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EXECUTIVE SUMMARY 

Versar, Inc./RMC Consultants, Inc. prepared a Technical Memorandum to describe the pre-design 
characterization field tasks implemented and analytical results obtained during the period July-December 
2011.  The pre-design characterization study was performed to support an ongoing Focused Feasibility 
Study for the former Atlas D Missile Site 4 (Site 4) at F.E. Warren Air Force Base, Laramie County, Wyoming.  
The Pre-Design Characterization work was conducted for the United States Army Corps of Engineers 
(USACE), Omaha District, under Contract Number W9128F-08-D-0027, Task Order 0012.   

The primary pre-design characterization objectives were to characterize trichloroethene (TCE) contaminant 
plume limits; essential Ogallala Aquifer properties and thickness; infiltration capacity of surficial soils; and 
groundwater extraction well spacing, required flow rates, and capture zones in the area proposed 
groundwater intercept area.  Evaluating soil vapor extraction (SVE) to reduce TCE contaminant mass in the 
vadose zone at the former Missile Site 4 was a key objective as well.   

Site 4 is located in Laramie County, Wyoming approximately two miles south of Interstate 80 (I-80) and 
approximately 22 miles west of the City of Cheyenne.  The property was one of four former Atlas D missile 
sites and nine Atlas E missile sites operated in Colorado, Nebraska, and Wyoming.  Site 4 was used for the 
housing, readiness, and potential launch of nuclear missiles.  During readiness exercises, the missiles were 
fueled and defueled and TCE was used as a solvent to clean the rocket fuel tanks, engines, and/or liquid 
oxygen, which was discharged to unlined burnout pits.  Infiltration of TCE through the soil has resulted in 
groundwater contamination beneath and downgradient of the former missile site.  Site 4 currently comprises 
a small portion of the Belvoir Ranch, which is owned by the City of Cheyenne.  

Five nested monitoring wells were installed along the north-south-trending intercept transect, located on the 
Belvoir Ranch five miles east of the missile site, where the vertical extent of the Ogallala Formation was 
identified as between 308 and 370 feet below ground surface (bgs).  Various fluvial deposits including silt, 
sand, gravel and some clay were encountered in varying degrees of cementation.  Due to the areally 
discontinuous nature of the Ogallala Formation deposits, correlation of lithologic units between well locations 
is only possible in a limited manner, and is typical of an alluvial fan/braided stream sedimentary facies 
model.  The uppermost water-bearing units of the Ogallala Aquifer were encountered at depths between 215 
and 295 feet bgs, with the piezometric surface 30 to 40 feet above the uppermost water-bearing units.  All 
nested monitoring wells are screened in the Ogallala except for the deep well at MW46, which is screened in 
the White River Formation (WRF).  The Ogallala Aquifer occupies the lower 60 to 90 feet of the Ogallala 
Formation.  Individual water-producing units in the Ogallala Aquifer are 5 to 25 feet thick at the proposed 
location of the intercept system and are composed of sandy and/or gravelly silt. 

Two groundwater sampling events were performed for the new nested monitoring wells.  The samples were 
analyzed for volatile organic compounds (VOCs) by Method 8260B.  TCE was detected in most samples, 
except for the deep well at MW46 (northernmost well location) and the deep well at MW50 (southernmost 
location).  The TCE detected ranges from 2.2 to 59 μg/L, with the highest concentrations detected in shallow 
wells MW47, MW48, and MW49 within the central portion of the TCE contaminant plume.  Well location 
MW46 is very close to the northern edge of the contaminant plume and MW50 is close to the southern edge 
of the plume.  

A 72-hour aquifer test was conducted at a discharge rate of 57 gallons per minute (gpm); the cone of 
influence reached a diameter of about a mile.  The basal Ogallala Aquifer behaves as a semi-confined 
aquifer and with a mean transmissivity 15,200 gallons per day/foot, storativity of 7.0x10-5, mean hydraulic 
conductivity of 32.8 feet/day, and vertical hydraulic conductivity 5.0x10-6 centimeters per second.  A 
MODFLOW groundwater model was used to predict the performance of a groundwater extraction system 



Draft Final Pre-Design Characterization Technical Memorandum 
Atlas “D” Missile Site 4, Cheyenne, Wyoming 

 

 
Page iv 

 

designed to capture the plume using a series of north-south oriented extraction wells installed along the 
transect line.  The model predicts five wells spaced 700 to 1000 feet apart, each discharging 70 gpm (350 
gpm total) would be effective at capturing the full extent of the contaminant plume.  A water infiltration study 
showed that a conservative surface loading rate (SLR) of 0.34 gallon per minute per square foot can be 
achieved, and can be used as a basis for designing infiltration galleries as one option for accommodating 
treated groundwater if an intercept system is carried forward for this site. 

A 90-day SVE pilot test was performed at Building 2 at the former missile site.  PneuLog® testing was 
performed to evaluate the vertical air permeability profile and VOC distribution.  Air samples were collected 
and analyzed for by Method TO-15.  The test showed that the mean radius of influence is approximately 90 
feet, TCE in soil vapor increases with depth, and there is not a significant residual source of TCE in the 
vadose zone or groundwater in the vicinity of the extraction well.   

Based on the primary goals of the pre-design work tasks, the following conclusions can be made regarding 
the pre-design studies performed: 

1. Limits of TCE contamination in the intercept area are defined. 
Based on the TCE values detected in the newly installed intercept monitoring wells, well MW48 marks 
the approximate center of the TCE contaminant plume.  TCE values generally decrease northward and 
southward from this point.  Wells MW46 and MW50 mark the approximate northern and southern extent 
of the plume, respectively.   

2. The vertical extent of contamination in Ogallala Aquifer in the intercept area is defined. 
The saturated interval in the lower one third of the Ogallala Aquifer likely comprises the vertical extent of 
contamination.  Because the underlying White River Formation (WRF) acts as an aquitard, it appears 
that TCE contamination occurs primarily in the Ogallala Aquifer.   

3. Predominant water-producing zones of Ogallala Aquifer have been identified and the aquifer 
properties determined. 
The saturated thickness of the basal Ogallala Aquifer along the proposed alignment of the intercept is 
approximately 90 feet thick.  The basal Ogallala Aquifer behaves as a semi-confined aquifer and with a 
mean transmissivity 15,200 gallons per day/foot, storativity of 7.0x10-5, mean hydraulic conductivity of 
32.8 feet/day, and vertical hydraulic conductivity between 1.1x10-5 and 5.0x10-6 centimeters per second.  
Vertical hydraulic conductivity is approximately 1.1x10-5 to 5.0x10-6 cm/sec.  Intercepting the plume at 
this location will help minimize the volume of water requiring extraction, treatment, and re-introduction to 
the aquifer.   

4. Groundwater modeling results indicate that a groundwater intercept system is a viable remedial 
option. 
Aquifer test results and groundwater modeling clearly indicate that implementation of a groundwater 
intercept system near the western margin of the Ogallala Aquifer is a viable remedial option for 
addressing the TCE contaminant plume.  The MODFLOW groundwater model predicts an optimal 
scenario of five extraction wells, spaced 700–1000 feet apart, each pumping at 70 gpm, to fully intercept 
the plume.   

5. Sufficient infiltration data was obtained to design infiltration galleries. 
Infiltration testing indicates that surface soils can sustain a surface loading rate (SLR) of 0.34 gpm per 
square foot of infiltration area, with higher rates possible.  This SLR value can be used as a basis for 
designing infiltration galleries as one option for accommodating treated groundwater if an intercept 
system is carried forward for this site.   
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6. The SVE test performed at Building 2 indicates that there is not a significant residual source of 
TCE that would require installation of a full-scale SVE system. 
A long-term SVE test consisting of two rebound periods provided the opportunity to evaluate the 
presence and significance of a sustained TCE vapor source in the vicinity of Building 2. The results 
indicate that although one test well was effective in recovering a small mass of TCE (~10 pounds) from 
the unsaturated zone, the residual mass of TCE in the vicinity of the extraction well was estimated to be 
less than 20 pounds including mass trapped in the capillary fringe and low permeability soils. This 
residual TCE mass was identified as not readily recoverable by SVE. Considering that the test well is 
located in an area exhibiting the highest concentrations of TCE dissolved in groundwater, and that a 
large proportion of this residual TCE mass is not readily recoverable by SVE indicates that a full scale 
SVE remedial action would not be efficient or effective in achieving the goal of groundwater restoration 
to levels below the maximum contaminant level (MCL). 

Based on the results of the pre-design characterization work tasks, it is suggested that the data be used for 
refining remedial options concerning Site 4 and finalizing the Draft-Final Focused Feasibility Study (RMC, 
2009a).   
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1 INTRODUCTION   

The Versar, Inc./RMC Consultants, Inc. team (Versar/RMC) prepared this Technical Memorandum to 
describe the pre-design field characterization tasks implemented to assess the viability of carrying certain 
remedial options forward in a Focused Feasibility Study for the former Atlas D Missile Site 4 at F.E. Warren 
Air Force Base, Laramie County, Wyoming (Site 4; Figure 1-1).  This work is being conducted for the United 
States Army Corps of Engineers (USACE), Omaha District, under Contract Number W9128F-08-D-0027, 
Task Order 0012.  The project was conducted in accordance with the project-specific Uniform Federal 
Policy Quality Assurance Project Plan (UFP-QAPP; Versar, 2011).  The project identifying information is 
provided in Table 1-1. 

 

 Table 1-1. Project Identifying Information 

Site Name/Project Name:  Former Atlas D Missile Site 4  Title:  Pre-Design Characterization Study 

Site Location:  Laramie County, Wyoming Revision Number:  Draft 

Site Number/Code:  Missile Site 4/FEW4 Implementation Date:  July 2011– May 2012 

Contractor Team:  Versar, Inc. and  RMC Consultants, Inc. Lead Organization:  USACE Omaha District 

Contract: W9128F-08-D-0027 Scoping Sessions:  Statement of Objectives, revised 
24 September 2010 (USACE, 2010) 

Work Assignment Number:  Task Order 0012   Previous Site Documents: USACE, 2006; RMC, 
2009a; RMC 2009b 

Regulatory Agencies:  U.S. Environmental Protection Agency (USEPA) Region 8; Wyoming Department of Environmental 
Quality (WDEQ)  

Other Data Users:  Cheyenne Board of Public Utilities 

1.1 PURPOSE AND SCOPE 

The primary project quality objective of the pre-design characterization effort is to collect sufficient data to 
estimate the parameters to be used in selection and design of potential remedial strategies for 
trichloroethylene (TCE) contamination in both groundwater and soil.  Specifically, the project objectives are 
as follows: 

1. Characterize the northern, southern, and vertical limits of the TCE contaminant plume in the area 
proposed for the groundwater intercept area.   

2. Determine the saturated thickness of the Ogallala Aquifer along the proposed alignment of the 
intercept area.   

3. Collect data to optimize the design of an intercept system, including precise groundwater extraction 
well spacing, required flow rates, and capture zones. 
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Figure 1-1 
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4. Determine essential aquifer properties such as lithology, saturated thickness, presence and 
location of confining or semi-confining strata, and vertical and horizontal hydraulic conductivities. 

5. Evaluate infiltration capacity of surficial soils.  

6. Evaluate soil vapor extraction (SVE) as a remedial approach for the contaminated vadose zone at 
the site.  

The pre-design characterization data collected includes of a variety of measurements and descriptive 
information: 

 Lithologic descriptions 
 Water-level measurements  
 Well survey coordinates and elevations 
 Well construction details 
 Well pumping rates 
 Soil vacuum, airflow, and air monitoring measurements 
 Aquifer test to develop aquifer parameters 
 Volatile organic compound (VOC) analytical results 
 Results of numerical modeling of aquifer response to groundwater pumping 

Measurement quality objectives were met by implementing specific procedures for lithologic logging; 
borehole geophysical logging, including geophysical and hydrophysical logging; well installation; sample 
collection; aquifer test data collection; SVE test data collection; sample chain of custody (COC); field and 
laboratory quality control (QC) measures and protocols; sample analysis and reporting; data review; and 
corrective actions as described in the UFP-QAPP (Versar, 2011).  The pre-design characterization work 
involved investigations at two locations:  1) the former missile site and 2) a proposed intercept transect that 
extends across the contaminant plume five miles east of the former missile site.   

1.1.1 Pre-design Characterization Work at the Former Missile Site 

Pre-design characterization work at the former missile site (i.e., Area A, Figure 1-2) included performing an 
SVE test at Launch and Service Building 2 (Building 2).  This work included the following tasks:  

 Conducting two 30-day SVE tests (including vapor sample collection) 

 Collecting additional air samples for a 15-day rest period after each extraction/vapor sample 
period.   

 Installing one additional SVE vacuum monitoring point to augment the existing vapor wells at 
Building 2.    

1.1.2 Pre-design Characterization Work at Proposed Intercept Transect 

Work conducted in the groundwater intercept transect area included the following: 

 Installing five nested monitoring wells and one extraction well along the intercept transect 
(Figure 1-3).  The well borings were advanced using sonic drilling rigs to depths between 285 and 
410 feet, which allowed the geologist to determine the Ogallala Formation and Ogallala Aquifer 
thickness in the area, construct nested wells in the formations, determine the lateral and vertical 
extent of contamination, and compile detailed lithologic information.  
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Figure 1-2
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Figure 1-3
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 Performing borehole geophysical and hydrophysical logging in four of the six new wells during 
drilling and well installation.  The natural gamma, resistivity, and conductivity logs provided 
numerical data regarding the type and thickness of the lithologic units; the hydrophysical logs 
provided data regarding flow zones within the aquifer.   

 Performing a 72-hour aquifer test using the newly-installed intercept transect wells.  Aquifer test 
data was used to calculate aquifer parameters including hydraulic conductivity and storativity.  

 Developing a numerical groundwater model simulating aquifer behavior under pumping conditions 
to determine the capture zones, number, and spacing of additional extraction wells, as well as the 
associated pumping rates needed to fully intercept the Ogallala Aquifer contaminant plume.   

 Performing a water infiltration study to assess the feasibility of using infiltration galleries or basins 
to manage the water generated from an intercept system   

1.2 TECHNICAL MEMORANDUM ORGANIZATION 

The remainder of Section 1 presents background information regarding the former Atlas D Missile Site 4 
and summarizes the subsurface soil, soil vapor, and groundwater contamination investigations that have 
been previously conducted.  Sections 2–8 describe the various pre-design characterization field activities 
conducted to date and the results of these investigations. 

1.3 BACKGROUND INFORMATION 

The site description and history, previous investigations, and site conceptual model are presented in this 
section. 

1.3.1 Site Description and History 

The former Atlas D Missile Site 4 is located in Laramie County, Wyoming approximately two miles south of 
Interstate 80 (I-80) and approximately 22 miles west of the City of Cheyenne within Section 20, Township 
13 North, Range 69 West as presented on Figure 1-1.  The property was one of four Atlas D missile sites 
and nine Atlas E missile sites operated in Colorado, Nebraska, and Wyoming by F.E. Warren AFB during 
the late 1950s-early 1960s.  The missile sites were operated as part of the 706th Strategic Missile Wing, 
which was part of the 549th Strategic Missile Squadron training unit, and the 389th Strategic Missile Wing, 
which also included the 564th and 565th Strategic Missile Squadron operational units.   

Site 4 consisted of approximately 703 acres acquired by purchase and condemnation between 1959 and 
1962 and was developed during that time.  By 1964, the liquid fuel Atlas D missiles were being phased out 
in favor of the new solid fuel Minuteman Intercontinental Ballistic Missiles, and the property was excessed 
to the General Services Administration (GSA) for disposal in 1965.  In early 1967, 338 acres of fee and 
easements were conveyed by quitclaim deed to Southern Scrap Iron and Metal Company of St. Louis, 
Missouri.  That property was subsequently sold to the Belvoir Grazing Association of Ault, Colorado.  The 
GSA sold the remaining property to Belvoir Grazing and Timnath Farms in January 1976 (i.e., Belvoir 
Ranch).  The Belvoir Ranch was acquired by the City of Cheyenne and the Cheyenne Board of Public 
Utilities (CBOPU) in 2003.  The property is leased to private parties for cattle grazing and stock watering. 

Site 4 was used for the housing, readiness, and potential launch of nuclear missiles.  During readiness 
exercises called Dual Propellant Loads (DPL), the missiles were fueled and defueled, and the RP-1 rocket 
fuel was pumped back into an underground storage tank.  At the beginning of a DPL, a truck carrying TCE 
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arrived at the launcher and filled a 500-gallon tank (Fischer, 2006).  TCE was used as a solvent to clean the 
rocket fuel tanks, engines, and/or liquid oxygen (LOX) lines through a series of flushing exercises to 
prevent accidental explosions.  Water was used to remove a highly unstable and explosive gel which 
formed when LOX and RP-1 combined; this was then drained into a flame pit constructed to direct the 
missile exhaust away from the immediate launch area.  Liquid in the flame pit flowed into an unlined waste 
channel and burnout pit and was subsequently discharged onto the ground surface.  The waste channel 
and burnout pits were constructed 20 to 30 feet below grade and were more than 800 feet long.   

The actual number of exercises at Site 4 and the quantity of TCE used for each exercise is not recorded 
and cannot be accurately estimated (USACE, 2003).  Anecdotal estimates (approximate values) of the 
number of refueling exercises range from two to six per year.  Estimates of the amount of TCE and water 
used per exercise are 25–300 gallons and 6,000 gallons, respectively (USACE, 2003; Fischer, 2006).  
Based on these estimates, 50 to 1,800 gallons of TCE may have been used each year.  The site was 
operational for three years; therefore, between 150 and 5,400 gallons of TCE may have been released per 
launch area and service building (RMC, 2009).   

A subsequent investigation and analysis performed in December 2010 by a former Site 4 missile mechanic, 
Mr. Jim Widlar, indicates total TCE use of approximately 540 gallons per year between all three launch 
buildings.  Mr. Widlar’s estimate (personal communication, J. Widlar to RMC, 12/14/2010) is based on a 
former technical training manual (USAF, 1962).   

1.3.2 Groundwater Contamination Associated with Site 4 

Site 4 is located at the western edge of the High Plains Aquifer, which is composed of saturated portions of 
the Tertiary system White River and Ogallala Formations in this area.  Environmental investigation of Site 4 
began in 2002 after subsurface contamination was identified in two main areas associated with the site:  
the former missile site and the uppermost aquifer beneath the area, downgradient of the missile site (i.e., 
the High Plains Aquifer beneath the Belvoir Ranch and adjacent areas).  As previously described missile 
readiness exercises conducted by the Air Force during the late 1950s and early 1960s resulted in 
indeterminate quantities of the compound TCE being discharged to the subsurface soil.  Infiltration of this 
compound through the soil has resulted in groundwater contamination beneath and downgradient of the 
former missile site.    

Sampling and analysis of groundwater samples collected from numerous wells located up to ten miles 
downgradient (generally east) of the missile site have identified TCE concentrations exceeding the EPA’s 
maximum contaminant limit (MCL) of 5 micrograms per liter (µg/L) for this compound.  These wells, which 
include domestic and municipal supply wells, withdraw water from the High Plains Aquifer in the area west 
of the City of Cheyenne, Wyoming.  A maximum TCE concentration of 6,600 μg/L was detected in samples 
collected from monitoring wells located at the former missile site, with much lower concentrations detected 
in samples collected from downgradient locations. 

Figure 1-2 shows the project area, with three sub-areas that have been formulated to describe the large 
area where TCE has been detected in the underlying aquifer.  The smallest sub area is Area A, which is 
located at the west end of the Belvoir Ranch.  Area A, located in Section 20, Township 13 North, Range 69 
West, 6th Principal Meridian, includes the former missile site.  The former missile site contains three 
separate Launch and Service Buildings, with associated flame pits, and one control building.  The largest 
area is Area B (30 square miles), which encompasses the eastern portion of the ranch.  Area B is the 
portion of the Belvoir Ranch where the Ogallala Formation is (partially) saturated; several municipal, stock, 
industrial, and irrigation wells regularly withdraw water from this productive aquifer.  The 12-square mile 
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area that extends between Area A and Area B has been designated as the Transition Zone.  The uppermost 
aquifer beneath the Transition Zone is the same as that which underlies Area A, the White River Aquifer.   

As noted above, the City of Cheyenne acquired the Belvoir Ranch in 2003.  Currently, the City of Cheyenne 
is developing water resources in the Ogallala Aquifer beneath the ranch and investigating potential water 
resources in the underlying White River Aquifer.  Additionally, the City is leasing the property for cattle 
grazing and stock watering purposes.   

1.3.3 Climate 

The area climate is characterized by high evaporation, a wide temperature range, cold winters, and low 
precipitation.  In Cheyenne, the mean precipitation from 1871 to 1964 was 14.67 inches, 70 percent of 
which fell during the growing season.  The total yearly precipitation for 2005 was 15.5 inches.  In Cheyenne 
and Pine Bluffs, estimated evapotranspiration losses ranged from 9.0 to 12.1 inches per year (USACE, 
2006).   

1.3.4 Previous Investigations 

A number of investigations have been performed at Site 4 and in the surrounding area.  The Wyoming 
Department of Environmental Quality (WDEQ) initiated a groundwater sampling and analysis program in 
the area of the former Atlas D Missile Site 4 in 2002 and prepared a Preliminary Assessment/Site 
Investigation (PA/SI).  Also in 2002, the USACE implemented an Interim Response Action to provide an 
alternate well for a stock watering system located near the former missile site.  The USACE is the lead 
federal lead agency with responsibility for addressing environmental contamination issues at Formerly 
Used Defense Sites (FUDS) properties such as Site 4.  The USACE, working in coordination with WDEQ, 
has completed numerous investigations at the site since 2002.   

Following the PA/SI performed in 2002, the USACE installed eight monitoring wells at the site and initiated 
a groundwater monitoring program.  An additional eight monitoring were installed in 2003 as part of the 
Expanded Site Inspection (USACE, 2003, 2005); 20 more monitoring wells were installed in 2004–2005 as 
part of Remedial Investigation (RI) work (USACE, 2006).  Several additional wells were installed in 2007 
and 2008 at the former missile site and downgradient locations during supplemental investigations (RMC, 
2008b).  A Focused Feasibility Study (FFS) that evaluated various remedial options for the aquifer 
contamination at Site 4 and the Belvoir ranch was prepared in 2009 (RMC, 2009a).  Also in 2009, a time-
critical removal action was implemented to provide treatment for two domestic wells and one municipal well 
located on Otto Road, about seven miles downgradient of the former missile site (“RMC, 2009a).  A long-
term monitoring program for area wells, including 15 domestic wells and various monitoring, stock, 
industrial, and municipal wells, was initiated in 2010, with spring and fall groundwater sampling events 
scheduled for the next four years (RMC, 2010a; RMC, 2010b).    

Previous investigations documents are listed below. 

 Final Technical Memorandum Long-Term Monitoring Program Well Selection Evaluation (RMC, 
2010a) 

 Summer 2010 Long-Term Monitoring Report (RMC, 2010b)   

 Final Time Critical Response Action Installation Report for Residential Water Treatment Units and 
First Quarter Residential Well Sampling Results, (RMC, 2009c) 

 Draft Final Focused Feasibility Study (RMC, 2009a) 
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 Supplemental Investigation Findings Technical Memorandum  (RMC 2009b) 

 Groundwater Well Sampling Technical Memorandum  (RMC, 2007) 

 Domestic Well Water Sampling Annual Report  (RMC, 2006) 

 Final Remedial Investigation Report (USACE, 2006) 

 Annual Report for Atlas 1 & 4 (RMC, 2006a) 

 Remedial Action Alternatives Technical Memorandum  (RMC, 2006b) 

 Final Report Expanded Site Inspection Addendum (USACE, 2005) 

 Final Report, Interim Response Action (RMC, 2003) 

 Final Expanded Site Investigation Report (USACE, 2003) 

 Preliminary Assessment and Site Investigation Former Atlas Missile Sites 1 and 4 (LTE, 2002) 

A number of water resource development and water use studies have been performed for the Belvoir 
Ranch area by the Wyoming Water Development Commission (WWDC) and by the Wyoming State 
Engineer’s Office (WSEO), as listed below: 

 Cheyenne Belvoir Ranch Level II Study Executive Summary  (JR Engineering, 2005a) 

 Cheyenne Belvoir Ranch Level II Study Final Report  (JR Engineering, 2005b) 

 Belvoir Ranch Paleozoic Ground Water Exploration Project, (States West and Lidstone, 2006) 

 Cheyenne Belvoir Ranch Level II Study: Phase III-V Final Report (JR Engineering, 2007a) 

 Belvoir Wells No. 5 & 6 Pumping Test, Aquifer Impact Report (JR Engineering, 2007b) 

 Investigation of a Complaint of Interference to the Cheyenne No. 57 (Weber No. 1) Water Well 
(WSEO, 2008). 

1.3.5 Site Conceptual Model 

The site and area around Cheyenne is near the western edge of the Ogallala Aquifer (the saturated portion 
of the Ogallala Formation), which is a vast, fairly shallow aquifer underlying most of Nebraska and smaller 
portions of Wyoming, Colorado, Kansas, north Texas, and the Oklahoma panhandle.  In the site area, the 
Ogallala Formation and the underlying White River Formation are both late Tertiary system units that 
overlie the Upper Cretaceous Lance Formation.  In the Cheyenne area, a higher proportion of coarse-
grained material has been noted in these formations than in most other areas, due to its proximity to the 
source area for the sediments—the late-Tertiary Laramie Mountains to the west (Weston and CBOPU, 
2006).  Ogallala Formation sediments are present at the ground surface over most of the Belvoir Ranch, 
generally thinning westward over the 10- to 12-mile length of the ranch.  The western edge of the ranch is 
in the area of the former missile site.  The Ogallala Formation is between 200 and 300 feet thick at the east 
end of the Belvoir Ranch.   

The hydrogeology of the uppermost aquifer in the site area (Ogallala Aquifer) is complex due to the 
heterogeneity of the geologic formations in the region, a reflection of a complex depositional environment.  
The White River Formation (Oligocene system) is slightly to moderately deformed, with beds dipping gently 
east toward the axis of the Denver-Julesburg syncline.  The sediments of the White River Formation are 
described on the Wyoming Geologic Map (Love and Christiansen, 1985) as “white to pale-pink blocky 
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tuffaceous claystone and lenticular arkosic conglomerate,” denoting two rock types of generally lower 
permeability.  These sediments were deposited by moderate- to high-gradient streams flowing eastward 
from the Laramie Range.  White River Formation sediments are also characterized by intermittent volcanic 
ash layers, a result of concurrent volcanism in areas further west.  A period of net erosion during the 
Miocene period eroded and incised the surface of these (White River Formation) deposits, prior to 
deposition of the Ogallala Formation sediments in the area.   

The Ogallala Formation (late Miocene-early Pliocene system) strata in the Belvoir Ranch area are formed 
of fluvial sediments (sands and gravels) deposited by moderate- to high-gradient streams inter-layered with 
a variety of finer deposits.  The laterally and vertically discontinuous Ogallala deposits in the area west of 
Cheyenne have been characterized as alluvial fan deposits (Weston and CBOPU, 2006).  The transitional 
alluvial fan environment is characterized by localized changes in stream gradient and re-working of 
sediments.  Burying of erosional channels and valleys in this type of depositional environment created a 
setting in which the aquifers can best be characterized as laterally and vertically discontinuous, with 
confined and partially confined zones common.  In some areas, zones of preferential water flow occur 
along buried stream channels.    

Productive zones (sand and gravel) layered between low-permeability units have been identified within the 
Ogallala Aquifer in the project area.  Three zones identified as the upper, middle, and lower productive 
zones within the Ogallala Aquifer have been described for the area of municipal well Belvoir No. 5, about 
1.2 miles downgradient of the proposed intercept transect.  Confined conditions increase with depth and 
recharge from Lone Tree Creek affects only portions of the upper zone of the Ogallala (JR Engineering, 
2007b). 

Investigators generally agree on the following key points about the Ogallala Formation:  

 Depth to the base of the Ogallala Formation in the area of Belvoir No. 5 is approximately 260 feet 
below ground surface (bgs) 

 The western edge of the Ogallala Aquifer, where the saturated thickness is minimal, is in the 
vicinity of the Cow Camp No.1, MW12, and MW31 wells 

 Depth to the top of the White River Formation in the Cow Camp area is approximately 170 feet 
(USACE, 2006) 

Groundwater in the White River Formation is present under confined conditions in the project area.  The 
extractable groundwater is produced from localized fluvial deposits within a formation composed largely of 
low-permeability claystone, and the lower portions of the overlying Ogallala Aquifer are also confined.  
Although gravelly material is encountered in the White River Formation, it is commonly accompanied by silt 
and clay, in the form of conglomerate (consolidated material with low primary porosity).  The conglomerate 
is generally encountered at the base of the formation, although well-graded sand units are also reported at 
the base of the formation (TriHydro, 2009).   

TriHydro (2009) reported that the White River formation at the Belvoir Ranch is generally a poorly 
cemented, sandy to silty, bentonitic clay with lenses of fine-grained sandstone.  The coarser deposits within 
the White River Formation are alluvial fan deposits, like those in the Ogallala Formation in this area.  The 
finer-grained material is either eolian or fluvially-re-worked eolian deposits.  Researchers have noted 
difficulty in identifying the interface between the White River and overlying Ogallala sediments in the areas 
west of Cheyenne due to similarities in material (Weston and CBOPU, 2006), which is further complicated 
by the confined conditions identified in both.   
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The WSEO regards the White River and Ogallala Aquifers as interconnected units that are jointly referred 
to as the High Plains Aquifer and notes that splitting the High Plains Aquifer into smaller hydrogeologic units 
is not feasible due to the difficulty in distinguishing between the two formations in this area (WSEO, 2006).  
A recent report documenting a water resources investigation of the White River Formation on the Belvoir 
Ranch (TriHydro, 2009), however, identifies a generally more clay-dominated lithology in the White River 
Formation, with limited occurrences of coarser layers.  Drilling logs from this report identify the top of the 
White River Formation as brown to light brown to tan clay or silty clay. 

This conceptual hydrogeologic model is based on the results of environmental investigations performed at 
the former missile site and elsewhere on the Belvoir Ranch and water resource development in the general 
area.  The uppermost water-bearing zones at the former missile site exist within White River Formation 
sediments under confined or partially confined conditions, while east of the site the uppermost aquifer (the 
Ogallala) is unconfined in shallow portions but confined or partially confined conditions at depth.  Additional 
information regarding regional hydrogeology is described in the final RI report (USACE, 2006). 
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2 PRE-FIELD WORK ACTIVITIES 

This section discusses the planning and clearance activities completed prior to the initiation of the pre-
design characterization field work.  These activities included the following:  

 Conducting a cultural resources inventory 

 Writing a UFP QAPP 

 Acquiring applicable permits 

 Obtaining underground utility clearance   

2.1 CULTURAL RESOURCES INVENTORY 

As set forth in 36 CFR Part 800, a cultural resource assessment is required by Section 106 of the National 
Historical Preservation Act for federal projects where construction or ground disturbance is involved (i.e.,  
an activity that has the potential to cause effects on historic properties).  Class III cultural resources 
inventories were conducted for the two general work areas (i.e., a 1.7-acre area at the west end of Building 
2 at the former missile site and a 209-acre area that encompasses the general area of the intercept 
transect) by RMC archaeologists May 31–June 3, 2011.   

The cultural resources inventory and assessment of the missile site indicated that project actions would not 
impact any known cultural resources eligible or potentially eligible for listing in the National Register of 
Historic Places (NRHP).  The intercept transect area inventory identified a few small rock cairns and 
possible fire-pits; however, the assessment of these resources indicated they are not eligible for the NRPH.  
As a result, no further work was recommended at any resource.  A separate report was prepared for each 
location:  Class III Cultural Resources Investigation for Well Locations on the Former Atlas D Missile Site 4, 
Laramie County, Wyoming (RMC, 2011a) and Class III Cultural Resources Investigation for Specific Lands 
in Laramie County, Wyoming (RMC, 2011b).   

2.2 WORK PLAN PREPARATION 

A pre-design characterization work plan was prepared according to the UFP QAPP guidance (EPA-505-B-
04-900A, 2005a) in 2011 (Versar/RMC, 2011a).  Draft versions of the QAPP were reviewed by USACE, 
WDEQ, USEPA Region 8, and CBOPU.  The final QAPP addressed the comments provided by the 
agencies on the draft versions and included an appendix containing responses to the comments provided 
by each agency.  The final QAPP was used to implement all subsequent field and quality control activities 
related to the pre-design field tasks.   

2.3 PERMIT ACQUISITION 

Prior to initiating field work, RMC researched the permits required to satisfy the substantive permitting 
requirements stipulated by Comprehensive Environment Response, Compensation, and Liability Act 
(CERCLA) for federal agencies.  Five permits were identified:  Extraction Well Permit, Land Application 
Permit for Treated Groundwater, Wastewater Discharge Permit, Underground Injection Permit, and Air 
Quality Emissions Permit Waiver.  Each is discussed in more detail below.  

2.3.1 Extraction Well Permit  

To install the proposed six-inch diameter groundwater extraction well FEW4-EW01 (EW01), Versar/RMC 
submitted a Test Well Permit to the Wyoming SEO.  The SEO issued Permit No. U.W. 196130 for new 
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extraction well EW01.  According to state regulations, this permit must be modified if the well be used for 
other than testing purposes. 

2.3.2 Land Application Permit for Treated Groundwater  

Versar/RMC applied for and received a Land Application Permit (Permit # 11-276) from WDEQ Water 
Quality Division for discharging treated water generated during the planned 72-hour aquifer test.  The 
permit application included a site-specific Engineering Design Report that documented the water treatment 
equipment to be used to remove VOCs from the water generated during the aquifer test.   

2.3.3 Wastewater Discharge Permit 

Versar/RMC also submitted a Notice of Intent for Temporary Discharge of wastewater to the WDEQ Water 
Quality Division, Pollutant Discharge Elimination System (WYPDES) program for the treated water 
generated during the 72-hour aquifer test.  Authorization #WYG720274 was issued for this temporary 
discharge.   

2.3.4 Underground Injection Permit 

Versar/RMC applied for and was issued a temporary Underground Injection Control (UIC) permit for the 
water infiltration pilot study that was performed near the new extraction well location.  WDEQ issued UIC 
permit WYS-021-00100 (Class 5B5 Permit-by-Rule, UIC Facility) for this pilot study.   

2.3.5 Air Quality Emissions Permit Waiver 

Versar/RMC requested an Air Quality Emissions Permit Waiver from the WDEQ Air Quality Division in June, 
2011 for the SVE test planned at Site 4, Building 2.  Due to the small total volume and low emission rate of 
TCE expected during the test, the Division granted air emissions permit waiver WV-12136.   

2.4 UNDERGROUND UTILITY CLEARANCES 

Utility clearances were obtained prior to all site drilling and excavation work.  One-Call of Wyoming was 
used to notify all potential underground utility companies with service in the areas of well drilling and 
excavation.  Also, Versar/RMC coordinated with the Belvoir Ranch Manager regarding the potential for any 
portion of the underground stock watering pipeline near the intersect transect to be at risk of damage from 
drilling activities.  There were no underground utilities identified in the field activity areas.   
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3 GROUNDWATER INVESTIGATION 

The following sections describe the drilling, well installation, geophysical/hydrophysical logging, well 
development, groundwater sampling, and well surveying tasks performed in 2011.  The results of the 
groundwater sampling event are also presented.  Field logs are presented in Appendix A.   

3.1 DRILLING AND WELL INSTALLATION 

The intercept transect is approximately one mile in length and is located along the western edge of 
Sections 20 and 29 (Township 13 North, Range 68 West), about five miles east of the Site 4.  The transect 
extends north-south, east of the Union-Pacific railroad tracks, at the west end of the East Starmill pasture 
(Section 20) and the LB pasture (Section 29, south of the East Starmill pasture).   

Five nested monitoring wells (MW46, MW47, MW48, MW49, and MW50) and one extraction well EW01) 
were installed along the intercept transect over the period July 14 through September 23, 2011.  Sonic 
drilling services were provided by Boart Longyear of Portland, Oregon.  The approximate locations of the 
new wells are described below and shown on Figure 1-3:  

 MW48 is located near the middle of the transect in the approximate center of the TCE groundwater 
contaminant plume.   

 EW01 is located 70 feet west (upgradient) of MW48.  

 MW46 and MW47 are located approximately 1,350 and 350 feet north, respectively, of MW48. 

 MW49 is positioned 1,000 feet south of MW48 and EW01.   

 MW50 is the southernmost well, approximately 2,000 feet south of MW48. 

Drilling and installation of four of the five nested monitoring wells (MW46, MW47, MW48, MW50) was 
performed in two stages to allow down-hole geophysical and hydrophysical logging to be completed.  
Geophysical and hydrophysical logging was not performed for extraction well EW01 or MW49.  Temporary 
wells were constructed in the wells to be logged to facilitate the geophysical and hydrophysical evaluations 
(Section 3.1.1).   

3.1.1 Temporary Wells 

Four-inch diameter temporary wells were required for performing the geophysical and hydrophysical 
logging; therefore, temporary wells were constructed at four of the five new monitoring well locations 
(MW46, MW47, MW48, and MW50; Section 3.3).  The first stage of drilling at each location was to advance 
an 8-inch-diameter continuous-core borehole to the base of the Ogallala Aquifer and install a temporary 4-
inch diameter casing that screened most of the saturated aquifer thickness.   

Drilling of Temporary Well Borings: The monitoring well borings were drilled using nominal 8-inch 
diameter casing, which has an 8-inch inner diameter (ID) and 8.75-inch outer diameter (OD).  The 8-inch 
casing creates a 9-inch diameter borehole due to the use of drilling fluid, which returns to the surface along 
the outside of the casing.  At all five monitoring well locations, nominal 9-inch diameter casing was used to 
alleviate friction between the upper portion of the 8-inch casing and the borehole wall, by advancing the 
9-inch casing to depths between 150 and 180 feet, around the 8-inch drill string.  In this manner, the upper 
150 feet of 8-inch casing is allowed to rotate during drilling at deeper depths without the friction normally 
caused by the upper 150 feet of the soil column.   
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Sonic drilling rigs use direct rotation of either drilling casing or a core barrel; the rotary action is 
supplemented by high-frequency vibration that is supplied by a hydraulically-actuated drill head.  When 
drilling with the nominal 8-inch drill casing, a 7-inch-diameter core barrel (10 or 20 feet in length) was used 
to core and retrieve subsurface material.  Core were caught in plastic bags at the surface as they slid out of 
the lower end (the bit end or shoe end) of the core barrel, a process that occurs through activation of the 
drill head vibratory mechanism.  

The drill cores were inspected and logged by the onsite geologist during drilling.  Selected sections of the 
core were placed in labeled ziplock bags and archived for later inspection, if necessary.  The drilling logs 
are presented in Appendix A-1 and photographs of selected drill cores from the borings are included in 
Appendices A-5a–A-5d.   

The borings encountered various fluvial deposits including silt, sand, gravel and some clay observed in 
varying degrees of cementation from “unconsolidated” to “well-cemented/lithified.”  Most of the sand and 
gravels contained varying degrees of silt and clay.  The hardest materials encountered were layers of chert 
pebble conglomerate (essentially consolidated gravelly silt) and siltstone, which in many cases had a 
carbonate cement.  Some dense, uniform, layers of brown clay were quite hard, but could be scored with a 
knife.  Very hard, pale brown claystone layers were encountered, primarily at the bottom of the borings 
where they were interpreted as part of the White River Formation. 

Figure 3-1 presents a north-south cross-section of the intercept transect well locations and the depth to the 
White River Formation at each location.  Figure 3-2 presents an east to west cross-section through the 
center of the transect along an east-west line that includes previously installed wells MW44 and MW45.  
The lithology in the transect area and the cross sections are discussed Section 9. 

Groundwater Sampling during Drilling:  During drilling of each initial boring, groundwater screening 
samples were collected from intervals identified as potential water-bearing zones by packing off the interval 
and collecting a sample using a bladder pump.  The analytical methods and sample results are presented 
in Section 3.5. 

Installing Temporary Wells:  Once the temporary well borehole was drilled and the lithology logged by the 
on-site geologist, a temporary well of 4-inch-diameter polyvinyl chloride (PVC) casing and screen (slot size 
0.010 inches) was installed.  The screens spanned most of the aquifer’s saturated thickness.  To construct 
a temporary well, the casing and screen was lowered into the borehole and the 8-inch diameter drill casing 
was slowly removed as standard 10-20 silica sand was installed around the screen.  A 5–10 foot bentonite 
seal was installed above the sand pack.  Screen lengths, depths, and elevations for the temporary wells are 
summarized in Table 3-1 below.   

The four temporary wells (MW46, MW47, MW48, MW50) were used to facilitate downhole geophysical and 
hydrophysical logging, which was used to confirm aquifer flow zones identified from the core and identify 
other flow zones not apparent in the core.  The geophysical/hydrophysical logging is discussed in Sections 
3.3 and 9.   
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Figure 3-1
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Figure 3-2 
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Table 3-1.   Temporary Monitoring Well Construction Summary 

Location 
Elevation of 

Ground Surface 
(ft MSL) 

Total Depth of 
Boring 
(ft bgs) 

Screened 
Interval 
(ft bgs) 

Elevation  
Top of Screen 

(ft MSL) 

Elevation  
Bottom of Screen

(ft MSL) 

MW46 6,785 410 290-400 6,495 6,385 

MW47 6,734 295 220-290 6,514 6,444 

MW48 6,735 285 215-275 6,520 6,460 

MW50 6,770 350 235-320 6,535 6,450 

3.1.2 Nested Monitoring Well Installation 

After completing geophysical and hydrophysical logging at each of the four locations (MW46, MW47, 
MW48, and MW50), the 8-inch steel casing was re-advanced around the temporary 4-inch well to the 
borehole total depth.  The temporary well casing was then removed and the 8-inch casing was cleaned out 
using a 7-inch ID core barrel and drilling mud.  Three 2-inch-diameter PVC monitoring wells were then 
installed in each borehole.  At monitoring well location MW49, where geophysical/hydrophysical evaluations 
were not performed, the nested monitoring wells were installed immediately following borehole drilling. 

With one exception, the screens are positioned across from the best flow-producing zones within the 
aquifer identified during drilling and hydrophysical logging.  The exception is the deepest well at MW46, 
which is screened in an upper zone of the White River Formation.  Hydrophysical logging only identified two 
flow-producing zones within the saturated Ogallala Formation at this location.  Since a third screened 
interval was desired and screening samples collected during drilling and development of the MW46 
temporary well indicated TCE concentrations close to the MCL at depth, the deepest well at this location 
was screened in the top of the White River Formation.  This well will help in evaluating the vertical 
distribution of TCE at this location.   

Screen lengths for the nested wells are either 10 or 20 feet.  At each nested well location where 
geophysical/hydrophysical logging was performed (MW46, MW47. MW48, MW50), one of the three wells 
has a 20-foot screened interval.  All three screened intervals at MW49 are 10 feet in length.  A minimum 
10-foot-thick hydrated bentonite pellet seal is installed between the screens in each nested monitoring well, 
except for the seal between the middle and shallow wells at MW47.  At this location, a 5-foot-thick hydrated 
bentonite seal is installed to monitor two discrete flow-producing zones that are separated by less than ten 
feet.  The remainder of each borehole is grouted with CETCO PureGold grout.  Locking steel protective 
casings are installed at the surface and anchored in a concrete pad surrounding the PVC well casings.  
Four protective posts (bollards) are installed around each concrete pad. 

Each of the nested 2-inch wells is identified by a suffix that refers to the mid-point depth of the screened 
interval, as measured from the top of the PVC casing, rounded to the nearest whole number, e.g., MW48-
225.  This naming convention is consistent with the Site 4 Long-term Monitoring Program sample naming 
conventions used for discrete-interval sampling.  Well construction details are summarized in Table 3-2 and 
the well construction diagrams are presented in Appendix A-4.   
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Table 3-2.  Nested Monitoring Well Construction Summary 

Well Location Well ID 
Aquifer 
Zone 

Monitored 

Elevation 
Top of 
PVC  

(ft MSL) 

Total 
Depth

(ft 
TOC) 

Depth Top 
of Screen 
(ft TOC) 

Depth 
Bottom of 
Screen † 
(ft TOC) 

Elevation 
Top of 
Screen 
(ft MSL) 

Elevation 
Bottom of 

Screen 
(ft MSL) 

 
MW46-

300 
Shallow 6787.66 305 294.7 304.7 6493.0 6483.0 

MW46 
MW46-

334 
Middle 6787.44 344.5 324.2 344.2 6463.3 6443.3 

 
MW46-

389 
Deep 6787.06 393.8 383.5 393.5 6403.6 6393.6 

 
MW47-

239 
Shallow 6736.88 244.2 233.9 243.9 6503.0 6493.0 

MW47 
MW47-

259 
Middle 6736.76 269.2 248.9 268.9 6487.9 6467.9 

 
MW47-

290 
Deep 6736.67 294.9 284.6 294.6 6452.1 6442.1 

 
MW48-

225 
Shallow 6737.48 229.5 219.2 229.2 6518.3 6508.3 

MW48 
MW48-

254 
Middle 6737.42 264.2 243.9 263.9 6493.6 6473.6 

 
MW48-

284 
Deep 6737.32 289.4 279.1 289.1 6458.3 6448.3 

 
MW49-

286 
Shallow 6802.59 291.2 280.9 290.9 6521.7 6511.7 

MW49 
MW49-

311 
Middle 6802.42 316 305.7 315.7 6496.8 6486.8 

 
MW49-

333 
Deep 6802.20 338 327.7 337.7 6474.5 6464.5 

 
MW50-

250 
Shallow 6772.87 260.3 240.0 260.0 6532.9 6512.9 

MW50 
MW50-

290 
Middle 6772.49 295 284.7 294.7 6487.8 6477.8 

 
MW50-

318 
Deep 6772.31 323 312.7 322.7 6459.6 6449.6 

† Bottom of screened interval is calculated by subtracting 0.33 feet (length of the endcap) from Total Depth value. 

 

3.1.3 Extraction Well 

Extraction well EW01 was installed 70 feet due west of MW48 (Figure 1-3), near the midpoint of the 
intercept transect and center of the groundwater contaminant plume.  The extraction well was drilled and 
constructed after the five new monitoring wells were completed.    
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The EW01 borehole was drilled using 9-inch ID steel casing (9.75-inch OD) and an 8-inch-diameter core 
barrel.  The boring was cored to a total depth of 310 feet bgs.  The uppermost water-bearing zone in the 
Ogallala Aquifer was encountered at 225 feet bgs, as was found at MW48 and MW47.  Photographs of 
material retrieved from the EW01 boring are presented in Appendix A-5a. 

The White River Formation was likely encountered at a depth of 308 feet bgs; the material encountered in 
the last two feet of the borehole was a hard, massive, light yellowish-brown claystone, similar to that 
encountered at the bottom of borings MW46, MW49, and MW50 and interpreted as the White River 
Formation.  Interpolation of the elevations at which the contact between the two formations was 
encountered in these wells indicates that the 308-foot depth at EW01 is consistent in terms of a reasonable 
expected depth.  Figures 3-1 and 3-2 present cross-sections of the intercept transect well locations and the 
depth to the White River Formation at each location.   

Screened Interval:  EW01 is screened in the lower portion of the Ogallala Formation from 237 to 297 feet 
bgs.  The 216–266-foot interval did not yield good core recovery due to the use of drilling fluid; however, 
good core recovery was obtained at MW48 (70 feet east of EW01) through this interval.  This core was 
used for lithologic correlation of this interval at EW01.  

Additionally, core recovery was poor from 230 to 252 feet bgs, as it consisted primarily of residual gravel 
and two- to three-inch-diameter cobbles with a few one- to two-foot-thick pale brown semi-consolidated silt 
layers.  The sediments at EW01 generally consist of alternating layers of clay or silt and gravelly silt, sand, 
and conglomerate.  The interval from 296 to 308 feet bgs is generally gravel-dominated or gravelly material. 
A one-foot gravel-dominated conglomerate layer (307–308 feet bgs) immediately overlies the White River 
Formation clay encountered from 308–310 feet bgs.  In summary, the flow producing zones within the 
screened interval (237–297 feet bgs) at EW01 are as follows: 

233–236 feet bgs:  Layers of clayey silt, sandy silt, and gravelly sand with small cobbles (see 
MW48 montage [Appendix B] and drilling log [Appendix A-1]) 

242–266 feet bgs:  Sand, soft silty clay/clayey silt, gravelly silt, sand and gravel layers (see 
MW48 montage [Appendix B] and drilling log [Appendix A-1]) 

270–284 feet bgs:   Gravelly silt; 10–40 percent fine to medium gravel (see drilling log 
[Appendix A-1]) 

291–307 feet bgs:  Fine sand, silty/sandy gravel, clayey silt with 30–40 percent gravel (see 
drilling log [Appendix A-1]) 

Installing EW01:  The extraction well was installed through the 9-inch casing.  Prior to placing the well 
screen and riser, one-half-inch bentonite pellets were placed in the bottom of the borehole to seal the 
interval from 308 to 310 feet bgs.  The interval from 297 to 308 feet bgs was filled with clean 10-20 sand.  
The sand was placed in this interval to prevent the stainless steel screen and riser string from settling into 
the bentonite.  

The 6-inch diameter stainless steel well screen and riser were then installed inside the 9-inch casing.  The 
screened interval was installed from 237 to 297 feet bgs and consists of continuous wrap screen with 0.010 
slot size.  The 10-20 silica sand was installed around the entire screened interval to a point four feet above 
the top of the screen (233 feet bgs).  A 10-foot bentonite-pellet seal was installed above the sand pack from 
223 to 233 feet bgs.  The remainder of the borehole was grouted to the surface with CETCO PureGold 
high-solids grout.  A 10-inch diameter locking steel protective casing was installed over the above-ground 
portion of the well casing and anchored in a concrete pad.  Four steel protective posts (bollards) were 
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installed around the perimeter of the concrete pad.  The well construction diagram for EW01 is presented in 
Appendix A-3.   

3.2 WELL DEVELOPMENT 

Development of the temporary wells, nested wells, and extraction is discussed below, as well as a short-
term pumping test conducted on the extraction well to establish a pumping rate for the 72-hour aquifer test. 

3.2.1 Temporary Wells 

Each temporary well was developed by pumping at 10 gallons per minute (gpm) for two to four hours 
before geophysical/hydrophysical logging was performed.  All development water was pumped into a 
portable holding tank and treated using a portable granulated activated carbon (GAC) system prior to 
discharge to the ground surface.  Standard field water quality parameters (e.g., temperature, pH, 
conductivity, dissolved oxygen, and oxygen reducing potential [ORP]) were measured and recorded during 
development.  Stabilization of these parameters was used as one indication of adequate well development.  
Temporary well development logs are provided in Appendix A-2.   

3.2.2 Nested Monitoring Wells 

Each of the three nested wells at each location was developed after a minimum of 48 hours had elapsed to 
allow the grout to set up adequately.  The 2-inch monitoring wells were initially developed by surging the 
water column using a bailer, eductor assembly, or ball-check swab mechanism.  A Redi-Flo 2 submersible 
pump was used to complete development by withdrawing water at a steady rate from each well.   

Initial development of the middle and deepest wells at MW47 and MW48 was performed using the eductor 
assembly, which was constructed using steam-cleaned 1-inch diameter PVC drop pipe and a ¼-inch airline.  
A bailer was used for the initial development of the shallow monitoring wells at these two locations, as the 
water columns in these wells were too shallow for sufficient submergence of the eductor for effective water 
removal.  Following initial development, a Redi-Flo2 submersible pump was used to complete development 
at each of these wells.   

To achieve greater efficiency in removing sediment from the 2-inch wells prior to completing development 
with the submersible pump, nested monitoring wells MW46, MW49, and MW50 were initially developed 
using a ball-check swab mechanism operated by a winch mounted on a well service truck.  The ball-check 
swab uses leather washers on a brass plunger to surge the well while removing water.  The swab is used in 
the well riser above the screened section to lift water, with the ball-check valve allowing water to flow 
through the plunger when it is lowered in the well.  Following initial development with the swab mechanism, 
a Redi-Flo2 submersible pump was used to complete development at each of these wells.  The wells were 
monitored for standard water quality parameters as discussed in Section 3.2.2.  The nested well 
development logs are provided in Appendix A-2.   

3.2.3 Extraction Well 

Extraction well EW01 was developed using a 5-horsepower submersible pump, operated intermittently at a 
30-gpm discharge rate.  Standard field water quality parameters (temperature, pH, conductivity, dissolved 
oxygen, ORP) were measured and recorded during development.  The well was developed for five hours.  
The well development log is provided in Appendix A-2. 
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3.2.4 Short-term Extraction Well Pumping Test   

Following development of the extraction well, a short-term yield/drawdown test was performed to evaluate 
the well’s specific capacity (the pumping rate divided by the drawdown measured in the well) prior to 
initiating the 72-hour aquifer test.   

The static water level (SWL) in EW01 was measured at 182.22 feet bgs before the test began.  The well 
was then pumped at 30 gpm.  Manual water levels were recorded frequently as the test proceeded.  The 
water level dropped 10.2 feet in the first minute of pumping, followed by an additional 1.9 feet in the second 
minute of pumping.  After five minutes of pumping the water level stabilized at 12.8 feet below the initial 
SWL.  The yield test lasted four hours.  The specific capacity based on this test was calculated to be 
2.3 gpm/ft of drawdown.   

Based on the calculated specific capacity of the well, Versar/RMC determined that well EW01 would yield 
the required production rate of 50 gpm for the planned 72-hour aquifer test.  At the planned discharge rate 
of 50 gpm, the drawdown in the well would not reach the top of the screened section.  Section 4 describes 
the aquifer test procedures and results. 

3.3 GEOPHYSICAL/HYDROPHYSICAL SURVEYS    

The geophysical and hydrophysical logging was performed by RAS, Inc., under contract to Versar. RAS 
performed the hydrophysical logging of the four new nested monitoring well locations between July 22 and 
September 9, 2011.  RAS returned to the site on November 21, 2011 to perform geophysical logging at 
each location, after installation of the nested monitoring wells.  The objectives of the logging program were 
to use geophysics to assess lithology and geology and to use hydrophysics to identify and characterize 
water-bearing intervals.  Details regarding the hydrophysical and geophysical operational parameters are 
presented in RAS’s complete report provided in Appendix B.  The following sections summarize the 
geophysical and hydrophysical evaluations conducted in wells MW46, MW47, MW48, and MW50.   

3.3.1 MW46 

Lithologic logs collected during drilling suggest the bottom of the Ogallala Formation was encountered at an 
approximate depth of 390 feet bgs, although low core recoveries cause uncertainty and the contact may 
actually be shallower.  Depth to water was about 231 feet bgs and occurs in confined or semi-confined 
conditions. 

Geophysical logging was performed in the deepest 2-inch nested monitoring well.  The conductivity and 
resistivity logs provided more useful information than the natural gamma log.   

0 to 90 feet bgs: Generally low conductivity values and moderate resistivity; these responses 
correlate with mostly silt and gravelly silt layers, with a few sand layers.   

90 to 200 feet bgs: Very low conductivity and moderately high resistivity responses predominate 
through the interval; these correlate primarily with gravelly silts and a few thin 
conglomerate layers.   

200 to 228 feet bgs:  An interval of low conductivity and moderate resistivity correlates with clayey 
silt or siltstone and also gravelly silt layers.   

227 to 267 feet bgs:   A thick sequence of sandy material correlates with high resistivity and low 
conductivity; this unit lies above the aquifer.   
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277 to 315 feet bgs: Generally high conductivity units corresponding to silty clay layers with lower-
conductivity clayey silt and gravelly silt interbeds.   

316 to 344 feet bgs: This is the main water-producing zone at this location; it is a zone of moderate 
conductivity and low resistivity response.  Low to moderate conductivity 
response was measured below 344 feet; no infow zones were identified in this 
interval.  Low core recovery made correlation difficult for this lower interval, 
which is interpreted as silty clay and/or clayey silt based on the conductivity 
values and lack of flow-producing layers.   

353-366 feet bgs:   The gamma response and conductivity logs indicate a silty clay and gravelly 
silt in this interval. 

366 to 383 feet bgs:   The gamma response indicates this is a clayey silt/siltstone interval that may 
indicate the contact between the Ogallala and White River formations at 
366 feet bgs.   

Hydrophysical logging (HPL) was conducted at temporary well MW46, screened from 290 to 400 feet bgs.  
The data indicate two distinct flow zones and weak up-flow conditions in the temporary well.  Under 
ambient pressure and flow conditions, there was inflow of 0.35 gpm from the 316 to 344 feet bgs interval 
and up-flow in the well, with flow back into the formation at the 300 to 305 feet bgs.  During stressed 
condition logging (i.e. well pumping), both conductive intervals contributed to inflow and yielded substantial 
flow differentials.  This suggests a moderately transmissive and laterally extensive feature.   

Estimated interval-specific hydraulic conductivity was 4.58 and 9.22 feet per day (ft/day) for the upper and 
the lower intervals, respectively.  Both flow zones were identified within gravelly silt (40 percent gravel) 
intervals per the lithologic log, likely the highest hydraulically conductive intervals in the investigated 
section.  Flow was not identified in any other lithology.   

3.3.2 MW47 

MW47 was drilled to approximately 295 feet bgs; based on deeper drilling at subsequent locations, this 
depth is close to the bottom of the Ogallala Formation (i.e., close to the top of the White River Formation).   

The White River Formation, however, was not encountered at MW47.  The static water level was 176 feet 
bgs. and occurs in confined or semi-confined conditions.  Geophysical logging was performed using the 
deep-interval 2-inch nested monitoring well following its installation after the temporary well was removed.  

Geophysical logging (gamma, resistivity/conductivity) response does not fully correlate with the material 
encountered during drilling, especially in the upper 60 feet of the borehole.  Below 60 feet, the correlation 
between the boring log and induction resistivity/conductivity and gamma logs is more consistent, with 
significantly higher resistivity (lower conductivity) correlating with sand and gravelly sand, while significantly 
increased conductivity correlates with silt, siltstone, clayey silt, and silty clay.  Conglomerate layers 
generally correlate with a lower resistivity response in this well.   

Significant gamma response increases are associated with portions of clayey silt zones (211–218 feet bgs 
and 274–276 feet bgs); however this response does not persist through the entire interval(s).  A zone of 
erratic resistivity response between 60 and 70 feet bgs appears to be associated with interlayered caliche 
(carbonate-cemented silt) and sand units; however, it is unclear whether this response is valid or reflects an 
instrument eccentricity.  
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HPL was conducted at temporary monitoring well MW47 and the data suggest a flow environment similar to 
that at MW46.  Under ambient conditions, two distinct flow zones were identified, and a weak up-flow 
condition was present.  Under ambient conditions, inflow of 0.20 gpm was identified from 258 to 265 feet 
bgs, with up-flow in the well and outflow (back into the formation) at the 238 to 245-foot interval.  During 
stressed conditions (pumping), nine in-flowing conductive features were identified.  The reversed flow in the 
upper interval, and differing flow conditions identified from ambient vs. stressed conditions, suggest 
moderately transmissive and laterally extensive conductive features.  Estimated interval-specific hydraulic 
conductivity ranged from 2.85 to 12.3 ft/day.  

Both of the ambient-condition flow zones are identified within gravelly silt, conglomerate, and/or sand 
intervals per the lithologic log, which are likely the highest hydraulically conductive intervals in the 
investigated section.  Under induced pressure, additional features were identified, mainly in gravelly/sandy 
silt layers. 

3.3.3 MW48 

The MW48 boring was drilled to an approximate depth of 287 feet bgs, close to the base of the Ogallala 
Formation. The static water level was 182 feet bgs and occurs in confined or semi-confined conditions. 
Geophysical logging was performed using the deep-interval 2-inch nested monitoring well following its 
installation after the temporary well was removed. 

Geophysical logging (gamma, resistivity/conductivity) response correlation is fairly consistent with material 
described in the drilling log, with significantly higher resistivity (lower conductivity) responses correlating 
with sand and gravelly sand, silt, gravelly silt, and siltstone.  A fairly thick conglomerate layer or zone (116 
to 124 feet bgs) exhibits a fairly high resistivity, similar to that for gravelly sand. Generally, the lower 
resistivity responses correlate with clayey gravel, clayey silt, and silty clay.  

Between 202 and 287 feet bgs (the bottom of the boring), the gamma response indicates 3- to 7-foot 
sections of clay, silty clay, or clayey silt (i.e., 227–235 and 265–272 feet bgs).  There are also layers of 
similar material within this lower interval that did not produce any significant deflection (increase) in the 
gamma response.  These are clay (210 to 216 feet); silty clay (221 to 225 feet); silty clay (247 to 254 feet).   

HPL was conducted at temporary monitoring well MW48, screened from 218 to 278 feet bgs HPL results 
suggest flow conditions similar to those observed in MW46 and MW47.  Under ambient conditions, two 
distinct flow zones were identified with weak up-flow; there was inflow of 0.21 gpm from about 254 to 267 
feet bgs and up-flow in the well, with flow back into the formation at the 229 to 242-foot interval.  During 
stressed conditions, six inflowing conductive features were identified.  The reversed flow in the upper 
feature under stressed HPL, and differing flow patterns between the two HPL conditions, suggest 
moderately transmissive and laterally extensive conductive features.  Estimated interval-specific hydraulic 
conductivity ranged from 2.17 to 14.2 ft/day.  

Lithology in the intervals identified as flow-producing features in MW48 was different from that in other wells 
at the site.  The lower ambient condition inflow zone is identified primarily within clayey silt with gravel and 
silty sand with gravel layers (254 to 263 feet bgs).  The flow-producing zones identified under stressed HPL 
are in various silty clay/siltstone, clayey silt, sand, silty sand, and silty clay with gravel layers. 

3.3.4 MW50 

The borehole was drilled to a total depth of 350 feet and lithologic logs collected during drilling suggested 
the bottom of the Ogallala Formation is at a depth of 320 feet bgs. The water level in MW50 was 229 feet 
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bgs and occurs in confined or semi-confined conditions.  Geophysical logging was performed using the 
deep-interval 2-inch nested monitoring well following its installation after the temporary well was removed. 

The gamma response exhibits somewhat greater variability than seen in MW46 and MW47, similar to that 
in MW48 and indicates the following lithology at MW50:  

0 to 28 feet bgs:   Silt and gravelly silt.   

28 to 68 feet bgs: Gravelly silts and gravelly sands, with a sandy gravel unit from 56 to 60 feet bgs.   

68 to 80 feet bgs:  Silt/siltstone/conglomerate sequence  

80 to 155 feet bgs: Gravelly silt, sand, and clayey sand (the drilling log indicates low recovery for 
much of this interval).   

155 to 208 feet bgs: Fairly thick layers of gravelly silt and sandy gravel.   

208 to 220 feet bgs: Clayey silt unit 

220 to 232 feet bgs: Clayey silt, which correlates with the drilling log.   

232 to 260 feet bgs:  Silty sand.  Below 232 feet (the approximate static water level depth), to about 
260 feet the gamma response is generally steady at about  75 API units, with 
little variability; this interval is indicated as partially consisting of silty sand, 
although low recovery is noted on the drilling log.   

260 to 275 feet bgs: Siltstone unit. 

275 to 297 feet bgs: Gravelly silt layer. 

297 to 307 feet bgs: Clayey silt layer based on drilling log and high conductivity  

HPL was conducted at temporary monitoring well MW50, screened from 235 to 320 feet.  HPL testing 
suggested strong ambient down-flow conditions, with water entering the well near the top of the aquifer and 
flowing out at the bottom of the well, likely into a clayey silt unit from 316 to 320 feet bgs (the interface 
between the Ogallala and the White River Formations).  This strong down-flow condition contrasts with the 
other wells.  During stressed conditions, all seven identified conductive features produced water into the 
well.      

The flow-producing features in MW50 were generally identified as clayey silt, sands and silty sands, and 
gravelly silt or gravelly sand.  Interval–specific flow rates into the well under ambient conditions could not 
be calculated due to high vertical flow rates.  Because the inflow could not be quantified, interval- specific 
hydraulic conductivity was not estimated.  However, the strong inflow observed during pumping may 
support the suitability of this well for use as a pumping or extraction well.  The strong down-flow observed 
in MW50 suggests greater vertical differential pressure in this area of the site, which may increase 
downward vertical flow within the formation relative to other areas of the site.  The significant differences in 
hydraulic characteristics between MW50 and the other wells at the site point to heterogeneity that is 
common to the Ogallala Formation. 

3.4 SOIL VAPOR MONITORING PORT INSTALLATION 

A new SVE vacuum monitoring point (B2PC03) was installed to augment the two existing monitoring points 
(B2PC01 and B2PC02) installed at Building 2 at the former missile site in 2008 (Figure 3-3).  Each vacuum 
monitoring point has three 2-inch PVC vadose-zone monitoring ports that screen different depths within the 
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same borehole.  The new vacuum monitoring point was installed to the north of existing SVE well B2SVE01 
(Figure 3-3 and Figure 7-1) with a construction similar to the existing two points—shallow, intermediate, and 
deep soil vapor intake screens isolated from each other by hydrated bentonite seals.   

A sonic drilling rig was used to drill a 9-inch diameter borehole and continuous core samples were collected 
during drilling.  The drilling log is included in Appendix A-1.  Each of the three 2-inch diameter pressure 
ports was installed using a 5-foot length of slotted screen (0.010-inch slot size) for a vapor intake zone.  
The shallow, middle, and deep port screens were installed from 38 to 43 feet bgs, 48 to 53 feet bgs, and 67 
to 82 feet bgs, respectively.  The intake zone for each pressure port was installed in native soil intervals 
(i.e., sandy/gravelly material) identified during drilling.  The annular space around each screen was 
backfilled using standard 10-20 silica sand, an extended from one foot above the screen to two feet below 
the screen.  Standard bentonite seals were installed between each intake zone.   

A final bentonite grout seal was installed from above the uppermost intake zone to the ground surface.  A 
locking steel protective cover was installed in a concrete pad to complete the pressure cluster.  Additional 
details pertaining to the SVE observation wells and SVE system are presented in Section 7.1 of this report.   



Draft Final Pre-Design Characterization Technical Memorandum 
Atlas “D” Missile Site 4, Cheyenne, Wyoming 

 

 
Page 3-14 

 

 

 

 

 

 

 

 

This Page Intentionally Left Blank 

 



Draft Final Pre-Design Characterization Technical Memorandum 
Atlas “D” Missile Site 4, Cheyenne, Wyoming 

 

 
Page 3-15 

 

 

Figure 3-3 
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3.5 GROUNDWATER SAMPLE COLLECTION AND ANALYSIS 

Screening groundwater samples were collected from selected locations during drilling, well development, 
and after placement of the temporary wells.  After the nested wells were installed and developed, 
Versar/RMC conducted sampling events of the new wells in November and December 2011. 

3.5.1 Groundwater Sampling during Drilling and from Temporary Wells 

During drilling of each initial boring, groundwater screening samples were collected from intervals identified 
as potential water-bearing zones.  Groundwater screening samples were also collected from selected 
temporary wells either at the end of well development or from discrete intervals of the temporary wells (after 
development) using a bladder pump and pneumatic packers.  Splits of the screening samples were 
collected at nearly all locations for analysis at two different laboratories.  One of the split samples was 
analyzed for VOCs by USEPA Method 524.2 by the CBOPU laboratory located at the R.L. Sherrard Water 
Treatment Plant and the other split sample was also analyzed by TestAmerica by SW-846 Method 8260B.   

The CBOPU rapid-turnaround analysis of field screening samples was conducted to provide field crews 
with comparative (i.e., qualitative) data during the installation of each well cluster.  These results are 
included in the Tech Memo for information only.  However, the splits of these samples that were sent to Test 
America for analysis by Method 8260B were subjected to data validation and are considered valid data. 

The analytical results are provided in Table 3-3 and a summary of the screening groundwater samples 
collected is presented on Table 3-4.  As expected, the greatest TCE concentrations were found in the 
boreholes in the center of the transect—MW47, MW48, and MW49.  
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Table 3-3.  TCE Results for Screening Samples 

Well Location Sample ID Collection 
Date 

TCE (Method 524.2a)  
μg/L 

TCE (Method 8260B) 
μg/L 

MW46 
FEW4-MW46-300 8/26/2011 3.9 7 

FEW4-MW46 8/31/2011 3.8 4.5 

MW47 

FEW4-MW47-235 8/7/2011 76 32 

FEW4-MW47-245 8/7/2011 73.9 31 

FEW4-MW47-260 8/6/2011 74.1 31 

FEW4-MW47-280 8/6/2011 71.6 30 

MW48 

FEW4-MW48-220 7/19/2011 11.9 — 

FEW4-MW48-238 7/20/2011 ND — 

FEW4-MW48-250 7/28/2011 52.7 29 

FEW4-MW48-260 7/28/2011 52.7 28 

MW49 FEW4-MW49-316 9/10/2011 47.8 41 

MW50 
FEW4-MW50-250 8/9/2011 26.1 11 

FEW4-MW50 8/11/2011 16 — 

a Field screening values provided for informational purposes only.  

ND = not detected — sample not sent to laboratory 
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3.5.2 Groundwater Sampling of Nested Wells 

Two groundwater sampling events were performed following installation and development of the intercept-
transect monitoring wells.  All 15 newly-installed wells (three wells each at the five nested well locations) 
were purged prior to sample collection using Redi-Flo2 submersible pumps and dedicated polyethylene 
tubing.  All wells were purged of two to three casing volumes or more depending on well capacity, except 
for two low producing wells (MW46-384 and MW50-318).  These wells were purged intermittently over a 
two-day period by purging until the water level dropped to the pump intake at approximately 285 feet below 
top of casing (TOC) and then allowed to recover.  The maximum depth for the Redi-Flo2 is 300 feet, so the 
pump is positioned above the screen in these two wells.   

The initial groundwater sampling event for the new monitoring wells took place November 1–5, 2011.  The 
second event took place December 11–5, 2011.  Field quality control (QC) samples collected during each 
event included one matrix spike/matrix spike duplicate (MS/MSD) pair and two field duplicate samples.  

Table 3-4.  Groundwater Screening Sample Summary 

Well 
Location 

Sample ID 
Collection 

Date Sample Collection Method 

Analyzed 
by 

Method 
524.2 

Analyzed 
by 

Method 
8260B 

MW46 
FEW4-MW46-300 8-26-11 Purged borehole during drilling; collected 

from submersible pump discharge 
  

FEW4-MW46 8-31-11 
Submersible pump discharge during 
development  

  

MW47 

FEW4-MW47-235 8-7-11 Bladder pump with pneumatic packers 
(10-ft spacing) 

  

FEW4-MW47-245 8-7-11 
Bladder pump with pneumatic packers 
(10-ft spacing) 

  

FEW4-MW47-260 8-6-11 
Bladder pump with pneumatic packers 
(10-ft spacing) 

  

FEW4-MW47-280 8-6-11 
Bladder pump with pneumatic packers 
(10-ft spacing) 

  

MW48 

FEW4-MW48-220 7-19-11 
Bailer from borehole during drilling (no 
purge) 

  

FEW4-MW48-238 7-20-11 
Bailer from borehole during drilling (pre-
purge with submersible pump) 

  

FEW4-MW48-250 7-28-11 
Bladder pump with pneumatic packers 
(10-ft spacing) 

  

FEW4-MW48-260 7-28-11 Bladder pump with pneumatic packers 
(10-ft spacing) 

  

MW49 FEW4-MW49-316 9-10-11 
Purging borehole during drilling; collected 
from submersible pump discharge 

  

MW50 
FEW4-MW50-250 8-9-11 

Bailer from borehole during drilling (pre-
purge with submersible pump) 

  

FEW4-MW50 8-11-11 
Submersible pump discharge during 
development  
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Samples were kept on ice and shipped via overnight courier and/or hand-delivered to TestAmerica 
Laboratories of Arvada, Colorado and hand-delivered to the CBOPU lab.   

A sample preservation issue was identified for the sample delivery group submitted to TestAmerica during 
the initial sampling event.  The laboratory had a refrigeration unit malfunction that led to the sample 
temperature for these samples temporarily exceeding the recommended temperature range.  The TCE 
results for these samples are denoted with an asterisk in Table 3-5 and the analytical results for these 
samples are qualified with a J, indicating a possible low bias.   

Table 3-5.  TCE (Method 8260B) Results for Nested Wells 

 Field Sample ID 

November 2011 Event December 2011 Event TCE % 
Difference 
Between 
Sampling 

Events 

TCE 
Concentration 

(µg/L) Qualifier

TCE 
Concentration 

(µg/L) Qualifier 

FEW4-MW46-300 5.3   6.8   22 

FEW4-MW46-334 6   6.5   8 

FEW4-MW46-389 0.2 J 0.2 J 0 

FEW4-MW47-239 33   36   8 

FEW4-MW47-259 28   31   10 

FEW4-MW47-259-FD 28   26   -8 

FEW4-MW47-290 14   15   7 

FEW4-MW48-225 55* J 59   7 

FEW4-MW48-259 30* J 35   14 

FEW4-MW48-284 28* J 35   20 

FEW4-MW49-284 40* J 50   20 

FEW4-MW49-311 39* J 47   17 

FEW4-MW49-311-FD 40* J 44   9 

FEW4-MW49-333 8.2   10   18 

FEW4-MW50-250 17* J 19   11 

FEW4-MW50-290 1.9* J 2.2   14 

FEW4-MW50-318 ND U ND U 0 

NOTES: 

* These results are associated with samples that underwent a temporary elevation in temperature at the 
laboratory prior to analysis, due to a refrigeration issue.  The results are potentially biased low due to this 
preservation issue.   

J = estimated concentration  U = not detected ND = not detected 

As observed in Table 3-5, the TCE results from the initial sampling event are all lower than those for the 
second sampling event with one exception.  Only one sample result from the initial event (for FEW4-
MW47-259-FD) is higher than the corresponding sample from the second event.  This sample is part of a 
field duplicate pair and the parent sample result is, like all the other results, lower than the corresponding 
result for the second event.  There is an 18 percent difference between the field duplicate results for the 
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second event for the sample collected from this well (FEW4-MW47-259), possibly indicating a sample 
collection or sample preparation quality control deficiency.   

The TCE results from the first sampling event range from 6 to 22 percent lower than those detected in 
samples from the second sampling event.  Results for samples that were qualified due to sample 
temperature have slightly lower TCE concentrations than those from the same wells collected during the 
second event.  Comparison of these samples with samples from the same well collected during event two 
have an average percent difference of 12.3 percent.  The average percent difference for the results from 
samples collected at the same well during both events where sample preservation requirements were met 
is 8.7 percent.   

As observed in the screening samples, the highest TCE concentrations were located in the wells in the 
middle of the transect:  MW47, MW48, and MW49.  Also, the higher concentrations at each location were 
detected in samples from the shallowest well (screening the shallowest portions of the aquifer), with a trend 
of decreasing concentrations with depth.  This distribution may indicate that the plume is migrating mostly 
into the upper and middle part of the Ogallala Aquifer in this area.  However, it must be recognized that the 
Ogallala and White River Formations are heterogenous with regard to hydraulic conductivity and flow 
paths.  Groundwater flow is predominantly along linear and/or sinuous preferential flow paths, the spatial 
distribution of which is difficult to characterize with a high degree of accuracy.” 

3.6 LOCATION AND ELEVATION SURVEYING  

The locations of the five newly-installed nested monitoring wells and the extraction well were surveyed on 
November 4 and 5, 2011 by Diamondback Engineering and Surveying, Inc. of Lakewood, Colorado.  The 
horizontal positions of each well were surveyed to the nearest one foot and referenced to the State Plane 
Coordinate System (NAD 83 datum).  Elevations were surveyed in feet above mean sea level, referenced 
to the National Geodetic Vertical Datum (NGVD) of 1988.  Ground elevations were measured to the nearest 
0.1 foot for monitoring wells and the top of the risers were measured to the nearest 0.01 foot.  The well 
location survey information is summarized in Table 3-6.  
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Table 3-6.  Land Survey Information for Nested Wells MW46, MW47, MW48, MW49, MW50, and Vapor Port B2PC03 

 Well 
Location 

Northing  Easting  
Ground Surface 

Elevation 
(ft MSL) 

Concrete 
Pad 

Elevation 
Well ID† 

Aquifer 
Zone 

Monitored

Top of PVC 
Casing 

Elevation 
(ft MSL) 

Total Depth
(ft TOC) (ft) (ft) (ft MSL) 

       MW46-300 Shallow 6787.66 305 

MW46 210305.46 692625.94 6784.91 6785.18 MW46-334 Middle 6787.44 344.5 

          MW46-389 Deep 6787.06 393.8 

       MW47-239 Shallow 6736.88 244.2 

MW47 209309.44 692313.14 6734.25 6734.63 MW47-259 Middle 6736.76 269.2 

          MW47-290 Deep 6736.67 294.9 

       MW48-225 Shallow 6737.48 229.5 

MW48 208976.97 692377.62 6734.82 6735.27 MW48-254 Middle 6737.42 264.2 

          MW48-284 Deep 6737.32 289.4 

       MW49-286 Shallow 6802.59 291.2 

MW49 207998.46 692480.07 6800.17 6800.601 MW49-311 Middle 6802.42 316 

          MW49-333 Deep 6802.20 338 

       MW50-250 Shallow 6772.87 260.3 

MW50 207013.59 692608.46 6769.87 6770.25 MW50-290 Middle 6772.49 295 

          MW50-318 Deep 6772.31 323 

EW01 208977.72 692307.17 6735.79 6736.14 EW01 NA 6738.40 299.6 

       B2PC03-shallow NA 7269.23 43 

B2PC03 214180.61 662066.29 7267.16 7267.44 B2PC03-middle NA 7268.58 53 

       B2PC03-deep NA 7268.57 72 
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4 AQUIFER TESTING AND ANALYSIS 

An important task of the pre-design characterization was to conduct an aquifer test in the Ogallala Aquifer 
at to define the hydraulic properties of the Ogallala Aquifer in the vicinity of the proposed groundwater 
intercept transect.  The parameters of interest are the overall transmissivity and storativity of the aquifer.  A 
second objective was to define the lateral and vertical hydraulic connection between the multiple water 
bearing units identified.  The aquifer test was design, executed, and results analyzed by Mutch and 
Associates, Inc. under subcontract to RMC; their report is provided in Appendix C. 

4.1 HYDROGEOLOGY OF THE AQUIFER TEST SITE  

For simplicity, the observation wells referred to at each nested monitoring well location are identified using 
the location name (MW46, MW47, MW48, MW49, and MW50) and a suffix denoting its relative vertical 
position within the water column (e.g., S = shallow, M = middle, and D = deep).  Table 3-2 presents the 
specific screened interval depths for these wells. 

The Ogallala Aquifer in this area consists of thin sandy and/or gravelly layers interbedded with generally 
more prevalent finer-grained deposits such as silts, gravelly and/or sandy silts, silty sands, and clayey 
silts/silty clays in various degrees of consolidation ranging from soft (e.g., silty clay with gravel) to very hard 
(e.g., matrix-supported conglomerate).  The interbeds of finer-grained materials are not laterally continuous 
across the study area but may be locally significant in particular sub-areas.  The discontinuous, finer-
grained beds within the Ogallala Aquifer, which dominate in the upper portion of the saturated zone, cause 
it to behave as a semi-confined aquifer.  The aquifer is underlain by the White River Formation which acts 
as an aquitard.   

4.1.1 Selection of Observation Wells 

Two important factors at the test site influenced the selection of wells to be monitored and the aquifer test 
analysis methods to be used to analyze the data from these wells:  the semi-confined nature of the Ogallala 
Aquifer and the extraction well screened interval, which only partially penetrates the aquifer (it screens only.  
the lower half to two-thirds of the saturated thickness of the aquifer).  Accordingly, the drawdown data 
analyzed must come from observation wells that are screened in the specific depth interval(s) from which 
the extraction well is producing water.  Observation wells screened in units overlying or underlying the 
pumped interval will exhibit less drawdown than those screened in the same unit and analysis by 
conventional aquifer test analysis methodologies, may provide unreliable results.   

The semi-confined nature of the aquifer also complicates determination of its transmissivity and storativity.  
Neuman and Witherspoon, who developed a complete analytical solution for semi-confined, multi-aquifer 
systems (1969a, 1969b), recommend that if the primary objective of the aquifer test of a semi-confined 
aquifer is determination of the transmissivity and storativity of the pumped aquifer (as is the case here), 
three considerations should be observed: 

1. Drawdown should be measured close to the pumping well. 

2. Only early-time data, before significant leakage occurs, should be analyzed. 

3. This early-time data should be analyzed by using the Theis Method (Theis, 1935). 

Therefore, wells screened in the principal stratigraphic zone from which the extraction well withdraws water, 
and are reasonably close to the extraction well, were selected:  MW47M, MW47D, MW48M, and MW48D.  
Each of these wells is located close enough to the extraction well to avoid undue problems with the effects 
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of aquitard leakage.  Lastly, drawdown from a nearby stock well (LB Well) that operated intermittently 
during the aquifer test was observed to be superimposed on the hydrograph of observation well MW50M.  
The stock well produced sufficient drawdown in MW50M that analysis of the early-time drawdown data was 
possible using the Theis Method. 

4.1.2 Selection of Analysis Methods 

In addition to the Theis Method mentioned above, the DeGlee Method (DeGlee, 1930), a distant-drawdown 
technique developed specifically for semi-confined aquifers, and the Hsieh “cross-hole” technique (Hsieh 
and Neuman, 1985) were also used to analyze the aquifer test data.  The DeGlee Method provides an 
independent determination of aquifer transmissivity and permits estimation of the vertical hydraulic 
conductivity of the aquitard.  The Hsieh “cross-hole” technique, developed for application in fractured rock 
hydrogeologic systems, is also applicable to porous media aquifers.  This technique uses observations of 
the rate of propagation of a wave of either drawdown or water level rise through an aquifer or aquitard to 
calculate the directional hydraulic diffusivity between the pumped interval and each observation point.  
Hydraulic diffusivity is the parameter that controls the rate of propagation of a wave of drawdown (or water 
level rise) in an aquifer system.  Hydraulic diffusivity is defined as the ratio of hydraulic conductivity to 
specific storage (K/SS).   

Similar to the Theis method, the Hsieh cross-hole technique uses a type curve that is matched to the early 
time data immediately after drawdown reaches each observation well.  Values of directional hydraulic 
diffusivity can be converted into directional hydraulic conductivity by multiplying by the specific storage of 
the aquifer.  The specific storage is determined from the above-described early-time, Theis Method 
analyses. 

The Neuman and Witherspoon “ratio method” was employed to estimate the vertical diffusivity and vertical 
hydraulic conductivity of the overlying finer-grained interbeds (i.e., confining units or aquitards) within the 
Ogallala Aquifer (Neuman and Witherspoon, 1969a; Neuman and Witherspoon, 1969b).  It was also was 
used to estimate a maximum hydraulic conductivity of the underlying White River Formation.   

4.2 AQUIFER TEST SETUP 

Transducer/dataloggers were installed on September 16, 2011 in extraction well EW01, in each new nested 
well location, and in three previously installed monitoring 
wells located in the general area of the intercept transect 
(MW43 through MW45).  The well locations are shown in 
Figure 1-3.  Water-level data were recorded in several 
observation wells prior to the start of the aquifer test.   

The transducers were programmed to record water 
pressure at 30-second intervals, referenced to the static 
water level measured in each monitoring well prior to 
installation of the transducer.    

The number of transducers deployed at each location is 
provided in Table 4-1. 

Barometric Pressure Measurements:  Barometric 
pressure data was recorded by means of a Solinst 
barologger programmed to record time and barometric 

Table 4-1.  Transducer Summary 

Well/ Location 
Number of 

Transducers 
EW01 1 

MW46 3 

MW47 3 

MW48 3 

MW49 3 

MW50 3 

MW43 1 

MW44 1 

MW45 1 

Total 19 
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pressure at the same intervals as the data loggers.  The barologger is typically suspended well above the 
static water level in a nearby monitoring well.  No precipitation events occurred during the antecedent data 
collection period, during the aquifer test, or during the three-day recovery period following the test.    

Pump Installation:  A 7.5-hp submersible pump was installed in the extraction well EW01 on September 
19.  The static water level in the well had been consistently measured at approximately 182 feet bgs.  The 
pressure transducer was briefly removed from the well during the pump installation.  The pump was 
installed to a depth 280 feet below the top of the steel protective casing, which is 3.1 feet above grade.  A 
2-inch diameter discharge pipe was used to convey the water from the pump to the surface.  A totalizing 
mechanical flow meter with 2-inch diameter inlet and outlet was installed on the discharge pipe to monitor 
flow.   

Yield Test:  A short 30-minute yield test was conducted on September 20, 2011 to verify proper operation 
of the pump and water treatment system, and to verify drawdown at the planned pump rate for the aquifer 
test (50 gpm) would not extend too deep, i.e., the pumping water level would draw down too close to the 
pump.  The pump was operated at 55 gpm with approximately 30 feet of drawdown produced in the well.   

Prior to initiating the aquifer test, static water levels were measured and recorded at the wells selected as 
observations wells.  Water-level data were recorded on Pump Test Log field sheets (Appendix C).   

4.3 AQUIFER TEST 

The 72-hour continuous-rate discharge aquifer test was initiated on September 21, 2010, at 1032 hours 
Mountain Daylight Time (MDT).  The pump was activated with the discharge piping valve fully open, as was 
the case during the yield test.  The initial discharge rate was 60 gpm.  As the water level dropped in the 
well, the pumping rate quickly decreased to 56 gpm after seven minutes of pumping.  After one hour of 
pumping, the discharge rate stabilized at 55 gpm, and drawdown in the pumping well measured at 35 feet.  
The drawdown in the pumping well increased slowly and steadily to 37 feet by the end of the 72-hour test.  
Discharge rates fluctuated slightly during the test, increasing to between 56 and 57 gpm during the second 
and third days of pumping.  A final discharge rate of 57.4 gpm was recorded at the end of 72 hour pumping 
period.     

During the aquifer test, manual water level measurements were recorded at all observation wells several 
times a day, as well as in the pumping well, to confirm the transducer readings.  The manual readings are 
included on pump test field logs. 

Three 22,000-gallon steel Frac tanks supplied by Rain-for-Rent were brought onsite prior to the start of the 
aquifer test, to contain the large volume of water generated during pumping.  The water generated during 
the test was discharged into the tanks, which were connected by a large piping manifold.  The water flowed 
from the tanks to the trailer-mounted GAC treatment unit.  The water was treated continuously at a rate of 
approximately 50 gpm during the aquifer test, with the Frac tanks providing a storage buffer for excess 
water.  Treatment of the discharge water continued for several hours after pumping ceased.   

The treated water was conveyed to a point 2,000 feet downgradient (east) of EW01 via a 5-inch diameter 
lay-flat polyethylene pipe for discharge.  The lay-flat plastic pipe was laid on the ground surface from the 
treatment trailer to the discharge point along a line that continuously descended in elevation, to allow for 
gravity-assisted flow.  The discharge continued a short distance downslope from the discharge point and 
slowly seeped into the ground.  The maximum distance of surface water flow downslope from the discharge 
point is estimated to be 200 feet.   
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During the 72-hour constant-rate pumping, a stock well located in the intercept transect area was activated 
due to the presence of cattle in the pasture where observation wells MW49 and MW50 are located.  The 
stock well, known as the LB well, operated at a rate of approximately 10 gpm for several periods during the 
aquifer test: from 2.5 to about 14 hours and from 47 to about 53.5 hours into the 72-hour test.  The LB Well 
was again activated at hour 71 of the 72-hour pump test, and likely operated for about 5 hours based on 
the transducer/datalogger data from MW49 and MW50.  After the pump in EW01 was shut off at the end of 
the 72-hour constant-rate discharge test (on September 24, 2011), the transducers/dataloggers were left in 
each observation well and allowed to record recovery data for three more days.  The transducers were 
removed from the wells on September 27, 2011.  The data was downloaded onto a portable computer for 
processing and analysis.   

4.4 AQUIFER TEST INTERPRETATION 

The aquifer data interpretation included evaluation of the barometric efficiencies of observation wells and 
calculating pre-aquifer test water level trends.  These calculated parameters were then used to adjust the 
observed aquifer test drawdown data to account for variations in barometric pressure during the aquifer test 
or for any pre-aquifer test trends in water levels.  The adjusted aquifer test data were then analyzed by 
several methodologies to determine aquifer transmissivity, storativity, hydraulic conductivity, and specific 
storage.  These methods used include the Theis, DeGlee, Hsieh cross-hole, and Neuman and Witherspoon 
ratio methods.   

4.4.1 Pre-Processing of Aquifer Test Data 

Hydrographs for all of the observation wells are provided in Appendix C.  These hydrographs show the 
water level in each observation well during the antecedent, aquifer test, and recovery periods.  The 
hydrographs are annotated to show the start of the yield test and the start and conclusion of the aquifer test 
pumping period.  The graphs also show a calculation of the generally upward trend in aquifer water levels 
occurring between the start of the aquifer test and the conclusion of the recovery period.  This trend was 
used to correct drawdown values to what they would have been had there been no trend in aquifer water 
levels during the test.  Barometric pressure was virtually constant during the aquifer test; therefore, no 
corrections to drawdown values were necessary to compensate for barometric pressure changes. 

4.4.2 Spatial Extent of the Aquifer Test Region of Influence 

The adjusted drawdown of monitoring wells at the conclusion of the aquifer test are presented in Table 4-2 
and plotted in plan view and cross section in Figures 4-1 and 4-2, respectively.  The interpolated contours 
of equal drawdown illustrated in Figure 4-1 depict an oblong or egg-shaped cone of influence more than a 
mile in diameter.  The somewhat elongated shape of the cone of influence, particularly in the easterly and 
northerly directions, is attributable to modestly higher hydraulic conductivities in those directions.  The 
tendency toward higher hydraulic conductivities in the eastern direction is also indicated to an extent in the 
Hsieh cross-hole analyses described in Section 4.4.4.  

Figure 4-2 illustrates the contours of equal drawdown in the aquifer along a north-south vertical cross-
section through the principal observation wells.  Substantial drawdown (greater than 0.25 feet) was 
observed as far south as MW50M.  A drawdown of 0.38 feet was observed in MW43S, which is 3,147 feet 
north-northeast of the extraction well.  Drawdown at the conclusion of the three-day aquifer test also 
extended to varying extents into the upper portions of the Ogallala Aquifer saturated zone, depending upon 
local variations in lithology.   
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The drawdown in the pumping well EW-01 was 35 feet at the end of the test.  By extrapolating the DeGlee 
Method (see discussion in section 4.4.5), distance-drawdown type curve fit to the data, we see that there 
was about 10 feet of drawdown in the aquifer at EW-01 at the conclusion of the aquifer test. The well 
efficiency was therefore 10 ft/35 ft or 29%.  

Table 4-2.  Adjusted Drawdown in all Wells at the Conclusion of Aquifer Test 

Observation Well 
Distance from 

Pumping Well (ft) 
Adjusted Drawdown at the Conclusion 

of the Aquifer Test (ft) 

MW-31   ND 

MW-43 3146.8 0.38 

MW-44 2969.9 0.28 

MW-45 2148.4 0.96 

MW-46S 1365.5 1.04 

MW-46M 1365.5 1.08 

MW-46D 1365.5 ND 

MW-47S 331.8 1.98 

MW-47M 331.8 1.78 

MW-47D 331.8 1.95 

MW-48S1 70.5 ND 

MW-48M 70.5 3.72 

MW-48D 70.5 3.69 

MW-49S 994.4 0.58 

MW-49M 994.4 0.63 

MW-49D 994.4 0.64 

MW-50S 1987.1 0.10 

MW-50M 1987.1 0.29 

MW-50D 1987.1 ND 

1 MW-48S is screened in low permeability siltstone and clay and is unresponsive and had not 
reached a static water level at the start of the aquifer test 

4.4.3 Theis Analysis of Early-Time Drawdown Data 

Four wells were initially selected for early-time Theis analysis.  These wells were MW47M, MW47D, 
MW48M, and MW48D.  These four wells are all in the stratigraphic interval being pumped by EW-01 and 
are at sufficiently close distances to EW-01 (e.g., 70.5 to 331.8 feet) to minimize the effects of aquitard 
leakage.  The results of the early-time Theis analyses are presented in Table 4-3.  The Theis curve 
matches, match point coordinates, and calculations are illustrated in Appendix C.  The transmissivity 
calculated from these four observation wells varied from 4,044 to 19,100 gallons per day per foot (gpd/ft); 
however, the calculated transmissivities and associated hydraulic conductivities calculated from the 
analyses of wells MW48M and MW48D are decidedly lower than the values calculated from MW47M and 
MW47D.  The values of transmissivity and hydraulic conductivity derived from the Theis Method analyses 
of MW48M and MW48D are also significantly lower than the transmissivity calculated from the DeGlee 
Method discussed in Section 4.4.5.  In addition, the hydraulic conductivities calculated by the Hsieh cross-
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hole technique (Section 4.4.4) are also orders of magnitude lower for these two observation wells than for 
other observation wells in the aquifer.  Consequently, it appears that neither MW48M nor MW48D were 
sufficiently responsive to the rapid changes in potentiometric head occurring in the first few minutes of the 
test to generate reliable early-time data.  For that reason, the calculated values from these wells the values 
derived from the early-time Theis-curve matching of wells MW47M and MW47D are used.  As shown in 
Table 4-3, the mean value of transmissivity calculated from the Theis curve analyses of observation wells 
MW47M and MW47D is 17,190 gpd/ft.  The mean storativity calculated from those same two wells is 
7.0x10-5.   

Table 4-3.  Theis Analyses of Early-time Drawdown 

Observation 
Well 

Distance 
from 

Pumping Well 
(ft) 

Calculated 
Transmissivity 

(gpd/ft) 

Calculated 
Storativity, 

(dimensionless) 

Calculated 
Hydraulic 

Conductivity 
(ft/day) 

MW-47M 331.8 15,280.00 5.67x10-05 29.18 

MW-47D 331.8 19,100.00 8.38x10-05 36.48 

MW-48M 70.5 4,584.00 1.54x10-04 7.66 

MW-48D 70.5 4,044.71 3.02x10-04 6.76 

Means 11,014.37 3.63x10-04 20.54 

Means without MW-48M, MW-
48D 

17,200.00 7.02x10-05 32.83 

Wells MW-48M and MW-48D, highlighted in yellow, are believed to be insufficiently responsive to the 
rapid, early-time drawdown 

In calculating the aquifer properties hydraulic conductivity and specific storage, it is important to understand 
the vertical thickness of the hydrostratigraphic zone being pumped.  In this case, because the vertical 
thickness of the principal stratigraphic zone expands during the course of the aquifer test, it is important to 
understand the thickness of the hydrostratigraphic zone during the early-time interval (i.e. the first ten 
minutes) that has been analyzed by the Theis Method.   

Figure 4-3 shows a generally north-to-south cross section through the transect area showing the extent of 
0.05 feet of drawdown after ten and 100 minutes of pumping.  It can be seen that at ten minutes, the 
principal hydrostratigraphic zone being influenced is approximately 70 feet thick.  Therefore, a 70-foot 
aquifer thickness is used for calculating hydraulic conductivity and specific storage in early-time.  Between 
ten and 100 minutes, drawdown has propagated vertically upward a significant distance, increasing the 
effective thickness of the stratigraphic interval being influenced by the pumping test.  This vertical rate of 
propagation is used to estimate the vertical hydraulic conductivity of the Ogallala Aquifer in that segment of 
the aquifer In Section 4.4.6.  
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Figure 4-1 
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Figure 4-2 
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Figure 4-3 
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Using the early-time vertical thickness of the stratigraphic interval being pumped (70 feet), the mean 
hydraulic conductivity derived from the early-time, Theis-curve analyses of wells MW47M and MW47D is 
32.8 feet per day.  Dividing the mean storativity of 7.0x10-5 by this same early-time vertical thickness of 70 
feet yields a specific storage of 1.0x10-6 ft-1.   

The superimposed drawdown from the LB stock well on September 24th was isolated and subjected to an 
early-time Theis Method analysis using drawdown observed in MW50M.  On the morning of September 24, 
2011, at 8:38 am the pump in the LB stock well was activated at an estimated rate of eight to ten gpm. The 
well lies approximately 650 feet from MW50M.  The drawdown from this LB stock well was clearly 
superimposed on the drawdown observed in MW50M from the aquifer test pumping of EW-01 at a time 
when the latter drawdown was relatively stable (See Appendix C).  Although the measurements of pumping 
rate and timing may be less precise than the EW-01 aquifer test, the results are fairly consistent.  A 
transmissivity of 9,200 gpd/ft and a storativity of 2.0x10-5 were calculated.  The lower values of both 
transmissivity and storativity may be due to the slight thinning of the aquifer to the west near the LB stock 
well.  The Theis Method analysis is included in Appendix C. 

4.4.4 Hsieh Cross-Hole Analyses 

The Hsieh cross-hole technique has also been used to analyze the time-drawdown data from the aquifer 
test of EW-01.  The results of these analyses are presented in Table 4-4.  The Hsieh cross-hole Theis curve 
matches, the match point coordinates, and calculations are found in Appendix C.  A specific storage of 
1.0x10-6 feet-1, as measured in the earlier-described Theis analyses was used in all of these analyses.   

Table 4-4.  Hsieh Cross-Hole Analyses 

Observation 
Well 

Distance from 
Pumping Well (ft) 

Calculated Directional 
Hydraulic Conductivity (ft/d)1 

MW-43 3146.8 75.28 

MW-44 2969.9 106.18 

MW-45 2148.4 121.23 

MW-46M 1365.5 48.97 

MW-47M 331.8 31.80 

MW-47D 331.8 31.80 

MW-48M 70.5 2.39 

MW-48D 70.5 1.02 

MW-49M 994.4 79.36 

MW-49D 994.4 37.59 

MW-50M 1987.1 100.07 

Mean 57.79 

Mean without MW-48M and MW-48D 70.25 

1 Observation wells MW-48M and MW-48D, highlighted in yellow, are suspected of being 
insufficiently responsive to rapid, early-time drawdown in the aquifer. 
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Unlike the Theis Method, which yields an average hydraulic conductivity of the region of the aquifer being 
stressed by the aquifer test, the Hsieh cross-hole technique gives directional hydraulic conductivities in the 
specific direction between the pumping well and each respective observation well.  Consequently, the 
Hsieh cross-hole technique tends to measure hydraulic conductivities along the most conductive pathways 
between the pumped interval and the observation well intervals.  It, therefore, provides an indication of the 
hydraulic conductivity of the higher hydraulic conductivity strata within the aquifer.  Notwithstanding this 
tendency, the directional hydraulic conductivities calculated by the Hsieh cross-hole technique between 
EW-01 and MW47M and MW47D are very similar to the mean hydraulic conductivities calculated by the 
Theis Method.  All of the calculated directional hydraulic conductivities, with the exception of the values 
derived from MW48M and MW48D are well within the range of hydraulic conductivity that would be 
expected for the Ogallala Aquifer and, in particular, from higher hydraulic conductivity beds within this 
portion of the aquifer.  

The consistently lower directional hydraulic conductivities calculated for wells MW48M and MW48D, which 
are the closest wells to EW-01 are believed to be attributable to the inability of these wells to respond 
quickly enough to the rapid drawdown occurring in the aquifer this close to the high capacity pumping well, 
EW-01, as also mentioned in Section 4.4.3 above.  This occurs occasionally with observation wells close to 
high rate pumping wells in semi-confined or confined aquifers.  For an observation well to reflect a rapid 
decline in piezometric head, water must physically drain from the well out of the well screen.  If this process 
is too slow, the transducer in the well will not record the actual decline in piezometric level in the aquifer but 
rather the delayed response in the observation well.  Consequently, the early-time data—the only data 
useful for analysis by the Hsieh cross-hole technique—will be compromised.  The problem is exacerbated 
in this case by the low storativity of the aquifer, given the dense and partially-cemented nature of the 
aquifer.  Low storativity causes drawdown to propagate even more rapidly outward from an extraction well.  
Accordingly, the values of directional hydraulic conductivity derived from the analysis of drawdown data in 
wells MW48M and MW48D are discounted in calculation of the mean hydraulic conductivities.  Omitting the 
analyses of MW48M and MW48D, the mean hydraulic conductivity derived from the Hsieh cross-hole 
technique is 62.6 feet per day.  This value compares favorably with the mean hydraulic conductivity 
calculated by the Theis method of 32.8 ft/day, especially given that the Hsieh cross-hole technique tends to 
measure the higher permeability beds within the geologic sequence. 

4.4.5 DeGlee Method Analysis 

DeGlee developed a distance-drawdown methodology for analyzing drawdowns in semi-confined aquifers 
(DeGlee, 1930; DeGlee, 1951; Anonymous, 1964).  The methodology involves a log-log plotting of 
drawdown and associated distances from the pumping well and matching those drawdowns to a type curve 
(referred to herein as the DeGlee type curve).  This methodology allows calculation of the transmissivity of 
the pumped aquifer and also the approximate vertical hydraulic conductivity of the aquitard.  A DeGlee 
Method analysis of the corrected drawdowns at the conclusion of the aquifer test is presented as in 
Appendix C.  The wells used in this analysis are those within the principal hydrostratigraphic zone being 
pumped and are listed, along with their radial distances from extraction well EW-01, and the corrected 
drawdown at the conclusion of the aquifer test in Table 4-5. Each data point is annotated to indicate the 
particular observation well represented by that data point (See Appendix C.  The method yields a 
transmissivity of 13,200 gpd/ft, which is slightly lower, but comparable, to the mean transmissivity 
determined from the Theis, time-drawdown method.   
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The DeGlee Method allows estimating the 
vertical hydraulic conductivity of the leaky 
aquitard, which in this case is believed to 
represent the upper portions of the 
saturated zone in the Ogallala Aquifer.  
The WRF is believed to have a 
significantly lower permeability such that 
leakage from this formation is negligible.   

The low permeability of the WRF is 
indicated by its lithology and also 
Neuman and Witherspoon ratio method 
analyses described subsequently in 
Section 4.4.6.  Assuming that the upper 
portions of the Ogallala saturated zone 
through which the leakage is occurring 
has a nominal thickness of 50 feet, the 
mean vertical hydraulic conductivity of 
those deposits is calculated to be 
approximately 5x10-6 cm/s.  This value 
represents a mean vertical hydraulic 
conductivity over the entire cone of 
influence and local variations can be 
expected and are indicated by the 
variable response recorded in the shallow 
observation wells in this aquifer test. 

4.4.6 Neuman and Witherspoon Ratio Method Analyses 

The Neuman and Witherspoon ratio method was developed to estimate the vertical hydraulic conductivity 
of an aquitard overlying or underlying a pumped aquifer based upon the rate of propagation of drawdown 
through the aquitard (Neuman and Witherspoon, 1969a; Neuman and Witherspoon, 1969b; Neuman and 
Witherspoon, 1972).  As was observed in Figure 4-3, drawdown spread rapidly laterally through the basal 
70 feet or so of the Ogallala Aquifer and then propagated more slowly upward into the overlying sediments 
within the Ogallala saturated zone.  Drawdown also presumably propagated downward through the 
underlying WRF, although this downward migration was not observed during this aquifer test due to the low 
hydraulic conductivity of the WRF.  Given these conditions, the Neuman and Witherspoon ratio method was 
used to estimate the vertical hydraulic conductivity of the upper sediments in the Ogallala Aquifer saturated 
zone.  It has also been used to estimate the maximum hydraulic conductivity of the upper WRF sediments 
based upon the absence of any observed drawdown in well MW46D. 

The Neuman and Witherspoon ratio method, like the Hsieh cross-hole technique, calculates the vertical 
hydraulic diffusivity of the aquitard, which is then converted to hydraulic conductivity by multiplying by the 
specific storage.  As described earlier, it is hydraulic diffusivity that controls the rate of propagation of a 
pressure or drawdown wave through a geologic medium.  In a ratio method analysis, drawdown is ideally 
measured in monitoring wells constructed at equal radial distances from the pumping well and screened 
both within the pumped interval and at a stratigraphically higher (or lower) interval within the aquitard (as is 
the case here).  The ratio method was used in four instances as follows: 

Table 4-5.  Adjusted Drawdown in Wells in the 
Principal Hydrostratigraphic Zone of the Ogallala 
Aquifer at the Conclusion of the Aquifer Test 

Observation 
Well 

Distance from 
Pumping Well 

(ft) 

Adjusted Drawdown at 
the Conclusion of the 

Aquifer Test (ft) 

MW-43 3146.8 0.38

MW-44 2969.9 0.28 

MW-45 2148.4 0.96 

MW-46S 1365.5 1.04 

MW-46M 1365.5 1.08 

MW-47S 331.8 1.98 

MW-47M 331.8 1.78 

MW-47D 331.8 1.95 

MW-48M 70.5 3.72 

MW-48D 70.5 3.69 

MW-49S 994.4 0.58 

MW-49M 994.4 0.63 

MW-49D 994.4 0.64 

MW-50M 1987.1 0.29 



Draft Final Pre-Design Characterization Technical Memorandum 
Atlas “D” Missile Site 4, Cheyenne, Wyoming 

 

 
Page 4-14 

1. To estimate the maximum hydraulic conductivity of the upper WRF at monitoring well cluster MW46 
by evaluating the propagation of drawdown between MW46M and MW46D.  In this case, no 
drawdown was observed in MW46D thereby allowing only calculation of a maximum possible 
hydraulic conductivity. 

2. To estimate the vertical hydraulic conductivity of the principal stratigraphic zone between MW47M 
and MW47S 

3. To estimate the vertical hydraulic conductivity of the Ogallala Aquifer between MW49M and 
MW49S, and  

4. To estimate the vertical hydraulic conductivity of the Ogallala Aquifer between MW50M and 
MW50S.   

The vertical distance between monitoring intervals was taken to be the distance between the top of one 
screen interval and the base of the other.  The specific storage of the aquifer materials was estimated to be 
1.0x10-6 feet-1, as calculated by the early-time Theis analyses presented in Section 4.4.3.  A summary of 
the ratio method calculations is presented in Table 4-6.  Figures showing the drawdowns in each well pair 
are provided in Appendix C. 

4.4.6.1 MW46M/MW46S 

Ratio method analyses were performed at ten and 30 minutes.  A vertical distance between observation 
wells of 20 feet was used in analysis.  The vertical hydraulic conductivity of the materials in this interval was 
estimated to range from 4x10-5 to 1x10-4 cm/s.  Relatively high vertical hydraulic conductivity is consistent 
with the drawdown contours depicted in Figure 4-3 illustrating that drawdown spread through this vertical 
interval in the first 100 minutes of the aquifer test. 

4.4.6.2 MW46M/MW46D 

At this location, well MW46D is screened approximately 40 feet below MW46M in the WRF.  No drawdown 
was discernible in MW46D during the aquifer test.  Assuming that drawdown occurred at the detection limit 
of 0.01 feet, then calculated directional hydraulic conductivity could be no greater than 7.7x10-8 cm/s as 
illustrated in Table 4-5.   

4.4.6.3 MW47M/MW47S 

Due to its atypical behavior of well MW47S, ratio method analyses were done at times of ten, 30, and 100 
minutes.  The vertical distance between the two well screens was taken to be ten feet.  As indicated in 
Table 4-5, the calculated vertical hydraulic conductivity of the materials between the two well screens varied 
from 3.16x10-7 to 1.12x10-6.  The mean value of these three measurements is 7x10-7 cm/s.   

4.4.6.4 MW49M/MW49S 

Ratio method analyses were conducted at times of four and ten minutes for these wells.  The vertical 
distance between the well screens was taken to be 25 feet.  As indicated in Table 4-5, each analysis 
indicated a vertical hydraulic conductivity of 6.35x10-5 cm/s. 
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Table 4-6.  Table Summary of Ratio Method Analyses 
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4.4.6.5 MW50M/MW50S 

Ratio method analyses were conducted at times of 30 and 100 minutes for these wells.  The distance 
between well screen intervals was taken to be 25 feet.  As indicated in Table 4-5, the calculated vertical 
hydraulic conductivity in the two analyses varied from 2.86x10-6 to 7.94x10-6 cm/s, with a mean of 5.4x10-6 
cm/sec. 

The geometric mean of the vertical hydraulic conductivity estimates of those well pairs in the Ogallala 
Aquifer (MW46M to MW46S, MW47M to MW47S, MW49M to MW49S, and MW50M to MW50S) is 1.1x10-5 
cm/s.  It is noteworthy that this value is very similar to the mean vertical hydraulic conductivity of the upper 
interval of the Ogallala Aquifer saturated zone of 5.0 x10-6 cm/sec calculated from the DeGlee Method.  The 
two values are within a factor of 2.2 of each other. 

 

4.5 SUMMARY OF CALCULATED AQUIFER TEST VALUES 

The aquifer parameters calculated from the aquifer test results are presented in Table 4-7. 

Table 4-7.  Summary of the EW-01 Aquifer Test Analyses 

Ogallala Aquifer Parameter Analytical Methodology Results 

Transmissivity 
Mean of Theis Method analysis of early-time 
drawdown data 

17,200 gpd/ft 

Transmissivity DeGlee Method 13,200 gpd/ft 

Mean Transmissivity Mean of Theis and DeGlee Methods 15,200 gpd/ft 

Storativity 
Mean of Theis Method analysis of early-time 
drawdown data 7.0x10-5 

Mean Hydraulic Conductivity 
Mean transmissivity of Ogallala aquifer divided by 
the early-time aquifer thickness of 70 feet 32.8 ft/day 

Specific Storage 
Storativity divided by the early-time aquifer 
thickness of 70 feet 1.0x10-6 ft-1 

Directional Hydraulic Conductivities 
within the Principal Hydrostratigraphic 
Zone 

Hsieh Cross-Hole Technique  31.8 to 121 ft/day 

Vertical Hydraulic Conductivity of the 
Upper Segment of the Ogallala 
Aquifer 

DeGlee Method 1.42x10-2 ft/day   
(5.0x10-6 cm/sec) 

Vertical Hydraulic Conductivity of the 
Upper Segment of the Ogallala 
Aquifer 

Neuman and Witherspoon Ratio Method  3.12x10-2 ft/day   
(1.10x10-5 cm/sec) 
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5 GROUNDWATER FLOW MODELING 

A three-dimensional, numerical, groundwater flow model was constructed and calibrated to simulate the 
hydrogeologic conditions in the vicinity of proposed intercept transect.  The objective of the groundwater 
flow modeling was to simulate groundwater behavior at the western margin of the Ogallala Aquifer at the 
location of the recently-constructed, north-south, transect of wells.  The model was constructed with the 
following objectives in mind (Versar and RMC, 2011): 

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

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

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

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

5.1 CONCEPTUAL MODEL 

A conceptual model of the hydrogeologic framework and groundwater flow distribution was developed prior 
to model construction.  This is an important step in the groundwater modeling process, since it allows the 
available data to be compiled and reviewed for consistency and forms the basis of the model development.  
The vertical model domain encompasses the Ogallala Formation and the upper part of the WRF.  
Investigative work in the Borie well field east of the transect area by JR Engineering (2007) categorized the 
Ogallala Aquifer as consisting of three aquifer units and two intervening aquitards.  The three aquifers were 
termed the Upper Ogallala Aquifer, the Middle Ogallala Aquifer, and the Lower Ogallala Aquifer.  The Lower 
Ogallala Aquifer directly overlies the WRF.  

In the western margin of the Ogallala Aquifer, near the intercept transect, much of the Ogallala Formation is 
unsaturated.  The principal aquifer zone pumped by extraction well EW-01 in the aquifer test is believed to 
correlate to the Lower Ogallala Aquifer described by JR Engineering further east in the Borie well field.  The 
Ogallala sediments lying above this principal aquifer zone in the transect area are believed to be generally 
correlative to the aquitard separating the lower and middle aquifer units of the Ogallala Aquifer observed in 
the Belvoir well field.  For the purposes of this modeling exercise, this aquitard unit, is referred to as the 
Lower Ogallala Aquitard.  In the intercept transect area, the Lower Ogallala Aquifer is saturated and the 
Lower Ogallala Aquitard is at least partially saturated.  The Middle Ogallala Aquifer and overlying sediments 
are unsaturated.  The Middle Ogallala Aquifer becomes partially saturated in the eastern portion of the 
model domain.  

The WRF behaves as an aquitard, although it possesses a modest horizontal hydraulic conductivity 
attributable to interbeds of more permeable sand and/or to more dominant jointing along bedding planes in 
some subunits within the formation. 
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Recharge to the aquifer is attributable to two mechanisms:  direct infiltration of precipitation and exfiltration 
from ephemeral streams passing over the Ogallala Aquifer.  Direct infiltration of precipitation has been 
estimated to be on the order of 1.25 inches per year (Nunn and Turner, 2009).  Exfiltration from streams is 
believed to be an important source of recharge to the Ogallala Aquifer (JR Engineering, 2007), although 
there is considerable uncertainty surrounding the magnitude, seasonality, and geographic distribution of 
this mechanism of recharge.  Much of the discharge of water from the aquifer is to water supply extraction 
wells downgradient of the transect area in and near the Borie well field. 

5.2 FLOW MODEL CONSTRUCTION 

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

5.2.1 Model Domain 

Figure 5-1 illustrates the model’s domain.  The model area dimensions are 16,000 by 27,000 feet, 
encompassing an area of 15.5 square miles.  The model domain was carefully selected with several 
objectives in mind: 

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

2. The northern and southern boundaries were selected to be generally parallel to groundwater flow 
paths and to be far enough from the transect area to minimize any boundary effects.  The eastern 
boundary was selected to allow space for simulation of different scenarios of treated groundwater 
reinjection and to minimize the extent to which water level rise associated with those reinjection 
scenarios reaches the eastern boundary. 

5.2.2 Discretization 

Finite-Difference Grid:  The model’s finite difference grid consists of 190 rows and 126 columns forming 
23,940 finite-difference cells per layer.  As shown in Figure 2 (Appendix D), the grid spacing is finest in the 
vicinity of the proposed extraction well transect to provide a more detailed simulation of groundwater flow 
and particle tracking in that area.  Cell sizes in this region are 62.5 feet in both the x and y directions.  The 
grid spacing is considerably coarser near the model boundaries which are of lesser concern and for which 
little data is available.  Maximum grid spacing is found at the corners of the domain and reaches 
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Figure 5-1.  Model Domain  
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a maximum extent of 250 by 250 feet.  Using a variable grid, such as this, improves the overall 
computational efficiency of the model without compromising its accuracy or predictive capability.   

Model Layers:  The vertical model domain is divided into four layers to represent the four principal 
hydrostratigraphic units as illustrated in Figure 2 (Appendix D).  Layers 1 through 3 represent the Ogallala 
Aquifer, specifically the Middle Ogallala Aquifer, the Lower Ogallala Aquitard, and the Lower Ogallala 
Aquifer, respectively.  Layer 4 represents the WRF.   

The structural contours of the top of the WRF (Layer 4) were based upon elevations of the top of the WRF 
observed in wells associated with Site 4 investigations and wells associated with the investigation of the 
Belvoir well field.  The estimated structural contours for the top of the WRF employed in the groundwater 
model are depicted in Figure 4 (Appendix D).  The elevation of the top of the lower Ogallala Aquifer was 
also taken from well logs from these two sources.  The structural contours for the top of the Lower Ogallala 
Aquifer employed in the groundwater modeling are shown in Figure 5 (Appendix D). 

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

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

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

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

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

Hydraulic Properties:  Initial hydraulic properties were assigned to each of the model layers and/or 
conductivity zones, based upon the results of the aquifer test and a review of available data that included 
prior literature and reasonable values typically reflected by the represented sediments.  Those values were 
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then adjusted as necessary during the calibration described in Section 5.3.  Table 5-1 summarizes the final 
model-calibrated horizontal and vertical conductivities of the previously-described layers and any 
conductivity zones within those layers.  The calibration to drawdown from the aquifer test indicated a slight 
areal anisotropy in the Lower Ogallala Aquifer of 1.75, with the maximum hydraulic conductivity oriented in 
an east-west direction.  Areal anisotropy in alluvial fan deposits such as the Ogallala Aquifer is not 
uncommon and is typically attributed to a propensity for channels of high energy alluvial deposits (i.e., 
coarse sands and gravels) to be oriented in the direction of maximum hydraulic conductivity (Kmax) 
(Quinones-Aponte, 1989). 

 

 

5.3 MODEL CALIBRATION AND SENSITIVITY ANALYSIS 

Calibration involves the adjustment of model input parameters within reasonable ranges in order to match 
specific field conditions within some acceptable limits.  The technical approach used for this project was to 
calibrate the model in parallel to two data sets: 

1. The steady-state hydraulic head data measured on September 21, 2011 

2. The drawdown measured at the conclusion of the aquifer test 

Ordinarily, the steady-state data would be used for model calibration and the drawdown data used for what 
is commonly called model "verification" or "validation", although it is well-recognized in the groundwater 
modeling community that each of these terms overstates the degree to which this process enhances model 
calibration.  Verification typically involves showing that the model can adequately predict water levels for a 
wholly different set of hydrogeologic stresses other than the steady-state conditions to which the model has 
been initially calibrated.  An example of a different set of hydrogeologic stresses would be a major aquifer 
test, such as the aquifer test conducted at this site using EW-01.  

However, in this case, under steady-state (i.e. non-pumping) conditions, it was suspected that the model 
calibration would be relatively insensitive to variations in aquifer hydraulic conductivity due to the placement 
of the constant head boundaries on the west and east sides of the model (the model produces a similar 
flow field across the model domain irrespective of aquifer hydraulic conductivity).  The flow of groundwater 
through the model layers is, of course, a direct function of the assigned hydraulic conductivities and is a 
critical factor in the ultimate predictive abilities of the model.  In contrast, calibration of the model to the 

Table 5-1.  Calibrated Hydraulic Conductivities 

Layer 
Hydrostratigraphic 

Unit 
Conductivity 

Zone 
Kx 

(ft/day) 
Ky 

(ft/day) 
Kz 

(ft/day) 

1 
Middle Ogallala 

Aquifer 
1 50 50 2.83 

2 
Lower Ogallala 

Aquitard 
4 1 1 0.002 

2 
Lower Ogallala 

Aquitard 
6 1 1 0.04 

3 
Lower Ogallala 

Aquifer 
2 29.1 16.63 1 

4 
White River 
Formation 

3 2 2 0.000283
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drawdowns observed in the aquifer test is quite sensitive to hydraulic conductivity.  Therefore, a model 
calibration was iteratively derived that could satisfactorily match both steady-state conditions and the 
drawdown in potentiometric levels caused by the aquifer test.  

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

5.3.1 Steady-State Calibration Targets 

Table 5-2 provides a summary of the wells used as calibration targets and the water level elevations 
measured in those wells.  Some judgment was used in selecting the wells used as calibration targets.  All of 
the Site 4 wells within the model domain that were monitored were used as calibration targets, except for 
MW48S. Well MW48S is apparently screened within low permeability material and/or a perched water zone 
and is unresponsive.  Two of the Borie wells, TH-3 and TH-5, were also omitted from the data set due to 
questions about the representativeness of the water levels measured in these wells.  Both wells have long 
wells screens that likely extend across multiple water-bearing zones, each of which likely has a different 
hydraulic head. The resultant hydraulic head in the well is therefore a blended hydraulic head based upon 
the hydraulic heads and transmissivities of each screened water-bearing zone.  TH-5 was omitted because 
it is adjacent to two other wells, BRO-1A and Belvoir No. 5, which both have similar hydraulic heads of 
6493.24 and 6492.60, respectively.  Well TH-5 exhibited a head of 6526.52--well above the heads in the 
two adjacent wells.  Well TH-3 also exhibited a head that was suspiciously above the hydraulic head in 
nearby wells screened solely in the Lower Ogallala Aquifer, suggesting that it may be unduly influenced by 
heads in other water-bearing zones within its long screened interval. 

Table 5-2.  Groundwater Elevations Used as Calibration Targets 

Well 
Date of Water Level 

Measurement 
Screened Unit 

(Layer) 
Groundwater Elevation 

(ft above MSL) 

BELVOIR NO. 5 9/19/2011 3 6492.6 

BORIE  NO. 1 9/20/2011 3 6478.47 

BRO-1A 10/5/2011 3 6493.24 

MW43 9/21/2011 3 6552.01 

MW44 9/21/2011 3 6572.32 

MW45 9/21/2011 3 6547.48 

MW-46S 9/21/2011 3 6556.55 

MW-46M 9/21/2011 3 6555.62 

MW-46D 9/21/2011 4 6552.99 

MW-47S 9/21/2011 3 6555.55 

MW-47M 9/21/2011 3 6555.83 

MW-47D 9/21/2011 3 6553.23 

MW-48M 9/21/2011 3 6554.02 

MW-48D 9/21/2011 3 6553.63 

MW-49S 9/21/2011 3 6550.45 
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Table 5-2.  (Continued) 

Well 
Date of Water Level 

Measurement 
Screened Unit 

(Layer) 
Groundwater Elevation 

(ft above MSL) 

MW-49M 9/21/2011 3 6551.09 

MW-49D 9/21/2011 3 6551.06 

MW-50S 9/21/2011 2 6546.85 

MW-50M 9/21/2011 3 6549.46 

MW-50D 9/21/2011 3 6557.19 

TH-4 9/19/2011 3 6553.01 

TH-6 9/19/2011 3 6513.75 

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

Predicted vs. Observed Potentiometric Surfaces:  Figure 5-2 illustrates observed versus model-
predicted potentiometric contours for the Lower Ogallala Aquifer (Layer 3).  As illustrated, the groundwater 
flow model reproduces the configuration of the measured potentiometric contours very well. 

5.3.2 Calibration to Aquifer Test Drawdowns 

Drawdown was monitored in 18 wells during the aquifer test of EW-01.  The drawdowns at the conclusion 
of the slightly longer than three day (4356 minutes) aquifer test were used as calibration targets.  
Conductivities were adjusted from the steady-state calibration, as necessary, to suitably match the 
observed drawdowns.  The steady-state calibration was then rerun to see the impact of the hydraulic 
conductivity changes on the steady-state calibration.  In this process, the specific storage calculated in the 
aquifer test was used and remain unchanged.  Table 5-3 gives the observed drawdowns, the model-
predicted drawdowns, the difference between the model-predicted and observed drawdowns, and the 
percent difference for each observation well.  Of note, is the absolute residual mean between observed and 
predicted drawdown is only 0.187 feet.  The model predicts the drawdown in most observation wells having 
greater than 1.0 feet of observed drawdown within 15 percent or less. 

Predicted vs. Observed Drawdown Contours:  Figure 5-3 illustrates observed versus model-predicted 
contours of drawdown at the conclusion of the aquifer test. In the case of well clusters, the Lower Ogallala 
Aquifer well screen with the maximum observed drawdown was used in Figure 5-11.  As illustrated, the 
groundwater flow model closely reproduces the configuration of the measured contours of drawdown. 
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Figure 5-2.  Model-predicted vs. Observed Groundwater Contours 
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Table 5-3.  Drawdown Measurements Used as Calibration Targets 

Well 

Observed 
Drawdown at 
Conclusion of 

Aquifer Test (ft) 

Model-
Predicted 
Drawdown 

(ft) 

Differential 
Between 

Predicted and 
Observed (ft) 

Percent 
Differential 

MW43 0.38 0.448 0.068 17.89% 

MW44 0.28 0.145 -0.135 -48.21% 

MW45 0.96 0.864 -0.096 -10.00% 

MW-46S 1.04 0.966 -0.074 -7.12% 

MW-46M 1.08 0.966 -0.114 -10.56% 

MW-46D ND 0.014 0.014 NC 

MW-47S 1.98 2.228 0.248 12.53% 

MW-47M 1.78 2.228 0.448 25.17% 

MW-47D 1.95 2.228 0.278 14.26% 

MW-48M 3.72 3.983 0.263 7.07% 

MW-48D 3.69 3.983 0.293 7.94% 

MW-49S 0.58 0.871 0.291 50.17% 

MW-49M 0.63 0.871 0.241 38.25% 

MW-49D 0.64 0.871 0.231 36.09% 

MW-50S 0.1 0.001 -0.099 -99.00% 

MW-50M 0.29 0.266 -0.024 -8.28% 

MW-50D ND 0.266 0.266 NC 

Absolute Residual Mean 0.187  
ND= Non Detected  
NC= Not Calculated 
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Figure 5-3 
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5.3.3 Sensitivity Analyses 

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

Steady-State Sensitivity Analysis:  Figures12 and 13 (Appendix D) provide a summary of the input 
parameters and the resulting NRMS errors in the steady-state sensitivity analysis.   

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

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

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

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

Kx and Ky of the White River Formation: The model calibration was not sensitive to changes in 
the horizontal hydraulic conductivity of the WRF, as illustrated in Figure 13(a), Appendix D. 

Recharge-Zone 1(Direct Infiltration of Precipitation): The model calibration is quite sensitive to 
both increases and decreases of areal recharge, as illustrated in Figure 13(b), Appendix D.  

Recharge-Zone 2(Localized Stream Exfiltration): The model calibration is fairly sensitive to the 
localized exfiltration recharge, as illustrated in Figure 13(c), Appendix D.  

Drawdown Sensitivity Analysis:  The drawdown sensitivity analysis was conducted by altering the Kx of 
the Lower Ogallala Aquifer, while maintaining the areal anisotropy of the aquifer at 1.75.  In so doing, a 
change in Kx produces a proportional change in Ky to maintain the areal anisotropy at 1.75.  As with the 
steady-state sensitivity analysis, four values were tested; two above and two below the base case value at 
regular intervals.  The impact of the changes were quantitatively evaluated by determining the absolute 
residual mean (ARM) of the differences between observed and predicted drawdowns in each scenario. 



Draft Final Pre-Design Characterization Technical Memorandum 
Atlas “D” Missile Site 4, Cheyenne, Wyoming 

 

 
Page 5-12 

The results of this analysis are illustrated graphically in Figure 14 (Appendix D).  As expected, drawdown in 
the aquifer is very sensitive to changes in the hydraulic conductivity of the aquifer, particularly if the 
hydraulic conductivity is lowered.  The impact on predicted contours of drawdown is even more telling, as 
illustrated in Figure 15 (Appendix D).  The base case comparison of observed versus predicted drawdowns, 
presented earlier as Figure 11 (Appendix D), is shown in the upper left corner of the figure as Figure 15(a) 
(Appendix D).  Increases in hydraulic conductivity by factors as little as 1.5 or 2.0, as illustrated in Figures 
15(b) and (c) (Appendix D), respectively, produce significantly less drawdown and smaller cones of 
influence.  In contrast, decreases in hydraulic conductivity by factors as little as 0.5 or 0.25, as illustrated in 
Figures 15(d) and (e) (Appendix D), respectively, produce substantially greater drawdown and larger cones 
of influence. 

5.4 PREDICTIVE RUNS 

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

 Scenario 1 – Five wells, spaced 700-1000 feet apart, each pumping at 50 gpm 

 Scenario 2 – Five wells, spaced 700-1000 feet apart, each pumping at 60 gpm 

 Scenario 3 – Five wells, spaced 700-1000 feet apart, each pumping at 70 gpm 

In each case, the combined flow of the extraction wells (after treatment) was modeled using a scenario of 
equal rates into three injection wells located downgradient of the line of extraction wells.  

Scenario 1:  In Scenario 1, the groundwater extraction system consists of five extraction wells oriented in a 
generally north-south transect.  The five wells include existing extraction well EW-01, two wells to the north 
and two wells to the south that are termed EW-02 through EW-05.  These wells are spaced approximately 
700-1000 feet apart as illustrated in Figure 5-16.  The combined flow of these wells is injected into three 
injection wells also located along a generally north-south transect downgradient (east) of the extraction 
wells.  In Scenario 1, the five extraction wells are each pumping at 50 gallons per minute (gpm) producing a 
combined flow of 250 gpm.  Each of the injection wells is injecting treated groundwater at a rate of 
83.3 gpm, thus injecting a combined flow rate of 250 gpm. 

Figure 5-4 shows the model-predicted potentiometric contours and a series of path lines from a north -
south oriented line of 100 particles placed in the Lower Ogallala Aquifer (Layer 3).  The path lines were 
modeled using the MODPATH program incorporated within Visual MODFLOW.  The figure shows that 
Scenario 1 fails to achieve full capture as a large number of path lines bypass the extraction wells and 
migrate downgradient.   

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

.  
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Figure 5-4.  Model-predicted vs. Observed Drawdown Contours  

at Conclusion of Aquifer Test 
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The Figure 5-5 presents the results of the modeling of Scenario 2.  The model-predicted potentiometric 
contours are illustrated, as well as a series of path lines from a north -south oriented line of 100 particles 
placed in the Lower Ogallala Aquifer (Layer 3).  The figure shows that Scenario 2, while achieving a greater 
degree of capture, also fails to achieve full capture as a number of path lines, albeit fewer than in Scenario 
1, escape between the extraction wells and migrate downgradient.   

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

The Figure 5-6 presents the results of the modeling of Scenario 3.  The model-predicted potentiometric 
contours are illustrated, as well as a series of path lines from a line of 100 particles placed in the Lower 
Ogallala Aquifer (Layer 3).  The figure shows that Scenario 3 achieves full capture as no flow paths pass 
between the extraction wells.  The composite zone of capture is delineated in red.  The approximate extent 
of the TCE plume is outlined in green.  Figure 5-18 illustrates that the model-predicted, composite, capture 
zone created by the five extraction wells is wider than the estimated width of the plume in the vicinity of the 
extraction well transect. 

The five extraction wells and three injection wells simulated in the model represent a minimum number of 
wells necessary to extract and re-introduce treated water.  It is assumed the system would include 
additional injection wells operating, in case of pump failure/well breakdown.  Additional modeling will be 
necessary during the system design phase to simulate the effect of more extraction and/or injection wells. 

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

Increased extraction from the Borie well field would likely manifest itself as steeper regional hydraulic 
gradients in the aquifer in the area of the well transect.  Since the width of a zone of capture is inversely 
proportional to the aquifer hydraulic gradient, it can be expected that steeper gradients would begin to 
degrade the continuity or width of the composite capture zone created by the five extraction wells. This 
tendency was modeled by lowering the constant head cells by a uniform ten feet on the eastern boundary 
of the model in both layers 3 and 4 (the Lower Ogallala Aquifer and the WRF).  The mass water balance for 
the base case model and the case of 10 feet of drawdown along the eastern edge of the domain was within 
0.02%.  The results of this permutation to Scenario 3 is illustrated in Figure 19 (Appendix D).  Not 
unexpectedly, the composite capture zone has begun to break apart between the southern three wells 
allowing two flow paths to escape downgradient. 

The remedy for such an occurrence is to proportionately increase the pumping rates of the extraction wells. 
In this instance, the pumping rate of the five extraction wells was increased from 70 gpm to 75 gpm, 
thereby producing a total flow of 375 gpm.  The injection wells were proportionately increased to 125 gpm 
each.  The result was reconstitution of the composite capture zone, as illustrated in Figure 20 (Appendix D).  
In the case of the base case model, 4.86 mgd crosses the eastern boundary of the model and enters the 
Borie well field. With the eastern constant head cells lowered ten feet along the eastern side of the model, 
the flow across that western boundary into the Borie well field increases to 5.16 mgd. 

In practice, it will be necessary to monitor gradients in the aquifer and the performance of the extraction 
well system and be prepared to adjust flow rates up (or down) in response to ambient conditions.  Also, it is 
recommended that that at least five injection wells be included in an intercept transect pump-and-treat 
design to allow for the possibilities of injection well downtime (for maintenance or repair) or additional 
injection volume.   
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Figure 5-5.  Scenario 2 
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Figure 5-6.  Scenario 3 
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6 WATER INFILTRATION TEST PROCEDURE 

A water infiltration study was performed in the area near the extraction well EW-01, adjacent to the 
intercept transect.  The study was comprised of four main tasks performed during the July–December 2011 
period:  

 Pre-Field Work-Permitting and Procurement  

 Preliminary Permeability Evaluation  

 Field Scale Infiltration Test  

 Data Analysis and Interpretation  

The following subsections summarize the methods and results of each task.   

6.1 PRE-FIELD WORK-PERMITTING  ANDPROCUREMENT  

The pre-field work task involved addressing the permitting requirements of the WDEQ, Water Quality 
Division to secure a Class V Underground Injection Control permit (Permit-by-Rule Class 5B5 – UIC Facility 
WYS-021-00100 issued by WDEQ August 5, 2011) and procuring and mobilizing the materials and 
equipment needed to implement the field activities.  

6.2 PRELIMINARY PERMEABILITY EVALUATION  

The water infiltration study was conducted in phases, beginning with an initial permeability evaluation to 
determine if the shallow soils exhibited adequate permeability (or hydraulic conductivity) to drain the 
anticipated full-scale flow from a future treatment system without requiring too large an area for installation 
of the galleries.  In accordance with the UFP-QAPP (Versar/RMC, 2011a), a standard percolation test (Perc 
Test) procedure used by Laramie County to determine the saturated hydraulic conductivity of shallow soils 
was used for this task.   

6.2.1 Test Grids  

The Perc Test was implemented in three separate plots, each covering approximately 900 square feet 
located near extraction well EW-01 and the water storage tanks.  Figure 6-1 depicts the location of the 
three test plots in relation to the extraction well.  The plots are identified as Grids A, B, and C.  Based on 
measurements obtained in the field with a handheld GPS unit, the center of Grid A is located approximately 
84 feet due east of the extraction well, the center of Grid B is located approximately 234 feet northeast of 
the extraction well, and the center of Grid C is located approximately 347 feet east-southeast of the 
extraction well (see Figure 6-1).   

Five test holes or borings were installed within each grid and numbered 1–5; with 1 being the northwest 
location, 2 being the northeast location, 3 being the central location, 4 being the southwest location, and 5 
being the southeast location.  Thus, each boring had a unique identifier.  A1 for example, refers to the 
northwest boring in Grid A.  Figure 6-2 illustrates the percolation test hole layout and numbering scheme.  A 
measuring tape was used to layout each grid in an approximate 30 feet by 30 feet square.  Each corner 
boring was located approximately 10.5 feet from both the central location and its corresponding grid corner.  
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Figure 6-1 
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Figure 6-2 
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Initially, field personnel tried to install the Perc Test borings on September 12, 2011, using a hand-held 
power auger.  Two borings were attempted in Grids A and C and one in Grid B.  The presence of a hardpan 
caliche layer resulted in auger refusal at depths ranging from approximately 0.5 to 2.5 feet bgs (see 
Photographs 1 and 2 in Appendix A-5f).  

On September 13, 2011, a skid steer was delivered to the site for use by the well drilling operations.  The 
skid steer and its auger attachment were used to advance the boreholes within each grid.  In Grids A and 
C, the auger was able to reach depths ranging from 4.2 feet to 5.7 feet bgs with the greater depths more 
easily achieved in Grid C.  Subsurface conditions in Grid B were found to be much rockier and 
subsequently, the borings did not extend past 3 to 3.5 feet bgs.  The diameter of the boreholes was 
approximately 11 inches.  

The soil cuttings from the boreholes were described as follows:  

 Grid A:  Silty sand with some subangular gravel ranging from two millimeters to three centimeters 
in size, pale yellowish brown, very fine- to medium-grained, subangular, moderately sorted, non-
plastic and dry.   

 Grid B:  Silty sand and cobbles with trace gravel, pale yellowish brown, very fine- to fine-grained, 
subangular to subround, moderately sorted, non-plastic and dry.  The gravel is angular to 
subangular and up to one centimeter in size.  The cobbles are angular to subangular and up to four 
inches in diameter.   

 Grid C:  Silty sand with trace subangular gravel up to one centimeter in size, dark yellowish brown, 
very fine- to medium-grained, subangular to subround well sorted, non-plastic and dry.  

A hand-operated posthole digging tool was used to remove the loose soil left in the boring by the auger. 
Once the loose material was removed to the extent possible, a sharp-pointed gardening tool was used to 
make vertical gouges from the base of the borehole to the surface along the sidewalls and another attempt 
to remove any loose material was conducted.  Three to four inches of pea gravel was then placed at the 
bottom of each borehole to prevent scouring and inhibit sealing of the borehole base by fine grained 
material.  

6.2.2 Percolation Testing  

Following hole preparation, each boring was saturated by gravity draining clean water from a 250-gallon 
tank through a 5/8-inch garden hose (Photograph 3, Appendix A-5f).  The approximate flow rate introduced 
into the borings was 1.5 gallons per minute.  The target for saturating the borings was to introduce water 
until there was 12 inches of standing water in the hole above the infilled base of the hole (i.e., above the 
pea gravel).  In general, this required approximately ten gallons of water per borehole.  

Following initial saturation of all 15 boreholes, a ten-minute infiltration test was performed on the boreholes 
in Grids A and C.  This process was completed by again filling the holes with water to a point 12 inches 
above the measured total depth.  Water-level drop was then gauged and recorded over a ten-minute 
period.  An electronic-sounding water level indicator with a fiberglass tape graduated in one-hundredths of 
a foot was used to collect water measurements.  

The remainder of the day was spent establishing constant-rate infiltration in all of the boreholes in Grid C 
and in boreholes A1 and A2 in Grid A.  This was achieved by filling the holes with six inches of standing 
water above the measured total depth of the boing, and measuring the corresponding drop in water level 
after five minutes.  Water was then added to re-establish the six inches of head and a measurement was 
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obtained after another five minute period.  This procedure was repeated until the infiltration reached a 
constant rate, which was typically after about 15 minutes.  

The constant-rate infiltration tests were completed on the remaining Grid A boreholes on September 14, 
2011.  Ten-minute tests and constant-rate infiltration tests were also conducted on the boreholes in Grid B. 
The one anomaly encountered in Grid B involved borehole B4.  After filling the borehole with approximately 
ten inches of water, the water level dropped abruptly and began draining almost as fast as the water could 
be introduced.  It was later determined that the source of the rapid release was a void that opened up on 
the south side of the borehole wall located at approximately 1.6 feet bgs.  The void extended at least 
12 inches horizontally.  

The total volume of water used for the percolation testing was approximately 300 to 350 gallons.  In 
accordance with the testing procedures outlined in the QAPP, test plots (grids) that exhibited a percolation 
rate of less than 20 minutes per inch would be considered potentially suitable for use at full scale and could 
therefore be used in a subsequent Field Scale Infiltration Test.  

6.3 FIELD SCALE INFILTRATION TEST  

Once it was determined that the percolation rates obtained from the Perc Test exceeded the threshold 
value of 20 minutes per inch, the field-scale test was implemented.  

6.3.1 Trench Construction  

Test infiltration trenches were constructed on September 26–27, 2011, in the two test plots determined to 
exhibit the lowest saturated hydraulic conductivity of the three grids (i.e., Grids A and B).  Additionally, the 
trenches were installed to encompass the two slowest percolation test hole locations within the test plots or 
grids.  Trench A was installed in a north-south direction and encompassed former boreholes A2 and A5, 
which exhibited average infiltration rates of 0.25 and 0.21 inches per minute, respectively.  Trench B was 
installed in a southwest-northeast direction and encompassed former boreholes B3 and B4 which exhibited 
average infiltration rates of 0.10 and 0.06 inches per minute, respectively.  The trenches were designed to 
be constructed to the following dimensions: approximately three feet wide, six feet deep, and 20 feet long 
(see Figure 6-3).  Actual field construction resulted in the trenches being approximately two feet wide.  
Trench A was dug to a depth ranging from 7.0 feet at the northern end to 7.6 feet at the southern end. 
Trench B was dug to a depth ranging from 6.6 feet at the southwestern end to 6.7 feet at the northeastern 
end.  Also, because the trench design required a 20-foot lateral discharge pipe at the base of the trench, 
actual trench lengths were approximately 23 to 24 feet to accommodate installation of the lateral pipe.  
Photograph 4 in Appendix A-5f shows Trench B following excavation but prior to the installation of any 
materials.  

Excavated material from Trench A consisted of dark brown soil to an approximate depth of 1.0 to 1.5 feet 
below grade, followed by a hardpan layer extending to a depth of approximately three feet.  Below three 
feet, soil was described as sand with trace amounts of sub-rounded gravel ranging from five millimeters to 
one centimeter in size, dark yellowish brown, very fine to coarse grained, sub-angular, moderately sorted, 
non-plastic and moist.  Excavated material from Trench B consisted of soft, brown soil to an approximate 
depth of 0.5 to 1.0 feet below grade, followed by a hard caliche layer extending to a depth of approximately 
3 feet.  Below three feet, soil was described as sand and gravel with some silt. The sand was pale 
yellowish brown, very fine to very coarse grained, and sub-angular to sub-round.  The gravel was 
2 millimeters to 2.5 centimeters in size and sub-angular.  The material was very poorly sorted, non-plastic 
and dry. 
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Figure 6-3 
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Following excavation, 1-inch PVC piezometers were placed close to either end of the trench and held 
vertically in place with dimensional lumber spanning the width of the trench while backfill material was 
placed (Photograph 7, Appendix A-5f).  Prior to installation, 15, 9/32-inch holes were drilled in an alternating 
pattern from the base of the piezometer to a height of 3.5 feet above the base (Photograph 5, Appendix A-
5f).  The alternating holes were placed on opposite sides of the pipe with each hole being located 
approximately three inches from the adjoining ones.  After the perforations were drilled into the 
piezometers, each one was wrapped in a geotextile fabric extending from 0.8 feet from the base to 4 feet 
above the base of the piezometer to prevent infiltration of fine grained material into the piezometers 
(Photograph 6, Appendix A-5f).   

Following placement of the piezometers, approximately six inches of 1/2-inch to 1-inch of clean, washed 
sub-round rock was placed in the base of the trench.  A 20-foot lateral section of 2-inch PVC pipe was 
placed on top of the rock adjacent to the piezometers.  The lateral pipe was perforated by drilling 78, 
7/16-inch holes in a zig-zag pattern so that the bottom one-third of the pipe circumference was perforated 
(Photograph 5, Appendix A-5f).  This resulted in a perforation approximately every three inches along the 
20-foot lateral.  At one end of the lateral, an elbow joint was attached as was a 2-inch PVC riser pipe to 
bring the piping above grade and to serve as an intake point for water to the trench.  The piezometer 
closest to the intake point was designated as Piezometer 1 (for example, Piezometer A1 for Trench A) and 
the distal one was designated Piezometer 2 for each trench.   

After placement of the 2-inch PVC lateral and vertical pipes, backfill with clean rock continued until the 
lateral section was covered by approximately two inches of rock.  A geotextile fabric was placed over the 
rock to help prevent infiltration of fine grained material to the bottom of the trench.  Excavated soil was then 
utilized to backfill the trench.  Minimal compaction of the backfilled soil was accomplished by hand tamping 
and rolling over the area with the backhoe tires.  Each trench was constructed in the same manner.  
Corresponding latitude and longitude coordinates for the riser pipe (the water intake point for the trench) at 
each trench were obtained with a handheld GPS unit.  

6.3.2 Infiltration Testing  

On October 3, 2011, infiltration tests on the recently constructed trenches began.  A piping manifold with 
control valves and flowmeters was constructed onsite to accommodate and regulate flow to each trench 
(Photograph 8, Appendix A-5f).  Sections of flexible, 2-inch hose were used to convey water from the output 
of the GAC unit to the manifold and to connect the manifold to the intake of each trench.  There were two 
frac tanks onsite; one was initially filled with treated water and the other with untreated water directly from 
the extraction well.  The frac tanks were connected by a manifold, but with individual control valves so that 
they could be filled or drained singularly or in tandem.  Table 6-1 summarizes the targeted flow rates and 
durations as established in the QAPP for the infiltration testing.  

Table 6-1.  Infiltration Study Flow-Rate Test Schedule 

Test Condition  Flow Rate (gpm)  Duration/Volumes* 

Startup 15 1 hour (1,800 gallons) 

Test 1 30 24 hours (86,400 gallons) 

Test 2 38 24 hours (109,440 gallons) 

Test 3 50 12 hours (72,000 gallons) 

* Volumes are based on the use of the stated flow rates applied simultaneously to two infiltration galleries 
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15 gpm test:  Initially, a flow rate of 15 gpm was introduced into each trench for a period of one hour.  Both 
trenches readily accepted the 15 gpm flow rate, which essentially served to fully saturate the subsurface 
area of each trench.  The flow for this startup phase of the infiltration test was supplied by the pump 
associated with the trailer-mounted GAC unit.  Groundwater was pumped from the extraction well into the 
GAC system and then to the piping manifold where it was subsequently directed to each trench.  

30 gpm test: The next phase of the infiltration study specified a flow rate of 30 gpm to each trench for a 
24-hour period.  It was discovered that the GAC unit pump by itself could only supply approximately 22 to 
25 gpm to each trench simultaneously.  As a result, flow was temporarily stopped to devise a solution.  After 
multiple attempts to achieve the 30 gpm flow rate to each trench, two options were devised:  test each 
trench separately or begin the test with two full frac tanks of treated water and use a gasoline-powered 
pump to supply the flow from the frac tanks to the piping manifold.  It was determined that the latter option 
would be better; therefore, the remainder of October 4 and early October 5, 2011 were spent filling both 
frac tanks with treated water.   

On October 5, 2011, the 30 gpm infiltration test was recommenced.  At just over 1.5 hours into the test, 
slumping was noted at the southern end of Trench A and moisture was observed approximately 0.5 feet 
below grade in piezometer A2 (Photographs 11 and 12, Appendix A-5f).  Water level measurements in the 
piezometers were roughly 0.5 feet higher than what was being observed in the trench soils. The higher 
elevation head observed in the piezometers is presumably caused by the sharp permeability contrast 
between the trench gravel and the surrounding compacted native material.  Flow to Trench A was 
terminated 5.15 hours into the test due to water surfacing adjacent to piezometer A1 (Photograph 15, 
Appendix A-5f).  Approximately 9,273 gallons of water was pumped into Trench A during the 30 gpm test.   

For Trench B, minor surface subsidence was noted around piezometer B2 and the northeastern end of 
Trench B at 22.5 hours into the test (Photograph 17, Appendix A-5f).  The 30 gpm test for Trench B was 
shut down after 24 hours of pumping.  Approximately 41,503 gallons of water was introduced into Trench B 
during the test.  

38 gpm test:  The 38 gpm test was initiated mid-afternoon on October 6, 2011.  Between completion of the 
30 gpm test and beginning of the 38 gpm test, the frac tanks were filled to ensure ample water prior to 
testing.  Twenty-four minutes (and approximately 849 gallons) into the test, flow to Trench A was stopped 
because the potentiometric head was already above ground surface in the piezometers.  Flow to Trench B 
was halted 9.9 hours into the test after noting increasing moisture on the surface and visible surface 
subsidence at the northeastern end of the trench.  Approximately 23,050 gallons of water was pumped into 
Trench B during the 38 gpm test.  

50 gpm test:  On the morning of October 7, 2011, water was added to the frac tanks for a couple of hours 
to accommodate the 50 gpm test.  Unlike the previous test stages, the 50 gpm test was performed on one 
trench at a time.  Trench A testing was terminated after 16 minutes and the introduction of roughly 
775 gallons of water.  Trench B testing at the 50 gpm rate was conducted for 4.48 hours until the ground 
surface around piezometer B2 became very saturated and spongy (Photographs 21 and 22, Appendix A-
5f). Roughly 11,268 gallons of water was added to the trench during this test phase.  Table 6-2 summarizes 
the planned versus actual test durations and introduced water volumes for the testing.  Field personnel dug 
a 22-inch deep posthole in the drainage bottom to the northeast of Trench B during the 50 gpm test to 
assess whether introduced water could be observed close to the surface in this low-lying area.  No water or 
excess moisture was noted in the posthole.  
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Upon completing the water infiltration testing, the piezometers and trench intake pipes were cut and capped 
approximately one foot below grade, and the area was backfilled and graded. Photographs 19 and 20 in 
Appendix A-5f show the Trench A site following the removal of above grade PVC piping, and Photograph 23 
in Appendix A-5f shows the Trench B site after abandonment.  

 

6.4 DATA ANALYSIS AND INTERPRETATION  

This section presents the data collected during the water infiltration study and provides analysis and 
interpretation.  

6.4.1 Percolation Testing  

Percolation rates for each of the three test grids were calculated and compared to the threshold percolation 
rate (less than 20 minutes per inch) considered adequate to support a full infiltration gallery concept.  Table 
6-3 provides the field data collected during the percolation testing.  The results of the 10-minute test as well 
as the constant-head test are presented.  For the constant-head test, the change in water level in the 
respective borehole was measured every five minutes until it was deemed that the water infiltration rate 
was steady.  Following each measurement, water was added until the initial water level was once again 
achieved.  For each borehole within a particular grid, the average infiltration rate was calculated and the 
values for the five boreholes averaged to establish an overall infiltration rate value for the entire grid.  The 
resulting infiltration rates were calculated to be 0.40, 0.17, and 0.44 inches per minute for Grids A, B, and 
C, respectively.  Compared to the threshold percolation rate and units of measure, the infiltration rates for 
Grids A, B, and C are 2.5, 5.9, and 2.3 minutes per inch—all considerably less than the 20 minutes per inch 
target.  

Table 6-2  

Planned Versus Actual Test Durations and Volumes 

 
Planned 

Test 
Condition 

 
Planned 

Flow Rate 
(gpm) 

Planned Duration/ 
Per Trench Volume 

(hours/gallons) 

 
Actual Trench A 

Test Results 
(hours/gallons/gpm)

 
Actual Trench B 

Test Results 
(hours/gallons/gpm)

Startup  15  1/900 1/976/16.3 1/1,012/16.9

Test 1  30  24/43,200 5.15/9,273/30 24/41,503/28.8

Test 2  38  24/54,720 0.4/849/35.4 9.9/23,050/38.7

Test 3  50  12/36,000 0.27/775/48.4 4.48/11,268/42
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Table 6-3.  Percolation Test Data 
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6.4.2 Infiltration Trench Testing  

Trench A exhibited a lower hydraulic conductivity than Trench B.  As shown in Table 6-2, the planned 
durations for Tests 1, 2 and 3 for Trench A were cut short because the fluid level in the trench (as measured 
in the piezometers) was equal to or higher than the ground surface.  Tests 2 and 3 for Trench B were cut 
short for the same reason.  Based on the approximate footprint dimension of each trench of 48 square feet 
(2 feet by 24 feet), a sustained surface loading rate (SLR) was calculated for potential use in designing a 
full scale infiltration trench drain system.  The sustained SLR is defined as the rate at which the water was 
observed to infiltrate over a given trench bottom area in units of gallons per minute (gpm) per square foot 
(ft2) of trench bottom.  For Trench A, the SLR was 0.34 gpm/ft2 (based on 16.3 gpm) and for Trench B was 
0.60 gpm/ft2 (based on 28.8 gpm).  

Since Trench A and Trench B were installed in the two plots exhibiting the lower percolation rates of the 
three tested, results for Trench A are considered a conservative estimate of the overall SLR for site soils.  
The SLR value can be used as a basis for designing infiltration galleries as one option for accommodating 
treated groundwater if an intercept system is carried forward for this site.   
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7 SOIL VAPOR EXTRACTION PILOT TEST  

A long-term SVE test was performed at the missile site to obtain additional data regarding vadose zone 
contaminant removal options.  Work was completed in accordance the September 24, 2010 (USACE) 
Statement of Objectives for the Pre-Design Characterization, and the UFP-QAPP (Versar/RMC, 2011a).  
The SVE pilot test was performed in the area near former Launch and Service Building 2 from July–
December 2011, and consisted of six principal tasks: 

 Install New Vacuum Monitoring Point B2PC03 

 SVE Test Preparation  

 SVE Startup and PneuLog® Testing 

 Initial 30-Day Extraction and 14-Day Rebound Testing 

 Final PneuLog®, 30-Day Extraction, and 14-Day Rebound Testing 

 Data Analysis and Interpretation 

The following subsections summarize the methods used to complete all tasks and the corresponding 
results obtained for each.   

7.1 INSTALL NEW VACUUM MONITORING POINT 

Figures 3-3 and 7-1 illustrate the former missile site and the general area of the SVE pilot test near Building 
2, respectively, including the location of the test extraction well and the pressure/vacuum monitoring points.  
The wells used for the test include the extraction well (identified as B2SVE01), and pressure/vacuum 
monitoring (observation) cluster wells identified as B2PC01, B2PC02, and B2PC03.  Well B2SVE01 and 
observation cluster wells B2PC01 and B2PC02 were installed in 2008 as part of a 72-hour SVE pilot test 
performed at that time (RMC, 2009b).  An additional observation cluster well (B2PC03) was installed as 
part of the pre-design activities to evaluate the effect of the adjacent flame pit on subsurface vacuum 
distribution and to evaluate the vacuum distribution to the north of the extraction well, which had not been 
determined during the 2008 SVE test.  As noted in Section 3.4, observation cluster well B2PC03 was 
constructed in a similar manner to observation well clusters B2PC01 and B2PC02.  

Extraction well B2SVE01 and observation cluster wells B2PC01 and 02 were constructed in 2008 by drilling 
each boring to just above the anticipated groundwater surface (i.e., 70 feet bgs) and completing the 
observation well clusters within the unsaturated zone of the Ogallala Formation.  Extraction well B2SVE01 
was constructed of 4-inch diameter Schedule 40 PVC riser and 30 feet of 0.020-inch (20 slot) conventional 
slotted PVC screen.  The observation cluster wells were installed to assess the SVE well vacuum radius of 
influence and monitor vacuum at multiple depths.  Each cluster consists of nested (i.e., installed within the 
same borehole) two-inch PVC wells screened at three different depth intervals (i.e., shallow, middle, and 
deep).  The observation well clusters were constructed similar to the extraction well, with the following 
exceptions discussed below. 

Each observation cluster consists of three observation ports completed within the unsaturated zone of the 
Ogallala Formation.  Each port is constructed with two-inch diameter Schedule 40 PVC riser and five feet of 
Schedule 40 PVC slotted screen.  Screened intervals in each cluster well generally correspond to a shallow 
zone immediately below the bottom of the flame pit from approximately 30 to 35 feet bgs, an intermediate 
depth zone approximately 45 to 50 feet bgs, and a deep interval from approximately 65 to 70 feet bgs.  The 
deep interval is positioned just above the contact between the Ogallala and White River Formations. 
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Figure 7-1



Draft Final Pre-Design Characterization Technical Memorandum 
Atlas “D” Missile Site 4, Cheyenne, Wyoming 

 

7-3 
 

The annular space between the screen sections and the borehole wall for each screened interval was 
backfilled with clean, washed, well-rounded silica sand that extends approximately one-foot below and one-
foot above each screen interval.  An annular seal consisting of a 3–5-foot-thick layer of hydrated bentonite 
chips was placed above each sand pack interval.  A PVC well cap was installed at the bottom of each PVC 
monitoring port.   

At the surface, each 2-inch PVC port has a compression fitting to seal it during non-use periods.  Each 
observation port is labeled at the surface designating its depth interval. The annular space above the 
uppermost seal/screened section was backfilled with bentonite slurry. 

Observation cluster well B2PC03, completed August 12, 2011, is constructed similar to the other two 
observation well clusters at the Building 2 area.  The SVE and observation cluster well construction 
diagrams are provided in Appendix A-3. 

7.2 SVE TEST PREPARATION 

Test preparation consisted of preparing test work plans, procuring the required equipment, mobilizing 
equipment to the test site, and conducting basic startup procedures to ensure that the equipment was 
functioning properly.  The SVE trailer floor plan and the process flow diagram are illustrated in Appendix E.  
Photographs of the equipment as setup at the test site are shown in Appendix A-5.   

The 4-inch diameter SVE extraction well, B2SVE01, was connected to the SVE trailer with 2-inch diameter 
flexible (Spiralite™) PVC suction hose with a flexible reducer coupling (4-inch to 2-inch Fernco).  Power 
was provided to the equipment by a diesel-powered electrical generator.  Vacuum was produced by a 7.5 
horsepower positive displacement blower (Sutorbilt®, Model 4L-LegendP).  A direct-reading venturi-style 
flowmeter installed on the suction end of the blower was used to measure air flow in units of standard cubic 
feet per minute.  A sample collection valve (SP1) located upstream of the moisture separator and blower, 
was the point where all influent vapor samples were collected (see Appendix E for vapor sampling 
locations).  All influent vapor samples were analyzed by EPA Method TO-15.   

Test preparation complete when the suction line to extraction well B2SVE01 was connected to the inlet 
fitting of the SVE equipment trailer, the electrical generator was connected and producing the required 
voltage and phase, and the SVE blower motor started to test the proper motor direction.  These activities 
were completed during the last week of August and first week of September 2011. 

7.3 SVE STARTUP AND PNEULOG® TESTING  

Consistent with the work tasks outlined in the QAPP, the SVE pilot test was conducted over a 90-day period 
consisting of the following iterative steps: 

 Startup and PneuLog® testing 

 An initial 30-day continuous SVE operating period 

 15-day shutdown and rebound period, followed by a second PneuLog® test  

 A second 30-day continuous operating period 

 A second 15-day shutdown and rebound period.  
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7.3.1 PneuLog® Test Procedures 

Praxis Environmental Technologies, Inc. (Praxis) has developed a pneumatic well logging process known 
as PneuLog® for both vadose zone characterization and remedial design.  PneuLog® is performed by 
simultaneously measuring the cumulative air flow and contaminant vapor concentrations along the depth of 
an extraction well screen during active SVE.  To obtain these measurements, a flow sensor is moved 
through the well during vapor extraction while soil gas samples are collected and analyzed continuously. 

The purpose of the PneuLog® evaluation at Building 2 was to characterize subsurface flow conditions and 
contaminant vapor concentrations in the SVE extraction well and the three associated observation cluster 
wells.  The primary contaminant of concern at the site is TCE.  PneuLog® testing was performed at various 
times in extraction well B2SVE01.  The Standard Operating Procedure (SOP) for profiling wells with 
PneuLog® is provided in Appendix E.  This procedure was followed in the field without exception.  After the 
PneuLog® equipment was placed in the well, continuous flow and total concentration (using a 
photoionization detector [PID]) profiles were measured along the entire screen length.  Vapor samples were 
collected in Tedlar bags at depths along the screen length where changes in flow were observed or at a 
spacing of about five feet.   

The vapor samples were transported to Praxis’ laboratory and analyzed within 48 hours of collection with a 
calibrated gas chromatograph (GC) using a modified EPA Method 18 for GC analyses of volatile organic 
compounds in air.  The GC is a Hewlett Packard 6890 with flame ionization detector (FID).  Throughout the 
logging of each screen, total VOC concentrations were monitored by the photoionization detector (PID).  
The continuous PID vapor concentration profiles were calibrated using the GC vapor analytical results 
collected in Tedlar bags. 

SVE testing consisted of a continuous 30-day extraction period, 18-day rebound period (i.e., no extraction), 
and another continuous 30-day extraction period.  PneuLog® testing was performed at the following times:  

 One hour after initial start-up of the first 30-day continuous extraction period.  

 Twenty-four hours after the first PneuLog® test.   

 Immediately following the rebound period and upon start-up of the second continuous 30-day 
extraction period.   

 Twenty-four hours after the start-up of the second continuous 30-day extraction period.    

PneuLog® measures the air permeability and contaminant concentration profiles in wells screened in the 
vadose zone.  The PneuLog® tasks and dates of implementation performed are provided in Table 7-1.   

7.3.2 SVE Startup and Baseline PneuLog® Testing  

Field crews mobilized to the site on September 6, 2011.  To evaluate background vapor concentrations in 
the test area, Praxis collected vapor samples from the three depth intervals at each of the three observation 
cluster wells.  A total of nine samples were sampled prior to starting the SVE blower.  On September 7, 
2011, the first 30-day continuous SVE operating cycle was initiated at 09:19 and PneuLog® testing was 
initiated at approximately 10:19 in extraction Well B2SVE01.  A photograph of the PneuLog® setup is 
provided in Appendix A-5.  The nine observation cluster wells were re-sampled on the morning of 
September 8, 2011, and PneuLog® testing repeated on September 8, 2011, starting at 10:45.  PneuLog® 
results are provided in Section 7.6.    
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Table 7-1.  Summary of PneuLog® Field Activities 

Date Task 

6-Sep-11 Mobilize to site 
6-Sep-11 Sample 9 monitoring well screens 
7-Sep-11 Initiate extraction in B2SVE01 
7-Sep-11 PneuLog in B2SVE01 after 1 hour of SVE 
8-Sep-11 Sample 9 monitoring well screens after ~22 hours of SVE 
8-Sep-11 Repeat PneuLog in B2SVE01 after ~25 hours of SVE 
8-Sep-11 Demobilize 
24-Oct-11 Mobilize to site at end of rebound period 
24-Oct-11 Sample 9 monitoring well screens before re-starting SVE 
24-Oct-11 PneuLog in B2SVE01 after 1 hour of SVE restart 
25-Oct-11 Sample 9 monitoring well screens after ~20 hours of SVE restart 
25-Oct-11 Repeat PneuLog in B2SVE01 after ~21 hours of SVE restart 
25-Oct-11 Demobilize from site 

 

Operational monitoring data was collected throughout the SVE test for mechanical system operations and 
vacuum measurements within the nine observation cluster wells.  The SVE operational data was collected 
weekly at a minimum during the entire duration of the SVE test and included the following system 
parameters: 

 Date and time of measurement 

 Manual dilution valve setting (% open) 

 Vacuum side vacuum (inches of water gauge)  

 Air flow rate from direct-reading Ametek™ flowmeter in standard cubic feet per minute 

 Vacuum side air temperature in degrees Fahrenheit (°F) 

 Differential vacuum on either side of inlet air filter (to monitor air filter blockage) 

 Pressure side temperature (°F) 

The above measurements, together with a calculated air flow rate corrected for pressure and temperature 
and the observation cluster well vacuum measurements, are provided in Appendix E. 

7.4 INITIAL 30-DAY EXTRACTION AND REBOUND TESTING  

In accordance with the performance objectives outlined in the UFP QAPP (Versar/RMC, 2011a), the SVE 
system ran continuously for 30 days, was subsequently shut down for a two-week period to measure 
rebound of TCE concentrations in the extraction well, and was restarted for a final continuous 30-day 
extraction cycle.  Vapor samples were collected weekly for analysis by EPA Method TO-15.  Samples were 
collected as scheduled during the first 30-day continuous cycle on September 7, 14, 21, 28, and October 5, 
2011.  Samples were collected during the rebound period on October 7, 11, and 21, 2011.  Sample results 
are provided and discussed in Section 7.6.  The system was started briefly during the rebound period for 
the purpose of collecting an air sample.  The Pnuelog report in Appendix E summarizes the system 
operational schedule and data collected during the entire 90-day testing period.  As noted above, the 
system was started on September 7, 2011, with an air sample collected at startup.   
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The SVE system is equipped with an automatic high-temperature shutdown alarm when the blower 
discharge temperature exceeds a preset level.  High temperature system shutdowns occurred on 
September 11, 13, 24 through 26, and 28 due to high ambient temperatures and an alarm set point that 
was too low.  The total system downtime due to the high temperature alarm condition was approximately 
128 hours from September 11 through September 28.  After increasing the alarm set point, no further high 
temperature shutdowns were experienced during the SVE test.  

7.5 FINAL PNEULOG®, 30-DAY EXTRACTION, AND REBOUND TESTING 

On October 24, 2011, at the end of the first rebound period, a final round of PneuLog® testing was 
performed.  Praxis sampled the nine observation well clusters using a vacuum pump and Tedlar™ bags 
prior to restarting the SVE system.  The SVE was re-started at 13:40 on October 24, 2011.  The PneuLog® 
was initiated one hour later at 14:20.  The following morning, observation cluster wells were re-sampled 
and the PneuLog® was repeated at 11:00.  During all four PneuLog® events, vapor samples were collected 
in Tedlar™ bags at 8 to 10 feet intervals along the entire length of well screen (approximately 39-69 ft bgs) 
in B2SVE01.  Samples were later analyzed using a gas chromatograph as described in the PneuLog® SOP 
provided in Appendix E.  

The SVE system operated continuously from restart at 13:40 on October 24 until the scheduled shutdown 
on November 22, 2011.  As planned, vapor samples were collected during weekly visits, at which time 
system operational parameters and observation cluster well vacuum measurements were collected.  During 
the final continuous operating cycle, air samples were collected for TO-15 analysis on October 24, 25, 
November 3, 9, and 17, 2011.  

The final system shutdown and rebound period commenced at 16:48 on November 22, 2011.  The system 
was restarted on November 23, 27, and December 7, 2011 for the purpose of collecting vapor samples for 
TO-15 analysis.  After the December 7 vapor sample was collected, the SVE test was considered complete 
and the system was shut down for subsequent demobilization. 

7.6 DATA ANALYSIS AND INTERPRETATION  

This section presents the data collected during the SVE test and provides analysis and interpretation.  The 
section presents the results of the four PneuLog® events and a summary of findings. 

7.6.1 First PneuLog® Event (System Startup) 

The first PneuLog® test was performed in B2SVE01 on September 7, 2011, after one hour of vapor 
extraction.  During the test, a vacuum of 86 inches of water was applied yielding a total extraction rate of 
220 standard cubic feet per minute (scfm).  The initial measured cumulative airflow profile is presented in 
Appendix E.  Figure 7-2 presents the Pneulog test cumulative flow profiles measured at various times 
during the SVE test, including the September 7 startup.  This graphic illustrates the objective of sampling at 
the top and bottom of major flow intervals.  Flow at the very bottom of the well was zero and as flow is 
added from permeable zones, cumulative flow increased upward towards the top of the well screen.  The 
cumulative flow at the top of the screen was equivalent to the measured wellhead extraction rate since 
blank casing connected the screen to the surface.   
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Figure 7-2.  SVE Port B2SVE01 – Comparison of PneuLog Measured Flow Profiles 

An effective permeability profile was generated from the changes in flow observed over depth intervals 
divided by the thickness of the interval and then divided again by the applied wellhead vacuum.  The data 
are plotted on a logarithmic scale to reveal order-of-magnitude changes in permeability. In general, an 
effective permeability greater than 0.1 standard cubic foot per minute per foot per inch of water vacuum 
(scfm/ft/inH2O) is indicative of a sandy material, values from 0.01 to 0.1 scfm/ft/inH2O are indicative of silty 
material, and values less than 0.01 scfm/ft/inH2O are indicative of clayey silts/sands or clays.   

Permeability profiling identifies distinct flow zones and lithology along B2SVE01.  At the top of the screen, a 
permeable three-foot interval yielded about 120 scfm representing over half of the total flow rate.  Note the 
gravel pack extends two feet above the top of the screen to a depth of 37 feet bgs.  The calculated effective 
permeability includes this additional interval open to extraction; therefore, the most permeable interval was 
encountered at the top of the screen.   

Flow data from 42 to 66 feet bgs indicated moderately permeable soils that included a number of thin 
intervals with lesser and greater permeabilities.  In particular, the interval from 45 to 49 ft bgs yielded little 
flow suggesting a low permeability.  Thin, approximately one-foot-thick permeable intervals were 
encountered at 52, 59 and 61 feet bgs.  A deep permeable interval indicative of sandy soils was 
encountered from 66 to 67 feet bgs (21 scfm or ~10% of the total flow).  Below 67 feet bgs and down to 
69 feet bgs at the bottom of the screen, a low permeability interval was encountered that produced no 
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measurable vapor flow (< 0.5 scfm).  In summary, nearly the full interval was modestly permeable, 
suggesting few significant mass transfer constraints are present to limit remediation by soil vapor extraction 
(see Appendix E for specific flow and permeability profile plots).  SVE port construction diagrams for the 
extraction port and also the vacuum monitoring ports are included in Appendix E.   

Vapor samples were collected in Tedlar bags to determine compound-specific vapor concentration profiles 
and to calibrate the continuous total concentration profile measured by the PID.  The samples were 
analyzed by Praxis within 48 hours of collection using a calibrated gas chromatograph (HP 6890).  Although 
the analyses are not state-certified, the procedure follows a modified EPA Method 18 protocol. The data 
quality is commensurate with field screening since no analyses were performed with a mass spectrometer 
to confirm the compound identifications.  TCE was the only detectable compound of concern and ranged 
from 3.87 ppm at 39 feet bgs to 7.31 ppm at 67.4 feet bgs.  Water level measurements in the piezometers 
were roughly 0.5 feet higher than what was being observed in the trench soils. The higher elevation head 
observed in the piezometers is presumably caused by the sharp permeability contrast between the trench 
gravel and the surrounding compacted native material. 

Specific measured vapor concentrations, as a function of depth, are illustrated in Appendix E.  Figure 7-3 
illustrates TCE vapor concentration profiles for each date collected.  The PID responded poorly at these low 
concentrations and under these presumably high humidity conditions although the trend along the screen 
mimicked the GC responses.  In general, the TCE vapor concentration profile in the soil is relatively uniform 
after only one hour of extraction, although dilution air was extracted at the top of the screen.  Of note is the 
apparent increase in TCE vapor concentration from 45 to 49 ft bgs.  This interval corresponds to a low 
permeability material identified in the flow log and could pose a modest mass transfer constraint during 
SVE.  The highest TCE concentration was detected at the bottom of the screen near the surface of the 
water table at 7.3 parts per million (ppm).  The underlying groundwater is contaminated with TCE.  For a 
TCE vapor concentration of 7.3 ppm, the equilibrium concentration of TCE dissolved in water is 
approximately 100 parts per billion (ppb).  
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Figure 7-3.  SVE Port B2SVE01 – Comparison of Interpreted Soil Gas TCE 

Concentration Profiles 

7.6.2 Second PneuLog® Event (System Startup) 

A second PneuLog® test was performed in B2SVE01 on September 8, 2011.  During the test, a vacuum of 
86 inches of water was applied yielding a total extraction rate of 210 scfm.  The measured cumulative 
airflow profile is shown in Figure 7-2.  The profiles from the first and second days are similar and identify 
the same dominant vapor production interval at the top of the screen; however, the interval from 43 to 
66 feet bgs exhibits much less heterogeneity after being exposed to soil vapor extraction for 24 hours. The 
primary reason for this change is likely redistribution and/or extraction of moisture from the sand pack 
surrounding the well screen interval after the extended period of vapor extraction.  The flow profile 
measured on this second day is expected to be more representative of the native soils surrounding the 
screen interval.  Thin, relatively permeable lenses were again identified at depths of 53, 59, 62 and 66 feet 
bgs (see Appendix E for specific flow and permeability profile plots).  For a TCE vapor concentration of 20.1 
ppm, the equilibrium concentration of TCE dissolved in water is almost 300 parts per billion (ppb). However, in 
nearby groundwater monitoring well MW-4, TCE was recently detected at 1,100 ppb suggesting the 
contaminated groundwater may be a significant source of the TCE vapors extracted during the pilot test. 

Vapor samples were collected in Tedlar bags from eight depth intervals along the screen; similar to those 
from the previous day’s log.  The samples were analyzed as described previously and used to determine 
compound-specific vapor concentration profiles and to calibrate the continuous total concentration profile 
measured by the PID.  Measured TCE values ranged from 5.4 ppm at 39.0 feet bgs to 20.1 ppm at 
68.2 feet bgs.  The measured vapor concentrations as a function of depth for each date they were collected 
are illustrated in Figure 7-3.  Date-specific plots of the continuous PID measurements and TCE soil gas 
concentrations are provided in Appendix E.   
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After 24 hours of extraction, the TCE vapor concentrations increased.  The concentration at the top of the 
screen increased from 3.9 to 5.4 ppm while the concentration just above the bottom of the screen 
increased from 7.3 to 20 ppm.  The apparent spike in TCE concentration from 45 to 49 feet bgs identified 
on the first day disappeared.  The profile exhibited a consistent trend of increasing TCE concentration with 
increasing depth.  The TCE concentration dropped significantly across the top three feet of the screen 
indicating the shallower soils contain low levels of TCE vapors.  The spike in TCE vapor concentration at 
the bottom of the screen is indicative of deeper TCE contamination such as contaminated groundwater.  
For a TCE vapor concentration of 20.1 ppm, the equilibrium concentration of TCE dissolved in water is 
almost 300 parts per billion (ppb). However, in nearby groundwater monitoring well MW-4, TCE was 
recently detected at 1,100 ppb suggesting the contaminated groundwater may be a significant source of the 
TCE vapors extracted during the pilot test. 

7.6.3 Third PneuLog® Event (End of First Rebound Period) 

After 30 days of soil vapor extraction and 18 days of dormant rebound, a third PneuLog® test was 
performed in B2SVE01.  The test was completed on October 24, 2011.  The test was performed after 
extraction was re-established and the soils around the well were purged for one hour.  During the test, a 
vacuum of 86 inches of water was applied yielding a total extraction rate of 205 scfm.  The measured 
cumulative airflow profile is presented in Figure 7-2.  The profiles for the third Pneulog test are almost 
identical to those from the startup tests with little exception (see Appendix E for post-rebound specific 
profile plots).  Thin, relatively permeable lenses were again identified at depths of 53, 59, and 66 feet bgs; 
however, the lens at 62 feet bgs was not detected after the rebound period.  

Ten vapor samples were collected in Tedlar bags from various depths in B2SVE01 to determine compound-
specific vapor concentration profiles and to calibrate the continuous total concentration profile measured by 
the PID.  The samples were analyzed by Praxis within 50 hours of collection.  As note previously, analyses 
were performed using a calibrated gas chromatograph following a modified EPA Method 18.  TCE was the 
only detectable compound of concern and ranged from 1.98 ppm at 39.0 feet bgs to 5.37 ppm at 62.1 feet 
bgs.  

The cumulative vapor concentrations, as a function of depth, are illustrated in Figure 7-3.  The profile 
presents the interpreted TCE soil gas concentration calculated from a mass balance across the flow 
intervals using the GC data.  In general, the TCE vapor concentration profile in the soil is relatively uniform 
after only one hour of extraction with a slight trend of increasing TCE concentration with depth.  The highest 
TCE concentration was detected near the bottom of the screen and at the top of the deepest (i.e., 65 feet 
bgs) permeable interval at 6.0 ppm.  For a TCE vapor concentration of 6.0 ppm, the equilibrium 
concentration of TCE dissolved in water is about 85 parts per billion (ppb).   

7.6.4 Fourth PneuLog® Event (One Day after Restart) 

The fourth and final PneuLog® test was performed in B2SVE01 on October 25, 2011, after about 21 hours 
of extraction following an 18-day rebound period.  During the test, a vacuum of 86 inches of water was 
applied yielding a total extraction rate of 205 scfm (see Figure 7-2).  The interpreted effective permeability 
profile is nearly identical to those from the previous Pneulog tests and identifies the same dominant vapor 
production interval at the top of the screen (see individual profiles in Appendix E).  The thin, relatively 
permeable lenses were again identified at depths of 53, 59, and 66 feet bgs, although the intervals had 
broadened. 
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Ten vapor samples were collected in Tedlar bags from various depth intervals along the screen; very similar 
to those from the previous day’s log.  The samples were analyzed as described previously and the TCE 
results ranged from 2.04 ppm at 39 feet bgs to 5.94 at 62.1 feet bgs.  The measured vapor concentrations 
as a function of depth are illustrated in Figure 7-3.  .  

After 24 hours of extraction, the TCE vapor concentrations remained generally unchanged.  The 
concentration at the top of the screen remained at 2.0 ppm while the concentration just above the bottom of 
the screen remained near 6.0 ppm.  A small increase in TCE concentration from 40 to 42 feet bgs appeared 
on the second day.  Overall, the profile once more exhibited a consistent, slightly increasing trend of TCE 
concentrations with depth.  The TCE concentration dropped significantly across the top three feet of the 
screen indicating the shallower soils contain low levels of TCE vapors.  The TCE vapor concentration at the 
bottom of the screen is indicative of deeper TCE contamination such as contaminated groundwater.  For a 
TCE vapor concentration of 6.0 ppm, the equilibrium concentration of TCE dissolved in water is 85 ppb. 

7.6.5 PneuLog® Profile Summary  

As part of the analytical interpretation, comparison profiles of the four PneuLog® testing events were 
plotted.  Figure 7-2 illustrates the measured cumulative soil vapor flow profiles.  The profiles are consistent; 
however, the profile from September 7 shows lesser flow with depth than the subsequent logs.  This 
deviation was likely the result of moisture in the sand pack surrounding the well screen that was removed 
after an extended period of air flow through the sand pack.  Otherwise, the profiles are very consistent. 

The soil permeability profiles measured during Pneulog testing identify thin, relatively permeable lenses at 
depths of 53, 59 and 66 feet bgs, as well as the dominant flow in the top three feet of well screen.  Based 
on the geologic log, one may not have expected the dominant production measured at the top of the screen 
as this soil was classified as a thick silt interval.  In addition, the soil was classified as gravelly sand from 46 
to 50 feet bgs and this interval yielded little vapor production.  However, the permeable lens detected at 53 
feet bgs appears to correspond to gravelly sand observed from 52 to 56 feet bgs.  The permeable intervals 
consistently detected at 59 and 62 feet bgs appear to correspond to a sand interval noted on the lithologic 
log from 60 to 62 feet bgs.  The deep permeable lens at 66 feet bgs also corresponds to a sand layer 
observed by the on-site geologist. 

The concentration profiles most directly comparable are the two after approximately 24 hours of extraction 
(see Figure 7-3): September 8 and October 25, 2011.  The profiles have the same general shape showing 
increasing TCE concentrations with depth.  The TCE concentrations were reduced almost uniformly by an 
approximate factor of three during the initial 29 days of SVE.  The similarity in profile shape for the 
September 8 and October 25 profiles indicate a significant TCE mass is not being harbored in a fine-
grained soil unit in the vadose zone.  In addition, the relative lack of rebound (similarity between the 
concentration profiles of October 24 and October 25, 2011) provides further evidence that significant mass 
does not reside in the vicinity of B2SVE01.  It is noteworthy that the deepest soils near the capillary fringe 
also showed a significant decrease in TCE concentration and did not rebound during the 15-day SVE 
dormancy period.  This finding suggests that either the capillary fringe was being cleansed by SVE or well 
B2SVE01 is not located above the most contaminated groundwater.  

Finally, cumulative TCE production profiles are plotted in Figure 7-4.  These profiles provide another 
perspective on the relative uniformity of TCE vapor reduction in the vadose zone (i.e., similar profile 
shapes) and lack of significant mass transfer constraints.  The profiles provide further illustration of a rough 
factor of three reduction in the TCE mass around B2SVE01.  
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7.6.6 SVE System Air Sample Results (EPA Method TO-15)  

Vapor samples obtained from extraction well B2SVE01 were collected at least once per week over the 
duration of the SVE pilot study.  Samples were collected during the two rebound periods by starting the 
SVE blower for a short time while the sample was collected.  The TO-15 test method requires that samples 
be collected in evacuated canisters (Summa).  The canisters are supplied by the laboratory under a high 
vacuum.  The sample is collected by opening the main valve on the canister.  The pressure differential 
between the canister and the sample port causes air to flow from the sample port into the canister until the 
pressure in the canister and the sampling point is roughly equivalent.  The sample volume is calculated in 
the laboratory as the difference between the starting vacuum and ending vacuum when sampling.  Samples 
are typically collected as either instantaneous grab samples or time-integrated samples.  Grab samples are 
collected by opening the valve on the canister completely to enable the canister to fill completely in a matter 
of seconds.  Time-integrated samples are used to collect a composite sample over several minutes or 
hours and require a flow metering valve to enable the canister to fill over a longer duration.  The air 
samples obtained from the SVE system were collected as grab samples from a sample port located on the 
airflow train, located on the suction side of the blower motor.  

Table 7-2 and Figure 7-5 provide the tabulated air sample results and a plot of TCE vapor concentrations 
over time, respectively.  Analytical laboratory reports for each of the samples are included in Appendix E. 
With the exception of the initial sample collected on September 7 where tetrahydrofuran was detected and 
an apparent sampling error on November 27th that resulted in non-detectable TCE, the only detectable 
VOC in the recovered vapor stream was TCE.  PVC primer and cement were used to assemble some well 
head fittings for the SVE pilot test. Since tetrahydrofuran comprises a significant portion (≈30% by weight) 
of both PVC primer and cement, it is likely that the tetrahydrofuran detected in the initial vapor sample 
sourced from the PVC primer and/ or cement.  The result for November 27 is inconsistent with the 
analytical results for all of the 2008 and 2011 SVE pilot test samples and is therefore attributed to sampling 
or laboratory error.  The system flow rates (see Appendix E) varied from approximately 370 to 418 actual 
cubic feet per minute over the duration of the test.  
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Figure 7-4.  SVE Port B2SVE01 – Comparison of Measured Cumulative TCE 
Production Profiles 
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Table 7-2.  Building 2 SVE Pilot Test Summary – 
SVE Air Sample Analytical Results 

Sample Date TCE Concentration (µg/m3) 
9/7/11 8,400 

9/14/11 14,000 
9/21/12 10,000 
9/28/12 7,900 
10/5/12 9,000 
10/7/12 3,800 
10/11/12 6,500 
10/21/12 7,900 
10/24/12 8,400 
11/3/12 6,000 
11/9/12 6,400 

11/17/12 5,900 
11/23/12 6,000 
12/7/12 5,400 

Samples Analyzed by EPA Method TO-15 by Columbia Analytical Services 
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Figure 7-5.  Plot of TCE Concentration Over Time – 90 Day Building 2 SVE Pilot Test 
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7.6.7 SVE System and Rebound Period   

The concentration versus time plot is consistent with the expectations of a typical SVE system and rebound 
period.  Decline and stabilization of the mass removal rate is typically observed over time in SVE systems 
as the initial vapor concentration at equilibrium in the air-filled pore space of the soil quickly spikes upward 
and then drops at startup.  Following startup, the vapor concentrations slowly stabilize to levels that are 
representative of a slower recovery rate resulting from the mass transfer rate limitations of the VOCs 
moving from dissolved concentrations in pore water to soil vapor.  These liquid to vapor transfer rates are a 
function of the physical and chemical properties of individual VOCs.  Volatile chemicals with a higher 
Henry’s Law constant will more rapidly transfer from the aqueous to the vapor phase.  As soil vapor 
extraction continues, the mass of VOCs in the recovered soil vapor eventually reaches an asymptotic 
recovery rate indicating that the majority of the VOCs that are able to be recovered in the vapor phase have 
been recovered.  During a shutdown/rebound period, like the two shown in Figure 7-5 from October 7 to 
October 24, 2011; and November 22 to December 7, 2011, vapor concentrations rise to reflect the 
equilibrium achieved when pore gas is not being continuously replaced by clean air and there are no mass 
transfer limitations.  

The TO-15 results are consistent with the PneuLog® analytical results and conclusions insofar as there 
was an approximate three-fold decrease in mass removal rate observed over the 30-day continuous 
operating period.  As stated in the PneuLog® evaluation, it is noteworthy that the deepest soils near the 
capillary fringe showed a significant decrease in TCE concentration and did not rebound significantly during 
the 15-day dormancy.  The TO-15 analytical data supports the finding that the capillary fringe was being 
cleansed by SVE and that well B2SVE01 is not located above a substantial source of highly contaminated 
groundwater.  

7.7 SVE MODELING 

For SVE modeling, the data considered include soil vapor samples collected and analyzed from the 
manifold and also from monitoring wells.  A detailed log of the system operating time and flow rates was 
maintained by Versar and provided to Praxis for this evaluation.  The vapor concentration data along with 
the flow history were used to calibrate the two-region model of SVE developed by Praxis Environmental 
Technologies and published as Appendix F of the USACE SVE and Bioventing Engineers Manual.  This 
model was then used to estimate the contaminant mass at the site, quantify mass transfer constraints, and 
evaluate possible future extraction strategies for the site. The two-region (mobile-immobile) soil model 
describing SVE and the underlying assumptions are presented in Appendix E-3 of this report. The model 
assumes the soil intervals in vadose zone can be characterized as either mobile where air flows during 
SVE (e.g., sands) or immobile where air does not flow (e.g., clays). The underlying capillary fringe has a 
high water saturation inhibiting air flow and is included as an immobile interval that can off-gas 
contaminants during SVE. 

The bulk mass transfer coefficient was calculated to be 0.010 day-1 and yields a characteristic re-
equilibration time of 100 days.  This data fit suggests mass transfer constraints are extensive at the site and 
would result in extended operation of an SVE system with a long asymptotic tail for the extracted 
concentration.  The bulk mass transfer coefficient and other calibrated model parameters can be used to 
calculate a theoretical maximum mass extraction rate or mass loading of TCE from the vadose zone to 
groundwater.  The maximum theoretical mass migration rate from immobile source soils to mobile soils is 
calculated as follows: 

Maximum Mass Migration Rate = α * Cim * Immobile Fraction * Total Soil Volume 
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For values from the model fit, this rate is: 

Maximum Mass Migration Rate = (0.01 day-1) * (20 mg/m3) * (1-0.38) * 670,400 m3  
 = 0.083 kg/day (0.18 pounds/day) 

This maximum migration rate assumes instantaneous extraction or entry into groundwater and as such 
over-predicts the actual value.  At the end of the SVE pilot test, the TCE mass extraction rate was 0.11 
pounds per day or a little over half of the theoretical maximum.  This calculated rate also represents the 
maximum possible loading to underlying groundwater.  Using the calculated effective radius of 
contaminated soil allows the calculation of a maximum possible flux of TCE entering the underlying 
groundwater: 

 Maximum TCE Flux to Groundwater = Mass Rate / Area 

  = (0.083 kg/ day) / (31,416 m2) = 0.0026 g/day/m2  

However, the immobile zone consisting of underlying groundwater and capillary fringe appear to be 
significant sources for TCE recovered in soil vapor. The immobile soil vapor concentration was estimated to 
be 20,000 μg/m3 and the corresponding water concentration based on equilibrium partitioning (Henry’s 
Law) is 0.053 milligrams per Liter (mg/L; 53 ppb). Therefore, as predicted by the model, if the underlying 
groundwater concentration exceeds 0.053 mg/L, it would point to groundwater as the principal source for 
TCE vapors during the SVE pilot test. The prediction that groundwater was the likely source of TCE vapors 
is strongly supported by data from the most recent groundwater sampling that revealed a TCE 
concentration in groundwater of 1.1 mg/L in nearby well MW-4.  

In addition to an equilibrium calculation for the immobile zone, the hypothesis that TCE in groundwater was 
a significant source of the TCE measured in soil vapor during the pilot test is further validated through the 
use of a simple groundwater mixing model that uses the maximum mass flux of TCE in the mobile zone 
from soil to groundwater. This value calculated above is 0.0026 g/m2/day. A TCE concentration in 
groundwater predicted by the mixing model that is lower than the actual concentration measured in 
groundwater would further suggest that the TCE vapors observed during the pilot test sourced primarily 
from the TCE dissolved in groundwater, rather than the reverse (TCE soil vapor mass transfer flux to 
groundwater).  

The area in the vadose zone impacted by TCE vapors was estimated by the SVE modeling to be about 
31,400 square meters (338,000 square feet), equivalent to a circle with a radius of 100 meters (328 feet).  
For the maximum TCE flux estimated, this represents a mass loading rate of 81.64 g/day (0.18 lb/day). The 
mixing model yielding the resulting groundwater concentration from this mass loading is: 

TCE GW Concentration = TCE Mass Loading / Cross-sectional Area to GW Flow / GW Velocity 

If we assume a mixing depth of 3 meters (10 feet) and horizontal extent of 200 meters (650 feet), the cross-
sectional area that groundwater moves through is 600 square meters (6,500 square feet).  The 
groundwater velocity underneath the site is not known accurately; however, we can estimate the velocity 
from the aquifer study described in Section 5. Assuming an aquifer hydraulic conductivity of 32.8 feet per 
day and a groundwater gradient of 0.1 ft/ft yields a groundwater velocity of 3.28 feet per day (1.0 m/day).  
Using this velocity in the mixing model yields a maximum TCE concentration in groundwater of: 

TCE GW Concentration = (81,640 mg/day) / (600 m2) / (1.0 m/day) = 136 mg/m3 = 136 ppb 
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Since this modeled concentration is nearly an order of magnitude lower than the observed groundwater 
concentration (1,100 ug/L (ppb) in MW4) suggests that TCE in groundwater and the capillary fringe are the 
principal sources of the TCE observed during the SVE pilot test.  

Another important mass transfer-related parameter for SVE operations is the vapor pore volume exchange 
rate.  This parameter is calculated from the extraction rate, the contaminated soil volume, and the water 
saturation.  Assuming an extraction rate of 210 scfm and that flow occurs only in the mobile soil, the SVE 
pilot test exchange rate was: 

Exchange Rate   = Volume * Mobile Fraction * Porosity * (1 - Sm) / Extraction Rate 

Exchange Rate   = 670,400 m3 * 0.38 * 0.40 * (1-0.25) / (210 ft3/min) * (35.314 ft3/m3) / (1440 min/day) 

             =  8.9 days 

An exchange rate of nine days is much faster than the characteristic mass transfer time of 100 days.  In 
standard practice, the immobile zone is included in the soil vapor volume and yields an exchange rate of 
about 24 days that is still much faster than mass transfer.  Hence, the extraction rate of 210 scfm was 
adequate to maintain a relatively low vapor concentration in the mobile zone soils compared to the vapor 
concentration in the immobile zone soils and provided a large driving concentration gradient for mass 
transfer by diffusion during the SVE pilot test.  

As described in Appendix E-3 and the USACE Manual, the SVE model fit also yields an estimated source 
mass of TCE before and during extraction.  The measured data are determined by subtracting the 
measured mass removed from the modeled initial mass in place.  The initial mass of TCE in the vadose 
zone at Atlas D Missile Site 4 was estimated to be 11.2 kg (24.7 pounds) as illustrated in Figure 7-6.  The 
modeling calculated the total TCE mass removal during the SVE pilot test to be 4.04 kg (8.91 pounds).  
Hence, the mass remaining in the soil at the end of the pilot test was about 7.18 kg (15.8 pounds) such that 
the pilot test removed about 36% of the initial mass.   
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Figure 7-6.  TCE Mass Extraction and Estimated Residual Mass 

7.8 VACUUM MEASUREMENT FROM OBSERVATION CLUSTER WELLS  

The vacuum responses measured in observation cluster wells at startup on September 7 and at the first 
system shutdown on October 6, 2011 are summarized in Tables 7-3 and 7-4, respectively. Included with the 
vacuum data are the approximate depths of the screened intervals for each observation well, the 
approximate horizontal distance of each observation cluster well from the extraction well B2SVE01 and the 
air flow at the extraction well at the time of measurement.     
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Table 7-3 Observation Cluster Well Vacuum Measurements (at Startup on 9/7/2011)  

Observation Cluster Well ID 
Time of  

Measurement 

Depth of 
Observation 
Cluster Well 

Screen (ft bgs)  

Approximate 
Horizontal Distance 
from Extraction Well 

B2SVE01  (ft)  

Vacuum Measured 
at Observation 

Well (iow) 

Air Flow 
Rate from 
Extraction 

Well 
(scfm)  

B2PC01 -P1 9:45 34.5 37.5 6.0 218 
B2PC01 -P2 9:45 49.0 37.5 5.7 218 
B2PC01 -P3 9:45 69.3 37.5 4.3 218 

            
B2PC02 -P1 9:45 34.2 87.5 3.0 218 
B2PC02 -P2 9:45 49.3 87.5 3.0 218 
B2PC02 -P3 9:45 69.2 87.5 3.0 218 

  
B2PC03 -P1 9:45 40.5 87.5 2.1 218 
B2PC03 -P2 9:45 50.5 87.5 1.8 218 

B2PC03 -P3 9:45 69.5 87.5 1.7 218 

iow = inches of water - gauge  
scfm = standard cubic feet per minute  
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Table 7-4 Observation Cluster Well Vacuum Measurements (Before First Shutdown on 10/6/2011)  

Observation 
Cluster Well 

ID 
Time of  

Measurement  

Depth of 
Observation 
Cluster Well 

Screen (ft bgs)  

Approximate Horizontal 
Distance from Extraction 

Well B2SVE01  (ft)  

Vacuum 
Measured at 
Observation 

Well (iow)  

Air Flow Rate from 
Extraction Well 

(scfm)  
B2PC01 -P1 13:09 34.5 37.5 7.2 205 
B2PC01 -P2 13:09 49.0 37.5 6.7 205 
B2PC01 -P3 13:09 69.3 37.5 5.3 205 

            

B2PC02 -P1 13:09 34.2 87.5 3.8 205 

B2PC02 -P2 13:09 49.3 87.5 4.1 205 

B2PC02 -P3 13:09 69.2 87.5 4.0 205 

  

B2PC03 -P1 13:09 40.5 87.5 2.5 205 

B2PC03 -P2 13:09 50.5 87.5 2.3 205 

B2PC03 -P3 13:09 69.5 87.5 2.0 205 

iow = inches of water - gauge  
scfm = standard cubic feet per minute 
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As indicated in Tables 7-3 and 7-4, vacuum influence was observed throughout the vadose zone at the 
furthest monitoring well (87.5 feet) from the pilot test extraction well. SVE systems are typically designed 
using pressure criteria to establish the zone of influence (ZOI). A common problem associated with 
pressure based SVE design is overestimating the ZOI of the extraction well. The vacuum criteria commonly 
result in large areas with very low pore velocities and thus long cleanup times. As a result, design strategies 
based upon critical pore gas velocity (CPGV) have increased in popularity. The CPGV is used in an effort to 
loosely incorporate the effects of mass transfer limitations into SVE design. EPA (2001) has previously 
recommended a critical pore-gas velocity of 0.01 cm/sec.  The CPGV is similar to the exchange rate 
calculated in Section 7.7 and a rough value can be calculated if vapor flow is assumed to be uniformly 
radial around the extraction well. The velocity is then calculated from the vadose zone thickness, the 
fraction of soil characterized as mobile, the porosity, the water saturation, and the extraction rate.  
Assuming an extraction rate of 210 scfm, a vadose zone thickness of 70 feet, a mobile fraction of 38% and 
other soil parameters described in Appendix E-3 yields the following linear expression for the pore gas 
velocity as a function of radius from the extraction well: 

Pore Gas Velocity  
 rSnmfb

Q

m 


)1(2
 

 
Where   Pore Gas Velocity is in ft/min  
 Q = flow rate (ft3/min) 
 b= thickness of vadose zone (feet) 
 mf= mobile fraction (unitless) 
 n= porosity (unitless) 
 Sm = water saturation in vadose zone (unitless) 
 r = critical radius (feet) 
  
For the conditions of the SVE pilot test where: 
 Q = 210 ft3/min 
 b = 70 feet 
 mf = 0.38 
 n = 0.4 
 Sm = 0.25 
 Pore Gas Velocity = 0.02 ft/min  
 
Then 

0.02  
 r


)25.01(4.0)38.0(702

210


 

And solving for the critical radius (r) from the extraction well, yields a critical radius of approximately 209 
feet: 

If all of the vadose zone were characterized as mobile, then the radius would be about 84 feet, consistent 
with the observed vacuums. In most applications of SVE, 210 scfm from a single extraction well is generally 
considered high. A more practical rate would be 70 scfm from three wells yielding the same total extraction 
rate. For an extraction rate of 70 scfm, a CPGV of 0.01 cm/sec, and a mobile fraction of 38%, the critical 
radius would be a reasonable 70 feet providing a good design criteria for SVE well spacing. 
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8 INVESTIGATION-DERIVED WASTE MANANGEMENT 

Investigation-Derived Waste (IDW) generated during Pre-Design field activities was managed in accordance 
with the provisions of the project Work Plan (Versar/RMC, 2011a).  These IDW management strategies 
ensured compliance with several state-issued discharge permits that were acquired for the project in 
conjunction with performance of tasks that generated contaminated groundwater as described above in 
Section 4 and 6. 

8.1 IDW LIQUIDS 

The GAC treatment system was re-charged with new carbon in July 2011 (600 lbs each) in preparation for the 
pre-design characterization field activities.  IDW liquids generated during the field work included monitoring 
well development and purge water, decontamination wastewater, and aquifer test discharge water.  All of these 
types of liquid IDW were contained to enable treatment by pumping through GAC canisters prior to discharge 
to the ground.  The GAC vendor, CarbonAir of Minneapolis, Minnesota, provided model calculations for the 
GAC system predicting the amount of water that could be passed through the GAC system at a maximum flow 
rate before TCE breakthrough would occur.  Breakthrough, defined as 1.0 ppb TCE in the effluent, was 
predicted to occur for each 500-lb GAC vessel (a conservative estimate of the GAC capacity was used for the 
model, as stated above each vessel was filled with 600 lbs of GAC) after treating approximately 1.62 million 
gallons of influent water with a TCE concentration of 44 ppb at a rate of 45 gpm per vessel.  Since the 
maximum flow rate for the GAC system was determined to be 50 gpm (25 gpm per vessel as a result of the 
limits of the transfer pump used), the treatment capacity for the system was determined to be more than 
adequate to treat the estimated 600,000 gallons total to be generated during the Pre-Design field activities.   

The majority of the wastewater was generated during aquifer testing, with additional water generated during 
development of and sample collection at the new wells.  This water (an estimated 250,000 gallons) was treated 
and discharged to the ground under the provisions of WDEQ Land Application Permit 11-276.   

Samples were collected from the GAC system influent and effluent streams and analyzed for VOCs by the 
CBOPU Laboratory.  The laboratory would typically supply results within a day or two of sample receipt, so the 
results were very useful in confirming that the GAC system was effective in treating the contaminated water.  
Split samples of the effluent were also collected at selected times (i.e., not every sample was collected as a 
split) for confirmation analysis by Method 8260B according to a normal turnaround time schedule at 
TestAmerica Laboratories.  The analytical results of the liquid IDW sample analyses are presented in Table 8-
1.   

Water samples were collected from the GAC treatment system on September 21, 2001, the first day of the 
aquifer test, and again on September 23, the third day of the test.  On the first day, one water sample was 
collected from a sample port on the influent water piping and one was collected from the effluent piping.  
Confirmation split samples were also collected on September 21.  Two influent water samples and one effluent 
sample were collected on the third day of the aquifer test.    

The CBOPU laboratory results (Method 524.2) indicated influent sample concentrations for TCE between 35.4 
and 38.6 μg/L, and effluent sample TCE concentrations below 1.0 μg/L.  The two split sample Method 8260B 
results were consistent with the Method 524.2 results, except for a few typical lab contaminants (MEK, 
acetone) that were also detected at low concentrations and also MTBE at a low estimated concentration.   

One influent and two effluent water samples were collected from the GAC treatment system on October 12, 
2011, during well development activities and following completion of the Infiltration Study conducted near 
extraction well EW01 October 6-9, 2011.  The GAC system was used to treat water for use in a study 



Draft Final Pre-Design Characterization Technical Memorandum 
Atlas “D” Missile Site 4, Cheyenne, Wyoming 

 

8-2 
 

assessing the infiltration capacity of the surficial soils.  The effluent samples were each collected from one of 
the two GAC vessels.   

Table 8-1.  Liquid IDW Sample Result Summary 

Sample ID Date Collected Compound 
CBOPU Lab Results  

(Method 524.2) 
(μg/L) 

TestAmerica Lab Results  
(Method 8260B)  

(μg/L) 

FEW4-EW01-INF-1 9/21/2011 
Trichloroethene 38.6 31 
Toluene 3.76 3.1 
o-xylene 0.06 ND 

FEW4-EW01-EFF-1 9/21/2011 

Trichloroethene 0.42 0.37 
cis-1,2-Dichloroethene 0.9 0.74 
Methyl ethyl ketone (MEK) ND 3.9 
Methyl tert-butyl ether ND 0.31 
Acetone ND 3.6 

FEW4-INF2 9/23/2011 
Toluene 0.74 NS 
Trichloroethene 35.4 NS 

FEW4-INF3 9/23/2011 

Toluene 0.88 NS 
Trichloroethene 37.9 NS 
Ethylbenzene 0.08 NS 
m & p xylene 0.19 NS 
o-xylene 0.16 NS 

FEW4-EFF2 9/23/2011 Trichloroethene 0.83 NS 

FEW4-INF-1 10/12/2011 

Trichloroethene 32.98 24 
cis-1,2-Dichloroethene 0.18 ND 
Chloroform 0.08 ND 
Toluene 0.06 ND 

FEW4-EFF-PRIM-1 10/12/2011 

Trichloroethene 1.1 1.2 
cis-1,2-Dichloroethene 0.71 0.63 
Toluene 0.05 ND 
Tetrachloroethylene 0.09 ND 
Chloroform 0.09 ND 

FEW4-EFF-SECD-1 10/12/2011 
Trichloroethene 1.95 9.6 
cis-1,2-Dichloroethene 1.09 0.58 
Chloroform 0.12 ND 

The CBOPU laboratory results (Method 524.2) for the October 12, 2011 samples indicated influent sample 
concentrations for TCE of 32.98 μg/L, and effluent sample TCE concentrations of 1.1 μg/L and 1.95 μg/L.  
These results indicate the TCE concentration in the water discharged was below the federal MCL of 5 μg/L, a 
requirement of the UIC permit acquired for the infiltration test.  One of the two effluent water sample splits 
analyzed by Method 8260B indicates a TCE concentration of 9.6 μg/L, while the other split sample result is in 
close agreement with the Method 524.2 result.  It is unclear whether one or the other of these results is 
erroneous.  Since the other split sample results were all generally in agreement except for this result, and the 
Method 524.2 results both indicate TCE concentrations below the MCL with one being in close agreement with 
the corresponding Method 8260B result, more confidence is placed in the Method 524.2 results that indicate 
TCE concentrations in the discharge water below the MCL. 
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8.2 IDW SOLIDS  

Soil IDW generated during drilling activities for the intercept transect monitoring wells and extraction well was 
not contained, but was spread on the ground in the vicinity of the borehole, since all soil above the aquifer is 
uncontaminated (based on the location of the Intercept Transect 5 miles from the source area).  Soil from 
within the aquifer was determined not to contain any contaminants in concentrations above USEPA Regional 
Screening Levels (2009) for soil, based on previous groundwater sample result data from the area of the 
Intercept Transect (RMC, 2009b)  

Soil IDW generated from drilling of the nested SVE vacuum monitoring point at Building 2 at the former missile 
site was staged on plastic near the borehole.  A soil sample was collected from the pile and submitted for VOC 
analysis (Method 8260B) until the proper disposal option is determined.  The analytical results indicated no 
VOCs above any USEPA Regional soil screening levels.  The soil was subsequently spread on the ground 
near the boring location. 

Solid wastes such as disposable personal protective equipment (PPE), disposable sampling equipment, 
tubing, and packaging were assumed to be non-hazardous and were disposed of as municipal waste at the 
City of Cheyenne Solid Waste Transfer Station.  .   
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9 CONTRACTOR QUALITY CONTROL REPORT 

In accordance with the QAPP, project quality was maintained through oversight, assessments, and 
documentation.  

9.1 DAILY QUALITY CONTROL REPORTS 

Daily Quality Control Reports (DQCRs) were delivered to the USACE PM documenting the events and quality 
control activities for each day of field activity.  The DQCRs are provided in Appendix A-7.   

9.2 ON-SITE TECHNICAL SYSTEMS AUDIT 

A Field Assessment was performed by the Contractor Quality Control Supervisor on 15 December 2011 in 
accordance with the QAPP.  The Field Audit Checklist is included in Appendix A-7.  A summary of the 
observations is below. 

 Field equipment calibration performed by Field Operations Manager, Joe Mastromarchi 

 HF Scientific MicroTPW Portable Turbidimeter, Model 2000, S/N 200604155 Calibration Standards: 
1000 NTU #C143583, Exp. 7/12; 0.0 NTU #C144774, Exp. 7/12 

• YSI Multiprobe Meter, Model 556 

• pH, DO mg/L, Conductance mS/cm, temp ºC, ORP mV 

• pH buffer 7, no label; pH buffer 10, lot#8818, Exp. 3/12 

• Conductance check at 1.413 mS/cm at 20°C 

• Dissolve Oxygen check performed using free air calibration method with built-in barometer 

 Health and Safety briefing performed by Field Operations Manager, Joe Mastromarchi 

 Field personnel: Dietrich Whitesides, Nichole Hunter 

 Field sampling 

• 0955 – on well site, MW50-316; thaw dedicated pump tubing left in well 

• 1040 – pulled pump, found kinked tubing, replaced tubing, reset pump in well 

• 1050 – performed water quality analysis with YSI using flow-through cell and turbidimeter 

• 1053 – collected initial set of VOC samples in labeled pre-preserved containers on pre-labeled 
vials 

• 1100 – determined  a second set of samples would be more indicative of representative well 
flow after additional well purging, therefore collected a second set of VOC samples in 
labeled pre-preserved containers;  

• 1110 – decontaminated water quality meter and pump 

• 1130 – completed chain of custody record, exited site 

 Field Audit Checklist completed (see Appendix A-7) 
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9.3 ANALYTICAL DATA EVALUATION/USABILITY SUMMARY 
 

9.3.1 Sampling and Analysis Summary 

Samples were collected and analyzed in accordance with QAPP; however, field screening samples were not 
subjected to data review. 

9.3.2 Groundwater Sampling and Analysis 

Forty nine (49) groundwater samples were collected and analyzed using the field and analytical techniques 
described in the QAPP.  The data were generated by a definitive analytical method (EPA SW-846 method 
8260B), and provided identification and quantitation (analyte-specific). 

9.3.3 Vapor Sampling and Analysis 

Sixteen (16) vapor samples were collected and analyzed using the field and analytical techniques described in 
the QAPP.  The data were generated by a definitive analytical method (EPA method TO-15), and provided 
identification and quantitation (analyte-specific). 

9.3.4 Sample Management 

The sample handling and custody procedures referenced in the QAPP were followed as prescribed.  Sample 
containers were labeled with unique location identifiers during field collection, and chain-of-custody (COC) 
record forms were used to document the collection of field samples and their transport to the laboratory.  Vapor 
canister beginning and ending pressures were recorded on the vapor sample collection COC along with 
canister and gauge identifiers.  Versar confirmed the specific tests to be performed by the laboratory, for each 
sample received and listed on the custody form prior to analysis. 

9.3.5 Sample Preservation  

Groundwater samples were acid-preserved, transported off-site on ice, and received at the laboratory at 
temperatures between 1°C and 6°C.  Vapor samples were contained in sealed canisters and transported off-
site to the laboratory under ambient conditions. 

Data Usability Note - Laboratory Project 280-21258 

Groundwater samples FEW4-EFF-PRIM-1 and FEW4-EFF-SECD-1 were determined to have been collected 
on 10-06-2011 from incorrect locations; the scheduled analyses of these samples were cancelled.  New 
influent and effluent samples were collected on 10-12-2011 and analyzed in laboratory project 280- 21506. 

Data Usability Note – Laboratory Project 280-22414 

It was determined that the following groundwater samples exceeded a temperature of 6°C for a relatively short 
time during storage and prior to analysis at the laboratory: FEW4-MW48-225 (280-22414-1), FEW4-MW48-
259 (280-22414-2), FEW4-MW48-284 (280-22414-3), FEW4-MW50-250 (280-22414-4), FEW4-MW50-290 
(280-22414-5), FEW4-MW49-284 (280-22414-6), FEW4-MW49-311 (280-22414-7) and FEW4-MW49-311-FD 
(280-22414-8).  Appropriate corrective action was subsequently taken by laboratory personnel, and the 
USACE PM was notified of the occurrence.  All results for these samples have been qualified as estimated 
values. 

9.3.6 Analytical Holding Times 

All samples were analyzed within the QAPP specified holding times. 
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9.3.7 Field Quality Control Samples 

Field QC samples collected for groundwater VOC analyses included four (4) field duplicates and two (2) sets 
of matrix spike/matrix spike duplicates (MS/MSD).  No field QC samples were collected and analyzed for vapor 
samples; laboratory duplicate samples were analyzed with each set of vapor samples. 

9.3.8 Data Review 

Data review is the process by which data are examined and evaluated to ensure that the sample results are of 
known and documented quality and meet the measurement quality objectives of the project.  The data review 
was performed in accordance with the methodology and standards described in the QAPP.  The Atlas D 
Missile Site 4 Pre-Characterization data review process consisted of the following related assessments: 

 Data Verification – a sample-specific assessment performed to determine whether the samples were 
collected and analyzed for the list of analytes and test methods specified in the QAPP, and whether 
sample detection limits and QC measurement acceptance criteria were met 

 Data Validation – a method-specific assessment performed for to substantiate that the analytical 
requirements specified in the QAPP Addendum have been met 

 Data Usability – a project-specific assessment performed to determine the overall adequacy of the 
analytical data, and apply data qualifiers to the field samples based on their association to the field 
and laboratory QC samples 

9.3.9 Data Verification and Data Validation 

Sample-specific data verification was performed on 100% of the groundwater and vapor samples collected and 
analyzed using automated data review (ADR) software developed by Laboratory Data Consultants, Inc. (LDC).  
The automated data review is consistent with USEPA Stage 1 and USEPA Stage 2A Data Verification and 
Validation checks, as described in the QAPP.  The automated review procedures, logic, and QC criteria used 
was project-specific, and based on the analytical method and applicable Department of Defense (DOD) Quality 
Systems Manual (QSM) requirements.  Project data verification was documented through the use of standard 
reporting outputs generated by the LDC ADR software application. 

A method-specific data validation was performed on one groundwater sample from each groundwater sample 
delivery group (SDG) received at the laboratory.  A data review report summarizing the results of the data 
verification and data validation was prepared for each of the laboratory data packages received and is included 
in Appendices G through J. 

9.3.10 Data Quality Assessment 

The data quality indicators of precision, accuracy, representativeness, and completeness were used to 
determine the overall acceptability and usability of the analytical results for the Atlas D Missile Site 4 Pre-
Design Characterization project decisions.  In general, the majority of the analytical data met all acceptance 
criteria.  The data qualifiers listed in the analytical tables and in the Data Review Reports are considered the 
final determination of data quality and usability.  All data are considered usable except the rejected data noted 
below. 

Rejected Data 

The analytical results for vapor sample FEW4-B2SVE01INF collected on 11-27-2011 were found to be 
anomalous when compared to previous results.  After consulting with the field sampling crew, it was 
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determined that when taking the pre-sample vacuum reading on the canister prior to collecting the sample, the 
pressure gauge did not hold steady but instead started slowly declining.  The sampler switched to a different 
gauge that then held steady, but at a lower vacuum than the first one.  Because there was vacuum remaining 
in the canister, the sampler assumed that he could still sample; however, it is likely that the leaking gauge 
compromised the sample integrity.  Consequently, the results for this sample were rejected. 
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10 SUMMARY OF PREDESIGN CHARACTERIZATION DATA 

The following is a summary of work completed.   

10.1 LITHOLOGY  

The intercept transect drilling program identified the vertical extent of the Ogallala Formation in the transect 
vicinity as between 308 and 370 feet bgs, with much of this variability simply a function of the varying 
ground surface topography between the wells.  The borings encountered various fluvial deposits including 
silt, sand, gravel and some clay observed in varying degrees of cementation from “unconsolidated” to “well-
cemented/lithified.”  Most of the sands and gravels contained silt and clay in varying amounts.  The hardest 
materials encountered were layers of matrix-supported chert pebble conglomerate (essentially consolidated 
gravelly silt) and siltstone, which in many cases had a carbonate cement.  Some dense, uniform layers of 
brown clay were quite hard.   

The soil boring logs (drilling logs) are included in Appendix A; the downhole geophysical traces have been 
added to the logs (as available) to provide greater ease of correlation.  The geophysical response logs are 
also included on the borehole montages presented in Appendix B for the wells where these measurements 
were recorded (MW46, MW47, MW48, MW50), along with hydrophysical logging results.  These montages 
also show the screened intervals for the nested wells and the corresponding flow zones identified from 
hydrophysical logging.   

The electrical conductivity measurements appear more useful in delineating various lithologies than the 
gamma measurements.  The higher electrical conductivity responses correlate generally with finer-grained 
layers (i.e., clay-containing materials such a silty clay and clayey silt), while the lower-conductivity (higher 
resistivity) responses generally correlate with sandy and/or gravelly materials.  The conductivity results 
show a clear trend of highly conductive units being more prevalent below an approximate elevation of 6575 
feet msl at locations MW47, MW48, and MW50 (below 150 feet bgs at MW47 and MW48 and below 200 
feet bgs at MW50).  At MW46, the highly conductive layers are also more prevalent in the lower portion of 
the boring, but are deeper than at the other wells, generally below elevation 6515 feet msl. 

Very hard, pale brown claystone layers were encountered at the bottom of the borings between 310 and 
370 feet bgs; the greater depths are associated with wells located on ridge-tops (i.e., MW46 and MW49).  
This material is interpreted as the upper unit(s) of the White River Formation, which underlies the Ogallala 
Formation.  

Due to the areally discontinuous nature of the Ogallala Formation deposits, correlation of lithologic units 
between well locations is only possible in a limited manner.  The north-south cross-section along the line of 
intercept transect wells (Figure 3-1) illustrates this aspect.  For example, a gravelly sand-dominated interval 
is present in MW47 and MW48 at depths between 185-221 feet bgs (about 16 feet thicker at MW47) and 
between 227-267 feet in MW46 (i.e., ground surface is about 50 feet higher at this location and the unit 
thickens to the north and also rises slightly in elevation).  This sand lens unit is situated just above the 
aquifer.  It is not present at MW49 or MW50 to the south; corresponding depths at these two locations 
encountered silty sand, clayey silt, and clay layers.  The high degree of vertical lithologic variation at each 
well location and the laterally discontinuous nature of the deposits is typical of an alluvial fan/braided 
stream sedimentary facies model, which is the generally accepted model for this location along the very 
western edge of the Ogallala Formation.   
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10.2 HYDROGEOLOGY 

The uppermost water-bearing units of the Ogallala Aquifer were encountered at depths between 215 and 
295 feet bgs.  Static water level measurements recorded following installation of the nested wells indicate 
the piezometric surface of the aquifer is 30 to 40 feet above the uppermost water-bearing units in this area.   

Five nested monitoring wells were installed along the north-south-trending intercept transect.  The total 
distance between the northernmost nested monitoring well (MW46) and the southernmost well (MW50) is 
3,350 feet.  MW47 is located 1,000 feet south of MW46; MW48 is located 350 feet south of MW47, and 
MW49 and MW50 are located 1,000 feet and 2,000 feet south of MW48, respectively.  Three 2-inch 
diameter PVC wells were installed at each nested well location, with the discrete screened intervals (either 
10 or 20-foot screens) isolated from the others at each location by bentonite seals.  Screen installation 
depths were based on observed lithology and hydrophysical logging results (performed at four of the five 
nested well locations), which both were used to identify water-producing zones within the Ogallala Aquifer.  
All nested monitoring wells are screened in the Ogallala except for the deep well at MW46, which is 
screened in the WRF.   

Extraction well EW01, located 70 feet west (upgradient) from MW48, is constructed of 6-inch diameter 
stainless steel casing and screen.  The screened interval, 237–297 feet bgs, covers the main producing 
zone of the aquifer at its location near the middle of the transect, in a small ephemeral drainage.  The WRF 
was determined to be present at this location at a depth of 308 feet bgs.   

At the location of the intercept transect, the Ogallala Aquifer was found to occupy the lower 60 to 90 feet of 
the formation (total formation thickness is 308 to 370 feet).  The water-producing units in the Ogallala 
Aquifer at the new well locations are composed of sandy and/or gravelly silt, and less commonly, sand-
dominated layers (clayey sand, silty sand, gravelly sand).  These zones generally range in thickness from 5 
to 25 feet.  Similar flow regimes were identified in MW-46, MW-47, and MW-48 during hydrophysical 
logging, with weak inflow occurring near the bottom of the saturated intervals and exiting out the top of the 
screen.  Flows as delineated within the wells do not in all cases clearly correlate with sands and gravels.  In 
some cases, the flows have been detected from silty units.   

Hydrophysical logging identified water-producing zones at various depths from well to well in the intercept 
transect wells, and also variable distribution of these water-producing zones in terms of thickness and 
position within the stratigraphic column.  Overall the water-producing zones occur between elevations 
6,440 and 6,540 feet msl.  There is some correlation possible in terms of water-producing zones within the 
Ogallala Aquifer.  A fairly thick producing zone is present in sand, sandy silt/silty sand and gravelly silt 
layers between 6475 and 6495 feet msl (approx. 240–265 feet bgs) at MW47 and MW48, which are located 
closest to EW01; 20-foot screened sections were installed for the middle nested well at both of these 
locations to monitor this zone (see Table 3-3).  This water-bearing zone is slightly thicker and extends 
deeper at MW47 as compared to MW48, but the screen length was limited to 20 feet regardless.    

A gravel zone is present near the base of the Ogallala as identified in MW47 290–293 feet bgs; this 
appears to correlate with a fine sand layer in EW01 from 291–296, which is underlain by a gravelly sand 
layer 296–301 feet (see drilling logs in Appendix A and hydrophysical/geophysical montages in Appendix 
B).  Another gravel layer was encountered in EW01 from 304–306 feet bgs, just above the White River 
Formation contact.  This granular material was not observed at MW46, MW49 or MW50; rather, clayey silt 
and gravelly silt (in many places lithified to siltstone and conglomerate) were encountered through the 
intervals just above the White River Formation.   
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10.2.1 Aquifer Properties 

A 72-hour aquifer test was conducted using the new extraction well EW-01 as the pumping well.  The new 
nested monitoring wells and a few previously installed monitoring wells served as observation wells for the 
test.  The pumping rate was 57 gpm.   

The cone of influence expanded rapidly outward in the basal Ogallala Aquifer reaching a diameter of about 
a mile in the first 10 to 100 minutes of the test.  It subsequently expanded upward into the generally finer-
grained deposits comprising the upper half of the saturated zone of the aquifer during the remainder of the 
test.  The vertical propagation of drawdown into the upper portions of the saturated interval was locally 
variable reflecting the heterogeneous nature of the Ogallala sediments.  The aquifer tests results indicated 
that the basal Ogallala Aquifer behaves as a semi-confined aquifer. 

The hydraulic properties of the Ogallala Aquifer calculated from the aquifer test results are summarized 
below.  These values were used in calibrating the MODFLOW groundwater model.   

 Mean aquifer transmissivity: 15,200 gpd/ft 

 Mean storativity of 7.0x10-5  

 Mean hydraulic conductivity (early-time Theis analyses):  32.8 feet/day   

 Directional hydraulic conductivities (Hsieh cross-hole technique, which tends to measure higher 
permeability strata):  31.8 to 121 ft/day 

 Specific storage:  1.0x10-6/ft, this very low value reflects the dense and partially lithified nature of 
the basal Ogallala Aquifer 

 Vertical hydraulic conductivity (upper portion of the Ogallala Aquifer):  5.0x10-6 cm/sec (DeGlee 
distance drawdown method),  geometric mean of 1.1x10-5 cm/sec (Neuman and Witherspoon ratio 
method) 

10.2.2 Groundwater Modeling  

A MODFLOW groundwater model was used to predict the performance of a groundwater extraction system 
designed to capture the plume using a series of north-south oriented extraction wells.  Three different 
scenarios of groundwater extraction were modeled.  The scenario using five wells spaced 700 to 1000 feet 
apart, each pumping 70 gpm (350 gpm total), proved to be the most effective scenario at capturing the full 
extent of the contaminant plume.  The model also accounted for the combined flow of the extraction wells 
(after treatment) by injecting extracted water at equal rates into three injection wells located downgradient 
of the line of extraction wells.  Each injection well returns treated water to the aquifer at a rate of 116.7 gpm, 
thus injecting a combined flow rate of 350 gpm. 

Increased water extraction from the Borie well field over time is expected (i.e., increased water use of the 
water resource as a whole) and would likely cause steeper regional hydraulic gradients in the area of the 
intercept transect.  To account for this potential occurrence, the pumping rate of the five extraction wells 
would need to be increased from 70 gpm to 75 gpm, producing a total flow of 375 gpm.  Should the 
transect system be implemented, it will be necessary to monitor aquifer gradients, extraction well system 
performance, and adjust flow rates up (or down) accordingly. 
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10.2.3 Infiltration Test 

A water infiltration study was performed in the area near the extraction well EW-01 to determine if surface 
infiltration galleries could be used to re-introduce treated water generated from an intercept system back to 
the aquifer. The infiltration test identified a hardpan caliche layer is present in the shallow subsurface from 
approximately 1 to 3 feet below ground surface.  Soils from 3–7 feet bgs generally consisted of very fine to 
coarse sand with varying amounts of gravel.  

Infiltration trenches approximately 2 feet wide by 24 feet long by roughly seven feet deep were constructed 
and infiltration tests using flow rates of 15, 30, 38, and 50 gpm performed.  Based on the approximate 
footprint of each trench, an SLR was calculated for potential use in designing a full scale infiltration trench 
drain system.  A conservative SLR rate was calculated to be 0.34 gpm/ft2.  This SLR value can be used as 
a basis for designing infiltration galleries as one option for accommodating treated groundwater if an 
intercept system is carried forward for this site. 

10.3 WATER QUALITY 

Two groundwater sampling events were performed for the new nested monitoring wells (15 primary 
samples per event) in November and mid-December, 2011.  The samples were analyzed for VOCs by 
Method 8260B.  TCE was detected in most samples, except for the sample collected from the deep well at 
MW46 (northernmost well location) and the sample collected from the deep well at MW50 (southernmost 
location).   

Sample results are generally consistent between the two events, although a trend of slightly higher TCE 
concentrations is observed from the second event.  The TCE concentrations detected in the groundwater 
samples range from 2.2 to 59 μg/L (See Table 3-6), with the highest concentrations detected in samples 
from well locations MW47, MW48, and MW49 generally located within the central portion of the TCE 
contaminant plume.  The highest concentrations were detected in samples from well MW48-225, the 
shallow well at the MW48 location; however, the next highest concentrations (between 40 and 50 μg/L) are 
from samples collected from the two shallower wells at MW49 (MW49-284 and MW49-311).  The TCE 
concentrations are markedly lower for the samples obtained from the deep well at MW49 (MW49-333).  
There is a general trend of lower TCE concentrations in samples collected from the lower portion of the 
aquifer at these three locations, although this trend is not as pronounced at MW48 as at MW47 and MW49.   

Well location MW46 appears to be very close to the northern edge of the contaminant plume, with TCE 
concentrations between 5 and 7 μg/L.  Samples collected from the shallow monitoring well at MW50, 
located at the south end of the intercept transect, had the highest detections from this location (17 and 19 
μg/L).  TCE concentrations for samples from the middle and deep wells at MW50 are below the MCL.  This 
latter observation of fairly low TCE concentrations suggests that MW50 is close to the southern edge of the 
plume.  

10.4 SOIL VAPOR EXTRACTION PILOT TEST 

A 90-day SVE pilot test was performed at Building 2 at the former missile site, which included two 30-day 
active extraction periods, each followed by a 10- to 12-day rebound period.  PneuLog® testing was 
performed at the start of each active period and during the first rebound testing period to evaluate the 
vertical air permeability profile and VOC distribution at the SVE well location.  Air samples were collected 
periodically from the blower exhaust and analyzed for volatile organic compounds by Method TO-15.  TCE 
was the only chemical of concern detected in the recovered soil vapor.   
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Conclusions resulting from the SVE pilot test include the following: 

 The extraction well screened interval spans soils that have a relatively high air flow permeability 
which is favorable for the recovery of TCE by soil vapor extraction.  

 The mean radial distance where vacuum was measured to be equal to or greater than 1 percent of 
the applied vacuum is approximately 90 feet under the conditions tested.  

 Concentrations of TCE in soil vapor increase with depth as measured under PneuLog.  This is 
consistent with the properties of TCE, which exhibits a vapor density of 4.53 (relative to air, which is 
1.0)  

 A long-term SVE test consisting of two rebound periods provided the opportunity to evaluate the 
presence and significance of a sustained TCE vapor source in the vicinity of Building 2. The results 
indicate that although one test well was effective in recovering TCE from the unsaturated zone, a 
significant residual source of TCE is not present in the vicinity of the extraction well.  Of this 
relatively small mass of TCE, the majority was found to reside in fine-grained soils and is not 
readily recoverable by SVE and does not provide a continuing source of TCE to underlying 
groundwater.  Considering that the test well is located in an area exhibiting the highest 
concentrations of TCE dissolved in groundwater, and that a large proportion of this small residual 
TCE mass is not readily recoverable by SVE, the study indicates that a full scale SVE remedial 
action would not be efficient or effective in achieving the goal of groundwater restoration to levels 
below the MCL. This conclusion is based on the following observations: 

 Relatively low initial concentration of TCE in vapor 

 Rapid rate of decline in recovered vapor concentrations 

 Magnitude and rate of rebound of TCE vapor concentrations 

 Relatively low asymptotic concentration measured at the conclusion of the test 
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11 CONCLUSIONS  

Based on the primary goals of the pre-design work tasks, all principal objectives have been achieved.  
Specifically, the following conclusions can be made regarding the pre-design studies performed.  

1. Limits of TCE contamination in the intercept area are defined. 
Characterizing the northern, southern, and vertical limits of the TCE contaminant plume and the 
magnitude of TCE contamination in the area of the possible groundwater intercept area has been 
achieved.  Based on the TCE values detected in the newly installed intercept monitoring wells, well 
MW48 marks the approximate center of the TCE contaminant plume.  TCE values generally decrease 
northward and southward from this point.  TCE values in MW46 are at or near the TCE MCL, marking 
the approximate northern extent of the plume.  The maximum TCE value in MW50 is 19 μg/L.  Although 
a definitive southern TCE extent has not been established, the decreasing TCE trend moving 
southward is expected to continue.  The southern extent of the TCE plume (i.e., less than the 5 μg/L 
MCL) is expected to be less than 1000 feet south of MW50.    

2. The vertical extent of contamination in Ogallala Aquifer in the intercept area is defined. 
The saturated interval in the lower one third of the Ogallala Aquifer marks the vertical extent of 
contamination.  Because the WRF acts as an aquitard, TCE is not likely extending into the WRF in the 
intercept area.  TCE values obtained from the wells screened at or below the Ogallala and WRF 
contact are close to or below the TCE MCL and suggest a general decreasing trend with depth within 
the saturated Ogallala Aquifer.   

3. Predominant water-producing zones of Ogallala Aquifer have been identified and the aquifer 
properties determined. 
The saturated thickness of the basal Ogallala Aquifer along the proposed alignment of the intercept is 
approximately 90 feet thick, located between elevations 6,440 and 6,540 feet msl.  This zone is 
intermittently overlain by confining or semi-confining strata.  Mean aquifer transmissivity, storativity, and 
hydraulic conductivity in this area are calculated at 15,200 gpd/foot, 7.0x10-5, and 32.8 feet/day, 
respectively.  Vertical conductivity is approximately 1.1x10-5 and 5.0x10-6 cm/sec.  The transect location 
is near the western margin of the Ogallala Aquifer and can serve as a strategic location for intercepting 
the contaminant plume.  Intercepting the plume at this location will help minimize the volume of water 
requiring extraction, treatment, and re-introduction to the aquifer.   

4. Groundwater modeling results indicate that a groundwater intercept system is a viable remedial 
option. 
A groundwater model was developed to optimize preliminary design for an intercept system.  Based on 
the modeling output, precise groundwater extraction well spacing, required flow rates, and capture 
zones have been determined.  Aquifer test results and groundwater modeling clearly indicate that 
implementation of a groundwater intercept system near the western margin of the Ogallala Aquifer is a 
viable remedial option for addressing the TCE contaminant plume.  The MODFLOW groundwater 
model predicts an optimal scenario of five extraction wells, spaced 700–1000 feet apart, each pumping 
at 70 gpm, to fully intercept the plume.  Considering additional factors such as increased aquifer 
withdrawals within the Borie well field and overall system efficiencies, extraction rates would likely need 
to be increased to 75 gpm in each of the five extraction wells to ensure complete capture over the long-
term. 

5. Sufficient infiltration data was obtained to design infiltration galleries. 
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Infiltration testing indicates that surface soils can sustain a surface loading rate of 0.34 gpm per square 
foot of infiltration area, with higher rates possible.  This SLR value can be used as a basis for designing 
infiltration galleries as one option for accommodating treated groundwater if an intercept system is 
carried forward for this site.   

6. The SVE test indicates that there is not a significant residual source of TCE that would require 
installation of a full-scale SVE system. 

A long-term SVE test consisting of two rebound periods provided the opportunity to evaluate the 
presence and significance of a sustained TCE vapor source in the vicinity of Building 2. The results 
indicate that although one test well was effective in recovering a small mass of TCE (~10 pounds) from 
the unsaturated zone, the residual mass of TCE in the vicinity of the extraction well was estimated to 
be less than 20 pounds including mass trapped in the capillary fringe and low permeability soils. This 
residual TCE mass was identified as not readily recoverable by SVE. Considering that the test well is 
located in an area exhibiting the highest concentrations of TCE dissolved in groundwater, and that a 
large proportion of this residual TCE mass is not readily recoverable by SVE indicates that a full scale 
SVE remedial action would not be efficient or effective in achieving the goal of groundwater restoration 
to levels below the maximum contaminant level (MCL).  This conclusion is based on the following 
observations: 

 Relatively low initial concentration of TCE in vapor 

 Rapid rate of decline in recovered vapor concentrations 

 Magnitude and rate of rebound of TCE vapor concentrations 

 Relatively low asymptotic concentration measured at the conclusion of the test 
 

Based on the results of the pre-design characterization work tasks detailed throughout this report, it is 
suggested that the data be used for refining remedial options concerning Site 4 and finalizing the Draft-
Final Focused Feasibility Study (RMC, 2009a).   
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APPENDIX A 

Field Logs 

(Provided on CD) 

Drilling Logs (A-1) 
Well Development Logs (A-2) 

Well Construction Diagrams (A-3) 
Groundwater Sample Collection Logs (A-4) 

Photography Logs (A-5) 
Pump Test Logs (A-6) 

Daily Quality Control Reports and Field 
Audit Checklist (A-7) 
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APPENDIX A-1 

Drilling Logs 



 

DRILLING LOG
COMPANY NAME DRILLING SUBCONTRACTOR 

PROJECT LOCATION

NAME OF DRILLER MANUFACTURER’S DESIGNATION OF DRILL 

 
SIZES AND TYPES OF 
DRILLING EQUIPMENT 

HOLE LOCATION 

SURFACE ELEVATION 

DATE STARTED DATE COMPLETED 

HOLE NO.

SHEET 1 
OF                     SHEETS 

OVERBURDEN THICKNESS DEPTH GROUNDWATER ENCOUNTERED 

DEPTH DRILLED INTO ROCK DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED 

TOTAL DEPTH OF HOLE OTHER WATER LEVEL MEASUREMENTS 

GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED CORED INTERVAL/CORE BOX NO(S). 

SAMPLES FOR CHEMICAL ANALYSIS VOCs METALS OTHER OTHER OTHER TOTAL CORE 
RECOVERY 
                       % 

DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER SIGNATURE OF INSPECTOR 

ELEV. 
(ft) 

DEPTH 
(ft) DESCRIPTION OF MATERIALS 

SOIL 
COLUMN. 

Recovery 
(ft/ft) 

REMARKS 

   

                MW46 
 VERSAR/RMC Consultants, Inc.                          BOART LONGYEAR, Portland, OR  24 

Atlas D Missile Site 4 Pre-design Characterization     Cheyenne, Wyoming 
 
  Marc Williams   Pro-Sonic 
                  7-inch diameter continuous core                1.2 miles East of Cow Camp 
               8-inch diameter continuous core    
                     8-inch diameter drill casing   6785.0 ft 
   9-inch diameter drill casing   
 
     08/18/11   8/27/11 
      ~280 ft bgs 

     SWL:  233 ft bgs post development on 9/6/11
  

       

    

 

     3 nested 2-inch PVC  
      monitoring wells 

2 
 
 
 
 

4 
 
 
 
 

6 
 
 
 
 

8 
 
 
 
 
10 

Brown Silt (ML), trace fine gravel, soft to firm, 
dry (topsoil/root zone). 

 

Light brown Silt (ML) trace fine gravel, soft dry 

 
 
 
 
Light brown silty fine Sand and fine-medium 
gravel (45-50 % gravel) (SP), dry, soft/loose. 
 
 
 
 
Light brown gravelly Silt (ML); gravel (10%) is 
f-m-c, angular; dry, firm 
 
 
Very pale brown very fine Sand (SP) and 
gravel (45%); gravel is sub-angular. 
 

410 ft 
10/16/11:        SWLs: 

Shallow MW: 229.2’ bgs - middle MW: 228.7’ bgs – deep MW: 231.9’ bgs

6785 

6/6 



HOLE NO.

    MW46
PROJECT INSPECTOR SHEET 2

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)             
Incrsg. Incrsg.

REMARKS
ft

6775

6765

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

26

28

10

12

14

16

18

20

22

24

S.A.A. fine Sand and gravel (SP-GP)

V. Pale brown gravelly Silt (ML), gravel 
(20%) is f-m-c; dry, loose/soft.

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Well cemented 
portions are 
white/strong reaction
to HC1

 
V. Pale brown silt (ML), dry, soft to V. 
firm.

Lt. brown silt (ML), v-firm, damp.

Silt (ML), trace f-m gravel (5%), light 
brown to white, varying degrees of 
cementation ( weak to moderately well 
cemented).

Lt. brown gravelly fine sand (SP), gravel 
(20%) is f-m; dry, loose.

Gravelly Silt (v.pale brown) (ML), gravel 
(35%) is f-m, weakly cemented, no 
reaction to dilute HC1

10/10

(6'-16')

8/10
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)             
Incrsg. Incrsg.

REMARKS
ft

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

28

6755
30

32

34

36

38

6745
40

42

44

46

S.A.A. - gravelly Silt (ML)
__
Sandy silt trace clay (in places) (ML), light. 
brown; sand is f-m,  damp to moist; moderate 
cementation in places.

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Lt. brown silt, trace clay, soft to firm, low 
plasticity (ML ), damp.

S.A.A. (ML), w/ a few 2"-3" well-cemented 
layers of gravelly siltstone (trace f. gravel). 
Strong reaction to dilute HCI for latter.

Silt (ML), light brown (10yr 5/4), soft to firm, 
w/ 1-mm white streamers/patches, damp

V. pale brown silt (ML), soft, damp.

Same as 34'-36' (ML)

Lt. brown (7.5 YR 6/4) gravelly Silt (ML), 
gravel (10%) is f-m, sub-round/sub-ang. 
moderately well cemented, moderate 
reaction to dilute HCI.

9/10

(26'-
36')

10/10
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)             
Incrsg. Incrsg.

REMARKS
ft

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

46

6725
60

48

6735
50

52

62

64

54

56

58

Lt. yellowish brown silt (ML), soft, dry. f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

V. Pale brown gravelly Silt (ML), trace c. 
sand, gravel (10%) is f-m, moderate 
cementation in places.

V. pale brown silt, trace f. gravel (ML), 
dry, moderately well cemented in places, 
firm in others; strong reaction to dilute 
HCI. 

S.A.A. (ML), w/ 20-25% f. gravel.

Silty Gravel w/ sand (GW-GM), moderately to 
well-cemented in places; gravel is f-m, sand
(10%) is mostly coarse; no reaction to dilute 
HCI: light brown (7.5YR 6/4) 

Brownish yellow (10YR 8/6) silty Gravel 
w/sand (GM) (S.A.A.), moderately cemented
drill action has pulverized most of material, n
reaction to HCI. Damp.

Reddish-yellow (7.5 YR 7/6) Silt (ML), 
soft, damp.

S.A.A., well cemented/hard, dry.

10/10

9/10

(56'-
66')
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)            
Incrsg. Incrsg.

6715

6705
80

82

72

74

76

78

64

66

68

70

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

Reddish yellow  (7.5YR 6/6) Silt (ML), 
well-cemented, hard, weak reaction to
dilute HCI, dry

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Gravelly silt (ML), trace sand,  gravel 
(15%) is fine-medium, subround.-light 
brown, loose, dry.

 Light yellowish brown silt (ML), trace f. 
gravel (subround), soft, dry

S.A.A. w/ trace clay (ML)

Gravelly Silt (ML), trace clay, light brown; 
soft to moderately hard, weak reaction to 
dilute HCI; 
gravel (15%) is f-m, sub-round/sub-
angular

10/10

(66'-76')

10/10

(76'-86')
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)            
Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

96

98

6685 100

6695
90

92

94

82

84

86

88

V.  pale brown gravelly Silt (ML), trace sand, 
dry, loose; gravel is fine, sand is coarse.

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Gravelly v. fine Sand w/silt (SP), dry, loose.

V. pale brown (10YR 7/4) gravelly Silt (ML); 
gravel (10%) is mostly fine; material is soft, w
finely disseminated caliche. 
Mod. to strong reaction to HCI

S.A.A., but w/ more/coarser gravel (ML), trac
clay. gravel is f-m-c (35%), weak to no 
reaction to HCI, firm, a few cobbles present 
also.

S.A.A. (ML). but gravel (40%) is mostly f-m, 
sub-ang/ang, firm, crumbles easily, a few 
thin (1-2mm) gray clay layers/laminae; some 
of the gravel is weathered hematitic quartz 
(pink to red).

Gray clay and pale brown Silt (ML), trace f. 
gravel; laminated/layered (somewhat rough 
laminae), slightly to moderately cemented.

Lt. brown sandy Silt w/ gravel (ML), gravel 
(10-15%) is mostly f-m, sand is mostly v. 
fine; loose, dry

4'/10'

10/10

(76'-86')

10/10

(86'-96')

Low recovery 96'-
106' 
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)            
Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

114

116

118

108

6675 110

112

100

102

104

106

Light brown gravelly Silt (ML) gravel (35%) is
f-m, sub-round/sub-angular..

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Low recovery 96-106
(4'/10" - cored w/ 
water)

Lt. brown Silt, trace clay (ML), soft to firm, 
low plasticity (ML), damp.

S.A.A.

Light brown fine Sand (SP), loose, dry, w/ f-m 
sub-angular gravel (5-10%) .

Lt. brown gravelly Silt, trace clay (ML), soft 
to firm gravel (30%) is fine, sub-angular.

10/10
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)            
Incrsg. Incrsg.

6665

6655

134

136

126

128

130

132

118

120

122

124

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

Conglomerate - Light brown silty matrix, 
angular coarse sand and f-m gravel (angular
cobbles also; hard/consolidated.

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Low Recovery 126-
130, fines
 washed away w/ 
drilling fluid

Pale brown gravelly Silt (ML), gravel (15%) i
f-m, subround; silt gives strong reaction to 
dilute HCI; dry.

Same as 119-123' (ML)

Assumed gravelly silt w/sand (ML), trace 
gravel; only  C. sand and f. gravel in core. 

Gravelly Silt w/ fine sand (ML), firm, 
crumbles easily, gravel (30%) is f-m sub-
round; dry; fine sand is 5-10% of material

Gravelly silt (ML), firm, light brown, gravel 
(15%) is f-m, sub-round/sub-angular, dry

6" layer weakly cemented gravelly sandy Silt 

10/10

6/10

(126'-
136)
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)            
Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

6635 150

152

154

142

144

146

148

136

138

6645 140

Gravelly Silt,  trace sand (f-m) (ML), gravel 
(25%) is f-m-c; dry, silt is v. pale brown 
(10YR 7/3), gravel is various colors, mostly 
reddish and gray.  [Weak red (10 R 4/4) 
quartz is the predominant gravel type (90%)]

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

143'-146' Cored 
without water 
assumed 
representative of 
entire interval (136'-
146')

Gravelly Silt (ML),  trace sand (f-m), gravel 
(25%) is f-m-c

Conglomerate - v. pale brown silty matrix weak 
red (10R4/4) gravel; v. hard, competent.

Assumed gravelly silt/silty gravel, possibly w
sand; Residual in core is reddish coarse 
sand and fine gravel (subround/ sub-
angular).

Silt/Siltstone-pale brown. hard, moderately t
well-cemented; only ~5% fine grave

4/10

6/10

(146'-
156')
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)            
Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

6615 170

172

162

164

166

168

154

156

158

6625 160

Silt/Siltstone, pale brown, hard, ~5% fine 
gravel, weak reaction to dilute HCI. (on rock 
surface).

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Low recovery: 2'/6' 
unconsolidated 
material washed 
away (156-162)1-ft layer Conglomerate, v. hard; v. pale 

brown silty matrix and f-m-c gravel (40%), 
gravel is mostly reddish quartz ; depth 
approx. 

Light brown gravelly silt/Siltstone, dense, 
moderately hard, moderately cemented; drill 
action has pulverized much of the material. 
gravel (10%) is f-m.

Conglomerate layer

Lt. brown gravelly Silt, 5-10% sand (ML), 
weakly cemented/firm, gravel (10%) is mostly
fine-grained, sand is f-m-c.

9/20

(156'-
176')
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)             

Incrsg. Incrsg.

6605

6595

188

190

180

182

184

186

172

174

176

178

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

Light brown gravelly Silt (ML), 5-10% sand, 
weakly cemented/firm, gravel (10%) is mostl
fine-grained, sand is f-m-c; dry.

f = fine
m = medium
c = coarse

f-m-c = fine-  medium-
coarse

Low recovery 176-
196.

Residual from 176-
193 is only 
conglomerate and 2"-
4" gravel

Assumed gravelly silt or sand (ML or SW)

A few conglomerate layers encountered, 3" 
to 12" thick ( depths only approx.)

Conglomerate layer

7/20

(176'-
196')
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)             

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

202

204

206

208

196

198

6585 200

190

192

194

Assumed gravelly sand (SW), loose, as 
below. Sand is f-m, gravel (10%) is mostly 
fine-grained, sub-round/sub angular

f = fine
m = medium
c = coarse

f-m-c = fine-  medium-
coarse

Last 3 feet of core 
drilled without water 
(193-196)

Low Recovery 196'-

Gravelly sand, loose (SW). Sand is f-m, 
gravel (10%) is mostly fine-grained, sub-
round/sub angular

Assumed same as above (SW), w/ a few 
cobbles

7/20

(176'-
196')
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)             

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

222

224

226

214

216

218

6565 220

208

6575 210

212

Assumed siltstone based on 
resistivity/gamma (compare w/ 152'-156')

Brown silt layer (ML), soft to firm, uniform

Gravelly silt (ML), light brown, firm, 
gravel (20%) is fine-medium.

Assumed S.A.A.: layered Silt, gravelly Silt, 
and gravelly sand, w/ trace cobbles.

5.5/20

(196'-
216')

f = fine
m = medium
c = coarse

f-m-c = fine-  medium-
coarse

Last two feet of core 
drilled w/ no water; 
recovered material 
likely representative o
196-216 interval

216-246 run (30 ft.) is 
low recovery. Drilling 
fluid is washing out 
fine-medium gravel 
and  finer material 
from core.  

216-240 Residual 
material is 2"-5" 
cobbles, two fairly 
competent silt layers, 
one 3" conglomerate 
l
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)              

Incrsg. Incrsg.

6555

6545

242

244

234

236

238

240

226

228

230

232

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

f = fine
m = medium
c = coarse

f-m-c = fine-  medium-
coarse

Assumed granular and/or fine-grained 
material, i.e., 
gravelly sand/
gravelly silt/
silt

Residual material from 216'-240' is 2"-5" 
cobbles, two fairly competent silt layers 
(~12"thick), one 3" conglomerate layer.

Medium sand in drilling fluid return.

Assumed gravelly sand (SW), f-m-c sand, 
10% fine gravel.

Based on 244'-
246', cored w/out 
water
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)              

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

6525 260

262

252

254

256

258

244

246

248

6535 250

Lt. brown gravelly sand, sands f-m-c, gravel 
(10%) is mostly fine, some medium.

f = fine
m = medium
c = coarse

f-m-c = fine-  medium-
coarse

Low recovery 246' -
266', residual is 
mostly f-m gravel, a 
few coarse gravel and 
larger particles

Lt brown gravelly sand, sands mostly f-m, 
gravel (20%) is f-m, sub round.

Assumed gravelly sand or gravelly silt

5.5/2
0
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)              

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

6505 280

272

274

276

278

264

266

268

6515 270

262 f = fine
m = medium
c = coarse

f-m-c = fine-  medium-
coarse

Last 2-3 ft of 20-ft run 
(246'-266') drilled 
w/out water

Drilling fluid likely 
washed away some 
fine layers e.g. 
gravelly silt/sand

Light brown gravelly Sand (SP-GP), gravel 
(20%) is fine-medium, subround, sands 
mostly med-coarse. loose, dry

Yellowish brown (10YR 5/4) silty Clay (CL), 
moderately cemented/compact/ dense/hard, 
w/ a few 3"-4" cobbles present, apparently
associated w/ thin conglomerate layer(s)-
part of a conglomerate layer @ 269' - a sma
amount of conglomerate material is adhered 
to one of the cobbles.  

Light brown Siltstone, hard, dense, uniform, 
moderately to well cemented.

Silty sandy Gravel, trace clay (GM) Brown 
(7.5YR 5/4), soft to firm, possibly water-
bearing. gravel (60%) is f-m, sub-angular.

13/20

(266'-
286')

Possible 
uppermost water-
bearing zone
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)            

Incrsg. Incrsg.

298

280

282

284

286

288

290

292

294

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

296

REMARKS
ft

6505

6495

Brown silty sandy gravel (GW-GM), trace 
clay. Gravel is f-m, sub-angular

f = fine
m = medium
c = coarse

Possible upper water 
bearing zone/1st 
water-bearing zone 
280'-283'.

Gravelly silt (ML) compact/dense,v-firm, 
gravel (20%) is f-m-c, sub-angular

Brown silty clay (CH), dense/hard, high 
plasticity when wetted. Trace f. gravel, 
moderate cementation, could be called 
claystone.

290-292 missing from core; assumed clayey 
silt based on resitivity

Brown silty clay (CH), trace sand (scattered 
grains) hard/dense

Gravelly silt/sand  -- only coarse gravel in 
core

Brown silty clay, hard, dense (CH)

11.5/20

(286'-
306')
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)            

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

312

314

316

304

306

308

6475 310

298

6485 300

302

Gravelly sand or silt-only coarse gravel in 
core (subround/rounded) - probably indicate
sandy material  (SW/SM w/ gravel) 

Flow zone as 
identified by 
hydrophysical logging 
(297'-305')

Drill casing pulled 
back 10 feet to 296 ft, 
borehole pumped 
using 1.5 hp 
submersible pump for 
about 45 minutes, 
produces 
continuously @ ~4 
gpm after drill fluid 
pumped out. 
Pumping water level 
is 255 feet bgs w/ 
pump at 285 ft bgs.  

Hydrophysical logging
indicates no flow 
within the 304'-315' 
interval, suggesting 
clayey material such 
as clayey silt or 
gravelly silt w/ clay.

Light brown silty clay (CH), trace fine 
gravel/coarse sand. hard, dense

Gravelly Silt w/ sand (ML), gravel (40%) is f-
m, sub-round, pale brown, a few 2"-3" 
particles. Material appears dry, compact.

S.A.A., w/ some thin (2-4 mm) gray clay 
layers

Low recovery, only a few 4"-6" cobbles in 
core. Possible clayey silt or gravelly silt w/ 
clay 

Brown Clay, trace silt (CL)  hard, dense, 
uniform (depth approx.)

11/30

(306'-
336')
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)            

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

332

334

316

318

320

322

324

326

328

3306455

6465

Brown Clay, trace silt, hard, uniform, dense. 
(CL)

f = fine
m = medium
c = coarse

f-m-c = fine-  medium-
coarse

Hydrophysical logging
indicates a large flow 
zone from 318'-342', 
with the majority of 
flow occurring 
between 320' - 330'.  

Gravelly Silt 320'-334'
assumed based on 
recovered material 
from 333-334 (drilled 
w/o water).  The 
residual for most of 
322'-334 is sub-
angular m-c gravel.  

Lt. brown gravelly Silt (ML), soft to 
moderately firm, gravel (40%) is f-m-c 
(mostly m-c), sub-angular.

Lt. brown gravelly Silt (ML), soft to 
moderately firm, gravel (40%) is f-m-c 
(mostly m-c), sub-angular.

14/30 

(306'-
336')

11/3
0

(306'-
336')
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)          
Incrsg. Incrsg.

6445

6435 350

352

342

344

346

348

334

336

338

340

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

Light yellowish brown Silt (ML), firm, uniform 
(ML)

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Low recovery. only 
cobbles, coarse 
gravel, and a little f. 
gravel in core.

Hydrophysical 
logging results 
indicate no flow 
zones within the 
interval 342-395 feet 
bgs

Brown gravelly Silt, trace clay (ML), trace 
sand, soft to firm, gravel (30-40%) is f-m-c, 
angular/sub-angular.

 Light yellowish brown siltstone layer
(depth approximate)

gravelly silt assumed based on resitivity; 

A few 3"-4" conglomerate layers are also 
residual in low-recovery core

Gravelly silt  assumed based on resistivity  
some sand and mostly coarse gravel in 
core, two 8" conglomerate layers also.

13/40

(336'-
376')
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)          
Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

366

368

6415 370

6425 360

362

364

352

354

356

358

Silty Clay assumed based on resistivity  
some sand and mostly coarse gravel in core, 
two 8" conglomerate layers also.

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Low Recovery

Hydrophysical 
logging results 
indicate no flow 
zones within the 
interval 342-395 feet 
bgs.  

Possible top of White River Formation at 353
based on conductivity increase, gamma 
increase

Yellowish brown (10YR 5/4) silty Claystone, 
v. well indurated, v. hard (depth approximate)

Low recovery.  C. sand and c gravel residual 
in core, gravel is sub-angular.

Silty and/or Clayey material assumed, based 
on hydrophysical logging results (no flow), 
i.e., clayey silt w/ sand/gravel (ML) or gravell
silt w. clay; lower plasticity material inferred 
from low recovery 

13/40

(336'-
376')
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22Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)          
Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

382

384

386

388

376

378

6405 380

370

372

374

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Depth to top of 
White River 
Formation at 376 
feet bgs based on 
recovered White 
River Fm. core and 
hydrophysical 
results.

Hydrophysical 
logging results 
indicate no flow 
zones within the 
interval 342-395 feet 
bgs.  

Pale brown 10YR 6/2 clayey siltstone, v. 
hard/ well indurated

Pale yellow (2.5Y 7/3) clayey silt, firm, 
uniform, low plasticity (ML)

Assumed S.A.A. , no recovery

Possible top of White River Formation at 376
based on conductivity increase

No recovery- no sand or gravel residual likel
indicates material is all fine sand and/or finer 
material (silt, clayey silt)

7/34

(376'-
410')
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Atlas D Missile Site 4 Pre-Design Characterization Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Soil Recovery 

ft MSL Column (ft/ft)            

6395

6385

404

406

396

398

400

402

388

390

392

394

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

no recovery - Assumed clayey Silt.  f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Depth approximate - Pale brown Claystone, 
v. hard, massive, dense/compact, possible 
sub-vertical healed fracture surfaces present 
in places, although could be artificial; also 
possible fracture closed by sonic core action. 

This material persists to the bottom of the 
boring @410 ft bgs; interpreted as White 
River Formation.  

~assumed silt based on HPL; low 
recovery/missing material in core

Hydrophyscial 
logging indicates 
flow at approx. 396 
feet, but the log is 
truncated at 398 ft.

Depth to top of 
White River 
Formation at 376 
feet bgs based on 
recovered White 
River Fm. core and 
hydrophysical 
results.  
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 24  SHEETS

ELEV. Soil Recovery 

ft MSL Column (ft/ft)            

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

406

408

410

REMARKS
ft

6375

S.A.A. - Pale brown claystone, v. hard, 
massive, dense; White River Formation

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

E.O.B. 



 

DRILLING LOG
COMPANY NAME DRILLING SUBCONTRACTOR 

PROJECT LOCATION

NAME OF DRILLER MANUFACTURER’S DESIGNATION OF DRILL 

 
SIZES AND TYPES OF 
DRILLING EQUIPMENT 

HOLE LOCATION 

SURFACE ELEVATION 

DATE STARTED DATE COMPLETED 

HOLE NO.

SHEET 1 
OF                     SHEETS 

OVERBURDEN THICKNESS DEPTH GROUNDWATER ENCOUNTERED 

DEPTH DRILLED INTO ROCK DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED 

TOTAL DEPTH OF HOLE OTHER WATER LEVEL MEASUREMENTS 

GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED CORED INTERVAL/CORE BOX NO(S). 

SAMPLES FOR CHEMICAL ANALYSIS VOCs METALS OTHER OTHER OTHER TOTAL CORE 
RECOVERY 
                       % 

DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER SIGNATURE OF INSPECTOR 

DEPTH 
(ft) DESCRIPTION OF MATERIALS 

SOIL 
COLUMN. 

Recovery 
(ft/ft) 

REMARKS 

   

           MW47 
 VERSAR/RMC Consultants, Inc.     BOART LONGYEAR, Portland, OR          17 

Atlas D Missile Site 4 Pre-Design Characterization Cheyenne, Wyoming 
  
Marc Williams  Pro-Sonic 
           7-inch diameter continuous core  
   1 mile east of cow camp, 350 feet N of MW48 
           8-inch diameter drill casing   
           9-inch diameter drill casing  6734.3 feet MSL 
   
   7/26/11  7/31/11 
     228 ft bgs  

   SWL: 178.3 ft bgs on 8/6/11; post-development & HPL logging  

  295 ft  

 

 

 
   3 nested 2-inch PVC  
     monitoring wells 
 

2 
 
 
 
 

4 
 
 
 
 

6 
 
 
 
 

8 
 
 
 
 
10 

Lt. brown Silt (ML), trace fine gravel, dry, 
soft/ loose. 
 
 
Fine Sand (SP) w/ m-c gravel (15%) light 
yellowish brown, dry, loose 
 
 
 
Light tan Silt (ML) w/ f-m gravel (15%) dry, 
loose. 
 
 
 
 
Light brown fine Sand (SP) w/ f-m gravel 
(10-15%), loose, dry. 
 

6734.3 

ELEV. 
(ft) 

9/21/11    SWLs:         :
Shallow MW: 179.1’ bgs – middle MW: 178.8’ bgs – deep MW: 181.4’

8/8 
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)             

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

22

24

6724

6714

26

28

10

12

14

16

18

20

Lt. brown Sand (SP) w/ gravel (10-15%). 
Sand is fine.

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Tan fine Sand (SP) w/ f-m-c gravel (30%) 
soft, dry, w/ scattered 2-3mm caliche 
nodules/patches.

Light yellowish brown Silt/v. fine sand 
(ML), w/ trace coarse sand/f. gravel, 2-3 
mm caliche spots (sparse). soft, dry.

SAA w/ cobbles 2"-4" (40%)

Lt. yellowish brown fine sand (SP) w/ fine-me
gravel (5%), 1.5" caliche layer@25.5', dry.

Light grayish brown silty Gravel (GW-GM),  
35% silt. Gravel is f-m-c, w/ abundant white 
mm caliche nodules/spots.-

Grayish brown gravelly Silt (ML)

10/10

(5'-15')

10/10

(15'-
25')

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)             

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

42

44

46

36

38

6694 40

6704 30

32

34

28 Gravelly silt (ML) (20% f-m gravel), grayish-
brown overall color, gravel is gray.

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Silt/Caliche-all material gives strong reaction 
to dilute HCI. Generally hard-drilling, dry. A 
lot of the material may have been pulverized 
by the core barrel.

S.A.A. w/ trace clay, damp, v. slight plasticity
v. light brown/tan (ML)

 S.A.A. w/ slightly more clay (slightly plastic) -
(ML) - light tan.

.Dark gray coarse basalt gravel w/ cobbles.

Tan/buff silty Gravel (coarse) (GP); damp. 
Gravel is mostly basalt. Silt gives strong 
reaction to dilute HCl.

Lt. grayish brown gravelly silt (ML), dry.  
Gravel is f-m (10%), material is soft/loose. 
Silt gives strong reaction to dilute HCI

Gravel-dominated Caliche w/silt; silt is 
pulverized matrix (carbonate), gravel is 
basaltic (gray plagioclase)

Gravelly Silt (ML), weakly to strongly 
cemented, no reaction to dilute  HCI

10/10

(25'-
35')

10/10

(35'-
45')

-- 1000 hrs 
7/26/11

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)             

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

62

64

54

56

58

6674 60

48

6684 50

52

46 Gravelly Silt (ML) w/ a few 3"-4" cobbles 
(basalt), firmly hard, ptly. cemented, no 
reaction to dilute HCI.

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarseFine Sand and  f-m gravel (SP), w/  a few 2"-

3" cobbles. Color is light brown.

Gravelly Silt (ML), gravel (30%) is f-m, w/ 
a few 2"-3" cobbles.

Cored through a large granitic 
cobble/boulder. Material is reddish feldspar, 
quartz, and black minerals.

Gravelly fine Sand (SP), light brown. gravel 
(20%) is mostly f-m, w/ a few 1"-2" particles.

Gravelly v. fine Sand (SP), grayish brown,  
gravel (15%) is f-m. Dry, loose.

10/10

(45'-55')

10/10

(55'-65')

Extremely high 
resistivity response
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)            
Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

64

66

68

706664

6654 80

82

72

74

76

78

Caliche layer-v. hard, whitish.

- 1200 hrs, 
7-26-11

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Gravelly fine Sand (SP), light brown, w/ 10% 
c. sand/fine gravel, dry.

Caliche layer- v. hard.

Cemented gravel/conglomerate.

Whitish caliche layer

Lt. brown gravelly Sand (SW), loose, gravel 
(40%) is f-m, sand is f-m-c dry.

Grayish brown sand and gravel (SP) 
(~50/50) sands m-c, gravel is f-m; reddish
and dark gray grains.

Light brown gravelly fine Sand (SP), 
gravel (35%) is f-m; loose.

15/15

(70'-
85')

5/5

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)            
Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

96

98

6634 100

6644 90

92

94

82

84

86

88

Gravelly fine sand (SP).

Gravelly silt (ML), dry, light grayish brown 
gravel (15%) is f-m.

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Gravelly fine sand (SP), light brown. gravel 
(20%) is f-m. loose.

Quatzose conglomerate, well-cemented. 
Mostly reddish quartz f-m gravel, in a non-
carbonate matrix, w/ a few 2"-5" cobbles 
included (sparsely).

S.A.A. but less well-cemented, can be 
broken w/ fingers. Matrix is light brown silt.

Conglomerate, very hard/ well-cemented;  
There is considerably more matrix and less 
gravel than above. Matrix is buff/ light tan, 
weak reaction to dilute HCI, generally a we
consolidated siltstone w/ included gravel in 
varying amounts.

Light brownish red/reddish brown f-m-c Sand 
(SW) w/ 15% f-m-c gravel (subround) Sand is
mostly red quartz.

S.A.A. w/ only 5% f-m gravel. (SW)

7.5/10

10/10

(95'-
105')

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)            
Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

112

114

116

118

106

108

6624 110

100

102

104

Sand w/ gravel (SW); light brown, sand is f-m
c, gravel is f-m.

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Weakly cemented silt (ML) w/ 15% f. gravel. 
Silt is light brown. Material is firm, can be 
broken w/ hand pressure, damp.

Weakly cemented sandy silt (ML) w/ 15% f. 
gravel; lt. yellowish brown to pale yellow, 
fairly hard but brittle, dry.

S.A.A. (ML), less gravel, color is grayish-
brown

Sand (f-m-c) (SW) w/ trace f-m-c gravel 
(subround); sand is mostly fine-grained, light 
brown .

Conglomerate, moderately to well-cemented
The aggregate is medium-coarse gravel w/ 
fair portion of 3-4" and larger cobbles.  
Cobbles/gravel are a variety of dark gray 
basaltic rock, red granite, and red quartz 
embedded/disseminated in a basaltic matrix.

8/20

(105'-
125')

111-125 feet cored 
w/ water only. 
Most fine-grained 
material washed 
away.
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)             
Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

118

120

122

124

6604

134

136

126

128

130

132

Conglomerate: gravel and cobbles embedde
in a silty matrix of varying consolidation. 

-low recovery; assumed gravelly fine sand 
based on resistivity 

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

7/28/11 
1730- halt drilling for
the day. 
Resume  7/29/11  
0715

125-145 cored w/ 
water, 
only consolidated 
material 
(congomerate and 
siltstone, and 
cobbles) retained in 

b l

Light grayish-brown Siltstone, weak reaction 
to dilute HCI; hard; 

~126-128':  cobbles 2"-5" (residual); 
assumed gravelly silt or conglomerate

~This depth: 2" conglomerate layer

S.A.A. (Siltstone) w/ 10% coarse sand/fine 
gravel, light tan, v. hard.

Hard Conglomerate, light tan, v. hard, 
possibly some less cemented material 
based on some c. gravel.

8/20

(105'-
125')

9.5/20

(125'-
145')

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)             
Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

6584 150

152

154

142

144

146

148

136

138

6594 140

Light grayish brown Siltstone w/ trace f. 
gravel

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Assumed siltstone based on resistivity, 
gamma

assumed gravelly fine sand based on 
resistivity

Light brown Silt, trace clay (ML), firm, slightly 
plastic.

Gravelly Siltstone/caliche layer (7") - mod. 
reaction to dilute HCI

Brown clayey Silt (ML), trace f. gravel. firm, 
slight to moderate plasticity. (ML)

Residual in core is Sand, gravel, cobbles 
(low recovery)

9.5/20

(125'-
145')

4/5
0900 7/29/11 
Drillers moving 
new rig 
(Pro-Sonic) onto 
hole
1330- Resume 
drilling

--1430 hrs-Halt 
drilling due to water
pump problem. 
Resume 7/30/11 
1130hrs

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)             
Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

6564 170

172

162

164

166

168

154

156

158

6574 160

Assumed  silty clay w/  trace cobbles based 
on resistivity (Low recovery due to drilling w/ 
fluid; only  cobbles recovered); 
 

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Hard conglomerate layer (depth approx.)

Assumed Sand with gravel (SP) as below, 
trace cobbles. 

Low recovery-only gravel and a few cobbles 
recovered. 

Grayish brown/ light brown f-m Sand  (SP) w
10% f-m-c gravel, loose. 

assumed S.A.A. (SP) - layered w/ 
siltstone/conglomerate  
       2"- 8"  layers siltstone and conglomerate  
recovered.

Conglomerate layer (depth approx.)

5/15

(150'-
165')

11.7/2
0

(165'-
185')

Last 1.5 ft of core 
(163.5-165) drilled 
without water, 
representative 
material.

165-185 core run 
has poor recovery 
165'-174' ,
w/  solid hard 
siltstone 174-183', 
and weakly 
cemented 
clayey/gravelly silt 
layers 183-185' 
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)               

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

172

174

176

178

6554

6544

188

190

180

182

184

186

Assumed gravelly sand  based on resistivity 
(no/low recovery, material washed away by 
drilling fluid).

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Light brown Siltstone, fairly well-cemented, 
can be cut/scored w/ knife. (hard)

Very light tan/whitish Siltstone/fine 
Sandstone, very hard, cannot be scratched 
w/knife.

Light yellowish brown Silt, trace clay, (ML) 
firm, crumbles easily

Brownish gray weakly cemented gravelly Si
(ML), 15% f-m gravel, firm to hard, can be 
broken w/ finger pressure;  no reaction to  
HCI

Assumed gravelly  sand interlayered w/ a few 
conglomerate and siltstone layers  [four 2" 
conglomerate layers, one 12" siltstone layer)

11.7/20

(165'-
185')

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)               

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

202

204

206

208

196

198

6534 200

190

192

194

Assumed  gravelly sand (SP or SW) w/ a few
2" conglomerate and one 12" caliche layer 
(185-205') 
Low recovery in core - sand washed away. 
Based on volume of gravel retrieved, materia
is mostly sand.

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Assumed gravelly silt and/or gravelly sand  

Sand w/ gravel (SP) (15% f-m gravel) w/ 
some 2"-3" cobbles (10%)

7/20

(185'-
205')

3.8/10

(205'-
215')

Last few feet of core
drilled w/out water

7/30/11 1620: Core 
barrel @ 205' bgs

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)               

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

222

224

226

214

216

218

6514 220

208

6524 210

212

Silty sand w/ gravel (SW or SP), w/ a few 2"-
3" cobbles. Fine-grained component 
assumed washed out w/ drill fluid. 

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Borehole left over 
night holds water; WL 
in morning (7/31/11) is 
89.4 bgs. Pump  out 
borehole, to 
WL=187.4, WL does 
not come back, 
remains steady.

Low recovery 
205'-215':

7/30/11 1745 - Halt 
drilling @215' - done
for the day .
 7/31/11- 0800 
Resume

Light brown Silt, trace clay (ML), v. firm to 
hard

S.A.A. (ML), more cemented, trace f. gravel

Light brown/light yellowish brown Siltstone, 
very hard. No reaction to dilute HCI

3.8/10

(205'-
215')

8/10

(215'-
225')
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)           

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

226

228

230

232

6504

6494

242

244

234

236

238

240

Low Recovery 225-245':2.5/20, mostly 3"-5" 
cobbles.  Finer-grained material washed out,

i.e., Assumed sand with fine gravel (SW 
and/or SP), layered with gravelly silt/siltstone
poss. with  w/ sand also.

A few siltstone pieces w/ included cobbles in 
core.

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Drilling w/ water. 
First water-bearing 
zone is ~228 and 
deeper; possibly 228-
244'

235-240 Possible sand or silt zone based on 
more rapid advance. Fine sand in return  
fluid. 

Quartzose Conglomerate layer, 6" thick 
(depth approx.)

Siltstone w/ cobbles (depth approx.)

2.5/20

(225'-
245')

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line



HOLE NO.

    MW47
PROJECT INSPECTOR SHEET 15

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)           

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

6474 260

262

252

254

256

258

244

246

248

6484 250

Siltstone w/ cobbles
--7/31/11 
1430 hours

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Low recovery 
245'-265'
Only c. gravel and 2"-
5" cobbles recovered

Assumed silty/gravelly sand (SP or SW) 
(interpreted from hydrophysical log).  

6" conglomerate layer (depth approx.)

assumed layered gravelly sand or 
gravelly/sandy silt (SW/SP or ML),
 w/ a few 2"-3" cobbles 

assumed gravelly silt and/or sandy silt (ML)

4/20

(245'-
265)

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line



HOLE NO.

    MW47
PROJECT INSPECTOR SHEET 16

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)           

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

6454 280

272

274

276

278

264

266

268

6464 270

262 Gravelly silt (ML) w trace f. sand, grayish 
brown, weakly cemented

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Last 3 ft of 245-265 
core drilled w/out 
water material likely 
representative of 250'
260' interval

Sandy silt w/gravel (ML). sand (10%) is f-m-
c; gravel (10%) is fine;  grayish brown.

Light brown clay-rich Siltstone (silt w/ trace t
some clay); well-cemented, hard. Needs 
hammer to break. Material is fairly clay rich; 
scrape w/ fingernail leaves glossy surface. 

S.A.A. (Siltstone)- w/ m-c gravel (subround)

Assumed silty Sand w/ gravel.  Silt/Sand 
mostly washed away by drilling fluid.

15/30

(265'-
295')

276-287' is mostly 
granular material
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Atlas D Missile Site 4 Pre-Design Characterization         Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)         

Incrsg. Incrsg.

~

~

REMARKS
ft

6454

6444

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

296

298

280

282

284

286

288

290

292

294

Assumed silty sand w/ gravel (SP or SW).  
Low recovery, Silt/Sand mostly washed 
away by drilling fluid.  Residual for ~276 to 
~287 is m-c gravel - subround to 
subangular (2ft/11 ft)

f = fine
m = medium
c = coarse

assumed silty clay based on resistivity

Light brown Siltstone, fairly well-cemented. 
Composition is clayey silt

Light brown Clay, trace silt (CH), w/ trace f-
m gravel, firm, quite plastic.

Silty f-m Gravel (GP-GM) w/ fine-med sand 
(10%), trace 2"-4" cobbles, loose

Light gray gravelly silt (ML), trace clay, gravel (5-10%) mostly f-m, 
angular, a few coarse gravel particles; contains clasts of silty clay (gray), 
also white caliche patches. Silt component gives strong reaction to dilute
HCI.   
(Ogallala Formation, close to bottom of formation)

E.O.B.

15/30

(265'-
295')

Possible mudflow 
deposit based on 
clay clasts.



 

DRILLING LOG
COMPANY NAME DRILLING SUBCONTRACTOR 

PROJECT LOCATION

NAME OF DRILLER MANUFACTURER’S DESIGNATION OF DRILL 

 
SIZES AND TYPES OF 
DRILLING EQUIPMENT 

HOLE LOCATION 

SURFACE ELEVATION 

DATE STARTED DATE COMPLETED 

HOLE NO.

SHEET 1 
OF                     SHEETS 

OVERBURDEN THICKNESS DEPTH GROUNDWATER ENCOUNTERED 

DEPTH DRILLED INTO ROCK DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED 

TOTAL DEPTH OF HOLE OTHER WATER LEVEL MEASUREMENTS 

GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED CORED INTERVAL/CORE BOX NO(S). 

SAMPLES FOR CHEMICAL ANALYSIS VOCs METALS OTHER OTHER OTHER TOTAL CORE 
RECOVERY 
                       % 

DISPOSITION OF HOLE 
BACKFILLED MONITORING WELL OTHER SIGNATURE OF INSPECTOR 

DEPTH 
(ft) DESCRIPTION OF MATERIALS 

Recovery 
(ft/ft) 

REMARKS 

           MW48 
 VERSAR/RMC Consultants, Inc.     BOART LONGYEAR, Portland, OR          17 

Atlas D Missile Site 4 Pre-Design Characterization Cheyenne, Wyoming 
  
Marc Williams  Pro-Sonic 
           7-inch diameter continuous core  
   1.2 mile east of Cow Camp, at SW crnr. East Starmill pasture 
           8-inch diameter drill casing  
           9-inch diameter drill casing  6735  feet MSL 
   
   7/14/11  7/21/11 
     216 ft bgs  

   SWL: 180.3 ft bgs on 7/22/11, post-development (temp. 4” well) 

  285’  

None  

 

 
   3 nested 2-inch PVC  
     monitoring wells 
 

2 
 
 
 
 

4 
 
 
 
 

6 
 
 
 
 

8 
 
 
 
 
10 

Brown Silt (ML), trace clay, trace f-m 
gravel, damp  
 
 
 
 
 
 
 
S.A.A. (ML) w/ 2-3 mm caliche nodules. 
 
 
 
 
Light brown gravelly Sand (SW), f-m 
gravel (30%) loose, damp.  
 
 
 
 
 
 
Lt. yellowish brown silty v. fine Sand (SP-
SM), trace f. gravel, soft, damp.  

ELEV. 
(ft) 

9/21/11:   SWLs:
Shallow MW: 197.5’ bgs – middle MW: 180.2’ bgs – deep MW: 180.5’ 

6735 

8/8 

Soil 
Column 



HOLE NO.

    MW48
PROJECT INSPECTOR SHEET 2

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)              
Incrsg. Incrsg.

6725

6715

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

22

24

26

28

10

12

14

16

18

20

S.A.A. - Silty fine Sand (SP-SM) f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

1415 hrs: At 15ft. 
driller begins running
9"casing down initial 
7" borehole to 8'.  
Resume sampling 
w/ 7" core barrel .
1420 Rig off due to 
lightning
1600 Resume 
drilling.

-- Gray powdery sand (pulverized 
rock/cobble) 

Lt. yellowish brown clayey silt (ML), slightly 
cohesive, soft overall, damp 

Pale brown/lt. y. brown. silty clay/clayey silt 
(ML-CL), cohesive, firm, damp. 

Tan silty v. fine sand, trace clay, firm, 
crumbles w/light-mod. pressure, damp;(SP) 
some gray mottling.

Light yellowish brown  silty v. fine Sand (SP-
SM), w/ 20% f-m gravel, loose, dry. 

Clayey Silt (ML) w/ f-m-c gravel (35%), light 
brown, dry .

Clayey silt (ML), slightly cohesive, damp (pale
brown) 

Lt. yellowish brown silt (ML), soft, damp. 

10/10

(5'-15')

10/10

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line



HOLE NO.

    MW48
PROJECT INSPECTOR SHEET 3

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)              
Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

28

38

40

306705

32

34

36

6695

42

44

46

Lt. yellowish brown gravelly f-m Sand (SP);  f-
m gravel (40%), loose, dry .

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

V. light brown f-m Sand (SP), weakly 
cemented (caliche-like sandstone); Strong 
reaction to dilute HCI

S.A.A. (SP/Sandstone), w/ f-m gravel, 
harder, can be broken w/ moderate finger 
pressure. (Caliche layer)

.Gravelly Clay (CL) (appears bentonitic), trace
silt, cohesive, damp. Can form ~1" thread w/ 
clay component, 10% f-m gravel,  light 
yellowish brown.

Clayey Gravel (GW-GC), trace fine sand, f-m-
c gravel is sub-angular, matrix is gray to lt. 
brown, soil is hard, crumbles w/ moderate 
pressure. 

Silty clayey gravel (GW-GC), crumbles 
easily. damp. 

10/ 10

(25'-
35')

10/10

(35'-
45')

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line



HOLE NO.

    MW48
PROJECT INSPECTOR SHEET 4

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)              
Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

46

48

6685 50

52

54

56

58

6675 60

62

64

Lt. brown clayey Sand (SP-SC) with 
gravel (10% f-m gravel), loose/soft.   (SW-
GC)

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Gravelly f-m Sand (SP-GP), trace clay, 
loose; sand is mostly reddish quartz, some 
dark gray particles. Clay is grayish-brown, 
gravel is mostly f-m, a few 2"-3" particles. 

S.A.A.

Cobbles w/silty clay matrix (lt. brown) 
cobbles are basaltic (GP-GC)

Gravelly fine Sand (SP). (20% gravel); Sand 
is possibly pulverized rock, i.e., weak 
sandstone.

Lt. yellowish brown gravelly v. fine Sand 
(SP), dry, loose.



HOLE NO.

    MW48
PROJECT INSPECTOR SHEET5 

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)              

Incrsg. Incrsg.

82

64

66

68

70

72

74

REMARKS
ft

76

78

6665

6655

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

80

Lt. grayish brown gravelly Silt (ML) 
(30% f-m-c gravel), dry, sub -angular .

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Lt. grayish brown f-m-c Sand (SW), trace sil

Lt. Grayish brown f-m Sand (SP-SM), little 
silt, loose to firm. 

Gravelly Silt w/clay (ML), slightly 
cohesive, gravel is f-m-c (20%), light 
brown 

Gravelly fine Sand (SP), little silt, gravel 
(40%) is m-c;  lt. grayish brown

Lt. yellowish brown Silt w/ clay, slightly 
plastic. (ML)

Grayish brown clayey Silt (ML-CL) w/ gravel, 
moderately plastic, damp, w/ 30% coarse 
sand and f-m gravel.  

Light brown f-m-c Sand (SW) w/ 10% 
fine gravel.

10/10

10/10

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line



HOLE NO.

    MW48
PROJECT INSPECTOR SHEET 6

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)              

Incrsg. Incrsg.

REMARKS
ft

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

96

98

6635 100

6645 90

92

94

82

84

86

88

Light brown f-m-c Sand (SW) w/ 10% f. 
gravel. (80-85 ft) 

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

-- 1830 hrs 7/15/11 
done for the day
7/16/11: Resume 
drilling @ 0720

Gravelly Silt w/ clay (ML), stiff, slightly plasti
(ML) gravel is f-m  (10-15%), 
lt. brown.

Silty f-m-c Sand (SW), trace clay, slightly 
cohesive, 

Cemented silt layer (Siltstone/caliche), hard, 
pale yellow to light yellowish brown, 
moderate reaction to dilute HCI.

Lt. brown silt (ML), trace fine gravel. dry, firm, 
crumbles easily,

Silt (ML) with 10% f-m gravel, dry, soft, 

F-m-c Gravel (GW), loose, mostly f-m;
Gravel is mostly reddish quartz; w/ some dark 
gray particles, trace green particles.

S.A.A. (ML) - more cemented

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line



HOLE NO.

    MW48
PROJECT INSPECTOR SHEET 

7Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)              

Incrsg. Incrsg.

REMARKS
ft

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

112

114

116

118

106

108

6625 110

100

102

104

Fine-medium Gravel, loose, dry. (GP) f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Pale yellow v. fine Sand (SP), 5% f-m grave
dry, crumbles easily (SP)

Sandy Silt (ML), trace clay, slightly cohesive, 
sand (25%) is coarse, color is brown. (ML-SP)
-Siltstone/caliche layer (4") @ ~106 ft, very 
hard (carbonate-cemented silt).

Sandy Silt (ML) w/fine gravel (10%), grayish 
brown, firm, crumbles w/moderate pressure

Siltstone, light brown/buff. weak reaction to 
dilute HCI

Light brown fine Sand (SP) w/ f-m gravel (10
15%) dry, loose. (SP) 

S.A.A. (SP) (Sand w/  fine gravel) but weakly 
cemented 

Conglomerate (cemented m-c gravel) very 
hard.

10/10



HOLE NO.

    MW48
PROJECT INSPECTOR SHEET 8

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)             

Incrsg. Incrsg.

134

136

118

120

122

124

126

128

REMARKS
ft

130

132

6615

6605

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

Conglomerate, very hard (S.A.A.). Particles 
are mostly f-m gravel and f-m sand. Much of 
the gravel is reddish quartz.

Halt drilling for the 
day at 120 feet, 
1830 hours. 
0730 7/17/11
Resume drilling

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Reddish-brown medium Sand (SP), loose, 
dry.  

Reddish-brown f-m-c Sand (SW) w/ f gravel 
(20%) loose. 

S.A.A. (SW) w/ 2-3" gravel (20%)

Lt. grayish brown f-m Sand (SP) w/ 2"-5" 
inch gravel/cobbles (10%)

4/5

12/12

(125'-
137')

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line



HOLE NO.

    MW48
PROJECT INSPECTOR SHEET 9

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)             

Incrsg. Incrsg.

REMARKS
ft

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

6585 150

152

154

142

144

146

148

136

138

6595 140

Lt. grayish brown f-m Sand (SP) w/ 2"-5" 
cobbles.   

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

137-155: low 
recovery due to use 
of water while 
coring. Depths of 
material not washed 
away are 
approximate - see 
photos.

8-inch thick fine Sandstone layer: 
cemented fine sand and silt

-- 2 inch thick Conglomerate layer, hard, 
weak to mod. reaction to dilute HC

Light brown Silt (ML), firm to hard, will not 
crumble but can be broken w/ hand pressure 

8" Sandstone/caliche layer (cemented 
sand and silt), hard, moderate reaction to 
dilute HCI 

Assumed clayey silt based on resistivity

Assumed clay and/or clay w/ gravel based on 
resistivity
, only m-c gravel recovered. (CH)

5/18

assumed clayey sand based on resistivity 
(SP)

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line



HOLE NO.

    MW48
PROJECT INSPECTOR SHEET 10

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)             

Incrsg. Incrsg.

REMARKS
ft

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

6565 170

172

162

164

166

168

154

156

158

6575 160

--Conglomerate, v. hard, 4" thick layer. f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

155'-175' 
drilled/cored using 
water mixed w/some 
bentonite powder to 
help advance 
casing. 

Some sandy or silt-
dominated intervals 
not recovered, 
depths for recovered
material are 
approximate.

Assumed clay and/or clay w/ gravel based o
resistivity
, only m-c gravel recovered. (CH)

Light brown Clay (CH), v. firm, plastic 

Lt. grayish brown clayey Silt (ML), 
moderately plastic 

S.A.A., light brown, harder (ML)

Assumed gravelly sand and/or silt 
(SW or ML) ; Gravel (coarse) recovered in 
core; likely the sand or silt component has 
been washed away by drilling fluid. (SW or 
SP)

13.5/20

(155'-
175')



HOLE NO.

   MW48
PROJECT INSPECTOR SHEET 11

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)               

Incrsg. Incrsg.

6555

6545

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

188

190

REMARKS
ft

184

186

172

174

176

178

180

182

~  Siltstone -1.5 ft. layer, very hard. Material 
is sandy silt w/ trace f-m gravel , moderate 
reaction to dilute HCl.  

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

--7/17/11  1810 Halt 
drilling for the day
Resume 7/18/11 @ 
0720.

 ~-- 5 inch Conglomerate layer

Assumed silty clay clay and/or clayey silt w/ 
cobbles (CL or ML);  fines washed away, 
cobbles retained in core.

Silt  (ML), moderately cemented. Hard. 
Moderate reaction to dilute HCI 
(depth approx.)

 Assumed clayey silt based on resistivity

Assumed gravelly silt and/or sand (layers)  
w/ cobbles.(ML or SP/SW)

11/20

(175'-
195')

Low recovery ~187'-
195', drill fluid 
washed away finer-
grained material.

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)               

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

190

192

194

196

198

6535 200

202

204

206

208

Assumed gravelly silt and/or sand (layers)  w
cobbles.(ML or SP/SW)

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

0940hrs 7/18/11

195' to 205' drilled 
without waterSandy Gravel (GP), trace clay, loose, gravel 

is f-m, sand ~30%, lt. grayish brown.

Gravelly Sand (SP) (15% gravel), a few 
3"cobbles; lt. brown.

Gravelly Silt (ML) w/ sand (10% sand) grave
is f-m-c, sub-ang, lt. grayish brown, a few 3 
inch cobbles 

S.A.A.  w/ trace clay

Lt. grayish brown f-m-c Sand (SW) w/ gravel; 
gravel (15%) is f-m.  A few 3" cobbles. 

9/10

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line
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   MW48
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)               

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

6515 220

208

6525 210

212

222

224

226

214

216

218

Lt. grayish brown gravelly Sand (SW); sand 
is f-m-c, gravel (15%) is f-m.

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

7/18/11 Cored to 
215' leave barrel in 
borehole due to 
repair to drill head.

7/19/11  0820 
Resume drilling-
retrieve barrel

-- Uppermost water-
bearing/ producing

Light brown Clay, trace silt (CH). Very 
massive, hard. cannot break w/ hand 
pressure. Basically dry. Plastic when water i
added and kneaded. 

Sandy Silt w/gravel (ML), trace clay, 
saturated/water-bearing zone.  Sand (10%) i
fine-med-coarse, gravel is f-m. Material is 
soft, sticky. Light brown.

Silty Sand (SP-SM) and gravel. 
Sand is f-m-c, gravel (40%) is f-m. Material i
soft/loose, saturated. Lt. brown.

Silty Clay (CL), hard, dry, massive (uniform)
Moderately plastic w/added water. Light  
brown. Some spots show weak reaction to 
dilute HCI.

S.A.A., brown in color, more plastic (CH)

Clayey Gravel, mostly medium to coarse 
(GP). Some reddish quartz, also whitish, 
gray particles (plag.) 225'-226.5' - clay 
assumed washed away

10/10

9.5/10
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   MW48
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)               

Incrsg. Incrsg.

242

244

226

228

230

232

234

236

REMARK
ft

238

240

6505

6495

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

Clayey Gravel w/ a little coarse sand 
(GP).

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Brown Clay (CH), uniform, dense, hard, 
cohesive, highly plastic (w/ added water), 
basically dry in core.

S.A.A. w/ some faint whitish mottling

Light grayish brown clayey Silt (ML), trace f-
m gravel, trace sand; 
soft, wet, cohesive, slightly plastic 

Sandy Silt (ML), trace clay, soft, light brown

Gravelly Sand  (SW) w/ cobbles;
 20% 2"-4" cobbles, 10% f-m gravel 

Brown silt, trace clay (ML), dense, firm, only 
slightly plastic.

Cemented Silt, (Siltstone), trace included med
gravel, v. hard, weak reaction to dilute HCI.

Silty clay (CL) w/ gravel (f-m-c), soft, color is 
brown, wet.

Siltstone, w/cobbles (disturbed/mixed up 
material)

Silty clay, soft, saturated/wet, (CL)

10/10

(225'-
235')

10/10

235-
245

-Note--anomalously low conductivity for 
clayey materia

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)               

Incrsg. Incrsg.

REMARK
ft

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

244

246

248

6485 250

252

254

256

258

6475 260

262

Grayish brown silty fine Sand, trace clay, 
(SP-SM), firm, crumbles easily.

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Cemented silt/caliche layer- very hard, mod. 
reaction to HCI

Siltstone, 10% fine gravel, v. hard, 
whitish/buff color

Dark brownish gray silty Clay  (CL), w/ 10% 
coarse sand/fine gravel, firm to soft, moist, w
cemented gravel layers 1"-2" thick

Silty Sand (SW-SM) and gravel, saturated. 
Sand is m-c; gravel (30%) is f-m-c; overall 
color is gray. 

Silt (ML), w/ f-m gravel (20%), trace clay, 
saturated, sticky, 

w/ 3"-4" conglomerate layers (4 layers)
between 257'-263'.

Medium-coarse Sand (SP) w/ gravel (5%) - 
wet 

Brown silty Clay (CL), dense, v. firm, breaks 
w/ mod. finger pressure, low plasticity

7/10

9.5/10

(255'-
265')

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line
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Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)               

Incrsg. Incrsg.

REMARK
ft

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

262

264

266

268

6465 270

6455 280

272

274

276

278

Clayey Silt (ML) w/ gravel (20%), also 
cobbles  262'-263'

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

-

Light gray to v. pale yellow-weakly cemented 
Silt/caliche layers (ML), dry, material is 
somewhat broken up from drill action.  Stron
reaction to dilute HCI.

Lt. brown silty clay (CL), very firm to hard. 
Moderate plasticity,  material appears dry   

S.A.A., even harder.

S.A.A. w/ some whitish specks/mottling

Buff/pale brown Siltstone w/ trace fine 
gravel, very hard, weak reaction to dilute 
HCI.  
A couple slightly less consolidated layers @ 
272.5 (2") and 273.5 (6").

Low recovery; Assumed gravelly silt (ML) 
(based in EW01 log, EW01 drilled 70 feet 
east of MW48), possibly interlayered w/ 
siltstone (based on driller's observation that 
material drilled simillar to 275-277') - only 
some 2"-3" cobbles retrieved.  

10/10

   

Core barrel gets 
stuck during this 
run.
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Atlas D Missile Site 4 Pre-Design Characterization         Joseph Mastromarchi, PG OF 17  SHEETS

ELEV. Soil Recovery 

ft MSL Column (ft/ft)                

296

298

280

282

284

286

288

290

REMARK
ft

292

294

6455

6450

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.

Assumed gravelly silt/siltstone; Only some 2-
3 inch cobbles retrieved.  
Low recovery 275-285' core; apparently the 
use of water to get core barrel un-stuck has 
washed away sand and/or finer material.
Driller reports material drilled similar to 
above material (siltstone w/ trace gravel). 

f = fine
m = medium
c = coarse

Low recovery 277-
285' core interval - 
apparently the use 
of water to get core 
barrel un-stuck from 
rock socket has 
washed away sand 
and/or finer material.

End of boring @285 feet bgs, in Ogallala 
Formation, near base of formation.

E.O.B.

3/10



 

DRILLING LOG
COMPANY NAME DRILLING SUBCONTRACTOR 

PROJECT LOCATION

NAME OF DRILLER MANUFACTURER’S DESIGNATION OF DRILL 

 
SIZES AND TYPES OF 
DRILLING EQUIPMENT 

HOLE LOCATION 

SURFACE ELEVATION 

DATE STARTED DATE COMPLETED 

HOLE NO.

SHEET 1 
OF                     SHEETS 

OVERBURDEN THICKNESS DEPTH GROUNDWATER ENCOUNTERED 

DEPTH DRILLED INTO ROCK DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED 

TOTAL DEPTH OF HOLE OTHER WATER LEVEL MEASUREMENTS 

GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED CORED INTERVAL/CORE BOX NO(S). 

SAMPLES FOR CHEMICAL ANALYSIS VOCs METALS OTHER OTHER OTHER TOTAL CORE 
RECOVERY 
                       % 

DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER SIGNATURE OF INSPECTOR 

DEPTH 
(ft) DESCRIPTION OF MATERIALS 

ANALYTICAL 
SAMPLE NO. 

Recovery 
(ft/ft) 

REMARKS 

   

        MW49 
 VERSAR/RMC Consultants, Inc.     BOART LONGYEAR, Portland, OR     22 

Atlas D Missile Site 4 Pre-design Characterization Cheyenne, Wyoming 
  
Carlos Anguiano Boart Longyear Sonic 
          7-inch diameter continuous core  
           8 inch casing NW crnr. L.B. pasture, (NW ¼ Sec 29, T13N, R68W) 
              
          9-inch diameter drill casing           6,800.4 feet MSL 
   
   08/30/2011  09/11/2011 
     ~290 feet bgs 

     

  376 feet  

None  

   

 
   3 nested 2-inch PVC  
     monitoring wells 
 

2 
 
 
 
 

4 
 
 
 
 

6 
 
 
 
 

8 
 
 
 
 
10 

ML – Silt, trace coarse sand, dark grayish 
brown (10YR4/2) dry, soft, loose, roots.  
ML - Silt, light yellowish brown (10YR 6/4), 
slightly moist, low strength, homogeneous
    
 
 
 
SM -silty fine to coarse Sand,  
trace fine to coarse angular gravel,  
light yellowish brown (10 YR 6/4), loose, 
slightly moist 
 
 
 
 
 
 
 
 
 
 
 
SM – 9.0-9.2 ft: S.A.A. except more silt, 
weakly cemented, reacts strongly to dilute HCI 
SM – silty fine to coarse Sand, trace fine 
gravel, very pale brown (10YR 8/2), loose, 
dry;    

6,800.4 

GW at 316 

 
 
 
5/5 
 
(0’-5’) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4/5 
 
(5’-10’) 

9/21/11:   SWLs:
Shallow MW: 249.5’ bgs – middle MW: 248.7’ bgs – deep MW: 248.5’ 

9.2’-10.0’ 
possibly 
pulverized 
conglomerate. 

ELEV. 
(ft) 

SOIL 
COLUMN 



HOLE NO.

MW49
PROJECT INSPECTOR SHEET 2

Atlas D Missile Site 4 Pre-Design Characterization Jason Kahlert, PG OF 22  SHEETS

ELEV. SOIL RECOVERY

ft MSL COLUMN (ft/ft)                 

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.
REMARKS

ft

6790.4

6780.4

22

10

12

14

16

24

26

28

18

20

SP- Poorly graded Sand w/gravel, sl. 
moist, med-coarse sand, trace fine 
sand, mod. cement, strong eff.

f = fine
m = medium
c = coarse

f-m-c = fine-
medium-coarse

ML- Sandy silt, trace m-c sand. 
Brownish yellow (10YR 6/6) mod. 
cemented, strong effervessence,  
moist.

ML- Sandy Silt, trace coarse subangular 
gravel, moist, tr. clay, soft, moderate 
effervessence.

Caliche nodules

ML - Silt, moist, tr. clay, mod. soft, strong 
effervescence, lt. yellowish brown 
(10YR6/4) Caliche nodules

ML - Silt, S.A.A. except stronger 
cementation.

ML - sandy Silt, lt. yellowish brown 
(10YR 6/4) silt w/ fine to coarse sand, 
very moist, trace clay.

SM - silty Sand, lt. yellowish brown 
(10YR 6/4) fine-coarse sand w/ silt, 
slightly moist, no eff.

8/8

(25'-33')

4/4 

(21'-25')

5/5 

(16'-21')

6/6

(10'-16')



HOLE NO.

    MW49
PROJECT INSPECTOR SHEET 3

Atlas D Missile Site 4 Pre-Design Characterization Jason Kahlert, PG OF 22  SHEETS

ELEV. SOIL RECOVERY

ft MSL COLUMN (ft/ft)                 

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.
REMARKS

ft

6770.4

6760.4

44

34

28

30

32

46

36

38

40

42

SM - silty Sand, lt. yellowish brown (10YR 
6/4), fine to coarse sand w/ silt, sl. moist, 
no effervescence, firm. 

f = fine
m = medium
c = coarse

f-m-c = fine-
medium-coarse

SP - poorly-graded Sand, lt. yellowish 
brown (10YR 6/4) medium to coarse Sand 
w/ trace fine sand and some fine sub-
angular gravel, sl. moist, loose.

.

SM - silty Sand, yellowish brown (10YR 
5/4) fine sand with some medium to coarse 
sand, some silt, no eff.,  moist, moderately 
soft, intact. 

8/8

(25'-33')

10/10 

(33'-43')

9/10 

(43'-53')



HOLE NO.

    MW49
PROJECT INSPECTOR SHEET 4

Atlas D Missile Site 4 Pre-Design Characterization Jason Kahlert, PG OF 22  SHEETS

ELEV. SOIL RECOVERY

ft MSL COLUMN (ft/ft)                 

6750.4

6740.4

46

48

50

52

54

REMARKS
ft

62

64

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.

56

58

60

SM - silty Sand - SAA - hard, strong efferv.
f = fine
m = medium
c = coarse

f-m-c = fine-
medium-coarse

SP - poorly-graded Sand with subangular 
gravel, dry, loose, lt. gray (10YR 7/2), 
trace fines

SM - silty f-m-c Sand w/ fine gravel, moist .

SM - silty Sand, wet, fine to coarse sand 
with gravel and silt.

ML - gravelly Silt, silt with fine subangular 
gravel, intact, moist.

ML - sandy Silt, silt with fine to coarse sand, 
moist, intact, strong effervescence, weak

SP - Gravelly silty Sand, fine sand with little 
coarse-medium sand, with fine sub angular 
gravel, loose, slightly moist.

9/10 

(43'-53')

8/8        

(53'-61')

7/7 

(61'-68')



HOLE NO.

    MW49
PROJECT INSPECTOR SHEET 5

Atlas D Missile Site 4 Pre-Design Characterization Jason Kahlert, PG OF 22  SHEETS

ELEV. SOIL RECOVERY

ft MSL COLUMN (ft/ft)                 

80

6730.4

6720.4

82

64

66

68

70

72

74

REMARKS
ft

76

78

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.

SP- Gravelly silty Sand; fine sand w/ little 
coarse-medium sand,  w/ fine subangular 
gravel, little silt, loose, sl. moist.

f = fine
m = medium
c = coarse

f-m-c = fine-
medium-coarse

Start drilling with 
water

ML- Silt, silt with trace medium to coarse 
sand, sl. moist, intact.

SW- well-sorted Sand w/ gravel; fine to 
coarse Sand with fine subangular gravel 
and trace silt, sl. moist, loose.

75-78; possibly pulverized by drilling

SP - gravelly Sand, medium to coarse sand 
with fine angular to subangular gravel, 
sl.moist, loose to sl. intact.

SP - Fine to medium Sand

7/7 

(61'-68')

5/5 

(68'-73')

7/7

(73'-80')

6/6 

(80'-86')



HOLE NO.

    MW49
PROJECT INSPECTOR SHEET 6

Atlas D Missile Site 4 Pre-Design Characterization Jason Kahlert, PG OF 22  SHEETS

ELEV. SOIL RECOVERY

ft MSL COLUMN (ft/ft)                 
REMARKS

ft

94

96

82

84

86

88

90

92

6710.4

6700.4

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.

98

100

SP - medium to coarse Sand. f = fine
m = medium
c = coarse

f-m-c = fine-
medium-coarse

SM-silty Sand, fine sand with silt and trace 
medium to coarse sand, weak, strong 
reaction to HCI

Conglomerate 

SM- silty Sand, mostly washed medium to 
coarse sand and gravel, light gray.

Conglomerate 

Assumed SM - silty sand, hard.

2/11

(86'-97')

6/6 

(80'-86')

4/11 

(97'-108')



HOLE NO.

    MW49
PROJECT INSPECTOR SHEET 7

Atlas D Missile Site 4 Pre-Design Characterization Jason Kahlert, PG OF 22  SHEETS

ELEV. SOIL RECOVERY

ft MSL COLUMN (ft/ft)                 

6700.4

6690.4

116

118

100

102

104

106

108

110

112

114

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.
REMARKS

ft

Conglomerate f = fine
m = medium
c = coarse

f-m-c = fine-
medium-coarse

Drill fluid washing 
fines and fine sand 
out of core.

SM - silty Sand; fine to coarse angular 
Sand (70%) with fine subangular gravel 
(15%) and trace silt (<15%), hard, light 
gray, slightly moist, strong reaction to HCI

Low recovery, assumed silty and/or 
gravelly sand (SP and/or SW)

4/11

(97'-108')

2.5/11 

(108'-119')



HOLE NO.

    MW49
PROJECT INSPECTOR SHEET 

Atlas D Missile Site 4 Pre-Design Characterization Jason Kahlert, PG OF 22  SHEETS

ELEV. SOIL RECOVERY

ft MSL COLUMN (ft/ft)                 

6680.4

6670.4

118

120

122

124

126

REMARKS
ft

134

136

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.

128

130

132

SP - f-m-c Sand, light gray (10YR 7/2), 
Fine sand (80%) w/ medium to coarse 
sand (20%), trace fine subangular gravel 
(5%), sl. moist, moderate cementation.  

f = fine
m = medium
c = coarse

f-m-c = fine-
medium-coarse
hard drilling with 
water per operator

4-inch 
conglomerate with 
trace fine gravel 
at top of core (two 
pieces of 4-inch)

-- 6-inch conglomerate layer, incl. a 4" cobble.

SP - based on material at bottom of core, 
drilling fluid washing sand away

08/30/11 1630 
08/31/11 0645

SP - Poorly-graded Sand, grayish brown 
(10YR5/2), fine sand (80%) with 
subangular coarse sand (15%) and trace 
subangular fine to coarse gravel, weak, no 
reaction to HCI.

No hard drilling during this run

2/9

(119'-128')

4/11

(128'-139')

2.5/11 



HOLE NO.

    MW49
PROJECT INSPECTOR SHEET 

Atlas D Missile Site 4 Pre-Design Characterization Jason Kahlert, PG OF 22  SHEETS

ELEV. SOIL RECOVERY

ft MSL COLUMN (ft/ft)                 

6660.4

6650.4

136

138

140

142

144

REMARKS
ft

152

154

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.

146

148

150

128-139' core drilled with water/Gelex fluid 
except last foot:  138-139 (SP) assumed to 
represent the interval. 
SP - poorly-graded Sand, grayish brown 
(10YR5/2), fine Sand (80%) with 
subangular coarse sand (15%) and trace 
subangular fine to coarse gravel, weak, no 
HCI reaction.

f = fine
m = medium
c = coarse

f-m-c = fine-
medium-coarse

Low recovery core, 
1" conglomerate at 
top of sample.  2 x 
1"conglomerate at 
bottom.

Low recovery
1.5 feet 
conglomerate at top 
of this core ; 
1.5 feet of Silt (SM) 
at bottom. 

-- possibly 
conglomerate

SM - silty Sand, grayish brown (10YR 5/2), 
fine Sand (70%), with silt (20%) and fine to 
coarse subangular gravel (5%) and little 
medium to coarse sand (5%), wet from 
drilling, moderately cemented, strong 
reaction to HCI, gravel is gray-green 
basalt, red-black granitie and quartz.

144' -145': Hard drilling

Washing fines and fine to medium sand 
from borehole .

154': 7-8" hard drilling

4/11

(128'-139')

3/10

(148'-158')

1/9 

(139'-148')



HOLE NO.

    MW49
PROJECT INSPECTOR SHEET 10

Atlas D Missile Site 4 Pre-Design Characterization Jason Kahlert, PG OF 22  SHEETS

ELEV. SOIL RECOVERY

ft MSL COLUMN (ft/ft)                 

170

6640.4

6630.4

172

154

156

158

160

162

164

REMARKS
ft

166

168

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.

(156.5-158') SM - silty Sand, yellowish 
brown (10YR 5/4): Fine sand (80%) with 
silt (15%) and medium to coarse sand and 
fine subangular gravel (5%) hard, moist, 
no reaction with HCI

f = fine
m = medium
c = coarse

f-m-c = fine-
medium-coarse

1' conglomerate in 
3 pieces at top of 
core

1.5' SM from 
bottom end of core, 
drilled w/out fluid 

-- Driller indicates 
material drills 
similar to previous 
core.

Assumed silty Sand (SM) w/ gravel, as 
below (last 1.5 ft of core drilled without 
water)

SM - silty Sand w/ gravel, grayish brown 
(10YR 5/2), 70% f-m-c Sand, 15% silt, w/ 
fine to coarse subangular gravel (15%), 
moist, loose, no reaction to HCI

Low recovery, assumed silty Sand (SM), 
trace gravel as below 3/10 feet

(148'-158')

2.5/9

(158'-167')

2/9

(167'-176')



HOLE NO.

    MW49
PROJECT INSPECTOR SHEET 11

Atlas D Missile Site 4 Pre-Design Characterization Jason Kahlert, PG OF 22  SHEETS

ELEV. SOIL RECOVERY

ft MSL COLUMN (ft/ft)                 
REMARKS

ft

184

186

172

174

176

178

180

182

6620.4

6610.4

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.

188

190

SM - silty Sand w/ gravel, grayish brown 
(10YR 5/2), 70% f-m-c Sand, 15% silt, w/ 
fine to coarse subangular gravel (15%), 
moist, loose, no reaction to HCI

f = fine
m = medium
c = coarse

f-m-c = fine-
medium-coarse

Driller: same as last 
run.

No water during 
drilling (176'-182' 
core)

Halt drilling
-- 1530 08/31/11

0711  09/01/11
Resume

183-188' is hard 
drilling 

Recovery from 188' 
to 198' is m-c Sand 
that did not stay in 
previous core 

SW-SM - gravelly Sand w/ silt, light 
brownish gray (10YR6/2) fine to coarse 
sand (70%) with silt (5%) and fine to 
coarse subangular gravel (20%), slightly 
moist, firm, strong reaction to HCI, cobbles 
to 6" (5%)

Two-foot (2.0 ft) Conglomerate layer -
coarse angular to subangular sand (60%) 
with fine to coarse subangular gravel 
(15%) and cobbles to 7 and 3/8"(5%) in 
carbonate matrix.  Strong reaction to HCI, 
whitish, reddish chert (20%).  Cobbles to 7 
and 3/8" are grey-green basaltic and 
reddish granite.

Assumed gravelly Sand/gravelly Silt

Same as above per driller

2/9

(167'-176')

5/6

(176'-182')

2/6 

(182'-188')

5/10

(188'-198')



HOLE NO.

    MW49
PROJECT INSPECTOR SHEET 12

Atlas D Missile Site 4 Pre-Design Characterization Jason Kahlert, PG OF 22  SHEETS

ELEV. SOIL RECOVERY

ft MSL COLUMN (ft/ft)                 

6610.4

6600.4

206

208

190

192

194

196

198

200

202

204

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.
REMARKS

ft

f = fine
m = medium
c = coarse

f-m-c = fine-
medium-coarse

Recovery from 188' 
to 198' is m-c Sand 
that did not stay in 
previous core 
(slough)

1020 09/01/11
1101 09/07/11
Replaced shoe on 
casing

Residual in core is Gravel and cobbles up to 
7 inches, subangular to subrounded.

Conglomerate layer - 4 inch w/ fine to 
coarse gravel, subangular to subrounded.

Conglomerate - -pulverized. 

Same as above per driller.

5/10

(188'-198')

3/10

(198'-208')

Assumed gravelly sand/gravelly silt 
(SW/SP or ML)

Same as above per driller



HOLE NO.

    MW49
PROJECT INSPECTOR SHEET 13

Atlas D Missile Site 4 Pre-Design Characterization Jason Kahlert, PG OF 22  SHEETS

ELEV. SOIL RECOVERY

ft MSL COLUMN (ft/ft)                 

6590.4

6580.4

208

210

212

214

216

REMARKS
ft

224

226

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.

218

220

222

Residual in core is coarse subangular 
Gravel  (washed)

f = fine
m = medium
c = coarse

f-m-c = fine-
medium-coarse

Drilling with water

Small cobbles and 
coarse gravel in 
core barrel shoe.

Same hard drilling as above per driller.
Assumed gravelly Sand/gravelly Silt 
(SP/SW or ML)

8- inch layer Claystone in middle of 
retrieved core, No reaction to HCI

SM - silty Sand, v. moist fine to coarse 
angular to subangular sand with silt (80%), 
no reaction

SW-SM - silty Sand, same as above.

Hard, strong reaction to HCI

Assumed sandy gravelly Silt

Hard advancing per driller

1.5/11

(218'-229')

1.5/10 

(208'-218')



HOLE NO.

    MW49
PROJECT INSPECTOR SHEET 14

Atlas D Missile Site 4 Pre-Design Characterization Jason Kahlert, PG OF 22  SHEETS

ELEV. SOIL RECOVERY

ft MSL COLUMN (ft/ft)                 

6570.4

6560.4

226

228

230

232

234

REMARKS
ft

242

244

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.

236

238

240

Conglomerate-hard, strong, reaction to 
HCI, medium to coarse subangular sand 
and gravel in a light tan matrix

f = fine
m = medium
c = coarse

f-m-c = fine-
medium-coarse

sample lost. Driller 
trying to retrieve it.

replaced shoe on 
core barrel

Same hard drilling 
as above per driller.

236'-240' drilled 
without water.

sample lost, driller 
trying to recover

Rotation stops at 
1.5: pull core barrel 
back, water flows to 
sample, continue 
drilling

Assumed sandy gravelly Silt based on 
amount recovered

CL - Clay with trace coarse subangular 
sand, pale brown (10YR 6/3),moist, intact, 
stiff.

1.5/11

(218'-229')

6/11

(229'-240')

2/4

(240'-244')



HOLE NO.

    MW49
PROJECT INSPECTOR SHEET 15

Atlas D Missile Site 4 Pre-Design Characterization Jason Kahlert, PG OF 22  SHEETS

ELEV. SOIL RECOVERY

ft MSL COLUMN (ft/ft)                 

260

6550.4

6540.4

262

244

246

248

250

252

254

REMARKS
ft

256

258

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.

CL - Clay 0657  09/08/11
WL at 121.37'bgs

f = fine
m = medium
c = coarse

f-m-c = fine-
medium-coarse

255-256' harder 
material per driller

09/08/11 at 1145-
casing locked, no 
circulation
_ _ _ _ _ _ _ _ _ _
1150  09/09/11 
Resume advancing.

Hard conglomerate, medium to coarse 
subangular sand and subangular to 
subrounded gravel to 4 inches (less than 
15%) in a light tan matrix (35%), strong 
reaction to HCI, strong cementation, dry

Assumed gravelly Silt/silty Sand; 
drilling fluid has washed most material 
away.

3/13

(244'-257').

5/19 

(257'-276')



HOLE NO.

    MW49
PROJECT INSPECTOR SHEET 16

Atlas D Missile Site 4 Pre-Design Characterization Jason Kahlert, PG OF 22  SHEETS

ELEV. SOIL RECOVERY

ft MSL COLUMN (ft/ft)                 
REMARKS

ft

274

276

262

264

266

268

270

272

6530.4

6520.4

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.

278

280

Assumed gravelly silt/silty sand (ML or 
SW-SM); drilling fluid has washed most 
material away.

f = fine
m = medium
c = coarse

f-m-c = fine-
medium-coarse

9 inch outer casing 
to 267 ft. bgs

Claystone - dark yellowish brown (10YR 
3/4), some silt, trace medium sand, hard, 
no reaction to HCI, competent, dense, 
slightly moist.

5/19 

(257'-276')

7/19

(276'-295')



HOLE NO.

    MW49
PROJECT INSPECTOR SHEET 17

Atlas D Missile Site 4 Pre-Design Characterization Jason Kahlert, PG OF 22  SHEETS

ELEV. SOIL RECOVERY

ft MSL COLUMN (ft/ft)                 

6520.4

6510.4

296

298

280

282

284

286

288

290

292

294

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.
REMARKS

ft

Claystone - dark yellowish brown (10YR 
3/4), some silt and trace medium sand, 
slightly moist, hard. No reaction to HCI

f = fine
m = medium
c = coarse

284' hard drilling 
per operator.

Sand in drilling fluid 
return.

Medium to coarse subangular sand and 
subangular to subrounded gravel, up to 4 
inches (45%) in a lt. tan matrix (35%), 
strong cementation, dry, strong reaction to 
HCI

Assumed gravelly silt/ silty sand; 
drilling fluid has washed most material 
away.

Claystone - dark yellowish brown (10YR 
3/4) some silt, trace medium sand, sl. 
moist, hard, no reaction to HCI

SC -clayey fine to medium Sand,  trace 
coarse sub-rounded sand, grayish brown 
(10YR 5/2), loose, moist, weak reaction to 
HCI

7/19

(276'-295')

09/21

(295'-316')



HOLE NO.

    MW49
PROJECT INSPECTOR SHEET 18

Atlas D Missile Site 4 Pre-Design Characterization Jason Kahlert, PG OF 22  SHEETS

ELEV. SOIL RECOVERY

ft MSL COLUMN (ft/ft)                 
REMARKS

314

316

298

300

302

304

306

308

ft

312

6490.4 310

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.

6500.4

Conglomerate/gravelly layer 298-299' - hard 
drilling per driller

f = fine
m = medium
c = coarse

f-m-c = fine-
medium-coarse

301-316' - same 
moderate drilling 
per operator

Sands in drilling 
fluid return

314.5' - 316': No 
water used

Stop drillling at 

SC-clayey sand-same as 293'-298'

cored through 7.5 inch cobble at 300 ft

SC - clayey Sand with gravel and cobbles, 
fine to coarse subangular Sand (55%) with 
clay (15%), with fine to coarse subangular 
to subrounded gravel (15%) and cobbles 
to 7.5 inches (15%)

9/21

(295'-316')



HOLE NO.

    MW49
PROJECT INSPECTOR SHEET 19

Atlas D Missile Site 4 Pre-Design Characterization Jason Kahlert, PG OF 22  SHEETS

ELEV. SOIL RECOVERY

ft MSL COLUMN (ft/ft)                 

6480.4

6470.4

316

318

320

322

324

REMARKS
ft

332

334

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.

326

328

330

SC - clayey Sand with gravel and cobbles, 
fine to coarse subangular Sand (55%) with 
clay (15%), with fine to coarse subangular 
to subrounded gravel (15%) and cobbles 
to 7.5 inches (15%),  same as above

09/10/11 1220
resume drilling

f = fine
m = medium
c = coarse

f-m-c = fine-
medium-coarse

Conglomerate in 
the top of the 
retrieved core, 
pieces of 
conglomerate 
throughout entire 
retrieved core

322'-324':soft per 
operator

7/20  

(316-336')

09/10/11 
1215: Water 
sample 
collected 
from 
borehole: 
FEW4-
MW49-316



HOLE NO.

    MW49
PROJECT INSPECTOR SHEET 

Atlas D Missile Site 4 Pre-Design Characterization Jason Kahlert, PG OF 22  SHEETS

ELEV. SOIL RECOVERY

ft MSL COLUMN (ft/ft)                 

.

350

6460.4

6450.4

352

334

336

338

340

342

344

REMARKS
ft

346

348

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.

SC - clayey Sand with gravel and cobbles, 
fine to coarse subangular Sand (55%) with 
clay (15%), with fine to coarse subangular 
to subrounded gravel (15%) and cobbles to 
7.5 inches (15%),  same as above

No water used in 
drilling 334.5' to 
336'; 10" cobble at 
335' per operator

________
1515-drilling down 
for repair.
1610-Resume 
advancing

Hard drilling as 
above per operator.

White River Formation: 
Claystone - light yellowish brown (10YR 
6/4) silty clay, hard, can not be broken w/ 
hand pressure, uniform. 

Conglomerate layer

Claystone with light gray (10YR 7/2) 
nodules up to 6 inches that react strongly 
with HCI

7/20 

(316'-336')

17/20 

(336'-356')



HOLE NO.

    MW49
PROJECT INSPECTOR SHEET 21

Atlas D Missile Site 4 Pre-Design Characterization Jason Kahlert, PG OF 22  SHEETS

ELEV. SOIL RECOVERY

ft MSL COLUMN (ft/ft)                 
REMARKS

ft

364

366

352

354

356

358

360

362

6440.4

6430.4

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.

368

370

Claystone - light yellowish brown 
(10YR6/4) silty Clay, hard, cannot be 
broken with hand pressure, uniform.  
White River Formation

f = fine
m = medium
c = coarse

f-m-c = fine-
medium-coarse

stop drilling
09/10/11  1915
09/11/11  0645
resume drilling

17/20 

(336'-356')

12.5/20 

(356'-376')



HOLE NO.

    MW49
PROJECT INSPECTOR SHEET 22

Atlas D Missile Site 4 Pre-Design Characterization Jason Kahlert, PG OF 22  SHEETS

ELEV. SOIL RECOVERY

ft MSL COLUMN (ft/ft)                 

6430.4

6420.4

386

388

370

372

374

376

378

380

382

384

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.
REMARKS

ft

Claystone - light yellowish brown 
(10YR6/4) silty Clay, hard, cannot be 
broken with hand pressure, uniform.  
Same as above

f = fine
m = medium
c = coarse

f-m-c = fine-
medium-coarse

stop drilling
09/11/11 0753

End of boring at 376 feet bgs

E.O.B.

12.5/20 

(356'-376')



 

DRILLING LOG
COMPANY NAME DRILLING SUBCONTRACTOR 

PROJECT LOCATION

NAME OF DRILLER MANUFACTURER’S DESIGNATION OF DRILL 

 
SIZES AND TYPES OF 
DRILLING EQUIPMENT 

HOLE LOCATION 

SURFACE ELEVATION 

DATE STARTED DATE COMPLETED 

HOLE NO.

SHEET 1 
OF                     SHEETS 

OVERBURDEN THICKNESS DEPTH GROUNDWATER ENCOUNTERED 

DEPTH DRILLED INTO ROCK DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED 

TOTAL DEPTH OF HOLE OTHER WATER LEVEL MEASUREMENTS 

GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED CORED INTERVAL/CORE BOX NO(S). 

SAMPLES FOR CHEMICAL ANALYSIS VOCs METALS OTHER OTHER OTHER TOTAL CORE 
RECOVERY 
                       % 

DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER SIGNATURE OF INSPECTOR 

ELEV. 
(ft) 

DEPTH 
(ft) DESCRIPTION OF MATERIALS 

SOIL 
COLUMN. 

Recovery 
(ft/ft) 

REMARKS 

   

          MW50 
 VERSAR/RMC Consultants, Inc.     BOART LONGYEAR, Portland, OR        20 

Atlas D Missile Site 4 Pre-Design Characterization Cheyenne, Wyoming 
  
Marc Williams  Pro-Sonic 
           7-inch diameter continuous core  
      8 inch casing 1.5 miles ESE from Cow Camp 
             
           9-inch diameter drill casing  6,770 feet MSL 
   
   8/2/11  8/11/2011 
     ~250 ft bgs  

   SWL:   223 feet bgs post-development on 8/12/2011 

  350 ft   

None  

   

    
   3 nested 2” PVC   
   monitoring wells 

2 
 
 
 
 

4 
 
 
 
 

6 
 
 
 
 

8 
 
 
 
 
10 

Brown Silt (ML), dry, soft, w/roots (grass)  
 
 
 
 
 
 
Light yellowish brown Silt (ML), dry, soft  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Gravelly Silt (ML), trace fine sand, gravel 
(35%) is fine-medium, silt weakly cemented 
in places, light yellowish brown. 
 
 
 

2 samples 

10/13/11:        SWLs: 
Shallow MW: 222.8’ bgs - middle MW: 220.2’ bgs – deep MW: 217.7’

6,770 

7/7 



HOLE NO.

    MW50
PROJECT INSPECTOR SHEET 2

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 20  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)           
Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

26

10

12

14

16

18

20

REMARKS
ft

6760

6750

28

22

24

Gravelly Silt, trace f. sand, (ML) light 
yellowish brown, gravel (35%) is f-m, sub-
angular to sub-round. dry.

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

S.A.A. (ML), v. light yellowish brown

Light yellowish brown Silt (ML), damp, soft 

S.A.A. (ML), firm, crumbles easily 

S.A.A. (ML) -w/ trace fine gravel

Light yellowish brown Silt (ML), damp, soft 

19/19

(7'-26')

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line



HOLE NO.

    MW50
PROJECT INSPECTOR SHEET 3

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 20  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)           
Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

28

6740 30

32

34

36

38

6730 40

42

44

46

Light Yellowish brown Silt (ML), soft, dry f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

V. light gray/pale Siltstone/caliche, hard, 
moderate reaction to dilute HCI

 Brown clay (CL), trace silt, dry, 
very firm to hard, can be broken w/finger 
presure, moderately plastic w/added water 

Light yellowish brown Silt (ML), trace clay, 
trace f. gravel, weakly to well cemented, white 
caliche patches in places, (soft to hard)

Pale yellow silty fine Sand (SP) w/ fine gravel 
(20%) dry, loose, also trace m-c sand.

Light brown Silt (ML), trace clay, soft to firm, 
damp.

8" Siltstone/caliche layer. v. hard

10/10

(26'-36')

10/10

Joseph Mastromarchi
Line



HOLE NO.

    MW50
PROJECT INSPECTOR SHEET 4

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 20  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)           
Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

46

6710 60

48

6720 50

52

62

64

54

56

58

Gravelly fine Sand (SP), light brown, gravel 
(20%) is various colors (dk gray,red, pink) su
round;dry

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

 Light brown Silt (ML), trace clay, trace
fine gravel, damp, soft

Grayish brown gravelly Silt (ML), firm, 
crumbles easily, gravel (15%) is f-m, 
sub-angular to sub-round, damp.

Light brown sandy f-m Gravel (GW); sand 
(40%) is mostly f-m, sub-angular; red and 
dark gray particles, dry.

Gravelly silt, weakly cemented; light grayish 
brown, gravel (25%) is f-m-c, silt gives weak 
reaction to dilute HCI

9/10

10/10



HOLE NO.

    MW50
PROJECT INSPECTOR SHEET 5

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 20  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)           
Incrsg. Incrsg.

6700

6690 80

82

72

74

76

78

64

66

68

70

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

Gravelly Silt (ML), gravel (25%) is mostly 
f-m, light grayish brown.

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Light brown/tan Silt (ML), trace clay, firm, 
crumbles easily 

Siltstone (ML) w/ 10% fine gravel, well-
cemented, hard; weak to no reaction to dilute 
HCI

Light brown/tan Silt (ML),  firm to weakly 
cemented, dry.

Siltstone, w/ 20% fine gravel (i.e., 
conglomerate), very hard, 
no reaction to dilute HCI, v. light tan/ whitish.

Conglomerate: light grayish brown gravelly Si
w/ 20% f-m-c gravel, very hard, no reaction to
HCI

10/10

9/10

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line



HOLE NO.

    MW50
PROJECT INSPECTOR SHEET 6

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 20  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)           
Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

82

84

86

88

6680 90

92

94

96

98

6670 100

Grayish-brown gravelly Silt (ML), gravel 
(20%) is mostly fine-grained, angular; 
compact, weak to moderate cementation .

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

S.A.A (ML). w/ trace f-m-c sand, gravel is 
coarser, dry, light grayish brown.

Gravelly v. fine Sand (SP), gravel (30%) is 
mostly f-m, sub-round, to sub-angular. dry, 
light grayish brown.

Medium-coarse Sand (SP),
(mostly medium Sand), trace (< 5%) fine 
gravel.

9/10

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line



HOLE NO.

    MW50
PROJECT INSPECTOR SHEET 7

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 20  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)           
Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

100

102

104

106

108

6660 110

112

114

116

118

Medium-coarse Sand (SW), <5% fine gravel
loose

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

No recovery 106-
116, driller reports a 
piece of caliche 
blocked the barrel.  
Switching to coring 
w/ water (so far  
have only used 
water to advance

Silty fine Sand (SP) w/ 10% fine gravel, v. 
light brown, dry, moderate reaction to dilute 
HCI. Possibly cemented to some degree, bu
sonic core tool has diss-aggregated the 
material

No recovery;
Likely SP as above and/or ML as below

assumed gravelly Silt based on resistivity, 
gamma

--Hard conglomerate layer (6")

Gravelly silt (ML) w/ 2"-5" cobbles. cobbles 
are angular, (low recovery due to water, 
gravel assumed @ 10%)

0/10



HOLE NO.

    MW50
PROJECT INSPECTOR SHEET 8

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 20  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)            

Incrsg. Incrsg.

6650

6640

134

136

126

128

130

132

118

120

122

124

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

Light brown gravelly Silt (ML), trace m-c 
sand, dry, loose.

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

assumed clayey sand based on resistivity

No recovery 126'-136' Apparently a cobble o
hard material blocked core barrel. Likely soft 
material present through most of interval (silt 
or sand)

6/10

(116'-
126')

0/10

(126'-
136')

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line



HOLE NO.

    MW50
PROJECT INSPECTOR SHEET 9

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 20  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)            

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

136

138

6630 140

142

144

146

148

6620 150

152

154

9" layer of conglomerate - f-m gravel (mostly 
reddish, w/ gray) in a white silty matrix, very 
hard, little/no reaction to HCI

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Last 3 feet cored 
without water, 
representative 
material

assumed f-m Sand trace fine gravel as 
below,  residual in core is mostly fine reddish 
quartz gravel

Fine-medium Sand (SW), trace fine gravel, 
gravel is mostly reddish quartz, overall color 
is grayish brown:sand grains are reddish 
chert/quartz, gray basaltic material, and 
white/transparent quartz

 assumed  gravelly sand/gravelly silt 
(ML and/or SW) w/ 2-7" cobbles.  Most fines 
washed away by drilling fluid

Residual is mostly cobbles, also some 3"-9" 
conglomerate layers-very hard; 

6/10

(136'-
146')

assumed f-m Sand (SW) as below, with  2"-
4" cobbles,  residual in core is mostly 2"-4" 
cobbles

10/30

(146'-
176')

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line



HOLE NO.

    MW50
PROJECT INSPECTOR SHEET 10

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 20  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)            

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

154

156

158

6610 160

6600 170

172

162

164

166

168

 assumed  gravelly sand/gravelly silt (ML or 
SW) w/ 2-7" cobbles.  Most fines washed 
away by drilling fluid.

Residual is mostly cobbles, also some 3"-9" 
conglomerate layers-very hard; one fragmen
of hard silt w/ trace gravel retained among 
cobbles

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Low recovery due to 
drilling fluid; fine-
grained material 
(coarse sand and 
smaller) washed 
away.

10/30

(146'-
176')



HOLE NO.

    MW50
PROJECT INSPECTOR SHEET 11

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 20  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)             
Incrsg. Incrsg.

6590

6580

188

190

180

182

184

186

172

174

176

178

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Light brown gravelly Silt  (ML) w/ large white 
caliche nodules/mottling, firm, crumbles 
easily

Light brown Silt (ML), trace gravel, soft to 
firm, uniform.

Sandy gravel (GP) w/ silt, gravel is mostly 
fine, 
interlayered w/ 2"-7" very hard conglomerate 
layers.

Assumed sandy gravel w/ silt or gravelly silt 
(GP or ML) 
Low recovery for 176-196 core run (mostly 
conglomerate recovered ) except for last 3 
feet of core run (193-196) when water was 
cut off. 
Material from 193-196 (GP - sandy Gravel 
w/ silt) assumed representative of
unconsolidated portion of core

7.5/20

(176'-
196')

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line



HOLE NO.

    MW50
PROJECT INSPECTOR SHEET 12

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 20  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)             
Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

190

192

194

196

198

6570 200

202

204

206

208

Sandy Gravel w/ silt (GP), gravel is mostly 
fine, also trace 2"-3" cobbles; 
reddish-brown color (due to reddish gravel 
and light brown sand/silt)

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Low recovery 196'-
206' likely same as 

Assumed sandy gravel w/ silt or gravelly silt 
(GP or ML) 

7.5/20

(176'-
196')

4.5/20

(196'-
216')

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line



HOLE NO.

    MW50
PROJECT INSPECTOR SHEET 13

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 20  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)             
Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

6550 220

208

6560 210

212

222

224

226

214

216

218

Light brown/ brown clayey Silt (ML), hard, 
moderately well cemented/competent, dense
uniform, damp.

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Conglomerate layer/cobbles.

Light brown/brown clayey Silt (ML), hard, 
moderately well cemented/competent, dense
uniform.

4.5/20

(196'-
216')

15/20

(216'-
236')



HOLE NO.

    MW50
PROJECT INSPECTOR SHEET 14

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 20  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)            

Incrsg. Incrsg.

6540

6530

242

244

234

236

238

240

226

228

230

232

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

Light brown to brown clayey silt, hard, 
competent, dense.

f = fine
m = medium
c = coarse

f-m-c = fine-  medium-
coarse

Drilling w/fluid, sand 
and fine gravel is 
washed out of core 
barrel.

Last foot cored 
without water

low recovery 230'-234'; assumed silty Sand 
w/ gravel as below

Silty Sand (SW or SP) w/ gravel (est. 20% f-
m gravel) also w/ 2"-3" cobbles . 

S.A.A.. w/ a few 3"-4" conglomerate layers.

5/20

(236'-
256')

15/20

(216'-
236')

Joseph Mastromarchi
Rectangle



HOLE NO.

    MW50
PROJECT INSPECTOR SHEET 15

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 20  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)            

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

244

246

248

6520 250

252

254

256

258

6510 260

262

Assumed clayey silt based on resistivity, w/ 
2"-3" cobbles, a few 3" conglomerate layers.

f = fine
m = medium
c = coarse

f-m-c = fine-  medium-
coarse

S.A.A. (assumed)

Lt. brown Siltstone w/ included 2-inch grave
(trace), hard.
(depth approximate)

FEW4-
MW50-250

5/20

(236'-
256')

5.5/20

(256'-
276')

8/4/11  1200 Halt 
drilling. 
Resume 8/10/11 
0735

Screening water 
sample (split) 
collected from 
borehole:
FEW4-MW50-250, 
8/9/11

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line



HOLE NO.

    MW50
PROJECT INSPECTOR SHEET 16

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 20  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)            

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

262

264

266

268

6500 270

6490 280

272

274

276

278

Lt. brown Siltstone, hard, w/ scattered 2" 
gravel particles.
Gravel is individual particles in silt matrix 

f = fine
m = medium
c = coarse

f-m-c = fine-  medium-
coarse

Assumed siltstonew/ fine gravel, trace c. 
gravel. 

7" sandstone/conglomerate-very well 
consolidated/very hard. white/pinkish white.

.No recovery 276'-280'  

5.5/20

(256'-
276')

276'-296' is a slow 
core advance, 
drilling w/ fluid



HOLE NO.

    MW50
PROJECT INSPECTOR SHEET 17

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 20  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)            

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

296

280

282

284

286

288

290

REMARKS
ft

6490

6480

298

292

294

Assumed silt, gravelly silt and/or gravelly 
sand w/ silt (ML or SP).  

f = fine
m = medium
c = coarse

276'-296' is a slow 
core advance, drilling
w/ fluid

fine-medium sand 
observed in wash 
water (drill fluid 
return)

No recovery for 276'-296' core intiially, driller 
indicates core did not stay in barrel; driller 
estimates 10 feet of core in bottom of 
borehole upon re-insertion of core barrel to 
bottom of borehole.

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line



HOLE NO.

    MW50
PROJECT INSPECTOR SHEET 18

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 20  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)            

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

298

6470 300

302

304

306

308

6460 310

312

314

316

No recovery 296'-316'.  Assumed  clayey silt 
or silty clay based on conductivity, gamma.

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Drilling fluid has 
washed away core

0/20

(296'-
316')

Joseph Mastromarchi
Rectangle

Joseph Mastromarchi
Line



HOLE NO.

    MW50
PROJECT INSPECTOR SHEET 19

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 20  SHEETS

ELEV. Gamma Resistivity Soil Recovery 

ft MSL Conduct. Column (ft/ft)            

Incrsg. Incrsg.

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

316

6440 330

318

6450 320

322

332

334

324

326

328

NR-Assumed clayey silt. f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

White River 
Formation identified 
at 320 feet bgsLt. yellowish brown (10 YR 6/4) clayey Silt, 

(ML) soft to firm, slight to moderate plasticity
moist.

Brownish yellow (10YR 6/6) silty 
Clay/Claystone, hard, cannot be broken w/ 
hand pressure, uniform. 

Brownish yellow Claystone, firm to v. hard, 
(variable cementation)

16/20

(316'-
336')



HOLE NO.

    MW50
PROJECT INSPECTOR SHEET 20

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 20  SHEETS

ELEV. Soil Recovery 

ft MSL Column (ft/ft)         

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

346

348

334

336

338

3406430

6420 350

352

342

344

Brownish-yellow Claystone, very hard, 
uniform, gives a conchoidal fracture surface.

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

White River 
Formation 

E.O.B.

12.5/14



 

DRILLING LOG
COMPANY NAME DRILLING SUBCONTRACTOR 

PROJECT LOCATION

NAME OF DRILLER MANUFACTURER’S DESIGNATION OF DRILL 

 
SIZES AND TYPES OF 
DRILLING EQUIPMENT 

HOLE LOCATION 

SURFACE ELEVATION 

DATE STARTED DATE COMPLETED 

HOLE NO.

SHEET 1 
OF      18            SHEETS 

OVERBURDEN THICKNESS DEPTH GROUNDWATER ENCOUNTERED 

DEPTH DRILLED INTO ROCK DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED 

TOTAL DEPTH OF HOLE OTHER WATER LEVEL MEASUREMENTS 

GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED CORED INTERVAL/CORE BOX NO(S). 

SAMPLES FOR CHEMICAL ANALYSIS VOCs METALS OTHER OTHER OTHER TOTAL CORE 
RECOVERY 
                       % 

DISPOSITION OF HOLE 
BACKFILLED MONITORING WELL OTHER SIGNATURE OF INSPECTOR 

ELEV. DEPTH 
(ft) 

DESCRIPTION OF MATERIALS 
Soil 

Column 
Recovery 

(ft/ft) 
REMARKS 

                          EW01
  VERSAR/RMC Consultants, Inc.            BOART LONGYEAR, Portland, OR   

    Atlas D Missile Site 4 Pre-design Characterization      Cheyenne, Wyoming 
 
  Marc Williams   Pro-Sonic 
                        7-inch diameter continuous core               
               8-inch diameter continuous core     1.2 miles East of Cow  Camp  
                     8-inch diameter drill casing    
   9-inch diameter drill casing  6736 ft 
 
     08/18/11  9/7/11 
       
     ~225 ft bgs  

    182.2 feet bgs on 9/11/11  

    

 

 

      

    6” Stainless Steel Extraction Well 

2 
 
 
 
 

4 
 
 
 
 

6 
 
 
 
 

8 
 
 
 
 
10 

Brown Silt (ML), (topsoil/grass), soft to firm, 
dry (topsoil/root zone). 

Light brown (7.5 YR 6/4) gravelly fine Sand 
(SP), gravel (15%) is f-m, sub-angular; 
loose, dry. 

 

 
Brown (7.5 YR 5/4) clayey Silt (ML), soft, 
slightly plastic   
 
 
 
Strong  brown (7.5 YR 5/6) gravelly fine 
Sand (SP), gravel (20%) is f-m subround; 
loose, damp 
 
 
 
Light brown (10 YR 6/3) m-c Sand (SP), 
trace fine gravel (Sub-angular/subround), 
loose 

310 ft 

6736 



HOLE NO.

   EW01
PROJECT INSPECTOR SHEET 2

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 18  SHEETS

ELEV. Soil Recovery 

ft MSL Column (ft/ft)                

6726

6716

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

22

24

26

28

10

12

14

16

18

20

Light yellowish brown (10 YR6/4) clayey Silt, 
sift, damp, low plasticity (ML)

f = fine
m = medium
c = coarse

f-m-c = fine-  medium
coarse

V, pale brown (10 YR 7/4) Silt trace clay (ML), 
soft, damp to moist, a few cemented nodules

S.A.A.  (ML), no clay

S.A.A., (ML) moderately cemented, weak 
reaction to dilute HCl

--4-inch well-cemented layer 20.0'-20.3'

Light brown f-m Sand, trace fine gravel 
(SP); gravel is sub-angular, material is loose, 
dry. 

Pale brown (10YR 6/3) gravelly f-m-c Sand 
(SW), w/ 1- to 2-mm caliche grains, weak 
reaction to dilute HCl, gravel (40%) is f-m, 
sub-ang.; loose, damp. 

Light brown gravelly v. fine Sand (SP), gravel 
(20%) is fine, angular/subangular. 



HOLE NO.

    EW01
PROJECT INSPECTOR SHEET 3

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 18  SHEETS

ELEV. Soil Recovery 

ft MSL Column (ft/ft)                

6706

6696

44

46

36

38

40

42

28

30

32

34

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

S.A.A. gravelly Sand (SW). f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Pale brown (10 YR 6/3) gravelly fine Sand 
(SP), gravel (20%) is mostly fine, sub-
angular; loose, dry.  

 Pale brown gravelly Silt (ML), gravel (5-10%) 
is mostly fine, sub-angular. 

.Light brown f-m-c Sand (SW), gravel (30%) 
is f-m, sub-ang./sub-round.

Pale brown conglomerate - 10% fine 
gravel in a silty matrix, very hard.

Pale brown gravelly Silt (ML), w/ 1-mm shite 
caliche laminae/patches, firm, crumbles w/ 
moderate finger pressure, compact, gravel 
(10%) is fine, angular-sub-ang., mostly 
reddish quartz, some  gray plagioclase. 

S.A.A., more well-cemented/more white 
caliche patches, dry.

Very pale brown (10 YR 7/3) Silt (ML), trace 
clay, trace fine gravel, soft to firm, cemented 
nodules here and there.  Low plasticity. 



HOLE NO.

   EW01
PROJECT INSPECTOR SHEET 4

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 18  SHEETS

ELEV. Soil Recovery 

ft MSL Column (ft/ft)                

6686

6676

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

58

60

62

64

46

48

50

52

54

56

Light gray silty f-m-c Gravel, trace sand 
(GW), sub-angular; silt (30%) is light 
gray, sand (coarse, 5%) and f gravel are 
reddish quartz; with thin conglomerate 
layers.  

Pale brown Conglomerate, mostly silty 
matrix, 10% fine gravel

Light gray gravelly Silt (ML), gravel (10%) is 
mostly f-m; soft, dry.

assumed gravelly silt or gravelly sand (ML or 
SW), w/ cobbles

Light gray conglomerate, very hard (depth 
approx.)

assumed gravelly silt or gravelly sand (ML or 
SW),

Light gray conglomerate, very hard (depth 
approx.)

4/4

assumed gravelly silt or gravelly sand (ML or 
SW),

assumed gravelly silt or gravelly sand (ML or 
SW),

Light gray conglomerate, very hard (depth 
approx.)

Light gray/reddish conglomerate, very hard 
(well-indurated), 40% f-m-c gravel in a pale 
brown/white silty matrix

14/26

f = fine
m = medium
c = coarse

f-m-c = fine-  medium
coarse

Begin drilling w/ 
water.

50-76 feet is a 
sequence of 
interlayered gravelly 
silt, gravelly sand and
conglomerate.  8.3 
feet total of 
conglomerate 
recovered; much of 
the unconsolidated 
material washed 
away.  
Sand observed in 
wash water.



HOLE NO.

    EW01
PROJECT INSPECTOR SHEET 5

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 18  SHEETS

ELEV. Soil Recovery 

ft MSL Column (ft/ft)                

6666

6656 80

82

72

74

76

78

64

66

68

70

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

(assumed) gravelly sand w/ silt; residual is f-
m gravel, sub-angular

73'-76' cored without 
water, good 
recovery.  

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Gravelly m-c Sand w/ 5% silt, (SW), gravel 
(15%) if f-m-c, sand is mostly reddish quartz, 
silt is pale brown

Light gray (10 YR 7/2) Silt (ML) trace 
clay, trace fine gravel, firm

very pale brown Conglomerate - 10-20%
 f-m gravel in a silty matrix

assumed gravelly silt/sand (ML or SP), 
residual in core is f-m-c gravel with cobbles 
(sub-angular)



HOLE NO.

    EW01
PROJECT INSPECTOR SHEET 6

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 18  SHEETS

ELEV. Soil Recovery 

ft MSL Column (ft/ft)                

6646

6636

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

98

100

REMARKS
ft

94

96

82

84

86

88

90

92

assumed gravelly silt/sand (ML or SP), 
residual in core is f-m-c gravel with a few 
cobbles (sub-angular)

f = fine
m = medium
c = coarse

f-m-c = fine-  medium-
coarse

76'-116' drilled with  
fluid (water plus gelex
powder)
8.4 total feet of 
conglomerate in the 
40-ft core run

MW48 (drilled w/out 
water 70 feet east of 
this location) log 
indicates interlayed 
silt, siltstone, gravelly 
silt, and gravel (f-m 
gravel  95'-104')

assumed silt/siltsone, gravelly sand/silt, and 
2"-4" conglomerate layers; 

also a few 6"-8" conglomerate layers 
recovered (depth approx.)



HOLE NO.

    EW01
PROJECT INSPECTOR SHEET 7

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 18  SHEETS

ELEV. Soil Recovery 

ft MSL Column (ft/ft)                

6636

6626

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

112

114

116

118

100

102

104

106

108

110

assumed gravel (GW) or  gravelly silt/sand 
(ML or SP), residual in core is f-m-c gravel 
with a few cobbles (sub-angular

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

76'-116' drilled with  
fluid (water plus 
gelex powder)
8.4 total feet of 
conglomerate in the 
40-ft core run

MW48 (drilled w/out 
water 70 feet east of 
this location) log 
indicates inetrlayed 
sandy silt and 
siltstone 104'-112'

last 3 feet of core 
(113'-116') run 
without water, good 
recovery. 

assumed interlayered sandy silt /gravelly 
sand /gravelly silt

Light yellowish brown gravelly Silt, 
gravel (10%) is fine, sub-ang.; v. firm.  

Conglomerate, very hard.

Gravelly coarse Sand (SP), loose.



HOLE NO.

   EW01
PROJECT INSPECTOR SHEET 8

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 18  SHEETS

ELEV. Soil Recovery 

ft MSL Column (ft/ft)                

6616

6606

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

130

132

134

136

118

120

122

124

126

128

assumed sand, gravelly sand f = fine
m = medium
c = coarse

f-m-c = fine-  medium
coarse

Log for MW48 (70 
feet east of EW01) 
indicates 8 ft of 
conglomerate 116'-
124', with 
Sand and gravelly 
Sand 124'-141'

Conglomerate, very hard (depth approx.)

assumed sand or gravelly sand 
(SW or SP)
Low recovery due to drilling w/ fluid, sand 
washed out of core barrel.  



HOLE NO.

   EW01
PROJECT INSPECTOR SHEET 9

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 18  SHEETS

ELEV. Soil Recovery 

ft MSL Column (ft/ft)                

6596

6586

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

148

150

152

154

136

138

140

142

144

146

assumed gravelly sand and/or gravelly silt 
(SP or ML) w/ a few 2" to 8" conglomerate 
and/or siltstone layers

f = fine
m = medium
c = coarse

f-m-c = fine-  medium
coarse

Very light gray Siltstone, very hard



HOLE NO.

   EW01
PROJECT INSPECTOR SHEET 10

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 18  SHEETS

ELEV. Soil Recovery 

ft MSL Column (ft/ft)                

6576

6566

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

170

REMARKS
ft

166

168

172

154

156

158

160

162

164

Sandy f-m Gravel (SW), sand (20%) 
is f-m-c, w/ 5% silt.  

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Very pale brown Silt (ML) (10 YR 8/3), trace 
clay, hard/semi-consolidated

Conglomerate, 20-30% f-m gravel in silty 
matrix, mostly whitish w/ weak red/pink 
gravel, very well indurated.

Very pale brown Silt (ML) (10 YR 8/3), trace 
clay, hard/semi-consolidated

S.A.A., (ML) w/ trace fine gravel , hard

Very pale brown gravelly Silt (ML), gravel is 
m-c, subround-round, w/ a few 2"-4" cobbles

17/24

156'-180'



HOLE NO.

   EW01
PROJECT INSPECTOR SHEET 11

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 18  SHEETS

ELEV. Soil Recovery 

ft MSL Column (ft/ft)                

6556

6546

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

188

190

REMARKS
ft

184

186

172

174

176

178

180

182

Brown (7.5 YR 5/4 Silt (ML), very form to 
hard, uniform. 

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Conglomerate layer (depth approx.) 

Brown Silt (ML), very firm to hard, uniform.

assumed Gravelly Sand or gravelly silt (SW 
or ML); only coarse gravel (subround) residua
in core

17/24

156'-180'



HOLE NO.

   EW01
PROJECT INSPECTOR SHEET 12

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 18  SHEETS

ELEV. Soil Recovery 

ft MSL Column (ft/ft)                

6546

6536

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

202

204

206

208

190

192

194

196

198

200

Light grayish brown Siltstone, w/ trace quartz 
gravel, dense, very hard/well indurated 
(depth approx.) 

f = fine
m = medium
c = coarse

f-m-c = fine-  medium-
coarse

assumed gravelly silt or gravelly sand w/ silt, 
residual in core is m-c gravel, and 2" 
conglomerate layers

Light brown Silt (ML), hard, uniform 
(depth approx.) 

assumed gravelly silt  w/ sand, 

Brown Clay (CH), depth approx.

16/36

180'-215'



HOLE NO.

   EW01
PROJECT INSPECTOR SHEET 13

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 18  SHEETS

ELEV. Soil Recovery 

ft MSL Column (ft/ft)                

6526

6516

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

220

222

224

226

208

210

212

214

216

218

  ~ 207'-216': Brown Clay (CH), hard, dense, 
variously w/ trace f-m gravel or trace silt

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Possible water-
producing/flow zone

Pale brown Silt (ML), hard, massive

assumed gravelly sand w/ a few 2"-6" 
cobbles (cobbles residual in core, finer 
material washed away

pale brown Clay (CL), partially washed away
(depth approx.)



HOLE NO.

   EW01
PROJECT INSPECTOR SHEET 14

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 18  SHEETS

ELEV. Soil Recovery 

ft MSL Column (ft/ft)                

6506

6496

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARK

ft

238

240

242

244

226

228

230

232

234

236

assumed gravelly sand or gravelly silt, only 
coarse gravel and 2"-3" cobbles residual in 
core

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Note MW48 (70 feet 
east) log shows 
brown clay 227'-233'

Light brown Silt (ML), very firm to hard, 

assumed gravelly silt w/ cobbles;
only 2"-4" cobbles residual in core. 



HOLE NO.

   EW01
PROJECT INSPECTOR SHEET 15

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 18  SHEETS

ELEV. Soil Recovery 

ft MSL Column (ft/ft)                

6486

6476

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

260

REMARKS
ft

256

258

262

244

246

248

250

252

254

assumed gravelly sand or gravelly silt as 
below, only f-m-c gravel and 2"-3" cobbles 
residual in core

f = fine
m = medium
c = coarse
f-m-c = fine-  medium
coarse

Last 4 feet of core 
drilled w/out water; 
representative 
material 

likely water-
producing/flow zone;
hydrophysical log for 
MW48 (70 feet east) 
shows large flow 
zone 243'-262'

Pale brown gravelly Silt (ML), trace m-c 
sand, hard/dense/compact, gravel (10%) is 
sub-ang./sub-round reddish quartz and gray 
plagioclase

 5" conglomerate layer; 20-30% fine gravel 
in v. pale brown/whitish silty matrix

assumed silty sand w/ gravel, cobbles. 
Residual in core is mostly 2"-5" cobbles, w/ 
a few 8" cobbles; cobble material is gray 
plagioclase rock



HOLE NO.

   EW01
PROJECT INSPECTOR SHEET 16

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 18  SHEETS

ELEV. Soil Recovery 

ft MSL Column (ft/ft)                

6466

6456

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

278

280

REMARKS
ft

274

276

262

264

266

268

270

272

assumed gravelly silt and/or gravelly sand w/ 
trace 2"-5" cobbles

f = fine
m = medium
c = coarse

f-m-c = fine-  medium
coarse

Yellowish brown (10 YR 5/6) Claystone w/ 
<1% scattered c. sand grains, hard, 
massive/uniform
(depth approx.)

 ~270' to 277': Layered light brown Siltstone 
and gravelly Silt 

Gravelly Silt (ML), gravel (40%) is f-m, sub-
ang./subround 

Siltstone, v. light brown, hard

Grayish brown (2.5 Y 5/2) gravelly Silt (ML), 
trace clay, firm, gravel (10%) is mostly f-m, 
sub-ang./sunround, w/ a few 3"-4" cobbles

Siltstone, v. light brown, hard

Gravelly Silt (ML), gravel (40%) is f-m, sub-
ang./subround

Siltstone, v. light brown, hard

Gravelly Silt (ML), gravel (40%) is f-m, sub-
ang./subround 

Siltstone, v. light brown, hard

Gravelly Silt (ML), gravel (40%) is f-m, sub-
ang./subround 



HOLE NO.

   EW01
PROJECT INSPECTOR SHEET 17

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 18  SHEETS

ELEV. Soil Recovery 

ft MSL Column (ft/ft)                

6456

6446

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARK

ft

292

294

296

298

280

282

284

286

288

290

Grayish brown (2.5 Y 5/2) gravelly Silt (ML), 
trace clay, firm, gravel (10%) os mostly f-m, 
sub-ang./sunround, w/ a few 3"-4" cobbles

f = fine
m = medium
c = coarse

Light brown (7.5 YR 6/4) Clay, trace silt, high 
plasticity (CH)

grades downward to 

SP - Light yellowish brown (10 YR 6/4) to v. 
pale brown (10 YR 7/4) 
very fine Sand (SP), trace fine gravel, 
moderately well-cemented, hard.  

Gravelly Sand (SW) w/ silt 



HOLE NO.

   EW01
PROJECT INSPECTOR SHEET 18

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 18  SHEETS

ELEV. Soil Recovery 

ft MSL Column (ft/ft)          

6436

6426 310

312

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS REMARKS

ft

314

316

298

300

302

304

306

308

layered gravelly Sand (SW) w/ silt and 
conglomerate (generally the same material 
w/ varying degrees of cementation); some 
sand/silt washed away by drilling fluid.  

f = fine
m = medium
c = coarse

f-m-c = fine-  
medium-coarse

Conglomerate - borderline material between 
matrix-supported and clast-supported: 50-
60% f-m-c gravel , mostly reddish quartz and 
gray plagioclase

Sandy Gravel w/ silt (GP),
 ~1-" gray clay layer at 304.3'  

Conglomerate, well-cemented, ~70% f-m-c 
gravel w/ white silty matrix

Light brownish gray (10 YR 6/2) clayey Silt w/
gravel (ML), gravel (30-40%) is mostly m-c, 
subround-sub-angular; 3" lithified layer at 
306'

Light yellowish brown Clay (CH), very hard, 
dense, massive.  
Interpreted as White River Formation

 E.O.B.



 

DRILLING LOG
COMPANY NAME DRILLING SUBCONTRACTOR 

PROJECT LOCATION

NAME OF DRILLER MANUFACTURER’S DESIGNATION OF DRILL 

 
SIZES AND TYPES OF 
DRILLING EQUIPMENT 

HOLE LOCATION 

SURFACE ELEVATION 

DATE STARTED DATE COMPLETED 

HOLE NO.

SHEET 1 
OF                     SHEETS 

OVERBURDEN THICKNESS DEPTH GROUNDWATER ENCOUNTERED 

DEPTH DRILLED INTO ROCK DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED 

TOTAL DEPTH OF HOLE OTHER WATER LEVEL MEASUREMENTS 

GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED CORED INTERVAL/CORE BOX NO(S). 

SAMPLES FOR CHEMICAL ANALYSIS VOCs METALS OTHER OTHER OTHER TOTAL CORE 
RECOVERY 
                       % 

DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER SIGNATURE OF INSPECTOR 

ELEV. DEPTH 
(ft) 

DESCRIPTION OF MATERIALS 
ANALYTICAL 
SAMPLE NO. 

Recovery 
(ft/ft) 

REMARKS 

   

  B2PC03 
 VERSAR/RMC Consultants     BOART LONGYEAR, Portland, OR     5 

Atlas D Missile Site 4 Pre-design Characterization  Cheyenne, Wyoming 

  
Marc Williams  Pro-Sonic 
                        7-inch diameter continuous core  West side of Building 2 
           8-inch drill casing  
             7267.3 feet msl 
   
    8/12/11  8/13/11 
     
     NA  

  N/A   

  76’  

None  

        

    

   SVE Ports   

2 
 
 
 
 

4 
 
 
 
 

6 
 
 
 
 

8 
 
 
 
 
10 

Light brown fine sand, dry, soft w/ 
trace c. sand/fine gravel 
 
 
 
 
 
 
 
 
 
Grayish brown silt, trace gravel, soft, 
dry, w/ 2-3mm white caliche patches, 
grading to silty clay w/trace f-m 
gravel, white caliche patches, 
moderately plastic/soft 
 
 
 
 
 
 
 
Caliche-rich sandy silt, 20% f-m 
gravel. V. pale brown (10YR 8/2) 
 

7267.3 

 99

Field 
Screening

Mini-
Rae 
P.I.D. 
(ppm) 
 
 
0.0 
 
 
 
 
 
 
 
 
 
0.0 
(ppm) 
 
 
 
 
 
 
 
 
 
0.0 
(ppm) 

0935-begin 
coring 

6/6  

10/10  



HOLE NO.

B2PC03
PROJECT INSPECTOR SHEET 2

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 5 SHEETS

ELEV. Field Recovery 

ft MSL Screening (ft/ft)                 
REMARKS

ft

18

20

10

12

14

16

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.

22

24

26

28

V. Pale brown clayey silt (ML), trace 
c. gravel, weak to strong 
cementation.  Moderately plastic. 
0.0ppm

f = fine
m = medium
c = coarse

f-m-c = fine-  medium-
coarse

Lt. Gray/pale brown silt (ML), trace 
clay, trace f-m gravel, soft, /caliche 
patches 0.0 ppm

.

Pale brown gravelly fine sand (SP), 
trace silt, dry, gravel (35%) is mostly 
coarse, angular

SAA (SP), grayish-brown, slightly 
more silt

Lt. yellowish brown gravelly silt 
(ML), weakly cemented, gravel 
(30%) is m-c, dry

Gravelly Silt, trace clay (ML), soft to 
firm, gravel (5%) is f-m-c. Pale 
yellow 2.5YR 8/4 and lt. olive brown 
2.5YR 5/4

Mini-Rae
2000 
PID

0.0 ppm

0.0 ppm

5.2 ppm

3.3 ppm

0.5 ppm

10/10

10/10



HOLE NO.

B2PC03
PROJECT INSPECTOR SHEET 3
Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG     OF   5    SHEETS

ELEV. Field ANALYTICAL Recovery 

ft MSL Screening SAMPLE NO. (ft/ft)                 

46

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS

ft

36

38

28

30

32

REMARKS

40

42

44

34

Gravelly Silt (ML), trace clay, pale 
yellow and light olive green, 2.5YR 
8/4 and 2.5YR 5/4, gravel (5%) is f-
m-c, slightly cohesive (ML-GW)

f = fine
m = medium
c = coarse

f-m-c = fine-  medium-
coarse

Pale yellow gravelly Silt (ML), trace 
clay, slightly cohesive to weakly 
cemented. Gravel (5-10%) is 
coarser than above, still f-m-c. (ML-
GW) 

Silty Clay (CL-ML) w/ gravel-firm to 
v. firm, compact, gravel (20%) is f-
m-c, angular to subangular.

Sandy Gravel (GW) cobbles. 
Cobbles are 20-30% of total, sand 
is f-m-c, gravel is f-m-c.

Silty Gravel (GW) w/ cobbles.  (2-
4") gravel is m-c

Gravelly Silt (ML), possibly 
siltstone pulverized by drill action.  
Lt. brown gravel (10%) is angular, 
m-c

Gravelly fine Sand (SP), gravel 
(30%) is f-m-c.

Mini-
Rae
2000 
PID

1.8 ppm

475 ppm

35 ppm

30 ppm

340 ppm

70 ppm

10/10

10/10



HOLE NO.

B2PC03
PROJECT INSPECTOR SHEET 4

Atlas D Missile Site 4 Pre-Design Characterization        Joseph Mastromarchi, PG OF 5 SHEETS

ELEV. Field Recovery 

ft MSL Screening (ft/ft)                 

64

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.ft

54

56

46

48

REMARKS

58

60

62

50

52

Gravelly v. fine Sand (SP), trace m-
c sand, dry, gravel (40%) is f-m-c, 
w/ some 3"-4" cobbles

f = fine
m = medium
c = coarse

f-m-c = fine-  medium-
coarse

Brown Clay layer (CL).

Cobbles/gravelly silt/fine sand, 
gray.

Gravelly fine Sand (SP), gravel is 
mostly f-m (20%)

V. pale brown/pinkish white 
Siltstone, weakly to v. well 
indurated, weak reaction to dilute 
HCI. Some portions easily broken 
w/hand pressure, others cannot be 
broken.

V. pale brown sandy Silt (ML), trace
f. gravel w/white clay patches weak 
to no reaction to dilute HCI

Lt. brown gravelly Silt w/ clay 
(ML), gravel is f-m-c (15%), a few 
cobbles also.

Silty Sand w/ gravel (SP), trace 
clay, gravel (20%) is angular, 
grayish brown color overall.

Gravel/cobbles

PID

105 ppm

50 ppm

72 ppm

65 ppm

35 ppm

10/10



HOLE NO.

B2PC03
PROJECT INSPECTOR SHEET 5

Atlas D Missile Site 4 Pre-Design Characterization         Joseph Mastromarchi, PG OF 5 SHEETS

ELEV. Field Recovery 

ft MSL Screening (ft/ft)                 
REMARKS

ft

72

74

64

66

68

70

DRILLING LOG

DEPTH
DESCRIPTION OF MATERIALS ANALYTICAL 

SAMPLE NO.

76

78

80

82

Grayish brown gravelly fine Sand 
(SP), trace m-c sand. Gravel (20%) is 
sub-round.

f = fine
m = medium
c = coarse

f-m-c = fine-  medium-
coarse

86ppm

.

E.O.B.

Mini-
Rae 
2000 
PID

86ppm

104 ppm

115 ppm
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Well Development Logs 
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Well Construction Diagrams 
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Groundwater Sample Collection Logs 
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Daily Quality Control Reports 
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