTENTIAL MAP

HOW TO USE AND INTERPRET THIS MAP

The Groundwater Pollution Potential Map was produced by
considering five factors to identify areas which have a
high potential for groundwater pollution from surface
landuse activities. The premise of the Groundwater
Pollution Potential and Pollution Attenuation Potential
Map is that a combination of any of the five factors
creates a greater potential for groundwater pollution
than any one feature located by itself. The five
factors considered include fracture traces, exposed
bedrock, solution features, closed drainage depres-—
signs, and the pollutant attenuation potential of
soils. The Nonpoint Source Control Plan for the Upper
Door Priority Watershed Project (Bachhuber, J.A. and
Schuster, W.E., 1987) and Mapping and Inventorying of
Geologic Features in the Upper Door Priority Watershed
(Stieglitz, R.D. and Johnson, 5.B., 1986) describe the
map preparation and interpretation in greater detail
and should be reviewed by the interested reader. The
following is a brief summary of the previously noted
references.

1f contaminated water reaches the underlying dolomitic
bedrocky® 1ittiegae no filtering action takes place
prior to the mixing of the contaminated water with the
drinking water in the aquifer. The location, nature,
and concentration of fracture traces, exposed bedrock
and other solution features are of interest when evalu-
ating a location for groundwater pollution potential.

1. Fracture Trace
A fracture trace is defined as a natural linear
feature consisting of topographic (including
straight stream sediments), vegetation, or soil
tonal alignments which are visible primarily on
aerial photographs and are expressed continuously
for less than one mile. Fracture traces represent
bedrock joints, groups of Jjoints or small faults.
The fracture traces were mapped using stereo pair
aerial photographs. The increased recharge of
surface water to the aquifer via a fracture trace
can increase the potential for groundwater pollu-
tion. Many fracture traces were mapped in northern
Door County with similar densities in all townships.

Map
Interpreta-

when the system simply does not have sufficient
attenuation capacity to treat the type or quantity
of pollutants moving through 1t. In much of
northern Door County thin soils overlying fractured
dolomitic limestone greatly reduces the attenuation
capacity and accelerates the transport of polluted
surface waters into the groundwater system. In
assessing the potential of the soil for attenua-
tion, six physical and chemical soil properties
were given weighted values. These values were
summed and so0il mapping units with similar total
point scores were placed into five groups which
reflect differing attenuation potentials. Soil
properties evaluated were 1) the organic matter
content of the surface layer; &) the pH of the
surface layer; 3) the soil drainage class; 4) the
permeability of the control section, (which on soil
maps is the top five-foot layer of soil); 9) the
depth to bedrock, and 6) the depth to gravelly or
cobbly substratum. The soil attenuation ranking
system was strongly oriented toward the depth of
the soil to  bedrock, and thin soils are found in
the mapping groups with the lowest potential for
effective attenuation of pollutants. However, it
should be noted that the soils which are considered
"deep" soils in Door County are often considered
shallow soils in other areas of the State.

An area which contains all five of the mapped features
is considered to have the highest potential for ground-—

tion

water pollution. Areas with most of the mapped fea-—

tures are considered areas of bigh potential for
aroundwater pollution. Exposed bedrock and shallow
spils provide little or no filtering of the infiltrat-
ing surface runoff waters. Sinkholes route the contam-
inated surface waters directly into the groundwater
system and the known location of one or more sinkholes
might indicate that other covered or filled sinkholes
are also present. Fracture traces in the area further
indicates that the bedrock is highly creviced and that
water transport in the bedrock will be rapid and pol-
lutant filtration ineffective. If this same site |is
also located in an internally drained closed depres-—
sion, all runoff-carried pollutants must be filtered by
natural processes or they will enter the groundwater
system. The greater the density of any of the three
features mentioned above, the higher the groundwater
pollution potential will be. At the other extreme,
sites with good potential to attenuate groundwater
pollutants, and with none of the other features would
be considered to have the lowest potential for ground-
water pollution. This is not to say that groundwater
pollution will rnot occur but rather the relative

2.8 3. Exposed Bedrock and Solution Features

Exposed bedrock and golution features were mapped
with information gathered during field reconnais-—
sance. Sinkholes, crevices, dolomite pavements,
insurgent points, springs, bedrock exposed at the
land's surface and caves were inventoried and

mapped. The density of solution features was found
to be greater in the more southern townships of
Sturgeon Bay, Sevastopol, Egg Harbor and
Jacksonport.
4. Closed Topographic Depression

As a result of glaciation and karstic action, many
areas within the Upper Door project area are
internally drained, meaning that there is no
surface outlet for the surface runoff water. In

order to leave the closed topographic depression,
runoff must either enter the groundwater system or

evaporate. The closed topographic depressions
found in the watershed range in size from a few
square feet to several square miles in size. The

locations of the large closed topographic depres-
sions are of importance in evaluating potential
groundwater contamination due to their function as
contaminated water traps. These “traps" permit the
water to enter the groundwater system. Since
closed depressions range greatly in size, only

Map Usage
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those 1arge enoudghn to-be significant 1 terms Ol
nonpoint source pollutant land use concerns were
mapped. The larger, more significant closed
depressions usually occur in the upper end of the
surface drainage areas, particularly in the
southern portion of the project area. The northern
portion of the project area had a greater number of
smaller closed depressions than the southern
portion.

5. Seil Attenuation
Water polluted by various land use activities often
can be '"cleansed" (to different degrees) as it
moves from the surface downward through s0il layers
before reaching the groundwater. A variety of
physical and chemical properties of soils, deter—
mine both the quantity and the type of pollutants
removed from the water. This process, is called
s0il attenuation, involves factors such as holding
essential plant nutrients for uptake by crops, im—
mobilizing metals, and removing bacteria contained
in animal or human wastes. These complex processes
make the soil an integral part of the protection of
groundwater from surface pollutants. The ground-
water pollution can occur when either the attenua-
tion capacity of the soil system is exceeded or

potential is less than other sites with different

physical features. Ranking sites with one to four of
the features considered, is more difficult than select-
ing the two extreme cases. For example, the closed

depression which 1is drained by a sinkhole(s) as the
principal outlet has a very high potential to pollute
groundwater whether or not shallow soils or any other
bedrock features occur. However, a sinkhole draining a
location with shallow soils would be of a higher con-
cern than such a location with deep soils. Ag stated
previously, the more features found at a site the

greater the potential for groundwater pollution. To
attempt to rank all of the possible combinations of
physical features would be impossible. Considering the

number of physical features used in the ranking there
are hundreds of possible combinations. Ranking all the
possible combinations would also not give any consider—
ation to the density of any type of physical feature.
It is also not reasonable to assume that groundwater
pollution potential can be calculated to that fine of a
degree.

It is not the intent of the Groundwater Pollution

Potential and Pollution Attenuation Potential Map to
address cultural practices or pollutant SoUrCces.
Therefore, in addition to reviewing the areas of
concern on this map the reader should also consider the

better understand the Groundwater Pollution Potential
and Pollution Attenuation Potential Map, the point must
be made that not all areas with the various physical
features are gqroundwater pollution points of entry or
sources. The location of a site, surface water drain-
age, and land use must all be considered in order to
determine if the site is a point of entry or source of
groundwater pollution. Bedrock features in woodlots,
high topographic positions or other areas where no
man—induced pollutants exist are not considered threat-
ening to groundwater quality. Conversely, those fea-
tures which are located in areas such as ditches, grass
waterways, urban development sites, barnyards, and crop
fields are considered as having a high potential for
groundwater pollution.

This map only highlights the areas that have a high
potential for the transport of contaminates from
surface runoff to the groundwater. This map does not
preclude the need for field determinations of the
groundwater pollution potential for any specific site
of interest. The determination of groundwater pollu-
tion potential remains a site-specific determination,
even with the development of the Groundwater Pollution
Potential and Pollution Attenuation Map. However, this
map should be considered a principle tool in making
this determination and to quide landuse decisions.

William E. Schuster, Door County Soil and Water Conservation Department, Sturgeon Bay
James A. Bachhuber, Nonpoint Source & Land Management Section, Wisconsin Department of Natural Resources, Madison

Ronald D. Stieglitz, Dept. of Natural & Applied Sciences, University of Wisconsin-Green Bay
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GROUNDWATER POLLUTION POTENTIAL AND
POLLUTION ATTENUATION POTENTIAL MAP

HOW TO USE AND INTERPRET THIS MAP

The Groundwater Pollution Potential Map was produced by
considering five factors to identify areas which have a
high potential for groundwater pollution from surface
landuse activities. The premise of the Groundwater
Pollution Potential and Pollution Attenuation Potential
Map is that a combination of any of the five factors
creates a greater potential for groundwater pollution
than any one feature located by itself. The five
factors considered include fracture traces, exposed
bedrock, solution features, closed drainage depres-—
sions, and the pollutant attenuation potential of
soils. The Nonpoint Source Control Plan for the Upper
Door Priority Watershed Project (Bachhuber, J.A. and
Schuster, W.E., 1987) and Mapping and Inventorying of
Geologic Features in the Upper Door Priority Watershed
(Stieglitz, R.D. and Johnson, S.B., 1986) describe the
map preparation and interpretation in greater detail
and should be reviewed by the interested reader. The
following is a brief summary of the previously noted
references.

I1f contaminated water reaches the underlying dolomitic
bedrock, little or no filtering action takes place
prior to the mixing of the contaminated water with the
drinking water in the aquifer. The location, nature,
and concentration of fracture traces, exposed bedrock
and other solution features are of interest when evalu-
ating a location for groundwater pollution potential.

1. Fracture Trace
A fracture trace is defined as a natural linear
feature consisting of topographic (including
straight stream sediments), vegetation, or soil
tonal alignments which are visible primarily on
aerial photographs and are expressed continuously
for less than one mile. Fracture traces represent
bedrock joints, groups of joints or small faults.
The fracture traces were mapped using stereo pair
aerial pbhotographs. The increased recharge of
surface water to the aquifer via a fracture trace
can increase the potential for groundwater pollu-
tion. Many fracture traces were mapped in northern
Door County with similar densities in all townships.

when the system simply does not have sufficient
attenuation capacity to treat the type or quantity
of pollutants moving through it. In much of
northern Door County thin soils overlying fractured
dolomitic limestone greatly reduces the attenuation
capacity and accelerates the transport of polluted
surface waters into the groundwater system. In
assessing the potential of the soil for attenua-
tion, six physical and chemical soil properties
were given weighted values. These values were
summed and soil mapping units with similar total
point scores were placed into five groups which
reflect differing attenuation potentials. Soil
properties evaluated were 1) the organic matter
content of the surface layerj; 2) the pH of the
surface layer; 3) the soil drainage class; 4) the
permeability of the control section, (which on soil
maps is the top five-foot layer of soil)j; 3) the
depth to bedrock, and &) the depth to gravelly or
cobbly substratum. The soil attenuation ranking
system was strongly oriented toward the depth of
the soil to bedrock, and thin soils are found in
the mapping groups with the lowest potential for
effective attenuation of pollutants. However, it
should be noted that the soils which are considered
"deep" soils in Door County are often considered
shallow soils in other areas of the State.

An area which contains all five of the mapped features
ic considered to have the highest potential for ground-

tion

water pollution. Areas with most of the mapped fea-

tures are cansidered areas of high potential for
aroundwater pollution. Exposed bedrock and shallow
soils provide little or no filtering of the infiltrat-
ing surface runoff waters. Sinkholes route the contam-—
inated surface waters directly into the groundwater
system and the known location of one or more sinkholes
might indicate that other covered or filled sinkholes
are also present. Fracture traces in the area further
indicates that the bedrock is highly creviced and that
water transport in the bedrock will be rapid and pol-
lutant filtration ineffective. If this same site is
also located in an internally drained closed depres-
sion, all runoff-carried pollutants must be filtered by
natural processes or they will enter the groundwater
system. The greater the density of any of the three
features mentioned above, the higher the groundwater
pollution potential will be. At the other extreme,
sites with good potential to attenuate groundwater
pollutants, and with none of the other features would
be considered to have the lowest potential for ground-
water pollution. This is not to say that groundwater
pollution will not occur but rather the relative

. &

3. Exposed Bedrock and Solution Features

Exposed bedrock and solution features were mapped
with information gathered during field reconnais-—
sance. Sinkholes, crevices, dolomite pavements,
insurgent points, springs, bedrock exposed at the
land's surface and caves were inventoried and
mapped. The density of solution features was found
to be greater in the more southern townships of
Sturgeon Bay, Sevastopol, Egg Harbor and
Jacksonport.

4, Closed Topographic Depression
As a result of glaciation and karstic action, many
areas within the Upper Door project area are
internally drained, meaning that there is no
surface outlet for the surface runoff water. In
order to leave the closed topographic depression,
runoff must either enter the groundwater system or
evaporate. The closed topographic depressions
found in the watershed range in size from a few
square feet to several square miles in size. The
locations of the large closed topographic depres-—
sions are of importance in evaluating potential
groundwater contamination due to their function as
contaminated water traps. These '"traps" permit the
water to enter the groundwater system. Since
closed depressions range greatly in size, only

Map Usage

tirose—targe enough to be signifieant 1In terms ofF

nonpoint source pollutant land use concerns were
mapped. The larger, more significant closed
depressions usually occur in the upper end of the
surface drainage areas, particularly in the
southern portion of the project area. The northern
portion of the project area had a greater number of
amaller closed depressions than the southern
portion.

5. Soil Attenuation
Water polluted by various land use activities often
can be ‘'"cleansed" (to different degrees) as it
moves from the surface downward through soil layers
before reaching the groundwater. A variety of
physical and chemical properties of soils, deter-—
mine both the quantity and the type of pollutants
removed from the water. This process, is called
soil attenuation, involves factors such as holding
essential plant nutrients for uptake by crops, im—
mobilizing metals, and removing bacteria contained
in animal or human wastes. These complex processes
make the soil an integral part of the protection of
groundwater from surface pollutants. The ground-
water pollution can occur when either the attenua-
tion capacity of the soil system is exceeded or

potential is less than other sites with different

physical features. Ranking sites with one to four of
the features considered, is more difficult than select-
ing the two extreme cases. For example, the closed
depression which 1is drained by a sinkhole(s) as the
principal outlet has a very high potential to pollute
groundwater whether or not shallow soils or any other
bedrock features occur. However, a sinkhole draining a
location with shallow soils would be of a higher con-
cern than such a location with deep soils. As stated
previously, the more features found at a site the
greater the potential for groundwater pollution. To
attempt to rank all of the possible combinations of
physical features would be impossible. Considering the
number of physical features used in the ranking there
are hundreds of possible combinations. Ranking all the
possible combinations would also not give any consider-
ation to the density of any type of physical feature.
It is also not reasonable to assume that groundwater
pollution potential can be calculated to that fine of a
degree.

It is not the intent of the Groundwater Pollution

Potential and Pollution Attenuation Potential Map to
address cultural practices or pollutant sources.
Therefore, in addition to reviewing the areas of
concern on this map the reader should also consider the

e pOSETPle Sourcestof pollOtants oTambarga, 1AW order to

better understand the Groundwater Pollution Potential
and Pollution Attenuation Potential Map, the point must
be made that not all areas with the various physical
features are groundwater pollution points of entry or
sources. The location of a site, surface water drain-
age, and land use must all be considered in order to
determine if the site is a point of entry or source of
groundwater pollution. Bedrock features in woodlots,
high topographic positions or other areas where no
man—induced pollutants exist are not considered threat-
ening to groundwater quality. Conversely, those fea-
tures which are located in areas such as ditches, grass
waterways, urban development sites, barnyards, and crop
fields are considered as having a high potential for
groundwater pollution.

This map only highlights the areas that have a high
potential for the transport of contaminates from
surface runoff to the groundwater. This map does not
preclude the need for field determinations of the
groundwater pollution potential for any specific site
of interest. The determination of groundwater pollu-—
tion potential remains a site-specific determination,
even with the development of the Groundwater Pollution
Potential and Pollution Attenuation Map. Haowever, this
map should be considered a principle tool in making
this determination and to quide landuse decisions.

William E. Schuster, Door County Soil and Water Conservation Department, Sturgeon Bay
James A. Bachhuber, Nonpoint Source & Land Management Section, Wisconsin Department of Natural Resources, Madison

Ronald D. Stieglitz, Dept. of Natural & Applied Sciences, University of Wisconsin-Green Bay
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GROUNDWATER POLLUTION POTENTIAL AND
POLLUTION ATTENUATION POTENTIAL MAP

HOW TO USE AND INTERPRET THIS MAP

The Groundwater Pollution Potential Map was produced by
considering five factors to identify areas which have a
high potential for groundwater pollution from surface
landuse activities. The premise of the OGroundwater
Pollution Potential and Pollution Attenuation Potential
Map is that a combination of any of the five factors
creates a greater potential for groundwater pollution
than any one feature located by itself. The five
factors considered include fracture traces, exposed
bedrock, solution features, closed drainage depres-
sions, and the pollutant attenuation potential of
soils. The Nonpoint Source Control Plan for the Upper
Door Priority Watershed Project (Bachhuber, J.A. and
Schuster, W.E., 1987) and Mapping and Inventorying of
Geologic Features in the Upper Door Priority Watershed
(Stieglitz, R.D. and Johnson, S.B., 1986) describe the
map preparation and interpretation in greater detail
and should be reviewed by the interested reader. The
following is a brief summary of the previously no ted
references.

If contaminated water reaches the underlying dolomitic
bedrock, little or no filtering action takes place
prior to the mixing of the contaminated water with the
drinking water in the aquifer. The location, nature,
and concentration of fracture traces, exposed bedrock
and other solution features are of interest when evalu-
ating a location for groundwater pollution potential.

1. Fracture Trace
A fracture trace is defined as a natural linear
feature consisting of topographic (including
straight stream sediments), vegetation, or soil
tonal alignments which are visible primarily on
aerial photographs and are expressed continuously
for less than one mile. Fracture traces represent
bedrock joints, groups of Jjoints or small faults.
The fracture traces were mapped using stereo pair
aerial photographs. The increased recharge of
surface water to the aquifer via a fracture trace
can increase the potential for groundwater pollu-
tion. Many fracture traces were mapped in northern
Door County with similar densities in all townships.
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when the system simply does not have sufficient
attenuation capacity to treat the type or quantity
of pollutants moving through 1it. In much of
northern Door County thin soils overlying fractured
dolomitic limestone greatly reduces the attenuation
capacity and accelerates the transport of polluted
surface waters into the groundwater system. In
assessing the potential of the soil for attenua-
tion, six physical and chemical soil properties
were given weighted values. These values were
summed and soil mapping units with similar total
point scores were placed into five groups which
reflect differing attenuation potentials. Soil
properties evaluated were 1) the organic matter
content of the surface layer; 2) the pH of the
surface layer; 3) the soil drainage class; &) the
permeability of the control section, (which on soil
maps is the top five-foot layer of soil); 3) the
depth to bedrock, and &) the depth to gravelly or
cobbly substratum. The soil attenuation ranking
system was strongly oriented toward the depth of
the soil to bedrock, and thin soils are found in
the mapping groups with the lowest potential for
effective attenuation of pollutants. However, =t
should be noted that the soils which are considered
"deep" soils in Door County are often considered
shallow soils in other areas of the State.

An area which contains all five of the mapped features
is considered to have the highest potential for ground-
water pollution. Areas with most of the mapped fea-

tures are considered areas of high potential for
groundwater pollution. Exposed bedrock and shallow
soils provide little or no filtering of the infiltrat-
ing surface runoff waters. Sinkholes route the contam-
inated surface waters directly into the groundwater
system and the known location of one or more sinkholes
might indicate that other covered or filled sinkholes
are also present. Fracture traces in the area further
indicates that the bedrock is highly creviced and that
water transport in the bedrock will be rapid and pol-
lutant filtration ineffective. If this same site 1is
also located in an internally drained closed depres-—
sion, all runoff-carried pollutants must be filtered by
natural processes or they will enter the groundwater
system. The greater the density of any of the three
features mentioned above, the higher the groundwater
pollution potential will be. At the other extreme,
sites with good potential to attenuate groundwater
pollutants, and with none of the other features would
be considered to have the lowest potential for ground-
water pollution. This is_not to say that groundwater
pollution will not occur but rather the relative
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2.8 3. Exposed Bedrock and Sclution Features

Exposed bedrock and solution features were mapped
with information gathered during field reconnais-
sance. Sinkholes, crevices, dolomite pavements,
insurgent points, springs, bedrock exposed at the
land's surface and caves were inventoried and
mapped. The density of solution features was found
to be greater in the more southern townships of
Sturgeon Bay, Sevastopol, Egg Harbor and
Jacksonport.

4, Closed Topographic Depression

As a result of glaciation and karstic action, many
areas within the Upper Door project area are
internally drained, meaning that there Iis no
surface outlet for the surface runoff water. In

order to leave the closed topographic depression,
runoff must either enter the groundwater system or

evaporate. The closed topographic depressions
found in the watershed range in size from a few
square feet to several square miles in size. The

locations of the large closed topographic depres-
sions are of importance in evaluating potential
groundwater contamination due to their function as

contaminated water traps. These "traps" permit the
water to enter the groundwater system. Since
closed depressions range greatly in size, only

those—large— EﬁﬁUgﬁ““tU*bEWSigﬂffitaﬂt*‘fﬁ—fﬁfms—~uf
nonpoint source pollutant land use concerns were

mapped. The larger, more significant closed
depressions usually occur in the upper end of the
surface drainage areas, particularly in the

southern portion of the project area. The northern
portion of the project area had a greater number of
smaller closed depressions than the southern
portion.

5. Goil Attenuation
Water polluted by various land use activities often

can be '"cleansed" (to different degrees) as it
moves from the surface downward through soil layers
before reaching the groundwater. A variety of

physical and chemical properties of soils, deter-
mine both the quantity and the type of pollutants
removed from the water. This process, is called
so0il attenuation, involves factors such as bholding
essential plant nutrients for uptake by crops, im—
mobilizing metals, and removing bacteria contained
in animal or human wastes. These complex processes
make the soil an integral part of the protection of
groundwater from surface pollutants. The ground-
water pollution can occur when either the attenua-
tion capacity of the soil system 1is exceeded or

potential is less than other sites with different

physical features. Ranking sites with one to four of
the features considered, is more difficult than select-
ing the two extreme cases. For example, the closed
depression which is drained by a sinkhole(s) as the
principal outlet has a very high potential to pollute
groundwater whether or not shallow soils or any other

bedrock features occur. However, a sinkhole draining a
location with shallow soils would be of a higher con-—
cern than such a location with deep soils. As stated
previously, the more features found at a site the
areater the potential for groundwater pollution. To
attempt to rank all of the possible combinations of
physical features would be impossible. Considering the

number of physical features used in the ranking there
are hundreds of possible combinations. Ranking all the
possible combinations would also not give any consider-—
ation to the density of any type of physical feature.
It is also not reasonable to assume that groundwater
pollution potential can be calculated to that fine of a
degree.

It is not the intent of the Groundwater Pollution

Potential and Pollution Attenuation Potential Map to
address cultural practices or pollutant sources.
Therefore, in addition to reviewing the areas of
concern on this map the reader should also consider the

e pasaible conrees BR s pallGbants el ant ares In order to

better understand the Groundwater Pollution Potential
and Pollution Attenuation Potential Map, the point must
be made that not all areas with the various physical
features are groundwater pollution points of entry or
sources. The location of a site, surface water drain-
age, and land use must all be considered in order to
determine if the site is a point of entry or source of
groundwater pollution. Bedrock features in woodlots,
high topographic positions or other areas where no
man—induced pollutants exist are not considered threat-
ening to groundwater quality. Conversely, those fea-
tures which are located in areas such as ditches, grass
waterways, urban development sites, barnyards, and crop
fields are considered as having a high potential for
groundwater pollution.

This map only highlights the areas that have a high
potential for the transport of contaminates from
surface runoff to the groundwater. This map does not
preclude the need for field determinations of the
groundwater pollution potential for any specific site
of interest. The determination of groundwater pollu-
tion potential remains a site-specific determination,
even with the development of the Groundwater Pollution
Potential and Pollution Attenuation Map. However, this
map should be considered a principle tool in making
this determination and to guide landuse decisions.
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