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This map shows transmissivity estimates from wells completed in glacial deposits and in bedrock.
Quaternary geology from Richmond and Fullerton (2001). National Forest boundaries from the USDA Forest 
Service. Roads from CENSUS, 2015. Hydrography from National Hydrography Dataset, 2012. 
Boundaries from multiple sources, 2015. Terrain data from Wisconsin Department of Natural
Resources and US Geological Survey.
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Quaternary geology from Richmond and Fullerton, 2001. Political boundaries from Wisconsin DNR, 2011. 
National Forest boundaries from the USDA Forest Service, 2011. Roads from U.S. Census Bureau, 2015. 
Hydrography from National Hydrography Dataset, 2012. 
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This map shows transmissivity estimates from wells completed in glacial deposits and in bedrock.
Quaternary geology from Richmond and Fullerton (2001). National Forest boundaries from the USDA Forest 
Service. Roads from CENSUS, 2015. Hydrography from National Hydrography Dataset, 2012. 
Boundaries from multiple sources, 2015. Terrain data from Wisconsin Department of Natural
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Quaternary geology from Richmond and Fullerton, 2001. Political boundaries from Wisconsin DNR, 2011. 
National Forest boundaries from the USDA Forest Service, 2011. Roads from U.S. Census Bureau, 2015. 
Hydrography from National Hydrography Dataset, 2012. 
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This map shows transmissivity estimates from wells completed in glacial deposits and in bedrock.
Quaternary geology from Richmond and Fullerton (2001). National Forest boundaries from the USDA Forest 
Service. Roads from CENSUS, 2015. Hydrography from National Hydrography Dataset, 2012. 
Boundaries from multiple sources, 2015. Terrain data from Wisconsin Department of Natural
Resources and US Geological Survey.
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Quaternary geology from Richmond and Fullerton, 2001. Political boundaries from Wisconsin DNR, 2011. 
National Forest boundaries from the USDA Forest Service, 2011. Roads from U.S. Census Bureau, 2015. 
Hydrography from National Hydrography Dataset, 2012. 
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This map shows transmissivity estimates from wells completed in glacial deposits and in bedrock.
Quaternary geology from Richmond and Fullerton (2001). National Forest boundaries from the USDA Forest 
Service. Roads from CENSUS, 2015. Hydrography from National Hydrography Dataset, 2012. 
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This map shows hydraulic conductivity estimates from wells completed in bedrock. Bedrock map from
Greenberg and Brown (1984). National Forest boundaries from the USDA Forest Service. Roads from CENSUS,
2015. Hydrography from National Hydrography Dataset, 2012. Boundaries from multiple sources, 2015.
Terrain data from Wisconsin Department of Natural Resources and US Geological Survey.

Bedrock map from Greenberg and Brown, 1984. Political boundaries from Wisconsin DNR, 2011. National 
Forest boundaries from the USDA Forest Service, 2011. Roads from U.S. Census Bureau, 2015. Hydrography 
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This map shows hydraulic conductivity estimates from wells completed in bedrock. Bedrock map from
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Plate 4a
Data points and springs

Northern Nicolet Unit

National Forest boundaries from the USDA Forest Service. Roads from CENSUS, 2015.
Hydrography from National Hydrography Dataset, 2012. Boundaries from multiple sources, 2015.
Terrain data from Wisconsin Department of Natural Resources and US Geological Survey.
Springs and spring ponds from Macholl (2007).

MICHIGANWISCONSIN

Located wells
High-capacity wells

#0 FR-87 monitoring well
GF FR-908 monitoring well

Nicolet Unit

XW

Mapped springs and spring
ponds (no discharge
measurement)



XWXW
XW

XWXW

XWXW

XWXW XW

XWXWXW
XWXW XW

XW

XW
XW

XW

XWXW
XW

XW
XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW
XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XWXW

XW

XWXWXWXWXW

XW

XWXWXW

XW
XW

XW
XWXWXW

XWXWXW

XWXW

XW
XW

XWXW

XW

XWXWXW

XW

XW
XW

XW

XWXWXWXW
XWXW

XWXW

XWXWXW

XWXWXWXWXWXWXW XW

XW
XW

XW
XW

XW
XWXW

XW
XWXWXWXWXWXW

XWXWXWXW

XW XWXWXWXWXWXW

XWXW
XWXW

XWXW
XWXW

XWXW

XWXWXWXW
XWXW
XWXW XW

XW XWXW
XWXWXWXW

XW
XWXWXW

XW

XWXWXW

XW

XW

XW
XW
XW

XW

XW XW

XW XW

XWXWXW

XW
XWXWXW

XWXW

XW

XW

XWXWXWXWXWXW
XW

XWXW
XWXW

XWXWXW XWXW

XW

XW
XW

XWXWXWXWXWXWXW
XW XWXW

XWXW

XW
XW

XW

XW

XWXWXW

XWXW XW XW

XW

XWXW
XWXWXW

XW
XW

XW

XW

XWXW
XWXWXWXWXWXW
XW

XWXWXWXWXWXW

XWXW

XWXWXWXWXW

XW

XWXWXW XW
XWXWXWXWXWXW XWXWXWXWXWXWXW
XW XW

XW
XWXWXWXWXWXWXWXWXW

XWXWXWXW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW XW

XW

XWXW
XW

XW

XW

XW

XW

XW

XW

XWXW

XW

XW

XW

XW

XW

XW

XW

XW
XWXW

XW

XW

XW

XW

XW
XW

XW

XW

XW

XW

XW
XWXW

XW

XW

XW

XW

XW

XW

XW

XW

XW
XW

XW

XWXW

XW
XW
XW
XW

XWXWXW

XW

XW

XWXWXWXWXWXW
XW

XW
XW

XWXWXW

XW
XWXWXWXWXWXWXW

XWXWXW

XW
XWXW

XW

XW
XW

XW

XWXW

XW XW

XWXW

XWXWXW
XWXWXWXWXW

XWXWXWXWXWXW

XW

XW XW
XWXWXW

XW

XW

XW

XW

XWXW

XW
XW
XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XWXWXW
XW

XW

XW

XW

XW

XWXW

XW

XW

XW

XW

XW

XWXW

XW
XWXW

XWXW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW

XW
XW

XW

XW

XW

XW

XW XW

XW

XW

XW

XW
XW

XW

XW

XWXW

XW

XW

XWXWXWXWXW
XWXW XW

XWXW
XWXWXWXW
XWXW

XWXW

XWXW
XWXW

XWXWXW

XW

XW

XWXW

XW

XW

E

¬«32

¬«32

¬«52

¬«52

¬«101

¬«139

¬«55

¬«55

¬«55

¬«55

¬«64

¬«64

¬«64

¬«55

Sprin g Cr.

M
cCaslin

Br.

Elton Cr.

N
in

em
il

e
C

r.

W
o lf R.

W
o l f R.

W
olf R

.

Ro
ck Cr.

Eve rgre en
R

.
Ha lle y Cr.

Sw ede John
Cr.

M
ud

Cr
.

Riley Cr.

Harv e y Cr.

N. Fork Thunder R.

Halls
Cr.

Sidney Cr.

N
. Branc h

Pesh tigo R.

Hay Cr.

Popple
R.

Popple R.

N. Branch
Oconto

R
.

Cam
p F Cr.

M
ac int ire Cr.

Range Lin
e Cr.

Eagle
Cr.

W
ol

f R
.

Kufner Cr.

Rock Cr.

Ot
te

r Cr.

A
ver

y
Cr

.

Peshtigo R.

Peshtigo
R

.

Pe
sh

t i
g

o
R

.

Li
ly

R.

S. Branc h
Oco nto

R.

Sp
id

er Cr.

Sp enc e r Cr.

Dalton Cr.

Shaw
ano Cr.

Eagle R.

Know les Cr.

Sn
ow

Fa
l l

s
Cr

.

S. Branch Po pple R.

Otter Cr.

Otter Cr.

Sixtytw
o

C r.

W
hit i

ng
Cr.

Stoney
Cr.

Sw amp Cr.

Pine R.

Fo rb e s Cr.

Rat R.

Rat R.
N.

Branch Popple
R

.

Litt
le

 P
op

ple 
R.

Rolling Stone L.

Aninnan L.

N. Pond

Rice L.

Woodbury L.

Metonga L.

Florence L.

Boulder
L.

Sawyer L.

Shay L.

Forest L.

Mary
L.

Jessie L.

Star L.

Pine
L.

Himley
L.

Bishop L.

Silver
L.

Shelp L.

Van Zile L.

Little
Sand L.

Ada L.

Little
Long L.

Arbutus L.

Hardwood L.

Shoe L.

Sand L.

Nelligan L.

Anderson L.

L. Laura

Bear L.

Grandma L.

Birch L.

McCaslin L.

Bush L.

Mud
L.

Archibald L.

Porcupine L.

Maiden L.

Round L.

Julia L.

Paya L.

Lawrence L.

Bass L.

W. Bass L.

Langer L.

Rose L.

Popple L.

Grass L.

Morgan L.

Riley L.

Barnes L.

Lily L.

Spring L.

Trump L.

Crooked L.

Oneonta
L.

Whiteye L.

Deer L.

Coleman L.

Windfall L.

Camp
Six L.

L. Gordon

Peshtigo L.

Atkins L.

Bass
L.

L. Lucerne

Lost L.

Walsh L.

Kazmier L.

Waubee L.
Pickerel

L.

Saint
Johns L.

Little Rice L.

Mole L.

Bradley L.

Jungle L.

Bass Lakes

Scattered
Rice L.

Wheeler
L.

Ross L.

Crane L.

Otter L.

Hiles
Millpond

Oak
L.

Roberts L.

Boot L.

Mueller L.

Wabikon L.

Big
Twin L.

Turtle
L.

Zarling
L.

£¤8

£¤8

M
A

R
IN

E
T

T
E

 C
O

F
O

R
E

S
T

 C
O

MARI NET TE CO
FLOREN CE CO

O
N

E
ID

A
 C

O
F

O
R

E
S

T
 C

O

Blackwell

Lakewood

Wabeno

White
Lake

Wisconsin
Junction

FR-656

Bryant

Elton

Goodman

Mole Lake

Pearson Pickerel

Polar

Nashville

Sherry
Junction

Argonne Armstrong Creek
Atkins

Blackwell
Junction

Bonita

Bonneval

Carter

Cavour

Choate

Crandon

Fence

Four Corners

Freeman

Hiles

Hollister

Langlade

Laona

Laona
Junction

Lily

Markton

Mountain

Newald

Padus

Popple River

Townsend

Woodlawn

F
0 4 Miles

Groundwater Data Summary for the
Nicolet Unit, Chequamegon-Nicolet National Forest
Florence, Forest, Langlade, Oconto, Oneida, and Vilas Counties, Wisconsin

Plate 4b
Data points and springs

Southern Nicolet Unit

National Forest boundaries from the USDA Forest Service. Roads from CENSUS, 2015.
Hydrography from National Hydrography Dataset, 2012. Boundaries from multiple sources, 2015.
Terrain data from Wisconsin Department of Natural Resources and US Geological Survey.
Springs and spring ponds from Macholl (2007).
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Plate 5a
Elevation of bedrock surface

Northern Nicolet Unit

MICHIGANWISCONSIN

Bedrock elevation; contour interval 50 ft
dashed where inferred

G Bedrock outcrop

Well reaching bedrock

E Exploration drill hole reaching bedrock

Nicolet Unit

Bedrock outcrops from Attig and Ham (1999) and NRCS (2014b). Bedrock lithographic
records from wiscLITH (WGNHS, 2012). Roads from CENSUS, 2015. Hydrography
from National Hydrography Dataset, 2012. Boundaries from multiple sources, 2015.
Terrain data from Wisconsin Department of Natural Resources and US Geological Survey. 
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Bedrock outcrops from Attig and Ham, 1999, and Natural Resources Conservation Service, 2014b. Bedrock 
lithographic records from wiscLITH (WGNHS, 2012). Political boundaries from Wisconsin DNR, 2011. 
National Forest boundaries from the USDA Forest Service, 2011. Roads from U.S. Census Bureau, 2015. 
Hydrography from National Hydrography Dataset, 2012. 
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Plate 5b
Elevation of bedrock surface

Southern Nicolet Unit

Bedrock elevation; contour interval 50 ft
dashed where inferred

G Bedrock outcrop

Well reaching bedrock

E Exploration drill hole reaching bedrock

Nicolet Unit

Bedrock outcrops from Attig and Ham (1999) and NRCS (2014b). Bedrock lithographic
records from wiscLITH (WGNHS, 2012). Roads from CENSUS, 2015. Hydrography
from National Hydrography Dataset, 2012. Boundaries from multiple sources, 2015.
Terrain data from Wisconsin Department of Natural Resources and US Geological Survey. 

Wisconsin Geological and Natural History Survey • Technical Report 004-2 • 2018

Bedrock outcrops from Attig and Ham, 1999, and Natural Resources Conservation Service, 2014b. Bedrock 
lithographic records from wiscLITH (WGNHS, 2012). Political boundaries from Wisconsin DNR, 2011. 
National Forest boundaries from the USDA Forest Service, 2011. Roads from U.S. Census Bureau, 2015. 
Hydrography from National Hydrography Dataset, 2012. 
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Plate 6a
Depth to bedrock

Northern Nicolet Unit

MICHIGANWISCONSIN

Bedrock outcrops from Attig and Ham (1999) and NRCS (2014b). Bedrock lithographic
records from wiscLITH (WGNHS, 2012). Roads from CENSUS, 2015. Hydrography
from National Hydrography Dataset, 2012. Boundaries from multiple sources, 2015.
Terrain data from Wisconsin Department of Natural Resources and US Geological Survey. 

Bedrock elevation; contour interval 50 ft
dashed where inferred

G Bedrock outcrop

Well reaching bedrock

E Exploration drill hole reaching bedrock

Nicolet Unit
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Bedrock outcrops from Attig and Ham, 1999, and Natural Resources Conservation Service, 2014b. Bedrock 
lithographic records from wiscLITH (WGNHS, 2012). Political boundaries from Wisconsin DNR, 2011. 
National Forest boundaries from the USDA Forest Service, 2011. Roads from U.S. Census Bureau, 2015. 
Hydrography from National Hydrography Dataset, 2012. 
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Plate 6b
Depth to bedrock

Southern Nicolet Unit

Depth to bedrock; contour interval 50 ft

Depth to bedrock inferred

G Bedrock outcrop

Well reaching bedrock

E Exploration drill hole reaching bedrock

Nicolet Unit

Bedrock outcrops from Attig and Ham (1999) and NRCS (2014b). Bedrock lithographic
records from wiscLITH (WGNHS, 2012). Roads from CENSUS, 2015. Hydrography
from National Hydrography Dataset, 2012. Boundaries from multiple sources, 2015.
Terrain data from Wisconsin Department of Natural Resources and US Geological Survey. 

Bedrock elevation; contour interval 50 ft
dashed where inferred

G Bedrock outcrop

Well reaching bedrock

E Exploration drill hole reaching bedrock

Nicolet Unit
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Bedrock outcrops from Attig and Ham, 1999, and Natural Resources Conservation Service, 2014b. Bedrock 
lithographic records from wiscLITH (WGNHS, 2012). Political boundaries from Wisconsin DNR, 2011. 
National Forest boundaries from the USDA Forest Service, 2011. Roads from U.S. Census Bureau, 2015. 
Hydrography from National Hydrography Dataset, 2012. 
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Plate 7a
Saturated thickness

of unlithified materials
Northern Nicolet Unit

MICHIGANWISCONSIN

Bedrock outcrops from Attig and Ham (1999) and NRCS (2014b). Bedrock lithographic
records from wiscLITH (WGNHS, 2012). Roads from CENSUS, 2015. Hydrography
from National Hydrography Dataset, 2012. Boundaries from multiple sources, 2015.
Terrain data from Wisconsin Department of Natural Resources and US Geological Survey. 
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dashed where inferred
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Bedrock outcrops from Attig and Ham, 1999, and Natural Resources Conservation Service, 2014b. Bedrock 
lithographic records from wiscLITH (WGNHS, 2012). Political boundaries from Wisconsin DNR, 2011. 
National Forest boundaries from the USDA Forest Service, 2011. Roads from U.S. Census Bureau, 2015. 
Hydrography from National Hydrography Dataset, 2012. 
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Plate 7b
Saturated thickness

of unlithified materials
Southern Nicolet Unit

Bedrock outcrops from Attig and Ham (1999) and NRCS (2014b). Bedrock lithographic
records from wiscLITH (WGNHS, 2012). Roads from CENSUS, 2015. Hydrography
from National Hydrography Dataset, 2012. Boundaries from multiple sources, 2015.
Terrain data from Wisconsin Department of Natural Resources and US Geological Survey. 
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Bedrock outcrops from Attig and Ham, 1999, and Natural Resources Conservation Service, 2014b. Bedrock 
lithographic records from wiscLITH (WGNHS, 2012). Political boundaries from Wisconsin DNR, 2011. 
National Forest boundaries from the USDA Forest Service, 2011. Roads from U.S. Census Bureau, 2015. 
Hydrography from National Hydrography Dataset, 2012. 
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Mean annual recharge, 2000–2010
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Average annual groundwater recharge
(2000–2010)

Groundwater recharge was estimated through application of a soil-water balance (SWB) model 
and calibrated in a separate groundwater flow model. A brief description is provided here; see 
accompanying report for model setup, results, and data availability.

The SWB model estimates the distribution of deep drainage, approximately equal to groundwater 
recharge, through time using a modified Thornthwaite-Mather method to track soil moisture 
storage and flux on a spatially-referenced grid at daily time increments. Inputs to the SWB model 
include map data layers for land surface topography and soil and land cover characteristics, as 
well as daily climate records. Model outputs included datasets of annual recharge from 2000-
2010, and tabular summaries of daily and annual water balance calculations.

The 2000-2010 SWB annual recharge output was then used as initial input for a groundwater flow 
model. During flow model calibration, recharge was adjusted using a multiplier to calibrate to 
groundwater conditions by adjusting the magnitude of recharge while maintaining the spatial 
distribution of SWB results. The SWB results were also downsampled for use in the flow model, 
resulting in a grid that is more generalized than the original SWB output. The results of this 
recharge calibration are shown here.

National Forest boundaries from the USDA Forest Service. Roads from CENSUS, 2015. Watershed 
boundaries and hydrography from National Hydrography Dataset, 2011-2012. Boundaries from 
multiple sources, 2015.

Groundwater recharge was estimated through application of a soil-water balance (SWB) 
model and calibrated in a separate groundwater �ow model. A brief description is provided 
here; see accompanying report for model setup, results, and data availability.

The SWB model estimates the distribution of deep drainage, approximately equal to 
groundwater recharge, through time using a modi�ed Thornthwaite-Mather method to track 
soil moisture storage and �ux on a spatially referenced grid at daily time increments. Inputs to 
the SWB model include map data layers for land surface topography and soil and land cover 
characteristics, as well as daily climate records. Model outputs included datasets of annual 
recharge from 2000 to 2010 and tabular summaries of daily and annual water balance 
calculations.

The 2000–2010 SWB annual recharge output was then used as initial input for a groundwater 
�ow model. During �ow model calibration, recharge was adjusted by using a multiplier to 
calibrate to groundwater conditions by adjusting the magnitude of recharge while 
maintaining the spatial distribution of SWB results. The SWB results were also downsampled 
for use in the �ow model, resulting in a grid that is more generalized than the original SWB 
output. The results of this recharge calibration are shown here.

Political boundaries from Wisconsin DNR, 2011. National Forest boundaries from the USDA 
Forest Service, 2011. Roads from U.S. Census Bureau, 2015. Watershed boundaries and 
hydrography from National Hydrography Dataset, 2011–12. 
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Nicolet Unit

Nicolet Unit watersheds

Mean annual recharge, 2000–2010
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>9–12 

>12–15
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Average annual groundwater recharge
(2000–2010)

Groundwater recharge was estimated through application of a soil-water balance (SWB) 
model and calibrated in a separate groundwater �ow model. A brief description is provided 
here; see accompanying report for model setup, results, and data availability.

The SWB model estimates the distribution of deep drainage, approximately equal to 
groundwater recharge, through time using a modi�ed Thornthwaite-Mather method to track 
soil moisture storage and �ux on a spatially referenced grid at daily time increments. Inputs to 
the SWB model include map data layers for land surface topography and soil and land cover 
characteristics, as well as daily climate records. Model outputs included datasets of annual 
recharge from 2000 to 2010 and tabular summaries of daily and annual water balance 
calculations.

The 2000–2010 SWB annual recharge output was then used as initial input for a groundwater 
�ow model. During �ow model calibration, recharge was adjusted by using a multiplier to 
calibrate to groundwater conditions by adjusting the magnitude of recharge while 
maintaining the spatial distribution of SWB results. The SWB results were also downsampled 
for use in the �ow model, resulting in a grid that is more generalized than the original SWB 
output. The results of this recharge calibration are shown here.

Political boundaries from Wisconsin DNR, 2011. National Forest boundaries from the USDA 
Forest Service, 2011. Roads from U.S. Census Bureau, 2015. Watershed boundaries and 
hydrography from National Hydrography Dataset, 2011–12. 
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Plate 9a
Surface water chemistry and simulated baseflow

Northern Nicolet Unit
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1Label indicates site number. See report for 
further explanation.
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2Color indicates interaction with aquifer; 
lineweight proportional to baseflow 
volume. Gray lines indicate streams that 
are represented in the flow model but 
have zero simulated baseflow. Far-field 
streams not shown.

MICHIGANWISCONSIN

Roads from CENSUS, 2015. Hydrography from National 
Hydrography Dataset, 2012. Boundaries from multiple 
sources, 2015. Springs and spring ponds from Macholl (2007).
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Springs and spring ponds from Macholl, 2007. Political boundaries from 
Wisconsin DNR, 2011. National Forest boundaries from the USDA Forest 
Service, 2011. Roads from U.S. Census Bureau, 2015. Hydrography from 
National Hydrography Dataset, 2012. 
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Plate 9b
Surface water chemistry and simulated baseflow
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#* >150 2Color indicates interaction with aquifer; 
lineweight proportional to baseflow 
volume. Gray lines indicate streams that 
are represented in the flow model but 
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streams not shown.

Roads from CENSUS, 2015. Hydrography from National 
Hydrography Dataset, 2012. Boundaries from multiple 
sources, 2015. Springs and spring ponds from Macholl (2007).
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Springs and spring ponds from Macholl, 2007. Political boundaries from 
Wisconsin DNR, 2011. National Forest boundaries from the USDA Forest 
Service, 2011. Roads from U.S. Census Bureau, 2015. Hydrography from 
National Hydrography Dataset, 2012. 
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Plate 10a
Model-simulated water table

Northern Nicolet Unit

Nicolet Unit

Simulated water table; contour interval 25 ft

Simulated flow paths

MICHIGAN
WISCONSIN

Water table and flow paths generated from regional groundwater flow 
model. See report for details. 2015. Hydrography from National
Hydrography Dataset, 2012. Boundaries from multiple sources, 2015.
Terrain data from Wisconsin Department of Natural Resources and
US Geological Survey.
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Water-table elevations and �ow paths generated from regional groundwater �ow model (see report for 
details). Political boundaries from Wisconsin DNR, 2011. National Forest boundaries from the USDA Forest 
Service, 2011. Roads from U.S. Census Bureau, 2015. Hydrography from National Hydrography Dataset, 2012. 
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Plate 10b
Model-simulated water table

Southern Nicolet Unit

Nicolet Unit

Simulated water table; contour interval 25 ft

Simulated flow paths

Water table and flow paths generated from regional groundwater flow 
model. See report for details. 2015. Hydrography from National
Hydrography Dataset, 2012. Boundaries from multiple sources, 2015.
Terrain data from Wisconsin Department of Natural Resources and
US Geological Survey.

Wisconsin Geological and Natural History Survey 
Technical Report 004-2 • 2018

Water-table elevations and �ow paths generated from regional groundwater �ow model (see report for 
details). Political boundaries from Wisconsin DNR, 2011. National Forest boundaries from the USDA Forest 
Service, 2011. Roads from U.S. Census Bureau, 2015. Hydrography from National Hydrography Dataset, 2012. 
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