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ABSTRACT

Sanspling experiments were conducted at three artillery/mortar imgact ranges at Fort Hood, Texas; 28
Palmg, California; and Ford Carson, Colorade, and at a mortar firing point at Fort Carsen. The obiective of
these nvestipations was {0 assess the use of multi-increment sampilng as & means of estimating the
concentrations und mass loading of energetic compounds in surface soils for declsion units moging in
size from 100 fo 10,000 m? In some cases, chunks of pure explosives were observed on the surface
withiiz the areas being sempled. These chunks were presumably present due fo the partial {Jow-order)
detonation of some type of mamition during past training exercises, or from blowing in place of unexploded
ordnange.

Characterization was conducted using 49- to 160-increment surface samples that were colleciod nging
& gysiematic sampling design where individual increments were collecied at equally spaced distances
aoross the ares. This was accomplished by dividing the area of concern into 49 1 100 enuslly sized sube
areas and collecting an increment from each sub-area o baild (he sample. The maess of multbinoroment
samples collected generally ranged from | to 2 kilograms. Replicate samples were eollectad to assess the
repradacibility, Lo, sampling errar.

Average concentration estimates for the smdied areas were used to estimate the mass loading for the
energelic substances that were detected. The energetic compounds detected were generally RDX, HMX,
and TN for impact areas where the residue deposition appeared to be mostly from Composition-B-filled
rourds, Sometimes the environmental fransformation products of TNT, namely ZADNT, 4ADNT, and
THNB, were also detected. For the firing point area, oniy NG and 24ADNT were deipoted,

Overall, this sampling strategy was adequate fo characterize & decision unit as large as 10,000 m at a
heavily used firing point. Compositional and distributional sources of error confounded «ffarts o conzis-
tentty achieve a comparable level of uncertainty for these larper decision units on artillery and mestar
unpact ranges. Nevertheless, the collestion of replicate multi-incremens sampkes enhances the reliability
of this sampling strategy and yislds information on the extent and type of heterogeneity present.

DISCLAIMER: The cortenis of this eeport ar¢ not 10 be used for sdverusing, publication, or promochicnal purpeses.
Comtinn of trnde names dogz not cormtiine an ofcial sndummment or spproval of the uss of such sommercial produets.
AL aroduct narress and vadesrks cied arg the property of thelr respective owners, The findives of this repott are not e
br construed as an offielsd Dupgartthent of the Army posiion unless so desipnatad by other anthoerized documents.
DESTROY THIS REPORT WHER IT I8 NO LONGER NEEDED, DO NOT RETURN TO THE GRIGINATOR,
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PREFACE

This report was prepared by Alan D). Hewilt, [ir. Thomas F, Jenkins, and
Kevin L. Biells, Buvironmental Sciences Branch, U.S. Army Engineer Research
ang Development Center {ERDC), Cold Repions Research ang Development
Laboratory (CRREL), Hanover, New Hampshire; Charles A. Ramsey, Envirostat,
Fort Coliins, Colorade; Thomas A. Ranney, Science and Techaclogy Corpora-
tion, Hanover, New Hampshire; and Nancy M. Perron, Snow and JToe Branch,
ERIH-CRRBEL.

This study was conducted at three military instaliations: Fort Hood, Texas;
29 Palras, California; and Fort Carson, Colorado. Funding for the work at Fort
Haod was provided under Characterization, Evatuation, and Remediation of
Disirtbuted Source Contamnination (UX0-0) on Asmy Ranges. The Technical
Director and Program Manager for this work is Dy, Jobn M. Cullinane ang the
Frotect Monitor is T3, June Mirecki, both from the U.8. Army Bopineer Research
and Development Center, Environmental Labotatary, Vicksburg, Mississippi.

Funding for the studies conducted at 29 Pabms and Fort Carson was provided
wnder project CP1135 by the Strategic Environmental Research and Davelop-
ment Program (SERDP), Bradley Smith, Executive Director, De. Feffrey
Marqusee, Technieal Director, and Dy, Robert Holst, Prolect Monitor. Dr. Judith
(.. Penningtorn, 1.8, Army Engineer Resesrch and Development Cemizr (BRI,
Environmental Laboratory (B}, Vickshurg, Mississippi, was the Principal
Investigator for Project CP115S,

For the work at Fort Hood and Fort Carson, the authors acknowledge John
Huek, U8, Army Environmental Center LAEC), Aberdess Proving Groumd
{APG), Maryiand, and Barsett Borey, ULS, Army Center for Health Frotection
and Preventive Medicine, {CHPPM), APG, Maryland, for allowing the authors to
accompany them during their Regional Range Studies at these two instalistions.
The ARC/CHPPM team provided logistics and Explosive Ordnance Disposal
{EOD) support, and developed the safety plan that atfowed the authors o conduct
their research. This study could not have besn condusted without Mr, Buck’s and
Mr. Borrey's support and collaberation.

For the work ai 29 Palms, the authors acknowledge L.eon Bowling snd Nangy
Bergeron, Mititary Munitions, I & R, Rangs Management, EFCRA MCAGCC,
MAGTETC, 29 Pelms, California. This portion of the study could not have been
conducted without thelr support and coliabaration. The EOD unit a1 22 Palms
250 is gcknowledged for providing salety support whike the authors worked in
an: area coptaining unexploded ordnance.
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For the work at Fort Hood the authors acknowiedge Alex Eochuors, Jerty
Paruzinski, Carl Watsen, and Larry Jiminez for coordinating snd preparing for
the Regional Renge Stuidy in which the suthors participated, which was con-
ducted from 24 March 1o 8 Aps#t 2004 at Fort Hood.

For the work at Fort Carson, the suthors gxpress appreciation tor the out-
standing support provided by $FC Joha Fandrey during the preliminary site
pranning visit for the Fort Carson Regional Range Study. SFC Fandrey's intirmnate
knowiedps of the Fort Carson range compiex, abitty to closely communicate
with Range Contral, and willingness to work long hewrs sllowed the study team
from the 11,8, AEC and U.8. CHPPM and ERDC to rapidly and efficiently com-
plete ite planning obiectives.

The authors especiaily thank Dr. June Mirecki and Thomas E. Berry of
ERDC-EL for helping to condnct the fleld work st Fort Hood, Texas, and Fort
Carson, Uolorado, respeetively. As always, Dr. Mirecki and Mr, Berry were
tremendons assets 1o the feld teams at these two installations.

This report was technically reviewed by Marianne E. Walsh, CRREL, and
Dr. Clargnce L. Grant, Professor Emeritus, University of New Hampshire.

This report was prepared undsr the general supervision of Dy, Jean-Claude
Tatinelaux, Cinef, Envirormental Sclences Branch, CRREL: Dr. Lance D
Hansan, Deputy Director, CRREL; and James L. Wuehben, Acting Director,
CRREL.

The Commander and Execntive Director of the Engineer Research and
Development Center is COL James R, Rowan, EN. The Director is Dr. James
K. Houston.
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Estimating Energefic Residue Loading
on Military Artillery Ranges: Large Decision Units

ALAN D HEWITT, THOMAS F. JENKINS, CHARLES A RAMSEY,
KEVIN L. BJELLA, THOMAS A RANNEY, AND NANCY M. PERRGN

1 INTRODUCTION

Over the payt seversl years a nummber of sticdies have been conducted in the
United States and Carada with 2 goal of understanding whether the deposition
of residues of energetic compounds presents & major environmenial probler at
militacy firing ranges. For the purposes of this discussion, we will mit the
meaning of energetic compounds to thoss chemicals used by the military as
propeilaniz or secondary explosives because they comnstitute the farpest mass of
chemicals of this type used by the military, A major aspect of the work has been
ta determine the identities and to estimate the cancentrations of these energetic
sisbstances at the various types of military training ranges. These fraining ranges
vary remendously in size frons an acre or less for a hand grenade range to many
square miles for artillery and bombing ranges. They also differ because ofthe
vagiety of mumition items used,

Te date, most of the shzdies that have been conducted have taken place at
ranges vsed by either the United States or Canadian Ay, Much less informa-
tion is available sbout residues at vanges controlled by the other milifary services,
Army ranges include artillery and mortar ranges, antitank rocket sanges, multh-
purpose range complexes used for tank firing, hand grenade ranges, rifle grenade
ranges, demolition ranges of various types, and portions of Army ranges that
have Been uged by the Alr Fores or Navy foy bombing practics (Houston 20023
Some ranges use high-explosive-filled munitions while others use siomslated {or
{nert) munitions, Portions of the ranges are used For firing the munition whereas
other portions of the range gre used as impact areas where defonations oceur,
These two areas are generaiiy distinct ai Armmy ranges, so the types of energetic
substances found at firing points sre gencrally different from those fourd at
impact areas.
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For the Army, the high explosives vsed in the greatest amounts are TNT
(2.4,6-trinitrofoluene), RDX (hexahydro-1,3,3-trinitro-1,3,5-triazine), and HMX
{octabydro-1,3,3, T-tetraniiro-1,3,5,7-tetrazocine). The energetic substances used
in the largest amounts for gun and rocket propellants include NC (nitrogellulose),
NG (nitroglycerin), 2,4DNT {2 4-dinitrotoluene}, and WQ {(mitroguanidine}, With
the exception of NC and NG, which are not typically determined, these com-
pounds are the ones defected at the greatest concentration, Additional compounds
that aften are detecied are impurities or environmenrial transformation products
of TNT, such as 1,3,5-TNE (1,3.5-trinftrobenzene, ZADNT {Z-amine-4,6-dinitro-
toluene), and JADNT (damine-2 S-dinltrotoluene). These high explosives are
sometimes used alone-—for example, some 135-mm howiizer rounds contan
only TNT—or they may be used in various compositions such #s Octol, which is
compeosed of HMX and TNT, and Compositien B, which is composed of RDX
and TNT. Propelianis zre generally based on nitregetlulose combined with
ZADNT in single base propeliants, NG is used in double-base propellants, and
NG and NQ are used in iriple-base propellants.

Several papers have deseribed the uncerfainty associated with the collection
af representative samples at areas where residues of encrgetic compounds have
been distibuted on the ground surface denkins et al, 1997, 1969, 2001, 20044,
20045, 2005, Pennington e el 2802, 2003; Thiboutet ot al. 1998, 2003; Walsh ot
al. 2001, 2004, 2003}, Thers are a number of different tvpes of Depariment of
Diefense (Do) training ranges whete various types of munitions are uged,

The energstic residues in impact aveas and at firing points differ substantially
in the specific chemicals present, their concentrations, and typleal puttern of
distribution. For example, 51 ariillery and mortar range impact areas, the major
residues are either TNT or Compaosition B (60% military-grade RDX and 318%
TNT} (Pennington et al, 20072, 2003, 2004}, while sither or both NG and 24DNT
can be found in surface soils at the firing point (Jenkins et al. 2601, Walsh e al.
2004).

The dispersion of propellant residues at a firing point occurs within tens of
meters from the nozzle of the gun {fenking et al, 2001), Moreover, because the
residue patticles {i.e., NC-based fibers} tend to he typicaliy less than 3 mam leng
and 0.3 s in diameter and the same general area is used repeatediy, their dis-
1ribution becmnes fairly uniform af heavily used positions {Walsh et al. 2083, At
artiflery and mortar npact ranges, the major source of energetic residues is from
muritions that failed to function properly. For instance, munitions that low-order
{partally detonste) upon tmpact deposit orders of magnitude more residus than
rounds that detonate as designed (Howitt f al, 2003). Also, rounds that initially
fail to detonate {duds) can be ruptured by nearby detongtions. Duds are some-
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tines destroved using  demolition charge, These blow-ia-place operations
deposit greater amounis of residue than rounds that detonate as desigped. When
these instances ocour, the resdues are distributed eandomly as particles of pure
expiosive with a variable range of sizes, masses, and shapes {Taylor et al. 200435
This results in a heterogeneous distribution both in the environment and in the
subsequent samples collected for characterization, Because these residue-Taden
surface soils potentially zerve as the major souree for off-site migration, it ts of
uimast importancs for fate and transport madeling 1o correctly estimate the mass
of residues o allow facility managers to implersens seund range sustainment
practices,

in studies conductad at the Canadian Forves Base—Valcartigr {CFR-
Valcartier}, Donnelly Training Area (Delta Junction, Alaska}, Canadian Forces
Base-Gagetown (CFB-Gagetown), and Fort Polk (Louisiana), varions sampling
protocols were evaluated with regard 1o their ability to provide samples repre-
senfative of the mean concentrations for an area of concem (fenkins et al. Z004a,
2084b, 2003; Thiboutor ot al. 2004; Walsh of 1. 2003). Both discrete and multi-
increment sampies were colleciod within 10-m » 10-m areas and larger arcas at
both firing points and in the Impaet zone of sotharmor and artillerv/mortar
training ranges. The largest probletrs that bad 1o be overcome was compositional
and distributional heterogeneity, Compesiiional heterogenesity is due to the fact
that not all of the particles that make up the population within the decision unit
have the same concentration of target analytes. This heterogeneity is at a maxi-
mum when a portion of the target analytes is present as discrete particles. The
errer due fr compositional heterogeneity iz called the fundamental errorand is
inversely related io the sample mass, Distributional heterogeneity is due to the
fact that contaminant particles are scutiered aeross the slte unevenly, sometimes
with a systematic component as wel! as a short-range random component. The
arror associated with distributional heterogeneity is inversely related o the
number of individual increments used 1o build the sample. This type of error is
at a maximum when 4 single discrgie sample is used to estimate the mean for a
decision unit,

These potential sourses of uncertainty compromize the zbility o use statisti-
cal estirmators based upon novmm! distributions. From these studies # was evident
that basing estimates of the mass losding for various energetic conmpounds on g
iimited set of discrete samples, multi-increment samples built from enly a few
ingrements, or inadequately processed samples will result in very unreliable
estimates. Another finding way that discrete samples generaliy underestimate
the average concentrations for an area {Jenking et al. 20044, 2004b, 2003),
whareas multd-increment samples, built from 30 or more increments, provide
concenteaiion estimaies thal wers much more reproducible. The distribotions of
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values from replicate multi-increment (30 or greater) was also much more
normally distributed, therefore allowing for the computation of uncettainty
estimates associated with means (Jenkins et al. 2004b, 2005).

Two studies (Thiboutot et al. 2004 and Walsh et al. 2005) have explored
the use of multi-increment samples to obtain a mean surface energetic residue
concentration for larger decision units (areas greater than 300 m), In these
studies, the entire area of concern was treated as a single unit. with further
stratification to consider the potential influence of vegetation or other fopo-
graphieal features. For example, the collection of a single multi-increment
sample was used to characterize the energetic residue loading aver an entire
firing position and around a cluster of targets within an impaot area. In both
instances the multi-increment sampiles were found to provide adequate estimaies
of mean concettrations based on sample replication and aliernative sumpling
designs. These inifial tes's were encouraging and additional work 0 assess the
approach of using multi-increment samples to provide conceniration estimates
over large arsas needs 1o be further validated. An additional benefit of mult-
morement samples is that they reduce the number of sampies that will need o
be eoliected, processed, and analyzed to establish the mass loading of encrgatic
restdues on various sections of military fralning ranges.
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2 OBJECTIVES

The major objective of this work was 10 evahuate the use of multi-increment
satrples to chayacterize areas of artillery and mortar rangs fring points and
impact areas thai are larger than we have previously addressed. A judgmental
approach will be used o select greas where it iz anticipated that detonation ¢f
military muniions could resudt i the accumulation of energetic residues on the
surface. Provions studies have established that munitions that de not function
properly produce low-order detonations that can lead 1o the dispersal of residue
chunks and heavily influence surface soil concensrations over areas of unspeci-
fied size {Jenkins ef al. 2001; Pemnington et sl. 2001, 2002, 2043, 2004). These
particles of explosive residunes reside on seils, grasses, mosses, leaves, ete,, all of
which are variables that contribute o compositions! helerogeneity, Within impaut
areas, theve are locations in which residue concentrations appear 1o be daminated
by individual cvents, Le., where a Jow-order detonation or a ruptured round has
resulted in localized clustering of residue particles that resalt In soil concentra-
tions thag exceed HH mg/kg. These we refer to a5 “hot spots,” a form of diziri.
hutiopal heteropeneity, To enhance our chances of capturing energetic rezidues,
ocations where detonations have occurred over a long period of time, often
decades, were selected for investigation. From these dats, initial estimates of the
misssss of various energetic compounds i the soll will be compured, These
source estimates can be used in models 1w assess the potential of off-site migra-
tion of energetie cormpounds.
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3 SO SAMPLE COLLECTION AND ANALYSIS

Sample incraments were oblained with either small stainless steel scoops
or speciatly designed cormng tools {Walsh 2004). Sampling tools were cleaned
berween sampling locations by rinsing with water followed by acetone, then
wiping dry with & clean pager tawel. [f visible chunk explosive residue was
observesd on the surface, 7 was avoided during the sampling sctivity, Le, not
included In the sample. This srecaution is necessary 1o avoid special shipping
recuirernenis thial ate needed when sumples contain enough energetic residue
for the incidental propagation of a detonation {AEC 1994). Sample increments
were gither individually placed isto 4-0z wide-mouth jars or combined within
spocially cleaned plastic bags for storage and shipment.

Figure 1, Area at Fort Hood, Texas, where 180-m x 100.-m grid was established,

Sample coliection at Fort Hood, Texas, 2631 March 2004

We investipated a number of poteatial sampling areas on an artillery/mortar
impect range at Fort Hood and selecied & fotation that was heavily oratered. This
jocatien had a tapk target in one corner of the area, and our initial inspection
failed to detect any low-order detorations that would tend to dominaie surface
residues {Flg. 1% A 100.m x 1804n declsion unlt was established with a global
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pusitioning systera (Appendix A for GPS positions); two EOD technicians
inventoried the craters, dividing them (oo three classifications: old, new, and
fresh. A crater was classified as “old™ if it way covered by grasses and shyubs,
“new™ if there was partial coverage with grasses, and “fresh” if it was devold of
all vegetation. A total of 673 craders was identified within this 100-m x 186-m
area: 488 ware classified os old, 130 as new, and 8% as frzsh,

Surface unexploded ordnance were also inventoried in this area. Seven
155 high-expiosive vaunds wers found on the surface; nors appeared o
be breached. One 2.75-inch rockst warhead was found that had the fuse broken
of ¥ from the remainder of rocket asserubly. This warhead was filled with what
appeared 1 be Composition B from colorimetric tests using an EXPRAY kit
{Plexus, Ine. ). No residue was observed on the ground surface in the vicinity of
the warhead, One 90-mm high-explosive plastic (HEP} round that appeared fo
be oracked was found. Fins from both 81-mm and 1206~ mortars were also
observed within the area, but they were not vounted and were not tnearthed to
determine whether the warheads were intact,

Initially the 100-m by 100-m area was subdivided inte 100 10-m » 10-m sub-
areas by placing 8ags at 10-m isfervals around the perimster of the area. ising a
systernatic sampling design, six replicate multi-increment samples for this entire
10G-m = 150-r area were obfgined by combining a soil plug from zach of these
1 &y 10-m sub-zreas {Fig. 2}, Every sample noreinent used & build these
sarmpigs was obtained using a 28-mym-diameter coring ool adusted 16 sample the
top 2.5 em (Fig. 3). The location within each sub-ares where plugs were collected
was established by rolling 4 pair of differently colored dice, 1o establish the
northing and easting positions for each multi-inerement sample. These northing
argd casting positions were maintained for g piven sampie in sach of the 108 sub.
areas, This is somethnes referred 1o a8 8 systematic randem design because we
are using a systematic sampling strategy with a random starting point.

The 180 » 100~m goid also was dividad mto 20-m x 20-m sub-argas and
disorete core samples wers collected et the gorners of each sub-area grid (36
totall {Fig. 2). A& 4.5-cnwdiameter coring tool was used to collect discrets samples
at the same depth as the muld-inererent samples (02,5 e} (Fig. 41

While sampling the {Dkm x 100-m ares, 2 chunk of explosives residue was
discoversd and tentatively identified as Composition B using an EXPRAY Kit
{Fig. 3}. Further investigation led to the discovery of seversl more chunks, e
lovations of which formed an eiliptical pattern around a shallow crater where
the first chunk was found. A 10-m = 10-m decision unit was estabiished that
encompassed these chunks of pure explosive, and & second 10-m » H-m decision
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unit was randomly established in an aren where no chunk material was observed,
i.€., a control grid (Fig. 2}.

Fort Hood, Texas
160-m x 10C-m Grid, Divided into 10-m x 1G-m Grid
fa
[ ®
01 24 Nigs
8
»
O
\}Lacatiﬂn& of Vertical
Profile Samples
o) ‘o
A ..-’_i g2 o 17
27N (o s
-’ i No Churtk Material
1w x 10-m Grd
s
-
SNies
2.75non®
Rocket ™
Warhead
114
PN ;
8
o3
i
G 0 = H
LI, W |
mptars

Figure 2. Diagram of 100.m = 100.m grid a1 For Hood, Texas, divided
inte 100 10 x 10.4m subgrids. Sample numbars for diserete samples
where target esargetic compounds were detected are shown with a dot
tocating their position within the grid.



- Estimating Energats Residus Loading

Figure 3. Coring fool {28-mm diameter} used o coliect increments for come
posite sampies at Fort Hood, Taxas.

Figure 4. Coring toul {4.5-cm) used to coliget discrete samples at Fort
Hood, Texas.
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Figure 5. Chunks of Composition B and TNT and the colors generated for
each using the EXPRAY field datection kit.

Two 28-increment samples were collected with the 4.5-cm-diameter coring
too! systematicaily in these decision units by dividing the area info 2-m % 2-m
cells and collecting an inorement within sach cell at o sorthing and easting
pasition determined using dice. Sail profile samples alse were collectsd using 2
seoop near some pieces of Compasition B at depths of -2 cm, 2-6 om, 6-9 om,
0-12 om, and [2-16 aem in the polential *hot spot” area and, ikewise, at depths
of -1 am, 13 cm, 3% em, 1012 o, 1218 cm, and 16-18 cm, inthe 18.m =
10+m arez where no chunk material was observed.

Lastly, samples were collected arcund the tank target fo determine whethey
there was any sorrelation between residue congentraiions and distance from
the target, A segmented cireular grid was laid owt based on the major eompass
headings, around the tank target as shown in Figme 6. A 4.5-cm-diameter coring
oot was used o randomiy colleet 19 increments of surface soil (-2.5 oy} from
each desipnated segment, 10 build a sample. A total of 16 multi-increment sam-
ples was collected ai distances of (-2, 2-5, 514, and 10-20 m fom the tank
target, Discrete samples were also eollested with this coring taol along the major
compass headings ot intervals 2, 3, 18, and 20 1
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" Fort Hood, Texas
Tank Tagat
Barnpling Gried

Figure §. Samgpling locations for discrete and composite samples collected
around tank target at Fort Hood, Texas, located in the corner of the 106.m =
160-m sampling grid, Halicized numbers are locations of discrete samples
that hod detectable target analyfes; other numbers are locations of zones
in which 184ncroment composites samplas were collected.

Bampling st 28 Paims, {affornia, 4-5 May 2604

Seif sumpling was conducted at the US. Marine Corps Base at 29 Palms,
California, af taree areas in the Emerson Lake and Quackeabush impac? ranges
on 45 BMay 2004, Becaure of a heavy training schedule at the baee, we were
given acoess to these ranges for enly a day snd a half. Unilke most Army renges,
the impact tanges at 29 Palins are subiect o firing from artillery, racrtars, tanks,
swall arms, and Marine air assets. Troops also maneuver through these ranges
and henes there is an ongoing effort to maimain a surface clear of unmexplodad
ordnance (UX O3 The soils at 29 Palms were composed of sands and smal
pebbles with very little vegetation. All sampling was conducted using stainless
sized seoops bacause the soil was not sufficiently cohesive to use core sanmiplers.
With the exception of areas where soil profiles were sampled, sample increments
were cofiected from the top 1.3 cm.
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Figure 7. Area at the Emerson Lake Range st 29 Palms, California, where a
100-m: » 100-m sampling grid was established.

On 4 May we entered the Emerson Lake impact rengs along a cleared access
road and sampled in 8 canyon where two target tanks were positioned at the base
of the hill {Appendix B for GPS positions). The canyon floor and lower siopes
were coversd with finedextired sand with very Hitde vegetution, There also was
a sand-covered road that led 0 a narrow pass to the opposite side of the hill {(Fig.
73. The steep slopes and tops of the hills were covered with farge rocks. The tank
targets were positioned to the right and left side of this road and were abeut 150
1 from each other in the level portion of the canyon (Fig. 8). Upon approaching
the tank on the right side of the road, several small {< L.om-diameters chunks of
what appeared to be explosives residues were observed on the surface. Several of
these chunks werg tested using an EXPRAY kit and the presengs of both a nitrow
sromatic and a niramine/nitrale ester was qualitatively identified. Subsequent
taboratory analysis at CRREL confirmed the proper sancentration ratic of EDXY
TNT for Composttion B.

Further investigation indicated that there were hundreds of individual simal)
pieces of this explesive malerial on the strface in this ares and in another areg
{Fig. 9). These picces of energetic residues were readily identified by their red-
dish brown celor and a small reddish halo surrounding the particles (Fig. 10). We
believe that this halo {8 a result of photodegradation of TNT, forming a reddish-
colored transformation product that is rinsed fom the particle by rainfall and
subsequently redeposited around the perimeter of the particle by evaporation.
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Figure 8. Diagram of 100-m x 160.m sampling grid established at the

Emerson Laks Range at 28 Palms, Calfornia,
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Figure 9. Small pieces of explosive observed on the surface of the soil at
the Emerson Lake Range at 298 Palms, California,

Figure 10. Small chank of explosive showing hale of color that dovelops as
these chunks weather, found af the Emorson Lake Range, 28 Palms,
California,
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Both a 100-m x 100-m and a 10-m x 10-mn area were established as decision
upits af the Emerson Lake site, The 10-m x 10-m decision unit was located in the
area where the greatest density of chusks was observed (Fig. 8Y; the perimeter
was marked by placing pin flags at 2-g1 intervais. This 10.m % 18-m area was
surppied using three different strategles. Three replicate 25-Increment samples
were collected uaing 1 simple tandom collection strategy within the boundaries
ef the 10 x 18- ares (29913 10 29P-15}. Three replicate 25-inerement
sampley were collected using a svstematic method fo ensure that incremenis were
cotlected at equal spacings across the entire surface area (29P-10 to 29P-12),
Three discrete samples alse were collected from randomly chasen positions, A
set of profile samples from the surface to a depth of 12 cm (29P-1 through 29P.6)
were collected below a 2.0-g chunk of what subsequently was determined 1o be
Composition B. As noted previously, visible chunks of explosive residues wers
intentionally excluded from all samples.

The 100-m = 108-m sampling area was established in the basin of the canvon
hetween the two fagget tanks {Fig. 8) that epcompassed the 10-m x 10-m decision
urit discussed above. This large decision unit was positioned closer ta the tank
on the right side because bees were observed in close proximity to the other
farget. After Incating the four corners using a global position system {GPS),
orange pin flags wers set at 10-m intervals along the north and south edges of the
grid, Six approximately 100-increment samples (25P-20 through 29P-23) were
collected systematically by obtaining a swriage soil incroment spproximately
every 10 m whily walking in the middle of the 10 rows between the flags along
opposite sides of the grid. Two such multi-norement samples were collected by
each of three different samplers. During this sampling activity, several additional
chunks of ensrgetic residues were observed throughout the 100-m = 1061 decis
sion unit.

On May 5th we sampled on the Quackenbush training area near two different
fargets. No visible pleces of energetic residues were found during an initlal sur-
vey of the area adiscent to the 8rst jucget vehicle we investigated {Fig. 11} Flags
were positioned to delineate a 30-1m radius around this target {2800 m™). Thres
30-ingrement surface soil samples were collectad using a systematic sampling
strategy, moving back and forth from the perimeter fo the target while moving
aroupd the cirole. During this sampling activity a chusk {2 1o 3 mm in diameter)
of energetic residue was found next to the target, but carefiul serutiny of the area
did not reveal any additional pieces of explosive within the sampled area, The
chunk wag tested with the EXPRAY kit a nitrearomatic and aitramine/nitrate
zsters ware qualitatively identified. Although no izboratery apalysis was con-
Jueted, we beliove this material was Composition B,
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Figure 11. Targst at the Quackenbush Range at 28 Pgins, California, where
a circular sampling grid 30 m in diameter wag established.

The second targe: sampied was some 2008 m porthwest from the first, Visual
inspection of the area around this tzzget revealed the presence of numerous
chunks of energetic residues ranging in size from 2 mun in diameter 1o pieces
larger than the size of 3 baseball. Over 156 chunks were flagged in ap attempt o
delingate the area covered with visible energetic residue. We ostimated that 3o
10 kg of energetic residue chunks were present on the surface. All of the residuc
chunks tested in the fisld with the EXPRAY kit gave a respones similar to what
has been previousty stated. While driving between the two targets, a large
unexploded bomb {500 ibs) was observed. Moreover, around the first targst
ard between the two targets, several craters that appeared to be Binped by the
detonation of a munition of this size were also observed. Because of these
ahservations, one possibie explanaton for the large amount ¢f energetic chunk
residue present in this area was the partial defonation of a bomb. A low-order
detonation may have soeurred either upon impact or when an affempt was made
by FOD personne! 1o blow a dud i place, H also was noted that the chunks of
expiosives residue in this area had less rounded edges, the interior was a light
grey codor, and the interior surfaces sparkled in the sunlight, Subsequently it was
determined that there were aluminugs Hakes present.

A 108 % 100~m decision unit was esteblished using the target as the south-
east corner {Fig. 12), Within this large grid & 18-n % {0-m grid was positioned in
a lseation where 39 1o 44 small (< 3-om) visible chunks of energetic residue were
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observed {Appendix C for GPS positions), As before, flags were posidoned at the
corners aod a1 10-m Intervals along two opposite sides of the larger area, snd 2t
2-m intervals around the smaller area, Using only the systematic sampling strat-
ggies desoribed for the samples collectad at the first BEmerson Lake Ranges, six
H¥-increment surface soil samples were collected (29P-35 through 20740
within thiz 100-m x 100-m area, and wiplicate 23«incrament samples were ob-
tained within the 10-m » 10-m area (29P-29 to 29P-31}). A set of depth-profile
samples also were collected as deep as 8 em below a 7.5-g chunk of explosive
that was located within the smaller aren 29P-32 to 29P-34).

Bampiing af Fort Carson, Ookrsfo

i May 19, 2804, we sgmpled g mordar firing point at Fort Carson. This
firing point was located within s fenced area that was approsimately 130 m wide
and 150 m long and was sparsely vepetuted, We selected a 100-m = 1{00-m area
10 serve as the decision unit for this firing point, the boundaries of widch were
lovated about 5 m in front of an obsetvation tower, 15 m from the fence on tie
¢ast and west sides, and about 40 m from a ditch where a 40-mm rifle grenade
(LUX0) was laying on the surface. Flags were positioned at 14.3-m intervals
around the perimeter of the areq, effectively dividing the area into 7 = 7 or 49
sub-aress (Fig. 13). Within this {00-m x 100-m grid, four replicate 49-ncrement
samples were collected from the surface to a 2.5-cm depth using small stainless
steel scoops, Samples were collected systematically, one incremant Bom each
sub-ares from predetermined northing and easting positions & established by two
dice {GPS position in Appeadin 1),

Ot 22 May 2004, sampling was conducted In a beavily cratersd sreaonan
artillery inpact range at Fort Carson, This was the most heavily itnpected area
that we encountered during the investigation at Fort Carson and the number of
craters appeared 10 be similar to the area we studied at Fort Mood. A 100-m x
[06-m area was established i an area centered amonyg four target tanks (Fig. 14),
The boundary of this decision unit was only about 10 m frem the targets located
1o the southwest and northeast (Fig. 15). A flag was placed every 10 m around
the suter perimeter of the desipnated area to effectively delinsate 180 16-m x 10
m subeareas. SiX systematically vollectsd 100-Increment zamples (Jabaled FC-47
through FC-52) weee collected (GPS positions in Appendix I3 in an identical
manner as described for the same size decision unit sampled a1 Fort Heod (Fiz.
15). All samples at Fort Uarson were collected with small stziniess steel scoops
from the top 2.5 om of soil. Duting and after this sarpling event, the field team
looked carefully at the ground surface in an attemnpt to focate pleces of pure
explosive. Only one 2-mim-sized piece of what appeared to be TNT (EXPRAY
kit} was found, even after an exhaustive search.
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25 Palms

Quackenbush Impad! Area
100-mx - Grid, Divided into 10-m x 10-m Giride

Zons of Vigitle
Sk Material

$omx 10-m

Mini;Grié

g

AY
H 10 20
meters

Figure 12. Diagram of 100.m x 18G.m sampling grid established at ihe
Quackenbush Range, 29 Palms, California.
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Fort Carson, Colorado
Firing Point, 100-m x 108-m Grd

metors

Figure 13. Diagram of 100-m = 100-m sampling grid established at a fenced-
in moriar firing point af Fort Carson, Colorado.
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s Figure 14. Impact arez at Fort Carsan, Colorado, where a 100-m x 108.m sampling
Q grid was established,

Soll sampde analysis

Soil samples from all of these field activities were overnighi-shipped fo the
Cold Regions Research and Enginecring Laboratory {CRREL) in Hanover, New
Hampshire. Discrete samples were gir-dried at room teraperature in the 4-0z
arnber containers, weighed, passed through 2 #18 (2.mm) sieve 10 remove over-
size marerial, the sieved portion weighed, and the saniples then returned to the 4-
oz containers. The entire sieved portions of the discrete samples were extracted
s follows.

A volume of acetonitrile in ml., approxdmately double the mass of the sample
in grams, was added 1o each 4oz jar unless the sample was too large (&> 60 g).
Fory thnse cases, the sunple was fransferred 46 a0 §-oz jar and acetonitrile was
added. All jars were vapped and placed on a tablefop shaker at 150 rpm overnight
{18 nours). The samples were removed from the shaker and allowed to sertde for
at Jeast an howr, An aliquot of esch extraet was filiered through a 0.45-um Millex
FH filter, placed in a 7-mL araber giass vial, and stored in a reftigerator untii
analyzed.
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Fort Garson, Colorado
Impact Area _
1001 x 100-m Grid, Divided into 10-m x 10-m Grids
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Figure 15. Magram of 100-m = 108-m sampling grid established at the
impaut atea at Fort Cargon, Coloradn,

Multi-increment oil samples were placed on sheets of aluminam 161! 1o air-
dry. Dried samples were weighed and sieved though 2 #10 sleve. The material
that passed the sleve was weighed and ground in a Lab TechEssa LM2 {LabTech
Essa Ply. Lid., Bassendeny, WA, Awstralia) pock mill grinder. Two different
procedures were wsed. For samples from fmpact areas thought to contain mainly
residues of high explosives, the sample was ground once for 60 seconds. For
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samples from firing polnt areas thought to contain mainly propellant residues,
gach sample was ground five times for 60 seconds with 2 20-second rest poriod
between sach grind. This prosedure was necessary i obtain adequate repro-
ducibility among subsamples fram soils containing propellant residues (Walsh
et al. 2005).

Affer grinding, moiti-increment samples were mixed thoroughly, spread 1o
form a |-cm-thick kayer, and a subsamiple was obtained by collecting ar feast 30
increments randomiy from the ground material for & mass of about 16 g, For
avery tenth sample from an impact range, two sdditional subsamples were col-
lected in an wentcal manaer to enable ag assessment of subsampling uncertainty.
Because the grinding procedure for samples from firing points had been recently
developed, triplicate {aboratory subsamples were collected from each firing point
mufti-increment sample. Each 10-g subsampie was extracted with 20 ml of
acetoniirile i an sltrasonic bath overnight at rooin temperature. After senlcation,
samples were allowed 10 settle for at feast an hour, An aliquot was removed,
filtered, and placed in a 7-mL amber vial for storage in a refrigerator.

Cornmerclal sand was vsed as a laboratory provessing blask. For discrete
sampies, 50 g of the commarcial sand was placed in a jar, air-dried, and exsracted
with each batch {approximately 20 samples). For the mulii-izcrement sarnples,
approximately 380 g of this blark soll was air-dried, ground, subsampled, and
sxiracted with sach baich of field sanples. A standard soil obtained from e
118, Army Environmental Center was used for preparation of the laboratory
control sample matrix, This soil was spiked with a guite of target analytes
anticipated to be present in the field sampies,

Prior to analysis, pre-serzening of every spil extract was performed wiiizing
the EXPRAY kit to establish the presence of high concentrations of energstic
residues. The sureening was performed following the general guidelines provided
with the kits. S8ample extracts showing a faint intensity color generally required a
tenfold dilution, medium intensity reguired a hundredfold dihution, and bright
intensity required a theusandfsld dilution (Bialla 2045},

Following the pre-screening step, all of the exiracts were analyzed using the
general procedures of SW 846 Method 8330 (EPA 1994} An aliquot of each
sampie was dilued 1 10 4 with reagent-grade water. Analysis was conducied on
a modular RE-HPLC system from Thermo Finnigan composed of 2 Spestra-
SYSTEM Model P1000 isocratic pump, a4 SpectraS¥YSTEM UV2A00 dual wave-
length UV/VS absorbance detector set at 21{ and 284 nmn (cell path | om), and a
SpectraS¥STEM AS300 aute sampler. Samples were introducad with 2 100-ul.
sempling loop. Separations were made on g 15-om x 3.9-mun {41t NovaPak -
& column (Waters Chromatography Division, Milford, Massachusetts) main-
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tained at 28°C and eluted with 13:85 isopropaacl/water (v/) at 1.4 ml/min.
Concemirations were estimated from peek heights compared to commercial multi-
analyte standards {Restek), Estimates of detection limis for the tarpet anaivies

for this methed are given in Table 1.

Table 1. Estimates of explosives detection Hmits for soil,
Analyte Soil (mg Ry}
RE-HWPLG GO-ECD
HMX (rLa26 0.626
ROX R 0.003
1.3,5°THHE G.016 0003
TNT 0.018 4001
ZBONT D442 £.001
2.4DNT £.028 0.501
FALNT G858 Goaz
ARDNT Q.632 L0602
NG Doz .02
35-DNA Cip-shstes with NB 0802
1.3.0N8 0.1 6.001
TETRYL 4.5 262
PETN 4.5 0.mg

To confirm the presence of analyles, a second analysis was conducted ona
subset of smnple extracts, including all those with low congentrations of ener-
getic compounds, by GU-ECD following the general procedure sutlined in
LWE846 Method 8095 (EPA 1998} These analyses were conducted os an HE
6880 Gas Chromatograph equipped with o micrs ECD detector. Dirsct injestion
of 1 ul. of soil extract was made into a purged packed inlet port (230°C)
equipped with a desctivated Restek Uniliner. Primary separation was conducted
on & §-m- X §,53-mme-12 fhsed-silica column, with & 1.53-um film thickness of
Sto-(phenyl-methyisiloxane (Rix-5 from Restek, Bellefonte, Pennsyivania). The
GC uven was iemperaturesprogrammed as follows: 100°C for 2 win, 10°Clhmin
ramg 1o 280°C, The carrisr gas was hydrogen at 10 ml/min (inear velocity
approximately 90 ¢rw/sec). The ECD detector temperaturs was 310°C and the
makeup gas was nitrogen floving ai 45 mL/min. I a peak was observed in the
retention window for » specific signature compounsd, the extract was reanalyzed
ap a confirmation column, 6-m- ¥ 0.5%nm-1D having & 1.5-gm film thickness of
a proprietary polymer (Riv-TNT-2 from Restek).
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The GC oven was temperature-programmed a8 follows: 130°C for 1 min,
10°C fmin ramp to 280°C. The carrier gas was heltom at 20 mi/min {Hnear
velocity appraximately 180 amisec) and the nitrogen makeup zas was flowing at
&0 mi/min. Inlet and detector temperaturs were the sama as above. Multi-analyte
standards were purchased from Restel and the instrament was calibrated over
five concentrations. Estimates of the detection limits for the GC-ECD method

are glyen in Table 1.
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4 RESULTS

Quality control

For quality assurance purposes, laboratory-proeessing samples (blanks),
spiked lahoratory control samples (LCS), and replicate subsamples were
analyzed along with soil samples, Results for the LCS are presented in Tables
2 and 3 for HPLC and GC-ECD analysis, respectively.

Tabie 2. RP-HPLC QA resulfs for spiked samples analyzed with hatches of soil samples
from Fort Hood, 28 Palis, and Fort Carson.
Sample tyss Soil coneantration {mg/ky}
Fort Hood
sampiles HBX TRE RIX THT ZADNT | ZADNT | JADNY | 2 8DNT
Mearn {n=18} G881 3.808 1.00 102 1.0340 24978
mean %
BUOVETY 3.1 = 1k 9.9 102 190 gie
28 Paims
samples HMX TNS REX THT 2ADNT | 2ADNT | 4ADMT | 2,80NT
Mean {r=2) 0114 0081 0.113 G105 102 .085 G088
mean %
recavery 114 80.7 113 105 102 4.7 877
Fort Garson
samples HWX THB ROX TNT ZADNT | ZADNT 1| 4ADNT | 2,6DNT
Mzan [n=3} {1959 0,962 G581 0539 108 LR TE 0.887 0977
mean %
recovery 9.4 862 881 835 103 978 85.7 87.1

{3 the Inboratory blank samples processed with the Fort Hood samples and
aualyzed by HPLE, TNT was detected twice. GC-EUD analysis confirmed only
the TNT found in Blank #9. No other target analyte was detected, Blanks #7 add
¥4 wers provessed and analyzed with a baich of samples that had been collected
st b rounds that bad undergone low-arder detonations, and, therefore these
sampies Fequently had very high TNT concentrations. The TNT found in Blank
#9 probably was due to equipment cacryover, whereas the TNT in Blank #7
probably was due to instrumental carryover during the HRLOC analysis run.
Because of this incident, the protocol used for subsequent field sampling acti-
yities and analyses specified that samples ¢ollected in the vicinity of chunk
residues be physically separated from ali other samples from ceollection throngh
determination. Samples collected next to reunds that heve low-ordered and have
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vigibly covered the surrounding surface with chunks of energetic residue typi-
cally have analvie concentrations in excess of 1,060 ppm, which is about five
orders of magnitude grester than our detection limits. Both the samples from 29
Paims and Fort Carson were processed after adopting this policy. The only enep-
getic residue detected for these bwo ranges in 3 processing blank wasz HMX in
one sauple provessed with the Fort Carson samples.

Table 3. GC-ECD QA results for spiked samples analyzed with ol samples from Fort
Hood, 28 Pairns, and Fort Garson.
Bampie type Baii concantration {mg/kg)
Fort Hood sampins HNIX THR RI3X THT JATNT | ZAUNT | JADNT
Mean {n=d} 1.68 G565 e 0.875 G888 1.04 4975
mean % recovery Hed a8.8 35.0 B7.E 28.8 141 a7 b
28 Palms samples HMX TINB RDX THT ZADNT | ZADNTY AADNT
Mean {122} L.0oe 105 PR £.108 £.105 (002 4N
mean % recovery 885 108 g2 1458 3 815 101
Fort Curson samples HMX THRE REXX THY 2A0NT . 2ADNT 4ADNT
Mearn {0=3} 0966 £.968 2858 1.01 o.978 G853 0858
mean % recovery g88 o688 858 4434 67.6 B8 3 96,8

With the omission of N{i, Tables 2 and 3 pregent the LOE resulis for those
snergetic corapounds that were observed in the soil samples. That includes HMX,
TNB, RDX,TNT, 24-DNT, 2,8DNT, ZADNT, and 4ADNT. We neglected 10
incinde NG in the LCS for these samples; howswver, it has been previousty
mcluded in our LCS in the same matx, and good recoveries (= 95 to < 105%;)
were obiained {e.g., Thiboutet et al. 2064), The performance of the analytical
methods was very good for eight of the ning eompounds that were detected, The
miean spike recovery resuits tor the LCS ranged from §7.5% to 108%.

With the exception of the fiving point samples at Fort Carson, -
increment saimples were randomiy selected and triplicate 1aboratory subsamples
were taken to evaluate the sample processing and subsampling methodology
emplayed. All of the Tiring point mult-invrement samples hiad triplicate sub-
samples anslyzed o evaluate & sewly adopted grisding protocol. Eight samiples
tfrom Fort Hood were analyzed in triplicate {Tabiz 4} The mean and percent
relative standard deviation were caloulated for all sampies when all three deter-
minations wers gbove analytica! detsction limits. When one or two of the three
values were below the detection Bmit, a value haif fhe detection Himit was used o
estimate the mean onfy. Almost all of the concentrations determined for these
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eight samples were fess thar T mg/kg. The only exception was RIDX ix sample
73, where the wmean value was 162 mg/ky with 2 RED of 4.6%. Even for
samples with lower congenirations, only two of 16 had RSD estimates greater
than {0%, indicating that the ssimples had been praperly mixed and subsamplad,
The highest RSD obtained was only 18.7% and that was for 4 sample witha
mean coacentmation of RDX of 0,123 me/Kg (Table 4.

Tabie 4, Results for replicated samplss from Fort Hood.

Sample # SoB concentration {mgékg}
replLiil;tes HMX RDX TNT ZADNY | 4ADNT ZADNT
H-38x 0044 Gt =} “d <d =g
558 C.040 D128 < e <t <d
H-38e 0.042 G104 « < @t <d
HASBAVE® 0042 4117 i <d =5 <
% HEl 4.5 10.3
=203 3038 0.116 <d <d i} i
H-38h G035 0182 =d =ik <d =g
H-38 £.032 D08 “d < (il <g
H-30ave G035 D128 < =gt wd <
% BSD 868 187
H-73a 0.542 176 0.232 0.118 3,100 3
W74 4538 1.71 G214 0.124 4418 =g
H-7 36 {.538 1.61 4212 Q142 4.116 <g
M7 3ave 4.538 1.68 4,219 £.128 o111 «d
% RSD .544 454 5.02 876G §.86
H-5%a g.01es! 50388 <d L0080 | 00092 4.0870
M50 3.0138 D043 [ 00042 | 4008 00092 £,0858
M-S0 D.0114 0.0568 <t 206088 $.0088 0.034p
H-BGave 0013 4.0388 40024 3.0081 40083 0.0358
% RSD 138 7.80 869 2.43 335
H-B1a <z <4 Q.08 00038 (.8044 <}
H-81b < wigh 00748 00042 0.0044 g
H81g <gd < =d o008 0.0038 <
H-6 1ave =< <4 0.012% 4.0039 Q.0042 <
% RS0 7.9 B2
Hada «id (.0u82 el <d < wd
HS40 =i <d < < «d <
M-54c =z} <t <t < < <t}
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Tabie 4 {cont’d).
SBample # Soit concentration {imgfkg}
Lab
replicates HMX REX TNT 2ADNT | 4ADNT 24DNT
H-Gdave <d G007 <l < s o
% RSD
673 < 00072 1 Q0072 0.0042 0.0042 $.0028
BTk <} “ “id “«3 < ]
H-874 = <d ] 2 < <t
H-67ave <d so534 1 0.0027 $0027 000827 G.00186
% RSD
#-70a ik < 0,028 “ <l <d
H-70k < = <d wd <d <d
H-iGe e} =g ] ek < «zt
H-70ave <d = 00683 <5 < =l
%% RRD

* Mean value of three replicaies used 3 subsequant sections of e report Tor discussian of results.
When a value was bes than the delection limil, a velug of hatf the detection was used to compude the
ezl

T Shaded values wera ebigined by GG-ECD: unshaged by HPLE.

Sirnilar resulis were obtained for the 29 Palms and Fart Carson mulii.
inerement samples (Tables 5 and 6} The majority of RSDs wers below 0%,
except for 2.4-DNT in samples from the firing paint at Fort Carson. These four
raulti-increment samples of the firing point were ground for five consecutive
sna-minute intervals. The mean concentrations of NG in these samples ranged
From 9.5 10 13.7 mpfke, about two orders of magnitude higher than those for
2ADNT. The RSDs for NG ranged from 2.53% to 7.29%, while those for
2ADNT rangad from 18.3% to 40.1%. This suggests that the subsampling
precision is dependent on analyte concentration.

In subsequert sections of the report, when individual samples are discussed
or used in computations, the mean values will be used when tripficate subsamples
were amlyzed as part of our quality assurance program.

Fart Hood, Impact Range

Results from the six 100-increment samples (H-34 through H-39) repre-
senting the entive [00m x 1G0-m area are presented in Table 7. Only energetic
compounds detected ehove method detection Himits (Table 1) are reporied in the
tables and discussed in the text. RIYX and HMX were detected Inall six of the
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multi-increment samples with values ranging from 0.1 17 t0 3.68 mmg/kg, and
(.035 to 0.632 mg/kg, respectively (Table 7). TNT was detected in three samples
with valuss ranging from 0.222 to 0.806 me/ky, but TNT was below the detec-
tion Hmit of the HPLC method (0,016 mg/kg) in the other three samples.

Tabie 5. Resulls for replicated sampies from 28 Palms.
Sanpte £ S0l concentration {mglky}

Lab raplicates HAMX RDX TNT THE 28DNT AADNT
28P.218 4183 | 0DBTE | 0150 = <d <
20P-214 oi42 | 0878 | 0BG <d =l g
29P-21e 0168 0738 | GHEB < <) <

29P-Zigve D157 | 0698 | 0148
% RED 14.4 496 4.758
2915404 157 972 1.56 = <d i
29P-40% 158 9.34 1.43 <t} <d <
260400 1.28 6.14 1.35 <d i w4
260 -40ave 134 49 1.44 <d wigd «d
% RSD 318 313 7.38
far28a 1.48 12,8 476 0.86a =g <
2OP-260 1.44 128 4386 | 0088 <d g
29200 148 13.0 480 | 0058 = gt
P-28ave 147 2.8 481 2080 e} =]
% RSD 188 | 231 | G888 | 577

The mean ratios for HMX/RIDX and TNTRDX are 0.222 and §.314, respac-
tively, which are consistent with the source being weathered Composition B
{lenkins et al. 2004h), For fresh mititary-grade Compasition B, we expect an
HMX/RDX ratio of about 6,12 and a TNT/RDX ratic of about 0.73. Since the
solubility of these three componnds 1s In the ordar TNT » RDX > HMX, an
inereased ratio of HMM/RDX and ¢ decreased ratio of TNT/RINX indicates that
the Composition B has weathered by disseiution, Composition B is the main
charge for 8 1-mm mortars, 2.75-Inch rockets, and some [535-mm howitzer
rounds, and its presence is consistent with the UXO observed on the surface
ity this area, We need {o be caufious with canclusions based on fhese ralios, how-
aver, because munitions with 1 main charge of TNT were certainly fired onto this
rangg, and perhaps others, such as Getol (HMX/TNT), as well,
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Tabte &, Resulls for raplicated samples from Fort Carson.
Sampled $oil conceniration imgfkg)
Lab
roplicates TRB FHT | 38DNA L NG ZADNT | 2860NT | ZADNT | SADNT
Fimta < i < 248 0.080 < <d <d
FOAD < <j s 133 2075 < <g <d
Fiie gt ik < 130 0038 <g <t <d
FC-1ava 1.1 £1.058
% RSO T.28 23
FO-2a < < <q 14.3 0.204 < <d <zt
Fl2b < < < 2.9 £.3590 <g <d <d
F-20 it < < 137 2206 <d <d <t
FO-28v0 138 8.267
"o RED 495 40 1
FC-3a = < <d 130 0.054 < =d <d
FE-3b =g < «<d 135 0.068 < <d <
FC-3¢ gl <il <d 13.7 0.080 <¢ <d <d
@ FO-3ave 134 0.067
% RS0 2.53 19.3
FG-da <d =d <d 8.92 0.068 =] < <g
FC-db <d <d <d 9.64 0.044 =] ) «d
FO-40 <} g <d 9.94 0.064 <] <l ¢l
FC-dave 9.50 0.065
% RBD 5.52 33.7
Fo-28a =g 0,118 «d <d «d =i <y 0.1
FC-28h < 0.090 < st «d =i < «
FG-26c < 0.000 e =g <d < «d =
FC-Z5ave ¢.0e9
% RED 16.3
FC-28a 0148 212 2404 agd G.o4aB «td 1.5% 1464
FG-28b Q148 228 4507 <g (.G38 i 1.64 173
FC-28¢ 0,144 228 4108 «d 0.042 “d 1.64 L1
FC-Z8ave | D147 23 £.104 0043 182 174
% R3D 157 4158 1.82 11.80 208 384
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Tahle 7. Resulis for 100-increment composite samples from 160-m x 100.m grid
at Fort Hood impact area from HPLC analysis.
Seil concentration {mgfky) Ratio
Sample # HVIX ROX TNY AMX/RIX TNTRDX
H-34 0.0458 £.204 =d 0.235
H-35 0.652 368 £.806 0.172 0.218
H-36ave* G048 0117 =z 2350
B37 §.402 270 (3.762 {1149 0282
H-35 {1.068 {1504 (242 0138 0,440
H-3Bave* (0035 {0125 =g 0.282
Max 0832 368 £.808
Min 5.035 0,417 0.008"
Masan 04.206 122 0307 0.222 8.31a%
Median 0.058 0.354 8118
Sid dev (3253 1.56 g8
% RS0 144 128 108
* The reportad values are the maan of three laboratery subsampies.
! Ona ralf the detection frnit used for «i
** Oindy for ratios with values.

Considering that we counted aver 808 craters in this area, it was interesting
that the mean concentrations of energetic substances for all six multi-inerement
samyles are below 1.5 ppm (mg/kg). Beoause the means and medians for this
diita set {Table 7) do not agree, and the % R8s are graater than 160%, the
underiying distribution of concentrations does not appear to be Gaussian. Never-
theless, the computed mean s the mos? appropriate descriptor to estimate the
mass of these energetic compounds ia this 100-m « 0.1 area, because purs
Composition B expiosive was observed to be present. Thus the influence of high
values should not be diminished, Using the means for HMX, RDX, and TNT,
respectively, we estimals the magses of residuoes in this decision unit to be 87,
518, and 128 grams for 2 2.5-em depth, using a soil density of 1.7 glom’,

Several small (= 0.2-cm to < Z-cnv) chunks of Composition B were found
with a total measured mass of 16.3 g (Fig. 16). Overall, the mass of explosive
estimated o be present in the top 2.5 cin of sail for this sampling area {733 ¢}
is about 44 times the amouni of pure explosive that we cbserved on the siufacs
fgxehuding that in the 2.73-inch warkeady In a similar sfudy in g 10-m % 18-m
aren af Fort Polk, we ftumd about three imes as much mass of explosive residue
ire the soil than was present as chunk explosive on the surface (Jenking et al.
2004b3. Bath Fort Hood and Fort Polk are in temperate climates {Houston ¢t al.
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20011, and apparently most of the energetic residues in the areas sampted in these
artillery impact ranges exist in a size category that typically is used for soil, ie.,
<2 mm, and cannot be detected by visual inspection.

Fiqure 16. Field scale measuring the mass of a chunk of explosive found at
Fort Hood, Texas.

The 1102 kg of ROX, HMX, and TNT o the warkead we observed within
this 100-m > 100-m area & squivalent (o or three times the mass we estimated o
be present inand on the sofl. This ndicates that peeleadic range maintenance o
remove these ruptured rounds can have a major effect on the sources of energatic
compounds on Siese ranges. However, the rate gt which that material would leach
from this round iy unlonewn,

Within this 100-m = 100-m area, we also collected a set of 36 discrete
samples as described previously. Results for these samples are presented in Table
§. Of the 36 samples, HMX, RDX, 2ADNT, and 4ADNT were detected in eight,
seven, two, and two samyples, respactively. In most cases, more than one ener-
getic compound was present in a discrete sample; therefore, overall only nine
of the 36 discrete samples contained energetic residues detectable by HPLC
analysis. The inability to defect the presance of snerpefic compounds in three
guarters of the diserete sneples illustrates the hit-0r-miss nature of using this
sampling strategy when the analytes of concern are heterogeneously distributed
particles. In comparison, RDX and HMX were detected in all six composite
samples and TNT was found in three,
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Table 8. Discrete samples collected in 180.m x 108-m grid at Fort Hood,
am! analyzed by HPLC,
Soil concentration {mg/kg) by HPLC

Sampla ¥ HMX RO ZADNT | 4ADNT
M08 < <d < «l
H-100 i g <8 i+
H-10 < <g < “g
M2 <} <t s =t
H-1G3 8073 =g | <
H.1034 < <4 < <gd
108 wgd <d <d <y
HARS < =g <d “d
H-1G7 < 0.055 gl «d
M-108 e < <d <d
H-108 <l <t < <
H-119 «d i <q «¢f
H-1%1 0738 0.745 0.122 (080
He112 «] <} < <
H-113 «d =d <d <
H-114 0.031 =g <d <d
b5 0.050 0.056 <d «d
H-118 i <d <g <d
H-A17 G038 0.055 <t <
H-118 G038 0081 <gf <k
H-118 <t <t < <gd
Hw120 <d g < “d
H-121 “( =g < =g
H-122 <) “gi <d <gd
H-123 <l <k < <z
M-124 .805 A15 < <gd
H-125 {0.224 0 451 4478 3,031
128 < g <g <4
H-127 < g “th <
H-128 < g <G <d
H-128 <d wg ] =g
H-138 e gt < g
H-131 < i g <g
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Tahie 8 {cont'd). Discrete spmples collecked in 100.-m x 188.4m grid at Fort
Hood, and analyzed by HPLC.,

Soil concerdration {mgfkgl by HPLC
Sample # | HMX 20X ZADNT | SADNT
H-132 A3 =g g} <d
£-133 g < < «t
K134 <d <l <t <
Max 0.738 3750 G.122 GO8h
#Min < ¢} < it
Mamt® n.oao ;158 0.0%4 G.018

* One-half the detection #mit ussd for =d.

The highest RDX and HMX concentrations established for a discrete sample
wers similar to maxiues values established for the 108-increment sampies
{TFables 7 and 83, For example, the highest RIYX values for the disorete samples
and myuiti-increment samples were 3,75 and 3.68 mp/kg, respectively, The loca-
tion of this disorete sample with the high RDX sonceniration {#-124) did not
correspand to the aree where residues were ohserved on the surface or which
was near a brokes-open round. The mean values for HMX and RDX for these 36
discrete samples were, respectively, 8,060 and 0.158 mg/kg, when values of one-
half the deteetion Hmit were used 1o represent the non-detects in Table 8.

Muoreover, the 36 discrefe samples collectively comprise a total sample mass
comparable to each of the 1iG-ingrement samples. A comparison between these
1w samnpling strategizs for establishing the mean conventrations of RDX arnd
HMX within this decision unit shows that the discrete samples resulted in much
lower estimates ard completely missed the presence of TNT. Since the sampling
steategies acquired similar miasses, the higher mean concentrations, and intermit-
tent detection of TNT may alse be a function of rumber of increments, This
poiential variable shouid be further investigated, since the comparison in this
stugdy §s unbalanced La, [30-increment samplas vs. 36 diserete samples,

Another consideration is that analysis costs typically are greater than sample
collection and preparation. Therefore, an additional benefit from composite
sampling is that # s more economical. Overal), these findings are congistent
with a comprehensive study of sampliog & 18-m = 1G.m decision unii within an
artitlery and mortay impsot range (Jeakins ef al. 2004b, 2005} apd reaffirms that
disprete samples tend to underestimate the mean or inereases the possibility that
anatytes of interest wili be completely missed when the analvtes are hefero-
geneously disiributed particles and the objective is 1o obain an estimais of the
average concemtration,
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The RDX and HMX estimates for the six 100-increment samples were not
normally distribeted. The results for multi-increment samples for a recent study
at Fort Polk indicatsd that the non-normal distribution of enargetic residue con-
centrations was due, at {east in part, to the presence of a hot spet, (Jenkins et al,
2004b), This is an example of distributional heterogeneity, From visual observa-
tions made as these multi-increment samples were collected at Fort Hood, it was
determined that there was one area where small chunks of Composition B were
present on the surface that could be indicative of 2 hot spot. Chunks of explosive
were not observed across the remainder of the sampling area. The results indicate
that not only was pure Composition B present on the surface, but that RDX con-
centrations in surface soil were as high as 13.5 mg/kg for a 25-increment sample
collected in this area. This KDX concentration is approximately 11 times larger
than the computed mean for the six samples from this 1060-m » 16010 area,
Inclusion of a single soil increment with an BDX concentration of 13.5 mg/ky
inta one of the 100-increment samples would increage its concentration by only
about 1%. To have a large influence on the 100-incremernt samaple, an increrant
from this sub-area would have to have had an RDX concentration at lzast 19
times higher than 13,5 mg/kg. The rangs of discrete RDX values established in
the Jenking et al, 2004 b study extended over Nive orders of magnitude, with the

. maxirum concentrations two orders of magnitude bigher than the mean. There-
Lf fore, it is very possible that an increment from thiz Fort Hood area had an RDX
coticenirating that was LG times or perhaps higher than 13,5 mg/kz. Thus the
large differences found ameong the six 100-increment samples could be due o
the variability in analvte concentrations among the increments from this hot spat
Area.

Resufts for the two 1Gan  10«mn areas established within the 100.m » 164-m
area are mrosenied in Fable 2. The sysiematically collected multi-incrament
samples from the area where chunk explosives were observed on the sueface had
much higher concentrations of ensrgatic compounds {13.5 and 1.6%9 mgikg for
RDX} compared with the similarly collected mudii-ingrement samples from the
aren where no viseal explosive was observed {0.625 and 0.032 mg/kg for RDX).
Thus, within thig 100-m » 100-m area, we have significant distribotiona! hetero-
geneity {Table 7). The poor agreement between the replicale multi-increment
samples from the 10-m » 10-m ares with residue on the surface and the 100-m x
H3-m aren shows that the sampling strategy feiled fo adequately address the
sompositional and disinbution heterogeneity at this site. However, becanse we
used # systematic sampling pattern in both eases, the veriability is anticipated to
be lower than if ¢ totally random sampling pattern was used, A larger variation
in poncermrations woold be anticipated for a random sampling strstegy because




36

ERDC/CRREL TR-05-7

areas with higher concentrations could be either missed entirely or oversampled
relative to the total decision unit.

Table 9. Fort Hood, 25-increment composite samples from 10-m » 10-m grids.

Soil concentration (mg/kg}
Sample # HMX RDX TNT 2ADNT 4ADNT
10-m x 10-m area with chunk material present
H-72 2.06 135 0.626 0.248 0.202
H-73ave 0.538 1.89 0.219 128 0.111
mean 1.30 7.61 0.423 0.188 0.157
40-m x 10-m area without observable chunk material present
H-160 0.012* 0.025 <d 0.010 0.010
H-161 0.018 0.032 <d 0.011 0.011
mean 0.015 0.029 <d 0.011 0.011

* Shaded data were obtained by GC-ECD analysis; unshaded data were obtained by RP-HPLC,

Analytical results for the discrete and multi-increment samples collected
arcund the tank target at Fort Hood are presented in Table 10, Of the 16 discrete
samples collected at distances from 2 to 20 meters from the target, energetic com-
pounds were detected in just two: TNT in one sample and NG in another. RDX
and HMX were not detected in any of these samples analyzed by HPLC. Of the
16 multi-increment samples collected around the tank target (Table 10), three
samples were lost during the field sampling exercise, Concentrations of energetic
substances within the 13 multi-increment samples that were analyzed were gener-
ally near the detection limits of the GC-ECD method. The highest concentration
obtained was 0.138 mg/kg for RDX in a sample that was collected from a region
10 to 20 m west of the tank target. There appears to be no correlation of concen-
tration with sampling position with regard to the target for these samples, which
agrees with what was found for samples near an artillery target at Fort Polk
(Jenkins et al. 2004b) and elsewhere (Jenkins et al. 2001, Pennington et al. 2002).

Results from the two profile samples are shown in Table 11. For the samples
collected in a crater within the 10-m x 10-m area where chunk residue was found
on the surface (H-263.5 to H-267), HMX and RDX were detectable to & depth of
16 ¢cm below surface. Consistent with all previous profiles collected under
chunks of residue, the concentrations declined with depth (Jenkins et al. 2001,
Pennington et al. 2001, 2002, 2003). For example, where the chunks were
observed on the surface, the concentrations of HMX and RDX went from 0.951
and 2.21 mg/kg, respectively, at the surface to approximately an order of magni-
tude lower in concentration, i.e., 0.102 and §.218 mg/kg, respectively, at a depth
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of {2-186 cm. TNT, MG, ZADNT, and 4ADNT were detected in the surface
sample only fom 0 to 2 om, argd not in any subsurface samples. The combined
comeentrations of 2ADNT and 4ADNT at the surface were greater than the TNT
conceniration. Prefile samples from a crater with no visval evidence of explosive
present {(H-268 to H-273) overall had much lower concentrations of energetic
compounds, but showed the same general trends as deseribed above for the other
profile. These trends in the profile samples, combined with the larger mass of
snergetic materials in the soil fraction (<2 mm), and the BMX/RDX and TN
RDX raties observed at this site, indicate that weathering mechanisms have
greatly influenced the distribution of ensrpetic residuss.

Emerson Lake Range, 29 Palms, Impact Range

Results for the six multi-increment samples coilected in the 100-m x [00.m
arep chosen at the Emerson Lake Range are presented in Table 12, RIIX, TNT,
and HMX were deteoted in all six samples. No other snergetic compounds were
detected in any of the $iX samples, not even ZADNT and 4ADNT, which are
almost always detected when TNT is present at concentrations in this range §
tay be thai the very arld pature of this site Himits the rate of Tormation of thass
environmental transformation products, Pessibly ZADNT and 4ADNT would

Q have been dstected at low concentration if the samples with relatively high TNT
concentrations had been subjected to GC-ECD analysig, but the high concentra-
tons of several of the other analytes would have caused potential insirumental
difficuities.

Concentrations i this set of six multi-increment samples ranged from 0.288
o 6.48 mgfkg for RDX {1ange factor of 22,8}, 0.096 10 0.778 my/ke for HMX
{factor of 8.1}, and 0.006 to £.00 mgfkp for TN (factor of 687 {Table {21 The
voncentrations for these replicates are likely pot normally distributed, probably
because of the presence of hundreds of various sized particles of pure explosive
on the surface, i.e., a visible source of compositional heterogengity, Similar to the
decision units sanpled at Fort Hood, the multi-increment systematic sampling
strategy falled o adeguately address compositional heterogeneity, and perhaps
distributional heterogeneity, too. Even if we had not visvally detected the
presenes of this chunk material, the large range found among replicate malti-
incrernent samples vould be used to Infer the presence of compositions] vark
ability andlor hot spot{s} of high concentrstion within the boundaries of the grid,
i.2., distributionsl variability.

O
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Table 10. Fort Hood discrete and composite soil samples collected around tank target.

Soil concentration {mg/kg)

Sample # Location HMX | RDX | TNT | NG [ 2,4DNT [ 2ADNT | 4ADNT
Discrete soll samples collected at various distances from tank target
H-40 2m-8 <d <d <d <d <d =d =d
H-41 5m-5 <d <d <d <d <d <d <d
H-42 10m-5 <d <d <d <d <d <d <d
H-43 20m-S <d <d 0.175 <d <d <d <d
H-44 2m-W <d <d <d <d <d <d <d
H-45 5m-W <d <d <d <d <d <d <d
H-46 10m-W <d =d <d <d <d <d <d
H-47 20m-W <d =d =d <d <d <d <d
H-48 2m-N <d <d <d <d =d <d <d
H-49 5m-N =<d <d <d =d <d <d <d
H-50 10m-N <d <d <d <d <d <d <d
H-51 20m-N =d <d <d <d <d <d <d
H-52 2m-E <d <d <d 0.028 <d <d <d
H-53 5m-E <d <d <d <d <d <d <d
H-54 10m-E <d <d =d <d <d <d <d
H-55 20m-E =d <d <d <d <d <d <d
Composite soil samples (10 increments) collected in areas
at various distances and directions from tank target

H-56 SE-SW, 0—-2m 0.010* 0.016 0.006 =g =<d <d <d
H-57 SE-SW, 2-5m <d 0.008 <d <d <d <d <d
H-58 SE-SW,5-10m sample lost

H-5%ave SE-SW, 10-20m 0.013 ‘ 0.0400 0.002 <d 0.036 6.009 0.00g
H-60 SW-NW, 0—2m sample ltost

H-B1ave SW-NW, 2-5m <d ‘ =d 0.012 =d <d 0.004 0.004
H-52 SW-NW, 5-10m sample lost
H-63 SW-NW, 10-20m 0.002 0.138 <d <d <d =d <d

H-64ave NW-NE, 0-2m <d 0.003 <d <d <d <d <d
H-65 NW-NE, 2-5m <d 0.010 0.059 <d =d 0.040 0.040
H-66 NW-NE, 5-10m =d <d <d <d <d <d =d

H-67ave NW-NE, 10-20m <d 0.003 0.003 <d 0.002 0.003 0.003
H-68 NE-SE, 0-2m =d 0.013 0.008 <d <d 0.007 0.004
H-69 NE-SE, 2-5m <d 0.007 0.007 <d <d c.007 0.004
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Table 10 foont'dl
Sl conpentration imgfkg)
Sample £ {ocation HMX RDXX 1 TRT i MG I Z40NT I ZADNY ABDNT
Composite soil sampiss (10 increments) collected in arsas
at various distances and directions from tank farget
H-T0ave NE-SE, 5-10m < <) 4009 =] < <d i
H-71 NE-BE, 10-20m <q < 0008 <l <d 0.007 £.007

* Shaded date were determined using GC-ECD; unshaded data were determined by HPLG,

Tabie 11, Dapth profile samples collectad in arsa around tank target at Fort Hood.
&oil concentration {mg/kg})
Sample # Depth HMX | RDX | TNT | NG | ZADNT | 4ADNT
Depth sampies in 10-m x 10-m grid whare no surface explogives were ohserved
H-Z65 S-tom g.o70" 0136 wgd <t 8.054 0058
S Bt FenBOETE §.047 4088 “g “t 4.048 4,048
o FEom 4.024 D470 <t} «d {.632 6000
H-271 10-120m 3.074 .10 i «d 0,322 O.0214
H-272 12-3%am <d =« L5 < «d <
HZTE 18-T8om =i <t <d <t = <t
Benth samples in 10-m » 10-m grid where chunk explosives were ohserved on the surface,
H-263.6 Q20 0.951 2.21 1).0154 2.030 (.235 D215
H-264 Z-Borm 0.395 an <d ~ti < <d
H-265 B--Bem 0117 0.331 <l «d <d <gd
H-266 Bt 2000 0,131 0.252 < <¢] <t =g
H-267 12-18em e {9 Q218 <l «q =d <
* Shagded values were determined by GC-ECD; unshaded values wars daterrminad by HPLC.

Reszults for all samples from the 10-m « 10-m area whete 40 to 50 chunks

of Compostion B were observed are presented in Table 3. Within this area,
sarmples were collected in triplicate using three difforent steategios: simple
rendon distrete smnples (20513 1o 29P-15), simple random 28-Incrament
samples (20914 to 29P-12), and systematically ¢ollected 23-inurement samples
{29P-7 1o 26981 In terms of reproducibility, the results for the systematically
colleoted Z3-Increment samples have much Jower sarmpliing % RSD than the other
two approaches. Using RTIX a5 an example, the R3D for the systematic mulii-
ncrement samples was 8.60%, 55,2 9% for the rmuiti-increment random samples,
and 50.8% for the discrete samples, These results agree with what was predicted
from g recent study at an artitiery impact area at Fort Polk, Louisiana (Jenkins et
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al. 2004b). These mean and median values for these data also agree with earlier
results that demonstrate that results for discrete samples are generally lower than
those for multi-increment samples collected in the same area (Jenkins et al.
2004a, 2004b). Using the mean values for the systematically collected multi-
increment samples, estimates of the masses of HMX, RDX, and TNT within this
10-m x 10-m area are 0.344, 0.87, and 0.041 g, respectively. Within this area
there was estimated to be between 10 and 20 g of chunk energetic residues on
the surface.

Table 12. 100-increment composite samples from 100-m % 100-m grid at
Emerson Lake Range at 29 Palms.

Soil concentration {mg/kg)

by HPLC analysis Ratio Ratic
Sample # HMX | RDX TNT HMX/RDX TNT/RDX

29P-20 0.096 | 0.288 0.006" 0.333 0.021
29P21ave 0,167 | 0.698 0146 0.239 0.209
29P-22 0136 | 0.904 0.170 0.150 0.188
20P-23 0.286 | 1.96 0.0568 0.148 0.493
29P-24 0285 | 1.64 0.934 0.175 0.571
29P-25 0.776 5.48 4.00 0.120 0.817

Max 0.778 6.48 4.00

Min 0.096 | 0.288 | 0.006

Mean 0.291 1.89 1.04

Median 0.226 1.27 0.552

* Highlighted values were obtained by GC-ECD; all others by RP-HPLC.

It is surprising that mean and median concentrations for the 100-m x 100-m
grid are higher than for the 10-m x 10-m grid where the highest numbers of smail
chunks of explosive were observed. However, chunk explosive was observed on
the surface at several locations within this 100-m x 100-m grid. Chunk explosive
also was observed beneath the surface, i.e., presumably buried by blowing sand.
Estimates of the mass of HMX, RDX, and TNT were made using the mean for
this 100-m * 100-m area and were 123, 846, and 442 g, respectively.
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Table 13. Resuits from samples collected in 10-m % 10-m grid containing sraall chunks of
explosive at Emerson Lake, 23 Palms,
ol eongentration {mgfky)
Sample # $ample information HMX | TNB | RDX ; TNT  2ADNT | SADNT
Frofile samples collecied under a 2.6-0 chunk of Composition 8
2881 1 o FiR 3.82 825 37 8408 0.083
2882 i3 om 240 1.79 SRE 417 G088 0.044
258P-3 3-8 cm 0.758 £.848 310 459 962 G078
20r-4 6-8 o 0.037 i 0.258% 4.158 0.038 o042
20P5 810 om 4027 =t 0.240 Lo 0.051 HRES
2aPE HZ om &.050 <3 0142 D058 9.032 0%
Composite samples of 28 increments collected by systemafic approach
29P-7 e D138 <d® 4340 0.024 <} <g
29P-8 rep 2 0.138 < {308 G012 =g} <d
20R-3 rep 3 013G « 374 o012 < g
Max 058 0.374 {1324
ity 0130 0.308 bz
Median 436 0.340) oz
Hiean 35 {1344 0.015
Bid day G.0042 04336 | 00088
% R3BD 308 aBs 43.3
Composite samples of 25 incrémenis sollected by randem approach
25910 rep 3.096 <4 .248 014 <d “g
280114 rep 2 {3164 it {1.448 D.GiZ «d <
2ap-12 rap 2 166 ] {1784 {122 “td <gd
flax B ige 1784 0.122
hin 0088 0.24% 0018
Median 0164 0,448 0014
Mean 0.142 0483 0.0349
St dev £.03e8 02718 | 00828
% RED 81 5.2 128
Biscrote samples using mndom approach
26813 e 4.084 < 8058 ¢+ 0008 <d s
29114 reg 2 C.08G <d 3.188 0,008 < “
29P-13 rep 3 0.042 < 4487 | 0210 <« =d
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Tabile 13 (cont'd). Results from samples collected in 10-m » 18- grid containing small
chunks of explosive at Emersan Lake, 28 Palms.

Soil eoncenization (mgfkg)
Bample # Sampile information HMX THB RDX INT | 2ADNT | 4ADNT
Max (086 0187 4.0
Min 0.4z 4.058 0008
Median n.054 0.169 0.008
Mean 0.060 0.138 0.008
Std dev 0.0225 G.088% | 0.0022
% RSD 3.2 50.8 6.8

* Bhade valuss warg taken from GC-ELD analvls; urshaded values were igken from HPLEG anelysis,

{n the profile samplas golleeted under the 2.0-g plece of Composttion B
{Sample Z9P-1 t0 29P-6), RIX, HMXK, TNT, and TNB were detected. [a the top
o, concentrations of RDX, HMX, and TNT were, respectively, 825, 53,2, and
337 mgfky. The concentrations of RIFX, HMX, and TNT are reduced by about un
orider of magnitude in the sample collected from the |- to 3-cm depth comparsd
to the 0-1 cm layer. At the deepest depth sampied {10-12 cm), RDX, HMX, and
TNT were stifl measurablie, Detectable concentrations of ZADNT and 4ADNT
were present only at the surface; combined, they were less than [% of the con-
centration of TNT. Therefore, even directly below this chunk of pure explostve,
ankby very small amounts of the energetic compounds leach deep inte the prodile,
a likely sonsequence af the minimal precipitation that oecurs within the desert
environmend of 29 Paims,

Quackenhush Rangs, 29 Paims, impact Range

Resulty Yor the fisst target area sempied at the Quackenbush Range st 29
Palms are presented in Table 14, These results are for 30-increment samples
collacted systematically within the circle of radius 30 m arounid the target (sur-
face ares was about 2800 m®). As with samples from the Emerson Lake Range,
only RDX, HMX, and TNT were detected in these saumples. While there were
only three replicates taken here, the range of concentrations for a given analyte is
mueh smaller than found 2t either the Fort Hood Range or the 10G-m x 100-m
grid at the Emerson Lake Range. For example, the range for RDX is 132 10 4.78,
a factor of 3.6, wherees the same 1atio for the other two ranges was 31,5 and
225, respectively, The smaller range among replicates could be due to the
absence of a hot spat of high concentration within this arsa. In contrast fo the
other ranges, anly ane smzil piece of explosive residue was found, even afier an
exhanstive search of the area. Al of the arzas sumpied at this installation were
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compietely denuded of vegelation, so the ability to visually detect the presence
of small picces of solid explosive on the surface was at 3 maxipum.

Table 14. S0-increment composite samples collected aystematically within
30.m radius of target at Quackenbush, 29 Palms.

| Soil concentration (mgfkg) by HPLC Ratio Ratio
Sample # HNDX RDX TNT HMX/RDX THNTRDX
2OP-26 0250 | 132 | 0.268 0,188 0.195
29P-27 0912 | 476 | 113 0.182 0.238
20P.28 0640 | 216 | 0.5 0,296 0.248
[fax 0.%12 4.78 1.43

M 0230 | ta2 | 0268

thean 2601 278 | 0842

Median 0840 | 238 | LA3E

St dev 9333 | 178 | (447

%% RED 52¢ B3¢ 83.2

Resuits for the seeond aren sampled &t the Quackenbush Range are presented
in Table 15, 8ix systematically collected 100-increment smyples were collected
in this 160-m » 100 area. As usual, only RIIX, HMX, and TNT werg observed
by HPLC. The agreement ameng the six replicats satples was excellent, with
sampling RSDs of 37.0% for RDX, 36.8% for HMX, and 34.2% for TNT. We
used the mean concentrations as the best estimate of the average concentration in
this area, From these data and a soil density of 1,7 g/ont’, we estimate that the
mass of residues present in this 100-m x 100-m ares in the top 1.5 om of sofl was
14 kg for RDX, 0.31 kg for TNT, and 6.21 kg for HMX_ This is a miuch larger
aatimate of the mass of residue in a given volume of soll than obtained for a
sitnifarly sized grid at Fort Hond and is consistent with cur ohservations of about
S 10 10 kg of chusk pure explosive being present throughout this area. Clearly,
the mass of energetic residucs In this farge area was dominated by that assoclated
with the large shunks found on the surface. This, coupled with the Sndings from
the Emerson Lake range, indioates that in arid climates, enerpetio residues me
more Hkely 1o persist as particles Inrger than what is typically considered 1 be
classified ag soil for 2 longer period than in more temperate climuies,
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Table 15. 100-increment composite samples collected near second target
at Quackenbush Range, 29 Palms.
Concantration {mg/kg)
by HRLC
HMXR | TNT/RD
Sample # HMX RDX THY 5} 4 X
29P-35 0.4%% 4,30 550 G115 145
9P-35 Q780 588 1.33 488 G.342
28P-37 1.08 £.a82 168 Q8G 0250
28838 4608 4.5 3.750 8,165 §.178
78P.28 0662 £04 181 0451 4360
26P-dlgve 154 844 1.44
Max 124 540 1.68
Min G458 3.88 {822
Mean 835 562 1,22
Medizn 0.72% 4,97 138
Gid ey 0.307 208 G.418
% RSD 368 370 34.2

Within a 10-m = 10-m subgrid of this grid, the agreement among the three
25-increment replicate samples was also good, particularly for RDX, HMX, and
TNB, where the RSDs were less than 24% (Table 16). The concentrations in this
F0-m ¢ 100 area were alsa zbhout two tirmes higher thas fosnd for the sntire
$00-m = 100-m area. Estimates of the mass of residues in the wp L3 o of soi
in this 1Germ « 10-m sub-grid osing the same asquviptions made above are 34 ¢
for RDX, {1 g for TNT, and 4.0 g for HMX. For both of the decision units
sampled at this location, the systematic collection of multi-increment samples
of approximately 1-kg mass appears to have addressed the compositional and
distributional heteragensity.

Analytical results from soll profile samples are also shown in Table 16, and
as found elsewhere, the highest concenirations by far are Jocated s the tap conth-
smater of soil. Concentrations of RDX, HMX, and TNT were still zasily delect.
able in the 4- 1o B-cm sample, but were appreximately an order of magnitude
iower than fonnd in the surface, Likewise, the surface concantrations of 2JADNT
and 4ADNT wers less than 1% of the TNT conceniration. The rapid decrease in
concentration with depth, the limited degradation of TNT in the profile sampies,
and the greater mass of residues in the larger-than-2-mm particle size fraction
indicate that influence of weathering mechanisms is not as large a factor at 29
Palms as is seen at Fort Hood,
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Table 18. Z&-increment composie samples from an « 1054 gritd divided into 24m % 241
subgrids at Quackenbush, 28 Paims.,
Hoit eoncentration img/kal by HPLG
Bample # HMX | TNR | RDX TNT | 2ADNT  SADNTY
26P-20ave 147 0,060 12.8 4,81 wf | ed
29830 187 082 Holg 562 ] <t}
28831 1,28 B.04¢ 4 184 < ad
Wlax 1.87 0.082 16.7 6.52 <l g
Mir: $.99 0,040 10.4 1.54 <d g
Metian 147 0.580 12.8 4.81 i led
Me=n 188 0.5 13.3 456 i <l
Sid dey 0.23% 0.012 318 2.52 ~i «f
% RS0 14,5 225 240 19 <ty “t]
Prafile sampies collected under a ¥.5-4 chunk of Compuogition B inside grid area
29P-32 01 &m 127 0.480 B9.7 73.8 0133 10128
20pP-32 1—4 cm 0.71% =g 363 D33 “t} «d
28P-24 48 em 0.628 <d 5.57 0.439 i =g

Fort Carson, Coloradso, Firing Point

The results for four 49-increment surface soils samples from the mortar firing
point area at Fort Carson are shown in Table 17. The mean concentration for NG
in this area was 11.7 mg/kg with an RSD of 18.5%, based on the replicate multi-
increment samples. Thus the systematic collection of 49 increments (e, 2-kg
mass) appears to be adequate to obtain reproducible subsamples. These findings
are consistent with those reported by Walsh et al. {2003) for a heavily used fiving
peint that also was sparsely vegetated and extensively sampled.

The concentrations of 2,4DNT i these samples were about a factor of 100
lower than NG. The mean was 0.114 mg/kg; however, one field sample repiicate
had a value that was about four times the other three concentrations causing the
RS to be 88.9%, considerably larger than for NG. We anticipate that this vari-
ability can be attributed mostly fo compositional heterogeneify, since propellant
residues are believed ta distribute more uniformiy than the energetic materials
gssoctated with the main charge of munitions {Jenking et al. 28044a). The mass of
NG and 2ADNT i this 100-m x 100-m x 2.5~cm volume of soil is estimated
be 3 kg and 0.048 kg, respectively,


http:essociat.ed

; - 46 ERDC/CRREL TR-05-7

Table 17. Results for analysis of composite soil samples from a firing
point at Fort Carson, Colorado.
Soil concentration (mg/kg)
Sample NG 2,4DNT
FC-1ave 10.1 0.058
FC-2ave 13.6 0.267
FC-3ave 13.4 0.067
FC-4ave 9.50 0.065
Max 136 0.267
Min 9.50 0.058
Mean 11.7 0.114
Median 11.8 0.088
Std dev 215 0.102
% RSD 18.5 88.9

Fort Carson, Colorado, Impact Range

One set of six multi-increment soil samples from a 100-m x 100-m grid was
collected from the artillery range at Fort Carson (Table 18). Only TNT and its
two major environmental transformation products (ZADNT and 4ADNT) were
detected in these samples. The concentrations detected for all three energetic
compounds were very low: maximum values obtained for TNT, 2ADNT, and
4ADNT were 0.009, 0.018, and 0.029 mg/kg, respectively. The absence of RDX
and HMX indicates that the residues of TNT and its transformation products
originated from military-grade TNT and not Composition B. Of the residues
remaining, less than 25% were still present as the parent compound TNT,
indicating that residue deposition in this area was not recent. We estimated that
there was 1.7 g of TNT, 5.1 g of 2ADNT, and 7.7 g of 4ADNT residing in this
area when these samples were collected. Overall, the results for these samples
from the Fort Carson impact area show that significant residues of energetic
compounds are not always present in heavily cratered areas in close proximity
to the targets.
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Table 18, 180-ncrement composite surface soil samples from 100-m =
100-m ¢rigd in the impact arga at Fort Carson,

Congentration (ma/kq) by GG-ECH “% of total
emr?a‘tic
remaining
Bamplo # TNT ZALNT ARDNT as TNT
F-47 5,003 L.g4 4.0z 6.84
FG-48 5002 0.G13 0028 683
FG-49 0,005 0. 0.029 10.3
80 < 0.007 4.01%
FOWE1 0.003 G008 §.4011 1324
FCA52 3.009 8.010 D018 249

Max 5009 G018 0.G258

Min <z 0007 00

Kadian [1R4:45 0.0191 0.018

#ean 0.304 0.012 5018

Std dov 0.003 0.004 Q007

% R&D 815 371 377

and SAGRT

Shadded values were taken from GU-ECD analysis.

* Caiculaind as 100 fimes the TNT concerdration divided by tiwe sum of TNT, 2A0RT,
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5 SUMMARY AND CONCLUSIONS

This repert is our first attenpt to charsvterize areas as large as 100-m x 100~
m at artillery/mortar impact ranges vsing g multi-incrament sampling stratepy to
abtain one or 1wo kilogram samples. Numerous chusks of energetic residuss
were prasent on the surface at several of the locations selected for sampling,
Even though these chunks were intentionally aveided during the ceflention pro-
cess, the ability 10 obtaln a mean concentration for the energetic residuss in the
surface soils of a large decision unit with an acceptable degree of uncertainty was
confounded by the extent of heterogeneity. The comparison of randomly and
systematically nmlt-increment replicate samples collested within 10-m * 1mn
decision units, presenied bere and elsewhers, {Jeniing st al. 20045, 2003}, sup-
gesfs that pevhaps the greatest portion of the ol uncenainty for the larger deciv
sion unit is due o the presence of areas of high concerdrations of particles I ard
on the soil, Le, digiributional heterogeneity, This, however, does not preciude
compositional heterogeoeity frome adding to the uncertainty, Le., the mass of the
samples was inadequate 1o provide 2 relisble estimaie of the concentration of
energetic mgterial in the soil within the 100-n % 100-m area. it has been sug-
gesied that, to reduce the uneertainty in the mukli-increment samples in decision
units of this farge size in artillery/mortar impact ranges, a tenfold increase in the
number of inerements (nass) should be evahuated, To process these much larger
samples, there are s couple possible akiernatives: whole satmple extraction
{Hewiti and Walsh 2604, Walish et al. 2003} and solvent siurey mixing (Radike
st al. 2002, Thiboutot et g, 2003), and particle size reduction { Walsh et al. 2604}
However, since this hos not been demonstrated, and may prove to be too cumber-
some, we currently recommend the e of & systemabic multi-lnerement sampling
strategy with replication. Based on these findings and others, the systematic col-
lection of multi<inerement sample establishes the most appropriate mean concen-
tration for sstimating the mass of energetic compounds i1 a decision anit (Tenking
gt al. 2004a, 2004b, 20035),

The collection of multi-increment samples at a sparsely vegetated firing point
was shown to be adeguate for estimating the mean concentration overa 100-m %
i (-1 avea or iaryey In this sindy and elsewhere {Walsh of ¢l 20051 An
expianation for this phenomenon is that the distribution and amount of propeliant
residue particles present af these firing peinis were adoguately reoresented inthe
samnple mass collected. Propeliant residues are thought be less than 3 mun in size
and typically are more vniformly dispersed as compared 1o residues fom the
partial detonation of munitions, aud the same general area is wsad repentedly.
Althaugh not yet published, recent sampling activities at Canadian Forces Base,
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using the systematic approach to collecting replicate multi-increment samples,
was shown to be adequate for estiniating the mean analyle concentrations over
large areas at three separate firing point locations.

Table 19 is a susnary of the surface loading estimates we calzulated with
data from larper-scale areas at Fort Hood, 29 Paling, and Fort Carson. Once the
minss has heen estimated, it can be used ia models b predict off-site pugration of
these compounds, sither by leaching and interception with a proundveater aquifey,
ar in surface runoff, It also provides these estimates on the me/m” basis @ allow
comparisons among decision units, energetic residues, and 1o support the imple-
mentation of efforts to clean up munitions that have undergone Tow-order
(partial) detonations by emphasizing the magnitude of these potential soarce
terms (e.g., the opened HE-filled 2.75 in war at Fort Hood). Contrarily, when
sarmples were collected In beavily cratered areas and near targets that were absent
of visible energetic rasidues, the soncentrations of snergetic compounds wers
generally in the low-te-sub-mg/m” range. This finding & consistent with the view
that when munitions function as designed, there is linde buildup of enerpetic
residues (Hewit et al, 2003}

Because mulii-increment samples are large {a kilogram or greater) and the
portion used for analysis small {we recanmmend 10 g), it is important to process
these samples in a manner that allows reproducible subsampling. The results in
this study indicate that excellent reproducibility is obtainable if samples are
machine-ground with a puck mill grinder and the subsample prepared by
mandomiy seleciing 30 increments of ground soil to build & 10-g subsample.
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Table 18. Swnmary of surface loading estimates for energetic residues at Fort Hood, 29 Paims, and Fort Carson.

Bire of Chunks ROX INT HMX
Type of area | Depth | present
% Averagie | Mass (g} Avsrage | Mass ig} Average Mass {g}
installatian area i fem) | tyesino) cone, per area LORG. per args \ cone. per area
Fart Hood {maikg) | sampled mgim? Ong/kgt | sampled | maim | {mgikg) sampled mgim®
imnact
Target arey fange 10,000 28 Yas .22 518 518 6.111 47 4.7 0.208 g7 87
Impact
Target srea ranges 100 2.5 Yag 781 32 320 0423 1.8 18 (Ret LR G5
Impaet
Targed area range 168 25 No n.028 912 1.2 wd =g “d 8518 0.063 083
29 Palms
impact
Tmerson Lake range 10,6068 1.8 Yeg 1.499 BT 0.7 1. 265 785 0,261 74 T4
Impact _
Emsraon Lake TANGSE 100 1.3 Yes 0.341% o.87v a7 0.1e 4041 .41 0.135 (344 344
hmpact
Cluackenush 1 range 2,860 1.5 No 2776 327 i 0042 ¥ 271 £.801 71 18.5
tmpact
Suaskeninigh 2 range 10,600 1.5 Yes 5,62 1400 140 1.22 312 3.2 LLB3E 210 24
impau
Chasckanbush 2 FRTIgH 100 15 Yos 3.3 34 340 4,38 i1 14 1.55 4 4
Irmpact
Fort Carseon Tane 4,000 2.5 No < <d b 0.004 1.7 I <d “<tf <
NG 2 40NT
Average Average
cone. song.
img/kg) | Mass (n) moin® | (mgikgd | Massig)  mgim’
BMortar
g
Fort Carson faledig] 10,000 2.8 No 7 5,080 S8 .14 48 4.8
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