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ABSTRACT

Range contamination and sustainability are major issues for the United States military. Training is a
critical factor in force readiness, and the availability of ranges is crucial to this need. To determine the
impact of training on ranges, data are required on the deposition of explosives residues from live-fire and
blow-in-place detonation of munitions. A method of sampling on snow-covered ranges, the discrete sam-
pling method, was developed by the Army’s Cold Regions Research and Engineering Laboratory to de-
termine residues from the detonaticn of munitions. Although very effective, it requires the collection of
many large samples, resulting in labor-intensive field operations and much processing and analysis work
in the laboratory. By examining sampled locations within detonation plumes, it appears that collection
bias may be affecting the results. There was also no methodology for quality assurance in the collection of
the samples. We have examined the process currently in use and carried out a series of experiments to
determine whether bias and sample quality issues are present in the sampling technique. Alternative
methods of sampie collection that afford a greater opportunity for quality control were examined and
compared to the discrete sampling method. The recommended alternative sampling protocol s to collect
multi-increment samples, and experimental results using this method are presented.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Ciration of trade names does not constitute an official cndorsement or approval of the vse of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.
DESTROY THIS REPORT WHEN [T 18 NG LONGER NEEDED. DO NOT RETURN TC THE ORIGINATOR.
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PREFACE

This report was prepared by Michael R, Walsh, Moechanical Enginees,
Engineering Resources Branch, Engincer Research and Development Conter,
Cold Reglons Hesearch and Engineering Lebosatory (ERDC-CRRELY, Hanover,
New Hamgshire; Marianne . Walsh, Chemical Engineer, Environmental
Sciences Branch (ESB), ERDC-CRREL; Charles A. Ramsey, EnviroStat, Fort
Caollins, Colorade; ared Dr. Thomas F. Jeakins, Ressarch Chemist, B8R, ERDC-
CRREL.

Major funding for this project came from thres sources: Strategic Environ-
mental Research and Development Program through Complianes Project 1153,
Distribution and Fate of Energetics on Dob> Test and Training Ranges, theough
£y, Judith Pennington of EL and 13, Tom Jenking of CRREL; the Minimization
of Bxplosive Residoes in Biow-in-Place Procedures Distributed Sources work
unit sponsored by the Corps of Engineers Environmental Quality and Installa-
tions Program, Focus Aren for Characterizalion/Assessment of Distributed
Source Ordnance-Related Compounds on Ranges; and funding received from the
UBA Engineer and Support Center, Hunisville, under the CEHNC OF Initiative
Tech Program though Ms. Deborah Dixon Walker.

The work wpon which s report is based involved many peopie across
several entifies. At Fort Richardson, Me. L. Fleshman and the staff at Range
Control provided range access during & very busy petied of training, The soldiers
of the 4/1 1th provided engincering demolitions support for the detonation of the
sounds. Jeff Lipscomb of the Army Cold Regions Tast Center at Fort Greely
coordinated the acquisition and delivery of the roands used during festing. Ken
Wright and James Ratoliff of Clearwater Environmental provided assistance with
the demolitions and UXO support.

For the tests, the amhors had feld assistance in Japuary from Alan Hewitt,
Dr. Jon Zufel, Charlie Colling, aigd Kevin Biells of CRREL, along with Caplain
Adrian MacCallum of the Australian Army. In March, the quthoss were joined by
Dr. Tom Douglas of CRREL., Tommie Berry of EL, and Dirs. Sonia Thibeutot
and Guy Ampleman of Defense Resgarch and Development-—Canada {Valcar-
tier, Quebes). For both deployments, Nancy Perron, Demnis Lambert, and Chaslie
Schelewa set up and operated the site Iab. Major Doug Anderson of CRREL
oversaw demolitions operations. JoAnn Walls of the Corps of Engineers, Alaska
District, provided critica contracting support. Extensive project suppolt was
provided by the U.S. Army Alaska.

Technical review of this repost was provided by Dr. Susan Taylor of CRREL
ard Dr, Clarenee L, Grant.
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An Examination of Protocols for the Collection
of Munitions-Derived Explosives Residues
on Snow-Covered lce

MICHAEL R, WALSH, MARIANNE E. WALSH,
CHARLES A RAMSEY, AN THOMAS F. JENKING

1 INTRODUCTION

Range contamination and sustainability are major issues for the United Smtes
mitttary. Training I3 a critical factor in force readiness, gnd the availability of
ranges iz ¢rucial {0 this need. To datermine the impact of training with munitions
on mitiary ranges, data are required on the officiency of beth Hve-fire ang
blowing in place of musnitions. Current lawsults against the Army claim thag
residues resulting from the use of thess ranges are comaminating local ground-
water sources, Relinble data are necessary to assess the merit of these claims,

A method of residues sampling on snow-covered ranges was developed by
the 118, Army Corps of Engineers Cold Regions Research and Engineering
Laboraiery {CRREL) (Jenkins ef al. 2000, 2002). Alhough very effective, it
reguives the eollection of many large snow samples, resulting in slow, labor-
intensive field operations and much processing and analysis work in the labora-
tory. From an examination of sample locations, it appesars that there may be a
bias toward sampling in areas where the residue plume & darkest, which may
skew the results. There was slso little done in the past for guality assurance as
the sampling process was 3o laborious.

Soil sarmpling on fiving points &t the Domnelly Training Area in central
Alaska between 2001 and 2003 (M.E. Walsh ¢t al. 2003) indicates that multiple-
increment sampling for residues iz an effective method for characterizing a site
for explosives. This work was conducted during the summer, but we
hypothesized that the methods used could be effectively applied to winter
sampling of sesidues on snow, Residue sampling on snow following a winter
live-fie exerpise at the 1.5, Army’s Fort Richardson, Alaska, Eagle River Flaty
impact range (Hewiit et al. 2003) indicated that this area would be ideal for
sesting our hypothesis, In 2004, bwn sets of tests were designed and carvied o,
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The first set was dasigned to compare the then-current mathod of sampling resi-
dues frou the surface of snow with sampling methads similar to those used at
Dannelly. The second set of tests was used fo sonfirm the validity of our choice
for the most effective sampling method,

Snow-covared ice is the ideal medium on which 1o condiet residues tests.
The ice cover isolutes past residues deposition fom current residues in areas
where no recent defonations have oceurred. The snow cover provides a highly
contrasting surface from which to sample. The general detonation plume area
delinsation is thus facilitated. The snow and ioe alko isolafe the residues from
oot vegelation and solls, making sample processing sasier,
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2 PHYSICAL SETTING

Eagle River Flats (ERF) is an estuarine salt marsk Jocated at the mouth of the
Eagle River, along the upper Cook Infet near Anchorage, Alaska (Fig. 1). The
Flats have beet used 43 an antillery und mortay impact range for Fort Richardson
since the Iate 1940s, This small, 865-ha rangs is perjedically flooded by the
secopd-highest tides on Barth. In the wintes, the ares freezes over and 1s covered
with snow. Temperatures are moderated by the open waters of the inlet throughe
out the winter months and geaceratly remain below Freezing from late November
through mid-March.

er f/
oy 23%8 (Zf’,ﬁ\/

Iy

HENAT PENINGLE A % ~

Figure 1. Eagle River Flats, logation of the tests.
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ice thickness and spow cover on the flats vary acoorging 1o severad
parameters, Temperature is an shvious factor, bol snow cover is crifical to
Himiting ice depth and the fteezing of the ground beneath the ice sheet, The
frequency and severity of the fooding tides thickens the ice sheet, Wind will
mfluenes the snow depth and heat ttansfer. Mormally, an ice sheet sufficiently
thick to prevent peneiration of live-fired rounds up to 103-aun is attained by aid-
Dacember (Cotling and Calking 1993,

The ice sheet is grounded in most aress and is of sufficient thiskness to allow
traverse by heavy vehicles. Vehicular access throughout the sastern half of the
Flats in winger allows efficient testing and Operations over a large area. Access (o
post from ERF is via s well-maintained road, and laboratory facilities are [ocated
within 10 km of the test area.
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3 METHODS

Bampling pretocol tests were carried out in twe phgses In conjunction with
research imio the quantification of explosives resicues resulting from the detona-
tion of military munitions. Tests in January 2004 on 81-mum mortar rounds and
[05-rmm artillery rounds focused on the comparisen of alterative sampling
methods with the discrete sampiing method (DSM) currently i use. The tests
in March 2004 using 155-mm artilery rounds looked at the agplization of the
proposed new sampling method. All tests were conducted on fuzed static rounds,
employing the standard blow-in-place method used by the Army o dspose of
dusd rounds found on ranges and battlefields, Table 1 outlines these tests, Appen-
dix A contains moere detailed information on the musitions.

Table 1. Testing conductad for sampling protoce! study,

Yestidate Munition Filler Objactives B
Compaisiive tesis 81.mm mortar rounds with | Cornposiiion B 1} Davelon quality assurancs
tJanvary 2004) point-getonating fuze and | ansr ppx mati??f:is for winter resitjues

105 aetillery rowndds | soor T EAmIng.
with point-detonating fuze 2) Vesily validity of then-cureant
1% wax sampiing mathod (DB}
3} Davelyp protocals for

sfternative sampling methods.
4) Compare sampling methad

re gL,

5} Netarming best sampling

meathod.
Appiication and B&mm howitzer roundds | Composifion 8 | 1) Refine GA technigues.
gontemation iesls with point<igtonating fuze | and THT 2) Test sampling mathod
(March 20043 implamentation,

All testy used 0.37kg biocks of C4 (953 RDX, 9% plasticizers} initiated
with non-electric blasting caps as the donor sharge. The C4 was set alongside the
hody of the round for the §1-mm detonations and near the fuze on the 185-mm
and 155-mm rounds (Fig. 2}. 1p 1o seven rounds were detonated and sampled
gach day,
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b. 198-mm Bazed round with {4 donor charge.

Figure 2. Test setuyp for detonation of 8l-mm mortar rounds andg 105.mm
howitzer rounds.
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Comparative Tests

{lomparative tests were corducted from 14 jo 17 January. Snow depth was
more than normal, 33 cm. Temperatures hovered around ~35%C in the mornings
with light winds of under 1.3 gv/s. Trage amounts of light snow felf sporadically
during the first day, but not enough to interfere with the sampling. A weak sun
hehind o partinlly overcast sky bad no influence on the piumes, Tabis 2 outlines
thie fest schedusle gy executzd.

Tabie 2. Test execution for sampling protoco! tests.

" Date Munition Quantity Tasks
14 January Blanm moriar < Detonation and sampling
16 ey Zl.men martar 3 Lretonation and smmpling
16 January fmormings B1-mrs moriar 2 Detonation and sampiing
| 108-mm howitzer 2 {(etonation and sampling
18 Junuary [gkerroon} 05w howitzer 5 Detanation dnd delineation of glumes
17 Jsruary HiBmm howalzer s Sampling of plumes

¥ Plusses from the five rounss defonated the aflemotn of 16 Janusty wore sampied 17 January.

Prios o> detonation, locations for the rounds were marked and sampled for
background contamination. The rounds wers set up by the froops under the
supervision of the UXO technician 1o ensure uniformity of configuration,
Following detonation, a GPS technician walked the cutline of the plumes,
demarcating the estimated residue area based on the observable soot. Sampling
of the plumnes then commenced using the methods briefly described below.

The Biscreie Sampling Method {D8M) entalls using a 0.45-mewide Teflon-
lined snow shovel to coflect several approximately 1-m-sized samples from the
surface of tha snow o a depth of about 2 e, plus whatever visible residues may
remain in the sampled area. Each sample is placed in #s own polyethviene bag
for later analysis. The goal i %o sample as much of the plume ares as s practical,
exchiding the crater at the detonation point. This will vary between less than 1%
of the area for large munitions te 80% for smaller crdnanee, resulting in any-
where from five 1o 25 samples per phane, Plume size is heavily mfluenced by
wind speed, which makes the area sampled difficult to generalize for a particular
round, Sampling location is 10 be randovn and not influenced by glume solorg-
tion. A more therough treatment of this seblect can be found in Jenkians et al.

{2002).

in addition to the collection of the DSM samples, thees alternaiive sampling
methods were tested. Adjacent sampling (Adincents) entails taking 4 0.04-m’
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sample adiacent to sach DEM samiple using a 30~ x 20-cm hand seoop and coms
bining samples in a single bag for processing and analysis. The objective of this
test was fo investigate whether smaller samples composed of increments corre~
sponding to DEM locations give results similar to those of DSM samples, This
tests both the repeatabiiity of the sampling methods and the validity of multiple-
ncrement sampling.

For the medimn-increment samupling method (MIS), increments are taken
while walking evenly spaced (1- 0 Z-m) lanes within the plame. The goal isfo
cotlect about 40 systematicrandom incroments with a 20- » 20-cm hand scoop;
these are then cambined In a single bag. Systematic-random sampling is the col-
lection of increments in a random location within a rough grid. The objective of
MIS sampling is to quantify the plume residoes by obtaining 4 single representa-
tive sampie compased of increments collected in a systematic-random fashion
while covering the entire phume without being influenced by soot deposition
darkaess or proximity to the detonation point and crater.

Large-increment sampling (LIS) provides more complete coverage of the
phime through the coligction of a large aumber of small increments. The goal is
1o collect approximately 100 random increments while covering the complete
phane, inclading the crater, A 8.01-m” (10- x 13-cm) hand scoop is used to
collect the samples. A sample bag will hold one LIS, The objective of large-
ingremens sampling is the same as MIS zampling, with the aim of better plums
represgatation through a more distribuled sampling pattern that mchides the
defonation craters.

All samplies and increments are taken to a depth of about 2 cm, Visible
regidue remaining in the sampled area is removed with a small hand scoop and
placed in the sample bag. The bags, 38- % 76-cm particie-fres polyethyiene bags,
are sealed with a cabile tie that also holds a labe! deseribing the sample. 138M
sampiles are left at their sampling Jocations for later position measurernent; the
other samples are kel ncar the plume for later transportation to the processing
ared.

The process of estimating explosives residues from surface soow samples 13
based on work outlined in Walsh and Ranney (1958}, Jenking et al. (2602), and
Hewiit et al, (2003}, Eszentially, the snow samples are thawed, the filtrate sep-
arated fram the soot fraction and concentrated using solid-phase extraction,
explosives concentrations are deterrmined for each fraction uting chromato-
graphic instramentation, and the concentrations combined and extrapolated over
the whole plume to determine residue masses. For the DSM studiss, we looked at
residues of RDX and HMX, a manufacturing contamdnant of RDX, Table -2
givos the mnass estimates for esch plisme based op the sample type.
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Application and Confirmation Tests

Teasts implementing the pratocol chosan as & result of comparagive tests were
condusted 16-17 March at Eagle River Flals, north of the location of the January
tests. The weather was much milder, with carly-morning temperatures ranging
fom 137 10 -6"C. Winds were variable, coming out of the south on the i6th
with no wind recorded during detorafion on the 178, This worked ot well as the
detonation Hine on the 16th was the northernmost ling. A {race amount of snow
fell prior to detonation of the rounds on the 16th , with no precipitation during
tha fesls on the 17th, Scattered clouds mintmized the effest of the much stronger
sup, with some effect ap the plumes after apon. However, most sampling was
complete by that fime. Table 3 autlines the tes! sehedule as executed,

‘Table 3, Test execulion for protocol application tesls.
Date | Munition | Guantity = Tasks
16 Marah 188-mnm howitzer 7 Cetonation and sarmpling
) 17 March 155-mm howitzer 7 Detonation. and zampling

The sampiing protocol chosen for further testing was the LIS, As deseribed
ahove, this method samples the complete pleme, including the crater, using a 10-
* 14-¢m scoap and collecting arsund 100 increments. For every plume, at least
two LISs were collected and other quality assorance (QA} procedures were
omplemented. The first set of rounds was filled with Comp-B, the same filler used
for the protecol tests described above. The sccond set of connds vsed TNT a5 the
explogive filler. Both sets of rounds were detonated with a single demolition
biock charge of C4 {DODIC M023) as the donor charge. An M739 point-
detonating fiize {DBODIC K340} was nstalled in each round. All rounds
centained a supplementary TNT charge in the fize well below the 3739 fuze
{sve Appendix AL Figure 3 shows the setup common for all the rounds, All seven
rearxds for each st were detonated within a three-second window. No DSM
samples were collected on either date.

Quality Assurance

Quality assurance (DA} was an important part of both series of fesis. Field
QA procedures were developed and implemented to verify that the data obtained
using this sampling method are valid, Some of these provedures were carried
over 1o the pretocal applicarion tests, with sdditianal QA procedores conductad
o farther validate the new protecol. Table 4 outlines the QA tests conducied aver
the coursz of the study,
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Figure 3. Detonation setup for 155-mm implementation tests.
Table 4. Quality assurance procedures,
Proé;aum Descrimimi_ - - ijecii\;e T
Subssiace sampiing 1 Samples ans coflecizd bengath To determing whether the samplsr is
areas praviousty samplied. collecting ali pesidug from a losation,
Dugsizate and Sampling method s repsated within | Ta determing the repeaiabiiity ofa

Fiplicate sampling

a speniic piume.

samling mathod,

Pairad MIS ssnpling

Twn WS samples in the same
pluire congistng of adiscest

incraments,

T estimate the repeaisbility of muit-
incrafent sampling through cloge-
oottty ragicate samping. Examing
rasiduss helprogensity.

Raciai sampling
wathin the piumes

The plume is divided ints zonss
radigiing oui from the detenafion
point. LiSs coffected in each zons,

To determine the Influsnce of sampling
it pretimily b the detenation point to the
overall estireated regidue deposition.

H

Gradient {gray-goale}

The phene is dividad inlo three

¢ To determine the influence of sampling

oufsicis the phume

pltme and within concendric rings
camtered on the detorsation point.

Annular sarpling
milside the piume

Bampir outside the demarcalsd
phave within 3 cancantria ring

surrounding the piare of the gdge
of another anaular sampiing ares.

sampling within the rones by Bis perceived dansily of Mias kward darker atsas.
PRI the resitdus 500t LiBs are soliected
in smch zone.
Rendial sumpiing Sampling oulside the demarcated To determine whether the soot plume

corractiy models the distribution of
explosives residues bilowing a
detonation.




An Examination of Protocels 14

Subsurface samplisg was conducted on DEM samples in January and on one
of each paired MIS samples in March. In January, the subsurface sample size
mateked that of the surface sample, and both samples were collected in the same
manner, In March, the subsorface samples were smaller than the surface sample
o avod the possibility of sontamination along the edge of the subsample.
Ihuplicate and riplicate sampling was conducted on all other types of samples
during iests both months, Paived MiI% samples in March were collected with a
0.623-m7 (15- x 15-cm) hand scoop adjacent to zach other and deposited in sep-
arate bags. Radial sampling within the plume entailed dividing the plume into
thres zones, each soncentric from the detonation point (0- o 10-m radivs, (0- 10
- rodius, and greaser-than-20-m radiug). A LIS was then taken within each
zone. The gradient sarmpling within the plume entailed dividing the plume into
threg zones hased on the perceived densify of the deposited soot. The denser the
soot, the darker the area of the phame, A LIS was teken from esch zone. Sam-
pling outside the plume was done using two procedures. In one, samples were
taken within a bared or annulos oviside the plume. Up to two concentric bands
{03 m and 3-6 m) were sampled using the LIS method (Fig. 4). The other
proseduwe entajled sampling ouiside the plume within a fixed band radiating
from the detomation pelst {0-10 1 and 13-28 m). Appendix B lists the QA tests
wonducted for each defonation.

Ge-3-m Annutar OTE
Sampling Zone

o Ju-rrt Apnuter TP
Sampling Zone

O-40-m Radgiai TP
Sampiing Zone

1020 Radisd OTP
Sampling £one

a. {Left} Annular zones,
b. {Right} Radial zones.

Figure 4. Sampiing diagrams for outsidedhe-plume [OTP} sampling,
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4 RESULTS AND DISCUSSION

This section will be divided into three parts: An examination of the DSM
protogol, comparison with the other protocels tested in Janpary, and she results
of the tmplementation lesting of the new pratocol in March. QA metheds will be
discussed throughout as applicable.

i. Protocol Tests--The Discrete Bampling Method

Protocol testing on the DBM was conducted on 14 rounds. Seven 8i-mm
plumes and seyen 105-mm phancs were sampled. A total of 123 large discrete
and five mulfi-increment samples was taken of the 81-min detonations, and 128
large diserete and three multi-increment samples were collsuted from the 105-
mm detonations. Detonation crater samples are considered separately. In general,
the portion of the total plumne area sampled was small, less than 4% ranging down
13 less than 1%, All surface and subsurface diserete samples were 1w’ i size,
The OTP sampling was done with 10-om or 28-¢m hand scoops and was com
posed of 40 1o 120 incraments, Appendix C, Table C-1, gives the DSM sampling
statistics for the plumes and OTP bands. Table § sunimarizes these data.

Table 5. Detonation plume data for DSM tests.
Parameter Statistics
ta1um plumes o
nNumber of samples. Discredes {slaiaverage) 101713
Subsurfece {TotalM of plurmes) 222
Qirtside the phame* 4
Rargs of slune areas 837 m ~1506 7
Averggs plume arez 825 mé
Range of OTP areas 340 m—an0 re®
Average of OTP areas 440y
Range of sampied areas: Plumes {Areal% of plime) 11 m7=34 M0 73%2.2%
QTPs {Areai% of OTP grea) .60 m7=1.6 M0 21%0.48%
Avarage of sampled arsas: Plumes (Arsa/% of piume) 14 3 8%
OTPs {Areal% of OTP area) 1.3 m*0.32%
- aTe aredq ta pluma srea ) K%
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Table & {cont'd},
Parameter ) ) Swﬁ:swgiﬁs -
1051rum plumes o =7
Numrker of sempias: Discretes {TotalAverage? 113716
Subsurfacs {Tolsl# of plurnes} 1541
Qudside the plume 3
Range ¢f plume areas 446 m 1300 1’
Average plume area ' 860 m*
Range of OTF arags 400 9450 o
Average of OTP areas ) o ) AL i
M%Rénga of sampled sreas: Plumes (arees of plume: 15 =18 m/1.2%~34%
OTPz (Areal% of OTP area) 0.66 m*-0.82 WAL 14%-0.18% |
Averagé of gampled sreaw Planes (é{eaf% of plume) 18 mi.9% '
OTPs {Areal% of OTP area) 0.71 mI0.18%
OTE area to plume area 52%
* Data for the one O- ta 1040 radiue OTF fest aze not ingluded: thare were no detectable residues in tis
sl

De of the abjectives of the DSM protacol is fo collect enough samples o
£ arive a vaiid rapresentation of the plume, However, the average ares of the
L plimes is quite Jarge (840 m*), To sample 3 significant portion of the plums,

around 16%, 50 to 120 diserete samples would have to have been collected. Bven
hadf that number is impractical. The 10% sarget was not derived in 4 sclentific
manner but was ket as o goal when the DEM protoco! was being develaped,
However, ongoing work by several researchers at CRREL indicates that 1o
adequately represent 3 subsiance heterogeneously deposited over a given araa,

at {east 30 samples (or increments} need o be oblzined. The fotal number is a
function of the Increment size and sampling area. Taking 10 to 28 DEM samples,
int the 194--2% range, is more practical. Taking fewer samples {or incremenis}
makey it moye difficult 1o obtain representative samples, which witt be demon
strated in the section on the distrthution of samples that follows.

Prior to samgling, two of the 81-mm phemes were checked form an §-m-high
tower affer delineation by the GPS technizian 1o gualitatively determing whather
the complete plume was being demarcated. Both plumss Jooked fully enveloped,
and {¥TPs wers done on both 1o verify this observation.

Using estimates of the residues masses, we locked for ssuress of sampling
error Tor the DSM tests, The two most obyvlous places gre beneath the areas
sampied and outside the desmarcaled plumes. Residues in these areas wil] result
in an underestimation of the vnreacied mass of explosives. Other sources of ervor
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are the possible biesing of the sampling toward the defonation point and over-
sampling the darker areas of the plume (sample Incatinn), These will fikely have
the oppasite effect, resulting i an overestimation of the residue mass, Finally,
the contribution and sampling procedurs for the craters will be examined.

Subsurface resitiues

Subsurface samples were taken from three plumes. All three subsurface
samples were DEM-Iype samples {1 m x 2 om deep} and contained residues. The
rezulte are given in Tables & and C-2. The subsurface residues were higher than
we anticipated and constinge what appears to be 2 significant source of error
{(=10%}, Calleclion conditions may have been the cause of some of the error, The
difficulty of working in the extremely low temperatures during the 8l tests
(=357 C) likely contributed o some sampiing ervor while collecting the dis-
sretes, The subsamypis for the 108.gpm round was taken on the final day of
sampiing, when temperatures were more moderate (-16° C) and more time was
available for satnpling. However, more work needs to be done to get & batter
indication of the magnitude ¢f the error, Some of this was done as part of the
pra-existing sampling plan for the pretocol tasts and some was built into the ap-
plication fests to fake place in March, From this test it s obvious that care must
be taken to ensure that propey sampling depth is achieved and that any residuss
beneath the sampled area are collectad during the sampling process.

Tahle &, Underreporting of total mass residues dus to sampiing
depth error.
| Residues recovered (myg) | % of tatal mass®
Plume | HMX ROX HMX RDX
811 14 3.7 1% 5%
81-5 14 14 17% 1%
05 0.68 18 5.8% 8.0%
Byernge o - G.8% 11%
* Subsuifacef(subsurfpce + DSMs} ) o )

Hesidues sutside the demarcatad pitime

The resnits for the auiside-the-plurne samples indicate fat plume demarca-
tion iz adeguate. Two fypes of tests werg performed, sampling 8 3-m-wide con-
contric zone outside the plume and sampling within 2 fixed distance from the
detonation point outside the plume. The malority of fests were of the soncentri¢
TP configuration, with one radizl 125t to determine whethsr our sirategy of
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sampling the visible plume {wind dispersion} rather than in concentric circles
fram the detonation point {radial dispersion) is valid. The results are given in
Table 7. Residues averaged ess than 1% of DSM values for HMIX and less than
2% of DSM values for RIDX. The one test done using the mdial OTP strategy
camie up biank. These tests indicate that we are delineating the plume correctly
and that the stratépy of sampling within the visible plume for residues is likely
sufficient. More dauta on 1he radial sampling outside the plume are needed 1o
reinforee the second conclusion, and additional concentric data are needed to
confirm the delineation steaegy. it is impostant to note that the GTP samples

were multi-incremesnt and not discrete swmples.

Table 7. Results of samptling outside the visible plums.
Residuss recovered {mg} % of total mass™
Plame * Arez sampled S RDX HIVX RDX
81-1 - to 3-m annulus 218 ND 1.6% 6%
812 0- i %4m anpulis NI M3 0% %
1.4 0- % 3w annulus | ND HE % %
818 (- t0 340 ganuiug MNE 0,38 0% 4.1%
O to 1. radius ND ND 0% 0%
105-3 &- 10 3-m annulus 3.55 22 1% B3%
10655 O- o 34 anrarlus .25 24 22% | 28%
1057 G- 2 341 annuius ND 343 &% 2.5%
Average 0.70% 1.6%
ND = Not osiected
P OTPRQTP + DEMe)
Sampia distribution

As noted above, we looked at the DSM data i refafion 1o the detonation
point and the perceived darkness of areas within the plume to ry to determine
whether these factors influence the samiplers’ decisions as to whare to sample,
After completion of the DSM sampling, concentric rings were walked around the
detenation points [10-m and 20~m radius) for Plumes §1-3, 145-%, and {G35-7.
Dark- and medium-density gray rones were also demarcated on Plume 1854,
These soundaries ware entered in the GPS database, a8 were sl the DSM loca-
fians for these and the other plumes, The 1§~ and 20-m radial zone boundaries
were also determined for the remaining plumes and added to the GPS data to
provide a wider statistical base for bias svaluation. The distribution of samples



18 __ERDCI/CRREL TR-05-8

poinis and the residues in these areas were then examined. Data for the distri-
bution of DEM samples are given in Table C-3. Summary resulis are in Table 8,

Round Zona Arca 'y #ofsamples | % samples | % aren Samplestarea’
G180 m 173 56 #4545 4% 20
81-rm :
(=8 -2 m 281 50 4494, 32% 13
=20 m 381 25 15% 44% 23
1lm 267 i 42% 3% 14
HEamm - . e
1928 587 6.3 59% 44% 0.9
C »20 m 244 3.3 19% 26% 0.7

* Average valtes By plumss
T Ratio of the % sarpies [0 % ares,

™

Sample distribution for these tests is very interesting. The area closest o the
craters was sampled on average twice as freguently for the 105-mm tests as com-
pared 1o the area bevond 20 m from the detonation poing, and for the §l-mm
tests, the factor is aver six times. Sampling in the migddle zove, 10 to 20 m out,
is more representative, but is still skewed for the 81-mu tests. The distribution
improved greatly between the Blemuo tesis and the 185-mm tests, but the density
of samples near the detonation point was stilf high, Even though an increasing
effort was made (o sample 1n 2 more distribuied manner, a biag st remained.

There are 3 couple of confounding factors that may be influsncing this bias.
The plume tends to be darkest in cluse proximity to the detonation point, and a
bias toward sampling the darkest greas may he reflectad in a proximity bias.
Samplers also tend to start sampling sear the crater, as that is where the acgess
path isads. Finally, it Is difficult when sampling 1o keep the size and shape of the
plumes in perspective, This leads 10 a concentration on sampliag with respect 1o
Hie iast sample point asd not with respect o the plume as a whole,

Ancther way of locking at the proximity sampling bias is to compare The
resalts for a plume assuming oo sampling bias with the results corracted for the
sampling pafterns found from these tests. To do this, the DSM samples within
specific zoues of the plumes were mathematically composited and the residue
masses astimated for those zones. These were then sombiped, correcting (weight-
ing) for differences in zonal arcas, and compared to the masses derived far the
no-bias assemption. Data for these comparisons are given in Table C-d and the
results sumnwrized in Table 9. The values given for HMX and RDX are the per-
cent differences between the unweighted (no-bias assumption: M, values Ter the
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DSMs and the values taking the oversampling i proximity to the craters into

accomat (M)
Biag = (M, ~ M M. {1
A positive peroentage indicates the possible everestimation of residuss by the
standsrd DSM method,
| Table 8. Detonation proximity bias (unweighted vs.
weighted; in DSM residues estimates.
Plume HMX RDX |
Bl-mm
45% 3%
(=5}
105 27% 20%
{n=3}
Ovaradt bias 18% 59,
(n=11}

The results of this analysis indivate a proximity bias. The calculated plune
residual masses using compesited DSM samiples are more than 25% areater than
when sample location is taken into account and the samples are weighted with
sespect to area. Again, the resulis for the 105-ma: sampling indicate a better
distribution of samples, reflecting the grester sffort to obtain more representative
samples later in the process, The resulis show that plume residues masses will be
overestimated based on sample location bias with respect 10 the detossation point.

Data for the gray-scale test are more divergent than for the concentric data.
Although we have only one test examining the effect of soot densiiy in the plume
o sampling bas, itis worth noting. Table 10 costains the data and analysds for
this condition. Bias Js measured as the ratic represented in Equation 1.

Table 10. Soot density bias in DSM residues e3timates,
Plume 1454,
Gondition HMX (mg) RODX iy}
Weighted 4.5 13
Standard DSW 5.6 15
Bias 47% A%
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‘The soot density biases of 47% and 30% for HMX and RDX are quite dif-
ferent from the concentricity data, especially when compared to the ister (105-
) results. This applics to the results specific to the plume as well, Plume 1435+
4. A comparison of the colisction point zone oversampling (Table C-3) tends to
refnforce this observation, as the soof density bias is much larger #an the proxi-
mity bias {a factor of 2.2 vs. 1.3 for the dark gray ares vs. the <10-m zone and a
factor of 1.6 vs. (1,94 for the medium gray areg vs. the 10- 1o 20-m zone). Again,
a conscious effort was made not to bias sampling. Farther data for the proximity
and gray-scalé bias hypotheses are needed I DSM sampling is to continue to be
used.

3. QTP Lone
Plume “p7 Discrete Sample

a" Diserate Sample

_ ' Detonation Paint

Figure &, Replicaie distrete sampiing on Plume 81-3.

We obtained duplicate DSM szamples of only one plume during these wsts,
Plume §1-3. The samples were taken by two ditferent sampling teams, the second
setf being obtained afier the first set was done. Figure 5 shows the sample loca-
tions for both sets. It is immediately obvious that the sample distributions are
guite different. For the {a} sot of sampies, the most proximate area (0-10 m) &
oversarpled by about 30%. For the (b} sef of samples, this number rises 1o
120%. The central area of the pinme {10-20 m} i fairly well represented (100%
and 120% representation), whereas the difference again widens fior the arsa
beyond 26 m: 74% and 26%5, respectively. 1f the area beyond the 20-m Hine is
divided by a 30.m Iine, the (b) wampies have o represemtation beyvond it fine,

¢
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The second sat of samples (b} is more concentrated near the detonation point {see
also Table O34

Reverting back to the three-zope division of the plume, the overall residues
were calculated for the plume {Tabie C-41. A comparison between the two
samples for Plume 81-3 is given in Table 11, Inthis table, U, and Uy are
unweighted vaiues and W, and Wy, are weighted residue mass vahuss of DSM
sarnples. It is evident that there is a difference between the two samples, with the
sample coliected closest to the detonation point (&} indicating more contarmina-
tion than the more evenly distributed sample {(a). The atiribution of the greater
residues for {b) to proximity to the detonation point may be misleading, as the
majority of the difference between the samples comes fom the poorly sampled
zone beyond the 20-m radius, Thus, the gifference hetween the samples may be
attribuiable more fo sampling sooty areas than sampling near the defonation
point. Without knowing the outline of the so0f gradients gnd having 3 betier
grasp of the residos load in the phane, a more precise detenmination of any
sanpling biss cannot be made. Although the resulls are for only one set of data,
the agreement between the two sample sets is surptizingly close, indicating a
robustness for the DSM sampling protoeol not thought fo exist

] Tabis 11. Comparison of DSM samples for Plume §1.3.
Somparison Relatienship MMX ROX
Raw déta: a R T ) 3 No weigi%iing fcfv zones 1.1 mg ?3‘1 mg
Raw data: b o waighting Ior zones i5my WT‘I Gmg
Unweighted Fias: b to a T U, 6% | +24%
Weigved biay bica PAL-WaW, +21% +161%
Dt M-mazose b iea {Lh=Un ¥y [ +4d% -31%
10-te 24-mzore biva HEWS STV ~-GE%, —57%
2g-mzone: bio g (U~ ¥y | HEDE T 1100%

I[n sussumary, there Is bias evident in the location of samples within a deto-
nation plume. The source of this bias may be from one or all of the foliowing
factors: feadency to sample closest fo the detonation point, tendency to start
sampling near the detonaiion point, tendency to sample within the darkest areas
of the plumes, and & failure to take the full plume into consideration when
chaosing sample locations. The overall effect of these biages tken individually
ard ag & group on the vesidues estimaies will nesd to be determined by come-
parison with data that are more representative of the plume.

19
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Lraters

Missing from the 2bove analyses are the craters. Hewitt et al. 2003) indicate
that the craters (detonation poiats) typically do not significantly alter the overall
restdie quantities for detonated rounds. In live-fire tests conducted at Eagle River
Flats in March 2002, fonvieen §i-mm mortar rownds and thirtesn 103-mm howis
zer rounds were fired anto the snow-coverad ioe and sampled using the discrets
sampling method, The craters were sampled separately. The resulls Fom this test
showed a measurable contribution of less than 2% in the RDX eesidue quaniity
for only ons of the 27 detonation points examined, The remainder were below the
detection Hmit. Although the detonation poinis can have a higher residue concen-
tration than the rest of the plume, their area is very small {<19%) compared to the
remainder of the plume, Thus, although residues concentrations may be comparg-
tively high within the ¢raters, their contribution o the overall residue estimate is
not significant in most cases.

We evaluated the inclusion of the craters as part of the protocol tests. Craters
have always been sampled using ncremental sampling. Generally, 5% 10 10%
of the crater is sampled for anglysis. Part of cur study was to logk at the repeat-
ability of the sampiing techaique for craters and whetber sampling the various
parts of the crater separately resuits in different residue deposition values. Six of
the seven §i-mm detonation craters were sampled, as were six of the seven 105-
o eraters. During sampling of the craters, the area was undergoing sab-ics
interiayer inrfiltration by watsr, resulting in water seepage inte the craters,
espechaily in the center pits below the seund loeations. Net all components
of each crater ware available for sampling.

The erater centers ate quite small in relationship to the overal] erater and,
based on past data, generally contribute Nittle 1o the residues load in the orater
(<10%). We were able to obiain only one good cepter sampie that amounted {o
6% of the crater residues, The centers tend to be very difficult to sample {even
without the presence of water} as they are foll of debwis, in this case fractured
ice in the form of small chips a8 well as frag or, In the cuse of tive-fired rounds,
moriar tzil assermblizs. We thus concentrated on two aress within g crater: the
anauhos, the area genevally clear of snow between the edge of the detonation
center and the berm: and the berm, the raised rim of snow sutrounding the deto-
uation peint and cutlining the crater, Corresponding bertn and annulus samples
swere obtained for eight of the 14 craters, Table 12 contains the data for these
erater componernts,
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Tabie 12, Data for crater components {RDX).
Betonation point Arnnulus imy} Barm ‘(mg; ) Dffargnice (g} '
Bl 6.033 0.042 0009 |
| a1.3 wﬁfméééwv 0.14 B 0072
{ 817 0.62 0.24 G365
T s 0.86 0.91 0.042
T 082 ’L 0.78 28 21
1053 fo4 1.0 0,88
u 1054 b5 Y, .07
| 4057 ‘im 20 . 12 | 078

Using the daie from Table 12, a paired t-test can be used 1o test the deposin
tion amounts of the RDX residues for the two erater components to delenying

whether they differ significantly, Frons Natrella (1963), the statistics for this test
are as follows:

Significance level: 0.03

Average difference: —0.23

Statistical deviation of differences: 0.90
Sample size: &

Degrees of freedom: 7

toaes B7A3

Lnorsyt 2.365

In Our case, oy ie much less than by pa. This indicates that there is no sigai-
ficant difference in residues batween the orater berm and annulus. Thus, no extra
care must be exercised when sampling the crater, and If fhe annulus is inacces-
sible, sampling the berm will sufficiently characterize the craier as a whele,

We ook duplicate anmglus and beros samples at thees of the craters, For the
RDX rusidues, the relative percent difference betwesn each of the two measure-
maents was around 20%. Repeatability increased with the number of increments,
being best with 50100 increments (0% and 7% difference), increasing to 44%
and 56% for the sample with less 40 increments. The third set, iaken with 40-6¢
increments, foll in between with differcnces of 14% and 16%. The average
underreporting of the tofal residue mass in the phuaes due to ignoring the crater
s 6% pver the 12 samples taken during these tests.
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in surmanary, sampling the crater is not critical in obtaining the overal! resi-
dues quantities for a plume, although it will add to the acguracy of the results,
Taking many imcremens increased the repeatability of the sample measurements,
thus = large-increment samle shonld give g more socurate representation of the
srater if required. The distribution of these increments within the crater is not
critical 1o the repeatability of the results but distributed (representative} sampling
is good practice and should be applisd.

it. Protocol Tests-—Altemative Sampling Methods

Examining the feasibility of replacing DSM sampling with a mare efficient
sampiing method was the primary goals of these tests. Processing of the many
large ISM samples is time-consuming and expensive. For large plumes, it is
alsa not very practical. Therefore, we sought 10 examine the feasibility of using
multiple-increment sampling for characterizing the plume,

Multi-increment sampling is already used as part of the DEM method.
Craters are sampled using many small increments, and the large plume samples
are matheratically averaged over the complete plume o derive the total regidues,
The abiiity to characterize a plume with a single sample would greatly increase
efficiency and allow replicate sampling and field quality assurance procedures to
be condurted.

Adfanent sampling

To determine whether multiple-increment sampling can be used i place of
the DSM, we collected 20- » 26- x 2-em-deep inerements adjacent fo each DSM
sample iocation. These increments wers cotlested in a shugle bag in the Seld and
provessed in the lab a5 g single sample. A total of 19 multiple-inerement adjgcent
sainples was taken in the 14 plumes aver the course of the protocol tests {Table
I31}. The resuits of the adjacent samples were compared (o the averaged D¥8Ms
to determine the validity of characterizing the plume using smatler semples dis-
iributed as with the DSM samples. Table 13 compares these values with those of
the avernged 38Ms,

Locking first at the proximity of the total residue estimates for the two
sarnpiing methods, agreement between the two inethods is generally very good.
The velugs are within a factor of two for most of the fests. Aversging the data for
all the tests gives a result of 17 mg HMX and 82 mg RDX. The resulis for the
adjacert samples average higher tan for the DSMs for both constituenss. This
irdicates that more residues were recovered during the adjacent sampling pro-
cedure than with the DSM procedure. This result was predieted becanse of the
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easo of obtaining & sample with the small hand scoop over the use of the large
shovel with the DSM sampile. This resuits in less spillage during sampling and
better penstration into the snow with the sampling tool,

Tahle 13. Lomparizon of DSM and adjacent sampling,
Mass sstimates ing} | Mass differences* (mg) | Relative % differences i
Plume# | WMethod HAAX RDX MREX ROX HMX ROX |
Adiacent 15 a3 _
&1-1 Adjacent 6.3 14 :
DS 1 20 34 1.8 0.81% 7.8%
g1p | Adecent | 94 | 43 j N '
DM 58 7.2 38 ~-23 1 B1% 38%
Adacent 18 | 76 T
DEM X 8.1 0.7 55 | a8% . 64%
Bia Asfiacent 2.2 H
D& 18 10 7 8.4 38% 4%,
Adjacert 20 B840
i+ Adiacent a7 720 -
- D8 57| a1 15 210 2.6% 7% |
. Adiacent 10 45
- ei-s z;saa 7.3 21 27 14 51% 7%
81:6 Adjacent 67 280 .
DSM 56 220 12 50 20% 24%
otz | Adjacent P 135 i
DS a1 =) 14 38 3% 34%
1551 | Adiacent 6.1 1} ) ) =
DS 28 13 2.3 24 74% 17%
] Adiacent £8 14
105-2
DSM 5 18 1.6 —44 26% 25%
10583 A{ﬁﬁaoﬁntwﬂ_‘ £g 17 ]
nSM 8.4 33 2.7 i 3% 52%
Adiaoent 85 18
1054 DSM | 886 5| 19 30 25% %
Adjacent 2% 180 )
105-5 Adizoent v 24 84 ) ) T
DsM | B2 | 155 | 38 3% | 38%
Adinnent 17 32
1956 e 11 25 6.0 70 43% 24%
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Table 13 {cont'dl Camparison of BEM arid adjacent sampling.
g Mass estimates {mg) | Mass differences® (mg) | Relative % differences
Plume # Method WX ROX HivIX RDX HMX ROX
T Adiacert 10 73 o
1086-7 Adiggent 8.5 12
[ 53 47 4.0 .5 58% 3%
Adizcent 19 a4+ ¥ 22!

Aversge DS 15 74

8P 2% 28%*

'* Mass differances az:ﬁ Adiacams ~ [5813&: Adiacant %licates sveraged for these values,
T 7.9 mg difference without 21-4

** Helative Percent Diference of the average values: Rangsi/Average

All adjacertt increments were taken next to the DSM samples, but repticate
sarnples wer not taken adjacent o gach other. Relative percent differences
{RPDs) in values pbtained from replicate adincent samples range from 12 to
130%, with an average RPD of 60%. The disiance between the replicate incre-
ments likely scoounts for some of the difference botween the values, indicating

that for smali-increment samples (<30, each Increment beromes more important

and the sampling location can be critical. A test of thig hypothesis was planned
for the implementation tests {pairved MIS sampies with the saime size scoop} in
March.

The resufts of the adiscent sampling test indicate that DEM sempling can be
replicated by multi-Increment sampling. This is a significant finding as the gingle
multi-increrasat sample bas replaced 18 or more DSM samples, making it easier

o obtain and process duplicate or triplicate samples for guality assurance. The
data indicate somewhat higher residues values on average using the lneremental
sampling method, which may be due fo the ability 1o obtals better samples with
the smaller sampling tool. The other Bias factors assooiated with DSM saropling
remained with this exercizs, including oftaining enovgh sampies, or in this case
increments, o adequately represent the plume residuss in a repeatable mamner,
Craters were nof sampled with sither test,

An interesting anomaly appears in the Jata for Table 13 that gives an indi-
cation of the difficulties that can be encountered during blow-in-place charac-
terization tests. The data for RDX for two of the five plumes are high when
sompared 10 those in the remaining three, Alse, the ratie of RIXX » HMX
differs, especially for Plume 103.8, This may be indicative of less efficient
detonation of the unconfined block of C4, used as the donor charge. The C4
bigek is 919 RI3X. Separate tests done In conjunction with the 155-mm BIP
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tests indicate that following the proper detonation of an undeformed block of C4,
the ratie of RDX 1o HMX residues is between 201 and 3:1. The donor charge
sfficiency and its influsnce on the residues plume is difficul! o determine.

Madhum-increment sampies

We next tested fill-plume incremental sampling that will altow the charac-
terization of a plume with s single mulii-increment sampie, Pravious work by
MLE, Walsh et ai. {2005} indicated that ¢ minimum of 40 samples is required to
accurately characterize a site, The standard sample bag we use Tor the gollection
of snow sgmples will hold 40 samples taken with a 20-cm-square scoop ata
denth of 2 o, 30 this fool was used.

Table 14. Ralative percent differences (RPD"} in caleulated
residue values between averaged MIS and somposited
DEM sampling.
Difference®
HMX ; RDX
81-mm
h 1 197% 139%
Q 2 75, 43%
3 16% §%
4 % 2%
- 8 7% 24%
7 #4% 72%
Ausrage (neh) | 48% 48%
105-mm ‘
1 17% 14%
2 8% 10% ’
2 g% 47%,
4 2% 2%
5 14% 47%
N 26% 355
7 25% 123%
Average (=73 17% 7%
Crvarall inmi3) 3% 43%,
" RP = RangelAverags

The relative porcent differences between the MIS and DEM sampling
methods for 13 phunes are shown in Table 14, The MIS samples generally



28

ERDC/CRREL TR-05-8

had lower concentvations of residues. However, the avergge values for the MIS
samples are very close overall 1o those of the D8Ms. The lower values were
expacled, as the MIS increments are more spatially representative of the come
plete plume. This results in r greater percentage of the sample being collected in
areas awdy from the detonation point and less of # tendency to sample where the
plume iz darkest. It iz interesting to note that as the DEM sampling became more
spatially representative of the plume area (105-nun daia), the differences between
the sampling methods became smalier and more onsistent,

For five of the plumes, we took multiple MIS sampies (Tabie 15). Three
sriplicate and two duplicate MIS saroples were coliected over five plumss.,
Repeatability was good, even though many of these data are near the detection
Himits for the analytice! method. The maximum difference from average for the
sample groups s 41% for HMX and 53% for RIDX. Dats for these fesis arg in
Tablg {3-2.

Overall agreement of MIS data with the DSM data is strprisingly close, with
the expected lower MIS residue astimates resulting from the more representative
sampling of the plume partially offset by the more efficient sample collection
method. Repeatability between duplicaie and triplicate samples is also good. In
the pust, order-of-magnitude repeatability was & difficult goal fo achieve. For the
MIS samples, agreement was generally in the 30% range.

Large-incrament sampies

Latge-incsement samples {LIS} comprise a large number of ingrements,
generally 104, taken with 2 smail sampling tool. For the tests, 160 increments
from 2 10-em hand sepop it into the standard sample bag, In these tests,
samipling inchuded the crater area, thus fully charscterizing the plume. Fable D-3
contains the data for these fests. In general, the tesidues calculated for the plumes
fromn the LIS data were approximately squal 10 (within 20%0 or lower then those
for the DEMs £23 of 28 comparisons), For HMX, the LIS methed ressited in
lower extimates for five plumes and approximalsly equal estimates for six. For
RUX, sight were lower and four epgroxdmately equal. Table 16 contains conr
parative data for the averaged LiSs and the D8Ms. These data indicate that the
differences in the resnlis of the two sampling protocols are not very significant,
generally less than a factor of two. An order of magnitnde difference was pre-
viously thought to be good repeatability for explosives residue sampling.
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Table 18. Replicate comparigons for MIS samples.

Maximur difference
Tota! ragidues Ra® from mesn
Plume | Replicate | HMX (mg) | RDX {mg) HMX ROX HMX | RDX
1 2.8 iz
812 2 24 6.8
Average 25 4.8 | 0% 45% 13% 30%
4 7% 380
s | 2 58 280
3 a5 220
Average a3 280 15% 25% 5% 5%
21-mm Bverage 14% F0%
3 5.1 it
se L 2 89 23
3 4.9 thi
Foverage 6.3 15 I8% 483 41% 53%
9 849 HEl
1055 2 9.2 74
Fstage 2.8 87 5% 2%% 4% 15%
i T 4 »
. 2 76 19
1057 3 51 )
Average 6.8 15 2% 24% 25% 27%
T05-mim
averags 6.8 12 23% 32%
Cverall
average 149% 1%

¥ RED = Refglive Stangdard Deviation

Replicate sampling was conducted on six of the 14 plumes, concentric zone
sampling on three, and gmy-zooe sampling on one {se¢ Metheds seatton of this
report for test descripgtions). Fhe obiectives of these fesis were to examing the
repeatability of the LIS methosd and determine whether the residue levels are
influenced by distance from the plume or the soot density of the plume. The latier
tewts have a direct impact on the bias analysis of the DSM protocol.

Replicate sampling eonsisted of three duplicate samples and three wiplicate
sapples, The range of values about the mean for each plome 13 more consisient
and slightly lower overall than for the MIS samples, averaging around 30% for
both residue constituersts, Triplcate samples and plumes with higher residne
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ievels tended to have smaller sanges {17% vs. 47% on average for BMX and

19% vs. 35% on average for REBX). This likely reflects the difficalty in mea-
suring residises at concentrations that are at or below the detection limits. The
average of the plume L1835 was compared with the DSM resulis,

Table 16. Relative percent differences in caloulaied residue valuss
belwsen averaged LIS and composited DM sampling.
Differgnce with DS

Hlarm HMX ROX

1 8% 53%

2 65% 1%

3 22% 5%

4 1% 2%

£ T7% 32%

g 2% 20%

7 FO% 80%
Auemrage (n=T) A2% 48%
H05-mm HMX X

1 44% 3%

2 57% 26%

3 18% 27%
4’ 80% 85%

& 52% 5%

14% 4%

T 1% 2%
Avarags (T 45% 38%
Overad (n=14) 43% £7%

* Waighted avernge of 3-zone radial sampling
T Weighted avsrage of S-zone gray-scale sampiing

The caleoiated vesidues totals for 2ach zone b the concentric zoss tests were
added to obtain the total residues for each of the three plumes (Table 17}, These
totals were gsed for comparison purposes with the DSM resulis in Table 10 (see
values {or 813 and 193-3, and —7). The resulis of the conceniric-zone tesis are
shown in Table 17. For all fhiee plumes. the difference in residues between
adinount zones approaches an erder of magnitude. This s not surprising if the
assumption is that the residue concentration is highest near the detonation pomt
and falis off non-linearly io the edge of the plume. These results indicate that by
oversanpling the plume near the detonation poim, the results will be skewed
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fowsard higher levels of residues, ab other factors being equal. Note thut even in
this test, there was 4 tendency to collect twive as many incretenis in the area
closest o the detonation point a5 in the two areas farther out {rom the crater,

Tabte 17, Resulls of concentric zone sampling of three plumes.

Plumaizone | locrements | Zone area {m) | Incrementsim® | HMX {rg} I RrDX (mg}

Flume 81-5
<1fhm 135 187 072 26 16
i0tc 20-m 70 225 021 0.7 5.4
2013 56 377 015 ) 12
Tolal 283 700 033 32 22
| Plume 106-3
<10-m 39 282 f.14 8.5 29
11 20-m 58 563 0.15 1.2 34
“20-m 43 263 9,18 0.54 0.27
Total 14 5535 0.15 23 25
Phume 1057
<10 128 232 .56 53 143
10 10 20-m 20 87 0.22 14 47
20-4m 100 247 029 0.12 s ]
Total ang 546 0.33 65 19.1
Average (n=3}
<ifan 100 230 044 43 17
D10 2047 75 530 D.21 10 42
>20-m 70 320 022 D2 ngs
Total 240 gas 0.24 2.0 72

The final factor that will be examined Is the effect of plumne density or “gray-

pess” on sampling. Only one plume was sampled by gray zones using the LIS
method, Phame 10544, The results are given In Table 18,

Table 18. Comparisen of gray-zone resuits, Plume 1454,

Muthod A {meg ROX imqg)
3Zone LIS 2.8 78
T Weighted DS 45 0
T Standard DSM 86 15
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These data relnfores the conclusion reached in the discrete sampling method
section that ihere is a tendency foward sampling where the plume is darkest, ot
“where the good stuff is.”” If we assume that the weighting of the DEM sampling
is correst snd increases e aseuracy of e methed, it follovs that the LIS
rosulte, which sampled the three zones separately and combinad them for an
overall residuss valus, are even meore accurate iy that any bias is minimized by
separating out the gray zones within the plume and then sampling those zones
in a systematic random manner, There remains a possibility of some bias as the
sampler still has somme choice as 1o where the zsample i5 1o be collected when a
collection point is reached, but the options are limited due to the patiern that must
be walked to collect the reguisite mumber of samples.

in suminary, the use of multiple-increment sampling for characterizing the
residues within a detonation plume appears 1o be g feasible aliernative 1o the
Giscrete sampling method, The tweo protocols tested, 40-Increment MIS sampling
and 108-increment LIS sampling, proved repeatable and comparable to both the
DSM zamples and each other, Both methods are quick, sllow for replicate
sammipling, and result in fower samplies for analysis, By reducing sampling dime,
meore field QA can be done as well. The MIS sampling protocel kas the advan-
tage m speed {fewer Incraysents, whergas the LIS has the advantage in forcing
the collector to sasmple in 2 broader, more comiplete fashion, thus lowering the
ahility to bias the sanpling.

il Implementation Tests

Before making multipfe-Increment sampling the method of cholce for
sarnpling explosives residues on snow, adiditional work needed to be sonducted
to sigure the proposed methiod is adequate ang repestable. The method chosen
for testing was the large-increment sampling protacol. The planned detonation of
135-mm HE rounds scheduled for March 2004 was used 4 fest the implementa-
tion of this meithod for residue characterization. Two sets of seven roonds each
were detonated, each set on & differant day, and the plumes sampied for analysis.

$185-mm Comp-8

Sarmpies were eollected For the 155-mm Conp-B tests using both the LIS
and MIS methods. Subsurface samples, crater samples, and samples outside the
plirne were collected for QA (Tabiz B-3). Table E-1 in Appendix E contains the
data for these tests. Table 19 presents the aversges and yanges for the plume data,
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Tahie 14, Analysis of plume samples—158-mm Comp-B rounds.
Mean {mig} : Ranigs [ngh Maximum diffarsnce
Sample group nes HMX | REX | HMX | RDX HMX RDX
LB
Flume 1 2 25 15 1.5 41 28% 72%
Phime 2 3 N 4.4 v 27 — 82%
Pims 3 Z 18 38 e 25 — 6%
Plume 4 2 17 28 — 45 - 9%
Plurne § 2 {.35 35 — 20 o 3%
flume & 3 518 1.9 — 4.0 e 87%
Fisea 7 3 G50 24 e 52 —_ 5%
Mean-LiSs 7 19 18 — 14 _— 9%
Mids
Plsne 3 2 N 8.0 — 1.8 e 2%
Plume § 2 WD 10 — 010 man 1%
Mean-MiSs 2 - a.s — nED - 5%
Al
Bmwiraam g 25 K% 1.8 45 5% D2%
finirnum G N 1.8 e c.10 em 1%
Mesan LY e 14 — 11 o A47%
Median g 35 1 — a7 — 5%
Note: Yalues in Ralics contain one o mor date peinids) &t ar below detection limits Tor the angiviical
method, Mo TNT was delected in any of these samplas, Where both soot and filtrals velues arg helow
defocion imits, an NI iz entered, (Does net aoniy 10 AlL)

The twa MIS duplicate samples agree very closely (<xb8%). This is 10 be
expected as they were taken a3 adjacent pafrs. The LISs are not reearly a5 close,
Samples were faken independently, sometumies by differest personnel within the
same plume. Two RIIX values, one each in Plume 4 and Plume 7, acoount for the
mraority of the disparity in ranges. The replicates are all within an order of mag-
nitnds where explosives were detested. This is good repeatability for residues
recovery, given the pumnber of results at or below detection liraits {12) and within
50% of the analytical detection limits {10}, which makes comparative analyses

difficult.

The data for the crater samples demonstrate that therr confribution 1s Im-
portant but not critical (Table 2G). For defonations with significant residues
{(Plumes 1, 4, and 7), the conteibution of the ¢rater {s relatively small (<9% on
average). When the datonation is higher order (99.59% of explosives load con-
sumead), the crater can contribude significamly to the overalf residues, up fo 20%.
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When ihe resicues are higher and the dats are more criticsl in terms of rangs
sustainability, the impottance of data from the crater decreases as it becomes a
less significant contributor to the résidue mass within the plume, As it {s impos-
sibie to determine the efficiency of 4 detonation in the field, it is prudent to
always inchude the defonation point in the sampie. This was dons throughout the
tests with the LiISs,

Table 26, Dats for crater samples—185-mm Comp-B rounds,

ERDC/CRREL TR-05-8

T Crater | Crater masses (ng} E % of plums values”
area(m’ | HMX | RDX | TNT | Area | HMX | RDX | TNT
Purne 1 13.8 0.13 0.24 — 4% | 51% | 1.8% —
Plume 2 13.8 0.18 0.56 - 7.80% - 12% —
Piurrs 4 4638 1.2 17 003 | 054% 0 8% 8.1% -
Pivime & 13.3 0.32 .28 - 0.80% —_ 20% -
Plume 7 12.4 ooz | 022 — | DA% | 3.3% | 082% |
Average 38 015 | 081 | 0007 | 686% | B3% | B1% | —

* Craler massiplume mass

Data for six of the sgven piumes indicate that no residuss were detected
within a distance of up to 6 m owdside the plume. The one detanation with
residues outside the plume, Plume 1, was the result of high foot traffic in a small
area adjacent to the plume where samipling ook place. T was difficult for the
samplers 1o determine the outline of the plume in thet area and the sampling was
thus Hiely erroneous. Wind drift of soume residoes may also have contributed to
the error. In the csse of Plume 1, the estimate for HMX ocuidde the plume is
almost equal to that inside (90%}, and the RDX cuiside the plume is equal o
about 13% of that found inside the phune. Recovered residues dropped by an
arder of magnitude between the 6- to 3-m and the 3- & 8-m ranpes in this case,
indicating that the plume demarcation maey have eriginally bee satisfactory,

Subsurface samples taken beneath the MIS incremonis (Fig. 6) were ¢lean,
indizating that all the residues were recoversd during sampling. Although the
sarmple size i small {n=2}, the resulis are indicative of the Improvement 1o be
gained from using the smelier sampling too] for the muliiple-inerement sampling
protocp; {see Table 6).
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Figure 8. Collecting adiaceni MIS samples and subsurface samples from
185-mnm plume.

188-mm TNY

The samipling strategy for the TNT-filled rounds was the same as for the
Comp-B filled reunds, Wind condifons were near ideal, with speeds belaw 1
m/s, and there was no drifting saow, AH rounds were detonated within & thres-
second windew. Replicate MIS and LI8 samples were used to characterize the
plume. Table 21 condaing the averages znd ranges for the samples, The compilets
sdata st may be found in Toble E-2.

Some differsnces between the averages and ranges of the Comp-B tests
(Table 193 and the TNT fests are apparent. The range between the MIS samples
for & giveo plume is somewhat greater for the TNT rounds, but the agreemesnt
between the MIS and LIS samples for Phumes 3 and 5 is good, Ranges for the
1185 are consistent with the exception of two values sut of the 21 (Phume 2 TRT
and Plume 7 RIX), Some of the variability with the averages and ranges s dus
to the detection limils of the analysis equipment, which cuts ¢ff the lower values
of the residues, thus skewing the averages lower and the ratuees tigher, This was
also seen with the Comp-B tests and is 2 factor that will have to be aken into
consideration when detonations are high- or near-high-order. In all, the sarpling
method looks consistent and repeatakle for the TNT rounds.
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Table 21, Analysis of plume samples-—158-mm TNT rounds.

Mean (my} Range {ma} Maximum difference
Sample group a= ROX | YNT RDX | TNT RDX TNT
Li&
Fluma 1 3 8.0 8.8 78 15 126% 104%
Plume 2 a 8.8 11 1.8 14 L%, 82%
Plurme 3 F 5.9 4.8 2.1 a8 13% 7%
Piums 4 3 ND 44 - 50 —_ 0%
Piume 5 2 ND 6.4 — 3.3 - 26%
Plisme 6 3 43 23 41 1.7 53% 39%
Plurns ¥ 2 12 44 19 1.2 58% 14%
Mean-Li§ 7 €.8* a4 59 58 52% 47%
MIS
Plumre 3 2 59 13 5 &G 42% %
Figme 5 2 ND &8 — €50 — 4%
Mean-Mis 2 - 4.5 — 43 s 19%
Al
Maximum 9 12 13 1% 15 126% 104%
Minimaan g NG 23 s 4.50 — 4%
taean g8 6.5 8.7 66" 5.5 0% 1%
fMadian g 5G| 5§ 45 3.3 4% 39%

Node: Values in ialics condain one of morg ¢ata point{s} &t or below deteclion Bmis for the ingtrumsnig.
finn. Whars holh soct and fllirate values are below detechion limits, an NI s andered. A HMX vaiues
ware at or balow detection s,

¥ Means of the values above detection limits.

Amnalysis of the OTP and subsurface datz are nol as consistent. The data
{Tabsle 22) indicate that THT detonation Kinetics may differ significanily fiom
Comp-B detonation kinetics {Taylor ¢t al. 2004 ). Notmally, TNT is not fouad in
the soof fraction of the residues, In these tests, TNT was detected in every test in
eignificant guantities compared o the plumse surface samples. The indication is
that during detonation, particles of unexploded TNT are distributed by the supio-
sion, These particles are nate and would be difficult 10 see on the surface of the
snow, making plume delineation problematic, These particles may also peneirate
deeper into the snow than the soot. Only one OTF had any residue other than
TWT in i, and neither subsurface sample had anvihing other than TNT in it Thiz
indicates that the C4 donor charge fully detonated with Hitle unreacted explosives
remaining, and that the residues recovered are primarily from the profectiie iler,
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Tahbie 22, Sampling QA non-plume analysis for TNT-filisd 155-mm impismentation tests.

Estmuted residuss

Persent of demarcated plume

Sample group HEEX {mg) ] RDX tmg) | TNT (mng) HMX | RDX | TAT
Subsurface samples

Plamg 3 MNE ND 219 3% % 4700%

Plama & KD ND 54 4% % T0%
N OTF samples

Plume 1 (16-20 m R} N N 14 0% 0% 3%
Plume 2 {5-3 mA) 1.8 N 7.3 o 0% 88%
Plame 3 {03 m A} ND ND 4.5 (i% 5% 100%
Furma 3 (8 mA) KD ND in % 0% 88%
Plase 4 (0-3 m A) D ND N % 2% 280%
Blarre 5 (03 m1 Al NE MD 082 (1% 4 13%
Plume 5 {3-8 m &} WL KO .82 0% 2% 8.1%
Pliumz 8 {3 m A) ND N3 ¥ &% 0% 2%
Plrame 7 (1020 m R} NB N 1.9 % 8% 43%
Average OTF 0.21 Ga 4.5 0% @ g% 1 8%

* Nop HMX defeciad in pluma.

In sumrmary, the mudti-increment sampling technique proved very successful

in representing the detonation plumes for 155 Comp-B-filled fuzed artiliery
projectiles. Problems were encountgred with plume delipeation and sampling
depth for the 133-mm TNT-fitled fozed projeciiles. These problems would also
have been encountered with the DSM proiocel and point to the need for modi-

fying the sampling protocol to take the kinptics of the TNT projectile into

aceount. More work needs 1o be done to refine the protocel for TNT-filled

projectiies.
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8 CONCLUSIONS

Sampiing residues on snow Is a simple and effective method for chasacter-
izing detosation residues. Phuwes van be demarcated visually with detonations
invoiving Comp-B filler, although more care Is necessary with TNT-fTled
roands. The standard protocol for sampling, the discrete sampling method, &
prone to bias but cempares well with several other sampling protocols tested.
Revernl multiple-increment sampling protocols were designed and tested, and all
were demonsirated ta be comparable and repeatable witlin less than an order of
magnitie, Either the medivm-increment or the large-increment sampling proto-
col will work effectively in place of the DEM pratocol. The large-mcrement
sampling protocol was tested on [55-mn higheexplosive profectiles with very
good resulis, The seven st involving Comp-Bfilled rounds were better at
capturing residues than those jnvelving the sever TNT-filled rounds, pointing fo
the need to modify the sampling protocol for those types of rounds. Repeatability
of samples within a plume was also good, sublzet to influence by ihe detestion
limits of the analysis equipment, Beveral quality assurance tests were designed
and applied to check the various sampling procedures throughout these tests and
should be applied in the future to sampling of all detonatian plumes,
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APPENDIX A. MUNITIONS DATA

Tables A-1 and A-2 contain munitions data for all the tests sonducted for this
repost. Table A-3 Tists munitions explosives sonstituents and loading for these
munitions, Only constituents with sigaificant quantities {>1 2} are listed except
for HMX. Note that HMX is an unmeasured constituent of RDX, the result of the
marufacturing process, and may constitute up to 9% of the total RDX joad. The
number of Blasting caps and amount of detonation cord used in each feat varfed
according to the tralning peeds of the troops and the discretion of the UX0
technicians assisting with the operation. The magjority of the explosives, howsver,
wewe contributed by the test projectiles or rounds and the donor charge.

Table A-1. Munitions and explosives data—January tests,
heantity
HSNM DO Normenciature Lot number drawn
1345008837087 C256 {zartridge. 81 myn; HE MaT4 wiPL: fuzs MA-B4E153-328 7
1515000284857 G445 | Qartridge, 108 mu M1 HE wio huze L3-280125-507 ¥
Cap, Basting, nonglechis, 35-8 shack
1375014751232 MLAT | bibe ERWETKOBO-0G8 8
13751415123 MNGE | Cap, blasting, 13 ENROOMOOZ-G0Y 8
1375014181233 MMOS ¢ Cap, blasting, Nos-electrin, M13 SHKSEDOD1-001 18
Gard, detonating, pentasrtiyrie
1375001808355 456 todranitrate EBGO3ADN2-015 G m
Igsitar, time blasting fuse with shcck,
1375014551235 MNDB | R8¢ LNO9BEQD 1003 15
Charge, demoiition binck, Comp T4,
T3TADLT 247040 MOZ3 ) M2 MA-G7ADDS-UTA 1B
138010800447 N240 | Fuze, poind delonading, M735 MA-SAB00T.013 7
Notes: Drawn from Fort Richardson Amvne Supply Feint.
Dafa from DA Fomm S8 b--Fgguest for Issué sl Tum-n of Amimunition,
Supgiemantal chargs used i all 105-mm rounds,
Sorme munitions quaniites used in subseguent testy nol coverad In this repori.
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Table A-2. Munitions and explosives data--March tests.

Guantity
NSHN DODIC Nomenciaturg Lot numhber drawit
Proiactite, 155 mim, 107, HE, wie
1G20G12574222 D544 fuze HOPEEE GG 14
Projestie, 188 mm, MI07, HE, wie
1520014605087 D544 fore HOPCEKOTE-008 7
1300010800447 | N3SU Fuze, point detonating, M8 BAL4BOO7.013 24
Cap, blasting norrelactde, 30 Fool,
1375014151232 5 B it EEWETKOB0-008 24
37801415123 MNOZ | Cap, bagling, noneiecis, B13 ENBOORNOZ-007 3B
TEF5014451232 #NOS | Cap, bissling, non-aleuinis delay, M4 SHKSSUH-H0 24
Cond, detongling, nentaarthyrle
1375001808358 456 tsiraniinaie ERGLIAMZ-DS S m
ENESSHOD 027 1830 m
|gniter, lirme blastng fuse with shotk,
1375014151235 #NOE K81 LNQAgESD-GO32 20
Charge, demaoition block, Domg 04,
1375007247040 MO b2 A GTAGDL-GOTA 30

Notes: Drawn from Fort Richardson Armima Supoly Point.

Data from DA Form 581--Request ki fgsue and Tumeds of Amenunition.

Supplemental charge used i all rounds,
Some munitions quantities used in subsequent tests not covered in this report.
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Table A-3 Explosives loading for munitions used in protocol tests.

Congitteent loads {g)

nBonc Nomenclature Load {gi| TNT RDX | HMX NG*
3253 | Cartidge, 81 mim, HE, M3F4, wituze PDF 883 271 5re 46
445 | Cadriddge, 108 mm, M1, HE, &0 fuze 2088 812 1253
Supplementary charge {for fuze well: Howiteey
s} 138 138
D&a4 Projectite, 155 mm, MYO7 ME, wio fuze H935 2744 4820
Do4d | Projentile, 158 snm, MI07, HE, win fuze 5822 6622
Fuze, point detonaiing, M739 fussd w445 &
N34l | Dodds 1
K340 | Fuze, poini detonating, MSET7 [supplied w258} «i 27
{Zap, tlasting, M11, non-sleciic, 30-8 shogk
MLAY | b 1178 < <1
MNO3 | Cap, blesting, M13 508
BMNOE | Cap, biasting, non-alecthic delay, M4 1473
Cord, detonating, pantserihyrie atmnitrate
M4ss | (1000 # 29400
fgntier, MB1, time blasting kuse, shock tube
MNCE8 | zapable 0.05
85023 | Charge, demclition, block, GOMP $-4, 1281k 572 520

*he3 is found in the el assembly of the morsr round and iz rommelly eacted during firing,
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APPENDIX B. QUALITY ASSURANCE PROCEDURES FOR
PROTOCOL TESTS

The following tables contain 2 Hst of the QA procedures and their
descripdong for each round or projectile detonated tor the protocol snd
confirmation tests, The variabiiity of the procedures for the tests reflects the
devglopment of the 34 procedures during the course of the tests. Inall, {39 0A
18815 consisting of over 9850 increments were performed og the 28 rounds used
in these tesis. A write-up of the recommended QA procedures for nse with
detonations on anow-covered ice will be presented in a future report.

Table B-1. QA Procedures conductad at each delonstion—81.nm tests.

Deganation Procedure Rescription
Subsurfses sampling Cne at each DSM surface sample
811 Duplicate garmpling Adiacent ssniples
Anrudar OTP sampling G- to Jmoannulus
840 Lupicate sampling RIS and Lig
Anragar OTP sampling ) to Jum annuhug
81.3 Duplisate sampiing DEMe, adigosnts, and LIS
N Annular TP sampling - @ E-moannulus
844 Duplicate sampling Adjacents
TripHcate sampling LIS
Bubsurface sampling One at each DB surfzce sample
81 Radis! samplng LIS {0 to 10715 1 20420-m R zunes)
Annutar GTF sampling 5~ o -m annilus
Fadial OTP gamping G- to -rm B OTP from detonaton point
BiG Teiphivate sampiing IS
81-7 Triplicats sampling LIS




42 ERDOCARREL TR-05-8
Tahle B-2. QA Procedures conducted at each detonation—105-mm tasts.
Uetonation Procedure Description
1051 Mone
52 Mong
053 Radial sampling LIS -t 10710« o 20570-m R zones}
Annutar DTP sampling O~ 10 3o annulus
5054 Trigkoate sampling izps
Cirasient sampbng LIS {grav-scaie}
Puplicate sanpiing Adiacenis
055 Triplcate sampling MiSand LIS
Annuiar OTP sampling 8-t 3-m annuius
1058 Subsurface sampling Une at each DSM surface sample
Duplicate sampling Lis
Puplicate sampling Adjacents
1057 Trinlicate sampling MIS
Radial sampling LIS {0- to 13-/10- to 20-/>20-m R zones)
Anraigr QT sampling 0- to 3-m annuls
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Tabtle B3, QA Procedures conducted at each defonation—15&mm Comp- tests.
Detenation Procadure Bescription
15615 Dypicate sampling LIS
Radial OTP sampiing 0- 16 18- argd 10- to 20-m racli from det point
Triplicate samphin Lig
165.28 P pIng
Anrsiar TP sampling G- fo 3o annulus
Admoent samoling M5
_ Supsurface sampling Below saoh of ong of the IS samples
15536 ) .
PDuplicets sampling Lis
Anridar OTF gampling 0- to 3 sl 3- 1o G-rn annul
Triplicate sarmplin LES
15548 piLale samping
Annular CTP sampiing 2 to 3-m annuius
Adjacent samgting pag
156-58 Subsurfacs samping Gelow each of ore of the MIG sarmples
i Duplicate sampling 1iS
Anwiiar OTP sampling {~ 10 3 and 3- to 6-m annul
Trivlicats sampilin Li&
165-68 P prea |
Annutar TR samaing (- i 3-m annulus
165-7B Tripticats sampling LIS
Fadial OTF sampling O 1o 10- and - to 20-m radié from det point
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Table B-4. QA Procedures conducted at each detonaticp—185-mm TNT tests.

Detonation Procedure Description
Triplicate sampling 118
1551 Gradient sampling Li&
Radial OTP samgiing 1G- {0 20-m radius from detonation point
1552 Triplicate samping . L8
Annular UTP sampling {10 3-m annulus
adigcant samping Mg
1553 Subsurface sampling Beiow 2ach of one of the IS samples
Suphoale sampling LIS
Annular OTP sampling Ot B and &0 8-moannuil
— Trigtioate sampling s
T Annulsr OTF sampling D b0 S Annuius
Adizcant sampling WIS
4555 Subsuriace ssmpling Below each of one of the IS samples
” Duplicate sampling L8
Annular OTP gampling - to 3-m andd 3- to B-m annuli
1558 Tripiicata gampling ) g
Annular TP sampling 0- to 3-m annuius
Trinlcate sarmpling LIS
1585-7 fradiant sanpiing LIS

Radial OTF sprpling

10~ £ 20-m redius rom datonation paint
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Table B-5. List of all QA procedures conducted over the course of testing.

Test type Round tested # of reps. Inecrements*
Replicate DSMs 81-3 1 1@ 17 points
81-1 1 1@ 11 points
Subsurface—DSMs 81-5 1 1@ 11 points
105-8 1 1 @ 15 points

811 2 11

81-2 1 12

81-3 1 17

81-4 2 11

81-5 1 11

81-6 1 11

Adjacents—DSMs 817 L L

105-1 1 15

1052 1 15

105-3 1 17

105-4 1 15

108-5 2 18

105-6 1 15

105-7 1 18
81-1 1 1@ 11 points
Replicates—DSM adjacents 8i4 1 1@ 11 points
105-5 1 1@ 18 points

811 1 38

81-2 2 36

81-3 1 40

81-4 1 34

816 3 40

81-7 1 40

105-1 11 40

MIS 1052 1 40

105-3 1 40

1054 3 41

105-5 3 41

1056 1 32

105-7 3 35

155-3 Comp-B 1 40

155-5 Comp-B 1 40
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Tahie B-5 [cont'd). List of all QA procedures conducted over the eourses of testing.

Test type Round testad # of reps. ingrements®
1553 THT 1 44
WIS 1855 THT 1 43
14553 Comp-B 1 441
Adjacents—MiS 1554 Comp-B ! 40
1853 TNY i A0
1665 THT f &l
811 % gi5:2
812 Z2 kRt
813 2 1403
81.4 3 103
818 4 3
#1.7 3 0
10861 4 it
1652 1 100
1055 3 128
105-6 2 o7
1851 Comp-8 1 100
e 165-2 Comp B 2 160
188-3 Comp-£ 3 100
18%-4 Comp-B pa 06
1555 Comp-B g S
1558 Comp B 2 11
155-7 Gomp-8 2 115
1556-1 THY 2 105
155-2 THT 2 142
1853 TNT 1 0
R84 TNT i 101
1855 TNT 1 100
1565-8 TNT P 143
185-7 INT H o8
54 i 137
Lis—Gray-scale 2ones 551 TNT 1 pers
1558 TNT 1 gl
71.5 1 283
LiB-Radipl zonss 105-4 1 141
1057 H 309
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Tabis B-5 {vont'dl.
Tost iype Round tested # of raps. Increments”

841 4 40

812 H 41

81-3 1 20
&1-5 K 120

105-32 H 88

1058 4 8z

1057 i 88
155-Z Comp B k: HiG
CTP—0- to 3-m annuius 185-3 Carvp-B 1 100
1854 Corrp-B H 100
155-5 ComrpB 1 1400

1558 Comp-B 1 73
155-2 TNT 1 )
155-3 THY 1 100
155-4 TNT 1 i}
155-5 TNT 1 100
165-56 TNT 1 100
185-1 Comp-B 1 106
155-7 Comp-B 1 140
OTP—3-to 6-m annulus TS TNT 1 o
158-7 TNT 1 100

81-5 1 35

TP~ ta 10-m radius 155-1 Comp-8 1 35
155-7 Comp-B 1 50

158-1 Comp-B 1 73

OTP—10- to 20-m radius 1557 Lome B ! &
1551 TNT 1 08

1857 TNT 1 TR

Naotes: For Bi-mm and 105mm teeds, the DS profoool was e standard sampiing protoeol. For the
155-mm tesis. the LIS protooe! was the stendard protocol. QA was porfrmisd 1o vertly these profonols.

* The numrber of increments s the avarags perrep.
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APPENDIX C. DATA FOR THE DISCRETE SAMPLING METHOD
(DSM) TESTS

The following tebles contain data generated from residues sampiing doring
the DSM baseline tesi phase of this project, Thres tests were condusied concur-
rently with the DSM tests: discrete sampling, subsurface sampling beneath the
disceete sampling ares, and sampling outside the demarcated phame using a large-
increment composite sampling protocol. Each table is self-explanatory with the
nedes phven at the baliom of the tables in the body of the renort. Residue massss
are given in milligrams,

Table C-1. Plume sampling statistics for DBM test (excludes crater samples}.

Pumme {OTP) Sampled | % ofarea
Plume # | area (m®) Sample type # Samples | Increments | area{m®} | sampled
1506 Disgretes (Mm% 11 1% 11 11 0.73%
B9-1 Subsurface (m% 11 1511 11 -
(AR 0- to 3-m OTP 1 40 % 1 16 0.33%
a1 &37 Discretes (M} 12 1% 92 12 1.9%
{254) 10 3om OTP 4 21 %4 16 £.48%
513 790 Discretes {m*) 2x17 25147 a4 2.3%
(3753 g-ta 3-m OTP 1 81 080 (.21%
814 635 Discretes % 11 ix11 i 1.6%
83 Discretes (m'} 11 11 1 16%
815 Subsurface {m°) 1 1 %11 1 -
£312) 8- t2 3-m OTP 1 120 % 1 1.2 ,%8%
(128} g-to 10-m R OTP 1 KR 1.4 1,1%
818 744 Discretes in') 11 1 =11 14 1.5%
8-y 674 Discreies {rr} 11 1 %11 11 18%
Totgl 128 ALY
720 Discretes i) 13 13 13 1.86%
Average” Subsurface (Mm% i 1 1 1.2%
{380 O t0 Jom OTP 1 75 15 0.42%
1051 731 Discrates ("} 15 1% 15 15 21%
1052 4% Discretes {m'} ‘5 1x15 15 14%
1663 938 Discrates tm°) 7 1%15 17 18%
{407 810 3-m OTP 1 66 » f 366 £.46%
105-4 5§05 {iserates (M) 15 1% 18 15 16%
55 #7272 Dicreles (n7 16 HE 1> i3 2%
(457 -t 3-m QTP 1 G2 %1 e 0.18%
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Tabie Q41 {cont’d).
Plume {Q7P} Sampled | % of area
Fume¥# | area{m’} Sample type | # Samples | lncrements | ares im’) | sampled
. 315 Daw%&s zmgi 15 118 15 1.2%
Subsurface (M) 15 AT 15 —
. 46 Discrates (M} 18 148 18 1.49%
' {48E) {10 3-m Q7T 1 B x t (.68 6 14%
Todat 131 342
B84 e e 18 18 1§ 1.5%
Average™ Subsurface i} 15 15 15 1.2%
{50} O-1o3m GTP 4 I VA 0.15%
Note: Average for plmes where tesis were conducted,
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Table C-2. Estimated residues masses for DSM protocol tests.
Plume # Sample type HVX {ma) RDX fmg)
Discretes (M) 11 20
211 Subsuriace (m’} 1.4 37
OTPo-3m G148 -
a1 Discrates () 58 1.2
OTP3-3m - -
Discretes (m°)-a 1.1 8.1
81-3 Discretes (m°)-b 1.5 10
OTP 0-3 m — -
81-4 Discretes 1) 57 AT0
Discraies 4n°) 7.3 1
Subsurizce 41 10 45
£1-8
OTFO-2m - 038
WP G- o 10-m radius — -
§1-6 Discretes ('} 5 poris
g1-7 Discrates {m® 31 §2
1051 Discreiss {r") 23 13
1052 Discretes {m) 5.0 18
Discretes (m”) 6.9 a3
1053 OTP 0-3m 0.15 2.2
1054 Discretes (m*) 8.5 15
05 Discrates (m*) 11 82
OTF3-3m 0.25 2.4
1068 Discretes {m?’i 11 2
Subswrfate ') 368 1.8
[¥serates ) 53 17
105.7
QTe g3 m — 0.42
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Table C-3. Detonation proximity and soot density bias data for DM sampling.
# %% Samplus/
Plume Tost Zone Ares i’} | Samples | Ssmples | %ores araa’
Gipidm 154 % 3% 12% 8
B1-1 Consentric HW-ioZm K3l 4 % e 19
=2(rm Gt 3 ZT% 86% £.41
¢-to10m 169 7 5% 27% 2.3
B2 Connentdc 10-1020m 3t 4 F3% 38% [FR:ES
»20m 37 1 % 37% EElede)
G- i0m 187 3] 5% 24% 1.5
8133} Cormmirin B 2m 228 8 W% 28% 1.0
*2m Ky e & 3% 47% 4.7%
8-to 40 m 18F & 55% 24% 2.2
41-3( Cancentrie 10-1020m 226 é 5% 29% 1.2
»20 m are 2 12% 47% 0.26
fioidm 144 4 % 21% 17
214 Conpeniie 10N-1620m g2 3 459 28% 14
20 m 3By 2 15% 51% {88
HEA i 1 ] TR g 45% 7% 17
41-5 Concantric 10 Z0m P g 435% 38% 1.2
>20m el 1 % 34% 0.26
O-to 10 m 184 4 J6% 26% 1.4
518 Concentris WP-to20m 3 G 5% 42% 13
20m 224 % % 2% 328
Outn 1Gm 182 8 85% 27% Pk ]
817 Concecdic Weitm 241 5 #5% 8% 1.2
=30 pra 1 ] 0% 35% ek
O-to 10 m 282 7 L% % 1.4
105-3 Cuncentric 10-10 20'm 344 7 41% 42% 1.0
»20m 253 3 184 8% .64
D& 57 4 7% 12%. Rz
Gepy Madiurn &1 z 15% 8% 18
Light BED b &% By 275
1054
J-iotm 58 7 47% 5% 1.
Congantic 18- to 20 m 471 7 AT% 5% 94
=30 m 121 * B.7% 15% 45
O-to 1hm 232 7 30% 25% 15
E7 Concentric 10-40 20w 367 4 28% 3% nre
220 347 & 3% 3% 0.8z
*  Thage plumes ol axionded bevond 30 o No samples were Iakon i that pone.
¥ mamplosiares ks e oatic of 1 % zampies 1o % area,
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Table C-4. Detonation proximity bias in D8M residues estimates.

Plume Test Londition HNE {mg) REX {mg)
Weighied 55 i
81-1 Contantre Standard DEM 1 23
T Difiorencs 0% 0%
wighted 41 7.4
412 Conserntric Standard DEM 5& Fz
Difference 37% 44%
Veighted a 8.3
81-3a Concantric Standard DSM 1.1 8.1
Differance 21% A%
“Wekghte 11 ,
#1-3 LonuRIi Stancan DEY 4 0
Dittorerce 38% i F5
Waighind A5 A5
2t-4 Oonoantrie Stackard DEM 37 473
" Diffrence 24% £1%
Waighied 27 14
B8 Conceniric Standarg HEM i3 #
Diffarencs 85% 43%
Weighted 43 A ¥4t
418 Goncentric Standard DEM 55 220
Diffarence 25% 2%
Weaighted 19 54
A7 Concentriz Standard DS H G2
H i £3% fd4%
Average difference: #4onm 46% %
Wainitad 58 27
H08-3 Concentic Brandarg Q20 5.3 33
[EMargrae 25% %
Wergited &1 $1
1045-4 Concendric Stanclard DSEK 6.6 13
Differance 28% 3%
Weighted 4.1 15
1T Concentric Stangard DEWM 5.3 17
[ifferenes 2a% 3%
Avecrage difference; 148-mm % Z4%
Averaye gvorall diffgrente 3% 28%

Hote Weidded valters fohe proximily iy fie dalonation pUint indo stoount, waighiing for e sres iy e concaniic Band i which the
sgmios Tel, Thes are Yres concenyic bands witin e pheng U o 104 R, 10- 0 30-m B, and »30wn B, Btenderd DM values
CorposRey #H the DS samples without regant 10 looatism withie e plume. The difforonse 1 e percant differends batten e
wiiied apd standsrd (unweiched) resulis: (Siandank-WelghlsdlfWaigheg;
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APPENDIX D, DATA FOR PROTOCOL TESTS
The Bsllowing tabizs contain daia generated from residues sampling during
the protacol test pbase of this project, Throe tests were condncted concurrently
with the DSM tests: Sampling adjacesnt 1o the DSM cample, plume chargsteriva-
tion using s medium-increment composite sampling protocel, and plume charac.
terization using & large-increment composite sampling wotocel, Each table con-
tains the number of samples taken, the increments per sample, the tofal area for
each sample, and the percent of the demarcated plume sampled. Residues masses
are given in milligrams.
Table D-1. Data for adjacent samples.
Sampled area . % of plume | MMXmass | ROX mass
Plume# | # Samples | Icrements {m*} sampled gl iz}
81-1 2 19 each 0.44 each 0.03% 8 e
8.8 14
812 1 12 5,48 0.08% g4 4.9
B84.3 2 *¥ gach 055 0.00% 15 &
22 16
81-4 Z 11 each .44 each 0.06% 2? 840
a7 720
81-5 k: 11 .44 0.06% 1 45
Bi-g 1 11 (.44 0.06% 867 280
By 1 11 .44 G.08% 45 130
1051 1 15 080 0.08% w1 1
052 1 15 .80 8.14% 86 44
105-3 1 17 0.68 B.07% S8 17
1054 H 18 080 S.07% 24 18
23
105-5 2 18 0.72 pach 0.68% 180
24 54
1084 1 15 2.80 0.05% i 52
bR 23
1053-7 Z 18 4.72 each 0.08%
8.8 12
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Table -2, Data for mediem-increment (M8} samples,
Sampled 2rea | % of plume | HMAmass | RDX mass
Flume $ | # Bamples | Ingrements imzj sampied {myg} {mg}
811 1 38 1.5 2.19% 28 a8
413 5 38 1.4 0G.20% 22 3.2
37 1.5 0.24% z9 8.0
§4.2 1 45 1.8 0.20% 1.1 8.4
Bi-4 1 24 15 227% £ 480
40 1.8 He2% 75 338
218 3 40 1.8 8.22% a8 280
4% 18 C.22% &8 220
8.7 4 40 g 0.24% 16 &3
105-1 1 40 1B 0.22% 2.3 11
105-2 1 40 16 4.35% 16 8
1053 1 40 1.5 G347% 8.3 20
40 1.6 G.200% 54 16
154 3 49 15 0.20% 8.3 23
4z 1.7 0.27% 4.9 e
4l 47 015% 5.9 104
108-5 3 40 16 ¢.18% g2 74
40 1.6 4.10% &8 840
105.8 1 32 1.3 810% 8.8 17
31 12 0.13% 17 14
105-7 3 5 14 E% 7.6 %
34 14 0.17% 5.1 12




An Examination of Prolocols

55

Table 3. Rata for large-increment (LIS} samples.
Sampled area | % of plume | HMXmass | RDX mass
Plugie % 1 # Samples | incraments (™ sampled {may) {mg)
411 1 09 1.1 0.07% 55 12
i 1.4 217% e 28
w2 ? 113 1.1 0.17% 7.2 7.2
8§15 s 104 1.4 $.13% G682 11
EH ) 1.8 0.13% 23 azs
100 1.0 0.14% an 820
§1-4 3 100 1.0 0.14% 65 540
110 1.1 0.18% 40 IO
1.5 1 263 2.6 0.28% 32 22
81.8 1 73 073 L19% BS 2T
140 1.0 0.15% 17 42
#17 3 D 14 0.1%% 15 A4
06 1.0 3.15% 12 3
1031 1 p{x:H 1.6 ©.14% 4.4 84
1082 1 100 10 0.25% 28 14
10353 1 141 1.4 0, 15% 83 25
1G854 1 137 1.4 G.174% 2.8 T8
106 1.1 0.13% 22 150
G a 114 1.1 0.13% 28 200
144 14 317% 23 8
7 $.97 D079 15 30
168 2 a7 0.97 007% 19 18
-7 1 e 31 0.33% 85 19
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APPENDIX E, DATA FOR IMPLEMENTATION TESTS

The follewing two tables contain data derived from the implementation tests,
In these tables, My is the mass of the residues collected in the sample {both fil-
trate and soot fractions), O is the swriace concentration calculated for the grea
samphed, angd My is the total mass caleulated for either the crater, the plume, or
the gres outside the plume sampled. Halics indicates extract concentrations of the
analyies below or near ($50%} the detection Himit (30 pg/L} of the analytics!
method, Residues are given In mizrograms,

Table E«1, Estimated total residues masses for detonation tests—156.mm Corap-B rounds.

Aress
(i) HMX RDX INT
Sampie Plhans! P Cs K W Cg 4 . Gy My
wpe  leample g | (ugim®) | {mg) | G} | (ueim®) | (mg) | {(pg) | (uim®) | (mg)
Plume 4 1278
Crater G.80 &4 g4 4,13 13 15 4.2t N — —_
R 094 13 1.4 1.8 Fod ¥.7 a8 L o —
HE 4 1.00 2.8 2.5 33 7 17 a1 N3 e —_—
OTP-10R (.35 0.867 1.9 2.4 23 83 37 N — —
OTR-20R 0.73 ND — s A 0897 037 MEd — —
Plume 2 1731
Cratar 130 35 12 18 12 41 0.56 N — e
s 146 8D — L e 5.1 31 54 N — o
Lin 160 ND e e .2 1.2 Z.9 N — e
Lig 1A KD - e 33 33 £& ND — —
P34 225 ND — o N — e NI — -
Plame 3 1838
Mis .80 N - - 1.5 4.3 4.8 A - e
MG .80 ND e s 3.8 40 7.3 ND — e
Sub-
surface (.40 ND — R HD — e NI — —
118 .60 NE e s 1.3 1.3 2.3 NI — st
i 12 (Rt 2.6 20 37 28 28 4.4 HEs — ] e
{FTP3hR 1. N swonn s ND e e HO e -
OTREA ERLE ND s —_ ND e - ND — o
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Table E-1 {contd).
Arous
tm HIX RDX TNT
Bampls Flurme/ M Cs My Cs By Mir L3 ¥y
typr | sample | o) | i) | (mg) | (o) | i) | iog) | gl | (g | Gmg)
Plumed 1554
Crater (88 14 20 §cv] 73 11D 1.7 14 24 0.03
L8 1.04 3 3t 5.2 32 az 83 ND . -
L% 166 Ko — — 15 14 23 ND e -
LiG 155 ND - — £2 47 87 ND - -
CTF3A 228 Ko — - ND —_ e Ny e -
Phurms § 1438
NG gue KD — — 4 5.0 84 R g -
MG oGt | ND — — 5 8.1 15 ND o -
Bub-
sutfacs 0.4C ND o — N — — N oo o
LIS 1.00 ND — — 1 21 34 ND - -
LIg 110 0.48 0.44 a7 22 20 32 NI . .
OTP-34 1.00 ND — — N - — WO - -
OTF-8A 1.00 ND — - ND - - N — -
Plume 8 1656
Crater 0,30 27 8.8 0.12 8.7 29 0.38 ND oo -
LIs 1.10 ND — — 0.39 0.35 0.59 ND - -
LIS 1.08 ND — — 29 28 4.6 ND - -
LIS 1.28 ND — — 0.44 0.34 057 NI - -—
OTP-34 0.73 ND —_ — ND - - ND -
Plame 7 1556
Crater 050 | 075 15 02 | BS 18 022 | ND - -
LIS 1.00 8D - - 38 32 £0 MDY o o
LIS 130 1 12 18 31 24 a7 N - -
Lis 140 ND —_ — 18 18 2% NI - -
GTPA0R 0.87 ND | - Wi oo - ND - -
OTP-Z0R 0.50 ND — - NEs —-— - R - —
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Takle E-2. Estimated total vesidues masses for detonalion tests—1585-mm TNT rounds.

Areas
{m®) HIMX RDX TNT
Sample | Plumel | Mg Gy My Mg Cy L E My Ce My
type | sample  (u) | (pgm® | (mg) | pg | lgim®) | (mg) | (ug) | (i) | img)
Flume 1 1234
L16-1 1.1 18 1.8 2.0 28 87 H 25 25 33
Lig-2 o § ND s — 2B 28 3.4 4.2 42 87
1$5-3 .62 24 2.4 2.8 a0 34 3.7 1% 15 18
Lig.ut 1.26 NI G it NG e — 6.2 13 11
LiSpted 0.1 6.7 5.8 i3 12 3 4.2 g A5 13
LIS 952 N — e Wi —_ o 23 4.3 .30
O7P-20R e N o — KiJ - e 2,92 3G 1.1
Plume 2 1608
Crater .20 14 T 1.5 4.5 &2 ¢.27 8 30 .38
i1 1.0 18 1.8 24 47 47 75 85 X4 0
Lig2 10 1.5 14 &3 3.7 35 67 3 3.0 47
LIS.3 1.8 21 2.4 33 4.7 47 1E 2 12 18
OTP-3A 18 20 PEH 1.5 Nz — e 10 kit 7.3
Plume 2 13t
WIS .50 .7 1.2 PR 5.8 G4 8.4 b8 8.5 &8
S 0.90 Ml — o 2.4 2.5 3.4 12 13 17
Sl
syrface .40 D e — M — e &3 18h 210
Lig-1 1.3 ND -~ — £4 543 74 32 3z 4.2
LiS-2 1.4 1.5 1.5 1.2 L [ gz 4y 37 4.5
GTP-3A 1.2 N[ - s NG o o 7B 7.8 4.5
OTP-84 1.3 1 — e MDY e e 4.8 4.8 30
Phuyrse 4 1201
1154 1.0 NI - — ND — o 15 10 13
1182 .0 M | — M i e 47 4.7 88
Lis-3 1.4 ND o o N o —_ 53 82 6.3
QTP-3A 1.0 M3 — - ND - e 23 23 11
Pligme & 1108
KIS 0.9 KO o — [H1W] w— s B 55 8.1
RS .80 ND s —_— M — e 4.6 B 85
Sub-
sutface 40 N — o ND R — 2 4.8 5.4
R 1.8 NI —_— b e N e e 7.4 1.8 8.0
Lis-2 1.0 ND s e N} — e 4.3 4.3 47
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Table E-2 {cont'd).

Areas
{m? HMX RIDX T™NT
Sample Plume/ Mz Cg My Mg Cg My Mg Gy M,
type | sample | (pg) | tpg/m) | (mg) | (@) | (egm®) | (my) | ) | (pgim?) | (mg)
OTP-3A 1.0 ND — - ND - - 16 1.6 0.82
OTP-BA 1.1 ND — — ND — - 1 (.94 0.52
Plume 6 1375
Grater 0.20 ND — — ND - - 12 &1 0.89
Li5-1 1.3 ND — — 4.0 3.4 47 1.3 14 15
Lis-2 12 ND — — 1.9 1.8 20 2 16 2.2
LIS3 1.6 5.1 32 54 71 4.5 5.1 2.8 23 3.2
OTP-34 1.0 N — - 22 2.2 2.3 2.3 1.2
Plume 7 g0
LI5-1 11 ND — — a0 4.2 4.8 A1 42 $0
LiS2 1.6 28 25 3.0 17 1% 19 3.4 32 4.8
WERY (.83 ND — — N — — 43 5.1 36
LiS-Med 052z 23 4.4 14 2.8 54 17 5.1 9.8 3.1
LiS-Dk 45 32 7.1 083 G4 o4 1 87 15 14
OYR20R 78 N — — ND —_— - 41 52 1.8
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U.8, Army wants to dig up soil in arsenal burn zone
bian, backed by BPA, o be sublect of public hearing on Dec. 20

By Bob Oowning
Seavon Joursal staff writar

The .8, Ay would Tke Io excavate and desn up & conlaminated site al the now-ciosed Revenng Army Ammiunition
Pant,

Digging up the 200-sore site, known a3 the Winkiepeck Burning Ground, would probably cost $3.2 million, said Army
spukasman iy Venoer,

The Array s considering bwo ootions ! digging up the contaminated scil or doing rothing with e site,

Bigging up the soll, a plan developed In consultation with the Ohio Environimestal Protection Agancy, IS the Army's
prefermed choics, Venger sald,

The t&-page plen wes devetopsl for the Army by Tennessee-based Science Applications International Corp., a consulting
firs,

A pubiic heating on the two options will be held Dec. 20 at the Newton Falls Community Center auditoriuem, 52 E, Quarry
5t., Newton Falls, There will be an open house at 5 pan. and a public meeting at 6 p.m.

The report is available for review at the Reed Mamaorial Library, 167 E. Main St., Ravenna, and at the Newton Fatls bublic
Library, 204 5. Canal 5t., Newton Falls. Tt is aiso available at www, rvaap.org.

The public comment perioad ends Jarn. 8. Commants may he sept to Iry Venger, Acting RAAP Facility Manager, Building
1037, RVAAPR, 8451 State Route 5, Ravenhs, OH 44266,

P Qur goal over the next month i3 to listan o whst the public has to say sbout the alternatives that are prasented in this
proposed plan,” Venger said, * “Public input is important for the final remedy setectian and full consideration will be
given to alt pubile comments. ™

Tha Winkispesk Burning Grouend is where the Army Durmsd bulle explosives along with frash from the arsenzi, where
misnitions wers prackicad for World War 3T and the Korean and Vielnam wars,

The site -~ about 240 vards wide and pna mile long near the center of the facliity ~- would be excavated up to 4 feet
deep for expiosives, heavy metals god volatils Jrganic compounds, Venger sald.

The Army intends to remove the contaminated soif sl w charsotorize the samples. Then the sofl, depending on
contamination ioveds, would be uted ore-sie a8 Backill or be shippesd off-site Tor disposal at an approved fadiity,

The burning ground is one of 53 conlaminated siles al the 21,41%-a0e fadiily in anshern Portage and western Trumbel
opunties,

The Army intands 1o spendd an estimated $70 milion {o clean up the facliity, which hes largely boon tumes over to the
Onio Mationa] Guard for Uraining,

Bob Downing can be reached gt 330-995-3745 or buswidngithebeaconjoumal.com
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