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Groundwater in Bayfield County

Groundwater basics
Hydrogeology across Wisconsin
Hydrogeology in Bayfield County
Mapping groundwater features



Wisconsin’s Water Cycle
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Hydrogeology:
Groundwater flows through rock and sediment

Water under the
ground, within an
aquifer; porous sand,
gravel and rock holds
water
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Legend
Silurian dolomite

Sinnipee dolomite

Prairie du Chien
dolomite
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;}%’, Groundwater in dolomite
and limestone is vulnerable
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Bedrock within 50 feet of surface




Distribution of carbonate rock
within 50 feet of surface




Calumet and
Brown Counties




Wisconsin’s groundwater contamination issues

The left jar contains
“brown water”
contaminated by
manure. Both
samples are from the
same well.




Karst features can be easy to see...

Sinnipee Dolomite:

Dane and lowa Counties




 Hydrogeology in Bayfield
County
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Hydrogeologic cross-section

Lake Superior
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Primary recharge area for deep
groundwater flow system

Land surface

Lake Superior
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EXPLANATION

General direction of groundwater flow
Miller Creek Formation: glaciolacustrine clay or glaciofluvial deposits

Copper Falls Formation: sandy till, sand, and gravel

Bayfield Group of the Keweenawan Supergroup: sandstone and siltstone, locally
abundant shale and conglomerate —"?" indicates area where location of geologic
contact is inferred

Potentiometric surface of the deep groundwater flow system—dashed where inferred

Bend in section

Courtesy of USGS




Glacial geologic formations

I HTW
Explanation
= Nearfield Boundary I 10 MILES
Recharge Zones and Surficial Geology Zones

Courtesy of
I Lake Superior
I iller Creek

KILOMETERS USGS
[ copperFalls




Thickness of glacial deposits
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Explanation

Data sources:
A WCRs

. Soller (1998)
+ Wold (1979)

Thickness of glacial deposits, feet Courtesy of

s High : 847

= USGS
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Bedrock Geology

Chequamegon
Sandstone




Orienta
Sandstone
Amnicon
Falls State
Park

Photo: E. Stewart, WGNHS




Wisconsin Groundwater Susceptibility Map

Depth to bedrock, bedrock type, depth to water table, surficial geology,
soil type

http://wi.water.usgs.gov/gwcomp/find/bayfield/susceptibility.html



Wisconsin Groundwater Susceptibility Map

Depth to bedrock, bedrock type, depth to water table, surficial geology,
soil type

http://wi.water.usgs.gov/gwcomp/find/bayfield/susceptibility.html



Example groundwater study

Groundwater susceptibility maps and diagrams
for the Town of Byron, Fond du Lac County, Wisconsin

Report to the Town of Byron

Town of Byron

Fond du Lac
County

PREPARED BY:
Kenneth R. Bradbury
William G. Batten

March 2010

Wisconsin Geological &
Natural History Survey




Town of Byron - Example

Depth to bedrock

depth to bedrock in feet

<10
10-25

| 25-50

“ 50-100
100-150

‘ 150-200
>200

well

quarries

Silurian dolomite/
Maquoketa shale contact

Xtension Wisconsin Geological &
sy s e N@tural History Survey




Town of Byron - Example

Water table
elevation

Water-table elevation,
contour interval = 10 ft;
datum is sea level

general direction
of shallow groundwater flow

Milwaukee River
groundwater divide

minor groundwater divide




Town of Byron - Example

Groundwater
recharge

Estimate accounts for:
- Historical climate data
- Soil moisture capacity
- Soil type

- land-use type

Recharge in inches/year

<4




Town of Byron - Example

Groundwater
contaminant
susceptibility

Combination of factors

- Depth to bedrock

- Bedrock type

- Depth to water table
- Recharge rate

Relative susceptibility

- very high (quarries)
- high

‘: intermediate
- low

uw .
XTENSION
University of Wisconsin-Extension

Wisconsin Geological &
Natural History Survey



of Byron - Example

Hydrogeologic
Cross sections

— groundwater flow direction
= Y— * water table
potentiometric surface
glacial sand & gravel
Silurian dolomite (limestone)
Maquoketa shale
Sinnipee dolomite (limestone)
St Peter sandstone
Vertical exaggeration = 15x

Cambrian sandstones

Precambrian granite




lowa County Groundwater: susceptibility versus contamination

Susceptibility
Least susceptible
Moderately susceptible
Highly susceptible

Most susceptible

Nitrate, mg/L
0.0-20

A 21-100
@ w01-335

893 wells tested
14 % > 10 mg/L NO,
46 % >2 mg/LNO;

Data from Central Wisconsin Groundwater Center and UW Extension.




Next steps: questions and discussion

Groundwater susceptibility map requires:
Collect, compile and analyze data:
Depth to the water table
Depth to bedrock
Glacial deposits (sandy till versus clay till)
Bedrock type (sandstone or basalt)
Map of groundwater recharge rates

Alternative:

Develop hydrogeologic cross sections in ag-dominated areas
to illustrate wells, groundwater and surface water in areas of
interest

Facilitate use of this information through educational and
outreach efforts in Bayfield County






The Decorah-Platteville aquitard separates the shallow
Galena aquifer from the deep aquifer.

shallow water table

—»  — — —==— Galena Aquifer
| & springs and streams
1 1

+ 2 +
Springs may develop
along valley wall at time
5. of high water table.

.

NG




In upland areas, multi-aquifer wells can provide a pathway for
groundwater to flow from the shallow to the deep aquifer.

shallow well deep well multi-aquifer well

potentiometric
surface

Shallow
Aquifer

—
Deep -
m—

aquifer

—




Groundwater flows from high to low elevations.

One use of the
water table map is
to identify where
groundwater
comes from that
flows to a well or
stream.




Groundwater recharge rates are high in lowa County, due
to permeable soil, and forest and agricultural land use.

Infiltration,
in an average year

medium (6 - 9 inchesl/year)

high (9 - 11 inches/year)

very high (> 11 inches/year)

not defined (wetland or water)

Does this mean
that there is an
unlimited supply
of water?




Lots of wells near one stream are like...

straws in the glass

<100 kGal

100 kGal - 1,000 kGal

1,000 kGal - 10,000 kGal
10,000 kGal - 100,000 kGal
100,000 kGal - 1,000,000 kGal

@ > 1 Billion Gallons

. Agricultural Irrigation
. Aquaculture

. Cranberry Production
O Golf Course Irrigation
@ industrial

. Livestock

O Misc Irrigation

O Municipal Water Supply
O Non-Municipal Public Water Supply
@ nNon-Metaliic Mining
O Paper Manufacturing
O Power Generation

O All other uses

Source: R. Smail, Wisconsin DNR

too many




How do we use our groundwater?
2012 Wisconsin Withdrawls

e Agricultural irrigation surpassed
municipal public water in 2012
due to the drought

Municipal Public Water _Industrial

34% S 3y

* Groundwater pumping is about

Aqu a;;;"” e 760 million gallons per day

IR © Could cover the land area of
3% Wisconsin with % inch of water

_A“ Other Uses ° Enough water to fi" Lambeau
11% Field over 600 times

Source: R. Smail, Wisconsin DNR

* |Is that a lot of water? Is it too
much?
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Perched groundwater in the Driftless Area, which has

extensive aquitards.
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How much recharge do we get?

inches/year

B LV

1960 1970 1980 1990 2000

Year
Hart et al., 2012

On average, about 8 to 10 inches per year in Dane County, Wisconsin
Approximately 28,000 million gallons per day in Wisconsin
We pump about 760 million gallons per day



Where does well water come from?

INET

Surface-water
divide

Confining unit

Affected By Pumping

Surface-water
divide
a

High-capacity
pumping well

Confining unit




Unconfined aquifer

Citizens Natural Resources Association
_of Wisconsin & Trout Unlimited at
the Mecan River

Wa—te:able_
-\H"""-—._
Unconfined aquifer

Confining unit

from Alley, Reilly, and Franke, USGS Circular 1186, 1999




Precambrian rock
Fractured
Low well yield




“Sandstone” aquifer

Sandstone and dolomite
Extensive and thick

Very porous- great storage!
Yields prolific water to wells




Dolomite aquifer:

Shallow bedrock
Lots of fractures
Vulnerable to contamination




Dolomite and limestone are easily dissolved...

Caves, sinkholes and
fractures are common in
this rock. Contaminants
reach groundwater
quickly...




Pine Lake, Waushara County
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Tributary of Tenmile Creek

Adams County, WI 2013
Photos courtesy of G. Kraft, UW Extension
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