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19 Concluded ... 

Transition (DDT flame) tests. The resul tar.t technical data will be used to define the 

reactivity of explosive contaminated soil on the basis of compositional analyses rather 

than the time consuming and expensive BOH protocols. 

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

Radford Army Ammunition Plant (RAAP) under subcontract to Arthur D. Little, Inc., contractor 

to USATHAMA to investigate and define the reactivity of explosive-contaminated soils to 

flame and shock stimuli. These tests were conducted with laboratory prepared, water-wet 

and dry samples of the explosives RDX or TNT mixed with sand. Shock sensitivity tests 

determined that explosive-contaminated soils containing ~15% explosive will not react 

positively to induced shock inthe BOM Zero Gap test. Flame sensitivity teats determined 

that explosive-contaminated soils containing <12% explosive will not react explosively 

when subjected to submerged flame initiation in BOM DDT test confinement. This study 

provides additional data for the development of a technical data base suitable for use 

as reactivity criteria (see Figure 1) for assessing the explosive reactivity of 

contaminated soils to flame and shock stimuli on the basis of soil compositon. Verifica

tion tests conducted with predicted 0.5% reactive compositions resulted in 20 consecutive 

negative results indicating ~0.5% reactivity at the 90% confidence level. 

Sample composition may be used as the criteria to assess the explosive reactivity of U.S. 

Army lagoon soils containing principally secondary explosives such as TNT, RDX, HMX and 

others having equal or less sensitivity to shock and flame. Explosive-contaminated soil 

containing significant OQ.l%) amounts of more initiation sensitive materials including 

those of primary explosives (e.g., lead styphnate, lead azide, etc.) and/or ingredients 

will require vertification testing using the BOM flame and shock test protocols. 

From these tests, it is also concluded that explosive-contaminated soils can be diluted 

with virgin soil to reduce the total explosive content of il2% and result in a composition 

which is not reactive in the BOM flame and shock tests. 

In themselves, the BOM Zero Gap and DDT tests are expensive and time consuming to perform. 

r 

As screening tests, both are considered to be more severe than needed for assessing the · 

explosive reactivity of contacinated soils. Moreover, special safety tooling and constructe1 

facilities or remote test locations are necessary to conduct these tests in a safe manner 

and to protect personnel from delayed reactions and accompanying shrapnel. It is concluded, 

therefore, that more economical tests and/or criteria for reactivity should be considered. 

If sample composition is not adopted as recommended above, then the relatively inexpensive 

and quick tests for reactivity originally proposed by U.S. Environmental Protection Agency 

in the SW-846 Report should be reevaluated for adoption. 
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S.O EXECUTIVE SUMMARY 

S. 1 Ob,ect~ve 

The object1ve of th1s study was to 1nvest1gate and def1ne the 
react1v1ty of explos1ve contam1nated so11s to flame and shock as a funct1on of 
explos1ve compos1t1on us1ng the Bureau of M1nes (BOM} Zero Gap (shock) and 
Deflagrat1on to Detonat1on Trans1t1on (DOT flame) tests. The resultant 
techn1cal data w1ll be used to def1ne the react1v1ty of explos1ve contam1nated 
so11 on the bas1s of compos1t1ona1 analyses rather than the t1me consum1ng and 
expens1ve BOM protocols. 

S.2 Su~ry and Conclus1ons 

Extens1ve test1ng was conducted by Hercules Incorporated, Radford Army 
Arrrnun1t1on Plant (RAAP) under subcontract to Arthur D. L1ttle, Inc., 
contractor. to USATHAMA to 1nvest1gate and def1ne the react1v1ty of 
exp 1 os 1 ve-contam1 nated so1ls to flame and shock st1mul1.. These tests were conducted w1th laboratory prepared, water-wet and dry samples of the 
explos1ves RDX or ·TNT m1xed w1th sand. Shock sens1t1v1ty tests cleterm1ned 
that explos1ve-contam1nated so1ls conta1n1ng ~15% explos1ve w111 not react 
pos1t1vely to 1nduced shock 1n the BOM Zero Gap test. Flame sens1t1v1ty tests 
determ1ned that exp1os1ve-contam1nated sons conta1n1ng ~12% explos1ve w1ll 
not react explos1ve1y when subjected to submerged flame 1n1t1at1on 1n BOM DDT 
test conf1nement. Th1s study prov1des add1t1onal data for the development of 
a tecl'!n1cal data base suHable for use as react1v1ty cr1ter1a (see f1gure 1) for assess1ng the explos1ve react1v1ty of contam1nated so1ls to flame and 
shock st1mul1 on the bas1s of so11 compos1t1on. Ver1f1cat1on tests conducted 
w1th pred1cted 0.5% react1ve compos1t1ons resulted 1n 20 .consecut1ve negat1ve 
results 1nd1cat1ng ~0.5% react1v1ty at the 90% conf1dence level. 

Sample compos1t1on may be used as the cr1ter1a to assess the explos1ve 
react1v1ty of U.S. Army lagoon sons conta1n1ng pr1nc1pally secondary 
explos~ves such as TNT. RDX. HMX and others hav1ng eQual or less sens1t1v1ty 
to shock and flame. Explos1ve-contam1nated so11 conta1n1ng s1gn1f1cant 
(>0.1%) amounts of more 1nH1at1on sens1t1ve mater1als 1nclud1ng those of 
pr1mary explos~ves (e.g .• lead styphnate. lead az1de, etc.) and/or ~ngred1ents 
w1ll reou1re ver1f1cat1on test1ng us1ng the BOM flame and sh6ck test protocols. 

From these tests, H 1s also concluded that explos1ve-contam1nated 
so1ls can be d1luted w1th v1rg1n so11 to reduce the total explos1ve content to 
~12% and result 1n a compos1t1on wh1ch 1s not react1ve 1n the BOM flame and 
shock tests. 

In themselves, the BOM Zero Gap and DDT tests are expenshe and t1me consum1ng to perform. As screen1ng tests, both are cons1dered to be more 
severe than needed for assess1ng the exp1os1ve reacth1ty of contam1nated 
so1ls. Moreover, spec1al safety tool1ng and constructed fac111t1es or remote 
test locat1ons are necessary to conduct these tests 1n a safe unner and to 
protect personnel from delayed react1ons and accompany1ng shrapnel. It 1s 
cone 1 uded, the ref ore, that more econom1 ca 1 tests and/or cr1ter1a · for 
react1vHy should be cons1dered. If sample compos1t1on 1s not adopted H 
recommended above. then the relat1vely 1nexpens1ve and qu1ck tests fc~ , 
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~ react~vHy o~g~nally proposed by U.S. Env~ronmenhl Protect1on Agency 1n the SW-84b Reportl should be reevaluated for adopt1on. 
S.3 Recommendat1ons 

1. Base the determ1nat~on of sample reacth1ty of contam1nated so11s on the more quant1tat1ve and econom1c chem1cal analys1s of samples for explos1ves content rather than the qual1tat1ve and expens1ve BOM Zero Gap and DDT tests. 

2. Adapt the cr1ter1on of sample compos1t1on as a s.asure of contam1nated so11 react1v1ty based on the explos1ve level present: 
• If exp1os1ve content 1n samples 1s ~12%, the sample 1s not react1ve. 

• If explos1ve content 1n samples 1s >12%, the sample 1s react1ve. 

3. If the cr1ter1on for react1v1ty w111 requ1re explos1ve test1ng. then 1nvest1gate the use of less expens1ve and t1me consum1ng tests for establ1sh1ng 1f explos1ve-contam1nated so11s are explos1vely rea~t1ve, 

1.0 INTRODUCTION 

Explos1ves manufacture and arrrnun1t~on load, assembly and pack (LAP) operat1ons result 1n the generat1on of explos1ves-contam1nated wastewater. Over the years. the Department of the Army has used lagoons for treatment of these wastewaters by evaporat1on/percolat1on. These lagoons conta1n the rema1n1ng explos1ves-contam1nated sludges (1.e., m1xtures of explos1ves, water and so11). These explos1ves-contam1nated waters and sludges are 11sted ~s hazardous wastes under federal regulat1ons promulgated under the Resource Conservat1on and Recovery Act (RCRA). The bas1s for th1s l1st1ng 1s the assumed explos1ve react1v1ty of these wastes 1f subjected to a strong 1nH1at1ng source or H heated under conf1nement (Refer to 40 CFR 261.23) .2 Piesently, tests to' determ1ne the exp1os1ve react1v1ty of wastes are not specH1ed. OHferent tests have been under cons1derat1on. Two test ser1es are d1scussed 1n the follow1ng. 

The f1 rst ser1es of tests are s1mnar to those. used by the Depart~ent of Transportat1on (DOT) to determ1ne the sh1pp1ng class1f1cat1ons for hazardous mater1als. These 1nexpenshe, small-scale tests determ1ne 1f a mater1a1 w111 burn or explode when subjected to an elevated temperature of 167•F for 48 hours, flame, shock of a No. 8 blut1ng cap, and BOE Impact Apparatus at 10 and 4-1nch drop he1ghts. These tests were 11sted 1n u.s. Env1ronmental Protect1on Agency SW-846 (1980) •rest Methods for Evaluat1ng Sol1d waste. • 

Another ser1es of tests were developed by the BOM 1n cooperat1on ·w1th DOT to ass1st the Un1ted Nat1ons (UN) Group of Experts on Explos1ves 1n 
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prepar1ng recorrrnendat1ons for the 1nternat1ona1 trar1sport of dangerous goods. 

These test protocols are known as the Zero Gap shock and Oef1acrat1on to 

Detonat1on Trans1t1on ~DOT) flame tests. Th1s ser1es of tests 1s more 

expens1ve and t1me consum1ng than the EPA SW-846 tests ment1oned prev1ously. 

One advantage of these tests 1s that test samples are subjected to greater 

shock and flame energy 1n stronger steel conf1nement than 1n EPA SW-846 tests 

and therefore.test results are more safety conservat'\ve. 

In order to prov1de a techn1cal data base and 1nvest1gate the Zero Gap 

and DDT tests. for determ'\n'\ng the explos1ve react1v'\ty of explos1 ve 

contam1nated sludges, USATHAMA funded th'\s project for the purpose of 

1nvest1gat1ng and def1n1ng the relat1onsh'\p between explos1ve-contam1nated 

so11 react1v1ty to BOH ·name and shock tests, and exploshe content. Th'\s 

study prov1des add1t1onal data for the development of a techn1cal data base 

that may be used to pred1ct the react1v1ty of explos1ve contam1nated so11s to 

flame and shock st1mu11 on the bas'\s of compos1t1ona1 analyses of explos1ve(s) 

content. Subst1tut1on of laboratory analyses of exp1os1ve contam1nated 

sludges for Zero Gap and DDT test1ng of sludge compos1t'\ons would result 1n 

lower costs for determ1n1ng react1v1ty of contam1nated so1ls. Hercules 

Incorporated at RAAP, Radford, VA, was subcontracted to conduct th1s 

1nvest1gat~on because of the~r expert1se and exper1ence 1n handl1ng exp1os1ves 

safely and secure,y, and the ava~lab111ty of explos1~e test fac111t1es 

su1table for conduct1ng BOM flame and shock tests. 

2.0 DISCUSSION OF RESULTS 

The fo11ow1ng sect1ons d1scuss the results of the cr1t1cal d1ameter, 

flame and shock sens1t1v1ty tests conducted wHh RDX/sand/water m1xtures and 

the results of the f)ame and shock conf1rmatory·tests conducted w1th TNT/sand 

mixtures. 

2.1 Cr1t1cal 01ameter (Cd) Screen1ng Tests 

Before beg1nn~ng Zero Gap shock. tests, Cd tests were conducted to 

def'\ne ROX/sand/water m1xtures wh1ch would be react1ve or non-react1ve 1n the 

1.44-1nch' d1ameter steel Zero Gap test conftnement (see Append1x A). ROX/sand 

m1xtures conta1n1ng more than 20% ~ater were not tested because a water layer 

forms above the settled sol1ds. A settled, water-wet ROX or ROX/sand m1xture 

·w11Lreact explos1vely to 1nduced exploshe shock regardless of how much water 

1s present 1n the water layer. 

Cd test results for dry and wet ROX and RDX/sand m\xtures are 

summar1zed 1n Table 1 and shown 1n F1gure 2. A typ\cal Cd/p1pe d1ameter curve 

has been 1nc1uded 1n F'\gure 2 show1ng the effect of subst1tut1ng RDX for 

a~m~on1um nHrate 1n a compos1te propellant. Ind1v1dua1 trial results are 

11sted 1n Append1x A, Table Al. As can be seen from these data, the Cd var1es 

'\nversely w1th explos1ve content of the wet or dry RDX/sand N1xtures. 

F'\gure 2 1nd1cates that 18% to 25% RDX '\n wet or dry RDX/sand m1xtures should 

not react exp 1os1vely 1n Zero Gap shock tests. know1ng that dHferences 

between the more severe Zero Gap and Cd test conf1gurat'\ons (greater conta1ner 

burst stren9th, use of PentolHe pellets 1nstead of Compos1t1on C-4 donor 

• /. ·."! 
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Table 1 

Sumr.ary of Critical Diameter for Explosion Test Results · 

Critica1 Dimension Average for Explosive Compositio~ Tested, % Bulk Density, Propagation (Cd)' ~b Sane Water g/cc in. 

lOOc 0 0 1.05 < 0.25 

25 75 0 1.21 0.5 25 75 0 1.22 1.0 20 80 0 1.26 1.5 15 85 0 1.25 2.0 

":It; 
--~ 55 10 1.29 0.5 ~r 

j-...., 6C· 10 1.23 1.0 25 65 10 1.28 1.5 '"Jr. 70 10 1.20 2.0 
.... 

25 55 20 l. 75 0.5 20 60 20 1.71 1.0 , :; 
65 20 1.82 1.5 

... ~ 
:!.0 70 20 1.81 2.0 

ace - CQ~!ined material dimension above which sustained l'ropagation of ar: expl.osive reaction c::an be expected. Nominal size of schedule 40 pipe shoTJn. Re!er to Appe~c~x ~. Table Al f~r complete listing of tes;s. 
b Type !!, Class 1 except where otherwise noted. 

c 
Typ~ II, Class 5. 

Source: Hercules Incorporated (Radford Army ~nition Plant) 
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charge, etc.) could affect Zero Gap test results, 1n1t1a) shock ttst.s wert: conducted start1ng w1th 25% ROX 1n sand compos1t1ons. 

F1gurP. 2 also shows that the add1t1on of 10% mo1sture to ROX/sand mixes moderates (1ncreases) the cd level by -0.75 1nch; but at the 20% lllo1sture level the Cd 1s lower than dry RDX/sand mhtures. It 1s 11kely that the observed shHts 1n Cd caused by the add1t1on of water can be expla1ned by m1xture bulK dens 1 ty. Exper1ments by others have demonstrated that, for a g1ven explos1ve 1n cylinders of large d1ameter, the detonat1on veloc1ty 1s nearly a 11near funct1on of the 1n1t1al bulk dens1ty.3 A more recent report of Cd stud1es w1th loose, crystalline explos1ves concluded that 1ncrease of the explos1ve charge dens1ty as a result of press1ng (charge conso11dation) or f1111ng vo1ds w1th water decr~ases the charge air content, improves the cond1t1ons for shock wave propagation 1n a g1Yen medium and results 1n lower Cd.4 An exam1nat1on of the measured bulk dens1t1es of test 111xtur~s shows that the bulk dens1ty of dry and lOX water-wet RDX/sand m1xtures were essent1ally the same and averaged 1.2 g/cc. As one would expect, an .1ncrease 1n the percent of inert mater1al w1th no change 1n bulk dens1ty resulted in a less react1ve m1xture as reflected by an increase 1n the diameter of p1pe necessary to susta1n propagat1on of an explos1ve react1on (F19ure 2). However, the bulk dens1ty of 20% water-wet RDX/sand mixtures was sign1f1cant1y h1gher and averaged l. 7 g/cc. The h1gher bulk dens1ty apparently caused the observed Cd sh1ft between the 10% and 20% moisture parameters shok~ 1n F1gure 2. · 

On the bas1s of the above, 1t 1s concluded that an 1ncrease in RDX content 1n the m1xture w111 reduce the sample d1ameter capable of propagat1ng an explos1ve react1on. In contrast, an 1ncrease 1n sand content 1ncreases Cd; and an 1·ncrease 1n water content has 11ttle effect upon Cd. The Cd tests 1nd1cate that wet or dry m1xtures of sand and 25" RDX are l1ke))' to be non-react1ve 1n BOM Zero Gap tests. 

. 2.2 Zero Gap Shock Test Results 

Wet and dry RDX/sand m1xtures were tested to def1ne m1xture shoe~ react1v1ty as a funct1on of RDX content. Test1ng was conducted us1ng the BOM developed Zero Gap test descr1bed 1n Append1x B and shown 1n F1gure Bl. In th1s test, samples were conf1ned 1n 1.44-1hch d1ameter stee' tub1ng and subjected to an explos1ve shocK wave 1nduced at one end by two Pento1He pellets. ROX/sand/water compos1t1ons react1ng explgs1ve1y were 1dent1f1ed us1ng BOM test protocols. Standard prob1t ttchn1ques were used to establ1sh an RDX level 1n·wet and dry sand that has a low (0.5%) probab111ty of react1ng explo~1vely to shock 1n the SOH test conf1gurat1on. 

2.2.1 In1t1al Tr1als 

In1t1al tr1a1s were conducted us1ng 100% RDX, 100% sand, 100% water and an 80% sand/20% water m1xture to ver1fy that the Zero Gap shock test 1s capable of 1dent1fy1ng mater1al samples react1ve or non-reacthe to shock. These test results are presented 1n Appendh 8, Table Bl and show that the test 1s capable of 1dent1fy1ng samples react1ve or non-react1ve to shoe~. 1n the BOH test conf1gurat1on. 
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Tr1a ls wHh RDX produced a pos1t1ve result and demonstrated 

RDX react1vHy to shock. In both the water and sand tr1als (three each), 

end-to-end p1pe fragmentat1on occurred dur1ng one tr1al. Both mater1als also 

transm1tted a h1rly stable shock wave 1n one or more tr1als at velocH1es 

just below the >1,500 m/s cr1ter1on for an explos1ve react1ve mater1al. Water 

and probably any cont1nuous phase (11qu1d or sol1d) mater1al should be 

expected to transmH the donor 1nduced shock wave effect1vely to the end of 

the comparat1ve1y short, 16-1nch long p1pe. It 1s suspected that much longer 

p1pes would be requ1red to detect shock wave degradat1on (decay1ng react1on) 

.1n cont1nuous phase mater1als. Although sand 1s not a. cont1nuous phase 

mater1al (conta1ns a1r 1n granular 1nterst1ces), another mechan1sm 1s thought 

to have caused the test conta1ner to fragment 1nto long str1ps or appear to 

propagate the shock wave (pos1t1ve results). In one sand tr1il, sand 

rema1n1ng w1th1n the .undamaged port1on of the p1pe had been compressed and 

wedged 1nto the p1pe. It 1s theor1zed that 1n other tr1als w1th sand, a slug 

of t1ghtly compressed sand was dr1ven up the steel tube w1th suff1c1ent force 

to rupture and fragment the tube and 1nd1cate propagat1on of a shock wave to 

the end .of the 16-1nch long test conta1ner. It 1s not 11k.ely that both tube 

fragmentat1on and 1nd1cat1on of a shock wave by mechan1cal force of sand on 

the veloc1ty probe would occur at the same t1me. A plug of sand hard enough 

to rupture the p1pe would be expected to push the veloc1ty probe out ahead of 

1t and no veloc1ty trace would result. 

Zero Gap tests w1th 20% water f1111ng spaces between sand 

granules gave 1nd1cat1ons of a pressure wave propagat1on veloc1ty of 

~770 m/s. None of the sand and/or water (1nert) tr1als transm1tted suff1c1ent 

shock to puncture the l/8-1nch th1ck, m1ld steel w1tness plate. 

Zero Gap tests w1th 1nerts (sand and water) 1nd1cate that 

pos1t1ve velocHy and/or fragmentat1on results may occur w1th 1nerts 1n the 

BOM test conf1gurat1on. It 1s speculated that th1s 1s why the BOM protocols 

requ1re at least 2 of 3 d1fferent react1on cr1ter1a (veloc1ty, p1pe 

fragmentat1on and/or hole 1n the w1tness plate) be met before dec1ar1ng a 

posH1ve test result. If a tr1al wHh 1nert mater1al resulted 1n a posH1ve 

test result, the resu1t1ng data and test conclus1ons would be safety 

conservat1ve. It appears un11k.ely that a shock sens1t1ve mater1al would not 

react pos1t1vely 1n the Zero Gap test. 

2.2.2 =·~X/Sand/Water Tr1a1s 

Zero Gap tests were conducted w1th 0, 10 and 20% water-wet 

RDX/sand m1xtures conta1n1ng 15-2S% ROX. These test results are also 

presented 1n Append1x B, Table Bl. 

Test results summar1zed 1n Table 2 and shown 1n f1gure 3 

1nd1cate that dry RDX/sand m1xes conta1n1ng 15% ROX are not react1ve to 

1nduced shock 1n the BOM test conf1gurat1on at the 0.5% react1v1ty levei. 

Twenty consecut1ve tr1als w1th 15% RDX 1n sand tested negat1vely and ver1f1ed 

at the 90% conf1dence level that th1s RDX/sand compos1t1on 1s unreact1ve at 

the 0.5% react1v1ty level. 

Zero Gap tests w1th 20% water-wet RDX/sand mhes determ1ned 

that m1xes conta1n1ng 16.0% RDX are also O.S% react1ve at the 9~ conf1dence 

level. A compar1 son of 0 and 20% water-we'l test results 1nd1cate that the 
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~ ...__ 

Taf,Je 2 

Summ:-~ry nf Zf'rn c:ap Shor:-k Tr~:t RP~ultR 

Avernge flvPr:-tJ~~' 
Shock Positive 

Com~osition Tested, 7. ll11lk O('nslly, No. c Propa~at!on Rcnctlons 
RDX I -------

---- r,!~·_c· ____ -- Tr J ;II s 
7. 

Sand' Water 
Rn tf', m/ !f 

f 

--- -- --·- .. -
.. -. --·- ---------

\ 
20 80 0 I. )1,2 I I 2.220 7J 
18.75 81.25 0 1 . 29'• 10 3.030 20 
17.5 82.5 0 I. 119 10 2,670 7.0 
15 85 0 I. lf,') 20 1 , R(Jt, 0 

25 65 10 l. 285 5 2,550 100 
23.5 66.5 10 1.262 10 2,760 60 
22 68 10 1.289 10 2,480 JO 19 71 10 1.273 10 2,620 10 

\0 

. 18.5 61.5 20 1.760 2 3,960 100 l7 63 20 1. 752 10 3,12od 50 16.5 63.5 20. 1. 746 10 1,140 10 16 64 28 1.768 20 887 0 

a Sand 0.8 to 0.2% water-wet. 

b Shock propagation rate recorded by velocity prol>e in the upper half of the test sample (shock vas induced into the 
b(lttoa of the teat sa•ple). 

c 

. 
Two of the three following positive test result criteria are recorded: (A) Clean hole punched through, 1/8-in. 
thick- ateel plate; (B) Pipe fragmented along its entire length; (C) Stable propagation velocity> 1.500 m/s. d 
Refer to Appendix 8, Table Bl for complete listing of te9ts. Five trials averaged. OtherA were decaylng reactions (variable rAtes). 

Source: Hercules Incorporated (Radford Atmy Ammunition Plant) 



DDi test descr1bed ~n Append~x B and shown 1n F1gure B2. In th1s test, 
samples are conf1ned ~n 3-1nch, schedule 80 steel p1pe and subjected to flame 
from a 20-gram 1gn1ter. RDX/sand/water compos1t1ons react1ng explos1vely were 
1dentH1ed us1ng BOM test protocols. Standard prob1t analys1s techn1ques5 
were used to establ1sh an RDX level 1n wet and dry sand that has a low (0.5%) 
probab111ty of react1ng to flame 1n the BOM DDT test conf1gurat1on. 

2.3.1 RDX/Sand/Water Tr1als 

The DDT flame test results. are sunrnar1zed 1n Table 3 and 
plotted 1n F1gure 4. All 1nd1v1dual tr1al results are 11sted 1n Appendh 8, 
Table 82 for reference. The DDT tests were conducted w1th 0, 10 and 20% 
water-wet RDX/sand m1xes conta1n1ng . 12 to 28% ROX. F1gure 4 shows that dry 
RDX/sand m1xes conta1n1ng ~13% RDX should not react exp1os1vely wheR subjected 
to submerged flame 1n1t1at1on 1n the 80M test conf1gurat1on. Twenty 
consecut1ve tr1als w1th 13% RDX 1n sand gave negat1ve results, and ver1f1ed at 
the 90% conf1dence level that th1s RDX/sand compos1t1on 1s unreact1ve at the 
~0.5% react1v1ty level. 

DDT tests w1 th 10% water-wet RDX/sand mhtures reacted about 
the same as tests w1th dry RDX/sand m1xtures. Twenty consecut1ve tr1als w1th 
10% water-wet RDX/sand mhes conta1n1ng 12% RDX gave negat1ve results, and 
verH1ed at the 90% conf1dence level that th1s RDX/sand/water composH1on 1s 
also unreact1ve at the 0.5% react1v1ty level. 

DOT tests conducted w1th 20% water-wet ROX/sand m1xtures 
determ1ned that these m1xtures are not as react1ve to flame as other mo1sture ~ 

levels tested. F1gure 4 1nd1cates that a 20% RDX/60% sand/20% water 
compos1t1on should be· 0.5% react1ve 1n the BOM DDT test conf1gurat\on. 
VerH1cat1on tests were not conducted s1nce pre.v1ous verH1cat1on tests have 
cons1stently been successful 1n demonstrat1ng low (~0.5%) react1v1ty for 
projected low react1v1ty compos1t1ons. However, all DOT tr1als conducted w1th 
20% water-wet RDX/sand m1xtures conta1n1ng 25% RDX generated suff1c1ent 
pressur1zat1on to rupture the schedule 80 p1pe. Many p1pes were sp11t 
end-to-end and flattened. It 1s apparent that the 25% RDX/55% sand/ 20% water 
compos1t1on 1s react1ve to flame 1n the steel p1pe conf1nement, but that water 
at the 20% level moderated (slowed down) and prevented a DDT react1on most of 
the t1me. rragmentat1on of the p1pe or cap 1nto two or more separate p1ec!s 
(BO~ cr1ter1a) occurred 1n only three of 10 tr1als conducted (30% react1ve). 

Dur1ng DDT test1ng, 2 out of 10 tr1als were negat1ve for dry 
25% RDX/75% sand sai!Jples. Th1s result 1s not 1n agreement w1th 20% ROX/80% 
sand tests result1ng 1n 10 pos1t1ve results out of 10 tr1als, or the 
correlat1on between RDX/sand compos1t1ons and percent pos1t1ve react1ons shown 
1n F1gure 4. A rev1ew of test records show noth1ng abnormal to 1nd1cate the 
cause of the two negat1ve results. It 1s concluded that these results may be 
1nd1cat1ve of test var1ab111ty. 

As determ1ned dur1ng Zero Gap tests, the bulk dens1ty of 20% 
water-wet ROX/ sand mhtures averaged 1.8 g/cc and was greater than that of 
dry and 10% water-wet m1xtures wh1ch ranged from 1.3 to 1.4 g/cc. The effect 
of 1ncreased dens1ty upon the sens1t1v1ty of RDX/sand m1xtures to flame 
1n1t1at1on 1s not clear based upon DDT test results. It 1s suspected that the 
decrease 1n RDX/sand m1xture react1v1ty exper1enced w1th 20% water-wet 
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Tahlf! 1 

Summary or IHlT 1'f'~t Rf's11lts fnr RflX/Smrd Mixtures 

Aver :rgt" 
Co~osl t f o~fl:r:(:.:c; t .~~. ·-~-- ____ f\11 I k f)(' liS II y RDX Sand Willer g/cc --- - ·- - - - -- ----

50 so 0 -30 70 0 -25 75 0 1.2R 20 80 0 1. J2 17.5 82.5 0 t.v. 15 85 0 1.11 13 R7 0 1 .ltJ 

19 71 10 ] • )It 15 75 10 l.ltl 12 78 10 l.lt9 

28 52 20 I. 70 26.5 53.5 20 1.71 25 55 20 l.7J . 
lJ 67 20 l. 77 

aSand • 0.25% water vet. 

b Pipe and/or at least one end cap fragmented into two distinct pieces. 
S(•urce: Hercules lncorp~t'ated (Radford Army Ammunition Plant) 
Refer to Appendix B. Tahle R2 for complete listing of teats. 

No. 
Tr 1:t 1 s ----

. 1 
1 

)0 
10 
10 
10 
20 

J 
10 
20 

10 
4 

10 
5 

Positive 
Rcact1ons,h i. f --- ------------ \ 

too 
JOO 
80 

100 
70 
10 
0 

100 
30 

0 

80 
25 
30 
0 
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TeAt mixtures contained 

ROX and water in the percents 

shown (by wt) ndded to sand. 

20°/o H20 t -· 0 - NOT TF.STED 

--- ---
DRY ~ 

10% H20 

2 5 10 20 40 60 80 90 

REACTIVE TO FLAME, % 

Figure 4. ROX/Sanci/Water Flame React lv lty ln DDT Teets. 

Source: Hercu]es Incorporated (Rndford Army AmmiJnl.tion Plnnt) 

J 



1 

m~xtures ~s due pr~marny t.o th:: f1ame Quenching etfeci o. it1t: '-'"""-; rather than iflcreased bulk density. 

DDT tests at the predicted 0.5% reactive compos1tion levels resulted in "no reactionsu in 20 consecut1ve trials and verHied that wet or dry mixtures of ROX/sanc containing ~12" RDX are not flame sensit1ve in the BOM DOT test. Likewise, the DDT test results also show that reactive RDX contaminated soils containing >12" RDX may be desensit1zed to flame by adding uncontaminated soil and reducing the RDX content to ~12% RDX. 

2.4 Reactivity Criteria 

Predicted 0. 5% reactive. RD.X/sand/water compos it ions for both the Zero Gap and DDT tests are also plotted on the tr1moda1 plot 1n figure 1. Th1s plot identHies dry and settled RDX/sand compos1t1ons not reactive to flame and shock in the BOM tests. A dotted line has been drawn to show the maximum percent of water which wi 11 be present in settled RDX/sand mixtures and the limits of thB study. However, 1t 1s likely that any ROX/sand/water composition not reactive to BOM tests 1n the settled state will also be non-~eactive H the same weights of an RD.X/sand m1xture are suspended 1n greater amounts of water. 

The trimodal plot serves as a Quick mu1·,s 'i•· icientHy explosive-contaminated sons which are reactive or non-reactive to the BOM flame· and shock. tests based primar11y on sample composHior,. Using this reactivity criteria, comparathely Quick and inexpensive chem,cal analysis of Army lagoon soil samples may be used instead of the more time consuming and expensive BO"'. Zero Gap and DDT tests to establish the reacth1hy of sons containing seconoary explosives contaminates such as ROX, HMX, TNT, etc. 
2.5 Conf~rmatory Tes:s w~th TNT 

Dry 
Gap tests 
than ROX. 
follow~ng. 

TNT/sand m~xtures were prepared and tested in the BOM OLT and Zero to confirm that TNT 1s no more reactive in these te~·;s (Figure 5) :rest results are presented in Tables 4 and 5 and d1sc.ussed 1n the 

. Zero Gap tests were conducted wHh a m1xture of 19% n:i fine~ ~n sand. Th~s composHion was selected for comparison wHh a 19% RDi\/f:·l~ sand m1xture determined previously to react pos1t1vely to shod 50""' of the tHIJC i;-, the Zero Gap test conf1gurat1on (see Figure 5). Test results for th1s T~T/sand mi:ture are listed in Table 4 and show that no posithe react1ons occurred 1n 10 consecutive Zero Gap trials. It 1s concluded that add1t1ona1 (>19%) T~T must be added to TNT/sand mixtures to achieve a react1v1ty level (50%) eQuivalent to a 19% ROX/81~ sand mixture in the BOM Zero Gap shock test. 

L ikewHe, DDT tests were conducted w1th a mhture of 17,; na fines 1n sand. Th1s compos1tion was selected for compar1son w1th a ·n~ RDX/83% sand mixture determined prev1ously to react pos1t1vely to flame 1n1t1at1on 50% of the time in the DDT test conf1gurat1on (see f1gure 5). Test results for th1s TNT/sand mixture are 11sted in Table 5 and show that no pos1t1ve react\ons occurred in 10 consecutive tr1a1s. It 1s concluded that nn 1s less react1ve in the BOM DDT flame 1n1tiation test than ROX. 
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Tnhlc lio 

Su .... nry nf 1.t•f"n (;:•r Stuu·k Tt;•Ht Rc•teu1lJ~J fur ·rNT/S;nut Hlxtnrrll 

BOH Teat Crlterl•d 
----·--

1 ...... 11 "It Shud< rrnrnttlll Inn End-t o-F.ncl 

Tl'lal Co.,odttun, l llt•n,.lty, R•ole Thrn Vf'lnc lty Hole In Pipe Tyre 

1ii"T-
,. lte.,r.t lonf' 

No. s .. n.ih ------w;t;;-;- - r,l<~f'- -- __ 1'n"'f'_l_r:.!_ __ IR/'!_ _ ' __ ,_. ~~'!_!"}~ Phte Fus-n~_n_n 

It It 
h 

1 19 Ill 0 l. 26 - .. 
2 19 Ill 0 I. Jl 

It It 

f 

J 19 Ill 0 l.u. 
lo 19 Ill 0 I. 2'1 ), 7'"• .. 
s 19 Ill 0 I. ]I) 2,179 + 

6 19 Ill 0 l. 24 1.072 

7 19 111 0 I. 2ft 1,419 

II 19 Ill (l 1. 2f> 1,1ftft 

9 19 Ill 0 1. 24 1 ·'·11 - - .. 
10 19 Ill 0 l. 27 2,012 .. 
11 19 8\ 0 1.21 ~_1!·~-

.. 
Avf'UJI:I'a • I. 211 1,921 

8 Type II, Claaa 1. 

bMDtatu~• ln aand • 0.25%. 

cl6-ln. lona ateel tublnt: 1.44-tn. t.D.: 0.22-ln. v•ll thlclmua. 

d "+" lndleatee poaltl .. reautt. "·" tnd lcat•• ne~~:nt. I ve reau 1 t. Se• Aprend Ia B for further deac~ lrt lon of 110M cr lterta. 
I 

e"+" tndtcatea poettl•• ~eeutt; 2 or l crlterl11 ere roaltlve 11nd therefore the teat lndlc11tea eust11lned propa&atlon of the ehocll we- throotth the a~t.ple. 

"-" tndlcatee ne&atlYe reault. See Appendh ll fnr lurtt ... r de!lcrlrt Inn nf BOH crlter"'· 

1Decaylnt reaction. Mo eteady atate •e1..clty In •~•rle. 

1 Propa1atlon rete not rerord .. d - O.cllluacnpe trltttt•-·r tltd nnt fnnrt Inn. 

h 
lnaufflctent crherla to deter•lne If !"•ctlnu vn" rnaHive ur ni'J1:1tllve. 

Sources Hercutea Incorporated (Jtndford Ar•y A-mit Inn l'lnnt) 
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Trinl 
No. ---

1 

2 

) 

4 

5 

6 

7 

8 

9 

10 

a Type 11, Class 1. 

·e 

T.,h le ') 
Summ;•ry of UllT T1·~;t Rf'~ult!l for TNT/San1l Mlxtur£'!'1 

==tl ___________ C.••mrc:-'~q_l_ ~ 
1
t,r:n_, ___ 7. ____________ " TNT Sand Water 

1 7 Rl 0 

1 7 RJ 0 

17 RJ 0 
17 - RJ 0 

17 83 0 
17 83 0 
17 83 0 

l7 83 0 

17 83 0 
17 83 0 

• 

-

AverAge -

Loadlng 
Density, 

g/cc 

1.32 

1.28 

1.32 

1.33 

1.28 

1.29 

1.32 

1.32 

1.32 

1.30 

1.309 

b Sand - 0.25% water vet. 

Type 
Rcnctionc 

c"+" indicates positive result - that the pJpe or an end cap fragmented into 2 or 110re distinct pieces; 
"-" indicates negative .result. See Appendix 8 for further description o£ BOM criteria. Source: Hercules Incorporated (Radford Army Allllllnitlon PlAnt) 
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Figure 5. Ory ROX/Sand vs Dry TNT/Sand Reactivity 

Source: Hercules Incorporated (Rndford Army Ammunition Plant) 
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DOT and Zero Gap tests wHh TNT verH~ed that TNT ~s actue 1 ly hss react~ve than RDX used to establ1sh F1gure 1 react1v~ty cr~te~1a. Th1s study's f1nd1ngs further conf1rm that the sample react1v1ty based on compos1t1on~1 analyses can be used to pred~ct the react1v1ty of contam1nated so11s 1n BOH flame and shock tests. 

3.0 Exper1mental 

. The follow1ng sect1ons descr1be. the test plan, select1on of test mater1a 1 s, m1x preparat1on and subsequent un1form1ty "test1ng, td tests, BOP-i Zero Gap tests and BOH DOT tests. 

3.1 Overall Test Plan 

Major explos1ve contam1nates 1n Army lagoons were 1dent1f1ed from ava11able analyses (see Table 6). The 1n1t1at1on sens1t1v1ty and explos1ve react1v1ty of the major so11d explos1ve components were assembled from Hercules data f1l~s and the 11terature and compared to estab11sh wh1ch are more sens1t1ve/react~ve than the others (Table 7). Based upon these ana lyse! and data, explos1ve and 1nert test mater1als were selected for BOM flame ana shock tests. ln1t~al tests were conducted w1th var1ous compos1t1ons of these mater1als us~ng the standard cr1t~cal d1ameter for explos1ve propagat1on test protocols to: (1) 1dent1fy compos~t1ons wh1ch should be unreact1ve 1n the BOM shock test and (2) estab11sh the relat~onsh1ps between compos1t1on, react1v1ty and p1pe d1ameter. Laboratory prepared compos1t1ons were then tested us1ng BOM Zero Gap test protocols to determ1ne compos1t1ons wh1ch were react1ve and non-react1ve 1n th1s test. Var1ous compos1t1ons were then tested us1ng BOH DOT test protocols to determ1ne compos1t1ons react1ve and non-react1ve 1n th1s test. Test results were evaluated stat1st1cally and presented for use 1n determ1n1ng explos1ve-contam1nated so11 compos1t1ons wh1ch can be classHied as react1ve or non-react1ve to the BOM tests based upon chem,cal analys1!. 
3.2 Selection of Test Sample Mater1als 

3.2.1 General 

The react1v1ty of Army lagoon sludges w111 depend upon the type of explos1ve present, 1ts concentrat1on 1n the non-react1ve (1nert) components and the degree of conf1nement afforded by the 1nerts 1n hand11ng and storage conta1ners. Typ1cal so11 analyses from two Army lagoons are shown 1n TableS. The data 1s based upon chem1cal anal¥ses of explos1ves-contam1nated sludges from Savanna Army Depot (SAO) and Lou1s1ana Army Ammun1t1on Plant (LAAP)6 ~ see Append1x 0. These analyses sho~ that the pr1nc1pal sol1o explos1ves present are TNT, RDX and H~X. Othtr so11d components 1nclude water, sand, -:lay and low (~0.1%) concentrat1ons of other explos1ves and heavy metals. 

3.2.2 Explos1ve Component 

A rev1ew of 1n1t1at1on sens1t1v1ty and explos1ve react1v1ty data summar1ze~ 1n Table 7 shows that ROX and HHX exh1b1t s1m11ar 1n1t1at1on character1st1cs when subjecteo to mechan1cal, electrostat1c and thermal 

19 



Table 6 

Typical Army Lagoon Sludge Compositions& 

Range, % 

Component (Dry Bads)b 

A. Explosive: 

l. nrr 5-41 

2. RDX 0.1-10 

3. HXX 0.5-1.5 

4. TNB, DNE, ND -0.1 

2-Amino, DN! 

!otal Explosives Content 9-41 

B. lnerts: 

l. Sane } ~ 52 

2. Clay 

aBased upon analyses shown in Appendix D. 

b Moisture content ranged from ll to 30%. 

ND - None Detected 

Source: Hercules Incorporated (Radford Army Ammunition Plant) 
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Compar lson of RDX. IIHX :1n<l TNT Jn I r I at I on. Flame ant! Shock Srnsitivity Characteristicsn 

Test 
Initiation Stl~•li llnlls Conditions TNT RDX HHX ----·-- --------- ----

1. Mechanical b 
a. Impact, TIL h ft-1h/In.2 Strel/stPrl 10.2 13.3 ) b. Sliding Friction, TIL p~; L !" R fps Slccl/stePl 70,000 21.000 23.000 • 

2. Electrostatic Spark Discharge, Til. b 
Joules N/A 0.025 e.024 o.of 

3. Thermal 
a. Differential Thermal oc - 300 232 .. 280 Analysis 
b. Explosion Temperature oc Jr,nltlon 520 Jl6 327 

ln I s (in 5 11) 

4. Flame 
a. Critical Height to Schedule 40 Explosion Steel Pipe 

2-in. dianeter In. 12 2 3 4-in. diameter In. ) 24 5 7 
s. Sho-:lt 

a. ~tonation Velocity m/s - 6,825 8,18<f 9,124 b. Critical diameter for ln. Schedule 40 c; 0.27 c; 0.27 c; 0., explosive propagation ' Steel Pipe c. Rifle Bullet Impact N/A 30 catlber 40% Expl. 100% Expl. 
60% Unaff. 

8 See Glossary in Appendix C for definitions nnd tes't criterla. 

h:Lowest values included only. Higher values availab\e reflect effect of sample thickness, particle size, density, etc. 
'\ 

cPressed pellet: density • 1.65 g/cc. 

N~ - not applicable 

Source: RAAP •aterials aensitlvlty laboratory FJtes and AKC Pnmr•hlet 706-177, "Explosive Series, Prbpertles of Explosives of Miliurv Interest.,~ Hnrch 1967. 



st1mul1. When conf1ned and subjected tQ submerged flame 1n1t1at1on (cr1t1cal 

he1ght test). each transHs from burn1ng to an explos1on react1on at low 

sample he1ghts ." Both mater1als susta1n a detonat1on react1on and have 

cr1t1cal d1ameters for · explos1ve propagat1on of ~0.27 1nch 1n schedule 40 

steel p1pe. For purposes of th1s study, 1t 1s concluded that ROX and HHX are 

equ1valent 1n 1n1t1at1on sens1t1v1ty and explos1ve react1v1ty. 

A compar1 son of RDX, TNT and HHX 1n1t1at1on sens1t1v1ty and 

explos1ve react1v1ty data 1n Table 7 shows that TNT reacts s1m11arly to 1mpact 

and electrostat1c d1scharge st1mu11. However, TNT .1s much Le~s sens1t1ve to 

sl1d1ng fr1ct1on and thermal st1mul1 as 1t requ1res greater energy for 

1n1t1at1on. flaked TNT 1s also less l1kely to trans1t to detonat1on as 

ev1dented by a cr1t1cal he1ght of -24 1nches 1n 4-1nch d1ameter conf1nemeat. 

In contrast, RDX and HHX have cr1t1cal he1ghts of 5 and 7·1nches, 

respect1vely, 1n the same conf1nement. 

TNT, RDX and HHX are all capable of detonat1on 1n small 

d1ameters (~0.27 1nch). The TNT shock wave propagat1on rate 1s slower 

(6,825 m/s) than those of RDX and HHX (8,180 and 9,120 m/s, respect1vely). 

From th1s compar1son. 1t 1s concluded that TNT 1s no more 1n1t1at1on sens1t1ve 

and a less react1ve explos1ve than RDX and HHX. 

It 1s concluded that the select1on of e1ther RDX or HHX, 

rather than TNT, for BOH flame and shock test1ng w111 result 1n a conservat1ve 

est1mate of explos1ve react1vHy for composH1ons conta1n1ng TNT or other 

secondary explos1ves of equal sens1t1v1ty 1n these tests. S1nce typ1cal 

lagoon analyses 1nd1cate that there 1s up to· 6 t1mes more RDX than HMX 1n the 

lagoons. RDX was selecteo as the cand1date explos1ve for use 1n th1s study. 

The presence of small concentrat1ons (<0.1%) of explos1ves other than TNT, RDX 

or HHX w111 have a negl1g1ble effect up~n the overall react1v1ty of sludge. 

Type II. Class 1 Rox7 was purchased from Holston Defense 

Corporat1on for use 1n th1s study. A Holston analys1s of the RDX 1s shown 1n 

Append1x E. A RAAP chem1cal analys1s of the Type II RDX determ1ned that H 

conta1ned 8.6% HMX and 2.8% of other n1tram1ne var1at1ons formed dur1ng RDX 

manufacture. 

L1mHed test1ng was also conducted w1th TNT f1nes obta1ned 

from the RAAP TNT Plant. Chem1cal analys1s determ1ned 1t to conta1n 99.84% 

2,4,6 TNT, 0.1" 2,3,4 TNT, ano small amounts (0.06" total) of DNT and water. 

The TNT part1cle s1ze d1str1but1on was determ1ned m1croscop1cally by measur1ng 

200 part1cles and plott1ng the data to form a d1str1but1on curve ( F1gure 6)". 

The d1str1but1on curve 1nd1cates that most TNT particles fall 1n the range of 

3 ~m to 200 lim (average -14 ~). Some of the larger part1cles measured were 

agglomerates 1nstead of single crystals. 

3.2.3 Inert Components 

3.2 .3. 1 Soil 

Soil samples from SAO and LAAP were character1zed as 

shown 1n Table 8. Us1ng U. S. Bureau of Pub11c Roads so11-classH1cat1on 

protocol (F1gure 7), the LAAP so11 was 1dent1f1ed as loamy sand and the SAD 

soil as sand. 
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Table 8 

Summary of Soil Characterization Tests 

Bulk Sieve Anal;tsis % Organic Type of 
Dens it:;:, &Icc Sieve, IJ % Retained Matter So118 

LAAi 0.99 420 30.48 6.06 Loamy Sand 
105 20.27 

75 .37 .05 
45 12.02 
45 O.l4b 

SAD 1.39 420 13.95 c Sand 
lOS 78.48 

75 5.06 
45 1.93 
45 o.58b 

RAAP Sane 

Sample ~o. 1 L3Sc 420 17.52 1 to 4 Sand 
105 78.48 

75 2.45 
45 1.48 
45 0.61b 

Samp:e !\c. 2 420 13.61 c Sand 
105 66.94 

75 8.43 
45 6.83 
45 4.19b 

8 Based upon U. S. Bureau of Roads protocol (see Figure 7). 

bp . h h ercent passlng t roug. sieve. 

c:Not determined. 

d Average of 5 measuremen~s in 16-in. long, 1.5-in. steel pipe (430 uU volume). 

Source: Hercules Incorporated (Radford Army Ammunition Plant) 
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Tn1s data also 1nd1cates that the sample preparat1on techn1Que used y1e1ded an 

acceptable level of m1x un1form1ty. However, a compar1son betwe~n laboratory 

analyses and the sample compos1t1ons prepared shows that the RDX analyses 

ranged from 1.0% greater to 2.2% lower than expected values. Most RDX 

analyses are lower and average 0.76% less than expected. lnspect1on of 

Table 9 1nd1cates that the greatest RDX analysis-to-expected var1ab111ty 

generally occurred 1n small mixes containing no water. A rev1ew of mix 

weigh1ng records 1nd1cates .that the proper we1ghts of RDX and sand were added 

to the mixes. The apparent sh1ft 1n analysis-to-expected c~osit1ons may be 

caused by errors 1ntroduced l!iy small, non-representat1ve samples, analys1s 

techniques, RDX 1mpur1t1es or other. Further 1nvest1gation to detena1ne the 

cause(s) of the analys1s-to-expected d1fferences was not pursued further 

because 1t was small and not expected to affect sa~le react1v1ty test results 

s1gn1f1cantly. 

Analyses of TNT and sand m1xtures are presented 1n Table 10. 

These analyses were also an average of 0.64% lower 1n expected explos1ve (TNT) 

content. Chem1cal analys1s of dupl1cate samples from four m1xes show that 

TNT/sand mix un1form1ty 1s not quite as good as RDX/sand m1x unHormHy, but 

1s acceptable for the tests conducted (Table 10). 

3.4 Cr1t1cal Diameter (Cdl Screen1ng Tests 

For all explosive mater1als, there 1s a d1mens1on wh1cn 1s too small to 

susta1n propagat1on of a shock. wave through the exp1os1ve. Generally, the 

more react1ve the explosive the smaller the cr1t1ca1 d1mens1on capable of 

propagat1ng an explos1ve reaction. Cr1tical d1ameter 1s dependent upon 

conf1nement, densHy, compos1t1on, etc. Stronger test conta1ner confinements 

are expected to reduce the explosives cr1t1ca1 d1ameter. CrH1cal diameter 

tests are normally conducted 1n 24-inch long, schedu11! 40 steel p1pe as 

descr1bed and shown 1n Appendix A. Use of schedule 40 steel p1pe generates 

cr1t1cal d1ameter dah useful in evaluating the r1sk of susta1ned exp1os1ve 

react1ons 1n typ1ca1 explos1ve process1ng and storage operat1ons. 

3.5 2ero Gap Shock Tests 

3.5.1 General 

Wet and dry ROX/sand mhtures were tested to define m1xture 

react1v1ty to shock as a funct1on of ROX content using the BOM Zero Gap shock 

test protocol descr1bed 1n Append1x B. Water-wet and dry mixtures of ROX and 

sand were conf1ned 1n steel tub1ng (F1gure 51) and subjected to 1nduced shock 

of two Pentol1te pellets. The· RDX content 1n wet and dry sand mhtures was 

var1~ to 1dentHy RDX levels wh1ch react explosively to shock a·s def1ned by 

the BOM test protocol. 

3.5.2 Analys1s 

. Standard Prob1t analysh techn1Ques5 vere used to establ1sh 

an RDX level 1n wet and dry sand m1xtures that has a low (0.5%) probab111ty of 

react1ng to shock 1n the BOM Zero Gap test conf1gurat1on. Ten test tr1als 

were conducted for each wet and dry RDX/sand coiiiJ)os1t1on tested to obta1n 

percent react1on data; 1.e., some of the tr1als reacted pos1t1ve1y to 1nduced 

shock. S1nce only 10 tr1als were conducted at each RDX level, result1ng 
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N 
.0 

Snmple 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

Prepared Sample 
Compusltfon, 
TNT-S:tnd, 11 7. -- ·-- -------· 

17-83 

17-83 

17-81 

17-83 

19-81 

19-81 

19-81 

19-81 

11Sand • 0.251 water-wet. 

b Analysis Techniques -see Appendix F. 

t 

T.,h lr I 0 

TNT /S:md C:nmpos I 1 I on,, I An01l ysrs 

Hlx Chrmfc<t] wt. 
'"'"' r~ 's." % lh ~--··. ------TNT S;uul ---- --·---- -----

)0 1.';.79 fl'l. 21 

* 1 '). 70 M.10 
)0 17.1•1 f\2.';9 

* lfi. 18 RJ.R2 

17 18.08 Rl.92 

* 19.79 80.21 
17 18.33 81.67 

* 17.56 82.44 

Difference 'Retwf'en l.<th AnalyseR and Prepared TNT ______ C~o.mposltion, ~ 

-1..21 

-1.30 

0.41 

-O.R2 

-0.92 

0.79 

-0.67 

-1.44 

Max. - 0.79 
Min. - -1.44 Average - -o.64 Std. Dev. • 0.763 

c: THT fines fr011 Radford AAP TNT Pl11nt. Ch€"111lcal analysis showed it to be 99.94% pure TNT. •Duplicate eaaple fro• preceding rnlx. 

Source! Hercules Incorporated (Radford Arrny AlmiiUnitton l'ldnt) 



probaM11t1es of a posahe react1on ranged from 10· to 90% 1n 1ncrements of 

10. The pert.ent react1ve Clata was plotted on probab111ty paper to convert a 

1ogar1thm~c funct1on between the probab1Hty of a pos1t1ve reaction 1n the 

Zero Gap test, and the ROX content 1n dry and mo1sture-wet samples tested to a 

stra1ght l1ne. Then a stra1ght 11ne was drawn through the data and 

extrapolated to the 0.5" react1ve level. The RDX level expected to react 

· pos1t1vely at the 0.5" level was determ1ned from the extrapolated plot and 

testeG to ver1fy that the wet or dry RDX/sand compos1t1on has a low level of 

react1v1ty 1n the BOH Zero Gap test. Ver1f1tat1on test1nv was accompl1shed by 

conduct1ng 20 conf1rmatory tr1als v1th the pred1cttd 0.5" react1ve 

compos1t1on. Stat1st1ca11y, there was a 90% chance of ach1ev1ng 0 pos1t1ve 

react1ons 1n 20 consecut1ve tr1als. Achievement of no react4ons 1n 20 

consecut1ve tr\als was accepted as proof of low compos1t1on react1v1ty. 

3.6 Deflagrat1on to Oetonat1on Trans1t1on <DDT) Tests 

3. 6.1 Genera 1 

Wet and dry ROX/sand mhtures were tested us1ng the 80H DDT 

test descr1bed 1n Appendh B and shown 1n F1gure 82. In thh test, samples 

were conf1ned 1n 3-1nch, schedule 80 steel p1pe and subjected to flame from a 

20-gram 1gn1ter. ROX/sand mo1sture compos1t1ons reactktg explos1vely were 

1dent1f1ed us1ng BOM test protocols. 

3.&.2 Analys1s 

Standard prob1t analys1s techn1ques5 were used to establ1sh 

an RDX level 1n wet and dry sand that has a low (0.5%) probab111ty of react1ng 

to flame 1n the BO~ DOT test conf1gurat1on. The test1ng scheme was conducted 

the same as descr1bed prev1ously 1n the Shock Test Plan. 

3.6.3 Test Conta1ner Assembly 

Assembly of the DOT test conta1ner 1ncludes 1nsta1lat1on of 

steel caps on both ends of threaded, schedule 80 steel p1pe. Installat1on of 

the second cap 1s performed after the p1pe 1s filled w1th the explos1ve 

RDX/sand test sample. Th1s operat1on produces fr1ct1onal heat1ng between the 

mat1ng metal cap and p1pe threads. The potent1a1 ~x1sts for sample 1n1t1at1on 

H the threads : ·ould become contam1nated. Ign1t1on of sample 1n the p1pe 

threads dur1ng rr.onual torqu1ng operat1ons could result 1n propagat1on of hot 

decompos1t1on gases or 1ncandescent part1cles to the bulle test sample 1ns1de 

the p1 pe. Ign1t1on of the h1ghly conf1ned ROX/sand test sample could result 

1n an explos1ve react1on and poss1ble personnel 1njury. Although the test 

conta1ner assembly procedure 1s des1gned to m1n1m1ze thread contam1nat1on, the 

potent1al for operator 1njury dur1ng a manual p1pe cap torqu1ng oper&t1on was 

an unacceptable r1sk. 

ConseQuently, pr1or to beg1nn1ng the flame DDT tests, the 

spec1al test f1xture shown 1n f1gure 8 was des1gned and fabr1cated to remotely 

torque p1pe caps on loaded p1pes. The torqu1ng fixture protects personnel 

from the consequences of an acc1dental 1n1t1at1on of explos1Ye dur1ng p1pe cap 

1nstallat1on. The p1pe cap torqu1ng f1xturt cons1sts of a cha1n v1se to hold 

the loaded test conta1ner stat1onary, a roller cam lock cap gr1pp1ng assembly, 

an a1r o~erated 1mpact wrench to ·turn the cap gr1pp1ng assembly, and 

30 



,__ ----

w -

--

Knurled AN 
Roller (3) 

Wedge (3) Pipe Cap 
Crippins Device • 

rtwure 8. Cap Torquin& Fixture 

Source: Hercules Incorporated 

t 

I Air Operatr1l---..._____ 1 

Tnop:~ct Wrench -------...r.-}-:-J 

Socket 

Steel Test· 
Container 

r;q~ 
. 

I ! 
I I 

it~~ 
r ~ • t 

lotted At • 
Pipe Support 

Adju!!tahle 
Support 

Vise 

USSY with 
Brake 

.,. I' I , Ia~' Ui ... J ·~ ~··-·· ------.- --· '-··-. t-rlJ, !I 
. :I , ~I 

't· , .. ':..:1 
(Radford Anny AB~•mltJon Plont) 

-~-. ' ( I. -1_:.~ ,L.-~ 
. . 

• I •. • 



support~ng members. No acc1denta1 1n1t1at1ons occurred dur1ng tht remote 

conta1ner DDT test assembly operat1ons. 

3.6.4 Test Conta1ner 01sassemb1y 

Operating procedures were developed to protect test personnel 

from poss1b1e delayed thermal cookoff reactions 1n the case of no sample 

react1ons. lest tr1a1s 1n wh1ch the sample was not suff1c1ently energet1c to 

rupture the pipe or cap, posed the r1sk of an explos1ve react1on dur1ng 

subseQuent d1sposal operations. Manual removal of a p1pe cap· from the closed 

conta1ner was an unacceptable r1sk due to the poss1b111ty of a delayed thermal 

cookoff react1on 1n .the test sample. Pr,v1ous procedures requ1red a 24 hour 

wa1t1ng per1od before enter1ng the barr1caded test area. To enhance personnel 

safety and m1n1m1ze wa1t1ng times, a Compos1t1on C-4 destruct charge was taped 

to the outs1de of the test conta1ner at setup t1me. If 1 negat1ve sample 

react1on (no explosion) was ascerta1ned, the Compos1t1on C-4 destruct charge 

was 1n1t1ated remotely to punch a hole through the p1pe wall and vent the test 

conta1ner. The ROX/sand m1xture was then washed out of the p1pe v1a the hole 

before manual removal of pipe caps from the re~1n1ng p1pe sect1on(s). 

Test1ng conducted w1th sand f11led, capped p1pe determ1ned that a 0. 5 1b 

Compos~t~on C-4 charge we1ght and hollow cone conf1gurat1on were suff1c1ent to 

punch a hole through the p~pe wall. Subsequent DDT test' demonstrated that 

th1s safety techn1cue reduced test t1me and d1d not affect DDT test results -

even react1ve DOT tr1als w1th RDX/sand m1xtures d1c not 1n1t1ate the 

Compos1t1on C-4 charge. It 1s 11ke1y that very react1ve samples could 

1n1t1ate the Compos1t1on C-4 charge, but the test result would not be changed 

by the ComposH1on C-4 react1on s1nce the very react1ve sample would test 

pos1t1ve to flame 1n1t1at1on anyway. 

3.6.5 Bulk Oens1ty Measurements 

The vo1d volume 1n the schedule 80 steel p1pe test f1xtures 

wzs var1able due to d1mens1ona1 var1at1on of the p1pe and p1pe cap thread!.. 

Some caps wouid screw down more than others and decrease the vo1d volume. 

Bulk oens1t1es were calculated us1ng the we1ght of sample requ1red to f111 the 

test un1t and est1mated vo1d volume determ1ned by measurement of un1t 

components. Average bulk densH1es for the ROX/sand compos1t1ons tested are 

comparable to bulk dens1t1es obta1ned for s1m11ar compos1t1ons dur1ng Zero Gap 

test1ng. 

4.0 WARRANTY AND DISCLAIMER 

WHh1n the scope of work, ·Hercules warrants that .1t has exerc1sed 1ts 

best efforts 1n perform1ng the hazards analys1s and test1ng reported here1n, 

but spec~f1ca11y d~sc1a1ms any warranty, expressed or 1mp11ed, that hazards or 

acc1dents w111 be completely el1m1nated or that any part1cular standard or 

cr1ter1on of hazard or accident e11m1nat1on has been ach1eved 1f the f1ndings 

and recommendat1ons of Hercules Incorporated are adopted. 
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'tabla Al (COh"T) 

Load in& 
Icd-to-bd 

'I~1al 
C.oc-os!tio:;, t)e:~sity, 110111Dal Sch. 40 Pipe 

P12• Sin 1 c in. 

.2!.£.:_ ~ ~ ~ 
s/ec 

Traenutior. 

36 20 6G 20 1.860 1.5 

57 20 60 20 1.736 1.5 

58 15 65 20 1. 794 1.5 

59 l5 65 20 1.834 1.5 

60 l5 65 20 1.821 1.5 

6l 20 60 20 1.818 2.0 

62 l5 65 20 1.908 2.0 

63 10 70 20 1.811 2.0 

64 10 70 20 1.795 2.0 

65 10 70 20 1.819 2.0 

66 100 1.380 2.0 

67 
100 0.975 2.0 

aType t:, Class :. !~l~ dens~ty ave~aged 1.11 alec. 

bKoiltU~t 1n sand ~anzt~ f~o: 0.! to 0.2%. Sand ~u1k density avera&ed 1.40 &fcc. 

cTyp1cal pipe inaidt diaacter for no:inal ach. 40 pipe: 0 • .5-iD. Noa. • 0.622 iD.; 

1.0-in. 11~. • 1.04S 1n.; 1.5-in. Nom. • 1.610 iD.; 2.0-iD. Joa. • 2.067". 

4"+" duirnaus poait1ve results; Pipe f~apeneted entire lenatb of 24-iD. lOD& pipe. 

"-'' dtsipates neaative reat,;lt; Sample tid not austaiD abo~k vav& pTopaaat1on. 

Sour:e: Hercules Incorporated (RAdford Army Ammunition Plant) 
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APPEh"DIX B 

PROCEDGR!S FOR THE CLASSIFICATION OF 
EXPLOSIVE SUBSTANCES 

~\"D TEST RESL~TS 
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(0.012 ~nch) 1n d1ameter lead w1res 0.0&& em (0.026 1nch) 1n diameter; the 

overall w1re d1ameter 1nclud1ng i~sulat1on 1s 0.127 em (0.05 1nch). These 

lead w1res are fed through small holes 1n a brass d1sc approx1mately 1 em 

(0.4 inch} in d1ameter and 0.08 em (0.03 1nch) th1ck, Wh1ch 1s soldered to 

the end of 23 em (9 1nch) length of •us 1nch• steel p1pe hav1ng a 

d1ameter of 1.03 em (0.405 1nch); th1s p1pe 1s threaded at the outer end 

and screwed 1nto a threaded hole on the 1nside of one of the pipe caps. 

Th1s p1pe supports the 1gn1ter capsule and serves as channel for the 

1gn1ter w1res. The 1gniter 1s f1red by 1 current of 15 amperes obta1ned 

from a 20-volt transformer. 
· 

Cr1ter1a~ Th~ cr1ter1on currently used 1n thi 1nterpretat1on of th1s test 

1s ·that for a pos1t1ve result e1ther the p1pe or at least one of the end 

caps be fragmented 1nto at lust two cl1st1nct p1eces, 1.e., results 1n 

wh1ch the p1pe 1s merely spl1t or 1a1d open or 1n wh1ch the p1pe or caps 

are d1storted to the po1nt at wh1ch the caps are blown off are cons1dered 

to be negat1ve results. Although 1t may be argued that a small number of 

fragments does not 1nd1cate the development of a detonat1on, 1t at least 

1nd1eates a very rapidly r1s1ng pressure Wh1ch 1n 1 larger sample could 

lead to development of detonat1on. · 

DDT Test1ng us1ng a 20-gram (308-gra1n) 1gn1ter 

st1mu1us. Substances that y1e1d a negat1ve 

(308-gra1n) 1gn1ter are 1nterpreted to have 

propert1es. 

prov1~s a strong thermal 
resu1t w1th a 20-gram 

no s1gn1f1cant explos1ve 

SOURCE: J. Edmund Hay, R1chard w. Watson, and R1chard J. Ma1n1ero, U.S. 

Bureau of H1nes, Department of the Jnter1or, P1ttsburgh, PA 15236. 
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~,,•"' ,j Tabla !l 

JO~ Zero Gap Shoe: I< Tnt Jaaulu - lDI/Saad Mixture• 

~Tut Criuru11 Load in& Sheck PTcpaaaticn 
bcl-to-Exld 

l:-1&~ Co=-ooa1:io::, : Denaity, b:e rnru Velocity 11ole 11:1 Pipe ,.,. ~ P.:lX 1 Sane~ ~ alec S!!:El•, c a/a , 11500 .,. Plate fr&l!,!ntat1on laaction • l lOC 0 0 1.088 6,110 + + + + 
2 100 0 0 1.096 5,780 + + + + 
J 100 0 0 1.191 6,475 • • • + 
.. 100 0 0 1.079 6,882 + + + + 
5 100 0 0 1.088 6,882 • + + + 6 0 100 0 1.422 1,215 7 0 100 0 1.446 f 8 0 100 0 1.Ui f 

+ 9 0 0 100 0.997 1,364 10 0 0 100 0.98: 1,366 ll 0 0 100 0.981 1,419 
+ :2 0 80 20 1.879 766 l3 0 80 2C 1.854 f ~.:. 0 80 2':" 1.862 724 

!! 50 so 0 1.207 3 •. 362 • + + + :€ 3~ .. c 1.306 1,826 + + + ... . - :o s: c . ' 1.2;4 3,790 + + • 
a 2C 8C 1.352 2,788 • ... + 
_, 2C !C· !.JS~ l,76j + + ... 2C s: ~ 

1.372 1.9~9 + + 
. 

2C e: 1.3.:. '; 2,50~ + + + 
-- 2: sc ·- l.3:o , 2,500 + ·- 2C s: 1.3~7 !. 763 • • 

~ .. 2C s:: ~ l-3:!5 2,101 • + ... 
.. :; 20 8C c l-3~/ l,4ll 2~ 20 8C l.3!: 1,8U • + ... 2C s~ 1.352 2,029 + 

:~ lE. 7! !:.2~ !.298 2,337 + 2~ 1!. ~ 5 8~.2! l.2ii 3,240 + • ... 3: l!.7~ e:.:~ c l.28~ 3 ,644 + !: :s. :s 8:.:5 l.273 3.6~.:. + 3: l8. iS e:.z.s l-28~ 3,644 + -- H. i~ s:.:s c l.33: 1,829 ... 
+ ... 3- l!. 7! II:. 2'! 1.26! 4,129 • ~! lS. 75 s:.2s :.28e 4,129 ... jf :e.~: e:.:s c l.33S 1,41S .lt ll! .• i 5 a.:. • < ... c. 1.306 2,2.!-6 + 

Je 1i.5 82.! C· 1.339 , 3,900 + + ... 3S l7.! 12.! c l.33S , 2 ,ace + 
,. .:.c 17 . .5 82.5 0 1. 343 I I .. 17.~ 82.5 0 1.343 I .I -· 17.5 a:.5 c 1.327 I I .. ) 17 . .5 82.5 0 1.323 2,2.53 + 4'- 1~ .. s 82 . .5 0 1.364 1,192 + + ... 

.. 5 17.5 82.5 0 1.335 2,101 + .. ~ l i .5 82.5 0 1.3.:.7 3,000 ... 47 17.5 82 . .5 0 1.327 2,.594 + 
48 1.5 8.5 0 1.3.59 1,313 49 1.5 1.5 0 1.314 1,471 50 1.5 1.5 0 1.310 , 3,400 + .51 1.5 1.5 0 1.380 , 2,.500 + .52 1.5 1.5 0 1.331 , 3,000 + 1 .53 1.5 1.5 0 1.327 2,191 + I .54 1.5 85 0 1.364 76.5 .55 1.5 8.5 0 1.319 3,9.51 + .56 1.5 1.5 0 1.393 1,701 + .57 1.5 8.5 0 1.372 I I se 1.5 83 0 1.389 I I .59 1.5 8.5 0 1.368 f -60 l.S 8.5 0 1.347 I I • .. 
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'Iable Bl (CCIIlt) 

10M 'I&It Criteriad 

Load in& Shock PTopaaatiou 
bd•to-I.zui 

lt1a:. Cc-::~ 0 I 1 t iCIT' •• % ~nsity, ~u Thru Velocity Bole 1n !1.pe Type • 

.liS:.,_ ~x• ~ ~ 
she Sa~neh • c =I• ') ~1300 .,. Plau Fraeuutiou l.eactiOt'. 

61 13 83 0 1.327 I I + 
h 

62 13 85 0 1.327 
f + 

63 13 85 0 1.335 f 

6.:. 15 es 0 1.323 I I 

6.5 15 85 0 1.3.52 
f 

66 l.S 8.5 0 1.319 
f 

67 1.5 85 0 1.327 2,y29 + 

6! l.S a.s 0 1.327 

69 15 8.5 0 1.319 
f 

70 25 65 10 1.261 3,644 + + ... 

71 25 65 10 1.269 1,894 + + ... 

72 25 6.5 10 1.310 2,2.56 + 
... ... 

73 2.5 6.5 10 1.33.5 2,693 + 
... + 

7t. 25 6.5 10 1.249 2,2.56 ... ... .. 

75 2::.5 66 . .5 lO 1.306 2,256 ... + ... 

7~ 23.5 6e . .s lC 1.269 3,21.0 ... ... ... 

i7 23.5 6e.5 lC 1.2cs 4,314 ~ 
... ... 

n 23.5 6C • .S 10 1.286 1,829 ... ... ... 

79 23.5 66.5 10 1.26.5 3,.502 ... 

8C 23.~ 6b.5 10 l.2e5 2,60~ 
... ... ... 

e~ 23.5 66.5 10 1 • .22~ 2,890 ~ 

s: ;;; . .; 6c . .s 10 l.25i 1,76.S ~ 

E:: 
•• < 6£:.5 10 l. 2C3 2,420 .. ... ... 

. .; . .,. 
6- 2::.5 6C.5 lO l.2lS II I 

6~ z: 6E lC l. 273 3,.502 + 
... ~ 

&e 
. , 6e lC " "l·- 2,337 • 

... 
... . ·•'' 

s; ., ... • 6S 10 l.33S 2,337 + 

6e :2 6e 10 1.267 1,t.i3 

e:: 2: 68 1C l.2H 3,.502 ... 

9: ce 10 l.22S 3,235 + 

s: 2~ 6S lO 1.2ii 1,641 ... 

5: 
.. 6S 10 l.3~S 2,t.l7 ... 

5:: 2: 6€ 10 l. 2S- 1,763 ... ... ... 

s- H :c l.327 2 ,.59~ .. 

9.: 1>- il lO 1.26~ 
3,790 ... 

St lS I • 
lC 1.3oe 1,.526 ... ... 

l~ 
10 :...3oe 2,669 ... 

s~ :~ 71 10 l. 30: l,2l3 
• 

9S :; 
., ,_ :..c l.3:C 3 ,ll5 ... 

lC·C :s i~ 10 l.2~S l,l-73 

...... -- 1;. 10 :. u: 1,16£: 

:c: lS 10 l.23c .:.,957 ... 

103 lS 
., 
'• 10 l. 249 2,896 ... 

10~ lS 7l 10 1.21.- 3,36; ... 

105 1E . .S 6l.! 2C 1.755 3,9.57 .. .. ... • 

!0! 18.3 61 • .5 20 l. 76~ 3,957 ... .. ... 

107 17 63 20 1.78.:. I I + + ... 

1oe l7 6~ 20 1.,59 3,9.57 ... ... ... ... 

109 1i 63 20 l. 780 3,9.57 ... ... + ... 

110 17 63 20 l. 7l4 603 

1ll 17 63 20 1.751 3,741 + 
+ + 

112 17 63 20 1.78~ 

+ 

l13 1i 63 20 1.677 
f 

+ 

ll4 17 63 20 1. 776 f 
... 

115 17 63 20 1.731 
f 

lH 17 63 20 1.764 3,644 + 
+ + 
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.. .,,, 
'Iabll ll (cent) 

10M Teat Criteriad Loac!int; Sho~k Propa1ation I.Dd-to-bd 'Irial Com!'losit!o::, % Density, ute Ihru Velocity Bole 1n Pipe Typ ~ P.DX* ~ !!..:.!.! !'~= Su:Ele,c m/a > 1,500 'IIlii Plate fral!!!ntatiotl .!!.!.5l 
ll7 16 • .5 63. s' 20 l. 73S 564 ll8 16 • .5 63 • .5 20 1. 722 893 119 16 • .5 63 • .5 20 l. 73l 724 120 16 . .5 63 • .5 20 1.7.51 766 121 16 • .5 63 • .5 20 1. 743 I I 122 16 • .5 63.5 20 1.743 .564 123 16.5 63 • .5 20 1.780. 4,129 + + + + 124 16 . .5 63 • .5 20 1.739 684 12.5 16 • .5 63 • .5 20 1.7.51 8.50 126 16 • .5 63 . .5 20 l. 75.5 1,119 + 
12i 16 64 20 1.7.5.5 643 128 16 64 20 1.764 981 129 16 64 20 1.804 8.50 130 16 64 20 1. 7.51 1,31.5 131 H 6;. 20 1. 776 106 132 16 6• 20 l. 772 643 . '' ... __ 

16 6- 2C 1.7.5: 766 
13~ lt 6:. 2C 1. 7.:.3 .52.5 :.J! H 6.;. 2C l. 7.55 .564 13f 16 6.;. 20 1.8:7 lOS + '.- 16 64 ~- ~.7SC 1,072 + 
.jl 

·~ 13S 16 6- ~" ·~ 1.776 1,!16 + '" ..... le 6- 2C l. 7!! I I 1-C :e 6- 2C l. ? .. i 1.ns + ~-~ l~ 6- • v l.i6.;. f • 1.:.2 H: 6- 20 :. 776 ! 
+ ... ; :e 6- 2': l. 76S I I 

l-- 16 6· 2: l. 76- a I ... : 16 6 .. 2C· ~.76e 937 + l .. t> 16 6- 2C ~.76.;. l.c;: + 

1 !ype I:, Class l. 

c!"+" i.nc!i~ates pos~:ive res·.;.:~. "-" inc!icnu. neaative re•u1t. Sea AJ!pencliz I for further daacription of 10M c:i:ar.i 
1 "+" !nclica:u positive res;.;::; 2 or 3 c:itaria are positiVe and tbanfora the tut 11idicatu auat&inecl 11ropaaac1ou of the aho~k wave ti'.rou1!1 tile UZDFle. "-" in<hca tea ne1at1ve ruult. See .+.ppendiz I for further ducr1pt1ou of 10!! c:!teria. 

J 
·Decayina raactior.. lie ateacy state velocity in aaaple. 

IPropaaation rate not re~orc!ec! - Oscilloscope triaaer c!id not function. 

hlnsu!f1c1ent cri:aria to cle:e::!ne i! reaction VII pol1tive. 

Source: Hercules Incorporatec! (kadforc! Army ~n1tion Plant) 
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Table B2 {cont) 

a Type II, Class 1. 

bSand : 0.25% water wet. 

c"+" indicates positive result - that the pipe or an end cap fragmented into 

two or more distinct pieces; "-" indicates negative result. See Appendix B 

for further description of BOM criteria. 

~ot detet"'tined. 

Source: Hercu~£s lncorporated (Radford Army Ammunition Plant) 
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APPENDIX C 

STATISTICAL ANALYSIS 

OF 

ZERO GAP TEST DATA 
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IAO,OIO AIMY AMMUNITION PLANT 

TO: F. !. lriato!!, Manater 

Ha.zards Analysis 

FROM: 

APPENDIX C 

Memorandum 

AU&Uit 15, 1986 

The final &Dalysis bas been written !or the :ero-ttP data. Appendices !or 

tabled results and a tlossary !or statistical terms are included. 

A stepwise retression was done for the entire 1et or zero-cap data to 

determine if there was a relationship between 1hoclwave propasation velocity 

and sample composition components ('7. RDX, '7. Sand and '7. a2or. 

A. !he independent variables RDX, Sand and H20 were entered into the ~ 

stepwise procedure. !be results indicated that 43'7. {r2 • .4,lSS9) o! 

the variability in velocity could be explained by !DX and H20. The 

variable Sand was removed !rom the model.vhieb indicated that it was not 

important in relationship to velocity in this model (Appendix!). 

a. Due to the !act that the above stepwiae procedure forced Sand out o! 

the model. A re,ression was run a&ain !orcin~ Sand into the 

procedure. Ibe results indicated that 43'7. (r • .431SS9) o! the 

variability in velocity could be attributed to RDX and Sand. Note 

that the estimated coe!!icients (beta'a) were eQual and opposite !or 

·SAnd (37.S7) and H20 (-37.87). The eJplainAble variability in 

velocity (r2 • .43) was eQual whether Sand and RDI or aox and H2o 

were the VAriables remainint in tbe re&ression model (Appendix I). 

B. In order to ahow an analysis o! Yarianee tor re&ression !urtber analysis 

was done on the entire data 1et uain& th• =ultiple re&resaion approach. A 

re&ression eould only be run on lDX and Sand (Case l) and on lDI &nd H2o 

(Case 2, AppendiJ II>. 

l. <RDX and SAnd) Model: 1 • b0 + bl I1 + b2 I2 

Velocity • -1980.14 + 80.67 IDI + 37.87 Sand 

2. (!Dl and H20> Model: 1 • b0 + b1 J1 - b3 I3 

Velocity • 1807.06 + 42.80 iDI- 37.87 H20 
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~ 
F. !. triato!! -2- Aucut 15. 1986 

Ibe addition of any sincle variable to a recression system will lnertalt the recression sum of s~uares and thus re~uee the error tum ot sQuares. A decision must be made as to whether ~be inereast·ln recrtaalon 11 tu!!ieient to warrant usin& the variable in the aodel. Dain& uniaportant .·variables till reduce the t!fectheneu of the prtditti'OD equatiOn bJ · inereasin& the variance of the estimated rt~onat. !bil point caa bt puraue~ by uainc the t-distribution to teat: 80 : IJ • 0 B1: IJ I 0. It BJ ~oes not sicnifieutlJ differ from 0, it a&J bt justifiable to remove the I variable (in Question) from the ~tl. 
l. CRDI I.Dd SI.Dd Model) - A t-tut VII run tor tht variabltl ID%, Sud &Dd the const&Dt term (b0 ). .All wr~ lipitieut at Ut • •• OS level &Dd should remain in the .odtl. Ibe t-ttst in Ue &Dal71l1 of v&ri&Dct !or the re&ression 7ieldtd &D !-ratio of 37 vhleh va. li&ni!icut at the- • .OS level for tht model (Apptndlz II).· !-sQuared was .43159 !or both variables in the •odtl. 
2. (RDI and H20 Model) - A t-tett vas run for the variables !DI, BZO LDd the constant term b0 • All were sicni!icut at the~ •• OS level. !be !-ratio tor the analysis of variance vas 37 which was sicni!icant at the• • .05 level. 1-s~uared vas .43159 tor both variables in the model CAppendi% Il). 

C. An additional approach was made in an attempt to further analyze tbt data. !he &oals !or three component chemical in,rt~ientl I1, J2• I3 are: 

a. I 1 + I 2 + 13. s 100 tor all ezperimental eonditiona. 
IhP. cltssic multiple recression model is Yi • b0 + b1 Ili + b2 I2i + b3 I3i + ei. As lone as I1 + I2 + I3 add up to a . constant value, the least sQuares solution to estimate the b'l bas DO unique solution. !here is an entire set of values that Jitld the aame fit. Ibis is supported by Ca~e 1 and Case 2 in the multiple re,ressioc procedures in Part B o! this memo which provides the sLme model tit wi~ the eQuations: 

l. Velocity • -1980.14 + 80.67 iDI + 37.87 Sand &Dd 2. Velocity • 1807.06 + •2.80 iDI- 37.87 B20. 
. . Ibe classic model !or plottin& any ezperimental.conditions in a tbr .. component cbemieal composition system is ~1th tri&n&ular paper with 10~ composition o! each component represented by the apt%ts or tbe trlancle. Since the craph it a !lat plane, this correspond• to a two variable cartesian coordinate system. · 

A aodel usin& these two coordinates can be calculated !rom the orl&inal composition usin& the !ollowin& transformation: 12 • Sand and x3 ~(l~~ CRti - s2oij. At that point, the •odel (Velocity • b0 + b1 [ li•P ClDI - H20>J + b2 Sand) 11 valid u a predictor of a !lat . re1ponae surface above or throu&b a trian&ular plane. ·~other ~~l uslcc two coordinates was also calculated. The model (Veloclt7 • b~ + ~ (l/~ (!DI- Sand)) + b2 H20 is also a valid predictor or a·tlat · response surface above or throu&h a trian&ular plane. . . 
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F. ! . l.ristot! -3-

Case l: Velocity • 2053.39 • 60.91 (l/.r3 (lD.I - H20l) - 2.46 Sud. !be 

stepwise procedure inc1ieatecl that S1.11d bad no e!!tet on nloei tJ it there 

vas uo di!!trenee between IDI &nd H20. FortJ-tbret percent of tbe 

YariabilitJ in YtloeitJ could be explained bJ I3 and Sand. A t-teat vas 

run en the Yariables I3, Sand and the constant ttra (b0 ). tbe 

constant term and x3 vert ai&nitic~t at tbt ~ • .OS leYel. Tbe t-test 

vas not sicni!icant !or Sand which indicated that Sand abould be reaoYed 

from the model (Append!J III). tbt ! -test tor I3 was li&ni!icut as · 

Vlll. 

Cue 2: VeloeitJ • 3947 + 37.09 (11!3 (lDI - Sand)) - 59.27 B20. tbt 

n.rhblu I 2 • (1/.tl (IDI - Sand>) and H20 r•dned iD the lttpvin 

model. A t-test vas run on the Yariablea X2 and B20 and the constant 

term (b0 ). J.ll were ai&nitieant at the~ • .OS lntl. Tbt !-teat .was 

si&ni!ieLDt !or both Yariablta in the re,reasion model (Appendix IV). 

In eonelus ion, Sand 1.11d H2o· ban simil.&r efface'" on veloc.ity... 'l'bere is uo 

e!!ett on veloeitJ due to Sand i!'the difference between RDI and H20 does 

not ehan,f. Fer ex~le, if test !irincs are ~de at a certain leYtl of lDI 

and H20 and an adjustment is made in aueh a manner that the pereentace o! 

Sand is decreased by 10~ by addinc S~ more lDI and 5~ more B20, then ~ 

Yelotity will remain the same. 1 haYe used three di!!erent methods or lookin& 

at this data &nd all baYe ,i,en the same results. 

These best !it models ciYe the same information as the model in Part A 

(Stepwise le,ression:· IDI, Sand, H20), usinc onlJ a constant term l.lld two 

eoe!!ieients vbieb is clearly a superior !it. 
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la.bl·e Cl 

Sttp~ise letresaion 

!able Results (A) 
r-squartd • .431589 

V.riables in Model Variable• Not in Model 

Variable Coetticient (b's) F-Remove 
·Partial 

Variable Corr. 
1. lDI 42.79869 49.6113 2. S&Dd .0000 3. H20 -37.87201 7.71~ 

Variable~ 

1. i..OI 
2. Sud 

!able Results (a) 

Variables iD Model 

£st. Coet!icient (b's) 

80.67070 
37.87201 
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F-!nter 

.0000 

F-lemove 

37.0127 
7.7154 



Table C2 

Multiple Retression 

Model Fittin& Results (Case ll 

Variable 

COIIIt&nt 

!DI 
S&nd 

Coe!fieient 

-1980.137219 
80.670702 
37.872008 

Stnd. Error 

1219.115424 
13.259912 
13.6~4473 

!-Valu-. 

-1.6242 
6.0838 
2. 7777 

Allalisis o! Vari aDc:e !or the Pull ResnuioD 

Source Sam of Squares DF 

Model 82390851 2 

Error 1.0851£0008 98 

Iota.l (Corr.) 1.9090£0008 100 

r-sQuarea • 0.43l58S 

r-IQuarea (Adj. !or D.F.) c 0.419989 

St&ndard erro~ o! estimation c 1052.26 

Mea.n Square F-latio 

41195425 37 

1.1072£0006 

Model fittint Results (Case 2) 

Variable Coefficient 

1807.063624 
42.798694 

-37.872008 . 

Analysis 

Source Sum of Souares 

Model 82390851 

Error 1.0851£0008 

Iotal (Corr.) 1.9090£0008 

r-1quared • 0.431589 

of 

Stnd. Error 

232.815245 
6.076314 

13.634473 

Variance !or the full 

DF Mean Square 

2 41195425 

98 1.1072£0006 

100 

r-squared (Adj. for D.F.) • 0.419989 

Sta.ndard error o! estimation • 1052.26 

56 

!-Value 

7.7618 
7.0435 

-2.777 

Rer.ress ion 

f-htio 

37 

Prob (> ! 

.1075 

.0000 

.0066 

Prob (>F) 

0 

Prob (> I ) 

.0000 

.0000 

.0066 

Prob (>F) 

0 



~ 

~- _, 

r-squared • 0.431068 
r-aquared (Adj.) • 0.425321 

Variables in Model 

Variable Coe!fi dent 

1. I3 72.26252 

Variab1~ Coe!fichnt 

Cocstant 2053.3978!2 
13 ~9.9052!8 
Sand -2.463343 

Analysis 

Source Sum of Sguares 

J!odel 82390851 
Error l. 0851£0008 

!otal (Cor:. > 1.9090£0008 

T~lt C3 

Stepwise (Case l) 

MSE • 1.09707£6 Vitb 99 D.F. 
Variables Not in !odel 

Parti~. 
F-bmove Variable CorrelaticiD F-Enter 

15.0101 2. Sud -.0303 .0900 

!!odel Fi ttiDI luu1tl 

Stnd. Error T-Value Prob (> T ) 

639.178137 3.2126 .0018 
11.490392 6.0838 .0000 

8.213033 -.2999 • 7649 

ot Variance tor the Full Resreuion 

DF J!ean Square F-!atio Prob (>F) 

2" U19S425 37 0 
98 1.1072£0006 

100 

r-squared • 0.431589 • 43~ o! the variability in velocity ean be t%plained by 
1 3 ud Sand. 
r-squared (Adj. !or O.F.) E 0.419989 
Standard error o! estimation E 1052.26 
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r-squared • 0.431589· 
r-aquared (Adj.) • 0.419989 

Variables in Model • 

Table C4 

Stepwise (Cast 2) 

MSE • 1.10725£6 with 98 D.F. 
Variables Not in Model 

Variable Coe!!icient F-Rr.move Variable 
Partial 

Correlation 

Variable 

Constant 
12 
H20 

Source 

Model 
Error 

37.08726 
-59.27136 

Coefficient 

3946.998304 
37.087256 

-59.27l3SS 

'Analysis 

Sum o! Squares 

82390851 
1.08SlEOOOS 

Total (Corr.) 1.9090E0008 

o! 

Multi2le le1reuion 

Model Fittin& Results 

Stnd. Error !-Value Prob 

199.469712 19.7875 
5.265437 7.0435 

13.100827 -4.5242 

Variance !or tbe Full Reneuion 

OF Mean Square F-btio 

2 41195425 37 

98 1.1072£0006 

100 

F-Enter 

(> T l 

.oooo 

.oooo 

.0000 

Prob (>F) 

0 

r-aquared • 0.431589 43~ o! the variability in •elocity ean be explained by 

l2 a.nd 'H20 
. r-aquarea <Adj. tor D.F.) • 0.419989 

Standard error o! estimation • 1052.26 . 
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Glouary 

Coe!!ieient (b's) - estimates o! the model coefficients tor tach i~dtpt~dent v&riable (y • b0 + bl I 1 + .b: I2 + b3 I3); 

F-tc-Enter - enters a value !or the F ratio aboYe wtieh Yariablea will be e~tertd into tb~ model; 

F-to-Remove - tntera a Yalut !or the F ratio below which tariabltl will be removed !rom the model; 

Partial Correlation Coe!!ichnt - aeuuru tht relatioDihip bttVteD two variables while eontrollinc tor the po1siblt ettect1 of otbtr variablta. !hese e!!eets art co~trolled bJ ramovi~& the linear relationJbip with tbe other variables be!ore calculatin& tbt correlatio~ cot!!icieDtl between the variables o! interest. Partial correlation 11 ~•e!ul !or uncovtriD& biddt~ relationships, identi!yin& intervenin& variables and detectiD& spurious relationships; 

St~dard !rror of Estimation - the standard deviation o! the error in the model; it measures the amount o! variability in the dependent variable not explained by the estimated model; 

Me~ Square - sum o! s~uares divided by the decrees o! freedom: 

!-Value (!est Statist:c) - calculated by dividin& the coe!!ieient term by its studard error; 

P > /!/ - the probability that a larcer t-value would occur if there were no mar&inal contribution !rom that variable; 

P > F - the smaller the probability value, the more likely that a !actor has ~ si&ni!icant e!!ect on a response variable; 

r-sguared - represents the percenta&e o! variability that can be explained by the variables that remain in the model a!ter a re&ression has been run; 
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APPENDIX D 

CHEMICAl ANALYSES OF 'l"'lPICAl 

EXPLOSIVE CON!Jl~NATID 

ARMY LAGOON SOILS 
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-. 7ABLE tl. SAVANNA ARMY DEPOT ACTIVITY SOIL ANALYSIS 

Total Ana1ys1s 

Parameter 

Mo~sture~ ~ 
Ash, ~ es received 
Ash, % dry basis 
Heat~ng Va1ue. Btu/1b as rece1ved 

Range of Values 

11.7 - 26.3 
44.5 - 12 .• -5 
60.5 - 15.6 

wo2- 2,3i4 

E1ementa1 Ana1ysis (Dry Weight l&s1s) 

Parameter 

Sulfur, % 
Carbon, % 
Hydrogen, " 
N1trogen, % 
7ota1 Chlorine % 

Range of Va 1 ues 

lfD 
2.68 - 12.70 
o.2a - ·o.7s 
, .01 - ,.03 

ND - 0.12 

Heavy Metals Content (Dry We1ght 8as1s) 

Parameter 

Bar1um (Sa), ~pm 
Cadm1um (Cd), ppm 
Chrom1um (Cr), ppm 
Copper (Cu), ppm . 
Lead ( Pb), ppm 
21nc (2n), ppm 
Arsen~c (As), ppm 
Selenium (Se), ppm 
Mercury (Hg), ppm 

Range of Va1ues 

17 - 29 
ID 
KD- 13 
KD - 30 
16 - 100 
32 - )60 
liD 
ID 
liD 

Detection 
L'\att1 

---50 

Detection 
L1m'\t 

0.01 

-
0.01 

Detect1on 
L1m1t 

-3.1 
5.9 

10.4 --5.7 
5.0 
0.5 



TABLE Dl. (CONTINUED) 
Exp1os1ves Ana1ys1s (Dry We1ght 8as1s) 

Parameter Range of Yaluas 

2.~.6-Tr1n1troto1uene (THT),_ppm 88,100- ~06,000 

HKX, ppm liD 

RDX, ppm 28.6 - 1~5. 

1,3,5-Tr1n1trobenzene (TNB), ppm 10.7 - 256· 

1,3-D1n1trobenzene (DHB), ppm ND • 35.1 

Nitrobenzene (NB), ppm NO 

2-Am1n~.6-D1n1troto1uene 

(2-Am1no), PPII 
ND- . 27.1 

2,6-D1n1trotaluene (2,6-DHT), PPIII ND 

2,4-D1n1troto1uene (2,4-Dh'T), ppm ND 

... 

lloetect1on 11m1t 11sted only for parameters not detected. 

Detection 
L'm1t 

15.9 

-
7.39 
5.26 

3.6-4 
5.03. 
5.20 

liHD - Not detected ( 1.e., samp1e · ci)ncentrat'\on below the detection 11m1t). 

Source: J. W. Noland; J.; R. ··Marks,· P. 3. Marks, •task 2. •Inc1nerat1on 

Test of Explosives Contaminated So11s at Savanna A~ Depot 

Act1v1ty, Slvanna,·lll1no1s,• Roy r. Weston, Inc., t1n&1 Report, 

DRXTH-TE-~~-84277, Apr'\1 118~. 
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TABU D2. LOUISIAJlA ARHY AMMUNITION PUJIT SOIL ANALYSIS 

Total Anal)'S1S 

Parameter 

Mc1sture, ~ 
A!h, ~ as rete1ved 
Ash, ~ dry bas1s 
Heating Value, Btu/1b as rece1ved 

lange of Values 

25.1 - 21:5 
54.3 - 66.0 . 

-n.1·- 11.1 
512- 1,172 

Elemental Ana1ys1s (Dry We1;ht 8as1s) 

Su1fur, ~ 
Carbon, " 
Hydrogen, " 
H1trogen, ~ 

Parameter 

Total Chlorine, % 

. . 
lange of Values ·- . . . . .. 

ro2 - 0.01 
5.08 - 7.66 
0.66- 1.05 
2.52- 6.72 

10 - 0.37 . 

Heavy Metals Content (Dry We1ght Bas1s) 

Pa ram!ter 

. 
Barium (Ba), ppm 
Cadmium (Cd), ppm 
Chromium (Cr), ppm 
Copper (Cu), ppm 
Lead ( Pb)·, ppm 
Z1nc (Zn), ppm 
Arsenic (As), ppm 
Selenium (Se), ppm 
Mercury (Hq), ppm 
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Range cf Values 

98 - 150 
NO·· 13 
17 - 23 
42 - 15 

100 - 160 
140 - 310 

NO 
NO 

2.2 - 3.4. 

Detect1o
1
n 

L 11111t 

--
-

Detection 
L1m1t 

0.01 

0.01 

Detection 
L1m1t 

3.1 ----5.7 
5.0. -



TABLE n2 .( COP!'TINUED) 

Exp1os1ves Ana1ys1s (Dry Weight 8as1s) 

Parameter Range of Ya1ues 

2,4,£-Tr1n1troto1uene (iHT), ppm 55,100- 142,000 

HMX, PPIII 
·s,,4D .- 1'3,500 

RDX, ppll 
u. roo - 16,500 

1,3,5-lrin1trobenzene (THB), ppm 57.0·- 131 

1,3-D1n1trobenzene (DNB), ppm ID - 22.4 

Nitrobenzene (NS), ppm ID 

2-Am1no-4,5-D1n1troto1uene 
(2-Am1no), PPm ID - 558 

2,6-D1n1troto1uene (2,£-DHT), ppaa ND. 

2,4-D1n1trotou1ene (2,4-DHT), ppm KD 

lloetect1on 11m1t listed only for par~rs not detected. 

Detection 
L1m1t 

--
-7.31 
5.26 

3.64 
5.03 
5.20 

1/HD -·Hot detected (1 •••• sample concentration below the detection 11m1t). 

. Source: J. w. Noland, J. ·a. Marks, P. J. Marks, -Task 2, lnc1nerat1on 

Test of £xp1os1ves Contam1nated Soils at Savanna A~ Depot 

Act1v1ty Savanna, 1111no1s,• Roy F. Weston, Inc., f1na1 Report, 

DRXTH-T£-CR-84277, Apr1) 1184. 
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APPENDIX £ 

CH~CAL/PHYSICAL ANALYSIS OF 
TYPE II, CLASS 1 JU>X 

USED IN BOM TESTS 
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APPENDIX F 

S~~RY OF ANAlYTICAL TECHNIQUES 
TO VERIFY S~~~E COMPOSITION 
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ANAI.Y'I'ICAL TECHNIQUES 

A. Moisture Analysis of RDX/Sand Mixtures 

1. Mixtures 10-20% wet 

The ~otal moisture content was determined by drying weighed samples 

to constant weight of 1os•c. S&mples weighing at least 25 1 were 

used. 

Reference: F. Welche~ Ph.P., Standard Methods of Chemical Analysis, 

D. Van Nostrand Co. lnc., Princeton, NJ 1963: 

2. Mixtures •1% wet 

The total moisture content was determined by extracting ~isture from 

weighed subsamples into weighed portions of isopropanol and using 

standard gas chromatographic analysis techniques. 

B. RDX Purity Analysis -
Standard high pressure liquid chromatographic (HPLC) techniques were used. 

Four standards were prepared by dissolving weighed portions of high purity 

RDX and F-~ in measured amounts of acetonitrile. The BDXfHMX content of 

Type I! RDX was determined by dissolving samples into measured portions of 

acetonitrile, running sample and standards through the HPLC using the same 

con=itions and comparing test results. Listed below are the HPLC conditions 

usee for analysis of RDX in sand. 

·Instrument: Hewlett Packard l084B 

Colu~.: 
Hewlett Packard RP-8; 

Length • 200 mm; 

I. D. • 4.6 ~; 

Packing Size • 10 vm 

Oven Te:perature: 40°C 

Detector: Variable wavelength, 254 nm 

Mobile Phase Flow: 2.0 cc/min 

Composition and Temp. 70% ~~ter at so•c 
.30% methanol at 4o•c 

Sample Injection: Automatic variable volume injector. 

10 ~L injection. 

C. Analysis of RDX in Sand 

RDX in RDX/sand mixtures was determined quantitatively using BPLC 

techniques. The same conditions and procedure were used aa 1n the purity 

determina:ion. Sample sizes and dilutions were based on the ratio of •and 

to RDX. Standard RDX mixtures were placed in acetonitrile and shaken over

night to assure complete solution of the RDX. Tbe.final vol~s employed 

depended on the ratio of sand to RDX. four samples of aand vere spiked with 
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kno~~ amounts of RDX to establish percent recovery of RDX from the sand. Four samples of sand alone ~ere also analyzed to assure that impurities in the sand did not interfere with the 1\DX analysis. 
D. TNT Purity Analysis 

The purity of TNT was determined by HPLC. Samples of the TNT uaed to prepare sand/TNT mixtures ~as dissolved in acetonitrile and compared to high purity TNT standards in acetonitrile. Listed below are the BPLC conditions used for determination of TNT purity. 

Instrument: 

Column: 

Hewlett Packard 1084B 

ll.esolvex C-18; 
Length • 250 mm; 
I.D. • 4.6 mm; 
Packing Size • 10 ~ 

Oven Temperature: 5o•c 
Detector: Variable ~avelength, 254 nm 

~bile Phase Flo~: 2.0 cc/min 
Composition and Temp. 45% water at so•c 

55% methanol at 4o•c 
Sample Injection: Automatic variable volume injector. 

15 ~!injection. 

E. Analyses o! TNT and Sand 

TN: in TN7/sand mixtures ~s determined quantitatively using HPLC techniques. The same conditions and procedures ~ere used as in the TNT pc~ity determination. Sample sizes and dilutions were based on the ratio of sand to TNT. The final volumes employed depended on the ratio o! sand to TNT. 

F. Particle Size Distribution 

The pa~ticle size distribution of n,- fines was measured microscopically. The microscope reticie wa~ calibr&ted using a stage micrometer, 200 particles ~ere ~asured and a distribution curve plotted.· 
G. Particle Size Distribution of Sand 

The particle size distribution of the sand was established usina a series of suitable mesh sieves. One hundred grams of sand were abaken in the nest of sieves and the percentage retained was determined. 
B. Bulk Density of RDX/Sand Mixtures 

Measured amounts of water were used to fill test container• to determine container volumes. Dry containers were weighed before and after loading with RDXisand mixtures to determine the weight of sample in the container. Bulk densities of samples were calculated using determiD~ container volumes and sample weights. 
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Glossary 

Critical Diameter Test 

Critical Height to Explosion 

Deflagration to Detonation (DDT) Test 

Detonation Velocity 

Differential Thermal Analysis 

Electrostatic Spa~k Discharge 

Explosion Temperature 

Friction 

Ittpact 

RDX 

Rifle Bullet Test 

USA'I'B.AMA 

Zero Cap Test 

71 

See Appendix A 

Defined as the greatest material heiJht tested in a given container diameter which did not result in transition from burning to an explosive reaction. 

See Appendix B 

Rate at which a shock wave induced at one end of a sample travels through and is au•tained by the aample. 

A test used to determine at what temperature propellant and explosive samples begin to thermally decompose. 

The maximum electrostatic discharge energy vhich vill not ignite propellant or explosive samples. 

The temperature which produces an 
explosion, ignition or decomposition of a sample inS seconds. 

The maximum frictional (sliding) energy which vill not ignite propellant or explosive material. 

Cyclotetramethylene-tetranitramine (also known as Bomocyclomite or octagen). 

The maximum impact (falling veight) energy vhich vill not ignite propellant or 
explosive materials. 

Cyclotrimethylene trinitramine (also knovn as Cyclonite, Bexogen or ~4}. 

Determines the reactivity of a sample loaded into a 3-inch pipe nipple and subjected to the impact of a caliber .30 bullet. 

Trinitrotoluene 

United States Army Toxic and Hazardous Materials Agency. 

See Appendix B 
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