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ABSTRACT: Sustainment of training to maintain the readiness of our armed forces requires stewardship
of human health and the environment. The objective of this project, initiated in FY00 and planned for
completion in FY05, was to determine the potential for environmental contamination from residues of
energetic materials on ranges. This report describes accomplishments for FY02. A U.S. and a Canadian
site were characterized for explosives residues resulting from live-fire soldier training: Fort Bliss, New
Mexico, and Canadian Forces Base (CFB), Shilo, Manitoba. Results are also reported on tests to
determine residues associated with open detonations and low-order detonations and tests to define
environmental fate and transport process descriptors.

Results of intensive sampling at Fort Bliss indicated that judgmental sampling targeting low-order
residues and firing points is superior to grid sampling for identifying potential point sources of
contamination over the typically large training range areas. Furthermore, composite sampling offers the
best opportunity of capturing a realistic concentration under the conditions of extreme heterogeneity.
Results of open detonations tests confirmed that the use of C4 generates significant explosives residuals.
In low-order detonation tests, controlling the percent energy yield of artillery projectiles proved difficult.
Adjustments in the variables from these results will improve control of future detonation tests. At CFB
Shilo, energetic materials found in soils were associated with targets, and propellants were associated
with firing points. The Shilo ranges exhibited relatively low levels of contamination not requiring
immediate corrective action. Results of soil partitioning tests demonstrated that pentaerythritol tetranitrate
(PETN) and tetryl are degraded in surface and aquifer soils. While adsorption is relatively limited and
will not impede transport, degradation may be sufficient to reduce transport of these explosives. Results
illustrate the importance of soil properties in determining the transport potential for explosives.

Study results provide data for estimation of firing range source terms, protocols for contaminant
characterization, descriptions of residues from low-order detonations and from various unexploded
ordnance (UXO) demolition procedures, and fate and transport process descriptors for energetic residues.
These data support environmental compliance and training range sustainment.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not
to be construed as an official Department of the Army position unless so designated by other authorized documents.
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Chapter 1

1 Introduction

Background

Testing and training ranges are essential to maintaining the readiness of the
Armed Forces of the United States. However, concerns have arisen over potential
environmental contamination from residues of energetic materials on impact
ranges. The current state of knowledge concerning the nature, extent, and fate of
contamination was inadequate to ensure sound management of ranges as
sustainable resources. The potential for environmental impacts, including
contamination of drinking water supplies, mandates that the Department of
Defense (DoD) demonstrate responsible management of these facilities in order
to continue testing and training activities.

Regulatory Precedent

In April of 1997, the U.S. Environmental Protection Agency (USEPA) issued
Administrative Order No. 2 to the National Guard Bureau and the Massachusetts
National Guard requiring that certain training activities (artillery and mortar
firing) cease, pending the completion of environmental investigations at the
training ranges and Impact Area. In January 2000, the USEPA, Region I, issued
an Administrative Order 3 for Response Action in the matter of “Training Range
and Impact Area, Massachusetts Military Reservation” to the National Guard
Bureau and the Massachusetts National Guard under authority of Section 1431(a)
of the Safe Drinking Water Act, 42U.S.C.§ 300i(a) (USEPA 2000). The purpose
of the Order was to require the respondents to “undertake Rapid Response
Actions and Feasibility Studies, Design and Remedial Actions to abate the threat
to public health presented by the contamination from past and present activities
and sources at and emanating from the Massachusetts Military Reservation
(MMR) Training Range and Impact Area.” This is an important precedent for
suspension of military training because of environmental contamination of soils
and groundwater.

The MMR is a 21,000-acre installation located on Cape Cod, Massachusetts.
The Training Ranges and Central Impact Area is approximately 14,000 acres
located on the Camp Edwards portion of the installation. The Central Impact
Area, approximately 2,200 acres, has artillery and mortar targets and is
surrounded by firing ranges, artillery and mortar positions, and training areas
(AMEC 2001 (Bibliography for Camp Edwards)). The Cape Cod Aquifer, a sole
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source aquifer for western Cape Cod, lies directly beneath the Training Ranges
and Central Impact Area. Based on the findings of lead, explosives, explosives-
related compounds, pesticides and other organic contaminants in soils, and RDX,
TNT, HMX and some organics in groundwater, the USEPA ordered the
respondents to conduct a remedial investigation and feasibility studies at several
MMR areas including the Central Impact Area (USEPA 2000). The order also
required rapid response actions for contaminated soils at several gun positions,
target positions, and for contaminated sediments at a wetland site. Administrative
Order No. 4 was issued on January 4, 2001, under the Resource Conservation
and Recovery Act (RCRA) to the National Guard Bureau. This order requires
that munitions found subsurface or in burial pits be properly stored and disposed
of in a Contained Detonation Chamber (CDC), or by other means which prevent
the release of explosives, metals, and other contaminants into the environment.
As of October 2002, destruction of 2,802 items using the CDC with additional
items awaiting disposal was reported (USEPA 2001).

MMR Update

The fate and transport of propellants, explosives, and pyrotechnics (PEP)
compounds is of considerable interest to the DoD as the result of findings at
Camp Edwards, which suggests military training with high explosive (HE)
artillery and mortar munitions have resulted in the introduction of PEP
compounds to the environment. Given the current geopolitical climate, the DoD
is in need of military ranges such as Camp Edwards to train soldiers. Therefore, a
balance between military training requirements and impacts to the environment is
crucial. As a consequence, determining whether military training activities are
linked to the PEP contamination observed at Camp Edwards is necessary.
Furthermore, the DoD has an interest in determining if the conditions observed at
Camp Edwards are typical or atypical to other military ranges with similar
training activities.

The Impact Area Groundwater Study Program (IAGWSP) at Camp Edwards
has collected the following samples since the inception of the study in August
1997 through December 2002:

e 9,914 shallow surface soil samples representing 1,989 individual
locations from 182 areas of investigation;

e 2,041 soil boring profile samples from 171 soil borings;

e 1,014 wipe samples from unexploded ordnance (UXO) and unexploded
ordnance related material (UXORM);

e 69 sediment samples from 19 water bodies;

e 81 surface water samples from 19 water bodies;

e 6 storm water samples from the perimeter of the Impact Area;
e 3,495 groundwater profile samples from 256 borings; and

e 5,233 groundwater samples from 651 monitoring wells at 256 locations.
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Program (SERDP) Project update in 2001, additional samples have been
collected at Camp Edwards (Table 1-1).

Since the last annual Strategic Environmental Research and Development

Table 1-1

Summary of Analytical Samples Taken at Camp Edwards since Last Update
(September 2000)

Impact Area

Demo 1

J Ranges

KD Range

G&M Positions

Phase lIb

Total

Surface Soil (0-2’)

782

199

544

192

754

1689

Deep Soil (>2)

53

0

94

0

1

95

Wipes/Brushings

0

0

6

0

0

GW

403

275

659

23

44

1003

Profile

209

148

174

19

341

Surface Water

0

38

38

Sediment

0

0

Storm Water

0

0

0

0

Total

1447

622

1515

Nfo|lo|o|o|MvV]|Oo|O|O

215

818

4619
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During the past year, various contractors have prepared 56 documents for the
National Guard Bureau and U.S. Army Engineer District, New England
(Bibliography for Camp Edwards, and Attp.//www.groundwaterprogram.org/
docsreps.htm). In addition, a number of presentations have been made on results
from the Camp Edwards investigation.

The results from the past year’s efforts have confirmed that three locations at
Camp Edwards are sources of groundwater contamination. These include the
Central Impact Area, Demolition Area 1 (Demo 1), and J Ranges. The
contaminants of concern (COCs) identified for the Central Impact Area in
groundwater are RDX, 2ADNT, and 4ADNT. Perchlorate could become a COC
for groundwater at this site as well. RDX is the most mobile and extends away
from the source area for 16,000 ft. A total of six explosive and propellant related
compounds have been detected in groundwater sampled from monitoring wells at
Demo 1, including perchlorate, RDX, HMX, 4ADNT, 2ADNT, TNT, and
2,4DNT. Perchlorate extends at least 9,000 ft, and RDX extends 4,000 ft from the
Demo 1 kettle hole. Groundwater contaminants identified at the J Ranges include
RDX, HMX, TNT, and perchlorate. Groundwater contaminants have not been
observed from the remaining sites. The observations from Camp Edwards
suggest that PEP compounds are of most concern at Camp Edwards and include
perchlorate, RDX, HMX, 4ADNT, 2ADNT, TNT, and 2,4DNT.

Ongoing activities include the design of a hydraulic containments system at
Demo 1, development of a Feasibility Study for the Central Impact Area,
updating the regional groundwater model for Camp Edwards, evaluation of the
connection between UXO, groundwater contamination, and further
characterization at the J Ranges and Phase IIB sites.

In April of FY02 we compared existing data for MMR Central Impact Area
with project data to date. Contaminant data for MMR are generally consistent
with what we have observed at other sites. Exceptions include the detections of
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perchlorates at MMR, which were not assayed at other sites, and higher HMX
values at MMR than observed at other sites. The finding of perchlorate resulted
in adding a list of organic contaminants other than explosives, including
perchlorate, to selected composite samples from CP1155 ranges (Table 1-2).
Results of analyses of six composite samples from Yakima Training Center
yielded two perchlorate values, 42 and 49 pg/kg”', which were slightly above the
detection limit (40 pg/kg™"), and two quantifiable values slightly below the
detection limit (“J values”). In the seven soils from Camp Guernsey, no
perchlorate values were above the detection limit and only one J value was
reported. Of three samples from the hand grenade range at Fort Wainwright, one
sample exhibited a J value for perchlorate. Detections of other organic analytes
included N-nitroso diphenyl amine (3,690 and 2,920 pg/kg™ in two Yakima soil
samples; detection limit 340 pg/kg™") and 1-methyl amino anthra quinone (5,930,
2,480, and 3,250 pg/kg™ in three Yakima soil samples; detection limit

340 pg/kg™). The first of these compounds is likely related to propellants and the
second to smokes or obscurants (dyes). Both of these compounds have been

detected at MMR.

Table 1-2

Organic Analytes other than Explosives

Chemical Name

Chemical Name

Phenol

Dimethyl phthalate

2-Nitrophenol

Acenaphthene

2,4-Dichlorophenol

Diethyl phthalate

2-Chlorophenol

N-Nitrosodiphenyl amine

2,4-Dimethylphenol

Fluorene

4-Chloro-3-methylphenol

4-Chlorophenyl phenyl ether

2,4,6-trichlorophenol

4-Bromophenyl ether

4-Nitrophenol

Hexachlorobenzene

Pentachlorophenol

Anthracene

2,4-Dinitrophenol

Fluoranthene

2-Methyl-4,6-dinotrophenol Phenanthrene

Benzoic acid Dibutylphthalate
2-Methylphenol Pyrene
2,4,5-Trichlorophenol Butylbenzylphthalate
2-Fluorophenol (Surrogate (25-121) S) Benzo(a)anthracene
4-Methylphenol Di-N-octylphthalate
Benzyl alcohol Chrysene
Phenol-D6(surrogate (14-113 S) Bis(2-ethylhexy)phthalate
2,4,6-Tribromophenol (Surrogate (19-122 S) Benzo(b)fluoranthene
N-Nitrosodimethylamine Benzo(k)fluoranthene

N-Nitroso-di-N-propylamine

Indeno(1,2,3-C,D)pyrene

2-Chlorophenol-d4 (Surrogate (20-130 S))

Benzo(G,H,l)perylene

Bis(2-chloroisopropyl) ether

Benzo(a)pyrene

Nitrobenzene

Dibenzo(A,H)anthracene

Isophorone

Aniline

2,6-Dinitrotoluene

4-Chloroaniline

1,2-Diphenylhydrazine

2-Methylnaphthalene

Bis(2-chloroethoxy)methane

3-Nitroaniline

(Continued)
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Table 1-2 (Concluded)

Chemical Name

Chemical Name

2,4-Dinitrotoluene

Dibenzofuran

3,3'Dichlorobenzidine

2-Nitroaniline

Bis(2-Chloroethyl)ether

4-Nitroaniline

1,4-Dichlorobenzene

Nitrobenzene-D5 (Surrogate (23-120 S) )

Hexachloroethane

p-Terphenyl-D13 (Surrogate (18-137 S) )

1,3-Dichlorobenzene

2-Chlorobenzaldehyde

1,2-Dichlorobenzene

2-Fluorobiphenyl (Surrogate (30-115 S) )

1,2,4-Trichlorobenzene

1,2-Dichlorobenzene-d4 (Surrogate (20-130 S) )

Naphthalene 1,3-Diethyl-1,3-diphenyl urea
Hexachlorocyclopentadiene Carbozole
Acenaphthylene 1-Methylamino anthraquinone

Hexachlorobutadiene

2,3-Dimethyl Butane

2-Chloronaphthalene

7H-Benz(de)-anthracene-7-one

Recommendations for MMR were sampling for DNTs with depth at gun
positions and sampling of standing water at the J-Range. Sampling in a
concentric pattern consistent with data collection at MMR will be included at the
next opportunity to better correlate project field data with specific MMR data.

Related On-Going and Leveraged Studies

Range characterization

U.S. Army Alaska Public Works. The U.S. Army Engineer Research and
Development Center (ERDC) Cold Regions Research and Engineering
Laboratory (CRREL) has an agreement with the U.S. Army Alaska Public Works
to conduct site investigations at four firing ranges, Range Alpha and Stuart Creek
at Fort Wainwright, and Washington and Delta Creek Ranges at Fort Greeley.
These site investigations will be leveraged to provide additional data on
concentrations of explosives residues in surface soils because of training range
activities. In FY02 methods to collect representative samples at firing points were
evaluated at the Fort Greeley ranges, including sampling at firing points. In
addition, experiments were conducted to evaluate various laboratory processing
protocols so that representativeness achieved in the field is not lost during

subsampling in the laboratory.

SERDP Compliance Project 1197. Battelle, Columbus, Ohio, is conducting
SERDP Compliance Project (CP) 1197 “A Field Program to Identify Toxic
Release Inventory Chemicals and Determine Emission Factors from DoD
Munitions Activities.” The objective of the project is to demonstrate a
methodology for measuring emissions of toxic release inventory (TRI) chemicals
from DoD munitions activities and to apply the method to determine emission
factors from munitions activities at DoD facilities. One focus of the project is to
collecting air samples after the firing of various munitions in test chambers at
Aberdeen Test Center (ATC), Maryland. Samples are collected both at the point
of weapon discharge and at the point of munition impact. One of the weapons
tested was the 105-mm howitzer, a munition for which we have conducted
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sampling of surface soils at the firing points for Project CP 1155 at Fort Lewis,
Washington, and at Fort Richardson, Alaska. Residues of the propellant 2,4DNT
were detected in analytical results from Project CP 1155 at both sites, but not
from Project CP 1197." Results at Fort Lewis indicated 2,4DNT in surface soils
where 105-mm howitzers had been fired over an intensive period in the summer
of 2000 (Jenkins et al. 2001, Pennington et al. 2001). As many as 600 rounds
were estimated to have been fired from each howitzer prior to sample collection.
Concentrations as high as 237,000 pg kg™ were observed in soils from an area
extending 30 m from the muzzle of the guns. The Fort Richardson tests were
conducted in March 2002 by firing five rounds and sampling from both metal
collection trays and surface snow at distances as far as 80 m from the muzzle.
Results of chemical analyses of Fort Richardson samples supported the findings
at Fort Lewis, in that 2,4DNT was detectable in all samples.

Microscopic analyses of material collected from the metal trays at Fort
Richardson provide a possible explanation for the nondetections observed at
ATC. Photographs taken through the optical microscope revealed several
different types of particles including a large number of long fibers. When we
added a colorimetric reagent that reacts with 2,4DNT to generate a reddish color,
only the long fibers reacted, indicating the presence of 2,4DNT within these
fibers (Figure 1-1). These fibers are most likely composed of nitrocellulose with
2,4ADNT imbibed as the plasticizer, since the 105-mm howitzers utilize single-
based propellant.

Our protocol for analysis of soils from firing points uses an overnight
extraction with acetonitrile. This solvent is quite effective at recovering 2,4ADNT
from these fibers deposited on soils, hence our detection of 2,4DNT in soil and
snow samples. On the other hand, the protocol used for the analysis of air
samples in the ATC tests may not release the 2,4DNT from these nitrocellulose
particles, and thus, they may not detect 2,4ADNT. We are currently conducting
comparisons of these procedures.

SERDP Compliance Project 1226. The Army Environmental Center (AEC)
is conducting a SERDP-sponsored project, CP 1226 “UXO Corrosion — Potential
Contamination Source” to identify the type, character, and rate of perforations in
casings of UXO underlying soil at U.S. military installations. The goal of the
corrosion project is to examine approximately 200 pieces of ordnance during the
study. Soils collected in proximity to UXO will be analyzed at ERDC. Data will
be leveraged with data amassed in CP 1155. The AEC is also conducting a
“Range Sustainment Program” to proactively ensure sustained training on ranges
and to protect drinking water sources on active ranges. Project CP 1155 has been
coordinated with this project and will share site access with this project whenever
possible to benefit both efforts.

' The apparent discrepancy between results of these two studies was the subject of a
Science Advisory Board “Action Item” for Project CP 1155. The discussion of analytical
differences is intended to address that action item.
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Figure 1-1. Development of red coloration in a fibrous particle of nitrocellulose
when treated with a reagent that reacts with 2,4DNT. Particle was
recovered near a firing point at Fort Richardson, Alaska

Canadian Range Characterization Programme. The Director Land Forces
Service (DLFS) from the Canadian Head Quarters has tasked Defence Research
and Development Canada (DRDC)-Valcartier (Val) scientists to perform research
characterization of their main army training area, to assess the impacts of live fire
training. Part of the work conducted within CP 1155 is strongly linked with this
objective. CP1155 includes partial funding for Canadian Forces Base (CFB)
Shilo and Gagetown for surface characterization, while the hydrogeological
portion of these studies are supported by DLFS. Moreover, the DLFS mandate
includes the analysis of other types of range contaminants such as heavy metals,
petroleum products, and radioactive compounds when appropriate. All the data
generated for these other analytes will be shared with CP 1155 project. The
DLFS mandate included other training area such as the one located at CFB
Valcartier and results obtained at this training area will be added to CP 1155
database. Future work at other Canadian training areas such as Petawawa or
Suffield will still be supported partly by DLFS. On a yearly basis, approximately
30 percent of the fund is contributed by the SERDP project.

Confined Burn Facilities (CBF) Projects. Efforts have been made over the
last several years to find alternative to incineration, or open burning and open
detonation of unnecessary munitions and explosives. Unlike SERDP Project
CP1155, which focuses on residues of munitions, these studies are focused
primarily on air quality when disposing of unneeded munitions by burning or
detonating. The Tooele Army Depot, Tooele, UT, has used various incineration
technologies including a furnace capable of burning 140 to 180 kg of energetics
material per hour, and the so-called “bang box” configurations for confined
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burning to capture air emissions for further treatment. A 1,000-cu m “bang box”
that can test 227 g of explosives or 2.27 kg of propellants has also been used at
the Dugway Proving Ground, Utah. The box, formally known as the Propellant,
Explosive, and Pyrotechnic Thermal Treatment Evaluation and Test Facility, is
instrumented to measure emissions. The Naval Sea System (NAVSEA) Surface
Warfare Center Division, Indian Head, MD, also has a CBF where they are
conducting a project sponsored by the Environmental Security Technology
Certification Program (ESTCP), “Confined Burn Facility Open Burning Ground
Replacement Technology,” the goal of which is to develop an environmentally
acceptable, economical, and proven alternative to open burning of munitions.

Fate and transport studies

Army Environmental Quality Technology Program. Three studies are
currently under execution at the ERDC-EL concerning fate and transport
processes for explosives. The studies are funded under the Installation
Restoration Research Program (IRRP) of the Army Environmental Quality
Technology Program. One work unit, A835/301X/UX001, “Characterization and
Mobilization of Unexploded Ordnance,” which concluded in FY02, quantified
chemical signatures emanating from UXO under various environmental and
geophysical conditions. The purpose of the study was to provide the technical
basis for chemical sensor development, for discrimination between UXO and
innocuous clutter, and for refinement in the classification of detected UXO. The
second work unit, A835/309E/RE004, “Fate and Transport of Explosives
Contaminants,” is developing screening level and comprehensive fate and
transport models and process descriptors for UXO in soil, aquifer, and aquatic
environments for evaluating the exposure component of risk assessments. The
third work unit, AF25/309F/HF201, “Fate and Transport of Propellants, Smokes,
and Illuminants,” is developing fate and transport process descriptors for
propellants, smokes, and illuminants. These work units are concerned with
explosives and other components from UXO rather than from the more diffuse
and diverse explosives residues that exist at firing ranges. However, transport
parameters developed under these work units will be used in the CP1155 study to
ensure a comprehensive and unified database. Approximately 10 percent of the
funds for defining fate and transport parameters are contributed by the SERDP
project.

UXO in marine environments. The Naval Facilities Engineering Service
Center, Port Huene, California, and the Space and Naval Warfare Systems
Center, San Diego, CA, are conducting a study in conjunction with the ERDC-
EL to determine toxicological and geochemical interactions of ordnance and
explosives in marine environments. Geochemical studies will determine
dissolution, adsorption, and transformation rates of explosives in marine
environments. Process descriptors determined in freshwater will be compared
with those determined in salt water to determine what descriptors are affected by
salinity. The toxicology studies will focus on toxicity, bioaccumulation, trophic
transfer, and tissue concentrations of explosives in marine organisms, and the
toxic effects of mixtures of explosives.

Chapter 1

Introduction



Chapter 1

Low-order detonations

Previous Main Charge Disruptor (MCD) testing. Creation of low-order
detonations has special application where disposal of munitions by blow-in-place
demolition requires consideration of the safety of personnel or of the integrity of
nearby property. A previous NAVEOD program, “Developmental Testing of the
Main Charge Disruptor (MCD),” was designed to reduce the hazard of removing
such munitions by developing methods to detonate the munitions without
releasing maximum energy. Testing was performed with the MCD against pipe
bombs and projectile munitions (Baker et al. 1997). Phase A involved testing of
the MCD tool against Mk 80 series and penetrator bombs (Blankenbiller 1999).
Additional testing (Phase B) was performed in November 1999 with the MCD
tool against more Mk 80 series bombs (Gill 1999). In May 2000, three MCD
candidates were tested against a variety of simulated UXO containing Tritonal,
PBXN-109, Composition H-6, and Composition B (Baker et al. 2000). Included
in the list of simulated UXO were the 155-mm, 105-mm, and 8-in. projectiles.
The MCD tool, chosen from testing in May 2000, demonstrated the ability to
achieve various yields based on placement and explosive loading of the tool.
Application of the MCD tool for studying residues from low-order detonations of
artillery projectiles for project CP 1155 was based on these previous tests.

Scope of Project CP1155

This project is designed to develop techniques for assessing the potential for
environmental contamination from energetic materials on testing and training
ranges. Techniques are being developed to define the physical and chemical
properties, concentration, and distribution of energetics and residues of
energetics in soils, and the potential for transport of these materials to
groundwater. Other issues, such as off-site transport in surface runoff, or as a
component of airborne dust, are also important, but are beyond the scope of the
project.

As installations are sampled, firing records from the past several years will
be used to estimate the source term of munitions potentially introduced to the
range. The estimates based on firing records will be compared with the field data
from the site to determine the value of the records-based estimates. Surface soils
associated with impact craters will be characterized for at least one U.S. and one
Canadian site. Transport parameters (desorption kinetics, partitioning
coefficients, and transformation and/or degradation rates) for TNT, RDX, and
HMX will be determined using field soils from the site. These site-specific
parameters will be related to soil properties and compared to values at other sites.
Residues from high-order detonations will be determined by initiating blasts on
snow and collecting the visible residue for chemical analysis. Residues from
additional blasts will be collected on witness plates. These sampling approaches
will permit characterization of spatial distribution of residues. ‘Ground truthing’
will consist of intensive soil sampling around impact craters on an active range.
These data will contribute to refinements in the soil sampling strategies for live
fire ranges.
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Tests will be conducted to reliably generate low-order detonations with low-
energy yields for two munitions. Residues from such blasts will be assayed to
develop a source term for use in fate and transport and risk assessment models.
The source term will detail the mass of explosive residue and, when appropriate,
its distribution and surface area.

As additional sites are characterized, the database will be expanded to
determine whether certain munitions consistently contribute more contamination
than others. The database of climatic and geological data will also be related to
contamination to determine whether these variables affect potential for
contamination. Pertinent data from MMR will be reviewed and compared to the
database to determine whether MMR residues are typical of other installations.

Objectives

The primary objective of the study is to provide the DoD with techniques to
assess the potential for groundwater contamination from residues of high
explosives (TNT, PETN, RDX, and HMX) at testing and training ranges. Results
of the project will facilitate informed management decision-making, minimize
environmental impacts of testing and training, and contribute to continued
operation of ranges.

Specific objectives include the following:

a. Develop a protocol that can be used to determine the nature and extent of
surface soil contamination around impact areas to include the sampling
strategy and analytical methods best suited to this application.

b. Provide source-term estimates for postblast residues based on the extent
of surface soil contamination and the attributes of dissolution and release
to fate and transport processes.

c¢. Provide new data for the relevant environmental processes controlling
the fate and transport of residues of high explosives on ranges.

Summary of Previous Year (FY01) Results

In FYO1, two U.S. installations, Yakima Training Center, Washington, and
Camp Guernsey, Wyoming, and one Canadian installation, CFB Shilo, were
characterized. Postblast residues from various heavy artillery munitions were
characterized by sampling surface soils associated with firing positions and with
craters from both high- and low-order detonations. At both U.S. installations,
ground and surface water was also sampled. Vegetation was also characterized
on the Canadian range. The study also included determination of transport
parameters for RDX transformation products, MNX, DNX, and TNX, and for
nitroglycerin. Dissolution rates and solubilities of TNT, RDX, and HMX were
determined on the compound and on three explosives formulations, LX-14,
Composition B, and octol.
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Results of range characterization studies indicate that various types of
military testing and training ranges differ in the contaminants present.
Consistently high concentrations (percent levels) of explosives residues were
found near ruptured ordnance. Artillery ranges are potentially very low nonpoint
sources of explosives residues with higher point sources randomly scattered
across the sites. A multi-increment composite sampling strategy is essential to
adequately characterize the distribution of contaminants on artillery ranges.
Contamination associated with demolition detonation of duded rounds using C4
is a potential concern. The use of C4 can result in incomplete detonations that
scatter RDX across the soil. Since RDX is an undesirable groundwater
contaminant, consideration should be given to improving the efficiency of blow-
in-place disposal of duded rounds.

Dissolution rates of TNT, HMX, and RDX increased with surface area,
temperature, and mixing rates. Since nitroglycerine degraded rapidly in all soils,
it is not expected to persist. The RDX transformation products, MNX, DNX, and
TNX, were generally stable in all soils tested. These compounds exhibit transport
potential consistent with RDX. Transport parameters used to model potential
groundwater contamination and to evaluate environmental or human health risk
should reflect formulations of the explosives present and the dissolution rates as
well as solubilities.

FY02 Execution

During FY02, two U.S. and two Canadian sites were characterized for
explosives residues resulting from live-fire soldier training: Fort Bliss, New
Mexico, Scofield Barracks, Hawaii, Cold Lake Weapon Range, Alberta, and
CFB Gagetown, New Brunswick. However, data acquisitions and interpretations
presented in this report are limited to Fort Bliss and CFB Shilo, which were
initiated in FY01 and for which data analyses were completed in FY02. Data for
Scoffield, Cold Lake, and Gagetown will be presented in the FY03 annual report.
Results of low-order testing initiated in FY01 are reported here. Additional low-
order tests were executed in FY02; however, data analyses are still in progress
and results will appear in the FY03 annual report. All FY02 execution of fate and
transport process descriptors is reported here.

Accomplishments to date of SERDP Project CP1155 include the following:

a. Data acquisition for estimating firing-range source terms for various
munitions and range usages including high-order detonations, low-order
detonations, and munitions firing points.

b. Protocol for characterizing soil contamination on various types of ranges
having high spatial and concentration variability, e.g., heavy artillery,

antitank, hand grenade, and air fighter training.

¢. Definition of the residues generated by various UXO demolition
procedures (blow-in-place).
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d. Process descriptors for range-specific energetic residues, including
dissolution rates, partition coefficients, and transformation rates.

A bibliography of technical reports and presentations generated during
execution of project CP1155 is included (Bibliography of CP 1155 Publications).
Web sites where reports may be available include the following:

e ERDC EL (http://www.wes.army.mil/el/t2info. html)

e ERDC CRREL
(http://www.crrel.usace.army.mil/products/products. html)

e R & D Défense Canada-Valcartier (http://www.valcartier.drdc-
rddc.gc.ca)

e MMR Impact Area Groundwater Study
(http://www.groundwaterprogram.org/index.htm)
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2 Site Characterization
Research at Dona Ana
Range, Fort Bliss, New
Mexico

Introduction
Background

In the 2 years of this project, training ranges at Fort Lewis (FL), Washington,
Yakima Training Center (YTC), Washington, and Camp Guernsey (CG),
Wyoming, were sampled to assess the potential for contamination of ground-
water with explosives-related contaminants (Jenkins et al. 2001, Pennington et al.
2001, 2002). At FL, surface soil samples were collected from three functional
areas; a hand grenade range impact area, a firing point for 105-mm howitzers,
and a portion of the artillery and mortar impact area. Groundwater was sampled
from monitoring wells and seepage areas around the periphery of the artillery
range. Historical firing records from an electronic database were reviewed to
determine the kinds of munitions items that had been fired on the heavy artillery
range over time.

At YTC, surface and shallow subsurface samples were collected from the
artillery impact area, an antitank rocket range, and a number of munitions firing
points. At CG, we collected soil samples from the artillery range impact area, a
155-mm firing point, and in areas impacted by low-order detonations, and blow-
in-place operations. Surface soil samples were also collected from another hand
grenade range at Fort Richardson (FR), Alaska.

All of these samples were analyzed for the presence of explosives and
propellant residues using either GC-ECD SW846 Method 8095 (USEPA 1999),
or reversed-phase high-performance liquid chromatography ultraviolet detection
(RP-HPLC) -Method 8330 (USEPA 1994). Method 8095 provides detection
limits from one to two orders of magnitude lower than Method 8330, but Method
8330 has proven more rugged in day-to-day operation.

The specific explosives and propellant residues found for a given type of
range varied, depending on the energetic compounds present in the munition used
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at that range. The distribution of explosives residues at these ranges was spatially
very heterogeneous. Concentrations of explosives-related compounds in soils
collected less than 1 m apart often differed by several orders of magnitude. To try
to obtain representative samples in these areas, multi-increment composite
samples were collected, and depending on the areas sampled, this improved the
representativeness of samples to a greater or lesser degree. Concentrations of
explosives residues in areas that were visibly free of craters, however, often had
explosives concentrations as high as soils collected from the rims of craters
formed from high-order detonations of various types of munitions. Much higher
concentrations of residue, however, were found near low-order detonations and
in some areas near blow-in-place operations.

Dona Ana Range, Fort Bliss, New Mexico

The Dona Ana Range at Fort Bliss (FB) is located in the southwestern corner
of New Mexico about 48 km (30 miles) north of El Paso, TX, and just south of
the White Sands Missile Range (Figure 2-1). (Fort Bliss has a Texas address and
the cantonment area is located at El Paso, TX; however, since the Dona Ana
Range is located in the New Mexico portion of the installation, we have desig-
nated the area with the New Mexico location rather than the Texas location
throughout.) Two impact areas are located within the Dona Ana Range Complex.
One is located on the eastern slope of Rattlesnake Ridge, which is the southern
most area of the Organ Mountains. The smaller range is directly north adjacent to
the southeastern slope of Organ Peak. The two impact areas are 11,441 and
1,784 acres, respectively.

The climate at Fort Bliss is semiarid with the mean annual rainfall and
temperature of 224 mm (8.8 in.) and 63.2 deg Fahrenheit. Historically, the two
driest months of the year are April and May with mean rainfall of 5 and 6 mm
(0.20 and 0.25 in.), respectively.

The Dona Ana Ranges are located in the northern Chihuaha biotic zone.
Because the amounts of rainfall are different at different altitudes, the plants that
inhabit various parts of the ranges differ. However, mesquite, sagebrush, sand
yucca, dropseeds, saltbush, broom snakeweed, creosote bush, tarbush, and white-
thorn are commonly found.

The soils at the Dona Ana Ranges are generally sandy loam, gravelly loam,
fine sands, and silt. The soils are generally calcareous and alkaline, and are well
drained.

The Dona Ana Ranges occupy most of the Organ Mountains and the alluvial
fans on the east and south flanks. It extends well out into the basins to the east.
The groundwater underlying the basin fill deposits is saline. The depth to ground-
water in this area varies from about 30.5 m (100 ft) in the central part of the basin
to 152 to 183 m (500 to 600 ft) near the heads of the alluvial fans. Most of the
potable water in the area is located in the lenses of fresh water along the basin
margins and the base of the mountains.
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Figure 2-1. Map of Dona Ana Range Complex, Fort Bliss, New Mexico

Objectives

The overall objective of the range characterization portion of this project was
to determine the distribution of residues of explosives and propellants at military
training ranges. Objectives for the FY 2002 study were to sample additional
installations with various types of range activities and in areas with differing
climates and soil types. This was to include both firing points and impact areas
for artillery and mortars. A specific objective was to continue to test the use of
composite sampling as a means of collecting representative samples in areas with
various contamination sources. An additional objective was to determine whether
surface intact and ruptured UXO items are localized contamination sources at the
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various types of ranges. These sampling studies at firing points and impact
ranges will also be used to determine if the conclusions obtained at the Fort
Lewis, Yakima Training Center, and Camp Guernsey artillery ranges can be
generalized to other sites.

The Dona Ana Range at Fort Bliss was selected for study because of the
ability to access these ranges during the period that had been set aside for the
U.S. Army Environmental Center (AEC) and the U.S. Army Center for Health
Promotion and Preventive Medicine (CHPPM) to conduct a range
characterization/screening level risk assessment. In addition, we had not sampled
an artillery impact area that was located in the desert region of southwestern
United States, and we were interested in the accumulation of residues that would
occur in a very arid climate.

One specific objective of the research conducted at Fort Bliss was to assess
the sample representativeness that can be achieved using 30-increment surface
soil composites for grids that are 10 m x 10 m in size. Because the entire surface
soil in this area to a depth of 2.5 cm is estimated to be about 4.25 x 10° kg, it is
not possible to sample and adequately subsample this entire area to estimate the
“true” value for this grid. Our approach was to take duplicate 30-increment
composite samples and determine to what degree the concentration estimates
from these samples could be replicated.

Materials and Methods

Stratified random sampling

We collected several different types of soil samples at the Dona Ana Ranges
Complex at Fort Bliss. In collaboration with field teams from CHPPM and AEC,
we sampled a total of 19, 10-m x 10-m minigrids using duplicate 30-increment
composite samples collected from the surface to a 2.5-cm depth (Figure 2-2). The
protocol used to select these grids was developed as a part of the range
characterization/risk screening effort being conducted by CHPPM/AEC. We
collected soil samples in these grids using stainless steel hand shovels; the total
mass of soil collected for these composite samples ranged from 1 to 2 kg.

Seven of these minigrids were located in an area used for firing 155-mm
howitzers; the other 12 minigrids that were sampled were within the boundaries
of the artillery impact area. These minigrids were selected from a set of randomly
located minigrids established by personnel from CHPPM. The CHPPM personnel
were conducting a range characterization at the same time that we were conduct-
ing our research study at Fort Bliss. These same 19 minigrids were sampled by
CHPPM/AEC personnel. Samples collected by CHPPM/AEC were also com-
posites collected at five predesignated locations within each minigrid as shown in
Figure 2-2. The depth of sampling for the CHPPM/AEC samples was 0 to
7.5 cm.
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Sampling Scheme for Stratified Random Sampling in 10-m by 10-m Minigrids
Conducted Jointly with CHPPM
Dona Ana Range Complex
Ft. Bliss, New Mexico
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Figure 2-2. Diagram of CRREL, CHPPM, and AEC sampling strategies for
stratified random sampling of minigrids at Dona Ana Range, Fort
Bliss, New Mexico

Judgmental sampling

In addition to samples collected from randomly selected grids, we also
collected discrete and composite samples from other areas of the Dona Ana
Range. These judgmental samples were collected where we observed various
surface anomalies that we suspected might result in deposition or release of
residues of energetic compounds. These included samples collected near artillery
targets, in areas where chunks of explosives or propellants were observed on the
surface, from the firing line at a LAW rocket range, from areas where low-order
detonation debris was observed, from several craters including a demolition
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crater, and from areas with unexploded ordnance (UXO). Composite samples
were collected in an identical manner as described above for minigrid sampling.
At several locations, we also collected five-point composite samples using the
approach described above for samples collected by CHPPM/AEC personnel.
Discrete surface and shallow subsurface soil samples were also collected in some
of these same areas. Composite surface soil samples were collected at the firing
point of a LAW rocket range at predetermined distances in front of and behind
the firing line. A description of the areas sampled is provided below in Sample
Collection and Processing.

All composite samples were placed in 305- x 381-mm (12- x 15-in.)
polyethylene bags (KNF Clean Room Products, Inc., Ronkonkoma, NY). After
collection, these bags were sealed using cable ties and were placed in Zip Lock
bags and shipped to the laboratory in ice filled coolers by overnight carrier. Upon
arrival at CRREL the samples were frozen at —30 °C until extracted and ana-
lyzed. Discrete soil samples were placed in Zip Lock bags and shipped to the
laboratory and stored as described above.

Artillery targets. Composite samples were collected around the circum-
ference of five artillery targets (old tanks). For tanks 1 and 5, duplicate samples
were collected at a distance of 0 to 2 m and 5 m from the target (Figure 2-3). For
tank targets 2 through 4, duplicate composites were collected only at the 0- to
2-m distance. Of the five targets sampled, target 5 was the most heavily
impacted. Near tank target 1, there was a large open demolition (OD) crater that
appeared to be used by explosive ordnance disposal (EOD) personnel for the
destruction of unexploded ordnance (UXO). Targets 2 through 4 showed very
little damage from training.

Areas with visible chunk explosives. Two areas were found where large
numbers of pieces of explosive were visible on the surface. In each area, a 10-
x 10-m minigrid was established, and the individual pieces of explosive were
picked up and the number and mass recorded. In the first area, 34 pieces of
explosive were found that weighed a total of 67 g. The largest piece weighed
44 g. The presence of these pieces of explosive appeared to be the result of two
low-order 90-mm recoilless rifle rounds that were present adjacent to the 10-

x 10-m area. Several different types of samples were collected in this area
(Figure 2-4): seven 30-increment surface composites (0- to 2.5-cm depth), five
S-increment (0- to 7.5-cm) composites, and five discrete (0- to 2.5-cm) samples.
In addition, discrete samples were collected directly under a chunk of explosive
at0tolcm, 1to2cm,and?2to3 cm.

In the second 10- x 10-m area littered with chunk explosives, we collected
about 100 pieces (Figure 2-5). Sampling was conducted in a similar manner:
seven 30-increment (0 to 2.5 cm) composites, five five-increment composites (0
to 7.5 cm), and five surface discrete samples (0 to 2.5 cm). In addition, four
subsurface discrete samples at a 5- to 7-cm depth were collected below the first
four surface discrete samples.
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Sampling Scheme Used at Heavily Damaged Tank Target
Dona Ana Range Complex
Ft. Bliss, New Mexico
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Figure 2-3. Diagram for samples collected near a heavily damaged tank target at
Dona Ana Range, Fort Bliss, New Mexico

A third area where chunk explosive was observed on the surface was within a
ravine (arroyo) where a 155-mm round had undergone a low-order detonation.
Several pieces of explosive were observed in front of the open end of the round
(Figure 2-6). Discrete surface soil samples were collected at distances of 20 cm,
and 1, 2, 3, 4, 5, 12, 30, 50, and 100 m down the dry ravine from the location of
the low-order 155-mm round (Figure 2-7).
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Sampling Scheme for 10-m by 10-m Minigrids Contaminated with Chunk Explosives
Dona Ana Range Complex
Ft. Bliss, New Mexico
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Figure 2-4. Diagram for samples collected for a 10- x 10-m area contaminated with pieces of TNT at
Dona Ana Range, Fort Bliss, New Mexico
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Figure 2-5. Photograph of pieces of TNT found within 10- x 10-m area sampled at
Dona Ana Range, Fort Bliss, New Mexico

Figure 2-6. Photograph of low-order 155-mm round with chunks of TNT visible
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Sampling Scheme for Soil Near Low-Order 155-mm Round in Ravine
Dona Ana Range Complex
Ft. Bliss, New Mexico
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Figure 2-7. Diagram for samples collected in a ravine down slope from a low-
order 155-mm round at the artillery impact area at Dona Ana Range,
Fort Bliss, New Mexico
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Firing point at LAW rocket range. Surface composite samples were
collected in front of and behind the firing line at Range 53, a LAW rocket range
(Figure 2-8). Duplicate 30-increment composites were collected along a 6-m strip
parallel with and 5 m and 10 m behind the firing line. Duplicate 30-point com-
posites were also collected at distances of 10, 20, and 30 m in front of the firing
position along a 10-m strip parallel with the firing line.

Low-order detonations. A number of samples were collected next to muni-
tion items that had undergone low-order detonations. The first area sampled was
next to a 155-mm howitzer round that had low ordered. Surface and subsurface
discrete soil samples were collected next to the round at 0 to 2.5 cm and 2.5 to
7.5 cm, respectively.

Four soil samples were collected near a low-order 90-mm recoilless rifle
round (Figure 2-9). A discrete sample was collected below the low-order round
next to several pieces of chunk explosive. Discrete surface samples were also
collected at 2 and 3.7 m downslope of the round. A composite surface soil
sample was also collected in an arc 6 m downslope of the round. This sample and
other composites were composed of 30 individual increments, unless otherwise
stated.

A discrete sample was collected next to another 155-mm round that had
undergone a low-order detonation. The soil sample was collected under several
pieces of explosive that were moved. A composite surface sample was collected
in front of the round at a distance of about 1 m. One discrete and one composite
sample were collected 1.5 m downhill from the composite sample in an area
expected to receive runoff from the round.

Crater samples. Several craters were sampled at various locations on the
Dona Ana range. The first crater sampled was formed from the impact of a large
9.5-cm-diam rocket. A composite sample was collected from the crater walls and
bottom. The EOD staff members were not familiar with this munition item. The
next crater sampled may have been formed from a 90-mm recoilless rifle round
because one was observed in the bottom of the crater. A surface composite was
collected in a circular pattern at a distance of 1 m from the edge of the crater.
Several samples were collected around a large open demolition crater located
adjacent to tank target 1. Samples were collected from the bottom, the side-wall,
and the rim of the detonation crater. Duplicate composite samples were also
collected within the crater formed from the impact of a 5-in. rocket that had not
detonated. Lastly, a surface composite sample was collected combining soil from
the bottom and walls of a crater of unknown origin.

Soil samples collected next to UXO items. A number of samples were
collected next to intact and ruptured UXO items. The first sample of this type
was collected next to a small opening on the side of the nose of a 155-mm round.
The outer surface of the metal next to the opening was wiped and screened using
the EXPRAY kit and the result was positive for nitroaromatics (probably TNT).
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Sampling Locations at LAW Rocket Range
Dona Ana Range Complex
Ft. Bliss, New Mexico
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Figure 2-8. Diagram for samples collected near the firing line at
the LAW rocket range, Dona Ana Range, Fort Bliss,
New Mexico
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Sampling Areas for Soil Near 90-mm Recoilless Rifle Round
Dona Ana Range Complex
Ft. Bliss, New Mexico
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Figure 2-9. Diagram for samples collected near a low-order 90-mm recoilless rifle
round at Dona Ana Range, Fort Bliss, New Mexico

Two discrete samples were collected around a 2.75-in. rocket warhead
(Figure 2-10). The second sample was collected next to a hole in the propellant
end of the rocket. A discrete soil sample was collected under the nose of a
155-mm round with the fuse missing and under a second 155-mm round with the
fuse and booster missing. A surface discrete sample was also collected next to a
2.75-in. rocket from which the fuse and booster were missing.
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Figure 2-10. Photograph of low-order 2.75-in.
Fort Bliss, New Mexico

rocket warhead, Dona Ana Range,

Sample collection and processing

Subsampling. The samples from Fort Bliss were very dry and required no
additional air-drying prior to processing. Composite soil samples were warmed to
room temperature and passed through a 10-mesh sieve to remove small stones
and pieces of metal. The material that passed the 10-mesh sieve was further
separated by passing through a 30-mesh sieve. The material that passed the
30-mesh sieve (less than 0.6 mm) was placed in an aluminum pie pan and
thoroughly mixed. A 5.00- + 0.02-g subsample of soil was removed by collecting
about 15 individual portions from random locations on the pie pan. Laboratory
duplicates were obtained in an identical manner for about one-fifth of the com-
posite samples. Discrete samples were passed through the 30-mesh sieve and the
entire amount that passed the sieve was weighed and used for analysis.

The sieves were cleaned between samples by initially dislodging as much of
the material as possible, then rinsing thoroughly with deionized water, and bottle
spraying with acetone.

Selected soil samples were ground on a LabTechtnics (Labtech Essa Pty.
Ltd., Bassendean, WA, Australia) ring mill at CRREL. The grind time was
70 sec.

Extraction. Soil subsamples (5-g) were placed into 20-ml glass vials and a
10-ml aliquot of acetonitrile (AcN) was added to each. For subsamples less than
5 g, the proportion of soil (mass, g) to acetonitrile (volume, mL) was maintained
at about 1 to 2. The vials were individually placed on a vortex mixer for 30 sec to
suspend the soil particles, and the vials were placed in an ultrasonic bath for
18 hr. The temperature of the bath was maintained at less than 25 °C with cooling
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water. The vials were removed from the bath and allowed to stand undisturbed
for at least 30 min (USEPA 1994).

For samples analyzed by gas chromatography (GC), the extracts were filtered
through a 25-mm Millex-FH (0.45-um) disposable filter, discarding the first
milliliter and collecting the remainder in a clean autosampler vial. For samples to
be analyzed by reversed-phase high-performance liquid chromatography
(RP-HPLC), a 1.0-ml portion of the filtered extract was mixed with 3.0 mL of
reagent grade water. These processed extracts were refrigerated until analyzed.

Composite samples collected using the stratified random sampling method
were analyzed using GC-ECD (electron capture detection) (USEPA 1999), as
described below. Judgmental samples, collected near targets, firing points, low-
order detonations, or chunks of explosives, were analyzed using either RP-HPLC
or GC-ECD based on the level of contamination expected on the basis our
previous studies (Jenkins et al. 2001, Pennington et al. 2002). Those expected to
have concentrations above 1,000 pg/kg” were analyzed using RP-HPLC. Those
expected to have to have concentrations below this value were analyzed using
GC-ECD. In a number of cases, samples were analyzed using both methods, and
when this occurred, values in excess of 1,000 pg/kg” were taken from the
RP-HPLC analyses.

GC-ECD analysis. Soil sample extracts were maintained at 4 °C until
analyzed, generally within 14 days of extraction. The autosampler vials con-
taining acetonitrile soil extracts were placed into GC autosampler trays that were
continuously refrigerated by circulating 0 °C glycol/water through the trays.

The samples were injected onto a HP-6890 GC equipped with a microcell
%Ni electron capture detector. Results were obtained according to the general
procedure outlined in EPA SW846 Method 8095 (USEPA 1999). Direct injection
of 1 uL of soil extract was made into a purged packed inlet port (250 °C)
equipped with a deactivated Restek Uniliner. Primary analysis was conducted on
a 7- x 0.53-mm ID fused-silica column, with a 0.5-pm film thickness of
5 percent-(phenyl)-methylsiloxane (Rtx-5MS from Restek, Bellefonte, PA). The
GC oven was temperature programmed as follows: 100 °C for 2 min, 10 °C/min
ramp to 270 °C, 2-min hold. The carrier gas was hydrogen at 10 mL/min (linear
velocity approximately 95 cm/sec). The ECD makeup gas was nitrogen flowing
at 45 mL/min. The detector temperature was maintained at 300 °C. Retention
times for target analytes are presented in Table 2-1. All extracts were also
reanalyzed on a confirmation column, a 6-m x 0.53-mm ID having a 1.0-pm film
thickness of a proprietary phase (Rtx-TNT-2 from Restek). The GC oven was
temperature programmed as follows: 130 °C for 1 min, 10 °C/min ramp to
160 °C, and then 30 °C/min to 270 °C, 2.3-min hold. The carrier gas was hydro-
gen at 15 mL/min (linear velocity approximately 150 cm/sec). The detector
temperature was maintained at 300 °C. Retention times for target analytes using
this separation are also presented in Table 2-1. Where analyte concentrations
exceeded the highest standard, appropriate dilutions of the extracts were made
and the diluted extracts analyzed. If analyte concentrations were within the linear
range of the ECD, concentrations reported were taken from the determination on
the primary column, unless co-elution with another compound appeared to occur.
In such cases, reported concentrations were taken from the determination on the
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confirmation column. Estimated detection limits for the GC-ECD analyses are
given in Table 2-2. Multianalyte standards (Method 8095 (USEPA 1999)) were
purchased from Restek and instrument calibration utilized five concentration
levels.

2-16

Table 2-1
GC Retention Times for Target Analytes for the Primary and
Secondary Columns
Retention Time, min

Analyte RTX-5 RTX-TNT-2
Nitrobenzene 0.57 0.51
o-Nitrotoluene 0.79 0.65
m-Nitrotoluene 0.93 0.81
p-Nitrotoluene 1.01 0.9
NG 2.33 2.46
1,3DNB 3.16 2.78
2,6DNT 3.32 2.58
2,4DNT 4.08 3.46
TNB 5.85 5.05
TNT 5.99 4.94
PETN 6.95
RDX 7.56 5.8
4ADNT 8.1 5.53
3,5DNA 8.18 57
2ADNT 8.5 5.87
Tetryl 9.38 6.37
HMX 13.48 6.37
Table 2-2
Explosives Detection Limits for Soil

Soil, ug/kg-1
Analyte RP-HPLC GC-ECD
HMX 26 26
RDX 34 3
TNB 16 3
TNT 16 1
2,6DNT 19 0.8
2,4DNT 28 0.8
2ADNT 38 25
4ADNT 32 1.6
NG 20 2
DNA Co-elutes with NB 2
DNB 100 07
TETRYL 600 20
PETN 500 (est.) 16
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RP-HPLC analysis. High concentration extracts were analyzed by
RP-HPLC according to the general outline provided in SW846 Method 8330
(USEPA 1994). When samples were analyzed by both GC-ECD and RP-HPLC,
concentrations above 1,000 pg/kg” were taken from the HPLC analysis, which
had a higher range of linearity. Analysis was conducted on a modular system,
from Thermo Finnigan (Thermo Separation Products Inc., San Jose, CA),
composed of a SpectraSYSTEM Model P1000 isocratic pump, a
SpectraSYSTEM UV2000 dual wavelength UV/VIS absorbance detector set at
210 and 254 nm (cell path 1 cm), and a SpectraSYSTEM AS3000 auto sampler.
Instrument calibration, data capture, analysis, and reporting was performed using
ChromQuest software. Nitroglycerin and PETN concentrations were taken at the
210-nm wavelength and the remaining analytes at 254 nm.

Separations were conducted on a 15-cm x 3.9-mm (4-um) NovaPak C-8
column (Waters Chromatography Division, Milford, MA) eluted with 15:85
isopropanol/water (v/v) at 1.4 ml/min. Samples were introduced by overfilling a
100-ul sampling loop. Concentrations were estimated against commercial
multianalyte standards (Restek 8095 multianalyte standard) from peak heights.
Estimated detection limits for the RP-HPLC method are presented in Table 2-2.
Retention times of the analytes of interest are shown in Table 2-3.

Table 2-3

RP-HPLC Retention Times (min) of Target Analytes (Explosives,
Propellants, Manufacturing Impurities, and Transformation
Products)

Compound Retention Time'
HMX 1.40
TNB 2.29
RDX 2.61
DNB 4.37
TNT 4.99
Tetryl 5.65
NB + DNA 6.82
NG 7.51
2,ADNT 9.68
2,6DNT 11.82
2ADNT 12.63
4ADNT 14.38
PETN 15.63
p-NT 16.91
o-NT 17.34
m-NT 19.32

'HPLC column, 15-cm x 3.9-mm (4-um) NovaPak C-8 column eluted with 15:85 isopropanol/water
(v/v) at 1.4 ml/min.

Onsite sample processing. Several composite and discrete samples were
subsampled onsite. Each field sample was air-dried, passed through a 10-mesh
(2-mm) sieve; manually ground with a hand grinder mill, then returned to the
plastic sample bag and thoroughly mixed (Figure 2-11). Seven subsamples were
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taken from one composite sample and duplicates were taken from all of the
others. Subsampling was performed after pouring the contents of the bag onto a
fresh sheet of aluminum foil. The sample was slowly poured in a long rectangular
pile, passing back and forth several times. After completion of the layered cake
two large paint scrapers were used to remove sections (entire cross section) from
the pile. Subsamples were wrapped in aluminum foil and returned to CRREL for
analysis.

Figure 2-11. Photograph of manual soil grinder and sieves tested at Fort Bliss,
New Mexico

Onsite screening using EXPRAY Kkit

The Expray kit (Plexus Scientific, Silver Spring, Maryland) was used to help
identify the composition of explosives residues associated with low-order rounds.
Suspected pieces of high explosives and propellants were rubbed with test sheets,
or a Q-tip when reaching into a cavity, then sprayed sequentially with two
aerosol cans provided in the Expray kit. In addition, small pieces of suspected
materials were also dissolved in acetone, then a drop of the solution was
transferred to a test sheet and allowed to dry before spraying. This second
approach was less susceptible to a false indication for the presence of nitramines
when rubbing pieces of TNT.

Results
Stratified random sampling

The results for samples collected at minigrids selected, using CHPPM’s
stratified sampling protocol, are presented in Table 2-4.
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Table 2-4
Concentrations of Explosives in Soil Samples Obtained Using Stratified Random
Sampling Approach’, pg/kg™

CHPPM Sample CRREL Sample
Number Number HMX RDX TNT NG 2,ADNT 2,6DNT 2ADNT 4ADNT
FP-100-SL-01 BC-1 <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
BC-2 <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
FP-100-SL-03 BC-3 <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
BC-4 <26 <3 <1 <2 <0.8 <0.8 <25 <1.6
FP-100-SL-04 BC-5 <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
BC-6 <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
FP-100-SL-05 BC-7 <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
BC-8 <26 <3 <1 <2 <0.8 <0.8 <25 <1.6
FL-100-SL-06 BC-9 <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
BC-10 <27 9 <1 <2 <0.8 <0.8 <2.5 <1.6
FL-100-SL-07 BC-11A <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
BC-11B <26 <3 <1 26 <0.8 <0.8 <2.5 <1.6
BC-12 <26 <3 <1 968 <0.8 <0.8 <25 <1.6
FP-100-SL-08 BC-13 <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
BC-14 <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
ST7-SL-09 BC-15 <26 <3 <1 177 11 <0.9 <25 <1.6
BC-16 <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
ST7-SL-12 BC-17 <26 <3 <1 <2 <0.8 <0.8 <2.5 2
BC-18 <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
ST7-SL-11 BC-19 <26 9 49 <2 <0.8 <0.8 <25 <1.6
BC-20 <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
ST7-SL-07 BC-22 <26 <3 30 <2 <0.8 <0.8 <2.5 <1.6
BC-23 <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
ST7-SL-08 BC-24A <26 <3 <1 <2 <0.8 <0.8 <25 <1.6
BC-24B <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
BC-25 <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
ST4-SL-05 BC-30 <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
BC-31 <26 <3 15 171 <0.8 <0.8 <25 <1.6
ST7-SL-15 BC-43 <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
BC-44 <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
ST4-SL-07 BC-52 <26 5) <1 <2 <0.8 <0.8 5) 8
BC-53 <26 8 <1 <2 <0.8 <0.8 8 11
ST4-SL-01 BC-54 <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
BC-55 <26 <3 <1 <2 <0.8 <0.8 <2.5 4
ST4-SL-2 BC-56A <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
BC-56B <26 <3 <1 <2 <0.8 <0.8 <25 <1.6
BC-57A <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
BC-57B <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
ST4-SL-08 BC-58A 26 <3 <1 634 3 <0.8 <2.5 <1.6
BC-58B <26 <3 <1 127 <0.8 <0.8 <25 <1.6
BC-59A <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
BC-59B <26 <3 <1 <2 <0.8 <0.8 <2.5 <1.6
ST2-SL-14 BC-75A 66 <3 <1 355 <0.8 <0.8 12 <1.6
BC-76A <26 <3 11 81 <0.8 <0.8 8 <1.6

with CHPPM.

' These results were generated in the CRREL analytical laboratory. CHPPM also collected samples within this grid. Values above
analytical detection limits are shaded. CRREL collected duplicate samples (e.g., BC-1 and BC-2) in each grid that we sampled
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The first seven minigrids, labeled FP-100, were collected at an area that has
been used for firing 155-mm howitzers. Samples from only two of these 10-m
x 10-m sampling areas had detectable levels of residues of energetic compounds.
One replicate sample in grid FL100-SL-06 had a barely detectable level of RDX
(9 pg/kg™), but neither RDX nor any other target analyte was detected in its
replicate sample. For grid FP100-SL-07, nitroglycerine (NG) was detected at
968 ug/kg™ in one field duplicate sample and at 26 pg/kg™ in one of two
laboratory replicates of the other field duplicate. NG was not detected in the
second laboratory replicate from this second field duplicate. NG is a component
of double- and triple-based propellants and its presence in soils at firing points is
not surprising. The source of RDX in the one firing point sample is unknown, but
the concentration is just above analytical detection limits of 3 ug/kg™. In general,
though, very little residue of energetic materials was found in the surface soils in
these seven randomly selected firing point minigrids.

The other 12 randomly selected minigrids were located within strata, defined
by the CHPPM/AEC sampling plan, within the artillery range impact area. These
samples are labeled ST7, ST4, and ST2 in Table 2-4.

Concentrations of explosives residues were detected sporadically and at low
concentrations in the samples from the impact area. RDX was detected in 4 of the
24 samples collected in the impact areas at a maximum concentration of
9 png/kg”. TNT was detected in three samples at a maximum concentration of
49 pg/kg”. HMX was detected in two samples with a maximum concentration of
66 ng/kg”. The agreement of replicate field samples was poor for these low
concentration samples except for sample ST4-SL-07, where the concentrations
obtained for RDX and the two transformation products of TNT (2ADNT and
4ADNT) agreed very well.

Propellant residues (NG, 2,4DNT) were also detected in some of the impact
area samples. NG was detected in 4 of the 12 samples with a maximum concen-
tration of 634/pg/kg”. Two samples revealed 2,4DNT, but the maximum concen-
tration was only 11 pg/kg”. The agreement of concentrations for replicate field
samples was poor for propellant residues in these samples, also. Residues of
energetic compounds in this artillery range impact area appear to be so hetero-
geneously distributed that even the collection of 30-point surface composite
samples is inadequate in providing reproducible samples.

For these randomly collected samples, five sets of laboratory duplicates were
analyzed. These duplicate subsamples were obtained after soil samples were
sieved and thoroughly homogenized. Even so, the agreement between laboratory
duplicates is poor for those samples where residues were detected (Table 2-4). In
most cases, the concentrations were very low, near analytical detection limits. In
sample BC58, though, the concentration of NG was above 100 pug/kg™ in both
BC58A and BC58B, 634 and 127 pg/kg’', respectively, a relative percent
difference (RPD) of 133. Thus, even for subsamples from a given sample, the
analyte distribution is heterogeneous, and the ability to replicate analytical results
at low concentrations is poor.

These analytical results for samples collected using stratified random
sampling demonstrate that residues of explosives and propellants are very low
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over most of the Dona Ana Range at Fort Bliss. Except for NG, the concentra-
tions of these residues were below the detection limits for SW846 Method 8330
(USEPA 1994), the most commonly used analytical method for explosives
residues in soil. When SW846 Method 8095 (USEPA 1999) was used for
analysis, some target analytes were detectable, but never above 66 pg/kg”. For
NG, concentrations up to 634 pg/kg™ were detected, but the half-life of NG in
moist soil under aerobic conditions is very short (Jenkins et al. in preparation;
Brannon et al. 2002). We believe that the NG in these samples is present within
very small propellant particles and will rapidly decline when these desert soils
are moistened and the NG dissolves into soil solution.

Judgmental sampling

Artillery targets. Composite surface soil samples were collected around five
tank targets in the artillery range impact area. At Tank Target 1, duplicate,
30-point composite samples were collected around the circumference of the tank
at distances of 0 to 2 m and 5 m from the edge of the tank. The results are shown
in Table 2-5. At the 0- to 2-m distance, one duplicate sample (BC37) had concen-
trations of HMX and RDX of 5,130, and 3,430 pg/kg, respectively, but no
detectable levels of TNT. In the other replicate (BC38), the concentration of TNT
was 1,380/png/kg" and the concentrations of HMX and RDX were 1,110 and
702 pg/kg”, respectively. The relative percent differences for HMX and RDX
were 128 and 132, respectively. These results confirm the difficulty in obtaining
representative samples in impact areas. The relatively high HMX concentrations
relative to RDX may indicate that this target had been used for training with
antitank rockets as well as artillery. HMX is not a component of artillery or
mortar rounds except as an impurity in RDX, but HMX is the major component
of octol that is the explosive used in antitank rockets.

Table 2-5
Concentrations of Explosives in Soils Near Tank Targets within the Artillery Impact
Range at Dona Ana, pg/kg™

CRREL Sample

Number Location' (m) Target Number | HMX RDX TNT NG 2,ADNT 4ADNT
BC 37 0-2 1 5,130 3,430 <16 <20 <28 76
BC 38 0-2 1 1,110 702 1,380 300 <0.8 124
BC 39A 5 1 <26 <34 1,360 270 <28 54
BC 39B 5 1 <26 14 1,120 250 <0.8 66
BC 40 5 1 50 13 23 352 <0.8 93
BC 45 0-2 2 <26 <3 <1 26 <0.8 <1.6
BC 50 0-2 3 <26 <3 <1 <20 <0.8 42
BC 51A 0-2 4 <26 13 18 <20 <0.8 18
BC 51B 0-2 4 47 13 17 <20 <0.8 20
BC 77 0-2 5 1,160 336 <16 482 <28 <32
BC 78 0-2 5 380 390 <1 800 <0.8 <1.6
BC 79 5 5 88 51 <1 47 <0.8 8
BC 80 5 5 <26 17 <1 1,370 <0.8 <1.6

'Distance (m) that samples were collected from target.
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At the 5-m distance for Tank Target 1, the mean concentration for the two
analytical duplicates in the first replicate sample (BC39A and BC39B) was
1,240 pg/kg™ for TNT, 260 pg/kg™ for NG, and 60 pg/kg” for 4ADNT. The
concentrations in the second field replicate were quite different for all of the
target analytes that were detected, except NG. The concentration of TNT, for
example, was only 23 pg/kg” compared with 1,240 pg/kg™ for the first field
replicate, a relative percent difference of 192 percent, while the concentration of
NG were 260 and 352 pg/kg, respectively, a relative percent difference of only
33.9 percent. This appears to indicate that TNT and NG were deposited
separately with a different degree of spatial heterogeneity. This is reasonable
because TNT is an explosive, generally deposited from detonations, whereas NG
is mainly used as a component of double- and triple-based propellants and is
often found at firing points.

Analysis of soil samples collected at a distance of 0 to 2 m around the peri-
meter of Tank Targets 2, 3, and 4 are presented in Table 2-5. Concentrations of
residues of explosives and propellants are less than 50 pg/kg™ in all cases. Only
for Tank Target 4 were field duplicate samples collected. Results were quite
reproducible except for HMX, which was detected at 47 pg/kg™ in one replicate
and not detected in the other. Concentrations of RDX, TNT, 2ADNT, and
4ADNT were in excellent agreement for these two field replicates, even though
the concentrations were 20 pg/kg™ or less. Visual inspection of these three tanks
and areas in their proximity indicated that these targets had not been used to any
great extent for training. Thus, the low concentrations found here were consistent
with usage.

Tank Target 5 had been used extensively for firing activities as evidenced by
extensive damage to the target and a large amount of cratering and munitions
debris in the vicinity. Residue concentrations were similar to those found at Tank
Target 1 (Table 2-5). For samples collected at 0 to 2 m, HMX, RDX, and NG
concentrations ranged from 336 to 1,160 pg/kg™ (Figure 2-12). At 5 m, all
concentrations were less than 100 pg/kg”', with the exception of one field
replicate where the NG concentration was 1,370 pg/kg”. TNT was not detected
in these samples although very low concentrations (8 pg/kg") of 2ADNT and
4ADNT were found in one field replicate sample at 5 m, indicating that TNT had
been present at some point in the past.

The two field replicate samples collected at the 0- to 2-m distance were in
fair agreement (relative percent differences of 14.9 for RDX, 49.6 for NG, and
101 for HMX). Concentrations in these samples were all in excess of
100 pg/kg™”. Concentrations for field replicate samples collected at the 5-m
distance did not agree well. The relative percent differences for NG and RDX
were 187 and 100, respectively. HMX was detectable in only one duplicate. The
concentrations in these samples, however, were generally less than 100 pg/kg™”,
and replicating samples in areas of lower concentration may be difficult. Two
laboratory subsamples from BC39 were analyzed and the agreement was good,
indicating that sample homogenization prior to subsampling was adequate for
this sample. Mean concentrations for TNT and NG were 1,240 and 260 ug/kg,
respectively, with RPDs of 19.4 percent and 7.7 percent. Similarly, mean
concentrations for 2ADNT and 4ADNT were 48 and 60 pg/kg ', with RPDs of
8.3 percent and 20.0 percent, respectively.
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RDX Concentrations for Composite Surface Soil Samples
at Heavily Damaged Tank Target
Dona Ana Range Complex
Ft. Bliss, New Mexico
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Figure 2-12. RDX concentrations (ug/kg) in surface composite samples near a
heavily damaged tank target at Dona Ana Range, Fort Bliss, New
Mexico

Areas with visible chunk explosives. While traversing the artillery impact
area, two areas were observed that had large numbers of pieces (0.2- to 5-cm
diam) of explosive on the surface. These pieces of explosive were reddish brown
on surfaces that were exposed to the light and were yellowish on surfaces not
exposed to light. The density of these pieces was much lower than the density of
small stones. Qualitative analysis of these pieces onsite using the EXPRAY Kit
indicated that these chunks were TNT. The pieces of explosive present at the first
site were probably from two low-order detonations of 90-mm recoilless rifle
rounds (Figure 2-13) that were found nearby. At this site we marked off a
10- x 10-m grid in an area that contained the highest numbers of particles of
TNT. Thirty-four pieces of TNT with a total mass of 73 g were collected within
this grid. Three discrete soil samples were collected directly under one piece of
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TNT at depths of 0 to 1 cm, 1 to 2 cm, and 2 to 3 cm (Table 2-6). At this discrete
location, the concentrations of TNT in 0- to 1-cm depth was 2,100,000 pg/kg™.
Concentrations of TNT at the 1- to 2- and 2- to 3-cm depths were 194,000 and
103,000, respectively, indicating that TNT had migrated downward into the
shallow soil. Likewise, concentrations of TNB, a photodegradation product of
TNT, declined from 42,000 pg/kg™ in the 0- to 1-cm depth, to 20,900 pg/kg™ at 1
to 2 cm and 5,360 pg/kg™” at 2 to 3 cm.

Figure 2-13. Photo of two low-order recoilless rifle rounds at Dona Ana Range,
Fort Bliss, New Mexico

Surface soil samples were collected within this 10- x 10-m grid after the
visible pieces of TNT were removed. Three sampling strategies were used. Five
replicate discrete samples were randomly collected within this area at the 0- to
1-cm depth. Five replicate 5-point composite samples were also collected at the
0- to 3-cm depth using the sample collection protocol that was used by CHPPM
personnel conducting stratified random sampling at Fort Bliss. Seven 30-point
composite samples were also collected from the 0- to 1-cm depth.

TNT was found at concentrations ranging from <16 to 134 pg/kg” for three
of the five discrete samples with a median concentration of 48 pg/kg™
(Figure 2-14). The TNT concentrations in the other two discrete samples were
below a detection limit of 16 pug/kg™ (Table 2-6). TNT concentrations in the five
replicate five-point composites ranged from 6 to 78 pg/kg™, with a median of
12 pg/kg”. For the seven 30-point composites, TNT ranged from 19 to
3,120 pg/kg™, with a median of 88 pg/kg”. Three of the seven 30-point
composites had TNT concentrations higher than any of the discrete or five-point
composite samples. Since we know that this area had a substantial number of
small pieces of TNT on the surface, many smaller pieces of TNT too small to be
identified visually and removed prior to soil sampling, were certainly present.
Collection of discrete samples resulted in the detection of TNT in only three of
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the five samples, and even in the three samples where TNT was detected, the

concentrations were always below 134 pg/kg”. Thus, discrete samples do not
give a very representative picture of the concentration of TNT in surface soils
within this area.

Table 2-6
Concentrations of Explosives in Soils Associated with Chunk TNT
Observed on the Soil Surface at Location 1', pg/kg™
USCHPPM Composite Samples®
CRREL
Sample
Number HMX TNB RDX TNT 2ADNT 4ADNT
BC 65 <26 <3 <3 78 17 30
BC 66 <26 <3 <3 8 25 43
BC 67 <26 <3 <3 6 14 34
BC 68 <26 <3 <3 27 11 17
BC 69A <26 <3 <3 12 19 30
BC 69B <26 <3 <3 12 17 26
CRREL Composite Samples®
BC 70 <26 <3 <3 20 47 66
BC 71 <26 <3 <3 88 22 33
BC72A <26 90 50 2,040 114 108
BC72B <26 88 <34 2,010 90 84
BC 73 <26 <16 <34 382 62 76
BC 74 45 <16 126 83 51 76
BC 75 <26 154 <34 3,120 178 148
BC 76 <26 <16 <34 19 56 91
Discrete Samples*
B 49 <26 <16 <34 124 <38 <32
B 50 <26 <16 <34 48 <38 <32
B 51 <26 <16 <34 <16 <38 <32
B 52 <26 <16 <34 <16 <38 <32
B 53 <26 <16 <34 134 <38 <32
Discrete Soil Samples Collected at Depth below a Chunk of TNT
B 32 <26,0005 42,000 <34,000 2,100,000 <38,000 <32,000
B 33 <26 20,900 <34 194,000 5,310 3,460
B 34 156 5,360 <34 103,000 4,750 3,220
! Thirty-four chunks of explosive residue weighting 73 g were collected at Location 1. Values
above analytical detection limits are shaded. HMX and 2,4-DNT were also detected in some of
these samples.
2 Each composite was composed of five surface soil samples.
% Each composite was composed of 30 surface soil samples.
* Each discrete sample was composed of three scoops from the same spot, approximately 25 g of
surface soil.
8 High detection limits are shown for some target analytes in several samples that had to be
diluted by a factor of 1,000 to be in the range of linearity for determination of TNT concentrations.
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TNT Concentrations (vg/kg) Using Various Sampling Strategies
for Surface Soil in 10-m by 10-m Minigrids Contaminated with Chunk Explosives
Dona Ana Range Complex
Ft. Bliss, New Mexico
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Figure 2-14 TNT concentrations (ug/kg™) in soil for various sampling strategies
at 10- x 10-m area contaminated with pieces of TNT at Dona Ana
Range, Fort Bliss, New Mexico

Two sets of laboratory duplicates were analyzed within this group of samples
(Samples B69 and B72), and the results are shown in Table 2-6. For these
duplicates, TNT, 2ADNT, and 4ADNT were detected in both samples and TNB
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in the second sample. The RPD for these samples ranged from 0 to 25 percent,
which is excellent reproducibility, particularly for samples with some concen-
trations under 20 pg/kg”'. RDX was detected at 50 pg/kg” in one laboratory
duplicate of B72, but it was not detected in the other. The reason for this
discrepancy is unknown, but it could indicate that a portion of the TNT was
deposited from a different source than the RDX.

The second area that we observed to have multiple pieces of chunk TNT on
the surface was also within the artillery range impact area, but the source of this
contamination could not be identified. In a similar manner to the area discussed
above, a 10- x 10-m grid was established in the area with largest number of
visible chunks, and these were picked up. The identification of the chunks as
TNT was obtained using the EXPRAY kit. A total of 100 chunks of TNT were
recovered (Figure 2-5). We did not have the opportunity to weigh this material,
but we estimate that the mass was between 100 and 200 g. Once the visible
chunks of TNT were removed, we obtained surface soil samples from this area
using a similar strategy to that described above. Some shallow subsurface
samples were also collected.

TNT was present in all five surface discrete samples with concentrations
ranging from 25 to 22,400 pg/kg™ (Table 2-7) with a median concentration of
228 pg/kg” (Figure 2-15). RDX was present in only one discrete surface sample
at 1,400 pg/kg™’, and HMX was present in two samples, with concentrations of
126 and 198 pg/kg”. 2ADNT and 4ADNT were found in all but one of these
discrete surface samples, with concentrations ranging from 48 to 2,090 pg/kg™
and 104 to 2,570 pug/kg”, respectively. TNT concentrations for the four shallow
discrete subsurface (5 to 7 cm) soils samples (Table 2-7) showed that concentra-
tions were <16 pg/kg™ in two samples, and 234 and 1,210 pg/kg™ in the other
two. The amino transformation products of TNT were present in three of these
discrete subsamples with maximum concentrations of 545 pg/kg" for 2ADNT
and 553 pg/kg” for 4ADNT. RDX was not detected, and HMX was detected in
only one sample at 72 pg/kg™.

TNT was detected in all seven 30-increment composite samples and all five
of the five-increment composite samples from this 10- x 10-m area (Table 2-7).
Concentrations ranged from 110 to 69,900 pg/kg" with a mean of 16,300 pg/kg™
for the 30-increment samples, and from 264 to 3,710 pg/kg™ with a mean of
1,590 pg/kg™ for the five-increment samples. 2ADNT and 4ADNT were also
detected in all of these composites with concentrations ranging from 102 to 2,190
and 666 to 1,400, respectively. TNB was detected in three of the field replicates
for each type of sampling composite with concentrations ranging from 42 to
1,010 pg/kg”. HMX was not detected and RDX was detected in a single
30-increment replicate composite sample. In this case, the discrete samples and
the two types of composite samples give a similar picture of the surface soil
contamination in this area. The area was dominated by TNT and its environ-
mental transformation products, which were present at concentrations in the soil
that varied spatially over several orders of magnitude. The mean concentrations
obtained for the surface discrete and composite samples, however, varied
substantially. For the 30-increment composite samples collected from the 0- to
2.5-cm depth, the mean concentration was 16,300 pg/kg"'. The mean concentra-
tion for samples collected using the five-increment composite samples taken from
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the 0- to 7.5-cm depth, was 1,850 pg/kg™, indicating that the added depth
collected for these samples tended to dilute the residues that were located mostly
in the upper 2.5 cm of soil. This is confirmed from the surface (0- to 2-cm)
discrete samples where the mean concentration was 4,750 pug/kg™', whereas the
mean concentration for the discrete samples collected at the 5- to 7-cm depth was
361 pg/kg™.

Table 2-7
Concentrations of Explosives in Soil Samples Collected in the Mini-Grid Pattern where
Chunks of TNT Were Visible at Location 2', ug/kg™

USCHPPM Composite Samplesz, 100-200 g

CRREL Sample

Number Depth, cm | HMX TNB RDX TNT 2,ADNT NG 2ADNT 4ADNT
BC 88 Surface <26 <16 <34 3,270 46 <20 1,570 1,120
BC 89 Surface <26 578 <34 1,680 136 <20 2,050 1,300
BC 90 Surface <26 354 52 3,710 72 <20 2,190 1,400
BC 91A Surface <26 <16 <34 312 <28 <20 1,260 788
BC 91B Surface <26 <16 <34 290 <28 <20 1,290 796
BC 92 Surface <26 42 <34 264 <28 <20 996 666

CRREL Composite Samples®
BC 81A Surface <26 <16 <34 670 <28 894 342 338
BC81B Surface <26 <16 <34 764 <28 <20 342 338
BC 82 Surface <26 <16 <34 2,440 <28 <20 664 578
BC 83 Surface <26 162 <34 69,900 50 <20 324 300
BC 84 Surface <26 <16 <34 1,830 <28 <20 274 294
BC 85 Surface <26 <16 <34 110 <28 <20 102 130
BC 86 A Surface <26 80 <34 5,620 <28 <20 290 294
BC 86 B Surface <26 48 <34 2,260 <28 <20 164 194
BC 87 Surface <26 1,010 <34 35,300 64 1,030 858 624
Discrete Samples

B 62 0-2 <26 <16 <34 138 <28 <20 86 162
B 63 5-7 <26 <16 <34 <16 <28 <20 72 98
B 64 0-2 <26 <16 <34 956 <28 <20 <38 <32
B 65 5-7 <26 <16 <34 <16 <28 <20 <38 <32
B 66 0-2 198 <16 1,400 228 <28 <20 1,470 1,670
B 67 5-7 72 <16 <34 1,210 <28 <20 545 553
B 68 0-2 <26 <16 <34 25 <28 <20 48 104
B 69 0-2 126 102 <34 22,400 <28 <20 2,090 2,570
B 70 5-7 <26 <16 <34 234 <28 <20 194 228

' Atotal of 100 chunks of explosive were collected at Location 2. Values above analytical detection limits are shaded.
% Each composite was composed of five surface soil samples.

% Each composite was composed of 30 surface soil samples.

4 Each discrete sample was collected at a single spot from the appropriate depth, approximately 10 g of soil.
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TNT Concentrations (#g/kg) Using Various Sampling Strategies
for Surface Soil in 10-m by 10-m Minigrids
Dona Ana Range Complex
Ft. Bliss, New Mexico
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Figure 2-15. TNT concentrations (ug/kg™) in soil for various sampling strategies
at a second 10- x 10-m area contaminated with pieces of TNT at
Dona Ana Range, Fort Bliss, New Mexico
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For samples collected in this area, duplicate subsamples were collected for
three samples (BC91, BC81 and BC86). The RPDs for TNT, 2ADNT, and
4ADNT were excellent (< 13.1 percent) for two of these duplicates and fair for
the third (RPD < 85.3 percent). These results indicate that the sample homogeni-
zation and subsampling were adequate for these samples where the concentra-
tions were generally above 100 pg/kg™.

Surface and shallow subsurface soil samples were also collected below five
pieces of TNT that were observed at various locations within the artillery impact
area. Concentrations of TNT in the surface samples ranged from 102,000 to
6,760,000 pg/kg” with a mean of 2,150,000 pg/kg” (Table 2-8). Mean values for
samples collected at depths of 1 to 2 cm, 2 to 3 cm, 3 to 4 cm, and 4 to 6 cm were
116,000, 42,600, 60,200, and 7,960, respectively. Likewise, mean concentrations
of TNB at the surface, 1 to 2 cm, 2 to 3 ¢cm, 3 to 4 cm, and 4 to 6 cm were
43,900, 11,300, 17,900, 20,000, and 9,580 ug/kg'l, respectively. The concentra-
tion of TNB at the 4- to 6-cm depth relative to the surface was 22 percent,
whereas the concentration of TNT at 4 to 6 cm relative to the surface was
0.4 percent. Apparently once formed by photodegradation of TNT at the surface,
downward transport of TNB is more facile than for TNT.

Table 2-8
Concentrations of Explosives' in Soils Beneath Chunks of TNT from Various Depths,

ug/kg™

Sample Depth

Number cm HMX TNB RDX TNT NG 2,ADNT | 2,6DNT | 2ADNT 4ADNT
B 26 0-1 <26 8,030 <34 396,000 <20 <16 <16 1,140 941
B 27 1-2 <26 1,700 <34 37,600 <20 <16 <16 1,740 1,700
B 28 2-3 <26 373 <34 9,360 <20 <16 <16 328 369
B 32 0-1 <26,000 | 42,000 | <34,000 [ 2,100,000 | <20,000 | <16,000 [ <16,000 | <38,000 | <32,000
B 33 1-2 <26 | 20,900 <34 194,000 <20 <16 <16 5,310 3,460
B 34 2-3 156 5,360 <34 103,000 <20 <16 <16 4,750 3,220
B 37 0-2 <26 2,260 <34 102,000 <20 <16 <16 2,190 1,980
B 38 2-3 423 6,360 <34 31,000 <20 584 <16 7,740 4,260
B 39 0-3 <26,000 | 85,200 | <34,000 [ 6,760,000 | <20,000 | <16,000 [ <16,000 | <38,000 | <32,000
B 40 3-4 <26 | 20,000 <34 60,200 <20 1,720 <16 4,100 1,950
B 41 4-6 134 | 16,200 <34 14,800 <20 645 <16 1,870 1,050
B 58 0-2 <26,000 | 82,000 | <34,000 [ 1,390,000 | <20,000 | <16,000 [ <16,000 | <38,000 | <32,000
B 59 2-3 <26 | 66,000 <34 27,000 <20 4,650 <16 3,360 1,410
B 60 5 <26 2,950 156 1,120 <20 740 <16 3,060 1,790

! High detection limits are shown for some target analytes in several samples that had to be diluted by a factor of 1,000 to be in
the range of linearity for determination of TNT concentrations.

Firing point