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GROUNDWATER FLOW AND DISTRIBUTION OF SUBSURFACE 

MATERIALS IN THE IMMEDIATE VICINITY OF CLEAR LAKE, 

WISCONSIN

BARRY CHEW, California State University – San Bernardino
Research Advisor: Erik Melchiorre

INTRODUCTION

The recent long-term flooding that was experienced 
in the vicinity of Clear Lake and three surrounding 
kettle lakes was due, in part, to record precipitation 
that occurred between 2006 and 2008.  Long-term 
flooding did not occur, however, at other kettle lakes 
within this glaciated region of southern Wisconsin.  
In 1971, when the USGS created a topographic map 
for the area, the surface level of Clear Lake was at 804 
feet above mean sea level (USGS, 1971).  Apparently, 
nobody expected the lake level to rise much higher 
than this, and some homes were built close to the lake.  
By June 2008, lake levels had risen so high that a few 
homes were flooded, and some septic tanks, wells, and 
docks were underwater.  More precipitation occurred 
in 2009, raising lake levels even higher.  On July 17, 
2009, the Wisconsin Department of Natural Resources 
(WDNR) observed a lake level of 815.67 feet above 
sea level (asl) on their staff gage.  The highest lake 
level observed by the WDNR since the flooding began 
was a level of 816.27 feet asl on August 9, 2010.  It is 
not yet known why the lake level continued to rise 
several months after the last major precipitation event 
in 2009.  On July 17, 2012, a lake level of 811.41 feet 
asl was observed on the WDNR staff gage by the Keck 
research group.  Some docks were still submerged, and 
the group noted that the top of a well casing that had 
been previously submerged, on the north side of Clear 
Lake, was barely above the lake surface.  On October 
12, 2012, the WDNR observed that the lake surface 
level was at 810.51 feet asl.  These data reveal that the 
lake level has been dropping very slowly since August 
9, 2010. 

These kettle lakes are seepage lakes, meaning that they 
have no inlet or outlet, and that their principle source 
of water is precipitation or runoff, supplemented by 
groundwater from the immediate drainage area.  As 
previously stated, these lakes remained flooded long 
after the last major precipitation event and cessation 
of the resulting runoff.  Thus, it is hypothesized 
that groundwater is the controlling factor in this 
sustained flooding.  Testing of this hypothesis requires 
knowledge of water table levels and the locations of 
aquifer materials, namely sand and gravel, and of 
aquitard materials, namely clayey sediments and clay.  
Thus, the focus of this project is to determine water 
table levels and the distribution of subsurface materials 
in the immediate vicinity of Clear Lake in order to gain 
a better understanding of their effect on the behavior 
of groundwater and the recent persistence of high 
water table levels.  The glaciated terrain in this area of 
southern Wisconsin is part of the Horicon Member of 
the Holy Hill Formation, and is made up of a mixture 
of layers and lenses of glacial till and meltwater 
deposits consisting of sand, silt, clay, and gravel 
(Syverson and Mickelson, 2011).  To accurately locate 
the distribution of aquifer and aquitard materials, 
and to determine water table levels around the area, 
requires analyzing a substantial amount of well data.  

METHODS

Well data were collected from two types of wells: 
monitoring wells and private wells.  These data were 
used to create a fence diagram to depict water table 
levels and the distribution of subsurface materials 
in three dimensions.  This three-dimensional 
hydrogeologic model makes it easier to visualize 
the spatial relationships between Clear Lake, the 
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surrounding water table, and subsurface materials.  The 
well data were also used to create a water table map.

Monitoring Wells

Four monitoring wells were drilled: two on the north 
side of Clear Lake and two on the southwest side 
of Clear Lake, north of Duck Lake.  The wells were 
drilled using the Wisconsin Geological & Natural 
History Survey (WGNHS) drill rig (Fig. 1).  A 4.25-
inch hollow-stem auger was used, which allowed 
split-spoon sampling of sediments to be done.  A water 
table monitoring well was installed at both locations, 
in addition to a piezometer.  On the southwest side 
of Clear Lake, the shallower well, Monitoring Well 
1A (MW1A), was drilled to 35 feet below ground 
level (bgl) and a 10-foot screen was installed between 
33.7 and 23.7 feet  to monitor the water table. Next 
to MW1A, a 43-foot-deep piezometer, MW1B, was 
drilled and a 2-foot screen was installed between 39.5 
and 37.5 feet bgl.  Two-inch I.D. PVC pipe was used for 
casing and screen on all four wells.

On the north side of Clear Lake, another water table 
monitoring well (MW2A) was drilled to 39 feet with 
a 10-foot screen installed from 38.4 to 28.4 feet bgl.  
A piezometer (MW2B) was drilled to 50 feet and 
screened from 48.3 to 46.3 feet bgl.  A split-spoon 

Figure 1.  Well MW2B being drilled north of Clear Lake with the 
Wisconsin Geological & Natural History Survey drill rig.

sampler was driven down inside the auger to take 
samples of sediments at both locations.  Two-foot-
interval samples were taken down to 35 feet in MW1A 
and down to 39 feet in MW2A.  Samples could not be 
taken any deeper due to water pressure forcing sand up 
inside the auger.  Deeper drilling was therefore done 
with a wooden plug in the bottom of the auger and 
no sediment sampling.  The samples were examined 
for grain size and shape, sorting, density/consistency, 
moisture content, Munsell color, and whether or not 
they reacted to HCl.  Samples were bagged and kept 
for further analysis in the lab if needed.

After well construction was completed, volumes of 
filter packs and saturated depths of well casings were 
calculated for well development.  Standard practice for 
well development is to bail out ten times the volume of 
water as that contained within the filter pack and the 
saturated depth of the well casing combined, to remove 
any sediment in the well (WI Legislature, Ch. NR 141).  
The four wells were developed using bailers lowered 
down the wells repeatedly until the appropriate 
amount of water was removed and the water became 
clear (Fig.2).

Figure 2.  Development of well MW1B using a bailer.a
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After well development was completed, water levels in 
all four monitoring wells were measured and recorded.  
State of Wisconsin Monitoring Well Construction and 
Development forms were completed for all wells and 
submitted to the WDNR.  Water levels in these wells 
continue to be monitored by the WGNHS.  It was 
noted that the water table dropped in 2012 at a rate 
consistent with the slow drop in the level of Clear Lake.

Private Wells and Water Table Map

Well logs were obtained for 269 private wells 
(WGNHS, 2004; WDNR, 2012), which are all 
located within about a 2-mile radius of Clear Lake.  
Geospatial data from the Rock County Planning, 
Economic, and Community Development Agency 
and plat map information from the Rock County GIS 
Website were employed to find properties by owner 
name (Rock County GIS Website, 2008).  Wells with 
usable data that were also locatable were plotted on 
maps with notations of their respective static water 
level elevations.  Water levels in six wells owned by 
local residents were measured using a sonic water 
level meter and a reel-type water level meter with an 
electronic sensor.  The elevations of the top of the well 
casings were measured using a Trimble GPS unit, and 
water level elevations calculated, recorded, and plotted 
on the maps.

Ninety-one wells within a mile of Clear Lake were 
plotted on a 1:6,000 scale map for use in creating both 
the water table contour map and the fence diagram.  
Wells were color-coded by the decade in which they 
were drilled in order to help determine if variations in 
reported static water levels between neighboring wells 
were due to changes in water levels at different times or 
other factors.  Some variations were attributed to errors 
or differences in methods by the drillers.  Water levels 
reported for wells drilled in 2008, or after, were about 
10 feet higher, on the average, than older reported 
levels, as were the levels in the monitoring wells and 
private wells which were measured in July 2012.  In 
order to ensure results consistent with the 804-foot 
lake level on the 1971 USGS map, which was used to 
create the water table map, high water table levels that 
were measured after the flooding began in 2008 were 
not used.  Water table contour lines were drawn on 
the map in places where there were enough well data 
(Fig. 3).  Data from eighty of the ninety-one wells on 

the map were used to draw the contour lines; the other 
eleven were not deemed usable for this purpose.

Figure 3.  Water table contour map.  Black lines represent water 
contour lines at 5-foot intervals.  Red lines and typing represent 
fence diagram cross-section lines and endpoints.

Nine hand-drawn cross-sections were drafted and used 
to form a fence around and through Clear Lake.  Lake-
bed contour lines used to make the cross-sections 
that extend across the lake were obtained from a 
bathymetric map of the lake (Graham, 2013).  Cross-
section endpoints were labeled A

0
 through A

8
.  Lines 

and endpoints are colored red on Figure 3.  These 
cross-sections were then used to create a hand-drawn 
fence diagram (Fig.4).  To create the cross-sections and 
fence diagram, data from 21 wells were used, including 
water table levels and varying depths of sedimentary 
materials reported on the well logs.  Sedimentary 
materials were divided into two groups: aquifer 
materials (sand and gravel), and aquitard materials 
(clayey sediments, and clay).  These were plotted on the 
diagrams in terms of their elevations above sea level 
and correlated in the areas between wells to depict 
what was deemed the most realistic interpretation.
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Figure 4.  Fence diagram of Clear Lake area depicting distribution 
of subsurface materials and water table levels.  Black triangle 
symbols identify the water table level line.  Brown areas depict 
aquitard materials (clay).  Yellow areas depict aquifer materials 
(sand and gravel).  Blue areas depict water in Clear Lake.  
Elevations are in feet above sea level.  See Figure 3 for scale and 
location.

RESULTS

Monitoring Well Water Levels

The water levels in monitoring wells 1A and 1B were 
first measured on July 20, 2012.  The water levels in 
water table well, MW1A, and the piezometer, MW1B, 
had the same hydraulic head of 811 feet asl, as did 
Clear Lake and Duck Lake at the same time.  These 
wells are located between the two lakes and therefore, 
no vertical gradient existed between the lakes and the 
wells.  A slight horizontal gradient was indicated by 
northward groundwater flow at this location as seen in 
Figure 3.  

Water levels in the other two monitoring wells were 
first measured on July 24, 2012. The water levels in 
water table well MW2A and piezometer MW2B had 
the same hydraulic head of 810 feet asl, thus no vertical 
gradient existed between the water levels in the two 
wells.  A horizontal gradient sloping to the west was 
indicated by the westward flow of groundwater at this 
location as seen in Figure 3.

Water Table Map

The contour lines drawn on the water table map (Fig. 
3) show the overall flow of groundwater to be in a 
north-northwesterly direction.  The 810-foot contour 
line in the southeastern area of the map, combined 
with other contour lines, shows a flow from the 
southeast toward Duck Lake and Clear Lake.  Flow 
becomes more complicated immediately north of 
Clear Lake where the water table again rises to 810 
feet, under a hill, and flows away from that hill in all 
directions, including back southward toward the lake.  
No contour lines were placed in the southwestern 
area of the map due to lack of enough well data in that 
immediate area.

Distribution of Subsurface Materials

The fence diagram (Fig. 4) shows the distribution 
of subsurface materials.  The diagram shows that 
significant clay layers exist around and under the lake, 
but no clay is present in the shallow subsurface on the 
southwest and west sides of the lake.  A thick clay layer 
is present around the south, east, and north sides of the 
lake and it extends to or under the lake in some areas.  
In the middle of the lake, it appears that two clay layers 
exist, one that extends from the northwest side to the 
south side and one that extends from the northeast 
side to the same point on the south side. 

DISCUSSION

It was previously stated that wells MW1A and MW1B, 
located between Clear Lake and Duck Lake, have the 
same hydraulic head as these lakes and no vertical 
gradient, at least on the date of measurement.  A 
regional water table map of Rock County (Gaffield, 
et al., 2002) depicts groundwater flowing from the 
southwest, the south, and the southeast toward Clear 
Lake.  These flows converge in the vicinity of Clear 
Lake, while groundwater flows out of the area in only 
one direction: north-northwestward, toward Lake 
Koshkonong and the Rock River.  The groundwater 
flow directions are consistent with the results obtained 
in Figure 3, which also shows more complicated, 
localized flow.  For example: just north of Clear Lake, 
groundwater flows from an elevation of 810 feet down 
to lake level.  The 6-foot water table difference between 
810 feet and 804 feet is a large change in hydraulic 
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head for such a short distance, and some of this flow 
is southward.  These results provide clear evidence of 
groundwater and surface water interactions.

Clay layers under and around the lake also affect the 
flow of groundwater in the immediate vicinity of the 
lake.  The fence diagram (Fig. 4) shows that there is 
a thick clay layer north of the lake that may impede 
groundwater flow.  The only large areas of the lake 
where groundwater can flow into or out of the lake 
unimpeded by clay layers is the area on the southwest 
and west sides, and the area on the northeast side. 

Figure 4 shows a significant clay layer extending from 
the south side of the lake, around the east side, on 
around the north side.  This clay is at the water table 
level for most of its length.  It is not certain whether 
or not this clay extends all the way to and/or under 
the lake on the southeast side because well data for 
wells closer to the lake, on the southeast side, were not 
available.  But, it is quite possible that it does extend 
that far.  It is also possible that this clay significantly 
restricts inflow and outflow of groundwater to the lake 
in much of the area on the southeast and east sides of 
the lake.

CONCLUSION

It has been shown that groundwater is converging on 
the Clear Lake area from multiple directions, but only 
flowing out in one direction.  It has also been shown 
that groundwater flow is being impeded by clay layers 
in the immediate vicinity of Clear Lake.  It appears 
likely that the combination of these conditions is 
causing groundwater retention in the area, and that 
groundwater retention is the controlling factor in the 
sustained flooding.  If more time and money were 
available, it would be beneficial to drill more wells to 
obtain more data and conduct further research.  Well 
data is lacking along the south, southeast, and east 
shorelines of the lake.  It would be most beneficial 
to drill wells close to the shoreline of the lake, from 
the south side at Blackhawk Beach, on around the 
southeast side, and on up the east side.
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