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1 GROUNDWATER FLOW MODELING 

A three-dimensional, numerical, groundwater flow model has been constructed and calibrated to 
simulate the hydrogeologic conditions in the vicinity of proposed extraction well transect.  The results of 
these modeling efforts are presented within this section. The objective of the groundwater flow modeling 
has been to simulate groundwater behavior at the western margin of the Ogallala Aquifer at the location 
of the recently-constructed, north-south, transect of wells. The model has been constructed with the 
following objectives in mind (Versar and RMC, 2011): 

1.  Demonstrate the ability of one or more groundwater pumping system scenarios to fully 
capture the cross-sectional area of the plume as it migrates easterly across the axes of the 
proposed groundwater interception system. Modeling would include an evaluation of the 
optimum number, location and pumping rates for individual extraction wells as needed to 
meet the stated objective. 

2.  Assess anticipated changes in hydraulic head within the area of the groundwater 
interception system and recommend a monitoring program designed to obtain the field 
data necessary to document groundwater capture. 

3.  Model alternative scenarios of treated groundwater infiltration or injection into the 
aquifer system. 

4.  Evaluate the impacts of increased water supply pumping from the Borie well field. In this 
modeling application, increased pumping would be simulated by lowering constant head 
cells along the eastern margin of the modeling domain to represent the steepening of 
eastward hydraulic gradients in the aquifer caused by increased pumping from the well 
field. 

1.1  CONCEPTUAL MODEL 

A conceptual model of the hydrogeologic framework and groundwater flow distribution was 
developed prior to model construction.  This is an important step in the groundwater modeling process, 
since it allows the available data to be compiled and reviewed for consistency and forms the basis of the 
model development.  The vertical model domain encompasses the Ogallala formation and the upper part 
of the White River formation (WRF).  Investigative work in the Borie Well Field east of the transect area 
by J.R. Engineering (2007) categorized the Ogallala aquifer as consisting of three aquifer units and two 
intervening aquitards.  The three aquifers were termed the Upper Ogallala Aquifer, the Middle Ogallala 
Aquifer, and the Lower Ogallala Aquifer.  The Lower Ogallala Aquifer directly overlies the WRF. In the 
western margin of the Ogallala aquifer, near the extraction well transect, much of the Ogallala formation 
is unsaturated.  The principal aquifer zone pumped by extraction well EW-01 in the aquifer test is 
believed to be correlative to the Lower Ogallala Aquifer described by J.R. Engineering further east in the 
Borie Well Field.  The Ogallala sediments lying above this principal aquifer zone in the transect area are 
believed to be generally correlative to the aquitard separating the lower and middle aquifer units of the 
Ogallala aquifer observed in the Belvoir Well Field.  For the purposes of this modeling exercise, this 
aquitard unit, although unnamed in the J.R. Engineering study, will be referred to as the Lower Ogallala 
Aquitard.  In the extraction well transect area, the Lower Ogallala Aquifer is saturated and the Lower 
Ogallala Aquitard is at least partially saturated. However, the Middle Ogallala aquifer and overlying units 



Former Atlas D Missile Site 4 Pre-Design Characterization 
Groundwater Modeling Report 

 

Page 2 

are unsaturated.  The Middle Ogallala Aquifer becomes  partially saturated in the eastern portion of the 
model domain. 

 The WRF behaves as an aquitard, although it possesses a modest horizontal hydraulic 
conductivity attributable to interbeds of more permeable sand and/or to more dominant jointing along 
bedding planes in some subunits within the formation. 

 Recharge to the aquifer is attributable to two mechanisms: direct infiltration of precipitation and 
exfiltration from ephemeral streams passing over the Ogallala Aquifer. Direct infiltration of precipitation 
has been estimated to be on the order of 1.25 inches per year (Nunn and Turner, 2009). Exfiltration from 
streams is believed to be an important source of recharge to the Ogallala Aquifer (JR Engineering, 2007), 
although there is considerable uncertainty surrounding the magnitude, seasonality, and geographic 
distribution of this mechanism of recharge. Much of the discharge of water from the aquifer is to water 
supply extraction wells downgradient of the transect area in and near the Borie well field. 

1.2 FLOW MODEL CONSTRUCTION 

1.2.1 Model Code Selection 

The modular, three-dimensional, finite-difference flow model code (MODFLOW) was used in 
this modeling effort to calculate the hydraulic head distribution and flow within the simulated 
hydrogeologic system.  MODFLOW was originally developed by the U.S. Geological Survey (USGS) in 
1984 and has undergone several revisions (MacDonald and Harbaugh, 1984).  The most current version 
of this code, MODFLOW-2005, has been integrated into the pre- and post-processing software used for 
this model (Visual MODFLOW-Premium, Version 2011.1, developed by Slumberger, Inc.). 

1.2.2 Model Domain 

Figure 1 illustrates the model’s domain.  The model area dimensions are 16,000 by 27,000 feet, 
encompassing an area of 15.5 square miles. The model domain was carefully selected with several 
objectives in mind: 

1. The western boundary of the model was established with the dual objectives of 
maintaining at least a minimum extent of Ogallala Aquifer saturation, while at the same time 
being far enough from the proposed extraction well transect to minimize the amount of extraction 
well drawdown reaching this boundary. Extending the model further westward was not 
considered productive since the structural contours of the top of the White River formation 
(WRF) and, in particular, the location and geometry of suspected paleochannels incised into the 
top of the WRF are not well understood. It is evident from the observed eastward hydraulic 
gradient in the Ogallala Aquifer at the well transect and the measured transmissivity in the 
Ogallala Aquifer at the same transect that a substantial flow of groundwater passes through the 
transect area. What is critical is that the model be able to reproduce that eastward flow in the 
Ogallala Aquifer across the transect area even if the precise mechanisms of flow across the top of 
or through the WRF further to the west are not fully understood or represented in the model. 
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2. The northern and eastern boundaries were selected to be generally parallel to 
groundwater flow paths and to be far enough from the transect area to minimize any boundary 
effects. 

3. The eastern boundary was selected to allow space for simulation of different scenarios of 
treated groundwater reinjection and to minimize the extent to which water level rise associated 
with those reinjection scenarios reaches the eastern boundary. 

1.2.3 Discretization 

1.2.3.1 Finite-Difference Grid 

The model’s finite difference grid is shown in Figure 2 and consists of 190 rows and 126 columns 
forming 23,940 finite-difference cells per layer.  As shown in Figure 2, the grid spacing is finest in the 
vicinity of the proposed extraction well transect to provide a more detailed simulation of groundwater 
flow and particle tracking in that area.  Cell sizes in this region are 62.5 feet in both the x and y directions.  
The grid spacing is considerably coarser near the model boundaries which are of lesser concern and for 
which little data is available.  Maximum grid spacing is found at the corners of the domain and reaches a 
maximum extent of 250 by 250 feet.  Using a variable grid, such as this, improves the overall 
computational efficiency of the model without compromising its accuracy or predictive capability.   

1.2.3.2 Model Layers 

 The vertical model domain is divided into four layers to represent the four principal 
hydrostratigraphic units as illustrated in Figure 3.  Layers 1 through 3 represent the Ogallala aquifer, 
specifically the Middle Ogallala Aquifer, the Lower Ogallala Aquitard, and the Lower Ogallala Aquifer, 
respectively.  Layer 4 represents the White River formation.   

 The structural contours of the top of the White River formation (Layer 4) were based upon 
elevations of the top of the White River formation observed in wells associated with the Atlas Missile 
Base D investigation and wells associated with the investigation of the Belvoir Well Field.  The estimated 
structural contours for the top of the White River formation employed in the groundwater model are 
depicted in Figure 4.  The elevation of the top of the lower Ogallala aquifer was also taken from well logs 
from these two sources.  The structural contours for the top of the Lower Ogallala Aquifer employed in 
the groundwater modeling are shown in Figure 5. 

1.2.4 Boundary Conditions 

A number of boundary conditions have been integrated into the model, including areal recharge, constant 
head, and no-flow.  The following sub-sections provide additional information regarding the setup of the 
various boundary conditions. 

1.2.4.1 Recharge 

 Recharge to the Ogallala aquifer is believed to be derived from direct infiltration of precipitation 
and from exfiltration of water from ephemeral streams (J.R. Engineering, 2005).  In their study of 
recharge to the Ogallala aquifer, Nunn and Turner (2009) also recognized the importance of exfiltration 
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from ephemeral streams stating that “Infiltration from streams over the Ogallala is very significant to 
groundwater recharge”.  While it is generally concluded that recharge from ephemeral streams plays a 
major role in recharging the Ogallala aquifer, the amount of annual recharge from streams and its 
geographic distribution is not well understood (Nunn and Turner, 2009).   

 Recharge in the model includes both direct infiltration of precipitation and focused recharge from 
stream exfiltration.  The general areal recharge rate assigned to the model domain is 1.5 inches per year, 
which is nominally the same as that estimated by Nunn and Turner (2009).  Zones of enhanced recharge 
due to exfiltration from Lone Tree Creek and an adjacent tributary, have been modeled as linear zones 
with an estimated, uniform, recharge rate of 100 inches per year.  Figure 6 shows the distribution of 
recharge zones used in the model. 

1.2.4.2 Constant Head Boundaries 

 A line of constant head cells has been placed in layer 1 along the east side of the model to 
represent hydraulic head in the Middle Ogallala aquifer in this portion of the aquifer. These cells are 
illustrated in Figure 7. The specified hydraulic head in these cells is indicated on the figure. Hydraulic 
head varies linearly in the line of constant head cells between the specified heads. Constant head cells 
have also been placed along the east and west sides of the model in layers 3 and 4. These constant head 
cells and the specified heads are illustrated in Figure 8. Once again, hydraulic head varies linearly in the 
line of constant head cells between the specified heads. 

1.2.4.3 No Flow Boundaries 

No flow boundaries are set by default in the model around the model perimeter, except where 
constant head boundaries have been specified. This includes the north and south boundaries of the model 
domain, which are approximately parallel to groundwater flow in the Ogallala Aquifer. 

1.2.5 Hydraulic Properties 

Initial hydraulic properties were assigned to each of the model layers and/or conductivity zones, 
based upon the results of the aquifer test and a review of available data that included prior literature and 
reasonable values typically reflected by the represented sediments. Those values were then adjusted as 
necessary during the calibration described in Section 5.3. Table 1 summarizes the final model-calibrated 
horizontal and vertical conductivities of the previously-described layers and any conductivity zones 
within those layers. The calibration to drawdown from the aquifer test indicated a slight areal anisotropy 
in the Lower Ogallala Aquifer of 1.75, with the maximum hydraulic conductivity oriented in an east-west 
direction. Areal anisotropy in alluvial fan deposits such as the Ogallala Aquifer is not uncommon and is 
typically attributed to a propensity for channels of high energy alluvial deposits (i.e. coarse sands and 
gravels) to be oriented in the Kmax direction (Quinones-Aponte, 1989). 

1.3 MODEL CALIBRATION AND SENSITIVITY ANALYSIS 

The calibration process involves the adjustment of model input parameters within reasonable ranges 
in order to match specific field conditions within some acceptable limits.  The technical approach used for 
this project was to calibrate the model in parallel to two data sets: 
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1. The steady-state hydraulic head data measured on September 21, 2011, and 
2. The drawdown measured at the conclusion of the aquifer test 

Ordinarily, the steady-state data would be used for model calibration and the drawdown data used 
for what is commonly called model "verification" or "validation", although it is well-recognized in the 
groundwater modeling community that each of these terms overstates the degree to which this process 
enhances model calibration. Verification typically involves showing that the model can  adequately 
predict water levels for a wholly different set of hydrogeologic stresses other than the steady-state 
conditions to which the model has been initially calibrated.  An example of a different set of 
hydrogeologic stresses would be a major aquifer test, such as the aquifer test conducted at this site using 
EW01.  

However, in this case, under steady-state (i.e. non-pumping) conditions, it was suspected that the 
model calibration would be relatively insensitive to variations in aquifer hydraulic conductivity due to the 
placement of the constant head boundaries on the west and east sides of the model (the model produces a 
similar flow field across the model domain irrespective of aquifer hydraulic conductivity). The flow of 
groundwater through the model layers is, of course, directly a function of the assigned hydraulic 
conductivities and is a critical factor in the ultimate predictive abilities of the model. In contrast, 
calibration of the model to the drawdowns observed in the aquifer test is quite sensitive to hydraulic 
conductivity. Therefore, a model calibration was iteratively derived that could satisfactorily match both 
steady-state conditions and the drawdown in potentiometric levels caused by the aquifer test.  

The steady-state calibration was performed using a groundwater elevation dataset measured on 
during the period of September 19-21, 2011, with the exception of well, BRO-1A, which was measured 
on October 5, 2011.  The drawdown in the aquifer at the conclusion of the aquifer test was used for 
calibration to non-steady-state conditions. 

1.3.1 Steady-State Calibration Targets 

Table 2 provides a summary of the wells used as calibration targets and the water level elevations 
measured in those wells. Some judgment was used in selection of the wells used as calibration targets. All 
of the Atlas D Missile Base wells within the model domain that were monitored were used as calibration 
targets, except for MW-48S. Well MW-48S is apparently screened within low permeability material and 
is unresponsive. Two of the Borie wells, TH-3 and TH-5, were also omitted from the data set due to 
questions about the representativeness of the water levels measured in these wells. Both wells have long 
wells screens that likely extend across multiple water-bearing zones, each of which likely has a different 
hydraulic head. The resultant hydraulic head in the well is therefore a blended hydraulic head based upon 
the hydraulic heads and transmissivities of each screened water-bearing zone. TH-5 was omitted because 
it is adjacent to two other wells, BRO-1A and Belvoir No. 5, which both have similar hydraulic heads of 
6493.24 and 6492.60, respectively. Well TH-5 exhibited a head of 6526.52--well above the heads in the 
two adjacent wells. Well TH-3 also exhibited a head that was suspiciously above the hydraulic head in 
nearby wells screened solely in the Lower Ogallala Aquifer, suggesting that it may be unduly influenced 
by heads in other water-bearing zones within its long screened interval. 

1.3.1.1 Statistics 
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Figure 9 provides graphical summaries of the model calibration.  The final calibrated model 
resulted in a normalized root mean square (NRMS) value of 4.175 % and an absolute residual mean of 
2.965 feet for all calibration targets.  The typical rule-of-thumb goal is to obtain a NRMS value of less 
than 10%.  The model is well below this goal. Graphically, the model-predicted and observed water level 
elevations fall on or near the 45 degree blue line illustrated on Figure 9 throughout the model domain, 
indicating that the model reproduces the hydraulic gradients in the aquifer quite well.   

1.3.1.2 Predicted vs. Observed Potentiometric Surfaces 

Figure 10 illustrates observed versus model-predicted potentiometric contours for the Lower Ogallala 
Aquifer (Layer 3).  As can be seen, the groundwater flow model reproduces the configuration of the 
measured potentiometric contours quite well. 

1.3.2 Calibration to Aquifer Test Drawdowns 

 Drawdown was monitored in 18 wells during the aquifer test of EW01. The drawdowns at the 
conclusion of the slightly longer  than three day (4356 minutes) aquifer test were used as calibration 
targets. Conductivities were adjusted from the steady-state calibration, as necessary, to suitably match the 
observed drawdowns. The steady-state calibration was then rerun to see the impact of the hydraulic 
conductivity changes on the steady-state calibration. In this process, the specific storage calculated in the 
aquifer test was used and remain unchanged. Table 3 gives the observed drawdowns, the model-predicted 
drawdowns, the difference between the model-predicted and observed drawdowns, and the percent 
difference for each observation well. Of note, is that the absolute residual mean between observed and 
predicted drawdown is only 0.187 feet. The model predicts the drawdown in most observation wells 
having greater than 1.0 feet of observed drawdown within 15% or less. 

1.3.2.1 Predicted vs. Observed Drawdown Contours 

 Figure 11 illustrates observed versus model-predicted contours of drawdown at the conclusion of 
the aquifer test. In the case of well clusters, the Lower Ogallala Aquifer well screen with the maximum 
observed drawdown was used in Figure 11.  As can be seen, the groundwater flow model closely 
reproduces the configuration of the measured contours of drawdown. 

1.3.3 Sensitivity Analyses 

The overall uniqueness of the model calibration was assessed through a sensitivity analysis. A 
sensitivity analysis was conducted of the steady-state model calibration and also of the calibration (or 
verification) to the drawdown at the conclusion of the aquifer test. The steady-state sensitivity analysis 
was conducted by altering one parameter at a time, running the model to steady-state, and recording any 
changes in the model’s NRMS error.  In each case, four values were tested; two above and two below the 
base case value at regular intervals.  Seven different parameters were evaluated in the steady-state 
calibration: Kx of the Lower Ogallala Aquifer (Layer 3) while maintaining the areal anisotropy of 1.75, 
Kz of the Lower Ogallala Aquitard (Zones 4 and 6), Kz of the WRF, Kx,y of the WRF, Recharge Zone 1, 
and Recharge Zone 2.  The sensitivity analysis of drawdown evaluated the impact of variations in the key 
parameter to evaluation of a groundwater extraction system--the horizontal hydraulic conductivity of the 
Lower Ogallala Aquifer.  
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1.3.3.1 Steady-State Sensitivity Analysis  

 Figures 12 and 13 provide a summary of the input parameters and the resulting NRMS errors in 
the steady-state sensitivity analysis. 

Kx of the Lower Ogallala Aquifer 

The model calibration was fairly sensitive to the hydraulic conductivity of the Lower Ogallala 
Aquifer in the east-west direction (Kx), especially when lowering Kx as illustrated in Figure 12(a). 

Kz of the Lower Ogallala Aquitard-Zone 4 

The model calibration was quite sensitive to the vertical hydraulic conductivity of the Lower 
Ogallala Aquifer-Zone 4, as illustrated in Figure 12(b). 

Kz of the Lower Ogallala Aquitard-Zone 6 

The model calibration was sensitive lowering the vertical hydraulic conductivity of the Lower 
Ogallala Aquifer-Zone 6, but not to increases in Kz-Zone 6, as illustrated in Figure 12(c). 

Kz of the White River Formation 

The model calibration was not sensitive to changes in vertical hydraulic conductivity of the WRF 
over a range of two orders of magnitude, as illustrated in Figure 12(d). 

Kx and Ky of the White River Formation 

The model calibration was not sensitive to changes in the horizontal hydraulic conductivity of the 
WRF, as illustrated in Figure 13(a). 

1.3.3.2  Recharge-Zone 1(Direct Infiltration of Precipitation) 

The model calibration is quite sensitive to both increases and decreases of areal recharge, as 
illustrated in Figure 13(b).  

Recharge-Zone 2(Localized Stream Exfiltration) 

The model calibration is fairly sensitive to the localized exfiltration recharge, as illustrated in Figure 
13(c).  

1.3.3.3 Drawdown Sensitivity Analysis 

 The drawdown sensitivity analysis was conducted by altering the Kx of the Lower Ogallala 
Aquifer, while maintaining the areal anisotropy of the aquifer at 1.75. In so doing, a change in Kx 
produces a proportional change in Ky to maintain the areal anisotropy at 1.75. As with the steady-state 
sensitivity analysis, four values were tested; two above and two below the base case value at regular 
intervals. The impact of the changes were quantitatively evaluated by determining the absolute residual 
mean (ARM) of the differences between observed and predicted drawdowns in each scenario. The results 
of this analysis are illustrated graphically in Figure 14. As expected, drawdown in the aquifer is very 
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sensitive to changes in the hydraulic conductivity of the aquifer, particularly if the hydraulic conductivity 
is lowered. The impact on predicted contours of drawdown is even more telling, as illustrated in Figure 
15. The base case comparison of observed versus predicted drawdowns, presented earlier as Figure 11, is 
shown in the upper left corner of the figure as Figure 15(a).  Increases in hydraulic conductivity by factors 
as little as 1.5 or 2.0 , as illustrated in Figures 15(b) and (c), respectively, produce significantly less 
drawdown and smaller cones of influence. In contrast, decreases in hydraulic conductivity by factors as 
little as 0.5 or 0.25 , as illustrated in Figures 15(d) and (e), respectively, produce substantially greater 
drawdown and larger cones of influence. 

 

1.4 PREDICTIVE RUNS 

 Once calibrated, the model was used to predict the performance of a groundwater extraction 
system designed to capture the plume at the north-south transect of wells.  Three different scenarios of 
groundwater extraction were modeled.  These scenarios include the following: 

· Scenario 1 – Five wells, spaced 700-1000 feet apart, each pumping at 50 gpm 
· Scenario 2 – Five wells, spaced 700-1000 feet apart, each pumping at 60 gpm 
· Scenario 3 – Five wells, spaced 700-1000 feet apart, each pumping at 70 gpm 

In each case, the combined flow of the extraction wells (after treatment) was reinjected at equal rates 
into three injection wells located downgradient of the line of extraction wells.  Surface infiltration of 
treated groundwater was not evaluated as an alternative due to concerns with respect to its feasibility.  

Scenario 1 

In Scenario 1, the groundwater extraction system consists of five extraction wells oriented in a 
generally north-south transect.  The five wells include existing extraction well EW-01, two wells to the 
north and two wells to the south that are termed EW-02 through EW-05.  These wells are spaced 
approximately 700-1000 feet apart as illustrated in Figure 16.  The combined flow of these wells is 
injected into three injection wells also located along a generally north-south transect downgradient (east) 
of the extraction wells.  In Scenario 1, the five extraction wells are each pumping at 50 gallons per minute 
(gpm) producing a combined flow of 250 gpm.  Each of the injection wells is injecting treated 
groundwater at a rate of 83.3 gpm, thus injecting a combined flow rate of 250 gpm. 

The Figure 16 shows the model-predicted potentiometric contours and a series of path lines from a 
north -south oriented line of 100 particles placed in the Lower Ogallala Aquifer (Layer 3).  The path lines 
were modeled using the MODPATH program incorporated within Visual MODFLOW.  The figure shows 
that Scenario 1 fails to achieve full capture as a large number of path lines bypass the extraction wells and 
migrate downgradient.   

Scenario 2 

In Scenario 2, the groundwater extraction system consists of the same five extraction wells oriented 
generally north-south transect.  The combined flow of these wells is injected into three injection wells 
also located along a generally north-south transect downgradient of the extraction wells.  In Scenario 2, 
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the pumping rates of the five extraction wells have been increased to 60 gpm producing a combined flow 
of 300 gpm.  Each of the injection wells is injecting treated groundwater at a rate of 100 gpm, thus 
injecting a combined flow rate of 300 gpm. 

The Figure 17 presents the results of the modeling of Scenario 2.  The model-predicted potentiometric 
contours are illustrated, as well as a series of path lines from a north -south oriented line of 100 particles 
placed in the Lower Ogallala Aquifer (Layer 3).  The figure shows that Scenario 2, while achieving a 
greater degree of capture, also fails to achieve full capture as a number of path lines, albeit fewer than in 
Scenario 1, escape between the extraction wells and migrate downgradient.   

Scenario 3 

In Scenario 3, the pumping rate of the same five extraction wells have been increased to 70 gpm 
producing a combined flow of 350 gpm.  Each of the injection wells is injecting treated groundwater at a 
rate of 116.7 gpm, thus injecting a combined flow rate of 350 gpm. 

The Figure 18 presents the results of the modeling of Scenario 3.  The model-predicted potentiometric 
contours are illustrated, as well as a series of path lines from a line of 100 particles placed in the Lower 
Ogallala Aquifer (Layer 3).  The figure shows that Scenario 3 achieves full capture as no flow paths pass 
between the extraction wells. The composite zone of capture is delineated in red. The approximate extent 
of the TCE plume is outlined in green.  Figure 18 illustrates that the model-predicted, composite, capture 
zone  created by the five extraction wells is wider than the estimated width of the plume in the vicinity of 
the extraction well transect. 

1.4.1 Evaluation of Impact of Increased Pumping from the Borie Well Field 

 Increased extraction from the Borie well field would likely manifest itself as steeper regional 
hydraulic gradients in the aquifer in the area of the well transect. Since the width of a zone of capture is 
inversely proportional to the aquifer hydraulic gradient, it can be expected that steeper gradients would 
begin to degrade the continuity or width of the composite capture zone created by the five extraction 
wells. This tendency was modeled by lowering the constant head cells by a uniform 10 feet on the eastern 
boundary of the model in both layers 3 and 4 (the Lower Ogallala Aquifer and the WRF). The results of 
this permutation to Scenario 3 is illustrated in Figure 19. Not unexpectedly, the composite capture zone 
has begun to break apart between the southern three wells allowing two flow paths to escape 
downgradient. 

 The remedy for such an occurrence is to proportionately increase the pumping rates of the 
extraction wells. In this instance, the pumping rate of the five extraction wells was increased from 70 gpm 
to 75 gpm, thereby producing a total flow of 375 gpm. The injection wells were proportionately increased 
to 125 gpm each. The result was reconstitution of the composite capture zone, as illustrated in Figure 20. 

 In practice, it will be necessary to monitor gradients in the aquifer and the performance of the 
extraction well system and be prepared to adjust flow rates up (or down) in response to ambient 
conditions. 



Former Atlas D Missile Site 4 Pre‐Design Characterization
Groundwater Modeling Report

TABLES



Former Atlas D Missile Site 4 Pre‐Design Characterization
Groundwater Modeling Report

Layer Hydrostratigraphic Unit Conductivity Zone Kx (ft/day) Ky (ft/day) Kz (ft/day)

1 Middle Ogallala Aquifer 1 50 50 2.83

2 Lower Ogallala Aquitard 4 1 1 0.002

2 Lower Ogallala Aquitard 6 1 1 0.04
3 Lower Ogallala Aquifer 2 29.1 16.63 1
4 White River Formation 3 2 2 0.000283

Table 1
Calibrated Hydraulic Conductivities
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Well

Date of
Water Level 

Measurement
Screened Unit 

(Layer)
Grounwater Elevation

(ft above MSL)
BELVOIR NO. 5 9/19/2011 3 6492.6
BORIE  NO. 1 9/20/2011 3 6478.47
BRO-1A 10/5/2011 3 6493.24
MW43 9/21/2011 3 6552.01
MW44 9/21/2011 3 6572.32
MW45 9/21/2011 3 6547.48
MW-46S 9/21/2011 3 6556.55
MW-46M 9/21/2011 3 6555.62
MW-46D 9/21/2011 4 6552.99
MW-47S 9/21/2011 3 6555.55
MW-47M 9/21/2011 3 6555.83
MW-47D 9/21/2011 3 6553.23
MW-48M 9/21/2011 3 6554.02
MW-48D 9/21/2011 3 6553.63
MW-49S 9/21/2011 3 6550.45
MW-49M 9/21/2011 3 6551.09
MW-49D 9/21/2011 3 6551.06
MW-50S 9/21/2011 2 6546.85
MW-50M 9/21/2011 3 6549.46
MW-50D 9/21/2011 3 6557.19
TH-4 9/19/2011 3 6553.01
TH-6 9/19/2011 3 6513.75

Table 2
Groundwater Elevations Used as Calibration Targets
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Well

Observed Drawdown at 
Conclusion of Aquifer 

Test (feet)

Model-Predicted 
Drawdown

(feet)

Differential 
Between 

Predicted and 
Observed (feet)

Percent 
Differential

MW43 0.38 0.448 0.068 17.89%
MW44 0.28 0.145 -0.135 -48.21%
MW45 0.96 0.864 -0.096 -10.00%
MW-46S 1.04 0.966 -0.074 -7.12%
MW-46M 1.08 0.966 -0.114 -10.56%
MW-46D ND 0.014 0.014 NC
MW-47S 1.98 2.228 0.248 12.53%
MW-47M 1.78 2.228 0.448 25.17%
MW-47D 1.95 2.228 0.278 14.26%
MW-48M 3.72 3.983 0.263 7.07%
MW-48D 3.69 3.983 0.293 7.94%
MW-49S 0.58 0.871 0.291 50.17%
MW-49M 0.63 0.871 0.241 38.25%
MW-49D 0.64 0.871 0.231 36.09%
MW-50S 0.1 0.001 -0.099 -99.00%
MW-50M 0.29 0.266 -0.024 -8.28%
MW-50D ND 0.266 0.266 NC

0.187

ND= Non Detected
NC= Not Calculated

Table 3
Drawdown Measurements Used as Calibration Targets

Absolute Residual Mean
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