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Disclaimer 

T~e U. Environmen":a Protection i~s Office of resear2h 
and development funded the data analysis and valida-ion study described 

n t~lS report. !t has been ected to the S Deer and 
adminlstrative review and has been as an spp~ 

document.. 
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Abstract 

Tnis report con~a ns a validated da~abase emiss on ~actors 
ieable to ~he disposal o~ energet c- IT.d :.: e ~ .i a 1 s :: 

ope:-l-O':Y \..;..fj bu::::r.:. pans,' 
(~5!OD. The em_S5 on ~ac~ors dc. :'0 

~orr, s"Cudies, ..ce5, sem_.volat 
and furans, ~OXl 

me:'6's, released when 
U " f energer c ma:.erials were of these 
materials were burned in 93 m chambers, s. Air 
f:com the chamber vJerE, anal:'lzed for over 275 taker, 
in validat the database a:ce also described ~ith the minimum 
guant~fication 'imits for eact lutant measurement system. 
statistics were caleulat d and to Lhe results from smaller 
(0.0 kg}ano larger scale detonations and burns of 

materials. These sons confirm and upon results 
';:rorr~ earlier studie5 ~hich determined that emis5ion factors deriveo from 
chamber-based results ca~ be used to ct the emission ~s ~hat 

would be :::-elec::sea ::rom muer. 1a:::-ger sec:: e de-::onations and burns, that i:::, 
-::he :::-esul ts an" scalable. These compa:::- sons also indicate that OB- and 
OD-based processes can be environmenta ly friendly ways ~o dispose of 
many o~ the energetic materials in the aemil inventories of the world. 
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DjJG: Dugway P:::-ov Ground t U'l' 

LLNL: Lawren2e Livermo:::-e ~a~lona~ Labo:::-a~ories 

SNL: Sancila Na~_onc. abo.::a~o::::-ie 

Definition of Te=.ms 

last e ~ect: the h pressure generated :he ei:p OSlon. 

Brisance: the abili of an ive "co shock waves shat\:er 
the target. After shatter ~he targe~f the shock ~ave can continue 
moving _hrough t~e taraet. Ir, this respect, f:::-om b~_ast: 

e~fect. The blast itsel 2an not transmit the energy 02_id 
material without :..he target t buT:. shocl: waves caD. 

Compos te i.v'e: P. solid p_ ant comprised of an (e. g., 
aITunoni.um and a metalli fuel aluminum held 

by ric substance (e.g., youtadienej . 

Double-base lant: I, solid sed of ni~rocellulose 
(NC) aCId (NG) . 

Emission Factor: The mass of an released by a de~onation or burn 
normalized to the energetic mass of the mater~al (MEM) detonated. In the 
database, the emission facto:::-s are in terms of Kg analyte/ MEM. 

Encapsulated c: An assembled energeti ma::erial, such 
as a mine o~ a fuze. 

A subs~ance, ei~her a pure compound or a mixture of 
capable of a very chemical releas 
ties of heat and large volumes of hot gases. Includes gh 
low osive and pyro~echnicsl, incendiaries, 
and ~hermites. 

Exp~osive: A chemical compound or mixture which, when subjected ~o heat., 
friction, shock or other suitable stimulous, a very 

cal react on wi~h the evolutior: volumes of heated 
gases that exer' hi pressures in the medium. osives 
are a subset of cs, excluding those which de not large 
volumes of hot gases (e.g., incendiaries, fuse and thermites). 

High osive: An c material ir: which the decomposition process 
(cietonaT:.ion) through the er:ti~e material at c 
The rate at which the decompos'tion process passes explosive 
is determined the velocity of the shock wave. 
TNT, RDZ and PETN are examples 0"' osives. 

~ow os've: An ene c material in which the 1tion process 
(deflagration) occurs a~ subsoni The decomposit_on occurs on 

the surface of only; there is no shock wave. 

PI. lants cs are of ow osives. 


vi 
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S_~l;;:E -base : lan!.: !-.. ::CL-::a:. only 
r:it:rocellulose (NC) as ~he material. 

Target Analyt:es: The chemical specles ir: the emissior:s from the 
The target acalytes aredetonations acd burns, e.g., Pb, AI, 

identified in x C. 

sol d propel:ant sed of nitrocellulose 
rl .' 

a~v Dl (N,)) .(NC) f 

Vll 



hcknoW'ledgments 

fun dec "c~1E; G. S . 
a::l:l18v.·~ :::.ne supp,:)y,,:! :::oJpe~2. ~_ on and en::ou::agemen-~ !:'ecs2. ved 
_-orr M~. MacDonald Johnson '-e~i=ed My W ~eox l=e"Cired) f "Che 
D= ee"C officers ar UT ~o= "Che seven s"Cudies. We 

subs"CanriaJ cont=ibution of Mr. 
JOhnson, the ecr o_~ice= for rhe firs"C _ ve studies. It was Mr. 
Jonnson's vision, sac::rif~ \-,1hich 
Dr "CnE DOD emission factor p=ograffi and which 
es"Cablished i"Cs credibili"Cy wirl1 the cornmuni~y. Ii is 
regre"Cc:able 'chat his heal tt preven-::ed him fl~on, e:.ing the program 
and 2.::ecei \~ the recogni"Cion he deserves fer his si ::icanc: 
contr~nutions towards sclv 

The au"Chors also WiSh to acknowledge the contributions of the fa 1 
individuals for their suggestions on ways -::0 ::.he readabil_ty 
tbe docJmel1"C; Mr. E. ,1. Black :. Dugway Prov Ground, DT: tVir ~homa E. 
Ward and Mr Je f Gaines of 
Resea=ch Tr Park, NC DC, respec~ i Mr. Robe~t 

O'Brien of Byooks AFB; ~=. Charles Lind of the U.S. Naval Research 
DC and Mr. Ed Pat~erso~ of the of 
Amarillo, T):. 



Executive Surona=y 

A database of emisslon factors cable to ~he open (in burn 
pans, OB) and open detona~ion routj used to destroy 

or unserviceable energe~ic materials has been constructed and 
validated us emissions data from 1 materials which were 
burned and 23 materials 'vlhich were detonated in 930 m: charaber c::alled 
a . Both high and low osives in bul and assembled 
(encapsulated) form were detonated, but only low explosives in bulk and 
encapsulated forms were burned. 

The database also contains emission factors from the burning of two 
surrogate materials, and an energetic-contalning waste. The 
waste simulated one that would result from t~e process 

after an alum~rllzed ammonium waste haci 
been manufactured. The burns of these surrogate materials were initlateci 
w~th dlesel fuel. 

p, comparison f the emissio;J factors i:1 the database to those 
in other chamber studies and in scale, unconfined field tests 
showed that all test results conformed to detonation This 

i:1dicates strongly that it should be possible to classi 
e:1ergetic materials into broad s ~or the purpose of cting 
the emission a:1d confirmed that chambers can be useci to derive 
emission factors for use In the emissions from unconfined 
cieto~ations and burns. 

Significant findings from these sons follow. 

F~nd~ngs Appl~cable To Both OB and OD 
1 \

( .L) Unco:1fined cie:on~tio~s, ightl detonatio:1s a:1d 
bur~s elci similar emiss on ~s, but the mix of products is 
different. If the ic materials do not contain toxic metals, 
chlorine, astic, wood or ciiesel fuel, the emission will be 

and N2 along with small es of NOx and 
rbons. Co~slstent with detonation molecules larger than 

molecules are no: formed, even When the detonation is 
confined. 

(2) The following four parameters are statistically the same 
across all the ltems deto:1ated and burned in an unconfined state: ~C as 
COx, CO/COx, %N as NOx, and %NO/NOx. 

(3) The emission from most 
by OB and be y 
analytes: CO, total satura~ed hydrocarbons (e. g., ethane, 
propane, butane), , propene, benzene, toluene, and 
particulate. 

(4) Low recoveries of alumll1um, 1 sulfur and chlorine were 
common across all detonation and burn studies useci in these sons. 
In all studies 98 to 99% of the chlori:1e recovered was determined to be 
Hel. The hi rea of chlorine is a likely ion for the low 
recoveries. The reasons for the low recoveries for sulfur and the 

1 



m~~~_5 5_i'1 ~eed ~ b-s dE:~e.:-rnin2d -:c ITlO:~~ =-c2._y :=:ha2:'Et8terizE t.l1S 

env"-onmen~al safe~v f DB and OD D:cac~ices. 


Because mas:: ::hE: emis lor: 
s 

dif _=ul~ ::'0 co:crec:: for cOD~aminat of me::als and semi­
~OIn ::.hc v,r2,~!5 e;i: ~hE:: cr.lan~bE:Y 

or :::.~e soil 
COIDPensa-::= for -":com t:.hes 
m~asu:: s from OB and OD aC::lvi~ies, 

samp~es s th~ emissions f-om 
oe::.ona a ma~~ria~ that would not bE: to 
metals, e.g., det:.onation co::d and 

Findings Applicable to OD Only 
) For ::.he uncaD_" ned detona~ions, th~ median 

carbon as carbon oxides + CO) was 98.5 only 1.6'c 0: 'the carbon 
was :cecovered as CO. The median recovery of nitrogen as NOx was 1.2 
'::'he :cerna kE: v conve:c::ed to N in confo:cmance with 
de::ona~ion - and the -esults from scale detonations conduc::ed 
in the tunnels at the Nevada Tes~ ite. 

(2; Detonation-based processes can be an envi::onmentally-safe way 
to dispose of bulk ene=ge~ic materia's, part'cul for those which 
[,ave been ::ec:)ve=ed [:com assemD1ed munitions and =or whicr, the::-e s no 
commercial or ,nili tary use. Thls is e 1 v icable when: (=-) tbe 
detor..a::ion OCC:1rs _E aD uncosfined or confined -:'at:ei (2) ~he 

deronation goes order; (3) the soil part:lcles re:Leased ro rhe 
a are not hazardous in their own rand (4) tne ::ox~c 

merals in the ene=ge ic mat:eria s are either at: concent::ations low 
enough not to endanger the health of h:lmans or ecosystems or, their 
-elease to the environment can bE: below these evels. 03 
wi~h ion techniques could be particul rewa 

human health and the environmen:: in both the short 

_e:cm anci 


(3 ) It is alse possible t:ha:: many assembleo muni ions could be 
des in an environmental safe manner using detonation-bas eo 
processes, provlded research can de a better understanding on ho~ 
c:he emisslon ~s: donor 

geometry, mass of energet:ic material, 

confinement and ::he type of 


(4) an :lnconfined detonation of the same mate-ial, 
detonat under a soi cover (buried detonation), or under 
other conditions which inhibi:: the formation of a fi::eball, "'ill cause a 

inc:cease in soo::(free carbon), l' 
ace:: elene, propene, benzene and 

toluer:e~ likely also ~ncrease ~he 
or part: sta material an c};ygen 
so~::ce next t:o a bur~ed energetic material will not automatica ensure 
that det:onation wi 1 convert a~1 tne carbon in the ene::ge::ic tD carbo~ 
oXldes. 

(5) Buried deto~at ons should be avoided whenever possible. For 

2 



.... ho,S .; tuat O~'J,'::: whe:-e DB ~s- !lot. a 2.:'1d 'a.st ~'!;J~S~ :::c)l1L~:Jl lS 

needed, numerous, Sma..Ll scale detonat~ons ~n chambers should be 
cons~dered as an al~ernate to bur ed detona lons. 

F~nd~ngs Appl~cable to OB Only 
( The median recovery o~ carbon as carbon oxides ~ :0) 

from the ma~erials burned was 98.5~; only 0.2 o~ the carbon was 
recovered as CO. The median recovery of nitrogen as NOx was O. 
The rema was 1 converted to in conforman:::::e wi th 

the results from "arge cal detonations conducted 
Nevada Test 5i_e. 

is an fe means to dis90se of 
s e base lants when the 

lants do not contain si of other combustible 
materials, such as diesel fuel, ast c:s or to}:_C 
metals. DB may be 9articularly ::19 energetic 
materials which result from steamout, water jet and other 
demllltarlzation proces 08 with ation techniaues 
could be cuI rewarding in terms of protect human health and 
the e::1vironment in both the shor term and term. 

(3) 	 Open may also be appropriate for ene c ma~erials 
AP, if the Hel and any metals in the energetlc released could 

be prevented from ente the environment in which could 
the health of humans or ecosystems. Pollution cont:_ 

sh this are available, their 
suitabilit:y for this to be established. 

{4 ) COn cs and chlor ne in the 
presence or diesel fuel and wood dioxins and furans. 
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Chapter 1 
Int=:-oduction 

U.S. EPA Regulations For the Disposal 0= Energetic Mater~als 
DU~lnc: __ h::- Co:d Wa~~ I ~bE:: Dr::: ::.eci ':"~2::es c __lUn-::.,y ::~! 

former SOVler ~nlon accum~la_ed over 9,000,000 ~on 
materia~s. Wi~h ~ne of ~he Cold War, he Uni._ed 
as these other counrries, are no~ faced ~i~t 
inventores G_ ~hese marerials i~ sound manne:r. For 
examp_c, If! 29" -::.he C.S. Defense (DoV had 450,000 ~ons 
in i;:2 "derr.i il1ven~c:ryH has been increas 40,000 
to 50,000 tons per year. 

':'he =our me:::hods commonly used ro e of unneede energe~ c 
incine=a:::ioIl; (2.' disas 

(:JRC / ; burning in pans in an open area (03); and \4, oe:::onatlng 
i"Cbe~ at level (OD) or under a soil cover (buried OD) . 

Al incineratlon and DRC are the environmental ferred me::nods 
0_ dlsposal, for the foll reasons, are not sei_able :or 
disposing of many of the items al in the demil or ike 

o enter the inven~orj in :::he near fu~ure. First, c:he composit_on 
many of ~he materials is either unknown, unstable, obsolete or has 

Secona, the ma::.eyials cannot be safe disassemb:ed. '"7h':.=d, 
the ~inancial and environmental expense of devel ng a recovery and 
reuse for ~hem cannot be justified based on the quantity in 
the deml-=- inventory or the commercial value of the material c:hat "roule. 
be recovered. For these materials, DB and 00 are the di 
~ available and, thus, continue to be an 
integral pa=t of tr.is nation's demil programs. 

In the U.S., as elsewhere, there are concerns about the 0_ DB and 
OD-based on human health and the environment. In the C.S., the 
di materials by DB and OD has been _ ated under 
the Resource Sonservation and Act X of 40CFR264):, 
since 1964. One of the major concerns is the ee to which ::he 
energetic and i~s associated packlng or containment ma::erials are 
converte~ to innocuous chemicals. Dther concerns rela:::e to tne 
-::.oxici-::.ies and d2.spersion in the environment of the ash, soil ano 
chemical lutants released and the of the blast waves and sound 
waves r-e eased. 

Because of these concerns the X ts that have been issued 
are ve~y restrictive in ~erms of Lhe conditions under which OB and 00 
can be carrled OUL and the that can be 
and o'ver select 
mus"', at a minimum, provide the fo}.~ ory 
agency. First, ~he identity and quanLi~ies of pol'u~ants and debris 
that ~ill be released per event and over time. Second, ~he intens of 
the blas waves and sound waves thaL will be generated. Third, a 
description of how these pollutan s, debr s, blast waves and sound waves 
\,' I be distributed in the environment. Fourth, to ~hich the 
heal:::h of ~umans and the enviror:ment may ]:)e short tE:rm 
ievent basis) and over the lifetime of the DB and 00 program. 



.... 

The Detonati.on Process 
os~ves are the class of c materials normally d1sposed of 

Exp!osives fal cIa ses: hi 
ives re 

itio~ process (detonation) 
at supersonic sltlon process passes 

the OSlve 1S aetermined by _he velocity 0_ the shock wave 
the rate of heat transfer. Low osives (propel!ants and 

CS) are materials in WhlCh the ition process 
(deflagration) occ~rs at subsonic The comoositlon occurs on 
the surface of the lve only and thEre 15 no shock wave. The rate 
determinlng factors in the de ion process are the rate of heat 
L~ansfe~ into the lant itse:f ~rorn the surface and Lhe 
rate of sition of the lant formulation. The rate of the 
hea 

The amount of energy released by propellant is e "':0 
that re eased when a hi explosive of tha same mass s detonated; ~he 

difference is n the rate at which the rele",sed. In nigh 
a fast reaction 
medium. This shock obj",;cts. In 

osives), a that extends 
over a od of time. pressure 0_ 

6,000 s in less than 4 microseconds; this pressure 
wave radlates ~ the materia at a veloci (detonation ve! 
between 2,500 and 10,200 m/s. The deto~ation also a 2 10 
second fireball (afterburn) which has ini ial di~e~3ions 1.= to 1.S 
~imes the dimensions of the material detonated. lan~s on ~he 

hand, se~dom peak pressures in excess 
TNT, RDX, Comp B are of and 

nicroce~ .lulose (NC) and nitroguanidine (NQ) arE examples of low 
osives. Nitrogl (NG) itse~f is a osive, but when 

added ~o NC, It becomes part of a ow osive. For both types of 
explosives, the ini~ial release of energy results from adiabatic, 
oxidation reduction processes, which involve oxidant 
-NHN02 ) and reductant (e.g., radicals within the 
mac:erial. 

Coo and Orne las"s have pub1 shed exc:ens the mechanisms 
involved when explosives are detonac:ed and burned. The information 
presented In this section was taken primarily from their publications. 

Cook's ication provides a very lucid, ive description af 
how os ves are made and how their armance is modified the 
addition of accelerators and ~eL:ardants. Ornellas's ications, on the 
other hand, describe results f-om s conducted to derive 
thermodynamic codes for use in osi ve of 
C,E,N,O,Al-based ives. These ly assessed the 
effect the follow facc:ors had on the eff c and effec~iveness of 
the detonation process: osive density, purlty, and par~icle size; 

of confinemen~; and type of ~nitiat One of his 
reports presents a ive sununary of thE: resul~~5 obtalned from 
detona~ 2 cylindrical pellets (6.4 to 12.7 ~~ diameter, 114 nun 
long) of 4 energetic materia~s in a 5.31 bomb calorimeter at Lawrence 
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dD~e vi~h ~hE ~alorlme~Er evacuated, but a few were done when the 

Some of ::he 


lm!:Jly a str 

(unconfined ae::onation 


i~ders werE ODeD 
(partially-con __ ned detonatlon;, _ other ::ime2 were lased 
Iful lDed detoDa~ion'. ly 90 minutes after the 

gas ES were taken ::2:."OIT, t.he bomb calo~irneL.e::: and 
, NO, NO, H:K, Hel, HF, 

as appropr atE. The calorimeter l-self was also rinsed 

OUt and the rrnse ana vzed for solid carbon Hel, HF ,ana z~ 


as appropr a::e. 


Orne las's studies determined ~he lov 

The rna or reaction unconfined detonation are 
the ful y oxidized, cally-stable compounds: N" 

The detonatron ais small quantities of 
et-sly-oxidized, such as elementa carboD 

or soo::) CO, , HF, ,and 
but, as the firebal all or most a 1 of ~hese latter produc::s 
react v,ri th ~n ~he air 0:::' v,~i th each o~her to forrn , and The 
oxidation (arterburn) of these ini ial releases energy which 

support additional combustron. A~~er ~he burning gaseous mass 
cools to about 18DOc K, the reac~ion rates fall to a Whe2:e further 
chemical takes hours 0= longe~ ~o occur. 

(2) The aC1:ual composi tio!: of initial detonac: on p:::-oducts aenends 
on a variety f factors; one of ::he most of these is the 
amount and ~orm of oxygen in the energetic molecule. If the energetic 
is or only sl y oxygen-deficient, most of tDe carbon 
is converc:ed and mosc: of the is converted c:o the 
instant of detonation. p"s the more ne the 
amount of soot, CO and _s formed 
increases and the fireball must occur II the oxidized 

formed by the detona~ron are N:.. and 

o -: ~ 
C(3 ) Generally, a"L least J ! of the nitrogen in the ene C :"-5 

:;,."eleased as almost all the res~ s released as NO and 

'4) As noted above, the ~nitial release of energy by an ive 
result from an adiabatic oxidation reduction mechanism. This was 
dramatically demonstrated Orne las us 2C·80 blend (by weight) o~ 

ammonium nitrate (AN) and TNT. In his Ornellas used 
unlabeled AN (contarns 9.8 ), labeled AN (contains 99.1% 
Iso:.ope) and unlab2led TNT (con:.a~ns 9 .8 ;1\). _n one of the 

he made a slurry of TNT and AN in toluene, dried the s 
blended it, sieved ~t a 30-mesh screen and pressed :.he resul 

nL-O 12.7 rnlr dla:ne-cer pelle-cs, wh ch he :.hen detonated in tDe 
calorimeter. In the other experlment he detonated a 12.7 mm diameter AN 
pellet can a .4 rum diameter core of labe ed AN and an annulu of 
unlabeled l\.N. After each detonation, Ornel as measured the isotopic 
content of t;)e fOl:med, i. e. , N and The two 
experimer:ts elded similar res~lts, i.e., only about 13 0_ the 

6 




If the oxygen in the ene~get c s bonded w1th nitrogen, the 
energy re easeb ~pon detonation much greater ~han that WhlCh s 
released when the oxygen LS bonded t 

( 6) The composition of the in1tial oetonation is no:: 
great of confinement, but, t~le composition 0 

the £:~nal ffected. The mo~e oxygen-def c_ent the 
energetic, the more the f confinewent affects the final 
mix. 

(7) If an C 15 detonated in an oxygen­
enricned environment, H"O. 0:1 the 
other hand, the n an inert 

rc ( .g., be essenti~lly those fermed when 
the energetlc is detonated in a vacuum, regardless of the 
'3~e2:'get.~c lS lanced (Tab=-e 1-1). r:::he eh 
will also eld a much r total energy re ease (Table 
of the heat re_eased when the ete~y oxidized radical are 
oxidized the oxygen. 

Genera ly, less than 20 of the Cl and F in the energet cs 
detonated in the bomb ca~orimeter was recovered, but a1: of ~he Cl and ~ 

resovered was in the form of Hel and HF. The miss C1 and F were 
ssumed to have reacted with the stee walls f the calorimeter, because 

were no~ found in the rinse of _he calorimeter. 

(9) Al and Zr in _he energetic were usual not 
recovered, but the pert on recovered was all ~n the oxide form. 

(10) The packing density has a in~luence on the ratios of 
in~tial ~S formed from a detonation. Fer example, free-flowing 
loose granules do not ode as efficiently as cast ives. 

( 1) As the dens ive is the 
de~onation pressure also increases. On the other hand, 
when the densi increased the detonation pressure 
decreases, even the reaction (de ~agration) tempe.:-ature 
increases. 

(12) A ~ace lty can substantial y increase or decrease the 
e ;iciency w~th which the detonati w1ll occur. 

( 3) 'i'he mannee:: in which the t:he primi:::1g 
method, and the can influence the 
effectiveness of the detonation in dest all of the energetic. 'i'he 
most ~esirable circumstance would be to assure that the exp1osiv~ 
detO:::1ates ideally. An os~ve stack with an ae:: shape wi~ 
usual much more force in the direction of the ~ongest 
dimension. 

The studies described above were conducted to improve the in-use 
performance of energetic materials. The nature 0 the emissions 
and the of these emiss10n s on the health of humans and 



:)E: ane. pro~esses were n0~ addressed. These 
energe_i_ materC~is reqilen~'~ con~a~L ae 
grade energe~_cs ana o~her mate-ihIs, su~h as 
_r:_ng~, binde:2:'s I ccn . .:~d 

aC1"Ve:: e y p::~oc::esse.s . 

1-...150, ~~e2l wo~'l process S 2_ us~aIIy no~ truly adiaba~ic! because 
~ne =-'- '~eiJ,ol UHlE: en e V c. of hea~ s::nJ:s \ATl'..icr:" 

prenla"CurE: or cool the ume and therefore can 
hlride;:c ~he s re; ",ased 
the detonation. For e, eveD in a trulY ireball hay ng 
the lowes~ posslble ra~io of surface ~o rna s of any geomE~r cal orm, 
the outermost v the n9 fireba 1 w~ 1 be in rect contact 
wlth the ambient air. klso, the gases 
under the cloud, where are both cooled conduction and denled 
access to air for further oxidation until below 1ibrium maintalnin 
temperature. Further, fo: noise control pureos s, a~ many fac li~les the 
de~onations are conduc~eo under a soil cover. 

Studies To Assess The Environmentally Important Emissions 
From OB and OD Activities 

n response to ic concerns abou~ ~hE abil~tv of 06 and 00 processes 
to convert raded energetics into innocuous , the 
of Defense (DOD) ltS first ive study ~o charac~erize ~he 

emiss_ons fro~ DB and OD activi~ies in 1984. The DOD to 
demons_ra~e that OB and 00 would demission ts which were 
similar ~o those fro~ energetics when used for their intended purpose. 

In this s~udy, helicop~ers wi th commonJ.y-used air ' utan::: 
s equipment measured lutants in the plumes re~eased when 
900 to 5000 kg ties of ic materials were open burned and 
open detonated at DPG, UT. The results were inconclusive. t Few of the 
target compounds ( ) were detected, but it wasn't clear if this 
was because weren't eresent or because we~e p~esen~ at 
concentrations which were below tne detection imits of ~he s 
equipment. 1-.1so, it was subs y established that the helicoe~er 
£re y on of the plume and that the 

ume volume measurement echnique was not re iable. 

In 19 8, the United S~ates nitiated a second study which had two 
major ec~ives: ~O de~ermlne if ~oxic or hazardous lu~ants were 
released when ene c materia.cs were detonated or burned; and ~o 

determine if emission ~"actors ~de-::onat and burning sma_l 
quantlties of large chaIlli~ers ambient 
air wo~ld ent to thOSE determined when 
large quan-::ities of energe~ic ma~erials were cnated and open-
burned in the ambient air in the unconfined state. 

and the energet c ma~erials in chambers 
erovided DOD the oppor~unity to: (1) characterize ~en or more energe~ic 

at c. cost comp22:'able :'0 conducting fie d tes"ts on onE: 
c: 	 rna""erial; (:) col 'S-ct su=f':c~e~lt samp_E 'Co meet :-.he rr~iLimurrl 

~he lution measurement sys~ems; 
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~~e decay :6~e o~ ~he pr~ma=y 6~~ second~=y =~s released ~rom 
detona ions and burns; (4) mIn~mize tes~ de~ays d:le to adver se 
we ther co~di ions; and !5] obtain the minimum number of detona~ ons and 
burns reoulred t2 ca cu'a~ s~a_lstically vali emi sion factors on each 
type PE material under repeatable and controlled conditions.T 

, 	 ies a laked TNT were detonated ana~ 

of ::wo types of 	propellants were burned in 9 m 
at SandIe. Nationa Laboratories iSNL) i~' 

the alt was ~hen 
i '!:.alled In to sa:nple the 
plumes released quantities explosives (reclaimed 
TN~, PBXN, osive ition B) contained in treated wood 
boxes were detonated ,000- 00 ies 0: four 

k (MI, Mo, M30 and a composite lant) were burned in 
pans in the open at Ground (DPG), UT. Thl:e 1 

TNT detonations were also conducted with the TNT in ron cages 
:. 0 TI"1 above the 

Based on their review of the ~est results, the O.S. cone uded that 
the emisslon facto:::s derived from the tests were: ( ) :nore 
re iable and ible than those from the held tests; (2) we_ 
statls icall those determined from the field tests; and 
(3 ) on that the detonations and bur~s 


consistent w th detonation For 

and CO factors derived from the 

detonations (TNT block 1 m above the loa:::) were ~he same as 
those from the 2000- , , reclaimed-TNT detonation, but both 
were substantially higher than those from the 2000 kg sur~ace reclaimed-
TNT detonatio. _n this ~atter detonation, the gases Ii 
penetrated the earth under the detonat TNT and some of the energy 
released the detonatlon was lost (transferred) to the soil. The 
resultant "cooling" of the fireball in combination vIi th the reduced 

o 	 the ete oxidation of the ly­
:he detona:: on of the seve:::ely 

In their test reports the Army also noted the similarity of the emission 
f~om the and field tests across al the materials 

tested, i.e., the emission ilv: (assumed), and 
; partIcles and metals; and small f C8, NO, low 

molecular weight volatile c compOl;.nds (VOCs) a:ld a fev! semIvolatile 
c (SVOCs) commonly found in the a:nbient ai:::. The report 

also noted: (1) that the soil at DPG had a high c content and that 
the soil could have been the source for the SVOC's associated 
with the detonations; and ( ) that the % C Recovered as followed 
detonation theory, .e., 9 for the 900 field detonations 
(no detonation energy losses to sOlI), 97.5 0.2 kg detonation 
in ~he and 5 for ~he 900 surface ~ield detonations.' 

In 1992, the U.S. EPA concurred with the Army's conclusion and a to 
derived emlssion factors &or energe~ c materials as 

that would be derived ~eve~, 

open-air tests. then installed a to 



tne O~2 a~ SN~ a~d ~ni~ _Ed a program ~o charac~ 
re.2.~ sed. v.Then 2 v:ids \;a~ie-:.y of bult and a5sembl 
::-2Dresen-:a VE: aernl and 
~L'. 

BangBo~~ S"tudy Resul"ts Used To Cons"t:::-uct Da"tabase 

s. In 
~hess S1:udi energe~ c ma~erials have been 
de~ona~ed under conditions represent s~andard, unoonfined 

211 pra2tices. SincE: :::hE:: seven s~udies used sirrLi_a~ sarnl:::J2-lng and 
analysis and had extensive documen~a~ion what was done, it 
was possible to develop and validate database emis factors 
described in this report. 

The da"Labas also includes the resul ,:::rorn ~WG specia -: expe~~lrrier..~s. 

One experiment involved surrogate dunnaoe to determine the 
contribut on the makes t ~hE emissions whEn it i used 

__ c or of 

~he otner experiment invo of water tG suppress tne 
de::onations of two, ials, ':ri':onal. 
Thes suppressed detona lons were done primarily 

under a soi cover could the emission 
to detona the same 0 the energetic 

material on the (As mentioned above, buried de~onat ons are 
y used in _he C.S. to mitigate the sound and bIas waves 

rE;.iea.sea b~~l ::he deLona~ion. ~ }~Jna-::ol and t.:-i tCTIal we:re se" ected fo~ -chis 
expe-iment becaus they represent two ex~remes in the oxygen content of 
corrunonly used sives. When detonated, amatol, an oxygen-balanced 

osive, contains sufficient oxygen to conve-t its C and H to and 
H:O, whereas tr tonal contains 20% the oxygen red to convert 
all its carbon to C02 and 

These suppressed s were also done to provide some 
robust emission factors ~or a blast technology 
developed in the U. s.', re ined in "'. The 
te munitlons in contact with plastic 

Ttlis -:.e reduces the blast noise more than 
to an equivalent unrestricted detonati However, 

water als quenches fireball which, based on the amount of sooty 
part a::e found iter the detonation, reauces ::he overall des~ruct on 
efficiency of the detonation process. 

o 




Table 1-:. Dist=~bution of Ca=bon i~ ~w~ssion P=oducts ==om Detonat~ng 
TNT in Different Atmospheres in Bomb Calorimetera 
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Table 1-: . Heats of Reaction :j~cG.:/rnoli =0= Selected 
Gas Phase Reactions at 1 Atmosphere and 29Sc K 

CE 

I 
h:.e ,aa. 

. ­ NC 

'. - l,.. 
- NE 

NE >1 U· I g-as. -7 

Nh , ~, I ....' NC:>' I 
, c NH + NG: -lOt 

-20t 

I 
+ S r. 

" v­ -71 

se . ..c S0: 

Ii· -5 

J 
i 

12113 
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Chap"ter 2 
Methods and Materials 

Composi tion of the Energetic Mater:.als Characterized 
Tabie :2 identifles the materia-s and burned in the seven 

stud::.es. Table 1 also preSe:1t_3: abbrev::.ation ~sed for each 


in the other tables ~n s paper; the total wei (mass) 

c material (Mt::M" ,ested; the number of times (tr a1 


was detonated or curned. MEM ::.ncludes the wei of al 

Katerials as caps, donorcLa_ 


smokeless initiat detonation or burn. 


Tables -2 and 2- present the we OT thE: erlergetic compo:lents and 
Pb and Al in each mater~al detonated and burned to the extent 
information lS available. The abbreviations used In these tables 
represent the following TN7 (2,4,0 trinitrotol I; RDX 
( ,3,5-trin tro-l,3,5-triazacyc ' ohexane); PETN (pent itol 
te ranitrate); TETRYL ( ,4,6, N-tetrani 
(ni rocellulose); NG (ni_roglycerin); NQ ( 
tetranitro-l,3,5,7-tetraazacyclooctane) ; and 
AN (ammonium nitrate) f KN (potas ium llitrate); zinc and 
alc.minum (A=-) . 

contains detailed descr lons of the comcosit ons of each 
energetic material. 

Description of the BangBoxes 
Each Slts on a concrete pad and is divided into tWO sections: an 
inflatable, 930 16.5 IT, diameter cal test chamber made from 
a flexible -coated yester fabric and a 5.5 x .1 x 2. IT 

building (airlock) with a p~ywood front and a wood frame covered wlth 
;::he same material as the BangBox. The test chamber is inflated 
two ty blowers; six fans 60 8 apart irculate the al 
in the test chamber to a .Lutant mix that is 
sampled with instrument~s in the chamber and the attached air - ock. The 
ene-geti materials are barned in stainless stee~ burn pans ced on a 
steel located in the center of the test chamber and detonated in a 
m-' steel-lined fter the steel cover is removed. The tes chamber 
is purged with 2l for at least 60 minutes ;twa air volume 
be::weer. tria~s. 

When detona~ions and burns are initiated, known quantity of S is 
released in the chamber. The concentration of the SF i thet measured 
over the ime air lutatt s are taken and used to establish the 
actual volume of the chamber and the dilution of the emlssion 
which occurred (due to the chamber ;:;lowers) betvleen initiatlon of the 
burn/detonatioI;. and comple::ion of S cGllection. This lr:formation is 
used to calculate the lnitial concentrations of the reJeased 

the bern/detonation. (The 
canisters and zed by a gas vii th a flame 
photometric decector (GC/FPD). 
Sampling and Analysis Procedures Used in the DPG BangBox 

vias located in the tes chamber: 
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r:.::. vc~;;[me samp'::'",2:''::: ;.r:._-v ~2:' mS25~r~ng ?2r~'C~e mass, me~als, 


EPA SW846 Me~hod 827 serr.=- 'J8 ::i E:: (S\10:S); (:'~ 


Vol-based PM- C samL er _~r msasurlng 

2:'esp~rable -ar:.ge; EPA PS- 5am?~ers for measu_ MeLhod S u SVOCs 

an::) ch'::" :-ina __ ed dio): n~ an~ fU2:'E..l1s; i 1:.1 !:?l-~ !Vle::.hoc_ 2 tE s ::s =o~ 


follo~ s ea~lpment for oases was loca~ed in ~hE airl i: 
-:.ne chambe2~: ::o:Y::~nUO:1S elnission mon=--=o::-s {::El~s) _or 

NC>, NC! and :E-L=~; (2) canis~e!'s :or: measu~: vola-:-l ~ 

(VO:5 anc: 

Sa es were collected lD ~he test chamber at Lhe 
of every Lest day, analyzed::.n manner denLlcal Lhe Lest 
and ~he resulLS used to C02:'reCL the emission faCLors for any 

eve _he target compounds (analytes) made 
to ~he measured :uncor-ected) emiss'on facLors. 

The =-ng used was selecLed based on Lhe 
::::omposition and the eCLive(s) of Lhe 
st Table 2-~ idenL_f s systems used ir:. ach 

3 2on~2ins a mo~e deLa:' ed des actua s 
used and dslin~a~es the target s used in the 

se1:,Jen s~udies. 

Sampling and Analysis Procedu=es Used in the SNL BangBol= 
r:::7he used at SNL were similar to ~hose ~sed at DPG. The 
differences a"''''' i 1) cl mass was determinea from the PS ' 
(2) the ex~ract from ~he P5-1 was analyzeci selective-lor: 

SFC/MS as well as the f:;ll scan G2/M3 used for the DPG 
(3) 	 ~he PS-l for dioxins and furans contained 

than XAD-2; (4) 
f~lters and analyzed us x-rcY cluorescence; (5 

=orn ~he can~s~er were no~ -eported 
except for (6) ~WO, PS-l SVOC, two PS 
dioxins / fUl-acs , ~wc metals es and five VOC canister s es 
were collecLed during each detonation or b~rn. 
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~able 2-~ Energetic Materials Burned and Detonat=d in the Ean~Boxes 

!D~.OCI: ' 

(blo::::) 

I :OpE: Jb:L-base-SN~ 

MF-· Pro;::e 11 ant MF­

I PBXN-~:.C 
"1F-:23 

Smokeless ?owder 

Smokey Sarr, Smj:y-S2.D 

TNT (flake) TNT-ACCl 

40 ~~ HEI cartridge mm 

['·n 8Al Claymore mine ClajlTnore 

T4 Adapt.e::: Booste::: T4SE7 

4 M-9 Propellant in Bags ~1-9 

M- Propellant In M-3 Bag M­

TNT (block) TN':::'-ACC2 

Detona~ion Tya~n . train 

MlSi Impulse Cartridge 

BBU- Impulse Cartrldqe BBU-36 

Gas Genera~o~ GCU-2A 

Signal, S~ar, M-:S8 M-l 

!?'uze, Tail Bomb, F~IU-54 FMF-54 

i 
I 

l 

I 
1 
i 

I 

i 

i 

HEI~ 

Ig ; 

471 

03(: 

10 

' 58 

C; 

2406 

00'7 
... .:... I 

230 

., ~ r:­
_~..J 

14 

.;,.39 

"39 

210 

05 

3 

3 

1 

I 
.5 

3 
i 

3 
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~~le 2-1. Cont~nue~. 

h?-waS::E: 

Ama~ol-E>:J 

Dunr... age 

I 

F) U:: I 
I 
I 

I I 
'"',,:>:: ! ~, 

92.3 

l ~ 
- I 



TablE:: 2-2 ~vE;ights (g:::-ams) 0:: Ena.::getic Mate::ia.:"s in :::tems. 
Detonated 

i 'T~J~' TE~?~ DETF EN::; ,LJ': I N:' 

TN'::' 

I 

I8::: I 4 t: I 

Ty-i 
r :Jr:~~ __ -vv'i3<;~ , ~ 

I ~ 

I 
::::cr.lF B 8 3 I 

I 

, .c 1 3 
I I 

I ?i'::;~ :28 l20> 2"' II 

I FrvlF~:,4 1 8 

I 'I'Ll ::8 7i 

4 5C 53 

B3U-36 54 ')";,
J_ 4 f; 

M!-:-l 6 Sf 

I D'2t 08 6:) 

31'.::: 

r~~ 
, 54.L 

t"-:20f 54 

Cla:ymore 229 

mm 79 lOG 

40 mrr. 14 7 .:. 

Det cord I I I 
GC~;- ~.L_~ ::: ti I ~5 I 

~a SD.'2rge'" and y.,lsi t lassl_ 

is 



~able 2-3. Weigh~s (grams) of Energetic Ma~erials in Items Burned 

I 
! I 

I 

I 
3f 

Ml-c 

~ 

80C r) " 
_c1'1E-::: 

:y I _~0 lDe 

'i'3~ 4(; ~ 

and c:lass':" ieo 

1 




Table 2-4. Sampling Systems Used in Each Studya 

System Analyte study I Study 2 Study 3 Study 4 study 5 Study 6 Study 7 

CEM CO2 S S NA NS S S S 

CO S S NA NS S S s 

NO/N02 S S NA NS S S S 

S02 S S NA NS S S S 

03 S S NA NS S S S 

HCI S NS S NS NS S S 

Bubbler BCI/CI2 S NS NS NS NS S S 

Canistet VOC S S S S S S S 

CO/CO2 S S S S S S S 

Hi-Vol Mass NS NA S S S S S 

SVOC/GCMS NS NA S S S S S 

SVOC/SFCMS S NA S S S NA NA 

Metals S NA S S S S S 

PI1-10 Mass NS S S S S S S 

Metals NS NS S S S S S 

PS-l Mass S NS NS NS NS NS NS 

SVOC/GCMS S NA S S S S S ,,--­
SVOC/SFCMS S NS NS NS NS NS NS 

Dioxins/Fllrans S NS NS NS S S S 

Teflon filter Metals S NS NS NS NS NS NS 

a. S sample taken; NS no sample taken; NA "" sample taken, results not valid or not available. 
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Chapt.er 3 

Construction and Vs..lidation of the Databs..se 


Const.ruction of the Raw Database 

Thi~:, .Ina:'::::-': 
cocum8n::.a:.ion ~epo~~s, ~ eld notes, 
c2~ibra~io~ da~a{ repor~s, ~~ and QC -ep0r~s. etc. ns::.ances 
w~e~E cia~a were m~ss we den~if ed and t~e reasonl determ::"ned. 
Some of rhese reasons wer \:-i no s E: collec-ced; (rJ 

" 

colleered, bur nc em::"ssion factor calculated because the sample was 
those c:arge~ ; 3.nalyt~e 

ac~ua'ly detectec we~e specl ::"ca_ ~he final -epor~. n 
this la~ter case, ~~e imenc:al Section of that __ nal report listed 
all the target ~es and, if a target ana was not mentioned in ~he 
Results Section of that -eport, then the ~eader was ~o ass~me that twas 
no;:::. cietec:~ed. This Lat::er s tu2 .... ion was commor. fo::- -ehe \!'JC and SVOC: 
ana 

!n addition to the pre~ious .:cesu~L.S, unrepor~ed 

-esults were converted _0 emiss20n factors and the databaSE, 
when the analyte had not been de~ected i~ any study. There were a 

~umber of analy~es ~n ~he no~ detecred category, .9., 103 c~ ~he 
108 Method 827C ana_:)'~es and 65 o~ ~he VOCs. Thus, if an anal:l'te is 
listed in Appendix C, but is not in the database, the user of the 
database can safely assume that it was never detected, or if it was 
detected, it was not above the concentration in the associated background 
sample. 

After all quantitative values had been put into the da~abase, the ma~rix 
was filled in using the following codes: :1) NS (no s collected); 
(2) ND collected, but analyte i~her no~ detected or not detected 
above concentration); and (3) KA (was have 
been collected, bu~ either no results were found or resul~ had been 
invalidated). The emission factors were then examined to assure that the 
~otal mass of the energetl materlal (MEN) detona~ed/burned had been used 
in calculat each emission factor. When this was no~ the case, the 
emission factors were recalculated using the correct MEN and the 
corrected emiss'oD ac~ors were then entered into the dataoase. 

mDE' errd~ s s on fac~ors from the seven studies had been usted 
compensate for the concentrations of the ana in -::he: 
samp~.e (s ,I ~ake~ the of the tes~, hereafter designated as The 
uncorrected emission fa::::tors were noc: to 
know ~he exten~ c: which emiss on ~actor has been 

concentration, the concentration of each ana _e measured n 
s e was conver~ed to the v~leDt emission ~actcr 

for tha~ test and entered n the da~abase. In Studies and 
?- \7 '- ,., ~he aCtua~ vo~ume f gas eO. was used 

calc:..:.lation. ina! samp~ing volumes were not aV2_~able 
for the other three studies, the ~verage volume 0_ gas llected the 
s systems used in Studies 5, 6 and vIas use instead. 
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minirr:um 
in Table 
(;:;:0',. \. EacL E~\: wa -th::: an3~vt2 n ,

UDl:='5 0:= mas ' /rrr! 
fac~or ~guat on. Ea was 

ca:cu12 eo :::::or cted em2-SS on factor 
" 
J • 

After these additional types of emis on fac~ors were added to the 
database, statis~lcal outlier tests were done to identi anoDalous 
va ~es. The records associated with these values were examined to 
determlne f there was an anat'::'or;, for '::.hem ident fied as an 
anomalous value, e .. , ion error, m'::'sspelled word, etc. Values 
~hat could not be ected for scienti ca 1 reasons were 
Ie in ~he database. 

After these outlier tes s were eted, it was clea that most of the 
uncorrected Me'::.hod 8 70 SV8C emission Iac- were considerably less than 
the cor MQ~ emiss factors. A subsequen'::. inves igation 
showed '::.hat 1n the actual est report, these SVOC emission factors were 
identified as qu itative or tentative in naturei thus, were ~ot 
useful in calcula~ing emission factors. To address this 
s tuatior;" It was decided the uncorrected emission factor (EF 
and the associated bac corrected em~ssion fac~or (EF B:) to ND if 
the EF was less than 30 the associated MQL emission factor. 

Because ,As, Ni and Be were never detected above levels, 
were not included in the validated database. It was also apparent 

that the PM- 0 mas emisslon actors for metals were less e 
and sometimes were larger ~han the ng Ei-Vol values. Much of 
this variatlor; likely occurred because each PM-IO mass emisslon ::actor 
represented a measurement whereas each Hi-Vol value 
the average of three measurements. Also, most of the uncorrected PM-IO 
mass emission fa ors were at or below the . For the above reasons, 
the PM-IO mass emission factors for metals were not lncluded in the "raw 
database u

• The PM-IO emiss on factors themselves, however, were included, 
because there wasr;,'t an alternative source for these emi sian factors. 

At this point, the raw database contalned approximate 100,000 values. 
However, 80 of these values were identified as either ND, NS or NA. To 
fa i1 tdte the validation and stat is- s 0 tns database using 
SAS , a 1 NS and NF, values were to " " and all ND values were 

to "0.08+00". 

")
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Validation of the Da'C.abase 

Adjus~ent of the Emission Factors for Mete~s from the Floor 
ded emis :~L 


~a=~~=~ aD~ve _hE MQ~ emi lOTI a _0=5 _0=: 0&, ec, a:~ld 


Thes~ "erni.:::s K.E::2- v cams rOIT: rne::a~s OJ.: 

Tl':s nce dus DO~~ Wi::.'2 cmnmo::ly found n...l.. 

to USE: ::.he 
errLissi.on _ ::'[Ie bLll: ezp_ 
=e emiss~on faotors ::.hesE six me::.a~s ra::.he use 

samp~es. ThesE detona=~on-rela- , ba 

emission faotDrs were calculated the emission fa 
1'011 five bulL '2 ~NT-::l?G; TI'iT-DDG_; limatol; B; 

and De:. :rair,. ons Ylelded the 01 ba Jcground 
emiss on facto=s e/g MEM\: ~l (7.2£-0 7~ 4) Su 
'4.8£-041; Zn (~.8E-04: and ?b (5.9E-04). ~ne averages were then 
subtrac::.ed from _he indlvidual and ave=age ::.rial emission ac::.ors and the 

Ci:O~S. 

Comparisons Between Sampling Systems 
As par- of _he val_dat effort:. and to =emove redundant data from ::.he 
database, ~he fal comparisons were done us ::.he av:::rage emission 

(1) Col (CEl"! vs canister); (2) VO::' (GC/FID vs 
SC/~1S~; and (::') ,"'s Hi- GCMS vs Hi-Vol! FeMS. These 
comparisons y Ided ::.he following resul:s. 

The CEOC CO emission =a ors are 
canis~e_ values at the 95 

v&lues). I 
con::ras::., 'Che CEM CO, emiss on t:he average 5'~ hi than 
the canis::.er emission factors (based. on a compar~ on of 48 
paired values) and the CEM mean difference is statistical di ferent 
f-om the canis_er mean va_us a::. the 95 coni dence level. Because ~he 

canisters were als used to measure the VOC emissions, it wa decided to 
include the canister-derived CO and emiss~on factors in _he validated 
database and to include the CEM-derived ues ::.he canister-derived 
values were not: available. 

"""'-'''-'-----'~--.:.......--''''''''-'-'"''.:.;.........'"'-=~.::....:.'''''''''': The GC/F:LD emission factors for (o,m, :' -xylene, 

valent to 'Che GC/MS values, but for 

_he seven other VOCs (measured GC!MS) the emiss on faci:ors 
are statistically different at the 95 confidence leve. For 1,3­
butadlene, the GC/F:LD mean emission factor is 6 of _he GC/MS value 
(based on values), but for ::.he other six VOCs, 
the GC/FI mean values are than the GC/MS values. The tudes 
8£ tnese mean fferences are: benzenE (34~ arger, 51 pai~ed values) 

!benzenE (2:~ E ~ed values); s::.y~ene (1 larger, 
-Ed values'; ~o 9~ la-ger, 8 pa -ed va_uesl; and 1,3,5­

::.~ime- (1 O~ arger, 9 pa red values). On an absolute basis, 
however, the mean differences are small, i.e., benzene (0.00002); 

(0. OO~IOOO) styrene (0. OCI 0002) ; luene O. 000004 \; and 
zene .000001l pT e~ ss on factors were 

arger than va ues for most and GC F: was also used. 
or all the other voe it was decided to inc UdE the GC/F:LD­

3 
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de~ived em~ssi~._ ~act~=s ~~ the va ~dated database and ~8 ~nclude the 
values were not lab~e. 

The PS n9 system 
of 108 Method 827C (non­

energetic SVOC) target compounds. These and the energet c 
materia s \Ale!"e assoc (?~P~vlas~e} ; 

uoranthene (AP-wasc:e); ,hP-viast:e ,: ; (AP-wasc:e) and 
late (BBG-3E, FMU-13 , MK-I07, GGU and M-9) . 

The PS 1 only 10 the first o~ 
::he twc AP-waste burns; it a det.ec-:'ed samp_e 
(at a concentration on_y ly less than thae: measured in the burn 
s el before this burn. The Hi-Vol/SFCMS sys~em 

y the ~irst burn and the emission ctor 
(3.8 s essentia the saIT,e as that from the PS-1 sampl s 

.4E-0 ). The 1. emission fact~rs for ~he AP-waste burn were 
excluded from va~idated database for c:hree reasons. First, t was a 
::::orrunon component of bac samples in the concentration leve s 
equivalene: the emiss on factors calcul ed from the burn. Second, it 
was in the ound sample for the waste burn. 
was not found in the second burn. The Hl-Vo~1 FCM5 

ampl system in the detona~ion s from e:he 
following four ~tems: ARS-446 (1.9E-06 ; MK-107 
(8.4E-07; FMC-54 14.7S-06); and 40rrun ( .5E-0). These emission fac~ors 
are ve-y c ose ~o the MQL emission factor (2.9E-06), a~df as noted above, 

was a COITlDOr. conS:':Ltuent of the ambient r in the BangBox. 1'.lso, 
the PS- system detected phenol in Lhe samples 
associated wi:.h these fo~r i::ems at leve s which wouid have yielded 
emission factors of the same magnitude repor:.ed for these four i::ems. 
Therefore, these latter phenol emission fa ors were nOt included ,1 the 
val dated database. 

tnalene and uoranthene: The Hi-Vol GC/MS 
emission factors for two of the 08 EPA-8270 

~halene a~d fluoranthene) and both compounds were 
associated only with the AP-waste burn. These two co~pounds are normally 
re~eased when esel fuel and wood, e:wo of the ~ateria_s in c:he AP-was::e 
material, are burned. These were also cound Lhe 

P5-1 thalene the average P5-1 e~ission 
factor was 1.0E-04 and the Hi-vol emission factor was 1.6E­
04. Si~ilarly, for fluora~thene the P5- emission factor was 2.0E-04 and 
::he Hi-Vol value was 1.0E-04. i~ce 1t is hi like that :.hes a- o 

valid emission factors, the PS-l derived e~ission factors were included 
in the va idated database. 

(3) 2-Chl This compound was detected only by the PS-I 
sampler the two A? Ian:. burns conducted July 31, 1 95. 30th 
triai-s same emis ion fac:.or (1.0E-05), a value y 
o of the S nce 2-chl was not fou~d in the associated 

bac s and i~ was ~ot a common contaminan~( ~he 2 
c!-:l factors 'idated dae:abase. 

Non-zero emissio~ factors for 
di only from the ?S-l s were associated 

24 


http:repor:.ed


>-easons ­
B3li 3~, !'1F­

l~ less thaD ~h~ 

';ound iI~ c.lmos,-

Iant b~:cn was ex luded orr, 
t:.nE: Vb idat=ed da-:abasE: =0:: ~he =o~l~)v,'=-ng :::-eason.s. F':::s:., ~he !'1QL oV 

~h~late is hi - than the emission fac~o= i-om the M-0 
Seconci, C.+­

f=ounci lL 

£a:::1::or. 

Mass Ba~ance Assessments =or C, N, 8, Cl f Al and Ph 

Ca=bon Mass Ba~ance 
The carbon mass balance was conducted calculat the total mass 
(wei _) o£ carbon in the material (MEM: detona~ed 0= b~rned and 
compa:Clng it "'.:0 the mas of ca:cb:):-, found us the SUIT: of the ave:cage 
emisslon acto:cs for and CO (expressed as thei- ca:cbon en1:: 
\7aj. ues,!. Sl:=::icien~ composi iOll da-:.a was avai~ablE: ~o conduct ::he rrtass 
balance calculation fer 23 of the materials de1::onated and burned. Only 
the de1::0natlon cord gave ~ Conversion (ZIG ) which differed by more 
than 18 f-om the value of lOO~ that was expected if all the carbon had 

The extreme_y high % Conversion value for 
~he de~. cord was because each of ~he th~ee ~rials involved 
de~onat 203 9 of PETN WiLh an electric bl cap and because the 
emlssion factors fo= rhe three trials so c1 A 
review of ~he raw daLa also showed Lhat th_s material had an usually 
large difference be~ween ~he CEM and canister values for bo~h and co. 
It also showed that PE~K was not detected in the emlssion from any of the 
three detonations. This was oularly unusual, becaUSE, when much 
lowe ties of ?ETN had been de~ona-ed (as part of donor ), 
measurable quantities of PETK had been de ected. For ~he above -easons 
a 1 emission factors for the det. cord were excluded ron the validated 
da'Cabas 

Nitrogen Mass Ba~ance 
Al'Chough N was not measured airectly in rhe BangBox studies, there s 
solid soientific evidence from detonation and burn expe~iments on 
:::xplos2. \res whe.:::e the l',L em~ssions WE:rE: measu~ed di.:::ect y. :"l~' The 

xperiments described in referenoes "3 and 14 are partic~lar1y relevan1:: 
he~-e because they invo~ved de~ona:=-ng MiG7! 1 S Iron a~;:ille.r:·y rounds {S6:: 

2260 and bu_ N!KE ~ocket mo~o~s in a 4,100 m' chamber. More 
tban 9 f the N in the Camp B in the l':107 rounds and 99.7'2 of the N 
in tne NIKE's double base llao'C were converted ~o These lov ~N 

CJnve::;:~ior: are pa~:: cula:: to t:.nose f01:: __ LE:2:' 

CHNQ-based materials. of N (in the fue 
converted to NOx u::ilit residual f~el. 0 

_; 1 , dist':2-1ate~ 
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and ~,ar:ci a!':'e: 60 

The N mass balance ca:c~la ~ons used ~he NO and erriss_on fac~ors 
lexpresseo as N) ~o determlne how mu the N ln _he energeti materia_ 

w":ts cor:ver~~~ed SG fi en~ c~nem:. ~;omposi .l da-ca 
\r,a availabl conduct th assessmen~ on 2 o~ the ma-ce-ia s detonated 
and burr:ed. The AP-wastE burr:, WhlCh had a Cor:vers;or: of N to Dltrogen 
oXldes of! ,was the Conversion -F N 
grea el:' than '(,. Since dl rs on 0_ N val~es a reasonable 
based an the work of and Ornellas~, all ~he NG and NO emission 

cT:ors were uded 1n the validated tabasE. 

Cb20rine Mass Ba2ance 
Pe cent recoverles for ~ could be calculated for lve energe~ 
mater _so These ~ateria s and the soc~ated ~ recoveries are: A~) 

(85':'~)f Al-.ZiP {"02 if r0:K-2 (9 ), rvl:E-6 ( 7~) and ]\,.!?-'..,;as (60 ':. Slnc':: 
hese coveries are reasonable based on the work of Ornel as 1 , a 1 HC~ 

and (1 emission fac~ors were ~ncluded in ~he validated database. 

Su2£ur Mass Ba2ance 
Four of ~he materials de~onated contained known quan~i ies of S. These 
materlals and ~heir assoc_ated Convers~on to are: M31AIEI (28 ), HEX 
(5 ), M~3A2 (5 ), and MlS8( I. Because no litera~ure references on 
recovery of S from detona~lons was found, the emlSS on factors were 
includea in the validated database. 

Lead Mass Ba2ance 
The two materlals known to contain ?b (ObI SNL and Dbl DPG) % 
Recoveries of 37 ((Dbl-;)PG) a:1d 12 (Dbl-SNL). The reason for the low 

for Dbl-DPG b~rn is not known. :Pb was found in the residue 
from this Latter burn, but, ~he quanti~y in the residue was no 

.J Because Pb is one of the most likely toxic 
potentially released from DB and 00 activities, the Pb emission factors 
were included in the val dated database. 

A2umdnurn Mass Ba2ance 
The six materials known to contain measurable ies of Al lded a 
wide range of Recoveries. These materials and ~he associated 
Recover es are: tritonal ), ~ritonal-wax (9%), HBX (5%), Al-A? (7 ), 
AP-waste 29) and MK- (60:. Ai was found in the residue from 
tne ~hre2 burns and observed on the floor of the for - ~hree 

detonations, the actual amount was never determined. Because Ornel 
also low recoveries for Al, al_ the Al emission factors were 
included In the validated database. 

Energetic Materia2 Mass Ba2ance 
?he da~abase contained non-zero emlssion ~actors ~or four of the 

energetic : NG, HMX, RDX and PETN; all were associated 
with de~onatlons. othe target energetics ( TETRYL and TNT) 
were never detected. However, lt shoulci be ing ~s 

for energetics were on~y available for the energetic materials detonated 
and burned in St~dies 1,3,4 and 5. Air es f energetics were also 
taken in Studies 6 and 7, but the s were not analyzed because the 
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SFC /MS '.l:~ii wa~ brD~er a~d _- wa ~o~ rena ired unt ~ six manths afte- ­
samp __ es had _loal method speci~ied tha- the 

ex~ra=~ mus~ be ana after extraction:. Tnus, 

possinlE that add~tiona~ ene_oet~ 


had theSE la~ter s es 


not contain NG a~d - was ~o~nd in _he bac 

these detona_ions. There inclucie 

in the val aated datanase. 


The PETN and RDX emlssion factors were lncluded in the validated 

databaSE, becaus they were associated with detonatlons in w[,i ch 

rEater 2l these Energetics were used _ 

detoriatioL. 

mhe emission actor for HMX were included in the validated databaSE 

because: ,.-,-, c:.he HMX was cor.slstem:l detec~ed when PDX was also 


Ide_ec~ed in the emission Ini tary of RDX contcin 
between ~ tC lS~ HMX ) wi one excep~ion, the HMX 
emiss on factors were ~ RDX emission fac~or. 

Validation of Chlorinated Diol:ins and Furans Results 
The valida~ion of the dioxin and fu~an data was dlfficult because of ~he 
excellent (E-10 ~o [-11) and the ~ous nature o~ these 

in all environmenLal medi Dioxin and furan 
collecLed dUT four burns (A? lant, aluminized AP ant, AP-
was~e and diesel fue and dunnage) and after the detonatlons of ~he M­
158, M43A2 and M-206 fla~es. 

Furans were detected only in the emissions from the A? waste burn. mhe 
five isomers (octochlorlnated furan (OCDP) r 12346'8 
1234789 123478 HxCDP and 123678 HxCDF) were detected 
100 to ',000 times larger than the MQL emission factor (2.6E-11) and 
therefore, were included in the va idated database. No ~oLal furan values 
(e.g., Lotal HxCDF) were 

Octochlorinated diben (GCDD) was detected in the emis ions 
from the detonation of ::lare and the of the diesel fuel 
and dunnage surrogate. The oeDD emission fac~or for the M43A2 was 
included in the validated database, because: (1) it was not ound in the 
background and (2) was ~ound at levels 4 to 10 times laraer tha~ 
the for the three trials (detonations). 

The OCDD emission factor for the burn was not included because: 
(1) it was found for only one a the three trials; (2) the bac 
emission fa _or accounted for 70l of the corrected emisslon factor; a~d 

the uncor-ected emission factor was only 30 larger than the MOL 
emission ~actcr (2.1£-10). p~ t.o"::.a emis ion factor was also 

for the M43A2 det.onation. It was lncluded in t.he validated 
database, because it was ound In each of the ~hree trials (detonations) 
at levels w::'ich were 1.3, .:J and 5 times the .IE-IG). No other 
dioxins were reported for any of the items tes 
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Table 3-1. Representative MQL Emission Factors 
(kg.ana1yte/kg MEM) 

i'101 =J~ 
~)e-o:"'.~; 'j_on.::' 

I"1QL ::0:­
Eur:-.::; 

.OE-Of 

NC' .:£-05 

l 
1">,. ~E-

SV02:s 

o;.:ins ,.OE-l(; 

RD)~, PETN HEv]}: 

vo:::s 4,32-07 5.5E-08 

=:.7E,-04 3.SE-O~ 

Sb f Ea .72-04 .6E-O:: 

4 . 

. '.2-05 l.1E:-03 

Pb . 6.c:-0~ 

.. lE-05 

Zn 9.0£-04 1. 2E-05 



Chap-:'e:::- 4: 
Oye=,~.:Le\\' of the Validated. Dc..ta!:lase 

S _' ane E c:::m-C2:; 

0:: b:J::'LS 


oe~ona~ ons, The ::eaSOLS theSE ~at~e:: ma~e::ia~s were si 

discL:ssed below. 


gases; tota_ nonmethane 
ur:iden::i=i~C: 

\:o-:a 
"LO~c:~ 

a""OIrta-:: S i ca~bons; meta!s; S chlorinate6 [urans; 
~ non-energetics SVOCs; and energet.ic SVOCs, 

Mos of ::.he ana.ly:-.es are nonhaza.:~dous sornpounds c:ommoll . .:!.:Y f:)und iIl 
arnl)ien-c al2:' ~ If an ana'::"ytE: is 2.is-ced i.r; C, bu:: ~s no': in the 
database, _he user of ~he cla~abase caL se::e c y assume that i"L was never 
tie~ecte6, 0:: if it was tietected, t was no~ above the concentraTioL in 
the associated bac 

The many slmilarities between the emission 
earlie:: ere else present in "Lhe databas ~or 

propane and isobutane were associated wi_h almost every 
energetic material tested and their emission actors were usua~ly much 
greater than those for the other saturated ~"lse, almost 
every ene c materia~ tested released ethylene, propene and ace~ylenE 
and these three represented a very subs~an~ial part of ~hE 
emission factoY for to~al unsatura~ed 

I 
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Shapter 5 

Discussion of Results from Unsuppressed Detonations 


ThE: _e~ als detoaa~ed ln - ~ thout wate~ suppress OD, were 
ced iDt~ two categorles: BangBox bulk exp osives and 3angBox

-" .assernbled (encapsu~_a't:ed) 8sives, ~~. I =u,-,:~s! :l..ares ane 

car~r A tt rd ~egory (DPG ~l' Dulk was a'so 

created us the e~ission fac~ors ~ro~ ~he 90 sur~ace detonations 

(TNT-?has2 Tl~T~Phas2 B, Tt\,T-Phase C, ,-"cmp r~f osive 0 and PBXN) 

and _he 00- s detonations conaucted at DPG in I 89 and 90. 

~he mean emission &actors and standard then 

calculated for the f01_ (if -che data 

were ava~lable): total satur ted 

acetylene, and (total of) carbons; benzene, 

toluene and ,1). The mean 


C and ~N converted :0 the carre cXldes (COx, NOx) and the 

tios and %NC!NO and the associa_ed standard devlati WAre 


also lCLlated (Table ) . 


~hese were selected because are found In the emi sione 
from most of the ma~er ais detona~ed. Emission factors for individu 
sa~uraced ocarbon compounds, such as etha~e, propane and butane, 
were excluded for cwo reasons. First, these are 
envlronmental these 

rbons ave _ely 50 percent of the 
concentrations found in the co~lected after the detonations 

aver'age values for che unsaturated 
ana aromat c re 

The means were then ected to Student's t-tesc to determine if the 
mea:1S for the same ratio analyte were statistically the same across 
at least two of the three es. These t-tests determined that the 
means were statis~i ly ent across al three es for %C 
Converted to COx; %CO/COx and PM-IO mass and there~ore the lndividual 
values could be combined to create 'arger data sets (Table .3) 

No other means were valent. However, because the abso ute 
di ferences between the mean values for the %N Converted to NOx were 
small across the three categories, lndividual values were ranked 

-om hi to owest to see 1£ chey were su~ficient y i termixed 
across the chree data sets tc ust com~ ttlem into one arge dat:.a 
se-. For this -eise, che detonations, che DPG fleld 
deconations, and the detonations were des 
the numbers 1, :::: a:1d 

exercise, wh_ch lS shown below, demonstrated that for a_ 
practical purposes, there is sufflcien-c over of va_ues cross the 
three s to rationa lze comb them (Tab e 5.3). 

I 1 r " 

As shown below, a similar ranting se on the N:J/NOx 
ratios also elded resul s whlch jus the th!:ee data 
sets into one arge data set (Table 5. 



-5 of ~he databaSE who va:::iet 
:-ge ma Tabi 

.... han ~ne 2verag2 C~, f '.-'<~'! 

databaSE. Us -s shou_c a' -de.:: ve8. PI"v:!­ C 1112 

err~2 s ?l"­ err.lS :~_OT1S l~orr: 

detonations, Sln2e ::hev de no­ insluae ::he soil pa ~lC~ 

en rained i~ ::he plume 

::he oc:her hand, the di~ !en- between =he means ::he 
analytes were _00 a:::?e:: :::ationalize them in::o a:::qer date. 

.,The means ' Tabl .,.,) • ...!.. Y'E:;: no~mclized thE: 
ens:~get i c rna :=-e~ i c ~; (f\CE1"j Q-3-:' ona ,~ec.! :"or some icac:ions, having 
::he emission fac::ors normaliz ~~ _he ca:::bon content o~ the materia 
detor,2ted rdght User who need the organ a:-lc \T~eE 

normalized tc _he carbon content tne ma_Erial detona::ed w :"::"no 
this in:"o:::mac:io~ in Table .~. 

Ot.her VOC Compounds 
8tner tnan benzene and toluene, a common was 

othe::: aromatic :"ound at ~ was ~ound af~er the 
de::onatior: of c:he ClaYmore IEines ( verage emission fac- .7E-O 
and the T-45E7 adapter boosters (ave2::'age em2-ss £act.or of 

neca~se bo~t ma~er s 
c::mtained po (::h,:: cas 0= ~he mi.ne cJllt:a':'ned SOo 
and the T45E7 c2n~alned 

Sulfur and Aluminum 
The low and variable recoveries fo_ S and Al ga::ed 

IIt is possible ~ha~ the w'as converted such as 
, metallic sulfa~es or even ::ree S (S.; ; none of whicb \r,1e:ce 

~arge~ analytes. The low -ecovery of Al may be or at eas~ 

ained the silvery-gray residue observed on ~he floor 
after each detonation 0_ an Al-con- material. Unfortuna- ly, ~he 

and mass of ~his residue was never de~ermined. However, 
Ornellas' also reoor::ed low cover es of Al for some materia s. 
~he rea ons for the low recoveri are determined, it would be 
to assume ~hat all the Al :and any other me~a_ in ~he exolosive 
detonated) re sed '" -:.he ironment. 

Method 8270 Compounds (SVOCs) 
Method 8270 compound found in the 

and it was associac:ed with items which were either 
known contain lates or WE_ likely to contain them. consistent 
wl::h detonation theory, no SVOC's a~tr_bu~able ~o moleeul 
rearrangement reactions of ~ne energetic molecule were ~ound. ­

Dioxins and Furans 

Fu:::ans were no~ dE=ec~ed, sens V~ S 

anal s rr.ethod emission fac~or 0= 2.0E-I0). One GlOXln, 
ocon (octochlorinated oxi~) was found ( verage emission 
=ac~or of =-om the detonatio~ of the M43A2 f re 



resulted ~rom tje rea on & the cnloIlde-con­
ast rna-:e2:' i 

Residual Energetics 
The presence of HMX, RDX and PETN 
fte s expec v 

~oc.o t must be ~o~ed that rEast.: 0 the e 
lons, ~he -a~lO of the donor mas ~o the ~otal mass r~EM 

detonat was two LO four imes greater tha~ that used in oe OD 
aCL1Vl ies. Th emissi factors 1n idated database are 
ca cu~ated bas on ~he to~al MEM de~onated, rather than tne ac- rna s 
of PE':.'N and RDX used. Table 5.5 compares e:hese orl en.nss 0:-1 

factors those WhlCh resu_t when the ac~ual mas of PETN and RDX 
detonated s used calculate ~he emissi factors. 

As noted 3, HMX s an militarv~ 

RDX con~ains between 4 to f Lhe percen~age 
HMX in the RDX used is known, one should conslder us 
emission fa for HMX derived by mult the 

t~e Dercent ge of HMX in ~he RDX ra~he~ ~han us the 
database. 
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Table 5.1 Mean Emis~ion Facto::-s (kg Anal~Tte/kg MEM} for Selected 
AnallTtes for Detonations 

I 

I 

O:.:he:­ U:1sa:'--:"2:'Ci-::ec:: 
He 

:s 

3::, Be::;' I c.• ­

BS, Sn~apsu~a~et 

c. 

C.: 

3E, Encapse:la~ed I D." 

BE, Bull: c. 

I 

(:. :2 

J flsld, Bull: 9ClCi 

I 

B~, Encapsulated 

BB, 3u::'l: 

ES, 3ull: 

(' . 
\j • •-­

C.: 

L 

:'1 

8 

t, 

.3C C. r, C 

30t::-D 

I 

40[-06 

:;'E-O<' 

DE-Or: 

ClE-O NM 

26::::-(1 

4S-Clt' 2[.-06 
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Table 5.2 % Recoveries of C and N as the O~ddes for Detonations 

E'Zlrame-r.er 

Encaps 

Bull: 

Bb, Encapsulated 

BS r 3u:l: 

Bu:' 

B"~, EncaDsula~.ej 

B3, Bu:'.}: 

F j.eld, BulLe 

:SNO/NO:·: BE, Encaps'.11a:,ed 

BP~, Bull: 

Field, Bulk 

! 
I 

!clEM 
:i:C; , 

CJ • 

G 

gee' 

:; . ~ 

O. c, 

90G 

" ,J. 

900 

I 
Mear S:::::i. Uey. 

(l 

4 

~' 

, .0 

8 c. o. 

I I 
G 0% 

i 18 

8 

Table 5.3 Ew~ssion Factor Averages Across Categories for Detonations 

I 
.?ararneter 

as j\iOz 

No. Of Values 

i 
i 

Media;:) 

98.55 

Mean 

I 

Std. Dev. 

8.40', 

11.1 

1. ''c 

PM-1U o. 

I 
I 

O. 80 



Table 5.4 Mean Emission Factors (kg Analyte/kg C in Energetic) 
for Selected Analytes for Detonations 

I 

I I 

I _I i:b, B:.:li: 

Ii:.]\'. I 

I 
) s"" 

83, Bull: 1£7[-0(,· 

B5, B:.:l): 

" 1E-06 

BE, Bul}: 5 32;:-Oc 

:ield, Buli: = 4£-06 

I 

TcJ.uen~ BE, En::a~st:la'C'2ci 95::-0f. 

33, Buli: l::.s-Oc 

::r:he: Aroma:i BE, En:::::a~sulaLec: 

33£-0':; 



Table 5.5 Original and Adju~ted Emission Factor~ for PETN and p~x 

I .4E.··O~ 

~: . .4::: ­

T4 PSTt, No:: 

E,­

.8E<4 

MS:-l S.lE-OS ---'. E-C c (; 

l'0· 
~, 42-04- . 

SE-C}LE1. ,
J, • \C. 

9£-05 I 7 E-04 

Claymo:-e ?2TN PE~N No~ 9.9£-0 

I 
20-mrr. No~ sed PE7N Not Used =-.~E-05 - . 7E-O~! 

O-f('tl., ?E:TN No::: Usee:: ?2'I'N Nc~ .7E-05 I .OE-O::, 

Numbe:: of Val':.les 0 lG I 14 

.45E-OS .55E-(js ::'.7E-04 1 
~? .4E-04 

Mea~l 1.28E-G4 {;.84£-()4 I 
., 612-03 

St.andard dev. :.:: 33£-04 1. 94E-03 
l 

3. 14£-G3 

J6 




Chc:.pt.e.r 6 

Results for Wa~e=-Supp=essed Detonations 


C, • and compa.re ;::n":- emis 

were dons 
seve::-s~y 

os'ves unde.r a soi C\~ VJat.e.:'.:"-!::;~ar.;.ke ~iaV'2 or: 
}1ITlC -= an oxygen balanced "0 comprised c'= 

AI\: , conve 
::hs oxyger: 

< - ..,...,

l:::eDc...:.,:, 
conve~"L. and H -:::0 COx, NOx, 

These- lSG 


for c b.las~ and no:,sE s:.::pp~ession ~echnology deve in "tfle: U . .s.' r bu-: 

and Sou-:::h Africa ~h_s - chnology invol 

de-:::ona::ing muni-:::ions in con-:::ac:: wi::h s containing wa-:::er. 
This ::echnclogy reduces the bIas than 90 when 

valen:: unrestric-:::ed de~ona~~on-:. ~oweverf -:::he water also 
ireball wh_ch, sed the amoun:: of sooty par- cula 

'=ound af~er ~he detona ion, reduces tne ove.ra 1 des::ruc::ion 
of the detonation process. 

The data in Tables .2 and 6.2 are consis-:::ent wi-:::h the -esul_s froK 
Ornellas. ~. That -:::he afterburn s~ increases 
~he emissions of dized species such as soot and ~he 

and The y.esL:.~::'s 

also are in general agreemen~ ~it~ de~oDation For e, 
rbons is limited to mo':'ect:les whic~ are smalle: 

than the s~ c molecules (Table 6.2), i.e., rearrangemen~ 

in~o larger molecu~es did no~ occur. 

The decrease in the increase in the CO and -bon emiss ons 
&or the water-suppressed detona::ion of amatol (an oxygen-balanced 
energetic) TIlay seem surp:::-i but. confo::-rns to de-:onat on That 
is, ~he oxygen balance i ama::ol is actieved by a s~rong oxidizer 
(AN) ~i th the oxygen-de icient TNT. Thus, for ~he ~irGlm energy release 
from ama::ol, the oxidant and reductant radicals ;ormed behind _he shock 
wave mus~ dlffuse between two molecules in order to react wi~h each 
o~her. n contras~f when ~he -edox reac::ion occurs w ~hin ~he same 
molecule, the afeect fireball-suppres ion the emissions is less 
seve~e. 

The results show that an oxygen source in contact wlth ~he 
explos ve molect:le wi ensure an efficien:: de-:::onation when 
conduc-:::ed under a s or water blanke~ cover. U~fDr~ I ..J1E:2:"-:: is 
no infcrma::ion on TNT emissions whi mi haVE: .:-esul!:ed rorr -:he 
water suppressed rie-:onation because t.he a r sarnp~es collec'Ced. ::0::: -:he 
energeti were not ed (SFC unit was broken) .. 
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Table 6.1. Comparison of Emission Factors for Unsuppressed and water-Suppressed Detonations of 
Tritonal and Amatol. 

-~r-' 

.l\nalyte Tr i t:onal-B,O Trit:onal IT-H,OII (T) Atnato1-H,O Amatol (A-H,O) I (AI 
IT-H2O) (T) (A-H,O) ( Al 

t--. 

co, 0.28 1.2 0.23 0.3 0.7 0.43 

CO 2700E-04 29E-04 93 2.3E-04 97E-04 0.24 

NO 40E-04 591':-04 0.68 77E-04 180E-04 0.43 . 
NO) 2.7E-04 0.3E-04 9 2.4E-04 1.2E-04 2 

Ethane 120B-06 0.4E-06 300 1100E-06 4.1E-06 269 

Propane 55E-06 0.7E-06 78 190E-06 0.lE-06 1900 

Butane 15E-06 0.3E·06 SO 52E-06 0.6E-06 87 
~. 

Other Saturated HC 30E-OG 8E-06 4 158E-06 13SE-06 1 
-

Ethylene 1100E-06 25E-06 44 980E-06 3lE-06 3:1 

Pr<;,pene 160E-06 5E-06 32 360E-06 5.5E-06 65 

Acetylene 4400E-06 431':-06 102 140E-06 1.OE-06 140 

Other Unsaturated HC 240E-06 87E-06 6 20E-06 103E-06 5 

Ben;;ene 200E-06 1.5E-06 133 270E-06 23E-06 12 

Toluene 73E-06 1.8E-06 40 120E-06 6.7E-06 18 

Other Aromatics 87E-06 llE- 06 B O.OE~OO 13E-06 NM 
~. 

. 

) 
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Table 6.2. Distribution of C and N Across Selected Analyte Classes for Tritonal and ~matol 
Detonations 

Analyte Class Tri tonal-H2O 'fritonal Amatol-H2O Amatol 

%C as COx 65% l06,!; 98% lOin 

tCO/COx 49% 0.2% 0.07% 1. 3% 

%N as NOx 2.7% 0.95 2.2% 5.0% 

%NO/NOx 94% 99% 97% 99% 

%(E+P+B)/Total Saturated HCa 86% 14% 100% 30% 

%(E+P+A)/Total Unsaturated ncb 96% 46% 99% 27% 

%(B+T)/Total AromaticsC 76% 24% 100% 55% 

- ­

-­ ......._--- .... _­ .......~ - -­ -------_ .......__ .......­

a. (Ethane + propane + butane) emission factors/total saturated HC emission factor. 

b (Ethylene + propene + acetylene) emission factors/total unsaturated HC emission factor. 

c. (Benzene + toluene) /total aromatic He emission factor. 
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Chapter. 7 

Discussion of Results from Burns 


AP-Waste Burn Results 
Tnis su~rogatE waStE wa '~':C tarruna :.ed 

asti gloves, cotton towel rods and similar 
materia s that resul- from 

simul 
rags, s, wood 

used ::'0 
man~fac~u=e A?-based proae 'ants. Thes mate~ials are 

burn ng in pans by nc~neratior:. '::'he ori 
bri actud_ A?-based manufactur~ng waste to D?G for 
however, this was ted becaus DPG did not have a t for 

s type of waste. In hindsl the surrogate waste burned 
representat ve manufactur was The 

the 

dest 

chernicaJ. was approp~~ F:.P P--.P, 
1 alum_num) f plastic mater aves , __ , 
pape /wood/cloth and dies ~ fuel; the p_ em lies with the manner in0 

whi ttle ant was placed in contact with the combustible 
materials. That i ,l-i cubes randomly dispe_ op o~ the 
combustibl materia"s. . an actual waste, the opellant WOuld be 
dispersed on the combustible mater~a s as a flne 

Also, because the firs burn resulted in a hole in the bo~~om 0_ the 
pan, ~he econd and third burns were done with the surrogate waste 

on top of a 7.6 ern layer of pea At 
each of these ast ~wo burns, holes were found the 
pan, and melted plastlc was found in _he pea grave 
of ash remained in _he bur~ pan f~er the ~irst burn, 
the second burn and 6 of ash af~er the third burn. 
to determine the wei of ash r when the pea was used. 

of was~e surrogate burned in the three tr_als was 1,13 
the 4g of Hercules Smokeless Powder used to initiate 

each bu:c:n. 

The unique mix of emission ~s, the me ted and the 17 
converSlon of N to NOx observed fo:c: the surrogate AP-manufact ng waste 
demonstra~es that this burn was very di ferent from 1 other b~rns 
which invo_ved ene c mater~als. Most of the emission f ctors for 
chlorinated VOC's, those ~or the five furans, and ~wo of those for the 
SVOCs are associated only with this material. There were a_so notable 
auantities of diese~ fuel-related VOCs in the emissions. 

These results are c.. comb2-:J.a~ion 

incineration type burn pol nyl 

the 

It was 

of 

wood dowel sticks the heat released on) This 
environment would have tne conditions which favor the formation 

SVOCs and dioxin and furans. These condi tions are"~: low temperatu_ 
(2 0-40 ), residence time (seconds), presence of Cl and c 
materlal and a meta that could serve as a catal . AdditionaJ work 
should be done on this type of rna erial. 

Dunnage Burn Results 
7he dunnage burn is unique in _hat _t did not involve any energet c­
conta~n materials. Not , a~mos~ al of the emission fac~ors 
in the databas for and saturated are associated 



~h ~hE diesel ius: used in ~~e A~-was~e b~rn. ThesE 
emlS ion fac~ors could be ~~E va: emissi8ns i-Dm 

-sJn::c.':L':n·; 

Smokey Sam Burn Results 

ThE: SInD sam s an H:-:YPE obssuran~ 


,-5 ene~ge ~.:>=' ::on1posi_-:.ion ::.. 

. . 

""acL:.ene -c.nE OL_ 

ma'::erial ;J~1::::ned. In us 
smoi:e The J:1".1­

~~as verv dir~ 


cdC)::: and ths a dense fog. Ir. 

:::ompa::=-': son ,-,~ -:n~ other A!?-bas~d p:::-ope an-: bu:::-ns, enl': SlOrlS 


ve:::-y enllSSlons. 1-__ "C,h ~h~ errl.:LSSi81-': 


fac~ors are incluaed da_aba ~nlS ten s su __ ic en~ Y uD_gue 

~~: ::USt not us~ng -L.", to cal::u~a:'~~ sumrr1~=y sta::~s::~::::s 01- bulk 

prope..:.._an-:s. 


Discussion of Results for Other Energetic Materials 
l:.WO 

ca~egories: c:-caseo Box .t:,.P-based 
p2:.-ope':lan~s . l·. ~hi::c:i cat go:::y (DPG Id c-based propE 1ants) was 
elsa c::-eated the emiss_o:n ctors from the ~000-3 00 lar:t 
bu::-ns conduc:::.ed DPG in 1 ~. and. 990. Tne mean emlssion fac~ors and 

analytes within each ca~egory (if _he da~a were ava ~able): ~otal 

ene; p~op~ne; ace- ene; {,-o~al of; o~her 

unsaturat:ed benzene; .... olUen'2i (~o~a2. of) o~he~ ar'omatics; 
and PM 10 (Tab16 7.11. The mean an 1\ conve~ted to the 

oxides (COx, NOx) and ~he ratios % and 
~he associa~ed standard devia~lons were also calculated 

The means were then ected to a S~udent! s t-"~.est to dete':::Tnine i.f the 
means for the same ratio or analyte were statis~ically _he same across 
at least ~wo of the three categories. These t-tests determined that ths 
means were statistically en: across a1 thre s for %C 
Conver~ed _0 COx, COl NOx, NO/NOx and PM-IO mass, 
and, therefore the individual values cot:ld be combined to crEate larger 
aa- se~s (Table 7.3) 

Users of the da~abase should consider us the data in Tab_e '.3 rather 
than the ave-age , CO, NO and NO EmlS ion factors the validated 
database. Also, in COD~rast to the detonat PM-IO data, the BangBox­
derived PM-IO mass emissior:. fac::.ors reasonaDle estimates 
of the emissions from _he open 0 

l:..!1clogous the de~onation data, be~ween ~he means for 
the organic analVtES are too large them intc laroer 
da- se~s_ The means in Table to the mass :: :.h 

c material (MEM) burned. wti it would be desirable for orne 
have t.nese emiss_or, a::::tors normal zed to ::.he c>arbon 

con::.ent of the mater' b~rnedr -r" could not be done because the 
lnforrnation necessary ::'0 do the ca culations was availabl for :'00 fe~ 

ma:.eria.ls> 

http:ma:.eria.ls
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J"t::n=CT FJC 
1\;0 o-::her VOC were fo~nd ar _aD} levels for -::ne bulK 
prope 1an-:: bur~s. Tn~ s wi ~he theory of propellan~ 

d 
Recove les for the 

five mater~als are: 8,' and 
, respectivel For ria's fer whic~ both HC~ and C] 

vallA2s were ava~ abl , leas ,. of -::hs Cl was found as Hel, 
ess :: the amount recovered. These resul-::s are 

those obtained las for AP-based expl s~ve mater al 
At this time, ~i vlO~11d be assume that all the Cl ~~ an AP­
baseci p::::-o~)ell will be -eleased ­

v 

Lea and Al~minum 
Tne low and variable recoveries PD and Al were nor and 
should be investl fur-::her. 's possible that some the Pbr 

converted to a chemical form 'ch is not collected qL:art fiber 
filter. Until the reasons for the low recoveries are determined, 1 

would be assume that a I the Pb and Al not accounted or in 
the ash, was released to the environment. 

Mer:.hc;Q 8270 
No Nethod 827:1 were found ror the bulk an~ burns. 
This s sons tent with de~onation -ch'2::Jry. 

L.I~ and FUTans 
Dioxins and ~urans were not detected, de the extremely sensitive 
sampling and analysis method (MQ~ emission factor of 2.6S-11) 

Residual Energetics 
No residual en cs were detected for any of the bulk propellant 
burns. However, as mentioned ear ier, the air s collected for 
energetic analyses in ~he las two studies were not be ana beca~se 

the SFC/MS unit was broken. 

.--, 
L 



Table 7.1. Mean Emission Facto:::-s (kg Analyte/kq MEM) for Selected Bu:::-n 
Jl..naly-:::'es 

~ . 

r • 
'... ­

c. 

'", ... 

G. 

O~he~ Unsa~~ra~ed He G ~. 

BS, Organis-Based 

Benzene c.:.: 

BE. Orga~i2-3ased 

~oluene 

G.::: 

7 

7 

[ 

I 

.0[-0[; 

.,.7~-Ci 

( . 

. '.J:::-(J( 

6E-~l6 

3£-:)6 

:;. S::::-OE 

OE 

. QE--'-OC 

.8S-C, 

G. 

BE Ot 

._~-Or 

N!vl 

.OE-C, 

~.3E-Dt-

no:. - c'C.lable 
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Table 7.2. % Conve:!':"sion of C and N to the O,;ides f:-:om Bu::::ns 

i 

:0/ 

i 
():g 

I 

! 
, O~ganlc-Based I 

, A?-Bas~ci 0.55' D. 

C.:: c . 

. OC' 

BE, 1.0 

r Organ.ic-Based u. i J.4 

3200 0. I 4 '. , 

BE, ]l,,~-Based 1 

I , O=ganic-Based 

Field, 0rga~~c-Based 3200 

Table 7.3. Emission Factor Averages Across Categories 
fo:::: Burns 

I Std. [levMedian!>arame::er , 

.87',.0',0 98.as 

O. u.3614 O. D% 

as NO}:, 

%NO/NO>: 

9 

10 

0.90% 

.0 5, 

I 
I 

O. 8 9~ 0.74'0 

25. 

PI'i:-lO ~O C.Ol c: .,. - I .300 



Cn2.?-::er 8 
Suggestions For Using -::he Da-::abase 

Detonation Emission Facto=s 
:Ra-:he.:::- -::lar us 

hou_d 8ons~ae~ us and. "-,.:; 
~he em~s ions i~OK OD-based 

~s_nc 2omnloL~ 

ses, sU8h as =ha­
and 

bulk and assembled 
energe=i- 8on=ai~~ng ma=erials, auld 8c_8u_a=e a~ averaoe emf Slon 
ia8~or for ea8h analv=e whi8h covers bo=~ bull: and en8apsula=ed 
ene~ge~ic mate~ also On =he otner hand, f the deLona=lons re ~O be 

ke ihood =n2'~ 

be supp~essed and ilse ei~ner ~he da­ in Tables t: 
and . .2 Dr sele:::t :~he uppermos: pa::-t 0 

-oca~bons speci s in mabie 

Unfortuna f the ene~ge=i con=ains Pb or AI, aL _his =ime, One has 
=0 assume =hat Ql' =he Pb and Ai is leased _0 the a More 
researcn s needed on these release of these and oLher metals rom 00 
ac~ivi=;es. The ow and variacl ~ recover es for Cl and observed 
all Lhe s=udies also neeas _0 be s=udiec fu~~her _~ more Iul v 
charac::e.clze _he envi~onmental sa 0:;: ClD practices. A:: this ims, one 
has to assume =ha~ all ths metals, Sana Cl en~e.c the envi-onment and 
a~~empt to estimate how =hey ~ill disperse in the environment. 

to estimats are those for ~M- 0 ana 
energetic materials. t would De reasonable to 

assume that the PM- 0 em~ssion fac~or in Table S.l and .3 
unaeres~ima=e ::he PM- 0 emissions fo~ a surface cieLonation, but: how 10"" 
_5 the es~imate? Also, f the mass of the be detonated s 
small and the -aLia "donor to total energetic mass," s large, 
one can assume =hat some amount of eneroetic will be released 

=he er.vironment. Bm: hov.' mucr:? 

Open Burning Emission Factors 
y the da~a in Tables 7.1, ~. anci. .3 and the other 

on p~eseL,,:ed in r 7 in a manner analogous _0 tha= 
recorrtr:ler~jed above fo~ t:he detonation emis ion factors, e.g., one has to 
assume ~1'la:: a 1 Pb, CI anci. S in the lC ma=erial being burned 
~_ll bE released ~o _De env -onmen~, excep= for whatever was ecovE.::-ed 
_D =~e burn can ash. However, for bu-ns, one can assume that 

c emiss ons would be low and that _he PM- 0 emiss OD 

fac1:or iT:: .l and .3 are reasonable estiffi2~es of the ?M-10 
em:'SSlOI'_S 



Chap"':er 9 
Recommendations for Future Work 

vari :Jbse 
~n a~ s_udies reviewea needS ~o c:is::~rrnined to IT10re ..c:,_: 

c~"larac:te~iz the enVlrOlJ.m~l1 ~l and OD 
ime, one r:as to ass'Jme tr:aL 21 S a::1d 

e!",:\:ri TOnrrl'2 11:: . 

P'.ll emlssion s~udi s to date have used 
nergetic materials. Rscoverec. ana Oif.l 

burned and de~onated con~irm the repres veness of 
these earlier s es. 

EXlSt knovJ~ on the affect _hat acce erators and retardants nave 
on _he rate of ene proce ses shou~d aDplied 03 and 00 

f the environmenta_ safety and ~D can be 

3uried de~onations be avoided un~ the that buria and 
partial confinement have on ~he emission s established rlgorous 
research ~es~ Computer simulations 1 ~luid 

c ~echniques lowed should be an 
part of the studies, because of n'.J.mDer of fac":ors 

which could affect the emissions. Other se suppresslon s 
which do not inhibl.t ~he fo=matlOn of the fireball, such as detonating 

n cnamners, sho'.J.~d also be deve and eva~uated. 
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Append.i): p. 

Detailed Desc:iptions of the Ene:getic Materials 

Desc=iption 0= Mate:ials Used in Study 1 
Comrnand 

s-:& pan5 
Dur_~c ~he orooe' an ~nE pa~ was covered- " 

S-C:2E: sc;~een D:- vent: _om SpU-:_E~~ng ou-: o! 
-:he Dar, dur Toe orooellan:s were I -:ed w~_~ a~ A-: as 

TNT Block 
"'1:\,1 blo:::i:s vJ"2:i r':7g we::e detor:atea OL January and 
?ebr:..122:'y (:'J ..!...~ The T~T was ob~ained remov rom 

The TNT 01 :::K was made from pressed TNT Slze 
-:e fused -:0 fae l~tate Lhe 

was Lhe o~ly other comoonenL l~ Lhe blo:::k. An RP-B in~~~aLor, wnich 
::ons~sted a: ?ETN and H.D)~ enc:ased i::l an alurrtinum alloy cas \ty'as used 
as the inlLiator. 

Foam Suppressed TNT Block Detonation 
The suspended TNT block was encased In a 9 -based foam which had an 
expa~sion ratio of ~3 : 1 . '::'he foam co~tained ycol e-:her, as-carbon 
alcohol, xanthln oi , a su:fona~e surfac~ant ano 

a:::ids. The ::oarr: blanke~ was tlel in ace I>;i -:h pc;lye­ ler::e 
The dlameter of -:he ~oam to that of the blo:::k was 

y 17:1. The TNT clock was deto~ated on 1929 in 
the same manner as ~he bare TNT blocks had been deto~ated. Th~s test 
was done to det:ermine the ty of ::oarr; to reduce t:he blast wave 
and the environmen_al sa of OD act vities. ! was found 
thaL t:he foam did not subst:a~t:ially reduce the blast: wave 1:0 t:he 
expect:ed and t:hat: -1: ired t:he e_ficiency of t:he jetonat:~on (as 
eviden: t:he sharp reduct:ion of t:he emissions and ~he ::ree carbon 
in the -esidue ~e::- on the _loor afLsr t:he detonation) . The =esults 
from this single test were not included in the database because of the 
uniqueness of ~he test. 

Double-base Propellant-NOSIH-AA2 
The MEM burned was 471 or cons ituent:s of the props ant: we:~e: 

l84g NG, cellulose, 12. r:riaceLin, 9.1g 0 di-l'}­
lead. A s e burn was conducted on 

Composite Propellant MK-6, 88 P-217 
The MEM burned was 4& The major energetic cons~ituents of the 

ant were: 38 9 APr 35. rmi~ated ene, 20.29 
_ sebacate and "'. cluminum oxide. 

Description of Materials Used in Study 2 

o 



Navy-fu:lded S wh en was conduc January , () wa s conducte ~ the DPG -:3 
was to collect emlssions ta a conf~ned-

teel pans and _oe dimenslons 0_ the pa:1s were not recorded in 

or; >: 1 m del:c:1at The 
bur-:1S were SmoKeless Powder-, which s a 
rCl}~::.ur-'2 and NG (5 ). e burn was done on each 
TIla "t e ::' a.1" 

PBXN-II0 Propellant 
The MSM bur:1ed 0:1 January ~ , 9 3 was 1064g, wbich included 
smoke ess The rna or comp::ments 0 PBXN­
1 G burned were: 9 - ~e~rr~inated and 

3 isodecyl pelargonat 

MK-23 CTBN Propellant 
The ME~ of ene materlsl bur-ned on January 1 f 

in~l Hercules smoke ess The rna or 
o MK-23 propel ant burned wer-e 80 
ter-minated adiene and 20 gAl. 

MK-43 LOVA Propellant, MIL-P-70818 
The MEMo:: energetlc r:late,~lal burned on 20 f 9 3 wa 106 

4 Hercu~es sr:lokeless The ene::-ge1:ic composl ion of 
the MK-43 prope ant bur-ned was: 4'g N~r 229 eel ulose 
aceta~ te (CAB) and 789 of mix of bis( ,2-dini )acetal 
aGd bis(2,2-dini~ ~formal (BDNPA/F) . 

Hercules Unique Smokeless Powder 
The ME~ burned on 2, 1993 itlaS 54g; it was sed only of 
smokeless NC a:1d 2 . 9 NG\ . 

Smokey Sam (Obscurant) 
The MEM of energet~c material 
including 2 of Hercules smokeless sam was 
.I.n each t.ric.l. The components sam were; 
APr 00. Z:1, 3 -terminated and 

~he burn was very the BangBox airlock was fi led with a 
, no}:ious odor and the t-es~ chamber was +~ ied with a 

der:.se fog. 

Description of Materials Used in Study 3 
the United S~ates Air Force (USAF) and was 

conducted from 8 ~o 2, 1993. I s ective was ~o 
obtain emissions data for a t cation for a USAF 
base. Four USAF tems were detona~ed in the BangBox; the de~onations 
wer initiated us C-4 and an electric blast cap (EBC). (~-4 is t:he 
donor used in the routine detonatio:1 of the four- USAF items.) 
The four items and the TNT block :used to 
pollutant: measurement sy tems were ope rat were detonated 

30 Cr:l above the floor of the 1 x 1 x 1 m, steel-lined 
in the center of ;:.h Box tes~ chamber. Sixteen 

51 



gauoe ~ro~ vire was used ~o ::hE: TI\fT bl ~ems. 


de~ona~ ons we-e 20nduc~ed O~ ,-h~ fou.:;:: US.p.l-F 

trial was conduc~ed on Ti,,," 


demo ~ion ~lOCKS. :'E ar:c: 

,- =:rr: ): 3C ::rrl Sfi,:::e"" ene 


:::;~es :::-orr --:11'2: :lC}Ol~ c= 


Bare-TNT Charge 
The MEM 0::" energet on Feb~u2.2::'v f; I 


::"or ~hE EBC. 


20I!l1Il Higb Explosive Incinerary (HEI) Cartridge, M56A4, 1'lSN 1305-01-11.8­

9928 
The MEN de~onated in each trial on February 

ar: BB=:. Th2::'ge, 20mrr, ::a~tr9' s were placed on ~he C-4 
, ",'- .gauge ~ron v~re SOY eacn de~onar=on. 

__ o.ined e. E: RDX os_ve -ae S.2 WeE G 

propellar: c cons~=~uen~s: 339 NC and 

qua?1::i -:.~es [,mg L._n, 1)Ol:2ssiuITl ch~ora::e 


car~ri nas thin s~eel oa 


40mm HEI Cartridge, M384, NSN 1.310-00-039-1254 

The MEM detona~ed each ~ri Ie, 992 we : 58 9, 

409 0:: C:-4 v,'i;::h an EBC: Two sOmm car:.ri were DIace:'. on Lhe C-4 

SLY and ied in aCE wi~h 6 gauge ch de;::onaL_on. 

Ea::!'! ca:::-"""'r c.:on-:.ai~1eo. 54. of composiLioL AS explos~ve 0';: 

53.3g RDX, and 1.1g stear c acid); 4. of M- lant (major 

ene::-get c cons::ituenLs: NC, O. NG) and Lra::::e qGant~ties (m;!) of 

bariurr., t.in ::admium and lead. m!'Je ca::-~r has a thin s~eel casing. 


M181U Ant;ipersonne~ Mine (C~aymore), K143, NSN .1345-00-71.0-6964 
The MEM de::ona::ed in each trial on 11, 199 was 22 Because 
::he mi contained 6619 of 4, it was necess -y t.o -emeve 454 9 of t~e 

4 before detona::ing it in t.he w~ich ~as a de::onation MEM 
limit of _ely 23 The mine was an:'. t.he 700, 

4g 0::" C-4 were removed rom ~he 360 lass 
~esin case. The case \4"0 a 50: 50 composite of ::iberg-.:Lass and 

_adiene resin. The mine was 
detonat.ion pit, an E3C ~nse_ ed in t!'Je 0 or: 4 rernc and the 
mine was detonat.ed. 

Adapter-booster, T45E7, NSN 1325-00-827-3851 
The MEM detonated n each tria on 2, 199 was 1939, which 
included 1 of C4 with an £3C. booster was de~onated in 
each of t.~e th::-ee trials. mhe -booster contained 18 ef TETRYL, 
a booster pel et and a hal ow bursted well whi::h was olosed with a st.eel 
p_ug and housed in S-QO linder 17.3 cm long and .2 em in diameter . 

\lJocl wa::"e ::0 .... ec"': L:he booster 
cas and 'es of cadmium. To reduoe the chance for 
~he ast fo::used, 2 ~eel wool ug was placed in the 
_a~ge end & the bu~sted well and the end was cased v th a 31g 

A 1.6 em diame- ~ x 25 cm long steel rod was screwed a the fez 
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we ,"nd a .:;, crr t:h=-ck x sk was :'0 the 
O~hE'Y erld t:he rod. hori:: 
deto:ca-:iorl A ni::-=-a-ced the 

-:ona on. ~::h ast l occurred 
ern steel a::.e 

nsu at~on be~=-nd 
-:r"ess Id" 

-:=.he rn-:;tal r 

-con::alnmen~ cage 'itJhen 
occu::::-re8. t 

but, it could explain hi than resul_ obtalned when the 
average emisslon ~actor was used conduct a carbon mas ba:ance. 

Description of Materials Used in Study 4 
s 4 was funded and he National Guard and 

t was conducted on March 1 and was 
_he p~_ utants that troops are ::0 dur :.ra 

sociated wit:h the burning 0 s. In this s- anj. 
ants were burned in pans us n9 4 of Hercules 

Powder as -;:.he Three burns were conduct on 
each propel. ant. 

M-9 Propellant 
Two hundred and thirty two (2 propellant were 

in the burn pans and the propellant 4g of smokeless 
and two e ectric Each and contained 

10. 9 of M­ Th~ee M-9 prope:lant burns were 
conducted on March 6, eaCD burn was 240 , 
'ncluding 4g of r. ic composi~ion of the 

,40}g of M-9 ,387g NCr 96 NG, 3 potassium 
nitrate and 18 The _ical to 

ir chemical composition was 
not given in the Based 1.19 per ,the total mass of 
the 32 was 25 

M-~ P=opellant In M-3 Prope~lant Bags 
The MEM burned in each trial was f including 4g of smokeles 

rand 11 f reducer lant was contained lD 

Number 4 Number 5 M- prope_lant ; the compo ition not given 
in the final report. The Number 4 bag we 1 and the Number 5 
wei 19. g. Two Number 4 and two Number 5 bags were burned 
dur each al. Each Numcer 4 contained 8g of M-l prape:lan~ 
and of reducer and each Number 5 bag contained 50g of M-l 
propellant and 7.5g of reducer ~he compos tion of the reducer 

in the final report. The major energetic 
constituents of the 2,15 lant burned were: 1,8 9 NC, 
21 dinitrotoluene, 10 te and 22g amine. The 
three M-l lant burns were conducted on March 17 and 8, 1993; each 
burn was conducted under dl ferent temperature and humidi_y conditions. 
These conditions were us el.ectric heaters and pans 

water. The first burn was conducted at low hu~idity and at a 
temperature above ambient temperature; the second burn was conducted 

in t mo of March under condit ons of 
i:':umidi and the thi burn was conducted a~ ambient 

U,.fortunately, the fic temperatures and humidities 



em~ss~on ~ac~o- ~hich were essen~ia:ly ~ne same, ~nE emissi~~ fac~ors 

., . . 
con~:.~lo~~ unae_ ~-

Desc:::ip".::.ion 0:: Ma".::.e:::ials Used in S".::.udy 5 

Tr:i.s s::'Jdy, 

-: 2 :t-I}a.:: ::<r~ C I 

O~ _he 
wnan _hese ma::erials we_ 

iae::o~a::lon t:rain! 
_Cons were conduc~ed 

~her 1 m or C.S m 
above t:he :100::: The c-~ was ob::ained 

remOY::'11:;:; ::he 
::.he s':'z-2:: and lI'; 2 __ .' ::::rr. 

x 3C CI:' sheet: 0 ens :weigh~ng -.99 I D::even~ :-4 Da::-::'::::_2S 

from :'alling ~c ~he BangBox be ore ::he de::ona::ion was 


" .
_L'::" :=l2 :''20_. 

T1:tT Block 
u;::an:: measurement: ins- and oLher BangBox 
properly, ~hree TNT blocks w a ~o~id ME!~ of 
wic:.h 16 gauge iron wic:.h 1.9g 0'= 

and d2~onG::.ec (us ;::he bo::c:.OIT. 
23, ~~A95 .. 

Det.onation Train 
This i~em represenc:.s che de;::onat:ion t:rain used tiaLe t:he 
det:onat:ion of the oLher nine il:ems used in whe st:u It was de;::onat:ed 
to de::ermine ~he feet: tha:: its deLonac:.ion ould nave on ::he emissions 
measured rom Lhe other ~i~e ~tems. Eaen detonat on train contained 579 
:-4, 32g det:onation cord (PETN), anti an ESC. Th C-4 was shaped ~~c:.o 

b~octs weigh ~i~h dimensions 7.7 x 2.5 x 2.5 em and 
~he detonation cord was cut inc:.o 3 m 

C-4. For this test, tWO detcna::ion train 
assemblies we::-e "t.ied E:::bE~ \t,~~-=:h :"6 gauge i.:r"OE v,~:i!"s, v.1i~ed in pa:-c.llel 
to the fir line anc detona~ed a~ove the ~ 0_ the detonation D _ 

using one ESC on CD de~oua~io~ ~~cin. The MEN usee in each o~ the 
;::hree dec:.onations conduc~ OL Feb~ucry 24! 995 W'"'" 

Cartridge, Mod 0, ARD446-1, NSN 1377-00-516-9924 
J6's were wrapped 

and detonat:eo one detona:.ioL 
t~ain. The MEN 9 from the 
oetonat:ion tra was stated to contain .9g char:::oal, 
0.9g sul:-ur ana .Og pot:3ssium nitrate and approx_matE_Y 8g c~ smoke~ess 
powd€~. It s assumed _ha:: the smokeless we ~O NC and 20~ KG 
and ~O{::, Three detonatlons were 

Cartridge, Impulse, BED 36B, NSN 1377-01-037-8650, Lot T0592A002012 
oys 
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readily ::ed. ha s a !VIEI'1:J f 

42 ca~~riages were clus~ereo 
were on ~he Sloes of 

-=-nto a 
one 

EBC was 
used to detonate _he C­ and detonat :m 
cord assemblies were bound w, yo", The ]\1EI'1 

of ::he asserrtblies deto~~~o.ted vIas :144g, from ~ne de~onation 
trail,. The e:~on of ful' known; 

t did CO::"t2_r.. po-:assiun ni.-:ra charcoal G. NC, O. NG 
and 0.0 amD_ boron. 

Generator, Gas Pressure, Propellant Actuated, GCU-2/A, NSN-1336-00-420­
2980 
This wl1lcn is used the LGlv:T32 , has l'1EM 0_ 

.3g; its energee:i compos _lOr: is class fied. The item was p:::-epared 
for detonation remov -:he out metal ]acke-: to expose the solid 

which lS cas as shor~ ho~low ano 
ted ~o tne 

ene shee~ing. This ass 
:.5 m of detonation cord and the gas generator's plastic 
was on to";) of the detonae:ion cord. The gas generator was then 
orien~ed with ie:s steel ln~o the detonation and 
detonated wie:D an EBC. One gas generator was used in each detonation; 
tnree de~onations were aone on March The MEE of each a 
det~nated was 13 

Cartridge, Impulse, MK~07, Mod 01/ NSN-1377-00-779-2601 
has a MEM of 24. Five cartr were placed around a 

of C-4. were para~l 1 to each other, but alternated t 
This assembly was wiLh 3 m of dee:ona~ion cord and 

detonated over the detonation an ESC. The MEM f each 
assembly was 2089, rain. The energetic 
conposi tion 0:: ~he was 7. 4g NC, ". NG, 19 barium 
nitrate and 1 .2g of Three detonations were conducted 

March 3, 1 95. 

Signa~, Illumination, Ground, Red Star, Mi58 NSN 1370-00-490-7363 
~hi flare has a MEM of 6.8g. :01JY flares a banda 
~ere ~sed in each detonation. Two flares were on side f a 
57g b_ock of C-4 and two were on tIle opposite de .. Th:is 
assembl in pol sheet ng; IT of detonation cord 
was then and s cured with 16 gauge iron 
wire. Thi was de~onated with the lare-releasing end 

An EBC wa used inltiate ch of the 
ttree detonations conducted on March 4, 1995. The MEM cf each as 

99, 91g from the detonation train. 
ic compositi of Lhe item s ~nknown. did contain 2.5g 0 

black . 2g s~ront-=-urn rli ",rate, magnesium, 19 potassium 
n=- ra-ce, 2.5g charcoal and ligram ies 0 caon-.ium and inc. 

Fuze, Tail Bomb, Fuze Mechanical Unit (FMU) 54A/B, NSN-~325-00-613-0484 
This fuze, which contains 1 
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detona~or cas~ in~ aaneral Duroose 'G?l ai j~oml..).::: suel-: as thE:' 
Mll and MK62, The ME~ 0_ ~ne fuz is 163.3g. ~uz was used _D eact 

~hree de~ona~ ODS conduc~ed OD Marc~ Ea::h =L: __ E -w-as 

DS -: "'"lS ::f1C".-::ge an6. -=-1-1::: c...ssemb2.y 
IT of de~ona:.ion cord was :.nen 

~~he Opp8.s~ crrl ~r._ l: 3 
jiame:.er w~as __ 8 :"JrE:a): u!:' 

any =L:2E w~a2 

de~ona- rr: aDove -::he c..:~2 E3C ~ ThE: 
l'1:;::1"1 W2::'· .::? 0 .; 

Flare, Counte=.measure, Aircraft, Y~06, NSN-1370-01-0482138 
5 used ~c aecov hea:.-see rn2..,ss~ es a~:2y ::=:<)IT! Girc~a_ 1:. 

g ~')owered magnesiuIT., 
DO~2 Slum ni ·a:., NC and: rubber. The flare, which :-lac an 
aluminum case, was prepared for de:.ona-::ion as follows. A 9 ock of 
c- was cu:. in hal_ se and :.he :.wc halves D_aced ~he long 
a}:is of :.11e we halve -emaloed _D con~a ~ 

aS5amb: sheet 2nd. ::nen detona:. 
core;. was ~he assembly s-::ar~ a~ ~he end oppcs -::e ~he c­
4. in the forward end 0 the flare was 1ef~ in 

O. ~ abOVE ~he floor :.he deLonation 
pi~. The pi.t cover was extended over ~he t when the flare 
was de~ona-:.:ed us an EBC ~c i02:.ia the detonation. The MEM of ~he 

ina1 was 2 9, G 9 ~rom ~he detonation traln. Three 
de~onati.ons were done March 7, '9 

Fuze, Tail Bomb, Fuze Mechanical Unit, l39A/B, NSN 1325-01-214-7311 
This fuze contains 2 of TETRYL; tiat.es -;:.he tudina 
detonation cas~ into GP ai The MEM of the fu=e is 12 

three detonations conducted on 
Ma~ch 8, 1997. The was lml~ar that used for the 
FMC 54 hlB fuzes detonated on 199 The MEM of the each 
assembly detona:.ed was 17 g, 4 from the detona::ion train. 

Signal, Illumination, Aircraft, Red Star M43A2, NSN-1370-00-61B-5790 
are has a MEM f 5 .89 with 56. ~his MEM in the i luminat 

'::'he _llumina_ing charge cOE~ains 10. 9 magne.::ium powde:'.::, 13. 
poc.assium percl-,lorate, 4. s:.rontium nitrate, 3.49 hexach10robenzene, 
49 Lurr and mg ies of cadmium, barium, and lead. Three 
lares along wi the~r band01ie-5 were used In eact o~ the ~hree 

de~onations conducted on March 9, The ~hree ~lare5 were _ied to a 
57 block ~ [-4 and de:.cnated a -e sim~lar to that 
used :or ~he ~158 flares de-::on2ted on = The ME~ of each 

det.ona"Led w'cS 2 9:g from _he de::ona~ion train. 

Description of Materials Used in Study 6 
~uncied the Strat c Environmental Research 

r (SER~P) its ective was to determine the 
ons -eleased when double-based and hP-based propel1an~s WE:_ 

bu:-ned. ThE; t.est~ng was c:onducted :from 6 Lv 3, 9.9:' ~ rrhe 
four prope lants burned we Dlaced In tainless steel pans and ted 
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~ith an electri s and 40 of Rercules ~nique Smokeless Powder. 

Y3LALE1, T=iple Based Propellant NSN 1376-02-213-5669l 

in 2!2 up::i. 
i~ on, which -esul~ed iL ex~ensive prope lant kickout. To reduce 

ant ki koutr &or 
placed horizonca these la~~er burns, 

four propellan~ sci ks were broken into Lourths (1 .4 em) and D~aeed in 
~he pan. ~nen addi ona lant s~i s were broken in ha f ( 6.8 
ern) and placed crosswise on _0; of _he ocher propellant st_cks. ~he MEN 

n the 4g of srnokeles -) usee in the ~hree burns conducted 
, 95 were 2,284g, and 2, 649, for the irst, second 

and third burns, respect ?he or energetic cons~ituents ~ the 
lant burned were: 492 NCr 4 O':J NG, L 4 NQr 3 9 

of c~.ar2oal. 

Double-Based Propellant 

8ther than the fol elernenc.al composit~on, no ~nformatlon lS 

ava lable for this cast croDel an which was burned on Jul 2, 1995: 

20~ C, .97 N, 46.14 0, O. 9~ Fb, 0.8 Zr and O. Sri. 

The MEM In each 0 ~he two burns was 2,22 g, 


4g of Each propellant burn wOJld 
ly ~elease 

Ammonium Perchlorate (AP) Propellant 
Other than "':::he foll elementa~ compositlon, :10 information is 
availabl for thls ant which wa burned on 995: 25. 7 
Cl, .32 4 1 H, 10.35 1'1, 47. 1 and 0.89 Zr. This 
formulation es that the propellant was ~ AP. The MEM burned in 
each of the two "':::rials was 2,27 , ~he 4g of smokeless cowder 
used to initiate '2ach burn. Based 0:1 the above elem'2ntal compos ~ion, 

tne 2,~7 of propel ant burned contained: AP, 30 of a material 
ma"':::erials witn the elemental formula of , 3.89 NC, 0.2g NG and 

2 ZL 

Aluminized Ammonium Perchlorate (AP) Propellant 
Other than the following elemental composition, u,formation is 
available for this lant which was burned on t 199: 
IU, 20.8% CI, 0.09% C, 3.7 Fi, 8. ~, N, 38.l 0 and 0.OC8 P. This 
formulation ies that the propel ant contained 69 AP wei The 
MEN (incl 4 of smokeless ) or tne flrst and second bJrns 
were 1,21 and 1,1 respectively for an average MEM of 1192 (8 19 
AP, 22 Al, 141g of material or materlals with an elemental 
composi tion of 3. NC and O. 2g NG) . 

Description of Materials Used in Study 7 
7 was a SERDP-funded R&D to determine the 

emissions released when TNT-based oSlves are de~onated at 
eve' and This was also done to ob~ain informa"':::ion 

on the emissions released to the a w~en was e from an 
aluminized AP propellant manu::actur process and diesel fuel. oaked 
dunnage are burned. All detona ions and burns were done in _rip i e. 

as indicated below, all detonation were done an M-6 EEC 
and a 6. block of [-4 cut from an Ml12 demolition The 
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'Jde-=-Jrra::_~·Jr~.:: \tlE~ ~he " I Jr 
.... hE =jang58):. 

Detonat:'ng Cord 
~wen_V-JnE anj ~Dree ~en 

::.nelu 

Oe::::::llla::E ~nE Qe:'oDcL:iJ;-. CJ:::C. For the reasons discussed in Chapter 3, 

all the detonation cord results were determined to be invalid and, 

there=ore, were not included in the validated database. 


lJ-8rnDS; -:::. ~onsis ~S 

cf 8 ~, ml\~~l and '-'oce J-.l.~ we ?he is commercial. 82: mi.=-_ ::'c'::-v USc 
for ::r ~onal recovered rom thesE out-of-da::e oombs. ~ ::ri::ona1 
su:':':-oga ~E was 'CE' c:-ushec, Tt~~ 8C}: and al Urn2-nu1T: 
':rbess cornpQnen::.s were: p.i..a:::ec. i~~ c. J ar aYl::~ llilxec. Ull::'l. ..:... ~hs 11lixtu:-E: 

be Eneous. Tl~:_~ mi.x con-:&ined 12749 ~N~ and ~3 gAl. 
portions of ttis c.i): \"e:~e in ttin pclye ene 


and the osed wi~h cotton St_ 

detona::ion; tne detonatlons were daDe 


te ~ rr above the concre::e floor of the 

f<-s:: two tric1s, s Ie M- EB: was used ::0 ini::ia::e :.he de::ona::ioD. 


:: was apparent frow t~e nc::.se of ::he blas_ and ::he res::.dues on the 
floor that ::he 'LWO de::onations did not go o~der. To ensure that 
~he third detonat o~ wen~ ti o~de~, 'Lhe EBC was inser::ed in~o a 
blo2k of C-4 for this detonation. The MEM of the ma::erial detonated in 
the three de~onations was 2299 for the f rs:: ::wc jetona~ions and 23 
for the last detonation. Beca~se were not order detonations, 
::he resul~s from the _irst two detona~ions are not in2:uded in the 
database. The detona- ons were done on '6, 1995. 

Tritonal Surrogate with 2.5% Calcium Stearate 
~he calcium S::earatE: ser"\red as a su.!:'rogats £or s ma~e.:!:ials 

associa::ed with tritona: when it is s'Leamed O~t bombs. 
we:::-e done on 17 r 199 a 6. block of :-4 and an 

E3: were used to initia~e each detona~ion. The ~ritonal/c21cium 
stearate mixes detonated were con~ ined in thin ene in a 
manner ident cal to tne tr tonal surrogat Each 
con"CGlnec 21 earlier and 11g 0 

calc urn s~earatE. The MEN of the ma~e-~al 
::rorr: the C-4/EBC. 

Water-Suppressed Tritonal Surrogate Detonation 

The purpose 0_ these wa'Ler-suppressed detonations was to obta' 


:.rr.ina~y comp2r_sor. b2-'.:weer: thE: ew._ss Ol1S ':::':"OIT: unconfined, s".1.:-£a:::e 
and buried de::onations. The pu~pose f the wa~er was ~o the 
':i::-ebo.:l "that: ~orms when an ene~g€:.ic ma::eria.l is de.:::ona-ced. This 

t for ensur 
c ma:::.eriaJ. formed _n :::he de'Lonat on are converted to CO and 

water-suppres ed detona::: ons of tritonal were done on 
2279 0:: ~r' ~onal surrogatE, ! 3629 0: y.Ta:'Er, 

2 
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6 * block C-4 and em EBC. ~st two detonatio~s! ~he 
~on;3~ v,.I2s :..n cont",cc: w'- aeh a~ which co~tai~ej 54g 

(The ~OUI bags i3 wate~, We-::e r whi::h 
_ton str_nq such - remalneo in conLa::::c: 

, 
. ! tonat~on the _, 62g o~ wa­

c~ease th.:: 
this 1 cer detonation, 

were in the same p~3nE the tr tonal one 
bag 3l1e c:.he 1 underneath che tr Lena 

a 1 r was tled _tor, 
S 1 CODc:act with the trltonal Tne HEM 

detonated in each trlal was " 4/EBC. 

Amatol Surrogate 
lllna a sed of TNT and ammonlum nitrate 
(AK) . is used in mpr2.:..tions. Three detonac:ioDs : 

sur!'ogate conca of TN'::: ane 1 _~N were done arc 
T1'1e amatol was !Jy mixing :rushed TNT bloc 

in manne similar­
su!'rogate. The amatol sur:rogate 
dec:onated In the same surrogate. The MEM of L:;E 

mac:erial detonated in each of the three trials was 2 89 
from the C-~/EBC. 

Water-suppressed Amato~ Surrogate Detonation 
7hree de~onatlons of 227g ama~ol su~~ogate in 
con- a ~o~al of 13629 8: wate~ were done on ~hE 

lve wa~er were distributee around the ama~ol s in 
manner similar to that used for ~he third water-suppressed tritonal 
de~onation on 22, 1995. The MEM detonated was 235g, 8 
from the C-4/EBC. 

Low-Density Composition B Surrogate 
Composi on a secondary i ve found in a wide of bombs 
and a:r::i lery ectiles, i a combinatior: of R!:JX and TNcr. The 

tion E surrogate detonated on st 1 ,19 was 
crushed TNT block with C-4. Three, 27g mixtures of the 

l~ion B sur _e in thin po~ ene bags were detonated. The 
energeL_c composi on o~ this composi on was 128g RDX, 86. TNT and 
12.79 of mineral oi yi (from the C-4). The HEH detonated 
was 23 9 _rom the C-4/EBC. 

HEX Surrogate 
HBX lS forll'e of Composition B; it is used in a variety of 
bombs, and The HBX surrogate was 
mixing aluminum powder with _1:ion :3 surrogate. Two hundred and 
twen~y seven gram quan~lties of the HEX surroga~e were aced in thin 
Dol ene bags and detona on t 2 I 19 Three detonations 
,,-'ere done. The energetic composition of the HEX surrogat detonated 
was: 10 RDX, 72g TNT, 7.8g mineral oil and 38.5g 
The M~M of the materia~ detonated was 23 fro;:e the C­
4/EBC. 

A~uminized Prope~~ant Manufacturing Waste Surrogate 

This waste simulated the mix of astic aves, cotton rags, 


5 




- -

wo~d ~owel rods anC simi a: maLE ~al~ ~na~ resul_ from ~ne 

~ne vessels used _c manu~acture 1an~s; ~s usual' 
opeL ::'u:::r-in:;;. ':'he COIEposi ~=-:Jr. of -:::ne surro9a~e was-:::EC 

0:::: 

S~2:: ma:=.e.::-ic:..l (g oves r 
, , 

an_=--s_a-==-c po 
one =-nCL cu::,es was randorr2v aisoersec 


Hi.a-:E:,::: __ c.ls ~ Becaus€; ­
::.h'2: }:)2.n, 


par:, mel~ed 


of ash ~ema=-ned in 

I.ne sec:Jnc. ar.:::; e5g diff ~ul~ 


W2S usecI. 

Smokeless Powder used I.O =-r-=-I.=-aI. 
Since tbi5 Dl.:_ was done - cnarac~e-' e -:::he emlS =-ons -am 

'v-Jas ~ :.s~ ~ -= I IT\.2.S of -:::he mat lel bu:::nea athe::: _haL 
~~c mas~ of ens~ae~~2 bu~ned 41. 'vias uSee 
£2c-:::ors. 

Diesel Fuel and Dunnage Su==ogate 
Scrap wood from ammuni.-:::ion boxes, dead branches from bushes/~rees, 
s ana o::he= cornbus:.iblE: 17iate.r-ials 
a2:'E: S8meL:lmeS used Wl L.l~ dlesE "=uEl or o-:ber f~a;p.rrtable quid -:0 assist 
in ~hEC oper. cf muni-::: ons and other _=-c materia s found on 

rangECs, ba-:::tle ie1ds, etc. h su:::rooate diese iue -soaked 
wa burned on -::: :;'S'9::, to d-e-ce::::mine :.he emissions 

rE- "I eased vlhen is burned. Th~ee burns were done in unlined 
s~ainless stee pans usi~g 909g of -:::he surroga-cE matE~ial and 4g of 
smokeless The composition o~ the su::: mate~ial, which was 

pasteboa:::d and ces o! 
wood, was: .5~ cellulose (795.4g), asti 
(114 :. Since this burn was done to cha~actErize the emissions from -che 
diesel fue':' ana mix::u::'2 ,-self, . E: ~ f :':1€ rnlx::ure did not 
contain any energetic mate-ia~s, the mass of :.he mate:::ia~ burned (9 
was used _0 calcu~ate :.hE emission faCLors. 
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.~~ppendi.~: B 
Sampling and F~alysis Methodologies Used 

Continuous Emission Monitors (CEMs) 
Thermo Envlronmental (TE~O measure .... 

vNO, ! '! chambe a rnl.rllm~rr: 0 
2 af~e= a deLonatl 0= burn was initla~ed. 

~c :ne test chamber 18 

passiva~ed s~ainless SLee mani 01 ; chelr _put voltage were 
re2o~ded a Calibrated da a tion system fDp,S) sed of fl ve 
comp,r::e::s and a LA),;. The lutan: concen ~at::ons measured before the 
detonatlon/burn was lnitiated were used to correct the 
concentra ons measured after the deLonation/burn was inl~iated. ~he 
model numbe~s and measureme:lt prlnc e.s c ~he T~CO ar·e: 

v(Model 41E, s lLe cor-elatlon.; CO (Model gas fl'ter 
_ 2-a::ion ; NO/NO- (Mode~ 4 I c:::hernilurninescenc:e); SC~ (lvj:Jdel 

pulsed fluorescence); (Mo~el 49. UV '; and He (!vJodel :J , 

gas fil er correlationl. mhe analyzer at ast once 
each test USl N ST-traceable gas standards. 

EPA Method 26 Sampling System for HCl and C12 . 
Two EPE. Method 26 ers, located i" the test: chamber, were used to 
meas~re and Hel concentrations when ch1or::ne- prope lants 
were burned. ~his s r uses a set of connected in 
series to collect Hel and The second and which 
contain O.iN , remove Eel ~roffi the s d gas streaffi, an~ the 
fcr::h which con::ai~s 0.1 N NaOHr removes 
con~en~s are ana~ for C1 ion 
ra-:.e s 1 L/min. 

Evacuated Canisters for CO, CO2 , and SF6 
Evacuated canis::ers were used to measure the 
concentrations in the test chamber. Generally, three samples and 
five SF es were col ecte~ from the sampl in the 
ai_ k each trial. These es were taken at 5 to 10 minute 
intervals and the time during which the other 
were being collected/meas~rej. on the concentrati of the 
gases, the eo and CO~ were done with ther 

flame i.oI!iza on de-::ector (G::/FID) or a thermal cond:Jc~ivi ~y detec:.:or 
(GC/TCD) and the SF6 analyses we done ~s ng electron capture 
detecto (Ge 

Evacuated Canisters for Volatile Organic Compounds (VOCs) 
Three, 6-L canis::er es were collected from ::he test chamber via the 
s manifold each burn/detonatlon event. The first 
was taken approx_mately min after the burn/detonation was init 
the second was taken to 10 minu::es later and the third was taken 5 to 
10 minutes after ~he second. Each e was taken over 3-mln. 

od. es were anal for total non-methane 
EPA Method TO-1 (GC/FI and for over 200 individual 

and G~/lV:S. Most of 'vie 

reximate 0 were GC/MS. Ten of 
these 1 tter s were also fied 
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High Volume Sampler 
~r~i5 sam:=.'~ eel 

j n1'2 -: c ~ 

Some- irne5 th 

The 

Particle Mass and Metals 

The ~~~e= was de~errrined using a lab~_ _Dry 


anCE, and ~nen ~wo, ~ :;-crr.- ss::-=~ons "v,l e.:::e ,-aK2n 

combllTed, aci6 eZ:::-ac .... and _he extrac~ analyzed 


p~2sma a::.om~c ern~ss : ICP, 

Cd, Cr, Cu, Pb, Ni, ~. and ~n. O~ 0: ~a::r~ r was also 

analy ed for mercury ~s EPA SW- ~uci.ies 


filter sec- ons =-om ~he arne de~ona~ion/b~rn were bu~ ~ 


o~hers! we:::-€; combineci. 


Method 8270 SVO=s 
mhe composited fil~ers were oxn1et-ex~rac~ed w~tn 700 m~ of 

aceL.oni~ril::;f the extract was concentrated to 1 ~o 2 ml via ~otary 


, and an aliquot anal us_ng a HP Mode 5290/5 70 GC/MS 

in ~he ~lill scan GC/MS mode. In some studlEs all 


t:he same detona~ on/bUrn ",;ere combined before ~he Soxhlet ex~ra 


done, bu~ lD other studies a1 filters from the same v,1e::-e 

combined before t:he extraction was done. 


a.re 

Energetic anc Other Thermally-labile Compounds 
To de'te~r.~inc i= ... hese were preSEnt, an a_ quat 
SVOC ext=a~~ was analv:ed !supercr ~ical flu~i 

::::br8ma IMS) ani, at: tlmes by SFC/TE]:'~ ll5 ec' 
l"iodel 600/ Fi:lni 1:1::::0S 58. Two comDlemem::ary >SFC/~1S 

were ner=ormed: -) negatiVE chemical oniza~ion for 
ni~roaroma~ cs, ni ramines, nitrate esters and ni~roso ::::ompounds; and 
(2) ~'ve chemical lonizat:ion for ar aroma~lC h 
~heir and oxygen c counterparLs, amine andI 

The SF: unit was run in ~he selec~ed ion made, 
1:han _ s::::an mode. Extracts from some s~udles we-e also ana 
using full scan, SF:!:S~ to seek out un~a r:i ~ros anc rJ.l ~2:'.~ 

es- -5. The target "~E:- 1 s-ced 
c. 

PM-IO Sampler (General Metals Model GUV-I0H) 
Th:.s r is essentially a 



f(,i c~ o"!d the 
amp~~ng ..:. s 

vla l1s::;d n t!l.E: tes :.er 
each Qetana=~an!bu~n, we~ and anal 

mannE;:"V alla} s v::Jlume 

PS-l Sampler (Gene::::-al Metal Wo::::-ks, Inc. Model PS-l) 
er v·las used to 0= lViethod 

_ (I 2.Y10 fG.~cU1S.. (Se 
Sepa~ate amDlers were used for the SVOCs and Lhe diox~ns/~urans, 
bee ~se the ext etion so~vent for the SVJCs chloride) was 
not ~he same as _hat used for the oxins/furans (toluene). Three SVOC 
samole were used for each detonation/Durn. but no more than tWO 

detonat on or Durn. The PS 1 
to res in ether a a or 

had an ~nterna diameter of 6 em and 
\t/as it contalned a O-cm amete qua z fiber £i ter 

i ~s in This fi ter vias iter each detona~i Iburn, but 
the XAD-2 resin was ~ecovered tri s 

a:-med for the ltem had bee~ ace Al lIters from the 
same r ",1ere combined with the XAD-
extracted and 1n9 ei-~er full-scan GC/MS (SVOCs) 
se 1uti _ gas c:C:_ MS 
(HRGCIH?MS) . 

Floor and Burn Pan Samples 
-L:'--" some s~ud~es f f oor and burn pan residues were for 
me~a~s, Meth 8270 SVOC , and dioxins and furans us 

slmi ar LO those used fur the alY samplers. Unfortunately, 
the total mass of the meta' in the ash/residue was not 



1.PPENDIX C 

T1:..RGET l'J.~}:..LY'!'ES 

\Toes 

~-:-n~:eDE; D0~' 

~':~!:y:)::\ =:"::)eL::en-2;; ,_y~G~jehyJe; 

2.88; 

~:::~ '2:iio::JprO;>9ne; 

~f2-d':me:.hy'::'p'2r.­


.e::~alle ; 

-2-D~::ene; 


-e::n1.1-2Ds; 
~-·Il'2p-:a~l"2 ; 

he::al.101: 
::l3-~ 

indark; 

~SO:1'2;:an": ; 

lsop!:'opylber;.::ene; 
rne::hyl i)~orruc.e i 

2-me~h~71-2-bu~ene; 

:-me~n~!~ ~-pen~ene; 
:::is- 3-m"?:h:::,~l-:: -pen~ene; 

~ran5-4-me~h~-:-2-pen­

me~n~-l=yc~open~ane; 

...:...nep-:ane; 
me::h~.- ~~sQbu-: y lLe:: 
neoh~;':2n~ i 

-non2[j~; 

-0::'::'21112 ; 

,:_ -pe:-:-:en~; 
blpn2-p.::...nene: 
l-;:.::opanc~; 

propy 

.. . 
-Q:8~_G=Oe~~an~; 

s~5-1,~-d~s~_o!op~~pen~; 

{nil p' -die::f!~<:.D2n3enc:; 
:,3-dime~h~'lhezan~; 

~,£-clme~~ !~e~:2ns; 

e-:Lano~; 

!Th,p)-e~hyl~c~uen£; 

J..-he.D~eTle; 

r~-ne~:ane ; 
-c~an:=-:' -ae;·:ene; 

i~aene; 

i_SODU-:~<:.be:1=ene ; 
isope:l:.-.ane; 
p-isop=op}'l~G:uene; 

me~hyl ~e~t-bu~~': e~her; 
2-me:hy2--~ 

4-mec::cyl-: 
merhyl2y8_ohe~:an~ 

m2~h}'J.c·:'clorle:·:an2 ; 
met~~'lsyclop2ntene; 

3-me~hylheptane; 

S-me-:tylpen-:.anE 
neoper::-=a~l'2 ; 
4-nonens; 

-Gc::.ene,' 
c:~s-· ~ -pelTcen~; 

be:'2-;<Lnen'E ; 
2-;:>::opanc_; 
st ~,r2::'ene; 

J~,~-~e~=a=h:oroeLnane; "co;':.:tene; 

-:~~chlo=oe~hane; ! f 


__ r -=- ::n~ 02:'OFcny .:: 2.. c:~l O~G=1\J:J~~ome":::-lans; 

! :. f ~ -- "Y'ime--<-:yl;')'2r:=ene; ,5-~~irne-:.h~'lDe~=en~; 

:(:f~--:~ime-:h~'~pen~ane; f4-~~imetn~·2pen-:ane; 

-pe:-1-:ene: ; - f ~ I ~ 
=- -\1!"'1:J2c:en~; 

j~b=o~~c~l8=ome~~ane; 


:: ~ u::::orHE::na.DS; 


;:-:::CJ= _U8:::,:)me.-:'[;2.,ne; 
~ ~-:n~:~; 

!~-dime-:~~:lD~~an~; 


~/S-dim~~hy~he):ane; 


.:.- ! i: -Q'::" o:·:an.;:·.; 

:-s:.hrlh2:-:an2 ; 

he;r:2Elal; 


C':'-::)- _ .j-ou-:ao:.:.. ene;
f 

_-ne.i-:enSi 

s-~-he:.-:en'2 ; 


':'sC)l:r~.l'~ans ; 

2.S0nep~ane; 

':"SODren'2; 

me"":rlane; 

J"-methylpeli-:ane; 

:1-rne::~\"1- =- -bt: ­

:-me::hv~-:-pen~ene; 


=_s-4-me~n~-1- -Den~ene; 


l-me~nyl=y=l~he~ene; 


p:::'opanE; 
'-p~G:;J.ylb~n::ene ; 
Te~~a=~loroe~he~~; 

~ f ~: I 4 c:~lo2:'ober.=ene; 

:::-i~ 8'::'':)00: hene; 
_=ime::hylbe~:enei 

-~~~me::h~':he~ans; 
._ f ':'~-:::i-ms-=:ny2..hs:>:an'2 .:::.: I ~., t;. ~ 

r '~, ~~--:r-=-m'2- _2.:lSi 

http:u::::orHE::na.DS
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In'::.l 

S:JIT DS3 

Method 8270 F~alytes (Hi-Vol and PS-l Sampling Systems) 

r.o;:­

-' me:-.hans; 
4-chlc~c-~-me~~ylphenol: 

~-~hlo~Qphenylpheny~ 

3, -dic:hlo:::;j:::n:: ldlLe; 
d~ethylph~[,ala~e; 

dime~~ylben=idlne; dlme'::.:1y=-prlene:hy:arn:ine; 
dimeth~-lph~hala~e; 

( 6-d:~2. :r()-:: 
1, E-d~~i~r8~oluene; 

" diphen}:lhya=a=~ne; 
e~hyl me~~anesulfonate; 

hexach~orobe~=ene; 
hexachlor8ethane; 

rne-:hapy::::-:"lene; 
2-me~h~71naph:halene; 

3-me~hylpheno2.; 

I-naph~n~71am~~e; 

5-ni~=o-o-~ol~idlrle; 

4- 2ne- -8zide; 

N-nitrosQ-dj ylamine; 

N-~i~r0somorphol~ne; 


pen~achiorobe~=~ne; 


pentaahlo~ophen~:; 


phenan'"l:,'lrelie; 

p:;::'onami de; 

safrele; 
o-:::)lu..c.d:"!"~e; 

-n-bu:ylD~tn&late; 
; r' f 4-dir:i ~rop:-lenc~; 
di-n-o~~ylph~halate; 

DJ (:=-'2::~')'lhezJ-":"') ph~:nG:.l al:e; 
£ltJ~=an~her:e; 

ne;~ach18robu~2diene; 

ne:,,:ac:hJ. 0ropropen9; 

3-me~h)71c~olart:hrene; 

-dichlorobenzene: 
~, 6-dic:h2.ol-ophe':-:'o:i 
dime~n~:lben=~ jan~h~asene; 

') I 4 -d~ni "~ro::ol'cler:e; 

~l~orene; 

te1~achlo=o=yclopen~adiene; 

lnd-e:lo (1 r '1 I ,) pyrene; 

Lepone; 

methyl rnethanesu:fonate; 

4-methylphenol; 


f4-~aphthoquino~e; 
troanil.ine; 


,.coben:ene; 

4-nit~oDhenol; 


N-~i~rosodiffie~hyla~ine; 


N-nit~osome~hyle~hylam~~e; 

N-ni~rosopyr=~:id~~e; 

pen~achla=on~~~cbe~zene; 

pY~ldine; 

,5-tetrach~orobenzene;~, r6-te~ 

!:2 r ~.::::ic:-:lorobe:L::ene; :, 4/ 5»<=.~i::i:lorop::1eDCl; 
~=~ethy:phospho=othioa~e; If3/5-t~i~i_robe~zene. 

Energetic Target Analytes 
1, :3, 

me-::~yl-~! 

2, dlcl:.lorp::len0~; 

ni~r:)ben2ene; 

.'4:6-t:,:,in.~ 

,4-din~_=otoluene; 

ronaphtha2,ene; 

dibenzo:u,raL; 
2,6-dichJ_orophencl: 

t~ob~n=ene; 

-ni:::odlphe:1ylamlne; 
-a[,,':'nc-:~ f 



:w:: ; 

Poly::hlo=':"nat:.ed d.i.benzo-p-::u=an F.....-...a.l~.,.tes (Fu=ans) 

Polycho:::inat.ed cii.benzo-p-diol:in Analyt.es 

:--2:D? ; 
'E:: :::C' ; 

! Hl::>:::D"" ; 

-..::, 

http:Analyt.es
http:Polycho:::inat.ed


Ap?e!1.d.ix D 

Emission Factors for Burns 


SPECIAL NOTES: 

v ~c ~he ODen of 
A va:ue o~ O. CE+O Deans =hat the 

rL)~ dete ~edf 0;: t on 
1 '\/21 . OOE~ C ifJ2~e used ~n ca cula= 

average (AVG) emis on faC~O~5 in the da~abasE. A bank cell means th5_ 
ei :.he:r no a:np~ was CO~=-2 th2~ "[he s 
ost 0_ not. valid. 

ADDENDUM TO NOTES ON APPENDICES D AND E. 

The ernis se UI:l ess. 
conve"'''-:. there any mass U~~ s deslreti . g.! per: gr:am 
I'JEtl\!) . va2 e-O means that the quant is to bE 
mul::. ied by o to t.he - POWS'". examp-'.E, be 'Writ: 

.1 z 0-" Ie; NS\,) or 1 ml 9 NEW. 

c:o 
vv 

http:Ap?e!1.d.ix


F:tllSSIUN FII(,TflFlS 

COI1POutlD I TEll TRIAL 1 rnrl\L 2 mUll. 3 !'I.VERl\GE UllCORR 
cis 2-Fenteoe diesel furel and dunnage -. ---- ­O.OOe.OO O.OOe+OO 1-?OOe+oo O.OOe+OO O.OOe<OO 
cis-2-Pentene 11anufacturer's waste - aluminh.ed propellant with diesel --- ­3.90e-07 3.10e-07 1. OOe 06 5.60e-07 6.60e-07 
cis-2-Pentene fropellant, ammonium perchlorate, alwtUllized O.OOe+OO O.OOe'OO O.OOe'OO O.OOe<OO O.OOe+OO 
cis·2 .. Ppn ..." .. hopellant. a.I'IlnOnium perchlorate, nOl1alwnillized O.OOe.OO O.OOe<OO O.OOe'OO O.OOe+OO O.OOe+OO 
cis-2-Pentene Propellant, double base 

f------'-.-­
O.OOe+OO O.OOe'OO O.OOe+OO O.OOe+OO O.OOe+OO 

cis-2-Pentene Propellant H-) O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
cis-2-Pentene Propellant, H-43 {USlll 9.10e-08 9.10e-OB 9.10e-08 
icis-2-Pentelle Propellant. N-!) O.OOe+OO O.OOe·OO O.OOe+OO O.OOe+OO O.OOe.OO 
ic is-2-Pentene Propellant, -' 

1!I:-23 O.OOe+OO O.OOe+OO 9.90e-09 
cis-2-Pentene Propellant, tl31l\lEl O.OOe+OO O.OOe+OO O.OOe.OO O.OOe+OO O.OOe'OO--_..... r------­cis-2-Pentene f'ropellant, FllXN-110 O.OOe+OO O.OOeiOO 1.00e·07--- ­cis··2-Pentene Propellant, Smokey Sam O.OOe+OO O.OOe.OO O.OOe'OO O.OOe·,OO O.OOe·OO----- ­ ---- ­cis-2-Pentene Smokeless Powder tIIercules Unique) O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO-­ 1.«0~-=06i-Butane Diesel fuel and dunnage O.OOe+OO 1. 20e-06 O.OOe·OO 1.20e-06 
i-Butane t1anufacturer's waste alwtdnized propellant with diesel 2.30e-01 1.80e-06 2.10e-06 1.40e-06 2.30e-06 
i-Butane Fropellant, !mIInoniurn perchlorate. aluminized O.OOe.OO O.OOe·OO O.OOe+OO O.OOe+OO o.00e+001 

--~-i-Butane Propellant, atrmonium perchlorate, Ilonalwninized O.OOe+OO O.OOe·OO O.OOe+OO O.OOe+OO O.OOeIOO' 
i-Butane Propellant, double base O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
i-Butane Propellant, M-) O.OOe·OO 0.00,,+00 O.OOe+OO O.OOe+OO 2.80e-06---- ----­
i-But~ne Propellant, H-4) (US!!) O.OOe+OO O.OOe'OO 1.80e-07 
i-Butane Propellant, .,- 9 4.30e-08 4.30e-08 8.50e-08 

---~.~ 

i-Butane £'ropellant, fUC-23 O.OOe+OO O.OOe.OO 2.00e-071-----. ­
i-Butane Propellant, U31l\lEl O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO---- ­ ---- ­
i-eutan~ £'ropellant, FBKN-110 O.OOe.OO O.OOe+OO 2.00e-07 

i-Butttne propellant, Smokey Sam O.OOe+OO O.OOe.OO 7.80e-07 

i-Butane Smokeless Fo.:der Wercules Unique) O.OOe+OO 
1----­

O.OOetOO 9.60e-07 
~~.--- --- ­

i-Butene Diesel fuel and dUlUlage O.OOe.OO 1.10e-06 22~e-~~ 2.00e-06 2'00~ 
---~ 

i-Butene rtanufacturer'S waste - aluminized propellant with diesel 1.30e-05 2.10e-06 2.60e-06 5.80e-06 5.90e-06 
.-~-~-

i-Butene Fropellant, anrnonium perchlorate, Illwtdnized 1.00e-05 O.OOe+OO 1. 00e-05 1. 00e-05 

i-Butene Fropellant, amnollium perch!orate, nonalwtdnized O.OOe+OO O.OOe+OO O.OOe+OO a.OOe'OO O.OOetOO 
~------ ---'­

i-Butene FIopellant. double base O.OOe.OO O.OOe+OO O.OOe.OO O.OOe'OO O.OOe'OO 

i-Butene rropellant. M-3 7.90e-01 
---~- -

O.OOe+OO O.OOe'OO 7.90e-07 8.00e-07 

i-Butene ~ropellant. It-O !USIll 5.40e-07 5.40e-07 5.tOe-07-
i-Butene rropellant, 1t-9 2.60e-07 2.60e-07 2.60e-07 

i-Butene rr·opellant. IUC-23 4.90e-07 4.90e-07 «.!lOe-07 
----~ 

i-Butene Fropellant, 1!31l\lEl O.OOetOO O.OOe+OO O.OOetOO O.OOetOO O.OOe+OO---- ­ ------­
i-Butene rropellant, rBltN-110 1.30e-06 1. 30e~·06 1.30e-06 .. ---- ­
i-Butene rropellallt, Smokey Sam 2.40e-06 2.40e-06 2.40e-06 

i-Butene Smokeless rowder Wercules Unique) 9.60e-07 9.60e-07 J.60e-Ql 
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i-Pentane Diesel fuel and dunnage O.OOe+OO 6.90e-06 1.10e 05 8.90e-06 1.00e-05 
i-Pentane Manufacturer's waste - aluminized pro~ellallt with diesel 

~ 

O.OOe+OO O.OOe.OO 2.10e 05 2.30e-05 1.80e-05 
i-Pentane Propellant, aJl'(uoniwn perchlorate, aluminized 

_.,-­
O.OOe+OO 0.00,,+00 O.OOe+OO O.OOe+OO O.OOe.~ 

i Pentane Pr opellant, amnonium perchlorate, nonalwninized O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
i-Pentane Propellant, double base O.OOe+OO O.OOe+OO O.OOe.OO 0.00.,+00 O.OOe+OO 
i-Pentane Propellant, 1i-3 3.00e-08 O.OOe+OO O.OOe+OO 3.00e-08 1. eo,:.-£.?
i-Pentane rropellant, 11-43 {USN) 9.10e-08 9.10e-08 3.60., .. 07 
i-Pentane Propellant, 11-9 O.OOe+OO O.OOe·OO a.50e-08 
i-Pentane Propellant, MK-23 O.OOe+OO O.OOe+OO 6.90,,-07 
i-Pentane Propellant, M31.!llEI 0.00.,+00 O.OOe+OO 0.00,,+00 O.OOe+OO O.OOe.OO 
i-Pentane Propellant, PBX.N-110 -

O.OOe+OO O.OOe+OO 1.00.,-06 
i-Pentane Propellant, Smokey Sam 7 80e-07 7.90.,-01 2.10e-06 
i-Pentane Smokeless Powdet' 1I1ercuies Unique) 1.20e-06 1.20e-06 3.8()e·06 
I1l-Ethyltoluene Diesel fuel and dunnage 1.10e-04 1.40e-04 -1. 40e-0« 1. 30e-04 «.60s-0f 
m-Ethy1toluene Manufactul:'el:"s waste - aluminized pl:'opellant with diesel 2.20e-06 1.50e-06 4.10.,-06 2.60e-06 6.90e-05 
m-Ethyltoluene Propellant, iUmlonium pel:'ch1orate, alwninized O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 0.00.,+01)! 
m-Ethyltoluene Propellant, amnonium perchlorate, nonalwninized O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO ----..--~---lA-Ethyl toluene Propellant, double base O.OOe+OO O.OOe+OO O.OOe+OO 0.00011+00 O.Ooe.O£! 
m-Ethyltoluene Pt'opellant, 1i-3 5.00e-08 O.OOe+OO 1.fOe~01 9.70e-OB 5.50,,-01' 

---' 
m-Ethyltoluene Propellant, 1i-43 (USN) O.OOe+OO 0.00.,+00 3.60e-071 
m-Ethyltoluene rropellant, M-9 4.30e-08 4.30e-OB 6.00e-07-'m-Ethyltoluene Propellant, ttK - 2 3 3 . OOe'~ 07 3.00.,-07 9.80e-07 
m-Ethyltoluene Propellant, M31hlEI O.OOe+OO 0.00,,+00 0.00,,+00 0.00.,+00 o OOe+OO 
m-Ethyltoluene Propellant, PIlXN-lIO 2.00011-07 2.00e-07 7.00e-07 
m-Ethyltoluene Propellant, Smokey Sam 2.00e-06 :1.00011-06 5.90,,-06 
m-Ethyltoluene Smokeless Powder (IIetcules Unique) O.OOe+OO 0.00.,+00 2.20.,-06 

II-Butane Diesel fuel and dUlmage 1.30.,-06 6.llOe-06 S.70e-06 4.60e-06 S.40e-06 
II-Butane tlanufacturer's waste - aluminized propellant with diesel 5.50e-06 2.40e-06 2.00e-05 9.30e-06 1.80e-05 
n-Butane Px opellant, IUlInOnium perchlorate, aluminized 0.00'1+00 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

n-Butane Propellant, arrrnonium perchlorate, nOllalwninized O.OOe+OO O.OOe+OO 0.00.,+00 O.OOe+OO O.OOe+OO 

n-Butane propellant, double base O.OOe+OO O.OOe+OO 0.00.,+00 O.OOe+OO O.OOe+OO 

n-Butane Ft'opella.nt, 11-3 9.00e-08 l.aOe-01 O.OOe+OO 1. 50e-07 5.60.,-07 

n-l!utane Propellant, H-43 {USN) !I.IOe-OS 9.10,,-09 S.40e"07 

ll-Butane propellant, H-9 4.30e-08 4.30e-Oe 3.40.,-07 

n-Butane Propellant, tiK,,23 O.OOe+OO O.OOe+OO 5.90e-07 

n-Butane propellant, I1Jl1l1El O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe>OO 

n-Butane Propellant, PSXU-110 1.00e-07 1. 00.,-07 6.00e-07 
O.OOe.OO O.OOe+OO 

~.-
n·Butane Propellant, Smokey Sam 2.70""06 

n-Butane Smokeless Powdel:' (Hercules Unique) 4.!IOe-07 4.80e-07 3.80.,-06 

II-Decane Diesel fuel and dunnage 1. 50e-03 O.OOe+OO 2.00e-03 1. 80e- 03 1. 80.,-03 

n-Decane 11allufacturer'S waste - aluminized Pt'opellant with dit;!sel 9.JJJe-06 l-lQ~e-05 2--1!1~-05 1. 40e~...05 3.10e-05 
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n-Decane Fro!?ellant, alm.onium perchlorate, alulninized 
-.­

O.OOe+OO --- ­ ---~.O.OOe<OO O.OOa·OO O.OOe+OO O.OOe+OO 
n~Decane Propellant, anmonium perchlorate:' nonal uminized --- ­O.OOe.OO O.OOe.OO O.OOe·OO O.OOe+OO O.OOe+OO 
n~D,=,cane Propellant, double base O.OOe.OO 

~.---
O.OOe'OO O.OOe+OO O.OOe·OO a.ooe.OO- ~~-~~-n-Decane Propel! ant, 11·3 «.20e-07 8 70e-07 1. 40e-07 5.90e-07 1. 90e- 06 

n-Decane I'ropel1ant, U-43 (USlll B.20e-07 a.20e-07 3.70e-06 
n-Decane fropel~allt , 11-9 O.OOe+OO O.OOe+OO 1. JOe-06 
n-Oecane Propellant, tlK··23 O.OOe+OO O.OOe+OO 3.20e-06 
n-Oeca.':'~ Propellant, M31l\lEl O.OOe+OO O.OOe+OO O.OOe.OO O.OOe'OO O.OOe.OO 
II-Decane Propellant, PBKN-110 1. 30e-06 1.30e-06 4.40e-06 
in-Decane Propellant,. Smokey Sam 5.90e-06 5.90e-06 2.20e-05 
!n-Decane Smokeless Fowder (Hercules Unique! O.OOa+OO O.OOe+OO 8.60e-06 
!n-Heptane Diesel fuel and dunnage 3 .10e~·05 

1---­
8.00e-05 6.60e-05 5.90e-05 6.00e-05---- ­ ----- ­ ---......--­in-Heptane !lanufacturer'" waste - aluminized propellant with diesel 3.50e-06 2.40e-06 8.30e-06 4.70e-06 7.30e-06 

--~- ----­n-Heptane rrope~ lant, amnonium perchlorate, aluminized O.OOe+OO O.OOe+OO O.OOe+OO O.OOe'OO 0.00,,+00._-----r------ I-----~ -.---­n-Ileptane rropellant, anrnoniwn perchlorate, nonalwuinized O.OOe+OO 0.00,,+00 O.OOe+OO ~:+OO O.OOe+OO]----- ­n-!leptane Propellant, double base O.OOe+OO O,OOe+OO O.OOe+OO O.OOe+OO 0.00,,+00
r-------­ -----­ ----~ -...,.---........ 

n-Heptane Propellant, /1.-3 2.70e-07 5.10e-07 9.40e-06 3.10e-07 1.60"'·06 
n-Heptane Propellant, M-4J (USN) 9.10e-08 9.10..-08 2.70e-07 

-~--.-~,

n-Ileptane Propellant, 11-9 0.00,,+00 O.OOe+OO L 10e-06 
.. ­ -~--~- --_.-­

n-!leptan.. Propellant, 1fi(-23 0.00"'00 O.OOe+OO •. 90e-07 
n-fleptane Fropellant, M31l\lEl O.OOe+OO O.OOe'OO 0.00,,+00 O.OOe+OO O.OOe.OO 

--.-~
n-Ileptan" rropellant, reJill-HO O.OOe+OO O.OOe+OO r-!:2_oe - 0 7 

~~ 

n-lieptane rropellant. Smol<ey Sam 2,00e-06 2.00e-06 3.10e-06 
;;;'keless Powder (Hercules Unique) - 7.;We-07 

-...---""*,,,-­
n-lleptane 7.20,,-07 1.20,,-06 

----~- --_.--­ ---- ­n-He:><ane DIesel fud and dUIUlage 6.40e-06 2.30e-05 1. 90e-05 1.60e-05 1,70e-05 
n-Ilexane !lanufacturer's waste - aluminized propellant with diesel 2.70e-06 1. 50e-06 6.70e-06 3.70e-06 5.70e-06 
n-He}(:8ue Propellant. amnonium perchlorate, a1U11uni zed O.OOe+OO O.OOe+OO O.OOe·OO O.OOe+OO 0.00".00 

~~.----- ~.--.-~ 

n~He:Kane Propellant. MIl\onium perchlorate, nonaluminized O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
~-~ ~---

n-flexane Propellant, double base O.OOe·OO O.OOe+OO O.OOe+OO O.OOe.OO O.OOe+OO---- ­ --- ­ r----~ 
n-Hexane Propellant, l!- 3 1.60e-05 1.40e-05 4.90e-06 1.90e-05 9.00e-05---- ­
n-\l""ane rropellant. H-43 (USN! 9.10e-OB 9.10e-08 3.60..-07 

-~---
n-Hexane I'ropellant, f:1R-23 O.OOe+OO O.OOe+()O 7.90e-07 

n-Hexane Fropellant, U31l\1El O.OOe+OO O.OOe+OO O.OOe+OO O.OOe'OO O.OOe+OO 
--~--. 

n-\lexane rropellant, FBl'J:l-110 O.OOe·OO O.OOe+OO 1.30e-06!--._­
n-Hexane rropellant, Smokey Sam 2.10e-06 2.70e-06 3.90e-06 

n-Hexane Smokeless Powder (Ilercules Unique) 9.60e-07 9.60e-07 2.208-06-_.-:-::- -~--
n-Nonane Diesel fuel and dUIUlage B.00e-04 1. 20e-03 1,10e-03 1. 00e-03 1.00e-03 

---~--
n-Honane !lanufactu:rer's waste - aluminized propella',t with diesel 1.10e-05 7.60e-06 2,10e-05 1. 30e-05 2.40e-05 

-~-~-

n-tlol1sne rropellant, an1llOnium perchlorate, aluminized O.OOe+OO O. OOe~OO O,OOe+OO 0.00,,+00 O,OOe+OO--_._­ ---- ­ -~---..".. 

n-Nonane Propellant, arrmonlurn perchlorate, nonalumillized O.OOe+OO O,OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Ii-Nonane Propellant, double base -
O.OOe+OO O.OOe+OO 0, bOe+OO O.OOe+OO ....Q.OOe+OO 
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n-Nonane Propellant. M-J 1.80e-Oe 1.40e--07 O.OOe+OO 1.20e-07 2.30e-07 
n-Nonane rrcpellant, 1143 (UStlj O.OOe+OO O.OOe+OO 9.10e·08 
n-Nonane Propellant, 11-9 O.OOe+OO O.OOe+OO 1.70e-07 
n-Nonane Propellant, MK-23 O.OOe+OO O.OOetOO 2.00e-'J7 
n Nonane Propellant, tl31Al El O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
n-Nonane Propellant, P8XN-110 2.00e-01 2.00e-07 S.00e-07 
tl-Nonane Propellant, Smokey Sam 

_. 
1.20e-06 1.20e-{)6 1.60e-06 

n~Nonane Smokeless Powder (Hercules Ulliquei O.OOetOQ O.OOe+OO 4.80e-07 
n-Octane Diesel fuel and dunnage 1. 50e- 04 J.20e··04 2.80e 04 2.50e 04 2.50e-04 
n-Octane Manufacturer's waste - aluminized propellant with diesel 6.30e-06 4.20e-06 1. 20e-05 7.60e-06 1.30e-05 
n-Octane Propellant, artInOniwn perchlorate, aluminized O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
n-Octane Propellant, arrmonium perchlurate, nonaluminized O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
n-Octane Propellant, double base O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO-ll-Octane propellant, H-3 2.90e-07 6.40e-07 1. 90e-07 4.30e-07 1. 60e-06 
n-Octane Propellant, H-43 !uSN) 9.10e-08 9.10e-08 2.70e-07-----_.­n-Octane Propellant, 11-9 O.OOe+OO O.OOe.OO 1.10e-06--- ­!I--Octane Propellant, MK-23 O.OOe+OO O.OOe'OO 2.00e-07 
n,··Octane Propellant, H31AIEl O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO'---.-.­n-Octane propellant, FI!XN-110 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
!I-Octane Fropella.nt, Smokey Sam l.20e-06 1. 20e-06 1. 60e·<J6-- ­n-Octane Smokeless Powder (llercules Unique) O.OOe+OO O.OOe+OO 4.80,,-07 
n-Pentane Diesel fuel and dunnage 2.00e-06 1.30e-05 1. 20e-05 9.10e-06 1.00e-05--- ­n-Pentane Manufacturer's waste - aluminized propellant with diesel 2.60e-06 1.10e-06 9.00e-06 4.30e-06 7.20e-06-
n-Pentane Prope11 an t , amnoniwn perchlorate, a1wninized O.OOe+OO O.OOe+OO O.OOe<OO O.OOe+OO O.OOe+OO 
n·Pentane Propellant, aIm10nium perchlorate, nonaluminh:ed O.OOe+OO O.OOe+OO O.OOe+OO O.OOe.OO O,OOe+OO 
n-Pentane propellant, double base O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
n-Pent!lne Propellant, H-3 S.30e-0? 1. 50e-06 4.20e·01 8,60e-07 J .30e-;)6 
n-Pentane Propellant, U-43 IUSN) O.OOe.OO O.OOe+OO 3.60e-07 
n .. Pentane F'xopellant, M- 9 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

n-Pentane Propellant. $-23 O.OOe+OO ILOOe+OO 7.90e-07 

n··Pentane Propellant, tl31I'l1El O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

n-Pentane propellant, PfIXN-110 O.OOe+OO 0.00,,+00 :t.l0,:~ 

n-Pentane Propellant, smokey sam 7.80e-07 7.aOe-07 2.70e-Q6 

n-Pentane Smokeless Powder (liercules Uni que) 9.60e-07 9.60e-07 2.60,,-06 

p-Ethyltolu"ne Dies"l fuel and durulage 1.20e-04 1,70e-04 1. 70e-04 1. 50e-04 1. 60e-04 

p-Sthyltoluene Hanufacturer's waste - aluminized propellant with diesel 5.40e-06 2.90e-06 6.70e-06 5.008-06 8.10e-06 

p-Ethyltoluene Propellant. ammonium perchlorate, alumini:ted O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

p-Ethyltoluene Propellant, M'rnOnium petchlorate, nonalUJlunized O.OOe+OO O.OOe.OO O.OOe.OO O.OOe+OO O.OOe+OO 

p-Ethyltoluene Propellant, double base O.OOe+OO O.OOe+OO O.OOe.OO O.OOe+OO O.OOe+~O 

p-Ethyltoluene Propellant, H-3 S.60e-07 3.20e-07 2.20e-06 9.80e-01 2.10e-% 

p-Ethyltoluene Propellallt, M-43 (USN) - _.l.. BOe-O? _ .. _ .. - 1. aOe-O 7 J......:tIl",-07! 

J 
" 
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---
p·Ethylto1uene I'rop<E!11ant, H··9 4.00e-06 

. 
4.00e-06 5.50e-06 

p-Ethyltoluene Propellant, tIK - 23 ---- ._---­
O.OOe+OO 0.00,,+00 1.10,,-06 

p Ethyltoluene rxopellant, 11311\lEl -
O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 0.00,,+00 

p-Ethyltoluene Propellant, rSXlI-110 3.00e-07 3.00e-07 1. tOe-06 
p-Ethyltoluene Prop<E!llant, Smokey Sam 7.10e-06 7,10e-06 1.10e 05 
p-Ethyltoluene Smokeless I'owder Wercules Unique) 4.80e-07 4.80e-07 2.40,,-06 
p-Ethyltoluene Diesel fuel and dUlm!1ge 1.20e-04 6.60e-06 6.90e-07 4.10e-05 4.20e-05 
p-Ethyltoluene tjanufacturer's waste - aluminized propellant with diesel 2.00e-0~ 2.00e-06 O.OOe·OO 2.00e-06 5.30e-06 
p-Ethyltoluene Propellant, anmonium perchlorate, aluminized O.OOe+OO O.OOe+OO 0.00...00 O.OOe.OO O.OOe+OO 
p-Ethyltoluene F'ropellant, ",,,,,,onium perchl~rate, nonaluminized O.OOe.OO O.OOe.OO O.OOe+OO o.00e+00 O.OOe+OO 
ip-Ethyltoluen" Propellant, double ba$e O.OOe.OO O.OOe·OO O.OOe+OO O.OOe+OO O.OOe·OO 
p-Ethyltoluene I'topellant, H-3 O. OOe. 0.0 2.00e-07 

.~-..... 
2.BOe-OB 3.70e-OB 5.70e-07 

p-Ethyltoluene Propellant. 11-43 lUSt!) O.OOe+OO O.OOe+OO 
r--...-'- ­

3.90e-01 
p-Ethyltoluene Propellant, 11-9 O.OOe+OO O.OOe+OO 7.20e-07 
p-Ethyltoluene Propellant, tIK-23 0.00,,'00 O.OOe+OO 4.20e-07. ­
p-Ethyltoluene Propellant, lIJl1\lEl O.OOe+OO O.OOe+OO O.OOe+OO O.OOe.OO O.OOe+OO 
p-Ethyltoluene Propellant, PBXN-110 4.30e-07 4.30.. -07 8.50e-07 , 
p.Etbylt';luene Propellant, Smokey Sam 1.70e-06 1.70e-06 3.30e-06 

~~- ----­p-Ethyltoluene Smokeless Powder (Hercules Unique' O.OOe+OO O.OOe+OO 1.00e-06 
~ '-~--~-

trans-2-Butene Diesel fuel and dunnage 3.60,,-06 1.90e-06 3.30e-06 2.90e-06 2.90e-06-­ -~~-- --­~-trans-2-Butene l1anufacturer's wast.. - aluminized propellant with diesel 2.70..-05 1.40e-05 2.10e-05 2.10e-05 2.10,,-05 
trans-2-Butene Propellant, antn~niurn perchlorate, aluminized O.OOe'OO O.OOe+OO O.OOe+OO 0.00..+00 O.OOe.OO'--- ­trans-2-Butene Propellant, ant"oniwn I'elchloxate, nonaluminized o OOe+OO O.OOe'OO 0.00"'00 O.OOe.OO O.Ooe.OO 

----,~-

trans-2-Butelle Propellant, double ba$e 0.00.,+00 0.00,,+00 O.OOe.OO O.OOe.OO O.OOe+OO 

trans-2-Eutene Fropellant, fl-] 1.90e-07 O.OOe+OO O.OOe+OO 1.90e-07 1.90e-07 

trans-2-Eutene I'ropellant, U-43 IUStl) 1. 80e-07 1.BOe-07 1.80e-07. 
trans-2-Butene Propellant, H·'9 0.00.,+00 O.OOe+OO O.OOe·OO O.OOe+OO O.OOe+OO 

trans-2-Butene Propellant, IlK- 23 2.00e-07 2.00e-07 2.00e-07 
~- - '~-- ----­

trans-2-Butene Propel! ant, HJ l1\lE1 0.00,,+00 o.00e+00 O.OOe·OO O.OOe+OO 0.00.,+00 

trans":2-Butene Propellant, rsXU-110 4.00e-07 4.00.,-07 4.00e-07---­
trans-2-Eutene Propellant, Smoke,· Sam 2.40,,-06 2.40e-06 2.40e-06 

trans-2-Butene Smokeless Powder Wercules Unique) O.OOe+OO 0.00,,+00 O.OOe+OO O.OOe.OO O.OOe.OO 

trans-2-lIexene Propellant, double baS'e O.OOe+OO 0.00,,+00 O.OOe.OO O.OOe+OO O.OOe+OO- ~-.~ 

trans - 2.-llexene Propellant, H311\lEl O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO----­
trans-2-Pentene Diesel fuel and dunuage O.OOe+OO 0.00,,+00 1.10e-06 1.10e-06 1.10e-06------r--'--'~ I---~~ 
trens-2-Pentene lIallufacturer's waste alwninized propellant with diesel O.OOe+OO 3.80e-07 1.50..-06 9.60e-Ol 1. 20e-05 

trans-2-Pentene rtopellant, M1!l1onium perchlorate, aluminized O.OOe+OO 0.00.,+00 O.OOe+OO O.OOe+OO O.OOe·OO 

trans-2-Pentene propellant, double base 0.00,,+00 O.OOe+OO O.OOe+OO O,OOe+Oo 0.00,,+00----­
trans-2-Pentene Propellant. 11- 3 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

trans-2-rentene _ .Pr0l'e.llant 11- 43 !USN) O.OOe+OO O.OOe+OO O.OOe+OO 0.00.,+00 0.00.,+00-,
trans-2-Pentelle Prooe1lant. 11-9 O.OOe+OO O.Ooe+OO O.OOe+OO 0.00,,+00 O.OOe+OO 
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trans·2-Pentene iPropellant. HK-2J 0.00,,"00 0.00,,+00 9.BO,,-08
trans-2-l'enten!l Propellant. M3lAIEl O.OOe+OO 0.00,,+00 0.00,,+00 O.OOe.. OO O.OOe+OO 
trans .. 2-Pentene Ptopellant, PBXN-110 O.OOeIOO O.OOe+OO 2.00e-07 
trans--2-Pentene Propellant, Smokey Sam O.OOe+OO O.OOe+OO O.OOe"OO O.OOe+OO O.OO~'OO 
trans<1 Pentene Smokeless Powder (llercules Unique) O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Acetylene Dies~l fuel and dunnage 1. 20e-04 7.30e OS 9.10e-05 9.50e-05 9.60,,-05 
Acetylene Manufacturer's waste - aluminized propellant with diesel 1.80e-03 1.30e 03 1. 50e-0.l 1.60e-03 1.60e-03 
Acetylene Propellant, an~onium perchlorate, aluminized 1.00e-05 O.OOe+OO 1.00e-05 1.00e-05 
Acetylene Pro;oellant, am:nonium perchlorate, nOllaluminized O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Acetylene Propellant. composite (HK-6) (Sandia) 2.10e-05 2.10e-05 
Acetylene Propellallt. double base O.OOe+OO O.OOe+OO O.OOe+OO O_OOe+OO O.OOe+OO 
Acetylene Propellant, double base (Sandia) 2.00e-04 2.00e-04 
Acetylene Propella!lt, M-3 7.70e-06 1.S0e-05 1.90e-05 1.30e-05 7.90e-06 
Acetylene Propellant. M-· 43 (USN) 5.90e-06 5.90e-06 6.40e-06 
Acetylene Propellant. M-9 9.00e-06 9.00e-06 9.20e-06 
Acetylene Propellant, HK-l3 5.50e-06 5.50e-06 6.20e-06 
Acetylene Propellant. H31AIEl O.OOe+OO .0.00e+00 O.OOe+OO O.OOe+OO O.OOe+OO 
Acetylene Propellant, PBXN-lIO 3.10e-06 3.10e-06 3.70e-06 
Acetylene Propellant. Smokey Sam 8.30e-04 8.30e-04 1!-30e-04 
Acetylene Smokeless Powder (Hercules Unique) 1-20e-06 1.20e-06 3.60e-06 
Acenaphthalene Hanufacturer's waste - alumIllized propellant with diesel I- 10,,-04 5.00e-04 3.20e-04 1. 60e-0« O.OOe+OO 
ALuminum Diesel fuel and dunnl,\ge O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 2.50e-06 
Aluminum tlanufacturer's waste - alumIllized propellant witb diesel 6.10e-03 8.50e-03 9.30e-02 3.60e-02 3.60e-02 

~'.'um Propellallt. amoonium perchlorate. aluminized 9.40e-03 1.20e-02 1.10e-02 1.10e-02-
Aluminum Propellant, atmIollium perchlorate, Ilonaluminized O.OOe+OO O.OOe.OO O.OOe+OO O.OOe+OO 1. 00e-05 
ALuminum Propellant. composite (fiR-6) (Sandia) 1-30.. -03 1.30e-03 

~ 

Aluminum Fropellant, H- 3 6.BOe-07 9.50e-07 1.40e-05 5.1!:.::2! 5.10e-06 
ALuminum Propellant, H-9 O.OOe+OO O.OOe+OO O.OOe.OO O.OOe+OO 0_00"'00 
Barium Diesel fuel and dunnage O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

~"I\ Usnufacturer's waste - aluminized propellant with diesel 1. 60e-OS 2.00,,-05 2.20e-04 9.60e-05 8.90e-05 
Bar iu;:n Propellant. ammonium perchlorate, aluminized 1.00e-05 1. DOe-OS 1.00e-05 1.00e-05 
Barium propellant, MIllonium perchlorate, nonal umini zed O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Barium Propellant, composite (HK-6) (Sandia) 1. 60e-06 1. 60e-06 

Barium Propellant, double base (Sandia) O.OOe+OO O.OOe+OO 

Barium Fropellant, Ii-) O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO---' Bariu'n Fropellant, M-9 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O,OOe+OO 
Barium Fropellant, H31AIEl O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO ~e+Oo 
Ben2.e.~e Diesel fuel and dunnage 1.00e-04 5.20e-05 8.10e-05 7.80e-05 8.00e-05 
Benzene Manufacturer's waste - aluminized propellant with diesel 6.IOe-04 2.90e-04 4.10e-Ot .,50e-0. 4.50e-04 

Benzene Propellant. alrluoni um perchlorate, a1umini zed O.OOe.OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Benzene Propellant, amnonium perch.l"ra~_, nOllaluminized O.OOe+OO O.OOe+OO O.OOe+OO o . O~ ..lLJll)e~OO 
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Benzene Pt opell ant. composite (IIK-6 ) (Sandia) 5.10,,-05 -­
S.10e-05 

Benzene Propellallt. double base - '-~---O.OOe.OO O.OOe'OO O.OOe'OO O.OOe.OO 0.00,,+00 
Benzene Propellant, double base (Sandia) 1. 20e-Ot 1.2Q,,-04 
Benzene Propellant, H-3 6.40e-06 LlOe-OS 1.40e-05 1.00e-05 7.70e-06 
Benzene rropellant, 11-43 (USN) 1.70e-U6 1.70e-06 2.30e-06 
Benzene il'ropellant H-9 3.20e-06 3.20e-06 •. 20,,-06 
Benzene IP~opellant IIK~23 

..---.... ­
O.OOe+OO O.OOe'OO 2.00e-06 

Denzene IPropellant H31AlEl ---'--" O.OOe+OO O.OOe·OO O.OOe+OO O.OOe·OO O.OOe.OO 
Benzene Irropellant, tBl"..N·110 4.90e-06 4.90e-06 7.70e-06 
Benzene PI opellant, Smokey Sam 6.60e-05 -~---

6,60e-05 7.00e-05 
Eenzene Smokeless towder (IIercules unique) 1.20e-06 . 1. 20e-06 3.10e-06---- ­Carbon tetrachloride Diesel fuel and dUllnage O.OOe+OO O.OOe·OO O.OOe·OO O.OOe+OO ~£z.
Catbon tetrachloride Hallufacturer's waste - alumini%ed propellant with diesel 3.30e-06 6.30e-06 7.30e-06 5.60e-06 6.00e-06 
carbon tetrachloride propellant, antnoniwn perchlorate, alwlIinized O.OOe+OO O.OOe+OO O.OOe.OO O.OOe.OO O.OOe·OO 
Carbon tetrachloride Propellant, artmoniwn perchlorate, nonaluminized O.OOe+OO . O. OOe~2£. . O.OOe.OO O.OOe+OO O.OOe.OO 
Carbon tetrachloride Propellant, double base O.OOe·OO O.OOe+OO O.OOe.OO O.OOe.OO O.OOe.OO 
Carbon tetrachloride Fropellant, 11-3 O.OOe+OO O.OOe+OO O.OOe·OO O.OOe+OO O.OOe+OO 
Carbon tet'rachl or ide .-~--

Fro~e11a!lt, 11-43 IUSN) O.OOe·OO O.OOe·OO ~£~ 
Carbon tetrachloride Propellant, 11-9 2.30e-07 2.30e-Ol 2.30e-07 

Itropellant HR-23 --'-­Carbon tetrachloride 1.10e-06 1.10e-06 1. 60e-0~, 
Carbon t .. trachloride Propellant, llJlhlE1 O.OOe'OO O.OOe.OO 0.00".00 O.OOe·OO O.oOe+OOi 

'-~~--Carbcn tetrachloride Propellant, rBXN-ll 0 O.OOe+OO O.OOe+OO 5.50;""0,1 
CarbOll tetrachloride Fropellant, Smokey Sam O.OOe+OO O.OOe+OO 2.20e-06j 
Carboll tetrachloride Smokeless Powder (Ilerc:ules Unique) O.OOe+OO O.OOe+OO 1. 30e-06: 

~ . 
.~~---

Chloroform Diesel fuel and dunnage O.OOe+OO O,OOe'OO O.OOe+OO O.OOe+OO O.OOe.OO 
Chloroform Manufacturer's waste - aluminized propellant with diesel 2.20e-06 2.40e-06 2.30e-06 2.30e:£! 2.50e-06,--­
Chloroform Propellant, a.'tt1lollium perchlorate; aluminized O.OOe'OO O.OOe+OO ~~~~ O.OOe·OO O.OOe·OO 

--,~~ 
,._._--_. 

Chloroform Fropellallt, Ml110niwn perchlorate, nonaluminized O.OOe+OO O.OOe·OO O.OOe'OO O.OOe·OO O.OOe·OO. .,. 
Chloroform Propellant, doubl ... base O.OOe·OO O.OOe+OO 0. OOe+~.~ O.OOe·OO O.OOe.OO 
Chloroform Pt'opellant, /1- 3 O.OOe+OO O.OOe'OO O.OOe+OO O.OOe+(lO O.OOe'OO 

--.-~ -._-­
Chloroform tropellent, 11-43 (USN) O.OOe+OO O.OOe·OO O.OOe.OO ~e.O! O.OOe+OO 

Chloroform IFropellant 11-9 O.OOe+OO O.OOe+OO O.OOe·OO O.OOe.OO O.OOe~OO 
--~-~ 

Chloroform Irropellallt ~1K-2J 4.20e-07 4.20e-07 •. 20e-07 
--~-

Chloroform Fropellant, HJll\lEl O.OOe+OO O.OOe.OO O.OOe·OO O.OOe·OO O.OOe'OO 
----~ 

Chloroform Propellent. PBXlI-110 O.OOe.OO O.OOe+OO O.OOe+OO O.OOe+OO O,OOe+OO 

Chloroform fropellaIlt, Smokey Sam O.OOe+OO O.OOe·OI) O.OOe'OO O.OOe.OO -'0-:00;:00 
!chloroform Smokeless rowder (lIex'cules Unique J O.OOe'OO O.OOe+OO 0.009'00 O.OOe·OO O,OOe'OO 

-.-~-'-....-
Chromiwn Diesel fuel and dU!U1age O.OOe'Oil ~Qe+OO O.OOe'OO O.OOe'OO O.OOe+OO 

Chromium Hanufacturer' s waste - aluminized propellant with diesel O.OOe+OO O.OOe·OO O.OOe'OO 0.00,,+00 O.OOe·OO 

Chromium Fropellant, romloniwn perchlorate, alwninized 1.00e-OS 1.00e-OS 1. 00e-05 1.00e-05 
-~~-- --~.--,--~--

chromium Propellant antlIolliwn Derchlorate nonaluminized 1.00e-05 1.00e-OS 1. 00e-05 1.00e-05 

75 




r--' 
-~Chromium Propellant, composite (HK-6) (Sanuia) 

.,.
4.aOe-05 4,80e-OS

Chromium Propellant, double base (Sandia) O,OOe+OO O.OOe·OO
Chromium Propellant, M-J O,QOe+OO Q.OOe>OO O.OOe+OO O.OOe+OO O,OOe+OO
Chromium Propellant, M 9 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O. (me+OO
Chromium l'ropellar,t, M31AlEl O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
cl2 Manufacturer's waste .. alwninized propellant with diesel 2.aOe-Oc I.SOe-OS l.liOe-OC A.OOe-OC 
Cl2 Propellant, ruunonium perchlorate, alwninized S.OOe 03 4,::lOe-03 C.liOe-03 
C12 Propellant, anmonhUlI perchlorate, nonaluminized 1,IOe-02 9.20e-03 9.20e-03 
Copper Diesel fuel and dU~l:!"lage --~ O,OOe+OO O.OOe+OO O.OOe.OO O.OOe+OO O.OOe+OO 
~r lIanufacturer's waste .. alwninized propellant with diesel I.SOe-OS O.OOe+OO O.OOe+OO I.SOe-OS 1.90e-OS 
Copper Propellant, ammonium perchlorate, nonaluminized 5,OOe 05 1.00e-04 e.OOe-·OS a.ooe-OS 
Coppe.r Propellant, double base O.OOe+OO 3,;ZOe-04 1. liOe-OC 1.60e-04 
Copper Propellant. double base (Sand.iat 3.70e-02 3.70e-02 
Copper Propellant, M-3 3.40e-06 0.30e-06 2.S0e-06 C.COe-OEi 2.90e-OS 
Copper Propellant, M-9 6.S0e-06 6.S0e-OEi «.!iOe-OS 

~: Propellant, M31l\lEI l.OOe-OS 1.00e-OS 
~~lexane lJiesel fuel and dUtulag" 1.30,,-05 3.80e-OS 3.00e-05 2.70e-05 2.70,,-05 
Cycloh"xane t-lanufacturer'!I waet.e - aluminized propellant with diesel 1.70e-06 9.20,,-07 J .JOe-06 l.00e-06 ::I.40e-OS 
Cyclohexane Propellant, amnonium perchlorate, aluminized O.OOe+OO O.OOe'OO O.OOe·OO O.OOe+OO O.OOe+OO 
Cyclo'1exane propellant, anmonium perchlorate, nonaluminized O,OOe'OO O,OOe+OO O.OOe+OO O.OOe+OO O.OOa+OO 
Cyclohexane Propellant, double base O.OOe+OO O.OOa+OO 0.00",+00 O.OOe+OO O,OOe+OO-cyclohexane Propellant, Ii-] 1. 30e-07 1.40e-07 O.OOe+OO I.S0e-07 S.00e-07 
Cyclohexane Propellant, H-43 IUSN! 9.10e-08 9.l0e-OO 1. 00e-07 
Cyc!ohexane Plopellant, M-9 O.OOe+OO O.OOe+OO 4.. 70e-07 
Cyc!ohexane Propellant, HK-~] O.OOe.OO 0.00,,'00 J.90e-07---­ ~--~ Cyclohexane prop-:,llant, flnAlEl O.OOe.OO O.OOe.OO O.OOe+OO O.OOe.OO O.OOe+OO 
Cyclohexane Propellant, PBlat-110 O.OOe+OO O.OOe+OO a.00e-07 
~lexane Propellant. SmOkey Sam 1."Oe.. 06 1. 20e-06 2.00e-06 

~ .. 
cyclohexane Smokeless Fowder (Hercules Unique! 4.aOe-07 4.80e-07 9.60e-07 
Cyclopentllne lJie~el fuel and dunnage O,OOe+OO 1. 50e-06 1. 40e-06 1. SOe-06 I.SOe-06 
Cyclopentane tlanufacturer'S waste - aiuminiz:ed propellant with diesel 1.50e-07 7.60e-08 S.40e-07 2.S0e-07 4.JOe-07 
Cyclopentane Propellant, ruunonium percblorate, aluminized O.OOe+OO 0.00,,'00 O.OOe+OO O.OOe+OO O.OOe·OO.'Cyclopentane Propellant, double base O.OOe+OO O.OOe+OO O.OOs.OO O.OOe+OO O.OOe.OO 
Cyclol,entane Propellant, tl- 3 O.OOe+OO O.OOs+OO O.OOs+OO O.OOe+OO 4.70e-OB 
Cyclol'entane Fropellant, "-43 (USN) O.OOe+OO O.OOe+OO ~Oe-oSi 
Cyclol'entane Propellant, M-9 4.30e-08 •• 30,,-08 B.SOe-OB 
cyc!opentalle propellant, HK-23 O.OOe+OO O,OOe+OO 9.00e-OS i 

Cyclopentane Propellant, M31AIEI O.OOe+OO Q,OOe+OO O.OOe+OO O.OOe.OO ~~+OOj 
Cyclopentane Propellant, PBXN-liO O.OOe.OO O.OOe+OO ".00e-07, 
Cyclopentane Propellant, Smokey Sam O.OOe+OO O.OOe+OO 3,90,,- 07 1 

CYclot,entsne Smokeless Powder (Hercules Uniaue) O.OOe+OO O.OOe+OO ".COe-O?! 

." 
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,Cyc..l~pentell'C Diesel fuel and dunnage -
O.OOe·OO O.OOe'OO O.OOe+OO O.OOe.OO O.OOe+OO 

Cyclopentene tlanufacturer' 5 waste - alum.inized. propellant with diesel 9.80e-07 7.60e-07 1.10e-06 9.40e-07 9.40e-07 
cyclopentene ~p ..llallt, attlffioniutn perchlorate, a1um.inized O.OOe+OO O.OOe+OO O.OOe+OO O.OOe'OO O.OOe+OO 
cyclopentene rropellant, double base O.OOe,OO O.OOe'OO O.OOe+OO O.OOe'OO O.OOe'OO 
Cyclopentene Propellant, 11-3 ~--

O.OOe'OO O.OOe+OO O.OOe'OO O.OOe+OO O.OOe+OO 
cyclopentene Propellant, 8·43 (USN) g.10e-08 9.10e-08 9.10e-08 
cyclopentene Pr ope llant. H- 9 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
cyclopentene Propellant. IIK-23 O.OOe.OO O.OOe'OO O.OOe+OO O.OOe·OO O.OO!:~ 
Cyclopentene Propellant. M31A1El O.OOe+OO O.OOe·OO O.OOe+OO O.OOe+OO O.OOe+OO 
Cyclopentene P<opel1ant. PIlXN-110 1.00e-07 LOOe-07 1.00e-Ol 
cyclopentene rropdlant. Smokey Sam O.OOe+OO O.OOe.OO O.OOe+OO O.OOe·'OO O.OOe+OO 
Cyclopentene Smokeless Powder lIIercu1es Unique) O.OOe+OO O.OOe.OO O.OOe+OO O.OOe+OO O.OOe.OO 
CO Diesel fuel and dunnage 7.40e-03 4.70e-03 6.00e-03 6.00e-03 
CO !!anufacturer's waste - alum.inized propellant with diesel 2.20e-02 1.90e-02 1. 90e-02 2.00e-02 
co Propellant, arrmonium perchlorate. aluminized 2.10e-03 3.50e-04 1. 20e-03 
CO Propellant, arrrnonium perchlorate, nonaluminized 1.30e-04 1. 50e-04 1. 40e-04 
co Propellant. composite (rm-6) (Sandia) 4.20e-03 4.20e-03 I -
co rropellant, double base 1.SOe-03 . 1. 50e-03 l.50e-OJ J-CO Prop,:'l1allt. double base (Sandia) 9.50e-04 9.50e·04 
CO 1'1 opeUant, H-3 1.60e-02 1.60e-02 1.80e-02 1.40e-02 I 
CO Fropellallt. u- 43 (USN) 6.60e--04 6.60e-04--- ­
CO hopel1ant. tl-9 2.70e-03 2.70e-03 
CO Fropell!'1nt, IlR-23 2.70e-04 2.70e-04 .­
CO Fropellant, H31MEl L 40e-04 1.10e-04 1.30e-04 1.30,,-04.. 
CO Propellant. FIlXN-110 1.20e-03 1. 20e-03 

Co Prop,:llant, Smokey Sam 7.20e-02 7.20e-02 

CO Smokeless Powder {Ilercules Unique) 1.60e-03 1. 60e-03 
t----­-~ 

Co2 Diesel fuel and dunnage 1.50e+00 1. 50e+00 1. 50e+00 1.S0e+00 ---- ­
CO2 ;;"nufacturer' s .. waste - a1um.inized propellant with diesel 1.10e+00 1.10e.00 1. 20e+00 1.10..·00 

CO2 Fropellant. arrrllonium perchlor.!'-te.• a1um.inized 3.10e-01 3.20e-Ol 3.20e-01 

CO2 Frope1lant, amnonium perchlorate, nona1um.ini2.ed 3.70e-01 3.70e··01 3.10e-01 

CO2 Fropellant, composite (llK-6) {Sandia) 4.20e-01 4.20e-Ol 

CO2 Propellant. double base 6.70e-Ol 6.70e-01 6.70e-01 

CO2 Fropellallt. double base (Sandia) 9.70e-01 9.70e-01 

CO2 Fropellant. M-3 1. 20e+00 1. 20e '00 1.20e·00 1.20e'OO 

CO2 hopellant, 11-43 lusm 7.70e·Ol 7.70e-01
1-----­

Co2 Fropellant, M-9 9.40e-01 9.40e-01 

CO2 Propellant, 1\1(-23 S.40e-Ol S.40e-01 

Co2 Propellant. !l3lAlEl 5.40e-01 5.60e-01 6.80e-01 5.90e-Ol 
-~---

CO2 Propellant. I'BKU-110 1. OOe. 00 l.OOe'OO 

CO2 Propellant. Smokey Sam 4.20e-Ol «.20e-01 
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CC2 Smokeless Powder Olercules Unique) 
Ethane Diesel fuel and dunnage 
Ethane Manufacturer's was':.e - aluminized propellant with diesel 
Ethane Propellant, arrlllonium perchlorate, aluminized 
Ethane Propellant. lIlmlonium perchlorate, nona1uminized 
Ethane Propellant, double base 
Ethane Propellant, H-3 
Ethane Propellant. H-43 (USm 
Ethane Propellant. ~1-9 

Ethane Propellant. MK-23 
Ethane Propellant, MlIA1El 
Ethane Propellant, PBXN-HO 
Ethane Propellant, S/lIOkey Sam 
Ethane Smokeless Powder (Hercules Unique) 
Ethylbenzene Diesel fuel and dunnage 
Ethylbenzene t1anufacturer's waste aluminized propellant with diesel 
Et hy lbem:ene Propellant, lUlIllonium perchlorate, aluminized 
Ethylben..ene Propellant, anmonium perchlorate, nona1uminized 
Ethylbenzene PropeU ant, double base 
Ethylbenzene Propellant, H-3 
Ethylbenrene Propellant, H-U lUSt!) 

Ethylbehzene Propellant, H-9 
Ethylbenzene Propellant, tW--23 
Ethylbenl!.ene Propellant, M)lAlEl 
Ethylbenzene Propellant, PBXN-110 
Ethylbenzene Propellant, Smokey Sa:m 
Ethylbem:ene Smokeless Powder (Ilercules Unique) 
Ethylene Diesel fuel and dunnage 
Ethylene Manufacturer's " ..ste - ..luminized propellant wi th diesel 
Ethylene Propellant, aanonium perchlorate, aluminized 
Ethylene Propellant, IllmIOnium perchlorate, nonaluminized 
Ethylene Propellant, double base 
Ethylene Propellant, ":·3 
Ethylene 'Propellant, li-43 (USH! 

Ethylene Propellant, M-9 
Ethylene Propellant. 1iK-23 
Ethylene Propellant, M31l\lE1 

Ethylene Propellant, PBXN-110 

Ethylene Propellant, S/lIOkey Sam 
Ethylene Smokeless Powder (Hercules Unique) 

Fluoranthene l1anufacturer's waste aluminized p~opelhont with.diesel 

a.70e·01 

O.OOe.OO 1.20,,-06 1.20e-05 
1.80e-05 3.80e 06 6.90e-06 
O.OOe+OO O.OOe+OO O.OOe+OO 
O.OOeIOO O.OOe+OO O.OOe+OO 
O.OOe+OO O.OOe+OO O.OOe+OO 
1.l0e-06 1. 20e 06 2.80e-01 
1. 80e-01 

5.60e-07 
O.OOe+OO 
O.OOe+OO O.OOe+OO O.OOeIOO 
1. 00e-06 
O.OOe+OO 
O.OOe+OO 
4. 30e-05 6.20e-OS 6.10e-05 
2.30e-06 1. 30e-06 3.50e-06 
O.OOe+OO O.OOe+OO O.OOe+OO 
O.OOe+OO O.OOe+OO O.OOe+OO 
O.OOe+OO O.OOe+OO O.OOe+OO 
3.00e-07 O.OOe+OO 1. 40e-07 
O.OOe+OO 
O.OOe+OO 
O.OOe+OO 
O.OOe+OO O.OOe+OO O.OOe+OO 
8.00e-01 

1.20e-06 
O.OOe+OO 

6.60e-05 7.20e-05 S.SOe-OS 
3.1.0e-04 1. 60e 04 2.l0e-04 
O.OOe+OO O.OOe+OO O.OOe+OO 
O.OOe+OO O.OOe+OO O.OOe+OO 
O.OOe+OO O.OOe+OO O.OOe+OO 
5.90e-06 8.80e-06 3.30e-06 
4.80e-06 

6.50e-06 

9.80e-07 

O.OOe+OO O.OOe+OO O.OOe+OO 
6.10e-06 

1.20e-05 

2.40e-07 

5.00e-05 O. OOe+ O{j ,__} ,-~!le-04 

8.70e-01 

9.30e-06 

9.50e-06 

O.OOe-OO 

O.OOe+OO 

O.OOe+OO 
1. 30e 06 

1. 80e-07 

5.60e·01 

O.OOe+OO 
V.OOe+OO 
1. 00e-06 
O.OOe+OO 
O.OOe+OO 
S.SOe-05 
2.40e-06 

O.OOe+OO 

O.OOe+OO 
O.OOe.OO 

2.60e-07 
O.OOe+OO 
O.OOe+OO 
O.OOe+OO 
O.OOe+OO 

8.00e-07 
1. 20e-06 

O.OOe+OO 
1.40e-05 
2.30e-00 
O.OOe+OO 

O.OOe+OO 
O.OOe+OO 

7.80e-06 
4.80e-06 

6.50e-06 

9.80e-07 

O.OVe+OO 

6.70e-06 

7.20e-05 

2.40e-07 

_!l.00e-04 

1. 00e-05_. 
1.00e"05-O.OOe+OO 
O.OOe+OO 

O.OOe+OO 
1.50e-06 
1. 50e 06 

1.40e-06 

9.80e-07 
O.OOe+OO 

2.10e-06 
5.50e-06 
2.60e-06 
5.70e-05 

4.20.. -06.---- ­
O.OOe+OO 

O.OOe+OO 

O.OOeIOO 
1.00e-06 
3.60e .. 07 

8.50e-01 
6.90e-01 
---.~~ 

0.00.. +00 

1.60e-06 
2.10e-06 

1. 20e-06 
7.50e-05 
2.30e-04 
O.OOe+OO 

O.OOe+OO 
O.OOe+OO 

5.90e-06 

5.00e-06 
----~,

6.60e-06 

1. 20~-061 
O.OOe'OO,_I 
6.80e-06 i 

7.30e-OSI 

1. 40e-061 
2.00e-04 

) 
I 
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Hel Prope llallt. ammonium perchlorate. - -~---aluminized 2.10e-Ol 2.l0e-01 2.10e-01 2.10e-01 
Hel Propellant, anrnonium pet chlorate, lIonaluminized 2.10e-01 2.1Se-01 2.15e-Ol 2.15e-01 
Hel Propellant, composite !MJ{-6! (Sandia' 9.40,,-02 9.40e-02-Hcl Propellant. H-43 (USN) 1.00e-03 1.00e-03 1.00e-03 
Hel Propellant, HK-23 1.90e··03 1.90e-03 1. 90e-03 
Hel Propellant, fBlU~-110 1.SOe-04 1.BOe-04 I.BOe-04 
Hel Propellant, Smokey Sam 2.90e-02 2.90e-02 2.90e-02 
HCl tlauufactureI . s waste - aluminized propellant with diesel a.50e-02 7.70e-02 B.BOe-02 8.30e-02 
Lead Diesel f1.l.el and dunnage O.OOe+OO O.OOe.OO O.OOe+OO 0.00,,+00 O.OOe+OO 
Lead !!anufactuler's waste - aluminized propellant with diesel O.OOe+OO 7.30e-05 4.90e-04 2.BOe-04 2.90e-04----_.
Lead Propellant, ammonium perchlorate, aluminized 4.00e-05 4.00e-05 4.00'!-05 
Lead Propellant, a!rmonium perchlorate, tlonaluminized O.OOe+OO O.OOe+OO O.OOe'OO O.OOe+OO O.OOe+OO 
Lead F'ropellant, double base 5.90e-03 5.50e-03 5.60e-03 5.60e-03 
Lead Propellant, double base (Sandia) 1.30e-02 1.30e-02 
Lead rropellant, l\-3 O.OOe.OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO_. 

-~---Lead £,ropellant, 11-9 O.OOe+OO O.OOe+OO ~~.OO O.OOe+OO O.OOe+OO 
IMethyl chloride Diesel fuel and dunnage O.OOe+OO O.OOe.OO O.OOe'DO O.OOe+OO O.OOe·OO---- -~- ..~.~ 
Methyl chloride !!allufacturer's waste - aluminized propellant with diesel 2 70e-05 1. 40e-05 1. 90e-05 ~:~ 2.00e-OS 
Methyl chloride ~ropellant, an.nolliurn perchlorate, aluminized O.OOe·OO O.OOe.OO O,OOe+OO O.OOe_~ O.OOetOO 

.-~--

Methyl chloride PIopellant, ammonium perchlorate, nonaluminized O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Methyl chlolide PIopellant, double base O.OOe+OO O.OOe·OO O.OOe+OO O.OOa+OO O.OOetOO

--'--- ­ ---- ­ ~---
Methyl chloride Propellant, /l-3 1.60e-07 O.OOe+OO 1.10e-07 1. 40e-07 4.S0e.. 07 
Methyl chloride Propellant, M-43 (USN) O.OOe+OO O.OOe+OO 1.60e-07 
Methyl chloride F'ropellant, H-9 1.50e-07 1.SOe-07 3.l0e-07 
Methyl chloride Plopellant, HK-23 7.lOe-07 7.10e-07 B.!10e.. 07 

Methyl chloride propellant, H31J\lEl O.OOe+OO O.OOe·OO O.OOatOO O.OOe+OO O.OOe+OO 

Methyl chloride rropellant, PSXN-110 1. BOe-07 I.BOe-07 1. 80e-07 

Methyl chloride Propellant, Smokey Sallt S.70e-06 5.70e-06 6,40e-06 
----~ 

Methyl chloride Smokeless Powder Ulercules Unique) O.OOe+OO O.OOe+OO «.30e-07-
Methylcyclohexane Diesel fuel and dunnage B.tOe-05 2.10e-04 1. 70e-0( 1.60e-04 1.60e-04-----
Methylcyclohexane !1allufacturer's W!lste - alununized propellant with diesel 7.30e-06 4.40e-06 1.20e-05 8.00e"06 .1.40e-05----Methylcyclohexane PIop~ll ant, lI.!11lIonium perchlorate, aluminized O.OOe.OO O.OOe+OO O,OOe+OO O.OOe+OO O.OOe+OO 

Methylcyclohe"ane Propellant, ammonium perchlorate, nonaluminized O.OOe.OO O.OOe.OO O.OOe+OO O.OOe+OO O.OOe+OO 

Methylcycloheltl.\lle rropellant, double bllse O.OOe+OO O.OOe+oO O.OOe+OO O.OOe.OO O.OOe+OO 
-~~-

Methylcyclohexane Propellant, H-3 9.90e-OB O.OOe'OO 4,70e-OB 5.BOe-01) 6.30e-07 

Methyl cyclohexane Fropellant. 11-43 (USlI! O.OOe+OO O.OOe+OO l.aOe-07 

Methylcyclohexane t'rcpellant, tl-9 O.OOe+OO O.OOe+OO 4,70e-07-----
Hethylcyclohexane fropellant, !Il'-2.3 O.OOe+OO O.OOe+OO 3.90e-07----
Methylcyclohexsue Fropellallli., 113111.1El O.OOe+OO O,OOe'OO O.OOe+OO O.OOe+OO O.OOe+OO 

Methylcyclohexsne rropellallt, PBxtl-110 O.OOe+OO O.OOe+OO S.00e-07 

Methylcyclohexane Propellant . Smokey Sam 7.80e-07 7.90e-07 1.EiOe-06 
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llethylcyclohexane Smokeless Powder (Hercules Unique) 
lIethylcyclopentane Diesel fuel and dunnage 
lIethylcyclopentane Manufacturer's waste - ahuninized propellant with diesel 
llethylcyclopentane Propellant, amnonium perchlorate, aluminized 
lIethylcyclopentane Propellant. ammonium perchlorate, nonalUJnillized 
Ilethylcyclopentalle Propellant. double base 
tlethylcyclopelltane Propellant, H-3 
llethylcyc lopentane Propellant, H-43 (USN) 
Ilethylcyclopentane . 

Propellant, 11-9 

lIethylcyclopentane Propellant, MK-23 
Hethylcyclopentane Propellant. HJll\lEl 
!lethylcyclopent8ne Propellant. FBXH-110 

Hethylcyclopentane Propellant, Smokey Sam 

Uethylcyclopentane Smokeless Powder (Ilercules Unique I 
Hethylenechloride Diesel fuel and dunnage 
!lethylenechloride flallufacturer's waste - aluminized propellant with diesel 
Ilethyl enechloride Propellant. lllmIoniwn perchlorate. aluminized 
Hethylenechloride Propellant. amnoniwn perchlorate. nonaluminized 
t!ethylenechlor ide Propellant, double base 
~!ethy lellechloride Propellant. M-3 
~lethylenechloride Propellant, 11-43 (USN) 

Nethylenechloride Propellant, M-9 
Hethylellechloride Propellant, 1l.K-23 
Nethylenechloride propellant, 11311\11l1 

Hethylenechloride propellant, pBXN-110 

Methylenechloride Propellent, Smokey Sam 

~lethylellechlor ide Smokeless Fowder (Her'cules Unique) 
tiD Diesel fuel and dunnage 

~'O lIanufacturer • s was te - aluminized propellant wi th diesel 

PO Propellant, ammonium perchlorate, aluminized 

NO Propellant, ammonium perchlorate, nonaluminized 

~'O PX'ope11ant, composite (MK-6) (Sandia) 

~'O Propellant, double base 

r"o Propellant, double base (Sandia) 
r\7o Propellant, H-4J (USN) 

1>'0 propellant, H31AIEl 

~O propellant. FBlIN-110 

NO Propellant, Smokey Sam 

N02 Diegel fuel and dunnage 

N02 Hanufacturer's waste - aluminized propellant with diesel 

1'102 propellant, ammgnium perchlorateJ alUJninized 

4.aOe 07 

4.20e-06 1.40e-05 1.10e OS 
7.60e-Oe 3.80e-07 2.70e-06 
O.OOe-OO O.OOetOO O.OOe.OD 
O.OOe.OO D.OOe+OO O.OOe+OO 
O.OOetOO O.OOe+OO O.OOe-OO 
2.10e-06 2.00e-06 6.60e-07 
O.OOe+OO 

O.OOe+OO 

O.OOe+OO 

O.OOe+OO O.OOe.OD O.OOe+OO 
a.OOe+OO 
1.60e-06 

7.20e-07 
O.OOetOO O.OOe.OO O.OOe+OO 
1;50e-05 9.aOe-06 0.00.,+00 
O.QOe+OO O.OOe+OO .o.O.oe·OO 
O.OOe+OO O.OOe+DO O.OOe+OO 
O.OOe-OO O.OOe+OO O.ODe+OO 
5.60e-06 O.OOe+OO 5.2.oe-05 
O,OOe+OO 

O.OOe+OO 

6.00e-07 
O.OOe+OO O.OOe+OO O.OOe+OO 
O.OOe+OO 

1.20e-06 

7.20e-07 
6,30 ..-.04 S.90..-04 a.80e-04 
9.30e-04 8. aOe-04 1.20e-03 
2.20 ..-03 1.60e-03 
4.10e-.o3 3.90e-03 
2.10e-03 

1.70e-03 1.70e-03 
2.40e-02 

6,30e-03 

1.10e-03 1.20e-D3 
2.60e-03 

1.10e-02 

O.OOe+OO 5.10e-05 3.20e-05 
4,40e·07 9.80e-06 9.70e-06 

2.10e-04 7.00e-05 

4.80e·07 

9.90e-06 

l.lOe 06 

O.OOe-OO 
O.OOe+OO 

O.OOe+OO 

2.50e 06 

O.OOe'OO 
a.OOe+OO 

O.OOe+OO 

O.OOe+OO 

O,OOe'OO 
1. GOe-OE; 

7,20e-07 
O.OOe+OO 

~.oe-O~ 
O.OOe+OO 

O.OOe+OO 
O.OOe+OO 

2. JOe-05 
O.O.oe+OO 
O.OOe+OO 
6.00e-07 
O.O(Je+OO 

0.00,,+00 

1.20".06 
7.20 ..-07 
8.00e-I14 

1.00e·03 
1.90e-03 

4.00e-03 

:Z.10e-03 
1.70e-03 

2.40e-02 
6.30e-03 

1.20e-03 
2.60e-03 

l.lOe-02 

•. 20e-OS 

6.60e-06 

1. 40e-04 

9.60e Oi 

1. OOe -05 

2.00e-06 

O.OOetOO 

O.OOe>OO 
O.OOe+Oll 

1.10e-OS 

1.80e 22 
1.70e-061, 
4.90e-07,.­
O.OOe+OO 
7.00e-0~ 

2.00e-06 

1.2~~ 
O.OOe!.~ 

1.10e-OS 
---~-
O.OOe'OI) 
O.OOe+O!;-
0.00.. +00 

5.80e-OS 
1.10e-0;<; 

4. 3De- OS 
6 00l!!-07 

D.OOe.OU' 

9.00e-07j 
4.70e-061 
7.20e-07 

"~-. 

.­

.~ 

.1 
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No2 Propellant, ""."onium perchlorate, nonaluminized -
4.30e·-03 4.70e-04 2.40e-03 

IlO2 Propellant, composite !fIR-6) (Sandia) 1. 00e-·03 1.00e-03 
NO~ Propelllmt, double base 9.00e-05 1.00e-04 1. 00e-04 
tl0l Propellant, double base (Sandia) . 2.BOe-03 2.80e-03 
NOl Propellant. M.. 43 (USN) 4.70e-04 4.10e-04 
N02 Propellant, lf31l1.lEI 1.00e-04 LODe 04 1.00e-04 
1102 Propellant, PBXlI-110 2.80e-04 2.BOe-04 
NO:! Propellant. Smokey Sam 2.70e-04 2.70..,-04 
oeDD Diesel fuel and dunnage 1. OOe 11 O.OOe+OO O.OOe+OO 1. OOe-11 3.20e-11 
OCDF I!allufacturer' $ waste - aluminized propellant wi til diesel 4.00e-08 4. OOe-OB 
Propane Diesel fuel and durmage 1.40e-06 2.20e-06 3.10e-06 2.20e-06 2.50e-06 
Propane Manufacturer's waste - aluminized propellant with diesel 4.20e-06 2.80e-06 6.50e-06 4.50e-06 5.00e-06 
Propane Propellant, Mtnollium perchlorate. aluminized O.OOe+OO O.OOe'OO O.OOe+OO O.OOe+OO O.OOe.OO 
Propane \'xopellant, IUltnonium perchlorate, nona1uminized O.OOe+OO O.OOe+OO O.OOe.OO O.OOe+OO o.00e+00j 
Propane Propellant, double base O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO i 
PropanE! propellant, M-3 3.30e~07 5.10e-07 5.20e-07 5.00.. -07 7.20e-07!-- ­ -----,Propane Propellant. H-43 (USN) O.OOe+OO O.OOe+OO 9.10e"07 
Propane Propellant. M-9 O.OOe+OO O.OOe+OO J. 40e-07 
Propane Propellant. HK-23 4.!lOe-07 «.SOe-01 1.30e-06 
Propane Propellant, li.311\lE1 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe.OO O.OOe+OO 
Propane Propellant, PSlal-HO 3.00e-07 3.00e-07 1.00e-06 
Propane Propellant, Smokey sam 1.60e-06 1.60e·06 4.30e-06 
Propl'lne Smolteles!! Powder Wercules UniQUe) 2.40e-07 2.40e-07 3.40e-06 
Propen!! Dies"l fuel and dwulagl!! 1.00e-05 1.30e-05 1. 60e-05 1.30e-05 1.30e-05 
Propen!! !1anufactuler' B waste - aluminized propellant with diesel 2.S0e-05 2.10e-05 3.20e-05 2.60e-05 2.60e-05 
Propene Propellant, ammonium perch1orat... aluminized O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
propene Propellant. Mlllonium perchlorate. nonalwninized O.OOe+OO O.OOe+OO O.OOe+OO ~~+OO O.OOe+OO 
P.ropene Propellant. double base O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Propene Propellant, tl- 3 1. 40e-06 2.00e-06 2.10e-06 2.00e-06 1.S0e-06 
Propene Propellant, !I-C] (USm 1.l0e-06 1.10e-06 1.20e-06 
Propene propellant, 11-9 7.30e-07 7.30e-07 8.10e-07 
Propene Propellant. HK-2] 1. 70e-06 1.70e-06 1. 80e-06 

Propene Propellant, rBla~·1l0 J.00e-06 ].00e-06 3.l0e-Oe-----
Propene Propellant, smokey Sam 2.10e-06 2.10e-06 2.70e-06",-._-
Propene Smokeless Powder (Hercules UniQUe) 2.40e-07 2,40e-07 7.20e-07 

!?HiO I)iesel fuel and dunnage C.70e-03 4.90e-03 6.eOe-03 5.40e-03--- ­ !--.­
Pl110 Hanufacturer's waste - aluminhe<1 propellant with diesel 3.80e-Ol 4.40e-01 4.90e+00 1.90e'00 

1'1110 Fropellllnt, lUltnonlum perchlor!!.te, a1umini2:ed 4.10e-01 4.30e-01 4.20e-01 
~ 

PMIO Propellant. ~ium perchlorate. nonaluminized 1.10e-02 1.80e-02 1.50e-02 

pruo Propellant. double base 1.90e-02 1.90e-02 1. 90e-02 

PH10 Propellant, H- 3 B.eOe-03 8.10e-03 8.20e-03 8.60e-03 
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-. 
Ihopellant,PMIO M-43 (UStll 1.20e-03 1. 20eO)

PMIO Fropellant, 1'\-9 1. 60e 02 1.60e-02
£>MlO Fropellant, MK-23 5.90e 02 5.90e-02 
PIn 0 Prope l! ant, HJ1l1lEl B.90e-Ol 9.l0e 01 9.10e-Ol !l 10",-01 I
PMIO Propellant, PBXN-110 4.90e-Ol 4.90e-01 I1'1'110 Propellant, Smokey Sam 2.60e-Ol 2.60e-Ol 
PMIO Smokeless Powder lIlercules Unique) 1.90e-OJ 1.80e-OJ 

1St, rene Diesel fuel and dUllnage D.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O. OOe+OO I 
Styrene Manufacturer's waste - aluminized propellant with diesel O.OOe+OO 

!
O.OOe+OO o OOe+OO O.OOe+OO o.ooe+ao 

Styrene Fropellant, armtOniwn perchlorate, aluminized O.OOe+OO a.ooe+OO 0.00"'+00 O.Ooe+OO 0.00e+001 
Styrene Propellant, M 3 o.OOe+OO O.UOe+OO O.OOe+OO O.OOe+OO O.OOe+OOi 
St~'rene Propellant, 1'\-43 (USN) O.OOe+OO O.OOe+OO O.OOe+OO O,OOe+OO O.OOe+OOI 
Styrene Propel! ant, 1'\-9 4.70e 07 4.70e-07 4. 70e.. 07: 
Styrene Propellant, MK-2J 

. 
O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Styrene Propellant, M31AlEl 0.00",+00 O.OOe+OO 1. OOe- 051 
Styrene Propellant, PBXN-110 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 0.00",+00 
St,'rene propellant, Smokey Sam O.OOe+OO O.OOe+OO O.OOe'OO O.OOe+OO O.OOe+OO 
St~'rene Smokeless Powder (Hercules Unique) O.OOe+OO O,OOe+OO 0.00",+00 O.OOe+OO O.OOe+OO 
s02 Diesel fuel and dunnage 2.10e-04 7.90e.. OS 2.80e-04 1. 90e-04 
502 Hanufacturer's waste - aluminized propellant with diesel B.60e-04 9.40e-04 8.BOe-04 8.60e-04 
S02 Propellant, MIOOnium perchlorate, aluminized 6.00e-05 4.00e-05 S.OOe-OS " 

502 Propellant, a.tmlOnium perchlorate, nonaluminized 1.10e-04 1.l0e-04 1.10e-04 
S02 Propellant, composite (HK-li) (Sandia) 1.10e-OJ L 10e-OJ 
502 Propellant, double base J.OOe"OS ;1. 00e-05 J.OOe-OS 
502 Propellant, double base {Sandia I J.20e-03 3.20e-03 
SOZ Propellant. 1i-43 (USN! l.20e-04 l.20e-04 
SO:;; E'ropellallt, MJl1l1EI 1. OOe-O] 1. 20e-0) 1.20e-OJ 
S02 Propellant, PBXN-IIO 3.50e-04 J.SOe-04 
SO:;: Propellant, Smokey Sam 1.SOe-04 1. 50e-04 
S02 smokeless Powder (Hercules Unique) ILI0e-04 6.10e-04 
Tetrachloroethylene Diesel fuel and dunnage O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe'OO 
Tetrachloroethylene Manufacturer's waste - aluminized propellant with diesel O.OOe+OO 1. 60e-0 6 1.80",-06 1.70e-06 1. 70e-06-Tetrachloroethylene Propellant, /Umlonium perchlorate, aluminized O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Tetrachloroethylene Fropellant, armIoniwn perchlorate, nOllaluminized O.OOe+OO O.OOe+OO O.OOe+OO O.OOe.OO O.OOuOO 

Tetrachloroethylene Propellant, M-3 0.00",+00 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Tetrachloroethylene propellant, M-4) (USN) O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Tetrachloroethylene Propellant, 11-9 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.ooe+oe 

~rachloroethylene Propellant, MK-2J O.OOe.OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Tetrachloroethylene propellant, PBXN-110 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Tetrachloroethylene Propellant, Smokey Sam O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Tetrachloroethylene Smokeless Powder (Hercules Unique) O.OOe+OO O.OOe+OO O.OOe+OO L_J!'Jlit'"+ 0 0 O.OOe+OO 
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--_.. ­ - •...-~ ,­Toluene Diesel tuel and dUlulage ll. ODe OS L 50e-04 1.40e-04 1.20e-04 1.30e-04 
Toluene tlanufacturer's waste - alwninized propellant with diesel 3.40e-05 1.50e-05 3.40e·05 2.80e-05 3.90e-05 
Toluene Propellant, arrrnoniurn perchlorate, aluminized O.OOe+OO 

-
O.OOe'OO 1.00e-05 

Toluene Pr opellant. anlnollium perchlorate, nonalumini2:ed a OOe+OO O.OOe+OO 1.00e-05 
Toluene Propellant. double base O.OOe+OO O.OOe·OO O.OOe+OO O.OOe+OO O.OOet~~ 
Toluene Pr opellant. tI-3 1.80e-06 2.00e-06 8.90e-07 1.80e-06 6.60e-06 
Toluene Propellant, M-43 (USN) 5.40e-07 - ­5.40e-07 1.90e-06 
Toluene Propellant, M-9 O.OOe+OO O.OOe+OO 5.40e-06 
Toluene Propellant, UK-23 O.OOe+OO 0.00.'00 2 •.90e-06 

~~~'-~Toluene Propellant, M3ll\IEI O.OOe.OO O.OOe.OO 3.00e-OS---- ­ --~Toluene Propellant, PBXlI-1l0 O.OOe+OO O.OOe+OO 4.50e-06 
~----.-~~

Toluene Fropellant, Smokey Sam 8.60e-06 8.60e-06 1.50e-05 
Toluene Smokeless Powder (Ilercules Unique) 3.40e-06 3.40e-06 7.40e-06 
Total l\lkanes (taraffinsl Diesel fuel and dUIUlage 2.70e-0) 3.90e-03 3.90e-03 3.S0e-03 ~.50e-03 

Total l\ll<anes (Faraffins) !1anufacturer's waste alUlllinized propellant with diesel 9.40e-05 5.80e-05 2.30e-04 L30e-04 2.30e-OC 
Total Alkanes !Faraf fins] Propellant, ammoniUlll perchlorate, aluminized O.OOe+OO O.OOetOO 2.00e-05 

~---Total l\ll<anes (Paraffins) propellant, l!!JlInt>ni urn perchlorate, nonaluminized O.OOetOO .0. OOe I 00 O.OOetOO 1.00e-OS 
Total l\lkanes (Paraffins] l'ropellant. composite \l1K-6) (Sandia) 5.90e-05 5.90e-05 
Total l\lkanes (Paraf fins) Propellant, double base O.OOe'OO 

~.-
1. 00e-05 

Total l\lkanes (Paraffinsl PI opellal1t, double base (Sandia] 2.20e-04 2.20e-04 
Total Alkanes !Paraffins) Propellant, II-J 3.00e-05 2.l0e-05 7.40e-06 2.60..-05 .1.3~~ 
Total 1\1l<anes (Paraffins) Propellant, 11-43 (USN) 5.40e-07 5.40e-07 1.00e-OS 
Total l\lkanes (Faraf fi ns) rropellant. 11-9 O.OOe+OO O.OOe.OO 2.30e-05---- ­Total l\ll<l1nes (Paraff i ns I rropellant, tIK-23 O.OOe·OO O.OOe+OO 1.40e-05 

Total Alkanes (Paraffins) Propellant, M3lAlEl O.OOe+OO O.OOetOO O.OOe·OO O.OOe+OO O.OOe+OO 

Tottll l\lltsnes (Faraffins) tropellant, tBltN-110 O.OOe+OO O.OOe+OO 2.00e-OS 
~'--Total l\lkanes (Paraffins] Propellant, Smokey Sam 2.30e-OS 2.30e-OS 7.20e-05 
i-"--~~ 

Total 1\lkanes (Paraffins) Smokeless Powder (Hercules Unique] 6.70e-06 6.70e-06 4.20e-05 

Total l\lkenes (Olefills) Diesel fuel and dunnage 2.00e-04 1.70e-04 2.10e-04 1.90e-04 2.00e-04 

Tottll Alkenes (Olefins) Hanufacturer's waste - aluminized propellant with diesel 2.20e-0) 1.SOe-03 1. 90e-03 l.90e-OJ 1. 90e-03 

Total Alkenes (Olefins) Propellant, amnonium perchlorate, aluminized 3.00e-OS 1. 00e-05 2.00e-05 2.00e-OS 

Total Alkenes (Olefins) Propellant, amnoniwn perchlorate, nonaltuninized 1.00e·OS 1. 00e'05 1.00e-05 l.OOe-OS 

Total Alkene!! (Olefin!! I propell alit, composite (tIK-6) (Sandia) 1.00e-04 1.00e-04 --- ­Total l\lkenes IOlefins] Propellant, double base O.OOetOO 1. OOe-OS 1.00e-05 1. 00e-05 

Total l\lkenes (Olefins) Propellant, double base (Sandia) 7.30e-04 7.30e-OC 
~'---

Total l\lkenes (Olefillsl Propellant, fl-3 3.60e-OS 2.Bee-OS 2.50e-05 2.90e-05 3./Oe-OS 

Total hlkenes (Ole f ins I Pr opellant, M-4J (USN) 1. JOe-OS 1. 30e-OS 1. .tOe-OS 

Total l\lkenes (Olef ins) Propellant. M-9 1.70e-05 1. 70e- 05 1.80e-05 

Total l\lkenes (Ole fins ) tropellant, HK-23 1.l0e-OS 1.10e-OS ...!:.:22!!-OS 
Total hlkenes (Olefins) propellant, H31l\lEl O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 1.00e-05 

Total Alkenes Wlefins) Propellant. FBJtN-110 -_ ...._._ ....... ­ 1. §j)e-05 1,60e-05 1.80e-Q!! 
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Tolu(-!ne Diesel fuel and du!U!age 8.00e05 1. 50e 04 1. 40e 04 1. 20e-04 1.30e 04 
Toluene Manufacturer's waste - aluminized propellant with diesel 3.40e-05 1. 50e-05 3.40e-05 2.80e 05 3.90e-05 
Toluene Propellant, amnonium perchlorate, aluminized O.OOe+OO O.OOe+OO 1. OOe 05 j
Toluene Propellant, anmonium perchlorate, nonaluminized O.OOe+OO O.OOe+OO 1. OOe-OSI 
~ne Propellant, double base O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 0.00.. +001 
Tolu(!ne Propellant. H 3 1. 80e-06 2.00e 06 8.90e 07 1. 80 .. 06 6.60e-06, 
TolUf,ne Propellant. tI-43 (USN) 5.40e 07 5.40e-07 L80e-06! 
Tolu(!ne Propellant. H-9 O.OOe+OO O.OOe+OO 5.40,,-06' 
Tolu(!ne Propellant. MK-23 O.OOe+OO O.OOe+OO 2.90e-061 
Toluene Propellant. H31hlEl O.OOe+OO 0.00.. +00 3.00 .. -051 
Tolu,me Propellant. PBXN-110 O.OOe+OO 0.00.. +00 4.50e-06 
Toluene Propellant, Smokey Sam 8.60e-06 9.60e-06 1. 50 .. -05 
Toluene Smokeless Powder (I!ercules Unique) 3.40e-06 

. 
3.40e-06 1.40e-06' 

Total. hlkanes (Paraf fins) Diesel fuel and dunnage 2.70e-03 3.90e-03 3.90e-03 3. 50e-03 3.50e-03 
Total hlkanes (Paraffins) Manufacturer's waste - aluminized propellant with diesel 9.40e-05 5.80e-05 2.30e-04 1.30e-0~ 2.30e-04 
Total hlkanes (Paraffins) Propellant, ammonium perchlorate, aluminized O.OOe+OO O.OOe+OO 2.00 ..-05 
Total 1\lkanes (Paraffins) Propellant, 8!mlbnium perchlorate, nonaluminized O.OOe+OO .0.00e'00 O.OOe+OO 1. 00 .. -051 
Total hlkanes (Paraffins) Propellant, composite (MK-6) (Sandia) 5.90e-05 5.90e-05 
Total hlkanes (Paraffins) Prop'ellant, double base O.OOe+OO 1.00.. -051 
Total Alkanes (Paraffins) Propellant, double base (Sandia) 2.20e-04 2.20..-04 ! 

Total Alkanes (Paraffins) Propellant, H-3 3.00e-05 2.10e-05 7.40e-06 2.60..-05 1.30.. -04' 
Total Alkanes (Paraf fins) Propellant. H-43 (USN) 5.40e-07 5.40e··07 1.00e-05 
Total hlkanes (Paraffins) Propellant, H-9 O.OOe+OO O.OOe+OO 2.30e-05, 
Total hlkanes (Paraffins) Propellant, tIK-23 O.OOe+OO O.OOe+OO 1.40e-05: 
Tota.l hlkanes (Paraff ins) Propellant, H31hlE1 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Total hlkanes (Paraff ins) Propellant, PBXN-110 O.OOe+OO O.OOe+OO 2.00e-05 
Total hlkanes (Paraffins) Propellant, Smokey Sam 2.30e-05 2.30e-05 1.20e-05 

Total hlkanes (Paraffins) Smokeless Powder (Hercules Unique) 6.10e-06 6.70e-06 4.20.. -05 

Total hlkenes (Olefins) Diesel fuel and dUIUlage 2.00e-04 1.70e-04 2.10e-04 1. 90e-04 2.00..-04 

Total Alkenes (Olefins) Hanufacturer's waste - aluminized propellant with diesel 2.20e-03 1. SOe-03 1.90e-03 1. 90e-03 1.90e-03 

Total Alkenes (Ole fins ) Propellant, 8!mlonium perchlorate, aluminized 3.00e-05 1.00e-05 2.00e-OS 2.00e-OS 

Total hlkenes (Olefins) Propellant, 8!mlonium perchlorate, nonaluminized 1. 00e-05 1.00e-05 1.00e-05 1. 00e-05! 

Total Alkenes (olefins) Propellant, composite (MK-6) (Sandia) 1. 00e-04 1.00e-04 , 

Total Alkenes (Olefins) Propellant, double base O.OOe+OO 1.00e-05 1.00e-05 1.00e-05, 

Total Alkenes (Olef ins) Propellant, double bl!lse (Sandia) 7.30e-04 7.30e-04 

Total hlkenes (Olefins) Propellant, H-J 3.60e-05 2.80e-05 2.50e-05 2.90e-05 3.10e-05 

Total Alkenes (Olefins) Propellant, H-43 (USN) 1. 30e-05 1.30e-05 1.40e-051 

Total hlkene. (Olefin. ) Propellant, H-9 1. 70e-05 1.70e-05 1. 80e-051 
I 

Total Alkenes (Olefins) propellant, MK-23 l.lOe-OS 1.10e-05 1. 30e-OS! 

Total Alkenes (Olefins) Propellant, H31AIEl O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 1.00e-05 

Total Alkenes (olef ins) Prooellant. PBXN-110 ~Oe-05 1.60e-05 1.90.,-051 

'l; 
) 

83 




Total Alkenes (olefins) Propellant, Smokey Sam 9.l0e-04 9.10e-04 9.20e-Ot 
Total 1Ilkenes (Olefinsl Smokel~ss Powdet (Hen:ules Unique) 2.20e 06 2.:Z0e-06 1.40e-06 
Total Aromatics Diesel fuel and Qunnage 1. 60e-03 2.70e-03 2.60e-03 2.30e-OJ 2.30e-03 
Total Aromatics tlallufacturer's waste - aluminized. propellant with diesel 7.90e-04 3.60e-04 5.60e-04 5.10e-04 6.20e-0« 
Total lIromatics Propellant, axrrnoniwn perchlorate, aluminized O.OOe+OO :Z.00e-05 
Total lIromatics Propellant, an.nolli~ perchlorete, nonalununi:z:ed O.OOe+OO O.OOe+OO O.OOe+OO 2.00e-05 
Total lIromati cs Propellant, COl1'Posite ($-6) (Sandia) 1.60e-04 1.60e-04 
Total Aromatics PI<opellant, double base -

O.OOe+OO O.OOe+OO O.OOe+OO 1.00e-05 
Total /l.romatics Propellant, double base (Sandia) 4.40e-04 4.40e-04 
Total 1\romatics Propellant. 11-3 1.60e-OS 1.10e-05 1.901'-05 1.40e-05 3.S0e-05 
Total lIromatics Fropellant. 11-43 (USN) 2.80e-06 2.80e-06 1. 30e-OS 
Total Aromatic9 Propellant. 11-9 5.40e-06 5.40e-06 i.10e-05 
Totel Aromatics Propellant, HK-23 O.OOe+OO O.OOe+OO 1.10e-OS 
Total Momatics Propellant, IU l1\IEI 6.00e-05 7.00e-05 3.00e-05 5.00e-05 9.00e-OS 
Total lIromatics Propellant, PBXlf-lIO 7.l0e-06 7.l0e-06 :a.aOe-OS 
Total Aromatics Propellant. Smokey Sam 1.00e-04 1.00e-04 1.50e-04 
Total Aromatics Smoke! ess Powder (IIercul es Uniq)Je) 6.20e-06 6.20e-06 3.50e-05 
Total Non-methane Hydrocarbons Diesel fuel and dunnage 9.90e-03 1.30e-02 1.30e-02 1.20e-02 1.20e-02 
Total Non-methane !Iydroealbons Manufacturer's >laste - aluminized propellant with diesel 3.50e~OJ 2.20e-03 3.l0e-03 2.90e-03 3.20",-03 
Total Non-methane I!ydrocarbons Propellant. IUlmonium perchlorate, aluminized 6.00e-05 3.00e-05 5.00e-05 1.l0e-04 
Total Non-methane Hydrocarbons Propellant, all1tlOnium perchlorate, nonaluminized 5.00e-05 4.00e-05 4.00t!!-05 7.00e-05 
Total Non-methane lIydrocarbon5 Propellant, double base 1.00e-05 1.00e-05 1.00e-05 4.00e-05 
Total Hon-methane I!ydroearbons Propellant, H-3 1.l0e-04 9.50e-05 5.30e-05 9.30e-05 3.00e-04 
Total Non-methane Hydrocarbons Propellant, "-43 (USN) 4.l0e-05 4.10e-05 1.10e-04 
Total Non·methane Hydrocarbons Propellant, 1~-9 1. 50e-05 1. 50e-05 1.30111-04 
Total Han-methane Hydrocarbons Propellant, MK-23 O.OOe+OO O.OOe+OO 1.40e-04 
Total Non-methane lIydrocarbons propellant, 11311\lEl 1.00e-04 9.00e-OS 1. 20e··04 1. 00e-04 1.70e-04 
Total non-methane Hydrocarbons Propellant, PBlIN-lIO 5.l0e-OS S.10e-05 1. 90e-04 
Total Non-lll'!thant!! Hydrocarbons Propellant, Smokey ~am 1.l0e-03 1.10e-03 1.60e-03 
Total Non-mf!thane Hydrocarbons Smokeless Powder Ulercules Unique) 0.00t!!+00 O.OOe+OO <I.30e-04 

'-~.~-
Total Unidentified lIydrocarbons Diesel fuel and dunnage 5.50e-03 6.00e-03 6.60e-03 6.00e-03 6.20e-03 
Total Unidentified Hydrocarbons tlanufacturer's waste - aluminized propellant with diesel 4.l0e-04 2.30e-04 4.20e-04 3.50e-04 t.70e-0.! 
Total Unidentified Hydrocarbons Propellant, an~nium perchlorate, aluminized 2.00e-05 3.00e-05 2. 5Oe-~1 4.00111-05 
Total Unidentified Hydrocarbons Propellant, !t1'IDOIlium perchlorate, nonaluminized 3.00t!!-OS 2.00e-05 2.S0e-OS 3.00e-05 

Total Unidentl fled Hydrocarbons propellant, double base O.OOe+OO O.OOe+OO O.OOe.OO 1. OOe-OS 
Total Unidentified Hydrocarbons propellant, 1i-3 2.S0e-OS 3.50e-05 1.70e-06 2.40e-05 9.10e-05 
Total Unidentified lIydrocarbons Propellant, tI-43 {USN) 2.S0e-OS 2.S0e-OS 7.40e-05 
Total Unidenti fled Hydrocarbons propellent, U-9 O.OOe+OO 0.008+00 ~~~ 
Total unidentified Hydrocarbons Propellant, Hle-23 2.90e-06 2.90",-06 9.10e-05 
Total Unidenti tied Hydrocarbons Propellant, H31nlEl 3.00e-OS 1. 00e-05 2.00e-05 2.00e-OS 4.00e-05 

.-~-~~.~ 

Total Unidentified lIydrocarbons Propellant, PBXN-lIO 4.40e-0~ - 4.40e-OS 1.10e-04 
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I-Hexene Propellant, H-9 2.10e-07 :2 .10e-O'1 2.10e- 07 : 
1-Hexene Propellant. MK-2J O.OOe+OO O.OOe.OO O.OOe+OO O.OOe+OO O.OOe+OO 
1 Hexene Propellant, l131I1IEl 

, 
O.OOe+OO O.OOe+OO O.OOe.OO O.OOe+OO O.OOe+OO 

I-Hexene P.opellant. FBXN-110 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
1-Hexene Propellant. Smokey Sam O.OOe+OO 0.001'1+00 O.OOe+OO O.OOe+OO O.OOe~OO 
l-Hexene Smokeless Powder (Hercules Unique} O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
1-l'entene Diesel fuel and dunnage O.OOe+OO 1. 70e-06 O.OOe+OO 1.70e-06 1.80e-06 
I-Pentene Manufacturer's waste aluminized propellant with diesel 4.90e-06 3.30e~06 7.00e-06 5.10e-06 5. JOe-06 
1- Pent,me Propellant, ammonium perchlorate, aluminized O.OOe+OO 0.00,,'00 O.OOe+OO O,OOe+OO O,OOe+OO 
l-Pentene Propellant, ammonium perchlorate, nonaluminized O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
1-Pentene Propellant, double base O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
l-Pentene P.opellant, U-3 1.60e-07 O.OOe+OO O.OOe+OO 1. 60e-07 2.20e-07 
I-Pentene Propellant, M-4J (USN} 9.10e-08 9.10e-09 9.10e-08 
I-Pentene Propellant, M-9 4.30e-08 4.30e-08 8.S0e-08 
I-I'entene Propellant, MK-23 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
I-Pent.ne P.opellant, M311liEl O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
I-Pente.ne Propellant, PBxN-HO l,OOe-07 1.00e-07 2.00e-07 
I-Pentene P.opellant. Snlokey Sam 0.001'1+00 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
I-Pent.me Smokeless Powder (Hercules Unique) O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe·OO 
1,3-Butadiene Diesel fuel and durmage O.OOe+OO 1.30e-06 9.80e-07 1. 20e-06 1.20e.. 06 
l,3-Sutadiene Manufacture.'s waste - aluminized propellant with diesel 5.40e-06 4.20e-06 2.40e-06 4.00e-06 4.00e-06 
l,l-Butadiene Propellant. ammonium perchlorate. aluminized O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

1. 3 - Butadiene p.opellant, "-3 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
l,3-Butadiene Propellant, "-43 (USNl 9.10e-08 9.10e-08 9.10e-08 

1,3-Butadiene Propellant, M-9 O.OOe+OO O.OOe+OO o.,OOe+OO O.OOe+OO O.OOe+OO 

1,3-Butadiene Propellant, tlK-23 2.00e-07 2.00e-07 2.00e-07 

l,J-Butadiene Propellant, PBXN-1l0. 5.00e-07 5.00e-07 5.00e-07 

1,3 Butadiene Propellant, Smokey Sam 1. 20e-06 1. 20e-06 1.20e-06 

1,3-Butadiene Smokeless powder (Hercules Unique) O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

I 234671HlpCDF Manufactu.er's waste - aluminized propellant with diesel 3.40e-09 3."Oe-08 

123478-IIKeD, Manufactu.er'!S waste - aluminized propellant with diesel 2.00e-06 2.10e-06 

123476!1-HpCDF uanufacturer's waste - aluminh:ed propellant with diesel 7.90e-09 7.90e-09 

123678-HxCDF l1anufacturer's waste - aluminized propellant with diesel 9.50e-09 9.50,,-09 

:a-Chlorophenol Propellant, 1!IlmlO~~_um pe.chlorate, nonalwninh:ed 1. OOe- as 1.00e-OS 1.00e-05 1.00e-05 
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Ap:;>E:nd.ix E 
~sgion ~&ctors for Deton~tions 

SPECIAL NOTES: 

The emission factors in this database apply primarily to unconfined, ground 
level detonations of buD: and assembled energetic materials. They do not 
apply confined or otherwise suppressed detonations, except for the emission 
factors for the water-suppressed detonations of tritonal and amatol. 

A value of'O.OOE+OO means that the compound (analyte) was either not detected, 
or, was detected at only the background level. Values of O.OOE+OO were not 
used in calculating the average (AVG) emission factors in the database. A 
blank cell means that either no sample was collected or that the sample 
collected was either lost or not valid. 
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COMPOUND ITEM EMISSION FACTORS 
TRIAL 1 TRlAL :2 TRIAL 3 AVERAGE UllCORR 

cis-2-Pentene lImatol O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 1000e+00 
cis-2-Pentene !\matol surrogate with water 6.30e-06 1.10e-05 7.90e-06 8.50e-06 9.10e-06 
cis-2-Pentene Cartridge, -Impulse, ARD 446-1 7.80e-07 2.60e-07 5.00e-Ol 5.10e-07 a.70e-07 
cis-2-Pentene Cartridge. Impulse, IlBU-36/B - ­2.70e-07 2.80e07 5,60e-07 3.70e .. 07 9.00e-07 
ci s - 2 Pentene Cartridge. Impulse, KK 107 2.60e-07 2.60e-07 2.60e-07 2.60e-07 2.60e 07 Icis-2-Pentene Con~osition B surrogate O.OOe+OO O.OOe+OO O.OOe+OO 0.00...00 O.OOe+OO ! 

cis-2-Pentene Detonating train 5.90e-07 3.00e-07 3.00e-07 3.90e 07 9.10e-07 
cis-2-Pentene Flare, IR Co~ntermeasure H206 O.OOe+OO O.OOe+OO 3.40e-07 3.40e-07 3.40e-07 
cis-2-Pentene Fuze, Tail Bomb FHU-139 AlB 4.90e-07 9.70e-07 4.eOe-07 6.50e-07 6.50e-07 1cis-2-Pentene Fuze, Tail Bomb FHU·54 AlB 5.90e-07 8.90e·07 O.OOe+OO 7.40e-07 9.30e-07 
cis-2-Pentene Gas Generator, GGU-2/A 5.90e-07 1.20e-06 6.10e-07 7.90e-07 9.90e-07 I 
cis-2-l'entene !lBX surrogate 3.70,,-07 4,10e-07 O.OOe+OO 3.90,,-07 3.80e-07 
cis-2-Pentene Hine, Claymore, Hlel\l O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO I 
cis-2-l'entene Signal, Il1wnination, Red Star AN-tt43112 3.50e-07 3.50,,-07 3.50e-07 3.50e-07 3.50e 07 

I
cis-2'Pentene Signal. Illwnination. Red Star H158 3.50e-07 3.50e-07 O.OOe+OO 3.50e-07 3.50!!..::.?2.J 
cis-2-Pentene rritonal surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 3. '10e-07 I

------' 
cis-2-Pentene rritonal surrogate with calcium stearate O.OOe+OO O.OOe+OO O.OOe+OO 3.60e-07 
cis"2-penten~ rlitonal surrogate with water 2.30e-06 3.70e-06 3.40e-06 3.10,,-06 3.30e·~~1 
cis~2-f'entene 1'N1' I1\CC1 ) 4.60e-07 O.OOe+OO O,OOe+OO 4.60,,-07 4:~~ 
cis-2-Pentene UlT IACc2) O.OOe+OO 0.00,,+00 0.00,,+00 O.OOe.OO O.OOe·OO 
cis-2-Pentene r4SE7 Adapter Booster 3.00e-06 2.40e-06 2.90e-06 2.70e-06 2.70e .. 06-cis-2-Pentelle 20 Irtll IIEI Cartridge O.OOe+OO 0.00,,+00 6.80e-07 6.80e-07 6.eOe-07 
cis-2-Pentene ~o rom IIEI Cartridge a.30e-07 0.00,,+00 O.OOe+OO 8.30,,-07 3.30e-06 

I- ­
i-Butane Amatol surrogate 7.50e-07 7.50e-07 3.70e-07 6.20e-07 6.20e-07 

i-Butane !Amatol surrogate with water' 6.70e-06 6.30e-06 6.30e-06 6 40e-06 7.50e-06 

i-Butane Cartridge, Impulse. ARD 446-1 O.OOe+OO 2.60e-07 2.50e-06 I.COe-06 5.10e-06 

i-Butane cartridge, Impulse, BBU-36/B O.OOe+OO O.OOe+OO O.OOe+OO o OOe+OO 1.10e-06 

i-Butane Cartridge, Impulse, KK 107 O.OOe'OO 1.10e-06 0.00,,+00 1.10e-06 1.90e-06 

i-Butane composition B surrogate 3.70e-07 3.70e-07 O.OOe+OO 3.70e-07 3.70e-07 

i-Butane Detonating train O.OOe+OO O.OOe+OO O.OOe+OO 0.00,,+00 6.00e-06 ! 
i-Butane Flare, IR countermeasure H206 6.60e-07 O.OOe+OO O.OOe+OO 6.60,,-07 5.00,,·06 

i-Butane fuze, Tail Bomb FMU-IJ9 AlB 2.00e-06 3.90e-06 9.70e-07 2.30e-06 3.90e-06 

i-Butane Fuze, Tail Bomb FMU-S4 1\/B 3.00e-07 3.00e-07 O.OOe+OO 3.00e-07 3,70e-06 , 
i-Butane Gas Generator, GGU-2/A 1.20e-06 5.90e-07 O.OOe+OO 8 80e-07 9.50,,-06

----i 
i--Butane IIBX surrogate 7.30e-07 O.OOe+OO 3.70e-07 5.50e-07 9.20e-07 I 

i-Butane IIine, Claymore, HlBAl 4.90e-07 9.eOe-07 O,OOe+OO 7.30e-07 2.40""06 

i-Butan~ SiQnal lllwnination, Red Star AN-H43A2 3.50e-07 3.50e-07 O.OOe+OO 3.50e-01 3.10.. -06 
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--
i.-Butane 

~

Signal. Illumination, Red Star t!lS8 12.10e-06 1. aOe-06 6.90e-07 1.50e-06 S.70e-06 
i-Butane Tritonal surrogate b. ~Oe-07 O.OOe+OO J.60e-07 S.SOe-07 S.50e-07 
i Butane Tritonal surrogate with calcium stearate O.OOe+OO 7.JOe-07 7.30e-0? !I.I0e-07 
Ii -Butane Tritonal surrogate with water 4.10e-06 4.40e-06 ~.10e-06 «.20e-OS «.SOe-OS 
i-Butane nlT (l\CC11 «.SOe-07 O.OOe+OO O.OOe+OO 4.S0e-07 «.SOe 07 
i-Butane 1111' (ACC2) O.OOe+OO 0.00 .. +00 S.20e-OS 
i-Butane T4SE7 Adapter Booster O.OOe+OO 1. 20e- 06 2.JOe-06 1 70e-OS 3.S0e-OS 
i-Butane 20 ntn HEI Cartridge '1.00e-07 1.40e-06 2.00e-06 1.40e-06 J.90e-06 
i-Butane 40 mm IIEI cartridge O.OOe+OO O.OOe+OO 1.S0e-06 1.60e-06 2.90e-06 
i-Butene Amatol surrogate 2.30e-06 O.OOe+OO 7.40e-07 1.SOe-06 1. SOe-06 
i-Butene Amatol surrogate with water I.SOe-OS LI0e-OS 1. 30e-OS 2.00e-OS 2.00e-OS 
i-Butene Cartridge, Impulse. AnD ,446-1 2.S0e-OS 2.00e-OS 2.20e-OS 2.20e-05 J.20e-05 
i-Butene cartridge, Impulse, BBU-36/B 2.00e-05 2.10e-OS 2.60e-05 2.20e-OS 2.20e-05 
i-Butene Cartridge, Impulse, MK 101 G.eOe-06 O.OOe+OO 2.90e-Oo 4.90e-06 «.90e-06 
i-Butene Composition B surrogate 3.70e-Q7 7.40e-07 l.eOe-06 9.eOe-07 9.eOe-07 
i-Butene Detonating train 1.00e-OS J.lOe-OS J.OOe-05 2.40e-05 3.60e-05 
i-Butene Flare, IR Countermeasure M206 :a.JOe-06 2.40e-06 2.70e-06 2.S0e-06 2.S0e-06 
i-Butene Fuze. Tail Bomb FMU-139 AtB S.40e-06 S.30e-06 S.30e-06 5.30e-06 S.50e-06 
i-Butene Fuze, Tail Bomb FMU-S4 1\/B 4.40e-06 5.60e-06 4.30e-06 4. elle-06 4.eOe-06 
i-Butene Gas Generator, GGU-2/A O.OOe+OO 2.90e-06 O.OOe+OO 2.90e-06 2.90e-06 
i-Butene flBX surrogste 3.70e-06 2.50e-06 4,SOe-06 J.SOe-06 3.S0e-06 
i-Butene lIine, CIaynlore, HI 81\1 .3.40e-06 3.40e-06 4.20e-06 3.70e-06 5.l0e-06 
i-Butene signal, Illumination, Red Star l\.N-tl43A2 O.OOe+OO 2.S0e-06 J.SOe-06 J.1De-06 3.30e-06,----­
i-Butene Signal. Illumination, Red Star Illse O.OOe'OO O.OOe+OO 4.S0e-Q6 4.50e-06 4.50e-06 

i-Butene Tritonal surrogate 3.00e-06 3.70e-07 7.30e-07 1. 40e-06 1. 40e-06--- ­
i-Butene rritonal surrogate with calcium stearate 2.60e-06 1. SOe-06 2.00e-06 2.00e-06 
i-Butene Triton"l surrogate with water 1.30e-05 O.OOe+OO O.OOe+OO 1. JOe-OS 1.30e-05 

i-Butene TNT (ACel) l.70e-06 J.40e-06 l.SOe-06 l.60e-06 3.60e-06 

i-Butene TNT (ACC21 1.S0e-06 1.S0e-06 1. SOe-06 

i-Butene reS!7 Adapter Booster 7.JOe-OS a.20e-06 1.30e-OS 3.l0e-05 J .10e.-05 

i-Butene 20 ItIll HEI cartridge «.lOe-OS 9.40e-06 1.70e-OS 2.20e-05 2.20e-OS 

i-Butene 40 II1ll IIEI Cartridge 1.20e-OS 9.00e-06 4.90e-06 e.BOe-06 B.BOe-06 

i-Fentane ~tol surrogate 1. SOe-06 1.SOe-06 O.OOe+OO 1.SOe-06 1.S0e-06 

i-Pentane ~natol surrogate with water 1. SOe-06 1.10e-05 5.lIOe-06 6.20e-06 J.70e-05 

i-Pentane cartridge, Impulse, ARD 446-1 O.OOe+OO O,OOe+OO O.OOe+OO O.OOe+OO 1. 90e-06 

i-Fentane Cartridge. Impulse. BBU-36/B O.OOe+OO S.60e-07 1. 40e- 06 9.70e-07 4.10e-06 

i-Pentane Cartridge, Impulse. 11K 107 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 1.20e-06 

i-Fentane Composition B surrogate J.70e-07 O.OOe+OO O.OOe+OO 3.70e-07 7.40e-07 

i-Pentane Detonating train O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 4.l0e-06 

i-Pentane Flare, IR Countermeasure M206 O.OOe+OO J.40e-07 O.OOe+OO 3.40e-07 2.l0e-06 

i-Pentane Fuze. Tail Bomb FMU-lJ9 AlB o.JlO~+OO_ c!.. aOe~07 _ -.!1..00e+OO 4 .J!Oe-Q7 __ 1.li)e-06 
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i-Pentane Fuze, Tail Bomb rHO-'54 AlB 2.70e-06 O.OOe+OO O.OOe+OO 2.70e-06 11.00e-05 
i-Pentane Gas Generator, GGU-2/A O.OOe+OO 5.90e-07 O.OOe+OO 5.90e-07 1.10e-05 
i-Pentane HBX surrogate O.OOe+OO O.OOe+OO O.OOe+OO 0.00",+00 1. 70e-06 
i-Pentane Hine, Claymore, M1SAl 3.90e-06 O.OOe+OO O.OOe+OO 3 .. 90e-06 3.10e-06 
i-Pentane Signal, Illumination, Red Star AN-H4JA2 3.50e-07 O.OOe+OO O.OOe+OO 3.50e-07 5.aOe-07 
i-Pentane Signal, Illumination, Red Star MISS O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 2.20.. 06 
i-Pentane Tritonal surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 4.10e-06 
i-Pentane Tritonsl surrogate with calcium stearate O.OOe+OO O.OOe+OO O.OOe+OO 4.20e-06 
i-Pentane Tritonal surrogate with water 3.70e-07 3.70e-07 3.70e-07 3.70e-07 4.70e-06 
i-Pentane rnT \lICClI 1.40e-06 O.OOe+OO O.OOe+OO 1.40e-06 1. 20e-06 
i-Pentane rnT (Aee2) 7.40e-07 7 ..40e-07 1.50e·06 
i Pentane 1'45E7 Adapter Booster 1.20e-06 2.90e-06 1. 40e-05 6.20e-06 1.10e-05 
i-Pentlme 20 11111 nEI cartridge O.OOe+OO 1.10e-05 1.;We-05 1.20e-05 1. 50e-05 
i-Pentane 40 11111 HE1 Cartridge 9.10e-06 O.OOe+OO O.OOe+OO 9.10e-06 1. 80e-05 
i-Propylbenzene Amatol surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
i-l'ropylbenzene Amatol surrogate with water 1.90e-06 3.20e-06 O.OOe+OO 2.50e-06 3.20e-06 
i-Propylbenzene Cartridge, Impulse, ARD 446-1 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 7.50e-07 
i-l'ropylbenzene Cal'tddge, Impulse, BBU-U/B 8.20e-07 1.10e-06 9.40e-07 9.20e-07 9.20e-01 
!-Propylbenzene Cartridge, Impulse, MK 107 O.OOe+OO O.OOe+OO 5.20e-07 S.20s-07 5.20e-01 
i-Propylbenzene Composition a surrogate O.OOe+OO O.OOe+OO O.OOe+OO 0.00,,+00 O.OOe,OO 
i-Propylbenzene Detonating train O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
i-propylbenzene flare, 1R Countermeasure H206 O.OOe+OO 6.90e-07 1.00e-06 8.50e-07 8.50e-07 
i-Propylbenzene Fuze, Tail Bomb FMU-l39 AlB O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
i-Propylbenzene fuze. Tail Bomb FMU-5' AlB O.OOe+OO 3.00e-07 O.OOe+OO 3.00e-07 7.90e-07 

i-Propylbenzelle Gas Generator, GGU-2iA 1. 20e-06 O.OOe+OO O.OOe+OO 1.20e-06 8.80e-01 

i-Propylbenzelle HBX surrogate 7.30e-01 O.OOe+OO 3.10e-07 5.50e-07 1.50e-06 

!-Propylbenzene Mine, Claymore, MISAI O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

!-Propylbenzene Sigllal, Illumination, Red Star AN-n43A2 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

i-Propyl benzene Signal, Illumination, Red Star H158 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

i-I'ropylbenzene Tritonal surrogate 7.40e-01 O.OOe+OO 1.10..-06 6.10e-07 1.70e-06 

i-propylbenzene Tritonal surrogate with calcium stearate O.OOe+OO 1.30e-07 7.30e-07 7.30e-01 

i-Propylbenzene Tritonal surrogate with water O.OOe+OO O.OOe+OO 1.10e-06 1.10e-06 1.90e-06 

i-Propylbenzene TNT (ACCl) O.OOe+OO O.OOe+OO O.OOe.OO O.OOe+OO O.OOe+OO 

i-Propylbenzene rnT (ACC2) O.OOe+OO O.OOe.OO O.OOe+OO O.OOe+OO O.OOe+OO 

i-Propylbenzene T45E7 Adapter Booster O.OOe.OO O.OOe+OO O.OOe+OO O.OOe.OO O.OOe+OO 

i-Propylbenzene 20 mm HE1 cartridge O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

i-l'ropylbenzene 40 rom HEI Cartridge O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 0.00.,+00 

m-l!:thyltolu,,"ne Amatol surrogate O.OOe+OO 3.10e·07 O.OOe+OO 3.70e-07 1.50e-05 

m-Ethyltoluene Amatol surrogate with water 1. 50e-06 1.90e-06 1.50e-06 1. 60e-06 3.80e-05 

m-Ethyltoluene Cartridge, Impulse, ARD 446-1 !l.20e-07 2.60e-01 7.50... -07 5.10e-07 3.00e-06 

m-Ethvltoluene cartridge, Imp\.llse BBU-36/B 1.10e-06 1.40e-06 5.60e-07 1.00e-06 ".20e-06 
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m-Ethyltoluene Cartridge, Impulse, MK 107 (l.OOe+OO 7.90e-07 5.20e-07 6.60e-07 1.20e-06 
rn-Ethyltoluene Con~osition B surrogate 

I • 

O.OOe+OO 3.70e-07 3.60e 07 3.70e-07 1. 90e-05 
m-Ethyltoluene Detonating train O.OOe+OO 3.00e-07 3.00e-07 3.00e-07 3.20e-06 
rn-Ethyltoluene flare, IR Countermeasure M206 3.30e-07 O.OOe+OO 3.40e-07 3.40e 07 7.90e-07 
m-Ethyltoluelle Fuze, Tail 80mb FHO-139 AlB 9.70e-07 9.70e-07 O.OOe+OO 9.70e-07 1.30e-06 
m-Etl1yltoluene Fuze. Tail 8on~ fHO-54 AlB 3.00e-07 3.00e-07 6.10e 07 4.00e 07 1.30e-06 
m-Ethyltoluene Gas Generator, GGU-2IA O.OOe+OO 5.90e-07 O.OOe+OO 5.90e-07 2.80e-06 
m-Ethyltoluene HBX surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 3.50e-05 
m-Ethyltoluene tline, Claymore, M18A1 6.80e-06 3.40e-06 6.60e-06 5.60e-06 6.Me-06 
m-Ethyltoluene Signal. Illumination, Red Star AN-M4JA2 O.OOe+OO O.OOe+OO O.OOe+OO O.OOie+OO 5.90e-07 
rn-Ethyltoluene Signal. Illumination. Red Star MlS8 O.OOe+OO O.OOe+OO 3.50e-07 3.50e-07 a.lOe-07 
m-Ethyltoluene Tritonal surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 4.20e-05 
m-Ethyltoluene " 

Tritonal surrogate with calciwn stearate O.OOe+OO O.OOe+OO O.OOe+OO 3.70e-05 
Tritonal surrogate with water -m-Ethyltoluelle 1.50e-06 O.OOe+OO 7.50e-07 1.10e-06 4.70e-05 

m-Ethyltoluelle nIT (ACel) O.OOe+OO 4.80e-07 4.80e-07 4. 80e-07 1.70e-06 
m-Ethyltoluene TNT (AeC2) O.OOe+OO O.OOe+OO 1.10e-06 
m-Ethyltoluene T45E7 Adapter Booster 1.80e-06 2.90e-06 2.90e-06 2.50e-06 :2.S0e-06 
m-Ethyltoluene 20 Im1 IIEI Cartridge 1.40e-06 4.30e-06 5.40e-06 3.70e-06 7.10e-06-rn-Ethyltoluene 40 Im1 IIEI cartridge O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO. 4.80e-06 
n-Butane Amatol surrogate 7.50e-07 7.50e-07 3.70e-07 6.20e-07 6.20e-07 
n-Butane ~tol surrogate with water 3.80e-05 6.80e-05 4.90e-05 5.20e-05 6.30,e-0$ 
n-Butane cartridge. In~ulse, ARD 446-1 1.50e-06 2.30e-06 2.70e-06 2.20e-06 4.80e-06 
n-Butane cartridge, Impulse. BBU-36/B 5.40e-06 3.60e-06 5.30e-06 4.80e-06 4.80e-06 
n-Butane Cartridge, lmpulse, tlK 107 O.OOe+OO 5.30e-07 7.90e-In 6.60e-07 3.10e-06 
II-Butane Composition B surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 3.70e~07 

n-Butane Detonating train 3.80e-06 3.30e-06 2.10e-06 3.10e-06 1.00e-05 
n-Butane Flare, IR Countermeasure H206 3.30e-07 6.80e-07 6.80e-07 S.70e-07 5.10e-06 
n-Butane fuze, Tail Bomb FHO-139 AlB 9.70e-07 1. !!Oe-06 4.40e-06 2.40e-06 5.20e-06 
n-Butane Fuze, Tail Bomb fMU-54 AlB 3.00e-06 2.10e-06 O.OOe+OO 2.50e-06 1.90e-05 
n-Butane Gas Generator, GGU-2/A 3.50e-06 2.90e-06 O.OOe+OO 3.20e-06 3.50e-05 
n-Butane !lBX surrogate 7.30e-07 4.10e-07 3.70e-07 5.00e-07 8.90e-07 
n-Butane tline. Claymore, HI8Al 2.90e-06 1.50e-06 9.40e-07 1.80e-06 6.60e-06 
n-Butane Signal, Illumination. Red Star 1\N-I143A2 2.80e-06 2.40e-06 1.40e-06 2.20e-06 4.10e-06 
II-Butane Signal. Illumination, Red Star MISe 3.50e-07 2.10e-06 O.OOe+OO 1.20e-06 7.10e-06 
n-Butane Tritonal surrogate 1.90e-06 O.OOe+OO 3.60e-07 1. 30e-06 1.40e-06 

n-Butane fritonal surrogate with calcium stearate O.OOe+OO 3.60e-07 3.60e-07 9.20e-07 
n-Butane Tritonal surrogate with water 8.60e-06 1.80e-05 1. 80e-05 1.50e-OS 1. 60e-05 

Il-Butane nIT (ACC1) O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 1.30e-06 

Il-Butane TNT (J\CC2) O.OOe+OO O.OOe+OO 7.40e-07 

n-Butane T45E7 Adapter Booster 5.30e-06 6.S0e-06 1.60e-05 9.10e-06 1. 60e-OS 

n-Butane 20 mm HEr Cartridge - 2.1!'-e-06_ 7.20e-06 L.l.Oe-Q.S..... I.40e-06 1.40e-05 
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n-Butane 40 Il111 BEl Cartridge 1.10e-06 8.20e-07 1.60e-06 1. 40e-06 1.10e-05 
n-Decene Amatol surrogate O.OOe+OO O.OOe.OO O.OOe+OO O.OOe+OO 3.10e-01 
n Decane Amatol surrogate with water 1.10e-06 1. 30e-06 1.90e-06 1. 40e-06 3.50e-06 
n-Decane Cartridge, Impulse, ARD 446-1 2.60e-01 5.10e-07 2.50e-07 3.40e 07 8.10e-07 
n Decane Cartridge, Impulse, BBU-36/B 3.50e-06 3.90e-06 5.30e-06 4.20e-06 9.10e-06 
n-Decane Cartridge. Impulse, MIt· 101 2.60e-01 2.60e-01 2.60e 01 2.60e-01 6.40e-07 
fl-Decane composition Bsurrogete O.OOe+OO O.OOe+OO 3.60e-01 3.60e-07 4.90e-07 
n-Decane Detonating train 

~ 

O.OOe+OO 9.00e-01 3.00e-07 6.00e-01 1. 80e-06 
n Decane flare, IR Countermeasure M206 3.30e-07 3.40e-07 3.40e-07 .3.40e··07 •• SOe-07 
n-Decene Fuze, Tail Bomb FHU-139 AlB 9.10e-07 9.70e-07 1. 50e-06 1.10e-06 1.30e-06 
n-Decane Fuze, Tail Bomb FHU-54 AlB O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 4.00e-01 
n-Pecane Gas Generator, GGU-2/A 5.90e-07 5.90e-01 6.10e-01 6.00e-01 1.20e-06 
n-Decane flBX surrogate 3.70e-07 O.OOe+OO O.OOe+OO 3.10e-07 6.• 40e-07 
n-Decane Mine, Claymore, H18A1 3.90e-06 1.00e-OS 1.60e-05 1.00e-05 1.30e-05 
n-Decane signal, lllurnl.nation, Red Star lIN-M4JA2 3.50e-0.7 1.00e·01 O.OOe+OO 5.;lOe-01 '.60e-01 
n-Decane Signal, Illumination, Red Star HISS 1.00e-01 3.50e-01 6.90e-07 5.80e-07 - f-'l...!2.!!:22.....
n-Decane Tritonal surrogate O.OOe+OO 3.10e-01 3.60e-07 3.70.-07 6.10e-01 
n-Decane Tritonal surrogate with calcium stearate O.OOe+OO 3.60e-01 3.60e-07 5.50e-01 
n-Decane Tritonal surrogate with water O.OOe+OO O.OOe+OO 1.10e-06 1.10e-06 1.10e-06 
Il-Decane un (ACCll O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 1.00e-OS 
n-Decane TNT (ACC2l O.OOe+OO O.OOe+OO 3.70e-07 
n-Decane 'N5E1 Adapter Booster 1.20e-06 O.OOe+OO O.OOe+OO 1.20e-06 1. 40e-05 
n-Decane 20. mm HEI cartridge 4.90e-06 5.00e-06 9.50e-06 6.50e-06 2.90e-05 
n-Decane 40 mm IIEI Cartridge 5.00e-06 ;.1.50e-06 8.:20e-06 5.20e-06 4.20e.-05 
n-Ileptane ~tol surrogate 1.10e-06 3.10e-01 7.40e-01 7.50e.-01 1.60e-06 
11-lIeptane ~tol surrogate with water 5.90e-06 1. 30e-05 7.40e-06 8.70e-06 l.l0e-05 
n-Heptane cartridge, Impulse, ARD 446-1 1.S0e-06 1. SOe-06 2.20e-06 1.BOe-06 4.30e-06 
n-Heptane Cartridge, llnpulse, SBU-36/B 1.60e-06 1.70e-06 1.10e-06 1.S0e-06 4.70e-06 
n-Heptane Cartridge. Impulse. MK 101 1. 00e-06 1.10e-06 1. 00e-06 1.00e-06. 1.90e-06 
it-Heptane Composition Bsurrogate O.OOe+OO 3.10e-01 1.10e-06 7.30e-07 1.:Z0e-06 
n-Heptane Detonating train 8.70e-01 1.50e-06 1. 80e-06 1.40e-06 5.00e-06 
n-Heptane Flare, IR Countermeasure M206 3.30e-01 3.40e-01 6.80e-07 4.50e-07 1.00e-06 
n-Heptane Fu~e, Tail Bomb FHU-139 AlB «.!lOe-01 9.10e-07 4.BOe-07 6.50e-01 1.10e.-06 

n-Heptane Fuze, Tail Bomb FHO-54 AlB 5.90e-07 5.90e-01 O.OOe+OO 5.90e-01 1.50e-0~ 

n-Heptane Gas Generator,GGU-:2/A 5.90e-07 5.90e-01 1.20e-06 8.00e-07 2.80e-06 
n-Heptane 118X surrogate 7.30e-07 O.OOe+OO 3.10e-07 5.50e-07 3.30e-06 

n-Heptane Mine, Claymore, I1l8Al Z.90e-06 3.40e-06 4.70e-06 3.70e·06 5.60e-06 

n-Heptane Signal, Illumination, Red Star l\N-M43A2 3.50e-07 1.10e-06 3.50e-07 5 80e-07 1.00e-06 

n-Heptane Signal, Illumination, Red Star HlS8 1.10e-06 7.00e-07 1.00e-06 9.30e-07 1. 60e-06 

n-!leptane 'fl'i tonal surrogate O.OOe.OO O.OOe+OO O.OOe+OO O.OOe+OO 4.30e-06 

n-Heptane Tritonal surroaate with calcium stearate O.OOe+OO O.OOe+OO O.OOe+OO 4.20e-06 
--~-

~ 
,# 
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n-Heptane Tritollal surrogate with water 2.30e 06 1.BOe-06 5.60e-06 3.20e-06 !I.SOe-06 
n-Heptane TNT (ACC1) 4.60e-07 1.40e-06 O.OOe+OO 9.S0e-O? S.SOe-06 
n-I!eptane TNT (ACC21 3.70e-0? 3.?Oe-O? 1. SOe-06 
n-Heptane T4SE7 Adapter Booster J.60e-06 1. SOe-06 4. GOe-OG 1.30e-06 B.OOe 06 
n-Heptane 20 mm HEl Cartridge 2.I0e-06 S.OOe-OG S.90e-06 5.30e-06 L50e-OS 
n Heptane 40 mm IIEI Cartridge S.OOe-06 O.OOe+OO O.OOe+OO S.OOe-06 l.lOe-OS 
n-Hexane l\Inatol surrogate o .OOe.OO 3.70e-07 ?40e-0? S.60e-07 9.90e-07 
n Hexane l\Inatol surrogate with water 7.I0e-06 1.SOe-OS 1.IOe-05 1.l0e-OS 1.60e-OS 
n Hexane cartridge, Impulse, ARD 446-1 1.SOe-06 l.SOe-06 1.SOe-06 1.50;'-06 4.00e-06 
n-Hexane Cartridge, Impulse, Beu-36/B 1.GOe-06 1.40e-06 2.20e-OG 1.70e-06 S.40e-06 
n-llexane Cartridge, Impulse, MK 10? 2.60e-07 7.90e-07 S.20e-07 S.30e-07 1.40e-OG 
n-Hexane Composition B s,urrogate O.OOe+OO 7.40e-0? 3.GOe-0? S.SOe-O? l.l0e-OG 
n-Hexane Detonating train 1.SOe-06 1.50e-06 2.40e-OG 1.SOe-06 5.00e-06 
n-liexane Flare, IR Countermeasure M206 6.60e-07 6.00e-0? 6.S0e-0? 6.00e-0? 1.20e-06 I 

n-Hexane Fuze, Tail Bomb E'MU-139 AlB 4.!lOe-0? 9.70e-07 4.BOe-0? 6.S0e-07 l.l0e-06 ' 
n-Hexane Fuze, Tail Bomb fllU-S4 AlB 3.00e-0? 5.90e-0? O.OOe+OO 4.40e-0? 1.JOe-06 
n-llexane Gas Generator. GOU-2/11 1.20e-06 1.20e-06 6.10e-O? 9.90e-O? 3.l0e-06 
n-llexalle HaX surrogate 7.30e-0? O.OOe+OO 3.70e-07 S.50e-07 4.?Oe-06 
n-Hexane Mine, Claymore, MIBlIl 2.00e-OS I.SOe-06 '.?Oe-07 1.30e-06 J.20e-OS 
n-lIe""ne Signal, Illwnination, Red Star AN-M41A2 6.!lOe-07 l.lOe-OIi 6.90e-0? a.lOe-O? 1. JOe-06 
n-llexane Signal, Illumination, Red Star MISS 1. 40e-OS l.lOe-06 6.90e-07 1.10e-06 1.90e-06 
n-Hexane Tritonal surrogate O.OOe+OO O.OOe>OO O.OOe+OO O.OOe+OO 7.00e-01i 
n-lIexaae Tritonal surrogate with calcium stearate O.OOe+OO O.OOe+OO O.OOe+OO ii.SOe-OS 
n-Hexane Tritonal surrogate with water 1. 90e-06 1.50e-06 «.SOe-06 2.60e-01i 1.30e-OS 
n-llexane !'NT IACCl) 1. 'Oe-Oli LBOe-07 O.OOe+OO 9.30e-07 3.30e-06 
n-Hexane 1Nl' (ACC2) O.OOe+OO O.OOe+OO l.10e-06 
n-Hexane T4SE7 Adapter Booster 3.00e-06 4. ?Oe-Oli 9.BOe-06 5.S0e-01i 9.90e-OIi 
n-Hexane 20 rmt HEI Cartridge 1.40e-OS 3.60e-01i 5.tOe-OS J.SOe-06 1. JOe-OS 

n-llexane 40 Iltn IIEI Cartridge 1.90e-05 O.OOe+OO O.OOe+OO 1.90e-OS J.SOe-OS 
n-Nonane l\Inatol surrogate 3.70e-07 3.70e-07 O.OOe+OO 3.?Oe-07 3.70e-0? 
n-Nonane ~to1 surrogate with water 2.20e-06 4.40e-06 3.00e-01i 3.20e-OS J.70e-06 

n-Nonane Cartridge. Impulse, ARD 446-1 2.60e-07 ?70e-0? 7.50e-0? S.90e-0? 1.40e-06 
n-Nonane Cartridge. Impulse, BBU-36/B 2.?Oe-06 J.liOe-06 J.30e-06 3.20e-01i 6.90e-06 

a-Nonane Cartridge, Impulse, MR 107 O.OOe+OO 2.60e-07 7.90e-07 5.20e-07 9.60e-07 

n-Nomllle Composition B surrogate 2.20e-01i 3.70e-0? O.OOe+OO l.30e-06 1. 20e-06 

n-Nonane Det.on",ting train S.BOe-07 !I.OOe-O? 9.00e-07 7.90e-07 2.00e-06 

n-Nonane Flare, IR Countermeasure M206 6.60e-0? 6.BOe-07 6.BOe-0? G.BOe-07 9.00e-07 

n-Nonane Fuze, Tail Bomb fflU-139 AlB 4.90e-07 '.OOe-07 O.OOe+OO 4.90e-07 7.JOe-07 

n-flonane Fuze, Tail Bomb fMU-S4 AlB O.OOe+OO O.OOe+OO 1.20e-06 1.20e-01i 9.40e-07 

n-tIonane Gas Generator, GGU-2/A 5.90e-07 5.90e-07 O.OOe+OO S.90e-07 1.20e-06 

n-Nonane H8K l!Iurrogate O.OOa+OO O.OOe+OO O.OOa+OO O.OOe+OO S.20e-07 
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r--' 
n-Nonane 

~ 

Hine, Claymore, 1i1811.1 4.90e-01 L 50e-06 1.90e-06 1. 30e-06 1.80e-06 
n-Nonane Signal. Illumination. Red Star AN H43A2 1.00e-06 J.50e 07 O.OOeoOO 7.00e-07 9.30e-07 
n-Nonane Signal, Illumination. Red Star MISS 1.10e-06 7.00e-07 1.00e-06 9.30e-07 1. 30e 06 
n-Nonane Tritonal surrogate 3.40e-06 O.OOe+OO 3. 60e-07 1. 20e-06 1;60e 06 
I1-NoIlane l'ritonal surrOgate with calcium stearate O.OOe+OO O.OOe+OO O.OOe+OO 5.50e-07 
n-Nonane Tritonal surrogate with water 0.00 .. +00 7 . .10.. -07 7.50.. -07 7.400 07 1.S0e-06 
n Nonane nIT 'Aeel) O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 1. 40e-06 
n-Nonane UIT IACC2) O.OOe+OO O.OOe+OO 3.70e-07 
n-Nonane T4SE7 Adapter Booster 1.80e-06 5.90e-07 1. 70e-06 1.40e-06 2.50e-06 
n-Nonane 20 mm HEl Cartridge 7.00e-07 O.OOe+OO 6.80e-07 6.90e 07 3.60e-06 
n-Honane 40 rom HEI Cartridge 1. 70e 06 1. 70e 06 2.50e-06 1. 90e-06 4.80e-06 
n-Octane iAmatol surrogate O.OOe+OO 3.70e-07 3.70e-07 3.70e-07 6.20e-07 
n-Qctane !Amatol sUrrogate witb water 3.30e-06 7.00e-06 4.40e~06 4.90e 06 5.80e-06 
n-Octane !cartridge, Impulse, ARD 446-1 5.20e-07 1.00e-06 O.OOe+OO 7.70e 07 1. 40e-06 
n-Octane Cartridge. Impulse, BBU-36/B 1.40e-06 2.80e-07 1.90e-06 1.20e-06 4.00e-06 
n-Qctane Cartridge, Impulse, HK 107 5.30e-07 5.30e-07 2.60e-07 4.40e-07 7.70e-07 
I1~Octane composition B surrogate 3.70e-07 3.10e-07 3.60e-07 3.70e-07 7. (Oe-07 
n-Octane Detonating train O.OOe+OO 1.Sqe-06 O.OOe+OO 1. 50e-06 2.70e-06 
n-Octane Flare. IR Countermeasure H206 1.00e-06 3:40e-07 O.OOe+OO 6.70e-07 7.80e-07 I 

n-Octane Fuze. Tail Bomb FMU-139 AlB 4.90e-07 4.80e-07 O.OOe+OO 4.90e-07 9.70e-07 
n-Octane Fuze. Tail Bomb FMU-54 AlB 3.00e-07 3.00e-07 6.10e-07 4.00e-07 1.10e-06 
n-Octane Gas Generator, GGU-2/A O.OOe+OO O.OOe+OO 1.20e-06 1.20e-06 1.BOe-OEi 

n-Octane UBX surrogate 1.10e-06 O.OOe+OO 3.70e-07 7.301:-07 1.80e-06 
n-Octane Mine. Claymore, HleA! 2.00e-06 7.80e-06 1.20e-05 7.20e-06 !I.I0e-Q6 

n-Qctane Signal. Illumination. Red Star AN-H43A2 3.50e-07 3.50e-07 O.OOe+OO 3.50e-07 5.80e-07 

n-Octane Signal. Illumination. Red Star MISS 1. 40e-06 1.10e-06 6.90e-07 1.10e-06 1. 40e-06 

n-Octane Tritonal surrogate 3.70",-07 o.OOe+oO 3.60e-07 3.70..-07 1.70e-06 

n-Octane Tritonal surrogate with calcium stearate 0.00",00 O.OOe+OO 0.00..+00 1.50e-06 

n-Octane Tritona! surrogate with water 1.50e-06 1. 50e-06 2.20e-06 1.70e-06 3.70e-06 

n-Octane nIT (ACC1) O.OOe+OO 2.90e-06 O.OOe+OO 2.90e-06 1.00e-05 

n-Octane nIT (ACC2) O.OOe+OO O.OOeoOO 7.40e-07 

n-Octane T4SE7 Adapter Booster 2.40e-06 O.OOe.OO 1. 20e-06 1.80e-06 8.80e-06 

n-Octane 20 rom !lEI Cartridge 4.90e-06 7.90e-06 1. 60e-OS 9.50e-06 2.S0e-05 

n-Octane 40 rom HEI cartridge 2.50e-06 8.20e-07 7.40e-06 3.60e-06 2.90e-05 

n-Pentane Amatol surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 6.20e-07 

n-Pentane Amato1 surrogate with water 1.30e-05 2.30e-05 1.50e-05 1.70e-05 2.40e-05 

n-Pentane Cartridge, Impulse. ARD 446-1 7.80e-07 1.30e-06 1. 30e-06 1.10e-06 4.00e-06 

n-Pentane Cartridge, Impulse. BBU-36/B 1.10e-06 1.10e-06 1.40e-06 1.:20e-06 5.20e-06 

n-Pentane Cartridge. Impulse, HK 107 a.OOe+OO 2.60e-07 2.60e-07 2.60e-07 1. 50e-06 

n-Pentane Composition B surrogate 3.70e-07 O.OOe~OO 3.60e-07 3.70e-07 7,(Oe-07 
.. 

n-Pentane Detonatina tIain 5,80e-07 1.20e-06 1.20e-06 1. 00e-06 6.10e.-06 
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n-Pentane flare. IR Countermeasure H206 O.OOe+OQ G.eOe-07 3.40e-07 S.lOe-07 1.SOe-06 
n-Pentane Fuze, Tail Bomb nl1]-139 AlB 9.70e-07 1.50e-06 4.eOe-07 !I.70e-07 1.90e-06 
n-Pentane FUze, Tail Bomb FMU-54 AlB 3.00e-07 5.90e-07 O.OOe+OO LCOe-07 3.70e-06 
n-Pentane Gas Generator, GGU-2iA l.20e-06 1.20e-06 O.OOe+OO 1.20e-06 4.80e-06 
n-Pentane HBX surrogate 7.30e-07 O.OOe+OO 7.40e-07 7.40e-07 2.30e-06 
n-reptane Mine f Claymore, M18Al 4.40e-06 8.BOe-06 lAOe-05 9.10..-06 1.JOe-OS 
n Pentane Signal, Illumination, Red Star Nl-HOJl2 3.S0e-07 7.00e-07 6.90e-07 5.S0e-07 1.20e-06 
n-Pentane Signal, Illumination. Red Star UlSe 7.00e-07 7.00e-07 l.SOe-07 5.80e-07 2.10e-06 
n-Pentane Tritonal surrogate O.OOe+OO O.OOe+OO 7.30e 07 7.30e-07 3.S0e-06 
n-Pentalle Tritonal surrogate with calcium stearate O.OOe+OO O.OOe·OO O.OOe+OO 3.l0e-06 
'n-Pentane Tritonal surrogate with water 1.10e-06 O.OOe+OO 6.70e-06 3.90e-06 5.S0e-06 
n-Pentane TNT IACCl} 1.80e-06 4.S0e-06 O.OOe+OO 3.30e-06 1.10e-05 
n-Pentane TNT (IICC2) 3.70e-07 J.70e-07 1. 90e-06 
n-Pentane T4SE7 Adapter Booster 3.60e-06 1.80e-06 9.S0e-06 S.00e-0.6 L60e-05 
n-Pentane 20 mm IIEI Cartridge 5.60e~06 1.20e-OS 2.20e-OS 1. 30e-OS 3.20e-OS 
n-Pentane 40 mm HEI Cartridge l.JOe-OS O.OOe+OO O.OOe+OO L30e-OS 5.200.-05 
p-Ethyltoluene lImato1 surrogate O.OOe+OO 6.00e-01i !I.JOe-06 7.60e-06 1.10e-OS 
p-Ethyltoluene ~tol surrogate with water 2.00e-OS "OOe-OS 3.70e-05 3.20e-OS J.SOe-05 
p-Ethyltoluene cartridge, Impulse, BBU-36/B 4.!lOe-06 S.SOe-07 1.40e-OS 2. JOe-OS 9.CDe-OS 
p-Ethyltoluene cartridge. Impulse, $ 107 O.OOe+OO O.OOe+OO O.OOe·OO O.OOe+OO O.OOe+OO 
p-Eth,'ltoluene Composition B surrogate 1.40e-07 7.COe-07 1.S0e-06 9.80e-07 3.JOe-06 

p-Ethyltoluene Detonating train B.70e-07 1. SOe-06 1.20e-06 1.20e-06 8.20.,-06 

p-Ethyltoluene flare. IR Countermeasure M206 O.OOe+OO 3.COe-07 6.60e-07 S.10e-07 2.20e-06 

p-Ethyltoluene fu:te. Tail Bomb, FMU-139 AlB 2.00e-06 4.80e-07 9.70e-07 1.l0e-OS 2.30.,-06 

p-Ethyltolu.,ne fuze, Tail Bomb FMU-54 AlB 5.90e-07 S.lIOe-07 4.S0e-OS 1.90e-06 4.70e-06 

p-Ethyltoluene Gas, Generator, GGU-2/A O.OOe+OO O.OOe+OO O.OOe.OO O.OOe+OO 6.80e-OS 

p-Ethyltoluene IIBX surrogate 7.JOe-07 O.OOe+OO O.OOe+OO 7.JOe-07 S.SOe-OS-
p-Ethyltoluene Mine, Claymore, M18Al I.SOe-OS 7.JOe-06 2.S0e-OS 1.70e-OS 1. 90e-OS 

p-Ethyltoluene Signal, Illumination. Red Star AN-M43A2 O.OOe+OO 7.00e-07 O.OOe+OO 7.00e-07 1. 60e-OS 

p-Ethyltoluene Signal. Illumination, Red Star MlS8 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 1. 70e-06 

p-Ethyltoluene Tritonal surrogate 7.40e-OS 4.10e-OS 1.SOe-06 4.30e-06 9.20e-06 

p-Ethyltoluene Tritonal surrogate with calcium stearate O.OOe+OO 7.30e-07 7.30e-07 4.60e-06 

p-Ethylto1uene Tritonal surrogate with water 3.90e-05 I.SOe-OS 2.S0e-OS 2.70e-OS 3.40e-OS 

p-Ethyltoluene TNT IACCll (.60e-07 1.90e-OS O.OOe+OO 1.20e-OS 7.70e-06 

p-Ethyltoluene TNT IACC2) O.OOe+OO O.OOe+OO 2.60e-OS 

p-Ethyltoluene T45£7 IIdapter Booster l.10e-OS 9.40e-06 1.20e-OS 1.IOe-OS l.lOe-OS 

p-Ethyltoluene 20 lm\ IIEl Cartridge O.OOe.OO 1.10e-OS 1. 60e-OS 1. 'Oe"05 2.60e-OS 

p-Ethyltoluene 40 rim IIEI Cartridge 7.S0e-06 '.lOe-OS 4.l0e-OS S.20e-06 2.60e-DS 

p-Ethyltoluene !\matol sut'rogate 3.70e-0? O.OOe·OO O.OOe+OO 3.70e-07 1.S0e-06, 

p-Ethyltoluene !\matol surrogate with water 2.20e-06 2.20e-06 1. 90e-06 2.l0e-OS C.lOe-OS 

o-Ethvltoluene Cartridge, Impulse. ARD 446-1 -
1.10e-06 1.10e-06 1.10e-06 1.10e-06 4.20e-06 
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p-Ethyltoluene Cartridge, Impulse, BB\)-36/B 2,30e-06 1.20e-06 1 20e 06 1.60e-06 5.40e-06 
p Ethyltoluene cartridge. Impulse, MK 107 O.OOe+OO 1.10e-06 1.10e-06 1.10e-06 1.10e-06 
p-Ethyltoluene Composition B surrogate 7.40e-07 3.70e-07 1.10e-06 7.40e-07 2.60e-06 
p-Ethyltoluene Detonating train O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO ].'Oe 06 
p-Ethyltoluene Flare, IR Countermeasure H206 O.OOe+OO O.OOe.OO O.OOe.OO O.OOe+OO 1. 50e-06 
p-Ethyltoluene Fuze, Tail Bomb FHO-139 AlB 2.10e-06 O.OOe+OO O.OOe+OO 2.10e-06 2.10e-06 
p-Ethyltoluene Fuze. Tail Bomb rHO-54 AlB 1. 30e-06 2.60e-06 1.30e-06 1. 70e 06 2.90e 06 
p-Ethyltoluene Gas Generator, GGU-2/A 2.50e-06 5.10e-06 O.OOe+OO 3.BOe-06 4.20e-06 
p-Ethyltoluene HEX SUII'ogate 3.70e-07 O.OOe+OO 7.40e-07 5.60e-07 4.80e-06 
p Ethyltoluene Mine, ClaJ'lllore, M18Al 4.20e-06 '.20e-06 4.20e-06 
p-Ethyltoluene Signal. Illumination, Red Star AN'M43A2 O.OOe+OO 1. 50e-06 O.OOe+OO 1.50e-06 1.50e-06 
p-Ethyltoluelle Signal. Illumination, Red Star M158 O.OOe+OO 1.S0e-06 O.OOe+OO 1.50e-06 1.S0e-06 
p-Etl1yltoluene Tritonal surrogate O.OOe+OO O.OOe+OO 3.60e-07 3.60e-07 3.30e-06 
p-Ethyltoluene Tritonal surrogate with calcium stearate ].70e-07 o.Ooe+OO 3.10e-07 4. :We-06 
p-Ethyltoluene Tritonal sUrrogate with water 1.10e-06 0.00.. +00 O.OOe+OO 1.10e-06 4.70e-06 
p-Ethyltoluene 'nrr (ACClI O.OOe+OO O.OOe+OO 2.00e-06 
p-Ethyltoluene TNT (ACC2) O.OOe+OO O.OOe+OO 1.60e-06 
p-Ethyltoluene T4SE7 Adapter Booster O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

p-Ethyltoluene 20 rom HEI Cartridge O.OOe+OO O.OOe+OO 4 .10e-o.~ 
p-Ethyltoluene 40 rom HEI Cartridge O.OOe+OO O.OOe+OO 9.S0e-06 

trans-2-Butene Amato1 surrogate O.OOe+OO O.OOe+OO 1.50e-06 1. 50e-06 1.S0e-06 

trans-2-Butene Amato1 surrogate with water 2.40e-05 4.60e-05 3.40e-OS J. SOe-OS 3.50e-05 

tI'ans-2-Butene cartridge, Impulse, ARD 446-1 1.00e-OS 7.70e-06 7.20e-06 8.30e-06 B.30e-06 I 

trans-2-Butene . cartridge, Impulse. BBU-36/B O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO I
trans-2-Butene Cartridge. Impulse, MK 107 1.00e-05 8.20e-06 1.10e-06 B.40e-06 B.40e-06 

trans-2-Butene composition B surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO I 
trans-2-Butene Detonating train 4.70e-06 2.10e-06 '.80e-06 '.00e-06 '.00e-06 I 
trans-2-Butene Flare, In Countermeasure M206 3.00e-06 2..70e-06 2.70e-06 2.aOe-06 l . 8015-06 I 

trans-2-Butene Fuze, Tail Bomb FMU-139 AlB 1 20e-OS 1. 30e-OS 1. 40s-0S l.JOe-05 1.30e-OS 

trans-2-Butene Fuze, Tail Bomb FMU-54 AlB 5.90e-06 9.S0e-06 7.90e-06 1.BOe-06 1.10e-OS 

trans-2-Butene Gas Generator, GGU-2/A 1. 40e-05 1. 50e-OS 1.60e-OS 1.50e-OS 1. 50e-05 

tr'ans-2-Butene HaX surrogate 4. 00e-06 2..50e-06 7.10e-06 4.S0e-06 4.50e-06 

trans-2-Butene Mine, Claymore, H18A1 1.50e-OS 1.90e-05 2.10e-OS 1. eOe-05 1.90s-05 I 
trans-2-Butene Signal, Illumination, Red Star AN-M43A2 6.90e-06 9.10e-06 7.30e-06 7.80e-06 7.80e-06 , 

trans-2-Butene Signal. Illumination, Red Star M1S8 5.30e-06 6.00e-06 4.80e-06 5.40e-06 5.40e-06 

trans-2-Butene Tritonal surrogate O.OOe+O·O 1.90e-06 1.10e-06 1.50e-06 1.50e>-06 

trans-2-Butene Tritona1 surrogate with calcium stearate 2.90e-06 7.30e--07 1. 80e-06 1. 80e-06 

tralls-2-Butene Tritons1 surrogate with water 4.l0e-05 :2.80e-05 '.60e-OS 3.I!De-OS 3.aOe-05 

trans-2-Butene TNT (IICCI) 9.20e-07 9.60e-07 9.60e-07 !l.SOe-07 9.50e-07 

trans-2-Butelle TNT (ACC2) 7.4.0e-07 7.40e-07 7.40e-07 

trans-2-Butene T45E'I Adapter Booster 2.60e-05 1 SOe-OS 1.60e-05 2.00e-05 2.00..-05 
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trans-2-Butene 20 rom BEl Cartridge 1.10e-OS 7.20e-06 1. OOe 05 9.50e~06 9.508-06 
trans-2-Butene 40 mm HEI Cartridge 2.50e-06 1.70e-06 1.60e-06 1.90e-06 1.90e-06 
trans-2-Pentene Amatol surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
trans-2-Pentene Amatol surrogate with water 8.S0e-06 1.70e-05 1.20e-OS 1.20e-OS 1.30e-05 
trans-2-Pentene Cartridge. Impulse. ARD 446-1 5.20e-07 7.70e 07 5.00e-07 6.00e-07 1.20e-06 
trans'-2-Pentene Cartridge, Impulse. BBU-]6/B 8, ;;We-07 5.60e 07 5.60e-07 6.40e-07 1.COe-06 
trans-2-Pentene Cartridge. Impulse, 11K 107 2.60e-07 2.60e-07 2.60e-07 2.60e-07 2.60e-07 
trans-2-Pentene composition B surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
trans-2-Pentene Detonating train 1.50e-06 9.00e-07 ].00e-07 9.80e-07 2.00e-OEi 
trans-2-Pentene Flare, IR Countermeasure M206 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 3.tOe-07 
trans-2-Pentene fuze, Tail Bomb nru-139 AlB 9,70e-07 3.90e-06 9.70e-07 1.90e-06 1.90e-06 
trans-2-Pentene Fuze. Tail Bomb fMU-SC AlB 5.90e-07 1.20e-06 9.20e-07 9.00e-07 1.60e~06 

trans-:2 - Pentene Gas Generator,GGU-21A 2.40e-06 1. 20e-06 6.10e-07 1.COe-06 2.00e-06 
trans-2-Pentene HBX surrogate 3.70e-07 O.OOe+OO O.OOe+OO 3.70e-07 3.80e-07 
trans-2-Pentene Mine. Claymore, H18A1 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
trans-2-Pentene Signal, Illumination. Red Star l\N-H43A2 3.50e-07 7.00e-07 3.S0e-07 4.60e-07 C.60e-07 
trans-2-Pentene Signal, Illumination, Red Star M1S8 7.00e-07 1. COe- 06 3.50e-07 8.20e-07 9.30e-07 
trans-2-Pentelle Tritonal surrogate 3.70e-07 3.70e-07 O.OOe+OO 3.70e-07 9.60e-07 
trans-2-Pentene Tritonal surrogate with calcium stearate O.OOe+OO 3.60e-07 3.60e-07 7.30e-07 
trans-2-Pentene Tritonal surrogate with water 2.30e-06· 3.30e-06 3.70e-06 3.10e-06 3.60e-06 
trans-2-Pentene TNT (ACCl) 4.60e-07 O.OOe+OO O.OOe+OO 4.60e-07 4.60e-07 
trans-2-Pentene mr (ACC2) O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
trans-2-Pentene r4SE7 Adapter Booster 4.20e-06 C.10e-06 4.00e-06 4.10e-06 4.10e-06 
trans-2-Pentene 20 l1li\ IlEI Cartridge O.OOe+OO 1.40e-06 1. COe-06 1.40e-06 1.40e-06 
trans-2-Pentene 40 l1li\ UEI Cartridge S.00e-06 O.OOe+OO O.OOe+OO 5.00e-06 1.10,,-05 
Acetylene iAmatol surrogate 1.90e-0( 4.60e-OS 5.40e-05 9.60e-05 9.70e-05 
Acetylene iAmatol surrogate with water 7.60e-05 1.30e-04 2.20e-04 I.COe-04 1.40e-04 
Acetylene Cartridge, Impulse, ARD 446-1 2.80e-OC 1. 90e-04 1. BOe-Ot 2.20e-OC 3.20e-04 
Acetylene Cartridge, Impulse, BBU-36/8 1. 50e-04 1.30e-04 1.70e-04 1.50e-04 3.00e-04 
Acetylene cartridge. Impulse. 11K 107 2.80e-OC 2.50e-OC 1. 90e-04 2.40e-04 3.50e-04 

Acetylene composition B surrogate 6.70e-06 B.90e-06 2.70e-05 1. 40e-05 1. 50e-05 

Acetylene Detonating train 1.80e-04 7.30e-05 1. 40e-04 1. 30e-04 2.10e-04 

Acetylene Flare, IR CountermeaBure H206 2.60e-04 3.10e-04 2.80e-04 2.90e-04 2.90e-04 

Acetylene Fuze, Tail Bomb FMU-139 AlB 5.40e-04 6.60e-04 6.60e-OC 6.20e-OC 6.20e-04 

Acetylene Fuze. Tail Bomb fHO-54 AlB 3.00e-04 5.70e-OC 5.00e-04 4.60e-04 G,lOe-OC 

Acetylene Gas Generator. GGU-2/A 5.50e-04 6.30e-04 7.30e-04 6.40e-04 6.40e-04 

Acetylene nBX surrogate 1. 80e-05 1.80e-05 5.20e-05 2.90e-05 3.00e-05 

Acetylene Mine, Claymore, M18Al 7.70e-OC 1.10e-03 1.10e-03 9.80e-OC 9.80e-04 

Acetylene Signal, Illumination, Red Star l\N-H43A2 2.80e-04 3.S0e-04 2.90e-04 3.10e-04 3.10e-04 

Acetylene Signal, IlIWllillatioll, Red Star M158 2.80e-04 2.80e-04 2.30e-04 2.70e-04 2.70e-04 

Acetvlene Tritonal surroqate 2.00e-1lL- !.,JOe-QA L.!.:lOe-O~ 1.;!J)e-04 1.30e-04 
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Acetylene l'ritonal surrogate with calciu.m stearate 2,10e-05 1. 60e-05 1.90e-05 2.00e-05 
Acetylene Tritonal surrogate with water 4.30e-03 4.40e-0] 4.50e-03 4.40e-03 4.40e-03 
Acetylene TNT lACCl) 2.20e-05 1.60e-OS 1.40e-05 1.10e-05 1. 90e-05 
Acetylene TNT (ACC2) 1.60e-05 I.60e-05 1.10e-05 
Acetylene TNT ISandia ) 5.00e-06 2.4.0e-06 9.50e-06 5.30411-06 
Acetylene T45E7 Adapter Booster 1.50e-04 4.50e-0' 3.60e-04 5.211e-0' 5.30e-04 
Acetylene 20 mm HEI Cartridge 2.20e-04. 1. 30e-04 1. 90e-04 1.90e-04 2.50e-04 
Acetylene 40 mm HEI Cartridge 5.20e-05 4.30e-05 3.20e-05 4.20e-05 6.40e-05 

, 

Allylchloride ~tol surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Allylchloride ~tol surrogate with water O.OOe+OO O.OOe+OO O.OOe+OO 0.008+00 O.OOe+OO 
Allylchloride Cartridge, Impulse, ARD 446-1 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO i 

Allylchloride Cartridge, Impulse, BBU-36/B 5.20e-06 1.10e-05 1.10e-05 9.30e-06 9.30e-06 I 
Allylchloride Cartridge, Impulse, MK 107 1.00e-05 2.90e-06 2.10e-06 5.10e-06 5.10e-06 
Allylchloride Composition B surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Allylchlor ide Detonating train O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Allylchlor ide Flare, IR Countermeasure H206 2.l0e-05 1.60e-05 1.BOe-05 1.BOe-05 1. 90e-05 
Allylchloride Fuze, Tail Bomb FHO-139 AlB 3.00e-a5 3.30e-05 2.BOe-05 3.00.411-05 3.00e .. 05 
Allylchloride Fu=e. Tail Bomb YHU-54 AlB .2 .10e-05 ' 8.30e-06 O.OOe+OO 1.50e-05 1. 50e-05 
Allyl chloride Gas Generator, GGU-2/A 9.l0e-OS S 80e-05 1.60e-04 1..10e-04 1.10e-04 
Allylchloride H8X surrogate a.OOe+OO O.OOe+OO O.OOe+OO O,OOe+OO O.OOe+OO 
Allylchloride ~ine, claymole, H18Al O.OOe+OO O.OOe+OO O.OOe+OO 0.00411+00 0.00411+00 
Allylchloride signal, Illumination, Red Star J\N-M43A2 1.60e-05 1. 40e-05 2.30e-05 1.8010-05 1.IlOe-05 
Ally1chloride Signal, Illumination, Red Star M158 2.20e-05 1.10e-05 1.40e-05 1.60e-05 1.60e-05 
Allylchloride Tritonal surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Allylchloride Tritonal surrogate with calcium stearate O.OOe+OO O.OOe+OO O.OOe+OO O .. 00e+00 O.OOe+OO 
Allylchlorlde Tritonal surrogate with water O.OOe+OO O.OOe+OO o OOe+OO O.OOe+OO O.OOe+OO 
Allylchloride TNT (ACel) O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 0.00411+00 
Allylchloride TNT (ACC2) O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Allylchlor!de 'res!!:? Adapter Booster O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Allylchloride 20 rom HEI Cartridge O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Allylchloricle 40 rom HEI Cartridge O.OOe+OO 0.00411+00 O.OOe+OO O.OOe+OO O.OOe+OO 
Aluminum ~tol surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Aluminu.m ~tol surrogate with water O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Aluminum Cartridge, Impulse, ARD 446-1 3.90e-03 3.40e-03 4.30e-03 3. 90e-03 6.00e-03 
Aluminum Cartridge, Impulse, BBU-36/B !!.40e-03 1.20e-02 1.30e-02 1.10e-02 2.30e-02 
Aluminum cartridge. Iropulse. HK 101 9.10e-03 9.10e-03 1.00e-02 9.50411-03 1.40e-02 
Aluminum Composition B surrogate O.OOe+OO O.OOe+OO O.OOe+OO 0.008+00 O.OOe+OO 

Aluminum Detonating train O.OOe+OO 9.20e-05 O.OOe+OO O.OOe+OO 3.00e-04 ! 

Aluminum Flare. 1ft Countermeasure H206 1.90e-02 1.40411-02 1.20e-02 1.50e-02 1.50e-02 

Aluminu.m Fuze, Tail Bomb FHU-IJ9 AlB 4.00e-02 3.20e-02 3.20e-02 3.40e-02 3.50e-02 

Aluminum Fuze, Tail Bomb rHO-54 AlB 1.00e-Ol 1.30e-02 1.30e-02 1.20e-Ol I./SOe-02 
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Aluminum Gas Generator, GGU-4,1A G.30e-OJ S.60e-03 4.JOe-03 5.40e-03 5.80e-OJ 
Al wni num HBX sUrrogate 6.l0e-OJ 8.90e-03 1.10e-02 8.60e-03 9.60e OJ 
Alwninum Mine, Claymore. H18Al 6.20e-03 6.20e 03 a.60e-04 
Aluminum signal, Illwnination. Red Star AN-M43A2 1.90e-02 1.70e-02 2.10e-02 1.90e-02 1. 90e-02 
Alwninum Signal. Illwnination, Red Star M158 2.80e-03 1.80e-03 1.80e-03 2.10e-03 2.70e-03 
Aluminum Tritonal surrogate 4.20e-02 1. 80e 02 1. 60e-02 2.S0e-02 2.50e-02 
Aluminum Tritonal surrogate with calcium stearate 1. 60e-02 1.70e-02 1.70e-02 1.70oi!-02 
Aluminum Tritonal surrogate witb water 3.10e-OJ ' 1.00e-03 8.00e-03 6.00e-03 6.00e-03 
iAluminum nrr (ACC1) O.OOe+OO O.OOe+OO O.OOe+OO 
Aluminum nIT (ACC2) 1.30e-03 1.30e-03 1.30e-03 
Alwninum T4SE7 Adapter Booster 8.80e-OJ 8.90e-OJ 1.70e-03 
Aluminum 20 Iml IIEI Cartridge 9.60e-04 9.60e-04 1.10e-OS 
Alwninum 40 rom HEI Cartridge 1.50e-02 I.SOe-02 3.90e-03 
Antimony Amatol surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Antimony ~tol surrogate with water O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+Oo O.OOe+OO 
Antimony Cartridge, Impulse. ARO 446-1 1.80e-04 1.60e-04 2.Me-04 1.80e-0( 1.80e-Q( 
Antimony Cartridge, Impulse, BBU-36/B O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Antimony Cartridge. Impulse, MK 101 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Antimony composition B surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Antimony Detonating train O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Antimony Flare. IR Countermeasure H206 O.OOe+OO o.00e+00 O.OOe+OO O.OOe+OO O.OOe+OO 
Antimony FUze, Tail Bomb FMU-1J9 AlB 2.90e-04 2.20e-04 1. 50e-04 2.20e-0( 2.20e-04 
Antimony Fuze. Tail Bomb FMU-54 AlB O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Antimony Gas Generator, GGU-2/A O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 0.00 .. +00 
Antimony /lBX surrogate O.OOe+OO O.OOe+OO O.OOe+OO o.00e+00 O.OOe+OO 
Antimony Mine. Claymore. M18AI O.OOe+OO O.OOe+OO O.OOe+OO Q.OOe+OO O.OOe+OO 
A.ntimony signal, Illumination. Red Star lIN-M43A2 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Antimony Signal. Illumination, Red Star M158 O.OOe+OO O.OOe+OO O.OOe+OO 0·90..+00 O.OOe+OO 
Antimony Tritonal Burrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Antimony Tritonal surrogate with calcium stearate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Antimony Tritonal Burrogate with water O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Antimony 'INT (ACcl) O.OOe+OO o.00e+00 O.OOetOO O.OOe+OO O.OOe+OO 
Antimony nrr (ACC2) O.OOe+OO O.OOe+OO 0.00.. +00 O.OOe+OO 0.00..+00 

Antimony nrr (Sandia) 3.20e-01 1.00e-01 1.00..-06 6.10e-01 

Antimony r45E7 Adapter Booster O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Antimony 20 Iml 11£1 cartridge O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Antimony 40 mrn IIEI Cartridge O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Barium Amatol surrogate O.OOe+OO 2.(Oe-05 3.20e-05 6.00e-06 8.00e-06 

Barium Amatol surrogate with water 0.00.. +00 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Barium Cartridge. Impulse, ARO 446-1 !LOOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 1.00e-06 

Barium _ ~artrj.dge. Imp~se, BBU-36/B O.OOe+OO O.OOe+OO 0.00e+00 O.OOe+OO O.OOe+OO 
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Barium Cartridge, Impulse, MR 107 O.OOe+OO 2.50e,,05 3.70e 05 1.60e-05 1.90e-04 
Barium Composition a surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Barium Detonating train o OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Barium Flare, IR Countermeasure M206 1. 50e-04 3.10e-Ot 2.60e-04 2.40e-04 2.40e 04 
Barium Fuze. Tail Bomb FKU-139 A/B O.OOe+OO: O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Barium Fuze. Tail Bomb FMU-S4 hlB O.OOe+OO O.OOe+OO O.OOe·OO O.OOe+OO o 00,,+00 I 

Barium Gas Generator. GGU-2/A O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Barium HBX surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe.OO O.OOe+OO 
Barium Mine. Claymore, MlllAl O.OOe·OO O.OOe+OO O.OOe+OO 
Barium Signal, Illumination. Red Star AN-M4)A2 7.80e-05 7.70e-OS 1.80e-04 1.10e-04 1.10e-04 
Barium Signal, Illumination. Red Star M1SB 2.10e-04 1. 60e-04 1.40e ot 1.70e-04 2.60e 04 
Barium Tritonal sUrrogate 4.70e-04 O.OOe+OO 1.60e-04 1.60e 04 1. 60e 04 
Barium Tritonal surrogate with calcium stearate 3.10e-04 4.10e-04 3.60e-04 3.60e-04 
Barium Tritonal surrogate with water O.OOe.OO O.OOe·OO O.OOe+OO O.OOe+OO O.OOe.OO 
Barium nIT (Accll 1.10e-04 1.10e-04 1.10e-04 
Barium TNT (ACC21 3.60e-04 3.60e-04 3.70e-04 
Barium nIT (Sandial 7.90e-03 7.70e-03 8.90e-03 B.20e-03 
Barium T4SE7 Adapter Booster 6.10e-04 6.10e-0« 6.10e-04 
Barium 20 mm HEI Cartridge O.OOe+OO O.OOe+OO O.OOe+OO 
Barium 40 mm HE! Cartridge O.OOe+OO O.OOe+OO O.OOe+OO 
Benzene ~tol surrogate 4.20e-05 1.00e-OS 1.60e-05 2.30e-05 2.50e-05 
Benzene ~tol surrogate with water 1.90e-04 3.60e-04 2.70e-04 2.70e-04 2.80e-04 
Benzene cartridge. Impulse. ARC 446-1 7.70e-05 6.30e-05 6.10e-05 6.70e-05 1.00e-04 
Benzene Cartridge. Itl1pulse, BBU-J6/B 2.IOe-05 1. !/Oe- 05 2.30e-05 2.l0e-05 •• 70e-05 
Benzene Cartridge, lllq:>ulle. MK 107 6.90e-05 6.70e-OS 5.50e-OS 6.40e-05 9.60e-05 
Benzene COllq:>ositionBsurrogate 2.20e-06 2.20e-06 3.30e-06 2.60e-06 5.00e-06 
Benzene Detonating train 2.40e-05 2.30e-05 2.60e-05 2.50e-05 4.60e-05 
Benzene Flare. IR Countermeasure M206 4.60e-05 3.90e-05 S.OOe-05 4.50e-05 4.80e-05 
Benzene Fuze, Tail Bomb FMU-139 AlB 1.10e-04 1. 20e-04 1.30e-04 1.20e-04 1.20e-04 
Benzene Fuze, Tail BombFMU-54 AlB 6.40e-05 1.70e-04 1.00e-04 1.10e-Ot 1.S0e-04 
Benzene Gas Generator, GGU-2/A 1.10e-04 1. 30e-04 1.50e-04 1. 30e-04 1.40e-04 

Benzene /lBX surrogate 6.60e-06 4.50e-06 1.00e-05 7.20e-06 1.40e-05 
Benzene Mine. Claymore. M18Al 5.50e-04 9.40e-04 9.30e-04 8.10e-04 B.lOe-04 

Benzene Signal. Illumination, Red Star AN-M43A2 3.00e-05 3.60e-05 3.50e-05 3.40e-OS 3.60e-05 
Benzene Signal. Illumination. Red Star MISS 3.00e-05 J. 40e-05 2.60e-05 3.00e-05 3. 30e-OS 
Benzene Tritonal surrogate 1. 20e-05 3.30e-06 1.50e-06 5.10e-06 1. 60e-OS 
Benzene Tritona1 surrogate with calcium steaxate 4.40e-06 1. 80e-06 ].10e-06 1. 40e-05 

Benzene Tritonal surrogate with water 2.90e-04 , 1.20e-04 2.l0e-04 2.00e-0« 2.20e-04 

Benzene TIlT (ACCll 4. 60e-06 . ".80e-06 2.90e-06 4.10"c06 8.80e-06 

Benzene TNT (ACC2! to 10e-06 4.10e-06 7.40e-06 

~~ TNT (Sandia) 1.40e-OS 3.30e-06 4.2Qe-06 3.00e-06 

\ 
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Benzene 1'45E7 Adapter Booster 1.60e-04 1. 40e-04 8.00e-05 1.30e-04 1. 30e-04 
Benzene 20 rom HEI Cartridge 1. 50e-04 a.90e-Os 9.90e-05 1.10e-04 1.70e-04 
Benzene 40 rrm IIEI Cartridge 2.80e-05 O.OOe+OO O.OOe+OO 2. aOe-os 4.90e-05 
cadmium Amatol surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Cadmium Amatol surrogate with water O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Cadmium Cartridge, Impulse, ARC 446-1 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
cadmium Cartridge, Impulse, BBU-36/B O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Cadmium cartridge, Impulse, MK 107 1.00e-03 1. aOe- 03 1.40e-03 1. 40e-03 1.40.,-03 
cadmium composition B surrogate O.OOe+OO O.OOe+OO O.OOe+OO 0.00.,+00 O.OOe+OO 
cadmium Detonating train 1.10e-05 1.40e-05 7.00e-06 1.10.,-05 1.10.,-05 
cadmium Fillre. IR Countermeasure H20G 4.90e-05 3.00e-05 2.30e-05 3.40e-05 3.50e-05 
cadmium Fuze, Tail Bomb ftru-139 AlB 2.40e-03 2.10e-03 2.20e-03 2.30e-03 2.30e-03 
Cadmium Fuze, Tail Bomb nru-s4 AlB 1.80e-04 1.50e-04 5.90e-04 3.10e-04 4.10e-04 
Cadmium Gas Generator, GGU-2/A 4.S0e-05 2.10e-04 4.90e-05 1. 00e-04 1.00e-04 
cadmium HBX surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
cadmium Mine. Claymore, MIBAI 2.40e-04 2.40e-04 2.40e-04 
eadmium Signal, Illumination, Red Star AN-M43A2 1.30e-04 7.00e-05 6.10e-05 8.80e-05 9.00.,-05 
Cadmium Signal, Illumination, Red Star MISS 1.30e-03 9.40e-04 1.10e-03 1.10.,-03 1. 30.,-03 
cadmium Tritonal surrogat., O.OOe+OO 0.00.,+00 O.OOe+OO O.OOe+OO 0.00.,+00 

Cadmium Trftonal surrogat., with calcium stearate O.OOe+OO 0.00.,+00 O.OOe+OO 0.00.,+00 0 •.00.,+00 

Cadmium Tritonal surrogate with water O.OOe+OO 0.00,,'00 O.OOe+OO O.OOe+OO O.OOe+OO 

Cadmium ntr IACCl) O.OOe+OO O.OOe+OO 0.00.,+00 0.00.,+00 0.00.,+00 

Cadmium ntr (ACC21 4.00e-05 4.00.,-05 4.00e-05 

Cadmium ntr (Sandia) 2.90e-06 2.50e-06 2.80e-06 2.70e-06 

Cadmium 1'45E7 Adapt.,r Soost.,i 5.80e-03 5.80.,-03 5.80.,-03 

cadmium 20 ntn IIEI Cartridge 8.60e-04 8.60e-04 4.00.,-04 

Cadmium 40 rrm HE! Cartridge 3.20e-05 3.20.,-05 3.20..-05 

carbon tetrachloride Amatol surrogate 3.70.,-07 O.OOe+OO 0.00.,+00 3.70.,-07 2.10e-06 

Carbon tetrachloride Amatol surrogate with water 3.70e-07 3.70.,-07 3.70e-07 3.70e-07 2.20.,-06 

Carbon tetrachlorid., cartridge, lmpulse, ARO 446-1 O.OOe+OO O.OOe+OO O.OOe+OO 0.00.,+00 0.001!+00 

carbon tetrachloride cartridge, Impulse, BBU-36/B O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

carbon tetrachlorid., Cartridge, Impulse, HK 107 O.OOe+OO 0.00.,+00 O.OOI!+OO O,OOe+OO 0.00..+00 

Carbon t.,trachlorid., Composition B surrogat., O.OOe+OO O.OOe+OO 3.60e-07 3.60..-07 2.20e-06 

Carbon tetrachlorid., Detonating train O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

carbon tetrachloride Flar." IR Countermeasure M206 O.OOe+OO 0.00.,+00 O.OOe+OO 0.00.,+00 1.90e-06 

Carbon tetrachloride Fuze, Tail Bomb nru-139 AlB O.OOe+OO 2.701!-06 O.OOI!+OO 2.70e-06 2.70e-06 

Carbon tetrachloride Fuze, Tail Bomb Ftru-S4 AlB 0.00.,.00 0.00.,+00 O.OOe+OO O.OOe+OO 2.20..-06 

carbon tetrachloride Gas Generator, GGU-2/A 0.00.. +00 O.OOe+OO 0.00.,+00 0.001!+00 3.30e-06 

carbon tetrachloride HBX surrogate O.OOe+OO 4.10e-07 3.70e-07 3.90.,-07 2.30e-06 

Carbon tetrachloride !line, Claymore, HlBAl O.OOe+OO O.OOe+OO O.OOe+OO 0.00.,+00 O.OOe+OO 

carbon tet:rachloride Sianal. Illumination, Red Star AN-M43A2 O.OOe+OO 0.00.. +00 O.OOe+OO O.OOe+OO 1.90.,-06 
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Carbon tet~achloride Signal, Illumination, Red Star H1SS 
carbon tetrachloride Tritonal surrogate 
Carbon tet~aLhloride Tritonal surrogate with calcium stearate 
Carbon tetrachloride Tritonal surrogate with water 
carbon tetrachloride 1NT (ACCl) 
Carbon tetrachloride 1NT (ACC2) 
Carbon tetrachloride T45S7 Adapter Booster 
Carbon tetrachloride 20 mm HEX Cartridge 
Carbon tetrachloride 40 mm HEI Cartridge 
Chloroform Amatol surrogate 
Chloroform Amatol surrogate with water 
Chloroform cartridge, Impulse. ARD.446-1 
Chloroform Cartridge, Impulse. BBU-36/B 
ChlorofoTlll cartridge, 1lI1'ulse. MK 107 
Chloroform composition B surrogate 
ChlorofoTlll Detonating train 
Chloroform fla",e. IR Countermeasure HaOG 
chloroform fuze, Tail Bomb FMU-139 AlB 
Chloroform fuze. Tail Bomb fMU-S4 AlB 
Chloroform ~a8 Generator, GGU-2/A 
Chloroform IIBX surrogate 
Chloroform Mine, Claymore. MIBAl 
ChlorofoTlll Signal. Illumination. Red Star AN-M4lA2 
chloroform Signal. Illumination. Red Star HISS 
Chloroform Tritonal surrogate 
Chloroform Tritonal surrogate with calcium stearate 
Chloroform Tritonal surrogate· with water 
Chloroform 'rnT (ACCl) 
Chloroform 'rnT (ACC2) 
Chloroform T45E7 Adapter Booster 
ChlorofoTlll 20 mm IISI Cartridge 
Chloroform 40 rom IISI Cartridge 

Chromium ~tol surrogate 
Chromium Amatol surrogate with water 
Chromium Cartridge. Impulse, ARD 446-1 
chromium cartridge, Impullle. BBU-36/B 
Chromium Cartridge. Impulse, MK 107 

Chromium Composition B. surrogate 

Chromium Detonatillg trs.in 
chromium Flare, IR Countermeasure H206 

Chromium _l!:!!Ii!. Tail Bomb fMtl-139 MB 

10.00e+00 O.OOe+OO O.OOe+OO 
O.OOe+OO 3.70e"07 O.OOe+OO 

O.OOe+OO O.OOe+OO 
3.70e-07 3.70e-07 7.50e-07 
O.OOe+OO 
O.OOe+OO O.OOe+OO O.OOe+OO 
3.20e-06 
7.60e-06 
4.50e-06 
O.OOe+OO O.OOe+OO O.OOe+OO 
3.70e-07 3.70e-07 O.OOe+OO 
O.OOe+OO O.OOe+OO O.OOe+OO 
o OOe+OO O.OOe+OO O.OOe+OO 
O.OOe+OO O.OOe+OO O.OOe+OO 
O.OOe+OO O.OOe+OO O.OOe+OO 
O.OOe+OO O.OOe+OO O.OOe+OO 
O.OOe+OO O.Ooe+OO O.OOe+OO 
O.OOe+OO O.OOe+OO O.OOe+OO 
O.OOe+OO O.OOe+OO O.OOe+OO 
2.50e-06 2.50e-06 2.60e-06 
3.70e-07 4.10e-07 3.70e-07 
O.OOe+OO O.OOe+OO O.OOe+OO 
O.OOa+OO O.OOe+OO O.OOe+OO 
O.OOe+OO O.OOe+OO O.OOe+OO 
O.OOe+OO O.OOe+OO 3.60e-07 

O.OOe+OO O.OOe+OO 
O.OOe+OO O.OOe+OO O.OOe+OO 
0.00e+00 O.OOe+OO O.OOe+OO 
O.OOe+OO O.OOe+OO O.OOe+OO 
O.OOe+OO O.OOe+OO O.OOe.OO 
O.OOe+OO O.OOe+OO O.OOe+OO 
O.OOe+OO O.OOe+OO O.OOa+OO 
O.OOe+OO 0.008+00 O,OOa+OO 
O.OOe+OO O.OOe+OO O.OOe+OO 
O.OOe+OO O.OOe+OO O.OOe+OO 
2.00e-05 O.OOe+OO 2.50e-05 
4. 30e-05 2.90e-05 2.BOe-05 
O.OOe+OO O.OOe+OO O.OOe+OO 
0.008+00 O.OOe+OO O.OOe+OO 
1.40e-04 1 70e-04 1.60e-04 
i.60e-04 1.20a-04 1.30.-04 

O.OOe+OO 
3.70e-07 
O.OOe+OO 
4.BOe-07 
O.OOe+OO 
O.OOe+OO 
3.20e-06 
7.60e-06 
4.50e-06 
O.OOe+OO 
3.70e-07 
O.OOe+OO 
O.OOe+OO 
O.OOe+OO 
O.OOe+OO 
0.006+00 
O.OOe+OO 
O.OOe+OO 
O.OOe+OO 
2.60e-06 
3.IIOe-07 
O.OOe+OO 
O.OOe+OO 
O.OOe+OO 
3.60e-07 
O.OOe+OO 
O.OOe+OO 
O.OOe+OO 
O.OOe+OO 
O.OOe+OO 
O.OOe+OO 
O.OOe+OO 
O.OOe+OO 
O.OOa+OO 
O.OOe+OO 
2.20e-05 
3.308-05 
O.OOe+OO 
O.OOe+OO 
1. 60e-04 
1.40e-04 

1.90e-06 
2.00e-06 
1. BOe-06 
2.40e-06 
2.50e-06 
O.OOa+OO 
6,50e-06 
1.60e-05 
1.20e-05 
.3 .70e·-07 
7.40e-07 
O.OOe+OO 
O.OOe+OO 
O.OOe+OO 
3.70e-07 
O.OOe+OO 
O.OOe+OO 
O.OOe+OO 
O.OOe+OO 
2.60e-06 
7.60e-07 
O.OOe+OO 
O.OOe+OO 
O.OOe+OO 
7.40e-07 
3.70a-07 
O.OOa+OO 
O.OOe+OO 
O.OOe+OO 
O.OOe+OO 
0.008+00 
O.OOe+OO 
O.OOe+OO 
O.OOe+OO 
O.OOe+OO 
2.20.,-05 
3.30e-05 
O.OOe+OO 
O.OOe+OO 
1.60e-04 
1.40e-04 

I 

I 

I 

I 

\ 
j 
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Chromium Fuze, Tail Eomb FMU-S' A/E 5 50e-05 l.50e-05 2.90e-05 3.90a-05 S.SOe-OS 
chromium Gas Generator, GGU-2/A 5.30e-05 9.70e-05 1. tOe-04 9.60e-05 9.60e-OS 
chromium !lBX surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.Ooe+OO O.OOe+OO 
Chromium lIine, Claymore, tUBAl l.SOe-OS l.SOe-OS LeOe-OS 
Chromium signal, Illumination, Red Star AN-M43A2 6.60e-OS S.20e-05 5.30e-05 5.70e-05 5.S0e-05 
Chromium Signal, Illumination, . Red Star MIse 1. 30e-04 1. SOe-Ot 1. SOe-Ot l.S0ec04 1. SOe-OC 
Chromium Tritonal surrogate O.OOe+OO- O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Chromium tritonal surrogate with calcium stearate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 9,10e-06 
chromium Tritonal surrogate with water O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 2.20e-06 
Chromium 1'N1' IACCl) O.OOe+OO O.OOe+OO O.OOe+OO O.OOa+OO 3.00e-06 
chromium TNT (AC(2) 2.30e-05 2.30e-OS 2.S0e-OS 
Chromium 1'N1' (Sandia) 1.30e-06 3.50e-06 2.50e-06 2.40e-06 
Chromium rt5£7 Adapter Booster 9.40e-OS 9.40e-05 9.40e-OS 
Chromium 20 rom HEI Cartridge 3.S0e-05 l.SOe-OS 3.S0e-05 
Chromium 40 tml UEI Cartridge 9. SOe-,OS a.80e-05 8.80e-05 
Copper Amatol surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
COpper ~tol surrogate with water O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Copper cartridge, Impulse. ARD 446-1 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 9.50e-OS 
copper Cartridge, Impulse. BBU-36/B !l.SOe-Ot 1.40e-03 1. 40e-03 1.20e-03 2.90e-03 I 

Copper Cartridge, Impu.lse, HK 107 1.JOe-03 1.50e-03 1. 50e-03 1 40e-03 2.tOe-03 
I 

Copper Composition B surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Copper Detonating train O.OOe+OO 4.70e-04 O.OOe+OO O.OOe+OO 2.60e~04 

Copper Flare, IR Countermeasure 11206 6.50e-OS O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Copper fute, Tail Bomb fHU-139 AlB 7.70e-03 6.60e-03 5.90e-03 6.S0e-03 6.S0e-03 
Copper fuze, Tail Bomb fHU-54 AlB 4.40e-04 '.50e-Ot 6.40e-04 5.10e-04 a.60e-04 
Copper Gas Generator, GGU-2/A 6.60e-Ot 7.00e-04 5.50e-04 6.40e-04 7.10e-04 
Copper HBX surrogate 1. 90e-03 4.50e-03 3.10e-03 3.20e-03 l.20e-Ol 
Copper Mine, Claymore, 11181\1 4. 70e-03 4.70e-03 1.10e-04 
Copper Signal, Illumination, Red Star AN-t14lA2 , 6.90e-04 2.00e-04 2.3Ce-04 3.70e-04 3.90e-04 

Copper Signal. Illumination, Red Star MISB O.OOe+OO 1.80e-03 0.00.. +00 O.OOe+OO O.OOe+OO 

Copper Tritonal surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Copper Tritonal surrogate with calcium stearate 1.00e-04 O.OOe+OO 4.40e-OS 7.50e-05 

Copper Tritonal surrogate with water 9.20e-04 7.70e-04 9.60e-04 B.SOe-04 9.10e-Ot 

Copper 1'N1' IAC(1) LOOe-04 3.00e-04 O.OOe+OO 

Copper 1NT (ACC:.!) 5.00e-04 S.00e-04 5.20e-04 

Copper 'USE7 Adapter Booster 2.70e-03 2.70.. -03 3.20e-04 

Copper 20 mm HEI Cartridge 2.60e-02 2.60a-02 1.20e-02 

Copper 40 ntn IIEI Cartridge 8.90e-OJ 8.90e-03 2.l0e-03 

cyc10hexane ~tol surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Cyclohexane ~tol surrogate with water 7.40e-07 O.OOe+OO O.OOe+OO 7.40e-07 1.S0e-06 

Cvclohexane Cartridge. Impu~ ARD 446-1 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 0.0011+00 
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Cyclohexane Cartridge, Impulse, BBU-36/S O.OOe+OO 5.60e 07 o.00e+00 5.60e 07 1.70e-06 
Cyclohexane Cartridge. Impulse. MIt 107 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 0.00.+00 
Cyclohexane Composition B surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Cyclohexane Detonating train 8.70e-07 O.OOe+OO 6.00e-07 7.30e 01 1.80.-06 
Cyclohexane Flare, IR countermeasure M206 3.30e-07 O.OOe+OO O.OOe+OO 3.30e-07 3.30e-07 
cyclohexllne FUze, Tail Bomb FMU-ll9 AlB 4.90e-07 O.OOe+OO O.OOe+OO «.90e-07 4.90e-01 • 
Cyclohexane fuze, Tail Bomb FMU-5' AlB 0.009+00 O.OOe+OO O.OOe+OO 0.008+00 O.OOe+OO i 
Cyclohexane Gas Generator, GGU-2/A O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO .! 
Cyclohexane HBX surrogate O.OOe+OO O.OOe+OO 0.008+00 O;OOe+OO 5.80e-01 
Cyclohexane Mine. claymore, M18Al 2.00e-06 4. 90e-07 1.40e-06 1. 30e-06 1.1l0e-06 
Cyclohexane Signal, IIIUfidnation. Red St.r AN-M43A2 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Cyclohexane Signa!. IIIUfidnation, Red Star H158 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Cyclohexane Tritona! surrogate O.OOuOO O.OOe+OO O.OOe+OO O.OOe+OO 7.40e-07 
Cyclohexane Tritonal surrogate with calcium etearate O.OOetOO O.OOe+OO O.OOe+OO 7.30e-07 
Cyc!ohexane Tritonal surrogate with ~ater O.OOe+OO O.OOe+OO o Ooe+OO 0.00.+00 1. 80e-06 ! 
Cyclohexane nrr (ACel) 2.30e-06 9.600'1-07 O.OOe+OO 1.60e-06 3.00e-06 
Cyclohexane nrr (ACC21 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Cyclohexane T45E7 Adapter Booster 1.80e·06 1. 20e-06 4.00e-06 :2.308-06 4.70e-06 
Cyclohexane 20 rom HEI Cartridge 7.00e-01 O.OOe+OO 6.80e-07 6.90e-07 6.50e-06 
Cyclohexane 40 mm HEI cartridge 7.S0e-06 O.OOe+OO O.OOe+OO 7.50e-06 1.60e-05 
Cyclopentane Amatol surrogate O.OOe+OO O.OOe+OO O.OOe+OO 0.00.+00 O;OOe+OO 
Cyclopentane Amatol surrogate with water 2.20e-06 4.40e-06 2.20e-06 3.00e-06 3.50e-06 
Cyclopentane Cartridge, Impulse, ARC 446-1 O.OOe+OO 2.60e-07 O.OOe+OO 2.60e-01 7.50e-07 
Cyclopentane Cartridge, Impulse, BBU-36/B 2.70e-07 2.80e-07 2.60e-01 2.80e-07 9.00e-01 
Cyclopentane Cartridge, Impulse, KIt 107 O.OOe+OO 0.000'1+00 O.OOe+OO 0.008+00 O.OOe+OO 
Cyclopentane Composition 8 surrogate O.OOa+OO 0.000'1+00 0.000'1+00 O.OOe+OO O.OOe+OO 
Cyc!opentane Detonating train O.OOe+OO O.OOe+OO 3.000'1-07 3.00e-07 6.10e-07 
Cyclopentane flare, IR Countermeasure H206 O.OOe+OO O.OOe+OO 0.000'1+00 O.OOtHOO O.OOe+OO 
Cyclopentane Fuze, Tail Bomb FMU-139 AlB O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Cyclopentane Fu~e, Tail 80mb fMU-54 AlB O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Cyclopentane Gas Generator, GGU-2/A O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Cyclopentane HeX surrogate O.OOe+OO O.OOe+OO 1.108-06 1.10e-06 1.S0e-07 

Cyclopentane Mine, Claymore, H18Al O.OOe+OO 9.80e-07 4.10e-07 1.::IOe-07 7.20e-07 

Cyclopentane Signal, Illumination, Red Star AN-H43A2 O.OOe+OO o.00e+00 O.OOe+OO O.OOe+OO O.OOe+OO 

Cyclopentane Signal. Illumination., Red Star H158 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOa+OO 

Cyclopentane Tritonal surrogate 3.70e-07 3.70e-07 3.60e-07 3.10e-07 7.40e-07 

Cyclopentane Tritonal surrogate with calcium stearate O.OOe+OO O.OOe+OO O.OOe+OO S.50e-07 

Cyclopentane Tritonal surrogate with water O.OOe+OO 1.50e-06 1.50e-01 1.l0e-06 1. 90e-06 

Cyclopentane nrr IACC1) 4.60e-07 4.80e-01 O.OOe+OO 4.70e-01 4.70e-01 • 

Cyc!opentane TNT (AC(2) O.OOe+OO O.OOefOO O.OOe+OO O.OOe+OO O.OOe+OO ! 
CvcloOl!ntane TeSE7 Adacter Booster O.OOe+OQ S.90e-07 S.SOe-07 5.80e-07 9.70e-07 
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Cyciopentane 20 rom HEI Cartridge O.OOe+OO 7.20e-07 6.80e-07 7.00e-07 1.60e-06 
Cyciopentane 40 lIm BEl Cartridge 1. 70e-06 O.OOe+OO O.OOe..O'O 1.70e-06 3.30e-06 
Cyclopentene Amatol surrogate O.OOe+OO O.OOe+OO O.OOe+qO O.OOe+OO O.OOe+OO 
Cyclopentene Amatol surrogate with water 4.10e-06 2.00e-05 O.OOe+OO 1.20e-05 1.20e-05 
cyciopentene cartridge, Impulse, ARD 446-1 2.lOe-06 5.10e-06 2.00e-06 3.10e-06 3.10e-06 
Cyclopentene caxtxidge, Impulse, BBU-36/B 2.70e-06 O.OOe+OO 2.80e-06 2.70e-06 2.70e-06 
Cyclopentene cartridge, Impulse, MK 107 1.00e-06 7.90e-07 1. 00e-06 9.70e:-07 9.70e-07 
Cyclopentene composition B surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Cyclopentene Detonating train 3.80e-06 3.90e-06 3.30e-06 3.70e-06 3.70e-06 
Cyclopentene Flare, lR countermeasure M206 6.60e-07 6.80e-07 1. 00e-06 7.90e-07 7.90e-07 
Cyclopentene Fuze, Tail Bomb FHO-139 AlB 9.70e-07 9.70e-07 4. BOe-07 , 8.10e-07 8.10e-07 
Cyclopentene Fuze, Tail Bomb rHO-54 AlB 1.20e-06 1.50e-06 1.20e-06 1.30e-06 1.30e-06 
'cyclopentene Gas Generator. GGU-2/A 4.10e-06 1. 80e-06 4.90e-06 3.60e-06 3.60e-06 
cyclopentene HBX surrogat", 3.70e-07 4.10e-07 O.OOe+OO 3.90e-07 5.70e-07 
'Cyclopentene Mine. Claymore, M18Al 4.90e-07 O.OOe+OO O.OOe+OO 4.90e-07 4.90e-07 
Cyclopentene Signal, Illumination, Red Star NI-H43A2 1.00",-06 1.70e-06 1.00e-06 1.30e-06 1. 30e-06 
Cyclopentene Signal. Illumination, Red Star ~15B 3.50e-06 2.10e-06 1.70e-06 2.S0e-06 2.50e-06 
Cyclopentene Tritonal surrogate Q.OO",+OO O.OOe~OO 7.30e-07 7.30e-07 7.30e-07 
Cyclopentene Tritonal surrogate with calcium stearate O.OOe+OO 3.60e-07 3.60e-07 3.60e-07 
Cyclopentene Tritonal surrogate with water O.OOe+OO O.OOe+OO 2.60e-06 :I.60e-06 2.60e-06 
Cyclopentene TNT (Accl) 4.60..-07 O.OOe+OO O.OOe+OO 4.60e-07 4.60e-07 
cyclopentene TNT (Aec2) 3.70e-07 3.70.. -07 3.70e-07 
Cyclopentene T45E7 Adapter Booster 4. 20e-06 4.10e-06 2.90",-06 3.70e-06 3.70e-06 
Cyclopentene 20 ifill BEl cartridge O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
eyclopentene 40 ifill HEI cartridge 8.30e-07 O.OOe+OO O.OOe+OO 8.30.. -07 1.70e-06 

CO Amatol surrogate 9.80e-03 8.60e-03 1.10e-02 9.70e-OJ 

eo Amatol surrogate with water 1.90e-01 3.10e-Ol 1.90e-Ol 2.30e-Ol 

eo cartridge, Impulse, ARO 446-1 1.40",-02 1.20",-02 I.JO.. -02 1.30e-02 
co cartridge, Impulse, BBU-36/B 8.10e-03 8.10e-03 9.00e-03 8.40e-03 

co Cartridge, Impulse, HIt 107 1.40e-02 1.50e-02 1.30e-02 1.40e-02 

CO Composition B surrogate 3.40",-03 4.70e-03 4.40e-03 4.20e-03 

co Detonating train 1.30e-02 7.90e-03 7.40e-03 9.40e-03 

CO Flare, IR Countermeasure M206 7.40e-03 9.50e-03 7.90e-03 a.JOe-OJ 

co Fuze, Tail Bomb FHO-l39 AlB 2.10e-02 2.40e-02 2.50e-02 2.30e-02 

CO Fuze. Tail Bomb FMU-54 AlB 1.SOe-O:l 2.40e-02 1.70e-02 1.80e-02 

CO Gas Generator, GGU-2/A 2.70e-02 2.80e-02 3.00e-02 2.80e-02 

CO lIax surrogate 4.40e-OJ 4.20e-03 7.00e-OJ 5.20e-03 

co Mine. claymore, H18Al 2.90e-02 3.20e-02 3.00e-02 3.008-02 

CO Signal. Illumination. Red Star AN-H4JA2 1.70e-02 2.10e-02 2.80e-02 2.20e-02 

CO Signal. Illumination, Red Star M15S 1.10",-02 1.10e-02 1.20f!-02 1.20e-02 

CO Tritonal surrogate 5.60e-03 5.60e-03 2.90e-03 4.70e-03 
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CO Tritonal surrogate with calcium stearate 3.30e-03 2.00e·03 2.70110-03 
CO Tritonal surrogate with water 2.80e-01 2.40e-01 2.80e-01 2.70110-01 
CO TNT (ACCl) 9.50e-03 1. 30110-02 9.30e-03 1.00e-02 
CO TNT (ACC2) 6.70e-03 6.70110-03 
CO 145E7 Adapter Booster 3.10e-02 3.10e-02 2.60e-02 2.90110-02 
CO 20 rrcn flEI Cartridge 1.20e-01 9.10e-02 1.10e 01 1.10e-01 
CO 40 mm HEI Cartridge 2.30e-02 2.30e-02 1.80e-02 2.10e-02 
CO2 Amatol surrogate 5.10e-Ol 7.80e-Ol 8.00e-Ol 7.00e-Ol 
CO2 Amato1 surrogate with water 2.30e-Ol 4.50e 01 :2.40e-.01 3.10e-Ol 
CO2 Cartridge, Impulse. ARD 446-1 ,. BOe-Ol ' 4.60110-01 5.00e-01 4.BOe-01 
CO2 Cartridge, Impulse, BBU-36/B 5.00e-01 4.80e-01 5.30e-Ol 5.00e-01 
CO2 Cartridge, Impulse, HK 107 8.40e-01 8.50110-01 B.60e-Ol 8.50&-01 
CO2 Composition B sUrrogate 1.10110+00 1.20110+00 1.10e-00 1.10110'00 
CO2 Detonating train 5.70110-01 1.10e+00 1.10110+00 9.10e-Ol 
CO2 Flare. IR Countermeasure H20e 7.70110-01 B.10e-01 8.50110-01 B.10e-Ol 
CO2 Fuze, Tail Bomb EMU-139 AlB 1.50e+00 1. 40e+00 1.50e+00 1.40e+00 
CO2 Fuze, Tail Bomb FHU-54 AlB 9.20e-Ol 9.10e-01 9.80e-Ol 9.40e-Ol 
CO2 Gas Generator, GGU-2/A 4.40e-Ol 4.30e-Ol 4.BOe-01 4.50e-Ol 
CO2 HBX surrogate 9.70110-01 9.40e-Ol 1.10110+00 1.00e+00 
CO2 Mine. Claymore. HlSAl 4.90110+00 5.10110+00 5.00e+00 5.00e+00 
CO2 Signal. Illumination. Red Star AN-M43A2 1.00e+00 1.10110+00 1.10e+00 1.10e+00 
CO2 Signal, Illumination. Red Star HISS S.OOe-OI 5.30e-Ol 5.10110-01 5.10e-01 
COl Tritonal surrogate 5.00e-01 2.20e-Ol 1.20e+00 6.40e-Ol 
CO2 Tritona1 surrogate with calcium stearate 1.30uOO 1.30110+00 1.30110+00 

CO2 Tritonal 8UrrQgate with water 2.50e-01 3.30e-Ol 2.60e-01 ;L80e-Ol : 
CO2 TNT (ACC1) 1.40e+00 1.50e+00 1.50110+00 1.50110+00 

COl 1m (ACC:.!) 1.40e+00 1.40e+00 
CO2 TNT (Sandia) 1. 30e-00 1. 30e+00 

CO2 T45E1 Adapter Booster 5.10e+00 4.60e+00 4.70e+00 4.80110+00 

CO2 20 rrcn IIEI cartridge 2.30e+00 2.20110+00 1.90e+00 2.10e+00 

CO2 40 mm HEI Cartridge 9.10110-01 8.70110-01 B.eOe-Ol B.90e-01 

Diethyl phthalate Amatol surrogate O.OOe+OO O.OOe+OO 0.00110+00 O.OOe+OO O.OOe+OO 

Diethyl phthalate Amatol surrogate with water o.0,Oe+00 O.OOe+OO 0.00110+00 O.OOe+OO 1. 40e-OS 

Diethy1 phthalate Cartridge. Impulse. ARD 446-1 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 1. eOe-06 

Diethyl phthalate Cartridge, Impulse, 8BU-36/B 4.40e-05 6.70e-04 4.90e-04 4.00e-04 7.BOe-04 

Diethyl phthalate Cartridge, Iropulse, MK 107 3.00e-04 O.OOe+OO 0.00110+00 3.00e-04 '.40e-04 I 

Oiethyl phthalate Composition B surrogate O.OOe+OO 0.00110+00 o OOe+OO 0.00110+00 O.OOe+OO 

Diethyl phthalate Detonating train O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Diethyl phthalate Flare, IR Countermeasure H206 O.OOe+OO O.OOe+OO 0.00110+00 0.00110+00 O.OOe+OO 

Diethyl phthalate Fuze, Tail Bomb FHU-IJ9 AlB 1. 40e-03 1.70e-03 1.50e-03 1.50e-03 1.50110-03 

Diethvl phthalate Fuze, T!1IJJ. Bomb EMU-54 AlB O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
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Diethyl phthalate Gas Generator, GGU-2/A 2.30e-04 O.OOe+OO 1.60e-OJ S.90e-04 O.OOe.OO 
Diethyl phthalate fIBX surrogate O.OOe.OO O.OOe+OO O.OOe+OO O.OOe.OO O.OOe+OO 
Diethyl phthalate Mine. Claymore, H1SAl O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe.OO 
Diethyl phthalate Signal, Illumination. Red Star AN-H43A2 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Diethyl phthalate Signal, Illumination, Red Star MISS O.OOe+OO 7.70e-OS O.OOe+OO 7.70e-OS. 1.10e-OS 
iDiethyl phthalate Tritonal surrogate O.OOe+OO O.OOe+OO . O.OOe+OO O.OOe+OO O.OOe+OO 
iDiethyl phthalate Tritonal surrogate with calcium stearate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
!Diethyl phthalate Tritonal surrogate with water O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 2.40e-06 
Diethyl phthalate !NT (ACCl) .. O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Diethyl phthalate !NT (1ICC2) O.OOe·OO O.OOe.OO O.OOe.OO O.OOe+OO O.OOe+OO 
Diethyl phthalate T4SE7 Adapter Booster O.OOe.OO O.OOe+OO O.OOe.OO O.OOe+OO O,OOe.DO 
Diethyl phthalate 20 rom HEl Cartridge O.OOe·OO O.OOe+OO O.OOe.OO O.OOe+OO O.OOe.OO 
Diethyl phthalate 40 tm1 flEl Cartridge O.OOe+OO O.OOe+OO O.OOe.OO O.OOe+OO O.OOe.OO 
Ethane ~tol surrogate O.OOe+OO 2.20e-06 6.00e-06 4.10e-06 S.20e-06 
Ethane ~tol surrogate with water a.70e-04 1.SOe-OJ 1. DOe-OJ 1.10e-03 l.10e-OJ 
Ethane Cartridge. Impulse. ARD 446-1 J.OOe-OS 1.20e-OS 2.90e-OS 2.tOe-OS 3.90e-OS 
Ethane Cartridge, Impulse, aSU-36/S 1.40e-06 S.60e-07 8.40e-06 J.40e-06 1.30e-OS 
Ethane Cartl:'idge. Impulse, HK 107 5.30e-07 2.60e-06 1.60e-06 l.60e-06 9.S0e-06 
Ethane Composition B surrogate 1.90e-06 O.OOe+OO 7.30e-07 1. 30e-06 4.70e-06 
Ethane Detonating train l.70e-06 1.80e-06 9.60e-06 4.40e-06 1.40e-OS 
Etbane Flare, IR Countermeasure M206 1.00e-06 O.OOe+OO 1. 00e-06 1. 00e-06 7.60e-06 
Ethane Fu~e, Tail Somb.FMU-139 A/B O.OOe+OO 9.20e-06 O.OOe+OO 9.BOe-06 1.90e-OS 
Ethane fuze, Tail Bomb FMU-S4 A/B 9.80e-06 1.20e-05 O.OOe+OO l.lOe-OS 1.90e-OS 
Ethane Gas Generator. GGU-2/A 2.S0e-OS 3.70e-OS 3.00e-OS J. OOe-OS 3.90e-DS 
Ethane fISX surrogate O.OOe+OO 1.60e-06 l.SOe-06 1. 60e-06 4.90e-06 
Ethane line. Claymore. tUBAl 8.BOe-06 1.SOe-06 5.60e-06 S.30e-06 7.20e-06 

Ethane Signal, Illumination, Red star AN-M41A2 9.00e-06 O.OOe+OO 9.00e-06 9.00e-06 1.30e-OS 

Etbane Signal. Illumination. Red star MISS 1.S0e-05 2.40e-OS O.OOe+OO 2.00e-05 2.60e-OS 

Ethane Tritonal surl:'ogate O.OOe+OO O.OOe+OO 3.60e-01 3.60e-07 2.60e-06 

Ethane Tritonal surrogate with calcium stearate .7.40e-07 O.OOe+OO 7.40e-07 '.40e-06 

Ethane Tritona1 surrogate with water 5.00e-05 1.10e-04 2 10e-04 1.20e-Ot 1.30e-04 

Ethane nIT (ACC11 O.OOe+OO O.OOe.OO O.OOe+OO O.OOe+OO 2.70e-06 

Ethane !NT (ACC2) 7.40e-07 1.40e-01 '.10e-06 

Ethane 1'4SE7 Adapter Booster 2.80e-05 2.40e-05 2.40e-05 2.50e-OS 3.90e-05 

Ethane 20 rom HEI cartridge 1.10e-Ot 7,60e-OS 9.90e-05 9.40e-OS 1.40e-Ot-Ethane 40 mn IIEI Cartridge 2.90e-OS 3.60e-OS 2.S0e-05 3.00e-05 4,60e-OS 

Ethyl chloride Amatol surrogate O.OOe+OO O.OOe+OO O.OOe·OO O.OOe.OO O.OOe+OO 

Ethyl chloride ~tol surrogate with water O.OOe+OO O.OOe+OO o.00e+00 O.OOe+OO O.OOe+OO 

Ethyl chloride Cartridge, Impulse, ARD 446-1 O.OOe+OO O.OOe.OO O.OOe+OO O.OOe+OO O.OOe+OO 

Ethyl chloride Cartridge. Impulse, BBU-36tS O.OOe+OO O.OOe+OO O.OOe.OO O.OOe+OO O.OOe+OO 

Ethyl chloride Cartridae. I_ulse. HK 107 O.OO~OO - o.J)Oe+OQ. . O.gO~+90_ 0~0ge+00 O.OOe+OO 
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Ethyl chloride Composition B sUrrogate O.OOe+OO O.OOe+OO o OOe+OO O.OOe+OO O.OOe+OO 
Ethyl chloride Detonating train O.OOe+OO 6.90e-07 6.90e-07 6.90e-07 6.90e-07 
Ethyl chloride Flare, IR Countermeasure H206 3.90e-06 3.20e-06 2.40e-06 3.10e-06 3.10e 06 
Ethyl chloride Fuze, Tail Bomb FMU-139 AlB O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO , 
Ethyl chloride Fuze, Tail Bomb FMU-S4 AlB O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO ! 

Ethyl chloride Gas Generator, GGU-2/A 2.70e-06 4.10e-06 7.10e~06 4.70e-06 4.70e-06 
Ethyl chloride HBX surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO a.00e+00] 
Ethyl chloride Mine, Claymore, M18A1 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO o.00e+00 ' 
Ethyl chloride Signal, Illumination, Red Star AN-M43A2 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Ethyl chloride Signal, Illumination, Red Star M158 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Ethyl chloride Tr"itonal surrogate O.OOe+OO O.OOe+OO O.OOe+OO 0.00'11+00 O.OOe+OO 
Ethyl chloride Tritonal surrogate with calcium stearate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Ethyl chloride Tritonal surrogate with water O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Ethyl chloride '!NT (ACC1) O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Ethyl chloride TNT IACC2) O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Ethyl chloride T4SE7 Adapter Booster O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Ethyl chloride 20 rom HEI Cartridge O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Ethyl chloride 40 rom HEI Cartridge O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Ethylbenzene lIImatol surrogate 7.S0e-07 1.10e-06 1.90e-06 1.20e-06 4.00e-06 
Ethylbenzene ~to1 surrogate with water 1. 20e-OS 2.20e-05 1.S0e-05 1.60e-05 2.10e-05 
Ethylbenzene Cartridge, Impulse. ARD 446-1 1. 00e-06 2.10e-06 2.70e-06 1.90e-06 8.10e-06 
Ethy1benzene Cartridge, Impulse, SSU-36/S 2.70e-06 . 2.S0e-06 1. 90e-06 2.40e-06 1.00e-05 
Ethylbenzene Cartridge, Impulse, MK 107 7.90e-07 1.10e-06 1.00e-06 9.70e-07 2.'Oe-06 
Ethylbenzene composition B surrogate 1.10e-06 1.90e-06 2.90e-06 2.00e-06 5.30e-06 
Ethy1benzene Detonating train 2.90e-07 6.00e-07 9.00e-07 6.00e-07 9.30e-06 
Ethylben>:ene Flare, t-l\ Countermeasure H206 2.70e-06 1. 70e-06 2.70e-06 2.40e-06 4.10e-06 

Ethylbenzene Fuze, Tail 80mb FHU-139 A/S 3.40e-06 3.40e-06 2.90e-06 3.20e-06 4.50e-06 
Ethy1benzene Fuze, Tail somb YMU-54 A/S 1. SOe-06 3.30e-06 2.40e-06 2.40e--06 6.00e-06 

Ethyl benzene Gas Generator. GGU-2!A 5.90e-07 1. BOe-06 1.20e-06 1.20e-06 9.10e-06 

Ethylbenzene HSlI: surrogate 1.S0e-06 1.60e-06 2.20e-06 1.80e-06 8.BOe-06 

Ethyl benzene Hine, Claymore. "lBAl J.IOe-05 4.10e-05 4,20e-05 3.BOe-05 J. 90e-05 

Ethylbenzene Signal, Illumination, Red Star AN-M43A2 6.90e-07 3.50e-07 3.50e-07 4.60e-07 1. !lOe-06 

Ethylbem:ene Signal, Illumination, Red Star H158 7.00e-07 7.00e-07 O.OOe+OO 7.00e-07 2.20e-06 

Etlty1benzene Tritona1 surrogate 1. 50e-06 2.60e-06 3. 30e-06 2.S0e-06 1.l0e-05 • 

Ethylbenzene Tr.itonal surrogate with calcium stearate 7.40e-07 2.60e-06 1.60e-06 9.90e-06 

Ethylbenzene Tritonal surrogate with water 8.20e-06 3.30e-06 7.50e-06 6.30e-06 1.S0e-05 

Ethylbenzene '!NT IACCI) 4. 60e-07 4.BOe-07 O.OOe+OO 4.70e-07 2.70,,-06 

Ethylbenzene TNT (}.CC2) O.OOe+OO O.OOe+OO 3.30e-06 .] 

Ethy1benzene T45E7 Adapter Sooster 1.00e-05 7.70e-06 9.BOe-06 9.20e-06 1. 00e-05 

Ethylbem:ene 20 rom HEl Cartridge 2.IIQe-06 S.00e-06 6.10",-06 4.60",-06 1.00e-OS ] 

Ethvlbenzene 40 rom HEl Cartridge --" 
2.S0e-06 O.OOe+OO O.OOe+OO 2.50e-06 9.60e-06 ! 
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Ethylene Amatol surrogate 4.40e-OS 2.00e-05 2.90e-05 3.10e-OS 3.20e-OS 
Ethylene Amatol surrogate with water 7.30e-04. 1.30e-03 8.80e-04 9.80e-04 9.BOe-04 
Ethylene Cartridge, Impulse. ARC 446-1 3.90e-04 3.10e-04 3.10e-04 3.30e-04 4.90e-04 
Ethylene Cartridge. Impulse. ~BU-36/B 2.60e-04 2.50e-04 3.00e-04 2.70e-04 5.30e-04 
Ethylene Cartridge, Impulse, Ii!( 107 2.00e-04 1.80e-04 1.60e-04 1.BOe-04 2.60e-04 
Ethylene composition B 9urrogate 1.20e-05 1. 20e-05 1.70e-05 1.40e-05. 1.50e-05 
Ethylene Detonating train 4.20e-04 4.10e-04 3.50e-04 3.90e-04 6.00iH14 
Ethylene f'lare, IR Countermeasure H206 1. 30e-04 7.70e-05 1.40e-04 1.20e-04 1.20e-04 
Ethylene Fuze, Tail Bomb fMU-139 AlB 2.40e-04 4.00e-04 3.BOe-04 3.40e-04 3.40e-04 
Ethylene Fuze. Tail Bomb FHU-S4 AlB 1.60e-04 2.60e-04 1.70e-04 1.90e-04 2.60e-04 
Ethylene Gas Generator. 'GGU-2/A 6.00e-04 5.80e-04 6.70e-04 6.10e-04 6.20e-04 
Ethylene HBX surrogate 2.ElOe-05 2.50e-05 4.30e-05 3.20e-05 3.30e-05 
Ethylene Mine. Claymore. M18A1 1.BOe-04 2.30e-04 3.00e-04 2.40e-04 2.40e-04 
iEthylene Signal. Illumination. Red Sta" J\N-tl43A2 2.10e-04 2.20e-04 2.20e-04 2.20e-04 2.20e-04 
IEthylene Signal. Illumination, Red Star MlS8 2.301'1-04 3.50e-04 1.00e-04 2.30e-04 2.301'1-04 
Ethylene T"itona1 surrogate 2.70e-05 1.30e-05 2.501'1-05 2.20e-05 2.30e-05 
Ethylene Triton"l surrogate with calcium stearate 3 . ;>.Oe-OS 1.80e-05 2.50e-05 2.60e-05 
Ethylene Tritonal surrogate with water 1. 20e-03 9.00e-04 1.30e-03 1.10e-03 1.10e-03 
Ethylene nIT (ACCl) 3.001'1-05 2.90e-05 8.60e-06 2.20e-05 2.30e-05 
Ethylene mr (ACC21 1.60e-05 1.60e-05 1. 60e-05 
Ethylene T45E7 Adapter Booster 6.50e-04 5.60e-04 4.90e-04 5.70e-04 5.70e-04 
Ethylene 20 IlI'!l U£I Ca"tddge 3.301'1-04 2.40e-04 3.00e-04 2.90e-04 4.00e-04 i 
Ethylene 40 rom HE! Cartridge . B.90e-05 9.00e-05 6.50e-05 8.10e-05 1.10e-04 
Lead Amatol surrogate O.OOe+OO 3.20e-05 9.70e-05 3.30e-05 3.30e-05 , 

Lead Amatol surrogate with water O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Lead Cartridge. Impulse, ARC 446-1 3.60e-04 2.10e-04 3.60e-04 3.10e-04 3.10e-04 

Lead Ca"tridge, Impulse, BBU-36/B 1.20e-05 1.001'1-04 8.80e-05 6.80e-05 G.80e-05 

Lead Cartridge. Impulse, MIt 107 o OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Lead Composition B 9u"ragate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Lead Detonating t"ain 2.BOe-05 2.20e-04 2.90e-04 1.80e-04 1.80e-04 

Lead Flare. IR Countermeasu"e M206 O.OOe+OO 0.001'1+00 O.OOe+OO O.OOe+OO O.OOe+OO 

Lead Fuze, Tall Bomb FMU-139 AlB 2.80e-03 2.40e-03 l.SOe-OJ 2.60e-03 2.60.. -03 

Lead Fuze. Tail Bomb FMU-54 A/B O.OOe+OO O.OOe+OO O.OOe+OO 0.008+00 O.OOe+OO 

Lead Gas Gene"ator. GGU-2/A 4.10e-04 4.10e-04 2.BOe-04 3.70e-04 3.70e-04 

Lead HBX surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Lead Mine, Claymore, M1SAl O.OOe+OO O.OOe+OO O.OOe+OO 

!'ead Signal. lllumin.. tion, Red Star I\N-H43A2 2.10e-04 O.OOe+OO 2.BOe-05 7.00e-05 7.00e-05 

!'ead Sigl\al, Illumination. Red Star MISS 7.00e-05 0.001'1+00 O.OOe+OO O.OOe+OO O.OOe+OO 

Lead Tritonal surrogate 1.90e-03 7.20..-04 6.70e-04 1.10e-03 1.10e-03 

Lead Tritonal sur"ogate with calcium stearate 9 .10e-04 9.30e-04 9.20ec04 9 .. 20e-04. 

!'ead Tritonal surrogate with w<!ct~__ 10.00e+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
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Lead TNT (ACe1) O.OOe+OO O.OOe+OO O.OOe+QO 
Lead TNT (ACC2) 9.00e-06 9.00e-06 9.00e-06 
Lead TNT (Sandia) O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Lead T4SE1 Adapter Booster 1. 80e-04 1. 80e-04 1.80e··04 
Lead 20 rom HEI Cartridge 7.00e-04 1.00e-04 8.00e-06 
Lead 40 mm HEI Cartridge 3.70e 04 3.70.. -0.( 3.70e-0.( 
Methyl chloride Amatol surrogate 1. 10e-06 1.50e-07 3.10e-01 7.S0e-01 7.S0e-07 
Methyl chloride ~tol surrogate with water 2.20e-06 1.80e-06 2.60e-06 :2 .2(H!-06 2.20e-06 
Methyl chloride Cartridge. Impulse. ARD 446-1 1. !lOe-06 9.20e-01 9.00e-01 1.20e-06 2.00e-06 
Methyl chloride Cartridge, Impulse. BBU-36/B 4.90e-01 1. 50e-06 1. 00e-06 1.00e-06 3.00e-06 
Methyl chloride Cartridge, Impulse, HK 107 1. 90e-06 4.. 90e-01 4.70e-01 9.60e-07 1. 60e-06 
Methyl chloride composition B surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Methyl chloride Detonating train 1.10e-06 5.30e-01 5.30e-01 7.00e-07 1. 90e-06 
Methyl chloride Flare, IR Countermeasure H206 1.20e-06 6.00e-07 ' 1. 20e-06 1.00e-06 1. 60e-06 
Methyl chloride Fuze, Tail Bomb FMU-139 AlB 4.508-06 6.10e-06 3.50e-06 4.70e-06 5.30e-06 
Methyl Chloride Fuze, Tail Bomb FHU-S4 AlB 1.10e- 06 2.20e-06 6.20e-06 3.10e-06 4.90e-06 
Methyl chloride Gas Generator. GGU-2/A 5.30e-06 1.60e-06 3.60e-05 1.60e-05 1.10e-OS 
Methyl chloride !lBX surrogate 3.70e-07 4.10e-07 1.10e-06 6.30e-07 1.00e-06 
Methyl chloride ~ine, Claymore. M18A1 4.40e-06 4.40e-06 4.40e-06 
Methyl chloride Signal, Illumdnation, Red Star AN-M43A2 1.90e-06 1.20e-06 1.80e-06 1.70e-06 :I.I0e-06 
Methyl chloride Signal, Illumdnation, Red Star M1S8 o..OOe+OO 1.30e-06 1.30e-06 1.30e-06 1 10e-06 
Methyl chloride Tritona1 surrogate 7.40e-07, 3.10e-07 O.OOe+,OO S.60e-07 S.60.e-07 
Methyl chloride ~ritonal surrogate with calcium 9tearate 3.70e-07 3.60e-07 3.70e-07 3.70e-07 
Methyl chloride ~rltonal surrogate with water 3.70e-O/i 3.70e-06 4.10e-06 3.80e-06 3 80e-06 
Methyl chloride TNT IACCl) O.OOe+OO O.OOe+OO 1.70e-06 
Methyl chloride 1Nr (ACC:2' O.OOe+OO O.OOe+OO 6.70e-07 

l1ethyl chloride T45B1 Adapter Booster 2.20e-06 2.20e-06 3.20e-06 

Methyl chloride 20 rom HEI cartridge 1.30e-06 1.30e-06 3.50e-06 

Methyl chloride 40 mm REI Cartridge O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Methyl chloroform ~tol surrogate 3.70e-07 3.70e-07 O.OOe+OO 3.10e-07 1.70e-06 

Methyl chloroform ~tol surrogate with water 3.70e-07 O.OOe+OO 3.70e-07 3.70e-07 1.70e-06 

Methyl chloroform Cartridge, Impulse, ARD 446-1 O.OOe+OO O.OOe+OO 1.20e-06 1.20e-06 1.80e-06 

Methyl chloroform Cartridge, Impulse, BBU-36/B O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 2.60e-06 

Methyl chloroform Cartridge, Impulse. HK 107 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 1.80e-06 

Methyl chloroform Composition 8 surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Methyl chloroform Detonating train O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO :I.20e-06 

Methyi chloroform Flare, IR Countermeasure M206 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 1.60e-06 

Methyl chloroform Fuze, Tail Bomb FHU-139 AlB 1.20e-05 1.BOe-05 1.80e-05 1.60e-05 1.90e-05 

Metbyl chloroform Fuze. Tail Bomb FMU-S4 AlB O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 1.90e-06 

Methyl chloroform Gas Generator, GGU-2/A O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 2.90e-06 

Methvl chloroform HBX surrogate 3.70e-07 4.10e-07 3.70e-07 3.90e-07 1.90e-06 

.I " 
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[Methyl chloroform Mine. Claymore. Ml8A1 2. 30e-06 2.30e-06 4.60e-06 
Hethyl chloroform Signal, Illumination, Red Star AN-M43A2 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 1.60e-06 
!Hethyl chloroform Signal. Illumination, Red Star MISe O.OOe+OO O.OOe+OO O.OOe+OO O.OOa+OO 1.70e-06 
Methyl chloroform Tritonal surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 1.60e-06 
Methyl chloroform Tritonal surrogate with calcium stearate O.OOe+OO O.OOe+OO O.OOe+OO LSOe-06 
Methyl chloroform Tritonal surrogate with water 3.70e-07 O.OOe+OO 3.70e-07 3.70e-07 1.70e-06 
Hethyl chloroform !NT [ACCl) O.OOe+OO O.OOe+OO 6.60e-06 
Methyl chloroform !NT (ACC2) O.OOe+OO O.OOe+OO 1.S0e-06 
Methyl chloroform r45E7 Adapter Booster O.OOe+OO O.OOe+OO 5.60e-06 
Hethyl chloroform 20 rom HEl Cartridge 3.30e-06 3.30e-06 1.40e-05 
Methyl chloroform 40 ImI IIEI Cartl"idge O.OOe+OO O.OOe+OO :a.lOe-05 
Methylcyclohexane Amatol surrogate 7.50e-07 2.20e-06 4.50e-06 2.50e-06 4,40e-06 
Methylcyclohexane Amatol surrogate with water 4.50e-06 1.20e-05 7.40e-06 S.00e"06 1.10e-05 
Hethylcyclohexane Cartridge, Impulse. ARC 446-1 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Hethylcyclohexane Cartridge, Impulse, BBU-J6/B 5.40e-01 2.BOe-01 O.OOe+OO 4.10e-07 1.60e-06 
Hethylcyclohexane Cartridge. Impulse. MK 107 7.90e-07 O.OOe+OO 2.60e-07 5.20e-01 ~.60e-07 

Methylcyclohexane Composition B surrogate 2.20e-06 l.00e-06 1.80e-06 :a.lOe-06 4.10e-06 
Methylcyclohexane Detonating train O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Methylcyclohexane Flare. IR Countermeasure M206 O.OOe+OO O.OOe+OO 3.40e-07 3.40e-07 6.S0e-07 
llethy1cyciohexane Fuze. Tail Bomb FMU-139 AlB 0.008+00 O.OOe+OO O.OOe+OO O.OOe+OO O.OOa+OO 
Methylcyclohexane Fuze. Tail Bomb FMU-54 AlB O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Methylcyclohexane GllU! Generator, GGU-2/A O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Methylcyclohexane HBX surrogate 4.40e-06 7.00e-06 7.10e-06 6.10e-06 1.00e-05 
Hethylcyclohexane Mine, Claymore, !llSAl S.40e-06 5.90e-06 4.70e-06 5.30e-06 6.30e-06 
Methylcyclohexane Signal, Illumination. Red Star AN-H43A2 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Methylcyclohexane Signal. Illumination. Red Star MISe 3.50e-01 O.OOe+OO O.OOe+OO 3.50e-07 7.00e-07 
Methylcyclohexane Tritonal surrogate 4.80e-06 5.90e-06 1. ODe-OS 7.00e-06 1.40e-05 
Methylcyclohexane Tritonal surrogate with calcium stearate O.OOe+OO 4.40e-06 4.40e-07 6.20e-06 
Methylcyclohexane Tritona1 surrogate with water 4.90e-06 5.10e-06 9.40e-06 6.S0e-06 1.10e-05 
Methylcyclohexane !NT !ACC1! !I.20e-06 9.60e-07 O.OOe+OO 5.10e-06 4.30e-06 
Methylcyclohexane !NT (ACC2) 0.008+00 O.OOe+OO 3.70e-07 
Methylcyclohexane T45E7 Adapter Booster 2.40e-06 2.90e-06 3.50e-06 2.90e-06 4.10e-06 

Methylcyclohexane 20 mm HEI Cartridge 1.40e-06 2.90e-06 4.lOe-06 2.S0e-06 5.80e-06 

Methylcyclohexane 40 rom lIEI Cartridge 2.50e-06 O.OOe+OO O.OOe+OO 2.50e-06 1. 40a-05 

Methylcyclopentane Amatol surrogate O.OOe+OO O.OOe+OO 3.70e-07 1.90e-07 5.00e-07 

Methylcyclopentane Amato1 surrogate with water 4.S0e-06 1.20e-OS 3.00e-06 6.60e-06 8.90e-06 

Methylcyclopentane Cartridge, Impulse, ARO 446-1 1. 00e-06 :a.60e-01 S.00e-01 6.00e-07 1.70e-06 

Methylcyclopentane Cartridge, Impulse, BBU-J6/B O.OOe+OO 1.10e-06 O.OOe+OO 1.10e-06 1. 90e-06 

Methylcyclopentane Cartridge, Impulse, MK 107 O.OOe+OO 5.30e-01 O.OOe+OO 5.30e-07 7.70e-07 

Hethylcyclopentane composition B surrogate O.OOe+OO O.OOe+OO J.60e-01 3.60e-07 4.90e-07 

Hethylcvciopentane Detonating train 2.90e-07 Q_.OOe+OO O.OOe+OO 2.90e-01 1. 70e-06 __ 
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Methylcyclopentane Flale, lR Countermeasure M206 O.OOe+OO 3.40e-07 O.OOe·OO 3.40e-07 4.S0e-07 
Methylcyclopentane Fuze, Tail Bomb FMU-139 AlB 4 gOe-07 O.OOe.OO O.OOe-OO 4.!lOe-07 «.90e-07 
Methylcyclopentane Fuze, Tail Bomb FMU-54 AlB O.OOe.OO 3.00e-07 O.OOe·OO 3.00e-01 B.00e-07 
Methylcyclopentane Gas Generator, GGU-:UA 2.40e-06 S.90e-07 O.OOe.OO 1.SOe-06 1. BOe-06 
Methylcyclopentane HBX surrogate 3.70e-07 8. :ZOe-07 7.40e-07 6.tOe-07 2.40e-06 
Hethylcyclopentane Hine, Claymore, MIBAI 1. "Oe-OS 1. SOe-OS 1. BOe-OS 1.60e-OS 1.70e-05 
Methylcyclopentane Signal, Illumination. Red Star AN-H43A2 O.OOe-OO l.SOe-07 O.OOe+OO 3.S0e-07 7.00e-07 
Methylcyclopentane Signal, Illumination, Red Star MISB 1.10e-06 O.OOe.OO O.OOe+OO LIOe-06 B.20e-07 
Methylcyclopentane Tritonal surrogate 7.40e-07 ! 3.70e-07 O.OOe'OO S.60e-07 3.S0e-06 
Methylcyclopenlane Tritonal surrogate with calcium stearate . : O.OOe·OO O.OOe.OO O.OOe·OO 2.!lOe-OIi ' 
Methylcyclopentane Tritonal surrogate with water O.OOe.OO O.OOe+OO 7.S0:e-07 1.S0e-07 4.70e-06 • 
Methylcyclopentane TNT IACCl) !I.20e-07 ".BOe-07 O.OOe+OO 7.00e-07 1.60e-01i 
Hethylcyclopentane TNT (ACC2 , 3.70e-07 J.70e-07 7.4De-07 
Methylcyclopentane T4SE7 Adapter Booster 1.2De-06 2.90e-06 4.60e-06 2.9De06 4.70e-06 
Methylcyclopentane 20 Im1 HEl Cartridge 7.00e-07 2.90e-OEi 4.eDe-06 2.BOe-06 7.70e-06 
Methy!cyclopentane 40 mm HEl Cartridge !iI.IOe-06 O.OOe+OO O.OOe+DO 9.l0e-D6 1.60e-OS 
Methylenechloride Jlrnatol surrogate 1. SOe-04 2.00e-04 1.10e-04 1. SOe-D4 2.00e-0" 
Methylenechloride Jlrnatol surrogate with water 2.10e-04 2.00e-04 2.20e-04 2.10e-OC 2.60e-D4 
Methyl enechloride cartridge, Impulse, ARD 446-1 l.JOe-OS ).20e-OS 1.lDe-04 S.OOe-OS 1. !lOe-04 
Methylenechloride Cartridge, Impulse, 8BU-36/B B.20e-06 3.00e-04 2.10e-04 1.70e-D4 1.lOe-D] 
Methylenechloride Cartridge, Impulse. MK 107 6.30e-04 3.10e-OS 2.00e-OS 2.30e-04 9.301l!h04 
Methylenechloride COmposition 8 surrogate O.OOe+OO 3.70e-07 2.BOe-04 l.40e-04 1. !lOe'-06 
Hethy!enechloride Detonating train O.OOe+OO 5.00e-OS l.50e-05 4.2De-OS 5.60e-04 
Methylenechloride Flare, lR Countermeasure H206 4.S0e-04 3.BOe-04 3.80e-04 4.10e-04 1.90e-03 
Methylenechloride Fuze, Tail Bomb FKU-13!1 AlB 1.20e-04 1.60e-04 S.SOe-DS 1.10e-04 B.60e-04 

Methylenechloride Fuze, Tail Bomb FHU-S4 AlB O.OOe+DO 7.10e-04 7.BOe-04 7;40e-04 2.40e-OJ 

Hethylenechloride Gas Generator, GGU-2/A 2.BOe-0" 7.00e-OS 2.30e-03 B.70e-04 2.90e"03 

Methylenechloride HBX surrogate O.OOe+OO O.OOe+OO 2.70e-04 2.70e-04 2.8De-04 

Methylenechloride ~ine. Claymore, M18Al l.lOe-Dt 1.1De-04 1.l0e-0" 

Methylenechloride Signal, Illumination, Red Star ru~-M43A2 O.OOe+OD B.IOe-06 O.ODe.OO a.lOe-06 J.30e-D4 

Methylenechloride Signal. Illumination, Red Star HISB 1.00e-04 9.60e-OS l.00e-04 1.00e-04 3.20e-04 

Hethylenechloride Tritonsl Burrogate l.40e-06 4. BOe-05 2.S0e-06 1. BOe-D5 1.BOe-DS 

Hethylenechloride Tritonal surrogate with calcium stearate 6.JOe-D6 J.lOe-04 1. 60e-04 1. 60e-D4 

Methylenechloride Tritonsl surrogate with water O.OOe+OO a.BDe-06 1.lOe-OEi S.00e-06 6.70e-06 

Methylenechloride TNT (ACCl) 1.BOe-04 1. aOe-04 2.40e-04 

Methylenechloride TNT (ACC2) O.OOe<DO D.OOe<OO 2.70e-04 

Hethylenechloride T4SE7 Adapter Booster 5.00e-04 5.00e-04 S.90e-D4 

Methylenechloride 20 rom HEI cartridge 4.50e-04 4.50e-04 9.DOe-04 

Methylenechloride 40 mm HEl cartridge S.70e-D4 a.70e-04 1.COe-03 

NO Amatol surrogate 2.20e-04 1.40e-02 l.70e-02 1.BOe-02 

NO Amato! surroq~te with water 7.60e-Ol 7.50e-OJ B.00e-03 7.70e-03 

'~ 

112 




-
NO Cartridge, Impulse,'ARD 446-1 6.S0e-03 6.Z0e-03 6.S0e-03 6.40e-03 
NO Cartridge, Impulse, BBU-36/B 5.30e-OJ 3.50e-03 3.JOe-03 4.00e-OJ 
NO Cartridge, Impulse, MK 107 1.70e-02 1.40e-02 1.30e-02 1.50e-02 
NO Con~osition B surrogate 9.20e-OJ 8.90e-03 9.70e-OJ 9.30e-03 
NO Detonating train 6.80e-03 3.60e-03 4.30e-03 4.90e-03 
NO Flare., IR Countermeasw:e M206 4. ~We-03 6.00e-03 5.10e-03 5.30e-03 
NO Fuze, Tail Bomb FHU-139 A/B 9.80e-03 1. 00e-02 9.eOe-03 9.90e-03 
NO Fuze, Tail Bomb FMU-S4 A/B 1.JOe-03 6.90e-03 6.90e-03 7.00e-03 
NO iGas Generator ,GGU-2!A 1. 50e-03 1.30e-03 1.90e-03 1.60e-03 
NO HBX surrogate 9.30e-03 9.80e-03 1.00e-02 9.90e-03 
110 Signal, Illumination. Red Star AN-H43A2 1.20e-02 1.50e-02 1.10e-02 1.30e-02 
NO Signal, Illumination. Red Star MISS 2.60e-03 2.70e-OJ 2.70e-03 2.60e-03 
NO Tritonal surrogate 1. 30e- 0.3 1. 70e-02 S.90e-03 e.20e-03 
NO Tritonal surrogate with calcium stearate 6.50e-03 6.70e-03 6.60e-03 
NO Tritona! surrogate with water 4.JOe-03 3.90e-OJ J.80e-03 4.00e-03 
NO nIT (ACC2/ 9.20e-03 9.20e-OJ 
NO nIT (Sandial 9.IlOe-03 1.00e-02 9.20e-03 9.70e-OJ 
N02 ~tol surrogate 3.40e-04 1.80e-04 4.20e-04 1.20e-04 
IN02 ~tol surrogate with water . 2.00e-04 2.IOe-04 2.90e-04 2.40e-04 
N02 cartridge, Impulse, ARD 446-1 1.90e-OJ 1. 60e-03 1.70e-03 1.70e-03 
N02 cartridge, Impulse, BBU-36/B I.SOe-03 1. 70e-03 1. 30e-03 1.SOe-03 
N02 cartridge, Impulse, MK 107 7.70e-04 5.40e-04 5.30e-04 6.l0e-04 

N02 Composition 8 surrogate 1.IOe-04 1.70e-04 3.0De-D4 1.!lOe-04 

N02 Detonating train 8.10e-03 3.30e-03 1. 90e-03 4.40e-03 

No2 Flare. HI Countermeasure 11206 2.60e-OJ 3.10e-03 2.80e-03 2.80e-03 -No2 Fuze, Tail Bomb FMU-139 A/B 1.70e-02 1.70e-El2 1.70e-02 1.70e-02 

002 Fuze. Tail Bomb FMU-S4 A/B 2.40e-03 2.S0e-03 2.60e-03 2.5011-03 

N02 Gas Generator, GGU-2/A 2.60e-03 2.40e-03 2.3De-03 2.40e-03 

N02 MaX Burrogate 5.90e-OS 4.00e-OS 3.40e-05 4.40e-05 

N02 Signal, Illumination, Red Star AN-H43A2 9.80e-04 1. 30e-03 1.00e-03 1.10e-03 

N02 Signal. Illumination. Red Star M158 1.40e-03 1.60e-03 1.60e-03 1.50e-03 

N02 Tritonal surrogate 2.50e-04 1.!lOe-04 1. 80e-05 1.S0e-04 

N02 Tritonal surrogate with calcium stearate 3.00e-05 5.90e-05 4.S0e-OS 

N02 Tritonal surrogate with water 2.60e-04 1.50e-04 3.90e-04 :;L 10e-04 

N02 '1NT (ACC2) 6.60e-OS 6.60e-OS 

N02 '1NT (Sandia} 3.90",-04 9.60e-04 9.20e-04 7.60e-04 

oeDO Signal, Illumination, Red Star AN-M43A2 a.30e-10 1.60e-09 2.90e-09 1.80e-09 1. aOe-Oll 

Propane Amatol surrogate 1.10e-06 7.50e-07 1.10e-06 1. 00e-06 1.40e-06 

Propane ~tol surrogate with water 1.40e-04 2.40e-04 1.70e-Ot 1.90e-04 1. 90e-04 

Propane cartridge. Impulse. ARD 446-1 1i.20e-OEi 5.40e-06 5.50e-06 S.70e-06 1.00e-OS 

Procene Cartridqe. lmoulse. B8U-36/8 -­ 2.10e-06 3-,-90e-06 3. !/(ie-06 3.50e-06 8.S0e-06 
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Propane Cartridge. Impulse. MK 107 O.OOe+OO 1. 30e-06 1. 60e-06 1.40e-06 5.20e-06 
Propane composition B surrogate 7.40e-07· O.OOe.OO 1.30e-01 1.40e-01 1.40e-06 
Propane Detonating train 4.70e-06 4.50e-06 4.80e-06 4.70e-06 1.10e-05 ! 

Propane Flare, IR Countermeasure H206 O.OOe+OO 6.80e-07 2.00e-06 1. 40e-06 3.90e-06 ! 
Propane Fuze, Tail Bomb FMU-139 A/B 4.40e-06 3.40e-06 3.90e-06 3.90e.-06 7.90e-06 
Propane Fu%e. Tail Bomb FMU-54 AlB 8.90e-07 1.80e-06 1.80e-06 1.50e-06 6.00e-06 
Propane Gas Generator'~ GGU-2/A 7.70e-06 7.10e-06 8.50e 06 7.70e-06 1.10e-05 , 
Propane HBX surrogate 1. 50e-06 4.10e-07 7.40e-07 8.70e-07 2.20e-06 
Propane Mine, Claymore. M18Al 3.40e-06 4.40e-06 2.80e-06 3. 60e-06 9.80e-06 . 
Propane Signal. Illumination, Red Star AN-H43A2 1.70e-06 3.50e-06 2.40e-06 2.60e-06 4.60e-06 
Propane Signal, Illumination, Red Star H158 6.00e-06 5.30e-06 3.10e-06 4.80e-06 8.00e 06 • 
Propane Tritonal surrogate O.OOe+OO 7.40e-07 7.30e-07 7.30e-07 1.20e-06 , 
Propane Tritonal surrogate with calcium stearate O.OOe+OO 3.60e-07 3.60e-07 2.20e-Q6 
Propane Tritonal surrogate with water 5.20e-05 5.00e-05 6.30e-05 5.50e-05 5.70e-05 
Propane TNT (1).CC1) O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 9.50"'-07 
Propane TNT I1>.CC2) 3.70e-07 3.70e-07 1.S0e-06 
Propane T45E7 Adapter Booster 1.50e-05 8.20e-06 8.60e-06 1.10e~05 2.10e-05 
Propane 20 rom HEI cartridge 9.10e-06 6.50e-06 2.40e-05 1.30e-05 2.30e-05 
Propane 40 rom HEI cartridge 1. 70e-06 5.00e-06 4.90e-06 3.80e-06 1.50e-05 
Propene Amatol surrogate 6.70e-06 3.40e-06 6.30e~06 5.50e-06 5.80e-06 
Propene Amatol surrogate with water 2.60e-04 4.90e-04 3.40e-04 3.60e-04 3.60e-04 
Propene artridge. Impulse, ARD 446-1 6.70e-05 5.50e-05 5.70e-05 6.00e-05 8.70e-05 
Propene Cartridge, Impulse, BBU-36/B 4.30e-05 4.60e-05 5.80e-05 4.!me-05 9.70e-05 
Propene cartridge, Impulse, MK 107 2 80e-05 2.60e-05 2.40e-05 2.60e-05 3.80e-05 
Propene Composition B surrog~te 3.70e-06 1.10e-06 4.40e-06 ).10e-06 4.10e-06 
Propene Detonating train 7.50e-05 7.10e-05 7.10e-05 7.30e-05 1.10e-04 
Propene Flare. lR countermeasure M206 2.20e-05 2.00e-05 2.60e-05 2.20e-05 2.30e-05 
Propene Fuze, Tail Bomb FMU-139 AlB 5.90e-05 6.30e-05 5.50e-05 5.90e-05 5.90e-05 

Propene fuze, T~il Bomb FMU-S4 A/B 3.80e-OS 5.20e-05 3.90e-OS 4.30e-05 4.30e-05 

Propene ~as Generator, GGU-2/A 6.90e-05 6.80e-05 7.80e-05 7.20e-05 7.30e-05 

Propene HBX sUl:rogate 8.40e-06 .7.80e-06 1.20e-05 9.40e-06 9.90e-06 

Propene ~ine. Claymore. M18Al 2.10e-05 .2.70e-05 2.60e-05 2.40e-05 2.S0e-OS 

Propene Signal. Illumination. Red Star AN-M43A2 3.20e-05 3.90e-05 3.40e-05 3.50e-05 3.50e-05 

Propene Signal. Illumination. Red Star H15S 6.00e-05 5.80e-05 5.00e-05 5.60s-05 5.60e-05 

Propene Tritonal surrogate 2.60e-06 1.50e-06 5.40e-06 3,20e-06 3.60e-06 

Propene Tritonal surrogate with calcium stearate 8.10e-06 4.00e-06 6.10e-06 6.60e-06 

Propene Tritonal surrogate with water 1.70e-04 1.20e-04 1.80e-04 1.60e-04 1.50e-04 

Propene TNT (ACClI 7.80e-06 8.10e-06 S.80e-06 7.20e-06 7.70e-06 

Propene TNT (ACC2) 4.10e-06 4.10e-06 4.10e-06 

Propene T45E7 1>.dapter Booster 2.0Qe-04 1.60e~04 1.30e-04 1.60e-04 1.60e-04 

Propene 20 f<!l\ HEI cartrid~ 6.20e-05 4.00e-05 5.00e-05 5.10e-05 7.20e-05 

114 




Propene 40 rnm HEI Cartridge 1.BOe-OS 1.70e-OS 1.20e-05 1.60e-05 2.40e-05 
PEW Cartridge. Impulse. ARD 446-1 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
PEW Cartridge. Impulse, BBU-36/B O.OOe+OO 9.30e-04­ 2.30e-04­ 5.BOe-04­ 5.80e 04 
PEW Cartridge. Impulse, HK 107 2.30e-05 1.10e-04 1.BOe-05 5.10e-05 7.60e-05 
PEW Detonating train 5.60e-04 7.30e-04 4.10e-04 5.60e-04 II.SCe-04 
PEW Flare. IR Countermeasure H206 2.40e-06 1. 90e-06 4.00e-07 1.60e-06 2.10e-06 
PEW ruze, Tail Bomb FMU-139 AlB 2.60e-05 1.50e-05 8.90e-06 1.70e-05 1.90e-05 
PEW Fuze. Tail Bomb FMU-54 AlB 1.20e-05 1.10e-05 5.80e-06 9.60e-06 1.40e-05 
PEW Gas Generator, GGU-2/A 1.10e-04 2.90e-05 1.lOe-05 4.90e-05 6.JOe-05 
PEW Signal. Illumination. ~ed Star AN-H4JA2 1.70,,-05 B.20e-06 1.10e-05 1.20e-05 1.20e-05 
PEW Signal. Illumination. Red Star HlS8 1.30e-05 5.60e-06 6.10e-06 8.40e-06 8.40e-06, 
PEW TNT (ACC2) O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
PHI0 [Amatol surrogate 1.50e-02 2.10e-02 2.00e-02 1.90e-02 
PHI0 ~tol sUrrogate with water 2.40e-02 3.10e-02 4.00e-02 3.20e-02 
PHI0 cartridge. Impulse, ARD 446-1 a.30e-02 1. 20e-Ol 8.60e-02 B.30e-02 
I'HIO Cartridge, Impulse, BBU-36/B 1.60e-Ol 1. 90e-Ol 1. 90e-Ol 1.80e-01 
I'HI0 Cartridge, Impulse. HK 107 2.40e-01 2.60e-Ol 2.50e-01 2.S0e-Ol 
I'HI0 composition B surrogate 1. 00e-02 1.10ee02 1.50e-02 1.20e-02 I 

PHIO Detonating train 3.60e-02 4.00e-02 3.20e-02 3.60e-02 
PHlO Flare, lR Countermeasure H206 4.90e-Ol 5.90e-01 5.80e-Ol 5.50..-01 
PHIO Fuze. Tail Bomb FHU-139 AlB 6.50e-Ol 5.60e-Ol 5.90e-01 6.00e-Ol. 
PMI0 FUZe, Tail Bomb FHU-54 AlB 3.10e-01 3.40..-01 3.40e-Ol 3.30e-Ol 
PHI0 Gas Generator, GGU-2/A 9.80e-02 9.20e-02 8.906-02 9.30e-02 
PMIO !lax surrogate 6. BOe-02 3.70e-02 4.40e-01 l:BOe-Ol 
PHIO Mine. Claymore, H18Ai 2.40e-Ol 2.30e-Ol 2.10e-01 2.30e-Ol 
PMIO Signal, Illumination. Red Star AN-H43A2 4.30e-01 4.50e-Ol 4.80e-01 4.50e-Ol 
PHI0 Signal. Illumination. Red Star M1S8 9.20e-02 8.30e-02 7.20e-02 8.20e-02 
PHIO Tritonal surrogate 6.30e-Ol 2.50e-01 2.20e-01 3.70e-01 

PHIO Tritonal sUrrogate with calcium stearate 2.30e-01 3.00e-Ol 2.60e-01 
PHI0 Tritonal surrogate with water 1.10e-Ol 2.20e-Ol 2.30e-Ol 1.90e-Ol 
PHIO TNT (ACCI) 7.20e-02 7.30e-02 7.50e-02 7.30e-02 

!'MIO TNT IACC2) 9.308-02 9.30..-02 
PHIO T45E7 Adapter Booster 2.40e-01 2.70e-01 2.70e-01 2.60e-Ol 

PHI0 40 mm HEI Cartridge 4.70..-01 4.80e-Ol 4.50e-01 4.70e-Ol 

RDX cartridge, Impulse. ARO 446-1 2.30e-03 1. 20e-02 1.10e-02 8.40e-04 1.20e-03 

RDX Cartridge. Impulse, BBU-36/S O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 3.10e-04 

RDX Cartridge, Impulse. MK 107 1.70e-04 1.80e-04 1.50e-04 1.70..-04 2.40e-04 

RDX Detonating train 1.10e-02 7.90e-03 3.70e-03 7.40e-03 1.20e-02 

RDX rlare, IR Countermeasure H20G 8.70e-05 5.40e-05 3.BOe-05 6.00e-05 6.20e-05 

RDX Fuze. Tail Bomb rHO-139 AlB 3.50e-04 3.80e-04 3. 00e-04 3.40e-04 3.40e-04 

RDX __ FI.I~,Tai1 Bomb FHO-54 AlB 9.70e-05 9.20e-05 B.00e-05 9.00e-05 1. 30e-04 
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RDX Gas Generator, GGU-2/A 2.10e-04 1.10e 04 1.00e 04 1.40e-04 1. 60e-04 
RDX Mine. Claymore, M18A1 1.00e-05 6.50e 07 1. 90e-OS 9.90e-06 1.20e-05 
RDX Signal, Illumination, Red Star AN-M43A2 1. 50e-04 2.00e-04 2.30e-04 1. 90e-04 1. 90e-04 
RDX Signal. Illumination. Red Star H15e 5.20e-05 5.40e-05 6.00e-05 5.50e-05 6.70e-05 
RDX TNT (ACC!) 1. 40e-06 1. 30e-06 9.70e-07 1. 20e-06 2.10e-06 
RDX TNT (ACC2) 9.60e-06 9.60e-06 1.00e-05 
RDX T4SE7 Adapter Booster 2.50e-04 2.90e-04 1.80e-04 2.40e-04 2.80e-04 
RDX 20 mm HEl Cartridge 1.30e-05 1.50e-05 7.10e-06 1.20e-05 3.00e-05 
RDX 40 mm HEl Cartridge 2.60e-05 3.30e-OS 5.20e-05 3.70e-05 3.:o10e-05 
Styrene Amatol surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Styrene ~tol surrogate with water O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Styrene Cartridge, Impulse, ARD 446-1 6.70e-06 4.10e-06 5.20e-06 5.40e-06 5.40e-06 
Styrene Cartridge. Impulse. BBU-36/B 2.40e-06 2.80e-06 5.60e-06 3.608-06 J.60e-06 
Styrene cartridge, Impulse, MK 107 9.50e-06 9.50e-06 9.20e-06 9.40e-06 1. 40e-05 
Styrene Composition B surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Styrene Detonating train 4.10e-06 3.00e-06 5.10e-06 4.10e-06 4.10e-06 
S1!yrene Flare. IR Countermeasure H206 7.60e-06 4.10e-06 9.50e-06 7.10e-06 7.80e-06 
Styrene Fuze, Tall Bomb FMU-139 AlB 3.20e-05 2.70e-05 3.00e-05 2.90e-05 3.10e-05 , 
Styrene Fuze, Tall Bomb FMU-54 AlB 5.60e-06 9.aOe-06 7.90e-06 7.80e-06 1.10e-05 
Styrene Gas Generator, GGU-2/A ·1.70e-06 8.80e-06 8.50e-06 8.30e-06 9.10e-06 
Styrene HBX surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Styrene ~ine, claymore, H18Al 2.10e-OJ 1. 40e-03 1.50e-03 1.70e-03 1.70e-OJ 
Styrene Signal. Illumination. Red Star AN-M43A2 6.20e-06 4.90e-06 2.40e-·06 4.50e-06 5.40e-06 
Styrene Signal. Illumination, Red Star HlS8 2.10e-06 3.50e-06 1.00e-06 2.20e-06 2.60e-06 
Styrene !Titonal surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Styrene Tritonal. surrogate with calcium stearate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
styrene Tritonal surrogate with water O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
styrene TNT (ACC1) O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Styrene TNT (ACC2) 1. 50e-06 1. 50e-06 1.50e-06 

Styrene T45E7 Adapter Booster 2.30e-04 7.40e-05 3.70e-05 1.20e-04 1.30e-04 

Styrene 20 rom HEI Cartridge O.OOe+OO 3.60e-06 O.OOe+OO 3.60e-06 3.60e-06 

Styrene 40 rom HEI Cartridge 4.20e-05 O.OOe+OO O.OOe+OO 4.20e-05 4.20e-OS 

S02 ~tol surrogate 3.20e-04 2.10e-04 2.50e-04 2.60e-04 

502 Amatol surrogate with water 1.10e-04 1.70e-04 1.10e-04 1.30e-04 I 

SOl Cartridge, Impulse. ARD 446-1 2.30e-04­ 2.30e-04 2.60e-04 2.40e-04 

S02 Cartridge, Impulse, BBU-36/a 3.80e-04 LOOe-04 .4.20e-04 4.00e-04 , 
, 

S02 Cartridge, Impulse. KK 107 3.00e-04 2.40e-04 2.30e-04 2.60e-0' I 

S02 Composition B surrogate 1.40e-04 1.40e-04 1.10e-04 1.30e-04 

502 Detonating train 6.70e-04 3.20e-04 3.70e-04 4.60e-04 

502 Flare, IR Countermeasure H206 5.eOe-04 1.20e-OJ 1. 30e-03 1. OOe-O) 

S02 Fuze, Tail Bomb FMU-l39 AlB 1.40e-03 1.30e-03 l.40e-03 1.40e-OJ I 
.. 

" 

J 
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502 Fuze, Tail Bomb FMU-54 AlB 4.80e-04 3.60e-04 3.80e-04 4.10e-04 
S02 Gas Generator, GGU-2/A 3.40e-04 4.50e-04 3.90e-04 4.00e-04 
502 !lBX surrogate 1.00e-04 1.10e-03 1.90e-03 1.10e-OJ 
502 Signal, Illumination. Red Star AN-M43A2 1. 30e-02 1.30e-02 1.30e-02 1.30e-02 
502 Signal. Illumination, Red Star MISS 2.70e-04 2.40e-05 4.l0e-OS. 1.10e-04 
502 Tritonal surrogate 1.20e-04 2.80e-04 7.80e-05 1.60e-04 
S02 Tritonal surrogate with calcium stearate 1. 90e-04 6.70e-0!S 1.20e-04 
S02 Tritonsl surrogate with water 2.60e-05 5.70e-05 5.90e-05 4.70e-05 
S02 '!NT \ACC2) 1.40e-04 1.40e-04 
S02 !NT (Sandia) 1.90e-04 1.20e-04 1.10e-04 1. 40e-04 
Tetrachloroethylene Amatol surrogate 3.10e-07 3.70e-07 O.OOe+OO 3.70e-07 3.70e-07 
[Tetrachloroethylene Amatol surrogate with water O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Tetrachloroethylene Cartridge, Impulse, ARD 446-1 2.20e-05 5.90e-05 2.60e-05 3.60e-05 6.30e-05 
Tetrachloroethylene Cartridge. Impulse. BBU-J6/s 3.20e-06 1. 60e-06 O.OOe+OO 2.40e-06 6.40e-06 
Tetrachloroethylene cartridge. Impulse, HI< 107 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Tetrachloroethylene composition B surrogate 2.10e-05 1. 90e-05 1.40e-05 1.SOe-05 3.50e-05 
Tetrachloroethylene Detonating train 1.20e-05 1.20e-OS 1.00e-05 1.10e-05 3.40e-05 
Tetrachloroethylene Flare. IR Countermeasure M206 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Tetrachloroethylene Fuze, Tail Bomb FMU-l39 AlB O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO ' 
Tetrachloroethylene fuze, Tail Bomb FMU-S4 AlB O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Tetrachloroethylene Gas Generator. GGU-2/A 7.00e-06 7.00e-06 3.60e-06 5.90e-06 5.90e-06 
Tetrachloroethylene HBX surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Tetrachloroethylene Mine, Claymore. MlSAl O,OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Tetrachloroethylene Signal. Illumination. Red Star AN-M43A2 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Tetrachloroethylene Signal. Illumination. Red Star Ml59 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Tetrachloroethylene Tritonal surrogate 1.90e-06 3.30e-06 2.90e-06 2.70e-06 4.10e-06 

Tetrachloroethylene Tritona1 surrogate with calcium stearate 3.70e-07 3.60e-07 3.70e-07 7.30e-07 

Tetrachloroethylene Tritonal surrogate with water O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Tetrachloroethylene TNT (ACCII O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Tetrachloroethylene nIT (ACC21 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Tetrachloroethylene T45E7 Adapter Booster O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Tetrachloroethylene 20 mm HEI cartridge O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Tetrachloroethylene 40 mm HEI Cartridge O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Titanium Amato1 surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Titanium ~tol surrogate with water O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Titanium cartridge. Impulse, ARD 446-1 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Titanium Cartridge. Impulse, BBU-36/B O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Titanium Cartridge. Impulse. 11K 107 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Titanium composition B surrogate O.OOe+OO 'O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Titanium Detonating train O.OOe+OO O.OOe+OO O.OOe+otl O.OOe+OO O.OOe+OO 

Titanium Flare. IR Countermeasure M2Q6 - O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
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Titanium fuze, Tail Bomb FMU-'139 11113 O.OOetOO O.OOe.OO O.OOe.OO O.OOetOO O.OOetOO 
Titanium Fuze. Tail Bomb FMU-S4 AlB O.OOetOO O.OOetOO O.OOetOO O.OOetOO O.OOetOO 
Titanium Gas Generator, GGU-2/A O.OOe+OO O.OOetOO O.OOe-OO O.OOetOO O.OOe+OO. 
Titanium HBX surrogate O.OOetOO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Titanium Hine, Claymore, H18Al 1.30e-04 1.30e-04 O.OOe,OO 
Titanium Signal, Illumination, Red Star AN-M43A2 O.OOe'OO. O.OOe+OO O.OOe+OO 0.00..+00 O.OOe+OO 
Titanium Signal, Illumination, Red Star MISS O.OOe'OO O.OOe+OO O.OOe+OO O.OOe.OO O.OOetOO 
Titanium ~ritonal surrogate O.OOetOO O.OOe.OO O.OOetOO O,OOetOO O.OOe+OO 
Titanium Tritonal surrogate with calciwn stearate O.OOetOO O.OOe+OO O.OOe+OO O.OOetOO 
Titanium Tritonal surrogate with water O.OOetOO O.OOetOO O.OOetOO O.OOetOO O.OOetOO 
Titanium nIT (ACC1) O.OOe+OO O.OOe+OO O.OOe+OO 
Titanium nIT (ACC2) O.OOe+OO O.OOe+OO O.OOe+OO 
Titanium T4SE7 Adapter Booster e.70e-OS 8.70e-05 B.70e-OS 
Titanium 20 m:n IIEI cartridge O.OOe.OO O.OOetOO O.OOetOO 
Titanium 40 mm HEI Cartridge O.OOe+OO . O.OOe+OO O.OOetOO 
Toluene Amatol surrogate 1.10e-OS 3.70e-06 5.20e-06 6.70e-06 2.00e-05 
Toluene ~tol surrogate with water B.lOe-OS 1.60e-04 1.20e-04 1. 20e-04 1. 60e-04 
Toluene Cartridge, Impulse, ARD 446-1 1.SOe-05 1. 50e-OS 2.00e-OS l.70e-OS S.40e-05 
Toluene Cartridge, Impulse, BBU-36/B 1. 30e-OS 7.90e-06 6.40e-06 9.l0e-06 4.70e-05 
Toluene Cartridge, Impulse, MK 107 IL 40e-06 9.70e-06 B.90e-06 9.00e-06 2.00e-05 
Toluene Composition 13 surrogate 4.aOe-06 3.70e-06 9.50e-0$ 6.00e-06 2.10e-05 
Toluene Detonating train 1.70e-06 3.60e-06 7.20e-06 4.20e-06 5.70e-05 
Toluene Flare, IR Countermeasure M206 3.10e-05 2.30e-05 3.00e-05 2,aOe-OS 4.l0e-OS i 

Toluene Fuze, Tail Bomb FHU-139 AlB 2.30e-05 2.20e-OS 2.S0e-OS a.JOe-05 3.008-05 
, 

Toluene Fuze, Tail Bomb FHU-54 AlB 2.00e-05 4.30e-05 3.20e-OS 3.20e-05 5.10e-05 
Toluene Gas Generator, GGU-2/A S.90e-06 1.90e-OS 1. 30e-OS 1.30e-05 S.4.0e-05 
Toluene HBX surrogate 4.aOe-06 8.20e-07 4.50e-06 3.30e-06 5.30e-05 
Toluene ~1ine, Claymore, M18Al 1. 90e-04 2.S0e-04 J.IOe-04 2.S0e-04 2.60e-04 I 

Toluene Signal, Illumination, Red Star AN-M43A2 2.90e-05 2.90e-OS 3.00e-OS 3.00e-05 4.30e-OS 
, 

Toluene Signal, Illumination, Red Star M158 2.50e-OS 2.40e-OS 2.70e-05 l.SOe-OS 3.90e-05 

Toluene Tritonal sUrrogate 1.90e-06 O.OOetOO 1. 80e-06 1.aOe-06 !i.JOe-OS 

Toluene Tritonsl surrogate with calcium stearate O.OOe+OO O.OOe+OO O.OOe-OO 6.40e-05 
Toluene Tritonal surrogate with water l.l0e-04 3.40e-OS 7.90e-OS 7.JOe-05 1.60e-04 

Toluene TNT (ACel) 6.50e-06 3.80e-06 O.OOe+OO S.10e-06 1. 20e-OS 
, 
, 

Toluene nIT (ACC21 1. SOe-06 1.50e-06 2.10e-05 

Toluene T45E7 Adapter Booster 5.50e-OS 4.S0e-05 5.60e-05 S.20e-05 1.40e-OS 

Toluene 20 IIIlI IIEI Cartridge 2.80e-05 3.40e-05 2.90e-OS l.00e-05 6.40e-05 

Toluene 40 m:n HEl Cartridge 2.60e-05 O.OOetOO 0.008+00 2.6De-05 6.40e-OS 

Total Alkanes (Paraffins) Amatol surrogate 1. OOe-OS 1. 60e-05 2.10e-OS 1. 60e-OS 4.10e-05 

Total Alkanes (Paraffins) ~tol surrogate with water 1.10e-03 1.10e-03 1. 40e-OJ 1. 20e-03 1.40e-03 

Total Alkanes (Paraffins) Cartridge, Impulse, ARD 446-1 5.20e-05 4.l0e-OS 6.l0e-05 5.iOe-05 1.30e-04 
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-
Total Alkanes (Faraffins) Cartridge, Impulse, BBU-36/B 3.30e-05 3.60e-05 4.liCe-05 3.80e-05 1.40e-04 
ITotal Alkanes (Faraf fins) Cartridge, Impulse, MK 107 2.90e-06 1. ~Oe-OS 7.60e-06 6.90e-06 3.90e-05 
ITotal Alkanes (Paraffins) Composition B surrogate 1.30e-05 : 6.30e-06 1.50e-€l5 1.10e-05 4.30e-05 
Total Alkanes (Paraffins) Detonating train 1.S0e-05 2.80e-05 3.90e-05 2.90e-05 1.50e-04 
Total Alkanes (Paraffins) Flare, IR Countermeasure M206 8.00e-06 O.OOe+OO 1.20e-05 9.90e-06 3.90e-05 
Total Alkanes (Paraffins' Fuze, Tail Bomb FMU-139 AlB 1.30e-05 2.60e-05 5.30e-06 1.s0e-05 4.20e-05 
Total Alkanes (Paraffins) Fuze, Tail Bomb FMU-54 AlB 2.20e-05 2.30e-05 O.OOe+OO 2.20e-05 8.90e-05 
Total Alkanes (Paraffins, Gas Generator, GOU-2/A 4.50e-05 5.80e-05 2.70e-05 4.30e-05 1; 70e.-04 
Total Alkanes (Paraffins) HBX surrogate 2.50e-05 8.20e-07 1.10e-05 1.40e-05 1. 50e-04 
Total Alkanes (Paraffins) Mine. Claymore, Ml8Al 6.50e-05 6.80e-05 8.10e-05 7.10e-05 1.20e-04 
Total Alkanes (paraffins) Signal, Illumination. Red Star AN-H43A2 2.30e-05 9.10e-06 1.20e-05 1.50e-OS 3.60e-OS 
Total Alkanes (paraffins. Signal, Illumination. Red Star M1S8 3.70e-05 4.10e-OS 4.10e-06 2.70e-OS 6.70e-05 
Total Alkanes (paraffins) Tritonal surrogate 3,10e-06 O.OOe+OO 1.60e-05 1. 00e-05 2.10e-04 
Total Alkanes (paraffins) Tritonsl BUrrogate with calcium stearate O.OOe+OO O.OOe+OO O.OOe+OO 2.00e-04 
Total Alkanes (paraffins. Tritonal surrogate with water 1.40e-04 1. 60e-04 3.70e-04 2.20e-04 5.«Oe-04 
Total Alkanes (Paraffins' TNT (ACC1' O.OOe'OO O.OOe+OO O.OOe+OO O.OOe+OO 7.50e-05 
Total Alkanes (Paraffins) TNT (ACC2) 3.30e-06 3.30e-06 «.00e-05 
Total Alksnes (Paraffinsl TNT (Sandia' 1.20e-05 8,50e-06 S.40e-06 8.60e-06 
Total Alkanes (Paraffins) T45E7 Adapter Booster 5.60e-05 6.70e-OS 1.40e-04 8.70e-OS 2.10e-04 
Total Alkanes (Paraffins. 20 11m HEl Cartridge 1.20e-04 1.40e-04 2.40e-04 1.70e-04 3.90e-04 
Total Alkanes (Paraffins) 40 I'!III HEI Cartridge 1. 60e-04 O.OOe+OO O.OOe+OO 1.60e-04 4.70e-04 
Total Alkenes (Olefins) Amato! surrogate 2.S0e-04 7.20e-OS 9.60e-05 1.40e-04 1.40e-04 
Total Alkenes (Olefins) Amatol surrogate with water L30e-03 1.40e-03 1.70e-03 1.50e.,.03 1. SOe-03 
Total Alkenes (Olefinsl Cartridge, Impulse. ARD 446-1 8.10e-04 6.20e-04 6.10e-04 6.80e~04 1.00e-03 
Total Alkenes (Olefins) cartridge. Impulse. BBU"36/B 5,10e-04 5.00e-04 6.20e-04 5.40e~04 1.l0e-03 
Total Alkenes (Olefins) Cartridge. Impulse. HK 107 S,60e-04 (.90e-04 4.10e-04 4,80e-04 1.10e-04 
Total Alkenes (Olefins) composition B surrogate 2.50e-OS 2,30e-05 5.30e-05 3.40e-05 3.S0e-OS 
Total Alkenes (Olefins) Detonating train 7.70e-04 6.40e-04 6.60e-04 6.90e-04 1.10e-03 
Total Alkenes (Olefins) Flare. lR Countermeasure M206 4.40e-04 4.30e-04 4.80e-04 4.50e-04 «.60e-04 
Total Alkenes (olefins) Fuze, Tail Bomb FHU-139 AlB !I.20e-04 1.20e-03 1.20e-03 1.10e-03 1.10e-03 
Total Alkenes IOlefins) Fuze. Tail Bomb FHU-54 AlB 5.40e-Ot 9.JOe-04 1.S0e-04 1.40e-04 9.90e-04 

Total Alkenes (Olefins) ~as Generator. GGU-2/A 1.JOe-03 1.40e-03 1.60e-03 1.40e-03 1.S0e-OJ 
Total Alkenes (Olefins) HBX surrogate a.00e-05 6.70e-05 1.30e-04 9.40e-05 9.90e-05 

Total Alkenes (01efins' Mine, Claymore. NISAI 1. OOe-OJ 1. 40e-03 1,50e-03 1. 30e-03 1.30e-OJ 

Total Alkenes (olefins) Signal, Illumination. Red Star AN-M4JA2 5.50e-04 6.S0e-04 S.90e-0( G.00e-04 6.00e-OC 

Total Alkenes (Dlefins) Signal. Illumination, Red Star MIS8 6.40e-04 7.80e-04 «.50e-d. 6.20e-04 6.30e-04 

Total Alkenes (Olefins) Tritonal surrogate 2.40e-04 I.SOe-04 8.30e-OS 1.60e-04 1,70e-Ot 

Total Alkenes (olefins) Tritonal surrogate with calcium stearate 7.60e-05 4.fOe-OS 6.10e-05 6.90e-OS 

Total Alkenes (Olefins) Tritonal surrogate with water 5.90e-03 5,50e-03 6.10e-03 S.90e-03 5.90e-03 

Total Alkenes (Olefine) TNT (ACCl) ?70e-OS 6.50e-05 3.90e-05 6.00e-OS 6.40e-05 

Tota! ~l~enes (Olefins) ---..-­... ­ TNT_ {ACC21 4.20e-OS 4.20e-05 4.40e-OS 

':"" 
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Total Alkenes (Olefins) 1NT (Sandia) 5.00e-06 1.70e-05 1.70e-05 1 30e-OS 
Total Alkanes (Olefins) T45E7 Adapter Booster 1. SOe-OJ' 1. 30e-03 1.10e-OJ 1. 40e-03 1.40e-03 
Total Alkenes (Olefins) 20 rom HEI Cartridge 6.80e-04 4.60e-04 6.10e-04 5.80e 04 9.20e-04 
Total Alkenes (Olefins) 40 rom HEI cartridge 2.00e-04 1.50e-04 1.10e-04 1.S0e-04 <I.40e-04 
Total Aromatics ~tol surrogate 5.80e-05 2.80e-05 '.20e-OS 4.30e OS 8.JOe-05 • 
Total Aromatics ~tol surrogate with.~ater 3.30e-04 3.70e-04 4.80.. 04 3.90e-04 4.70e-04 
Total Aromatics cartridge. ImPulse. ARC 446-1 1.00e-04 9.50e-05 1. 00e-04 1.00e-04 2.40e-04 
Total Aromatics Cartridge, ImPulse, BBU-36/B 7.40e-05 6.20e-05 5.70e-05 6.40e-05 2.10e-04 
Total Aromatics Composition Bsurrogate 1.70e-05 1.S0e-05 3.60e-OS 2.'Oe-OS 7.10e-05 
Total Aromatics Detonating train 3.40e-05 4.00e-05 4.40e-05 3.90e-05 2.00e-04 
Total Aromatics Flare. IR Countermeasure M206 9.10e-05 7.00e-05 9.70.-05 8.60..-05 1.20e 04 
Total Aromatics Fuze, Tail Bomb FHU-139 A/B 1.S0e-04 1.80e-04 2.00e-04 1.90e-04 2.10e-04 
Total Aromatics Fuze. Tail Bomb FHU-54 A/B 9.90e-05 2.40e-04 1.70e-04 1.70e-04 2.7ge-04 
Total Aromatics Gas Generator. GGU-2/A 1.20e-04 1. 70e-04 1.80e-04 1.60e-04 2.80e-04 
Total Aromatics HBX surrogate O.OOe+OO 1.10e-05 3.10e-05 2.10e-05 1.50e-04 
Total Aromatics Mine, Claymore, H18Al 3.10e-03 3.00e-03 3.10e-OJ 3.00e-OJ 3.10e-03 
Total Aromatics Signal, Illumination. Red Star AN-M43A2 7.00e-05 7.80e-05 6 80e-05 7.20e-05 1.00e-04 
Total Aromatics Signal, Illumination. Red Star M158 6.30e-05 6.70e-05 5.80e-05 6.30e-05 9.60e-05 
Total Aromatics Tritonal surrogate 3.40e-05 2.20e-05 2.30e-05 2.70e-05 1.70..-04 
Total Aromatics Tritonal surrogate with calcium stearate O.OOe+OO 1.40e-05 1.40e-05 1. 60e-04 
Total Aromatics Tritona1 surrogate with water 4.70e-04 1. BOe-04 3.60e-04 3.40e-04 5.20e-04 
Total IIromatics 1NT (ACClI 1.70e-05 1. 50e-05 O.OOe+OO 1.60e-05 6.10e-05 
Total Aromatics 1NT (ACC2) 3.00e-06 3.00e-06 6.00e-05 
Total Aromatics 1NT (Sandia' 2.70e-06 9.90e-06 1.20e-05 8.20e-06 
Total Aromatics T45E7 Adapter Booster S.10e-04 3.20e-04 2.50e-04 3.60e-04 4.20e-04 
Total Aromatics 20 mm HEI Cartridge 2.10e-04 2.10e-04 2.30e-04 2.10e-04 3.S0e-04 
Total Aromatics 40 mm HEI Cartridge 1. 00e-04 O.OOe+OO 0.00..+00 1.00e-04 2.60e-04 
Total HpCDD Signal, Illumination. Red Star AN-M43A2 2.60e-l0 5.70e-l0 1.00e-09 6.10e-l0 6.10e-lO 
Total Non-methane Hydrocarbons ~tol surrogate 7.50e-04 3.40e-04 2.60e-04 4.50e-04 5.90e-04 

Total Non-methane Hydrocarbons ~to1 surrogate with water 3.60e-03 3.S0e-03 4.00e-03 3.80e-OJ 4.20e-03 

Total Non-methane Hydrocarbons Cartridge, Impulse, ARD 446-1 1.10e-03 9.10e-04 9.10e-04 9.S0e-04 1. 70e-03 

Total Non-methane Hydrocarbons Cartridge, Impulse, 8BU-36/B 7.50e-04 7.10e-04 B.40e-04 7.70e-04 1.70e-03 

Total Non-methane Hydrocarbons cartridge. Imp~lse, HK 107 7.30e-04 6.50e-04 5.60e-04 6.40e-04 1. 00e-03 

Total Non-methane Hydrocarbons composition S surrogate 5.50e-05 1. 30e-04 1.S0e-Ot 1.l0e-Ot 3.00e-04 

Total Non-methane Hydrocarbons Detonating train 9.20e-04 8.10e-04 8.30e-04 8.50e-04 L60e-03 

Total Non-methane Hydrocarbons Flare, IR Countermeasure H206 5.80e-04 5.60e-04 6.90e-04 6.10e-04 7.10e-04 

Total Non-methane Ilydrocarbons Fuze, Tail Bomb FHO-139 A/B 1. ;lOe-03 1.50e-03 1.50e-03 1.40e-03 1. 50e-03 

Total Non-methane Hydrocarbons Fuze. Tail Bomb FHO-54 AlB 7.10e-04 1. 30e-03 9.80e-04 9.90e-04 1. 50e-03 

Total Non-methane Hydrocarbons Gas Generator. GGU-2/A 1.60e-03 1.70e-03 2.00e-03 1.80e-03 2.10e-03 

Total Non-methane Hydrocarbons HBX surrogate 2.00e-04 7.70e-05 2.70e-04 1.80e-04 5.8Oe-04 

Total NOll-methane Hvdrocarbons Mine, Claymore, M18A1 
~-

4.10e-03 4.80e-03 5.2.Q!!-03 •. 90e-03 5.10e-03 

-', 
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Total Non-methane Hydrocarbons Signal, Illumination, Red Star lIN-M43!12 6.80e-04 a.50e-04 7.10e-04 7.40e-04 8.40e-04 
Total Non-methane Hydrocarbons Signal, Illumination, Red Star MIS8 7.90e-04 9.50e-04 S.70e-04 7.70e-04 8.BOe-04 
Total Non-methane Hydrocarbons Tritonal surrogate 3.90e-04 2.60e 04 1. BOe-04 2.80e-04 7.50e-04 
Total Non-methane Hydrocarbons Tritonal surrogate with calcium stearate 2.80e-05 5.10e-05 4.00e-05 5.40e-04 
Total Non-methane Ilydrocarbons Tritonal surrogate with water 7.00e-03 6.50e 03 7.90e-03 7.10e-03 7.80e-03 
Total Non-methane Hydrocarbons TNT (!lCCl) O.OOe+OO 2.80e-05 O.OOe+OO 2.80e-05 5.50e-04 
Total Non-methane Ilydrocarbons TNT (ACC2) 4.00e-05 4.00e-05 2.10e-04 
Total Non-methane Hydrocarbons T45E7 Adapter Booster 2.70e-03 1. 60e-03 1.40e-03 1. 90e-03 2.60e-03 
Total Non-methane Ilydrocarbolls 20 mm HEI Cartridge 1. 30e-03 9.20e-04 1.30e-03 1.20e-03 2.60e-03 
Total Non-methane Hydrocarbons 40 mm HEI Cartridge 6.50e-04 O.OOe+OO 9.00e-06 3.30e-04 2.40e-03 
Total Unidentified I!ydrocax-bons Amatol surrogate 4.40e-04 2.30e-04 1.00e-04 2.50e-04 3.30e-04 
Total Unidentified Hydrocarbons i'lrnatol surrogate with water 8.10e-04 B.50e 04 4.30e-04 7.008-04 B.00e-04 
Total Unidentified Hydrocarbons Cartridge. Impulse, ARD 446-1 1.50e 04 1.50e-04 1. 30e-04 1.40e-04 2.80e-04 
Total Unidentified Hydrocarbons Cartx-idge, Impulse. B8U-36/B 1.30e-04 1. 20e-04 1. 20e-04 1.20e-0« 3.10e-04 
Total unidentified Hydrocarbons Cartridge, Impulse. HK 107 7.20e-05 6.00e-05 6.50e-05 6.60e-05 1.30e-04 
Total Unidentified lIydrocax-bons composition B surrogate 3.70e-07 8.60e-05 5.00e-05 4.50e-05 1.50e-04 i 

Total Unidentified Hydrocarbons Detonating train 1.00e-04 1.00e-04 8.20e-05 9.60e-05 2.40e-04 I 

Total Unidentified Hydrocarbons Flare. IR Countermeasure M206 3.80e-05 . 6. 50e-05 9.50e-05 6.60e-05 ~LOOe-05 I 
Total Unidentified Hydrocarbons Fuze, Tail Bomb FMU-139 AlB 9.60e-05 1.30e-04 B.30e-OS 1.00e-OC 1.40e-04 
Total Unidentified Hydx-ocarbons Fuze, Tail Bomb FMU-54 AlB 5.10e-05 8.00e-05 7.00e-05 6.70e-05 1.20e-04 
Total Unidentified Hydrocarbons Gas Generator, GGU-2/A 1.40e-04 1.20e-04 1.BOe-04 1.50e-04 2.10e-04 
Total Unidentified lIydrocarbons HBX surrogate 7.30e-05 O.OOe+OO B.40e-05 7.90e-05 1.BOe-04 
Total Unidentified nydrocarbons Mine, Claymore, HleAl 5.10e-04 4.00e-04 5.60e-04 4.90e-04 6.30e-04 
Total Unidentified Hydrocarbons Signal, Illumination, Red Star AN-M43A2 3.30e-05 1.10e-04 4.20e-05 6.10e-05 1.00e-04 
Total Unidentified Hydrocarbons Signal, Illumination, Red Star M158 4.10e-05 6.BOe-05 5.80e-05 5.60e-05 9.10e-05 
Total Unidentified Hydrocarbons Tritonal surrogate 1.20e-04 9.60e-05 5.40e-05 9.00e-05 2.00e-OC 
Total Unidentified Hydrocarbons Tritonal surrogate with calcium stearate O.OOe+OO 3.60e-06 3.60e-06 1.20e-04 
Total Unidentified Hydrocarbons Tx-itonal surx-ogate with water 4.70e-04 6.00e-04 1.10e-03 7.lOe-04 8.70e-04 
Total Unidentified Hydrocarbons TNT (ACC1) O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 3.50e-OC 
Total Unidentified Hydrocarbons T4SE7 Adapter Booster 3.10e-04 O.OOe+OO O.OOe+OO 3.10e-04 5.70e-04 
Total Unidentified Ilydx-ocarbons 20 mm HEI Cartridge 3.00e-04 1. 20e-04 2.40e-04 2.20e-04 1.00e-03 
Total Unidentified Hydrocarbons 40 mm HEI Cartridge 1.80e-04 O.OOe+OO 2.00e-04 1.90e-04 1:408-03 
Vinyl chloride ~tol surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Vinyl chloride ~tol surrogate with water O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO o.00e+00 
Vinyl chloride Cartridge, Impulse, ARC 446-1 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Vinyl chloride Cartridge, Impulse, B8U-36/B 6.10e-07 2.50e-06 1. 90e-06 1.70e-06 1. 70e-06 
Vinyl chloride Cartridge. Impulse. 11K 107 2.40e-06 O.OOe+OO O.OOe+OO 2.40e-06 2.40e-06 
Vinyl chloride Composition B surrogate 0.008+00 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Vinyl chloride Detonating train 1.30e-06 O.OOe+OO O.OOe+OO 1.30e-06 1. 30e-06 
Vinyl chloride flare. IR Countermeasure M206 1.50e-06 1.50e-06 1.50e-06 1. 50e-06 1. 50e-06 

Vinyl chloride Fuze Tail Bomb' FHU-139 AlB 2.208-06 2.20e-06 1.10e-06 1.BOe-06 1. 80e-06. 
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Total Non~methane Hydrocarbons Signal, Illumination, Red Star AN-H43A2 6.80e-04 8.50e~04 7.10e-04 7.40e-04 8.tOe-Ot 
Total Non-methane Hydrocarbons Signal, Illumination. Red Star HISS 7.90e-04 !I.50e-04 5.70e-04 7.70e-04 B.BOe-Ot 
Total Non-methane Hydrocarbons Tritonal surrogate 3.90e-04 2.60e-04 1.80e-04 2.80e-04 7.50e-04 
Total Non-methane Hydrocarbons Tritonal surrogate with calcium stearate 2.80e-05 5.10e-05 4.00e 05 S.40e O' 
Total Non-methane Ilydrocarbons Tritonal surrogate with water 7.00e-03 6.50e-03 7.90e 03 7;10e-03 7.80e-0) 
Total Non-methane Hydrocarbons TNT (ACCll O.OOe+OO 2.80e-05 O.OOe+OO 2.80e-05 5.50e-04 
Total Non-methane Hydrocarbons TNT (ACC21 4.00e-05 4.00e-05 2.10e-0' 
Total Non-methane Hydrocarbons T45E7 Adapter Booster 2.70e-03 1.60e-03 1.40e-03 1.90e-03 2.60e-03 
Total Non-methane Hydrocarbons 20 rum HEI Cartridge 1.30e-03 9.20e-04 1.30e-03 1.20e-03 2.60e-03 
Total Non-methane Hydrocarbons 40 mm HEI Cartridge 6.50e-04 O.OOe+OO 9.00e-06 3.30,,-04 2.40e-03 
Total Unidentified Hydrocarbons ~tol surrogate t.40e-04 2.30e-04 1.00e-04 2.50e-04 3.30,,-04 
Total Unidentified Hydrocarbons Amatol surrogate with water 8.10e-04 8.50e-04 4.JOe-04 7.00e-04 8.00e-04 
Total Unidentified Hydrocarbons Cartridge, Impulse, ARD 446-1 1. 50e-04 1.50e 04 1. JOe 04 1.40e-04 2.80e-04 
Total Unidentified Hydrocarbons Cartridge, Impulse, BBU-36/B 1. 30e-04 1.20e-04 1.20e-04 1.20e-Ot 3.10e-04 
Total Unidentified Hydrocarbon~ Cartridge, Impulse, 11K 107 7.20e-05 6.00e-05 6.50e-05 6.60e-05 1.30e-0' 
Total Unidentified Hydrocarbons Composition B surrogate 3.70e-07 9.60e-05 5.00e-05 4.50e,05 1.50e-04 
'1'otal unidentified Hydrocarbons Detonating train 1.00e-04 1.00e-04 8.20e-05 9.60e-05 2.40e-04 
Total Unidentified Hydrocarbons Flare, IR Countermeasure H206 3.80e-05 6.50e-05 9.50e-05 6.60e-05 9.00e-05 
Total Unidentified Hydrocarbons Fuze, Tail Bomb fHU-139 AlB 9.60e-05 1.30e-04 8.30e-05 l,OOe-04 1.40e-04 
Total Unidentified Hydrocarbons Fuze, Tail Bomb FMU-54 AlB 5.10e-05 8.00e-05 7.00e-05 6.70e-05 1.20e-04 
Total Unidenti Ued Hydrocarbons Gas Generator, GGU-2/A 1.40e-04 1.20e-04 1.90e-04 1.50e-04 2.10e-04 
Total Unidentified Hydrocarbons HBX sunogate 7.30e-05 O.OOe+OO 8.40e-05 7.90e-05 1.80e-04 
Total unidentified Hydrocarbons Mine, Claymore. H18Al 5.10e-04 4.00e-04 5.60e-04 4.90e-04 6.30e-04 
Total Unidentified Hydrocarbons Signal. Illumination. Red Star AN-Ht3A2 3.30e-05 1.10e-04 4.20e-05 6.10e-05 1. 00e-04 . 
Total Unidentified Ilydrocarbons Signal, Illumination. Red Star H158 4.10e-05 6.BOe-05 5.80e-05 5.60e-05 9.10e-05 
Total Unidentified Hydrocarbons Tritonal surrogate 1.20e-04· 9.60e-OS 5.40e-05 9.00e-05 2.00e-04 
Total Unidentified Hydrocarbons ~ritonal surrogate with calcium stearate O.OOe+OO 3.60e-06 3.60e-06 1.20e-04 
Total Unidentified Hydrocarbons Tritonal surrogate with water 4.70e-04 6.00e-04 1.10e-03 7.ll)e-04 8.70e-04 
Total unidentified llydrocarbons TNT (ACCl) O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 3.50e-04 

Total Unidentified Hydrocarbons T45E7 Adapter Booster 3.10e-04 O.OOe+OO 0.008+00 3.10e-04 5.70e-04 

Total Unidentified Hydrocarbons 20 rom HEI Cartridge 3.00e-04 1.20e-04 2.40e-04 2.20e-04 1. 00e-03 

Total unidentified Hydrocarbons 40 mm HEI Ca~tridge 1. 80e-04 O.OOe+OO 2.00e-04 1.90e-04 1 :40e-03 

Vinyl chloride ~tol surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

vinyl chloride ~tol surrogate with water O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Vinyl chloride Cartridge, Impulee, ARD 446-1 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

vinyl chloride cartridge. Impulse, BBU-36/B 6.10e-07 2.50e-06 1.90e-06 1.70e-06 1.70e-06 

Vinyl chloride Cartridge. Impulse. 11K 107 2.40e-06 O.OOe+OO O.OOe+OO 2.40e-06 2.40e-06 

Vinyl chloride Composition B SUrrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Vinyl chloride Detonating train 1. 30e-06 0.00,,+00 O.OOe+OO 1. 30e-06 1. 30e-06 

vinyl chloride Flare. IR Countermeasure M206 1.50e-06 1.50e-06 1. 50e-06 1.50e-06 1. 50e-06 

Vinyl chloride Fuze, Tail Bomb f"HU-139 AlB 2.20e-06 2.20e-06 1.10e-06 1.S0e-06 1.80e-06 • 
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Vinyl chloride Fuze. Tail Bomb FMU-54 AlB O.OOe+OO 6.70e-07 6.90e-07 6.80e-07 6.80e-07 
Vinyl chloride Gas Generator. GGU-2/A 2.50e-05 2.80e-05 7.70e-05 '.40e-05 4.'Oe-05 
Vinyl chloride HBX surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Vinyl chloride Mine. Claymore. M18Al 1.IOe-06 1.lO~-06 1.10e-06 
Vinyl chloride Signal. Illumination. Red Star AN-M43A2 2.30e-06 2.30e-06 2.30e-06 2.30e-06 2.30e-06 
Vinyl chloride Signal. Illumination. Red Star H158 B.00e-07 1. 60e-06 7.80e-07 1.10e-06 1.10e-06 
Vinyl chloride Tritonsl surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Vinyl chloride Tritonal surrogate with calcium stearate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Vinyl chloride Tritonsl surrogate with water O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Vinyl chloride TNT (ACCl) O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Vinyl chloride TNT (ACC2! O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Vinyl chloride T45E7 Adapter Booster O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Vinyl chloride 20 rom HEI cartridge O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Vinyl chloride 40 mm HEI Cartridge O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Zinc ~tol surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Zinc ~tol surrogate with water O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Zinc Cartridge, Impulse. ARC 446-1 O.OOe+OO O..oOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Zinc cartridge, Impulse, BBU-36/B O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO , 
Zinc Cartridge, Impulse. Ml< 107 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO I 

Zinc composition B surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Zinc Detonating train O.OOe+OO O.OOe+OO O.OOe+OO 0.00.+00 O.OOe+OO 
Zinc Flare, IR Countermeasure M206 O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
Zinc Fuze, Tail Bomb FMU-139 AlB 8.20e-03 5.40e-03 5.00e-03 6.20e-03 6.30e-03 
Zinc Fuze. Tail Bomb FMU-S4 AlB O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 8.20e-05 
Zinc Gas Generator. GGU-2/A 1.60e-04 2.40e-04 I.SOe-04 1.80e-Ool 2.10e-04 
Zinc Hax surrogate O.OOe+OO 2.10e-04 2.60e-0' 1.40e-04 1.40e-04 
Zinc Hine. Claymore, Ml8A1 I.GOe-03 O.OOe+OO O.OOe+OO 1.60e-03 8.00e-05 
Zinc Signal, Illumination. Red Star AN-M43A2 5.BOe-04 2.70e-04 1.80e-04 3.40e-04 3.50e-04 
Zinc signal , Illumination, Red star M158 O.OOe+OO O.OOe+OO O.OOe.OO O.OOe+OO O.OOe+OO 

Zinc Tritonal surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Zinc Tritonal surrogate with calcium stearate 1. 60e-04 O.OOe+OO 7.00e-05 7.70e-05 

Zinc Tritona1 SUrrogate with water O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 

Zinc TNT (ACCI) O.OOe+OO O.OOe+OO O.OOe+OO 

Zinc 1m' (ACC2) 1.00e-05 1. 00e-05 2.00e-05 

Zinc T45E7 Adapter Booster 2.90e-03 2.90e-03 4.20e-04 

Zinc 20 rom HEI Cartridge 1.60e-02 1. 60e-OJ 7.40e-03 

Zinc 40 mm HEI cartridge 1.10e-03 1.10e-03 2.BOe-04 

I-Butene Amatol surrogate 1.90e-06 O.OOe+OO 1.50e-06 1.70e-06 1.709-06 

1 Butene Amatol surrogate with water 8.10e-05 I.SOe-04 7.90e-05 1.00e-041 1.00e-04 

I-Butene cartridge. Impulse, ARC 446-1 O.OOe+OO O.OOe+OO a.00e+00 O.OOe+OO O.OOe+OO 

l-Butene Cartridge, lmpuls~ ~BU-36/B 6.00e-06 6.40e-06 9.40e-06 7.30.-06 7.30e-06 
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I-Butene Cartridge, Impulse. 11K 107 
I-Butene Composition B surrogate 
1 Butene Detonating train 
I-Butene Flare. IR Countermeasure H206 
1 Butene Fuze, Tail Bomb FKU-139 AlB 
I-Butene Fuze. Tail Bomb FMU-54 AlB 
I-Butene Gas Generator. GGU-2/A 
I-Butene HSX sUrrogate 
I-Butene Mine. Claymore, Hl8A1 
I-Butene Signal. lilurolnation, Red Star AN-M43A2 
I-Butene Signal, lilurolnation. Red Star Hl5B 
I-Butene Tritonal surrogate 
I-Butene Tritonal surrogate with calcium stearate 
I-Butene Tritonal surrogate with water 
I-Butene TNT (,IICC1) 
I-Butene TNT (ACC2) 
I-Butene T45E7 Adapter Booster 
I-Butene 20 rom HEl.Cartridge 
I-Butene 40 lIlT! IIEI Cartridge 
I-Hexene ~tol surrogate 
I-Hexene ~tol surrogate with water 
1-lIexene Cartridge, Impulse, ARO 446-1 
I-Hexene Cartridge, Impulse, BBU-36/B 
I-Hexene Cartridge, Impulse, HK 107 
1-Hexene composition B surrogate 
l-llexene Detonating train 
i-Hexene Flare, lR Counte.rmeasure Hl06 
I-Hexene Fuze, Tail Bomb FHU-139 AlB 
I-Hexane Fuze, Tail Bomb FMU-54 AlB 
1-Hexene Gas Generator, GGU-2/A 
1-Hexene IIBX surrogate 
1-Hexene Mine. Claymore, M1BAI 

l-llexene Signal, Illumination. Red Star AN-M43A2 

I-Hexene Signal. Illumination. Red Star M15B 

1-Hexene Tritonal surrogate 

I-Hexene Tritonal surrogate with calcium stearate 

1-Hexene Tritonal surrogate with water 

1-lIexene TNT (ACC!) 

I-Hexene TNT (ACC2) 

I-Hexene T45E7 Adapter Booster 

1-Hexene 20 mm HEI cartridge 

1.10e-05 1.00e-05 
7.40e-07 O.OOe+OO 
3.10e-05 O.OOe+OO 
7.30e-06 6.20e-06 
1.70e-05 1.60e-05 
!I.aOe-06 1.30e-05 
4.10e-05 3.90e-05 
8.00e-06 4.50e-06 
5.90e-06 9.BOe-06 
1.30e-05 1. 20e-05 
2.40e-05 2.60e-05 
O.OOe+OO 1. 50e-06 

5.50e-06 
2.80e-05 1.90e-05 
1.80e-06 1.90e-06 
1.50e-06 
o OOe+OO 4.50e-05 
() OOe+OO 2.20e-05 
6.60e-06 5.00e-06 
2.60e-06 1. 50e-06 
3.50e-05 7.40e-05 
1.90e-05 1.BOe-05 
1. 60e-05 1.80e-05 
1.30e-06 6.60e-06 
1. 50e-06 1.90e-06 
2.30e-05 2.20e-05 
5.60e-06 5.50e-06 
8.80e-06 9.20e-06 
6.50e-06 a.60e-06 
1.20e-05 1.10e-05 
2.20e-06 2.50e-06 
2.40e-06 2.50e-06 
9.00e-06 1.10e-05 
1. 90e-05 1.BOe-05 
2.60e-06 1.10e-06 

2.90e-06 

1.80e-05 1. 90e-05 

2.30e-06 2.40e-06 
1. 50e-06 
3.40e-05 2.80e-05 

4.90e-06 4.30e-06 

8.60e 06 1.00e-05 
1.aOe-06 1.30e 06 
O.OOe+OO 3.10e 05 
1.10e-05 8.10e-06 
1. 60e-05 1.60e 05 
9.50e-06 ~.J,Oe-OS 

4.60e-05 4.20e 05 

6.30e-06 6.)Oe-06 
7.10e-06 1.60e-06 
1. 00e-05 1.20e-05 
1.90e-05 2.30e-05 
2.50e-06 2.00e-06 
1.BOe-06 3.70e-06 
2.70e-05 2.50e-05 
1.90e-06 1. 90e-06 

l.50e-06 
5.40e-05 4.90e-05 
2.10e-05 2.40e-05 
3.30e-06 5.00e-06 
1.90e-06 2.00e-06 
4.50e-05 5.10e-05 
1.70e-05 1.80e-\15 
2.30e-05 1.90e-05 
7.30e-06 7.10,-06 
1.50e-06 1. 60e-06 
2.80e-05 2.40e-05 
6. BOe-06 6.00e-06 
8.20e-06 8.70e-06 
6.40e-06 7.20e-06 
1.20e-05 1.20e-05 
3.30e-06 2.70e-06 
2.40e-06 2.40e-06 
8.60e-06 9.50e-06 
1.60e-05 1.70e-05 
2.50e-06 2.10e-06 
a.60e-06 2.BOe-06 
2.60e-05 2.10e-05 
1. 90e-06 2.20e-06 

1.50e-06 
2.30e-05 2.80e-05 
4.l0e-06 4.40e-06 

1.00e-05 
1.10e-06 

3.10e-05 

B.I0e 06 
1.60e-05 
1.10e 05 
4.20e-05 

6.)Oe-06 
7.60e-06 
1.20e-05 
2.30e-05 
2.00e-06 
3.70e-06 I 

2.50e-05 
1. 90e-06 
1.50e-06 
4.90e-05 
2.40e-05 
5.00e-06 
2.00e-06 
5.20e-05 
1.80e-05 
1.90e-05 
7.10e-06 

1.60e-0.6 I 
2.40e-05 
6.00e-06 I 

8.70e-06 
1.20e-06 
1.20e-05 
3.00e-06 
2.40e-06 

9.50e-06 
1. 70e-05 
2.50e-06 

3.10e-06 
2.20e-05 
2.20e-06 
1.50e-06 
2.llOe-05 
4.40e-06 I 

l. 
I 
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1 Hexene 40 mrn HE! Cartridge 1. 70e- 06 8.20e-07 1.60e-06 1.40e-06 '.10e-06 
I-Pentene Amatol surrogate 1.10e-06 1.90e 06 7.40e-07 1.20e-06 1.20e-06 
l-Pentene Amatol surrogate with water 3.30e-05 6.BOe-OS '.BOe OS 4.90e-05 5.00e-05 
I-Pentene Cartridge, Impulse, ARD 446-1 9.50e-06 8.70e-06 S.20e-06 B.90e-06 1. JOe-OS 
I-Pentene Cartridge, Impulse, BBU-H/B 9.00e-06 9.BOe-06 1.20e-05 1.00e-05 1. OOe-OS 
I-Fentene Cartridge. Impulse. MK 107 4.50e-06 ".20e-06 4.50e-06 4.40e-06 4.40e-06 
1-Pentene Composition B surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO 
1 Pentene Detonating train 1.20e-05 1. 40e-05 1.60e-05 1.40e-05 2.20e 05 
1-Fentene Flare, IR Countermeasure H206 4.00e-06 2.70e-06 3.70e-06 3.50e-06 3.50e-06 
I-Pentene Fuze, Tail Bomb FHU-139 AlB 5.80e-06 7.30e-06 5.30e-06 6.10e-06 6.10e-06 
l-Pentene Fuze, Tail Bomb FHU-S4 A/B 5.30e-06 6.20e-06 3.60e-06 5.10e-06 7.00e-06 
l-Pentene Gas Generator, GGU-2/A 5.90e-06 5.30e-06 6.70e-06 6.00e-06 6.00e-06 
I-Pentene MBX surrogate 1.10e-06 1.60e-06 1.90e-06 1.50e-06 1.70e-06 
I-Fentene Mine. Claymore, H1SAl 9.70e-07 1. 50e-06 1.90e-06 1.40e-06 1. 40e-06 
l-Pentene Signal, Illumination, Red Star AN-M43A2 O.OOe+OO 5.90e-06 5.20e-06 5.60e-06 5.60e-06 
l-Pentene Signal. Illumination. Red Star H158 9.BOe-06 1.20e-05 B.60e-06 1.00e-OS 1.00e-05 
1-Fentene Tritonal surrogate 1.50e-06 1. 50e-06 1.50e-06 1. 50e-06 1.70e-Q6 
I-Pentene Tritonal surrogate with calcium stearate 3.70e-07 1. 50e-06 9.10e-07 9.1Qe-07 
1-Pentene Tritonal surrogate with water 1. 5Qe-05 1. 50e-05 2.40e-05 1.80e-05 1.8Qe-Q5 

I-Pentene tNT (ACC1! 1. 8Qe-06 1.40e-Q6 9.60e-07 1.4Qe-06 L4Qe-Q6 

I-Fentene tNT {ACC2! 7.40e-07 7.4Qe-Q1 7.4Qe-07 

1-Fentene T4SE1 Adapter Booster 2.40e-05 1.90e-05 1.50e-05 1.90e-05 1. 9Qe-OS 

I-Pentene aQ mm HEl Cartridge 2.eQe-06 5.S0e-Q6 2.00e-06 3.50e-06 5.9Qe-Q6 

1-Pentene 40 mm HEI cartridge 1.7Qe-06 Q.OOe+OO B.20e-Q7 l.2Qe-06 3.30e-Q6 

1. 3-Butadiene Amato1 surrogate O.OOe+OO Q.OOe+OO Q.OOe+OO O.OOe+OO Q.OOe+OO 

1,3-Butadiene Amatol surrogate with water 3.70e-06 8.90e-06 6.30e-06 6.30e-Q6 6.3Qe-06 

1.3-Butadiene cartridge. Impulse, ARD 446-1 8.S0e-06 6.7Qe-06 4.70e-06 6.7Qe-Q6 6.70e-06 

1,3-Butadiene Cartridge. Impulse. BBU-36/B 2.70e-06 2.50e-06 3.10e-06 2.SQe-06 6.30e-06 

1,3-Butadiene cartridge, Impulse. MK 107 2.10e-06 2.10e-Q6 1.80e-06 2.00e-06 2.00e-Q6 

1,J-Butadiene Composition B surrogate O.OOe+OO O.OOe+OO O.OOe+OO O.OOe+OO Q.OOe+OO 

1.3-Butadiene Detonating train 5.50e-06 8.70e-06 l.3Qe-Q5 9.00e-06 9.QQe-06 

1. 3-Butadiene Flare. Ill. Countermeasure H206 3.70e-06 2.70e-Q6 2.70e-06 3.QQe-06 3.!lOe-06 

1,3-Butadiene Fuze, Tail Bomb FHU-139 AlB 2.70e-OS 1.70e-QS 1.90e-05 2.l0e-Q5 2.10e-05 

1.3-Butadiene Fuze, Tail Bomb FHU-54 AlB 3.30e-06 4.70e-06 5.50e-06 4.50e-06 4.50e-06 

1. 3-Butadiene Gas Generator, GGU-2/A 2.20e-05 2.60e-OS 3.30e-OS 2.70e-QS 2.70e-05 

1.3-Butadiene !tax surrogate 1. 50e-06 8.20e-07 1. 90e-Q6 1.40e-06 1.40e-06 

1,3-Butadiene Mine, Claymore, H1SAl 3.90e-06 2.50e-06 1.9Qe-Q6 2.7Qe-Q6 2.70e-06 

1. 3-Butadiene Signal, Illumination. Red Star AN-M43A2 2.40e-06 2.10e-06 1.0Qe-OS 1.90e-06 1.9Qe-Q6 

l,3-Butadiene Signal, Illumination. Red Star H15B 1.30e-05 1. 30e-05 1.lQe-OS 1.20e-OS 1.20e-05 

1. 3-Butadiene Tritonal surrogate 3.70e-07 O.OOe+OO 1.50e-06 9.10e-01 9.l0e-07 

l,3-Butadiene Tritonal surroaate with calcium stearate 1. SQe-06 7.30e-Q7 1.30e-Q6 l.JOe-Q6 

124 




) 


l,J-Butadiene 

l,3-Butadiene 
Tritonal surrogate with water 
nrr (ACC1) 

1.70e-05 
3,20e-06 

3.90e-05 
9,60e-07 

3.)Oe-05 

9.60e-07 

).00e-05 

1.70e-06 
J. 00e-05 
1. 70e-06 

1,3-Butadlene nrr (ACC2) ).70e-07 3.70e-07 3.70e-07 
l,3-Butadiene T45E1 Adapter Booster 4.JOe-05 1. 50e-05 1.30e-05 2.30e-05 2,30e-05 
l,3-Butadiene 20 rom HEr cartridge 5.60e-06 4,)Oe-06 5.40e-06 5.10e-.06 5.10e-06 
l,3-Butadiene 40 mm HEr cartridge 4.20e-06 B.20e-07 B.20e-07 1. 90e-06 1.90a-06 
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