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Background: The range of WisconsinBackground: The range of Wisconsin’’s s 
spring resourcesspring resources

Wisconsin Land Wisconsin Land 
Economic Inventory Economic Inventory 
(1927(1927--1947) 1947) 
Wisconsin Conservation Wisconsin Conservation 
Dept. spring surveys Dept. spring surveys 
(1957(1957--1962)1962)
Recent StudiesRecent Studies

Wisconsin Wildlife Wisconsin Wildlife 
Federation (Macholl 2007)Federation (Macholl 2007)
This study This study –– Iowa and Iowa and 
Waukesha Counties Waukesha Counties 
(Swanson et al. 2007, (Swanson et al. 2007, 
2009)2009)
Brown, Calumet, St. Croix Brown, Calumet, St. Croix 
Counties (Fermanich et al. Counties (Fermanich et al. 
2006; Grote 2006)2006; Grote 2006)

Source: Macholl 2007 and Swanson et al. 2007Source: Macholl 2007 and Swanson et al. 2007
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Background: WisconsinBackground: Wisconsin’’s Groundwater s Groundwater 
Protection Law (2003 WI Act 310)Protection Law (2003 WI Act 310)

Groundwater protection prior to Groundwater protection prior to 
Act 310Act 310

Considered impacts of high Considered impacts of high 
capacity wells (>100,000 capacity wells (>100,000 gpdgpd) ) 
to public water utilities.to public water utilities.
Did not consider impacts to Did not consider impacts to 
surface water features.surface water features.
Did not address impacts of use Did not address impacts of use 
on water quality.on water quality.

Perrier Group of America Perrier Group of America 
(Nestle Corp.)(Nestle Corp.)

Mecan Springs, Waushara Mecan Springs, Waushara 
CountyCounty
Big Springs, Adams CountyBig Springs, Adams County

Highly publicized water quality Highly publicized water quality 
issuesissues

Arsenic in northeastern Arsenic in northeastern 
WisconsinWisconsin
Radium in eastern WisconsinRadium in eastern Wisconsin

Source: Macholl 2007 and Swanson et al. 2007Source: Macholl 2007 and Swanson et al. 2007



Background: WisconsinBackground: Wisconsin’’s Groundwater s Groundwater 
Protection Law (2003 WI Act 310)Protection Law (2003 WI Act 310)

Created two groundwater Created two groundwater 
management areas (GMAs): where management areas (GMAs): where 
pumping has caused water levels to pumping has caused water levels to 
drop >150 feet.drop >150 feet.
Expanded the StateExpanded the State’’s authority over s authority over 
high capacity wells (>100,000 gpd) to high capacity wells (>100,000 gpd) to 
include consideration of impacts to include consideration of impacts to 
trout streams, outstanding and trout streams, outstanding and 
exceptional resource waters, and exceptional resource waters, and 
springssprings..

An area of concentrated discharge An area of concentrated discharge 
occurring at the surface of the land occurring at the surface of the land 
that results in a flow of at least that results in a flow of at least 
1cfs at least 80% of the time.1cfs at least 80% of the time.
Aims to prevent significant Aims to prevent significant 
environmental impact.environmental impact.

Created the Wisconsin Groundwater Created the Wisconsin Groundwater 
Advisory Committee (WGAC)Advisory Committee (WGAC)

Legislative charge: to consider the Legislative charge: to consider the 
new law and formulate reports new law and formulate reports 
pertaining to the two main elements pertaining to the two main elements 
of the law.of the law.

Source: 2006 Groundwater Advisory Committee Report to the Source: 2006 Groundwater Advisory Committee Report to the 
Legislature (Based on Conlon 2000 and Feinstein et al. 2003)Legislature (Based on Conlon 2000 and Feinstein et al. 2003)



PurposePurpose
Begin documenting hydrogeological Begin documenting hydrogeological 
and ecological characteristics of and ecological characteristics of 
WisconsinWisconsin’’s spring resources in a few s spring resources in a few 
typical settings. typical settings. 

Iowa CountyIowa County
Waukesha County Waukesha County 

Help assess a framework for collecting Help assess a framework for collecting 
physicophysico--chemical, biological and chemical, biological and 
cultural characteristics of springs.cultural characteristics of springs.

Comprehensive Springs Classification Comprehensive Springs Classification 
SystemSystem by Springer et al. (2009)by Springer et al. (2009)

Evaluate the ecological status of Evaluate the ecological status of 
springs and the vulnerability of springs springs and the vulnerability of springs 
to groundwater withdrawals in these to groundwater withdrawals in these 
regions. regions. 

Formulate conceptual models of spring Formulate conceptual models of spring 
flow in each region.flow in each region.

Address the question of whether Address the question of whether 
springs covered under WI Act 310 are springs covered under WI Act 310 are 
sufficient to protect the range of sufficient to protect the range of 
WisconsinWisconsin’’s spring resources.s spring resources.



Iowa CountyIowa County
407 historical springs407 historical springs
Cambrian to Ordovician Cambrian to Ordovician 
bedrockbedrock
NonNon--glaciatedglaciated
Primarily agricultural land usesPrimarily agricultural land uses
Lower development pressuresLower development pressures
WGNHS Geologic and WGNHS Geologic and 
Hydrogeologic InvestigationHydrogeologic Investigation

Waukesha CountyWaukesha County
282 historical springs282 historical springs
Ordovician to Silurian bedrockOrdovician to Silurian bedrock
GlaciatedGlaciated
Commercial, industrial and Commercial, industrial and 
residential land usesresidential land uses
High development pressuresHigh development pressures
WellWell--studied regionstudied region

Source: Mudrey et Source: Mudrey et al.al. 20072007

Bedrock Geology of southern WisconsinBedrock Geology of southern Wisconsin

Study AreasStudy Areas

Silurian dolomite (Su)
Ordovician Maquoketa Formation (Om)
Ordovician Sinnipee Group (Os)
Ordovician Ancell Group (Oa)
Ordovician Prairie du Chien Group (Opc)
Cambrian sandstone (Cu)

Silurian dolomite (Su)
Ordovician Maquoketa Formation (Om)
Ordovician Sinnipee Group (Os)
Ordovician Ancell Group (Oa)
Ordovician Prairie du Chien Group (Opc)
Cambrian sandstones (Cu)



Confirmation of Spring LocationsConfirmation of Spring Locations
Identify property ownersIdentify property owners

Tax parcel dataTax parcel data
Plat booksPlat books

Compile contact Compile contact 
informationinformation

~67% in each county~67% in each county
Contact property ownersContact property owners

Spoke with 47% of the Spoke with 47% of the 
owners in Iowa Countyowners in Iowa County
Spoke with 49% of the Spoke with 49% of the 
owners in Waukesha Countyowners in Waukesha County

Confirm spring locationsConfirm spring locations
Iowa CountyIowa County: 175: 175

•• Permission granted to Permission granted to 
nearly allnearly all

•• Surveyed 24Surveyed 24
Waukesha CountyWaukesha County: 43: 43

•• Permission granted to 25Permission granted to 25
•• Surveyed 20Surveyed 20

407

282274

193190

138
175

43

0

100

200

300

400

Iowa County Waukesha County

Historical Springs Contact Information Available Contacted Confirmed



Field Surveys: Field Surveys: Comprehensive Springs Comprehensive Springs 
Classification SystemClassification System (Springer et al. 2009)(Springer et al. 2009)

Site description, wildlife, Site description, wildlife, 
aquatic invertebrates, aquatic invertebrates, 
vegetation, geologic vegetation, geologic 
materials, geomorphology, materials, geomorphology, 
channel characteristics, channel characteristics, 
water quantity, water water quantity, water 
qualityquality
13 pages long!13 pages long!



Initial ApproachInitial Approach



Final ApproachFinal Approach



GPS Pathfinder OfficeGPS Pathfinder Office
(data dictionary design, (data dictionary design, 
differential correction)differential correction)

TerraSyncTerraSync
(data collection, (data collection, 
data viewing)data viewing)



GPS Pathfinder OfficeGPS Pathfinder Office
(data dictionary design, (data dictionary design, 
differential correction)differential correction)

TerraSyncTerraSync
(data collection, (data collection, 
data viewing)data viewing)



GPS Pathfinder OfficeGPS Pathfinder Office
(data dictionary design, (data dictionary design, 
differential correction)differential correction)

TerraSyncTerraSync
(data collection, (data collection, 
data viewing)data viewing)

Advantages:Advantages:
Data consistency in the Data consistency in the 
fieldfield

Standardized Standardized 
terms/valuesterms/values
Fewer Fewer ““missedmissed”” entriesentries

Position viewable in the Position viewable in the 
field (small screen)field (small screen)
Small size/Not heavySmall size/Not heavy
Reduced amount of Reduced amount of 
manual data entrymanual data entry

Disadvantages:Disadvantages:
Need to create data Need to create data 
dictionary (easy)dictionary (easy)
Not all data sheets could Not all data sheets could 
be included in the data be included in the data 
dictionary (could use dictionary (could use 
Excel)Excel)

Vegetation surveysVegetation surveys
InvertebratesInvertebrates

Importing to database is Importing to database is 
not seamless (still better not seamless (still better 
than manual data entry)than manual data entry)





GPS Pathfinder OfficeGPS Pathfinder Office
(data dictionary design, (data dictionary design, 
differential correction)differential correction)

TerraSyncTerraSync
(data collection, (data collection, 
data viewing)data viewing)

Advantages:Advantages:
Data consistency in the Data consistency in the 
fieldfield

Standardized Standardized 
terms/valuesterms/values
Fewer Fewer ““missedmissed”” entriesentries

Position viewable in the Position viewable in the 
fieldfield
Reduced amount of Reduced amount of 
manual data entrymanual data entry

Disadvantages:Disadvantages:
Needed to create the Needed to create the 
data dictionarydata dictionary
Not all data sheets could Not all data sheets could 
be includedbe included

Site sketchSite sketch
Vegetation surveysVegetation surveys
InvertebratesInvertebrates

Importing to the database Importing to the database 
isnisn’’t seamless (still better t seamless (still better 
than manual data entry)than manual data entry)



Iowa CountyIowa County



Conceptual Models for Springs in Conceptual Models for Springs in 
Iowa CountyIowa County

!
!

!

!

!
!

!!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

! !

!!

!!

!!

!

!

!

!
!
!!

!

!

!

!!!!!!!!

!
!!

!
!

!!

! !
!

!
!

!

!!
!

!
!

!

!

! !

!

!

! !!

!

!! !!

!!

!

!
!

! !

!

!

!

!

!

!

!

!

!
!

!

!!

!

!
!

! !

!!

!
!

!

!

!

!

!

!

!

!!

!

!

!
!

!

!!

!

!

!

!

!
!

!

!

!!
!

!

!!

!

!!

!

!
!

!

!

!
!

!
!

!
!

!
!

!

!

!

Os

Oa

Cu

Source: Batten, in prep.Source: Batten, in prep.

Confidence in the historical data setsConfidence in the historical data sets
Spring positions are accurate.Spring positions are accurate.
Spring flow Spring flow –– useful in describing useful in describing 
overall range of flow conditions.overall range of flow conditions.

Simple overlays of regional data setsSimple overlays of regional data sets

Springs are associated with every Springs are associated with every 
major stratigraphic unitmajor stratigraphic unit
Springs are most commonly foundSprings are most commonly found

In association with Sinnipee Group In association with Sinnipee Group 
rocksrocks
Near the upper contact of the St. Peter Near the upper contact of the St. Peter 
FormationFormation
Near the upper contact of the Cambrian Near the upper contact of the Cambrian 
sandstonessandstones

Os

Oa Opc

Cu



Conclusions: The range of WisconsinConclusions: The range of Wisconsin’’s s 
spring resourcesspring resources

Historical, regional spring data Historical, regional spring data 
set for Wisconsin can be used in set for Wisconsin can be used in 
association with regional data association with regional data 
sets of topography and geology sets of topography and geology 
to reveal controls on to reveal controls on 
groundwater flow.groundwater flow.
Complemented by data collected Complemented by data collected 
during siteduring site--specific spring specific spring 
surveys. surveys. 

At least 20 springs were At least 20 springs were 
surveyed in each area.surveyed in each area.

Approach provides sufficient Approach provides sufficient 
data to develop conceptual data to develop conceptual 
models and preliminarily assess models and preliminarily assess 
vulnerability to pumping. vulnerability to pumping. 
Overall approach may also be Overall approach may also be 
successful elsewhere in the successful elsewhere in the 
state.state.

Source: Source: MachollMacholl, 2007 and Swanson et al., 2007, 2007 and Swanson et al., 2007
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