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UNIT WELL 15 
 
The formation log prepared by the Wisconsin Geological & Natural History Survey (WGNHS) 
indicates that Unit Well 15 was drilled to a depth of 753 feet.  A test hole (WGNHS Log DN-916) was 
drilled at a location 10 feet southeast of Well 15 and was drilled to a depth of 785 feet (WGNHS Log 
DN-930).  Unit Well 15 is cased with 24-inch diameter casing, which is grouted to a depth of 172 feet.  
Unit Well 15 is open to the lower bedrock (Mount Simon Formation) aquifer and the upper bedrock 
(Wonewoc Formation) aquifer.  Unit Well 15 was televised on May 5, 2009, and the depth of Well 15 
at that time was 687 feet.  Fill has sloughed into the well and filled the bottom 66 feet of the borehole. 
 
Sandstone is the uppermost bedrock.  The test hole log (WGNHS Log DN-916) indicates that 
sandstone was encountered at a depth of 115 feet.  The 2010 version of WGNHS Log DN-930 for 
Well 15 indicates that unlithified (drift) extends to a depth of 123 feet. 
 
Unit Well 15 was initially test pumped at a rate 2,400 gallons per minute (gpm) and there was 94 feet 
of drawdown, resulting in a specific capacity of 25.5 gallons per minute per foot (gpm/ft) of drawdown.  
At the time of construction (November 1965) the static water level in Unit Well 15 was approximately 
47 feet below ground.  Construction reports and formation logs prepared by the WGNHS for Well 15 
(WGNHS Log DN-930) and the test well (WGNHS Log DN-916) are contained in Appendix A. 
 
HYDROGEOLOGIC CONDITIONS 
 
Topography and Drainage 
 
The natural ground surface at Unit Well 15 is glacial till (Clayton and Attig, 1997).  The topography at 
Unit Well 15 is low relief hills that are sloping toward the west, southwest, and south.  Small 
southwest-northeast trending drumlins cross the area 1 to 1.5 miles southwest, south, and southeast 
of Unit Well 15.  There are no surface waters in the immediate vicinity of Unit Well 15, but there is a 
small intermittent drainage stream located 2,000 feet east of Unit Well 15 that flows south and then 
southwest and eventually discharges to Lake Monona.  The ground surface elevation at Unit Well 15 
is approximately 886 feet above mean sea level (MSL).  Drainage is southwesterly toward Lake 
Monona.   
 
Geology 
 
The area was glaciated by the Green Bay Lobe during the last part of the Wisconsin Glaciation.  The 
rocks and unlithified deposits in the area range from Precambrian basement rocks to recent soils.  
The bedrock from oldest to youngest includes Precambrian rock, and Cambrian age sandstone, shale 
and dolomite. 
 
A geological cross-section through former Unit Well 3 (WGNHS Log DN-50), Town of Burke Test 
Well 2 (WGNHS Log DN-113), Unit Well 15 (WGNHS Log DN-930), Town of Burke Test Hole 
(WGNHS Log DN-143), Test Hole 15 (WGNHS Log DN-847) and Town of Burke Municipal Well 
(WGNHS Log DN-1100) is presented in Figure 2.  Formation logs for strata encountered in Unit 
Well 15 and Test Hole 15 (WGNHS Log DN916) are in Appendix A.  The line of cross-section is 
illustrated in Figure 3.  The stratigraphic sequence encountered in the wells is briefly described in the 
following. 
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Precambrian Basement Bedrock 
 
Precambrian bedrock was not encountered in Unit Well 15, but was encountered in former City of 
Madison Unit Well 3 and the Town of Burke Municipal Well.  At former Unit Well 3 the formation is 
described as felsite.  At the Town of Burke Municipal Well the formation is described as shale and 
schist.   
 

Cambrian Bedrock 
 
Cambrian age rocks encountered in Unit Well 15 include, in ascending order, Mount Simon 
Formation, Eau Claire Formation, and the Wonewoc Formation.  These formations form the Elk 
Mound Group. 
 
Cambrian age rocks are relatively flat lying in the Madison area in the east-west direction and dip 
slightly toward the south.  The cross-section illustrates relatively flat lying formation in the southwest 
to northeast direction, other than at the Town of Burke Municipal Well where the formation flexes 
upward.  The flexure may be the result of an inaccurate surface elevation at the well.  The 
thicknesses of deep rock units are relatively consistent in the Madison area.  The thicknesses of the 
shallow bedrock units vary because they are the upper erosional surfaces.  For example, the Tunnel 
City Group strata are missing at Unit Well 15, but are present in other nearby wells.   
 
A buried bedrock valley is illustrated on Figure 2.  The preglacial buried bedrock valley was eroded 
through the Upper Cambrian age bedrock formations and extends into the upper part of the Mount 
Simon Formation.  The location of the buried bedrock valley is illustrated on Figures 4 and 5.  
 
A green-gray shale and sandy, dolomitic shale layer is laterally extensive beneath the majority of the 
City of Madison, but is absent at some locations, such as in the buried valleys illustrated on Figures 4 
and 5.  The shale occurs in the upper part of the Eau Claire Formation.  The shale is thickest in the 
western, southern, and southeastern parts of the City, and thins toward the northeast.  The formation 
log for the Well 15 Test Hole indicates that scattered, thin, inter bedded shale layers were 
encountered in sandstone over the interval of 225 to 390 feet.  A prominent shale layer is not 
described in the Unit Well 15 formation log.   
 
The WGNHS classified the rock in Unit Well 15 from 225 to 250 feet depth as the Eau Claire 
Formation.  The WGNHS provided shape files for the Eau Claire Shale unit.  The estimated top and 
bottom elevations for the shale layer are illustrated in Figures 4 and 5 and indicate that the shale 
layer occurs over the interval of approximately 242.5 to 246 feet depth.  On the basis of the elevations 
the shale layer is approximately 3.5 feet thick at Unit Well 15.  
 
A gamma log for Unit Well 15 (included in Appendix B), indicates a distinctive shaley unit over the 
interval of approximately 239 to 247 feet depth.  A video record of Unit Well 15 shows thin shale 
pieces resting on enlarged bedding plane surfaces at depths of approximately 242, 246, 251.5, 257.5, 
and 260 feet. 
 

Unlithified Deposits 
 
Bedrock is mantled by unlithified glacial till.  Clayton and Attig (1997) classify the local near surface 
unlithified deposits in the immediate vicinity of Unit Well 15 as part of the Horicon Member of the Holy 
Hill Formation.  Clayton and Attig (1997) report that the near surface formation at Unit Well 15 is 
uniform subglacial till.    
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The WGNHS described the unlithified formation from the ground surface to a depth of 115 feet as 
light yellow, medium to coarse-grained sand, with a trace of fine sand and dolomitic gravel. 
 
The soil at the Unit Well 15 is classified as the Dodge silt loam (DnB) (2 to 6 percent slopes).  The 
Dodge silt loam is deep, well drained, and moderately sloping on glaciated uplands.  The sandy loam 
substratum has a permeability of 2 to 6.3 inches per hour (in/hr), and the overlying silt/sandy/clay 
loam has a permeability of 0.63 to 2 in/hr (USDA, 1978).  Other nearby soils are the Dresden silt loam 
(DsB), Ringwood silt loam (RnB), and the St. Charles silt loam (ScB).  These silt loams have 
permeabilities of 0.63 to 2 in/hr (USDA, 1978).   
 
The DnB, DsB, RnB, and ScB have good contaminant attenuation potential (DCRPC, 1999).  The 
DCRPC assigned a risk classification of moderate to high from surface activities in the Unit Well 15 
area on the basis of several factors including soil properties (DCRPC, 1999). 
 
Hydrogeology 
 
In the study area, groundwater occurs within the lower bedrock aquifer, the upper bedrock aquifer, 
and the unlithified (sand and gravel) aquifer.  The unlithified aquifer is thin, is not laterally extensive 
and is not used for water supply in the Well 15 area.  Unit Well 15 is open to both the upper and lower 
bedrock aquifers.  Following is a brief discussion about the aquifers: 
 

Lower Bedrock Aquifer 
 
The lower bedrock aquifer occurs in the Mount Simon Formation and lower part of the Eau Claire 
Formation.  The Precambrian bedrock is the base of the lower bedrock aquifer and the shaley layer in 
the Eau Claire Formation is the upper confining unit.  Water occurs within horizontal and vertical 
fractures, along enlarged bedding planes, in solution enlarged cavernous areas, and between sand 
grains in the aquifer.  The saturated thickness of the lower bedrock aquifer is estimated to be 500 feet 
thick at Unit Well 15.  The Unit Well 15 borehole has fill from 687 feet to the bottom of the well 
(753 feet), so the open saturated thickness is approximately 444 feet.  The hydraulic conductivity of 
the lower bedrock aquifer is approximately 10 feet per day (ft/day) (Krohelski et. al., 2000).  Unit 
Well 15 is cased to a depth of 172 feet, which is 70 feet above the Eau Claire shale confining layer; 
therefore, Unit Well 15 is also open to a large portion of the upper bedrock aquifer. 
 
Water levels measured in Unit Well 15 should be representative of the composite upper and lower 
bedrock aquifers.  At the time of construction in 1965, the static water level in Unit Well 15 was about 
47 feet below ground level (approximately 839 feet above MSL).  On May 5, 2009, at the time of 
televising Unit Well 15 the static water level in the well was approximately 43 feet below ground level 
(45 feet below the top of casing) (approximately 843 feet MSL).  Figure 6 illustrates the simulated 
potentiometric surface in the lower bedrock (Mount Simon) aquifer (DCRPC, 2004).  Unit Well 15 is 
located near the pumping center and the groundwater flow direction toward Unit Well 15 is from 
radially around the well, with long-term flow from the northwest, northeast and east.  Figure 6 
illustrates the potentiometric surface elevation in the vicinity of Unit Well 15 at approximately 
840 feet above MSL.   
 

Upper Bedrock Aquifer 
 
The upper bedrock aquifer occurs in the upper part of the Eau Claire Formation above the shaley 
layer and within the Wonewoc Formation and Tunnel City Group strata (where present).  Water 
occurs within fractures, along enlarged bedding planes, and between sand grains in the sandstone. 
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At Unit Well 15, the thickness of the bedrock formation above the shaley layer is 116 feet and the 
saturated thickness of the upper bedrock aquifer is also 116 feet.  Figure 7 (DCRPC, 2004) illustrates 
the simulated potentiometric (water table) surface in the upper bedrock aquifer and unlithified (sand 
and gravel) aquifer.  The elevation of the static water level in Unit Well 15 is assumed to be the 
elevation of the potentiometric surface (approximately 840 feet above MSL) in the combined upper 
bedrock aquifer and lower bedrock aquifer.  Figure 7 illustrates the elevation of the simulated 
potentiometric surface in the upper bedrock aquifer (water table) at Unit Well 15 in 2000 was slightly 
less than 860 feet above MSL indicating a vertically downward hydraulic gradient. 
 

Unlithified Aquifer 
 
The potentiometric surface occurs at an elevation of about 843 feet above MSL (2009), which is 
within the unlithified formation at Unit Well 15.  The unlithified formation above the upper bedrock is 
medium grained sand with some gravel and the upper bedrock surface is sandstone, and therefore 
the unlithified aquifer and the upper bedrock aquifer are likely rapidly hydraulically connected.  The 
hydraulic gradient between the unlithified aquifer and the upper bedrock aquifer is vertically 
downward. 
 
At Unit Well 15, groundwater flow in the unlithified aquifer is southwesterly toward Lakes Mendota 
and Monona.  Surface elevations of Lakes Mendota and Monona are approximately 849 and 845 feet 
above MSL, respectively. 
 

Groundwater Flow System 
 
Average annual precipitation in the City of Madison area is approximately 30 to 30.5 inches per year 
(Cline, 1965; Cotter et. al., 1969).  Cline (1965) estimated that the amount of recharge to the 
groundwater reservoir in the Upper Yahara River basin was approximately 6 inches/year (in/yr).  
Swanson (1996) estimated that the recharge rate in Dane County ranges from 0.3 to 6.7 in/yr and has 
an average value of 2.6 in/yr.  Precipitation infiltrates through the till layer, and recharges the 
unlithified and shallow bedrock aquifers.  In some areas, a small percentage of water moves 
downward from the upper bedrock aquifer through the Eau Claire confining layer and into the lower 
bedrock aquifer.  Figure 8 illustrates the location of Unit Well 15 and areas of recharge to and 
discharge from the lower bedrock (Mount Simon) aquifer (Bradbury et. al, 1999; DCRPC, 2004).  Unit 
Well 15 is located near a recharge area.  Discharge from the unlithified and shallow bedrock aquifers 
is to pumping wells and/or to surface waters (lakes, streams, and wetlands).  Discharge from the 
lower bedrock aquifer is primarily to pumping wells. 
 

Unit Well 15 Capture Zones 
 
Unit Well 15 capture zones and the approximate location of the edge of the Eau Claire Shale along 
the eastern side of the buried bedrock valley (west of Unit Well 15) are illustrated on Figure 9.  Note 
that two zones of contribution (ZOC) for 5- and 50-year time-of-travel (TOT) capture zones are 
illustrated on Figure 9.  The most extensive 50-year TOT ZOC was delineated by assuming a 
100 percent design capacity pumping rate of 3 million gallons per day (MGD), which is very 
conservatively large.  The less extensive 50-year TOT ZOC was estimated by assuming a 50-percent 
design capacity pumping rate of 1.5 MGD, and is more representative of the historical pumping of 
Unit Well 15. 
 
On the basis of groundwater flow modeling results (Unit Well 15 capture zones) and the estimated 
location of the buried bedrock valley, groundwater flow from the buried bedrock valley is not captured 
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by Unit Well 15 within a 50-year TOT period.  On the basis of available data, the Eau Claire Shale is 
laterally extensive across the areas delineated for both 50-year TOT ZOCs and where present, has 
the potential to be an effective barrier to vertical flow of groundwater between the Upper Bedrock 
Aquifer and the Lower Bedrock Aquifer.  
 
Video Record Review 
 
Unit Well 15 was televised on May 5, 2009.  All measurements reported in the video are referenced to 
the top of the well casing.  Descending and ascending views of the borehole were provided.  Depths 
varied depending on the direction of logging.  A summary of depths for various features for 
descending and ascending views are provided in Table 1. 
 

Table 1 
Summary of Depths 

Madison Unit Well 15 Televising 05 May 2009 

Feature 
Horizontal View 

Descending Depth1 
(Feet) 

Horizontal View 
Ascending Depth1 

(Feet) 
Bottom of Steel Well Casing 173.5 170.4 

Bedding Plane with Shale Pieces Sitting on Ledge 244.1 241.3 
Bedding Plane with Shale Pieces Sitting on Ledge 353.7 351.2 

Bottom of Well 687 687 
1 Reference is top of well casing (May 2009) 

 
An illustration of the features observed from the bottom of the well casing to a depth of 430 feet is 
illustrated on Figure 10.  The figure shows the interval evaluated for the casing extension.  Depths 
indicated on Figure 10 descriptions are referenced to ascending borehole views plus 1.5 feet unless 
otherwise indicated (“down” view).  As previously mentioned, gamma logging of Unit Well 15, 
indicates a distinctive shaley unit over the interval of approximately 239 to 247 feet depth.  This 
correlates with video observations of thin shale pieces resting on enlarged bedding plane surfaces at 
depths of approximately 242 and 246 feet, and is interpreted by the WGNHS as the Eau Claire Shale 
layer.  Other ledges with shale pieces resting on them were observed at approximately 251.5, 257.5, 
and 260 feet depth. 
 
A few vertical fractures were observed at depths of approximately 180, 247.5, 257.5, 277, 283 to 286, 
295, 305, 346 to 350, 359 to 365, 383, 390, and 415 feet.  In the video view the fractures are short 
segments (2 to 6 feet length) that range from hairline to enlarged (1/2 to 2 inches) sizes. 
 
Below 430 feet depth the video record shows vertical fractures (enlarged in places) extending from 
591 to the bottom of the well at 687 feet.  Single and double fractures extend through the borehole as 
evidenced by fractures in opposite sides of the borehole walls.  An enlarged bedding plane is at 
638 feet, and very large open areas (cavernous-like) extend from approximately 648 to the bottom of 
the well. 
 
Assuming the original drilled depth of Unit Well 15 is 753 feet, there was 66 feet of fill in the well on 
May 5, 2009. 
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WELL PLUMBNESS AND ALIGNMENT 
 
The digital version of the WGNHS Log No. DN-930 for Unit Well 15 indicates that an alignment test 
was performed in the well to a depth of 329 feet.  The WGNHS was contacted about the alignment 
log and provided the test record to AECOM.  A copy of the alignment test data is contained in 
Appendix C.  The alignment test was performed on July 13, 1965.  The diameter of the hang point 
and the height of the hang point are not reported, therefore the validity of the analysis results are 
uncertain. The diameter of Unit Well 15 is 24 inches to 172 feet, and 22-inches to 753 feet.  The 
alignment test record indicates that the casing was not grouted at the time of the test. 
 
Figures in Appendix C illustrate the plumbness and alignment of the ungrouted casing assuming a 
hang point of 25 feet, which is the standard when performing plumbness and alignment testing 
according to the AWWA method.  If a hang-point less than 25 feet was used, the amount of deflection 
will be greater than calculated using a 25 foot hang point. 
 
On the basis of the available data and the analysis using an assumed hang point, the plumbness and 
alignment of the casing and borehole tested to a depth of 329 feet may not conform to the AWWA 
standard.  This is uncertain because not all of the testing variables (such as the hang point) are 
known. 
 
The inside diameter of the casing is 23-inch (I.D.), and the diameter of the lower borehole is 22-inch. 
Figures in Appendix C showing the east-west and north-south planes illustrate that a 12-inch 
diameter column pipe and pump bowl fit comfortably in the casing and borehole to the depth tested.  
Also, use of the well for the past 47 years has demonstrated that a pump and discharge column pipe 
have fit in the 24-inch O.D. (23-inch I.D.) casing without any deflection or unusual wear.  
 
Lining the borehole will require that a 1.5-inch diameter annular space be provided between the liner 
casing and the existing 23-inch I.D. steel casing and 22-inch diameter open borehole for placement of 
neat cement.  An 18-inch O.D. (17.25-inch I.D.) steel casing will provide the required annular space 
between the casing and the lower 22-inch diameter borehole. 
 
It is recommended that the plumbness and alignment of the existing well be tested prior to lining Unit 
Well 15, to ensure that a lineshaft turbine pump and column of the required size will fit in the 
reconstructed well without deflecting from a straight line, after an 18-inch O.D. liner has been grouted 
in-place. 
 
FEASIBILITY OF CASING EXTENSION 
 
On the basis of available data it appears that the upper and lower bedrock aquifers should be isolated 
by placing grouted casing through the Eau Claire Formation and into the upper 10 to 15 feet of the 
Mount Simon Formation.  Shale layers were observed in the Eau Claire Formation and the layers 
correlate to the gamma logging performed by the WGNHS.  The shale layers are thin, but based upon 
the shape file information about the shale that was provided by the WGNHS; the shale layers are 
laterally extensive around Unit Well 15 and across the areas delineated for both 50 year TOT ZOCs 
as illustrated on Figure 9.  The shale layers pinch out at a location approximately two miles northeast 
(upgradient) of Unit Well 15, and are missing in the buried bedrock valleys located west 
(downgradient and sidegradient) of Unit Well 15.  On the basis of available data the shale layers 



Technical Memorandum Madison Water Utility Page 8 
 Unit Well 15 
 Casing Extension Assessment 

should be effective barriers to vertical flow of groundwater from the Upper Bedrock Aquifer downward 
into the Lower Bedrock Aquifer.  It is assumed that the test hole (WGNHS Log DN-916) that was 
drilled at a location 10 feet southeast of Well 15 was properly abandoned and will not act as a conduit 
between the upper and lower bedrock aquifers.  
 
Several enlarged (eroded) bedding planes and aligned secondary porosity features (vugs and 
porosity channels) are encountered in the Eau Claire Formation interval and in the upper part of the 
Mount Simon Formation.  On the basis of the review of the video record it does not appear that 
vertical fractures connect the majority of bedding planes and secondary porosity features. It appears 
that packers placed between enlarged bedding planes could isolate the upper and lower bedrock 
aquifers in the well.  The feasibility of casing extension should be further evaluated by placing 
inflatable packers in the borehole at depths of 248 and 261 feet.  It is assumed that the packers will 
have a minimum length of 2 feet.  The locations of the proposed packers are illustrated on Figure 11.  
Over the interval of 248 to 250 feet the borehole is slightly rough and is characterized by intergranular 
porosity and occasional small vugs.  Over the interval 261 to 263 feet the borehole is moderately 
rough texture with patchy scale.   
 
Placing grouted casing to a depth of 263 feet will close-off the productive Wonewoc Formation and 
significant primary and secondary porosity features in the upper part of the Mount Simon Formation. 
This will result in a decrease in the specific capacity and efficiency of Unit Well 15.  The specific 
capacity of Unit Well 15 at the time of construction was 25.5 gpm/ft of drawdown.  Large secondary 
porosity features (enlarged vertical fractures, bedding planes and enlarged borehole (cavernous) 
areas are apparent in the lower bedrock aquifer below the proposed casing extension interval and 
should be major pathways for supplying significant volumes of water to the well. 
 
STEPS TO FURTHER EVALUATE CASING EXTENSION IN UNIT WELL 15 
 
1. Inform Wisconsin DNR about the planned work in Unit Well 15. 
 
2. Mechanically clean the well by brushing the borehole and casing. 
 
3. Bail the fill out of Unit Well 15 (there was 66 feet of fill in the well on May 5, 2009). 
 
4. Perform a plumbness and alignment test per AWWA standards on the full depth of the well. 
 
5. Run clean potable water into the well (10 gpm) for up to 24 hours to clear the water in the well. 

Televise the well using a sidewall view to confirm the depths for placement of the packers. 
 
6. Construct and develop monitoring wells near Unit Well 15 completed to depths of 225 and 

275 feet for evaluating leakage across the Eau Claire semi-confining layer. 
 
7. Install a test pump, packers, airline, stilling tube, and pressure transducers in the well. 
 
8. Pump the well at 2,000 gpm for a minimum of 36 hours, measure water levels in the Upper and 

Lower Bedrock aquifers in Unit Well 15 during the pre-, test-pumping, and post-pumping periods, 
collect water samples.  Field analyze water samples for general parameters.  Laboratory analyze 
water samples for Safe Drinking Water Act (SDWA) parameters. 
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9. Evaluate the effectiveness of the packers seal in Unit Well 15 and the leakage between the Upper 

Bedrock Aquifer and the Lower Bedrock Aquifer. 
 
10. Determine the specific capacity of the Lower Bedrock Aquifer, sand pumping, and water quality. 
 
11. Remove the test pump, disinfect Unit Well 15. 
 
12. Evaluate the data and determine whether to proceed with grouting a liner casing in Unit Well 15. 
 
AECOM appreciates the opportunity to assist Madison Water Utility with this project.  If you have any 
questions, please contact Joel at (715) 342-3040 or Tom at (715) 342-3031.  
 
Enclosures: Figures 1 through 11 
  Appendix A – Construction Reports and Formation Logs 
  Appendix B – Geophysical Logs 
  Appendix C – Plumbness and Alignment Test Data and Analyses 
  Appendix D - References 
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