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Clsveland, Ohio
Decemter 19, 1957
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MEMORANDUM For Head, Executive Safsty Committee

Subject: Investigation of Cell 22, Rocket Laboratory, explosicn on
December 1l, 1957

1. A hydrogen-fuelsd sxplosion cccurred at Cell 22, Rockst Laboratary,
on December 1L, 1957, following a successful test run of a flucrine-hydrogen
rocket motor. Details of the explosion its2lf are coversd by a separate
memorardum. Tre follcwing presenta the findings of an investigating com-

: mittas compeszd of the Zocket Laboraicry Subcommittee of the Special Fuels

i and Lubricants Safety Committee (Messra, J. Humpnrey, H. Douglass, H. Heintz,
: E. Jonash, E. Bsehr, and J. CGibtb). Tkhis invesiigetion tock nlace ca Decam-

ber 17, 1$57. The test cell area, and *ha scrucoer were closely inspected

‘ for possitle ignition sources. Descripticrns of tre explosion were obtained

= from threz eye witnesces,

2., Eve-witness raeperta, Mr. Wilter Maxim otservad the sxplcsion from

the 10 x 190 85&32; puilding, e rncved the cocmpletion of the test run, vapors
T ) T . s o f on
frem the top”co khe scrubber ceased the nyarogen verting tock place,

He was locking directly into the sun and cculcd not cafine the initigtion
, 0f the eaxplosion, Things just se22mec to comd “eward ndr, Tuc odbservers
] in the Roclet Crerstions culld h azletion of the rum, the siren
' ceased, and vapor continued wng seructer, Suddernly an orange-
rec jet of flame poursd Trcm ithe taog Tvoser and enveloped ths
area, 1t was descrinssd as similar to the = st of a rosket. This would
at first toncught indicate that t-a explosion was initiated within the
0 scrucber. Howevar, it should bz ramembered that a hyd
¢ nermally guite colorless. The ccloratioun ocsarvad must have resuited from
1) the fleme picking up particiss of wusy, palnt, etec., or 2} reflsction
of the sun on carbon dioxide whicn was present in the scrubber. The latter
is rrobably nect the case since tne vapcra pricr to the explosion were not
colored, The cclorle=es sxplosion coculd have teen injtiated in the free
atmospherz and fired back into the scrubter, producing then colored flame
that was seen to shoot out of the scruccer, It must alsc be remembered,
of course, that eye-wiine3ss accounts are not glweys accurate. The sudden
snock of the explosion, discussicns follcowing the exrlcsion can distort
the true facts,
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3. Sources of fiuel. Tne experimental rccket motor was operated for
out 15 seconds under tuel-rich ccnditiors; nence considerable hydrogen
was injected into the scrubter during this time, In addition, additicnal
hydrogen was injected for a shcrt period of time after the run. This
hydrogen will rise out of the scrucber for scme time aftsr the test run,
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Another major source of hydrogen in the area results from vanting the high-
pressure hydrogen propellant tank following the test run. Liquid hydrogem

is pressurired to 900 psi in this tank with gasecus hydrogen. The vent is
same U0 feet from the scrubber, 20 feet above ground and perhaps 20 faet
below ths top of the scrubber. The wind was of such a dirsciion and velocity

to carry hydrogen fram the*outlet of the scrubber over the area of the vent
line,

. Sources cf ignition. The following potential sources of ignition
ware rnoted:

a) Four nor-explosion-procf solenoid valvss at the top of the
scrunber usad for a gas samcling system, These valves wers
actuatsd in the post-run pericd, The valvea were inspectad
and testsd, There was no indication that they werse at fault;
neverthelesza they are to te replacsd pricr to the raxt test
un.

b) A belt-driven vecuwm pump end
v e

non-amxplcoaion proof {but inductancs-
type)} olaciric motor, Thes»

wars locatsed in a wofden box,
ths top of which was Tlown off dur

Lo ff duxing tae cprosian. The
boX was not charrsd ard oill 3n tha boticm of the bex did not
burn, The elsctric meucr could be a podsidla sourcs of a
spark, and the tell driva cculd create a gstabic spark. How-
ever, tne genaral arpearancs °f the b

v 2
ox did not indicate an
axplosicn, The 134 could nave besn pullad off by a rarefactio
¥ava, Thisz, dces; ronethsless, still rmerresent & possible
sourcs of izniticn, It will Se da- sr:rg;zad during future
rest muna,
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An woodl were found insids the scrubber and
vare, acc ording to the crereting sngirneers, there prior to
the run, Thsy ancwed som- 3igns of mincr charrirg., A piece

i

of wocd 4in the scruvrter, if ignited bty Ilame from the rockst
during the run could be an igrdticon scurecs in ths posi-run
period. However, frcm the amount cof charring this dossn't
appear likely, The charring may have occurrad ax a rasult
of the explosicn, or may sven have cccurred during vrevious
rmuns, Thais does, neverthsiess, preesnt a potential hazard
ard should be watched in future cperaticns,

e) Hydrogen vented at high velocity has been known to ignite fram
” - a static discharge. The wind carriad hydrogen from the scrubber
outlet cver the hydrogzen vent. After the test run ths fluorine
tank was vented and then closed. The hydrogen tank at $CO pei
way then depressurized to 100 psi and the valve closed. The
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operator checksd the pressure and then re-opened ths vent

valve, The explcsion occurred imrediately. While this

could very liredy have been coincidentsl the facts strongly
suggest the venting operation as the ignition source for the
explosion, Fires from hydrogen vents have definitely been
¥nown to occur and the hydrogen from the scrubber was definitely
above it. The proclem of safely venting the hydrogen tank

will have to be solved.

% 5. While the hydrogen vant and the vacuum pump represent the two most
55, likely sources of ignition, all cof the above sources will be remcved before
another tect is made in Csll 22. As an additional safety measure a more
extensive COo system will be installed to Turiier reducs the oxygen content
in the scrubkter,

6. Fuiure testa in Cell 22 will involve lower coacentrations of hydrogen,
leading to mors severe cocling proolems, An engine burn-out is thnsreforse
more likaly. Such a tirn-out may throw = substantisl quantity of liquid
hydrogen irtc the test cell. T(he cell 13 ventilated tc avcid eccwmulation
of gasecus hydrogen from possitle leaks, A method cf ooy etely eliminating
this hazardous cordition i3 net evident; nevertheless, ar attempt should be
made to inert the cell with CU; as well as possitle.
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ﬁamund R, Jorasn
Merper,
Special Fueils and Labricants Sarety Committee
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: cc: E.J. Mangariello (Head, Executive Safety Committes)
F, E, Belles (Head, Fuels and Combustion Ssfety Committiee)
E.R. Jonash
w.T, Clson
H.W. Douglass

W, Maxdm
Rocket Engines Eranch



