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1% Concluded. ..
Transicion (DDT fleme} tests. The resultant techolcal data will be used to define the f
reactivity of explosive contamipnated soil on the basis of compositional analyses rather

than the cime consuming and expensive BOM protocolsa,

Summary and Conclusions. Extensive testing was conducted by Hercules Incorporated,

Radford Army Ammunition Plane (RAAP) under subcontract to Arthur D. Little, Inc., contractor
to USATHAMA te investlgate and define the reactivity of explosive—contaminated solls to

flame and shock stimuli. These tests were conducted with laboracory prepared, water-wet .I
and dry samples of the explosives BDX or THT mixed with sand. Shock sensitivicy tests
deternined that explosive-contaninated soils contalning £15% explosive will mot resce
posicively to induced shock inthe BOM Zero Gap test. Flame sensitivicy tests decermined
that explosive-contaminated solls containing <123 explesive will not react explosively [
when subjected o submerged flane iniciarion in BOM DIT test confinement. This study
provides addirional data for the development of & cechalcal daca base sultable for use 3
as reaccivity criteria (see Figure 1) for assessing the explesive resccivicy of [
contaninated solls to flame and shock seimulil on the basis of soll compositen. Verifica-
tien rescs conducted with prediceed 0,51 reactive compositions resulted In 10 consecutlve
negative results indicating <0.5% reactivity ac the %01 confldence level. |

Sample composition may be used a3 che eriteria te assess the explosive reactiviey of U.5.

Army lagoon solls concaining principally secondary explosives such as TNT, EDX, HHX and
others having egual or less sensitivicy to shock and flame. Explesive-contaminated soil |
coneaining significant #0.1%) amounts of more inftlarion sensitlve materials fncluding

those of primary explosives {e.g., lead scyphnate, lead azide, ecc.)} and/or ingrediencs

will require vertification testing wsing the BOM flame and shock test protocels. |

From these cesch, 3t L5 also concluded ehat explosive-contamicaced soills ecan be diluted
with witgin sail to reduce the total explosive content of €125 and result in a composition
which i5 not reactive in the BCOH flame and shock CLesSts. |

In themselves, che BOM Zero Gap amd DOT tests are expensive and cime consuming to perform.
As screening CESCE, hoth are considered to be more severe than needed For assessing the
explosive rvesccivicy of contaninated soils. Moreover, special safety toocling and constructie
fastiiries or remote test locations are necesdary to conduct ehege tests in o =afe manner
and ce procect personnel from delaved veactlons and accompanying shrapnel. It is concluded,
therefore, that more economical cescs andfor criteria for reactivity should be considered. |
If sample compositisn i& not adopeed as recoamendad abave, then che telatively inexpensive
and guick rescs for reactivicy orlglnally proposed by U.5. Environmental Procectlon Agency
in the 5W-846 Report should be reevaluated for adoption,
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5.0 EXECUTIVE SuMMARY
5.1 Bbiective

The objective of this study was to Investigate and define +the
reactivity of explosive contaminated so11s to flame and shock as a function of
explosive composition wsing the Bureau of Mines (BOM)} Zero Gap (shock) and
Deflagration to Detonation Transition (DDT flame} tests. The resultant
technical data will be used to define the reactivity of explosive contaminated
sell on the basis of compositional analyses rather than the time consuming and
Expensive BOM protocels.

5.2 Umma r i nelusdan

Extensive testing was conducted by Mercules Incorporated, Radford Army
Ammuniticn PFlant (RAAP} wunder subcontract to Arthur O. Little, Inc.,
contractor, te¢ USATHAMA to 4nvestigate and define the reactivity of
explosive-contaminated sells to flame and shock stimuli.. These tests were
conducted with laboratery prepared, water-wet and dry samples of the
explosives RDA or THT mixed with sand. Shock sensitivity tests determined
that explesive-contaminated soi1s containing <15% explosive will not react
pasitively to induced shock tn the BOM Zero Gap test. flame sensitivity tests
determined that explosive-contaminated soils centaining <12% explosive wil]
not react explosively when subjected te submerged flame inttiation in BOM DOT
test confinement. This study provides additicnal data for the development of
a4 technica]l data base suitable for use as reactivity eriteria (see Figure 1)
for assessing the explosive reactivity of contaminated 50115 to flame and
shock stimuld on the basis of soil composition. Verification tests conducted
with predicted 0.5% reactive compositions resulted in 20 consecutive negative
results indicating <0.5% reactivity at the 90% confidence lewel.

sample compositien may be used as the criteria to assess the explosive
reactivity ef U.S. Army lagoon soils centaining principally secondary
explosives such as TNT, RDX, HMX and others having equal or less sensitivity
to shock and  flame. Explosive-contaminated soi) containing significant
(20.1%) amounts of more initiation sensitive materials 1including those of
primary explesives (e.g., lead styphnate, lead azide, etc.) and/sor ingredients
will require veri1fication testing using the BOM flame and shock tect protocols.

From these tests, 4t 45 alse concluded that explosive-contaminated
sefls can be diluted with wirgin soil to reduce the total explosive content to
£12% and result in 2 composition which 15 not reactive in the BOM flame and
chock tests. ; i

In themselves, the BOM Zero Gap and DOT tests are expensive and time
consuming to perform. As screening tests, both are considered to be more
severe than needed for assessing the explosive reactivity of contaminated
foils. Morecver, spectal safety tocling and constructed facilities or remote
test locations are necessary to conduct these tests Tn a2 safe manner and to
protect personnel from delayed reactions and accompanying shrapnel. It 1s
concluded, therefore, that more economical tests andfor criteria for
reactivity should be considered. 1f Ssample composition 45 not adopted as
recommended above, thenm the relatively 1nexpensive and gquick tests for
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reactivity originally proposed by U.5. Environmenta)l Protection Agency in the
SW-846 Report! should be reevaluated for adoption.

5.3 Re ndations

1. Base the determination of sample reactivity of contaminated s0ils
en the more guantitative and economic chemical analysis of samples for
explosives content rather than the qualitative and expensive BOM Zero Gap and
DDT tests.

2. Adapt the criterion of sample composition as a méasure of
contaminatec soil reactivity based on the explosive Jeve) present:

+ If explosive content in samples is <12%, the sample 15 not
reactive.

1f explosive content 1in samples 15 >12%, the samplie 4s
reactive.

3. 1f the criterion for reactivity will require explosive testing,
then Adnvestigate the wuse of less expensive and time consuming tests for
establisning iF explosive-contaminated soils are explosively reactive,

1.0 INTROOUCTION

Explosives manufacture and ammunition load, assembly and pack (LAR)
cperations result 4n the generation of explostves-contaminated wastewater,
Ower the years, the Department of the Army has used lagoons for treatment of
these wastewaters by evaporation/percolation. These lagoons contain the
remeining explosives-contaminated sludges (1.e., mixtures of explosives, water
and soil). These explosives-contaminated waters and sludges are Tisted as
farardous wastes under Federal regulations promulgated under the Resource
Conservation and Recovery Act (RCRA). The basis for this l1isting 15 the
assumed explosive reactivity of these wastes 4f subjected to a stron
initiating source or 1f heated under confinement (Refer to 40 CFR 281.23).
Presently, tests to determine the explosive reactivity of wastes are not
specified. Different tests have been under consideration. Two test series
are discussed in the following.

The first series of tests are similar to those used by the Department
of Transportation (DOT) to determine the shipping classifications for
narardeus materials. These AYnexpensive, small-scale tests determine if a
material will burn or explode when subjected to an elevated temperature of
167°F for 48 hours, flame, shock of a No, B blasting cap, and BOE Impact
Apparatus at 10 and 4-inch drop heights. These tests were listed in U.5.
Environmental Protection Agency SW-B46 (1980) *"Test Methods far Evaluating
So14d Waste."

Another series of tests were developed by the BOM in cooperation with
DOT to ass1st the United Nations (UN} Group of Experts on Explosives 1n _



preparing recommendations for the international transport of dangerous goods.
These test protecols are known as the Zero Gap shock and Deflacration to
petonation Transitionm (BOT) flame tests. This serles of tests 13 more
expensive and time consuming tham the EPA S5W-B46 tests mentioned previously.
One advantage of these tests s that test samples are sub)ected to greater
shock and flame energy in stronger steel confinement than "in EPA SW-BAE tests
and therefere test results are more safety conservative.

In order to provide a technical data base and investigate the Zero Gap
and DOT tests. for determining the explosive reactivity of explosive
contaminated sludges, USATHAMA funded this project for the purpose of
investigating and defining the relationship between explosive-contaminated
s011 reactivity to BOM flame and shock tests, and explosive content., This
study provides additicnal data for the development of a technical data base
that may be used to predict the reactivity of explosive contaminated solls to
flame and shock stimulY on the basis of compositional analyses of explosive(s)
content. Substitution of laboratory analyses of explosive contaminated
sludges for Zerc Gap and DDT testing of sludge compositions would result in
lower costs for determining reactivity of contaminated soils. Hercules
Incorporated at RAAP, Radford, VA, was subcontracted to conduct this
investigation because of their expertise and experience in handling explosives
safely and securely, and the availability eof explosive test facilities
suitable for conducting BOM flame and shock tests.

2.0 [DISCUSSION OF RESULTS

The fallowing sections discuss the results of the critical diameter,
flame and cshock sensitiwvity tests conducted with ROX/sand/water mixtures and
the results of the flame and shock confirmatory-tests conducted with THT/sand

mixtures.

£.1 Critical Digmeter {C4) Screening Tests

Before beginning Zero Gap shock tests, Cu tests were conducted to
define ROX/sand/water mixtures which would be reactive or non-reactive in the
1.48=9nch" diameter steel Tero Gap test confinement (see Appendix A). RDX/sand
mixtures containing more than 20% water were not tested because a water Jlayer
forme above the settled solids. A settled, water-wet ROX or ROX/sand mixture
w11l . react explosively te induced explosive shock regardiess of how much water

{5 present 1n the water layer.

€g test results for dry and wet RDX and ROX/sand mixtures are
symmarized in Table 1 and shown in Figure 2. A typical Cq/pipe diameter curve
has been 4ncluded in Figure 2 showing the effect of substituting RDX for
ammonium nitrate in a composite propellant. Individual trial results are
1isted in Appendix A, Table Al. As can be seen from these data, the Cy varies
{nyersely with explosive content of the wet or dry RDX/sand mixtures.
Figure 2 indicates that 18% te 25% ROX Yn wet or dry ROX/sand mixtures should
not react explosively 1n Zero Gap shock tests. EKnowing that differences
between the more severe lero Gap and Cy test configurations (greater container
burst strength, use of Pentolite pclq:ts instead of Compositien C-4 donor



Table 1

Summary of Critical Dismeter for Explosion Test Results -

Critical Dimension®

Average for Explosive
Cogposition Tested, % Bulk Density, Propagacion (C,J.
T Sand Watar glee in. 4
100" 0 0 1.05 < 0.25
25 75 i 1.21 G.5
25 15 0 l.22 1.0
24 B 1] 1.26 1.5
13 &5 - o 1.25 2.0
35 55 i0 1.29 .5
30 ad 14 1.213 1.0
i 65 140 1.28 1.5
a0 T4 10 1.24 2.0
25 A3 20 1.75 0.5
0 £ 20 1.71 1.0
13 b5 20 1.832 Lid
10 T i0 ' 1.6l .0

8c . - Cqnfined material dimension above which sustained propagation of an

c
eiplu:iva Teaction can be expected. HNominal size of schedule 40 pipe shows,
Fefer to Appencix &, Table Al for complete liscing of restcs.

th;a II; Class 1 except where otherwise noted.

“Type I1I, Class 5.

Source: Hercules Incorperated (Radford Army Ammunition Flant)



Critlcal Diameter {C,) for dry and

in.

xtures,

g

witer=-wet BIN/Sand m

Gd for AMB=3226 Composite Propellant, in.

5.0-1 60
Test Conditions
Schedule 40 Steel Pipe
Composition C=& Donor
5.0 F 50
Ilqﬂ“ &
Typieal €, Curve (for AMB-3226 —i=
propellant)
3.0 T30
REACTIVE
2.0 ZOKRE 20
HON-
L BEACTIVE ]
1.0 2OKE 10
S
h _— T — —_— —_— O e
1 + i A 4 " 3 _ TEC L
(4] 20 40 &0 Ba 100
RDX, I of mixture or propellant
Figure 2. Critical Dilméner for Explosion
Fropagacion of EDX/S5and Mixtures.
Hote: GSee reference 8 for additiomal informetlon om ANE-32264

propellant testing.

Source: Bercules Incorporated (Radford Arey Asmunition Plant)



charge, etc.) could affect Zero Gap test results, initial shock tests were
conducted starting with 25% RDX 4n sand compositions.

Figure 2 alsc shows that the addition of 10% moisture to RDA/sand mixes
moderates (increases) the Cg Tevel by =0.75 inch; but at the 20% molsture
level the C4 15 lower than dry RDA/sand mixtures. It 15 1ikely that the
observed shifts in [y caused by the addition of water can be explained by
mixture bulk dentity. Experiments by cthers have demonstrated that, for a
given explosive in cylinders of large diameter, the detonation wvelocity 1s
nearly a linear function of the initial bulk density.? A more recent report
of Cg studies with Toose, crystalline explosives concluded that increase of
the explesive charge density as a result of pressing (charge consolidation) or
f111ing wvoids with water decreases the charge air content, fimproves the
conditions for shock wave propagation in a given medium and results in lower
Ca-?®  An examination of the measured bulk densities of test mixtures shows
that the bulk density of dry and 10% water-wet RDA/sand mixtures were
essentially the same and averaged 1.2 g/ec. As one would expect, an.increase
in the percent of inert material with no change in bulk density resulted in a
less reactive mixture as reflected by an Increase in the diameter of pipe
necessary to sustain propagation of am explosive reaction (Figure 2).
However, the bulk density of 20% water-wet RDX/sand mixtures was significantly
higher and averaged 1.7 g/cc. The higher bulk density apparently caused the
observed Cy shift between the 10% and 20% moisture parameters shown in
Figure Z.

On the basis of the above, 1t 135 concluded that an increase 1tn ROX
content in the mixture will reduce the sample diameter capable of propagating
an explosive reaction. In contrast, an increase in sand content increases Cy:
ang an Yncrease in water content has 1ittle effect upon Cq- The €4 tests
indicate that wet or dry mixtures of sand and 25% RDX are 11kely to be
non-reactive in BOM Ierc Gap tests.

2.é 2ero Gap Shock Test Results

wWet and dry RDXSsand mixtures were +tested to define mixture shock
reactivity as a function of ROX content. Testing was conducted using the BOM
developed lero Gap test described in Appendix B and shown in Figure B1. 1In
this test, samples were confined in 1.44-Ynech dlameter steel tubing and
subjected to an explosive shock wave 1Induced 2t one end by two Pentolite
pellets. RDX/sand/water compositions reacting l:p1§51v¢]r were Ydentified
esing BOM test protocols. Standard probit techniques® were used to establish
an RDX level 1n wet and dry sand that has a low (D.5%) probability of reacting
explosively to shock in the BOM test configuration.

2.2.1 Initial Trials

Init1al trials were conducted using 100X RDX, 100% sand, 100%
water and an 80% sand/20% water mixture to verify that the Zero Gap shock test
is capable of iYdentifying material sampies reactive or non-reactive to shock.
These test results are presented in Appendix B, Table BY and show that the
test 15 capable of identifying samples reactive or non-reactive to shock. in
the BOM test configuration.



Trials with ROX produced a posttive result and demonstrated
RDX reactivity to shock. In both the water and sand trials (three each),
end-to-end pipe fragmentatien occurred during one trial. Both materials also
transmitted a2 fairly stable shock wave in one ar more trials at wvelocities
Just below the >1,500 mss criterion for an explosive reactive material. Water
&nd probably any centinuous phase (1iquid or solid) material should be
expected te transmit the donor 4nduced shock wave effectively to the end of
the comparatively short, 16-inch long pipe. It 1s suspected that much longer
pipes would be reguired to detect shock wave degradation (decaying reaction)
An  continuous phase matertals. Although sand 15 not 4. continuous phase
material (contains air in granular interstices), ancther mechanism is thought
to have caused the test container to fragment into leng strips or appear to
propagate  the shock wave (posttive results). In one sand tridl, sand
remzining within the .undamaged portion of the pipe had been compressed and
wedged into the pipe. It 15 theorized that in other trials with sand, a slug
ef tightly compressed sand was driven up the steel tube with sufficient force
to rupture and fragment the tube and indicate propagation of a shock wave %o
the encd cf the 16-inch long test contatner. It 15 not 11kely that both tube
fragmentation and indication of & shock wave by mechanical feorce of sand on
the velocity probe would occur at the same time. A plug of sand hard enough
te rupture the pipe would be expected to push the velocity probe out ahead of
it and no velecity trace would result. ;

Iero Gap tests with 20% water f4119ng spaces between sand
granules gave 1ndications of a pressure wave propagation wvelocity of
<770 m/s. MNone of the sand and/or water (inert) trials transmitteg sufficient
sheck to puncture the 1/8-inch thick, mild steel witness plate.

Iero Bap tests with inerts (sand and water) indicate that
positive velocity and/or fragmentation results may occur with inerts in the
BOM test configuration. 1t 1s speculated that this 15 why the BOM protocols
require at least 2 of 3 different reaction criteria (velacity, pipe
fragmentation and/or hole in the witness plate) be met befare declaring &
positive test result. 1f & trla] with inert material resulted Yn a positive
test resuvlt, the resulting data and test conclusions would be safaty
conservative. It appears unlikely that & shock sensitive material would nos
react positively in the Zero Gap test.

2,2.2 gx/sand/wWater Trials

Iero Gap tests were conducted wWith 0, 10 and 20% water-wet
ROX/sand mixtures containing 15-25% ROX. These test results are alse
presented 1n Appendix B, Table B1.

Test results summarized %n Table 2 and shown 4n Figure 3
ingicate that dry ROX/sand mixes containing 15X ROX are not reactive =g
induced shock 1in the BOM test configuration at the 0.5% reactivity lewe].
Twenty consecutive trials with 15% ROX in sand tested negatively and verified
at the 50% confidence level that this ROX/sand compesition 15 unreactive at
the 0.5% reactivity Tevel,

Iero Gap tests with 20% water-wet RDX/sand mixes determined
that mixes contalning 16.0% RDX are also 0.5% reactive at the 90% confidence
level. A comparison of 0 and 20% water-wet test results indicate that the
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substitution of up te 20% sand with water has 11ttle effect upon sample
reactivity at the D.5% reactivity lewel.

As articipated from previously discussed Zero Gap tests, the
predicted 0.5% reactive ROX concentration (16.5%) in 10% water-wet ROX/sand
mizes was nearly the same at those obtaimed at the 0 and 208 water-wet
levels, Figure 3 shows the results of all RDA/ssand samples tested in the Tero
Gap test configuratien.

Comparing the results of RDX/sand Zerc Gap tests &t higher
reactivity levels (Fioure 3), 1t cam be seen that substitution of 10% sand
with water reduces sampie reactivity. However, substitution of an additional
10% sand with water (20% water content) has the opposite effect. The reason
for these results 15 1ikely the same ([changes in bulk density) as discussed
for Cg test results.

It 15 concluded that water-wet or dry RDE/sand mixtures
containing <154 RDE are not Tikely to sustain propagation of a shock wave in
the BOM lero Gap test. In contrast, RDX contaminated soils containing >15%
EDX may be desensitized te shock stimulY by adding uncontaminated soil to
reduce the RDX content to <15% RDX.

2.2.3 Statistical Analyses

A statistical analysis was conducted to determine 1f there
wat 2 relationship between shockwave propagatien wvelocity and sample
composition. Analysis details are presented in Appendix C. The Findings of
this analysis, for the narrow range of compositions tested, indicate that:

= Yeloctity 135 dependent wpon the level of ROK 4m the
Rbi/sand/water mixture,

2. 5and and water do mot have egual effects upon velocity.

d. There 15 no effect uvpon velocity due to changes in sand
content 4F the difference between RDX and water do not
change.

The first twe “Findings® agree with owverall Tero Gap test
results ané indicate that the reactivity of ROA/sand/water mixtures increasze
when the ROX content %5 increased. However, the third finding i3 apparentiy
true only for the marrow range of compositioms im the statistical analysis.
Extrapolation of the third Finding leads to the conclusion that & test sample
containing no RDX, 1.5% water and 98.5% sand should react explosively. and
sustain a shock wave equivalent to that obtained by a 18.5% ROX/20%
water/BE1.5% sand mizture (in both cases, the difference between RDX and water
contents 45 T1.5X). Si¥nce this finding 15 clearly not a valid one outside of
the range of compositions tested, Yts application 43 wery 1imited and of
questionable value in determining the explosive reactivity of soils.

2.3 Peflagration to Detonation Transition {DOT) Test Results

Wet ang dry RDX/samd miztures were also tested to define mixture flame
reactivity as a function of ROX conmtent. Testing was conducted using the BOM

11



DOT test described in Appendix B and shewn 4n Figure B2. In this test,
samples are confined in 3-inch, schedule B0 steel pipe and subjected to flame
from a 20-gram igniter. ROA/sand/water compositions reacting explosively were
ldentified wusing EBOM test protocels. Standard probit analysis techniguesd
were used to establish an RDX Tevel in wet and dry sand that has a low (0.5%)
probability of reacting to flame in the BOM DDT test configuration.

2.3.1 ROX/San ter Trials

The DDT flame test results. are summarized in Table 3 and
plotted in Figure 4. ANl individual trial results are 1isted in Appendiz B,
Table B2 for reference. The DDT tests were conducted with 0, 10 and 0%
water-wet RODX/sand mixes containing 12 to 28% RODX. Figure 4 shows that dry
RDX/sand mixes containing <13% RDX should not react explosively whems subjected
to submerged flame dnitiatton in the BOM test configuration.  Twenty
consecutive trials with 13% RDX in sand gave negative results, and verified at
the 90% confidence level that this RDA/sand composition 15 unreactive at the
=0.5% reactivity level,

DDT tests with 10% water-wet RDX/sand mixtures reacted about
the same as tests with dry RDX/sand mixtures. Twenty consecutive trials with
10% water-wet RODA/sand mixes containing 12% RDX gave negative results, and
verified at the S0% confidence level that this RDX/sand/Jater compesition 4s
a1sc unreactive at the 0.5% reactivity level.

O0T tests conducted with 20% water-wet RDXA/sand mixtures
determined that these mixtures are not as reactive to Flame as other moisture
Tevels tested. Flgure & 4ndicates that a 208 ROX/60% sand/20% water
tomposition should De’ 0.5% reactive 1n the BOM DOT test configuration.
verification tests were not conducted since previous verification testc have
consistently been succetsful in demenstrating low (=0.5%) reactivity for
prejected low reactivity compositions. However, a1l DDT trials conducted with
¢0% water-wet RDX/sand mixtures containing 25% RADX generated sufficient
pressurization to rupture the schedule B0 pipe. Many pipes were 5plit
end-to-end and flattened. It s apparent that the 25% RDA/55% sand/ 20% water
composition 15 reactive to flame in the steel pipe confinement, but that water
at the 20% level moderated (slowed down) and prevented a OOT reaction most of
the time. Fragmentation of the pipe or cap into two or more separate pleces
[BOM criteria) occurred in only three of 10 trials conductes [I0% reactive).

During DOT testing, 2 out of 10 trials were negative for dry
25% ROX/75% sand samples. This result 45 not in agreement with 20% RDX/BO%
sand tests resulting in 10 positive results out of 10 trials, or the
correlation between RDX/sand compositions and percent positive reactions shown
in Figure 4. A review of test records show nothing abnormal to indicate the
cause of the two negative results. It 15 concluded that these results may be
indicative of test vartability.

As determined during Zero Gap tests, the bulk density of 20%
water-wet ROX/ sand mixtures averaged 1.8 g/cc and was greater than that of
dry and 10% water-wet mixtures which ranged from 1.3 to 1.4 gfec. The effect
of fincreased density upon the sensitivity of ROX/sand mixtures to flame
initiation 15 not clear based upon DOT test results. It 4s suspected that the
decrease in ROX/sand mixture reactivity experienced with 20% water-wet

12
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mixtures 15 dee primarlly to the flame quenching effect of the water rather
than tncreased bulk density.

00T tests at the predicted 0.5% reactive composition Tevels
resulted in "no reactions®™ 4n 20 consecutive trials and verified that wet or
dry mixtures of RDA/sand containing <12% ROX are not flame sensitive in the
BOM DOT test. Likewise, the DDT test results also show that reactive RDX
contaminated soil: containing >12% RDX may be desensitized to flame by adding
uncontaminated soil and reducing the RDA content to <12% ROX,

2.4 Reactivwity Criteria

Predicted 0.5% reactive  ROX/ssand/water compositions for both the fero
Gap and 0OT tests are also plotted on the trimodal plet in Figure 1. This
plot identifies dry and settled RDX/sand compositions mot reactive to flame
and shock in the BOM tests. A dotted 1ine has been drawn to show the maximum
percent of water which will be present in settled RDX/sand mixtures and the
Timits of this study. However, 41t 15 1ikely that any ROXSsand/water
compasition not reactive to BOM tests in the settled state will also be
non-reactive if the seame weights of an RDA/samnd mixture are suspended In
greater amounts of water.

The trimodal plot serwes a5 &4  guick means 1o identify
explosive=contarminated sclls which are reactive or non-reactive to the BOW
flame and shock tests based primarily on sample compositiom., WUsing this
reactivity criteria, comparatively quick and inexpensive chemica) analysis of
Army lagoon soil samples may be used instead of the more time consuming and
expensive BOM Jero Gap and DDT tests to establish the reactivity of soils
contatning secondary explosives contaminates such as RDX, HMX, TNT, efc.

2.5 Confirmatory Tests with TNT

Ory TNT/s5and mixtures were prepared and tested Yn the BOM DDT e&nd Zero
Gap tests %o confirm that TNT 1s no more reactive in these tests (Figure 35)
than ROX. Test results are presented in Tables 4 and 5 and discussed in the
fallowing.

Terp Gap tests were conducted with a mixture of 19% TNT flnes in sand.
Th4s compssition was selected for comparison with a 19 RDA/EVH sand mixture
determined previously to react positively to shock 50% of the time Imn the Iero
cap test configuration (see Figure 5). Test results for this TNT/sand mizture
are 14sted in Table 4 and show that no positive reactions occurred in 10
consecutive ZTero Gap trials. It 4s concluded that additlomal (>19%) THT must
be added to TWT/sand mixtures to achieve & reactivity lewel (50%) equivalent
to a2 19% ROX/ET% sand mizxture 4n the BOM Zero Gap shock test.

Likewise, ODT tests were conducted with a mixture of 17 TET Fines in
sand. Thls composition was selected for comparison wWith & "17% RDX/B3X sand
migture determined previously to react positively to flame nittation 508 of
the time in the DDT test configuration (see Figure 5). Test results for this
THT/sand mixture are 1isted in Table 5 and show that no positive reactlons
occurred in 10 consecutive trials. 1t 1s concluded that TNT 1s less reactive
in the BEOM DODT flame initiation test than RODX.

15
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0OT and Zerp Gap tests with THT werifled that THT 15 actually Tess
reactive tham ROX wsed to establish Flgure 1 reactivity criterla. This
study's findings further confirm that the sample reactivity based on
compositional analyses can be used to predict the reactivity of contaminated
gai1s 4n BOM flame and shock tests.

3.0 Experimental

The following sections describe, the test plan, selection of test
materials, mix preparation and subsequent uniformity ‘testing, C4 tests, BOM
Tero Gap tests and BOM DOT tests.

3.1 Overal]l Test Plan

Major explesive contaminates 1in Army lagoons were Aldentifled from
available analyses [see Table 6). The initiation sensitivity and explosive
reactivity of the major solid explosive components were assembled from
Hercules data Files and the l1iterature and compared to establish which are
mare sensitivesreactive than the others (Table 7). Based upon these analyses
and data, explosive and inert test materials were selected For BOM flame and
shock %ests. Imitial tests were conducted with various compositiens of these
materials using the standard critical diameter for explosive propagatiocn test
protocels to: (1) 1dentify compositions which should be unreactive in the B0OM
thock test and (2) establish the relationships between composition, reactivity
and pipe diameter. Laboratory prepared compositions were then tested using
BOM Zero Gap test protocols to determine compositions which were reactive and
non-reactive in this test. V¥arious compositions were then tested using BOM
DOT test protocois to determine compositions reactive and non-reactive in this
test. Test results were evaluated statistically anmd presented for wse 1in
determining explosive-contaminated soil compositions which can be classified
as reactive or non-reactive to the BOM tests based upon chemical analysis.

3,2 telection of Test Sample Materials

3,21 General

The reactivity of Army lagoom sludges will depend upon the
type of explosive present, 1ts concentration in the non-reactive (Ynert)
cemponents and the degree of confinement afforded by the imerts in handling
and storage containers. Typical soil amalyses from two Army lagoons are shown
in Table 6. The data is based upon chemical analyses of
explosives-contaminated sludges from Savanna Army Depot (S5AD) and Louisiama
Army Ammunition Plant {(LAAP)® - see Appendix D. These analyses show that the
principal solia explosives present are TNT, ROX and HMX. Other solid
components include water, sand, =13y and low (<0.1%) concentrations of other
gxplosives and heavy metals.

A, 2.8 Explosive Component

A review of initiation sensitivity and explosive reactivity
data summarized in Table 7 shows that RDX amd HMX exhibit similar initiaticon

characteristics when subjected to mechanical, electrostatic and thermal

15



Table #

Typical Army Lagoen Sludge Composicions™

Range, I
Commonent (Dry !llil:b

A. Explosive:

l. THT =41
1. EDX 0.1=10
3. BE 0.5=1.5%
L. THB, DNE, ND -0.1
2=Aminno, DMT .
Tecal Explosives Content B=41

B:. Inercs:

1: Sand
& 52

2s Clay

‘laatd upon Enelvses shoun in Appendix D.

hHﬂIEEur: concent ranged from 11 teo 30Z.

KD = Hone Detected

Seurce: Hercules Incorporated (Radford Army Ammunitisn Plant)
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stimull. When confined and subjected to submerged flame Ynitiation (critical
height tezt), each transits from burning to an explosion reaction at Jow
sample heights. Both materials sustain 2 detonation reaction and have
eritical diameters for explosive propagation of <0.27 inch in schedule 40
steel pipe. For purposes of this study, 1t is concTuded that RDX and HMX are
equivalent in tnitiation sensitivity and explosive reactivity.

A comparison of ROX, TNT and HMX initiation sensttivity and
explosive reactivity data 1n Table 7 shows that TNT reacts similarly to impact
and electrostatic discharge stimuli. However, TNT 15 much Less sensitive to
initiation. Flaked TNT 45 alsc less 11kely to transit to detonation as
evidenced by & critical helght of =24 inches in 4-1nch diameter confinement.
In contrast, RODX and HMX have critical helights of 5 and 7 inches,
respectively, in the same confinement,

TNT, RDX and HMX are all capable of detonation in smal)
diameters (<0.27 4nch). The TNT shock wave propagation rate 45 slower
(B,B25 m/s) than those of ROX and MMX (8,180 and 9,120 m/s, respectively).
From this comperison. 1t 1s concluded that TNT 15 nc more initiation sensitive
and a less reactive explosive than RDX and HMEX.

It 13 concluded that the selection of either RODX aor HMX,
rether than TNT, for BOM flame and shock testing will result 4n a conservative
estimate of explosive reactivity for compositions containing THT or other
secondary explosives of equal sensitivity in these tests. Since typical
lageon analyses indicate that there 45 up to & times more RDX thanm HMX in the
lagoons, ROX was selected as the candidate explosive for use in this study.
The presence of small concentrations (=0.1%) of explosives other than THT, ROX
or HMX w11l have a megligible effect upen the overall reactivity of sludge.

Type II, Class 1 ROX? was purchased from Holston Defense
Corporatiocn for use in this study. A Helston analysis of the RDX 15 shown 4n
Appendix E. A RAAP chemical analysis of the Type II ROX determined that 1t
contained B.6% HMX and 2.8% of other nitramine wvariations formed during ROX

manufacture.

Limited testing was alse conducted with TNT fines obtained
from the RAAF TNT Plant. Chemical analysis determined 1t to contain 99, 84%
¢, 4,6 TNT, D.1% 2,3,4 TNT, and small amounts (0.06% total) of ONT and water,
The THT particle size distribution was determined microscopically by measuring
200 particles and plotting the data to form & distribution curve (Figure &),
The distribution curve indicates that most TNT particles fall in the range of
3 wm to 200 wm (average -14 um). Some of the larger particles measured were
agglomerates instead of single crystals.

3.2.7 Inert Components

3.2.3.1 5911

Se11 samples from SAD and LAAP were characterdred as
shown 1in Table &, WUsing U. 5. Bureau of Public Roads soll-classificatian
protocol (Figure 7), the LAAP soil was identified as loamy sand and the SAD
5011 &z zand.

22



Table &

Summary of Soil Characterlzation Tests

Bulk Sieve Analysis % Organic Type of
Density, glec Tiewve, | T Recained _Marter Spil®
Lasp 0.9% &20 30. 48 6 .06 Loamy Sand
105 20.27
75 A7.05
45 12.02
45 0.14P
SAD 1.3% 420 13.95 = Sand
105 78,48
75 5.06
b5 1.53
L5 0,588
BAAP Sand
sgmple Ko. A 1.38% 420 17.52 1 to & Sand
105 78.4B
75 2.45
45 1.48
45 0.61b
Sample No. 2 - 420 13.61 > Sand
105 BE. G4
Fj- B.43
45 6,83
45 4,190

“Based ypon U. 5. Bureau of Roads protocel (see Figure 7).
Prercent passing through sieve.

“Nor determined.

diyzrug- of 5 measurepents in lé=in. lomg, l.5-in. steel pipe (430 ml volume)-

Spurce; Hercules Incorporated (Redfeord Army Ammunition Flant)

23



(Jurpg vopjpunuery fosy piojpuy) peyviedioau] HATN318)H

USEIngyaI8]q 225 2[2F31ey] saufg IN1 g 2andjg

SNOYHDIW NI H313WVIa 31DI1LHYd

00L oL L
——— TR 50 =7
N m
. o3
on
m
10z =32
o I._Ipl_
: w
wPo
4L
1°*. 12
| 233
Z:sd
{oe 220
o0Of
- WH.E
o
los 353
P
. ums
c
I*
100L aﬂ
2
o

SRt ITOG

24



EpEOY ITTYRJ Jo neaing "§°[ woij paidopy avanog

BIT§ S[ITIIEJ Aq UOTIEIFIFEER[D [Tog ¢ andfg

% 'S3218 1S % "S§3Z18 aNvE

wa gngt Qe SaTyE Leg)
= G00°(-50°0 F92Fe ITFS
s g (-7 BaTFE pueg

% ‘SALIS AVID

25



Several graded and ungraded sand and soi11 samples
taken and analyzed at RAAF ddentified a Mew River sand bar sam-le which
closely matches the SAD sol] sample (see Table B). Approximately 2,000 b of
Wew River ungraded sand was placed in cotten bags, &ir dried at 140 F for
4B hours, passed through & 20-mesh Screen to remove Fforeign material (grass,
branches, roots, recks) and used in this study.

J.2.3.2 Mater

Since Army Tlagoon Sludges alse contain wp to 30K
water [Table &), both water-wet and dry RDX/sand mixtures were investigated in
this study. Support laboratery tests conducted with & one 1iter graduated
cylinder and beam balance determined that settled beds of samd or Type II,
Class 1 ROX in water conta’n 20.0% and 22.9% (wt. basis) water, respectively.
The sddition of more water results in & layer of water above the settled
ROX/sand mizture (two phases). The presence of a water head above a settled
ROX/sand /water mixture should have Tittle effect wpon the reactivity of the
settled ROXSsand mixture to flame or shock. Furthermore, Zero Gap and DOT
test configurations are not wvery well suited for testing two phase systems.
Since most flame and shock tests were conducted with ROX/sand mixtures
contatning more sand tham ROX, a1l trials conducted with settled RDXSsand in
water miztures were conducted with 208 [wt) water added. Yisual Ynspection of
208 water-wet ROXAssand mixtures after loading into test pipe:s showed & thim
water layer on top of samples indicating that all intergranular wvolds were
full of water. Partly water-wet beds of ROA/sand mizxtures were 2ls¢c tested

with 10% water added.

3.3 Mix Preparation
3.3 Blending

Fertions of ROX or TNT, sand and water [when regquired) were
welghed to =1 gram &nd mapually tumbled together to achleve a unifForm mixture
immediately before loading in test pipes. HMixes weighing up to 30 b were
prepared in sealed, conductive plastic begs 1n conmtact with 2 grounded,
conductive serface to mintmlie the risk ef electrostatic initiation of the

explosive. Mixes were kept sealed in the plastic bags umtl) used in tests to
preclude Toss of moisture by evaporation.

3.3.2 Mix Unlformity

A number of RDAsand/water mixes were sampled to wverify
proper compesition and mixz wniformity. Sample analyses were conducted as
described tn Appendiz F, are summarized in Table 9 and show that mix moisture
contents were within #1% of the desired molsture content in all 45 samples (40
separate mizes). The molsture content measured in *dry" RDE/sand mixzes was
introduced by the $11ghtly motsture-wet (0.8-0.2%) sand added to each mix. It
i5 concluded that sample preparation technigues employed yielded acceptable
Tevels and uniformity of moisture content.

Duplicate samples were taken from five mizes (see Table 9)

and analyzed for chemical compositlon. Inspection of these data shows that
the Type II RDX (RDX/HMXfetc.) content varied between mix samples by <1.05%.
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This data also indicates that the sample preparation technigque used yielded an
acceptable level of mix uniformity. However, a comparison between laboratory
analyses and the sample compositions prepared shows that the ROX analyses
ranged from 1.0% greater to 2.2% lower than expected values. Most ROX
analyses are lower and average 0.76% less than expected. Inspection of
Table 9 findicates that the greatest ROX analysis-to-expected wvarfability
generally ecccurred in small mizes contalning no water. A reviey of mix
weighing records indicates .that the proper weights of ROX and sand were added
to the mixes. The apparent shi1ft in analysis-to-expected compositions may be
caused by errofs introgduced by small, nen-representative samples, analysis
technigues, RDX impurities or other. Further investigation to determing the
cause(s) of the amalysis-to-expected differences was not purseved Ffurther
because 1t was small and not expected to affect sample reactivity test results

significantly.

Analyses of TNT and sand mixtures are presented in Table 10,
These analyses were also an average of 0.64% lower 1in expected explosive (TNT)
content. LChemical analysts of duplicate samples from Four mizes show that
ThT/s8nd mix uniformity 435 not ouite as good at ROK/sand mix uniforsity, but
it acceptable for the tests conducted (Taple 10).

1.4 Lritical Qigmpter {C4) Screening Testy

For a11 explesive materials, there 4s 2 dimension which 15 top small %o
sustatn propagation of & shock wawve through the explosive. Gererally, the
more reactive the explosive the smaller the critical dimensisn capabie of
propanating an  explosive reaction. Critical diameter s dependent upon
canfinement, density, composition, ete, Stromger test contatner confinementy
are expected to reduce the explosives critical diameter, Critical diameter
tests are normally conducted in 24-inch Tong, schedule 40 steel pipe as
described and shown 1n Appendix A. Use @f schedule 40 steel pipe generates
critical dtameter data uwseful 4m evaluating the risk of sustained explasive
resctions in typical explosive processing and storage operations.

3.5 fero Gap Shock Tests

3.5.1 Gereral

Wet and dry RKDX/sand mixtures were tested to define mizture
resctivity toc shock as a function of RDX content using the BOM Zeroc Gap shock
test protocol described in Appendixz B, MWater—wet and dry miztures of ROX ang
sand were confinecd in steel tubing (Figure B1) and fubjected to Ynduced shock
of two Pentelite pellets. The RDX content in wet and dry sand mixtures was
varied to ldentify RDX Tevels which react explosively to shock as defined by
the BOM test protocael.

3.5.2 An 1s

: standard Probit analysis techniques® were used to Establiish
an ROX lewvel in wet and dry sand mixtures that phas a low (0.5%) probability of
reacting to shock in the BOM Zero Gap test configuration. Ten test trials
were conducted fer each wet and dry ROA/sand composition tested to abtain
percent reaction data; t.e., gome of the trials rescted positively to Ynduced
shock. Since only 10 trlals were conducted at each ROX level, resulting

i
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probabiifties of a positive reaction ranged from 10 to 90% 1in increments of
10. The percent resctive data was plotted on prebability paper to convert a
logarithmic function between the probability of a positive reaction 4n the
fero Gap test, and the ROX content in dry and moisture-wet samples tested to a
straight 1ine. Then a straight 1ine was drawn through the data and
extrapolated to the 0.5% reactive level, The ROX Tevel expected to react
posttively at the 0.5% level was determined from the extrapolated plot and
testec to verify that the wet or dry RDX/sand composition has & Tow level of
reactivity in the BOM Ierc Gap test. Verification testing was accomplished by
conducting 20 confirmatory trials with the predicted 0.5% reactive
compesition. Statistically, there was a 50% chance of achieving O positive
reactions tn 20 consecutiwve trials. Achievement of mno reactions 4n 20
consecutive trials was accepted as proof of low composition reactivity.

3.6 1 i te Detonation Transitd T] Tests

3.6.1 General

Wet and dry RDXASsand mixtures were tested using the BOM DOT
test described in Appendix B and shown 1n Figure BZ. In this test, samples
were confined in 3-inch, schedule BO steel pipe and subjected to Flame From a
20-gram igniter. RDA/sand molsture compositions reacting explosively were
identified using BOM test protecals.

3.6.2 Analysis

Standard prebit analysts technigues® were used to establish
&f REX Tevel in wet and dry sand that has a low (0.5%) probabt 11ty of reacting
to flame 4n the BOM DOT test configuratien. The testing scheme was conducted
the same asi described previocusly 1n the Shock Test Plan.

J.6.3 Test Conteiner Assembl

Assembly of the ODT test contaimer Ynciudes installation of
steel caps on poth ends of threaded, schedule 80 steel pipe. Installation of
the second cap 15 performed after the pipe %5 Filled with the explosive
RDX/sand test sample. This operation produces Frictiona) heating between the
mating metal cap and pipe threads. The potential exists for sample initiation
if the threads .-ould become contaminated. Ignition of sample in the pipe
threads during manual torgquing operations couwld result 4m prapigation of hot
decomposition gases or incandescent particles to the bulk test sample inside
the pipe. Ignition of the highly confined ROX/sand test sample ceuld result
in an explesive reaction and possible personnel injury. Although the test
container assembly procedure 15 designed to minimize thread contamination, the
potential for operator injury during & manual plpe cap torquing operation was
an unacceptable risk.

Consequently, prier to beginning the flame DOT tests. the
special test fixture shown 1n Flgure B was designed and fabricated to remitely
torque pipe caps on loaded pipes. The torguing Fixture protects personnel
from the consequences of an accidental inittation of explosive during pipe cap
installation. The pipe cap torquing fixture consists of a chalnm vise to holg
the loaded test contalner stationary, a roller cam lock cap aripping sssembly,
an alr cperated mpact wrench to turn the cap gripping assembly, and

a0
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supporting members. Mo accidental initiations occurred during the remote
container DOT test assembly operations.

d.6.4 Test iner 04 mhi 1

Gperating procedures were developed 1o protect test personnel
from possible delayed thermal cookoff reactions in the case of ne sample
reactions. Test trials in which the sample was not sufficiently energetic te
rupture the pipe or cap, posed the risk of an explosive reaction during
cubsequent disposal operations. Manual removal of a pipe cap from the closed
container was an unacceptable risk due to the possibility of a delayed thermal
cookeff reaction in the test sample. Previous procedures required a 24 hour
waiting period before entering the barricaded test area. To enhance personnel
safety and minimize waiting times, a Composition C-4 destruct charge was taped
to the outside of the test container at setup time. IF a2 negative sample
reaction (no expleston) wes ascertzined, the Compositien (-4 destruct charge
was initiated remotely to punch a hole through the pipe wall and went the test
container. The ROA/sand mixture was then washed out of the pipe via the hole
before manual removwadl of pipe caps from the remaining pipe section(s).
Testing conducted with sand f117ed, capped pipe determined that a 0.5 b
Composition C-4 charge welght and hellow cone configuratlon were sufficient to
punch & hole through the pipe wall. Subsequent 00T tests demonstrated that
this safety technigue reduced test time and did net affect DOT test resvlis -
even reiEctive ODT trials wWwith ROX/sand mixtures did not Initiate Ehe
compasition C-4 charge. It 15 1ikely that wvery reactive sampies could
initiate the Composition C-4 charge, but the test result would not be changed
by the Composition C-4 reaction since the wery reactive sample would test
positive to flame fR1tiatien anywdy.

3.6.5 1 nsity M r nt

The woid wolume 1n the schedule B0 steel pipe test Fixtures
was variable due to dimensional warilation of the pipe &nd pipe cap threads,
Some caps would screw down more tham others and decrease the wald volume,
Bulk gensities were calculated vsing the welght of sample reguired to f111 the
test unit and estimated woid velume determined by measurement of unit
components. Average bulk densities for the ROX/samd compositions fested are
comparable to bulk densities obtadned for shmilar compositions durting Iero Gap
testing,

4.0 WARRANTY AND OISCLAIMER

Within the scope of work, Hercules warrants that.it has exercised fts
bett efforts in performing the hazards analysis and testing reported herein,
but specifically disclaims any warranty, expressed or implied, that hazards or
accidents will be completely eliminated or that any particular standard or
criterion of harard or accident elimination has been achieved 1f the findings
and recommendations of Hercules Incorporated are adopted.
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APPENDLIE A
Critica) dlameter ([4) for propagation

DBJECTIVE. Te determine 4f a2 material wi11 propagate am explosive
reaction when subjected to induced thock and to estabV¥ish the critica)
dimension for nonpropagation .

OPERATING PRINCIPLE. Matertals are purposely shocked by pressures of a
detonating high-energy donor to determine 1f & material dimension 45 capable
of propagating an explosive reaction. The dimensions of the material are
wvaried under specific envlronmental process conditions to estabiish  the
erFitical neonpropegating dimension.

TEST DESCRIPTION. The test arrangement ¥For determining the critical
non-propagating diameter for wet amd dry FEDXAS5and mixtures 15 shown 0
Figure Al. 5Schedule 40 steel containers were charged with the material to be
tested and subjected to induced shock produced by a high-energy donor
matertal. The explosive donor diameter was egual to that of the test specimen
and had & minimum length over diameter ratio (L/0) equa) to 3:1 plus one inch
for the inittating cap. This  minimum ratie presumably 2)llows the
donor-induced shock wave to achiewe constamt welocity and maximum radius of
curvature at the sample interface.

A pressure activated velecity probe and wisual inspection of pipe remains
after the test were used to ascertaln that a material dimension propagated an
exploston reaction in any particular test trial. A resistance wire probe was
usec to monitor the reaction velocity the entire sample length. In principle,
the pressure front accompanying the reaction collapses a metal tube onto a
reststance wWire, producing & chamoge Yn the £1reult resistance and 2
corresponding change in the magnitude of the 4input woltage signal tao an
osctllostope. Tne voltage signal, interpreted as distance (material length)
and expressed A5 & Functlem eof time, provides a continuous velocity profile
for studgying fthe reaction rate through the entire sample lemgth. Visual
inspection of pipe remains provices & go-no go indication of propagation. If
the pipe 15 fragmented from eone end to the other, propagation occurred. The
test container ciameter 45 normally wvaried in 0.25 4nch Yncrements wntdl a
diameter 13 reached at which the material fat1l:s to propagate an explesiaon
reaction. A minimum of three trials 15 performed at this Tewel to establish
the nonpropagating matertal diameter. Three trials are sufficient to
establish C4 because Cy 18 a unique and sharply defined property of explosives
and explesive compositions.,

TEST ANALYSIS AND LIMITATIONS. Critical diameter data are reported as
the material diameter (inches) at which an explosion reaction wil1l not be

propagated. Degree of confinement can influenmce test results and thus must be
considered 1n applying the data.

Reference: Hercules Aerospace Company (RAAP)
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AFPENDIX B

Procedures for the classification of explotive substances

These tests determine whether the substance 15 explesive. Two tests are used
to determine the response of the substance under test to & strong shock wave
and to & strong thermal stimulus: The !%TEEL: gf Mines Gap ;ut and  the
Bureav's Deflagration/Detonation Transition : e Gap Test subjects
the substance to & strong shock from a pentolite donor charge and indicates
whether the substance 15 able to propagate the detonation. In the DOT test,

the substance 15 ignited inside a steel pipe bomb and an observation 1s made
of whether 4t w11l continue to burn or will transit to detonation.

DESCRIPTION OF TESTS

1. AP TEST FOR SOLID MATERIA

The experimental arrangement used for the gap test 15 shown 4n Figure E1.
The test sample 4% contained In 2 cylinder consisting of a 40.& cm
{16-1nch) length of cold-drawn seamless carbon steel “mechanical® tubing
4,76 cm (1.B75 4nches) in outside diameter with a thickness of 0.56 cm
{0.219 4nch) and 1nside dizmeter of 3.65 cm (1.438 inch). The sample in
this test 15 a granplar .solid at room temperature that 15 Tpaded to the
density attained by tapping the cylinder until further settling becomes
imperceptible or clay tamped gently Into place. The bettom of the
cylinder 15 closed with two layers of 0.0076-cm (0.003-1nch} thick
pelyethylene sheet tied on with gum rubber bands and polyvinyl chlaride
glectrical insulating tape. The sample 4s sublected to the sShock wawve
generated by the detonation of two cast pentolite density 1.65 giems
{50750 pentaerythritel tetranitrate PETNSTNT) pellets 5.08 em (2 Ynches)
in diameter and Z.54 em (1 inch) thick. The pellets will be in direct
contact with the bottom of the sample tube ("zerc gap™). The pentolite
pellet 13 initiated by a U.5. Army Engineers special detonator having a
base charge of 0.935 gram (14.4 grains) of the PETN and a primary charge
of 0.35 gram (5.4 grains) of dlazo dinitrophenc] which 15 buited agalnst
the bottom surface of the pentolite pellets and held n place by a
cylinder of wood or a metal chip.  Instrumentation consists of @
continuous rate probe made of & thim aluminum tube with an Ynner diameter
of 0.051 cmx (0.02 1nch) and a wall thickness of 0.0038 cm (D.00%5 imch)
with an  ax1al nylon (skip wound) resistance wire of 0.0079-cm
(0.0031 inch) diameter, having & resistance  of 3.0 aRms S eE
(7.52 ohms/inch). The outer tubing 15 crimped against the innter wire at
the lower end, form & resistor. When this assembly 15 finserted in a
medium that transmits 2 shock wave, the outer wall crushes against the
inner wire as the wive moves up the tubing, shertening the " effective
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length and changing the resistance. If & constant current (uswally
0.06 ampere} 15 made to flow between the outer and iYnner conductors, the
voltage between them 15 proportional to the effective length and can be
recorded a5 & function of time using an oscilloscope. The slope of the
pscilloscope trace 15 thus proportional to the velocity of the shock wave.

Criteria. HResults of this test are considered to be positive iF & stable
propagation wvelocity greater tham 1.5 km/sec 1is observed. Additional
dlagnostic infFormation 45 provided by a mild stee) witness plate 15.24 cm
(6 inches) square and 0.3175 cm (0.725 inch) thick, mounted at the upper
end of the sample tubing and separated from 1t by spacers 0.16 cm
(0.083 inch) thick. A hole punch cleanly through the plate 1s an
fndication of a positive result.

A third source of diagnostic information 15 the fragmentation of the
sample tube. The results of the test are considered to be positive only
4f the tube 15 fragmented along its entire length. The Ffragments range,
depending on the material tested, Ffrom a few Tong strips to nearly a
hundred small fragments; bulging, cracking, or *banana-peeling™ of the
acceptor 1% not constdered a postitive result.

In most cases, the results of the above three diagnostic methods agree.
In some they de not, particularly with Tow-energy material, e.g.. denzoyl
peroxide, in which the witmess plate 13 not punched through, but the tube
iz fragmented; also with certain propellants, the witness plate 13
punched, but 11ttle damage Y5 done %o the tube, evidently Indicating a
localized explosion &t the upper end of the tube. In sSuch cases, since
there are essentlally three criteria (witness plate, tube fragmentation,
and rate probe), the result 13 assessed on the basis of the two criteris
that agree; Y.e., 1f any two criteria Indicate a detonatlon, the result 43
considered peositive, but not so 1Ff only one indicates a detonation. Some
cases of doubtful propegation cam also be resolved by using & longer
sample tube. As applied in zero gap test, 2 negative result in this test
4% ‘Ynterpreted to mean that the substance does not have stonificant
explosive properties,

DOT Test

The experimental arrangement for the DOT Test Y5 shown Yn Flgure E2. The
sample of material to be tested 13 contatned in & 45.7 cm (38 inch) length
pof 3=inch diameter schedule B0 carbon steel pipe with inside diameter of
7.37 ¢m (2.9 Ynches) and wall thickness of O.7% cm {0.30 inch), capped at
bath ends with "3000 pound® forged steel pipe caps.

The sample %s sublected to the thermal amd pressure stimulus generated by
&f teniter constisting of & mixture of 50 percent ROX and S0 percent grade
FFF, black powder located at the center of the sample wvessel. The igniter
Iiigmb1!_ consists of a cylindrical container 2.06 cm (0.B1 inch) 4n
diameter and of wariable length, which 15 made From 0.0254 em (0.0% Ynch)
thick cellulose acetate held together by  two layers of
nylon-filament-reinforced cellulose acetate tape. The Tlength of the
igniter capsule 45 0.32 ecm (0.725 Inch) for weach gram of igniter
material, The Ygniter cepsule contains a small loop formed from a 2.54 ca
{1 inmch) length of nickel-chromium alloy resistance wire 0.03 em
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{D.012 inch} n diameter lead wires 0.066 cm (0.026 inch) in diameter: the
overall wire diameter including insulation 4s 0.127 cm (0.05 inch). These
lead wires are fed through small holes in 2 brass disc approximately 1 cm
(0.4 Ynch) In dlameter and 0.08 cm (0.03 inch) thick, which 15 soldered to
the end of 23 cm (9 inch) length of *1/8 1nch" stee) pipe having a
diameter aof 1.03 em {0.405 4nch); this pipe 15 threaded-at the outer end
and screwed 1nto a threaded hole en the 1nside of one of the pipe caps.
This pipe supports the igniter capsule and serves as channel for the
igniter wires. The igniter 15 fired by a current of 15 amperes obtained
From & 20-volt transformer.

Criteriz. The criterion currently used in the interpretation of this test
15 ‘that for a positive result either the pipe or at least one of the end
caps be fragsented 4n Azt two di ct pleces, 1.e., results in
which the pipe 13 merely sp1it or laid open or in which the plpe or caps
are distorted to the point at which the caps are blown off are considered
to be negative results. Although 1t may be argued that a small number of
fragments doe:s not indicate the development of a detonation, it at least
indicates a very rapidly rising pressure which in a larger sample could
lead to development of detonation.

ODT Testimg using a 20-gram (308-grain) igniter provides a strong thermal
stimulus.  Substances that yield & negative result with a 20-gram
(308-grain) 4igniter are ‘interpreted to have no significant axplosive
properties.

SOURCE: J. Edmund May, Richard W. Watson, and Richard J. Maintero, U.S.
Bureau of Mines, Department of the Interior, Pittsburgh, PA 15236,
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Table B} Leont)

*Typa I1, Class 1.

bsnnd = 3,258 vater wet.

Ergr yndicares positive result = that the pipe or an end cap fragmenced ineo
two or more distinct pileces; "-" (ndicates negative resule. See Appendix B
for further description of BOM criceria.

dﬁﬁt dererzined.

Source: Hercules Ingorporated (Radford Aroy Ammunition Flant)
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APFENDIX C
STATISTICAL ANALYSIS
arF

ZERD GAF TEST DATA
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AFPPERDIX C

Salety s part of your jub.
HERCULES

BACPOED AEMY AMBUHITION FLANT

Aggast 15, 1986

T0: F-. T. Eristoff, Manager
Hazards Analysis

FRON: é}‘g:(—_ﬂr’f
B. & Hall, Statistician

Quelity Engloeecing

The final aoelysfe has been written for the zero-gap date. Appendices for
tabled reszults and o plossacy for statistical terms are included.

A stepwlse regressicn was done for the eacire set of zero-gap date £o
deteraine if there was & reletlopship between shockwave propagatien weloelty

and sample composition components (T EDX, % Sand and % HD).

A. The independent varisbles BROX, Sand end A70 were entered Into the
scepwise procedure. The results iodicsted that 43% {2 = 431589} of
the variability in velocity could be explained by EDX and KHz0. The
variable Sapd wes remaved from the model which Indicated that [C wes oot
importent in relationship to velociCy in this model {Appendiz I}.

s, Due to the fact that Ehe sbove gtepwise procedure forced Sand aut of
Ehe medel. A repression was run sgein forcing Sepd inte the
procedure. The results indicated thet 431 [(r* = .431589) of the
varbability in velocity could be sttributed to RDX and Sand. Nete
thet the estimated coefficiepts [beta's) were egual and epposite for
Sand (37.87) and Hy0 (-37.87). The explainable variability im
velocicy (rf = .43) was egusl whether Sand and RDX or EDX and Hal
were the veriables cemalning ip the regression model (Appendiz I).

B. In order te show an apnalysis of wvarlamce for regresaion further maoalysis
was deme on the entire dats set usiog the multiple regression approach.
regreasion could enly be run on BDX and Sand (Case 1) and on EDX and H;0

{Case 2, Appendiz II},

1. (RDX wnd Sand)} Model: ¥ = by + by Xy + by X3
Filn:?tr - —l%ﬂn.il + 80,67 BDX + 237,87 Sand

2. (EDX und H30) Model: ¥ = by + by I = by X3
Velocity = 1BO7.06 + &2.80 EDX - 37.87 Hs0
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F. T. Eristofl 2= August 15, 1586

The additisn of any single wariable to & regression system will increase
the repression sum of sqQuares aod thus reduce the ercor sum of aguares. A
decisiop must be mede &3 to whether Lhe ipcresse lp regression is
sefficient to warrant uging the wariable In the model. Using unimpertant
variables can reduce the effectiveness of the predictivo eguation by
increasing the variaoce of the estimated response. This point cam be
pursued by using the t-distribution to test: Hy: By =0 Hy: By

¥y 0. If By does pot significantly differ froam O, it may be Justifiable

ts remove the X variable (in quescion) frem the modsl.

1. (RDX and B adel) - A t-test wag rum for the varisbles EODX, Sand
and the constant term (b,)}. All were sigoificant at the = = .05
level and should remaln in the model. The f=test in the aoalysis of
variarce for the regression yieldsd an f-catlc of 37 which was
glgpificant at the # = 0% level for the model (Appendiz II).
E-sguared wes .43159 for both warlables ip the model.

2. (RDX and HoO Model} - A& t-test was run for the variables RDI, HyQ
and the coblstant term bg. All were plgniflcant at the = = 0B
level. The f-ratio for the analysls of varimnce was 37 which was
significant b the = = .05 level. R-sguared was .4315% for both

varighles in the model (Appendix II).

C. Ap additiopel epprosch was mede 1o ap sttempr te forther aoalyze the
daeta., The geals for three component chemical ingredients X;, X, X3

ACE:
B, I +» X3 ¢ Iy = 100 for ell erxperimental conditicos.

The elassic meltiple regression model 13 ¥§ = hnl * hl ILi * h?

Z3q + by X3j + el. As loog as X3 + X7 + Iy add up to &

constant velue, bhe least sguares solutico to estlmate the b's has oo
unique solutien. There is ep entire set of values thet yield the same

fit. This is supperted by Case 1 and Case 2 in the multiple regressiom
procedures lo Fart B of this meme which provides the same model fit with

the eguations:

1. Velocity = -1980.14 + BO.67 ROX + 37.87 Sand and
2. Valocity = 1B07.06 + 4Z.80 EDX - 37.87 HaO.

The classic model for plottinmg any erperimental conditions lo a three
componest chemical composition system is with triacguler paper with 100%
compesition of each component represented bY the apexes of the criengle.
Sipee the graph iz o flat plene, this correspends te a twe farlable

cartesian coordinate Bystem,

A model using these twe coordinates can be calculated from the erigiosl
composition using the following transformatiocm: I3 = Sand and

X3 =[1/03 (REX - Hznﬂ. At that point, the model [(Veleclty = by +

by [ 1/43 (EDX - Hs0)] + bz Sand) 1s walid as « predictor of & flat
response sucface above of through e triangular plane. Another model using
two coordinstes was also calculated. The model (Velozlty = by + By

[1/[F (EDX - Sandd] + by H30 s alse a valid predictor of a flat

response surface above or through a triangular plane.
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F. T. Erimtofl =1= Auvguat 15, 1986

Cae 1: Velocity = 2053.39 + 60.91 flfIﬁ'{HDI - H?ﬂE} = 2.46 Sand. The
stepwise procedure ipdicated that Sand had mo effect ‘on welocity if there
was oo difference between EDXI and H;0. Forty-three peccemt of the
variabilicy io velecity could be explaiped by I3 and Sand. & t-test was
rup on the veriables Xy, Sand and the constant term (b,}. The

constant term and Xy wore significant at the = = .05 lsvel., The t-test
was not significant for Sand which ipdicated that Sand should be removed
Irom the meodel (Appendiz III). The f-test for Iy was sigonificant as
wall.

Case 2: Velocity = 3547 + 37.09 [ 143 (RDX - Samd)] - §9.27 Hy0. The
variables Xy =(1/J3 (EDX - Sand]] and Hs0 remained {o the stepwiss
medel. A E-test was run on the variebles X; and HpO and the comatant
term {bgl. All were significant at the s = .05 level. The F-test was
gignificant for both wariables In the regressico model (Appendiz IV].

In copclusion, Sand and H30 bave similar effects oo wvelosity, There is mo
effect on welscity due to Sand if the difference between RDX and Hz0 dees

oot change., Fer eram=le, if test firings are made at & certalp lewal of EDT
and Hy0 and ao sdjust=ent is made in such s manmer that the percentage of
Sapd is decreesed by 10T by adding 51 more EDX and 51 more A0, then the
velocity will remain the same. I have used three different methods of looking
at this dats and all have given the szame results.

Theae best fit models give the seme information as the model ip Parct A
(Stepwise Regressiopm: RDX, Sand, Hy0), using onoly & constant term and two
coefficients which is clearly & supericr fit,



Fable 1
tepwis BLCER o

ab Eemnlt A

r-squared « 431589

Varjables in Hode] [T [T ] odel

Farcial
¥ kle Cosfficient ! F- ovE ¥ ble orr. F-
1, EDX 42 . THEES 49 E113 2. Sand « D000 . E000
3. Ha0 =37 . 87201 T.7154
¢ Eesu Ll

Var (1] 1
Fariabler Est, Coefficient (b's) F-BEemove
i, EbBY BO.&70TE A7.0127
2. Sund A7.87201 T.71%5a
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Table G2

Hultiple Regression
pde sults (Came I
Variable Coafficient Stnd, Ergor I-Valus Preb (> T ]
Canatant =1980.1372119 1219.115424 =1.6242 -10758
EDX BO-670702 13.259912 6.0838 - 0000
Sand iT.aT2008 13.634473 2.1 L DOEE

Analysiz of Variance for the Full Regressgion

Sguree Som of Squares DF Moan Squere F-Eatiao Frob (>F)
Kodel EB2350E51 2 41155425 a7 ]
Ercor 1.0851EQCOR EL 1.1072EDO0QE

Tetel (Corr.) 1.9090ED00AE 100

r-squared = D.43158%
r-squared (&dj. far D.F.) = G.41998%
Srapderd error of estimation = 1052.26

Medel Fitzd Fesu Came
Faciakle Coefficient Etpd. Error T-Talue Frob (> T |}
Copstant 1807 .063624 237 .B15245 7.7T618 Mudelo Tl
ECX &7 .T9E6E94 G.07T6314 7.0435 M bl
Hz0 =37.8720048 13.634473 =2.777 LODEE

Analysis of Varjarmce for the Full Regression

foorce Sam of Squares DF Mean Sguare F-Ratie Prob (>F}
Medel 82390851 | 41195425 ar 0
Errar 1.0851E0008 98 1.1072E0004

Total (Corr.) 1.90S0E0QOE 100

r=sgquared = 0, 431589
r-squared [Adj. for D.F.) = 0.415583
Sranderd error of estimeation = 1052.26
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r-gguared = 0,431068
r-sguered (Adj.) = 0.425321
Variables is Model

Takla C3

Stepwise {Case 1

M5E « 1.0%70VEE With 9% D.F.
Variables Mot irn Hedel

Fartial

Yacimble Coefficient F-Eemove Tarisble Correlation F-Enter
e 13 T2.26252 F5.0101 2. Send - . 0303 - 090D

ode Eeanlt
Fariabls Coefficient Stnd. Error I-Value Frob (> T }
Comatant 2053, 357882 635 178137 3. 2126 D018
X3 65 . 905288 11.490392 6.0B38 0000
Sand =7.483343 8.213033 -, 2998 .Thad

Annlysis of Variance for the Full Regression

Source Sum of Sguares DF Boan Bquace F-Batin Proab [>F}
Hodal B239085] 2 41195425 ar L]
Error 1.0851E0008 58 1.1072E0006
Total {(Cerc.} 1.9090EDQQOR 100

r-aguared = 0.43158% « 437 of the variability in velecity can be eIplained by

Xy and Sand,

r-squared (Adj. for D.F.} = 0.41998%
ceapdard error of estimation = 1052.286
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Table C4

Etepwise (Case 2}

r-squared = 0O.4315E9

r-squared (Adj].) = 0.419688% MEE = 1.,10725E6 with 98 D.F.
Fariables in Mode] Vaciables Mot cdel
) Partial
Fariable Cogfficient F-Remove Variable Correlstjon F-Enter
1. I? 37.08726 49.6113
2. H;D -5G. 27136 20.46E8
Hultiple on
Hode Results
Yariable Cogfficient Stnd. Error I-Valuwg Freb (> i }
Constant 3945, 998304 199, 469712 19.7875 . 0000
I A7 .0B7254 5.26%437 7.0435 L0aoa
Hz0 =59,271355 13.100827 =4, 5242 0000

Apelysls of Varisnee for the Full Regressiop

Source Sum of Sguares DF Mean Sguere F-REatio Prab [>F}
Hodel B23%0851 i 4119%425 n a
Error 1.0851E0008 98 1.1072E0006

Toral (Coerr.) 1.9090EQQCE 100

r-squared « 0.431589 437 of the variablility in welocity can be explained by
I, and Hy0

r-sguared {Adj. fer D.F.) = 0.4199869

Standard error of estimation = 1052.26



Glosaary

Coefficient (b's) - estimates of the model coefficlents for each independent
vardable (¥ = by + by Xy + ba X3 + by Xyl

F-to-Eaoter - enters & velus for the F ratic above which wariables will be
sotesed IGto the model;

F-to-Remeve - gnters o value for the F ratioc below whieh wariables will be
removed from the model;

Partial Correlatjon Coefficient - measures the relacticoship betwesn two
varisbles while controlling for the possible effects of other variables.
These effects are controlled by removing the linesr relationship with the
other variables before calculating the correlation coefficlents betwesen the
varisbles of interest. Fartial correlstion is uwseful for uncovering hidden
relationships, identifying imtervening variables and detecting spurious

relaticaships;

Standard Error of Estimacien - the stendard deviation of the error in the
model; it measures Cthe mmount of variability in the dependent waziable met
expleioed b¥ the estimated model;

Mean Square - sum of squares divided by the degrees of freedom;

I-Value (Test Statjstic) - calcolated by dividing the coefficient term by its

standard ercoc;

F > /T - the probability that & larger t-value would cceur §F there were po
marginel contributiom froam that verlable:

F > F - the smaller the probability walue, the more likely that s factor has
bad a significent effect on & response variable:

r-sguared - represents the percentage of wariability that can be explained by
the variables chat remein in the model after & regression has been rum:
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AFPENDIX D
CREMICAL ARALYSES OF TYPICAL
EXFLOSIVE CONTAMINATED

ARMY LAGOCK SO0ILS



TABLE ©L. SAVANNA ARMY DEPOT ACTIVITY SOIL ANALYSIS
Total Analysis

Detection
Parazmeter Range of Values Limit)
Motsture, ¥ 11.7 - 26.3 ——
Ash, ¥ a5 received 4.5 - B2.5 -—
Ash, % dry besis E0.5 - 85.6 —
Heating Value, Btu/1b 235 received ND2. 2,364 50
Elemental Analysis (Dry Weight Basis)
Detection
Parameter Range of Yalues Limit
Sulfur, % ND 0.01
Carbon, % 2.68 = 12.70 —
Hydroger, % 0.28 - 0.79 —
Nitrogen, = 1.01 - &.03 .
Total Chlorine % KD - D.72 0.m
Heavy Metzls Content (Dry Weight Basis)
Detection
Parameter Range of Values Limit
Barfum (Ba), ppm 17 = 29 —
Cadmium (Cd), ppm ND 3.9
Chromium (Cr), ppm ND - 13 £.9
Copper (Cu), ppm ND - 30 10.4
Lead (Pb), ppm 16 = 100 —
Zine (In), ppm 32 - 160 rEEL
Arsenic (As), ppm HD 5.7
Selentum (Se), ppa ND 5.0
Mercury (Hg), ppm ND 0.5

61



TABLE ol. (CONTINUED)
Explosives Analysis (Dry Weight Basis)

Detection
Param=ter Range of Values Limit
2,4,6=Trinitrotoluene (TNT), ppm 88,700 - 405,000 —
HMX, ppa ND 15.8
RDX: pp= ZB.6 = 145 —
1,3,5-Trinttrobenzene (TNE), ppm 80.7 = 256 e
1,3=-04nitrobenzene (ONB), ppm ND - 35.1 7.39
Nitrobenzene (KE), ppm ND £.26
2-Azino—4,6-Dinitrotoivene
(2-A=ino), ppm ND - 27.% 3.64
2,6-Dinitrotciuvene (2,6-DNT), ppm ND 5.03
2,4-Dinitrotoluene (2,4-DNT), ppm ND 5.20

1/petection 14mit 11sted only for paremeters not detected.

2/ND - Hot detected [i.e., sample concentration below the detection 1imit).

J. W. Neland, 3. R. Marks, P. J. Marks, "Task 2. Incineration
Test of Explosives Contaminated Soils 2t Savannz Army Depot
Activity, Savanna, I114nois,” Roy F. Weston, Inc., Final Report,
ORXTH-TE-CR-B4277, April 1984.

JUECE:
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TABLE pZ. LOUISTAMA ARMY AMMUNITION PLANT S0IL ANALYSIS
Total Analysis

Detection

Parameter Range of Values Limit]
Motsture, % 25.1 - 28.5 —
Ash, ¥ 25 received 5.3 = B6.0 —
Ash, % dry basis 77.1 - BB.1 —
hezting Value, Btu/1b as received 562 - 1,172 s

Elemental Analysis (Dry Weight Basis)

Detection

Parameter Range of Valpes Limit

sulfur, % WDZ - 0.07 0.m
Elﬂlﬂﬂ. = 5-“5 - Tiﬁi m—
Hydrogen, = 0.6 = 1.0% —
Kitrogen, % 2.52 - 6.72 —
Total Chiorine, % ND - D0.37 0.0

Heavy Metals Content (Dry Weight Basis)

Getection

Parameter Range of Values Limit
Barium (Ba), ppm 98 - 150 R
Cadmium (Cd), ppm ND - 13 4.9
Chromium (Cr), ppm 17 - 23 ——
Copper (Cu), ppm 42 - ES —
Lead (Pb), ppm 100 - 160 ——
2ine (In), ppm 140 - 310 —
Arsenic [(As), ppm ND 5.7
Selenium (Se), ppom ND £.D
Mercury (Hq), ppm 2.2 = 3.4 i
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TABLE pd.(CONTINUED)
Explosives Analysis (Dry Weight Basis)

Detection
Parameter Range of Values Limit
2,4,6-Trinttrotoluene (TNT), ppm 55,100 ~ 142,000 J—
RDX: ppm 33,7100 - 96,500 —
1,3,5-Trinitrobenzene (THB), ppm 57.0 - 135 -——
1,3=Dinttrobenzens (DNB), ppo KD = 22.4 7.19
Kitrobenzene [(MNB), ppm KD £.26
E=AEino=d, 5=0nitrotolvens
(Z=Axino), pi= ND = 5§58 3.64
2.6-0Mnitrotoluene (2,6=DNT), ppm WD £ 03
2,4-Dinttrotoulene (2,4-DNT), ppa HD 5.20

1/petection 11mit 1isted only for parameters not detected.

2/ND - Mot detected (1.e., sample concentration below the detection Timit).

Source: J. W. Neland, J. R, Marks, P. J. Marks, "Task 2, Incinerztion
Test of Explosives Contaminated Soils at Savanna Army Depot

Activity Savanna, I114nois," Roy F. Weston, Inc., Final Report,
DRXTH-TE-CR-84277, April 19B4.
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APFENDIX g
CHEMICAL /PHYSICAL ARALYSIS OF
TYPE II, CLASS 1 RD¥

USED IN BOM TESTS
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AFFENDLY, F
SUMMARY OF AMALYTICAL TECHMIQUES
TO VERIFY SAMFLE COMPOSITION
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A

C.

ARALYTICAL TECHNIQUES

Modsture Analyeie of RDE/Sand Mixtures
1, Hixtures LO=20Z wer

The total moisture content was determined by drying weighed samples
to constant weight of 105°C. Samples weighing at least 25 g were
usaed.

Beference: F. Welcher, Ph.D., Standard Hechods of Chemical Analwsis,
D. Van Mostrand Co. Inc., Princeten, HJ L19B3:
2. Hixtures =15 wecr

The total molsture concent was determined by excracring moisturs from
welghed subsamples into weighed portfions of iscpropancl and using
scandard gas chromatographic analysis techniques.

EDX Purity Analysis

Scandard high pressure liquid chromacographic (HPLC) techniques were used.
Four srandards were preparted by dissolving weighed portions of high puricy
RDE &nd HMY i messured amounts of acetenltrile. The BDX/EMY content of
Tyvpe 11 BDK wae derermined by dissolving samples into measured poctions of
acetondtrile, running sample and standards through the HFLC using the same
conditions and comparing tesc results, Listed below are the HFLC conditicns
used for analysis of RDX in sand.

Inscrument: Hewlett Fackarcd 10B4E

Column Hewlet: Fackard RP-8;
Lengeh = 200 mm;
I.D. = 4.4 mm;
Packing Site = 10 =

trven Temperature: 40°C
Detector! Varlable wavelengeh, 2154 nm

Mobile Phase Flow: Z.0 cc/min
Composlclon and Temp. TOX water at BQ°C
WL methancl ar &6°C

Sample Imjection: Aurtomatic variable wvolume inmjector.
10 wd fnjecticomn.

Analysis of EDX in Sand

DX in EDX/sand mixtures was determined quantitatively uwaing HFLC
techniques. The same conditions and procedure were uwsed as in the purity
determinacion. Sample silzes asd dilutions were based on the ratie of sand
to RDM. Standard RDY mixcures were placed in acetonitrile and shaken over-
night to assure complete Bclution of the RDE. The final welumes employed
depended on the ratio of pand to RDX. Four samples of sand were spiked with
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known amounts of EDX te establish percent Tecovery of RDX from the sand.
Four samples of sand aleone were eslso analyzed to assure that impurities
in the sand did mer interfere with the RD¥ analysis.

THT Purlty Analysils

The purity of THI was determined by HPLLC. BSazples of the THT used to
prepare pand/INT mixtures was dissslved in acetonitrile and compared to
high puriry TNT standards im mcetenitrile. Listed below are the HPLC
condictions used for determinmation of THRT puricy.

InsErument Hewlete Fackard 10841

Column: Regolvex C-18;
Length = 250 mm;
I.D. = 4.6 mm;
Facking Size = 10 u=m

Oven Temperature: 350°C
Datector: Variable wavelengch, 254 nm

Mopile Phase Flow: 2.0 ccimin
Composition and Temp. 451 water at BO°C
552 methancl at &40°C

Sample Injectien: Automatie wvarisble volume injector.
15 uf injection. :

Aralvses of TRT and Sand

THT in TWI/s2nd mixtures wvas determined quantitatively using HPLC
techniques. The same conditions and procedures were used &s in the
INT purity dererminacion., Sanple sizes and dilutiops were based on
the racls of sand te THI, The f{inal volumes emploved depended on the
ratleo of sand to TWI.

Particle Bize Distribution

The parcicle glze discribution of TKT fines was seasured microscoplically.
The microscope reclele wag calibreted using & stage micrometer, 200
parcicles were measured and & distribution curve plotced.

Parcicle 5ire Distribution of Sand

The particle size discributien of the sand was escablished using & series
of sultable mesh sleves. Ome hundred grams of sand were shaken in tha
nest ef sleves and the percentage retalned was determined.

Bulk Density of RIK/Sand Mixtures

Measured ameuncs of water were used to f11]1 test containers to decermine
centalner wolumes. Dry contalners were welghed before and after loading
with BDN/sand mixtures to determine cthe weight of sample in the container.
Bulk depsities of samples were calculated using determined container
voluses and sample welghts.
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GLOSSARY
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GClogsary

Crirical Diameter Test

Critical Heighe to Explosion

Deilagracicn to Detonatien (DDT) Test

Detonacion Veloccity

Differential Thermsl Analysis

Eleccrostatic Spark Dischatge

Explosion Temperature

Friction

Iopact

DX

Rifle Bullet Test

IKT

USATHAMA

Zero Gap Test

7l

See Appandix A

Defined as the greatesr materisl bedght
tested in a given container diamecer
which did not result in transition from
burning te sn explosive reaction.

See Appendix B

Bate st which a shock wave induced at
one end of & sasmple travels through and
is sustained by the sample.

A test used to determine at what cemper-
acure propellent and explesive samplea
begin to thermally decompase,

The maximum glectroscatic discharge
energy which will not ignite prepellant
or explosive samplas.

The temperature which produces an
explosion, ignition or decomposition of
i sample in 5 pesonds.

The maximum frictiopal (slfding)} energy
which will net ignite propellant o=
explosive macerial,

Cyclotetramethylene-tetranicranine (also
known as Hemocyclomite or octagen).

The maximum fmpact (falling weight) enargy
which will not ignite propellant or
explosive materdals.

Cyclotrimethylene trinitrasine (alsoc known
&8 Cyeclonice, Hexogen or Té).

Deterzines the rescrivicy of 2 sample
loaded Iinto a 3-inch pipe cipple and
subjected to the ispact of a caliber .30
bullet.

ITrinitrotoluene

Uniced States Army Toxic and Hazardous
Haterials Agenmcy.

Sea Appendix B



DISTRIBUTION LIST

Defense Technical Information Center
Cameron Stacion
Alexandria, VWirginia P )

pefense Logistics Studies Information Exchange
U.5. Army Logpistics Management Center
Fare Lee, Virginia 13801

Commander

V.5, Army Toxic and Hazardous Marerials Agency
Aten: AMXTH-CO=F

Aberdesn Proving Ground, Maryland  Z21000-3401

Commander

U.5, Army Toxie and Hazardous Marerials Agency
Actn: AMETH-TE-D

Aberdeen Proving Ground, Maryland  21010-3401

A Arthur D Little, Inc.

12

B4



