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U~I 50shl'lj~ fUlJl.lj TIll lIPU~ UUIU lilt;. UH II lOUAl hU 01· I. ;':~'lU~ l"Yl:....

1'"M1JCflutl

The A~ r- Pol ~u1 iou Ln!]~f1eerln~ trl vl s t on ot 1hil:!! U;, I\nllV 1 flvil (lnll!l:lut .. l
IlV~ll ene Arf!'ocy, Abor-ocp.n 11rovil'l9 Ground. ~lJ~ nos nueo i uvo! '.....rn i 0 tuu
<k:="V'IlloplI'loCnt of technoJoqV cnu IJOnl tor log r-"O!Jm'i'i 01 CUIrcue-r'on t e f for l ~
towOll'"d tho erwir()(ll'OO'f\tally compa.t~MlJI domi ~ I tarilaHon dU(l di ~pu'i ...l 01
U"'CllS5 0'" wil~hJ' oxpl os! ve mato r l at s , vur.j Pllol"'(H1Cn1 'Sih!'m'i pri mild I V 1,,-ol!ll
-a mi~;~lo" cons t raln' l'iIhlc.h refllllf''tls tba l'II:llll tQ..-i ....q an.1 ev.. 1udtioll of
unv l fonmllnt ",t nee I til .''SP'tICf'S or such e t torts 'l'I'i tl' i n 11'1~ l.h'r' ar trccn * ("If tno
Army. "dd[ t~on...t l v, this A!renc\i' ha'5 buon ro'tuflstctl t~,~ ~, r-nv i cc cun~.uIILII.'ItlJ

s'liPilo r t durin') 1hu duvelolllllllUnt dO.... tostio!} 0' til spos ,I I al tmnat""'u,:; LlIlu fu
In tert ace ""It h regu I o110rV concerns In tnonu arues i lrlJ'ilLtj~~1 ul'oO 0 l'CIJn~ .. 1I V.
om i n ....o~ v-mne'"t .has. been lo.li reet IV nltllJUstod at t(ht j rl-:.t ,]1 I dth.Hl le ...... ~ I 1u
qHrUl t i 'V utJIlS'5ions dod to oU,ttrlll I so 0"',).U,,)I16 onryJ-i u'!) dlll1i Ill",r i {.It inll ul

c"or!jo1 ic (Ilj,tori ill 'i.

"Uul'lJ.lll tdrl ldf Ion" 1'"0:le..'S 10 1he dI5J]0'S,]I1 ~ w~jt("lJd hill ur ,Jlll~r,,1 iun
ot ,t moo I tin.. to tl'll::!' .. )(tonl U'dt i t l~ -IPlclf:t ''11''1' Of l'/o·I:.'lbtlJ i-:r., .~ mi I .'1 l'-Y
..c.d~lon. lilln'Ora' I y. the munit .ion. 01'" d c('-'Tif"lIFle... l p,lr t tU'l nlf,j l'II I fl~ 1~llerlre1 ic
pr U~'lH- tie::;.. j '50 ~ (I. IJ.YIlf"od...ct .ldtor ~d~ ~pllt:!f"ahHj ....Uf i o'!J thl.; r fl·,L..IIK: Ii 0;1
prncc-:..s or 'iubso'1l:j[~nt .oa.... iJl'HI pack OJ,e..dt hm, '2) .[1'1,11 c ....c ~ dec I <H'~L..I "out

of '...~c it I c,lt l on" ....00 10 d~ Of' muchau i cdl a~ turrlf lun ~ or l -U lu~j k powde'"
~tuu.,rdofed dlldo-y ttlO U dflH ot wp,Jrah.d V IUllrod art i I 1m y .p.. ojta:1 ~ h'~. } 'lie!

11lI:.l1-ur i i~1 ~ and dSos.od atod contdml Rdtfld p....(.k.l~J~ "fJ'. rt!...ui ro!> di ~llt}·~••1 ~ Fl rI ':.oLI h~
In.:.mnt.'!r. I~o accoilldb to al h3l...11ill til di s.POS<lt ti.!!CIHlI quu .. ..: ~', I", hi'" f'-a: .~r n ill".l
0 .. ~e tondit ion ot" ffidi\y I toms ~fl OJ:'un .... 1.. 0'" spru..:I ill 1,' "tI!t':,i.i ~~'lth" h ..r;;a~·tl:>.

j\",., it dh1e 'tcclw' ColI I ~ te....,) tut"o '111'65 Jevl..,wud ,""11'1 d.l-t.' c:nmpi I f~rl ....hi {Il
""uu I d .:Ii tl j n re'5pond I ng to tho lllJovo f'"c••oi r"IIUIJUl I So j n th-o no~~1 l~ ;'-+'Il'~1 i Il 'JI,JI'j,

Ill.,IPlu.-r ,,$ lowed hy tim pr-uscpt 'St.... ht-of -tntl-.~r1. n,e odS i L II.ru'...l 0 I II. i.,
i ......IlS t ~ !l'loUon "'<IS to pro'/~dll .'} WlH'1I: db hl. '.:lIt:1l1n t" f j(',Jl l y-hoJ"'j~d ..... ,.-O<L~UUll~ I rlr

I h~ qllLlOt i f i ca.t Ion ,jJfh" e ....a I Uftt ion ot d~'" (,lilt ss I em!:' ..I, i,:.+ ru::.u I t I :r.lrl 1 m·ll j II·,
or iJu ton.~ t Illn ot enllt·r-rut i c m.lted <JIs. t Unll.' til .... ' .•Llh III I oj,':> .... '\....~ 'f tel

~1ml'u~ ~ .lIhi ,jl)(]l cv .illll,ns tound ~ II Ih"!'o IloJrl..l~ j.

~ Ulllli-d i~~ AllU III :,;aut" ':;H,III4

(~~:~':.!...e!:. ~,_I __~ !'-1".I?-.:~i .~~

I ht~ thu"'fI'JO{;homlstr ... of burn Ill!") l s qi '5ot i or. t I.., tJi I Pr!rtHl t tn'fll tI',11 01
t1utond t i on. I n tim c.)flovuut 10Pl" I ~n'j,B. thu ....on:! "lll.H r' i I~~I" i 1I11~1 i l!'. ~h~~

",ll' i t.J 0:0:i d,J t .on 0' ,""OfJ1O fWll wi til a ro Itld'iO 01 tm.. t .1n·j, [l r pd'Jcl '.; l.t

C(~llbust ~oo. l:.hcmlc.ll u)lp'o'Slves a~".:ioo may buro ilt .:1 c''Il''l~lo'l''-<lI.l.~ r.~l.~ rr{>
vi rJu.rJ. fhol t t IUttO i ~ 00 corl t i P'lOI'l1.W t ami the OJl'Illi 1'lln~ .~rn ::ouCH to Il ....uh ill i 1
111e tf dn"j" t tOO to tn.e dctorlil' ion sf dte 4 I .u •• M~ln meli ~ll)rl! CQI\lun Il.

$1!iA<lo1 i (:'5. -Jn~ CO" t us i o~1 'Si Ilea th.. f ~ 10 ....d I ....n.! I"'t" f(!f"~ l 0 '.u ....~, ,II "'nw.•
.... I.l dl. in l" foct. JO"icr i lJ.e ,dolj'!j .-~t'Us. 01 cho[1'lk,J~ rOdct Ii Ifl 01 th~~

c ....,. Ill.... i .... '" m.ttcr i .. 1 ~ del ~.an at inn, 'It~olo'llt dit I .il9i dt ....... LUH" 111·10,,.1' illn.

'l_~ f I arjr,lt Ion. II il50 ~hil h..l...m I 'S Ij~.lld ....eftJ. lIf'ldO~ ., 'fJj III 0 I ......ofy rL11' i ...
lJurrl i ni). ""' ",llr-f(lt:e reolc1 100 ....hurll ....,o.lct Inn V"-OLlllC'~ ~ low ,1'rl.lV It l)/'l'l Ihl~

-2-
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urH·nacf4d mat'l'r I d I be low the so. i iii sur toee , tlowc'.te r- , do I hgr-at j on 01 a. mass
0' ti ootv '1.11 "",IdA-O 8Xp loshru ·paf"Hc~e'5 can occur nadof"1 V s h1rU~ 1 M uolJ:!:dV. tfl
1o~ os. case. COllI Ii.Pla.rrw:!'ot of the i1MS5. Jfl'C I ud~.ruJ tl,u ~ld~t'll(llJ~ r.f"odu ...es , has tile
o r ~oc. of i nc r ees In!} the pressere , 111 Is , In trJiJl 1 i nc r'l:!'ds,eJ tnu "31 ill 0 f
reec t Ion ond tnmper-atcre , Fbe Hoel e ! feet o~ 00' I ayrat i""Fl unGti r cont f neuon t
I s oxplos.'oo~ wnlcb may be violent- dotla!}l'"iltlon or evun ootooa-Hon. L

::.trli c1' 1V de U ned, UdetooaUon Oi h a pr-cco s u lJ.V '111'11. ic6l an oxpl 05 Ivt,l unocs--.
900"$ chamkal roact Ion wi t .... a ee ....tal n type of shock vevo ce I 'ad 0 dutonai ton
wa....j , ille l)f"olJoross ot til I 5 oetcnat Ian \IIIdW III rough iI col "Jim of exp I os i ve
I s II iustrated 10 F1-rJure I. lo SU11'9 cases , tho end rnsol ts of vi otont
du t I olHrll Uon (on" 9:te t,,-olFlltlV f'"lIIp I d sur-faco phenumenor:ll) alld dotonat jon ~ a. oopth
0" iooe f!'noOO'nl)uOIlJ are fIlUCfl the SolTrQ I R fa rms 0 f pressure produced. ~

Ootoniltilion t s t ....ere tore cner.ecte d zed, 'n genefa.~, by hi gIl..,.f relict ion
r6tos~ .omperllhll""os and pro'5suros than l.IBUiiJ.9raHon~_ tat.doll 2 ShQloi5 dht in
lJld std n<r charllchJd '5tH:s 'heheeo dotoootl09 or Llh'!jh" OXllios I vas and 00 1~a-
I]I""a.tI 09 or OIlo..r·· aXJJI 051 'VOs. Hgo...o 1 Stlo"'"'S the cor":.dptui:l1 0", ftO'fUOCO ~n

ferms at energV. U I ~lh oxp los I vas. IMV be sybdi "",i c.lud h to p.rj ml:lr.,. anti
soconaary exr los I YeS ~ Prj mi..lry exp I 05 i YeS [MV l1-8....dtJtOPotud by '50 Impl 0
,go~ t i OR ~ rom I~act o:r hUillt. IJ.l.It secondaf"V tvras oS~jdil I)' roq.u I ro a. "dlttl::flalOr"
ot"" l.loo~t9r chargo '0 funct i 0" in the dest rod (t'\iInn........ / .JIuc.h IQ'lIII a>cpl 0'50 l ....a5 as
100$e Do I "c~ powder aPl!J pyf'"otcchR i-cs ClJn~ os a IT..UIi.imum, "'loor~ burn I nn or,
"mdDr su I t I cI ent coot i m.ur~n t ~ 00 t 169r.a110... c.;;.n becorru 'So rOI)1d that lie tOllil
Hon ensuo'S,. for nust II 'gh eX'P~oslYes, oof I aq ...at I on ,pf"Oduces 50 muc'" hoat
.rhlt odD fcm.aUoo fot 'ows quick. V, but toho rate ot traq.s U ion lUlOn~J *'fpus
dorencls lJ...edt lyon con t I nCfMfl t. Note 5ped f.j cal I V .. ~..!ot 10'Jl' oxp los l. 'IItJ$ SUdl
DS 1'J Jack pollldFJr ,go'Ll 0' t rocoll utose IMIko the bost prope I l3fllts because lJt tho I r
hO'llivi u9 ~,toc' ...... td ~e niHil tJ]lIrdosJ .....es 'iiuch as Tin and tl(})( lire bns t 'or 'WII"r
hl::l'<JIds bllj"'uuse of t ...o I ... shattednq II Hoct. a. Tho!it ..1II:f c I as-sl Uc.ot 1on of
O)lllios I 'ItoI..'!";. Is di U I cui t Ifl 'Somo ca~-us bQC3U'SO 0 f dl t hJ rollC£I"§ 10 dElIl'i I t V ~

ogrlIInut all on. C1fld Ule to"doncv tOlllard corrbl II !.JIg .....0 or nnrc b&s,o types to
obt.") .... 1'Y)n} de'SI rab h.l f)f"C1pe,.thtS ~ Fortunato ~ V. a std ct das'S i tl Cdt Ion ot
9)1fJ'I osl VIOJ' JI\olted a~ I" 'the pn,:JnJlor duscr.i bed ..1.10,,",0 ~ 5 .not (uJcoss"ry h'O"-II;). 5 .ince
tnl}"'o I'S Plot enOu~l" data '0 'Qoant I 'Iv t ....m dl t '0 ronee'S. As a reslil t r tl,O
quanti I kd1 Ion ot ..."ad Ion pf"odud S Wi)S mado 'or on tv burn i "9 (dt.l1 ~alj...a~ 100 I
aod detona lion h"'Q'jilrd 10"5 ot type ~ of O)l:Plos i YO I'n:i!Jte. I.a.' s.

~~~_t_I_J)_n_!,f"odl~~t~~~~~~~.2

Tile p"Hducf i on of ~o1~O'S t rom tho bumllllj ot oxpl os l ...e'S I ~ the rH<;1JII
or tho ....,ld d coover-s ion of '$0lid ITIateri oil1 to ~.~-:;.eoU5. e61d products. Thof"o
dn!. 01 ctlurso. sol h.. or par t I CUlatu oPld p..oducts olll:li t1ed wh h;h go.nur" 11y
....ep .."'Sent ".a ..15 "'of the Qdqilli..ll Platllrlat that is l(\com.,.leto~'J C'Olr.lHJo!;.ted~
rac:to..-s .... Ilic.h ~nUU6nc.a thil clldracfe-r at omi'S.'Sions tf'Oll oxplos~va'!i. b .... rning
drif! ftloU 'S-dl~ as tl1l)SO ior i'nv fun I: t a ~ 10'P'f)t!'ratu.-e. tb ~ t I me iJod t cJ
turbu.lunco ~ Un fol')rtjJn.a~o I V, tho tilCtOri a(O no' controllflod dur'.n~ ~~o
L.ll...n~ 1"1 00'" ~re thoy COllS'stO...t 'r(WI burn to bum ~ A I so ~ oml 5S iO"5 oopoPld
ne a .... loI ~ -0)11 a*r'ro'sphor Ic coo.rH *Ions.. As lJ. rusu 11'~ tho ro a ....e I H tie da.ta
"va I' atolu III the I ~ hraturc quan t I tV~flg ttu)sn ond rudct I on. products •
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~i~ctlt Po..-.!.~
f db le :> SLJJJmlr-t las thl:i Hork repor teu tor t ~ '\At d I 'fcroot COfIllli"lUllds~ HlO

fllJmUlU·S ruprusent very crocteee re "of"k~ but ~1 "dS. nr_"U!Jthelll'ss, curdud out
OflOO"-- conf-rot led aabor-a'ory condi t Ions In 4J1 e,,;pdndah I 0 cl1drdJe'" and Il..-ob.....b I V
doo'S not accurate I V re f teet the open al r bu ...... 5~ tUoll ~flll. BlJ·"'l:!V·lU". I ho se d.l Jd
aro 6'1 tlla t ~ '50 curnnt I .... ,a,va I hble all .... 1M... In th,. I n tOt 1111 be used 'or 9f"OS~

os.t III1d te s of tho om! es lons ,

Yl[ = }59

[ ~ ' ~ " " ~ J"2 1~1 "~
III

Shcu I d de t" for erne r a lip ~ os I '1,1'9 c~O""f1,d'S- ... ~ oe~' ~l,td 01" ~ f 'itJPllI..l ", t i "":J
Gal..., are des Ired. cal cui at '0,..5 ot end products m.-,¥ "'t !IIlo,.:uj" ~ f Q!f"tdlll tt ..:u fPO

dVndmI C par ametef" s are koOlllo. Z A c0rllltl to r- Pr~J"'-dill h,,'~ b",",~ u () I vel oped bV the
F~d1lona~ .Aerorlau11 cs end Sp.ace Admlpht rat ion (;4AS,.1 tor til I s purpose ~] The
r r ogram cceoutcs thH ttulOrtltJcat equ51 Jb,.J urn C0ll!llh)S It ~I,j" ~ ghrall tho qcen ~ i tv
end typns ot .f"1)actanh ~ reecten t enme I p los dfld other s,rollcl II r: physlca.J data.
" tr-ee -ono"'9'i ml 01rotzat Ion tccnntqce Is usod. n.c .'O..t~. t-, of suer, Col IUdd

tlons af"u on'v as occure te as 1he Input datd SlJl'P II ad OOsr.r ill Ing the bu r-n
roodl1l DOS.

kJilt.:t~~---'y...odllcts lrom Oe~~~~

~ TIlt) products ot eeec etons tha" take :place dljr-~fhl dntCfii.ltio,.. de~od 0"
1mo...,) V Will"" lox V3"d ab I as 5lJch as . 051 t 10" (I ~e ~ ~n.. 1 rHI i ~.e1--:-- fo-iiJrny
phms I ty I do-greo 0' CO"Uflomon. ~ IIDOO of In t I .... t Ion ~ t '(IIoU ot Imrus ~n9 buroon
. and tho chcml stry ot 100 s.u....--ound~og roodi a~lSIno) at Inl "i poi of no Ilrdc-
j t I r:at beno H 1 1olould be darhoed rrom a dl sc.uss Ion of 100- 'ntof"rEl I iltloosh I ps
: be tWt/IHl I hOS9 h, U uoncl fl9 fat. tors ~ tho J'o,Joor must till') f"tl J6'(l""Od to thoU

~ I ~ lur-atl)"'''' for suc.:h ~o to ...mat Ion ~

Tl\e sacr j, tiell ot rellil SfIIl to "Uow 1h"'l CQIlduct ot t))c~.. , ri mlluts under
l.-.borat-of"V condl f10ns Is great ~ usuat IV m"!ul dflq ;:'l 1l!n11O"'~ o lirtrdvul dt ion
uf r-tlsol ts to ac.tu...d 110td ootooation comll t it ....s. Allrost all a>l:llorimcjlld~

";....,,t i1II 00 react 600 flroducts f ...om ootonat '00 ""..,....., C'lbt~~~ ".~ ... t ....lIII LJumtl cui or ~oIl'I~tur
t-..s ts I U'S I 0!J 'Sma I' ena ...9Os 01 OK'P loshe. iiIInd it1 iO'liin'!1 thu C04ltonts to ceo I
In .'llT'bton t cOll .... 1Hons ~ Sal'l1p le'5- ...,ore ttvan 9)e. foilCtod '(,I'" gL'l'S anal)'s los. Writ,;:
auth.l.1o"'s .,~ gun that tho pnanDflllSnon l"i best Clppr-oached 1honrct I t:d~ I V us ln~

pUJ'll1 y t h.,nTor;hem~ Cd~ Pf'~ "d r las, bu t tOOf'l .no drawh 'Il ks hanJ: a~ lin. u1o""
ou$ oE!J,lrllllr. since 'StJ'I,mrat dyoamlc coo~tant5 must b~ lI~'i~'lh.:l'rJ 01" est imdled in
orch:r t-o Cijrr"l out the c:.ol'lIpu1a1 Ions . 10 Il ... h:r t ~ 1ha mal aud lu..,h_"d I I Y
s,,:.j,llIn tit i c. bills I s upon ....hl (.h (IICtUiliI mJ'asunJ"~Hlt'S elrc l1',Jdl~ nf Itl-r ... '!>ouno.
I,r,f'rr;t 'cd' -s.e I 0' u"t... , wnI.a th" ut It I z:af 100 of 1hor·Aollyn.tlllll c th~ury oilers

a ...~ o.prnus 1heot"e t I c;ll approach ~

lJasod Oil thu lo'ItfJst IIJd1 .0", Itl-oldi ng to 1h's I'eW,r t ~ Il 1'5. Iw·1 i~:"""'H" Ihot
bo1 h a~1f1'rQ.ach6S IHJ....g rod 1 iUl("~ at 'tho ~r",solll 1 i Ilt~ ~ fl'U.,,'~ I he· ut i 1 lruc.l in
cllnjunct loo .... 1th ono ano1ho( to best o'lra'll<tiu unv;'fPt1l00ntdl Imr'dd lrom
11.-:ph1s t ...." il3e ,..,.,.....t 1Q4l'S ~ Wlwf"e oxporl mmtal dah df"O '''''di ~ alJ.le. tllO\l' SllOUI .....
a I tM So t ilfllO be cun'S I du..ed of h I ghar ro I hlb~ I' tv th,).{l It,,'~~n.d Icdl c-olllr'ul.l
Ilu.ns. Ilo'lio'ltur ~ thoorotkally computod data should 110 lI"~fld to sUPllort
a-_.hJ~lIruLl ...l,lIoo;,ol $.. dOd 10 1i.l. 10 I otormat Ion 9:"1ps ~

Tdl.do 4 c-o.. ta~ns an alph,;}betlca~ Iis-Ung or tl10 m!i,II5Ijr..,,J 'Om.s'ioiUj~a

o.,td ~'lriJll ab I 0 "OID tha II ta~aturo. The pra...t I Lt'li t<)1ell 'lrol Ulru Ur q1tS~.H.5

oUm:l f!'J"OtlucfS ...O'iol.llt ~og f rom a part I cuta(" ootNhil 1.,31 lIl....y bo ca+ cu~ atmJ u...ln~
tha toll owI 09 equat lOll [ilil dmllient tom.p.G ratul 0 'r.' I IO

CII
CO "'C) imLl IJrlJ~~unJ:

u 1 :£9.92 h 119 (J~lO [11'11 Ilg.l have beon uSSUfIZ...JJ.
-~-

;::

,"hara: VlT .. totdt vo! urm t cuu Ic eeo t per ton >

w~. W2~ '"0 :I:: 'Weight 0' gas enl t ted {pounds pu r- ton)

ttl ' t~2. M,.. .. o/TOlacuter- "'Bights 0' eOf"ros'P0ruH n9 !}Usas W,. 'til;;.!. 000
Wo (grolJl5. .per lIIOreJ

t t o)tJlarhtll:)nt&1 data for a part-leu I ar ex .... I os I ve 1Vpe '5 not ava' lab I a ~

thoo, 'tuoce-e t l:coi da l a. must ho used. rnero are ~ obvious I V~ dO end loss number
of 1 htJo::;Jflll t 'cal data that fMy be corrputod~ Foe examphl. a s II g,ht change In
tulrfl,' r-e mre wou I Ii ccr-t al.n ty ej reet the reec t Jno end products to some 009 r 0-8.

Wh90 uno consj dnr-s the rango ot cond~ t Ions that cou~d be pros-en t duri ng
OOlUfH'lt~OI1. tne lluanU tatl 'II{l cOilbIJlatloAS 01 roacf'on products are Int Inl te ,
lIowo ....-9,., da1 a have been roper-teo in the II ter-ature wh len represent atteept s
a.t co.m,p-utln!J end products based on ,",Ilsured ~or r9aso...olbI V approxl mated)
'Par amoturs w.hIch control tho process o' detooat~on~ Tab Ie 5 summa.. llas tho'iO
data.~ I", frOst casas, Hlo cal ell I B1"od da-h enJ comptlrod ""I th IIDBS1Jn'Ut data In

the U s-tCG f"O 'O:r&nCG5.

~utJn!j.~"mlss.ions from lml ssfon fdctors

Ue foro U'S.j.ng the dlllt it P.-os'Onttl d ....0 re. ~ 0 torlll611 Oil I s ooeoo..:l a.s to type
of 'Woapoll. quanU t V ot char~~ tVP'O Q-f detonator. c.ll-rtrl dgo Msll,Jlat Ion,
fypa o' propo I hll. aod 01 her ophysl eel data~ Tho fot ~ow 1"9 saqwneG Is recom- ~
ftllndAd rUT tho cdh:otat I on of oml ss'ons ~

(~t 00 terml ne CO~Ontllots 0 f mufl.it I on - lJu l!k O)cp1os hes. may naCld no
hrther ~ nvesU gaBon I" th Is rogard, bot eod I toms, such &S art It tOifY pro
JocH Ia'S r nond I oollH f IcaHon and quant I ti cat Ion I R ferlll5 ot tyro .and qua ...t 11V
01 p,-ojod' Ie t I $16r, 1ypo of ootol'lo1or aod otflur physical dilta. t.~cal ~ent
sources 0' 1n fonnat l on I R 1M s ronard ,elrQ tho Oepartmmt or tho Arm... iech
.-Ical ttilnuals and loglst Ics l ComfII .... to Round Charts .ovallabh.. for 1 ....0 ....adou'i

I'M.Inlt ions. ""-] "'.

l2J 1)a1cflIll no COIJ11Os I i ~on of f'n:tp811 arl t lex~ I 051 va rII 'orh, - 'n conjullc
t 1(}I'l w~ t n the f"a teronces. o/IJ}lltlOIlOd lIbow, QtI1a IIlU!o t 'urthar de 11no the ane ...
!J'lI'~ h.:. t"'Iatorhtl a.s to base components. Depar tflTlflt 0' tho ArllTY (ectlnl cal
H.muilllh a.-a al ~ !)DOd sources of LofonnaUon nero ~ Ii -'9 labte 6 show'S tVPll cot
compo'SI t~OIl foJ" ono !Jrado ot tbreo -III f 1arent tvpes 0 f p ....-0p-91 hll1 So.l

( 51 CaI e.... 1ati! em-I55 ~ons - QIlco tho ~onollts are quan tit 10d ~ ono fPIdy

the-n try 10 t I ad amlsston. factors jor tnat raJ't I cu lar ~ or a. near I V slm~ I ar--~
C(lmpou

'u6.
and por fOf1ll the !j ~rrp~Q mul t I p.1 eDt I uo. Note that the eml S5~on

tdlCtO"'S are h terms 01 pou"ds per too of 8xptos.ha mater I a I ~

-5-
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......~t:i'~'#,,,.-*"iiP't~'--- ,·...~~,;W··itfH ..~~~...~~·· :~~-:;...~ ...:;(......,.. :armg't'-#"'i"&..Ii;~/- ·· •.,;"~,.rt _ _:ls:CidIW::i ......_"". ._

IH-,U.4

..

JO ·4l.4

Ulllt.:lU:::'IW~~

Whe... us i"fI tho v 010100'5- flrtllsmrtcd 10 thl S ....CIJ0,.-t , n!" o'lrly cot cu 1<l1v.J dl3lt ,I.
tor UfOSS ..lI1 r conttJm~oaflt om~ 55-Ions. "he'll' 51lflIJId c~~r t .. in I y ue wl!l j tllMI iii ed
ami tbo Uol::;,O <1"S '50 lJTl[) ~ i OI'lS end conu! t 01005 d~ scossoo, How '1ft. I 1 tllu u,.)o:;,n l:nndi
t Ions coeipar-e ~ uesoo on dO tmghms,. i n!i jlld!)lTItmt 01 the uv (1 i I (ltJ, t u 1..1,,1 e , shuu 1d
be preseo 1e d ~

durn I n.y ond de t 01'1 ill Uon ere tao d I sf I nc t l V dl 'for~·.,..1 P"-OO::!!~SC~ .....h iell
u-.;.ua$ Iy f"ol.JSo,ud tin. 1he eml55-ion of ver I~U5 emcune s o t lliJ'.:iiI'nI6 eru1 pr odcc I s .
Thc ru tJx i 'So f!". a SQ'I/Of"O shor teqe of data 1I1,lot i III ng thU o~i 5'5 i nHS 0 r ~i'I~UOll':o
cuntnmi rMRI s 'rom dum" II tdT'"' Ii nq onerqo .. c mater-l a's 1nroll9" burn i"q or
'll.~ toeat j on. TIlOf'"El are sevnra 1 tneorofltl cat prnc:1tdurf'!"j evar -I.dbio for tho
ce Icl.l~rl1 ton ot and reacUClo p..-odlJCt'5-: boenver , tne eccerec V ot thc su
..-OU t~ nes Is pred I ce ted OR the occorac'i of dssuIJ1l1lons m.li.~ ltc-:>cr' b i "~I the
bd'SoQ nrocas s cond! t Ions. I t I So rccor.wrendod that I"J a .... I I ....ul d..... ta IJL:! U';tf.~ w'a:)l~

eva i t <lb~o aod supp 1'OlJ'Il.lntrad wi th tl\9orot I cally Cd leu l.H'OlI wlloiSo'!! I~,"':.. Qo.ltrl a....

ol:'lr:o'Sosa.... v·

/l1:",jOWlrlJC.JIoLIl r

l~IO d'Uthor Ipj 1'SohQS to thank Jams M. I r .... ln. PI' .v .. ~tat I'it i c:i,m,
U:' A.-my l flV I rUrlrnco ta I I!Y!lienu A~n(".'IJ, 10" hi 5 ass i s I dtl ....U Ll-:.l...~ 1hu 01\:.,/'1,

CC..'TI'P...ter prog..-am,

-6.-

W: ~-Uil j~I:L ~

• ~ Tjot ·,,-t .soO-ll '" ~ i-411i1 d"-V (xp.1 os I vas Ll6 llu'I,I'ell'-uH t9t. 1J ~
v 1 . tot. A. tnok. Tho :::Jdonca 01 In ~Jh l xpl 0'50 1'1,1'("'>-, M.:-':t ....·l,fIOlJ...d1llh ~od os. I'fulroer

I J9. Ll ..~p1o..- I 'l.. -pi-:lilJ=""rlT.jtelo'-iOld"'l"jG1T'jhTn~l corpor.at i Oil (ll~~U) ~

.L u , J. "'d.~r I do ~ r.umrru ter PnJoJraTII tar Cal culaHoo of CUI1fI'Iox Chamic..lll
LQIlII Iur l um l;OIJflo'S i non~wd"::ct T'O-r-~-"'Ci.~{fu-nT-antrl~Ti971od "!;"nock'i
i:m"t.l ~;hdl;:A~li--Tonq-ootliiT()n3ti~~Plf5-~Tl}~ -----------'
;'f:--.j.t" ·Ii.:nui.f~· mnraf""V[~~ns, vus (jio'll'olllbl;j:( I~b1) ~

~. rr~ '''-1 3OU-100. K~unTtl'l.o, "Gi,flcrill (ur.:t.ul.J(!f" Nb·J) ••
u , 110\ l}_ljOO_I.U~~ j\j="fITiar-"I-AIlJTlun(t1On - GUH5~ Uowi1lU"S~ r"'orllll"-'5 cmd
lOOf:oii II(!~ .. 1~1i ~ Ius (~.;p:tcl1lher-:i'9'PJ~--·_----------

1:--""'fi,t- t1:-fJTI):2iTJ-1 J, I~' 1itar.., iJ'y,.-otochRI c~ U'I Uowmhe r 1915).
u, nt ~';.I:i~O-~OO. Grenijd-;i"s-~lfind.in1flTfTlu-(11 ~,.1odl-or 1'l11).
fJ• TM 'J-I lO'5-200. SiJ~;'J-I-I~.nsAfT;;UIl~ t iontJ,una I~b' ~ .
IO~ N'·O·' mO-:}-J ~ Complofe 1ki'lin.~P'-0l!..lJ11ent Ac1ua1ud Uuvlces
CUc()JJl1her 1'l1}.~ .-----------.--
II ~ N·'t..:P 100- .50-2,~ I a-'-lJ_~~m.lJld Ctlart"i - Amllll.ln I t i.on ThrOllfjh 10 Mill i roof.,?""'"

U.k.!c.,I1lbQ..- IYl:U.
1:1~ A!'C;P 100-:\-j, l'omrloloU Uouod Cn~rts - Artll tcry M"'lUld lion and ~ ulU'S

(loIay 1~1~1.

I". M«;P 1OQ.-J-4. CQI'llfIlote IWound Coarts - iJe,lIlbs. (Uuoomue,.- 11::hjtJ).
14 • ,!"It_'()1 100-'-5. ~leTo-l&)"iPld--o.."l"('So - .-;re""iiatJos ~ r-4 ~ lllJo'.:l ~ Ilyro t eCho i C'So ,

Iklcl-.ets. IwcklJ1 f~n1 orS:-lij'(ii.-ITt1O"Il-~lafiiTOT(i.ldV1'ff~~
i"5".--l'r:o~-..~ss l~pu7t7"ITiOlil~TOtiiiii"tu or lxcu~s illlJh lll[p~os I vu'So,"
f-tJS(I(i and Hdn~,.. 'j i. a.s J.1;:W-:»Q1'l Co •• 'oc•• Hit";iW~ i~o. 11-5'j 4Apd I -~ug.us.t ."n I) •
~h. I II i d, MH5..... Uo. 1/-.2 (Sup1cll'Uer-liacemlll~r 1911) ~

11. 11.-1 q • .j,.I,I.iSl,IP Uo~ 12-41 C"pdl -Juna 19'11.1.
I I). I hid. 1.... 1":~UI· 110. 1]-' 1 CJOfluary-t~Clrch 191H.
I'~. thl.,. r4~·.ir4' Un. U-30 lJtJ.flUdry-lt\a,.cn lin/).
Z~). A. i~",...;.hall ~ lMf1'~OS'''''lt!., Thel r Illsto.-y, r~.1"'llhllcturu, Pr~ .lind
Taot., V"I ..", I, 2d-,,<J.;""P.-i1Tdkl.1on r,,:;;'n( Co Ti91n:-
1.....- ~-A. 1".,.......lml I. LXi'I os I ves.. ThO'.f IUstOf'y I .... anui dchro ~ p,.oper t I &'!i and
lus.ts., Vul II, ld ....d •• P. iJl ...kistoo's 50n .& 1;0 (-ILJD.I.
",12-.--jl. (0•• Inlcl~ and (;. St~ J. Po~f'Ott. ~n~l!"~~~~~.f..r"~~J..!:!
~1~l:.!n~J~!~. ~~te ot ~~nalloll. and~~uSG~_s_~~ I~~ L~'~~ U~
lJun~all u r Mi no s (lJoculTllj;iTlli29'1-:--
;n. n. L n,.-ne' I as ~ "IILo Uo~1 dnd PrOlduch 0 I Uotooat Ion h <:l Calori I'D.!tcr
ot \)tlJ. HUll, CHUF. Dllll). OlilUf, dOd O'l'tJs.~ l xpl os i vas,,· Cooous.t Ion and F I aJT"&l,

2'> ~~ j/-tl, lI'I14I.
'4: U. L. U..-naI.I ..S. "1 ho IlO'<lt rod P..-mhJc1'!io ui Uoton.il- t Ion ot i,;Vd o t.e rr".uru fhy
hUWJ. lotrdll'll trilmjpo, '/.4,6 f,.ln~trn'o~uunu••lii HwuthlllW and lJls ll,"J.- .
lIi Qi tro-7- t t uoroe thVI J tOf'"'It\o1 ~, Ii Jourrld I 01 Physl ca.l l:.tmmi 'St,-y. nt 1 ~ rp :l.rJO-

ljY4 fj"ly 1%81-
;j~~ l. t. I),jv.ls, Thl}~V_~~~I~~. V(.JI'~ JohJl wlIQ ....

iJltd :;OI)'!i, p 4J ('9iff.
2ll. u. H~ FiJbnr. 1... 1' Itary Pyrotochnlcs, Vo' ~, CPU. P 12 'I'Y'I'H ~
21. 0. t. urnot 1a~J-. u. C(llr('lco1er -aii"'if 5. R. Ijunn. "iIohnat ion Catud rroto..
dl'ld 1'.0,;.. 1ts ub tat ned \of I th rent.e8'tythrl tol Tut ("Co" i .. f .a10 tf"lT~H." l(ovlelll ot
Sd(!o1 i 1 k ~ns1"UIIJ3111s, }7( H. pp 901-'912 (Ju I "I i97ti ~.
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reb re I. KLY 10 SYJ.IUOlS #10 AIJlJIIlY!ATIOIIS

18-42.4

Tabl 0 2. o 'AflACTlRISTI CS lJf III GIl m(J LOW EXPllIS IVlS 2

Tool. 1. AIR Hll SS IONS F..,H i>UI1l1NG OF EXPlOSIYl.S II b/'on) 15-".

Corrpovnd 00 BCl IIF flOx NzlI Be" 1'zO) Sool As~

HIT ;e, 1)0 1.0 100 240

Cornt' 11-1 ).0 0 0 H.I ° °
I'IJ)( 9404 5.5 22.9 0 H.9 I} 0 59

lX-tlJ-l 1.4 ° )4 21.9 0.86 l.9 ° 1l>2

lX-tl9 t 6 29 ° 64

. Data ror ~.2 J CO2. U20t HZ, and 02 ere eve! lab '10 In the or 1glinat reports 4

HI!tJ

V(t~ocltv 01 It eJIB front I to 6 t.4ltos/se.c

Pf'"GS5Ur& at C':M:p.osLw ;QJOOO to 4.000~OO[) psi

!~

!::

: :~

::-

:::

A fo .... lin to It per soc:

NI!

Low

I to }O toos/lb

I" to I mil o/ ...c

Ps-cpe l lent , blast I ..g

Up 10 eecut 'O,OW psi

Good propo I. an t

UUrocotl u rose
It I ack powdo,.

Mil J t socones

ify' -f~"mon

-9-

0000111 Ion ~ M8SHfllJ

Shatters !}U'n

Primary
Mercury 'ulml natG
Lead azloo

Secondary
TNT
Tet ry I
IlJ»l

EKCtJ I 'eot 10 poor

Uses.

llano I It I on

Colh11Jn l.'P","l.... 1vos

~lT\Odof'i\n Ia110n Pr.ma,.... bV I gnltlon and
seccoda ry bV doton ator

TI ee of Cnmpleta con - M1crosecon ds
vers'on ot exp I os.tve
to gil seou ~ product s

[)(p iodod I fl lJUl~

RoCk bruakago I R bore- • to 30 ton 5/1 b
bole bja'Stln~

Vo soc! ty of Cons"""Uon I 10 6 (Illtes/sec
of O:kp los I vo gral ns

A~ ulldJUJI'I1
Ii 1um'flum O~.i de
A~ um~ "UJI'Il- O.i do
ld.urtdflB
Armnn lin «I t rate
Oonlo. r-t ''llro::-un
cartoon. SoIl d
Galdurn Oxldo
carbon Tet ee t Iuorl do
Methaoe
Acutylflne
Etnene
fOrml!lldl1'~ylJa

Forni..:.; A.cld
oMathVI A.Iecho!
Ethyl AlcoIml
Carbon MonO:l( I do
Carbon O~0)( Ide
C(lfTlJJost Hon. ~ r1\ or C)
D1 .. ~ t rototoeoe
1,2 b 15 (d' t I UO("Oi'lfl1,hwl propeno
81s- [2, 2-d~n.i t -ro-2-1111ornUIV' J lunna I
I tvd '-OCBrbon S
lIyd rogan ChIor Ido
Hyd rogan Cyan I d.
UydroC hod c j\d Ii
Cyc:lototnll'01 h'l.eoo tnt r ....111 t r~11'I1 n.a
l-torcury, gas
Uvdrog:m suI U f'lg.
Pound

IWlI VHon A rnl"* """ s
So~IUIII 0.1""
Nit rog Iyeerl n
AlB'I7IJfl~a

Nit rornotbene
Nitric Odoo
Nltrogon 010)011 dO'
Oxl dos of NUro98n
01 ft 11roga" 0.1 do
lead ~ gas
ROXIpol ystyrono/dlor; tyl rMha I ete 'now
ce I I" d f'Il-RIlXI
Pen" !l6rythri tol te t ren rt rete
Phosphorus Pen tOk Itlo
Cyctotrlroofllylonetrlml' r 611'11 ne
I ~Vdt""!IIZ I no n Iit f' ato/hyq;rDl. 119 mI )[t ures
SIII COO 010,,1 de
2,4,6 frl oH rota I Ullna
SIlort ton (2000 'POW' ItS. J
KTN/Sy I gard 102

-0-

11-. TN
P20~
110X
RX-1J IMl IAU or AC)
SI02
TNT
Tun
XTX-UOO}

AI.
AI.O
AI.20
ALi'}
Nl
OIF

Clsl
COO
CF4
CIl.!
Ctl1t
C2Ilfi
C1'2lJ
01,0.
DI}ml.
C.'I>i~1

ClJ
OJ,
O»ll' II IA or Cl
rnT
1.2 Lf'
Fl[lJ
IIC.
IICL
liD<
IIF
1If!)(
IIglgl

"2 S
lb
rx-u-o WI, 091
fl,.u
IIG
I'll}
NM
NO
NO,
NOx
"2 0
PUlgl
PUX

: :: ~

. :: ~

~~r:-~i;

:::-

!(:: %
:::

, : : ~
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T~!.Jte 4~ r'.EASUREO AIR EMIS5 IllN~ FlOM CHOtIAlI eel OF (Xf'lOS IV[S IIb/t",,)"
,,,hi

Volul':'kJ
~,p,)u"d eo Cis) WI} I!OI 014 illS Other 11l}/lool

A~aT'" eon02 l e25 12.1 4.8 2.66 2~,1~4

A?l",-'nal 12n» ~/4 .~2 0 ~6 15 HO-112 19,O4~

.A:r.":--0J' h O',,,,3r:n1 to'2:z. 6].2 I.j .10.9 11,9~9

( ~5.6-1281 (0.51-2.1 ) ( 18.B-56.91
,\,t!:'lCni3 Go lat In 2 2 2~,1 0.4 5.16 1O,2n

1I4.1-~.5.1) (0 .za-u.51l (1.2-12.1)
ulack Ola. II n9 P",,"~r2~,22 170 4.2 24.4 11,]50

( 15-240) (051-9.1) IO-U.H
DUD 6~J r, 0.46 1.29 I<U

(566-6\6) lO-150) lO.21-o.60) (1.07-15)
61 d~t 1••':J ~.n1aUnU ,It 159 0.(6 0 NO-42 20,504

(5,5-2(.2 ) (0-0.%1
1.2 D,p2J 415 6 • .5 jO.l Ilf -90 I ,C2H2-,.8,C2H{,-0 .62,t:fx-NO
f~F{lllt no 0 2.45 0.1 Hf -2.54 ,Cf 4-0
WI.Un DyM",UeH•n n.o 0.69 ].9 10,669

I\ (l4.6-1~2) to.26-1.1) (0-5,5) a
:... ~~ j. troce~ I t11~s921 640 y, '.2 26,419 ~

0
(57t10~) ( Il-t,O) ( 1.6-~.O),

G.J,,~o'Pidar2S.. 20S 7 .0 1.'1 20.6 8,51>0
(66 .a-es. 1) to.l1-1.5) (19.0-21.4)

W-4x.:;") 2" ~56 11.2 9.8 0.59 0.9 C2"6-o·2O
(~11-501 ) (() .l(j . .5) lO-19.u) CO.II-I.01l \C-I.O)

lX_II_0 21 40~ III 15.6 0.01 2.9 IIf -268 ,Cf4 -8.11
( 190-1U) 10-1(01) (0.10-]1.6) W.II-I.621 (260-1161

• (11-11.61
U it roJMthane i lt 5D 56 6U 1.2 I.] ClUb- I• O
p~tf;H •.l" "l.'il 2.5 0.]5 25. JI4

(27'.'-'19) W.62-5.0) (0,02-0 •.55)
Picric Ad OU 7·19 92.] 9.2.5 22.] 4.3.5 C2I12-6.5.11 2l,566
1l~_2.1>l jl8 NO-6.16

;...// ~trdigM OVRamlto20~U 2UI 2.5 5.6 14,.5\16

(61. !-52·1l (0.51-5.61 (0-14.61
Tl!tryl2J 60U 1.'9 ]2.4 0.64 C21!2-62.4 24 ,O~J

TI1I2 ,21,2',.,// 196 214 ~6.1 2~.9 14.; C21l2-12I,C2H6-1.06 24 ,~95

1641-9441 ( 101-.lZ0) (l}-30.4) /21.9-J2) ( 13.2-15.4)

XTX-B:l032 l no 31.2 13.6 0.52 1.5.1 5lOr'24 ,C2U2-0.64 ,Cjl6-1 .2 ,K0-46. 6
(MO-8'10) /0-62 ,~) ( 1 •.JI\-25.6) 10.49 -0.54) (6.00-20.2)

5 t r-a' gl~t II",e lIiVOrlllgtl ot lIival. eu to datil, equa t l y woI ghI ud by SULJrCilL
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Table 5. CALCU LATE!) EMI S5 lUllS fRlJl.l VET lJIMTI' ~l OF EXPl05 IVE MAT Ull ~lS (I b/ton1

CO/1".pound CO CIO) 11111 1IC11 Of4 ot}Oll Ci'll~Ql-l NO Olber

AII'.alol '0/'°1 192 61.2 56 J.2 192 CH,02-1141i7 Ji-2561.
(22.4-l921 (41-511 11'6-256! CaG-II.2

ArM/ol 00/20z '.6 12
ArononIa Go> la t 1n Z 11.6 6.0 CaO-5.6. Ila20-256.

'5.6-ll.4! SGr2,6
AlIlAl MI~2 22.5 25.8

(U-{,IH (4.2-62.41
Ni/Al/1l202 t80 Al.0-104 (J 96-4161 •

, 110-1901 AllUJ-1018( 149-161 21
All Oyn.",lleZ 8.1 C.\I-'.1(4.5-5.61

('.8-11.61
UI .slln9 Gelatln Z.21 96
lllfZJ 506 106 0.11 1.02 1.9 Het-li.l

(Ht-5111 (9.5-2011 0-0.41 lO-l.21 CO.12-4.71
~ Co~ U

2 446 6.6 19.2 J20 OI2 02-8}

... ~1~l1'21
l02 5J8 Jot 54 10.4 160 ClIlGl-9.6

41/ 6.1 101 Hf -W92( 1066-10961.
U.O-?Il C,HrO .04. CF4-5.6

CO .41-1 O. 7l ~

FErQ1" 20.1 HF-H'! 112-21U. CF4
~

148 6.4 2.)5
(146-1491 (0-12.81 (1.92-2.111 06.1-24.11 -1.2CO-2.41

UI-fXZ)J 2 .. 265 l5.J J.9 0.002 IJ.6
OJ-490! CO-I }61 (0.02-6.1JI CO-o.0041 10-41.0

Leed A.ldol Pd-14lll1
lX-I t-023 ,81 115 5.1 0.019

15.6-1611 10-2301 CO.OJ-II.M 0.016-0.022 . IIf -15J! J.6-2161. Cf4
-I J~( 0-'~91

Ma rcury fu Iml niillte2 22,4 79.2 "'1- 1460
Nil ruglycerln2 51

00-041
t~ ~ trol1\Jlnn11e2 96
N ~ t rorrothdno2" 167 0 12.5 4.2

192-2461 (~.6-a.JI 0-5.')

,t••
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18-42 .4

1'a·l>.o 5.
CALCULMED EMI 55 IONS rOOM IJETOUAlllll. Of EXPLOS IVE WlTERI ALS I 16/too) (conti n.... dl

Compound ill CI,;1 Nil) IlCN 0 14 Cll,OIl C2M50fl NO Othor
NI tres larch Powa..r2 6.]

15.8-{i.81
Potn2

106 n o.n '5.8 15 CIl202-'47119'-524J1O.56~2611 0-21.21 ( .9-451 (6-241ImXl .96 43.5 DJ 6.015.6-5541 •2,1-122. 4J 16.4-1nl CH;t02-'J61 166-4911RIlX/lNl/ALI 209 ';0.1 1.9' 46.1 12.8 Jl 114 C211/>-15 .61 4 .8-421 ,Cl'l.122-4141 12 .4-1421 D.4-0.61 116-92) IIf -511 (21.6-212) -24.1 (5 .0-ll.6J ,Ul201
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• Tab l e 6. COMPOSITION OF TYPICAL PROPELL~~TS (PERCEi'lTAGE) 1

Standard Fbcket Small Arms

Prope Ilant Propel I ant Single Clase

Composition 1M-51 (T-5) ( II)

Nitrocellulose:

12.60 percent N
13.15 percent N
13.25 percent N 81.5 57.5 98.3*

NI trogl ycerl n 15.0 39.2.

Clari um Ni trate 15

Potassium Nitrate 1,0

Potassium Perchlorate

" i t roguan i dine

Dinitrotoluene
Coat

Tri n itrotol uene

DibUtylphthalate

Diethylphthalate

Tri acetin

Potassium Sulfate
1.5 1.0

Tin

Diphenylamine 0.75
0.7

Etnyl Central ite
1.75

Graphite 0.25
Glaze

Carbon Black
0.05

Cryol ite

Lead Stearate
0.1

100.0 100.0 100.0

* Can be either 13.15 percent or 13.25 percent Nitrogen.
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The opinions or assertions contained herein are the private view of
the author and are not to be "c;ont-iue'd as official or as reflecting the
views of the Department of the 'Army'"or the Department of Defense.

The presentation contains no material that warrants its ~isapprova1

for security or policy reasons.

Roy V. Carter, P.E.
Project Engineer
Air P~11ution Engineering Division
US Ar:ay Environmental Hygiene Agency
Aberdeen Proving Ground, Me 21010

NOTE TO EDITORS

Under the new federal copyright law,

publication rights to this paper are

retained by the author(s).
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