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What is your role? 
(select all that apply)  
• Elected Official
• Planning and Zoning Staff
• Plan Commission
• Zoning Board of 

Adjustment or Appeals
• Clerk or Administrator
• Other

How many people 
are watching from 
your site?  
• 1, 2, 3, 4, 5, 6+



Land use affects 
water quality

Everything is connected

Ways to reduce contaminants in groundwater 
• Reduce sources of contaminants
• Geographically separate potential sources of 

contaminants and drinking water wells



Key Takeaways

Weaknesses: 
1. Zoning has limited ability to 

address existing problematic 
land uses 

2. Zoning doesn’t determine which 
crops are grown in ag districts, 
even though different crops 
have different amounts of 
nitrogen leaching to 
groundwater

Strengths: 
1. Zoning can address where new land uses are 

allowed/sited, and where they’re not allowed
2. Wellhead protection zoning can protect 

community drinking water wells
3. Zoning can list land uses with potential to 

pollute groundwater as prohibited uses, or as 
conditional uses with measurable standards

4. Land uses that protect groundwater can be 
encouraged through zoning & incentives

5. Guide residential development to sewered areas 
or to lot sizes 2 acres or more

• Land use decisions affect groundwater quality
• Over 95% of Wisconsin’s communities use groundwater for drinking water
• Plans, zoning and subdivision ordinances are tools to protect groundwater



OUTLINE

Why protect groundwater quality

Comprehensive planning

Wellhead protection zoning

General zoning options

Subdivision ordinances

Wrap up



Why protect 
groundwater 
quality? Health



Health effects of nitrate
Most common GW contaminant

• If nitrate level is high, water is more likely to contain pesticides



Nitrate in private wells

Well water quality viewer 
UW-Extension

In WI, applying 
fertilizer and manure 
on agricultural fields 
accounts for 90% of 
nitrate in groundwater

Drinking water is 3X 
more likely to exceed 
the nitrate standard in 
agricultural areas 
compared to forested 
areas

High nitrate levels are 
more common in sandy 
areas



Costs to replace wells or install 
nitrate removal equipment

Municipal wells

• Total: Over $40 million

• Colby: $769,000, 2019

• Junction City: $1,128,000, 2018

• Fall Creek: $1,074,000, 2018

Private wells

• Over 42,000 wells exceed the 
health standard for nitrate

• ~$9 million spent so far to 
replace wells

• $446 million estimated to 
replace all private wells over 
the health standard for nitrate 
(estimates by county available)

https://dnr.wi.gov/topic/groundwater/documents/GCC/gwQuality/Nitrate.pdf



Other groundwater contaminants

Dept of Ag 2022 
results from sampling 
in 3 counties

Other contaminants (WI has standards for 130 substances)

Benzene/gasoline

Chlorinated solvents (TCE/PCE)

PFAS

Arsenic

Pharmaceuticals

Bacteria & viruses

Corn herbicide metabolites

Neonic insecticides: coated seeds 
& spraying

Precautionary Principle
“if a product, an action or a 
policy has a suspected risk of 
causing harm to the public or 
to the environment, protective 
action should be taken even if 
some cause-and-effect 
relationships are not fully 
established scientifically”



Regulatory Tools to Implement the Plan

Zoning Ordinance Subdivision Ordinance

Guiding Document – Comprehensive Plan

What does your 
comprehensive plan say 
about drinking water and 
policies to protect it?

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjKvtalyqjQAhWD44MKHWjOC9kQjRwIBw&url=http://innov8tiv.com/lamudi-kenya-looks-impact-zoning-regulations/&psig=AFQjCNEL5svsKAJGqMP8ePX1YnhSORP9Yw&ust=1479224342369030


PLANS THAT ADDRESS GROUNDWATER

Provide specific recommendations about HOW to maintain or improve water quality
 Update zoning ordinance, land division ordinance
 Locate new homes/wells in areas with safe nitrate levels

Does the future land use map show groundwater flow?
 Needed to strategically locate new development in safer GW areas

https://wi.water.usgs.gov/gwcomp/integrate/index.html



PORTAGE COUNTY-PLANNING

https://www.co.portage.wi.gov/DocumentCenter/View/3417/Portage-Co-Comp-Draft-12182023

https://www.co.portage.wi.gov/DocumentCenter/View/3417/Portage-Co-Comp-Draft-12182023


https://www.co.portage.wi.gov/DocumentCenter/View/1632/Po
rtage-County-Land-and-Water-Resource-Management-Plan-
PDF?bidId=
Every County has a Land and Water Resource Management Plan!

https://www.co.portage.wi.gov/DocumentCenter/View/1711/20
17-Groundwater-Management-Plan-PDF?bidId=

https://www.co.portage.wi.gov/DocumentCenter/View/1632/Portage-County-Land-and-Water-Resource-Management-Plan-PDF?bidId
https://www.co.portage.wi.gov/DocumentCenter/View/1632/Portage-County-Land-and-Water-Resource-Management-Plan-PDF?bidId
https://www.co.portage.wi.gov/DocumentCenter/View/1632/Portage-County-Land-and-Water-Resource-Management-Plan-PDF?bidId
https://www.co.portage.wi.gov/DocumentCenter/View/1711/2017-Groundwater-Management-Plan-PDF?bidId
https://www.co.portage.wi.gov/DocumentCenter/View/1711/2017-Groundwater-Management-Plan-PDF?bidId








ZONING
Regulates the location, size and intensity 
of different types of development within 
a community

Must be consistent with your comp plan

A proactive way to determine your 
community’s future

General zoning covers entire local 
government area

Wellhead protection zoning is an 
overlay (additional layer) that covers 
land that contributes water to community 
wells



A zoning ordinance contains two parts:

75’

Buildable 
Area

30’

30’

Industrial

Residential

Airport 
Commercial

Conservancy

Text – Describes regulations that 
apply community wide or within 
each district

Map – Divides the  community 
into zoning districts 

General zoning is decided locally
Each community is different



Uses for each zoning district:

Permitted Use 

Use is listed and 
allowed by right   
in all  parts of the 
zoning district 

Conditional Use 
Use is listed for the district

2017 law: If the applicant 
meets or agrees to meet all 
requirements and conditions 
specified in the ordinance or 
imposed by the local 
government, the local 
government shall grant the 
conditional use permit   

Prohibited Use 

Use is not listed for 
the district or is 
expressly prohibited



36 lbs 36 lbs 36 lbs 36 lbs

36 lbs 36 lbs 36 lbs 36 lbs

36 lbs 36 lbs 36 lbs 36 lbs

36 lbs 36 lbs 36 lbs 36 lbs

36 lbs 36 lbs 36 lbs 36 lbs

20 lbs

Comparing Land-use Impacts

36 lbs/ac x 20 acres = 720 lbs
16 mg/L

20 lbs/septic system x 1 septic systems = 20 lbs
1/36th the impact on water quality

0.44 mg/L

20
ac

re
s

20
ac

re
s

Assuming 10 inches of recharge -
Masarik, UW-Extension



How does your zoning ordinance classify land 
uses with high potential for groundwater 
contamination? 
Permitted, conditional or prohibited?

• State law says if a landowner meets or agrees to meet standards for a conditional 
use permit, it must be granted

• Review the permitted, conditional, and unlisted/prohibited uses listed for each zoning 
district in your ordinance

• Compare zoning maps with groundwater susceptibility/soil maps 

• Are potentially polluting uses being allowed in areas with high GW susceptibility? Do 
maps and/or zoning text need to be updated to protect groundwater quality?



Zoning land use classification is key

Zoning District A1
Intense 

Agriculture

A2
Light 

Agriculture

RR
Rural 

Residential

R1
  Single Family

R2
Multi Family

C1
Commercial

Livestock facility P C - - - -

Fertilizer plant C -

Dry cleaners C C C - - C

Gas station P P C - - C

Electric vehicle 
charger – Level 2

P P P P P P

P Permitted - ProhibitedC Conditional 



Be prepared for new land uses
Planning ahead is the only option for local government: 

Don’t assume that new land uses won’t come to your community
  e.g. nuclear waste site, pesticide manufacturer, CAFO, digester, PFAS source

When a developer applies for a project, it’s too late to change your 
ordinance to include that use, or strengthen standards for that use

• List each potential land use as a permitted use, conditional use, or 
prohibited use 

• Use strong language and measurable standards



Example: 
Fertilizer or 
pesticide 
storage facility

Proactive

• List in zoning ordinance with strong language

• Prohibited? Very clear & simple

• No monitoring or data needed

• Allowed as conditional use only in strategic 
areas with defined conditions to minimize 
spills/leaks; conditions transfer to future owners

• Regular monitoring for spills

• If contaminant moves offsite, clear 
funding and procedures for immediate 
clean up to prevent further spread

Reactive

• Not listed or listed in zoning ordinance or general/weak language

• If leaks/spills occur and contamination travels offsite:

• Discussions with company throughout process

• Does company continue to spill/contaminate?

• Need data to prove source. Who can do a study? How 
much data is enough? Who pays for study that includes 
sampling plan, monitoring wells, sampling, data analysis 
and interpretation?

• How do neighbors know if their water/air/soil is safe? If 
it’s not, who provides safe drinking water while study is 
happening?

• Local government or residents must decide what to do 
after study is completed

• Enforcement? 

• Lawsuits?

• Finding funding for clean up 

• Clean up and monitoring – could take decades

More work, time, stress, 
cost, and possible 

health effects



Overlay zoning

• A special zoning district, placed over the general zoning layer 
which creates special provisions in addition to those in the 
underlying base zone to protect a specific resource

• Examples

• Wellhead protection

• Shoreland zoning

• Floodplain zoning



Wellhead protection zoning 
Key tool for groundwater protection

?



EXAMPLE WELLHEAD PROTECTION 
ORDINANCES

On webinar resource page

1. DNR model wellhead protection ordinance – Dave Johnson

2. Chippewa County

3. Portage County



WELLHEAD 
PROTECTION 
ORDINANCE

Purpose. The residents of Portage County, 
whether served by private wells or 
municipal supplies, depend exclusively on 
groundwater for a safe drinking water 
supply. Certain land use practices and 
activities can seriously threaten or 
degrade groundwater quality. The 
purpose of this Wellhead Protection 
Ordinance is to institute land use 
regulations and restrictions to protect the 
municipal water supplies of the Villages 
of Amherst, Junction City, Plover and 
Whiting, and the City of Stevens Point, 
and to promote the public health, safety 
and general welfare of the residents of 
Portage County.

https://www.co.portage.wi.gov/386/Wellhead-Protection

https://www.co.portage.wi.gov/386/Wellhead-Protection


District A
District A of the groundwater 
protection overlay district is 
the area of land within the 
cone of depression as shown 
on the groundwater protection 
overlay district maps. These 
lands are subject to the most 
stringent land use and 
development restrictions 
because of close proximity to 
the wells and therefore 
greatest threat of 
contamination

District B
District B of the groundwater 
protection overlay district is 
the area of land which 
contributes water to the 
municipal well starting at the 
line which delineates the cone 
of depression and ends at 
the line delineating the ten 
year time of travel. Land use 
regulations within 
Groundwater Protection 
Overlay District B are less 
restrictive than in Overlay 
District A because of longer 
flow times and a greater 
potential for remediation, 
dilution and attenuation. 
Agricultural Best 
Management Practices (BMP) 
minimizing use of pesticides 
and fertilizers are strongly 
encouraged.

District C
District C of the 
groundwater protection 
overlay district is the area 
of land which contributes 
water to the municipal well 
starting at the line which 
delineates the ten-year time 
of travel and ends at the 
line delineating the 20-year 
time of travel. Management 
measures in this District are 
the least restrictive of the 
recharge districts. 
Agricultural Best 
Management Practices 
(BMP) minimizing use of 
pesticides and fertilizers are 
strongly encouraged.



Each District (A,B, and C) has:

• Permitted Uses

• Special Exception Uses
• These uses may be allowed 

but are subject to a hearing 
and conditions placed by 
the Board of Adjustment.

• Prohibited Uses
https://www.co.portage.wi.gov/386/Wellhead-Protection

https://www.co.portage.wi.gov/386/Wellhead-Protection


CHIPPEWA COUNTY WELLHEAD 
PROTECTION ORDINANCE

• ARTICLE III. WELLHEAD PROTECTION Sec. 30-181. Purpose and 
authority. (a) Purpose. The residents of the county depend 
exclusively on groundwater for a safe drinking water supply. 
Certain land use practices and activities can seriously threaten 
or degrade groundwater quality. The purpose of this article is 
to institute land use regulations and restrictions protecting the 
municipal water supplies and to promote the public health, 
safety and general welfare of the residents of the county. 

• https://www.chippewacountywi.gov/home/showpublisheddocument/250/637785349105370000



• Zone 1 of groundwater protection overlay 
district. Zone 1 of groundwater protection 
overlay district is the area of land which 
contributes water to the well in questions, 
out to a 30-day time of travel to the well. 
Time of travel delineations must be based 
on accepted hydrogeological research as 
outlined in the State Wellhead Protection 
Program Plan for Public Water Utilities, 
Chippewa County Code of Ordinances 
Chapter 30 – Environment March 12, 2024 
Page 24 of 30 Appendix 2 with zone 
boundaries normalized to road centerlines, 
railways, surface water features, and the 
public land survey lines, one-half, one-
quarter, one-eighth, or one-sixteenth section 
lines. (b) Zone 2 of the groundwater 
protection overlay district. 

• Zone 2 of groundwater protection overlay 
district encompasses the area of land which 
contributes water to the well starting at the 
line which delineates the 30-day time of 
travel and ends at the line delineating the 
five-year time of travel to the well. Time of 
travel delineations must be based on 
accepted hydrogeological research as 
outlined in the State Wellhead Protection 
Program Plan for Public Water Utilities, 
Appendix 2 with zone boundaries 
normalized to road centerlines, railways, 
surface water features, and the public land 
survey lines, one-half, one-quarter, one-
eighth, or one-sixteenth section lines.

ZONE 1 ZONE 2

• https://www.chippewacountywi.gov/home/showpublisheddocument/250/637785349105370000



GENERAL 
ZONING
Covers entire local 
government area 

Zoning districts 
upgradient of private 
wells largely determine 
chemical use/storage and 
what may get into the 
groundwater (see arrow)

Must be consistent with 
your comp plan
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Comparing Land-use Impacts

36 lbs/ac x 20 acres = 720 lbs
16 mg/L

20 lbs/septic system x 1 septic systems = 20 lbs
1/36th the impact on water quality

0.44 mg/L
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Assuming 10 inches of recharge -
Masarik, UW-Extension
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Using these numbers: 36 septic systems on 20 acres (0.55 acre lots) needed to achieve  
same impact to water quality as 20 acres of corn

Comparing Land-use Impacts

36 lbs/ac x 20 acres = 720 lbs

20 lbs 20 lbs 20 lbs 20 lbs

20 lbs/septic system x 36 septic systems = 720 lbs
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Masarik, UW-Extension
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Different crops leach different 
amounts of nitrogen to groundwater

• Ag zoning districts do not differentiate based on how much 
nitrogen is leached to groundwater

Sandy soils

Kevin Masarik, Groundwater Specialist



• Different crops on the same soil have different rates of nitrate leaching that vary from year to year based on 
fertilizer inputs, yield, and weather

• Nitrate leaching below the same crop can vary depending on soil type and location in the state

• Zoning doesn’t determine which crops are grown. Incentives & markets for crops with low nitrate leaching help. 

• Who works with farmers? County land and water conservation offices. Farm service agency. NRCS. Water utility 
managers. Kevin Masarik, Groundwater Specialist

Solar
??



Burnett county sets 
animal unit (AU) limits 
by ag district
• About 80% of Burnett County is less 

than 20 feet to the water table and 
has highly permeable soils

• Not much exclusive ag zoning is 
located in the sandy soil areas of 
the county

• Exclusive Ag
• Unlimited AU

• Other ag districts allow:
• Up to 500 AU per farm

• Livestock facility license needed for 
all  facilities over 250 AU                 
(in place prior to WI siting law)

• Required manure storage for 220 
days based on science; over the 
180-day state standard

https://www.burnettcountywi.gov/1108/Zoning-Division. 
See TXT-23-03

https://www.burnettcountywi.gov/1108/Zoning-Division




Land uses to protect groundwater
Encourage them through zoning, incentives, easements, etc.

• Forested areas

• Prairies

• Grazing land and hay

• Solar projects

• GW downgradient of these areas may be protected safe water. Map 
and consider for future location of development/wells?



LARGE SOLAR 
PROJECTS
• Typically sited on ag fields

• Typically, no fertilizer and few pesticides used in 
solar, so likely to benefit groundwater quality

• Limited local authority to regulate
• < 100 MW local, limited by statutes
• > 100 MW WI Public Service Commission    

(100 MW is ~700 acres of solar)

• What weight will be given to maps in local land 
use plans that show where community finds 
utility-scale solar suitable and not?

• PSC? Solar developers?



If you know GW flow 
direction, strategically 
located solar 
developments could…

• Improve water quality for 
existing wells

• Buffer new subdivisions from 
known/likely GW 
contaminants for 20 years

• Must be near transmission 
line (purple) or energy user

• Look for solar developers 
who work at the scale you 
have in mind

Solar project
for well  

protection Solar project
for well  

protection



SUBDIVISION 
ORDINANCES
Legal process for dividing land and 
establishing minimum standards for 
development

Must be consistent with the 
comprehensive plan

Separate from zoning 

Can be adopted by counties, 
towns, villages and cities



UNSEWERED RESIDENTIAL DEVELOPMENT
 Small residential lot sizes may lead to drinking water 
contamination



UNSEWERED
RESIDENTIAL 
DEVELOPMENT

• Subdivision or zoning 
ordinances can be used to 
set unsewered minimum 
residential lot sizes at 2 or 
more acres to limit well 
contamination by nitrate 
and pharmaceuticals from 
nearby septic systems



ALTERNATIVE TO 
LARGE RESIDENTIAL 
LOT SIZES

• Large residential lot sizes 
take more farmland and 
woodland out of production 
AND do not provide 
affordable housing

• An alternative is to guide 
new residential development 
to villages/hamlets with 
public water and sewer to 
provide safe drinking water



Subdivision ordinances may require 
water testing before creating new lots

7.4.3 - Land Suitability.
No land that falls under the provisions of this section shall be approved as a major 
subdivision, county plat, or minor subdivision which is held unsuitable for the 
proposed use by the Planning and Zoning Committee for reason of flooding, 
inadequate drainage, severe erosion potential, unfavorable topography, inadequate or 
contaminated water supply, inadequate sewage disposal capabilities; potential for 
negative impacts to surface waters or groundwater; conflict with existing or planned 
parks, roads, highways, airports, drainage channels, schools or other public 
developments; conflict with intensive agricultural activities; or any other feature likely 
to be harmful to the health, safety or welfare of the future residents of the proposed 
subdivision or of the community.

Sec. 7.4. - Subdivision.



(2)
Groundwater Management and Water Supply Facilities.

Where there is no existing public water supply facility, the Planning 
and Zoning Department is empowered to require the subdivider to 
provide sufficient data to determine whether or not a water supply 
of acceptable quality exists. The data required of the subdivider 
shall be based on the advice and recommendations of the County 
Water Quality Specialist, the Central Wisconsin Groundwater 
Center and any other knowledgeable professionals that may assist 
the County with water quality issues.

https://library.municode.com/wi/portage_county/codes/code_of_ordinances?nodeId=CH7POCOZO_S7.4SU

https://library.municode.com/wi/portage_county/codes/code_of_ordinances?nodeId=CH7POCOZO_S7.4SU


Quick Review



Key Takeaways

Weaknesses: 
1. Zoning has limited ability to 

address existing problematic 
land uses 

2. Zoning doesn’t determine which 
crops are grown in ag districts, 
even though they have different 
amounts of nitrogen leaching to 
groundwater

• Land use decisions affect groundwater quality
• Over 95% of Wisconsin’s communities use groundwater for drinking water
• Zoning and subdivision ordinances are tools to protect groundwater

Strengths: 
1. Zoning can address where new land uses are 

allowed/sited, and where they’re not allowed
2. Wellhead protection zoning can protect 

community drinking water wells
3. Zoning can list land uses with potential to 

pollute groundwater as prohibited uses, or as 
conditional uses with measurable standards

4. Land uses that protect groundwater can be 
encouraged through zoning & incentives

5. Guide residential development to sewered areas 
or to lot sizes 2 acres or more



Possible actions

See what groundwater goals, policies and data are 
in your comprehensive plan

See how fertilizer plants, gas stations, etc. are 
listed in your zoning ordinance. Permitted, 
conditional or prohibited uses?

See resource page

See if municipal well(s) have a wellhead protection 
ordinance

Residential development: guide to sewered areas 
OR have lot sizes 2 acres or more



Lynn Markham, lmarkham@uwsp.edu
Jen McNelly, jmcnelly@wisc.edu

Thank You!
Questions??
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