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INTRODUCTION 
 
A three-dimensional site conceptual model (SCM) is being constructed, using common 
tools available in a Geographical Information System (GIS), to merge site-specific and 
regional hydrogeologic data. The GIS will be used in combination with geochemical 
evaluation tools to evaluate the geology, groundwater geochemistry, and site-specific 
water quality at a CCR facility.  The CCR facility (Site) is an impoundment that was 
removed from service in the 1990’s.  CCR at the power plant is currently managed in a 
lined landfill.  
 
Groundwater samples, as monitored in most monitoring wells downgradient of the 
impoundment, show no evidence of groundwater quality standard exceedances 
resulting from impoundment operation. However, concentrations of boron and other 
CCR indicator constituents were elevated in one relatively small area. In response to 
these findings, the power company installed a series of groundwater extraction wells to 
intercept the impacted groundwater prior to discharge to a nearby river. A cone of 
depression creating a zone of capture has been measured surrounding the groundwater 
extraction system, yet concentrations of boron and selenium remain elevated in a 
monitoring well downgradient of the extraction system. Boron concentrations in this 
monitoring well are lower than in monitoring wells upgradient of the groundwater 
extraction system (but downgradient of the impoundment) while selenium 
concentrations are higher, and other geochemical indicators indicate that the 
groundwater at this monitoring well is different than groundwater upgradient of the 
extraction system. 
 
This Site is located near the edge of the Michigan Basin, where hypersaline 
groundwater is known to exist at depth. This groundwater slowly seeps out of the basin 
deposits, where it mixes with fresh shallow groundwater prior to discharging to Lake 
Michigan, a regional groundwater discharge point. The SCM developed for this site is a 
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first step towards  evaluating the source of selenium downgradient of the extraction 
system, whether upwelling hypersaline groundwater, site-specific impacts from CCRs, 
or attributable to another source.  
 
METHODOLOGY 
 
The SCM unifies over 50 years of data collected at the Site with regional data based on 
publically-available boring logs and other GIS data within the county.  A data hole in the 
regional GIS data was present in the vicinity of the site, which was largely undeveloped 
prior to power plant construction. This data hole was filled by extracting data developed 
for power plant construction and CCR facility permitting and operation. In total, plant 
data consisted of 629 boring logs and 126 monitoring wells, piezometers, and 
remediation wells, including abandoned wells for the period of 1957 through 2010. All of 
the data entered into the GIS was used to create a 3-D model of the geologic system at 
the Site.  Monitoring well and soil boring locations entered into the model and utilized in 
interpreting the geology and hydrogeology of the Site are shown on Figure 1.  These 
points represent all of the boring and/or well logs that had an identifiable map location, a 
land surface or measuring point elevation, and geologic information. 
 

 
 
Figure 1.  Monitoring Well and Soil Boring Location Map  
 
 



SITE HYDROSTRATIGRAPHY – UNLITHIFIED DEPOSITS 
 
The unlithified materials at the Site range in thickness from 138 to 203 ft (42 to 62 m)  
The three major units identified from land surface downward to bedrock are: (i) Sand 
Unit, which is part of the glaciofluvial aquifer; (ii) Lacustrine Clay, which is intermittent, 
often interbedded with the sand, and part of the glacial lacustrine confining unit; and (iii) 
Till Unit, which is the lowermost unlithified material above the bedrock and has 
intermittent, vertically and laterally discontinuous silt and sand lenses and layers.  There 
are also coal combustion product (CCP) and other anthropogenic unlithified materials 
present on the Site within impoundments, landfills, and built-up areas.    
 
The Sand Unit is the uppermost aquifer beneath the Site.  Total thickness of the Sand 
Unit varies widely across the property, but generally varies from 45 to 60 ft (13.7 to 18.3 
m) below the natural ground surface.  Natural sorting from wind and water has resulted 
in a uniform, clean, well-sorted medium to fine-grained sand deposit closer to the 
surface, but with depth there is an increased likelihood of greater heterogeneity, 
including the occurrence of more silt and clay, including intermittent silt and clay lenses 
and/or layers.  This is particularly the case in the southeastern portion of the Site and 
towards the River, which will be discussed later. 
 

 
 
Figure 2.  Groundwater Elevation and Flow Direction – November 2014 
 



The shallow groundwater surface elevation in the Sand Unit is shown for November 
2014 on Figure 2.  The groundwater elevation surface shows groundwater flow in the 
Sand Unit to the south beneath the western portion of impoundment and towards the 
southeast beneath the landfill and eastern portion of the impoundment.  Discharge of 
groundwater is to the River and the area of the Bayou.  This is consistent with findings 
by IWRDEE1.  There is no apparent impact at the scale of Figure 2 on groundwater flow 
caused by an extraction well system at the groundwater – surface water interface (GSI) 
along the southeastern portion of the Site near the Bayou; however, as shown later, it 
has significant impact on flow in the immediate vicinity of the system. 
 
Beneath the Sand Unit are predominantly silt and clay materials, the uppermost portions 
of which are from a lacustrine depositional environment; however, the lower portion of 
the clay down to bedrock is till.  The upper clay unit (Lacustrine Clay) consists of silty 
clay to clayey silt with some medium to fine-grained sand.  The underlying Till Unit, 
where present, extends downward to the top of bedrock.  Based on 10 borings that 
intercepted bedrock at the Site, the till depth / top of bedrock ranges from 138 to 156 ft 
(42 to 48 m) below ground surface, with an average depth of 146 ft (45 m). 
 
The uppermost clay layer elevation map for the Site and surrounding area (Figure 3) 
shows that the highest clay elevations occur beneath the south portion of the closed  
 

 
 
Figure 3.  Top of Uppermost Clay Elevation Map 



impoundments, forming an apparent east to west ridge. However, there is only one data 
point south of this area (from a water well located approximately 0.6 miles (0.97 km) to 
the south), leaving a large data gap for clay elevation north and south of the River.  The 
lowest clay elevations occur to the west towards Lake Michigan (beneath the main Plant  
area) and in the extraction well remediation area at the Bayou.  The top of the 
uppermost clay in this area is below 565 ft (172 m) above mean sea level (amsl), but no 
data is available beneath the River or to the southeast for approximately 2,000 ft (610 
m).  
 
There is a paucity of data available on the hydrogeology of the Lacustrine Clay and Till 
Unit.  No in-situ field data was found from either Site reference materials or publically 
available references for the surrounding region. 
 
SITE HYDROSTRATIGRAPHY – BEDROCK 
 
Based on 16 borings advanced to bedrock in the western portion of the Site, the top of 
bedrock in this area lies at a depth of 138 to 203 ft (42 to 62 m) below ground surface 
(bgs).  The top of bedrock elevation map (Figure 4) shows that the available information 
on bedrock elevation off-site relies on drinking water wells located several miles away.   
 

 
 
Figure 4.  Top of Bedrock Elevation Map 
 



However, the interpolated top of bedrock using both Site and off-site data indicates that 
the top of bedrock initially rises eastward from the Site before decreasing again. 
 
The lithology of the upper portion of the Bedrock Unit in the western portion of the Site 
has been characterized based on 16 bedrock penetrations ranging from 1 to 64 ft (0.3 to 
19.5 m) with an average penetration depth of 15 ft (4.6 m).  The bedrock beneath the 
western portion of the Site was characterized on the boring logs with the following 
descriptors: soft gray shale; gray shale; gray weathered shale; blue shale; and very 
hard blue gray shale.  Based on the penetration depths and descriptors, the regional 
lithologic interpretation of the Coldwater Shale as the bedrock unit has been confirmed 
for the westernmost portion of the Site only.  However, the elevation or lithology of the 
uppermost bedrock in the eastern portion of the Site, and for a distance of at least 3 to 5 
miles (4.8 to 8 km) eastward to the nearest bedrock water wells, has not been 
determined. 
 
Since water wells in this area would only obtain a bedrock supply from the sandstone of 
the Marshall Aquifer, it can be assumed that all of the bedrock water wells to the 
northeast, east, and southeast are installed in the Marshall and the Coldwater is not 
present, leaving a data gap between the confirmed presence of the Coldwater confining 
unit and the Marshall Aquifer of a minimum 3.7 miles (6 km).  There is an absence of 
field or laboratory test data, hydraulic data, or hydrogeological data of any type available 
for the bedrock beneath the Site or in the vicinity of the Site.  Any information regarding 
the Coldwater confining unit or the Marshall Formation are from regional studies 
obtained from other areas of Michigan. 
 
 
GROUNDWATER EXTRACTION SYSTEM AREA GEOLOGY 
 
A groundwater extraction system was implemented to control selenium loading to the 
River near the Bayou in 2001. A detail map of the groundwater extraction area, along 
with locations of the seven extraction wells is provided on Figure 5. 
 
Geologic cross-sections B-B’ and C-C’ through the groundwater extraction area 
(Figures 6 and 7) represent the shallow geology of the lacustrine sand and clay deposits 
to a maximum boring depth of 67 ft (20.4 m) bgs at extraction well RW-4.  The upper 
(shallow) sand in the extraction area ranges from 19 to 55 ft (5.8 to 16.8 m) thick with an 
average thickness of 23 ft (7 m).  All seven of the extraction wells are screened within 
the shallow sand.  Below the upper sand (shallow sand) is the upper clay layer, which 
ranges from 3 to 11 ft (0.9 to 3.4 m) in thickness with an average thickness of 8 ft (2.4 
m).  This layer acts as a semi-confining unit between the shallow sand and the deep 
sand.  The lowermost depth of the upper clay layer in the extraction area is 34 ft (10.4 
m) bgs, which is 556 ft (169 m) amsl. 
   
The lower sand layer is of indeterminate thickness within the extraction area, although it 
may exceed a depth of 67 ft (20.4 m) bgs and a thickness of 44 ft (13.4 m), as observed 
at one boring location.  However, as seen on Figures 6 and 7, an additional clay layer or 



lense was intercepted in a couple of borings.  The top of this second clay layer or lense 
occurred at a depth of 42 ft (12.8 m) with a thickness of 2.5 ft (0.8 m).   Due to the lack 
of deeper borings in the extraction area it is uncertain if this second clay layer is laterally 
continuous or simply a lense within the deep sand layer. 
 

 
 
Figure 5.  Detail Map of Groundwater Extraction Area 
 
The greatest uncertainty regarding the geology within the extraction area is the 
continuity of the clay layer(s) towards and beneath the River, where scouring may have 
eroded into the clay and replaced it with alluvium.  IWRDEE1 notes potential for 
connection between the shallow (unlithified) and deep (bedrock) aquifers in this area.  
Although the upper clay and a second (lower) clay layer or lense have been identified 
within the extraction well area, there is no boring data available to the southeast 
towards the River.  There is also no geologic data available immediately adjacent to 
Bayou. 



 
 
Figure 6.  Cross Section B-B’ 
 

 
 
Figure 7.  Cross Section C-C’ 



GSI AREA HYDROGEOLOGY 
 
The shallow sand within the extraction area is laterally continuous with, and 
hydraulically connected to, the Sand Unit that is found over the entire Site.  Figures 8 
and 9 show groundwater flow in the shallow sand and near the top of the deep sand in 
the extraction area.  Groundwater flow in the shallow sand appears to be captured by 
the extraction well system prior to discharge to the River.   
 

 
 
Figure 8.  Shallow Sand Groundwater Flow at the Groundwater Extraction Area 
 
Groundwater flow at the top of the deep sand (Figure 9) shows an apparent induced 
groundwater flow from below the shallow sand towards the extraction wells; however 
the cone of depression and capture area in the deep zone is significantly smaller than 
observed in the shallow sand. 



 
 
Figure 9.  Deep Sand Groundwater Flow at the Groundwater Extraction Area 
 
 
SITE CONCEPTUAL MODEL 
 
Based on regional and site-specific geology and hydrogeology an initial SCM was 
developed for the Site.  In its simplest form, the SCM is one where water that infiltrates 
at the land surface, whether within or outside the boundary of the closed impoundment 
and active landfill, percolates downward until it reaches the water table. At that point it 
then migrates relatively rapidly (for groundwater) to the southeast and discharges to the 
River. There are two exceptions and one unknown variant to this simplified SCM. The 
exceptions are: 
 

 The area beneath the landfill is lined, and most of the water that infiltrates at the 
land surface is captured by the leachate collection system, rather than 
percolating to groundwater. 

 
 The groundwater extraction system captures groundwater before it can discharge 

to the River, and actually causes a groundwater flow reversal causing the River 
to lose water to the shallow sand in the immediate vicinity of the extraction wells.  
 

 



The unknown variant is: 
 

 IWRDEE1 has identified potential for upwelling of hypersaline groundwater from 
deep portions of the Marshall formation. Their data suggests that upwelling is 
most likely in areas of groundwater discharge, one of which is the River corridor. 
This upwelling could be significant in terms of groundwater monitoring 
downgradient of the closed fly ash impoundment, particularly near the extraction 
system where groundwater extraction could draw hypersaline water, which would 
normally be confined to deep portions of the aquifer, upward. One observation 
supporting this hypothesis is IWRDEE1 data suggesting a potential hydraulic 
connection between shallow and bedrock aquifers in the River area. One 
argument against this hypothesis is that the nearest mapped subcrop of the 
Marshall formation is 3 to 4 miles from the Site; however, there are no boring 
logs that extend to bedrock in this area. IWRDEE1 data show elevated chloride in 
water wells along the River near the site which may suggest that either the 
Marshall Formation extends to this point or the upper portion of the underlying 
Coldwater Shale is fractured and allows migration of hypersaline water through 
the fractures.  

 
 
GROUNDWATER QUALITY  
 
Selenium concentrations in groundwater within the GSI groundwater extraction area 
adjacent to the River and Bayou have consistently been greater than samples 
downgradient and closer to the closed fly ash cells and landfill.  Wells inside the zone of 
influence of the groundwater extraction system have had selenium concentrations 
consistently above the Final Acute Value (FAV) criterion of 120 micrograms per Liter 
(ug/L), with median concentrations of 84 and 220 ug/L at wells MW-11A and MW-15 
(Figure 10) for the period of 1996 through 2014.  Conversely,  
 

 
 



Figure 10.  Box and Whisker Plots of Selenium Concentration from 1996 to 2014 
Outside Remediation Zone versus Inside Remediation Zone 
 
monitoring wells outside the zone of influence but still downgradient from the CCR 
waste units (i.e., wells MW-13 and MW-14) have median concentrations of 8 and 9 
ug/L.  Long term trend in selenium at one of the wells with the highest observed 
concentrations both at the Site and within the GSI groundwater extraction area (Figure 
11) demonstrates the high variability of selenium over time.  Selenium concentrations at 
well MW-11A have fluctuated from non-detect in 2014 to 419 ug/L in 2002.  These large 
concentration changes may be partially in response to seasonal changes in 
groundwater flow, but are most likely due to localized changes in shallow and deep 
groundwater flow resulting from operation of the GSI extraction wells.   It is 
hypothesized that the high selenium concentrations observed in some of the GSI area 
wells are from a source other than the fly ash cells and landfill, possibly naturally 
upwelling groundwater from a geologic source.    
 

 
 
Figure 11.  Time Series of Selenium Concentration at Monitoring Well MW-11A Inside of 
Remediation Zone 
 
 
SUMMARY 
 
There are a significant number of deep borings down to bedrock for the western portion 
of the Site where the power plant is located that provide information for construction of a 
CSM. Unfortunately, there are few borings within the eastern portion of the Site, where 
the impoundment is located, that penetrate into the Clay Unit and no borings intercept 



the bedrock, leaving a significant data gap both within and below the deep sand in the 
extraction area.  The CSM analysis has indicated that the presence, thickness and 
lateral continuity of clay layers within the Sand Unit near the River and Bayou, the depth 
and presence of inter-clay sand layers within the Clay Unit, and the depth and lithology 
of the bedrock are key data gaps that need to be addressed in order to evaluate 
whether or not upwelling of hypersaline groundwater from the Michigan Basin bedrock 
may be contributing to selenium and boron concentrations observed downgradient of 
the groundwater extraction system.  
 
At the beginning of this PROCESS, it was known that there were a large number of 
geologic borings available from on-site and off-site data sources; however, the amount 
of information available in these borings could not be evaluated without actually going 
through the exercise of building the CSM. Given the data gaps identified during the 
analysis, the CSM does not provide sufficient information to prove or disprove that 
upwelling of hypersaline groundwater is contributing to observed boron and selenium 
concentrations downgradient of the groundwater extraction system. However, it 
provides a road map for future site investigation activities that would be needed in order 
to provide a final determination on the upwelling hypothesis. 
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