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1.0 Introduction 

Shaw Environmental, Inc. (Shaw) performed soil sampling as part of a Background Study 
conducted at the Fort Wingate Depot Activity (FWDA), located in Gallup, New Mexico. The 
FWDA operates under a Resource Conservation and Recovery Act Hazardous Waste Facility 
Permit (U.S. Environmental Protection Agency [EPA] ID No. NM6213820974) issued by the 
New Mexico Environment Department (NMED), (Figure 1-1). The Background Study was 
performed for the U.S. Army Corps of Engineers (USACE), Albuquerque District, under 
Contract Number W912BV-07-D-2004, Delivery Order DM01. This Background Study included 
advancing soil borings, collecting and analyzing surface and subsurface soil samples from each 
soil boring, surveying each soil boring location using a hand-held global positioning system 
(GPS), and performing soil boring abandonment. The activities described in this report provided 
representative soil samples of sufficient quantity and quality to determine background 
concentrations of the 23-element Target Analyte List (TAL) metals in soil at the FWDA. The 
USACE is conducting this Background Study under the authority of Base Realignment and 
Closure (BRAC). 

1.1 Purpose and Objectives 
The results from the Background Study will be used to make a statistical determination on the 
nature and occurrence of inorganic constituents in soil at the FWDA based on site-to-background 
comparisons. The procedures and methods used in the Background Study are consistent with the 
Work Plan, Background Study and Data Evaluation, Fort Wingate Depot Activity, Gallup, New 
Mexico, Contract No. W912BV-07-D-2004, Delivery Order DM01 (hereinafter referred to as the 
Background Study Work Plan) (Shaw, 2009). 

The Background Study consisted of the following tasks: 

• Soil Boring Advancement—A total of 42 soil borings were advanced (25 soil borings 
to 10 feet below ground surface [bgs] and 17 soil borings to less than 10 feet bgs). All 
soil borings were advanced within four different ecologic zones (Eco Zones), within 
the FWDA footprint. 

• Soil Sampling—A total of 124 grab samples were collected from varying depths. 

• GPS Survey—A survey was conducted using a hand-held GPS to establish the 
geographic locations of the background soil borings. 
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• Soil Boring Abandonment—Each soil boring was properly abandoned upon 
completion of sampling activities and backfilled with soil cuttings to 1 foot bgs. The 
remaining 1 foot of each boring was filled with a surface plug consisting of a 
minimum of 1 foot of bentonite chips placed above the soil cuttings to the ground 
surface. 

1.2 Report Organization 
This report presents the site background information in Chapter 2.0 and describes soil collection 
activities in Chapter 3.0. Borehole abandonment activities are detailed in Chapter 4.0. 
Chapter 5.0 presents the data evaluation methodology, and the data evaluation results are 
provided in Chapter 6.0. Chapter 7.0 addresses quality assurance (QA) and quality control (QC) 
criteria. Chapter 8.0 presents the summary and intended use of the soil background data. 
Chapter 9.0 provides the references cited in this report. The following appendices supplement the 
report:   

• Appendix A consists of field documentation including field photographs. 

• Appendix B contains the data evaluation results. 

• Appendix C provides the soil classification logs. 

• Appendix D presents the analytical results. 

• Appendices E and F contain the complete laboratory data reports and Automated Data 
Review (ADR), respectively. 

• Appendix G provides the Environmental Data Management System (EDMS). 
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2.0 Background 

2.1 Geographic Setting 
The FWDA currently occupies approximately 24 square miles (15,277 acres) of land in 
McKinley County in northwestern New Mexico. Some of the FWDA land has been transferred 
to the Base Closure and Realignment Commission. The FWDA is located approximately 7 miles 
east of Gallup and about 130 miles west of Albuquerque on U.S. Highway 66. The main entrance 
of the FWDA is on U.S. Highway 66, west from Exit 33 off Interstate 40 (Figure 1-1).  

Originally founded in 1860 as a cavalry post, the U.S. Army established Fort Wingate as a 
munitions storage depot in 1918. The FWDA installation has had a number of missions since 
then, including ordnance storage, testing, and demilitarization, as well as missile defense testing. 
The 22,000-acre installation was closed in 1993 under the Base Realignment and Closure 
program (Malcolm Pirnie, 2000). Approximately half of FWDA is controlled by the Missile 
Defense Agency/White Sands Missile Range and is used for operations related to missile testing. 
The remaining FWDA operations are focused on assessment and remediation of contamination 
resulting from past military activities. Efforts to clean up affected areas have concentrated on the 
removal of exploded and unexploded ordnance. However, the extent of soil contamination by 
metals is also being investigated at several areas of concern, including the former Igloo Blocks 
and Functional Test Ranges. The background summary statistics of metals, established by this 
study, can be used to determine the presence and extent of soil contamination caused by military 
activities at the FWDA. 

2.2 Environmental Setting 
2.2.1 Meteorology 
The climate for the Fort Wingate area varies with elevation, but is generally mild during the 
summer, when temperatures range between 65 and 95 degrees Fahrenheit (°F), and cold during 
the winter, when average daily temperatures range between 30 and 35°F. The warmest month of 
the year is July with an average maximum temperature of 89°F (NOAA, 2008), while the coldest 
month of the year is December with an average minimum temperature of 11°F. Daily 
temperature variations tend to be considerable during the summer months with a difference near 
35°F. The annual average precipitation at Gallup is 11.4 inches (NOAA, 2008). The wettest 
month of the year is August with an average rainfall of approximately 2 inches. Most of the 
precipitation occurs as rain or hail in violent summer thunderstorms; the remainder results from 
light winter snow accumulations.  
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2.2.2 Demographics 
The FWDA installation is almost entirely surrounded by federally owned or administered land, 
including both national forest and tribal lands. Located north and west of the FWDA are Navajo 
tribal trust and allotted lands. Development north of the FWDA includes Red Rock State Park; a 
Zuni railroad siding; an El Paso Natural Gas fractioning plant and housing area; the small Navajo 
community of Church Rock; the Burlington Northern and Santa Fe Railroad; and transportation 
corridors for Interstate 40 and U.S. Highway 66. The town of Fort Wingate, located immediately 
to the east of the FWDA on land administered by the Bureau of Indian Affairs (BIA), was the 
original site of the fort headquarters. Located to the south and southeast is the largely 
undeveloped Cibola National Forest. Most of the land to the west is undeveloped and is tribal 
trust and allotment land managed by the BIA, individual Native American allottees, and the 
Navajo Nation. 

2.2.3 Geology and Soil 
2.2.3.1 Regional Geology 
The FWDA can be divided into the following three topographic areas:  (1) the rugged north-to-
south–trending Nutria Monocline (commonly referred to as the Hogback) along the western and 
southwestern boundaries; (2) the northern hill slopes of the Zuni Mountain Range in the southern 
portion of the FWDA; and (3) the alluvial plains marked by bedrock remnants in the northern 
portion of the FWDA (Malcolm Pirnie, 2000). The elevation of the FWDA ranges from 
approximately 8,200 feet above mean sea level (amsl) in the south to 6,600 feet amsl in the 
north. 

2.2.3.2 Site-Specific Geology 
The FWDA is located in an erosional basin within the Navajo section of the Colorado Plateau 
Physiographic Province. During the uplift of the Zuni Mountain Range in the southern and 
southeastern portion of the installation, the area occupied by the erosional basin was under 
tensional stress that extensively fractured the bedrock. Differential weathering and erosion along 
the fractures resulted in the formation of the basin currently occupied by the FWDA (Anderson 
et al., 2003). 

In the northern portion of the installation, the surface is covered by either remnants of the Chinle 
Group or alluvial deposits. The alluvial deposits consist of sediment deposited by outwash from 
the Zuni Mountains to the south and the Hogback in the western area of the installation. The 
Hogback is a monocline fold, where westerly dipping Mesozoic bedrock is exposed to form a 
long, sharp-crested ridge trending north to south. In areas east of the Hogback, the bedrock 
generally dips to the northwest. In the southeastern area of the FWDA, bedrock of Permian and 
Triassic age was uplifted by a northwest thrust fault (Anderson et al., 2003). 
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The majority of the FWDA is underlain by the Chinle Group (Triassic age) that has been 
dissected by arroyos. The Chinle Group consists of the Owl, Petrified Forest, Bluewater Creek, 
and Shinarump/Moenkopi formations. These formations are predominantly composed of 
siltstone and mudstone, forming a low permeability sequence that acts as a confining unit for the 
underlying San Andres-Glorieta aquifer. The Petrified Forest formation directly underlies the 
majority of the installation, with all three members (Painted Desert, Sonsela, and Blue Mesa) 
outcropping in various locations. The Painted Desert, Sonsela, and Blue Mesa members of the 
Petrified Forest formation are mudstone, sandstone, and mudstone, respectively. On the eastern 
extent of the FWDA installation, the Sonsela and Blue Mesa members outcrop, as does the 
Bluewater Creek Formation. 

The Chinle Group is underlain by San Andres Limestone and Glorieta Sandstone of the Permian 
age. The San Andres generally consists of two limestone beds separated by a sandstone layer and 
reaches a maximum thickness of approximately 200 feet. The San Andres-Glorieta aquifer is the 
principal source of water in the area (Malcolm Pirnie, 2000). This aquifer is confined, except in 
and near outcrop areas, by siltstone and claystone beds in the overlying Chinle Group. Alluvial 
deposits are most prevalent in the northern area of the FWDA in lowland areas between bedrock 
remnants. Alluvial deposits are also present along intermittent streams draining the Hogback and 
Zuni Mountains, which flow through the northern portion of the installation before joining the 
South Fork of the Puerco River. The alluvium ranges in grain size from clay to gravel, typical of 
braided stream deposits (Malcolm Pirnie, 2000). 

2.2.3.3 Soil Types 
Soil types found at the FWDA are similar to those in cool plateau and mountain regions of New 
Mexico. The FWDA soil types commonly found in arroyos are permeable sand and sandy loam 
clay (DOE, 1990); however, most soil is composed of low permeability clay. Soil types at the 
FWDA are primarily alluvial materials, with the exception of the Hogback along the western 
border and the northern hill slopes of the Zuni Mountain Range in the extreme southern portion. 
The alluvial materials, encompassing the area covered by this background study, do not have 
distinct soil horizons as they are relatively shallow, and the parent bedrock is either at or near the 
surface within more than a quarter of the installation (DOE, 1990). 

2.2.4 Hydrogeology 
2.2.4.1 Regional Hydrogeology 
Main drainages flow generally toward the north until the South Fork of the Puerco River is 
encountered, except in the southwestern corner of the installation where drainage is toward the 
west. Streams are ephemeral and fed by rain and snowmelt from the Zuni Mountain Range and 
the Hogback. These streams transport sediment to low-lying areas in the northern portion of the 
installation, creating extensive alluvial deposits among remnants of bedrock. 
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Due to the nature of precipitation in this semiarid region, the surface drainage is relatively 
shallow near headwaters. Downward erosion intensifies as the stream moves downstream 
resulting in a system of well-developed, steep-walled arroyos. Arroyos form because of the 
erodibility of localized areas of silt and clay rich bedrock (Malcolm Pirnie, 2000). 

2.2.4.2 Site-Specific Hydrogeology 
The FWDA lies between the South Fork of the Puerco River and the northern foothills of the 
Zuni Mountain Range. Three major drainage systems may be identified as follows: (1) eastern 
drainage system; (2) western drainage system; and (3) southwestern-corner drainage system. 
These are divided by either bedrock ridges or bedrock remnants. Also, in the northwest portion 
of the site, two artificial channels were constructed during the 1940s to divert water away from 
Igloo Blocks A and B and the Administration Area (DOE, 1990). 

The eastern drainage system consists of washes that run in northwestern and northeastern 
directions off the slopes of the Zuni Mountains. Alluvial fans form in basins at the front of the 
slope, as well as between bedrock remnants. In the northeast section of the installation, the 
drainage flows around bedrock remnants before joining the South Fork of the Puerco River. 

The western drainage system (except for the southwest corner) consists primarily of two 
drainages covering the western portion of FWDA. Tributaries of the western drainage system 
pass the demolition area, cross the Hogback, and then join, flowing north depositing alluvium 
along the bedrock remnants. 

The southwestern-corner drainage system flows southwest and joins the Bread Springs Wash on 
the western side of the Hogback. Because this system is hydrogeologically isolated from the 
other parts of the site and installation activities have apparently not occurred in this area, the 
drainage system is of less environmental concern (DOE, 1990).  
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3.0 Sample Collection Activities 

Sample collection activities performed during this Background Study were designed to generate 
data to support a statistical evaluation to determine the nature and occurrence of inorganic 
constituents in soil at the FWDA, based on site-to-background comparisons. The following soil 
sampling activities were performed during the Background Study: 

• Advancement of 42 soil borings (25 soil borings to 10 feet bgs and 17 soil borings less 
than 10 feet bgs) within four Eco Zones throughout the FWDA (Figure 3-1). 

• Collection of 124 soil samples, including 12 split soil samples (Figure 3-1). 

A summary of soil samples collected during the Background Study is presented in Table 3-1. 
The methods and techniques specific to the soil sampling activity are discussed in the following 
sections. 

3.1 Soil Sampling Location Selection and Rationale 
The background study boundary was defined in the Background Study Work Plan (Shaw, 2009) 
as occurring in parcels that were believed not to have been impacted by depot activities. Most of 
the parcels are located around the periphery of the FWDA but are within the footprint of the 
FWDA (Figure 3-1). 

Soil sampling locations were developed with the USACE and NMED representatives during a 
site walk and meeting held at the FWDA on June 17, 2009. During the course of the site visit, a 
combination of field observations and a map with the Eco Zones plotted were used to select 
which parcels of the FWDA should be sampled. The sampling locations were either logged with 
a hand-held Garmin GPS or marked on the site map based on consensus achieved among the 
parties present on June 17, 2009. 

A total of 42 soil borings were advanced in 4 distinct Eco Zones (desert scrubland, desert 
riparian, piñon-juniper woodland, and ponderosa woodland) throughout the FWDA (Figure 3-1). 
The rock outcrop Eco Zones were not sampled because there are no solid waste management 
units or areas of concern located in these Eco Zones throughout the FWDA. Therefore, site to 
background comparisons are not applicable to these Eco Zones. A large plate map, Plate 3-1, of 
the FWDA has also been included in this report to show greater detail of the areas that were 
sampled. The sampling location rationale is presented in greater detail in Table 3-2. 



   

AL/3-10/WP/USACE:R6092.doc  133366.10.00.00.80 3/18/10 1:44 PM 3-2 

3.2 Soil Sampling Methodology 
This Background Study includes both subsurface and surface soil samples. Soil samples were 
collected and standard operating procedures were followed as described in the Background Study 
Work Plan (Shaw, 2009).  

A truck-mounted Geoprobe® was used to advance 36 soil borings (2-inch-diameter) for geologic 
description and soil sample collection. In remote areas a hand auger was used to advance 6 soil 
borings for geologic description and soil sample collection (Photos 3-1 and 3-2). Two to three 
grab samples were collected from each soil boring.  

Because of the shallow bedrock and other field conditions throughout the FWDA, several soil 
borings could not be advanced to 10 feet bgs. In the event that advancing to 10 feet bgs was not 
possible, an attempt was made to collect as many of the planned soil samples from the length that 
was able to be retrieved; these samples were relocated at closer intervals along the length of 
retrieved core. In cases of extremely short borehole advancement (e.g., 2 feet bgs), fewer 
samples were collected, the number of which was determined by the amount of soil retrieved. 

For example, borehole number 20 (BH20) achieved a maximum depth of 7 feet bgs and borehole 
number 28 (BH28) achieved a maximum depth of only 2.25 feet bgs. Samples were collected at 
0 to 2, 4.5 to 5.5, and 6 to 7 feet bgs in BH20, and 0 to 1.5 and 1.5 to 2.25 feet bgs in BH28. 
Even though BH28’s total depth is described as “surface soil” (0 to 2 feet bgs) in the Background 
Study Work Plan (Shaw, 2009), two soil samples were collected (0 to 1.5 and 1.5 to 2.25 feet 
bgs) within this range to give a top and bottom boundary for statistical analysis. Table 3-1 
summarizes soil boring samples and depths. 

3.3 Soil Sampling Procedures and Documentation 
Once the borehole was advanced to the desired sampling depth, the entire length of the soil 
boring was logged by the Field Geologist. Upon completion of logging the borehole, the Field 
Geologist determined which portion(s) of the soil boring would be sampled. 

Soil for TAL metal analyses was screened through a U.S. standard No. 4 sieve prior to sample 
homogenization (Photo 3-3). Grain sizes less than 4.76 mm can pass through a No. 4 sieve. At 
each borehole, the soil was homogenized in a plastic bowl prior to collecting samples. Samples 
were collected in 4-ounce, wide-mouth, glass jars provided by the contract laboratory. Photo 3-4 
shows the sample collection setup used at each borehole. Upon filling each sample container, the 
sample was immediately placed into a laboratory-provided cooler with ice. Shaw maintained 
custody of the samples at all times until relinquished to Federal Express for priority overnight 
shipment to the laboratory.  
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Each sample has been assigned a unique field identification nomenclature specific for the 
FWDA.  Sample identification (ID) for FWDA consists of a combination of parcel, ecologic 
zone (Eco Zone), source of sample, type of sample, and matrix as follows: 

• Parcel:   8 

• Eco Zone:   DS (in this case, it is desert scrubland) 

• Borehole number:  BH-25 

• Matrix:   SO (Soil) 

• Depth Interval:  1 = first depth interval below ground surface (bgs)  
    2 = second depth interval feet bgs  
    3 = third depth interval feet bgs  

An example of a sample ID for a surface soil sample from BH-25 in Parcel 8 would therefore be 
8DS-BH25-SO-1. 

Nondisposable sampling equipment, such as plastic bowls and No. 4 sieve, were decontaminated 
between each sample collection depth and soil boring location using a solution of deionized 
water and Alconox®, followed by a final deionized water rinse. Sterile, disposable scoops were 
used during soil homogenizing to reduce the risk of cross-contamination between samples.  

Chain-of-custody documentation was electronically generated in the field using the EPA 
software program, FORMS [Field Operations and Records Management System] II Lite, 
Version 5.1 (DynCorp, 2002) and placed in each cooler to accompany samples to the contract 
laboratory. 

Table 3-1 provides a summary of all soil samples collected during the Background Study. Field 
documentation, including Field Activity Daily Logs, Soil Sample Collection Logs, Analysis 
Request/Chain-of-Custody Records and photos of the soil borings and sampling activities are 
included in Appendices A1, A2, A3, and A4, respectively, of this report. 

3.4 Soil Analytical Parameters 
Soil samples collected for chemical analysis were submitted to Microbac Laboratories, Inc. 
(Microbac) in Marietta, Ohio, for analysis of TAL metals by EPA Methods 6010B/6020/7471A 
(EPA, 1986). Field QA/QC samples were collected from five soil boring sampling locations as 
field duplicates and for matrix spike/matrix spike duplicate analyses.  
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4.0 Soil Boring Abandonment  

The soil borings were abandoned by backfilling with soil cuttings removed from the soil boring 
to a depth of 1 foot bgs. A surface plug consisting of a minimum of 1 foot of bentonite chips was 
placed above the soil cuttings to the ground surface. The bentonite plug was hydrated with 
approximately 1 gallon of water. As the locations are considered background (i.e., not impacted 
by depot activities), any remaining soil cuttings were thin-spread on site.  
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5.0 Data Evaluation Methodology 

This chapter describes the methodology used to characterize background distributions for the 
23 TAL metal elements in soil at the FWDA. Background concentrations of naturally occurring 
elements form a distribution of values over the domain of interest. The characterization of 
background can be defined as the process of describing the statistical distributions of 
concentration values from samples obtained at representative locations. The objective of this 
background investigation is to provide the actual concentration data as well as statistical 
descriptions of the distributions of 23 elements in soil at the FWDA. 

These statistical descriptions may be used for a variety of purposes. The primary purpose of the 
background distributions is for comparison with distributions from site investigations to 
determine whether local releases have occurred. Other possible uses for the background 
characterization data include supporting human health and ecological risk assessments, proposals 
for no further action, developing realistic remediation goals, and evaluating the success of 
remediation efforts. These uses require the ability to distinguish between site-related and non-
site–related impacts. Accordingly, any contributions of “anthropogenic background” or non-site–
related regional sources of metals, such as mercury fallout from power plants, if present, would 
be considered to be part of the background distribution for these purposes. 

The statistical methodology used to characterize background distributions is based on published 
EPA guidance (EPA, 1989; 1992; 1994; 1995; 1996; 1997; 2006; and 2009a). The following key 
issues are addressed in the background characterization methodology: 

• Handling of duplicates 
• Handling of nondetections 
• Handling of outliers 
• Appropriate spatial grouping of soil samples 
• Evaluation of distributional assumptions 
• Calculation of summary statistics 

The following sections explain how these key issues are addressed.  

5.1 Handling of Duplicates 
A total of 112 primary samples were obtained at 42 locations. A surface sample was obtained at 
each location, and intermediate and deep samples were also obtained if the borehole 
advancement was deep enough. Details of the sampling are provided in Chapter 3.0. Field 
duplicates were obtained for 12 of these samples, yielding a total of 124 samples. The duplicates 
were obtained for the purpose of determining the reproducibility of the analyses and the natural 
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variability of co-located samples. Comparisons of the primary and duplicate soil sample pairs are 
provided in Chapter 7.0. Analytical results of the duplicate samples were not used in the 
statistical characterization to avoid any bias introduced by giving extra weight to the locations 
where the duplicates were obtained.  

5.2 Handling of Nondetections 
A certain proportion of nondetectable concentrations of trace elements are common in 
background data sets. There are a variety of methods to deal with nondetections, each of which 
has advantages and disadvantages with respect to introducing unwanted bias into the description 
of background distributions. In accordance with EPA guidance, nondetections were replaced 
with a value equal to the method detection limit (MDL) for that analyte for the purpose of 
calculating the mean, median, and standard deviation. The analytical laboratory routinely assigns 
“estimated” (“J”) qualifiers to results that fall between the MDL and the quantitation limit, so it 
is likely that concentrations reported as nondetectable are between zero and the MDL. Nondetect 
results with replacement values that fall within the top 10 percent of the distribution are 
eliminated from the data set as high nondetects because the presence of these values will 
introduce a high bias into the calculation of background screening values.  

Calculations of the 95th upper confidence limit (UCL) of the mean and the 95th upper tolerance 
limit (UTL) used the Kaplan-Meier method (also known as the product-limit estimator), as 
implemented in the ProUCL software to deal with data sets containing non-detect results (Kaplan 
and Meier, 1958). This method reduces the bias introduced by the presence of nondetect results 
with varying reporting limits (RL). 

5.3 Handling of Outliers 
Outliers are defined as data points with values that are anomalously high relative to the rest of 
the data set (EPA, 1989). The following are possible reasons for outliers: 

• Improper sampling, analytical error, or laboratory contamination 
• Errors in transcription of data values, decimal points, or units 
• The presence of actual contamination in the sample 
• A natural background concentration that is unusually high 

For each element, the concentration data is rank-ordered and the maximum value is flagged if it 
is greater than five times the second-highest value (EPA, 1989). Samples flagged as outliers are 
further examined to determine whether there is an error in the recorded concentration. Statistical 
outliers will be eliminated from consideration only if there are additional reasons to suspect 
either errors in the data or site-related contamination in the sample. Results of the outlier testing 
are provided in Section 6.1. 
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5.4 Spatial Grouping of Soil Samples 
It is generally preferable to characterize background distributions on as broad a spatial scale as 
possible. Arbitrarily subdividing soil samples by depth, region of the site, soil type, or other 
parameters results in smaller data sets per group, which increases the uncertainty in inferring the 
characteristics of the sampled population. However, if the distributions of element concentrations 
are indeed significantly different in spatial subgroups of samples, then separate background 
characterizations should be performed for those groups.  

The statistical test most often recommended in EPA guidance (EPA 1989, 1996, 2009a) to 
compare subgroups of samples is the Kruskal-Wallis (KW) test (Kruskal and Wallis, 1952). The 
KW test is a modification of the Wilcoxon Rank Sum test (a.k.a. Mann-Whitney U test) to allow 
comparisons of more than two groups of data. The KW procedure tests the null hypothesis that 
the groups of samples are drawn from the same population. It is a nonparametric test that is 
performed with the actual sets of values rather than summary parameters such as the mean or 
standard deviation, so it is valid for a wide range of distributional shapes. 

The KW test calculates the H statistic, which is then used to find the two-sided significance. If 
the test statistic yields a probability of a Type I error (p-level) less than 0.01, then there is a 
statistically significant difference between the medians of one or more of the groups at a 
99-percent confidence level. The test is performed at a 99-percent confidence level rather than 
the usual 95-percent confidence level because more than two groups are being compared. This 
so-called “Bonferroni correction” is a multiple-comparison correction that is used when several 
statistical tests are being performed simultaneously (EPA, 1989; Weisstein, 2008). A given 
confidence level may be appropriate for each individual comparison, but that same confidence 
level is overly conservative for the set of all comparisons. The confidence level is thus adjusted 
upward to account for the number of comparisons being performed.  

A Type I error involves rejecting the null hypothesis when it is true. If the p-level is greater than 
0.01, then the null hypothesis is accepted, and the groups are assumed to be drawn from the same 
population. If the p-level is less than 0.01, then the medians of one or more of the groups are 
significantly different at the 99-percent confidence level. If four groups are being compared, then 
a p-level less than 0.01 can occur if one of the groups is shifted higher or lower relative to the 
other three, or if two of the groups are shifted relative to the other two groups, or if all four are 
different from each other.  

The following factors should be kept in mind when evaluating KW test results:  

• Dividing the original data set data into a larger number of subgroups increases the 
false-positive error rate because the probability of getting a larger number of groups to 
agree is lower than getting a fewer number of groups to agree.  
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• Dividing the data into a larger number of subgroups results in smaller sample sizes in 
each group, which are thus less representative of the sampled population. This effect 
further increases the false-positive error rate of the test and also increases the 
uncertainty in the estimates of the population statistics. 

• Analytes with higher variances are generally prone to higher false-positive errors in 
subgroup comparison tests because more samples are needed to adequately 
characterize populations with higher variance. When the data is subdivided into 
groups, then the analytes with higher variances show more frequent false-positive test 
results due to insufficient sample size in one or more groups.  

• The presence of nondetect results can increase the error rates of the test, especially if 
the surrogate values assigned to nondetects are not constant. 

Results of the statistical comparisons of the soil samples by depth and by ecological zone are 
provided in section 6.2.1.   

5.5 Evaluation of Distributional Assumptions 
The shape of the distribution, considered to be either normal, lognormal, or nonparametric, is 
reported as part of the characterization (the term nonparametric is not a specific shape, but is 
used to describe distributions that are neither normal nor lognormal, in accordance with EPA 
guidance). The selection of an appropriate type of statistical distribution is based on EPA 
guidance (EPA, 1989; 1992; and 2009a) which recommends the Shapiro-Wilk test for 
determining whether the distribution of concentration data is normal. Lognormality is tested by 
taking the logarithm (log-transform) of the data and testing for normality (EPA, 1992).  

The test returns a “p-level” value between 0 and 1, indicating the “goodness of fit” to the tested 
distribution. A p-level of 0.05 or greater indicates an acceptable fit to a normal (or lognormal) 
model at a 95-percent confidence level; therefore, there is only a 1-in-20 chance of falsely 
identifying the distribution as normal when it actually is not. If the test statistic for the 
untransformed data is above the critical value for a 95-percent confidence level and is higher 
than the test statistic for the transformed data, then the distribution is identified as normal. If the 
test statistic for the log-transformed data is above the critical value for a 95-percent confidence 
level and is higher than the test statistic for the untransformed data, then the distribution is 
identified as lognormal. If the Shapiro-Wilk test indicates that a data set is neither normal nor 
lognormal at this confidence level, then the data are assumed to have a nonparametric 
distribution. Data sets with greater than 15 percent nondetects are automatically treated as 
nonparametric distributions according to EPA (1989) guidance. Results of the distribution testing 
is provided in Section 6.3. 
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5.6 Calculation of Summary Statistics 
Complete statistical descriptions of the background distributions of elements in soil are provided 
in Section 6.4. These descriptions include the number of samples, percent nondetects, minimum 
concentration, median concentration, geometric mean, arithmetic mean, 95th UCL of the mean, 
95th UTL, and the maximum concentration. Also provided are three measures of the variance of 
the distributions, including the interquartile range (difference between the 25th and 75th 
percentiles), standard deviation, and coefficient of variation (CV) (ratio of standard deviation to 
mean). The shapes of the distributions, defined as either normal, lognormal, or nonparametric, 
are also provided.  

The 95th UCL of the mean is a value that has a 95-percent probability of bounding (being greater 
than) the true population mean. It is often used as an exposure point concentration in human 
health and ecological risk assessments. The 95th UTL is a value that has a 95-percent probability 
of bounding the true 95th percentile of the population. It is often used as a background screening 
value as recommended in EPA (1989) guidance. It should be kept in mind that there is a five 
percent probability that a concentration in any randomly collected uncontaminated sample will 
exceed the background 95th UTL.  If a concentration in a site investigation sample exceeds a 
background 95th UTL, then that sample should be considered to be suspect, but it may not be 
necessarily be contaminated.   

The summary statistics are calculated for each element in soil using standard Excel functions, 
except for the 95th UCL of the mean and the 95th UTL, which are calculated using procedures 
implemented in the ProUCL software package (Version 4.00.04) (EPA, 2009b). This software is 
developed, maintained, and distributed by the EPA for the specific purpose of calculating UCLs 
and UTLs, and is based in part on guidance provided in EPA 2002a and 2002b. ProUCL 
provides several different UCLs and UTLs for each data set, which are calculated using a variety 
of methods. The selection of the appropriate UCL and UTL is based on careful consideration of 
the size of each data set, the proportion of nondetect results, and differences in the RLs of the 
nondetect results.  

The UCLs and UTLs for data sets with fully detectable results are calculated using the percentile 
bootstrap method based on 2,000 replications. Bootstrap procedures are nonparametric 
techniques that operate on the actual data rather than statistical parameters (such as mean and 
standard deviation). They do not require assumptions regarding the statistical distribution of the 
underlying population and are valid for any distributional shape (EPA, 1997). 

Data sets containing between 1 and 15 percent nondetects are calculated using the nonparametric 
Kaplan-Meier percentile bootstrap method. Data sets with greater than 15 percent nondetects are 
calculated using the Kaplan-Meier bootstrap-t method. Details of these methods are provided in 
the ProUCL Version 4.00.04 Technical Guide (EPA, 2009b).  
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The complete descriptions of background distributions that are provided in Section 6.4 are 
sufficient to allow the calculation of additional statistical parameters of interest, such as the 
variance, standard error of the mean, two standard deviations above the mean, etc. The 
descriptions can also be used to support statistical site-to-background data set comparisons. 
There are two general types of statistical site-to-background comparisons. Parametric 
comparisons, such as the two-sample t-test, require the means and standard deviations of the 
distributions that are being compared. Nonparametric comparison tests, such as the Wilcoxon 
Rank Sum test and the Gehan test, require the actual data rather than summary statistics. The 
actual background analytical data are provided in Appendix D1.  
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6.0 Data Evaluation Results: Background Distributions of Elements in 
Soil 

This chapter provides the results for the soil background characterization. The results are 
presented in the form of summary statistics in Table 6-1.  

6.1 Results of Outlier Testing 
An outlier test, described in Section 5.3, was performed for each element in the soil data set. The 
test identifies maximum concentrations that are greater than five times the next highest 
concentration, as described in Section 5.3 and in EPA, 1989. No outliers were identified. 

6.2 Grouping of Samples 
The samples were grouped into three different depth categories and four different Eco Zones and 
compared. The comparison methodology employed is described in Section 5.4. The following 
sections discuss the results of these comparisons. 

6.2.1 Comparison of Soil Samples by Depth  
The 112 samples were grouped into three depth categories (shallow [n = 42], mid [n = 41], and 
deep [n = 29]), and the subgroups were quantitatively compared using the KW test as described 
in Section 5.4. The KW test was performed on 22 of 23 analytes. Antimony was excluded 
because all of the samples had nondetectable concentrations. Mercury and silver had high 
proportions of nondetects (88.4 and 81.3 percent, respectively), but were included in the 
comparison even though the results may be uncertain.  

Table 6-2 provides the KW test results for the comparisons of the three depth groups for the 
22 elements tested. Box plots comparing the three depth intervals for the 22 elements are 
provided in Appendix B1. All of the elements passed at both the 95- and 99-percent confidence 
levels, with the exception of sodium, which showed a significant difference between the three 
groups. A possible explanation for the failure of sodium is that the number of samples in each 
subgroup was insufficient to accurately estimate population medians (the smallest subgroup had 
29 samples). The number of samples required to estimate a population statistic such as the mean 
or median at a given confidence level increases with the square of the standard deviation of the 
population. 

As sodium has the highest relative standard deviation of the 23 elements (CV = 1.58), a larger 
number of samples are required to accurately estimate the population medians of the three 
subgroups for this element. In addition, when the test is performed at the 95-percent confidence 
level, a false-positive error rate of 5 percent (1 in 20) is expected, which is close to what was 
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observed (1 in 22). These results indicate that there are no statistically significant differences 
between the distributions of elements in the three depth intervals; therefore, it is valid to combine 
samples from the three intervals for the purpose of characterizing background distributions. 

6.2.2 Comparison of Soil Samples by Eco Zone 
The 112 samples were grouped by the Eco Zone from which they were obtained. The four zones 
that were sampled include ponderosa pine (n = 18), desert scrub (n = 52), piñon-juniper (n = 22), 
and desert riparian (n = 20). These subgroups were quantitatively compared using the KW test as 
described in Section 5.4 for 22 of 23 analytes. Antimony was excluded because all of the 
samples had nondetectable concentrations. Mercury and silver had high proportions of 
nondetects (88.4 and 81.3 percent, respectively), but were included in the comparison even 
though the results may be uncertain.  

Table 6-2 provides the KW test results for the comparisons of the four Eco Zone groups for the 
22 elements tested. Box plots comparing the four Eco Zones for the 22 elements are provided in 
Appendix B. All of the elements passed at the 99-percent confidence level, with the exceptions 
of sodium, potassium, arsenic, and nickel.  

As discussed in Section 5.4, subdividing the data into four groups rather than three (as was done 
for the sample depth comparison) increases the probability of more test failures. In addition, the 
sample sizes in each of the four groups are smaller (minimum is 18), which makes the subgroups 
less representative of the population. Also, the four elements that failed the test had higher CVs, 
as shown in Tables 6-1 and 6-2 (arsenic and sodium have CVs above 1.1). Elements with higher 
CVs require a larger number of samples to confidently estimate population statistics and perform 
accurate subgroup comparisons.  

These results indicate that it is valid to combine samples from the four Eco Zones for the purpose 
of characterizing background distribution. The failures of 4 of the 22 elements (arsenic, nickel, 
potassium, and sodium) are most likely the result of too few samples in each subgroup to allow 
for a valid comparison. 

6.2.3 Summary of Soil Subgroup Comparisons 
The large proportion of elements that passed comparisons of the three depth intervals (21 of 22) 
and comparisons of the four Eco Zones (18 of 22) indicates that it is valid to combine data from 
these subgroups. The advantage of pooling the data (when it is statistically valid to do so) is 
because the summary statistics are then based on a larger number of samples, and are thus more 
representative of the population. Increasing the number of sample from the range of 18 to 52 
(which would be the case if each Eco Zone were treated separately) to 112 (the full data set) 
provides a significant increase in the confidence that can be placed in the inferred properties of 
the sampled population. 
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6.3 Evaluation of Distributional Assumptions 
The shape of each distribution was determined using the methodology described in Section 5.5. 
None of the 23 elements passed the test for normality. Eight of the elements passed the test for 
lognormality (calcium, copper, magnesium, nickel, potassium, selenium, vanadium, and zinc). 
The remaining 15 elements are treated as nonparametric distributions.  

6.4 Summary Statistics 
Summary statistics for the 23 analyzed elements are provided in Table 6-1. The sample statistics 
include the number of samples, percent nondetects, minimum concentration, median 
concentration, geometric mean, arithmetic mean, and the maximum concentration. The shapes of 
the distributions, defined as either normal, lognormal, or nonparametric, are also provided, along 
with three measures of the variance of the distributions, including the interquartile range 
(difference between the 25th and 75th percentiles), standard deviation, and CV (ratio of standard 
deviation to mean).   

Population statistics that are provided include the 95th UCL of the mean and the 95th UTL. The 
methodology used to calculate these parameters is discussed in Section 5.6. The 95th UTLs are 
the recommended background screening values. The statistical results are provided in 
Table 6-1and Appendix B  

The complete descriptions of background distributions that are provided in Table 6-1 are 
sufficient to allow the calculation of additional statistical parameters of interest, such as the 
variance, standard error of the mean, two standard deviations above the mean, etc. The 
descriptions can also be used to support statistical site-to-background data set comparisons. 
There are two general types of statistical site-to-background comparisons. Parametric 
comparisons, such as the two-sample t-test, require the means and standard deviations of the 
distributions that are being compared. Nonparametric comparison tests, such as the Wilcoxon 
Rank Sum test and the Gehan test, require the actual data rather than summary statistics. The 
actual background data are provided in Appendix D.  
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7.0 Quality Assurance and Quality Control 

7.1 Laboratory Quality Control 
Microbac performed the measurement quality objectives (MQO) specified for each analytical 
method during analysis of the background soil samples. QC measurements are typically made on 
laboratory-prepared, standard materials and samples to monitor MQOs for accuracy and 
precision. The laboratory QC checks included the following: 

• Calibration checks 
• Calibration blanks 
• RLs and MDLs 
• Laboratory control samples 
• Matrix spike samples 
• Duplicate samples 
• Method blank samples 

7.1.1 Data Evaluation 
Analytical data results for the background soil samples were provided in hard copy paper reports 
and electronic data deliverable (EDD) format (Appendix E). Analytical data produced 
electronically included files in portable document format (PDF) and ADR file format for data 
review and evaluation, as specified in the Background Study Work Plan  (Shaw, 2009).  

Analytical data were reviewed and evaluated in each Microbac-provided EDD using the ADR 
software. Once the EDD was uploaded and electronically checked for errors, the software 
automatically compared instrument calibration and QC measurements for each analytical 
method, matrix, and analyte against acceptance criteria in the project-specific library.  

A data review report, generated using the ADR software in PDF format, is included on a 
compact disc (CD) in Appendix F. The data review report includes sample listings, analytical 
result tables, outlier reports, data qualifiers and definitions, manually-changed qualifiers, and 
bias indicators. Also included on the CD in Appendix F are the post-reviewed ADR EDD text 
files and Staged Electronic Data Deliverable Stage 1 files exported using the ADR software. 
Additionally, the project-specific ADR analytical methods library, constructed for the 
background soil sampling and analysis task is included. 

Following data review with the ADR software system, the reviewed EDD files were uploaded to 
the EDMS, a database application running on Microsoft® Access. The EDMS was used to query 
data for preparation of this report and generate QC summary tables. QC summary report tables 
generated with the EDMS are provided in Appendix G. 



   

AL/3-10/WP/USACE:R6092.doc  133366.10.00.00.80 3/18/10 1:44 PM 7-2 

7.1.2 Data Usability 
In general, analytical QC measures and analytical results data were acceptable and usable for 
project objectives. QC measurements outside of acceptance criteria resulted in the qualification 
of some data, which generally were flagged as estimated values (J-qualified) with positive or 
negative bias indicators. Qualified data are considered usable. 

The analytical RLs and MDLs actually achieved at Microbac during analysis of the background 
soil samples were evaluated against applicable MQO requirements provided in the sampling and 
analysis plan in the Background Study Work Plan (Shaw, 2009). When chemical analyses 
showed quantified or detected but estimated results, the MQO RL and MDL requirements are 
considered to be met. However, when chemical analyses do not detect the analyte of interest, 
then applicable RLs and MDLs should meet MQO requirements. Nondetected antimony results 
in soil samples exceeded MQO RL criteria. Antimony RLs ranged between 0.345 and 
2.23 milligrams per kilogram (mg/kg) while the RL MQO was 0.2 mg/kg. While nondetected 
analytical results for antimony did not meet the planned MQO, the actual RLs achieved are well 
below the advisory evaluation criteria of 31.3 mg/kg (Appendix D3). Consequently, the 
antimony results are usable and were not rejected. 

Completeness, calculated in accordance with Section 4.2.6.4 of the Background Study Work 
Plan (Shaw, 2009), was 91.4-percent analytical completeness, 93.1-percent contract compliance 
completeness, and 100-percent technical completeness for the soil analytical results. Analytical 
completeness is the percentage of unqualified results, while technical completeness is the 
percentage of usable analytical results. Field sampling completeness was 93.9 percent. Of 132 
background soil samples planned, 124 soil samples were collected. Some borehole samples could 
not be collected when the Geoprobe® met refusal before reaching the planned total depth. 

7.2 Field Quality Control Samples 
A total of 12 field duplicate soil samples were collected during the Background Study. Field 
duplicate samples were collected from different soil types, depths, and Eco Zones. Field 
duplicate soil samples were split from the homogenized soil immediately prior to filling the 
sample jars. Field duplicate QC samples were analyzed for TAL metals using methods identical 
to the parent samples. Field duplicate samples were the only type of field QC samples that were 
collected. 

The analytical results for field duplicate samples are included in the complete analytical results 
tables provided in Appendix E. Relative percent differences (RPD) for metals detected above the 
RL in both the original and field duplicate subsurface soil samples, and that were not qualified as 
estimated values during data validation, are presented in Table 7-1. 
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Field duplicate results for background soil samples were generally comparable with the original 
parent sample results. The RPD measurements calculated for paired metal results shown in 
Table 7-1 range from 0 to 134 percent. The average RPD for all duplicate pairs shown in the 
table is 29 percent with a standard deviation of 11 percent. Field duplicate precision 
measurements exceeding the established MQO were noted during data validation and are 
reported in Appendix F. 
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8.0 Summary and Intended Use of Background Characterization Data 

The primary use of the background characterization data is for comparisons with distributions 
from site investigations at FWDA to determine whether on-site releases have occurred. Other 
possible uses for the background characterization data include supporting baseline human health 
and ecological risk assessments and proposals for closure, developing realistic remediation goals, 
and evaluating the success of remediation efforts. It is also important to identify any background 
concentrations that exceed risk-based regulatory limits so that these exceedences can be 
explained to the public and stakeholders. Table 8-1 compares the background screening values, 
which are based on the 95th UTLs, to the FWDA regulatory standards.  
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Table 3-1  
Soil Boring Sample Summary 
Soil Background Study and Data Evaluation, Fort Wingate Depot Activity 
Gallup, New Mexico 

Soil 
Boring 

Universal Transverse 
Mercator Zone 12 North 
GCS WGS 1984 Meters 

Sample  
Number 

Sample  
Date 

Sample  
Type 

Total 
Borehole 

Depth 
(ft bgs) 

Depth Interval 

Easting Northing 
Min. Depth  

(ft bgs) 
Max. Depth  

(ft bgs) 
TAL Metals (EPA 6010B/6020/7471A)a 

AH01b 720304 3929248 19SW-AH01-SO-1 11/11/2009 Soil Boring 5 0 1.4 

19SW-AH01-SO-2 4 5 

AH02b 720272.508 3929253.416 19SW-AH02-SO-1 11/11/2009 Soil Boring 5 0 1.5 

19SW-AH02-SO-2 4.5 5 

FDUP-09 4.5 5 

AH03b 720260.695 3929294.139 19SW-AH03-SO-1 11/11/2009 Soil Boring 4.5 0 1 

19SW-AH03-SO-2 3.8 4.5 

AH04b 720280.77 3929327.622 19SW-AH04-SO-1 11/11/2009 Soil Boring 5 0 1 

19SW-AH04-SO-2 4 5 

BH01 719541.254 3933565.293 14DS-BH01-SO-1 11/5/2009 Soil Boring 10 0 2 

14DS-BH01-SO-2 4.5 5.5 

14DS-BH01-SO-3 9 10 

BH02 719768.493 3933604.914 14DS-BH02-SO-1 11/9/2009 Soil Boring 10 0 2 

14DS-BH02-SO-2 4.5 5.5 

14DS-BH02-SO-3 9 10 
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Soil 
Boring 

Universal Transverse 
Mercator Zone 12 North 
GCS WGS 1984 Meters 

Sample  
Number 

Sample  
Date 

Sample  
Type 

Total 
Borehole 

Depth 
(ft bgs) 

Depth Interval 

Easting Northing 
Min. Depth  

(ft bgs) 
Max. Depth  

(ft bgs) 
TAL Metals (EPA 6010B/6020/7471A)a (Continued) 

BH03b 722236.898 3932311.505 15SW-BH03-SO-1 11/9/2009 Soil Boring 10 0 2 

15SW-BH03-SO-2 4.5 5.5 

15SW-BH03-SO-3 9 10 

BH04b 722456.124 3932215.2 15SW-BH04-SO-1 11/9/2009 Soil Boring 10 0 2 

15SW-BH04-SO-2 4.5 5.5 

15SW-BH04-SO-3 9 10 

BH05b 722525.102 3932021.504 15SW-BH05-SO-1 11/9/2009 Soil Boring 10 0 2 

FDUP-04 0 2 

15SW-BH05-SO-2 4.5 5.5 

FDUP-05 4.5 5.5 

15SW-BH05-SO-3 9 10 

FDUP-06 9 10 

BH06b 722591.61 3931793.589 15SW-BH06-SO-1 11/9/2009 Soil Boring 10 0 2 

15SW-BH06-SO-2 4.5 5.5 

15SW-BH06-SO-3 9 10 
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Soil 
Boring 

Universal Transverse 
Mercator Zone 12 North 
GCS WGS 1984 Meters 

Sample  
Number 

Sample  
Date 

Sample  
Type 

Total 
Borehole 

Depth 
(ft bgs) 

Depth Interval 

Easting Northing 
Min. Depth  

(ft bgs) 
Max. Depth  

(ft bgs) 
TAL Metals (EPA 6010B/6020/7471A)a (Continued) 

BH07 722424.058 3931375.68 15DS-BH07-SO-1 11/9/2009 Soil Boring 10 0 2 

15DS-BH07-SO-2 4.5 5.5 

15DS-BH07-SO-3 9 10 

BH08 722750.507 3931542.693 15DS-BH08-SO-1 11/9/2009 Soil Boring 10 0 2 

15DS-BH08-SO-2 4.5 5.5 

15DS-BH08-SO-3 9 10 

BH09 722375.482 3930741.443 17DS-BH09-SO-1 11/11/2009 Soil Boring 
(Hand Auger) 

2.5 0 1.3 

17DS-BH09-SO-2 1.3 2.5 

BH10 722748.123 3930918.129 17DS-BH10-SO-1 11/9/2009 Soil Boring 8 0 2 

17DS-BH10-SO-2 4.5 5.5 

17DS-BH10-SO-3 7 8 

BH11 722271.167 3930425.234 17DS-BH11-SO-1 11/11/2009 Soil Boring 
(Hand Auger) 

2 0 1.1 

17DS-BH11-SO-2 1.1 2 

BH12 720822.084 3929133.191 19DS-BH12-SO-1 11/11/2009 Soil Boring 10 0 2 

19DS-BH12-SO-2 4.5 5.5 

19DS-BH12-SO-3 9 10 
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Soil 
Boring 

Universal Transverse 
Mercator Zone 12 North 
GCS WGS 1984 Meters 

Sample  
Number 

Sample  
Date 

Sample  
Type 

Total 
Borehole 

Depth 
(ft bgs) 

Depth Interval 

Easting Northing 
Min. Depth  

(ft bgs) 
Max. Depth  

(ft bgs) 
TAL Metals (EPA 6010B/6020/7471A)a (Continued) 

BH13 720165.015 3928701.913 19DS-BH13-SO-1 11/11/2009 Soil Boring 10 0 2 

19DS-BH13-SO-2 4.5 5.5 

19DS-BH13-SO-3 9 10 

BH14 720076.728 3928394.479 19DS-BH14-SO-1 11/11/2009 Soil Boring 10 0 2 

19DS-BH14-SO-2 4.5 5.5 

19DS-BH14-SO-3 9 10 

BH15 717676.003 3925169.007 20PJ-BH15-SO-1 11/10/2009 Soil Boring 2.5 0 1.5 

20PJ-BH15-SO-2 1.5 2.5 

BH16 717753.478 3925087.561 20PJ-BH16-SO-1 11/10/2009 Soil Boring 1.5 0 1.5 

BH17 717896.579 3924862.299 20PJ-BH17-SO-1 11/10/2009 Soil Boring 5 0 2 

20PJ-BH17-SO-2 3 4 

20PJ-BH17-SO-3 4 5 

BH18 717779.595 3924755.929 02PJ-BH18-SO-1 11/10/2009 Soil Boring 4 0 2 

FDUP-07 0 2 

02PJ-BH18-SO-2 2 4 

FDUP-08 2 4 
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Soil 
Boring 

Universal Transverse 
Mercator Zone 12 North 
GCS WGS 1984 Meters 

Sample  
Number 

Sample  
Date 

Sample  
Type 

Total 
Borehole 

Depth 
(ft bgs) 

Depth Interval 

Easting Northing 
Min. Depth  

(ft bgs) 
Max. Depth  

(ft bgs) 
TAL Metals (EPA 6010B/6020/7471A)a (Continued) 

BH19 717933.24 3922092.579 01PP-BH19-SO-1 11/4/2009 Soil Boring 10 0 2 

01PP-BH19-SO-2 3.5 4.5 

01PP-BH19-SO-3 9 10 

BH20 717960.982 3921440.268 01PP-BH20-SO-1 11/5/2009 Soil Boring 7 0 2 

01PP-BH20-SO-2 4.5 5.5 

01PP-BH20-SO-3 6 7 

BH21 717595.211 3921206.94 01PP-BH21-SO-1 11/5/2009 Soil Boring 10 0 2 

01PP-BH21-SO-2 4.5 5.5 

01PP-BH21-SO-3 9 10 

BH22 717315.095 3920758.883 01PP-BH22-SO-1 11/5/2009 Soil Boring 10 0 2 

FDUP-01 0 2 

01PP-BH22-SO-2 4.5 5.5 

FDUP-02 4.5 5.5 

01PP-BH22-SO-3 9 10 

FDUP-03 9 10 
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Soil 
Boring 

Universal Transverse 
Mercator Zone 12 North 
GCS WGS 1984 Meters 

Sample  
Number 

Sample  
Date 

Sample  
Type 

Total 
Borehole 

Depth 
(ft bgs) 

Depth Interval 

Easting Northing 
Min. Depth  

(ft bgs) 
Max. Depth  

(ft bgs) 
TAL Metals (EPA 6010B/6020/7471A)a (Continued) 

BH23 717150.387 3921219.081 01PP-BH23-SO-1 11/5/2009 Soil Boring 10 0 2 

01PP-BH23-SO-2 4.5 5.5 

01PP-BH23-SO-3 9 10 

BH24 717958.232 3921815.581 01PP-BH24-SO-1 11/5/2009 Soil Boring 10 0 2 

01PP-BH24-SO-2 4.5 5.5 

01PP-BH24-SO-3 9 10 

BH25 717543.768 3926017.955 02PJ-BH25-SO-1 11/10/2009 Soil Boring 10 0 2 

02PJ-BH25-SO-2 4.5 5.5 

02PJ-BH25-SO-3 9 10 

BH26 717315 3926057.007 02PJ-BH26-SO-1 11/10/2009 Soil Boring 5 0 2 

02PJ-BH26-SO-2 3 4 

02PJ-BH26-SO-3 4 5 

BH27 716119.29 3926809.552 02PJ-BH27-SO-1 11/10/2009 Soil Boring 3.85 0 1.5 

02PJ-BH27-SO-2 1.5 3.85 
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Soil 
Boring 

Universal Transverse 
Mercator Zone 12 North 
GCS WGS 1984 Meters 

Sample  
Number 

Sample  
Date 

Sample  
Type 

Total 
Borehole 

Depth 
(ft bgs) 

Depth Interval 

Easting Northing 
Min. Depth  

(ft bgs) 
Max. Depth  

(ft bgs) 
TAL Metals (EPA 6010B/6020/7471A)a (Continued) 

BH28 716166.244 3926703.782 02PJ-BH28-SO-1 11/10/2009 Soil Boring 2.25 0 1.5 

02PJ-BH28-SO-2 1.5 2.25 

BH29 716147.923 3926925.78 02PJ-BH29-SO-1 11/9/2009 Soil Boring 3 0 1.5 

02PJ-BH29-SO-2 1.5 3 

BH30 716147.812 3926915.227 02PJ-BH30-SO-1 11/9/2009 Soil Boring 3 0 1.5 

02PJ-BH30-SO-2 1.5 3 

BH31 715951.334 3928135.356 02DS-BH31-SO-1 11/6/2009 Soil Boring 10 0 2 

02DS-BH31-SO-2 4.5 5.5 

02DS-BH31-SO-3 9 10 

BH32 715846.909 3929566.64 05ADS-BH32-SO-1 11/6/2009 Soil Boring 10 0 2 

05ADS-BH32-SO-2 4.5 5.5 

05ADS-BH32-SO-3 9 10 
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Soil 
Boring 

Universal Transverse 
Mercator Zone 12 North 
GCS WGS 1984 Meters 

Sample  
Number 

Sample  
Date 

Sample  
Type 

Total 
Borehole 

Depth 
(ft bgs) 

Depth Interval 

Easting Northing 
Min. Depth  

(ft bgs) 
Max. Depth  

(ft bgs) 
TAL Metals (EPA 6010B/6020/7471A)a (Continued) 

BH33 715824.763 3930087.911 08DS-BH33-SO-1 11/6/2009 Soil Boring 10 0 2 

FDUP-10 0 2 

08DS-BH33-SO-2 4.5 5.5 

FDUP-11 4.5 5.5 

08DS-BH33-SO-3 9 10 

FDUP-12 9 10 

BH34 715590.237 3930474.113 08DS-BH34-SO-1 11/6/2009 Soil Boring 10 0 2 

08DS-BH34-SO-2 4.5 5.5 

08DS-BH34-SO-3 9 10 

BH35 715319.946 3931176.158 08DS-BH35-SO-1 11/6/2009 Soil Boring 10 0 2 

08DS-BH35-SO-2 4.5 5.5 

08DS-BH35-SO-3 9 10 

BH36 715805.512 3931609.473 08DS-BH36-SO-1 11/6/2009 Soil Boring 10 0 2 

08DS-BH36-SO-2 4.5 5.5 

08DS-BH36-SO-3 9 10 
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Soil 
Boring 

Universal Transverse 
Mercator Zone 12 North 
GCS WGS 1984 Meters 

Sample  
Number 

Sample  
Date 

Sample  
Type 

Total 
Borehole 

Depth 
(ft bgs) 

Depth Interval 

Easting Northing 
Min. Depth  

(ft bgs) 
Max. Depth  

(ft bgs) 
TAL Metals (EPA 6010B/6020/7471A)a (Continued) 

BH37 715824.623 3930834.23 08DS-BH37-SO-1 11/6/2009 Soil Boring 10 0 2 

08DS-BH37-SO-2 4.5 5.5 

08DS-BH37-SO-3 9 10 

BH38 715728 3933032 08DS-BH38-SO-1 11/6/2009 Soil Boring 10 0 2 

08DS-BH38-SO-2 4.5 5.5 

08DS-BH38-SO-3 9 10 
aU.S. Environmental Protection Agency, 1986, “Test Methods for Evaluating Solid Waste, Physical/Chemical Methods,” SW-846, 3rd ed., U.S. Environmental Protection Agency,  
Washington, D.C. 
bSample numbers indicate that the sample was collected in the seasonal wetlands Eco Zone. However, the samples were actually collected in the desert riparian Eco Zone. 
AH = Hand-augered borehole. 
bgs = Below ground surface. 
BH = Borehole. 
EPA = U.S. Environmental Protection Agency. 
ft = Foot (feet). 
GCS = Grid Coordinate System. 
Max. = Maximum. 
Min. = Minimum. 
TAL = Target Analyte List. 
WGS 1984 = World Coordinate System. 
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Table 3-2  
Soil Sampling Locations and Rationale 
Soil Background Study and Data Evaluation, Fort Wingate Depot Activity 
Gallup, New Mexico 

Parcel 
No. 

Location 
Description Eco Zone 

Direct-Push 
Locations Sample Number 

Total  
Borehole Depth 

(ft bgs) 

Depth Interval 

Rationale 

Total Number 
of Samples 
Collected at 

Location Notes 
Min. Depth  

(ft bgs) 
Max. Depth  

(ft bgs) 

1 South of Parcel 3 along 
Woodland Road No. 2; 
sampling locations were 
distributed along access 
road 

Ponderosa Pine BH19 01PP-BH19-SO-1 10 0 2 Location was selected as it is 
upgradient of the OB/OD area 
and is an area with a similar Eco 
Zone and similar lithology. 

21 This location is in a Ponderosa Pine Eco Zone and was 
verified in the field. Sampling locations are located 
outside the “Kickout Boundary” and required OE 
clearance prior to drilling. 
BH20 reached refusal at 7 feet bgs due to bedrock. 
BH24 reached refusal at 2 feet bgs due to bedrock. 
Because of similar geology (mainly outcropping 
bedrock), BH24 was relocated and cleared by OE 
personnel prior to drilling. See Figure 3-1 for location. 

01PP-BH19-SO-2 3.5 4.5 

01PP-BH19-SO-3 9 10 

BH20 01PP-BH20-SO-1 7 0 2 

01PP-BH20-SO-2 4.5 5.5 

01PP-BH20-SO-3 6 7 

BH21 01PP-BH21-SO-1 10 0 2 

01PP-BH21-SO-2 4.5 5.5 

01PP-BH21-SO-3 9 10 

BH22 01PP-BH22-SO-1 10 0 2 

FDUP-01 0 2 

01PP-BH22-SO-2 4.5 5.5 

FDUP-02 4.5 5.5 

01PP-BH22-SO-3 9 10 

FDUP-03 9 10 

BH23 01PP-BH23-SO-1 10 0 2 

01PP-BH23-SO-2 4.5 5.5 

01PP-BH23-SO-3 9 10 

BH24 01PP-BH24-SO-1 10 0 2 

01PP-BH24-SO-2 4.5 5.5 

01PP-BH24-SO-3 9 10 
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Parcel 
No. 

Location 
Description Eco Zone 

Direct-Push 
Locations Sample Number 

Total  
Borehole Depth 

(ft bgs) 

Depth Interval 

Rationale 

Total Number 
of Samples 
Collected at 

Location Notes 
Min. Depth  

(ft bgs) 
Max. Depth  

(ft bgs) 

2 Along the northeastern 
corner of Parcel 3 near 
the "Danger Area Fire 
Zone" but outside of the 
“Kickout Boundary” 

"Piñon/Pine" 
(transition from P/J 
to Ponderosa and 
scrub oak) 

BH18 02PJ-BH18-SO-1 4 0 2 Area was selected because it has 
lithology and an Eco Zone similar 
to that of the majority of the 
OB/OD area. 

21 These sample locations are located outside the “Kickout 
Boundary.”  
BH26 reached refusal at 5 ft bgs due to sandstone 
bedrock. 

FDUP-07 0 2 

02PJ-BH18-SO-2 2 4 

FDUP-08 2 4 

BH25 02PJ-BH25-SO-1 10 0 2 

02PJ-BH25-SO-2 4.5 5.5 

02PJ-BH25-SO-3 9 10 

BH26 02PJ-BH26-SO-1 5 0 2 

02PJ-BH26-SO-2 3 4 

02PJ-BH26-SO-3 4 5 

Within Parcel 2; sample 
locations target the area 
between West Patrol 
Road, the arroyo, the 
fence line, and outside 
the “Kickout Boundary” 

"Piñon/Pine" 
(transition from P/J 
to Ponderosa and 
scrub oak) 

BH27 02PJ-BH27-SO-1 3.85 0 1.5 Area was selected because it 
provided background samples 
from an Eco Zone and lithology 
similar to the majority of the 
OB/OD area. No AOC is present 
upgradient of this area.  

These boreholes are located outside the "Kickout 
Boundary" and required OE clearance prior to drilling.  
The locations for these four boreholes were in an area 
that had very shallow soils and dense vegetation. Much 
effort was made to find alternative borehole locations in 
this parcel for this Eco Zone. Because of the dense 
vegetation and few roads USACE representative 
approved these locations. Samples were collected at 
the top and bottom of the soil boring for statistical 
boundaries. 

02PJ-BH27-SO-2 1.5 3.85 

BH28 02PJ-BH28-SO-1 2.25 0 1.5 

02PJ-BH28-SO-2 1.5 2.25 

BH29 02PJ-BH29-SO-1 3 0 1.5 

02PJ-BH29-SO-2 1.5 3 

BH30 02PJ-BH30-SO-1 3 0 1.5 

02PJ-BH30-SO-2 1.5 3 

Desert Scrubland BH31 02DS-BH31-SO-1 10 0 2 

02DS-BH31-SO-2 4.5 5.5 

02DS-BH31-SO-3 9 10 
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Parcel 
No. 

Location 
Description Eco Zone 

Direct-Push 
Locations Sample Number 

Total  
Borehole Depth 

(ft bgs) 

Depth Interval 

Rationale 

Total Number 
of Samples 
Collected at 

Location Notes 
Min. Depth  

(ft bgs) 
Max. Depth  

(ft bgs) 

5A Parcels where vegetation 
was dominated by desert 
scrubland; sample 
locations target low-lying 
areas 

Desert Scrubland BH32 05ADS-BH32-SO-1 10 0 2 These two parcels were selected 
for background locations because 
no AOCs are located within or 
upgradient of the parcels. In 
addition, these parcels are within 
the desert scrubland Eco Zone. 

3  

05ADS-BH32-SO-2 4.5 5.5 

05ADS-BH32-SO-3 9 10 

8 Desert Scrubland BH33 08DS-BH33-SO-1 10 0 2 21  

FDUP-10 0 2 

08DS-BH33-SO-2 4.5 5.5 

FDUP-11 4.5 5.5 

08DS-BH33-SO-3 9 10 

FDUP-12 9 10 

BH34 08DS-BH34-SO-1 10 0 2 

08DS-BH34-SO-2 4.5 5.5 

08DS-BH34-SO-3 9 10 

BH35 08DS-BH35-SO-1 10 0 2 

08DS-BH35-SO-2 4.5 5.5 

08DS-BH35-SO-3 9 10 

BH36 08DS-BH36-SO-1 10 0 2 

08DS-BH36-SO-2 4.5 5.5 

08DS-BH36-SO-3 9 10 

BH37 08DS-BH37-SO-1 10 0 2 

08DS-BH37-SO-2 4.5 5.5 

08DS-BH37-SO-3 9 10 

BH38 08DS-BH38-SO-1 10 0 2 

08DS-BH38-SO-2 4.5 5.5 

08DS-BH38-SO-3 9 10 
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Parcel 
No. 

Location 
Description Eco Zone 

Direct-Push 
Locations Sample Number 

Total  
Borehole Depth 

(ft bgs) 

Depth Interval 

Rationale 

Total Number 
of Samples 
Collected at 

Location Notes 
Min. Depth  

(ft bgs) 
Max. Depth  

(ft bgs) 

14 East of the main gate 
and north of the arroyo; 
east of the dumping area 
and AOC 43 

Desert Scrubland BH01 14DS-BH01-SO-1 10 0 2 This area was selected because 
the Eco Zone is in the desert 
scrubland and it was assumed 
that this area has not been 
impacted by activities.  

6  

14DS-BH01-SO-2 4.5 5.5 

14DS-BH01-SO-3 9 10 

BH02 14DS-BH02-SO-1 10 0 2 

14DS-BH02-SO-2 4.5 5.5 

14DS-BH02-SO-3 9 10 

15 Northeastern corner of 
Parcel 15 on the 
floodplains of the Puerco 
River 

Desert Riparian BH03 15SW-BH03-SO-1 10 0 2 This area was neither near nor 
downgradient of an AOC; in 
addition, the floodplains of the 
arroyo are assumed to be 
analogous to the seasonal 
wetland conditions at the site. 

15 These samples were located as close as possible to the 
arroyo. The location can be accessed through the MDA 
gate; follow the road along the power line to the main 
road. 
These boreholes are considered desert riparian even 
though the site map indicates that this area is Desert 
Scrubland.  

15SW-BH03-SO-2 4.5 5.5 

15SW-BH03-SO-3 9 10 

BH04 15SW-BH04-SO-1 10 0 2 

15SW-BH04-SO-2 4.5 5.5 

15SW-BH04-SO-3 9 10 

BH05 15SW-BH05-SO-1 10 0 2 

FDUP-04 0 2 

15SW-BH05-SO-2 4.5 5.5 

FDUP-05 4.5 5.5 

15SW-BH05-SO-3 9 10 

FDUP-06 9 10 

BH06 15SW-BH06-SO-1 10 0 2 

15SW-BH06-SO-2 4.5 5.5 

15SW-BH06-SO-3 9 10 

Southern-bend area of 
Parcel 15  

Desert Scrubland BH07 15DS-BH07-SO-1 10 0 2 Samples were collected in fine-
grained materials. Sample 
location were preferentially 
located near previously collected 
background samples. 

6 Sample locations were determined using information 
from the USACE regarding access. 

15DS-BH07-SO-2 4.5 5.5 

15DS-BH07-SO-3 9 10 

BH08 15DS-BH08-SO-1 10 0 2 

15DS-BH08-SO-2 4.5 5.5 

15DS-BH08-SO-3 9 10 
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Parcel 
No. 

Location 
Description Eco Zone 

Direct-Push 
Locations Sample Number 

Total  
Borehole Depth 

(ft bgs) 

Depth Interval 

Rationale 

Total Number 
of Samples 
Collected at 

Location Notes 
Min. Depth  

(ft bgs) 
Max. Depth  

(ft bgs) 

17 Sample locations were 
distributed in northern 
portion of Parcel 17 

Desert Scrubland BH09 17DS-BH09-SO-1 2.5 0 1.3 Samples were collected in fine-
grained materials. Sampling 
locations were preferentially 
located near previously collected 
background samples. 

7 Sampling locations were determined using information 
from the USACE regarding access. 
BH10 was originally located in an area with bedrock 
outcrops. New location still reached refusal at 8 feet bgs 
due to bedrock. 
Boreholes BH9 and BH11 were inaccessible to the drill 
rig due to dense sagebrush. The field team walked to 
these locations and used a hand auger to advance the 
boreholes and collect samples. 

17DS-BH09-SO-2 1.3 2.5 

BH10 17DS-BH10-SO-1 8 0 2 

17DS-BH10-SO-2 4.5 5.5 

17DS-BH10-SO-3 7 8 

BH11 17DS-BH11-SO-1 2 0 1.1 

17DS-BH11-SO-2 1.1 2 

19 Channel bed near the 
stand of cottonwoods; 
sample locations will be 
focused in the channel 
center 

Desert Riparian AH01 19SW-AH01-SO-1 5 0 1.4 Area was neither near nor 
downgradient of an AOC; it was 
assumed that the channel bed 
materials are representative of 
seasonal wetlands located 
elsewhere on the site. 

9 This area of the parcel was inaccessible to the drill rig. 
The field team walked to these locations and used a 
hand auger to advance the boreholes and collect 
samples. 
AH03 reached refusal at 4.5 feet bgs due to plant roots. 

19SW-AH01-SO-2 4 5 

AH02 19SW-AH02-SO-1 5 0 1.5 

19SW-AH02-SO-1 4.5 5 

FDUP-09 4.5 5 

AH03 19SW-AH03-SO-1 4.5 0 1 

19SW-AH03-SO-2 3.8 4.5 

AH04 19SW-AH04-SO-1 5 0 1 

19SW-AH04-SO-2 4 5 

Desert Scrubland BH12 19DS-BH12-SO-1 10 0 2 These three locations were 
originally in Parcel 17 but were 
moved to Parcel 19 because of 
limited access to that area of 
Parcel 17; the locations are within 
target Eco Zone of Desert 
Scrubland. 

9 These locations were close to the previous locations in 
Parcel 17. 

19DS-BH12-SO-2 4.5 5.5 

19DS-BH12-SO-3 9 10 

BH13 19DS-BH13-SO-1 10 0 2 

19DS-BH13-SO-2 4.5 5.5 

19DS-BH13-SO-3 9 10 

BH14 19DS-BH14-SO-1 10 0 2 

19DS-BH14-SO-2 4.5 5.5 

19DS-BH14-SO-3 9 10 
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Parcel 
No. 

Location 
Description Eco Zone 

Direct-Push 
Locations Sample Number 

Total  
Borehole Depth 

(ft bgs) 

Depth Interval 

Rationale 

Total Number 
of Samples 
Collected at 

Location Notes 
Min. Depth  

(ft bgs) 
Max. Depth  

(ft bgs) 

20 Southern end of Parcel 
2; sample locations were 
distributed along the 
fence line of Parcel 20, 
located east of J Block 

Piñon/Juniper BH15 20PJ-BH15-SO-1 2.5 0 1.5 Area was selected because both 
the Eco Zone and lithology are 
similar to what is found in the 
OB/OD area. 

6 These sampling locations are outside the “Kickout 
Boundary” and required OE clearance prior to drilling. 
The locations for these three boreholes were in an area 
with very shallow soil and dense vegetation. A 
concerted effort was made to find alternative borehole 
locations within this parcel for this Eco Zone. Because 
of the dense vegetation and only one road (along the 
fence line), the USACE representative approved these 
locations. BH16 was too shallow to collect more than 
one sample. 

20PJ-BH15-SO-2 1.5 2.5 

BH16 20PJ-BH16-SO-1 1.5 0 1.5 

BH17 20PJ-BH17-SO-1 5 0 2 

20PJ-BH17-SO-2 3 4 

20PJ-BH17-SO-3 4 5 

AH = Hand-augered borehole. 
AOC = Area of Concern. 
bgs = Below ground surface. 
BH = Borehole. 
Eco Zone = Ecologic zone. 
ft = Foot (feet). 
Max = Maximum. 
MDA = Missile Defense Area. 
Min. = Minimum. 
OB/OD = Open Burn/Open Detonation. 
OE = Ordnance and explosives. 
P/J = Piñon/Juniper. 
USACE = U.S. Army Corps of Engineers. 
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Table 6-1  
Background Soil Summary Statistics 
Soil Background Study and Data Evaluation, Fort Wingate Depot Activity 
Gallup, New Mexico 

Element 

Sample Statistics Sample Variance Population Statistics 
Regulatory 
Standard 

Number of 
Samples 

Percent 
Nondetects 

Distribution 
Type 

Minimum 
Concentration 

(mg/kg) 

Median 
Concentration 

(mg/kg) 

Geometric 
Mean 

(mg/kg) 

Arithmetic 
Mean 

(mg/kg) 

Maximum 
Concentration 

(mg/kg) 

Inter-
Quartile 
Range 

Standard 
Deviation 

Coefficient 
of Variation 

95th UCL of 
Mean 95th UTL 

NMEDa SSLs 
Residential 

(mg/kg) 
Aluminum 112 0.89 Nonparametric 1,070 7,620 7,233 8,809 27,200 6,143 5,430 0.62 9,635 23,340 78,100 
Antimony 112 100 Nonparametric < 0.35 < 0.4 < 0.48 < 0.59 < 2.2 NA NA NA < 0.59 < 2.2 31.3 
Arsenic 112 0 Nonparametric 0.18 0.815 0.801 1.091 11.2 0.51 1.26 1.16 1.29 3.69 3.90 
Barium 112 0 Nonparametric 25.9 166 146 180 662 151 111 0.62 197 482 15,600 
Beryllium 112 0 Nonparametric 0.102 0.58 0.54 0.66 2.77 0.51 0.412 0.62 0.725 1.49 156 
Cadmium 112 22.3 Nonparametric < 0.0241 0.04355 0.052 0.069 0.727 0.050 0.082 1.20 0.09 0.224 77.9 
Calcium 112 0 Lognormal 3,020 19,550 18,215 25,270 160,000 17,600 23,384 0.93 28,972 91,760 NE 
Chromiumb 112 0 Nonparametric 0.222 5.635 5.32 6.92 23.7 5.62 4.73 0.68 7.65 18.1 113,000 
Cobalt 112 0 Nonparametric 0.407 3.025 2.84 3.36 16.5 2.30 2.03 0.61 3.69 6.82 NE 
Copper 112 0 Lognormal 0.785 3.945 3.94 5.08 21.1 4.60 3.98 0.78 5.71 18.4 3,130 
Iron 112 0 Nonparametric 2,240 10,030 9,418 10,792 27,600 7,228 5,369 0.50 11,632 22,660 54,800 
Lead 112 0 Nonparametric 1.57 6.51 5.84 6.52 16.9 3.90 2.92 0.45 6.96 12.4 400 
Magnesium 112 0 Lognormal 789 3,250 3,068 3,532 10,400 2,098 1,885 0.53 3,829 8,170 NE 
Manganese 112 0 Nonparametric 37.7 348 324 392 2,240 235 290 0.74 440 1058 10,700 
Mercury 112 88.4 Nonparametric < 0.0096 < 0.011 < 0.011 < 0.012 0.0348 NA 0.0049 0.40 < 0.014 0.03 7.71 
Nickel 112 0 Lognormal 1.35 7.24 6.62 7.81 25.2 5.21 4.53 0.58 8.54 19.5 1,560 
Potassium 112 0 Lognormal 130 1,135 1,015 1,385 6,830 1,411 1,105 0.80 1,558 3,950 NE 
Selenium 112 13.4 Lognormal 0.0942 0.2185 0.219 0.238 0.809 0.108 0.111 0.47 0.252 0.513 391 
Silver 112 81.3 Nonparametric < 0.047 < 0.053 < 0.057 < 0.060 0.291 NA 0.028 0.47 < 0.066 0.13 391 
Sodium 112 0 Nonparametric 12.7 82.5 146 477 3,300 526 755 1.58 602 2,526 NE 
Thallium 112 7.1 Nonparametric 0.00964 0.04705 0.044 0.061 0.797 0.043 0.08 1.32 0.075 0.213 5.16 
Vanadium 112 0 Lognormal 3.67 13.6 12.7 14.0 38.1 8.00 6.28 0.45 15.0 27.2 391 
Zinc 112 0 Lognormal 1.49 12.2 12.4 15.7 85.3 9.41 12.6 0.80 17.7 49.2 23,500 

aNew Mexico Environment Department, 2009, “Technical Background Document for Development of Soil Screening Levels,” Revision 5.0,  
Hazardous Waste Bureau, New Mexico Environment Department, Santa Fe, New Mexico. <http:/www.nmenv.state.nm/us/HWB/guidance.html> 
bChromium III is for the NMED SSL Residential Values. Chromium reported for the 95th UTL is Total Chromium. 
EPA = U.S. Environmental Protection Agency. 
mg/kg = Milligram(s) per kilogram. 
NA = Not applicable. 
NMED = New Mexico Environment Department. 

SSL = Soil screening level. 
UCL = Upper confidence limit. 
UTL = Upper tolerance limit. 
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Table 6-2 
Kruskal-Wallis Test Results 
Soil Background Study and Data Evaluation, Fort Wingate Depot Activity 
Gallup, New Mexico 

Element 

Depth Interval Eco-Zone 

CV p-Levela p-Levela 
Aluminum 0.3423 0.7925 0.616 

Arsenic 0.6569 0.0017 1.156 

Barium 0.0806 0.1964 0.617 

Beryllium 0.8904 0.0386 0.624 

Cadmium 0.0501 0.4718 1.199 

Calcium 0.3763 0.1439 0.925 

Chromium 0.4162 0.1010 0.684 

Cobalt 0.9447 0.0211 0.605 

Copper 0.3686 0.2643 0.782 

Iron 0.7615 0.3018 0.497 

Lead 0.7795 0.0788 0.447 

Magnesium 0.7941 0.0122 0.534 

Manganese 0.1280 0.0359 0.739 

Mercury 0.6640 0.1549 0.404 

Nickel 0.8855 0.0022 0.580 

Potassium 0.1253 0.0035 0.798 

Selenium 0.4603 0.3059 0.467 

Silver 0.9786 0.0928 0.471 

Sodium 0.0003 0.0057 1.582 

Thallium 0.9897 0.4456 1.317 

Vanadium 0.4256 0.2099 0.447 

Zinc 0.4236 0.1836 0.803 
aComparisons that failed at the 99-percent confidence level are shown in bold. 
CV = Coefficient of variation = standard deviation/mean.  
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Table 7-1  
Relative Percent Differences for Field Duplicate Sample Results 
Soil Background Study and Data Evaluation, Fort Wingate Depot Activity 
Gallup, New Mexico 

Primary Sample 
Number 

Field 
Duplicate 
Sample 
Number Analyte 

Primary 
Sample 
Result 

Field 
Duplicate 

Result Units 

Relative 
Percent 

Difference 
EPA Methods 6010B/6020a 

01PP-BH22-SO-1 FDUP-01 Aluminum 6650 7730 mg/kg 15.0% 

01PP-BH22-SO-3 FDUP-03 Aluminum 3020 14000 mg/kg 129.0% 

15SW-BH05-SO-1 FDUP-04 Aluminum 11500 26400 mg/kg 78.6% 

15SW-BH05-SO-2 FDUP-05 Aluminum 13000 18200 mg/kg 33.3% 

15SW-BH05-SO-3 FDUP-06 Aluminum 7610 15200 mg/kg 66.5% 

02PJ-BH18-SO-1 FDUP-07 Aluminum 5800 17400 mg/kg 100.0% 

02PJ-BH18-SO-2 FDUP-08 Aluminum 7390 9510 mg/kg 25.1% 

19SW-AH02-SO-2 FDUP-09 Aluminum 11200 6320 mg/kg 55.7% 

08DS-BH33-SO-1 FDUP-10 Aluminum 17200 6330 mg/kg 92.4% 

08DS-BH33-SO-2 FDUP-11 Aluminum 23400 12400 mg/kg 61.5% 

08DS-BH33-SO-3 FDUP-12 Aluminum 15200 9800 mg/kg 43.2% 

01PP-BH22-SO-1 FDUP-01 Arsenic 0.666 0.735 mg/kg 9.9% 

01PP-BH22-SO-2 FDUP-02 Arsenic 0.418 0.499 mg/kg 17.7% 

15SW-BH05-SO-1 FDUP-04 Arsenic 0.968 0.874 mg/kg 10.2% 

15SW-BH05-SO-2 FDUP-05 Arsenic 0.847 0.749 mg/kg 12.3% 

15SW-BH05-SO-3 FDUP-06 Arsenic 0.859 0.867 mg/kg 0.9% 

02PJ-BH18-SO-1 FDUP-07 Arsenic 1.54 1.54 mg/kg 0.0% 

02PJ-BH18-SO-2 FDUP-08 Arsenic 1.09 1.03 mg/kg 5.7% 

08DS-BH33-SO-1 FDUP-10 Arsenic 0.642 0.724 mg/kg 12.0% 

08DS-BH33-SO-2 FDUP-11 Arsenic 0.759 0.854 mg/kg 11.8% 

08DS-BH33-SO-3 FDUP-12 Arsenic 0.813 1.06 mg/kg 26.4% 

01PP-BH22-SO-1 FDUP-01 Barium 235 230 mg/kg 2.2% 

01PP-BH22-SO-2 FDUP-02 Barium 91.2 95.1 mg/kg 4.2% 

01PP-BH22-SO-3 FDUP-03 Barium 159 228 mg/kg 35.7% 

15SW-BH05-SO-1 FDUP-04 Barium 234 286 mg/kg 20.0% 

15SW-BH05-SO-2 FDUP-05 Barium 247 248 mg/kg 0.4% 
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Primary Sample 
Number 

Field 
Duplicate 
Sample 
Number Analyte 

Primary 
Sample 
Result 

Field 
Duplicate 

Result Units 

Relative 
Percent 

Difference 
EPA Methods 6010B/6020a (Continued) 

15SW-BH05-SO-3 FDUP-06 Barium 172 233 mg/kg 30.1% 

02PJ-BH18-SO-1 FDUP-07 Barium 164 216 mg/kg 27.4% 

02PJ-BH18-SO-2 FDUP-08 Barium 212 332 mg/kg 44.1% 

19SW-AH02-SO-2 FDUP-09 Barium 153 136 mg/kg 11.8% 

08DS-BH33-SO-1 FDUP-10 Barium 301 234 mg/kg 25.0% 

08DS-BH33-SO-2 FDUP-11 Barium 298 303 mg/kg 1.7% 

08DS-BH33-SO-3 FDUP-12 Barium 268 274 mg/kg 2.2% 

01PP-BH22-SO-1 FDUP-01 Beryllium 0.544 0.548 mg/kg 0.7% 

01PP-BH22-SO-2 FDUP-02 Beryllium 0.123 0.121 mg/kg 1.6% 

01PP-BH22-SO-3 FDUP-03 Beryllium 0.143 0.328 mg/kg 78.6% 

15SW-BH05-SO-1 FDUP-04 Beryllium 0.884 1.26 mg/kg 35.1% 

15SW-BH05-SO-2 FDUP-05 Beryllium 1.05 1.15 mg/kg 9.1% 

15SW-BH05-SO-3 FDUP-06 Beryllium 0.72 0.935 mg/kg 26.0% 

02PJ-BH18-SO-1 FDUP-07 Beryllium 0.47 0.598 mg/kg 24.0% 

02PJ-BH18-SO-2 FDUP-08 Beryllium 0.475 0.478 mg/kg 0.6% 

08DS-BH33-SO-1 FDUP-10 Beryllium 0.661 0.447 mg/kg 38.6% 

08DS-BH33-SO-2 FDUP-11 Beryllium 0.786 0.643 mg/kg 20.0% 

08DS-BH33-SO-3 FDUP-12 Beryllium 0.598 0.511 mg/kg 15.7% 

01PP-BH22-SO-1 FDUP-01 Calcium 7700 7820 mg/kg 1.5% 

01PP-BH22-SO-2 FDUP-02 Calcium 15000 13800 mg/kg 8.3% 

01PP-BH22-SO-3 FDUP-03 Calcium 71300 81700 mg/kg 13.6% 

15SW-BH05-SO-1 FDUP-04 Calcium 27600 29500 mg/kg 6.7% 

15SW-BH05-SO-2 FDUP-05 Calcium 22100 23700 mg/kg 7.0% 

15SW-BH05-SO-3 FDUP-06 Calcium 44700 33200 mg/kg 29.5% 

02PJ-BH18-SO-1 FDUP-07 Calcium 3410 4670 mg/kg 31.2% 

02PJ-BH18-SO-2 FDUP-08 Calcium 5750 8600 mg/kg 39.7% 
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Primary Sample 
Number 

Field 
Duplicate 
Sample 
Number Analyte 

Primary 
Sample 
Result 

Field 
Duplicate 

Result Units 

Relative 
Percent 

Difference 
EPA Methods 6010B/6020a (Continued) 

19SW-AH02-SO-2 FDUP-09 Calcium 19700 20000 mg/kg 1.5% 

08DS-BH33-SO-1 FDUP-10 Calcium 35000 44900 mg/kg 24.8% 

08DS-BH33-SO-2 FDUP-11 Calcium 33000 45900 mg/kg 32.7% 

08DS-BH33-SO-3 FDUP-12 Calcium 36500 49500 mg/kg 30.2% 

01PP-BH22-SO-1 FDUP-01 Chromium 6.51 7.27 mg/kg 11.0% 

01PP-BH22-SO-2 FDUP-02 Chromium 2.36 2.28 mg/kg 3.4% 

01PP-BH22-SO-3 FDUP-03 Chromium 3.46 8.39 mg/kg 83.2% 

15SW-BH05-SO-1 FDUP-04 Chromium 6.92 16.1 mg/kg 79.8% 

15SW-BH05-SO-2 FDUP-05 Chromium 7.78 10.5 mg/kg 29.8% 

15SW-BH05-SO-3 FDUP-06 Chromium 3.4 9.03 mg/kg 90.6% 

02PJ-BH18-SO-1 FDUP-07 Chromium 5.15 13.3 mg/kg 88.3% 

02PJ-BH18-SO-2 FDUP-08 Chromium 6.12 8.51 mg/kg 32.7% 

08DS-BH33-SO-1 FDUP-10 Chromium 10.7 2.48 mg/kg 124.7% 

08DS-BH33-SO-2 FDUP-11 Chromium 14.7 7.4 mg/kg 66.1% 

01PP-BH22-SO-1 FDUP-01 Cobalt 2.7 2.92 mg/kg 7.8% 

01PP-BH22-SO-2 FDUP-02 Cobalt 1.18 1.25 mg/kg 5.8% 

01PP-BH22-SO-3 FDUP-03 Cobalt 1.79 3.26 mg/kg 58.2% 

15SW-BH05-SO-1 FDUP-04 Cobalt 4.24 7.3 mg/kg 53.0% 

15SW-BH05-SO-2 FDUP-05 Cobalt 4.49 5.43 mg/kg 19.0% 

15SW-BH05-SO-3 FDUP-06 Cobalt 2.85 5.38 mg/kg 61.5% 

02PJ-BH18-SO-1 FDUP-07 Cobalt 3.75 3.62 mg/kg 3.5% 

02PJ-BH18-SO-2 FDUP-08 Cobalt 3.86 3.09 mg/kg 22.2% 

19SW-AH02-SO-2 FDUP-09 Cobalt 4.02 3.52 mg/kg 13.3% 

08DS-BH33-SO-1 FDUP-10 Cobalt 5.43 2.18 mg/kg 85.4% 

08DS-BH33-SO-2 FDUP-11 Cobalt 6.23 4.74 mg/kg 27.2% 

01PP-BH22-SO-1 FDUP-01 Copper 4.81 5.96 mg/kg 21.4% 
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Primary Sample 
Number 

Field 
Duplicate 
Sample 
Number Analyte 

Primary 
Sample 
Result 

Field 
Duplicate 

Result Units 

Relative 
Percent 

Difference 
EPA Methods 6010B/6020a (Continued) 

01PP-BH22-SO-2 FDUP-02 Copper 1.2 1.34 mg/kg 11.0% 

15SW-BH05-SO-1 FDUP-04 Copper 5.67 5.37 mg/kg 5.4% 

15SW-BH05-SO-2 FDUP-05 Copper 5.68 4.86 mg/kg 15.6% 

15SW-BH05-SO-3 FDUP-06 Copper 3.27 4.28 mg/kg 26.8% 

02PJ-BH18-SO-1 FDUP-07 Copper 7.02 6.7 mg/kg 4.7% 

02PJ-BH18-SO-2 FDUP-08 Copper 4.8 4.57 mg/kg 4.9% 

19SW-AH02-SO-2 FDUP-09 Copper 2.81 4.26 mg/kg 41.0% 

08DS-BH33-SO-1 FDUP-10 Copper 1.75 2.54 mg/kg 36.8% 

08DS-BH33-SO-2 FDUP-11 Copper 2.23 3.06 mg/kg 31.4% 

08DS-BH33-SO-3 FDUP-12 Copper 2.79 2.78 mg/kg 0.4% 

01PP-BH22-SO-1 FDUP-01 Iron 8370 8860 mg/kg 5.7% 

01PP-BH22-SO-2 FDUP-02 Iron 2590 2820 mg/kg 8.5% 

01PP-BH22-SO-3 FDUP-03 Iron 4970 10100 mg/kg 68.1% 

15SW-BH05-SO-1 FDUP-04 Iron 12100 18400 mg/kg 41.3% 

15SW-BH05-SO-2 FDUP-05 Iron 12400 14300 mg/kg 14.2% 

15SW-BH05-SO-3 FDUP-06 Iron 7910 13500 mg/kg 52.2% 

02PJ-BH18-SO-1 FDUP-07 Iron 7990 15000 mg/kg 61.0% 

02PJ-BH18-SO-2 FDUP-08 Iron 8610 10200 mg/kg 16.9% 

19SW-AH02-SO-2 FDUP-09 Iron 14600 13500 mg/kg 7.8% 

08DS-BH33-SO-1 FDUP-10 Iron 16100 7330 mg/kg 74.9% 

08DS-BH33-SO-2 FDUP-11 Iron 19400 12300 mg/kg 44.8% 

08DS-BH33-SO-3 FDUP-12 Iron 14300 10700 mg/kg 28.8% 

01PP-BH22-SO-1 FDUP-01 Lead 6.47 7.45 mg/kg 14.1% 

01PP-BH22-SO-2 FDUP-02 Lead 1.79 4.58 mg/kg 87.6% 

01PP-BH22-SO-3 FDUP-03 Lead 4.69 4.05 mg/kg 14.6% 

15SW-BH05-SO-1 FDUP-04 Lead 11.4 11 mg/kg 3.6% 
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Primary Sample 
Number 

Field 
Duplicate 
Sample 
Number Analyte 

Primary 
Sample 
Result 

Field 
Duplicate 

Result Units 

Relative 
Percent 

Difference 
EPA Methods 6010B/6020a (Continued) 

15SW-BH05-SO-2 FDUP-05 Lead 10 9.64 mg/kg 3.7% 

15SW-BH05-SO-3 FDUP-06 Lead 7.73 9.11 mg/kg 16.4% 

02PJ-BH18-SO-1 FDUP-07 Lead 7.16 7.07 mg/kg 1.3% 

02PJ-BH18-SO-2 FDUP-08 Lead 6.12 5.59 mg/kg 9.1% 

19SW-AH02-SO-2 FDUP-09 Lead 5.05 6.01 mg/kg 17.4% 

08DS-BH33-SO-1 FDUP-10 Lead 4.23 5.67 mg/kg 29.1% 

08DS-BH33-SO-2 FDUP-11 Lead 5.24 6.38 mg/kg 19.6% 

08DS-BH33-SO-3 FDUP-12 Lead 5.27 5.8 mg/kg 9.6% 

01PP-BH22-SO-1 FDUP-01 Magnesium 2120 2640 mg/kg 21.8% 

01PP-BH22-SO-2 FDUP-02 Magnesium 790 827 mg/kg 4.6% 

01PP-BH22-SO-3 FDUP-03 Magnesium 2200 8240 mg/kg 115.7% 

15SW-BH05-SO-1 FDUP-04 Magnesium 5710 11800 mg/kg 69.6% 

15SW-BH05-SO-2 FDUP-05 Magnesium 5950 8260 mg/kg 32.5% 

15SW-BH05-SO-3 FDUP-06 Magnesium 4310 8160 mg/kg 61.7% 

02PJ-BH18-SO-1 FDUP-07 Magnesium 1760 2600 mg/kg 38.5% 

02PJ-BH18-SO-2 FDUP-08 Magnesium 2240 2680 mg/kg 17.9% 

19SW-AH02-SO-2 FDUP-09 Magnesium 4060 3430 mg/kg 16.8% 

08DS-BH33-SO-1 FDUP-10 Magnesium 8050 4120 mg/kg 64.6% 

08DS-BH33-SO-2 FDUP-11 Magnesium 10400 6120 mg/kg 51.8% 

08DS-BH33-SO-3 FDUP-12 Magnesium 8350 6020 mg/kg 32.4% 

01PP-BH22-SO-1 FDUP-01 Manganese 437 449 mg/kg 2.7% 

01PP-BH22-SO-2 FDUP-02 Manganese 229 232 mg/kg 1.3% 

01PP-BH22-SO-3 FDUP-03 Manganese 357 438 mg/kg 20.4% 

15SW-BH05-SO-1 FDUP-04 Manganese 384 453 mg/kg 16.5% 

15SW-BH05-SO-2 FDUP-05 Manganese 349 378 mg/kg 8.0% 
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Primary Sample 
Number 

Field 
Duplicate 
Sample 
Number Analyte 

Primary 
Sample 
Result 

Field 
Duplicate 

Result Units 

Relative 
Percent 

Difference 
EPA Methods 6010B/6020a (Continued) 

15SW-BH05-SO-3 FDUP-06 Manganese 443 453 mg/kg 2.2% 

02PJ-BH18-SO-1 FDUP-07 Manganese 317 397 mg/kg 22.4% 

02PJ-BH18-SO-2 FDUP-08 Manganese 300 315 mg/kg 4.9% 

19SW-AH02-SO-2 FDUP-09 Manganese 361 394 mg/kg 8.7% 

08DS-BH33-SO-1 FDUP-10 Manganese 435 446 mg/kg 2.5% 

08DS-BH33-SO-2 FDUP-11 Manganese 437 451 mg/kg 3.2% 

08DS-BH33-SO-3 FDUP-12 Manganese 417 476 mg/kg 13.2% 

01PP-BH22-SO-1 FDUP-01 Nickel 5.64 8.68 mg/kg 42.5% 

01PP-BH22-SO-2 FDUP-02 Nickel 2.28 2.51 mg/kg 9.6% 

15SW-BH05-SO-1 FDUP-04 Nickel 14.8 13.2 mg/kg 11.4% 

15SW-BH05-SO-2 FDUP-05 Nickel 10.5 8.56 mg/kg 20.4% 

15SW-BH05-SO-3 FDUP-06 Nickel 7.33 11.6 mg/kg 45.1% 

02PJ-BH18-SO-1 FDUP-07 Nickel 6.35 6.63 mg/kg 4.3% 

02PJ-BH18-SO-2 FDUP-08 Nickel 5.77 5.02 mg/kg 13.9% 

19SW-AH02-SO-2 FDUP-09 Nickel 5.37 7.05 mg/kg 27.1% 

08DS-BH33-SO-1 FDUP-10 Nickel 4.41 9.25 mg/kg 70.9% 

08DS-BH33-SO-2 FDUP-11 Nickel 7.77 10.6 mg/kg 30.8% 

08DS-BH33-SO-3 FDUP-12 Nickel 8.61 10.1 mg/kg 15.9% 

01PP-BH22-SO-1 FDUP-01 Potassium 1300 1500 mg/kg 14.3% 

01PP-BH22-SO-2 FDUP-02 Potassium 292 288 mg/kg 1.4% 

01PP-BH22-SO-3 FDUP-03 Potassium 645 3260 mg/kg 133.9% 

15SW-BH05-SO-1 FDUP-04 Potassium 1890 4930 mg/kg 89.1% 

15SW-BH05-SO-2 FDUP-05 Potassium 1950 2820 mg/kg 36.5% 

15SW-BH05-SO-3 FDUP-06 Potassium 1070 2440 mg/kg 78.1% 

02PJ-BH18-SO-1 FDUP-07 Potassium 822 2180 mg/kg 90.5% 

02PJ-BH18-SO-2 FDUP-08 Potassium 993 1140 mg/kg 13.8% 
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Primary Sample 
Number 

Field 
Duplicate 
Sample 
Number Analyte 

Primary 
Sample 
Result 

Field 
Duplicate 

Result Units 

Relative 
Percent 

Difference 
EPA Methods 6010B/6020a (Continued) 

08DS-BH33-SO-1 FDUP-10 Potassium 3260 964 mg/kg 108.7% 

08DS-BH33-SO-2 FDUP-11 Potassium 4890 2170 mg/kg 77.1% 

15SW-BH05-SO-2 FDUP-05 Selenium 0.25 0.307 mg/kg 20.5% 

02PJ-BH18-SO-1 FDUP-07 Selenium 0.264 0.309 mg/kg 15.7% 

01PP-BH22-SO-1 FDUP-01 Sodium 47.1 42.9 mg/kg 9.3% 

01PP-BH22-SO-3 FDUP-03 Sodium 151 197 mg/kg 26.4% 

15SW-BH05-SO-1 FDUP-04 Sodium 649 800 mg/kg 20.8% 

15SW-BH05-SO-2 FDUP-05 Sodium 1940 2020 mg/kg 4.0% 

15SW-BH05-SO-3 FDUP-06 Sodium 2380 2360 mg/kg 0.8% 

02PJ-BH18-SO-1 FDUP-07 Sodium 26 49.1 mg/kg 61.5% 

02PJ-BH18-SO-2 FDUP-08 Sodium 31.5 37 mg/kg 16.1% 

19SW-AH02-SO-2 FDUP-09 Sodium 64.7 44.5 mg/kg 37.0% 

08DS-BH33-SO-1 FDUP-10 Sodium 1660 1630 mg/kg 1.8% 

08DS-BH33-SO-2 FDUP-11 Sodium 2090 2260 mg/kg 7.8% 

08DS-BH33-SO-3 FDUP-12 Sodium 2200 2460 mg/kg 11.2% 

01PP-BH22-SO-1 FDUP-01 Thallium 0.0313 0.0676 mg/kg 73.4% 

01PP-BH22-SO-3 FDUP-03 Thallium 0.0388 0.0433 mg/kg 11.0% 

15SW-BH05-SO-1 FDUP-04 Thallium 0.0755 0.0682 mg/kg 10.2% 

15SW-BH05-SO-2 FDUP-05 Thallium 0.0607 0.0472 mg/kg 25.0% 

15SW-BH05-SO-3 FDUP-06 Thallium 0.0373 0.0607 mg/kg 47.8% 

02PJ-BH18-SO-1 FDUP-07 Thallium 0.0612 0.0821 mg/kg 29.2% 

02PJ-BH18-SO-2 FDUP-08 Thallium 0.0532 0.0601 mg/kg 12.2% 

19SW-AH02-SO-2 FDUP-09 Thallium 0.0304 0.0411 mg/kg 29.9% 

08DS-BH33-SO-1 FDUP-10 Thallium 0.025 0.0392 mg/kg 44.2% 

08DS-BH33-SO-2 FDUP-11 Thallium 0.0465 0.0507 mg/kg 8.6% 

08DS-BH33-SO-3 FDUP-12 Thallium 0.0511 0.0505 mg/kg 1.2% 
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Primary Sample 
Number 

Field 
Duplicate 
Sample 
Number Analyte 

Primary 
Sample 
Result 

Field 
Duplicate 

Result Units 

Relative 
Percent 

Difference 
EPA Methods 6010B/6020a (Continued) 

01PP-BH22-SO-1 FDUP-01 Vanadium 10.8 10.9 mg/kg 0.9% 

01PP-BH22-SO-2 FDUP-02 Vanadium 4.74 4.76 mg/kg 0.4% 

01PP-BH22-SO-3 FDUP-03 Vanadium 7.88 10.8 mg/kg 31.3% 

15SW-BH05-SO-1 FDUP-04 Vanadium 15.6 22.1 mg/kg 34.5% 

15SW-BH05-SO-2 FDUP-05 Vanadium 14.9 16.7 mg/kg 11.4% 

15SW-BH05-SO-3 FDUP-06 Vanadium 14.6 17.3 mg/kg 16.9% 

02PJ-BH18-SO-1 FDUP-07 Vanadium 13.7 23.3 mg/kg 51.9% 

02PJ-BH18-SO-2 FDUP-08 Vanadium 14.1 14.9 mg/kg 5.5% 

08DS-BH33-SO-1 FDUP-10 Vanadium 21.6 20.3 mg/kg 6.2% 

08DS-BH33-SO-2 FDUP-11 Vanadium 24.5 21.4 mg/kg 13.5% 

08DS-BH33-SO-3 FDUP-12 Vanadium 17.9 18.9 mg/kg 5.4% 

01PP-BH22-SO-1 FDUP-01 Zinc 13.8 15.7 mg/kg 12.9% 

01PP-BH22-SO-2 FDUP-02 Zinc 3.95 3.97 mg/kg 0.5% 

01PP-BH22-SO-3 FDUP-03 Zinc 6.83 11.4 mg/kg 50.1% 

15SW-BH05-SO-1 FDUP-04 Zinc 15.2 26.2 mg/kg 53.1% 

15SW-BH05-SO-2 FDUP-05 Zinc 14.7 17.5 mg/kg 17.4% 

15SW-BH05-SO-3 FDUP-06 Zinc 9.16 17.1 mg/kg 60.5% 

02PJ-BH18-SO-1 FDUP-07 Zinc 15 25.5 mg/kg 51.9% 

02PJ-BH18-SO-2 FDUP-08 Zinc 15.3 17.1 mg/kg 11.1% 

19SW-AH02-SO-2 FDUP-09 Zinc 12.3 10.1 mg/kg 19.6% 

08DS-BH33-SO-1 FDUP-10 Zinc 18.2 7.44 mg/kg 83.9% 

08DS-BH33-SO-2 FDUP-11 Zinc 22.3 15.2 mg/kg 37.9% 
aU.S. Environmental Protection Agency, 1986, "Test Methods for Evaluating Solid Waste, Physical/Chemical Methods," SW-846, 3rd ed., 
U.S. Environmental Protection Agency, Washington, D.C. 
EPA = U.S. Environmental Protection Agency. 
mg/kg = Milligram(s) per kilogram. 
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Table 8-1  
Background Screening Values Compared with Evaluation Criteria 
Soil Background Study and Data Evaluation, Fort Wingate Depot Activity 
Gallup, New Mexico 

Analyte 
CAS 

Number 

Regulatory Standard Evaluation Criteria Background 
Soil 

Soil 
(mg/kg) 95th UTL 

NMED SSLa 
Residential 

(mg/kg) 

EPA Region 6b 
Residential 

(Carcinogenic 
Target Risk) 

(mg/kg) 
TAL Metals (EPA 6010C/6020A/7470A/7471B)c 

Aluminumd 7429-90-5 78,100 NA 78,100e 23,340 

Antimony 7440-36-0 31.3 NA 31.3e < 2.2 

Arsenic 7440-38-2 3.90 0.39 0.39 3.69 

Barium 7440-39-3 15,600 NA 15,600 482 

Beryllium 7440-41-7 156 1400 156 1.49 

Cadmium 7440-43-9 77.9 790 77.9 0.224 

Calcium 7440-70-2 NE NA NE 91,760 

Chromiumf 7440-47-3 113,000 NA 113,000e 18.1 

Cobalt 7440-48-4 NE 370 370 6.82 

Copper 7440-50-8 3,130 NA 3,130e 18.4 

Iron 7439-89-6 54,800 NA 54,800e 22,660 

Lead 7439-92-1 400 NA 400e 12.4 

Magnesium 7439-95-4 NE NA NE 8,170 

Manganese 7439-96-5 10,700 NA 10,700e 1058 

Mercury (elemental) 7439-97-6 7.71 NA 7.71e 0.03 

Nickel 7440-02-0 1,560 13,000 1,560 19.5 

Potassium 7440-09-7 NE NA NE 3,950 

Selenium 7782-49-2 391 NA 391e 0.513 

Silver 7440-22-4 391 NA 391e 0.13 

Sodium 7440-23-5 NE NA NE 2,526 

Thallium 7440-28-0 5.16 NA 5.16e 0.213 

Vanadium 7440-62-2 391 NA 391e 27.2 

Zinc 7440-66-6 23,500 NA 23,500e 49.2 



   
 
 

Table 8-1 (Continued)  
Background Screening Values Compared with Evaluation Criteria 
Soil Background Study and Data Evaluation, Fort Wingate Depot Activity 
Gallup, New Mexico 
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aNew Mexico Environment Department, 2009, “Technical Background Document for Development of Soil Screening Levels,” Revision 
5.0, Hazardous Waste Bureau, New Mexico Environment Department, Santa Fe, New Mexico. 
<http://www.nmenv.stte.nm.us/HWB/guidance.html> 
bU.S. Environmental Protection Agency, 2009, “Region 6 Human Health Medium-Specific Screening Levels 2009 (Revised 05/19/09),” 
U.S. Environmental Protection Agency Region 6, Dallas, Texas. 
cU.S. Environmental Protection Agency, 1986, “Test Methods for Evaluating Solid Waste, Physical/Chemical Methods,” SW-846, 3rd ed., 
U.S. Environmental Protection Agency, Washington, D.C. 
dAluminum is identified as an ecological COPC only for soils with a pH less than 5.5 (EPA, 2008), “Ecological Soil Screening Levels” 
(updated 05/21/08).<http://www.epa.gov/ecotox/ecossl>). 
eNMED SSL Residential Values for analytes where no EPA Carcinogenic Target Risk Regional Screening Level is established. 
fChromium III is for the NMED SSL Residential Values. Chromium reported for the 95th UTL is Total Chromium. 
CAS = Chemical Abstracts Service. 
COPC = Constituent of potential concern. 
EPA = U.S. Environmental Protection Agency. 
MCL = Maximum contaminant level. 
mg/kg = Milligram(s) per kilogram. 
NA = Not applicable. 
NE = Not established. 
NMED = New Mexico Environment Department. 
SSL = Soil screening level. 
TAL = Target Analyte List. 
UTL = Upper tolerance limit.
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Photo 3-1
Truck-mounted Geoprobe®

Soil Background Study and Data Evaluation
Fort Wingate Depot Activity, Gallup, New Mexico

 Ө = water content
bgs = below ground surface
 Ө = water content
bgs = below ground surface
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Photo 3-2
Hand Augering BH9

Soil Background Study and Data Evaluation
Fort Wingate Depot Activity, Gallup, New Mexico

 Ө = water content
bgs = below ground surface
 Ө = water content
bgs = below ground surface
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Photo 3-3
Utilization of No.4 Sieve Before Soil Homogenization

Soil Background Study and Data Evaluation
Fort Wingate Depot Activity, Gallup, New Mexico

 Ө = water content
bgs = below ground surface
 Ө = water content
bgs = below ground surface
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Photo 3-4
Sample Location Site Setup

Soil Background Study and Data Evaluation
Fort Wingate Depot Activity, Gallup, New Mexico

 Ө = water content
bgs = below ground surface
 Ө = water content
bgs = below ground surface
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Box Plot of Aluminum grouped by Depth Type

 Median 
 25%-75% 
 Min-Max 

Shallow Range
(0-2) Ft bgs

Mid Range
(1.1-5.5) Ft bgs

Deep Range
(4-10) Ft bgs

Depth Type

0

4,000

8,000

12,000

16,000

20,000

24,000

28,000
32,000

A
lu

m
in

um
 (m

g/
kg

)

KW p = 0.3423

Box Plot of Aluminum grouped by Eco Zone

Figure B1-1
Box Plot of Aluminum grouped by Depth Type and Eco Zone
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Figure B1-2
Box Plot of Arsenic grouped by Depth Type and Eco Zone
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Box Plot of Arsenic grouped by Depth Type
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Figure B1-3
Box Plot of Barium grouped by Depth Type and Eco Zone
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Box Plot of Barium grouped by Depth Type
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Figure B1-4
Box Plot of Beryllium grouped by Depth Type and Eco Zone
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Box Plot of Beryllium grouped by Depth Type
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Figure B1-5
Box Plot of Cadmium grouped by Depth Type and Eco Zone
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Box Plot of Cadmium grouped by Depth Type
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Box Plot of Cadmium grouped by Eco Zone
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Figure B1-6
Box Plot of Calcium grouped by Depth Type and Eco Zone
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Box Plot of Calcium grouped by Depth Type
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Box Plot of Calcium grouped by Eco Zone
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Figure B1-7
Box Plot of Chromium grouped by Depth Type and Eco Zone
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Box Plot of Chromium grouped by Depth Type
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Figure B1-8
Box Plot of Cobalt grouped by Depth Type and Eco Zone
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Box Plot of Cobalt grouped by Depth Type
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Box Plot of Cobalt grouped by Eco Zone

 Median 
 25%-75% 
 Min-Max Eco Zone

0

2

4

6

8

10

12

14

16
18
20

C
ob

al
t (

m
g/

kg
)

KW p = 0.0211

Shallow Range
(0-2) Ft bgs

Mid Range
(1.1-5.5) Ft bgs

Deep Range
(4-10) Ft bgs

bgs = Below ground
 surface 
Ft = Foot (Feet) 

PP DS PJ DR

PP = Ponderosa Woodland
DS = Desert Scrubland
PJ = Pinon-Juniper Woodland
DR = Desert Riparian



Figure B1-9
Box Plot of Copper grouped by Depth Type and Eco Zone
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Box Plot of Copper grouped by Depth Type
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Box Plot of Copper grouped by Eco Zone
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Figure B1-10
Box Plot of Iron grouped by Depth Type and Eco Zone
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Box Plot of Iron grouped by Depth Type

 Median 
 25%-75% 
 Min-Max 

Depth Type

0

4,000

8,000

12,000

16,000

20,000

24,000
28,000
32,000
36,000

Iro
n 

(m
g/

kg
)

KW p = 0.7615
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Figure B1-11
Box Plot of Lead grouped by Depth Type and Eco Zone
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Box Plot of Lead grouped by Depth Type
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Box Plot of Lead grouped by Eco Zone

 Median 
 25%-75% 
 Min-Max Eco Zone

0

2

4

6

8

10

12
14
16
18
20

Le
ad

 (m
g/

kg
)

KW p = 0.0788

Shallow Range
(0-2) Ft bgs

Mid Range
(1.1-5.5) Ft bgs

Deep Range
(4-10) Ft bgs

bgs = Below ground
 surface 
Ft = Foot (Feet) 

PP DS PJ DR

PP = Ponderosa Woodland
DS = Desert Scrubland
PJ = Pinon-Juniper Woodland
DR = Desert Riparian



Figure B1-12
Box Plot of Magnesium grouped by Depth Type and Eco Zone
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Box Plot of Magnesium grouped by  Depth Type
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Box Plot of Magnesium grouped by  Eco Zone
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Figure B1-13
Box Plot of Manganese grouped by Depth Type and Eco Zone
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Box Plot of Manganese grouped by Depth Type
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Box Plot of Manganese grouped by Eco Zone
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Figure B1-14
Box Plot of Mercury grouped by Depth Type and Eco Zone
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Box Plot of Mercury grouped by Depth Type
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Box Plot of Mercury grouped by Eco Zone
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Figure B1-15
Box Plot of Nickel grouped by Depth Type and Eco Zone
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Box Plot of Nickel grouped by Depth Type
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Box Plot of Nickel grouped by Eco Zone
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Figure B1-16
Box Plot of Potassium grouped by Depth Type and Eco Zone
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Box Plot of Potassium grouped by Depth Type
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Box Plot of Potassium grouped by Eco Zone
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Figure B1-17
Box Plot of Selenium grouped by Depth Type and Eco Zone
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Box Plot of Selenium grouped by Depth Type
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Box Plot of Selenium grouped by Eco Zone
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Figure B1-18
Box Plot of Silver grouped by Depth Type and Eco Zone
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Box Plot of Silver grouped by Depth Type
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Box Plot of Silver grouped by Eco Zone
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Figure B1-19
Box Plot of Sodium grouped by Depth Type and Eco Zone
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Box Plot of Sodium grouped by Depth Type
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Box Plot of Sodium grouped by Eco Zone
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Figure B1-20
Box Plot of Thallium grouped by Depth Type and Eco Zone

133366.10000080 A28

Box Plot of Thallium grouped by Depth Type
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Box Plot of Thallium grouped by Eco Zone
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Figure B1-21
Box Plot of Vanadium grouped by Depth Type and Eco Zone
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Box Plot of Vanadium grouped by Depth Type
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Figure B1-22
Box Plot of Zinc grouped by Depth Type and Eco Zone
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Box Plot of Zinc grouped by Depth Type
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19SW-AH01-SO-1

19SW-AH01-SO-2

No Remarks

SM

Silty sand, reddish brown (2.5YR 5/4), dry, very soft, non plastic, no gravel, grain size
range FU to VFU, greater than 15% fines.

Consistancy  grades from very soft to soft.

Bottom of hole at 5.0 feet.

COMPLETED 11/11/09

LOGGED BY P. Ostrye

DRILLING METHOD Hand Auger

DRILLING CONTRACTOR Shaw

EASTING 3929248

DATE STARTED 11/11/09

BOREHOLE DIAMETER (in) 3.0

NORTHING 720304.00

NOTES

GROUND ELEVATION (meters amsl)

DEPTH TO WATER (ft bgs): NA
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19SW-AH02-SO-1

19SW-AH02-SO-2

No Remarks
SW-
SM

SM
SM
SW-
SM

Well graded sand with silt, reddish brown (2.5YR 4/4), dry, very soft, no gravel, grain size
range VCU to FL, max grain size 2 mm, 10% fines.

Silty sand, dusky red (10R 3/3), slight moisture, firm, low plasticity, no gravel, grain size
VFL, greater than 15% fines.

Silty sand, reddish brown (2.5YR 4/3), dry, soft, non plastic, no gravels, grain size range
FU to FL, greater than 15% fines.

Well graded sand with silt, dusky red (10R 3/4), dry, very soft, no gravel, grain size range
VCU to FL, 10% fines.

Bottom of hole at 5.0 feet.

COMPLETED 11/11/09

LOGGED BY P. Ostrye

DRILLING METHOD Hand Auger

DRILLING CONTRACTOR Shaw

EASTING 3929253.416

DATE STARTED 11/11/09

BOREHOLE DIAMETER (in) 3.0

NORTHING 720272.51

NOTES

GROUND ELEVATION (meters amsl)

DEPTH TO WATER (ft bgs): NA
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19SW-BH03-SO-1

19SW-BH03-SO-2 Refusal due to
roots

SP-
SM

SW-
SM

Poorly graded sand with silt, dark reddish brown (2.5YR 3/4), dry, very soft, non
plastic, no gravel, grain size range CU to FU, angular to rounded, 10% fines.

Well graded sand with silt and gravel, dark reddish brown (2.5YR 3/3), dry, very
soft, non plastic, 30% gravel, grain size range 1 to 15 mm, angualr to
subrounded, 60% sand, 10% fines.  3 to 4.8 ft, roots.  Soil clumped around roots.

Bottom of hole at 4.8 feet.

COMPLETED 11/11/09

LOGGED BY P. Ostrye

DRILLING METHOD Hand Auger

DRILLING CONTRACTOR Shaw

EASTING 3929294.139

DATE STARTED 11/11/09

BOREHOLE DIAMETER (in) 3.0

NORTHING 720260.70

NOTES

GROUND ELEVATION (meters amsl) 2077.761

DEPTH TO WATER (ft bgs): NA
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19SW-AH04-SO-1

19SW-AH04-SO-2

No Remarks
SP-
SM

SW

SW-
SM

Poorly graded sand with silt, dark reddish brown (2.5YR 3/4), dry, soft, non plastic, no
gravel, grain size range CU to FU, subrounded to rounded, 10% fines.

Well graded sand, dark reddish brown (2.5YR 3/3), dry, soft, non plastic, no gravels,
grain size range CL to FL, subangular to subrounded, 5% fines.

Well graded sand with silt and gravel, dark reddish brown (2.5YR 3/3), dry, soft, non
plastic, 30% gravel, 1 to 20 mm, subangualr to subrounded, 60% sand, 10% fines.

Bottom of hole at 5.0 feet.

COMPLETED 11/11/09

LOGGED BY P. Ostrye

DRILLING METHOD Hand Auger

DRILLING CONTRACTOR Shaw

EASTING 3929327.622

DATE STARTED 11/11/09

BOREHOLE DIAMETER (in) 3.0

NORTHING 720280.77

NOTES

GROUND ELEVATION (meters amsl)

DEPTH TO WATER (ft bgs): NA
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14DS-BH01-SO-1

14DS-BH01-SO-2

14DS-BH01-SO-3

No Remarks

SM

SP

Silty sand, reddish brown (2.5YR 4/4), slight moisture, soft-firm, low plasticity, no
gravels, grain size range FL to VFU, greater than 15% fines.

Poorly graded sand, reddish brown (2.5YR 4/4), dry, very soft, non plastic, grain
size range FU to FL, less than 5% fines.

Bottom of hole at 10.0 feet.

COMPLETED 11/5/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3933565.293

DATE STARTED 11/5/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 719541.25

NOTES

GROUND ELEVATION (meters amsl) 2044.842

DEPTH TO WATER (ft bgs): NA
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14DS-BH02-SO-1

14DS-BH02-SO-2

14DS-BH02-SO-3

No Remarks SP

SC-
SM

SP

SC-
SM

SP
SC

SP

Poorly graded sand, light reddish brown (5YR 6/4), moist, very soft, non plastic, no
gravel, grain size range FU to FL, subrounded to rounded, less than 5% fines.

Clayey sand, dusky red (10R 3/4), moist, firm, low plasticity, no gravels, greater
than 15% fines.

Poorly graded sand, light reddish brown (5YR 6/4), moist, very soft, non plastic, no
gravel, grain size range FU to FL, subrounded to rounded, less than 5% fines.

Clayey sand, dusky red (10R 3/4), moist, firm, low plasticity, no gravels, greater
than 15% fines.

Poorly graded sand, light reddish brown (5YR 6/4,) moist, very soft, non plastic, no
gravel, grain size range FU to FL, subrounded to rounded, less than 5% fines.

6-inch lens: Clayey sand, dusky red (10R 3/4), moist, firm, low plasticity, no gravels,
greater than 15% fines.

Poorly graded sand, light reddish brown (5YR 6/4), moist, very soft, non plastic, no
gravel, grain size range FU to FL, subrounded to rounded, less than 5% fines.

Bottom of hole at 10.0 feet.

COMPLETED 11/9/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3933604.914

DATE STARTED 11/9/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 719768.49

NOTES

GROUND ELEVATION (meters amsl) 2044.598

DEPTH TO WATER (ft bgs): NA
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15SW-BH03-SO-1

15SW-BH03-SO-2

15SW-BH03-SO-3

No Remarks

SM

Silty sand, weak red (10R 4/4), dry, firm, non plastic, no gravel, grain size range FU to
VFL subangular to subrounded, greater than 15% fines.

Bottom of hole at 10.0 feet.

COMPLETED 11/9/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3932311.505

DATE STARTED 11/9/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 722236.90

NOTES

GROUND ELEVATION (meters amsl)

DEPTH TO WATER (ft bgs): NA
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15SW-BH04-SO-1

15SW-BH04-SO-2

15SW-BH04-SO-3

No Remarks

SM

SC-
SM

SM

Silty sand, weak red (10R 4/3), slight moisture, firm, low plasticity, platey, no gravel, grain
size range VFU to VFL, greater than 15% fines.

Clayey sand, dusky red (10R 3/4), slight moisture, firm, low plasticity, no gravel, grain size
range VFU to VFL.

Silty sand, weak red (10R 4/3), slight moisture, firm, low plasticity, platey, no gravel, grain
size range VFU to VFL, greater than 15% fines.

Bottom of hole at 10.0 feet.

COMPLETED 11/9/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3932215.2

DATE STARTED 11/9/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 722456.12

NOTES

GROUND ELEVATION (meters amsl)

DEPTH TO WATER (ft bgs): NA
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15SW-BH05-SO-1

15SW-BH05-SO-2

15SW-BH05-SO-3

No Remarks

SM

SC-
SM

SM

Silty sand, dusky red (10R 3/4), slight moisture, firm, low plasticity, no gravel, grain
size range VFU to VFL, greater than 15% fines.

Clayey sand, dark reddish brown (2.5YR 3/3), moist, firm to hard, low plasticity, no
gravel, grain size range VFU to VFL.

Silty sand, dusky red (10R 3/4), slight moisture, firm, low plasticity, no gravel, grain
size range VFU to VFL, greater than 15% fines.

Bottom of hole at 10.0 feet.

COMPLETED 11/9/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3932021.504

DATE STARTED 11/9/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 722525.10

NOTES

GROUND ELEVATION (meters amsl) 2056.12

DEPTH TO WATER (ft bgs): NA
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15SW-BH06-SO-1

15SW-BH06-SO-2

15SW-BH06-SO-3

No Remarks

SP

GW

Poorly graded sand, light brown (7.5YR 6/4), dry, soft, non plastic, no gravel, grain
size range VCL to CL, less than 5% fines.

Well graded gravel with sands, light reddish brown (2.5YR 6/4), slight moisture,
soft, non plastic, gravel size range 0.5 to 10 mm, greater than 50% gravel,
greater than 15% sands, less than 5% fines.

5ft- Roughly 4-inch clay lens: Dark reddish brown (5YR 3/3) moist, firm, medium
plasticity.

8.5 ft- Roughly 4-inch clay lens: Dark reddish brown (5YR 3/3) moist, firm, medium
plasticity.

Bottom of hole at 10.0 feet.

COMPLETED 11/9/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3931793.589

DATE STARTED 11/9/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 722591.61

NOTES

GROUND ELEVATION (meters amsl) 2053.712

DEPTH TO WATER (ft bgs): NA

ENTERED BY

S
A

M
P

LE
N

U
M

B
E

R

D
E

P
T

H
(f

t)

0

5

10

15

20

25

30

PAGE  1  OF  1
BORING NUMBER BH-6

CLIENT USACE

PROJECT NUMBER 133366.10

PROJECT NAME Fort Wingate Depot Activity Soil Background Study

PROJECT LOCATION Fort Wingate Depot Activity, Gallup, New Mexico

A
T

LA
S

 L
E

A
C

H
F

IE
LD

 R
E

P
O

R
T

  F
W

D
A

 S
O

IL
 L

O
G

S
.G

P
J 

 G
IN

T
 U

S
.G

D
T

  2
/4

/1
0

Shaw Environmental and Infrastructure Group

2440 Louisiana Blvd NE; Suite 300

Albuquerque, New Mexico 87110

Telephone:  1.505.262.8940

Fax:  1.505.262.8855

R
E

M
A

R
K

S

U
.S

.C
.S

.

G
R

A
P

H
IC

LO
G

MATERIAL DESCRIPTION



15DS-BH07-SO-1

15DS-BH07-SO-2

15DS-BH07-SO-3

No Remarks

SP

SM

SC-
SM

Poorly graded sand, light reddish brown (2.5YR 6/3), dry, soft, non plastic, no gravel,
grain size range CU to ML, max size 3 mm, angular to rounded, less than 5% fines.
Grain sizes increases to max 7 mm at 4 feet bgs.

Silty sand, reddish brown (5YR 4/3), dry, hard, low pasticity, no gravel, greater than 15%
fines.  Begins to grade into clayey sand at 6.5 feet bgs.

Clayey sand, dusky red (2.5YR 3/2), dry, hard, low plasticity, no gravel, greater than 15%
fines.

Bottom of hole at 10.0 feet.

COMPLETED 11/9/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3931375.68

DATE STARTED 11/9/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 722424.06

NOTES

GROUND ELEVATION (meters amsl)

DEPTH TO WATER (ft bgs): NA
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BORING NUMBER BH-7

CLIENT USACE

PROJECT NUMBER 133366.10

PROJECT NAME Fort Wingate Depot Activity Soil Background Study

PROJECT LOCATION Fort Wingate Depot Activity, Gallup, New Mexico
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15DS-BH08-SO-1

15DS-BH08-SO-2

15DS-BH08-SO-3

No Remarks

SC-
SM

SM

Clayey sand, dusky red (10R 3/3), moist, firm to hard, low plasticity, no gravel,
some mottling and small pockets of sand, grain size range FL to VFU,
subrounded, greater than 15% fines.

Silty sand, reddish brown (5YR 4/3), dry, firm, non plastic, no gravel, grain size
range MU to FL with max of 3 mm, subangular to subrounded, greater than 15%
fines.

Bottom of hole at 10.0 feet.

COMPLETED 11/9/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3931542.693

DATE STARTED 11/9/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 722750.51

NOTES

GROUND ELEVATION (meters amsl) 2061.911

DEPTH TO WATER (ft bgs): NA
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CLIENT USACE

PROJECT NUMBER 133366.10

PROJECT NAME Fort Wingate Depot Activity Soil Background Study

PROJECT LOCATION Fort Wingate Depot Activity, Gallup, New Mexico

A
T

LA
S

 L
E

A
C

H
F

IE
LD

 R
E

P
O

R
T

  F
W

D
A

 S
O

IL
 L

O
G

S
.G

P
J 

 G
IN

T
 U

S
.G

D
T

  2
/4

/1
0

Shaw Environmental and Infrastructure Group

2440 Louisiana Blvd NE; Suite 300

Albuquerque, New Mexico 87110

Telephone:  1.505.262.8940

Fax:  1.505.262.8855

R
E

M
A

R
K

S

U
.S

.C
.S

.

G
R

A
P

H
IC

LO
G

MATERIAL DESCRIPTION



17DS-BH09-SO-1

17DS-BH09-SO-2
Hand auger
refusal

SM

SM

Silty sand, reddish brown (2.5YR 5/3), dry, very soft, non plastic, no gravel, grain
size range ML to FL, greater than 15% fines.

Silty sand, reddish brown (2.5YR 5/3), dry, very soft, less than 5% gravel, 3 to 40
mm, subangular, greater than 15% fines.

Bottom of hole at 2.5 feet.

COMPLETED 11/11/09

LOGGED BY P. Ostrye

DRILLING METHOD Hand Auger

DRILLING CONTRACTOR J.R. Drilling

EASTING 3930741.443

DATE STARTED 11/11/09

BOREHOLE DIAMETER (in) 3.0

NORTHING 722375.48

NOTES

GROUND ELEVATION (meters amsl) 2083.278

DEPTH TO WATER (ft bgs): NA
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BORING NUMBER BH-9

CLIENT USACE

PROJECT NUMBER 133366.10

PROJECT NAME Fort Wingate Depot Activity Soil Background Study

PROJECT LOCATION Fort Wingate Depot Activity, Gallup, New Mexico
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17DS-BH10-SO-1

17DS-BH10-SO-2

17DS-BH10-SO-3
Bedrock refusal

SM

SM

SC-
SM

Rock

Silty sand, dark reddish brown (2.5YR 3/3), dry, firm, non plastic, no gravel, grain size
range CU to FL, greater than 15% fines.  Some mottling throughout.

Silty sand, reddish brown (2.5YR 5/3), dry, soft to firm, non plastic, no gravel, greater
than 15% fines.  Some mottling throughout.

Clayey sand, dusky red (10R 3/2), dry, hard, non plastic, blocky, no gravel, grain size
range VFU to VFL, greater than 15% fines.  Becomes very hard toward 8 ft.

Sandstone,  well cemented, angular to subangular, grain size range FL to VFU.
Bottom of hole at 8.0 feet.

COMPLETED 11/9/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3930918.129

DATE STARTED 11/9/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 722748.12

NOTES

GROUND ELEVATION (meters amsl)

DEPTH TO WATER (ft bgs): NA
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BORING NUMBER BH-10

CLIENT USACE

PROJECT NUMBER 133366.10

PROJECT NAME Fort Wingate Depot Activity Soil Background Study

PROJECT LOCATION Fort Wingate Depot Activity, Gallup, New Mexico
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17DS-BH11-SO-1

17DS-BH11-SO-2
Hand auger
refusal due to
bedrock/gravels

SM

SM

Silty sand, reddish brown (2.5YR 4/4), dry, very soft, non plastic, less than 5% gravels,
max grain size 5 mm, rounded, greater than 15% fines.

Silty sand with gravel, reddish brown (2.5YR 4/4), dry, very soft, non plastic, greater than
15% gravels, max size of 22 mm, subangular to subrounded, greater than 15% fines.

Bottom of hole at 2.0 feet.

COMPLETED 11/11/09

LOGGED BY P. Ostrye

DRILLING METHOD Hand Auger

DRILLING CONTRACTOR J.R. Drilling

EASTING 3930425.234

DATE STARTED 11/11/09

BOREHOLE DIAMETER (in) 3.0

NORTHING 722271.17

NOTES

GROUND ELEVATION (meters amsl)

DEPTH TO WATER (ft bgs): NA
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BORING NUMBER BH-11

CLIENT USACE

PROJECT NUMBER 133366.10

PROJECT NAME Fort Wingate Depot Activity Soil Background Study

PROJECT LOCATION Fort Wingate Depot Activity, Gallup, New Mexico
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19DS-BH12-SO-1

19DS-BH12-SO-2

19DS-BH12-SO-3

No Remarks

SM

SM

Silty sand, dusky red (10R 3/2), slight moisture, firm, non plastic, no gravels, blocky,
grain size range VFU to VFL, greater than 15% fines.

Silt sand, dusky red (10R 3/2), slight moisture, firm to hard, non plastic, no gravels,
blocky, grain size range VFU to VFL, greater than 15% fines.

Bottom of hole at 10.0 feet.

COMPLETED 11/11/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3929133.191

DATE STARTED 11/11/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 720822.08

NOTES

GROUND ELEVATION (meters amsl) 2086.661

DEPTH TO WATER (ft bgs): NA
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BORING NUMBER BH-12

CLIENT USACE

PROJECT NUMBER 133366.10

PROJECT NAME Fort Wingate Depot Activity Soil Background Study

PROJECT LOCATION Fort Wingate Depot Activity, Gallup, New Mexico
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1-DS-BH13-SO-1

1-DS-BH13-SO-2

1-DS-BH13-SO-3

Sharp contact

SM

SM

SM

Silty sand, dusky red (10R 3/4), slight moisture, firm, non plastic, no gravel, some
mottling, grain size range FL to VFU.

Silty sand, dusky red (10R 3/2), slight moisture, hard, low plasticity, no gravel, blocky,
greater than 15% fines.  Clay content increasing with depth.

Silty sand, reddish brown (2.5YR 4/4), dry, soft, non plastic, no gravel, grain size range
FL to VFU, greater than 15% fines.

Bottom of hole at 10.0 feet.

COMPLETED 11/11/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3928701.913

DATE STARTED 11/11/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 720165.02

NOTES

GROUND ELEVATION (meters amsl)

DEPTH TO WATER (ft bgs): NA
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BORING NUMBER BH-13

CLIENT USACE

PROJECT NUMBER 133366.10

PROJECT NAME Fort Wingate Depot Activity Soil Background Study

PROJECT LOCATION Fort Wingate Depot Activity, Gallup, New Mexico
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19DS-BH14-SO-1

19DS-BH14-SO-2

19DS-BH14-SO-3

No Remarks

SM

SM

Silty sand, dusky red (10R 3/2), dry, firm to hard, no plastic, blocky , mottling below 2
feet, no gravels, grain size range FL to VFU, greater than 15% fines.

Same description, max grain size 2 mm between 7 to 8 feet.

Silty sand, weak red (10R 4/4), dry, hard, non plastic, no gravel, grain size range FL to
VFU, greater than 15% fines.

Bottom of hole at 10.0 feet.

COMPLETED 11/11/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3928394.479

DATE STARTED 11/11/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 720076.73

NOTES

GROUND ELEVATION (meters amsl)

DEPTH TO WATER (ft bgs): NA
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BORING NUMBER BH-14

CLIENT USACE

PROJECT NUMBER 133366.10

PROJECT NAME Fort Wingate Depot Activity Soil Background Study

PROJECT LOCATION Fort Wingate Depot Activity, Gallup, New Mexico
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20PJ-BH-SO-1

20PJ-BH-SO-2

Bedrock refusal

SP-
SM

Rock

Poorly graded sand with silt, dusky red (10R 3/3), moist, very soft, non plastic, no
gravel, grain size range ML to FL, angular to subrounded, 10% fines.

Sandstone, white (7.5YR 8/1), well cemented,  angular to subrounded, grain size
range FU to FL.

Mainly sandstone with very thin layers of soil.
Bottom of hole at 2.5 feet.

COMPLETED 11/10/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3925169.007

DATE STARTED 11/10/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 717676.00

NOTES

GROUND ELEVATION (meters amsl) 2230.862

DEPTH TO WATER (ft bgs): NA
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BORING NUMBER BH-15

CLIENT USACE

PROJECT NUMBER 133366.10

PROJECT NAME Fort Wingate Depot Activity Soil Background Study

PROJECT LOCATION Fort Wingate Depot Activity, Gallup, New Mexico
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20PJ-BH16-SO-1

Bedrock refusal

SM

Rock

Silt sand, dusky red (10R 3/3), dry, firm, non plastic, blocky, no gravel, grain size
range FL to VFL, greater than 15% fines.

Sandstone, white (7.5YR 8/1), grain size range FU to FL, angular to subrounded,
well cemented.

Bottom of hole at 1.5 feet.

COMPLETED 11/10/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3925087.561

DATE STARTED 11/10/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 717753.48

NOTES

GROUND ELEVATION (meters amsl) 2238.299

DEPTH TO WATER (ft bgs): NA
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BORING NUMBER BH-16
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PROJECT NAME Fort Wingate Depot Activity Soil Background Study

PROJECT LOCATION Fort Wingate Depot Activity, Gallup, New Mexico
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20PJ-BH17-SO-1

20PJ-BH17-SO-2

20PJ-BH17-SO-3

Bedrock refusal

SP-
SM

SM

SP-
SM

Rock

Poorly graded sand with silt, weak red (10R 4/2), slight moisture, firm, non plastic,
blocky, no gravel, grain size range FU to FL, 10% fines.

Silty sand, dusky red (10R 3/3), dry, firm, non plastic, no gravel, grain size range
FU to FL, greater than 15% fines.

Poorly graded sand with silt, weak red (10R 5/3), dry, firm, non plastic, no gravel,
grain size range ML to FU, 10% fines.

Sandstone, white (7.5YR 8/1), well cemented, angular to subrounded, grain size
range FU to FL.

Bottom of hole at 5.0 feet.

COMPLETED 11/10/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3924862.299

DATE STARTED 11/10/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 717896.58

NOTES

GROUND ELEVATION (meters amsl) 2252.716

DEPTH TO WATER (ft bgs): NA
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02PJ-BH18-SO-1

02PJ-BH18-SO-2

Bedrock refusal

SM

SM

Rock

Silt sand, dusky red (10R 3/4), dry, firm, non plastic, blocky, no gravel, grain size
range VFU to VFL, greater than 15% fines.

Silty sand, weak red (10R 4/4,) dry, firm, non plastic, no gravel, grain size range
VFU to VFL, greater than 15% fines.

Sandstone, white (7.5YR 8/1), well cemented, angular to subrounded, grain size
range FU to FL.

Bottom of hole at 4.0 feet.

COMPLETED 11/10/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3924755.929

DATE STARTED 11/10/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 717779.60

NOTES

GROUND ELEVATION (meters amsl) 2253.447

DEPTH TO WATER (ft bgs): NA
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01PP-BH19-SO-1

01PP-BH19-SO-2

01PP-BH19-SO-3

No Remarks
SM

SM

SM

SW-
SM

SM

Silty sand, dark reddish brown (2.5YR 3/3), moist, soft, non to low plasticity, no
gravel, grain size range FU to VFU, greater than 15% fines.

Silty sand, reddish brown (2.5YR 4/4), dry, firm to hard, non plastic, no gravel, up to
10% mottling, grain size range, ML to FL, greater than 15% fines.

Silty sand, dark reddish brown (2.5YR 3/3), moist, firm, non to low plasticity, no
gravel, greater than 15% fines.

Well graded sand with silt, dark reddish brown (2.5YR 3/3), dry, firm, low plasticity,
mottling, no gravel, grain size range VCU to FU, max size 5 mm, angular, 10%
fines.

Silty sand, dark reddish gray (5YR 4/2), dry, firm, non plastic, platey, no gravel,
grain size range FL to VFL, greater than 15% fines.

Bottom of hole at 10.0 feet.

COMPLETED 11/4/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3922092.579

DATE STARTED 11/4/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 717933.24

NOTES

GROUND ELEVATION (meters amsl) 2384.664

DEPTH TO WATER (ft bgs): NA
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BORING NUMBER BH-19

CLIENT USACE

PROJECT NUMBER 133366.10

PROJECT NAME Fort Wingate Depot Activity Soil Background Study

PROJECT LOCATION Fort Wingate Depot Activity, Gallup, New Mexico
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2440 Louisiana Blvd NE; Suite 300

Albuquerque, New Mexico 87110

Telephone:  1.505.262.8940

Fax:  1.505.262.8855
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MATERIAL DESCRIPTION



1PP-BH20-SO-1

1PP-BH20-SO-2

1PP-BH20-SO-3
Bedrock refusal

SP-
SC

SP-
SC

SP

SP-
SC

Poorly graded sand with clay, dark reddish brown (5YR 3/2), moist, firm, low
plasticity, platey, grain size FL, max size 3 mm, angular to subrounded.

Poorly graded sand with clay, dark reddish brown (2.5YR 3/3), moist, firm, low
plasticity, slightly platey, grain size VFU, max 10 mm, angular, 10% fines.

Poorly graded sand, dark reddish brown (5YR 3/2), dry, soft, non plastic, grain size
FU, max 20 mm, subangular to subrounded, 5% Fines.

Poorly graded sand with clay, brown (7.5YR 4/3), moist soft, low plasticity, grain
size range ML to FL, 10% fines.

Bottom of hole at 7.0 feet.

COMPLETED 11/5/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3921440.268

DATE STARTED 11/5/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 717960.98

NOTES

GROUND ELEVATION (meters amsl) 2353.666

DEPTH TO WATER (ft bgs): NA
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BORING NUMBER BH-20

CLIENT USACE

PROJECT NUMBER 133366.10

PROJECT NAME Fort Wingate Depot Activity Soil Background Study

PROJECT LOCATION Fort Wingate Depot Activity, Gallup, New Mexico
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2440 Louisiana Blvd NE; Suite 300

Albuquerque, New Mexico 87110

Telephone:  1.505.262.8940

Fax:  1.505.262.8855

R
E

M
A

R
K

S

U
.S

.C
.S

.

G
R

A
P

H
IC

LO
G

MATERIAL DESCRIPTION



1PP-BH21-SO-1

1PP-BH21-SO-2

1PP-BH21-SO-3

No Remarks SP-
SC

SM

SP-
SC

SC-
SM

SC-
SM

Poorly graded sand with clay, greenish black (Glay 2 2.5/5BG) moist, soft, low
plasticity, some peds, no gravel, grain size range FU to VFU, 10% fines.  Much
organic material at 1 foot bgs.

Silty sand, very dark brown (7.5YR 2.5/3), moist, soft, low to medium plasticity, less
than 5% gravels, grain size range ML to VFU, max 10 mm, angular, greater than
15% fines.

Poorly graded sand with clay, dark reddish brown (5YR 3/3), moist, low plasticity,
grain size 0.5 to 10 mm, subrounded to rounded, 10% fines.

Clayey sand, very dark greenish gray (Glay 2 3/10BG), moist, firm, low plasticity,
platey, no gravel, grain size range FU to VFU, max size 5 mm, subrounded,
greater than 15% fines.

Clayey sand, greenish black (Glay 2 3/5B), moist, firm, low plasticity, no gravel,
grain size range FL to VFL, greater than 15% fines.

Bottom of hole at 10.0 feet.

COMPLETED 11/5/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3921206.94

DATE STARTED 11/5/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 717595.21

NOTES

GROUND ELEVATION (meters amsl) 2323.856

DEPTH TO WATER (ft bgs): NA
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BORING NUMBER BH-21

CLIENT USACE

PROJECT NUMBER 133366.10

PROJECT NAME Fort Wingate Depot Activity Soil Background Study

PROJECT LOCATION Fort Wingate Depot Activity, Gallup, New Mexico
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2440 Louisiana Blvd NE; Suite 300

Albuquerque, New Mexico 87110

Telephone:  1.505.262.8940

Fax:  1.505.262.8855
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1PP-BH22-SO-1

1PP-BH22-SO-2

1PP-BH22-SO-3

No Remarks
SP-
SC

SP

Rock

SP-
SM

Rock
SM

SP

Poorly graded sand with clay, dark reddish brown (2.5YR 3/3), dry, soft to firm, non
plastic, no gravel, grain size range FU to VFU, 10% fines.

Poorly graded sand, reddish brown (2.5TR 4/4), dry, soft, non plastic, no gravel,
grain size range MU to ML, angular, 5% fines.

Sandstone lens, red (2.5YR 5/6), well cemented, well sorted, FU to FL, subangular
to subrounded.

Poorly graded sand with silt, red (2.5YR 5/6), dry, soft, non plastic, no gravel, grain
size range FL to VFU, subangular to subrounded, 10% fines.

Sandstone lens, red (2.5YR 5/6), well cemented, well sorted, FU to FL, subangular
to subrounded.

Silty sand, light reddish brown (2.5YR 6/3), dry, soft, non plastic, less than 5%
gravel, grain size range FL to VFU, max grain size 4 mm, subrounded to
rounded, greater than 15% fines.

Poorly graded sand with gravel, (2.5YR 4/4), dry, soft, non plastic, 20% gravel, 3 to
15 mm, angular to subangular, less than 5% fines.

Bottom of hole at 10.0 feet.

COMPLETED 11/5/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3920758.883

DATE STARTED 11/5/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 717315.10

NOTES

GROUND ELEVATION (meters amsl) 2298.863

DEPTH TO WATER (ft bgs): NA
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BORING NUMBER BH-22

CLIENT USACE

PROJECT NUMBER 133366.10

PROJECT NAME Fort Wingate Depot Activity Soil Background Study

PROJECT LOCATION Fort Wingate Depot Activity, Gallup, New Mexico
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2440 Louisiana Blvd NE; Suite 300

Albuquerque, New Mexico 87110

Telephone:  1.505.262.8940

Fax:  1.505.262.8855
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1PP-BH23-S0-1

1PP-BH23-S0-2

1PP-BH23-S0-3

No Remarks

SM

SP-
SM

SP-
SM

Silty sand, dark reddish brown (2.5YR 3/4), dry, soft, non plastic, platey, 10%
gravels, 0.5 to 7 mm, angular, greater than 15% fines.

Poorly graded sand with silt, reddish brown (2.5YR 4/4), dry, firm, non plastic, 5%
gravels, 0.5 to 12 mm, angular, grain size range VFU to VFL, 10% fines.

4-inch white clay lens at 5.5 feet bgs.  Very slick when wetted.

Poorly graded sand with silt, reddish brown (2.5YR 4/4), dry, firm, non plastic, no
gravel, grain size range VFU to VFL, 10% fines.  Same white clay lens as 5.5 ft.

Bottom of hole at 10.0 feet.

COMPLETED 11/5/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3921219.081

DATE STARTED 11/5/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 717150.39

NOTES

GROUND ELEVATION (meters amsl) 2313.036

DEPTH TO WATER (ft bgs): NA
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BORING NUMBER BH-23

CLIENT USACE

PROJECT NUMBER 133366.10

PROJECT NAME Fort Wingate Depot Activity Soil Background Study

PROJECT LOCATION Fort Wingate Depot Activity, Gallup, New Mexico
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1PP-BH24-SO-1

1PP-BH24-SO-2

1PP-BH24-SO-3

No Remarks

SP

SC-
SM

SP-
SC

Poorly graded sand, dark reddish brown (2.5YR 3/3), slight moisture, soft, non
plastic, no gravels, some mottling, grain size range FU to FL, subangular, 5%
fines.

Clayey sand, dark reddish gray (2.5YR 3/1), moist, firm, low to medium plasticity, no
gravels, grain size range VFU to VFL, subrounded, greater than 15% fines.

Silt/sand increases with depth.

Poorly graded sand with clay, very dark greenish gray (Glay 2 3/10BG), slight
moisture, soft, low plasticity, no gravels, some mottling, grain size range FU to FL,
max grain size 0.5 mm, 10% fines.

Bottom of hole at 10.0 feet.

COMPLETED 11/5/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3921815.581

DATE STARTED 11/5/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 717958.23

NOTES

GROUND ELEVATION (meters amsl) 2403.409

DEPTH TO WATER (ft bgs): NA
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BORING NUMBER BH-24

CLIENT USACE

PROJECT NUMBER 133366.10

PROJECT NAME Fort Wingate Depot Activity Soil Background Study

PROJECT LOCATION Fort Wingate Depot Activity, Gallup, New Mexico
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02PJ-BH25-SO-1

02PJ-BH25-SO-2

02PJ-BH25-SO-3

Sharp contact

Sharp contact
Sharp contact

GP

Rock

SM

SM

SM

SM

SM

Poorly graded gravels with sand, weak red (10R 4/2), dry, very loose, non plastic,
50% gravels, 3 to 10 mm angular, greater than 15% sands, grain size range FU
to FL, subangular, 5% fines.

Sandstone, white (7.5YR 8/1), poorly cemented, grain size range FU to FL, angular
to subrounded.  Gravels grade into decomposing sandstone to 3 ft.

Silty sand, dark reddish gray (10R 4/1), dry, very loose, non plastic, no gravels, very
blocky, greater than 15% fines.

Silty sand, pale red (10R 6/2), dry, loose , non plastic, no gravels, grain size range
ML to FU, greater than 15% fines.  Grades into underlying finer grained silty sand.

Silty sand, dusky red (10R 3/2), dry, very hard, non plastic, no gravel, grain size
range VFU to VFL, greater than 15% fines.

Silty sand, dusky red (10R 3/3), dry, soft, non plastic, no gravel, grain size range FL
to VFU, greater than 15% fines.

Silty sand, dark reddish gray (10R 4/1), dry, very loose, non plastic, no gravels, very
blocky, greater than 15% fines.  Many white veins running throughout the soil
coring at all depths giving soil variable color, but not different characteristics.

Bottom of hole at 10.0 feet.

COMPLETED 11/10/09

LOGGED BY P.Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3926017.955

DATE STARTED 11/10/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 717543.77

NOTES

GROUND ELEVATION (meters amsl) 2152.985

DEPTH TO WATER (ft bgs): NA
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BORING NUMBER BH-25

CLIENT USACE

PROJECT NUMBER 133366.10

PROJECT NAME Fort Wingate Depot Activity Soil Background Study

PROJECT LOCATION Fort Wingate Depot Activity, Gallup, New Mexico
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02PJ-BH26-SO-1

02PJ-BH26-SO-2

02PJ-BH26-SO-3

Bedrock refusal

SP-
SM

SP

Rock

Poorly graded sand with silt, dusky red (10R 3/3), dry, soft, non plastic, no gravel,
slightly blocky, grain size range FU to FL, 10% fines.

Poorly graded sand, pale red (10R 6/2), dry, soft, nonplastic, less than 15% gravel,
1 to 5 mm, 5% fines.  Decomposing sandstone.

Sandstone, white (7.5YR 8/1), well cemented, grain size range FU to FL, angular to
subrounded.

Bottom of hole at 5.0 feet.

COMPLETED 11/10/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3926057.007

DATE STARTED 11/10/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 717315.00

NOTES

GROUND ELEVATION (meters amsl) 2132.076

DEPTH TO WATER (ft bgs): NA
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BORING NUMBER BH-26

CLIENT USACE

PROJECT NUMBER 133366.10

PROJECT NAME Fort Wingate Depot Activity Soil Background Study

PROJECT LOCATION Fort Wingate Depot Activity, Gallup, New Mexico
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02PJ-BH27-SO-1

02PJ-BH27-SO-2

Bedrock refusal

SP-
SM

Rock

SP

SW

Poorly graded sand with silt, dusky red (10R 3/3), dry, very soft, non plastic, no
gravel, grain size range VCU to MU, 10% fines.

Sandstone, weak red (10R 5/2), well cemented, grain size range FU to FL, sub
angular to subrounded.

Poorly graded sand with gravels, weak red (10R 5/2), dry, very soft, non plastic
15% gravels, 5 to 15 mm, 5% fines.

Well graded sand with gravel, weak red (10R 4/4), dry, soft, non plastic, 30%
gravels, 5% fines.  Sandstone gravels.

Bottom of hole at 3.9 feet.

COMPLETED 11/10/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3926809.552

DATE STARTED 11/10/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 716119.29

NOTES

GROUND ELEVATION (meters amsl) 2147.682

DEPTH TO WATER (ft bgs): NA
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BORING NUMBER BH-27

CLIENT USACE

PROJECT NUMBER 133366.10

PROJECT NAME Fort Wingate Depot Activity Soil Background Study

PROJECT LOCATION Fort Wingate Depot Activity, Gallup, New Mexico
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02PJ-BH28-SO-1

02PJ-BH28-SO-2
Bedrock refusal

SP-
SM

Poorly graded sand with silt, dusky red (10R 3/3), dry, very soft, non plastic, no
gravel, grain size range VCU to MU, 10% fines.

Bottom of hole at 2.3 feet.

COMPLETED 11/10/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3926703.782

DATE STARTED 11/10/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 716166.24

NOTES

GROUND ELEVATION (meters amsl) 2151.766

DEPTH TO WATER (ft bgs): NA
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BORING NUMBER BH-28

CLIENT USACE

PROJECT NUMBER 133366.10

PROJECT NAME Fort Wingate Depot Activity Soil Background Study

PROJECT LOCATION Fort Wingate Depot Activity, Gallup, New Mexico
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02PJ-BH29-SO-1

02PJ-BH29-SO-2

Bedrock refusal

SM

SP

Silty sand, dark reddish brown (5YR 3/2), dry, very soft, non plastic, no gravel, grain
size range FL to VFL, greater than 15 % fines.

Poorly grade sand, pale red (10R 6/3), dry, very hard, non plastic, no gravel, grain
size range CL to ML, 5% fines.  Color grades to red (10R 4/6) at 2 ft.  Entire core
looks like pulverised sandstone bedrock.

Bottom of hole at 3.0 feet.

COMPLETED 11/9/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3926925.78

DATE STARTED 11/9/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 716147.92

NOTES

GROUND ELEVATION (meters amsl) 2135.429

DEPTH TO WATER (ft bgs): NA
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BORING NUMBER BH-29

CLIENT USACE

PROJECT NUMBER 133366.10
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02PJ-BH30-SO-1

02PJ-BH30-SO-2

Bedrock refusal

SM

SP

Silty sand, dark reddish brown (5YR 3/2), dry, very soft, non plastic, no gravel, grain
size range FL to VFL, greater than 15 % fines.

Poorly graded sand, pale red (10R 6/3), dry, very hard, non plastic, no gravel, grain
size range CL to ML, 5% fines.  Color grades to red (10R 4/6) at 2 ft.  Entire core
looks like pulverised sandstone bedrock.

Bottom of hole at 3.0 feet.

COMPLETED 11/9/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3926915.227

DATE STARTED 11/9/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 716147.81

NOTES

GROUND ELEVATION (meters amsl) 2142.653

DEPTH TO WATER (ft bgs): NA
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02DS-BH31-SO-1

02DS-BH31-SO-2

02DS-BH31-SO-3

No Remarks

SP

SW

SP

Poorly graded sand, red (2.5YR 5/6), dry, very soft, non plastic, 10% gravels, max
size 8 mm, grain size range CU to ML, angular to well rounded, 10% fines.  Very
uniform.

Well graded sand with gravel, reddish brown (2.5YR 5/4), dry, very soft, non plastic,
gravel size range 1-13 mm, angular to subrounded, 20% gravels, grain size range
VCU to ML, angular to well rounded, 5% fines.

Poorly graded sand, red (2.5YR 5/6), dry, very soft, non plastic, 10% gravels, max
size 8 mm, grain size range CU to ML, angular to well rounded, 10% fines.

Bottom of hole at 10.0 feet.

COMPLETED 11/6/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3928135.356

DATE STARTED 11/6/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 715951.33

NOTES

GROUND ELEVATION (meters amsl) 2110.191

DEPTH TO WATER (ft bgs): NA
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05ADS-BH32-SO-1

05ADS-BH32-SO-2

05ADS-BH32-SO-3

No Remarks

SP

SP-
SM

Poorly graded sand, red (2.5YR 4/6), dry, very soft, non plastic, no gravel, grain
size range ML to FL, angular to subrounded, 5% fines.

Poorly graded sand with silt, dark reddish brown (2.5YR 3/4), dry, firm, non plastic,
no gravel, slightly platey, some mottling, grain size range FU to VFU, 10% fines.

Bottom of hole at 10.0 feet.

COMPLETED 11/6/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3929566.64

DATE STARTED 11/6/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 715846.91

NOTES

GROUND ELEVATION (meters amsl) 2076.785

DEPTH TO WATER (ft bgs): NA
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08DS-BH33-SO-1

08DS-BH33-SO-2

08DS-BH33-SO-3

No Remarks

SP-
SM

SP-
SM

SM

Poorly graded sand with silt, weak red (10R 5/4), dry, soft to firm, non plastic, no
gravels, platey, grain size range VFU to VFL, 10% fines.  Silt/clay content
increases with depth.

Poorly graded sand with silt, red (10R 4/6), dry, firm, non plastic, no gravels, platey,
grain size range VFU to VFL, 10% fines.

Poorly graded sand with silt, weak red (10R 4/4), dry, firm, non plastic, no gravels,
platey, grain size range VFU to VFL, 15% fines.

Bottom of hole at 10.0 feet.

COMPLETED 11/6/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3930087.911

DATE STARTED 11/6/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 715824.76

NOTES

GROUND ELEVATION (meters amsl) 2066.94

DEPTH TO WATER (ft bgs): NA
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08DS-BH34-SO-1

08DS-BH34-SO-2

08DS-BH34-SO-3

No Remarks

SP

Poorly graded sand, reddish brown (2.5YR 5/4), dry, very soft, non plastic, 5%
gravel, max size 10 mm, grain size range ML to FU, angular to rounded, 5%
fines.  Roots down to 4 ft.

Bottom of hole at 10.0 feet.

COMPLETED 11/6/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3930474.113

DATE STARTED 11/6/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 715590.24

NOTES

GROUND ELEVATION (meters amsl) 2060.204

DEPTH TO WATER (ft bgs): NA
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08DS-BH35-SO-1

08DS-BH35-SO-2

08DS-BH35-SO-3

No Remarks

SM

SP

Silty sand, weak red (2.5YR 4/2), dry, firm, non plastic, no gravels, platey, grain size
VFL, greater than 15% fines.  0 to 3 ft grades into 4 to 10 ft description.

Poorly graded sand, brown (7.5YR 5/3), dry, very soft, non plastic, no gravels, grain
size range FU to FL, angular to rounded, 5% fines.

Bottom of hole at 10.0 feet.

COMPLETED 11/6/09

LOGGED BY P. Ostrye

DRILLING METHOD Hand Auger

DRILLING CONTRACTOR J.R. Drilling

EASTING 3931176.158

DATE STARTED 11/6/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 715319.95

NOTES

GROUND ELEVATION (meters amsl) 2059.259

DEPTH TO WATER (ft bgs): NA
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08DS-BH36-SO-1

08DS-BH36-SO-2

08DS-BH36-SO-3

No Remarks
SP-
SM

SP

SM

Poorly graded sand with silt, reddish brown (5YR 5/4), dry soft, non plastic, no
gravel, 10% fines.

Poorly graded sand, brown (7.5YR 5/4), dry, very soft, non plastic, no gravel, 5%
fines.

Silty sand, reddish brown (5YR 4/3), dry, soft to firm, slight plasticity, no gravel, 15%
fines.

Bottom of hole at 10.0 feet.

COMPLETED 11/6/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3931609.473

DATE STARTED 11/6/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 715805.51

NOTES

GROUND ELEVATION (meters amsl) 2050.115

DEPTH TO WATER (ft bgs): NA
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08DS-BH37-SO-1

08DS-BH37-SO-2

08DS-BH37-SO-3

No Remarks SP

SP-
SM

SM

Poorly graded sand, red (10R 4/8), dry, soft, non plastic, no gravel, grain size range
FU to VFU, 5% fines.

Poorly graded sand with silt, dark gray (5YR 4/1), slight moisture, firm, non plastic,
no gravel, 10% fines.

Silty sand, reddish gray (5YR 5/2), dry, soft, non plastic, no gravels, 15% fines.

Bottom of hole at 10.0 feet.

COMPLETED 11/6/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3930834.23

DATE STARTED 11/6/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 715824.62

NOTES

GROUND ELEVATION (meters amsl) 2054.687

DEPTH TO WATER (ft bgs): NA
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08DS-BH38-SO-1

08DS-BH38-SO-2

08DS-BH38-SO-3

No Remarks SM

SM

SC-
SM

SM

Silty sand, red (10R 4/6), dry, soft to firm, non plastic, no gravel, peds, greater than
15% fines.

Silty sand, red (10R 4/6), dry, firm, non plastic, no gravel, platey, greater than 15%
fines.

Clayey sand, weak red (10R 4/4), dry, soft to firm, low plasticity, no gravel, greater
than 15% fines.

Silty sand, red (10R 4/6), dry, firm, non plastic, no gravel, platey, greater than 15%
fines.

Bottom of hole at 10.0 feet.

COMPLETED 11/6/09

LOGGED BY P. Ostrye

DRILLING METHOD Geoprobe-direct push

DRILLING CONTRACTOR J.R. Drilling

EASTING 3933032

DATE STARTED 11/6/09

BOREHOLE DIAMETER (in) 2.0

NORTHING 715728.00

NOTES

GROUND ELEVATION (meters amsl) 2039.539

DEPTH TO WATER (ft bgs): NA
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