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C1\JVglAnd, Ohio 
Decemc~r 19, 1957 

... 
~~UM For Head, ~xecutive Safaty Committee 

Subject: Investigation of Cell 22, Rockat Laboratory, exploeicn on 
December 14, 1957 

1. .a hydrogen-f-11818d. explosion cc~urrac. at C911 22, Rocket Laboratory, 
on December 14,1957, followLDg a successful te~G rUT, of a fluorine-hydrogen 
rocket motor. Details of the ~(~losion its21f are covered by a separate 
lIlemorard\.l1Tl. Tr.e follcvi~ p.!'esenta the fir.di-.:1~S of an investigating CCJI1­
mitt" cOIn:pc6ed of th~ Rocket kbvr.o~..::.c~-:r ,s1].o'~orJ1Jn.i:.tee of Lie Splcial Fuels 
and Lubricants Safety Committee (Ma, arB. J. E~pr~ey, H. Doug1aDs, H. Heintz, 
E. Jonash, E. Baehr, ar...d J. CiJ' ). Tti~ :~_lTvaS7,:,~2.t,=-on t :)ck ?~a.ce cn Th<3cem­
ber 17, 1957. 'ihe 't."'st cell are.::!., &-:,j -:~ 3cr·...:.s· er 'fl€r~ close:_:, ;_~pected 

for possible i' ·tior. sources. lJ<::e~::-iFticL c: k.~ 6xplo32.or: \Jer~ obtai:::oo 
frCill th.ree 'cj'e ."itEee~e;;s. 

2. ~-:itnes:> r -perta . Lr. :,.;,':.~ t e!' Y-ax':", obs<3::,vad tneexplc,si-on frOl'll 

the 10 x 10.". :uL,\:::.~. he:' _::'ac. 'c,t',e c:rn~18"':'0n 3:' th~ te~ !ll11, vapors 
frcrr. '~he tot::.)~~f"r.e 3c...-ub~r ceac;e'-:j a..;,c. thl;l r::ra.roger:. ver.t:""'1i': taGK place • 
He IIU looki..."1g directly L'"lto tile S1..l.n a:--.c. cC'.llc not cefine the initiation 
o! the a:q:;lo:::::"on. T:".:'....,,?~ j':..Ll'i-::' S".!r.f:' t-c c~'ma :('",2.1"':' ~i:r. ;o ....c ooaerveMl 
i~ th~ Rcclet ~eration~ ~u~l~~; 8B~ .t~ c0~21~ci0n 0f ~he rlli., the siren 
ceaBed, aIid va.": r conti:'.\le<.i to r::'!:l VI....";, c,:' '~1;~ 3,::~-..:ct~r. Suddel'-ly' an oZ'Ulge­
ree. j~t ot flame FOill~8d :~:"cm t~:Cl tot=' 0:' 7.:-.e ~C',~:c':er a....-:c. ~''.'lelopoo. tha 
area. It ..as de8cri-:J~d 3.3 s:L.,,':'2.a7' to i,:--,a ~xr.a.1..;,Si. 0.: a :ro~Ke:. ':'hi3 would 
at first thought indicate tr~t t~~ arplo~io~ lIu5 ir.i~~ated ~it:~ the 
scrucoa:e. H::;\lfeYM , it 3hou.ld b:;; rdma:nbarOO ~hat d :-.yd='cgen-air t'::.ame is 
nCI7.all)- qui:'a colorleB!!. Th'~ GCll~!'a ::_0 I o·cE,ar.... ~d m·...:.st ha7B resulted frOlB 
1) the flame picking up part~cle3 of ~-us~, Dai~t) etc., or 2) r~fl~ction 

of the ~un on carbon dioxide ~hich was pre8e~t L~ the scrubber. The latter 
is probably n~~ the C~6e since the vapors ~r~cr to :he ~~loaion ~re not 
colored. T~e colorlp.39 ~~plo~ion cc~lc have been initiated ~~ the free 
at,.l1lOspheL~ ar.d fi:-ed back ir.to ~h3 sCr'~bber) producing then colvrec. DB.lll8 
that WaB seen to shoot- out of t~,e Bc~,~c8er. It mt;.st also 0'3 rel'lWJl:beNtd, 
of ~ourBe, tha't e~-~.tn~3S aCCQQr.ts are not alw~ys ac~ura:'e. The sudden 
shock of the explosion, disc\lBsicns l'ollC:'.-Jing the ex:::lcsion can diitort 
the true facts • 

3. Source8 of i'uel. The elxu'::f"l.Jnental rccicet !notor ... a.s o-oerated for 
~o~t 15 second8 und~r fuel-rich ~or~itio~5; hence considerable hydrogen 
was injected into -:he 8crubbe.!' c.t:.ring 'this t.:..me. In addition, additional 
hydrogen was injected fer a shcrt peri0d Gl tL~e after the nL~. Thia 
hydrogl!n wi:J.l rise out. of the sCr".lsber for .5ome tL'Tle after the test ru...'1. 
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Another Major eo~ce of hydrogen in the area re~ultB from v~rrtin~ the high­
pr.lUlur~ h~-drogan propellant tank :ollo·...ing the test run. Liquid hydro 
i~ pr'.~uri~ed to 900 psi in thiB t~1k vith gase~ hydrogen. The vent i. 
~~ 40 feet from the scrubber, 20 feet above ground ~~d perhaps 20 feet 
below tha top of the sCrLbber. The ~~nd wae of such a directio~ and velocity 
to carry hydrog~n from the "outlet of the scrubber over th'B area of the vmt 
lino. 

4. Sources of ignition. Tha following pot~ntial sources of ignition 
wsre noted: 

a) Four nor.-axp_osion-proof 801enoid val..2 at the top of the 
scruober 'Ua~d for a gas 8&mj=:liug ~t~~ TheBe valv~lI lien 
actuat9d in the poat-run period.. 'l'nt VU7e21 lfere Lls~ ct.c! 
and testbd. Th~Te was no Lldication that they ver~ at f~t; 

n4verthele a they ~re to ce replac$d pr~or to the c~xt test 
ruIl • 

b) A belt-drivsn vae iJBl pn.:~p -!!.[,d ::1Cn~~lo,:'on proof (but inductancs­
t.yp~) 81.ectric l'l~to... T:-.e~~ .. rs l:)cattld iT. .iI. -..ro4rlen bo:x, 
""h·1 "'OD 0" rh'r, ... •-,,,~ 'c 1 ·", of"!" ,J,._.. ~C' 1-"." "~~oaio"" T'>,­
'" _Q ....... ~ ~a." ..;l.."~ .. __ ........... ~.L~ ....... \,.,0 x,-I'L.1'"'_'1- &..l. .:l(:S
 

box Q'a.3 no t c~a.T'T:d :i~.c. :.1 1-'"1 ':.t- i "t<Jt ~':. J. I.)f tr~e bex did rAt 
~·.l!"n. T:-,e ~18 -:. 'lC, ;nc'Ccr '::'YJ.l:: ~a a ?03a:~,;)1>t wurc::) of a 
!irpa:k; aI.'='. t.he '(.et:~ '::""";~':a ''::.::L1...ld:r~at2 a ~rt.'ltic e;::ark. HOlf­
~ver, "ne gena cal 8.ppea:anc~ of the ~o.:::: c,id not india~te L'1 

explos:'on~ T~le li~ could r~8:7e be r: pul:'-';y'~ off by Ol. rarl4flAction 
~.gv~, '~h~ l!; Gees; r.onl!lth51e:ss: rt-:.ll ~ ~:!"'eeant a yo sible 
soure'€) of i~rJ1t.icn. ::::;: r:: '1';:) d)~· rgi:l.sd d12"i~ ~.lture0_ 

c. e ~t r ...:n~l. 

F.ld. 1':,0.3<& at ':.ta top of the 
, .;­
-:; 8$,. ~..:n. 

d) J..	 nilllt'oer cf pieces of ·... s ..:>i ~3r'>!: :::JU:'.a iClBid'4 the 3crubber and 
V~~, accordLlg to the ~~~rs~ir.g a~i~eeTc, there prior to 
-:'he :n::1. T:16Y ano,.ec. so:n·~ ;Ji~~ cf ::":"''''.cr :::hC'...r:'~;-7. .A. piece 
of -"OGG ill th~ l'3cr-uoc·e:- J if ii"n::'"ed. by :'l e fr::m tha r0ck~t 

...	 d-.rrir:f t~e run coul':' be 3-'1 ig!'..i~.ion !-".::.rrc~ in th~ poat-rtm 
period • Ho~Yer, frem the &lllour:t Gf c ::.a..""!"i.r'.g thi3 doaen' t 
appear likely. The charring 'JUJ:j r.ave occurr'!c &~ a r~t 

of the 61~loeion, or ~ay ~~r. r~ve cc~~~ed during pr$Vious 
runs. This doe3, neverth~less, preeent A potential hazard 
arrl ~hould be watched in future operations. 

e) i-iydrogen vented at hi~l". veloc:.ty has been knO"ll to ignite !'rC1ll 
a ata':-ic dii3charge. The wir.d carried hydrogen from the scrubber 
o~tlet ever the hydroge~ vent. After the test ~~ the fluor~. 

tank was vented and then cloeed. The hydrogen tank at ~OO pei 
vay then depres5'J.rized ~o 100 psi and. the vslve closed. The 

" 
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operator checked the presllure and then re-opened the Vlmt 
valv". The explosion occurred Uur6d.iat.l.y. While thill 
could very lii':e~ ha.vs been coincident s.l the facts etrongly 
suggest the venting operation as the ignition eource for the 
explosion. Fires from hydrogen vents have definitely been 
known to occur and the p.ydrogen from the scrubber was d~finitely 

above it. The proolem of aa.fely venting the h;ydrogen tank 
Will hllTe to be solved. 

5. While the hydrog~n v8nt ~Id the vacu~. ~~~p represent the two moat 
liJ<ely Bources of ignition, ail of the at-ove sourcee 'rdll be ren:Gvoo before 
wother te~t is IT.ade in C~ll 22. As an additional safflty measure 8. Illore 
extensive C02 sygt~lTl ..-'.... 11 be in..3tdJ.::'ed to f'Jr"i:er reduce the o.xyg-on content 

· in the scrJbcel'..~ 

.' .. - .' ~.".. 
~ " ,,~.: :.~: 

~.. " .... 6. f\.:~.ure testa iY"1 Cell 22 will :trivalve lC\lcr CO:icer:tration;3 of h.,vdrogen,- .." '" " 

:.:: e.:·'·. leading "to more eeV8re COC1J..!~; prool ems. Ar.. engine bill"n-out is tiltirefore 
... more li.kely. S"L:.c~: a '::;.2"'rl-.l1lL flUl,j. :.hra1:i ~ su'cst.'iC',tial quanU ty of liquid 

hydrogen ir.to the test cell.l'Le ce~l 13 ventilated tc 2.vcic. 8.cctalulation 
',:' . 

of gaseous hydrage:c froJ.1 pos3itl 12;;:_\;~s. A method. sf cc:r~!=~.::tely eliJni::..ati~ 

.. this hazardoue cordit~on ~3 ~ct 8vide~tj n~Yerthele~s, ~~ at.temrt shokld be
~ 

mads to inert tr.E:: cell ..-'1. th CO 2 as '.orell as p08s1.bh. 
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~ dlTl\illd R. .J or: a511 
~1e.~·['!1lr , 

Sp2Cial ~'UP.~5 aLd LuorJ..ca.nt.e Safety Canzni ttee 

iRJ:dd 

CC: E.J. Ma.!1gani811o (EeaJ., Executive Ss..ie"ty Committee) 
F. E. E:elles (Head, Fuels a.liel. CC1l1b~j~"tion Safety Conr.ittee) 
E.R. Jonash 
W.T. Olson 

·.-. h.W. Douglass 
W. fof..ax.im 
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