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 NUMERICAL MODELING OF HYDROGEOLOGIC CONDITIONS 
DEWEY-BURDOCK PROJECT 

SOUTH DAKOTA 
 
1 Introduction 
 
Powertech USA (Powertech) has submitted an application to the U.S. Nuclear 
Regulatory Commission (NRC) for a Uranium Recovery License (URL) to 
conduct in-situ recovery (ISR) of uranium from the Dewey-Burdock Project in 
South Dakota. The target ore zones are the Fall River Formation (Fall River) and 
the Chilson Member (Chilson) of the Lakota Formation, both included within the 
Inyan Kara Group. The target ore zones are separated by the Fuson Shale, a low 
permeability confining unit. 
 
A numerical groundwater flow model was developed using site-specific data to 
evaluate hydraulic responses of the Fall River and Chilson aquifers to ISR 
production and restoration operations at the site. This report describes the 
development of the numerical model and summarizes the results of numerical 
simulations used to predict aquifer drawdown and recovery from ISR operations 
in the Inyan Kara aquifer system.  
 
2 Purpose and Objectives  
 
The numerical groundwater flow model was developed to support Powertech in 
planning and operation of the uranium ISR project. The numerical model is used 
to assess hydraulic response of the Fall River and Chilson aquifers to ISR 
uranium extraction.  
 
Objectives of the numerical model included the following: 
 

• Enhance understanding of the Fall River and Chilson aquifer systems with 
respect to: 

- regional and local flow patterns 
- recharge and discharge boundaries 
-  overall water budget (available and sustainable resources) 

• Evaluate potential hydraulic impacts (e.g. drawdown and potential 
dewatering) from production and restoration operations on both the local 
and regional scale; 

• Assess potential communication (if any) between the Fall River and 
Chilson aquifers during production and restoration activities;  

• Compare hydraulic impacts of variable bleed rates and production rates 
on the Fall River and Chilson aquifers; 

• Determine the level of interference between wellfields that could occur 
with simultaneous production and restoration operations;  
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• Evaluate the potential impacts of ISR operations to an open pit mine 
located within the Project Area that intercepts Fall River groundwater; 

• Assess the potential hydraulic impacts that would result from a breccia 
pipe recharge to the Fall River and Chilson aquifers (as hypothesized by 
Gott et al [1974]) within the Project Area.  

 
3 Conceptual Model  
 
Detailed description of the geology and hydrogeology of the Project Area can be 
found in the Dewey-Burdock Project Application for NRC URL Technical Report 
(Dewey-Burdock TR) prepared by Powertech. The conceptual hydrologic model 
for the Dewey-Burdock Project Area is summarized below.  
 
The Dewey-Burdock Project Area lies on the southwest flank of the Black Hills 
Uplift; a large structural feature of Laramide age. Igneous and metamorphic 
Precambrian-age rocks are exposed in the core of the uplift and are surrounded 
by outward-dipping Paleozoic and Mesozoic rocks.  The Dewey Fault, a 
northeast to southwest trending fault zone, is present approximately one mile 
north of the Dewey-Burdock Project Area. The Dewey Fault is a steeply dipping 
to vertical normal fault with the north side uplifted approximately 350 feet by a 
combination of vertical and horizontal displacement. The Project Area lies near 
the eastern limit of the Powder River Basin. Locally, the Barker Dome Anticline, 
present east of the Project Area, creates geologic dip to the west-southwest in 
the subsurface strata.  
 
The target ore zones are the Fall River Formation and the Chilson Member of the 
Lakota Formation within the Cretaceous Inyan Kara Group. The Inyan Kara 
consists of interbedded sandstone, siltstone and shale and averages 
approximately 350 feet thick in the Dewey-Burdock Project Area. To the 
northeast, toward the Black Hills Uplift, the Inyan Kara is largely eroded away. 
Where exposed at the surface, infiltration of precipitation and runoff provides 
recharge to the Inyan Kara aquifers.  The Inyan Kara is confined below by the 
Jurassic Morrison Formation and above by the Cretaceous Graneros Group 
except for the areas to the north and east where the Inyan Kara is exposed in 
outcrop. 
 
Groundwater flow within the Inyan Kara, based on regional studies conducted by 
the U.S. Geological Survey in the 1990s (Strobel et al 2000), is generally away 
from the Black Hills Uplift, toward the south and west. Within the Black Hills area, 
the transmissivity of the Inyan Kara aquifers is highly variable, ranging from 1 to 
6,000 ft2/day. The Inyan Kara is capable of yielding large volumes of water 
(Driscoll et al 2002). For example, an aquifer test conducted near the Project 
Area by Tennessee Valley Authority (TVA) averaged nearly 500 gpm over an 11 
day pumping period (Boggs 1983).  
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The Fall River Formation is the uppermost unit within the Inyan Kara Group. It is 
composed of carbonaceous interbedded siltstone and sandstone, channel 
sandstone and a sequence of interbedded sandstone and shale. The Fall River 
ranges from 120 to 160 feet thick within the Project Area. The Fall River 
Formation dips southwesterly at 2 to 6 degrees and is present in outcrop near the 
eastern and northern edges of the Project Area. A structure map of the top of the 
Fall River is provided as Plate 2.6-5 in the Dewey-Burdock TR.  
 
Overlying the Fall River Formation is the Graneros Group, a sequence of dark 
shales that reaches over 500 feet thick in the northwestern portion of the Project 
Area. This unit is eroded away along the eastern edge of the Project Area where 
the Fall River is exposed in outcrop.  Where present, the Graneros Group 
provides an upper confining unit to the Fall River Formation. Evidence of the 
confining characteristics of the Graneros Group can be seen in the large artesian 
heads present in many of the Inyan Kara wells in the western portion of the 
Project Area.  
 
The Lakota Formation is locally subdivided into the Fuson, the Minnewaste 
Limestone and the Chilson Members. The Minnewaste Limestone is not present 
in the Project Area. The Fuson Shale is differentiated from the Fuson Member for 
purposes of characterizing site geology. The Fuson Shale consists of low 
permeability shales and clays which generally occur at or near the base of the 
Fuson Member. An isopach of the Fuson, based on over 3,000 boreholes, 
indicates the thickness of this unit ranges from about 20 to 80 feet as shown on 
Plate 2.6-8 of the Dewey-Burdock TR. The Fuson Shale is a confining unit 
between the Fall River and Chilson.  
 
The Chilson consists of fluvial channel sandstone and associated laterally finer-
grained overbank deposits and varies from 100 to 240 feet thick. It also is 
present in outcrop, slightly farther north and east than the Fall River, and is 
readily observed along the sides of Bennett Canyon. The Chilson also dips to the 
southwest at between 2 and 6 degrees. A structure map of the top of the Chilson 
is provided as Plate 2.6-3 in the Dewey-Burdock TR. 
 
Hydrologic properties for these hydrostratigraphic units have been estimated 
from a number of pumping tests, core analyses and water level measurements. 
Figure 3-1 shows the location of pumping tests.   
 
The Fall River aquifer is partially saturated in the eastern portion of the Project 
Area, becoming fully saturated to the west-southwest. Flowing artesian 
conditions exist across the western portion of the site. The potentiometric surface 
of the Fall River across the Project Area has a hydraulic gradient of 
approximately 0.005 to 0.006 ft/ft (26 to 32 ft/mile) toward the southwest. The 
potentiometric surface of the Fall River based on average water level elevations 
collected in 2010 and 2011, is shown on Figure 3-2. Water level data used to 
construct the potentiometric map are included in Table 3-1.  Transmissivity of the 
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Fall River ranges from about 50 to 330 ft2/d (375 to 2,500 gpd/ft) based on 
reports of the pumping tests conducted by TVA in 1979 and Knight-Piesold in 
2008. The transmissivity values were approximately three to four times higher in 
the test conducted near the Dewey location compared to the test near Burdock. 
Storativity estimated from the pumping tests ranged from 1.0 E-05 to 5.0 E-05. 
Hydraulic conductivity calculated from pumping tests ranged from 1.5 to 2.0 ft/d 
in the northwest test (Knight-Piesold 2008) and around 0.5 ft/d in the southeast 
test (Boggs 1983). 
 
The Chilson is fully saturated across the most of the site. There are areas along 
the eastern margin of the Project Area where water level data from monitor wells 
indicate that the potentiometric head is below the top of the Chilson. In that area, 
the Chilson does contain a clay unit that separates the upper and lower Chilson 
sand units locally. The upper unit is partially saturated but the lower unit is fully 
saturated. The target ore zone in the eastern portion of the Project Area is the 
lower, fully confined Chilson unit.  
 
The potentiometric surface of the Chilson across the Project Area has a hydraulic 
gradient of approximately 0.002 to 0.004 ft/ft (10.5 to 16 ft/mile) toward the 
southwest. The potentiometric surface of the Chilson, determined from average 
water level elevations collected in 2010 and 2011, is shown on Figure 3-3. Water 
level data used to construct the potentiometric map are included in Table 3-1. 
The transmissivity and hydraulic conductivity of the Chilson are slightly higher 
than those of the Fall River, based on the available data. Transmissivity of the 
Chilson ranges from about 150 to 600 ft2/d (1,125 to 4,500 gpd/ft) based on 
reports of the pumping tests conducted by TVA in 1982 and Knight-Piesold in 
2008. The transmissivity values for the Chilson were approximately four times 
higher in the test conducted near the Dewey location compared to the test near 
Burdock, consistent with the results for the Fall River tests. Storativity estimated 
from the pumping tests ranged from 1.0 E-04 to 2.0 E-04. Hydraulic conductivity 
calculated from pumping tests ranged from 3.1 ft/d in the northwest test (Boggs 
1983) to around 0.9 ft/d in the southeast test (Knight-Piesold 2008).  
 
Total porosity of the Fall River and Chilson is estimated at 30 percent (Dewey-
Burdock TR Section 6.1.6).  
 
Data regarding aquifer properties of the Fuson Shale are derived from core 
permeability analyses and pumping test data. Vertical permeability ranges from 
about 7.8 E-09 to 2.2 E-07 cm/sec (2.2 E-05 to 6.2 E-04 ft/d) from core data. An 
estimate of the vertical permeability of the Fuson Shale from the 1979 pumping 
tests in the Fall River and Chilson was reported by TVA as 4.6 E-08 to 1.0 E-07 
cm/sec (1.4E-04 to 2.8E-04 ft/d), which is consistent with the values from the 
core tests.  
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Core data from the Skull Creek Shale (of the Graneros Group) that is overlying 
the Fall River indicate a vertical permeability of 1.5 E-05 ft/d (Knight-Piesold 
2008). 
  
Underlying the Chilson is the Morrison Formation. The Morrison Formation 
averages 100 feet in thickness in the Project Area and is composed of waxy, 
calcareous, non-carbonaceous, massive shale with numerous limestone lenses 
and a few thin fine-grained sandstones. Core sample analyses indicate the 
vertical permeability of the Morrison clays to be very low, in the range of 3.9 E-09 
to 4.2 E-08 cm/sec (1.1 E-05 to 1.1 E-04 ft/d) (Dewey-Burdock TR). Because of 
the low permeability and continuity beneath the Dewey-Burdock area, the 
Morrison Formation is considered the lowermost confining unit for the proposed 
ISR operations. No impacts from ISR activities are anticipated below the 
Morrison Formation.  
 
Within the Project Area, the Fall River and Chilson are generally bounded above 
and below by low permeability clays and silts that act as confining units. Water 
level differences between the Fall River and the Chilson are variable but can be 
in excess of 40 feet. In the northern portion of the site, the potentiometric head of 
the Fall River is generally from 8 to 16 feet higher than the Chilson. Toward the 
central western portion of the site, the potentiometric head of the Chilson is 35 to 
40 feet higher than the Fall River. Close to the outcrop area of the Fall River on 
the east side of the Project Area the potentiometric heads are nearly equal. 
There are numerous flowing artesian wells throughout the area both in the Fall 
River and Chilson aquifers, providing an indication that there is an overall upward 
gradient across much of the area, particularly away from recharge areas where 
the Fall River crops out.  Figure 3-4 indicates the general relationship of hydraulic 
head between the Fall River and Chilson aquifers.  
 
Recharge occurs to the Fall River from a combination of infiltration of 
precipitation over outcrop areas and from infiltration of overland flow. In the fall of 
2011, Petrotek personnel conducting a site visit observed flow in the Pass Creek 
drainage near the northern boundary of the Project Area infiltrate into the ground 
over a distance of a few hundred feet. The observed flow was estimated on the 
order of 100 gpm within a few hundred feet of where the drainage became dry.  
 
The Fall River crops out to the east and north of the Project Area. The Chilson 
crops out slightly farther east and north of the Fall River outcrop area. These are 
areas of direct recharge to the aquifers. Geologic dip and hydraulic gradient are 
both toward the southwest. Therefore a portion of groundwater passing through 
the Fall River and Chilson beneath the Project Area most likely originates from 
recharge from the outcrop areas to the north and east. A number of private wells 
either pump water from the Fall River and Chilson aquifers or allow water to flow 
under natural artesian conditions. Estimates of the current level of discharge from 
these wells, based on a recent survey conducted by Powertech, are on the order 
of 100 to 150 gpm and are summarized in Table 3-2.  There must be sufficient 
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recharge occurring to the Fall River and Chilson aquifers to sustain the artesian 
water levels observed in wells in the area.  
 
An approximation of groundwater flux across the Project Area can be calculated 
for the Fall River and Chilson using the following equation: 
 

Q = K i a 
 

 where  Q = groundwater flux in ft3/d 
  K = hydraulic conductivity in ft/d 
  i = hydraulic gradient in ft/ft 
  a = cross-sectional area perpendicular to flow.   
 

The following parameter estimates are used in the calculation. The cross-
sectional distance from the northwest corner of the Project Area to the southeast 
corner (approximately parallel to the potentiometric contours) is approximately 
37,500 feet. For the Fall River, an average thickness of 140 feet, a hydraulic 
conductivity of 1 ft/d and a hydraulic gradient of 0.005 ft/ft are used to calculate a 
flux of 26,250 ft3/d or 136 gpm. For the Chilson, an average thickness of 180 
feet, a hydraulic conductivity of 2 ft/d and a hydraulic gradient of 0.003 ft/ft are 
used to calculate a flux of 40,500 ft3/d or 210 gpm. The recharge rate updip of 
the Project Area must be approximately equivalent to this flux in order to maintain 
present water levels. These estimates are on the low side because the recharge 
must also account for the private well discharge of 100 to 150 gpm.  
 
Average groundwater velocity under the aquifer conditions stated above for each 
of the aquifers and an estimated porosity of 0.30 would be 0.017 ft/d (6.1 ft/yr) for 
the Fall River aquifer and 0.02 ft/d (7.3 ft/yr) for the Chilson aquifer. 
 
Annual precipitation in the Black Hills area generally ranges from 12 to 28 inches. 
In the Dewey-Burdock area, the average precipitation is approximately 16.5 
inches. 
  
As previously indicated, the Fall River and Chilson are the primary hosts of 
uranium mineralization within the Dewey-Burdock Project Area. These two units, 
and the Fuson Shale confining unit between them, will be the focus of the 
modeling effort.  
 
Average ore zone thickness between the Fall River and Chilson is estimated at 
4.6 feet (Dewey-Burdock TR Section 6.1.6). Anticipated production rates will be 
20 gpm per well pattern, all of which will be reinjected with the exception of a net 
0.5 to 1.0 percent bleed (overproduction) as indicated in the Dewey-Burdock TR. 
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4 Model Development 
 
The model code used to simulate the Dewey-Burdock ISR project was 
MODFLOW-2000 (Harbaugh et al 2000). MODFLOW-2000 is a public domain 
computer code developed by the U.S. Geological Survey that numerically solves 
the groundwater flow equation for a porous medium using a finite difference 
method. MODFLOW-2000 is an enhanced version of the widely used 
MODFLOW code that has been updated several times (McDonald and Harbaugh 
1988, and Harbaugh and McDonald 1996). Like its predecessors, MODFLOW 
2000 simulates groundwater flow using a block-centered, finite-difference 
approach that is capable of a wide array of boundary conditions. The code can 
simulate aquifer conditions as unconfined, confined, or a combination of the two.  
MODFLOW-2000 also supports variable thickness layers (i.e. variable aquifer 
bottoms and tops).  Documentation of all aspects of the MODFLOW-2000 code is 
provided in the users manuals (Harbaugh et al 2000). 
 
The pre/post-processor Groundwater Vistas (Environmental Simulations, Version 
6, 2011) was used to assist with input of model parameters and output of model 
results.  Groundwater Vistas serves as a direct interface with MODFLOW-2000, 
and MODPATH. Groundwater Vistas provides an extensive set of tools for 
developing, modifying and calibrating numerical models and allows for ease of 
transition between the groundwater flow and particle tracking codes.  Full 
description of the Groundwater Vistas program is provided in the Users Guide to 
Groundwater Vistas, Version 6.0 (Environmental Simulations Inc. 2011). 
 

4.1 Model Domain and Grid 
 
The model domain encompasses an area of nearly 360 square miles with north-
south and east-west dimensions of 100,000 ft (18.9 miles).  The Project Area is 
located in the northeastern quadrant of the model domain. As described in the 
conceptual model discussion, north and east of the Project Area the Fall River 
Formation and the Chilson Member have been eroded away. The northern and 
eastern extent of the model domain represents the natural updip termination of 
saturated conditions within the Inyan Kara aquifer system in the vicinity of the 
Project Area due to the absence of the Fall River and Chilson hydrologic units. 
The south and west boundaries of the model extend at least 10 miles beyond the 
Project Area. The extent of the model domain is illustrated in Figure 4-1. 
 
The model grid was designed to provide adequate spatial resolution within the 
Project Area in order to simulate response of the aquifer to typical extraction and 
injection rates anticipated for the Dewey-Burdock uranium project. The model 
domain was extended a considerable distance from the wellfield boundaries to 
minimize impacts of exterior boundary conditions on the model solution in the 
area of interest.  
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Cell dimensions within the vicinity of the Project Area are 100 feet by 100 feet. 
Cell dimensions are gradually increased to a maximum size of 400 feet by 400 
feet near the edges of the model. The model consists of 525 rows and 523 
columns with 4 layers and contains 1,098,300 cells.  
 
The four layers of the model represent, from shallowest to deepest, the Graneros 
Group, the Fall River Formation, the Fuson Shale and the Chilson Member of the 
Lakota Formation. The Morrison Formation beneath the Chilson is considered an 
aquitard for the region and is represented as a no flow boundary in the model. 
The Graneros Group is also considered an aquitard in the region but was 
included in the model to provide a reference point for water level elevations 
within the Fall River and Chilson aquifers relative to ground surface. Figure 4-2 
shows the relationship of the model layers. Ground surface elevation 
corresponds to the top of the model, and the bottom of the Chilson corresponds 
to the base of the model. The data within the Project Area are based on site 
borings. Outside of the Project area, geologic picks are largely based on 
available oil and gas well logs. The geologic dips of the surfaces are projected 
out to the model limits. 
 

4.2 Boundary Conditions 
 
Boundary conditions imposed on a numerical model define the external geometry 
of the groundwater flow system being studied as well as internal sources and 
sinks.  Boundary conditions assigned in the model were determined from 
observed conditions. Descriptions of the types of boundary conditions that can be 
implemented with the MODFLOW code are found in McDonald and Harbaugh 
(1988).  Boundary conditions used to represent hydrologic conditions at the 
Dewey-Burdock Project Area included general-head (GHB), areal recharge and 
wells and no-flow boundaries (NFB). The locations of the NFB, GHB and 
recharge boundary conditions within the model are illustrated in Figure 4-1. 
Discussion of the placement and values for these boundary conditions is 
provided below. The well boundaries are described in the discussion of 
calibration and operation simulations. 

   
The NFB was used to represent areas where groundwater flow was not 
hydraulically connected to the site or where the aquifer was absent, as in the 
case where the Fall River has been eroded away north and east of the site.  The 
Dewey Fault system has sufficient offset such that there is a break in the 
continuity of the Fall River and Chilson units. Therefore, the assumption used in 
the development of the model is that there is no flow across the fault in either the 
Fall River or Chilson aquifers. The model domain north of the Dewey Fault 
system is simulated using the NFB condition.  
 
Geologic maps of the area (Braddock 1963) were used to identify where the Fall 
River has been eroded away. The NFBs were used to represent that condition. 
To simplify some of the modeling effort, it was assumed that the underlying 
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Fuson Shale was also absent in the same area as the Fall River. Similarly, 
geologic maps were used to identify areas were the Chilson was absent or very 
thin and those areas were also simulated using the NFBs.  
 
The GHB was used in the Dewey-Burdock Project Area model to account for 
inflow and outflow from the model domain.  GHBs were assigned along the 
edges of the model domain where available water-level data suggest the aquifer 
is being recharged from, or discharging to, a source external to the model 
domain.  GHBs were used because the groundwater elevation at those 
boundaries can change in response to simulated stresses.  In the Dewey-
Burdock Project Area model, GHBs were assigned to the west, south and 
southeast boundaries of the model to represent outflow from the model domain 
as groundwater moves away from the Project Area out into the Powder River 
Basin (to the west) and down the Cheyenne River Valley (to the south and 
southeast).  The values of head assigned to the GHBs on the west edge of the 
model ranged from 5445 to 5560 ft amsl from south to north. Along the south 
edge of the model GHB values ranged from 5445 to 5550 ft amsl.   
 
Pass Creek recharges the underlying Fall River and Chilson aquifer systems 
north of the Project Area. GHBs were used to simulate the recharge occurring in 
the area of Pass Creek. Some GHBs were also placed along the eastern edge of 
the model to account for some underflow through the Chilson from areas outside 
the model domain. The heads in the GHBs near the Project Area were adjusted 
to achieve calibration of the model. 
 
The GHB condition was also used to simulate the presence of a surface 
depression that appears to intercept groundwater. The Triangle Pit located in the 
east portion of the Project Area, is a former uranium open mine pit. The depth of 
the pit and the projection of the potentiometric surface at that location suggest 
that this depression intercepts the water table in the Fall River. The elevation of 
water in the Pit is approximately 3670 ft amsl. The base of the other former open 
pit mine workings located further to the southeast are above the potentiometric 
surface of the Fall River and Chilson aquifers and are not included in the model 
simulations. A detailed discussion of the former mine pits and the relationship to 
groundwater is provided in the Dewey-Burdock TR.  
 
The Fall River crops out north and east of the Project Area. This is an area of 
direct recharge to the aquifer.  Recharge to the Fall River and Chilson aquifers 
upgradient of the Project Area must be approximately equal to the flux across the 
Project boundary. The flux across the Fall River and Chilson aquifers was 
previously calculated as 136 gpm and 210 gpm, respectively across a 37,500 ft 
cross-sectional length. In addition to the GHBs that were applied north of the 
Project Area to represent recharge from Pass Creek,  zones of recharge were 
applied along the east edge of the model domain to represent infiltration 
recharge to the Fall River in the area where the unit crops out or is very close to 
ground surface. The recharge was extended further east than the mapped limits 
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of the Fall River to allow for infiltration recharge to enter the Chilson in the areas 
where that unit outcrops or is close to the ground surface. Recharge rates were 
limited during calibration to not exceed 10 percent of the average precipitation 
rate for the Project Area.  In the final calibration, the rates were substantially 
lower than that at approximately 0.0001 ft/d or 0.44 in/yr. That value is less than 
3 percent of the average annual precipitation rate. The location of the recharge 
zones is illustrated in Figure 4-3. 
 
Groundwater Vistas allows the option of simulating wells using either the 
MODFLOW well package or as analytical elements. MODFLOW simulation of the 
wells using either method of input, is the same. The analytical elements method 
was selected for this model mainly for the ease of interactively shifting well 
locations on the viewer screen and for importing large numbers of wells into the 
model from spreadsheets. Analytical element wells were used to simulated 
pumping and/or artesian flow from private wells in the area. Table 3-2 
summarizes the flow rates used for private wells in the model. It was assumed for 
purposes of the model that these flow rates represent average continuous rates 
and are therefore simulated as steady state boundary conditions.  
 
Analytical element wells were also used to simulate well patterns of the ISR 
project. A single well is used to represent the net extraction that occurs within 
each well pattern.  The total number of well patterns per wellfield ranges from 9 
to 120 (Table 6-1). Each well pattern is approximately 100 feet on a side which 
coincides with the cell size in the area of the wellfields. Extraction rates applied to 
the wells varied according to the production/restoration schedule applied to the 
various operational simulations and are described under that section of this 
report. 
 
The model domain was extended a suitable distance from the location of the 
proposed production wellfields to minimize perimeter boundary effects on the 
interior of the model where the hydraulic stresses were applied.            
 

4.3 Aquifer Properties 
 
Input parameters used in the model to simulate aquifer properties are consistent 
with site-derived data including; top and bottom elevations of the Fall River, 
Fuson and Chilson, hydraulic gradient, hydraulic conductivity, and specific 
storage.  
 
The top and bottom elevations of the Fall River and Chilson within the Project 
Area were determined from picks in several hundred borings provided by 
Powertech and outside of the Project Area from well logs obtained from the 
South Dakota Department of Environment and Natural Resources, the Wyoming 
State Engineer’s Office or the Wyoming Oil and Gas Commission. Gridded 
contour maps were generated using the contouring program Surfer, Version 9.0 
(Golden Software, 2009). The maps were imported into Groundwater Vistas to 
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represent the top and bottom elevations of the Fall River and Chilson (Figure 4-4 
through 4-7).  
 
During model construction, there was difficulty in maintaining integrity between 
the various layers of the model. Based on projection of the available data, some 
of the layers intersected each other in space. This occurred primarily because 
the data sets were not entirely consistent, (i.e. not all well reports contained 
geologic picks for each of the modeled units). The decision was made during 
model development to utilize the top of the Fall River and Chilson layers as 
mapped from the available data and to simulate the Fuson as a uniform layer 45 
thick with the bottom corresponding to the top of the Chilson. As previously 
noted, the Fuson ranges from 20 to 80 feet thick across the Project Area (Dewey-
Burdock TR), therefore, a simulated thickness of 45 feet is a reasonable 
approximation for purposes of the model.  
 
The initial potentiometric surfaces of the Fall River and Chilson were estimated 
from average water level measurements collected from baseline monitor wells in 
2010 and 2011 (Table 3-1).   
 
Hydraulic conductivity determined from recently conducted site pumping tests 
ranged from 0.5 to 2.0 ft/d for the Fall River and 0.9 to 3.1 ft/d for the Chilson. 
Zones of hydraulic conductivity were set up to facilitate calibration of the model. 
Parameter values were maintained within the general range exhibited in the 
pumping tests. However it is recognized that those pump tests may not capture 
the full range of aquifer properties that exist at the site. The final calibrated 
hydraulic conductivity zones for Model Layers 2, 3 and 4 are shown on Figures 4-
8, 4-9 and 4-10, respectively.   Layer 1 was simulated with a uniform value for 
horizontal hydraulic conductivity of 2.0 E-04 ft/d and vertical hydraulic 
conductivity of 2.0 E-05 ft/d. 
 
Specific storage is also an aquifer property of interest with respect to the 
response of an aquifer to extraction or injection.  Specific storage is a measure of 
the water released from storage due to compaction of the aquifer and expansion 
of water in response to a decline in head. Specific storage is the storage term 
used for confined aquifers, where lowering of the potentiometric surface in 
response to pumping does not result in physical dewatering of the aquifer. 
Specific storage multiplied by the saturated thickness of an aquifer is referred to 
as storativity or storage coefficient. Storativity of a confined (fully saturated) 
aquifer system is typically in the range of 5.0 E-03 to 1.0 E-06 or less.  The range 
of storativity calculated from site pumping tests was from 1.5 E-05 to 1.5 E-04. 
Zones of specific storage were set up to facilitate calibration of the model to 
various pumping tests.  The final calibrated specific storage values were as 
follows: 

Layer 1 (Graneros) = 3.2 E-07 

Layer 2 (Fall River) = 3.1 E-07 
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Layer 3 (Fuson) = 3.2 E-07 

Layer 4 (Chilson = 1.0 E-06 
 

The storativity of the aquifer is determined by multiplying the specific storage by 
the saturated thickness of the aquifer.  
 
Porosity of the aquifer is used in the model to estimate groundwater velocity. 
Groundwater velocity is calculated from the Darcy equation as follows:  
  v = ki/n  
where  

v = average interstitial groundwater velocity 
k = hydraulic conductivity 
i = hydraulic gradient 
n = porosity (effective) 

 
The porosity for the Fall River and Chilson is estimated from site data as 30 
percent (Dewey-Burdock TR).  
 
5 Model Calibration  
 
Groundwater flow model calibration is an integral component of groundwater 
modeling applications. Calibration of a numerical groundwater flow model is the 
process of adjusting model parameters to obtain a reasonable match between 
field measured values and model predicted values of heads and fluxes 
(Woessner and Anderson 1992).  The calibration procedure is generally 
performed by varying estimates of model parameters (hydraulic properties) 
and/or boundary condition values from a set of initial estimates until an 
acceptable match of simulated and observed water levels and/or flux is achieved.  
Calibration can be accomplished using trial and error methods or automated 
techniques (often referred to as inverse modeling).   
 
The focus of this model is on the response of the aquifer to hydraulic stresses 
imposed on a wellfield scale. The model was initially calibrated to current 
conditions (which incorporated the pumping rates and artesian discharge rates 
estimated from the previously referenced survey by Powertech). Because of the 
uncertainty in the discharge rates from the pumping and artesian wells, the 
calibration is considered to be more of a representative steady state than a true 
steady state calibration. The variables that were used to calibrate the model to 
the representative steady state conditions included recharge along the north and 
east edges of the model domain, heads and conductivity of the GHBs on all 
model borders, and both the vertical and hydraulic conductivity zone values and 
distribution. The calibration targets were the average water level data collected in 
2010 and 2011. A secondary calibration target was the calculated flux term for 
the Fall River and Chilson aquifers of 136 and 210 gpm, respectively.  
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The adequacy of model calibration is judged by examining model residuals.  A 
residual, as defined for use in this modeling report, is the difference between the 
observed change in groundwater elevation and the change in groundwater 
elevation predicted by the model.  The objective of model calibration should be 
the minimization of the residual mean, residual standard deviation, and residual 
sum of squares (RSS) (Duffield et al 1990).  The mean residual is the arithmetic 
average of all the differences between observed and computed water levels.  A 
positive sign indicates that the model has underpredicted the observed 
drawdown level and a negative sign indicates overprediction.  The residual 
standard deviation quantifies the spread of the differences between observed 
and predicted drawdown around the mean residual.  The ratio of residual 
standard deviation to the total head change across the model domain should be 
small, indicating the residual errors are only a small part of the overall model 
response (Woessner and Anderson 1992).  The RSS is computed by adding the 
square of each residual and is another measure of overall variability.  The overall 
objective during the calibration process is to minimize the residuals and the 
statistics based on the residual while maintaining aquifer properties within the 
range of reasonably expected values. .   
 

5.1 Steady-State Calibration 
 
Calibration was achieved by comparing field-measured (observed) water levels in 
the baseline monitor wells with heads predicted by MODFLOW-2000 for the 
same wells under simulated steady state conditions of the Fall River and Chilson 
aquifers.  The hydraulic conductivity zones, recharge values and GHB heads 
were adjusted until the best fit to the average potentiometric surface observed in 
the baseline monitor wells was achieved. The final distribution and values for 
hydraulic conductivity zones for model layers representing the Fall River, Fuson 
and Chilson are shown on Figures 4-8, 4-9 and 4-10, respectively. The values 
are generally within the ranges determined from site pumping tests.  The final 
distribution and values for the recharge zones are shown on Figure 4-3.  
 
The potentiometric surfaces of that simulation for the Fall River and Chilson are 
shown in Figures 5-1 and 5-2. Calibration residuals are presented in Figure 5-3 
and 5-4, respectively. Calibration statistics from that simulation are listed in Table 
5-1. A plot of the observed versus simulated heads is provided in Figure 5-5. 
 

5.2 Transient Calibration 
 
Once a steady-state calibration was achieved, the model was calibrated to the 
two pumping tests conducted by Knight-Piesold in 2008. The Fall River pump 
test, conducted near Dewey for 3.1 days at an average rate of 30.2 gpm, was 
simulated using the initially calibrated model in transient mode. Because the 
minimum cell size in the model is 100 feet by 100 feet, the drawdown in the 
pumping well was not included in the calibration statistics. Factors such as well 
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inefficiency and the steepness of the drawdown cone in the immediate vicinity of 
the well would make inclusion of the pumping well drawdown of negligible value.  
 
Calibration was achieved by varying the specific storage zone values and then 
revising the hydraulic conductivity zones. Whenever changes were made to 
hydraulic conductivity zones, the initial steady-state model was rerun to 
determine if additional changes had to be made to that base model. The process 
was repeated until a satisfactory calibration was achieved. Results of the 
calibration to the Fall River pump test are shown on Figure 5-6 and included in 
Table 5-2.  
 
The calibration process was then repeated for the 2008 Chilson pump test 
conducted near Burdock. A 3.0 day pump test, also at 30.2 gpm was simulated. 
Results of that calibration are provided in Figure 5-7 and the statistics are shown 
on Table 5-2.  
 

5.3 Model Verification 
 
As a final check to verify that the model provides a reasonable prediction of 
response to significant hydraulic stress, the calibrated model was used to 
simulate the TVA test conducted in 1982 in the Chilson, near the north end of the 
Project Area. That test was run for a period of 11 days at an average rate of 495 
gpm. In addition to several Chilson monitoring wells located near the pumping 
well, a Fuson monitor well and three Fall River monitor wells were observed 
during the test. The drawdown in the Fuson was over 20 feet at the end of the 
test. Several feet of drawdown were also measured in the Fall River monitor 
wells during the test.  
 
The simulated drawdown in the Chilson is generally within 10 percent of the 
observed drawdown, indicating a reasonable calibration (Figure 5-8). The 
calibrated model was also able to simulate the drawdown in the overlying Fuson 
Shale unit fairly closely. It should be noted that the drawdown in the pumping well 
was over 300 ft during the test so it is expected that there would be drawdown 
within the Fuson directly above the pumping well even though the hydraulic 
conductivity of the Fuson is several orders of magnitude lower than the Chilson.  
 
The model was unable to replicate drawdown in the Fall River on the scale of 
what was observed during the test despite extensive efforts to do so. It is 
possible that the drawdown observed in the Fall River during the 495 gpm 
pumping test in the Chilson was the result of improperly completed wells or 
exploration boreholes that provided a hydraulic connection between the two 
units. 
 
Additional testing and monitoring will be conducted on the wellfield scale prior to 
operating the ISR project to determine if the response of the Fall River during the 
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1982 test was leakage through the Fuson Shale or communication through the 
wells or boreholes.   
 
The results of the calibration for this simulation are presented in Figure 5-8 and 
the statistics are provided in Table 5-3. Comparison of the simulated drawdown 
to the observed drawdown from the 1982 Chilson pumping test confirms that the 
model adequately replicates response of the Chilson aquifer and the overlying 
Fuson confining unit to a large hydraulic stress. In fact, the net extraction rate at 
which the well was pumped (495 gpm) is significantly greater (3 to 12 times) than 
the net extraction during any period of the proposed production/restoration mine 
schedule as described in Section 6 of this report.  
 

5.4 Groundwater Flux Comparison 
 
As a final check on the representativeness of the model, the simulated 
groundwater flux from the calibration model was compared to the previously 
calculated flux described under the conceptual model discussion. Figure 5-9 
shows the location of the cross section through which the flux was originally 
calculated and described under the conceptual model discussion and was then 
extracted from the calibration simulation.  
 
Flux through the cross-sectional area in the Fall River was simulated at 25,442 
ft3/d or 132 gpm. Flux through the cross-sectional area in the Chilson was 
simulated at 41,214 ft3/d or 214 gpm. These values are in close agreement to the 
calculation previously described. Additionally, the final recharge rate for the 
calibration simulation was 1.1 E-04 ft/d or 0.482 in/yr which is approximately 3 
percent of the average annual precipitation rate of 16.5 in/yr.  
 

5.5 Sensitivity Analysis 
 
The process of model calibration is intended to estimate parameter values that 
provide the “best fit” to the selected observational data. As previously described, 
the hydraulic conductivity, specific storage and recharge zone values and the 
GHB head and conductance values were adjusted during the calibration process 
to achieve that fit. Although each of these terms has significant impact on the 
model solution and calibration, the groundwater flux through the Project Area is 
of critical importance as this determines whether the proposed ISR production 
and restoration rates are sustainable throughout operation of the mine. The rate 
of recharge applied to the model and the head and conductance of the GHBs 
immediately north of the Project Area largely control the groundwater flux through 
the area of the proposed wellfields. Because of the importance of these terms, 
and the fact that they are applied relatively close to the area of the wellfields, a 
sensitivity analysis was performed to evaluate impacts on model flux and model 
calibration.  
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The sensitivity analysis was accomplished by varying the value of the recharge 
rate and the head and conductance of the GHBs located north of the Project 
Area in the Fall River and the Chilson.  Figure 5-10 shows the locations of the 
features included in the sensitivity analysis. The values used for each sensitivity 
analysis simulation and the resulting calibration and groundwater flux through the 
same cross-sectional area previously described are included in Table 5-4.  
 
Results of the sensitivity analysis indicate that for recharge, the calibration, as 
measured by the RSS term, was best at the base value of 1.1 E-04 ft/d (indicated 
by the 1.0 multiplier on Figure 5-11).  Reducing the recharge rate by an order of 
magnitude did not significantly alter the flux through either the Fall River or 
Chilson in the central portion of the Project Area. Increasing the recharge by an 
order of magnitude resulted in large increases in the Fall River and Chilson 
simulated flux and in the RSS. The analysis indicates that the model is not 
particularly sensitive to decreases in the recharge term but is highly sensitive to 
increasing that value.   
 
The GHBs representing flux into the Fall River in the area of Pass Creek were 
evaluated by varying the head and the conductance terms. The conductance 
assigned to the GHBs representing recharge to the Fall River in the vicinity of 
Pass Creek ranged from 99 to 366 ft3/d in the calibration simulation. The 
sensitivity simulations indicate that varying the conductance even by an order of 
magnitude up or down results in negligible changes to the flux within the Fall 
River and Chilson (less than 3 percent of the original calibrated value (Figure 5-
12). The head assigned to the GHBs representing recharge to the Fall River in 
the vicinity of Pass Creek ranged from 3767.2 to 3790.8 ft in the calibration 
simulation. Increases in head for the Fall River GHB result in increased flux in the 
Fall River, but decreased flux in the Chilson (Figure 5-13). The opposite also 
holds true in that decreasing the head results in decreased flux in the Fall River 
and increased flux in the Chilson. As a result, the combined flux of the Fall River 
and Chilson stays relatively consistent (within about 3 percent of the calibrated 
value) but the RSS shows large fluctuation in response to changes in head of the 
Fall River GHB.  
 
The conductance assigned to the GHBs representing recharge to the Chilson in 
the vicinity of Pass Creek ranged from 47 to 112 ft3/d in the calibration 
simulation. Varying the conductance of the GHBs representing flux into the 
Chilson in the vicinity of Pass Creek results in negligible change to the flux of the 
Fall River and Chilson (less than 1 percent of the calibrated values) (Figure 5-
14). The head assigned to the GHBs representing recharge to the Chilson in the 
vicinity of Pass Creek ranged from 3725.0 to 4004.5 ft in the calibration 
simulation. Changing the head in the Chilson GHBs has the same effect as for 
the Fall River GHBs. Increasing the head results in increased flux in the Chilson 
and decreased flux in the Fall River and vice versa (Figure 5-15).  The net 
change in total flux varies by less than 7 percent even with a change of 50 ft in 
the GHB head.  
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In summary, changes to the conductance and head of the GHBs in the vicinity of 
Pass Creek do not appreciably alter the flux of the Fall River and Chilson 
aquifers across the Project Area, but do result in significant increases to the 
RSS, indicating a generally poorer calibration.  Increasing the recharge rate also 
changes the calibration substantially and causes large increases in the flux of 
both the Fall River and Chilson. Decreasing the recharge has negligible effect on 
either flux or calibration. 
 

 
6 Operational Simulations  
 
This numerical groundwater flow model was developed to evaluate the effects of 
ISR operations on the Fall River and Chilson during projected ISR operations. 
Simulations were performed using the numerical model to address requests for 
additional information posed by the NRC in response to the original URL 
Application. The simulations described in this section provide: 
 

• Demonstration of the hydraulic effects that the ISR operation will have on 
the Fall River and Chilson aquifers, including the sustainability of 
anticipated production and restoration rates; 

• Comparison of hydraulic effects of variable bleed rates and production 
rates on the Fall River and Chilson aquifers;  

• Assessment of the level of interference between wellfields that could occur 
with simultaneous production and restoration operations; and, 

• Evaluation of potential hydraulic effects of ISR operation with respect to an 
open pit mine located on the eastern portion of the Project Area. 

 
6.1 Initial Conditions 

  
The initial condition for the simulations was based on the potentiometric surface 
determined from the calibration simulation. As previously stated, the hydraulic 
conductivity, specific storage and recharge values and the GHB heads were 
adjusted to provide a reasonable match to potentiometric surface data 
representative of steady-state conditions and to drawdown data from three 
separate pumping tests. The final calibrated model was then used to simulate 
operating conditions for the Dewey-Burdock uranium ISR project.  The 
potentiometric surfaces for the Fall River and Chilson, shown on Figures 5-1 and 
5-2, respectively, were used as initial conditions for each of the operational runs 
described below. 
 

6.2 Simulation of ISR Operations  
 
Model simulations were run to represent the full cycle of ISR production and 
restoration under a wide range of operating conditions. Fourteen wellfields were 
simulated, ten in the Burdock Production Area and four in the Dewey Production 
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Area. Figure 6-1 shows the location of the proposed Fall River and Chilson 
wellfields. The outlines shown on the figure represent the monitor well ring 
boundaries which extend out approximately 400 feet from the ore bodies. Note 
that many of the wellfields have adjoining boundaries and some actually overlap. 
The areas of overlap are locations where ore zones may be present in subunits 
within the Fall River or Chilson. For purposes of this modeling effort, the Fall 
River and Chilson are not subdivided and are each simulated as a single layer 
within the model.  
 
The model cell size within the Project Area is 100 ft by 100 ft. It is assumed that 
this is also the dimension of a single 5-spot pattern. The number of well patterns 
simulated for each wellfield was determined by placing a well within each of the 
cells where ore is indicated. The number of well patterns per wellfield simulated 
in the model approximates, but is not exactly the same as, the number projected 
in the Dewey-Burdock TR. Figure 6-1A shows an example of the placement of 
wells (representing well patterns) within the outline of the ore body.  
 
The target production rate for Dewey-Burdock Project is 4,000 gpm (Dewey-
Burdock TR). The projected production rate at any one time for the 4,000 gpm 
scenario is 2,400 gpm for the Burdock wellfields and 1,600 gpm for the Dewey 
wellfields. The production rate per well pattern is assumed to be 20 gpm for the 
4,000 gpm production case. For purposes of modeling, and to reflect actual 
operating conditions, only the net loss, or consumption of water, was simulated 
for each well pattern. For instance, under a scenario of a 1 percent bleed, a 
single well pattern is simulated at a rate of 0.2 gpm (20 gpm x 0.01). For 
simulating the Burdock wellfields at the target production rate of 2,400 gpm with 
a net bleed of 1 percent, the net extraction rate for the Burdock area would be 24 
gpm. 
 
To evaluate the sensitivity of the model to hydraulic stress, simulations were also 
run using an 8,000 gpm production rate. For the 8,000 gpm simulations, the 
targets for the Burdock and Dewey Production areas were 4,800 gpm and 3,200 
gpm, respectively. The production rate per well pattern is assumed to be 40 gpm 
for the 8,000 gpm production simulations. Multiplying the total well pattern rate by 
the bleed rate gives the model rate per well pattern for each simulation. 
 
Simulations were run at the 4,000 and 8,000 gpm production rate at variable 
bleed rates and restoration rates. The simulations were all run for a period of 8.5 
years over 12 stress periods and included restoration after production of each 
wellfield.  
 
Wellfield restoration was simulated under two separate scenarios. The first 
scenario involves extraction of groundwater during restoration and reinjection of 
the majority of that water into the wellfield along with makeup water sufficient to 
maintain a 1 percent net aquifer restoration bleed. The second scenario utilizes 1 
Pore Volume (PV) of Groundwater Sweep (GWS) in addition to the 1 percent 
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bleed during restoration. GWS is used to hydraulically capture groundwater 
within the affected area of the wellfield and is totally consumptive during a portion 
of the restoration (that is, none of the extracted water is returned to the aquifer). 
The extraction rates applied during simulation of restoration under both scenarios 
are based on the PV  of each wellfield. A PV is calculated as follows: 
 

 PV = A x B x n x WF 
 where A = area of the wellfield (feet2) 
  B = average ore body thickness (feet) 
  n = porosity (unitless) 
  WF = wellfield flare (combined vertical and horizontal flare factor) 
 
Assumptions used in calculating the PV are that the average ore body thickness 
is 4.6 feet, porosity for the Fall River and Chilson is 30 percent, and the wellfield 
flare factor is 1.44. The calculation of a PV for each wellfield is included in Table 
6-1. 
 
The net-extraction rates used in these restoration simulations conform with both 
the restoration methods described in the Dewey-Burdock TR that include: 

-Groundwater treatment with Reverse Osmosis (RO) 
-Groundwater sweep with clean make-up water re-injection (no RO) 
 

It is assumed that a total of 6 PVs will be removed from each wellfield during the 
restoration phase. The restoration phase simulated for the wellfields ranged from 
183 days up to 549 days. The flow rate required to remove 6 PVs within the 
simulated restoration phase was calculated for each wellfield (Table 6-1). For 
each wellfield the flow rate was less than 500 gpm. As previously described, a 
maximum one percent bleed of the operational capacity (5 gpm) is assumed for 
the restoration process without groundwater sweep  (No GWS). This maximum 
rate (5 gpm net extraction) was conservatively applied to each of the wellfields 
for simulation of restoration. The actual net extraction rate would be less than 5 
gpm from any of the wellfields, as previously described. The 5 gpm is equally 
divided into the number of wells within the wellfield during the simulation of 
restoration.  
 
For the GWS scenario, it is assumed that an additional 1 PV is extracted during 
restoration and is not reinjected. GWS is applied concurrently with the one 
percent restoration bleed. The extraction rate used for the simulation of the GWS 
scenario was calculated by dividing 1 PV by the number of days in the restoration 
period. The resulting rate was then equally divided by the number of wells in 
each wellfield to determine the rate per well pattern for the simulation that 
represents GWS. The one percent restoration bleed rate of 5 gpm was also 
applied as stated for the previous simulation of restoration with no GWS. 
 
For computational efficiency, some of Burdock wellfields that are “stacked” within 
the Chilson production zone were simulated as operating at the same time. This 
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was the case for wellfields BWF5 and BWF9 and also for wellfields BWF2 and 
BWF3. Wellfields BWF9 and BWF3 are relatively small in comparison to the 
other wellfields and make up a small proportion (less than 10 percent) of the total 
production rate for any model simulations.  Similarly, Dewey wellfields DWF2 and 
DWF4 overlie each other.  
 
One of the Dewey wellfields, DWF1 was divided into two wellfields for purposes 
of modeling production and restoration, because of its large size. Figure 6-1A 
represents the division of wellfield DWF1 into two components, DWF1A and 
DWF1B. As previously noted, the figure also provides an illustration of how the 
well patterns are simulated as single 100 ft by 100 ft cells within the ore body.   
 
The anticipated ISR operational rates for the Dewey-Burdock Project are for the 
case of 4,000 gpm production with 0.875 percent net bleed and without GWS 
(Dewey-Burdock TR). However, the same operational scenario with GWS will 
result in greater hydraulic effects with respect to drawdown and the simulation of 
that case is shown in detail.  Figure 6-2 illustrates the sequence and rates used 
in the simulation of 4,000 gpm production with a net bleed of 0.875 percent and 
restoration with GWS. The sequence of wellfield production and restoration in the 
simulation is provided to illustrate a possible schedule that may be used to 
operate the Dewey-Burdock Project. The actual schedule and sequence for 
operating the Dewey-Burdock Project may differ substantially from that 
simulated. Regardless of the sequence of wellfield operation, hydraulic 
containment of production and restoration fluids will be a primary objective 
throughout the Dewey-Burdock Project operations.  Figures 6-3 through 6-14 
illustrate the drawdown in the Fall River at the end of each of the 12 stress 
periods for that simulation. The figures indicate which wellfields were in 
production or restoration and what the simulated rates were for each stress 
period.  
 
The first Fall River wellfield in production in the simulation (DWF1) is one of the 
larger wellfields and is divided into two components for modeling (DWF1A and 
DWF1B). At the end of the first stress period, simulating 730 days of production 
at a total rate of 1600 gpm (net loss of 14 gpm), drawdown is centered around 
wellfield DWF1 (Figure 6-3). The drawdown cone continues to gradually expand 
through stress periods 2 and 3, which have the same extraction rate as the first 
stress period (Figures 6-4 and 6-5).  Stress periods 4 and 5 simulate concurrent 
production and restoration from wellfield DWF1B and DWF1A at respective net 
rates of 14.0 and 29.2 gpm (Figures 6-6 and 6-7). The maximum drawdown 
outside of the Project Area within the Fall River at the end of this period is slightly 
greater than 8 feet. The full extent of drawdown in the Fall River across the 
model domain for this stress period is shown on Figure 6-7A. This stress period 
represents the maximum hydraulic impact on the Fall River because the largest 
net extraction from the Fall River (43.2 gpm) for the simulation is applied during 
this period. Although some drawdown is indicated several miles west and 
southwest of the Project Area, the amount is negligible considering that large 
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artesian heads exist within the Fall River in those areas. For purposes of 
comparison, drawdown for the anticipated actual operating scenario, simulation 
of 4,000 gpm production with 0.875 percent net bleed without GWS, is shown in 
Figure 6-7B. 
 
Figures 6-8 and 6-9 represent drawdown in the Fall River at the end of stress 
periods 6 and 7 when only wellfield DWF1B is in production (net extraction of 14 
gpm). Simulation of the restoration phase of DWF1B through stress periods 8 
and 9 (net extraction of 29.2 gpm) is shown on Figures 6-10 and 6-11. Figure 6-
12 exhibits the drawdown resulting from production of wellfield DWF3 at a rate of 
300 gpm (net 2.6 gpm bleed) in stress period 10. Wellfield BFW10 (the only 
Burdock wellfield anticipated to produce from the Fall River) is added in stress 
period 10 but at very low rates (180 gpm production, 1.6 gpm net bleed) because 
of its small size (Figure 6-12). Those two wellfields continue in production 
through stress period 11 (Figure 6-13). The final stress period simulates 
restoration of wellfields DWF3 and BWF10 and the resulting drawdown is shown 
on Figure 6-14. 
 
Figures 6-15 through 6-26 illustrate the drawdown in the Chilson at the end of 
each of the 12 stress periods for the 4,000 gpm, 0.875 percent bleed, with GWS 
simulation. The figures indicate which wellfields were in production or restoration 
and what the simulated rates were for each stress period.  
 
The first Chilson wellfield in production in the simulation is BWF1. At the end of 
the first stress period, simulating 730 days of production at a total rate of 2400 
gpm (net bleed of 21 gpm), drawdown in the Chilson is centered around wellfield 
BWF1 (Figure 6-15). The second and third stress periods simulate concurrent 
production from three wellfields (BWF5, BWF8 and BWF9) at a combined 
production rate of 2,380 gpm (net bleed of 20.8 gpm) and restoration from 
wellfield BWF1 at a net extraction rate of 26.7 gpm (Figures 6-16 and 6-17).  
 
Stress periods 4 and 5 simulate Chilson production of wellfield BWF6 at 2400 
gpm (net bleed of 21.0 gpm) and restoration of wellfields BWF5, BWF8 and 
BWF9 at a combined net extraction rate of 38.0 gpm (Figures 6-18 and 6-19). 
Figure 6-20 shows the drawdown at the end of stress period 6 which simulates 
only production from wellfield BWF6 at 2,400 gpm (net bleed of 21.0 gpm).   
Drawdown during the restoration of wellfield BWF6 (net extraction rate of 20.9 
gpm) combined with production at Wellfields BWF2 and BWF3 (net bleed of 14.0 
gpm) is simulated as stress period 7 (Figure 6-21). 
 
Stress period 8 simulates the initial Chilson production from the Dewey 
Production Area in wellfield DWF2 at 1600 gpm (net bleed of 14 gpm) (Figure 6-
22). Restoration of wellfields BWF2, BWF3 and BWF6 is included in that stress 
period at a net extraction rate of 48.4 gpm. Maximum drawdown that occurs 
outside the Project Area in the simulation is approximately 8 feet. Figure 6-22A 
shows the hydraulic effect in the Chilson aquifer across the entire domain at the 
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end of stress period 8. Stress period 8 has the highest extraction rate (Figure 6-
2) simulated for the Chilson. The simulation indicates that drawdown extends 
several miles outside the Project Area but that the total impact is only a few feet, 
which is negligible considering the large artesian heads that exist in the Chilson 
west and southwest of the site. For purposes of comparison, drawdown for the 
anticipated actual operating scenario, simulation of 4,000 gpm production with 
0.875 percent net bleed without GWS, is included in Figure 6-22B. 
 
 
Figure 6-23 shows the drawdown resulting from stress period 9 which simulates 
continued production of wellfield DWF2 and restoration of wellfield BWF2 (net 
extraction of 18.9 gpm) and adds production of wellfield BWF7 at 1,040 gpm (net 
bleed of 9.1 gpm).  Note that the drawdown around wellfield BWF7 appears 
limited because the Chilson in this area is simulated as partially saturated and is 
also near the active recharge zone for the Chilson. The ore in this portion of the 
Project Area is within the lower Chilson member and localized low permeability 
confining units are present above the ore zone in that area (Dewey-Burdock TR). 
The hydraulic response of wellfield BWF7 will be evaluated further once 
additional hydrologic characterization is performed, prior to finalizing the 
hydrogeologic wellfield data package for BWF7.   
  
Chilson wellfields BWF4 and DWF4 come into production in stress period 10 at 
rates of 1,200 gpm (net bleed of 10.5 gpm) and 500 gpm (net bleed of 4.4 gpm), 
respectively (Figure 6-24). Wellfield BW7 continues production through this 
stress period and wellfield DWF2 goes into restoration at a net extraction rate of 
20.9 gpm. Stress period 11 simulates the continuation of the previous production 
except that wellfield BW7 goes into restoration at a net extraction of 16.7 gpm 
(Figure 6-25).  The final stress period simulates restoration of wellfields BWF4 
and DWF4 at net extraction rates of 24.1 gpm and 7.4 gpm, respectively (Figure 
6-26).  
 
Results of the simulation of the fourteen anticipated wellfields indicate that 
wellfield interference can be effectively managed through appropriate scheduling 
and balancing of the production and restoration phases of the wellfields. Wellfield 
interference between concurrently operating wellfields can be reduced by 
maximizing distance and balancing net extraction between the wellfields. The 
simulated scenario does not represent the only acceptable or even a preferred 
sequence of production and restoration and only serves to illustrate that hydraulic 
containment can be maintained during simultaneous operation of multiple 
wellfields in the Dewey-Burdock Project. The Dewey-Burdock model simulates 
entire wellfields operating during a single stress period. In actual operation, 
wellfields are produced and restored on the scale of header houses and 
individual well patterns and monitored accordingly. Use of a numerical model can 
assist in this effort. However, real time monitoring of water levels during 
operations and adjustment of flow rates in response to water level changes 
provides the best engineering control to minimize wellfield interference.  
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6.3 Fall River and Chilson Hydraulic Head Assessment 
 
Monitor points were placed at strategic locations within the Project Area to 
illustrate the changes that occur to the potentiometric surface during the life of 
production and restoration operations and during post mining recovery (Figure 6-
27). Monitor points were selected at the Project Area boundary downgradient of 
the Dewey and Burdock Production Areas and within the wellfields for both 
Production Areas. Hydrographs are provided for both the Fall River and Chilson 
at each location.  
 
The hydrographs for the Dewey Production Area downgradient monitor point (D-
1) are shown on Figure 6-28A. Hydrographs for monitor point D-1 indicate that 
the maximum drawdown simulated during ISR operations is less than 10 feet at 
the edge of the Project Area and that the hydraulic head stays several hundred 
feet above the top of the Fall River (at 3,079 ft amsl). One year after termination 
of all production and restoration operations, the water level at that location 
recovers to within one foot of pre-ISR levels (Figure 6-28A).  
 
The hydrographs for the Burdock Production Area downgradient monitor point 
(B-1) are shown on Figure 6-28B. The hydrographs for monitor location B-1 
indicate that the potentiometric surface of both the Fall River and Chilson stay 
above ground surface (at 3,592 ft amsl) for the duration of the ISR operations. 
Figure 6-28B also shows the recovery of water levels to near pre-ISR levels 
within the first year following termination of all production and restoration 
operations. 
 
The hydrographs for the Dewey Production Area wellfield monitor point (D-2) are 
shown on Figure 6-29A. The monitor point is located in the middle of wellfield 
DWF1 which is where the greatest amount of drawdown occurred during the 
production/restoration simulation. The hydrographs for monitor location D-2 
indicate that the maximum drawdown in the Fall River is less than 10 feet during 
the simulation and approximately 15 feet in the Chilson.  
 
The hydrographs for the Burdock Production Area wellfield monitor point (B-2) 
are shown on Figure 6-29B. The monitor point is located in the area where 
wellfields BWF1, BWF2 and BWF3 overlap which is where the greatest amount 
of drawdown occurred during the production/restoration simulation. The 
hydrographs for monitor location B-2 indicate that the maximum drawdown in the 
Fall River is less than 3 feet during the simulation and approximately 25 feet in 
the Chilson. 
 
Note that although there is minimal production in the Fall River in the Burdock 
Production Area there is a noticeable drawdown response in that aquifer at 
location B-2. Some of that drawdown is induced by the Fall River extraction 
occurring in the Dewey Production Area. To further evaluate the amount of 
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drawdown occurring within the Fall River that is directly attributable to ISR 
operations in the Chilson, a simulation was run in which all Fall River wellfields 
were shut-in (not operating) but the Chilson wellfields were operating under the 
same rates as in the 4,000 gpm production, 0.875 percent net bleed with 
groundwater sweep simulation.  The head difference in the Fall River at location 
B-2 between those two simulations is shown on Figure 6-29C. The difference is 
the effective drawdown in the Fall River induced by Chilson ISR operation under 
the stated conditions. As shown on the figure, that drawdown is less than 1.4 feet 
at any time during the simulation. Although there is a slight decrease in the Fall 
River hydraulic head during the ISR simulation, the head within the Chilson 
remains lower throughout the simulation, indicating there would be no 
groundwater flow from the Chilson into the Fall River.   
 
6.4 Recovery Simulation and Assessment 
 
Recovery of the Fall River and Chilson following termination of ISR operations 
was simulated by extending the model out an additional one year with no 
production or restoration. Results of the simulations show that residual drawdown 
has largely dissipated in both the Fall River and Chilson aquifers within that time 
period (Figures 6-30 and 6-31). The hydrographs presented in Figures 6-28A, 6-
28B, 6-29A and 6-29B also illustrate the recovery of the Fall River and Chilson 
aquifers to near pre-ISR levels within one year after termination of ISR 
operations.  
 
6.5 Triangle Pit Assessment 
 
The Triangle Pit location is indicated in each of the figures that illustrate 
drawdown in the Fall River during the simulation of the 4,000 gpm production-
0.875 percent bleed with GWS (Figure 6-3 through 6-15). As previously 
described, the base of Triangle Pit is beneath the top of the Fall River and it is 
apparent that water in the pit is connected to groundwater. A component of this 
evaluation is to assess potential hydraulic impacts to the Triangle Pit as a result 
of ISR operations at the rates proposed for the Dewey-Burdock Project. The Fall 
River drawdown figures indicate that the area of the Triangle Pit will have less 
than one foot of drawdown throughout the operational period of the mine. 
Multiple factors have a bearing on the limited drawdown simulated by the model. 
First, with the exception of wellfield BWF10, all of the Fall River production 
occurs at a distance of over 2 miles from the Triangle Pit.  The Triangle Pit is 
located approximately 3,300 feet from wellfield BWF10 but the net extraction 
from that wellfield is simulated (and anticipated to be) at less than 3 gpm at any 
time during mining operations.  Second, the Triangle Pit is located near an area 
where the Fall River is exposed at or near the surface. The conceptual hydrologic 
model is that active recharge is occurring in the area where the Fall River is 
present in outcrop.  Third, the Triangle Pit is located in an area where the Fall 
River is partially saturated and is the water table aquifer. Drawdown resulting 
from pumping from a well or wells that is/are hydrologically unconfined is typically 
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much less than would occur from a well in a fully saturated (hydrologically 
confined) system when pumping at the same rate. 
 
6.6 Variable Operational Rate Simulations 
 
Additional simulations were run using the same schedule of wellfield 
production/restorations previously presented but with variable production rates, 
net bleed percentages and restoration rates. The 4,000 and 8,000 gpm cases 
were each simulated using a net bleed (overproduction) of 0.5, 0.875 and 1 
percent of the production rate. Additionally, the two restoration cases previously 
described (No GWS and with GWS) were run for each production rate/net bleed 
simulation. Table 6-2 summarizes the rates and parameters for each of the 
simulations. Table 6-3 shows the total flow rate over time for each of the 
simulations. Table 6-4 indicates the net extraction rates over time for each of the 
operational simulations. Comparisons of the effect of varying these operational 
parameters are described below.  
 
Figure 6-32 compares the relative drawdown in the Fall River between the 0.5, 
0.875 and 1.0 percent bleed for the 4,000 gpm production, with GWS 
simulations. The figure shows the drawdown at the end of stress period 5 which 
is when the maximum drawdown occurs because the extraction rates are largest 
during that period. The same comparison is made for the Chilson in Figure 6-33 
at the end of stress period 8 when the maximum production is occurring in that 
unit. As anticipated, the increase in the bleed percentage results in slightly 
greater drawdown at the end of the stress period.  
 
Figure 6-34 is a comparison of the drawdown in the Fall River at the end of 
stress period 5 from the 4,000 and 8,000 gpm production simulations with 1.0 
percent bleed and GWS. Figure 6-35 is a comparison of the drawdown in the 
Chilson for the same simulation and stress period. Although the drawdown is 
greater for the 8,000 gpm simulation in both cases, the overall hydraulic effect to 
the Fall River and Chilson is still negligible compared to the total available head 
in those aquifers. 
 
Figure 6-36 is a comparison of the drawdown in the Fall River at the end of 
stress period 5 from the 4,000 gpm for the 0.875 percent bleed simulation with 
and without GWS. The simulation of GWS increases the drawdown in the Fall 
River because of the higher net restoration extraction rate of 29.2 gpm compared 
to 5.0 gpm for the simulation of only RO. Figure 6-37 is a comparison of the 
drawdown in the Chilson for the same simulation for stress period 8. The 
drawdown in the Chilson is greater for the simulation of GWS because of the 
increase in the net restoration extraction rate from 15.0 gpm to 48.4 gpm.  
 
The maximum drawdown for all of the simulations was under the 8,000 gpm case 
with a 1 percent bleed and application of GWS. The maximum drawdown 
occurred at the end of stress period 5 for the Fall River and the end of stress 



 

Numerical Modeling of Hydrogeologic Conditions 
Dewey-Burdock Project, South Dakota 
Powertech USA, February 2012 
 Page 26  

 

period 8 for the Chilson. Figure 6-38 and 6-39 represent the drawdown from that 
simulation for the Fall River and Chilson, respectively.  Maximum drawdown 
outside the Project area during the simulation was slightly greater than 12 feet 
within the Fall River and approximately 10 feet in the Chilson. 
 
7 Evaluation of a Hypothetical Breccia Pipe  
 
Gott et al. (1974) hypothesized that breccia pipes sourced from the underlying 
Paleozoic formations may discharge into overlying geologic units. Concerns have 
been expressed by interested parties that there may be breccia pipe releases 
into either the Fall River or Chilson aquifers within the Dewey-Burdock Project 
Area and that such a release could conceivably compromise proposed ISR 
operations. Powertech has extensively surveyed the Project Area and has found 
no direct evidence of a breccia pipe or breccia pipe release in that area. There is 
no direct evidence from either visual observation or water level data of the 
presence of a breccia pipe release into the Fall River or Chilson aquifers within 
the Project Area.  
 
The calibrated numerical model developed for the Dewey-Burdock ISR Project 
was used to assess the potential hydraulic impacts of a hypothetical breccia pipe 
release. A breccia pipe release into the Fall River and or Chilson was simulated 
by placing an injection well into the model layers representing those 
hydrostratigraphic units and running a steady state simulation. A value of 200 
gpm was selected for the simulations. Much higher flow rates have been 
documented at known breccia pipe locations. Discharge rates much lower than 
200 gpm would probably have minimal impact on ISR operations and could be 
controlled using engineering practices.   
 
The result of the simulation of a hypothetical breccia pipe discharge into the Fall 
River within the Project Area is shown on Figure 7-1. The potentiometric surface 
shows a large recharge mound resulting from the hypothetical discharge. A 
hydraulic profile showing the potentiometric surface resulting from the 
hypothetical breccia pipe discharge is shown on Figure 7-2.  The simulation of a 
breccia pipe discharge into the Chilson is shown on Figures 7-3 and 7-4. A large 
recharge mound occurs within the Chilson in this simulation.  
 
Because of the large change in the potentiometric surface, the occurrence of 
discharge from a breccia pipe into either the Fall River or Chilson should be 
observable with the existing monitor well network and would definitely be noticed 
once a monitor ring has been installed around a proposed production unit. No 
such recharge mound has been observed to date.  If a breccia pipe release were 
identified during additional characterization for the wellfield, engineering controls 
could be applied to ensure that the discharge did not compromise the ISR 
operations. 
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8 Summary 
 
A numerical model was developed to evaluate the response of the Fall River and 
Chilson aquifers to hydraulic stresses imposed by operation of the Dewey-
Burdock ISR uranium project. The model was developed using site-specific data 
regarding top and bottom aquifer elevations, saturated thickness, potentiometric 
surface and hydraulic gradient, hydraulic conductivity, specific yield, storativity 
and porosity of the Fall River and Chilson aquifers. The model was calibrated to 
existing conditions and to three pumping tests. 
 
The calibrated model was used to simulate the complete operational cycle of the 
Dewey-Burdock ISR uranium project, from production through restoration, of 
fourteen delineated wellfields and recovery after the conclusion of restoration. 
Simulations were run using a range of production/restoration rates and net 
bleeds ranging from 0.5 to 1.0 percent. Results of the modeling indicated the 
following: 
 

• Simulated production at the projected rates of up to 8,000 gpm (40 gpm 
per well pattern) with a 0.5 to 1.0 percent bleed for a period of 8.5 years 
did not result in dewatering of the aquifer; 

• Maximum drawdown outside of the Project Area was simulated as less 
than 12 feet throughout the entire life cycle of the ISR project; 

• Restoration using RO at the projected rates of up to 500 gpm per wellfield 
with a 1 percent reject rate can be sustained throughout the restoration 
cycle of 6 PVs of removal; 

• Groundwater sweep simulated at rates to remove one PV within 6 to 18 
months per wellfield did not result in localized dewatering of the aquifer;  

• Wellfield interference can be managed for the simulated 
production/restoration and net bleed rates through sequencing of 
wellfields to maximize distance between concurrently operating units;  

• Model simulations indicate limited drawdown will occur within the Fall 
River as a result of ISR operations within the Chilson;  

• Simulated hydraulic impact (drawdown) at the Triangle Pit was less than 1 
foot; 

• Simulation of a hypothetical breccia pipe discharge to the Fall River or 
Chilson results in large changes in the potentiometric surface such that 
existing and proposed monitoring would detect such an occurrence; and, 

• Water levels recover to near pre-operational elevations within 1 year after 
ISR operation cease. 
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Figure 6-2. Production and Restoration Schedule and Net Rates of Extraction for Simulation of 4000 gpm Production, 0.875 % Net Bleed with Groundwater Sweep
 Dewey Burdock Project, South Dakota

Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Yr 6 Yr 7 Yr 8
SP1 SP2 SP3 SP4 SP5 SP6 SP7 SP8 SP9  SP10 SP11 SP12

Wellfield
No. 

Patterns
Production 

Rate           
(gpm)

Burdock Mine
BWF1 120 2400 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 26.7 26.7 26.7 26.7
BWF2 60 1200   10.5 10.5 10.5 10.5 18.9 18.9 18.9 18.9
BWF3 20 400   3.5 3.5 3.5 3.5 8.6 8.6   
BWF4 60 1200 10.5 10.5 10.5 10.5 24.1 24.1
BWF5 40 800 7.0 7.0 7.0 7.0 12.0 12.0 12.0 12.0           
BWF6 120 2400 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 20.9 20.9 20.9 20.9 20.9 20.9
BWF7 37 740    9.1 9.1 9.1 9.1 16.7 16.7   
BWF8 68 1360 11.9 11.9 11.9 11.9 19.4 19.4 19.4 19.4  
BWF9 11 220 1.9 1.9 1.9 1.9 6.6 6.6 6.6 6.6
BWF10 9 180  1.6 1.6 1.6 1.6 7.4 7.4
Burdock Total 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 47.5 47.5 47.5 47.5 59.0 59.0 59.0 59.0 21.0 21.0 21.0 21.0 34.9 34.9 34.9 34.9 48.4 48.4 28.0 28.0 21.2 21.2 28.8 28.8 31.5 31.5

Dewey Mine
DWF1a 80 1600 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 29.2 29.2 29.2 29.2
DWF1b 80 1600 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 29.2 29.2 29.2 29.2
DWF2 80 1600   14.0 14.0 14.0 14.0 20.9 20.9 20.9 20.9
DWF3 15 300   2.6 2.6 2.6 2.6 11.8 11.8
DWF4 25 500  4.4 4.4 4.4 4.4 11.6 11.6
Dewey Total 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 43.2 43.2 43.2 43.2 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 43.2 43.2 43.2 43.2 27.9 27.9 27.9 27.9 23.4 23.4

Project Total 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 61.5 61.5 61.5 61.5 102.2 102.2 102.2 102.2 35.0 35.0 35.0 35.0 48.9 48.9 48.9 48.9 91.6 91.6 71.2 71.2 49.1 49.1 56.7 56.7 54.9 54.9

Days in Stress Period 730 183 183 183 183 366 366 183 183 183 183 183
Minutes in Stress Period

Restoration in gpm

SP - Stress Period Yr - Year gpm - gallons per minute
Values in Columns are the Net Extraction Rate per Stress Period (in gpm)
Net Extraction Rate During Production is Calculated by Multiplying the Production Rate for the Wellfield by the Net Bleed Rate of 0.875 %
Net Extraction Rate During Restoration is the Sum of Net Extraction from Reverse Osmosis (RO) and Groundwater Sweep (GWS)
Net extraction from RO is equal to 1% of the 500 gpm RO rate (5 gpm)
GWS rate is Calculated by Dividing One Wellfield Pore Volume by the Number of Minutes in the Stress Period
Wellfield Pore Volume Calculation is Provided in Table 6-1

1051200 263520 263520 263520 263520 527040 527040 263520 263520 263520 263520 263520
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Table 3-2. Estimated Flow Rates for Private Wells, Dewey-Burdock Project Area

Well ID Easting* Northing* Township Range Section QtrQtr Depth
Flowing 
Artesian Rate

 (ft)  (ft) (ft bgs) (gpm)
5 1,003,580 427,284 7S 1E 14 NENW 0 yes 1.50
7 1,001,703 422,417 7S 1E 23 NWNW 200  0.06
8 1,004,451 418,515 7S 1E 23 SWSE 240 yes 0.14
9 1,006,403 421,806 7S 1E 23 NENE 90 no 3.00

18 991,211 428,960 7S 1E 9 SWSW 527 yes 6.00
20 986,071 424,628 7S 1E 17 SWSW 530  0.08
21 980,441 421,760 7S 1E 19 SWNW 910  9.10
23 985,974 416,756 7S 1E 29 NWNW 600 no 0.50
24 993,100 417,037 7S 1E 28 NWNE 600 yes 2.90
25 999,548 414,798 7S 1E 27 NWSE 350  0.10
26 1,003,613 410,375 7S 1E 35 SWNE 350 no 3.26
33 1,009,519 413,664 7S 1E 25 NWSE 96  1.00
38 992,727 442,290 6S 1E 33 NWNW 494 yes 1.50
49 987,331 444,023 6S 1E 32 NWNW 638 yes 1.20
54 1,010,131 414,144 7S 1E 25 NWSE 90  0.40
55 1,009,500 411,244 7S 1E 36 NWNE 92 yes 8.10
63 1,007,846 409,177 7S 1E 36 NESW 100 no 1.50
69 1,009,540 412,447 7S 1E 25 SWSE 130  1.00
115 986,096 457,641 6S 1E 18 SENE 360 0.17
116 986,390 458,112 6S 1E 18 SENE 1.50
138 985,936 459,031 6S 1E 18 NENE 100 0.75
504 1,010,729 412,598 7S 1E 25 SESE 450  3.00

1 996,095 429,228 7S 1E 9 SESE 600 yes 1.50
2 995,123 423,923 7S 1E 16 SESE 650 yes 4.11
3 996,992 421,104 7S 1E 22 SWNW 2400 yes 3.00

12 995,377 434,379 7S 1E 4 SESE 805 yes 3.30
13 996,759 438,470 7S 1E 4 NENE 625 no 0.09
31 1,012,693 410,182 7S 2E 31 SWNW 104  1.30
36 1,014,973 416,772 7S 2E 30 NWNE 330  2.00
42 989,543 436,481 7S 1E 5 SWNE 600 yes 16.20
50 974,693 446,835 41N 60W 28 SWNW 609  0.30
51 995,810 431,487 7S 1E 9 SENE 550 yes 12.90
70 1,008,314 413,771 7S 1E 25 NESW 375  2.00
96 980,028 451,854 41N 60W 22 SWSW 560 yes 0.10
102 985,224 458,314 6S 1E 18 SWNE 267 1.50
109 989,200 459,626 6S 1E 17 NENW 220  0.09
505 1,002,744 414,163 7S 1E 26 NESW 260 no 2.00
508 1,015,129 416,968 7S 2E 19 SWSE 255  10.00
620 1,002,350 443,210 6S 1E 35 NWNW no 1.00
704 989,365 436,648 7S 1E 5 SWNE 955 yes 1.50

7002 1,001,731 421,931 7S 1E 23 NWNW 500 yes 3.45
8002 1,004,652 418,556 7S 1E 23 SWSE 500 yes 2.03

220 986,271 452,335 6S 1E 19 SENE yes 0.20
230 1,005,735 412,883 7S 1E 26 SESE 0.60
270 982,507 451,943 6S 1E 19 NW SW yes 0.80
656 982,628 442,001 6S 1E 31 SENW yes 6.25
668 999,428 427,450 7S 1E 15 NWNE 574 yes 6.25

2020 986,287 424,858 7S 1E 17 NWSW yes 1.60
4002 981,813 446,932 6S 1E 30 NWSW yes 2.72
5002 974,687 446,660 41N 60W 28 SWSW  0.43
8003 1,004,521 418,531 7S 1E 23 SWSE yes 0.44
8803 1,005,445 407,730 7S 1E 35 SESE yes 2.10

Coordinates are South Dakota State Plane South, North American Datum 1983
a - Flow rate split between the Fall River (Layer 2) and Chilson (Layer 4)

Chilson

Inyan Karaa

Fall River 

Numerical Modeling of Hydrogeologic Conditions, Dewey-Burdock Project, S.D. Petrotek Engineering Corporation



Table 5-1. Calibration Statistics, Steady State Simulation, Dewey-Burdock  Project Model

Calibration Statistic Layer 2 Layer 4 Model
Residual Mean -0.74 0.99 -0.05
Absolute Residual Mean 6.74 5.25 6.14
Residual Standard Deviation 8.42 6.86 7.88
Sum of Squares 1286.5 576.8 1863.3
Residual Mean Squared Error 8.45 6.93 7.88
Minimum Residual -15.26 -7.66 -15.26
Maximum Residual 16.94 17.41 17.41
Number of Observations 18 12 30
Range in Observations 227.2 125.2 227.2
Scaled Standard Deviation 0.037 0.055 0.035
Scaled Absolute Mean 0.030 0.042 0.027
Scaled Residual Mean Squared 0.037 0.055 0.035

Target ID Easting* Northing* Layer Observed Head Simulated Head Residual
 (ft) (ft) (ft amsl) (ft amsl) (ft)

14 1,002,103 434,723 2 3663.04 3664.41 -1.37
38 992,726 442,289 2 3646.05 3658.44 -12.39
49 987,330 444,022 2 3644.68 3654.82 -10.14
436 989,848 454,700 2 3707.40 3699.56 7.85
607 980,219 416,378 2 3585.09 3585.57 -0.48
610 989,998 447,969 2 3691.55 3674.66 16.89
623 991,084 454,311 2 3708.56 3706.19 2.38
628 990,894 449,719 2 3694.71 3685.09 9.62
631 1,002,575 449,309 2 3717.10 3717.28 -0.17
683 988,610 446,104 2 3660.37 3664.14 -3.77
685 989,088 443,409 2 3644.10 3656.94 -12.84
688 1,003,425 429,974 2 3663.13 3661.15 1.98
694 997,116 426,836 2 3641.10 3633.04 8.06
695 990,783 439,312 2 3635.19 3650.46 -15.27
698 1,004,307 435,651 2 3679.32 3672.14 7.18
706 996,987 453,276 2 3725.21 3730.49 -5.28

8S2E8a 1,021,243 399,375 2 3530.00 3530.93 -0.93
8S2E20a 1,020,092 386,353 2 3498.00 3502.71 -4.71

12 995,376 434,378 4 3653.94 3656.53 -2.59
608 980,229 416,455 4 3584.37 3585.30 -0.93
609 990,133 447,808 4 3687.95 3687.58 0.37
617 989,425 453,583 4 3691.58 3694.85 -3.27
622 991,174 454,033 4 3692.57 3700.23 -7.66
682 1,003,538 431,257 4 3665.46 3666.09 -0.63
686 1,003,368 429,749 4 3661.55 3657.72 3.83
689 988,715 443,789 4 3683.18 3674.83 8.35
696 996,936 427,141 4 3649.77 3632.36 17.41
697 990,748 439,347 4 3674.90 3667.40 7.50
705 997,022 453,314 4 3709.59 3715.14 -5.55
3026 1,012,037 432,833 4 3680.57 3685.54 -4.98

* Coordinates are South Dakota State Plane South North American Datum 1983
a - water levels for these locations are from USGS database, unknown date of collection

Numerical Modeling of Hydrogeologic Conditions, Dewey-Burdock Project, S.D. Petrotek Engineering Corporation



Table 5-2. Calibration Statistics, Transient Simulation, 2008 Pumping Tests, Dewey-Burdock  Project Model

FALL RIVER 2008 TEST
Calibration Statistic
Residual Mean -0.59
Absolute Residual Mean 0.97
Residual Standard Deviation 1.22
Sum of Squares 5.52
Residual Mean Squared Error 1.36
Minimum Residual -2.28
Maximum Residual 0.58
Number of Observations 3
Range in Observations 11.50
Scaled Standard Deviation 0.106
Scaled Absolute Mean 0.085
Scaled Residual Mean Squared 0.118

Target ID Time Easting  Northing Layer Observed 
Drawdown

Simulated 
Drawdown Residual

(days) (ft) (ft)  - (ft amsl) (ft amsl) (ft)
683 3.1 988,608 446,108 2 1.5 3.78 -2.28
687 3.1 988,480 443,724 2 13.0 12.42 0.58
685 3.1 989,086 443,415 2 9.8 9.86 -0.06

CHILSON  2008 TEST
Calibration Statistic
Residual Mean -0.27
Absolute Residual Mean 2.74
Residual Standard Deviation 3.07
Sum of Squares 28.56
Residual Mean Squared Error 3.09
Minimum Residual -3.79
Maximum Residual 3.70
Number of Observations 3
Range in Observations 13.90
Scaled Standard Deviation 0.221
Scaled Absolute Mean 0.197
Scaled Residual Mean Squared 0.222

Target ID Time Easting  Northing Layer Observed 
Drawdown

Simulated 
Drawdown Residual

(days) (ft) (ft)  - (ft amsl) (ft amsl) (ft)
682 3 1,003,538 431,257 4 3.1 3.83 -0.73
686 3 1,003,346 429,756 4 10.4 14.19 -3.79
684 3 1,003,586 429,739 4 17.0 13.30 3.70

Coordinates in South Dakota State Plane South North American Datum 1983.

Numerical Modeling of Hydrogeologic Conditions, Dewey-Burdock Project, S.D. Petrotek Engineering Corporation



Table 5-3. Calibration Statistics, Transient Simulation, 1982 Chilson Pumping Test, Dewey-Burdock  Project Model

Calibration Statistic
Residual Mean 1.21
Absolute Residual Mean 8.47
Residual Standard Deviation 9.20
Sum of Squares 860.69
Residual Mean Squared Error 9.28
Minimum Residual -13.78
Maximum Residual 12.46
Number of Observations 10
Range in Observations 173.53
Scaled Standard Deviation 0.053
Scaled Absolute Mean 0.049
Scaled Residual Mean Squared 0.053

Target ID Time Easting Northing Layer Observed 
Drawdown

Simulated 
Drawdown Residual

(days) (ft) (ft) (ft) (ft) (ft)
622 11 991,175 454,034 2 4.05 0.66 3.39
613 11 990,523 453,776 2 11.97 0.66 11.31
436 11 990,002 454,437 2 5.54 0.69 4.85
614 11 990,584 453,770 3 23.42 26.04 -2.62
617 11 989,447 453,643 4 122.27 131.72 -9.45
616 11 990,745 453,249 4 136.47 124.01 12.46
623 11 991,051 454,252 4 136.95 126.25 10.70
657 11 989,748 454,650 4 126.98 137.45 -10.47
615 11 990,348 453,802 4 177.58 171.90 5.68
612 11 990,153 454,089 4 161.83 175.61 -13.78

Coordinates in South Dakota State Plane South North American Datum 1983.

Numerical Modeling of Hydrogeologic Conditions, Dewey-Burdock Project, S.D. Petrotek Engineering Corporation
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