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Executive Summary 

 
The United States Army Corp of Engineers (USACE) Omaha District, 

under the Defense Environmental Restoration Program (DERP) is conducting 
work to supplement an earlier feasibility study at the Former Atlas Missile Site 
No. 4 (AMS #4)  
 

The current tasks completed by RAS, Inc. were in support of the 
supplemental feasibility study work and included conducting borehole geophysics 
and analyzing the information to present in this integrated report. The work 
conducted by, or under, the direction of RAS is in accordance with requirements 
specified by RMC Consultants, Inc. under contract with the USACE. 
 

In general, the borehole characterization program was designed to provide 
detailed in-situ information on the mechanisms responsible for contaminant 
migration at the subject site.  This information may also be used to evaluate a 
given well for appropriateness as a pumping well in future aquifer tests. 
 

The logs run on site include: Natural Gamma, Resistivity, Caliper, Induced 
Gamma-density (compensated density), Neutron-porosity (percent relative 
hydrogen content), and Hydrophysical Logging.  Three monitoring wells were 
investigated by RAS including MW-43, MW-44, and MW-45.  All of the 
monitoring wells are located east of the Cow Camp area located approximately 
seven miles east of the AMS #4 site.  

 
Interpretation of where the White River Formation and Ogallala Formation 

contact occurs is based on past work in the area at the AMS#4 site as well as other 
workers and groups such as the USGS.  At the AMS#4 site a transition from the 
White River to the Ogallala may be detected by shifts in gamma and induction 
resistivity logs.  The logs may indicate a sharp transition, but more commonly the 
logs transition more slowly.  The increasing volcanic ash content of reworked 
sediments near the top of the White River may account for the slower transition.  
The characteristics of the silts and silty clays along with drilling conditions 
described in the field logs also contribute to the interpretation. 
 

In MW-43 borehole lithology log, gamma response, and induction 
resistivity suggested the bottom of the Ogallala is about 160 to 165 feet BGS or 
about 6520 to 6515 feet mean sea level (msl).  The water level in MW-43 is at an 
elevation of about 6650 feet msl which approximately 30 feet higher than the 
apparent contact between the Ogallala and the White River Formation.  HPL 
testing indicated that strong upflow conditions exist in the well, with water 
entering the well at the bottom of the well and flowing out of the well back into 
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the formation at or near the water table surface.  There were no COC’s detected in 
MW-43. 

 
In MW-44 the borehole lithology log, and induction resistivity suggested 

the bottom of the Ogallala is about 210 feet BGS or about 6573 feet msl.  The 
water level in MW-44 is at an elevation of approximately 6568 feet msl which is 
approximately 5 to 10 feet lower than the apparent White River Formation 
contact.  HPL testing documented strong downflow conditions in the well with 
water entering the well near the top of the watertable and flowing out of the 
bottom of the well.  TCE was detected in three samples within the water column 
in MW-44.  The TCE concentration was 44 ug/L in the upper two samples and 46 
ug/L in the bottom sample.  The uniform sample concentrations may suggest that 
contamination originated from one lithologic unit at the top of the saturated 
interval.  However, re-sampling the well using more detailed sampling procedures 
would be required to draw firm conclusions regarding the vertical extent of TCE 
contamination in MW-44. 
 

Borehole lithology and induction resistivity suggested that in MW-45 the 
bottom of the Ogallala is approximately 205 to 210 feet BGS or about 6495 feet 
msl.  The water level in MW-45 is at an elevation of about 6542 feet msl which 
about 47 feet higher than the apparent Ogallala/White River Formation contact 
which is a departure from upgradient wells where the water table surface tended 
to be near the contact or deeper within the White River Formation.  HPL testing 
of MW-45 indicated strong upflows were occurring from the bottom of the well 
for about 60 feet up to a point 35 feet below the water table surface where the 
flows exit the well and flow back into the formation. 

 
In MW-45 upward flowing groundwater correlates with TCE 

concentrations that increase from the deepest sample collected at 250 feet to the 
shallowest sample collected at a depth of 207 feet. This patterns means the 
contaminant data underestimates the actual point concentrations of TCE in the 
formation because less contaminated water from the bottom of the well dilutes 
more highly contaminated water entering the well as water flows up the well.    
The data is not conclusive that contamination is only transported in just one of the 
lithologic units; it is possible that multiple lithologic units, each potentially 
transporting differing TCE concentrations are contributing TCE to the well.  If 
there were only one lithologic unit as a contaminant source, the concentration in 
the upflow direction should decrease because of other documented inflows and 
not increase.   

 
In the monitoring well borehole logs there are frequent descriptions of 

“clayey” sediments, however, the “clayey” sediment occurrence does not correlate 
with a positive gamma response as would be expected.  Since there is generally a 
pronounced gamma response from true clay minerals, it may be that the fine 
grained “clayey” sediments are in fact primarily silts that exhibit cohesiveness due 
to the fine grained characteristics of the sediment. Since the White River 
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Formation contains volcanic ash, the “clayey” sediments are likely partially 
weathered. 

 
The long well screens in wells with multiple flows zones, each of which 

likely has differing potentials, suggests that the water level information from the 
wells should be used with caution.  The hydraulic head or water surface elevations 
from the wells will not provide accurate groundwater gradients.  If each producing 
zone were to be hydraulically isolated and the hydraulic head measured, a 
differing head would be likely for each zone as compared to the existing water 
levels in the wells. 
 

The data from MW-43, MW-44, and MW-45 paint a distinctly different 
picture of the structure of the White River Formation compared with what was 
encountered to the north around the Atlas Missile launch sites.  The wells are 
spaced far enough apart so that conclusions cannot be drawn at this time about the 
lateral extent of the hydraulically productive sands and gravels, or the fractured 
claystones, encountered in MW-43, MW-44, and MW-45.  Some of the 
information suggests that some of the productive sands and gravels may be 
somewhat isolated hydraulically, such as the upper portion of the saturated zone 
in MW-45.  Given the distances and the complex flows documented in the wells it 
is not likely that specific lithologic units can be mapped from well to well. 
 

The most significant finding of the HPL testing is that a very complex 
flow system exists in the area.  In MW-44 flows are from near the top of the 
saturated intervals into the well and out the bottom of the well.   In MW-43 the 
flows are from the bottom of the well up to near the top of the saturated interval 
where they flow back out into the formation; along the upward flow path there are 
several contributing zones.  Finally, under ambient conditions in MW-45 the flow 
is from the bottom of the well at a depth of 296 feet up to a point between 208 to 
217 feet in depth where the flows exit the well and flow back into the formation; 
there are no flows above 208 feet.  However, during the HPL stress test the 
distribution of head potentials changed such that the flows in the 208 to 210 foot 
interval reversed and produced flows back into the well.   
 

MW-43 and MW-45 provide a better picture as to the complexities of flow 
within the formations than does MW-44.  Flows as mapped within the wells do 
not clearly correlate with sands and gravels, elevated resistivity, or other 
geophysical log.  In some cases the flows have been detected across silty 
formations where resistivity is low, density and gamma are uniform, and neutron 
response is unremarkable.  Close examination of the borehole lithology logs 
indicates that “claystone” remnants are in evidence across some of these intervals 
suggesting that the flows mapped across the section may be associated with  
fractured claystones.  From past work conducted at AMS#4, claystone may or 
may not produce groundwater.  However, the flows originating from the bottom 
of MW-43 appear to coming out of claystone sediments.  In contrast the ambient 
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flows originating from the bottom of MW-45 and flowing up the well apparently 
come from gravels.   
 

MW-44 does not appear to penetrate very far into the White River 
Formation compared to both MW-43 and MW-45.  The limited depth of 
penetration may explain why the apparent complex distribution of vertical 
hydraulic head potentials were not encountered in MW-44.  In MW-44 the flows 
within the well were from the upper part of the saturated formation down the well 
and back out into the formation.   
  

The contaminant concentration data for MW-45 correlates with upward 
flows beginning from the bottom of the well at a depth of 295 feet with multiple 
contributing zones.  This also means the contaminant data underestimates the 
actual concentration in which ever portion of the formation that is the source of 
the TCE.  The hydrophysical data does not suggest that TCE contamination is 
only transported in one lithologic unit; rather it is likely that multiple lithologic 
units, each potentially transporting differing TCE concentrations are contributing 
TCE to the well.  If there were only one lithologic unit as a contaminant source, 
the concentration in the upflow direction should decrease because of other 
documented inflows and not increase.   
 

In MW-44 the concentrations are higher than in MW-45, but are uniform, 
only varying from 44 to 46 µg/L, suggesting that one flow zone is a source of 
TCE.   To the west, and upgradient of MW-44, three wells in the Cow Camp area 
have an average TCE concentration of 21.67 µg/L, which is lower than that 
encountered in MW-44 but is of the same magnitude.  Specific information about 
flow characteristics in the three Cow Camp wells was not available, but FEW4-
MW31 was constructed with a ten foot long well screen placed between 6579 to 
6566 feet msl at a depth of approximately 209 feet suggesting that a single flow 
zone is likely in MW-31.   
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1.0 Introduction 

 
The United States Army Corp of Engineers (USACE) Omaha District, 

under the Defense Environmental Restoration Program (DERP) is conducting 
work to supplement an earlier feasibility study at the Former Atlas Missile Site 
No. 4 (AMS #4).   AMS #4 is located approximately 20 miles west of Cheyenne, 
Wyoming, and approximately 2 miles south of Granite in Section 20, T13N 
R69W.  Figure 1 is a general site location map for AMS #4 and the three 
monitoring wells, MW-43, MW-44, and MW-45, that are the subject of this 
report. 

 

 
Figure 1 

 
RAS was tasked to conduct downhole geophysical and   hydrophysical 

testing on three monitoring wells, MW-43, MW-44, and MW-45, in support of the 
supplemental investigation for the feasibility study work and to analyze the 
information and to present the findings. The work conducted by or under the 
direction of RAS is in accordance with requirements specified by RMC 
Consultants, Inc. 
 

In general, the borehole characterization program was designed to provide 
detailed in-situ information on the mechanisms responsible for contaminant 
migration at the subject site.  This information would be integrated other 
geophysical and site data to evaluate the hydrogeologic properties.  Specifically, 
the purpose of this logging program is to use geophysics to characterize lithology 
and geology and to use hydrophysics to identify and characterize water bearing 
intervals with respect to depth and interval specific flow during production.  This 

MW-45 

MW-43 
MW-44 

MW-31 
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information may also be used to evaluate a given well for appropriateness as a 
pumping well in future aquifer tests. 
 

The base logs are those logs that will meet project objectives in either a 
completed well environment (i.e. well screen installed throughout the saturated 
interval) or open hole environment.  Existing drilling information at the AMS#4 
site indicate that geologic conditions preclude a safe open hole condition after 
drilling.  As such, temporary or permanent PVC casing is installed to maintain 
borehole integrity while running geophysical logs and hydrophysical testing.   
 
The base logs include:   
 

Natural Gamma  
Resistivity (16-64 inch, SP, SPR [open hole only] or EM)  
3-arm Caliper  
Induced gamma-density (compensated density)  
Neutron-porosity (percent relative hydrogen content)  
Hydrophysical Logging – pumping conditions and discrete point fluid      

sampling during pumping   
 

The base and nuclear geophysics are ideally run in open hole conditions.  
In the completed well environment logs such as the normal resistivity (16-64 
normal, SP, and SPR), 3-arm caliper, imaging, and wireline straddle packer 
testing would not be viable.  The nuclear logs (natural gamma, neutron porosity 
and gamma-gamma density) can be run through casing, though results will be 
affected by what is fillingthe annular space between casing and the borehole wall.   
 

Hydrophysical logging involves injecting environmentally safe deionized 
water into the well and evaluating the formation fluids as they enter the wellbore 
fluid column either under ambient or pumping conditions.  Logging is conducted 
with RAS’s proprietary multi-sensor hydrophysical logging tool that measures 
high-resolution fluid electrical conductivity and temperature.  Profiling the wells 
with this method allows for identification of the locations of hydraulically 
significant intervals and associated flows.  Potable water is deionized at the 
wellhead for use in the process.  Hydrophysical logging provides high resolution 
data describing discrete flow zones.  Hydrophysics can be performed in either a 
competent open hole or fully screened completed well.  In completed or 
temporarily cased boreholes hydrophysics is limited to the screened interval.   
 

In the current effort three monitoring wells were investigated by RAS 
(MW-43, MW-44, and MW-45).  All of the monitoring wells are located about 
seven miles to the east of the AMS #4 site as illustrated in Figure 2.  
 

Procedures regarding tool use and data acquisition at this site were 
controlled according to RAS’s Technical and Operating Procedures and the SOW.  
These technical procedures stipulate steps for acquiring quality data which can be 
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credibly used for understanding the site.  While a summarized discussion of 
procedures has been included in the write-up of this report, a full copy of these 
technical procedures has been included with this report in Appendix F for 
reference. 
 
 Due to the amount of data collected and the interrelationships of these 
data, results from testing are presented for each well in large color montages 
which form an integral part of this report.  These montages include side-by-side 
integrated illustrations of the hydrophysical, available geophysical, and well 
construction data and are presented in Appendix A.     
 

 
Figure 2  

 
 The information utilized in this report is a combination of data generated 
by RAS and others including RMC Consultants.  RAS has used all of the 
information accepting it as high quality data.  During the generation of the data 
collected by RAS, a number of different instruments were used.  RAS makes a 
point of calibrating all instruments and understands and works within the limits 
implied by the calibrations.  Ultimately, RAS relies on the manufacturer’s 
limitation for instrument use.  Consequently, RAS trusts the data produced by 
such instruments.  On occasion, data are produced that seem questionable which 
causes RAS to re-examine instrument performance.  In such cases, instruments 
are tested and recalibrated.  If and when such events occur, they are pointed out in 
the report and discussed in detail. 
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2.0 Methodology 
 

RAS’s investigation involved the application of borehole geophysical and 
hydrophysical testing methods at the AMS#4 site to identify the geophysical 
characteristics that could be used to identify and confirm the presence of 
hydraulically active zones, and characterize ambient flows.  Borehole geophysical 
methods including the induction conductivity (resistivity), gamma, gamma-
gamma density, and neutron porosity may be used in open or cased boreholes.     
 

The hydrophysical method involved the application of RAS’s multiple 
sensor NxHpL™ temperature and fluid electrical conductivity logging tool for 
direct evaluation of the groundwater regime under ambient and stressed 
conditions.  The hydrophysical method can be applied in both cased and open 
well environments but requires fluid in the well over the intervals of interest, 
which was present in the hydrophysically tested wells.   
 
 There are several means which were used at the site to ensure quality data 
and correct tool operation as fully described in the technical procedures. One of 
the most important and easiest methods to control data quality and tool function is 
to run a repeat section of each log in each well which was done in all cases as 
standard protocol.  In addition, tools used by RAS are also calibrated in the shop 
prior to mobilizing for the project to verify conformation with expected settings.  
Once on the project site, calibrations were again verified both pre- and post-
logging using various field jigs and standardized fluids.  Calibration forms 
documenting these procedures were completed and are included with the field 
notes on CD-ROM for this project.  Manual confirmation of accurate depth 
readings was also conducted and upon arrival at each wellhead, all depths are 
referenced to the surveyed top of steel casing.   

  
2.1  Geophysical Logging Methods  
 

All three of the monitoring wells tested during this investigation were 4 
inch diameter PVC wells.  The geophysical logging methods applied are 
described below. 
 

Natural Gamma   
 

 Natural Gamma or gamma logs are the most widely used for the 
identification of lithology and for stratigraphic correlation because they provide 
useful data under the greatest range of borehole conditions and for a wide range of 
rock types.  Gamma logs do not measure lithology directly; instead they use a 
downhole scintillometer to measure the amount of natural radioactive isotopes 
that occur in the rocks.  While rocks can be characterized according to their 
gamma intensity, knowledge of the local geology is needed to accurately identify 
lithology.  Correlation among stratigraphic units is also a common application as 
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the gamma measurement is often included on multi-parameter tools.  At the 
AMS#4 site, the gamma and induction measurements were acquired at the same 
time from the same tool and generally were among the first measurements 
acquired in each well.   The natural gamma tool was calibrated in the factory but 
was not calibrated in the field because gamma calibration requires use of a 
radioactive source and commensurate licenses from the US Nuclear Regulatory 
Commission. 

 
Induction Resistivity/Conductivity   

 
 While various kinds of resistivity and induction logs are useful for 
lithologic purposes, standard resistivity probes require conductive fluid in uncased 
wells.  The EM induction tool provides reliable measurements in air or PVC-
cased holes and is affected little by borehole fluids, which pointed to its 
applicability at the ASM#4 site for use is PVC cased boreholes.  The basic 
induction system uses low frequency (about 20 kHz) electromagnetic signals to 
stimulate eddy currents in the formation several borehole diameters away from the 
borehole.  These eddy currents set up secondary magnetic fields which induce a 
voltage in the receiving coil of the tool.  The magnitude of the received current is 
proportional to the electrical conductivity of the substrate which can then be used 
to identify formations.  Calibration of the induction tool is carried out following 
the manufacturer’s specifications.  In brief, prior to logging, the tool is placed in a 
calibrated ring of known resistivity.  Then the tool is held up in the air (which has 
near-zero conductivity).  Readings of the tool are then verified to these calibrated 
and known values.  

 
Three-Arm Caliper   

 
 Caliper logs provide a continuous record of borehole diameter and are 
widely used for logging at environmental sites.  Caliper logs are essential to guide 
the interpretation of other logs because many types of logs are affected by 
changes in well diameter.  They are also useful for providing information on well 
construction, such as identifying breaks or obstructions, and borehole breakouts.  
The three-arm caliper tool employs three mechanical arms that are extended to the 
borehole wall using a “worm gear” type assembly.  The arms are extended after 
the tool is lowered to the bottom of the zone of interest.  The extended arms press 
against the borehole wall and the average diameter is recorded.  The caliper log 
can be useful to test the appropriateness of subsequent logging with respect to 
preventing loss or damage to downhole tools and to the wells themselves.  
Interpretation of the caliper tool is based on direct evaluation of borehole diameter 
size and variations throughout the tested interval.  At the AMS#4 site the caliper 
tool was used as a means to determine the condition of the casing before 
employing other tools in the cased boring. 
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 Induced Gamma-Density  
 
 The induced gamma-density tool is used to measure bulk density of the 
formation in the borehole's immediate vicinity. A gamma source, usually a 
radioactive cesium isotope (137Cs), is used to induce gamma emission in the 
formation. The induced gamma signal is attenuated in direct proportion to the 
bulk density of the formation. The volume of investigation for the density tool is 
approximately hemispherical with a radius of 10-15 cm centered on the detector. 
The volume of investigation is accepted as the volume from which 90 percent of 
the observed response is obtained. The actual shape of the investigated volume 
varies in response to the local geometry of the borehole and physical 
characteristics of the formation. The detector is located at some distance from the 
source in the tool; this spacing directly affects the volume of investigation, with 
greater spacing increasing the volume of investigation. However, as the detector 
spacing increases the volume of investigation increases, but then the resolution 
(ability to recognize discrete zones of different densities) decreases.  The response 
decreases in a cubic manner. The volume of investigation is dominated by the 
immediate borehole wall and well conditions more than the surrounding 
formation because the tool response to induced gamma emissions decreases as the 
cube of distance.  The induced gamma-density tool includes one source and two 
detectors at different spacings from the source. The short spacing source-detector 
pair has a smaller volume of investigation than the long spacing source-detector 
pair. While the long spacing pair does not have as low a resolution as the short 
spacing data, the long spacing data are less affected by well casing and near-
borehole conditions.   
 
 Neutron-Porosity  
 
 The neutron tool determines the hydrogen content of the surrounding 
formation. Below the water table the detector provides a measure of the porosity 
of the formations as all pore spaces are assumed filled with water. Ideally, the 
volume of investigation is spherical and the maximum radius of the investigated 
volume is about 2 meters, and is centered about the detector. The actual shape of 
the volume of detection changes in response to borehole conditions and the 
physical properties of the surrounding formation. The neutron-porosity tool has an 
exponential response; consequently, the detector is more sensitive to conditions 
that are close to the detector than to conditions farther from the detector. 
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2.2   Hydrophysical Logging   

 
 Advanced hydrophysical logging (HPL or NxHpL™) is based on 
replacing the native formation water in a wellbore with environmentally safe 
deionized water and then profiling the fluid column with RAS’s proprietary fluid 
electrical conductivity and temperature multi-sensor arrayed hydrophysical 
logging tool.  The deionized water is used to create a low electrical conductivity 
background in the well for subsequent observation of electrically contrasting 
formation fluids which enter the well over time either by pumping or native 
formation pressure.  As formation fluids have a higher fluid electrical 
conductivity than the deionized water, when these fluids enter the wellbore, the 
locations of entry can be readily identified with the hydrophysical logging tool.  
By logging during ambient and at least one stressed (pumping or slug test) 
condition, the velocities of flows at the identified producing zones can be 
quantified.  Prior to and at the completion of testing, the tool was calibrated at the 
wellhead by placing the sensor array in known fluid electrical conductivity 
solutions.  These solutions are independently calibrated for site-specific 
conditions and verify that the tool values are consistent with the known 
calibration solutions. 
 
 At each well, the first step is to acquire a baseline temperature/fluid 
electrical conductivity log to provide a background profile to use as reference for 
subsequent testing.  Fluid electrical conductivity (FEC) signatures are measured 
and evaluated as background readings.  Temperature is used to compensate for 
any temperature variations in the fluid column during the period of testing. 
 
 Following the baseline log, the wells are evaluated for characterization of 
ambient flow.  For this step of the testing, formation water in the wellbore was 
replaced or diluted with deionized water, and the borehole was left undisturbed to 
allow any natural flow to occur.  This natural, or ambient, flow is driven by the 
local horizontal hydraulic gradient.   
 
 Prior to the test period and throughout all NxHPL™ testing, water levels 
were monitored and recorded.  Ambient flow evaluations are reported for the 
period after the water surface, or drawdown, has returned to near pre-dilution 
elevation.  The test data from AMS#4 have been included in Appendix C, as well 
as summarized on the well specific montages. 
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3.0  Individual Well Results  
 

These discussions regarding the individual well results are intended to be read 
together with the data montages which present significant additional detail 
regarding the analysis of tests conducted.        

 
3.1 Well MW-43 
 
MW-43 is a 4 inch diameter monitoring well that is screened from 113 to 

283 feet in depth, a screen interval of 170 feet.  The monitoring well was logged 
using gamma, induction resistivity and conductivity, caliper, neutron with relative 
hydrogen percentage (RHP), and density.  Hydrophysical logging was conducted 
over the screened portion of the well.  The surface elevation of the well was 
estimated to about 6750 feet msl.   

 
3.1.1  Geophysical Discussion 

 
Gamma response, induction resistivity and conductivity, and the physical 

logs were used to estimate the transition from the Ogallala to the White River 
Formation.  The gamma response and induction resistivity suggested the bottom 
of the Ogallala is about 160 to 165 feet BGS or about 6520 to 6515 feet msl.  The 
water level in MW-43 is at an elevation of about 6650 feet msl which about 30 
feet higher than the apparent contact.  Based on the boring logs it appears that the 
first significant contact with groundwater was at a depth of about 175 feet and the 
next indication was at a depth of 235 feet; no estimates of the rate groundwater 
discharge from the borehole were noted during drilling.   

 
The resistivity and conductivity logs responses to the formation are 

generally the inverse of each other although the response of one may be somewhat 
muted compared to the other.  Comparing the geophysical logs to the boring logs 
indicate that the resistivity and conductivity generally correlate with the physical 
descriptions provided on the boring logs.  Consequently, the geophysical logs 
should provide useful information for segments of the physical logs where 
information is lacking or may be overly generalized and provide a clear sense of 
vertical formation continuity and where changes occur. 

 
The gamma response exhibits some variability between 100 to about 175 

API units between the surface and a depth of 132 feet bgs, but averaging between 
130 to 140 API units.  At 132 feet, the gamma response becomes much more 
uniform, only occasionally varying from an average of about 100 API units.  The 
uniform gamma response behavior below 132 feet appears to correlate with the 
water level in the well, but also with the first mention of clay.  Based on the 
physical log descriptions there are frequent descriptions of “clayey” sediments 
below 160 feet in depth.  The “clayey” sediment occurrence tends to correlate 
with inverse responses in the resistivity and conductivity log with resistivity 
dropping and conductivity increasing.  In contrast, the gamma response remains 
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steady with values very near 100 API units.  Since there is generally a pronounced 
gamma response from true clay minerals, it may be that the fine grained “clayey” 
sediments are in fact primarily silts that exhibit cohesiveness due to the fine 
grained characteristics of the sediment.  

 
The density logs compare well with the boring log; where the formation 

includes mixtures of sand, gravel, and silt, the density increases somewhat and 
decreases over those portions where sand and gravel or just gravel and cobbles are 
present.  Good examples include the sequence from 30 to 40 feet BGS where the 
sediments are described as sands and gravels in a silt matrix and again between 
100 to 122 feet BGS where the sands and gravels become dominated by sands and 
the driller noted the drilling rate slowed. From 30 to 40 feet the density increase 
would be derived from the silt infilling of pore space between sands and gravel, 
and from 100 to 120 feet it appears that the deposition process of the sediment 
resulted in a more compact and dense sand body.  A final example is the lower 
formation density from 123 to 137 feet in depth.  The boring log describes the 
sediments as being dominated by gravels with limited sand content.     

 
The neutron and RHP logs are inversely related.  At the AMS#4 site the 

logs reflect water content and provide a measure of porosity as well.  Neutron 
counts are elevated when there is little hydrogen available in the local system.  
Water is the principal source of hydrogen expected in sands and gravels, but true 
clay minerals and other rocks may have bound water or appreciable hydrogen 
content in minerals that will also reduce neutron counts.  A good example section 
in MW-43 is from 123 to 137 feet in depth where the density log suggests low 
bulk density sediments are present.  Over most of the section the RHP drops to 
very low levels while the neutron cps (far) jump substantially, indicating an 
unsaturated high porosity sediment body.  However, the RPH climbs to relatively 
high values (for the MW-43 log) and the neutron cps drops once the water level 
near 132 feet in depth in the borehole is encountered.  Below a depth of 130 feet 
the combination of density, RHP/neutron cps, and resistivity/conductivity appear 
to be diagnostic with respect to flow zones.   

 
The contact between the White River and Ogallala Formation appears to 

begin at a depth of about 160 to 165 feet below the ground surface (BGS) or about 
6590 feet msl.  The water level in the well is about 130 feet in depth, or about 
6620 feet msl, which is also about 30 feet above the apparent contact between the 
Ogallala and White River Formations.  Finally, the frequency of sand and gravel 
deposits within the silts of the White River Formation appears to be much greater 
than that encountered in monitoring wells located close to the former Atlas 
Missile launch sites, but appears similar to those encountered in MW-31 located 
at Cow Camp.   
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3.1.2 Ambient Water Quality 
 

The ambient water quality logs show that groundwater temperature 
declines from about 10.75° C at a depth of 130 feet to 10.0° C at 195 feet in 
depth.  From 195 feet to 255 feet in depth the temperature remains constant at 10° 
C. Then the temperature increases steadily to 10.5° C at the bottom of the well at 
280 feet in depth.  The FEC was fairly steady around 450 mmho/cm from the 
water surface at 130 feet in depth down to 250 feet in depth.  Between 250  and 
255 feet in depth the FEC drops to 450 mmho/cm, and then between 270 and 275 
feet in depth the FEC drops to about 400 mmho/cm where it remains to the 
bottom of the well at 280 feet in depth.  
 

    3.1.3 Flow Evaluation  
 
Hydrophysical logging was initiated in MW-43 by conducting the standard 

ambient fluid electrical conductivity and temperature log.  Preliminary testing 
indicated that the borehole was capable of supporting hydrophysical logging 
during pumping conditions, so testing began by pumping from the bottom of the 
well while injecting at the top.  Because of strong upflow conditions within the 
well the process was changed somewhat and point dilution testing (PDI) was 
employed at a number of depths within the well including at 130, 225, 235, 240, 
245, and 250 feet.  Ambient Flow testing was accomplished by injecting from the 
bottom of the well. The montage for MW-43 illustrates both the ambient and 
pumped PDI tests.  The illustrated data includes the FEC profile, calculated flows 
reported as gpm per interval.    
 
    Flow Zone Depth  Ambient Flow in GPM  Stressed Flow in GPM 

166 - 179 -1.66 -0.44 
192 - 205 +0.22 +0.26 
216 - 227 +0.10 +0.20 
235 - 254 +1.30 +16.50 

+ formation flow into well             - flow from well into formation 
Table  1.1 

 
The HPL data indicated four flow zones that could be separated based on 

the processed FEC data collected during the test.  The flow intervals are 
summarized in Table 1.  The testing indicates that there is a strong upward flow 
from the 235 foot to 254 foot zone upward in the well followed by a flow back 
into the formation between 166 to 179 feet in depth.  The relationship is evident 
from the ambient flow information.  The strength of the flows become a bit more 
evident from the stressed flow information where pumping was conducted from 
the bottom of the well during testing and injection occurred at multiple depth 
intervals.  The pumping rate at the bottom of the well was at 16.0 GPM while the 
inject rate was about 2.0 gpm yielding a net formation water yield of about 14.0 
GPM.  Even with the relatively strong stress on the system by pumping at the 
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bottom of the well, the PDI test revealed that 0.44 gpm of water was still flowing 
from the well back into the formation between 166 to 179 feet BGS.   
 

3.1.3 Contaminants 
 

MW-43 was sampled for TCE, the VOC contaminant of interest (COC), 
but there were no detections.  Summaries of COC concentrations were provided to 
RAS, but information about sampling protocols were not provided.  
Consequently, the no detection results for MW-43 are accepted as valid.  
 

 
3.2   Well MW-44 

 
The sediments penetrated by MW-44 are similar to those encountered in 

other onsite wells.  The borehole was a total of 286 feet in depth and was 
completed as a well with 100 feet of screen from 152 to 252 feet in depth.  The 
monitoring well was logged using gamma, induction resistivity and conductivity, 
caliper, neutron with RHP, and density.  Hydrophysical logging was conducted 
over the screened portion of the well.   

 
3.2.1  Geophysical Discussion 

 
Gamma response, induction resistivity and conductivity, and the physical 

logs were used to estimate the transition from the Ogallala to the White River 
Formation.  The induction resistivity suggested the bottom of the Ogallala is about  
210 feet BGS or about 6573 ft msl.  The water level in MW-44 is at an elevation 
of about 6568 ft msl which about 5 to 10 feet lower than the apparent contact.  
Based on the boring logs it appears that the first significant contact with 
groundwater was at a depth of about 210 to 215 feet; no estimates of the rate of 
groundwater discharge from the borehole were noted during drilling.   

 
The resistivity and conductivity log responses to the formation are 

generally the inverse of each other, as are the relative hydrogen percentage and 
neutron cps (far) logs, although the response of one may be somewhat muted 
compared to the other.  Comparing the logs to the available portions of the boring 
logs indicate that the resistivity and conductivity are generally correlated with the 
physical descriptions provided on the boring logs.  Consequently, the geophysical 
logs should provide useful information for segments of the physical logs where 
information is lacking or generalized and provide a clear sense of vertical 
formation continuity and where changes occur. 

 
The gamma response exhibits somewhat greater variability than seen in 

MW-43 with a gamma response between 100 to about 175 API units between the 
surface and a depth of 150 feet bgs.  Below 150 feet the response is more uniform, 
and is generally around 125 API units.  Near a depth of 213 feet the API unit 
count drops to around 100 where it remains to the bottom of the well at a depth of 
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245 feet; the shift appears to coincide with the presence of the White River 
Formation.  

 
The neutron and RHP logs are inversely related.  The neutron cps values 

are elevated for the upper 33 feet of the boring while the RHP is close to zero. 
Below 33 feet neutron cps drops and the RHP increased somewhat, but remaining 
relatively constant to a depth of about 145 feet.  Meanwhile the density logs 
indicate that the density is variable from the surface to a depth of about 92 feet.  
The density remains constant between 92 feet and about 145 feet in depth.    
Between 150 and 160 feet in depth there is an increase in density that corresponds 
with an increase in the neutron cps and drop in the RHP.  The density drops a bit 
below 160 feet in depth but the neutron cps remains elevated and the RHP 
remains near zero to a depth of about 205 feet.  The density change does not 
appear to correlate with the description in the boring log; across the interval the 
boring log mentions silt less often and the character of the gravels may be 
somewhat different.  Below 205 feet in depth the correlation between the boring 
log, neutron cps, resistivity/conductivity, and RHP are much clearer with higher 
resistivity, lower conductivity, and moderated RHP, which correlates with sands 
and gravels within the apparent White River Formation.  In similar fashion, 
elevated conductivity, elevated RHP, and a somewhat suppressed neutron cps 
appear to correlate with the elevated silty/clay portions of the formation.  The 
density log is uniform across the saturated White River Formation and indicates a 
generally higher density than in the overlying Ogallala.    

 
   3.2.2 Ambient Water Quality 

 
The temperature log run in the water filled portion of the borehole 

indicated a fairly uniform temperature of about 10° C from 215 feet to the bottom 
of the boring at 260 feet in depth.  The FEC followed a similar uniform pattern 
with a FEC of about 475 uS/cm.    
 

   3.2.3  Flow Evaluation 
 

Hydrophysical logging was initiated in MW-44 by conducting ambient 
fluid electrical conductivity and temperature logging followed by standard HPL 
procedures.  The initial attempt to conduct ambient flow testing was not 
successful because there was a very strong downward flow within the well.  A 
second ambient flow test attempt was conducted with the same result.  
Consequently, PDI testing techniques were employed beginning with injection at 
the top of the water surface while pumping from the bottom of the well. 
 

The strong downflow documented during both the stressed HPL and 
ambient tests was the result of inflows occurring in the top of the saturated 
interval and flows exiting the borehole back into the formation at the bottom of 
the well.  During PDI testing, the experience was similar.   
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The PDI testing began with injecting 2.1 gpm at the top of the water column and 
pumping at 15.2 gpm from the bottom of the well for a net stressed extraction rate 
of 13.1 gpm.  The result quantified 9 flow zones between 215 and 251 feet in 
depth as summarized in Table 2.  The interval specific flow rates varied from 6.5 
to 0.3 gpm.     
      

 
Flow Zone Depth Ambient Flow in GPM Stressed Flow in GPM 

215 - 221 +4.0 +6.5 
223 - 227 - +1.9 
227 - 231 - +2.0 
231 - 234 - +1.2 
234 - 237 - +0.9 
238 - 240 - +0.9 
241 - 243 - +0.3 
243 - 245 - +0.9 
246 - 251 -4.0 +1.0 

+ formation flow into well             - flow from well into formation 
Table 2.1 MW-44 HPL Flow Zones 

    
   3.2.4 Contaminants 

 
MW-44 was sampled for TCE, the VOC contaminant of interest (COC), 

and there were three detections reported as outlined in Table 2.2.    Summaries of 
COC concentrations were provided to RAS, but information about sampling 
protocols were not provided, other than samples were grab samples obtained from 
the indicated depths.  Consequently, results included in this report are accepted as 
valid. 

 
Sample Number Depth Sampled TCE in µg/L 

FEW4 - MW44 - 223 223 ft 44.0 
FEW4 - MW44 - 240 240 ft 44.0 
FEW4 - MW44 - 248 248 ft 46.0 

Table 2.2 
   

 
3.3 Well MW-45 

 
The sediments penetrated by MW-45 are similar in character and 

distribution as MW-43 and MW-44.  The well is 296 feet in depth and the well 
log notes that the well is screened from 178 to 293 feet in depth.   
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3.3.1  Geophysical Discussion 
 

Gamma response, induction resistivity and conductivity, and the physical 
logs were used to estimate the transition from the Ogallala to the White River 
Formation.  The induction resistivity suggested the bottom of the Ogallala is about 
205 to 210 feet BGS or about 6495 feet msl.   However, in MW-45 the 
characteristics and structure of the sediments within the apparent White River 
Formation appear somewhat than in MW-43 and MW-44.  The cyclic or repeating 
nature of higher and lower resistivity sediments suggest a more massively bedded 
formation with sands and gravels alternating with fine grained matrix deposits 
with a higher frequency.  The water level in MW-45 is at an elevation of about 
6542 feet msl which about 47 feet higher than the apparent contact.  Based on the 
boring logs it appears that the first significant contact with groundwater was at a 
depth of about 195 feet; no estimates of the rate groundwater discharge from the 
borehole were noted.   

 
The resistivity and conductivity logs responses to the formation are 

generally the inverse of each other, and are generally correlated with the physical 
descriptions provided on the boring logs.  Consequently, the geophysical logs 
should provide useful information for segments of the physical logs where 
information is lacking or generalized and provide a clear sense of vertical 
formation continuity and where changes occur. 

 
The gamma response is fairly uniform between 125 to about 175 API units 

between the surface and a depth of 160 feet bgs.  Below 160 feet to 175 the 
response is less uniform, varying between 100 to 175 API units.  From 175 feet to 
230 feet in depth the gamma response is very uniform remaining close to 100 API 
units.  Below 230 feet the gamma response drops to around 75 API units where it 
remains to the bottom of the well, except for a brief reach near 275 feet in depth 
where it reaches 100 API units.  Of interest is that the gamma response in the 
upper 170 feet is generally higher than at greater depths where the silty clay 
content is much high.   

 
The RHP logs were not available for MW-45, but the neutron logs are 

present.   The neutron cps values are uniform from the upper 65 feet of the boring.  
Then between 65 to 95 feet in depth there are three positive neutron log responses 
to subtle formation changes where the silt content drops off; these response are 
similar to triplet responses in MW-43 and MW-44.  Between 95 and 150 feet the 
neutron cps remain very uniform becoming somewhat variable between 150 to 
180 feet and drifting lower.  Below 180 feet the neutron cps remains low 
primarily in response to the increased silty clay content.   

 
The density logs follow at pattern similar to density logs in MW-43 and 

MW-44 where higher density (relative to densities within MW-43, MW-44, MW-
45) dominates from the near surface to 52 feet in depth before dropping to lower 
densities in a chaotic pattern from 52 to 92 feet in depth, before stabilizing.  
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Below 92 feet to 168 feet the density remains constant at a moderate level.  
Between 170 and 177 feet in depth the density jumps higher before dropping 
dramatically between 178 and 185 feet.  Then from 186 feet to the bottom of the 
borehole the density remains elevated as it was in the near surface.    

 
   3.3.2 Ambient Water Quality 

 
The temperature log run in the water filled portion of the borehole 

indicated a slowly increasing temperature from 10° C to 10.5° C between 157 feet 
to the bottom of the boring at a depth of 295 feet.  The FEC remained constant 
near 300 uS/cm from the water at 157 feet down to 185 feet.  The FEC increases 
to about 425 uS/cm between 180 to 185 feet where it remained constant to the 
bottom of the boring at a depth of 295.   
 

   3.3.3  Flow Evaluation 
 

Hydrophysical logging was initiated in MW-45 by conducting ambient 
fluid electrical conductivity and temperature logging followed by standard HPL 
procedures.  The initial attempts to conduct HPL were not successful because 
there was a very strong upward flow within the well, consequently PDI testing 
techniques were employed beginning with injection at the top of the water surface 
while pumping from the bottom of the well.   
 

The initial HPL test included injecting DI water at the top of the well 
while pumping at the bottom of the well.  During the testing the injected water 
could only advance from the water surface at 157 feet to a depth of 217 feet in 
depth where it was captured by flowing into the formation.  The PDI procedures 
were employed to overcome the limitation. 

 
The ambient testing involved injecting about 2.0 gpm at the bottom of the 

borehole.  Based on the testing it was clear that there was a strong upflow 
occurring from below the inject point at the bottom of the well.  The ambient tests 
indicated that flows were up the borehole and flowing back out into the formation 
at a rate of 2.70 gpm between 183 to 193 feet in depth.  Strong groundwater flows 
from the formation and into the well occurred at a depth of 240 to 254 feet in 
depth with an inflow rate of 1.80 gpm, and from 285 feet to 298 feet in depth with 
an inflow rate of 0.90 gpm. 
 

Flow Zone Depth Ambient Flow in GPM Stressed Flow in GPM 
183 – 193 -2.70 +12.5 
219 – 224 - +0.90 
240 – 254 +1.80 Indeterminant 
285 - 298 +0.90 +2.00 

+ formation flow into well             - flow from well into formation 
Table 3.1 
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The PDI, or stress test, was conducted by pumping at 15.9 gpm from the 
bottom of the well near 295 feet in depth, and progressively injecting at multiple 
depths including 150, 230, 245, 250, and 295 feet in depth which is near the 
bottom of the well.  A strong upflow from the bottom of the well was evident 
during all of the testing. 

 
   3.3.4 Contaminants 

 
MW-45 was sampled for TCE, the VOC contaminant of interest (COC), 

and there were three detections reported as outlined in Table 3.2.    Summaries of 
COC concentrations were provided to RAS, but information about sampling 
protocols were not provided, other than samples were grab samples obtained from 
the indicated depths.  Consequently, results included in this report are accepted as 
valid. 

 
Sample Number Depth Sampled TCE in µg/L 

FEW4 - MW45 - 207 207 ft 20.0 
FEW4 - MW45 - 220 220 ft 16.0 
FEW4 - MW45 - 240 240 ft 14.0 
FEW4 - MW45 - 250 250 ft 2.5 

Table 3.2 
 

4.0 Discussion 
 
 Interpretation of where the White River Formation and Ogallala 
Formation contact occurs is based on past work in the area at the AMS#4 site as 
well as other workers and groups such as the USGS.  At the AMS#4 site a 
transition from the White River to the Ogallala may be detected by shifts in 
gamma and induction resistivity logs.  The logs may indicate a sharp transition, 
but more commonly the logs transition more slowly.  The increasing volcanic ash 
content of reworked sediments near the top of the White River may account for 
the slower transition.  The characteristics of the silts and silty clays along with 
drilling conditions described in the field logs also contribute to the interpretation.   
 

The principal geophysical anomalies that can be correlated between the 
three wells include a distinctive pattern of responses that are evident on the 
gamma, induction resistivity/conductivity, neutron and PRH, and density logs.  In 
MW-43 the geophysical anomalies occur between 120 to 140 feet in depth, and in 
MW-44 they are between 145 to 175 feet in depth, but are somewhat subdued 
compared to MW-43 and MW-45.  In MW-45 the geophysical anomalies are 
between 165 to 185 feet in depth.  The geophysical anomalies occur within the 
Ogallala and may also be identified by the RHP response that drops to very low 
levels and suggests that the anomalies are thicker than suggested by the density 
log signature, but the RHP log is absent from MW-45 so the use of the RHP log 
here is limited.  The anomalies appear to reflect sudden changes in depositional 
process that seem to affect formation density. Across the anomalous reach, 
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density increases to around 2.0 g/cc before a sudden drop to near 1.0 g/cc in 
underlying sediments; other geophysical logs respond as well.  Below the discrete 
low density segment, the density quickly jumps again to near 2.0 g/cc where it 
stays for the remaining depth of the borings.  Above the anomalous sequence the 
density tends to fade back to lower density sediments.  Because of the features 
location near the top of the mixed transitional sediments leading from the Ogallala 
Formation into the White River Formation, the anomalies may prove to be a 
convenient marker indicating the beginning of the transition.  This would be 
especially useful to the east of the Cow Camp area where the beginning of the 
White River is not very clear. 
 

The three wells are screened with long screens varying from 100 feet to 
170 feet in length across multiple producing zones.  The HPL testing indicate that 
there are multiple producing zones in each of the wells.  Of interest is that some of 
the productive zones discharge water into the well while other zones receive water 
from the well.   
 

The ambient flow in well MW-43 is upward with flows entering the 
bottom of the well and discharging back into the formation about 40 feet below 
the top of the 155 foot standing column of water in the well.  The well had three 
zones yielding water into the well and one accepting water from the well.  Each 
producing zone will have a different hydraulic head or potential.  In MW-44 the 
flow situation is reversed with strong downward flows from the top of the water 
column and out the bottom of the well.  The water column in the well is 42 feet 
high; based on the HPL testing there are nine different producing zones each of 
which may have different hydraulic heads or potential.  Finally, MW-45 has a 
water column of 135 feet.  There is a strong upflow in the well beginning at the 
bottom of the well and flowing up to the upper third of the water column where it 
flows back into the formation under ambient conditions.  During the stress, six 
productive zones were documented in MW-45 that yield water to the well during 
pumping. Two of the productive zones are located in the upper third of the water 
column where there were no ambient flows. 

 
The pattern of flow up or down the wells is driven by the combination of 

differing potentials in individual stratigraphic units, coupled with elevated 
hydraulic conductivities. The common interpretation of the presence of ambient 
flows up or down wells is that the condition develops due to the presence of a 
confining layer between productive stratigraphic units.  However, the condition 
can develop even if intervening stratigraphic units yield water; the only 
requirements needed are strong differences in potential coupled with higher 
hydraulic conductivities than is present in the intervening layer.  In MW-43, MW-
44, and MW-45 the “confining” layers in some cases are productive as 
demonstrated by the stress tests, but some confining units do not support 
measurable flows.  As a result the differences in potential between stratigraphic 
units appears to be supported by a combination confining and leaky layers.  
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In MW-43, under ambient conditions, there are three flow zones below 
193 feet in depth, and one between 164 to 179 feet in depth.  The intervening 
layer between 179 to 193 feet in depth appears to act as a confining layer.  The 
layers between the three deeper ambient flow zones appear to range from fine 
grained sediment layers to sand and gravels, but they are not productive; the fine 
grained layers may also act as confining layers while the sand and gravel 
containing units, which likely contain significant quantities of silt, appear to be 
hydraulically isolated.  In MW-43 the ambient and stressed flow zones all occur 
across the same intervals. 

 
In MW-44 there are two ambient flow zones.  From 215 to 221 feet in 

depth the formation produces water which flows down the well and exits the well 
into the second zone from 246 to 251 feet in depth.  The intervening sediments 
from 221 to 246 feet are comprised of fine grained sediments which appear to 
included fractured claystones, and has at least seven distinct flow zones 
documented during stress tests.  The sediments between 221 to 246 feet in depth 
collectively produced 8.1 gpm during the stress test which suggests the interval is 
a leaky confining layer.  The leaky layer appears to have its own internal structure 
of thin flow zones interbedded with non-productive zones.   

 
In MW-45 the upper most flow zone, from 183 to 193 feet in depth, 

appears to be the most productive zone in the well with water flowing out of the 
well into the formation at -2.7 gpm during ambient testing and producing +12.5 
gpm during stress tests.  From 193 to 218 feet in depth the sediments included 
silty sands, sands and gravels with silt, and silty clays, that appear to act as a 
confining unit.  The first unit below the confining layer that produces water (from 
218 to 224 feet in depth) appears to be from a silty clay unit that, based on water 
production, may include fractured claystones.  Altogether there are three 
documented flow zones below 219 feet in depth.  The sediments between the flow 
zones all included sediments that appear to act as confining to leaky confining 
intervals.  

 
The intervals that act as confining or leaky confining units all appear to 

have similar geophysical characteristics which include somewhat elevated 
conductivity, and very depressed far neutron cps, and may produce water. The 
characteristic that may appear confusing is that the lithologic units that include 
fractured claystones can produce water.  However, they also act as a leaky 
confining unit if located in between more productive sediments such as in MW-
44.   

 
For the most part it appears that the claystones encountered are fairly 

weathered, but based on the boring logs, appear to retain the fracture structure 
within some intervals.  When fine grained sediments are sufficiently fractured to 
transmit measurable quantities of groundwater, they tend to be fully saturated, 
which is why they will be electrically conductive.  When fully weathered, the 
same sediments may lose their fracture structure and not transmit groundwater, 
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but still remain electrically conductive. These characteristics are common to 
fractured silty clay glacial tills of the upper Midwest, Pennsylvanian shales 
throughout the Midwest and eastern U.S. and Canada, and fractured silty clay 
Tertiary sediments that exist across the Gulf Coast region. Dense, dry, clays to 
silts, may not be as electrically conductive. 

  
The long well screens in wells with multiple flows zones, each of which 

likely has differing potentials, suggests that the water level information from the 
wells should be used with caution.  The hydraulic head or water surface elevations 
from the wells will not provide accurate groundwater gradients.  If each producing 
zone were to be hydraulically isolated and the hydraulic head measured, a 
differing head would be likely for each zone as compared to the existing water 
levels in the wells. 
 

The presence of claystone and siltstone are common in the White River 
Formation in Laramie County, and have been encountered frequently in borings 
drilled for the AMS #4 site. The boring logs for MW-43 and MW-45 specifically 
mention the presence of claystone and siltstone at depths between from 180 to 206 
feet in MW-43 and possibly as shallow as 261 feet in depth in MW-45, but with 
certainty between 285 to 295 feet in depth. 
 

The data from MW-43, MW-44, and MW-45 paint a distinctly different 
picture of the structure of the White River Formation compared with what was 
encountered to the north around the Atlas Missile launch sites.  The wells are 
spaced far enough apart so that conclusions cannot be drawn at this time about the 
lateral extent of the hydraulically productive sands and gravels, or the fractured 
claystones, encountered in MW-43, MW-44, and MW-45.   

 
Some of the information suggests that some of the productive sands and 

gravels may be somewhat isolated hydraulically, such as the upper portion of the 
saturated zone in MW-45.  In MW-45 the upper 35 feet of the saturated zone did 
not yield any water during ambient flow conditions.  Under ambient conditions 
the highest hydraulically active interval in the well was the zone from 208 to 210 
feet, which was draining water from the well back into the formation at a rate of 
2.70 gpm.  During the stress test two different intervals in different lithologic 
units produced over 6 gpm each to the well bore indicating that under the proper 
stressed conditions it may be possible to dewater some of the sands and gravels 
above 200 feet in depth.  While it appears that the saturated sands and gravel 
between 159 to 200 feet have higher hydraulic conductivity and produce 
significant quantities of water when stressed, it may be isolated and recharged 
very slowly.  Care must always be exercised in drawing such conclusions because 
the flow relationships mapped during HPL tests are based on the set of hydraulic 
head or potentials that exist at the time; this is especially true for ambient tests.  
 

In terms of the wells spatial distribution on the landscape, MW-44 is 
located farthest west, or upslope, followed by MW-43 and then MW-45 which is 
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farthest east; however, the ground elevation of MW-45 is actually about 20 feet 
higher than MW-43.  The distance between MW-44 and MW-45 is about 5500 
feet, and MW-43 is about 2200 feet from MW-45 and 4500 feet from MW-44.  
Given the distances and the complex flows documented in the wells it is not likely 
that specific lithologic units can be mapped from well to well. 
 

MW-44 does not appear to penetrate very far into the White River 
Formation compared to both MW-43 and MW-45.  The limited depth of 
penetration may explain why the apparent complex distribution of vertical 
hydraulic head potentials were not encountered in MW-44.  In MW-44 the flows 
within the well were from the upper part of the saturated formation down the well 
and back out into the formation.   
  

MW 43 and MW-45 are fairly similar in terms of the types of sediments 
and the interbedded structure of the sediments, although it does not appear that 
individual units can be mapped between the wells.  The east to west separation of 
MW-43 and MW-45 is about 1750 feet, and MW-43 is about 1250 feet north of 
MW-45.  The saturated interval of both wells is about the same with the water 
level in MW-43 being higher as it is located farther upgradient.  The general terms 
the geophysical logs are similar as well.  The lithologic logs suggest there is a 
higher frequency and thickness to sedimentary units dominated by fine grained 
sediments in MW-43 compared to MW-45.  The geophysical logs tend to map the 
thickness of the units differently than the lithologic logs.  A review of the field 
lithologic logs indicates that sediment returns during drilling were inconsistent 
and intermittent which makes accurately identifying lithology difficult.  As a 
consequence the geophysical logs appear to be better at identifying formation 
changes and thicknesses and providing information about density which may 
influence hydraulic characteristics.   
 

The most significant finding of the HPL testing is that a very complex 
flow system exists in the area.  In MW-44 flows are from near the top of the 
saturated intervals into the well and out the bottom of the well.   In MW-43 the 
flows are from the bottom of the well up to near the top of the saturated interval 
where they flow back out into the formation; along the upward flow path there are 
several contributing zones.  Finally, under ambient conditions in MW-45 the flow 
is from the bottom of the well at a depth of 296 feet up to a point between 208 to 
217 feet in depth where the flows exit the well and flow back into the formation; 
there are no flows above 208 feet.  However, during the HPL stress test the 
distribution of head potentials changed such that the flows in the 208 to 210 foot 
interval reverse and produced flows back into the well while a new interval from 
240 to 254 feet in depth that produced water to the well during the ambient 
testing, reversed flows so that water drains from the well back into the formation 
during the stress test.   
 

MW-43 and MW-45 provide a better picture as to the complexities of flow 
within the formations than does MW-44.  Flows as mapped within the wells do 
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not clearly correlate with sands and gravels, elevated resistivity, or other 
geophysical log.  In some cases the flows have been mapped across silty 
formations where resistivity is low, density and gamma are uniform, and neutron 
response is unremarkable.  Close examination of the field lithology logs indicates 
that “claystone” remnants are in evidence across some of these intervals 
suggesting that the flows mapped across the section are associated with the 
fractured claystones.  From past work conducted at AMS#4 the presence of 
claystone does not guarantee the presence of groundwater.  However, the flows 
originating from the bottom of MW-43 appear to coming out of claystone 
sediments.  In contrast the ambient flows originating from the bottom of MW-45 
and flow up the well come from gravels. 
 

Wells MW-31, MW-43, MW-44, and MW-45 are all located within a 
range of 8,000 feet with the greatest distance being between MW-31 to MW-45.  
There appears to be a transition across the span from MW-31 to MW-45.  The 
character of the White River Formation over the elevationally higher portions of 
the site near the former launch facilities indicated that formation resistivity is 
mostly between 6 to 12 Ohm-m, but with occasional resistivity highs that are 
around 18 Ohm-m.  To the east at MW-31 the character of the White River 
Formation has begun to change with an alternating pattern of high to low 
resistivity suggesting interbedded sediments.  Then within the next one to one and 
a half miles farther east of MW-31, the pattern encountered in MW-31 become 
more pronounced.  MW-44, MW-43, and MW-45 all penetrate the White River 
where the lithologic patterns encountered in MW-31 are more pronounced with 
frequent sand to gravel deposits of significant thickness occurring within the 
White River Formation.  In MW-43 and MW-45, which are the farther down 
gradient then MW-31 or MW-44, the saturated zone also extends well up into the 
overlying Ogallala Formation.  From MW-44 and upslope to the west, the water 
table surface tends to rise up to the interface between the Ogallala and the White 
River Formation, or remain in the White River Formation.  The differences 
between the White River Formation at the AMS #4 launch facilities and east of 
Cow Camp are distinctive.  The White River Formation in the vicinity of the 
launch facilities appears to be the typical volcanic ash derived sediments that are 
considered classic White River Formation.  In contrast the White River sediments 
encountered in MW-43, MW-44, and MW-45 contain significant deposits of 
interbedded sands, gravels, and silts to silty clays that are consistent with coarse 
paleochannel deposits reported to occupy some parts of the White River 
Formation.  The lower portions of the White River Formation are characterized by 
sand and gravel channel fill deposits that are interbedded with finer grained 
deposits.  The deposits are present in some areas but may be lacking in others.  
The deposits that MW-31, MW-43, MW-44, and MW-45 encountered are typical 
of the lower White River Formation, and are known to occur in the area (Keith E. 
Clary, Geologist, Wyoming Geological Survey, personal communication; and 
Lowry, M.E., and Crist, M.A., 1967, Geology and ground-water resources of 
Laramie County, Wyoming: U.S. Geological Survey Water-Supply Paper 1834).  
MW-31 is of interest in this regard, located west of MW-44, because the well 
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appears to have penetrated Ogallala sediments followed by fine grained White 
River sediments before encountering the cyclic high/low resitivity pattern  that 
indicates the paleochannel deposits typical of MW-43, MW-44, and MW-45.  The 
pattern suggests that to the west of wells the paleochannel deposits exist under a 
more significant cover of fine grained White River sediments that exist to the west 
of the Cow Camp area.   
 

The contaminant concentration data for MW-45 correlates with flows in 
MW-45 that are uphole beginning from the bottom of the well with multiple 
contributing zones.  This also means the contaminant data underestimates the 
actual concentration in which ever portion of the formation that is the source of 
the TCE.  The data is not conclusive that contamination is only transported in just 
one of the lithologic units; it is possible that multiple lithologic units, each 
potentially transporting differing TCE concentrations are contributing TCE to the 
well.  If there were only one lithologic unit as a contaminant source, the 
concentration in the upflow direction should decrease because of other 
documented inflows and not increase.   
 

In MW-44 the concentrations are higher than in MW-45, but are uniform, 
only varying from 44 to 46 µg/L, suggesting that one flow zone is a source of 
TCE.   To the west, and upgradient of MW-44, three wells in the Cow Camp area 
have an average TCE concentration of 21.67 µg/L, which is lower than that 
encountered in MW-44 but is of the same magnitude.  Specific information about 
flow characteristics in the three Cow Camp wells was not available, but FEW4-
MW31 was constructed with a ten foot long well screen that was placed between 
6579 to 6566 feet msl at a depth of about 209 feet suggesting that a single flow 
zone is likely in MW-31.   
 

MW-31, MW-44, and MW-45 are generally aligned in a west to east 
direction which is also generally in the down gradient direction.  MW-43 is 
located north of MW-44 and MW-45 and did not have any TCE detections during 
sampling.   
 
5.0 Conclusions 

 
In MW-43 the gamma response and induction resistivity suggested the 

bottom of the Ogallala is about 160 to 165 feet BGS or about 6520 to 6515 feet 
msl.  The water level in MW-43 is at an elevation of about 6650 feet msl which 
about 30 feet higher than the apparent contact between the Ogallala and the White 
River Formation.  HPL testing indicated that strong upflow conditions exist in the 
well, with water entering the well at the bottom of the well and flowing out of the 
well back into the formation at or near the water table surface.  There were no 
COC’s detected in MW-43. 

 
In MW-44 the induction resistivity suggested the bottom of the Ogallala is 

about 210 feet BGS or about 6573 ft msl.  The water level in MW-44 is at an 
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elevation of about 6568 ft msl which about 5 to 10 feet lower than the apparent 
White River Formation contact.  HPL testing documented strong downflow 
conditions in the well with water entering the well near the top of the watertable 
and flowing out of the bottom of the well.  TCE was detected in three grabs 
samples within the water column in MW-44.  The TCE concentration was 44 ug/L 
in the upper two samples and 46 ug/L in the bottom sample.  The uniform sample 
concentrations may suggest that contamination originated from one lithologic unit 
at the top of the saturated interval.  However, resampling the well using more 
detailed sampling procedures would be required to draw firm conclusions 
regarding the vertical extent of TCE contamination in MW-44. 
 

Induction resistivity suggested that in MW-45 the bottom of the Ogallala 
is about 205 to 210 feet BGS or about 6495 feet msl.  The characteristics and 
structure of the sediments within the apparent White River Formation appear 
somewhat different in MW-45 compared to the White River Formation sediments 
documented near the launch facilities located 7 miles to the west.  The cyclic or 
repeating nature of higher and lower resistivity sediments documented in MW-45 
and MW-43 suggest a more massively bedded formation with sands and gravels 
alternating with fine grained matrix deposits.  The water level in MW-45 is at an 
elevation of about 6542 feet msl which about 47 feet higher than the apparent 
Ogallala/White River Formation contact which is a departure from upgradient 
wells where the water table surface tended to be near the contact or deeper within 
the White River Formation.  HPL testing of MW-45 indicated strong upflows 
were occurring from the bottom of the well for about 60 feet up to a point 35 feet 
below the water table surface where the flows disappear back into the formation. 

 
The contaminant (TCE) concentration data for MW-45 correlates with 

flows in MW-45 that are uphole beginning from the bottom of the well with 
multiple contributing zones.  This also means the contaminant data underestimates 
the actual concentration in which ever portion of the formation that is the source 
of the TCE.  The data is not conclusive that contamination is only transported in 
just one of the lithologic units; it is possible that multiple lithologic units, each 
potentially transporting differing TCE concentrations are contributing TCE to the 
well.  If there were only one lithologic unit as a contaminant source, the 
concentration in the upflow direction should decrease because of other 
documented inflows and not increase.   

 
In the monitoring well physical logs there are frequent descriptions of 

“clayey” sediments, however, the “clayey” sediment occurrence does not correlate 
with a positive gamma response as would be expected.  Since there is generally a 
pronounced gamma response from true clay minerals, it may be that the fine 
grained “clayey” sediments are in fact primarily silts that exhibit cohesiveness due 
to the fine grained characteristics of the sediment.  

 
The long well screens in wells with multiple flows zones, each of which 

likely has differing potentials, suggests that the water level information from the 
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wells should be used with caution.  The hydraulic head or water surface elevations 
from the wells will not provide accurate groundwater gradients.  If each producing 
zone were to be hydraulically isolated and the hydraulic head measured, a 
differing head would be likely for each zone as compared to the existing water 
levels in the wells. 
 

The data from MW-43, MW-44, and MW-45 paint a distinctly different 
picture of the structure of the White River Formation compared with what was 
encountered to the north around the Atlas Missile launch sites.  The wells are 
spaced far enough apart so that conclusions cannot be drawn at this time about the 
lateral extent of the hydraulically productive sands and gravels, or the fractured 
claystones, encountered in MW-43, MW-44, and MW-45.  Some of the 
information suggests that some of the productive sands and gravels may be 
somewhat isolated hydraulically, such as the upper portion of the saturated zone 
in MW-45.  Given the distances and the complex flows documented in the wells it 
is not likely that specific lithologic units can be mapped from well to well. 
 

The most significant finding of the HPL testing is that a very complex 
flow system exists in the area.  In MW-44 flows are from near the top of the 
saturated intervals into the well and out the bottom of the well.   In MW-43 the 
flows are from the bottom of the well up to near the top of the saturated interval 
where they flow back out into the formation; along the upward flow path there are 
several contributing zones.  Finally, under ambient conditions in MW-45 the flow 
is from the bottom of the well at a depth of 296 feet up to a point between 208 to 
217 feet in depth where the flows exit the well and flow back into the formation; 
there are no flows above 208 feet.  However, during the HPL stress test the 
distribution of head potentials changed such that the flows in the 208 to 210 foot 
interval reverse and produced flows back into the well while a new interval from 
240 to 254 feet in depth that produced water to the well during the ambient 
testing, reversed flows so that water drains from the well back into the formation 
during the stress test.   
 

MW-43 and MW-45 provide a better picture as to the complexities of flow 
within the formations than does MW-44.  Flows as mapped within the wells do 
not clearly correlate with sands and gravels, elevated resistivity, or other 
geophysical log.  In some cases the flows have been mapped across silty 
formations where resistivity is low, density and gamma are uniform, and neutron 
response is unremarkable.  Close examination of the field lithology logs indicates 
that “claystone” remnants are in evidence across some of these intervals 
suggesting that the flows mapped across the section are associated with the 
fractured claystones.  The flows originating from the bottom of MW-43 appear to 
coming out of claystone sediments.  In contrast the ambient flows originating 
from the bottom of MW-45 and flow up the well come from gravels. 
 

MW-44 does not appear to penetrate very far into the White River 
Formation compared to both MW-43 and MW-45.  The limited depth of 



 

 
RMC Consultants, Inc. – AMS#4 Warren AFB, Wyoming  FINAL REPORT Page 30 

  

penetration may explain why the apparent complex distribution of vertical 
hydraulic head potentials were not encountered in MW-44.  In MW-44 the flows 
within the well were from the upper part of the saturated formation, down the well 
and back out into the formation.   
 

The contaminant concentration data for MW-45 correlates with flows in 
MW-45 that are uphole beginning from the bottom of the well with multiple 
contributing zones.  This also means the contaminant data underestimates the 
actual concentration in which ever portion of the formation that is the source of 
the TCE.  The data is not conclusive that contamination is only transported in just 
one of the lithologic units; it is possible that multiple lithologic units, each 
potentially transporting differing TCE concentrations are contributing TCE to the 
well.  If there were only one lithologic unit as a contaminant source, the 
concentration in the upflow direction should decrease because of other 
documented inflows and not increase.   
 

In MW-44 the concentrations are higher than in MW-45, but are uniform, 
only varying from 44 to 46 µg/L, suggesting that one flow zone is a source of 
TCE.   To the west, and upgradient of MW-44, three wells in the Cow Camp area 
have an average TCE concentration of 21.67 µg/L, which is lower than that 
encountered in MW-44 but is of the same magnitude.  Specific information about 
flow characteristics in the three Cow Camp wells was not available, but FEW4-
MW31 was constructed with a ten foot long well screen that was placed between 
6579 to 6566 feet msl at a depth of about 209 feet suggesting that a single flow 
zone is likely in MW-31.   
 

MW-31, MW-44, and MW-45 are generally aligned in a west to east 
direction which is also generally in the down gradient direction.  MW-43 is 
located north of MW-44 and MW-45 and did not have any TCE detections during 
sampling.   

 
The groundwater encountered in MW-43, MW-44, and MW-45 appears to 

be from the White River Formation.  It is not clear if the water is exclusively 
White River water originating from upgradient of the project area or if water from 
the overlying Ogallala Formation is the dominant source.  

 
 
6.0 Recommendations 

 
MW-43, MW-44, and MW-45 document a complex flow system that 

appears to be somewhat different than has been documented to date at the 
AMS#4 site.  The downhole geophysics and HPL testing conducted in the wells 
demonstrate the complex flow system.  However, the contaminant data collected 
to date were collected as grab samples from wells with active flows, 
consequently, the data cannot be used to identify specific lithologic units that are 
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the source of the contaminants, nor can they be used as representative of 
groundwater contamination in the formation.   

 
Wells MW-44 and MW-45 should be re-sampled using techniques that, to 

the extent possible, will allow isolating the lithologic unit transporting 
contaminated groundwater.  Isolating lithologic units that are transporting 
contaminates in screened wells requires methods such as depth specific sampling 
during pumping or stressed conditions.  This process allows identifying the zone 
from which the contamination is produced and developing calculated estimates 
of concentrations in the lithologic unit.   

 
The best alternative to collect more accurate estimates of contaminants in 

specific lithologic units is to complete monitoring wells in the individual units, 
either as separate wells in each unit, or as multiple zone completion wells where 
one well monitors several zones in an isolated manner.    

 
An additional reason for MW-43, MW-44, and MW-45 is that as currently 

constructed the wells allow water to flow between lithologic units.  Some of the 
water is contaminated with TCE.  The net effect of the wells is that they may be 
facilitating the spread of TCE throughout the aquifer. 

 
MW-43, MW-44, and MW-45 demonstrate that the flow system is 

complex.  As constructed the wells do not provide reliable potentiometric levels 
for the aquifer because the wells are open to multiple lithologic units.  
Reconstructing or replacing the wells with monitoring systems that isolate the 
differing lithologic units will allow sampling and monitoring that will provide 
data  

 
The inorganic chemistry and standard natural isotopes of the groundwater 

should be measured in order to allow determination of the source of the 
groundwater.  The information would assist in determining if the TCE 
encountered in MW-44 and MW-45 is originating from the Ogallala or the White 
River formations.   

 
The monitoring wells should be reconstructed or replaced. New wells should be 
designed to allow determining the flow relationship between the White River and 
Ogallala aquifers by: 

 
-providing for improved groundwater sampling to better identify which 
lithologic units are transporting TCE 
 
 -providing for groundwater samples for geochemical and isotope 
determination that will assist in understanding the source of groundwater 
 
  -providing for accurate potentiometric surface measurements which will 
contribute to understanding of how groundwater moves through the aquifer. 
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Reconstructed wells would provide a benchmark or basis from which to design 
expansion of monitoring network that would be intended to pin down specific 
TCE source areas. 

 
Reconstructed wells would provide reference points to monitor effectiveness of 
future groundwater remediation efforts. 

 
Hydraulic tomography (HT) methods should be considered in conjunction 

with surface geophysical, borehole geophysics and hydrophysics, with 
traditional groundwater monitoring, to assist in mapping the apparent 
paleochannels encountered in MW-43 through MW-45 back to possible 
source areas.  The same should be done down gradient in order to advance the 
understanding of wells that may be at risk.  Such information would also be 
important in locating additional monitoring wells.   

 
Surface geophysical methods including high resolution seismic 

reflection/tomography appear to be well suited to provide information 
indicating the structure and pathways of likely paleochannels. 

 
HT would mapping the spatial distribution of transmissivity and storativity 

using a few wells.  The HT result would provide a three dimensional 
distribution of transmissivity and storage characteristics, which would provide 
insight into most likely pathways for TCE migration, and monitoring well 
locations.   

 
As data becomes available it will be critical to evaluate and update the 

conceptual model of the aquifer extending from the AMS#4 launch facilities 
down to the Cheyenne well field. 
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7.0 Limitations 
 

Water levels have been measured in the well bores at the times and under 
the conditions stated in the report.  These data have been reviewed and 
interpretations have been made in the text of this report.  However, it must be 
noted that fluctuations in the level of the groundwater commonly ranges from 6 to 
12 feet at this site.  
 

Except as noted within the text of the report, no quantitative laboratory 
testing was performed to verify the calibration of the logging tool.  Where such 
analyses have been conducted by an outside laboratory, RAS, Inc. has relied upon 
the data provided, and has not conducted an independent evaluation of the 
reliability of these data. 
 

Conclusions and recommendations contained in this report may be based 
in part upon various types of chemical data and are contingent upon their validity.  
These data have been reviewed and interpretations made in the report.  As 
indicated within the report, these data are developed based on the field calibration 
of the logging tool.  Where more specific information is necessary, the tool 
measurements should be verified based on quantitative lab analyses of grab 
samples obtained directly from the wellbore.  Moreover, it should be noted that 
the variations in the types and concentrations of groundwater constituents and 
variations in their flow paths may occur due to seasonal water table fluctuations, 
past site practices, the passage of time, and other factors.  Should additional 
chemical data become available in the future, these data should be reviewed by 
RAS, and the conclusions and recommendations presented herein modified 
accordingly. 
 

The values for bedrock hydraulic conductivity given in this report should 
be viewed as "equivalent hydraulic conductivities", which are computed based on 
an assumed, or equivalent, interval length and a uniformly pervious porous media 
behavior.  This industry standard approach has several limitations, which are well 
documented in the current literature.  In addition, the accuracy of the equivalent 
hydraulic conductivities when presented herein is subject to the applicability of 
the boundary condition assumptions inherent in the permeameter/slug 
test/pumping test analysis method used. 
 

RAS’s logging was performed in accordance with the USACE SOW and 
generally accepted industry practices involving similar studies at the same time 
and in the same general area.  RAS has observed that degree of care and skill 
generally exercised by others under similar circumstances and conditions.  
Interpretation of logs from the newly developed techniques, Scanning Colloidal 
Borescope Flowmeter, Hydrophysical Logging (“NxHpL”) and 
2Wireline/Straddle Packer Testing (“WSP”) (whether made directly from visual 
observations or by data processing or otherwise), or interpretation of test or other 
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data, and any recommendation or hydrogeologic description based upon such 
interpretations, are opinions based upon inferences from measurements, empirical 
relationships and assumptions.  These inferences and assumptions require 
engineering judgment, and therefore are not scientific certainties.  As such, other 
professional engineers or analysts may differ as to their interpretation.  
Accordingly, RAS cannot and does not warrant the accuracy, correctness or 
completeness of any such interpretation, recommendation or hydrogeologic 
description. 
 

All technical data, evaluations, analysis, reports, and other work products 
are instruments of RAS’s professional services intended for one time use on this 
project.  Any reuse of work product by the Client for other than the purpose for 
which they were originally intended will be at the Client's sole risk and without 
liability to RAS.  RAS makes no warranties, either express or implied.  Under no 
circumstances shall RAS or its employees be liable for consequential damages. 
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Well Construction

Geophysics

Lithology

Geophysically
& Hydrophysically

Derived Lithology and
Water Bearing/Flow Zones

Ambient Fluid
Temperature (C)

Conductivity (mS/cm)

Estimated
Hydraulic

Conductivity (ft/day)

Geology Hydrophysics

4.20 4.30 4.35 4.40
0 100 150 200

4.25
50

Gamma (API units)
Caliper (inches)

Induction Resistivity (ohm-m)
Induction Conductivity (mmho/m)

0 100 250 30020050 150
0 30 45 60 907515

Neutron (near) (cps)
Neutron (far) (cps)

Relative Hydrogen Content (%)

0 2000 6000 1000080004000

Relative Hydrogen Content Increasing

0 1000 3000 500040002000
0 20 60 1008040 0.0 0.5 1.5 2.0 2.51.0

Density (near) (g/cc)
Density (far) (g/cc)

Compensated Density (g/cc)

100 300 500
9 10 11

0.0 1.0 1.50.5
Interval Specific

Total
0.0 1.0 1.50.5

Contamination
Concentration

(µg/g of wet soil)

4.20 4.30 4.35 4.40
0 100 150 200

4.25
50

0 100 250 30020050 150
0 30 45 60 907515

100 300 500
9 10 110 2000 6000 1000080004000

Relative Hydrogen Content Increasing

0 1000 3000 500040002000
0 20 60 1008040

0.0 0.5 1.5 2.0 2.51.0

PDI Total Flow (gpm)
PDI Interval Specific Flow (gpm)

Ambient Flow (gpm)
Flow During Pumping (gpm)

-5 +200 +15+10+5
-5 +200 +15+10+5

-5 +200 +15+10+5
-5 +200 +15+10+5

MISCELLANEOUS NOTES:

1. Top of casing elevation: 6880.53 feet (NAD83).

2. All depths referenced to top of PVC casing.

3. Coordinates of well:
Northing: 211813.14 Easting: 693671.14
(State Plane Projection, Wyoming East Zone, NAD83)

4. Lithology from original drillers log (August & September 2008).

5. Well construction from original drillers log (August & September 2008) and caliper log.

6. Geophysical logging conducted by RAS, Inc. on September 12, 2008.

7. Nuclear logging conducted by Century Geophysical Corp. on September 19, 2008.

8. Hydrophysical logging conducted by RAS, Inc. on September 12, 13 & 14, 2008.

CONTAMINANT EXPLANATION

Trichloroethelene (TCE)

1,1-dichloroethelene (1,1-DCE)

Chloroform (CF)

Contamination estimates based on soil
samples collected during drilling.

GEOPHYSICAL LOGS

Gamma
Standard gamma ray (includes K, U, and Th)

Resistivity/Conductivity
Induction Type

Neutron Porosity/Relative Hydrogen Content
Compensated neutron tool with 5 Ci Am
241 Be source.

Density
Compensated, two detector, focuser density
using a 2.0 Ci Cesium 137 source.

All Geophysical Logs conducted in well
condition as presented.

LE
G

E
N

D

LITHOLOGY

Gravel

Sand

Silty Sand

Clayey Gravel Clay

Silty clay

Sandy Clay

Clayey Sand

Silt

Clayey Silt

Sandy Silt

Silty clay -
fractured claystones

HYDROPHYSICAL LOGGING AND RESULTS:

Horizontal flow observed during ambient conditions,
inflows also evaluated during stressed (constant
pumping or slug test) conditions. Horizontal flowrates
base on integral method for q (Lowe, et. al., 1989) and
dilution method for v (Drost, 1968).

PDI Total Flow & PDI Interval specific Flow
Flow recorded while Pumping During Injection (PDI)

Fluid Resistivity and Fluid temperature
Log performed during ambient conditions

Hydraulic conductivity estimates based on Hvorslev
(1962), (Pedler, et al. 1988). Flow and velocity
estimates based on hydrophysical logging results only.

Hydrophysically derived flow zone

Hydrophysically derived confining/
leaky confining unit

WELL: MW-43
PROJECT: RMC, Consultants, Atlas Missile Site 4, Cheyenne, Wyoming

PH 303.526.4432 • FAX 303.526.4426
email: bpedler@rasinc.org • www.rasinc.org
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Well Construction

Geophysics

Lithology

Ambient Fluid
Temperature (C)

Conductivity (mS/cm)

Estimated
Hydraulic

Conductivity (ft/day)

Geology Hydrophysics

3.90 4.00 4.05 4.10
0 100 150 200

3.95
50

Gamma (API units)
Caliper (inches)

Induction Resistivity (ohm-m)
Induction Conductivity (mmho/m)

0 50 150 200 250100
0 20 40 60 10080

400 450 500
9 10 11

0.0 1.0 1.50.5
Interval Specific

Total
0.0 1.0 1.50.5

Contamination
Concentration

(µg/L)

3.90 4.00 4.05 4.10
0 100 150 200

3.95
50

0 50 150 200 250100
0 20 40 60 10080

400 450 500
9 10 110 2000 6000 1000080004000

Relative Hydrogen Content Increasing

0 1000 3000 500040002000
0 20 60 1008040

0.0 0.5 1.5 2.0 2.51.0

Density (near) (g/cc)
Density (far) (g/cc)

Compensated Density (g/cc)

0.0 0.5 1.5 2.0 2.51.0

4 168 12 14106
0.0 3.01.0 2.00.5 1.5 2.5
-6 +6-2 +2-4 0 +4
0.0 9.03.0 6.01.5 4.5 7.5

PDI Total Flow (gpm)
PDI Interval Specific Flow (gpm)

Ambient Flow (gpm)
Flow During Pumping (gpm)

4 168 12 14106
0.0 3.01.0 2.00.5 1.5 2.5
-6 +6-2 +2-4 0 +4
0.0 9.03.0 6.01.5 4.5 7.5

E+1 E+2

Geophysically
& Hydrophysically

Derived Lithology and
Water Bearing/Flow Zones

CONTAMINANT EXPLANATION

Trichloroethelene (TCE)

Contamination estimates based on water
samples collected by Packer during
ambient flow conditions

MISCELLANEOUS NOTES:
1. Top of casing elevation: 6782.98 feet (NAD83).

2. All depths referenced to top of PVC casing.

3. Coordinates of well:
Northing: 209327.31 Easting: 689357.92
(State Plane Projection, Wyoming East Zone, NAD83)

4. Lithology from original drillers log (August 2008).

5. Well construction from original drillers log (August 2008) and caliper log.

6. Geophysical logging conducted by RAS, Inc. on August 26, 2008.

7. Nuclear logging conducted by Century Geophysical Corp. on September 19, 2008.

8. Hydrophysical logging conducted by RAS, Inc. on August 27 & 28 and
September 2, 3, 4, 5 & 15, 2008.

GEOPHYSICAL LOGS

Gamma
Standard gamma ray (includes K, U, and Th)

Resistivity/Conductivity
Induction Type

Neutron Porosity/Relative Hydrogen Content
Compensated neutron tool with 5 Ci Am
241 Be source.

Density
Compensated, two detector, focuser density
using a 2.0 Ci Cesium 137 source.

All Geophysical Logs conducted in well
condition as presented.
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LITHOLOGY

Gravel

Sand

Silty Sand

Clayey Gravel Clay

Silty clay

Sandy Clay

Clayey Sand

Silt

Clayey Silt

Sandy Silt

Silty clay -
fractured claystones

HYDROPHYSICAL LOGGING AND RESULTS:

Horizontal flow observed during ambient conditions,
inflows also evaluated during stressed (constant
pumping or slug test) conditions. Horizontal flowrates
base on integral method for q (Lowe, et. al., 1989) and
dilution method for v (Drost, 1968).

PDI Total Flow & PDI Interval specific Flow
Flow recorded while Pumping During Injection (PDI)

Fluid Resistivity and Fluid temperature
Log performed during ambient conditions

Hydraulic conductivity estimates based on Hvorslev
(1962), (Pedler, et al. 1988). Flow and velocity
estimates based on hydrophysical logging results only.

Hydrophysically derived flow zone

Hydrophysically derived confining/
leaky confining unit

WELL: MW-44
PROJECT: RMC, Consultants, Atlas Missile Site 4, Cheyenne, Wyoming

PH 303.526.4432 • FAX 303.526.4426
email: bpedler@rasinc.org • www.rasinc.org
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Well Construction

Geophysics

Lithology

Ambient Fluid
Temperature (C)

Conductivity (mS/cm)

Estimated
Hydraulic

Conductivity (ft/day)

Geology Hydrophysics

2 4 5 6
0 100 150 200

3
50

Gamma (API units)
Caliper (inches)

Induction Resistivity (ohm-m)
Induction Conductivity (mmho/m)

0 100 300 400200
0 20 40 60 80

100 300 500
9 10 11

0 +15+3 +6 +12+9
-3 +2-2 -1 +10

0.0 1.0 1.50.5
Interval Specific

Total
0.0 1.0 1.50.5

Contamination
Concentration

(µg/L)

2 4 5 6
0 100 150 200

3
50

0 100 300 400200
0 20 40 60 80

100 300 500
9 10 11

Neutron (near) (cps)
Neutron (far) (cps)

Relative Hydrogen Content (%)

0 2000 6000 1000080004000

Relative Hydrogen Content Increasing

0 1000 3000 500040002000
0 20 60 1008040

0 2000 6000 1000080004000

Relative Hydrogen Content Increasing

0 1000 3000 500040002000
0 20 60 1008040

0.0 0.5 1.5 2.0 2.51.0

Density (near) (g/cc)
Density (far) (g/cc)

Compensated Density (g/cc)

0.0 0.5 1.5 2.0 2.51.0

Ambient Flow (gpm)
Flow During Pumping (gpm)

E+0 E+2E+1
0 +15+3 +6 +12+9
-3 +2-2 -1 +10

Geophysically
& Hydrophysically

Derived Lithology and
Water Bearing/Flow Zones

CONTAMINANT EXPLANATION

Trichloroethelene (TCE)

Contamination estimates based on water
samples collected by Packer during
ambient flow conditions

GEOPHYSICAL LOGS

Gamma
Standard gamma ray (includes K, U, and Th)

Resistivity/Conductivity
Induction Type

Neutron Porosity/Relative Hydrogen Content
Compensated neutron tool with 5 Ci Am
241 Be source.

Density
Compensated, two detector, focuser density
using a 2.0 Ci Cesium 137 source.

All Geophysical Logs conducted in well
condition as presented.

LE
G

E
N

D

MISCELLANEOUS NOTES:

1. Top of casing elevation: 6703.95 feet (NAD83).

2. All depths referenced to top of PVC casing.

3. Coordinates of well:
Northing: 209222.43 Easting: 694441.63
(State Plane Projection, Wyoming East Zone, NAD83)

4. Lithology from original drillers log (August 2008).

5. Well construction from original drillers log (August 2008) and caliper log.

6. Geophysical logging conducted by RAS, Inc. on September 8, 2008.

7. Nuclear logging conducted by Century Geophysical Corp. on September 19, 2008.

8. Hydrophysical logging conducted by RAS, Inc. on September 9, 10 & 11, 2008.

LITHOLOGY

Gravel

Sand

Silty Sand

Clayey Gravel Clay

Silty clay

Sandy Clay

Clayey Sand

Silt

Clayey Silt

Sandy Silt

Silty clay -
fractured claystones

HYDROPHYSICAL LOGGING AND RESULTS:

Horizontal flow observed during ambient conditions,
inflows also evaluated during stressed (constant
pumping or slug test) conditions. Horizontal flowrates
base on integral method for q (Lowe, et. al., 1989) and
dilution method for v (Drost, 1968).

PDI Total Flow & PDI Interval specific Flow
Flow recorded while Pumping During Injection (PDI)

Fluid Resistivity and Fluid temperature
Log performed during ambient conditions

Hydraulic conductivity estimates based on Hvorslev
(1962), (Pedler, et al. 1988). Flow and velocity
estimates based on hydrophysical logging results only.

Hydrophysically derived flow zone

Hydrophysically derived confining/
leaky confining unit
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