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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).  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. The 703 acre AMS 
#4 is one of four former Atlas “D” missile sites that were operated by the U.S. Air 
Force as part of the 565th Strategic Missile Squadron at the F.E. Warren AFB.  
The property was disposed of in January of 1967 by the General Services 
Administration, and has been owned by a variety of parties until it was finally 
acquired by the City of Cheyenne in 2003.  
 
Previous documentation and investigations indicate that AMS #4 had a total of ten 
underground storage tanks (USTs) that stored fuel oil and kerosene missile fuel.  
All ten USTs were removed by the USACE in 1993. During operation of the 
missile facility, intercontinental ballistic missiles (ICBMs) were regularly fueled 
as part of operational readiness testing. After these readiness exercises, the 
kerosene based rocket fuel (RP-1) was pumped back into the USTs and the fuel 
tanks and lines were flushed with TCE. TCE was used to flush tanks and lines to 
remove residual RP-1 fuel to prevent accidental explosions. Waste TCE and 
residual fuel were then released into flame pits and discharged to ground surface.   
 
Previous investigations have been completed on the site, including a Site 
Inspection (SI), an Expanded Site Investigation (ESI), and an ESI Addendum.  In 
2005 RAS conducted surface and borehole geophysical testing in an effort to 
determine the feasibility of mapping the interface between the Ogallala and White 
River Formations.  A secondary objective was to identify areas within the White 
River that are more likely to contain secondary (fracture) porosity in the bedrock 
beneath the Ogallala.  The intent was to gain a better understanding of the 
lithologic/structural controls on groundwater flow on the site and around the 
source area(s) of a TCE groundwater contaminant plume; and to help correlate 
water bearing zones down-gradient of the missile site.  
 
The current tasks completed by RAS, Inc. were in support of the supplemental 
feasibility study work and included conducting surface and 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 one 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 would be integrated with the 
previous surface geophysical study to evaluate the hydrogeologic properties of 
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selected surface geophysical anomalies.  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-30, MW-39, and MW-40.  All of the 
monitoring wells are located in the general area of the AMS #4 site.  
 
In the monitoring well MW-30, the geophysical data suggests the contact between 
the White River and Ogallala Formation is at a depth of about 90 feet below the 
ground surface (BGS).  The water level in the well is about 80 feet in depth but is 
about 10 feet above the contact between the Ogallala and White River 
Formations.  The ambient water quality logs in MW-30 show that groundwater 
temperature declines about 2° C in a uniform manner with depth, and the FEC 
varies from 315 mS/cm to 360 mS/cm becoming steadily more conductive with 
depth.  The SAE data indicated two productive zones that could be separated 
based on the processed FEC data collected during the test.  The two flow intervals 
included from 98 to 107.5 feet BGS, and 107.5 to 115 feet BGS.  
 
In MW-39 both the PRH and compensated density logs tend to show uniform 
conditions.  The gamma response and induction resistivity suggest the bottom of 
the Ogallala is about 75 feet BGS, and the lithologic log suggests the change 
occurs about 74 feet in depth.  Within the saturated zone from about 75 to 120 feet 
BGS, the PRH logs indicate uniform saturated conditions.  Between 120 to 165 
feet BGS, somewhat greater variability in PRH occurs.  Within the saturated zone 
compensated density varies inversely with PRH.  The temperature log in MW-39 
indicated a very slowly declining temperature beginning at 9.5° C at a depth of 75 
feet and dropping to 9.0° C by 125 feet in depth and below.  The FEC followed a 
similar pattern with FEC beginning at 335 uS/cm and declining to 325 uS/cm.  
The uniform temperature and FEC trends in MW-39 correlate with the relatively 
constant PRH and compensated density data.  The SAE data in MW-39 indicated 
five productive zones that could be separated based on the processed FEC data.  
The five intervals included from 74 to 115 feet BGS, 115 to 126 feet BGS, 126 to 
130 feet BGS, 130 to 144 feet BGS, and 144 to 153 feet BGS.  VOC contaminants 
that have accumulated in a distinct 20 foot thick zone from 110 to 130 feet in 
depth, suggests that the depth of the primary source zone near the Launch Facility 
may have accumulated at the same depth, assuming horizontal flow occurs 
between the source zone and MW-39.   
 
The gamma and induction resistivity data in MW-40 indicate the contact or 
transition from the Ogallala to the White River Formation occurs around 65 feet 
BGS.  The PRH and density logs appear generally inversely correlated.  The PRH 
and compensated density log indicate where sediments are fully saturated and 
most likely to produce groundwater flows.  The temperature log run in the water 
filled portion of the borehole indicated a declining temperature begins at 15° C at 
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a depth of 75 feet and dropping to 10° C by 110 feet BGS and below.  The FEC 
followed a somewhat similar pattern with FEC beginning at 230 uS/cm and 
slowly climbing to about 250 uS/cm at a depth of 140 feet and then remaining 
constant.  The SAE data indicated three productive zones that could be separated 
based on the processed FEC data collected during the test.  The three intervals 
included from 75 to 103 feet in depth, 108 to 125 feet in depth, and 125 to 140 
feet in depth.  The distribution of the TCE soil contamination is of interest 
because it provides insight into the relationship of the location of MW-40 to 
possible TCE source areas.  In MW-40, the TCE concentration distribution is 
relatively uniform with depth, and the concentrations are low and suggest that the 
well may be near an area where wastes may have been disposed of on the surface.  
 
The geophysical logs, including PRH and compensated density, of MW-39 and 
MW-40 appear to correlate with the NanoTEM profiles Line 2 (MW-40) and Line 
3 (MW-39).  The NanoTEM profile resistivities only vary over a small range.  
Consequently, anomalous responses may be interpreted on the basis of less than a 
10 Ohm/m change if it occurs over a short range.   
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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).  The AMS #4 is a non-National Priorities List (NPL), CERCLA site. 
Although this site is regulated under the National Oil and Hazardous Substances 
Contingency Plan (NCP) and CERCLA, a Remedial Investigation (RI), and 
related investigations, have been underway by the USACE at the AMS #4 since 
2004. 
 
AMS #4 is located approximately 20 miles west of Cheyenne, Wyoming, and 
approximately 2 miles south of Granite, Wyoming, in Section 20, T13N R69W.  
Figure 1 is a general site location map for AMS #4. The AMS #4 is one of four 
former Atlas “D” missile sites operated by the U.S. Air Force as part of the 565th 

Strategic Missile Squadron at the F.E. Warren AFB. Consisting of 703 acres, 
AMS #4 was acquired by purchase and condemnation between 1959 and 1962. 
Construction of the three missile launch facilities commenced shortly after 
acquisition of the property and was completed during the aforementioned 
timeframe.   
 

 
Figure 1 

 
The property was disposed of in January 1967 by the General Services 
Administration. The property has been owned by a variety of parties until it was 
finally acquired by the City of Cheyenne in 2003 and is currently leased for cattle 
grazing and stock watering. Previous documentation and investigations indicate 
that AMS #4 had a total of ten underground storage tanks (USTs) that stored fuel 
oil and kerosene missile fuel.  All ten USTs were removed by the USACE in 
1993. During operation of the missile facility, intercontinental ballistic missiles 
(ICBMs) were regularly fueled as part of operational readiness testing. After these 
readiness exercises the kerosene based rocket fuel (RP-1) was pumped back into 
the USTs and the fuel tanks and lines were flushed with TCE. TCE was used to 
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flush tanks and lines to remove residual RP-1 fuel to prevent accidental 
explosions. Waste TCE and residual fuel were then released into flame pits and 
discharged to ground surface.  Previous investigations have been completed on 
the site, including a Site Inspection (SI), an Expanded Site Investigation (ESI), 
and an ESI Addendum.  The investigations involved surface water/sediment 
samples taken from Lone Tree Creek, surface and subsurface soil samples at the 
launch and service buildings, and groundwater samples from monitoring wells 
installed on Site and outside AMS #4 perimeter. As data acquired from these 
investigations are presented in USACE reports regarding this Site, they will not be 
presented herein.   
 
In 2005, RAS conducted surface and borehole geophysical testing in an effort to 
determine the feasibility of mapping the interface between the Ogallala and White 
River Formations.  A secondary objective was to identify areas within the White 
River that are more likely to contain secondary (fracture) porosity in the bedrock 
beneath the Ogallala.  The intent of these two objectives was to first gain a better 
understanding of the lithologic/structural controls on groundwater flow on the site 
and around the source area(s) of a TCE groundwater contaminant plume; and 
second, to determine the utility in helping to correlate water bearing zones down-
gradient of the missile site.  
 
The current tasks completed by RAS, Inc. were in support of supplemental 
investigations and included conducting borehole geophysics and hydrophysics 
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 one 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 would be integrated with the 
previous surface geophysical study to evaluate the hydrogeologic properties of 
selected surface geophysical anomalies.  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 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 
environment (fully screened throughout the saturated interval) or open hole 
environment.  Existing drilling information at the AMS#4 site suggested that 
geologic conditions at the site preclude a safe open hole condition after drilling.  
As such, temporary casing will be installed to maintain borehole integrity.   
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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 the open hole condition.  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 the 
annular space between casing and the borehole wall.   
 
Hydrophysical logging involves injecting environmentally safe deionized water 
into the subject 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 data not 
available from standard geophysical logging methods (highly resolving the 
location and production capabilities and water quality of identified water bearing 
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 only.   
 
In the current effort three monitoring wells were investigated by RAS including 
MW-30, MW-39, and MW-40.  All of the monitoring wells are located in the 
general area 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 
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. 
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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, straddle packer and available 
geophysical and well construction data and are presented in Appendix A.  A table 
of soil VOC data has been presented in Appendix B.  Additional appendices not 
presented in the draft but to be incorporated into the final report include back up 
hydrophysical processing notes and data, a CD-ROM with all original data, 
including field notes, and calibration details and technical procedures. 
 

 
Figure 2 

 
The information utilized in this report is a combination of data generated by RAS 
and others including RMC Consultants and University of Waterloo..  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 
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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. 
 
2.0 Methodology 
 
RAS’s investigation involved the application 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  

 
The borehole geophysical methods applied during this investigation were applied 
in two slightly different environments.  MW-30 is a 2 inch diameter PVC cased 
monitoring well with grout in the annular space between the casing and borehole 
wall.  Second, MW-39 and MW-40 are open holes without any grout interference 
but with a 4 inch PVC temporary casing in place for some of the tests.  Tool 
responses are somewhat different in each setting.  In MW-30 caliper, gamma, 
induction resistivity, and HPL testing were applied.  Other tools were not used in 
MW-30 because of the limited size of the casing in MW-30.  
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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 
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 
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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. 
 
 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.  An example and description of the drawdown and 
pumping data are given below in annotated Figure 2.  Ambient flow evaluation is 
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.  In well MW-30, the induction 
resistivity and gamma are likely influenced somewhat by well construction and 
therefore will appear somewhat different compared to MW-39 and MW-40 which 
were logged through PVC casing but where grout was absent. 

 
3.1 Well MW-30 
 
MW-30 is a pre-existing 2 inch diameter monitoring well screened within 

the White River Formation.  Due to the small diameter of the monitoring well it 
was only possible to log the well using the gamma, induction resistivity, and 
induced gamma-density tool (density).   

 
3.1.1  Geophysical Discussion 

 
Gamma response, induction resistivity, 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 90 feet BGS.  The lithologic log for MW-40 suggests a contact depth of 
about 80 feet.  The water level in MW-30 is about 10 feet higher than the apparent 
contact.  In the other two wells discussed in this report, MW-39 and MW-40, the 
water level in the boreholes coincides with the apparent contact between the 
Ogallala and White River.  This difference may be due to MW-30 being a 
completed monitoring well, where MW-39 and MW-40 were open hole wells 
when water levels were measured.   

 
At the Ogallala and White River Formation contact a characteristic decline 

in resistivity and minor increase in gamma response occur.  These diagnostic 
shifts have been evident in all wells tested on site, with the magnitude varying 
depending upon open hole test conditions or if completed wells were tested.  The 
sharpness of the contact varies depending upon the degree of weathering 
(leaching) of the White River along the contact.  Other than the response at the 
Ogallala/White River contact, the resistivity and gamma logs do not indicate any 
anomalous formation responses.  A resistivity spike about one foot thick occurs at 
a depth of about 33 feet in depth.  The spike remains unexplained and may be 
associated with clamps holding casing centralizers in place.  The caliper log was 
run inside the 2 inch PVC well casing and indicated a smooth inside diameter of 
2.0 inches.   

 
In summary, the geophysical data suggests the contact between the White 

River and Ogallala Formation is at a depth of about 90 feet below the ground 
surface (BGS).  The water level in the well is about 80 feet in depth but is about 
10 feet above the contact between the Ogallala and White River Formations.   
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3.1.2 Ambient Water Quality 

 
The ambient water quality logs show that groundwater temperature 

declines about 2° C in a fairly uniform manner, although it becomes fairly steady 
below 100 feet BGS.  The FEC varies from 315 mS/cm to 360 mS/cm becoming 
steadily more conductive with depth.  By itself the increase in conductiviy with 
depth may not be diagnostic, but comparing the ambient groundwater 
conductivity from well to well may provide insight about groundwater flow in the 
area. 
 

3.1.3 Flow Evaluation 
 
Hydrophysical logging was initiated in MW-30 with the ambient fluid 

electrical conductivity and temperature log.  Preliminary testing indicated that the 
borehole was not capable of supporting hydrophysical logging during pumping 
conditions, so testing of the saturated zone was limited to SAE (slug tests after 
emplacement).  The montage for MW-30 illustrates the results of the SAE tests.  
The illustrated data include the FEC profile, calculated flows reported as gpm for 
the interval, and calculated hydraulic conductivity in feet per day.     
 

 
 

 
 

Table 1. MW-30 SAE Flow Zones 
 
 
The SAE data suggested the presence of a single production zone based on the 
processed FEC data collected during the test.  The single flow interval 
corresponds with the screened interval, and no preferred flow interval was 
suggested.  Table 1 summarizes the calculated flow rate and hydraulic 
conductivity for this interval.  The overall hydraulic conductivity of the entire 
saturated zone was between 0.18 to 0.26 ft/day.  Based on the characteristics of 
the FEC logs, the tests did not pinpoint any sufficiently discrete flow intervals that 
would suggest fracture flow or flow from thin, higher hydraulic conductivity 
zones.  Rather, the HPL data suggest that flow occurred over the entire screened 
interval of 10 feet.    
 
 
 
 

 

                                                
1 Depths referenced to ground surface in report. Note that the depth reference is top of PVC casing 
for attached data montages.  Stick up of the PVC casing to ground surface was 2.5 feet. 

Flow Zone Depth1 Flow in GPM Hydraulic Conductivity in Ft/Day 
     105.5- 115.5 0.003 0.18 – 0.26 
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3.2   Well MW-39 
 

The sediments penetrated by MW-39 are similar to those encountered in other 
onsite wells.  The borehole was a total of 180 feet in depth and exhibited greater 
lithologic variability within the Ogallala than in the White River Formation.   

 
3.2.1  Geophysical Discussion 

 
Gamma response, induction resistivity, and the lithologic logs collected 

during drilling 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 75 feet BGS, and the lithologic log suggested the 
change occurs about 74 feet in BGS.  The nearest lithologic log to MW-39 is 
MW-6 where the logs suggest a contact depth of about 106 feet.  The gamma 
response suggests a transition from the Ogallala to the White River Formation at a 
depth of 75 feet.  From 75 to 170 feet BGS, the gamma response is relatively 
stable and uniform, with a very slight increase in count occurring at a depth of 
137 feet.  The slight gamma shift correlates with a significant increase in the 
induction resistivity.  There may be a weak correlation between induction 
resistivity and compensated density between 10 and 40 feet BGS.  However, the 
Ogallala/White River contact is not evident within the compensated density and 
relative hydrogen percentage logs. 
 
The caliper log was run inside the 4 inch PVC casing liner temporarily installed in 
the borehole and it indicated a smooth inside diameter of 3.8 inches.   
 
The information obtained with the Neutron-Porosity tool is reported and 
illustrated on the montage in API2 units and as percent relative hydrogen content 
(PRH).  The scale above the saturated zone ranged from 0 to 25 PRH.  PRH is 
diagnostic because hydrogen content of a formation may indicate porosity of the 
formation and suggest the type of sediment or rock present.  The PRH result is 
used in combination with other geophysical logs for a complete interpretation.  In 
MW-39, the PRH varies by about 5 points from the near surface to the water 
surface in the borehole above saturated sediments.  The PRH log shows no 
correlation with the other logs, including the more variable lithologic log.   
 
Frequently, elevated hydrogen content is associated with clays or increased 
residual water content, but such a correlation is not evident in the sandy clay or 
other sediments within the unsaturated interval.  Above the saturated zone, the 
PRH content varied from about 4 to 12, but for the most part the variation was 
limited to between 5 and 10.  The relatively uniform PRH distribution across 

                                                
2 American Petroleum Institute (API) is a standardized unit of measurement for natural gamma logs. 
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sediment types suggests water content is at a minimum and infiltration events 
extending past the root zone are exceedingly rare. 
 
Below the saturated zone a different scale is used in illustrating the range of PRH.  
The scale used defines a broad range from 75 to 100 relative hydrogen content.  
The higher PRH is a function of the water content.  As a general rule the PRH is 
inversely correlated with density; higher PRH is correlated with lower density.  
Such a correlation is evident within the saturated zone but is subtle because of the 
uniform character of both the PRH and compensated density logs.   
 
Both the PRH and compensated density logs are relatively constant and uniform 
above and within the saturated zone from 40 feet to 120 feet in depth. 
 
Within the saturated zone from about 75 to 120 feet BGS, the PRH logs indicate 
uniform saturated conditions.  Between 120 to 165 feet BGS, somewhat greater 
variability in PRH occurs.  Overall, the interval from 75 to 165 feet appears 
sufficiently uniform such that Darcy flow conditions are likely.  In the bottom 5 
feet (165 to 170 feet) of the borehole, the PRH drops to between 80 to 85.  The 
sediments are described as being relatively uniform to about 108 to 115 feet in 
depth where mudstone fragments begin to increase in the sediments.  The increase 
in mudstone fragments appear to correlate with the more variable PRH.  
 
The Induced Gamma-Density information used for the primary interpretation of 
conditions was the compensated density log; results are indicated in grams per 
centimeter (g/cc).  Density above saturated conditions is illustrated on a scale that 
ranges from 0.5 to 2.5 g/cc, while the scale for saturated conditions ranged from 
1.4 to 2.2 g/cc.  The compensated density rises from about 0.75 to 1.75 between 
10 to 25 feet BGS, then drops back to 0.75 by 40 feet BGS.  Between 40 feet and 
70 feet in depth, the compensated density remains at about 0.75.  Within the 
saturated zone (i.e. below 73 feet), the compensated density averages between 1.5 
to 2.0, increasing slowly to a depth of about 120 feet.  Below 120 feet, the 
compensated density increases somewhat and correlates with a similar reduction 
in the PRH.   
 
In summary, overall both the PRH and compensated density logs tend to be 
uniform.  The gamma response and induction resistivity suggest the bottom of the 
Ogallala is about 75 feet BGS, and the lithologic log suggests the change occurs 
about 74 feet in depth.  The Ogallala/White River contact is not apparent on the 
compensated density or PRH logs.  Within the saturated zone from about 75 to 
120 feet BGS, the PRH logs indicate uniform saturated conditions.  Between 120 
to 165 feet BGS, somewhat greater variability in PRH occurs.  Based on the near- 
geophysical response, the interval from 75 to 165 feet appears sufficiently 
uniform such that Darcy (inter-granular) flow conditions are possible.  Within the 
saturated zone compensated density varies inversely with PRH. 
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3.2.2 Ambient Water Quality 
 
The temperature log run in the water filled portion of the borehole 

indicated a very slowly declining temperature beginning at 9.5° C at a depth of 75 
feet and dropping to 9.0° C by 125 feet in depth.  Below 125 feet BGS, the 
temperature remained constant at 9.0° C.  The FEC followed a somewhat similar 
pattern with FEC beginning at 335 uS/cm and slowly declining to about 325 
uS/cm at the bottom of the borehole.  The temperature and FEC trend in MW-39 
illustrate little variability which correlates with the relatively constant PRH and 
compensated density data.   
 

3.2.3 Flow Evaluation 
 

Hydrophysical logging was initiated in MW-39 by conducting ambient 
fluid electrical conductivity and temperature logging.  Preliminary testing 
indicated that the borehole was not capable of supporting hydrophysical logging 
during pumping conditions, so testing of the saturated zone was limited to SAE.  
The montage for MW-39 illustrates the results of the SAE tests.  The illustrated 
data includes the FEC profile, calculated flows reported as gpm per interval, and 
calculated hydraulic conductivity in feet per day.     

 
 

Flow Zone Depth Flow in GPM Hydraulic Conductivity in Ft/Day 
74 – 115 
115 - 126 

0.08 
0.04 

0.50 – 0.57 
0.27 – 0.31 

126 – 130 
130 – 144 
144 - 153 

0.02 
0.05 
0.02 

0.12 – 0.14 
0.30 – 0.35 
0.12 – 0.14 

74 – 153 0.21 1.30 – 1.50 
 

Table 2. MW-39 SAE Flow Zones 
 
The SAE data indicated five productive zones that could be separated based on 
the processed FEC data collected during the test.  The five intervals included from 
74 to 115 feet BGS, 115 to 126 feet BGS, 126 to 130 feet BGS, 130 to 144 feet 
BGS, and 144 to 153 feet BGS.  Table 2 summarizes the calculated flow rates and 
hydraulic conductivity for the five intervals.  The flow zones are all adjacent to 
each other but based on the FEC profile they had sufficiently independent 
characteristics to be identified as separate zones.  The overall hydraulic 
conductivity of the entire saturated zone was between 1.30 to 1.50 ft/day.  Based 
on the characteristic of the FEC logs, the tests did not pinpoint any discrete flow 
intervals that would suggest fracture flow or flow from very thin higher hydraulic 
conductivity zones.  The magnitude or flow rate of each flow interval appears 
related to both the PRH and the compensated density; as the average PRH and 
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compensated density across a flow interval declines, the flow rate and hydraulic 
conductivity decline.  PRH generally correlates well with porosity, but should not 
be taken as a sole indicator of flow potential, and more importantly contaminant 
migration rate.  For example, a saturated silt that is well weathered may have a 
100% PRH but have a low hydraulic conductivity.  The mass transport will be a 
function of the flow velocity and volume of water passing through the sediment 
matrix.  A fractured sediment mass, such as a mudstone, may have a lower PRH 
because the effective porosity is related to saturated fracture volume (reduced by 
cemented mudstone fragment volume).  Depending upon the structure of the 
mudstone mass, the hydraulic conductivity may be higher than that in a weathered 
silt body, or be of the same magnitude as is evident in MW-39.  The key to the 
contaminant transport velocity is related to the presence of higher groundwater 
velocity zones that may be associated with fractured sediment masses.  The 
volume of contaminated groundwater may be less than that moving through a 
weathered sediment, but due to the higher groundwater velocity associated with 
the fracture system, the potential for the more rapid spread of contamination 
exists.  However, in MW-39, the compensated density, PRH, and hydrophysical 
tests indicate that even where PRH drops and lithologic logs suggest the presence 
of some mudstone, the character of groundwater flow indicate Darcy flow 
conditions with no evidence of fracture specific flow.   
 

3.2.4  Contaminant Characterization 
 

Analytical data from groundwater samples collected by others were not 
available for consideration in this report.  However, soil sample analytical data for 
VOC’s were available.  Only unqualified soil analytical data is included on the 
montage.  A summary of the data included in the montage is also listed in 
Appendix A.  The principal contaminant present, based on concentration and 
frequency of detection, was TCE.  Other contaminants appear to be degradational 
products of TCE or perhaps originated as trace amounts of the compounds that 
were included with the bulk TCE used on the site.   
 
The distribution of the TCE soil contamination is of interest because it provides 
insight into the possible distribution of TCE within the source area.  In well MW-
39 the higher hydraulic conductivity zone extends from about 75 feet to 115 feet 
in depth.  The TCE concentrations in this interval are relatively low and appear to 
reflect contaminates absorbed as contaminated groundwater passed through the 
sediments.  The contaminant concentrations are significantly higher 
(approximately and order of magnitude) from 110 feet to about 130 feet, where 
hydraulic conductivities are lower.  Below 130 feet in depth, the TCE 
concentrations drop to very low levels.  Below 130 feet in depth, the hydraulic 
conductivities are similar to those present between 110 to 130 feet in depth.  The 
distinct 20 foot thick zone from 110 to 130 feet in depth suggests that the depth of 
the primary source zone near the Launch Facility may have accumulated at the 
same depth, assuming horizontal flow occurs between the source zone and MW-
39.   



 

 
RMC Consultants, Inc. – AMS#4 Warren AFB, Wyoming FINAL REPORT Page 19 

  

 
 
3.3 Well MW-40 
 
The sediments penetrated by MW-40 are similar in character and 

distribution as in other wells in the local area.  The well is 170 feet in depth and 
exhibits greater variability within the White River Formation than encountered in 
MW-39.   

 
3.3.1  Geophysical Discussion 

 
Gamma response, induction resistivity, and the physical logs collected 

during drilling 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 64 to 65 feet in depth, while the physical log 
suggests the change occurs about 66 feet in depth; although the logs also suggest 
the transition could occur as deep as 74 feet in depth.  The same three logs suggest 
the upper White River Formation is weathered with a distinctive change to 
relatively unweathered conditions occurring at a depth of 147 feet in depth.  The 
gamma response followed by the induction resistivity suggests a complete 
transition by a depth of 153 feet in depth.  The compensated density and relative 
hydrogen percentage logs indicated characteristic changes consistent with the 
change from weathered to unweathered conditions at the transition between 147 to 
153 feet in depth.  However, the changes associated with the Ogallala/White 
River contact are not in evidence within the compensated density and relative 
hydrogen percentage logs. 
 
The caliper log was run inside the 4 inch PVC casing liner temporarily installed in 
the borehole and indicated a smooth inside diameter of 3.8 inches.  Periodic 
roughness was evident in the bottom 10 feet of the casing suggesting that during 
installation, sediments from the borehole sidewalls accumulated in the casing.   
 
Information obtained with the Neutron-Porosity tool is reported and illustrated on 
the montage in API units and as PRH.  The scale above the saturated zone ranged 
from 0 to 20 PRH.  The PRH information was used for interpretation purposes.  
PRH is diagnostic because hydrogen content of a formation may indicate porosity 
of the formation and suggest the type of sediment or rock that is present.  The 
PRH result is used in combination with other geophysical logs for a complete 
interpretation.  In MW-40, the increases in PRH above saturated sediments are 
somewhat variable without clear associations.  The higher PRH values may be 
associated with water content or be a function of minerals contained in the 
sediments.  Frequently elevated hydrogen content is associated with clays, but 
such a correlation is not clear in the clayey sediments within the unsaturated 
interval.  Changes in density do not appear to clearly correlate with PRH either.  
Correlation between PRH and density sometimes exist because lower density 
sediments may mean higher porosity which allows more water to be in storage.  
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Above the saturated zone the PRH content varied from about 3 to 18 and 
generally appears to reflect differences in mineralogy of sediments and perhaps 
bound water but some free water held by capillary forces will be present as well. 
 
Below the saturated zone a different scale is used in illustrating the range of PRH.  
The scale used defines a broad range from 60 to 100 percent relative hydrogen 
content.  The higher PRH is a function of the water content.  The PRH is inversely 
correlated with density and there is an evident positive correlation with the 
gamma response as well; higher PRH is correlated with lower density.  However, 
correlation with specific flow zones may involve more than just lower density and 
higher PRH.  For example, between 85 feet and about 92 feet in depth, the 
borehole logs indicate the presence of some gravels and mudstone fragments.  
Based on the PRH and density logs the denser fragments are associated with 
locally higher density and lower porosity, but may also be associated with large 
pore dimension including fractures (suggested by the presence of mudstone 
fragments) that have result in higher hydraulic conductivity.  Between 72 feet and 
146 feet the PRH content indicates saturated conditions that is occasional broken 
by zones where the PRH drops, such as at 95 feet in depth.  Below 146 feet in 
depth, the PRH drops to an average of about 75, along with a correlated increase 
in density.   
 
The Induced Gamma-Density information that was used for the primary 
interpretation of conditions was the compensated density log; results are indicated 
in grams per centimeter (g/cc).  Density above the saturated conditions is 
illustrated on a scale that ranges from 0.8 to 2.4 g/cc, while scale used for 
saturated conditions ranged from 1.3 to 2.1 g/cc.  The compensated density 
averages about 1.8 g/cc above saturated conditions, with somewhat greater 
variability to a depth of 32 feet in depth.  The variation in density does not clearly 
vary with the type of sediment indicated by the boring logs.  Between 32 to 65 
feet in depth the density varied little despite the presence of four different 
sediment types that ranged from silty clays to gravel with a density of about 1.8 
g/cc.  Within the saturated zone the density is more variable, with lower density 
generally associated with higher PRH, and hydraulically productive zones 
identified by hydrophysical logging located between 75 and 140 feet in depth.  
Below 140 feet in depth, the density begins to climb steadily to a depth of 155 feet 
where the density stabilizes at about 2.2 g/cc to the bottom of the borehole at a 
depth of 165 feet.    
 
In summary, the gamma and induction resistivity data provide information 
indicating the nature of the contact or transition from the Ogallala to the White 
River Formation.  The gamma data also appears somewhat correlated to the PRH 
data.  The PRH and density logs appear generally inversely correlated.  There is a 
fundamental shift in both logs once saturated conditions are encountered.  The 
PRH and compensated density log indicate where sediments are fully saturated 
and most likely to produce some degree of groundwater flow over the interval 
from 75-150 feet.  Below 150 feet in depth the gamma, PRH, and compensated 
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density logs correlate to indicating a transition to massive silts with very limited 
groundwater flow potential. 
 

3.3.2 Ambient Water Quality 
 

The temperature log run in the water filled portion of the borehole 
indicated a slowly declining temperature beginning at 15° C at a depth of 75 feet 
and dropping to 10° C by 110 feet in depth.  Then between 110 feet in depth to the 
bottom of the borehole near 165 feet in depth, the temperature remained constant 
at 10° C.  The FEC followed a somewhat similar pattern, with FEC beginning at 
230 uS/cm and slowly climbing to about 250 uS/cm at a depth of 140 feet.  Below 
140 feet in depth the FEC remains constant at about 250 uS/cm.  Both of these 
trends correlate with where hydrophysical testing indicates groundwater flow 
occurs. 
 

3.3.3  Flow Evaluation 
 

The hydrophysical tests used in MW-40 were limited to conducting slug 
tests after emplacement (SAE) because it was evident that the flows within the 
borehole were very low.  The montage for MW-40 illustrates the results of the 
SAE tests.  The illustrated data include the FEC profile, calculated flows reported 
as gpm per interval, and calculated hydraulic conductivity in feet per day.   
 
Hydrophysical logging was initiated in MW-40 with the ambient fluid electrical 
conductivity and temperature log.  Preliminary testing indicated that the borehole 
was not capable of supporting hydrophysical logging during pumping conditions, 
so testing of the saturated zone was limited to SAE (slug tests after emplacement).     
 

 
 

 
 
 
 
 
Table 3. MW-40 SAE Flow Zones 

 
The SAE data indicated three productive zones that could be separated based on 
the processed FEC data collected during the test.  The three intervals included 
from 75 to 103 feet, 108 to 125 feet, and 125 to 140 feet in depth.  Table 3 
summarizes the calculated flow rates and hydraulic conductivity for the three 
intervals.  The principal flow zone was from about 75 to 103 feet in depth with a 
hydraulic conductivity of between 0.76 to 1.05 ft/day.  Two minor flow intervals 
from 108 to 125 feet and 125 to 140 feet in depth each have a hydraulic 
conductivity between 0.07 to 0.10 ft/day.  The two minor zones are adjacent to 
each other but, based on the FEC profile, had sufficiently independent 

Flow Zone Depth Flow in GPM Hydraulic Conductivity in Ft/Day 
 75 – 103 
108 - 125 

0.10 
0.01 

0.67 – 1.05 
0.07 – 0.10 

125 – 140 0.01 0.07 – 0.10 
75 – 140 0.12 0.80 – 1.27 
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characteristics to be identified as separate zones.  The overall hydraulic 
conductivity of the entire saturated zone was between 0.80 to 1.27 ft/day.  Based 
on the characteristic of the FEC logs the tests did not pinpoint any discrete flow 
intervals that would suggest fracture flow or flow from very thin higher hydraulic 
conductivity zones.  The implication is that flow through the tested segment of the 
formation is classic Darcy flow through porous media.   

 
3.3.4  Contaminant Characterization 

 
Analytical data from groundwater samples collected by others were not 

available for consideration in this report.  However, soil sample analytical data for 
VOC’s were available.  Only soil analytical data that was unqualified is included 
on the montage.  A summary of the data included in the montage is also listed in 
Appendix A. 
 
The principal contaminant present, based on concentration and frequency of 
detection, was TCE.  Other contaminants appear to be degradational products of 
TCE or perhaps originated as trace amounts of the compounds that were included 
with the bulk TCE used on the site.   
 
The distribution of the TCE soil contamination is of interest because it provides 
insight into the relationship of the location of MW-40 to possible TCE source 
areas.  In MW-40 the TCE concentration distribution is relatively uniform with 
depth, and the concentrations are low.  The distribution of TCE in MW-40 
suggests that the well is in the area where wastes may have been disposed of on 
the surface.  However, the low concentrations (compared to MW-39) also indicate 
that the well is at best adjacent and offset from the primary source areas.   
 
3.4  Comparing MW-39 and MW-40 to NanoTEM Resistivity Profiles 
 
MW-39 is located close to MW-6, which was located along NanoTEM Survey 
Line 3.  MW-40 is located close to MW-30 and located near NanoTEM Line 2.  
MW-40 appears to be closer to Station 31 of Line 2 than MW-30.   
 
Comparing the NanoTEM Line 3 profile with the MW-39 geophysics and 
hydrophysical results reveals that the relatively uniform conditions encountered in 
MW-39 compare favorably with the relatively uniform resistivity depicted on the 
Line 3 profile in the vicinity of well MW-39.  The borehole geophysics of MW-40 
reflects greater subsurface variability than that which was encountered in MW-39.  
The resistivity profile around Station 31 on Line 2 appears to bear the same 
degree of variability as MW-40.  The MW-40 PRH, compensated density, and 
induction resistivity appear to have the clearest correlation with the resistivity 
profile near Line 2 Station 31.   
 
There is a significant range of hydraulic conductivities between MW-30, MW-39, 
and MW-40.  The distribution of soil contamination in the wells provides insight 
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into contaminant transport pathways and perhaps the depth of source areas near 
the launch facility.   
 
MW-39 was located near Station 14 and 15 on NanoTEM Line 3.  The resistivity 
profile in the vicinity indicates uniform conditions varying from 40 to 100 Ohm/m 
within the Ogallala, and from about 10 to 20 Ohm/m within the White River.  The 
uniform conditions indicated by the NanoTEM survey are consistent with the 
relatively uniform conditions illustrated by the PRH, compensated density, and 
groundwater flow.   
 
MW-40 is located near Station 30 on NanoTEM Line 2 where an anamolous 
feature is present.  The feature is located below 100 feet in depth and is bound by 
sediments that are more resistive than those indicated within the White River 
Formation along Line 3.  Consequently, the contrast between sediments with 
resistivities between 30 to 40 Ohm/m and those very close to zero creates a more 
distinctive anomaly.  The zone of highest PRH and low compensated density 
between 100 and 150 feet BGS in MW-40 corresponds to the depth and extent of 
the Line 2 Station 30 anomaly as well.  The low resistivity interval also appears to 
track with the lower flow rates and somewhat higher conductivity documented in 
MW-40 between 100 to 150 feet BGS.   
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4.0 Conclusions 
 

Based on the results of testing of MW-30, MW-39, and MW-40 at the AMS #4 
site, we conclude: 

 
1) The MW-30 geophysical data suggest that the contact between the White 

River and Ogallala Formation is at a depth of about 90 feet.  The static 
water level in the well is about 80 feet in depth, but it is about 10 feet 
above the bottom of the Ogallala.   

 
2) In MW-39, both the PRH and compensated density logs tend to be 

uniform.  The gamma response and induction resistivity suggested that the 
bottom of the Ogallala is about 75 feet in depth, and the lithologic log 
suggests that the change occurs at about 74 feet in depth.  The 
Ogallala/White River contact is not apparent within the compensated 
density and PRH logs.  Within the saturated zone from about 75 to 120 
feet, the PRH logs vary mostly between 95 to 100, suggesting that uniform 
(Darcy) flow conditions are possible.  Below 120 feet in depth, the PRH 
varies between about 90 to 100, but is still fairly uniform in distribution.  
Compensated density varies inversely with PRH.  Within the saturated 
zone, the inverse relationship implies the presence of a flow zone but does 
not provide sufficient information to estimate the magnitude of flows. 

 
3) The MW-39 slug test after emplacement (SAE) data indicated five 

productive zones, from 74 to 115 feet, 115 to 126 feet, 126 to 130 feet, 
130 to 144 feet, and 144 to 153 feet in depth.  The overall hydraulic 
conductivity of the entire saturated zone was between 1.30 to 1.50 ft/day.  
The magnitude or flow rate of each flow interval appears related to both 
the PRH and the compensated density; as the average PRH and 
compensated density across a flow interval declines, the flow rate and 
hydraulic conductivity also decline.   

 
4) In MW-39, the distribution of the TCE soil contamination provides insight 

into the possible distribution of TCE within the source area.  In MW-39, 
the higher hydraulic conductivity zone extends from about 75 feet to 115 
feet in depth.  The TCE concentrations in the interval are relatively low 
and reflect contaminants absorbed as contaminated groundwater passed 
through the sediments.  The contaminant concentrations are approximately 
an order of magnitude higher from 110 feet to about 130 feet, where 
hydraulic conductivities are lower.  Below 130 feet in depth, the TCE 
concentrations drop to very low levels.  Below 130 feet, the hydraulic 
conductivities are similar to those present between 110 to 130 feet in 
depth.  The distinct 20 foot thick zone from 110 to 130 feet in depth 
suggests that the depth of the primary source zone near the Launch 
Facility may have accumulated at the same depth.   
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5) The MW-40 gamma and induction resistivity data provide information 
indicating the nature of the contact or transition from the Ogallala to the 
White River Formation.  The gamma also appears somewhat correlated to 
the PRH data.  The PRH and density logs appear generally inversely 
correlated.  There is a fundamental shift in both logs, once saturated 
conditions are encountered.  The PRH and compensated density log 
indicate where sediments are fully saturated and most likely to produce 
groundwater flows.  Below 150 feet in depth the gamma, PRH, and 
compensated density logs correlate to indicate a change to limited 
groundwater potential in apparently massive silts. 

 
6) In MW-40, flow zones were documented from 75 to 103 feet in depth, 108 

to 125 feet in depth, and 125 to 140 feet in depth.  The principal flow zone 
was about 75 to 103 feet in depth with a hydraulic conductivity of between 
0.76 to 1.05 ft/day.  Two minor flow intervals from 108 to 125 feet and 
125 to 140 feet in depth each have a hydraulic conductivity between 0.07 
to 0.10 ft/day.  The overall hydraulic conductivity of the entire saturated 
zone was between 0.80 to 1.27 ft/day.   

 
7) The geophysical logs, including PRH and compensated density of MW-39 

and MW-40 appear to correlate with the NanoTEM profiles Line 2 (MW-
40) and Line 3 (MW-39).  The NanoTEM profile resistivities only vary 
over a small range.  Consequently, anomalous responses may be 
interpreted on the basis of less than a 10 Ohm/m change if they occur over 
a short range.  Care needs to be exercised not to over interpret the presence 
of anomalies.  Thought also needs to be given to what anomalous features 
represent. For example, in MW-40 the lower hydraulic conductivity 
associated with the 100 to 150 foot interval is coupled with a higher 
formation and fluid conductivity (lower resistivity).  Below 150 feet, the 
hydraulic conductivity drops, as does formation conductivity and PRH, at 
the same time density rises.  The same response is evident on the Station 
30 Line 2 NanoTEM profile.  In MW-39, the relatively uniform response 
in the NanoTEM profile is matched by the uniform responses in the 
geophysical and hydrophysical logs.  The bulk formation resistivity 
measured in NanoTEM Line 3 is low enough to suggest a more uniform 
low flow regime that may be missed due to the low resistivity contrast.  
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5.0 Recommendations 
 
1) Consider conducting additional surface geophysical surveys that are 

focused around areas of interest.  The intent of the surveys would be to 
develop a better picture of subsurface conditions to guide future 
investigation/remediation activities. 

 
2) Full suite borehole geophysical and hydrophysical logging of new 

boreholes should be conducted to allow optimal decisions about depth of 
screened intervals in monitoring or production wells.  Thought should be 
given to constructing a focused monitoring well system that would allow 
application of hydraulic tomographic techniques in order to develop a 
three dimensional distribution of hydraulic conductivity and 
storage/specific yield. 

 
3) After additional monitoring wells are installed around areas of interest, 

cross hole seismic tomographic methods should be considered to develop 
a three dimensional picture of density/velocity contrasts that can be 
correlated with hydraulic conductivity distributions within the area of 
interest.  
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6.0 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.  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 Wireline/Straddle Packer Testing (“WSP”) (whether made 
directly from visual observations or by data processing or otherwise), or 
interpretation of test or other data, and any recommendation or hydrogeologic 
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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 interpretations, recommendations or 
hydrogeologic descriptions. 
 
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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APPENDIX A 
 
 

INTEGRATED DATA MONTAGES 
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HPL FEC logs presented were collected during Slug
Test after Emplacement conditions.

HYDROPHYSICAL LOGGING AND RESULTS:

FEC XXXX where XXXX is military time at start of log.

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

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

Fluid Resistivity and Fluid temperature
Log performed during ambient conditions

FEC 1719
FEC 1726
FEC 1758

GEOPHYSICAL LOGS

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

Resistivity/Conductivity
Induction Resistivity
Short Normal Resistivity
Long Normal Resistivity
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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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1. Ground surface elevation: xxxx feet (NGVD 1929).

2. All depths referenced to top of PVCl casing.

3. Coordinates of well:
Northing: xxxxxx Easting: xxxxxx (UTM Zone xx x)

4. Lithology not available..

5. Permanent well construction configuration not available.

6. Geophysical logging conducted by RAS, Inc. on June 15, 2007.

7. Nuclear logging conducted by Century Geophysical Corp. on June 15, 2007.

8. Hydrophysical logging conducted by RAS, Inc. on June 15, 2007.

LITHOLOGY
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WELL: MW-30
PROJECT: RMC, Consultants, Atlas Missle 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

Neutron (API-N units) Above Water Level
Neutron (API-N units) Below Water Level

Relative Hydrogen Content (%) Above Water Level
Relative Hydrogen Content (%) Below Water Level

Density (near) (g/cc) Above Water Level
Density (near) (g/cc) Below Water Level
Density (far) (g/cc) Above Water Level
Density (far) (g/cc) Below Water Level

Compensated Density (g/cc) Above Water Level
Compensated density (g/cc) Below Water Level Lithology

Geophysically
& Hydrophysically

Derived Lithology and
Well Construction

Ambient Fluid
Temperature (C)

Conductivity (mS/cm)
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Hydraulic

Conductivity (ft/day)
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Concentration

(µg/g of wet soil)
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HPL FEC logs presented were collected during Slug
Test after Emplacement conditions.

HYDROPHYSICAL LOGGING AND RESULTS:

FEC XXXX where XXXX is military time at start of log.

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

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

Fluid Resistivity and Fluid temperature
Log performed during ambient conditions

FEC 1613
FEC 1631
FEC 1645
FEC 1703

GEOPHYSICAL LOGS

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

Resistivity/Conductivity
Induction Resistivity
Short Normal Resistivity
Long Normal Resistivity
Deep Guard Resistivity
Single Point Resistance

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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MISCELLANEOUS NOTES:

1. Ground surface elevation: xxxx feet (NGVD 1929).

2. All depths referenced to top of PVCl casing.

3. Coordinates of well:
Northing: xxxxxx Easting: xxxxxx (UTM Zone xx x)

4. Lithology from original drillers log (June 2007).

5. Permanent well construction configuration not available.

6. Geophysical logging conducted by RAS, Inc. on June 15, 2007.

7. Nuclear logging conducted by Century Geophysical Corp. on June 15, 2007.

8. Hydrophysical logging conducted by RAS, Inc. on June 15, 2007.
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Contamination estimates based on soil
samples collected during drilling.
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Well Construction

Geophysics

Lithology

Geophysically
& Hydrophysically

Derived Lithology and
Well Construction

Ambient Fluid
Temperature (C)

Conductivity (mS/cm)

Estimated
Hydraulic

Conductivity (ft/day)

Slug Test After Emplacement FEC (µS/cm)
Total Flow During SAE (gpm)

Interval Specific Flow During SAE (gpm)

Geology Hydrophysics

3.4 3.6 3.8 4.0
40 80 120 160

Gamma (API units)
Caliper (inches)

Induction Resistivity (ohm-m)
Induction Resistivity (ohm-m)

Induction Conductivity (mmho/m)
Induction Conductivity (mmho/m)

0 80 240 320 400160
0 800 2400 3200 40001600
0 5 10 15 2520

3.4 3.6 3.8 4.0
40 80 120 160

0 80 240 320 400160
0 800 2400 3200 40001600
0 5 10 15 2520

Neutron (API-N units) Above Water Level
Neutron (API-N units) Below Water Level

Relative Hydrogen Content (%) Above Water Level
Relative Hydrogen Content (%) Below Water Level

60 80 90 10070
0 5 10 15 20
0 150 200 400300
500 1500 2000 25001000

60 80 90 10070
0 5 10 15 20
0 150 200 400300
500 1500 2000 25001000

Density (near) (g/cc) Above Water Level
Density (near) (g/cc) Below Water Level
Density (far) (g/cc) Above Water Level
Density (far) (g/cc) Below Water Level

Compensated Density (g/cc) Above Water Level
Compensated density (g/cc) Below Water Level

1.3 1.5 1.7 1.9 2.1
Scale Below Water Level

0.8 1.2 1.6 2.0 2.4
Scale Above Water Level

1.3 1.5 1.7 1.9 2.1
Scale Below Water Level

0.8 1.2 1.6 2.0 2.4
Scale Above Water Level

Relative Hydrogen Content Increasing

Relative Hydrogen Content Increasing

200 240 280
5 15 25

0 40 8020 60

0.00 0.120.03 0.06 0.09
0.00 0.120.03 0.06 0.09

200 240 280
5 15 25 0 40 8020 60

0.00 0.120.03 0.06 0.09
0.00 0.120.03 0.06 0.09

0.0 1.0 1.50.5
Interval Specific

Total
0.0 1.0 1.50.5

0.0 1.0 1.50.5
Interval Specific

Total
0.0 1.0 1.50.5

Contamination
Concentration

(µg/g of wet soil)

0.0001 0.1 1.0

0.0001 0.1 1.0

CONTAMINANT EXPLANATION

Trichloroethelene (TCE)

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

Chloroform (CF)

Contamination estimates based on soil
samples collected during drilling.

HPL FEC logs presented were collected during Slug
Test after Emplacement conditions.

HYDROPHYSICAL LOGGING AND RESULTS:

FEC XXXX where XXXX is military time at start of log.

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

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

Fluid Resistivity and Fluid temperature
Log performed during ambient conditions

FEC 1308
FEC 1317
FEC 1338
FEC 1358

GEOPHYSICAL LOGS

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

Resistivity/Conductivity
Induction Resistivity
Short Normal Resistivity
Long Normal Resistivity
Deep Guard Resistivity
Single Point Resistance

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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MISCELLANEOUS NOTES:

1. Ground surface elevation: xxxx feet (NGVD 1929).

2. All depths referenced to top of PVCl casing.

3. Coordinates of well:
Northing: xxxxxx Easting: xxxxxx (UTM Zone xx x)

4. Lithology from original drillers log (June 2007).

5. Well construction from original drillers log (June 2007).

6. Geophysical logging conducted by RAS, Inc. on June 15, 2007.

7. Nuclear logging conducted by Century Geophysical Corp. on June 15, 2007.

8. Hydrophysical logging conducted by RAS, Inc. on June 15, 2007.

LITHOLOGY

Gravel

Sand

Sandy Clay

Silty Sand

Silty Clay

Sandy Silt

Silt

MudstoneClay

WELL: MW-40
PROJECT: RMC, Consultants, Atlas Missle Site 4, Cheyenne, Wyoming
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