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AEROSPACE SAFETY RESUUTS FRDM A ROVER/HERVA
POSIBODERATIOKAL DESTRUCT TBST o

R. Z. Berry, Project En[,inee' )
Aerospace Muclear Sofety Divisicn -
Sendia Corpovation, Albtuquerque, NeMs ..

‘Introduc'ion

" Prior to the use of nuclear zateriol in Space. an acceptaule

stion of the safety criteria mist be completed, “The' safety anaiysi.'a decv

penris on the method of destruction proposed for the vnhicle car:yi

ruclear moterial.
For the ROVER/NERVA propulsion engine, a suicablo nomuclee.r post

-operationsl exnlosive destruct system has baen daveloced by Aberdemﬁ ‘

.?rm‘iag Grcunf.l end Picatimny Arsemal, but the cheracter of the rawlting

dehris bas not been fu"‘yA defined, 'rhe chnracte*i.ation of debris is ﬂm_

air

soupce term for & computer analysis from which the re,ault:.-‘g spe.sioa, L

I....l

fanwt, and the ultimete safety can be estabhsnw. o
To accuire this {input information which 1nc1udes three dmmoml

debris distriburion, debris size end mass, and debris velecity, a fufx_}_
gaaie mockup of the ROVER/IERVA nuclear propulsion snginc was
uning four stetically emplaced 105 mm special explosive cherges,

Ths destruction of the mockup ROVER/NERVA propulsion englne was.

quastad by rhe joint AES/NASA Qpacn tuclear P*opul {on CfEice {SIKBDD,
Turther, S50 vequested thet dezta about tha debris regulting from the

destruction be ecollected,
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ROVER/MERVA *Ze

The collestion of explosive destruct ddtdvghﬂ_analysis of*éﬁaékdéég’ﬂ
was fointly done by the Army’s Aberdeen Proving Ground and Sandia Coxpore- .
tion., These two focilities independently iﬁstrumented and collected es
wuch data as possible to fulfill the safety requirexents, ' |

Figure 1 lists those data requirements considered to bz fundousentel,
cf thet data vhich can be collecfed directly with on site instrumentation.
Figure 2 lists those data rcquirements vhich sre a diréct‘résqlé'ofy“ '
furdamental deta reduction and presented in usable format. Figure 3 lists
thoée data requirements vhich require additionsl mathematical anelysis to
.Temove the effects of gravity ard the atmosphere on the debris pattetn end
velocity resulting from che explosive deatrﬁct test, | o

The previocus threae Figures cutline the data requirements end Figure &
is 3 phetograph of the mockep ROVER/NTRVA space propulsicn engine destroyed
with chonicel explesives on June 22, 19565, at Aberdeen Proving Ground.

This mockup space engine contoined a simulated uzanium core,.ccntﬁoi )
druns, Tefleator scmnts', core support plate, shield, and the outex.
prcea{:re vesgel. Thet ig, all componsnts which wera considered lmportant
to the wvessnl reaction to explosive destruct were simulated.

Sirmlated entry holcs weTe ploced in the vesgel and f;:: sgaticaily
emploced 105 wm spcefal explosive charges were used for tha destru

The oocknn cpace engine was gurroundad by instrumentation aé ahowm

gchematically in Figure 9. This instrumentation is also shown photegrashicelly

in Plpure &,
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Doplicate inqtrumentn ion tbchniques vere uaed throu ;ghout to provids

a hish confidence that the vequired da&a would be obtained.

FDascription =f Instrumeatgtion . : : BTN S
A. Atz Sempling
The purpose of the eir sampling prog:am was to -

coliect atmospheric samples in the vicinity of nround

zgro giter Lhe IERVA reactor had been desty troyed with

111.17 pounds cf bigh e&plosive, to determine the édﬁé
centration of graphite dust particles in the rasulting . - '
cloud and to ascertain the shape and eiza distribution

of tha partizles thet remaircd airborne.

The stmospheric camples were collected by mesns ofu -

midget impingers sugpended from overhead cebles. The

cables were held abocut 80 feot above and around grourd

zero. Thre2 midget iopingers wero gecured to eoch of

8 drop lince from the overhead cables and were located so

that sanplews were {ixed at 20 feet, 50 fect, and 70 feet

cbove the grounde Ench line of impingeta was located
380 feet Lrom ground zero,‘and the resulting avzey of

24 gampless formed a cylindex 200 feet in diameter end

70 f2¢t highe This arxey of fampzers pravridad 360°

covercge and allowsd a representetive sample to be taken

in o lpht ond variable wind,




iew
&
o2
s
EL )
-3

UNCLASSIFIED

k3

ROVIR/TERVA olys

3, Pressure reasurement

The blﬁut pressures dechOpcd darino the desuruct{owﬂl" »
of the mockup space engine vere recorded on an Ampex CP 100'
Magnetic Tope Recorder. Susquehanna ST-2 prassure trange
duesrs vere commected through 1,000 feet of Microdot coble
to on Endeveo Model 2641M1 Charge Amplifier which provided
the input to the tape recorders.

Tuzlve trancducers were mounted in the tlast area,
ecch 6 feet above ground level., Four transducers waZe
locatad 20 fect from grosnd zero - one in a jel, ons ot
45° between jets, and two 5° on either side of o secord

jet. Four additional trancducers were locatsd at 30 fest

and also et 40 feet in the same way as describad above.

3

Co I1nzg Dod Velonity Mepsgsursments

e
N

7o maagure the velccity of the particies reaulting
from the destruction of the test vessel, comiveting glaes
rodc were cuployed. These rods were constructed of 3/18%
x 3% glasa tubing pointed with a conductive paint vhich
urcv;” cd a path of electrical continuity bztwaza cach eml.
Yeacurenments revealed that asch 8-inch rod possessed a
resistance of gpproximutely 2 olms.

Eicctricel connections were made to the rods through

fusa elips attacacd to eaﬂ‘x emd of the rod.
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The glase rods vere positicned above the simulated
nozzle, below ¢he °_mulated doma, adjacent to the pressure
vesasel wall and at 10 feet, 20 feet, 30 feot, 40 feet,

80 feet, 60 feet, and 70 feet elong the west jet ard n’so
2L 10 feet. 30 feet, and 50 feet along the south Jec.

The giass rods were positioned to ba broken Ly the.
moving debris, either the wetal coaponents or the core
material, which is deployed in the 5 major jet areas.

Potating Foam ?3*t‘c-a Collectors & Velocit ty Devicas .- . ..

1s Rotetine Sinple Bisc

The singls dise wes designed {a) to measura the
cime of erzival of particles frem which the average

velocity could ba calculated, and fb) to catch and

giots of & flat digz of 1.9 lbs/fc3 polystyrene foam
8" thick and 15" in cdlemeter. The dinc is driven of
a constent sotatlionsl velocity of 1725 zpm by & 3/4 hp
220 volt AC cingle phasc electric motor. Thz rototing

dico and motor ave housed in & fabriccted eluminum

cobinet measuring 269 ieng, 18-172" hish, and 18" wide,

the front fose of which contains a 4=32/74" xx M siatiomary
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gource, one from a wodificd trnnsistotizedvautcmobiié”x""
ignivion system end onz from & high éncrgy capazitiyé’
discharpge systen were mounted to étcvida a mark ati
dotonation (zero time) on heat sengitive recovder tapa
‘atsached to the periphery of the disce

As tha evplesion debrls roacuss the instrumaniy

b
v
Ve
v
,‘!’,
i

R N 1

e e

a lino of particles are permitted tc enter through “*f,'-"’?9”5

the stationary slit and crbed into the ro:ating
polystyzens £oom digce. With the known disc anguler
velocity and the angle the particles {debris) zike
vith respect to the zeTo time merR, the arrival éima
(T) can be calculated. Tae dist&nce (Di is déﬁermﬁééé‘j:
by seasurenents therefora, the average velcoicy (Vh)‘
45 determined by the cguation: Ya = /T,

Firmsre 7 i8 & cchemaric reprosentation of this

<

cingie disc particle eolleetor and velociiy devicee,

Tha votating drum uas deeligned to perform the

A Sumationz o the ofagle clise deseribad ohovee

L O

rinciple ard operation ore tha some except that

-4
N
L]
0

articles enter o 1" = 189 glot end strike tha

%y

o3

©
I

dewem noroel to the drum curface and axig, Further, tha

drua 4o rotated av 1000 Tpe but tha gpzad may be varied
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The drum is of polystyrene foam 18" long by

21" in dismeter. Total weight of the drum acaembly

is approximately 210 pounds. The drum and drive

are housed in an aluminum skin and stringer structure

" stressed for 20 psi overpressurc.

Figure 8 is a schematic Tepresentation of tha
rotating drum particle collector and velceity device.

Fotating Twin Disc

det

The twin disc wess desigred to provi

(2) aversge velocity, which is calculated Dy megsur-
ing time of arrival of particles, (&) final velocity,
ining the time

coleulated by determ Lntstval

icle penetration of the front disc and

usiag tha avarage velocity and the final velecity

Zourd in (2} end (b)Y, ard (d) particles for later

- emm el
erminatLon,.

The twin dice consists of two spoXked

I"
g
] .
&

epatt on a connon driver abef

cech dise., The rear dist is backed with

foem uhich coptures and pressrves

cavticleza
Dusl spark sources are locntcd inside tha housing

aleng the peviphery of the disc asgembly and oTa
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arzanged to merh the rotating assembly ‘when ene" ized

at the time of detonation (time‘zero)o‘ The diac ‘3J¢:”-f

essembly, motor, end time moxk aystems are housed in
on aluminum skin ard stringer structure stressed to
withstand 20 psi overpressure.

Figure 9 is a schematic representation of the

roteting twin disc partlcle collector and velogctey

deviceo

Az the explesion dedris reaches. tha .natrumﬂnt,
a line of particles is permitted to enter tb*ozgh a.
stationary slit on the front cover. The pa*ticlee
paes through the peper on the front and rear discs
and then ecbzd in the foem. The particle time of

arrival can be coiculéted by Enowing the rotaticnel

speed end by measuring the particle angular displa¢é$”'

nt vith respect to the zero time mark. The average . . ...

velocity can bz cslculated by using the time of
arrival gnd the distance the particies ¢raveled from
che polnt of dstonation o the samplav,

Tha £inal welocity is calculated by using the
reasured digplacement of the particle‘penetration
izarint on the front disc peper with respeet to the

imprint on the vcar dise peper, the distance treveled

batucen tha two disc papere (8 inches), znd the

Ies

rotational speed,
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The initial velocity cen be computed using the pe

calculated average velocity and £inal velocity in the :

formila

vi+ VE , '~

Va IS mme smsceesset a0 i {

2 ; . . . 13

where

Va = gverage velozity :

1

vi = inftial velecity ‘

vE = final velocity :

Eech perticle can be recovered from the foenm ard .

its size ond chape correlated with its three velocities.

- ;1

n, TFived Foam Porticle Cellcstors ¢

Tha polystyrene foam plgptic nlaced in front of the

- e i

rotaticy foan collectors hadla shreefold purpose: (a) ccllect

:
: “ha debmie £rom the destyuseion of the propulsion enginas = S '

%

£

(b} act a5 cn energy absorption media to protect toe rotating v

fosn coilectors From isrge missiles; and () stow the relative ;

i

guancicy of dobric in the fets and in between jetss i

Pigurae & shows the £ixed foam particle collectors erranged

Sanind she nockup spece propulseion engine. ;

i

Tent Rosalén

o e data obloined Irom this toal were good end tha tess objectives :
vero acesmplished, Figure 10 shous some of tha destructicn inflicted eon ;

. f

the inztrumentotion; however, dofta uwoTe obenined and enough of the dnntzue 4

. monrs asrvivad to give a pood doia sample. {
g
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Figures 1l and 12 show the resulting debris pattern wheq usiﬁg’féﬁ:‘ﬂ e
explosive charges. Figure 11 is a side view showing the two‘ho;;;?§i§L;:wﬁ,
jets emanating from ground zero and a vertical jet above ground zero.

Figure 12 i a phorograph teken from & helicopter énd chows the fo&r_straag‘
jets eriginating st 45° Eetween explosive cherges.
A, Alr Sempling '
The sample of airborne core material obtained from The = "%
oidget impingers was quite emall but representative of the
waterial contained within that portion of the debris claud,

Beczuse of the jetting action created by the four explesive

sharpes and the voriagble wind at the time of firing, tho
percentage cf core material can only be estimated. Indiase
tions wore that spproximately 2 or 3 percent wags contained

. The cora materianl that was cosllected

< < -
o the aizboene clou

~ei Wsae et oy

spovided the information thet about 0% of tha air bolne

debris 1o batuween o5 and 3.5 micrens, ebout 19% is bezween

~

3.5 and 1D microng, and the remeinder is batween :0 and 20

ierenc. Further, tae cemples collected contained no

m anclyses - Cemea counting and fluorcmetric,

183
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Beth analyzes showed no uranium present.
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Pressures ware 23 psi ab 20 fezt, 3 pri at 30 feet, and
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4.2 psi at %0 fect. These pressures are about 60% of that

pressure cxpected from on vncontained cxplosion of tha

Yolozd <Y

The velocities measured by the plass rods, rorsting
£oam velceity devices, and from the photograpuic £ila arc
shown in Figuve 13.

The gless vod velocity data and the rotating £oom
wolewity data ore acquired before the camers ig oble to gez

througkh the combustion clowd, Bouever, the camera is able to

7he metal Gebris Srom the explosive destmet cf a moclkep
space propulsion engine is penerally distrmbuted radiciiy foro -
the pressure wessel skin, the simalated reflector aegmrﬂrag end

czle 15 oroiceted upund

ond tha doma ond core suppsrt plate axe propellad doune The e
gatnday of tha reocior is gigtriluted awong the five jets.

rievre 14 46 & twa-dimenzicnal plet of thoce wetal plecas
vapily tha sbwve
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well as the plot of uranium found within each patticls

size range. Observe the concentration of uzapium at 75°to

200 micrens. This is the approximate size of the uranium
particles vhich are imbedded in the graphite mct@ixe;
Fipure 16 is a plot of the accurukated welght pereent
of cac& particle size range, a8 well as the acrumulated
weight percent of the uranium rccovered cron each particla

gize TAngCe

[5]
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The ROVERFNEAVA Destruct Systems Test was quite succesgfuls T?a ‘

data obtained with respect to debris velociry, siue dietrihuticn,:aangv

WO LIt

_ specisl distribution agress very closely with the dota obtained by the

Avmy g Aberdazen Rroving Ground.

= are gcoeptzble eg the scurca tern for the computer enalysis

of rhe ROVER/NEIVA Program Safetye
YTha technizues used for data collection performed saﬁisfactotitf’anﬁ

ained Ly both Aberdeen Proving Ground and Sandia Co*oora”iow
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