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• Intro • fhe need for a tasting station remote from Cleveland became evident .. 
)0 a in the mid 19$01e. A testing station for potentially hazard.ou&' .. 

•• work including reactors was required. to provede satety tor 'both the 

public and personnel associated with the research eft~. Thia 

need led to the est,abliahtnent in 1956 of an auxiliary facility now 

> called the Plum Brook Station. 
) 

P-1 The Plum Brook Station iB located on a site 4 mUee eou'th of Sandualcy, 

.. 40 8 Ohio which ia on the shores of Lake Erie. San.dusky iB approximate)J' 

50 miles frcm Cleveland. In contrast to CleV&land•s 400 acres,. the .. 
Plum Brook Station includlls 6$00 acres. Due to the size ot the 

: .. 
i 
~ station and the precautions taken, large scale operations can be 

vY 

safely conducted with nuolea.r reactors, hydrogen,. and nuori.ne 

systems. The land occupied by the NASA .Plum Brook Station was• 
'r acquired from the Army through a gradual lease am then transrer 
J .. 

process. 
( ~ 

.... 


P-U The A1"1t\Y had established a TNT manufaet.uring plant during World
1-"· 
i . ~~ 

17 IS War II on the farm acerage that included a small stream nalll8d 
~"I 

-< 
Plum Brook. AB will be illustrated, many changes have been made 


···~ aince those days to accorriplish NJSA~a mia81on. 
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An unused power plant building left :f':rooi Anxr3' Ordnance ·cta,1J was 

renonted to pro'Vide space tor testing hydrogen propellant tank•. 

In the chamber liquid hydrogen rocket fuel tanks up to 16 feet. in 

diameter can be tested. During ~est.s Y&ouma. cond:ltiOIJS are m&in• 

'baiMd: and a 10.000 pound actuator 18 ~ to shake the rocket­

tual tank•. Bxpuls1 on mi storage chars.oter:tst1oa of the tan.kl 

are innst1g&ted. 

A large d.yrumd.o stand waa foW'ld necessary to make groUl'ld tests of 

the Atla.s-Oentaur...S~ comb1natton. 

An Atlas booster was moun't;$d on the etarrl and NASA engineers 

used a ooaplicated syatem. ot etanOh.1.ona and cables. These oablas 

apply forces sind.l.ar to those enoounter•d during an actual Atla•• 

Centaur m:leaion• 

Abow the boost._., a Centaur test vehicle was mated t.o the Atlu 

followed b.r a ~ic test model of the Surveyor sp. oecra£t Gn 

~ or the cenw.ur. 
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P-4 The 130 toot staOO. is equipped with an electromagnetic shaket~ 
I 	 29 • dertce to aimulate aerodynamic f.'oreas encountered on ltf't-o.tt>-. 


of the rockets.
I::. 
!.. ~· 
I Information obtained tram testing here at Plum Brook provided . 
I 
, ~lo· design 	criteria £.or latching ?Mtchanieme used in the Surveya:-. ­
I
t' ,.~ The a1mulated wind loada tests ahOlrled that the buokling t.ha~


( ) 
takes place in fiight actiually :tnonaaes the .st.renph of the 

J 
Atlas-Centaur comb1natian. 

i
I
' ,,. 

t-­

P-40 DuEJ to the prevaUing wind conditions at Cape Kennedy on May JO, 

13 8 1966 th& Surv~or would not have been !ired if this strengthI1 
T 

new 

increase had not been discovered earlier at Plum Brook •. .,~ 
·~1 

.,. P-5 At the liq'4.d h;ydrogen pump lite pumps of various designs can be 

l . 	 19 8 tested at speeds to 2$,000 rwolutions per minute. Liqµid
1';!'.,. 
) hydrogen 1a supplied to the pump 'Via l4a000 gallon truck dewar•
~" 

•• 4 and 8.lao frem 34,ooo gallon railroad dewars. 
. ~ 

) . ~ 

P•SA E:xperimentaJ. results to date for oen.trif'ugal pumps show tha.'\ 

14 8 new design methods g1ve improved pump per!orm.am:u.t. Informa.tt on I . obtained here ldll b• used for both ohem1cal am nuclear propulaion. 

I 
~ ~ 	 P-6 A. heat vanefer f acUity at Plwn Drook provides the oapa.bility of 


2S e testing nuclear rocket nozzles and components. The f'ad.lity•a
c~~ 
.f'I 
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heat exchanger will $upply ho'b hydrogen gas that will simu.late 

t~raturea normally enoO\lntered in a nuclear rocket reactor. 

Hydrogen gas will be supplied from high oQf>aoity. high pressure 

tank cars. 

'l'he heat exchanger iS :tl.t'ty f'eet below ground level and the exhaust 

tank is 88 feet high. When it beooroos operational, hydrogen will 

be passed over a bed of carbon balls that are induct.ion heated. 

The carbon balls will transfer heat ta the hydrogen. 57.ooo cubic 

feet per second of hydrogen gas at 4000o R will be auppl1ed to 

the teat section. The velocity of the gas will be 12,000 feet ~?' 

second. Following tests wi.th the rocket nozzles in the test 

section, it is planned to use this facility as a hot gas supply 

tor hyperaonie aerodynamic researoh • another a.:rGa of p~inle ·concern 

tor NASA. 

In the 26 million dollar space propulsie>n facility are a oyllndr1cal. 

tank (center), shops (right). cryogenic equipment (left) am o!tice 

space (from). 

The heart 0£ tl'lll f'a.cil1ty is the cylindrical tank lOO feet in 

diameter by 120 feet high. Inside, tcq::>erature conditions at 

altitudes up to 100 miles above the eat"th will be produced. The 

simulation of this environment in a tank of suoh tremend<.>us ·s1ze 

w:U1 provide a needed and sa.fe capability for the country. 



s 
Reintoroed concrete six feet. thick will surround the va.ou.um 

chamber and t he epace tank to pl"ovide shielding and prot.ectioa 

against nuclear radia tion. The t'actlity vu designed t.r NASA 

by Kaiser Engineers Div1sion of the Kaiser Ccmpaey in Cal:U'ornia. 

I··' 
~· 

I 	 Facility colllpletion is expected in 1967. 
(~ l ­

·~ P-8.l The SNAP 8 reactor and its associated system.,

l'..· 15 s 

L. 
 P-8 solar powe.l' generation equipment and liquid metal loopa will. be 


I ... 	 tested inside the space tank• 

~ 

P-8.2 A new research facilit.Y' ia al.so being oorstruo~ed to teat apace ,. 
~" ~ 

1$ 8 	 ftb1cles and upper stage rocket engines. Vacuum startup tests 

,, 	 for chemical rocket engines U:Sif€ new fuel& will be pQss1ble. 
• 

P-8A AB mentioned,, ettorts direeted t o nuclear rockets are also con.... 

.. 40 8 ducted at Plwn Brook. In a nuclear l"OCket, . liquid hydrogen 
, ,. 	

stored in a tank at ..JUo't F, is passed through a pump to increase 

its pressure. Nuclear energy 1n the reactor heats the n~ 

hydrogen and the expansion of the ~ogen 1n the nozzle produces 

the thrust to propel the vahiole. Understanding of the dynamic 

transient. oharact erist:ica of an engine and some of the more ilnpol' ­

~ 	 tant aubaystems such as the propellant feed system. are important 
<" y 

to the success or the nuclear rocket and other improved engina 
... , 

aystema. 

-; 
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J ,_,[ - In tb1a etfort extensive use has been Jiii.de ot the•• two dy)land.o 
...::.:....~ ;: 

l 
":L. S5 • engine simulation atanda. 

I 
\ , . 

The one on the l.ett. B-l., has been used tar inveatigatJ.ona on I:-.: 
turbopap, fiuid imtal>Uit1H in tha engine flow pasaagea,

1"~> 

r~· and equipment performance evaluat1ou. 
,~ '">­

l The en• on the ri&ht, B-3, ~ a 200 i"oo~ high faoillty used fr.tr 

) ~. nonnuolear aimllation teats 111th h1'dr0cen •uch as wlll be needed.I
( ... tar interplanetary '\raftl. 
' .. 

I ~.. The ejector system, Wied to obtain al.t1tude tea\ conditions, la 
) ,,_. 

-, o.._ "° bo'h these f'acUiUes and aJ.•o to the Heat T:ranster 

I 
~ 

Faaill\'r that we saw earlier. 
~" 

)
I • , 

Th• bydrocen uffd iB burned ott uainc the ataok. In th1• B-3( ~. 
. ,-.)' f'aailit.y a liquid hy-drogfl) tank is located in tha top o:t the 

.. t.....• 
.... 

~ 

P-9A 'fhia tank oont.atns 46,ooo gallons ot l1q,uid f11drogm. 'When the-""" ' 

• -< 70 a 't'8.l.ve is opened duri~ a run.. hydrogen nows t.hrough the pip• to 

" the research PUlllP and turbine. After passing through the outer 
''I' 

- < '/ no11al.e 'V&lla ror cooling, it :1a duPed to the top and. throqb 

....~ the non f'uel-1 reactor. After 81ting through the no•l.e• it 

gou' J \he stack where it is burned. 
... 

..-, 
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c~ 
The components such as the puutp1 the aimW.S.ted. reacw and noz&le 

\ ... > 

are arranged in a close coupled configuration. Thus the heat1
j 

:: tra.nst.-, now .00 dynamic interact.ton effects of the dlf:terentL... 
components found hel"e simulate a flight•type nuclear rocket •ngineI · .. 
system during the early part of a startup. 

... " 

Using a MARK IX turbo pump1 e: nonfueled ~wi reactor, arrl a 
') 

ntod1fied nozzle, tests were run to see if' the system. would 

! ~~ bootstrap. Bootstrap iS the term used to describe the startupI 
~ 

of an engine now system when ru:> Et:x:ternal power is supplied to tha 
~ .. 

ayatem. 

r ~ 
, -~ 

P-9B A series ot qold now tests has verU'1e4. the ~ t1tude boO'tstrap 
,..~ 

I 
~y-.' 33 • oapability of this nu.olea.r rocket system. These ~eats showed that 

the pump pressure w:>uld nae at. the low i'low rate conditions and 

l ', the eystem1 . although in the stall region tor a time, would ach1.eft 
~ ~. 

the 101000 rpm ct.sign condition. On tM basis of these result.a -~ > 

l q a\ Plum B:rook confidence wu gained Pl"101" to investigations with 
· 
) a Nal nuclear roek~t rnctor sys ten that vere made at the Nuclear
I , 

Rocket Devel.opmalt Station in Novad.a.l ~ 
. " 

( 

P·lO Investigations using a fuel.eel nucl.Kr reactor are al.so made at 

20 8 Plum Brook. The heart ot the lS mUlion dollU' facility, the 

'("' reactor, 1s housed w.1. thin the oyllndrioal dane. Thia 3/4" 
_, 

containment shell is one of t he more impreoive aafegu.ards used .. 
..-1 against accidental release o£ radioactivity• 
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Operation of the reactor requirea cooling water to flow t.hrough 

1t. This water, heated by t.he reactor, g1vee up its heat t.o a 

secondary water system. 

The secondary water, not in oontact with tt:e reaotOI', is piped 

underground, ani dissipates its he.at to the atmosphere in the 

co011ng tower. 

water and any ..U- vented to the .atm0sphere an carefully mea• 

sured. for radioactivi,ty. Only a!'ter assurance that there is 

no hasarct1 are they releaaed at the reactor site. 

The assembly t.st am st,(j-age building located near the reactor 

building provides •pace needed ror assembly and rr••1rrad1at1on 

t .esting of large experiments prior to their being placed into 

the Plum Brook lleaotor. 

Adjacent to the reaotar build!~ And connected to it by water 

oan.:Ls, the hot labaratoey complex allc:iws remote handling of 

experiments after irradiation in the reactor• 

In nuolear rocket systems• the advanced technology relies hea.v:Uy 

c 
on chemical rockets because of oonmon problems. Thus both oh~al. 

l ,, ' 
r-· 

- '~ 

1- ,~ 

~ 
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..... ard nuclear systems require a tank, pum.pa, turbine• and 1. nozzle • 

""'"" fhe energy process used. ... chemical or n~lear .. iB the baaia 

II• difference. In a nuclear system the efi'eots of radiation on a 

...... material - predicted by the pioneer E. P. Wigner ... must be deter.. 
~,.--

!......... 
mined. The combination of tank and pipe ma·terial.B at -4)00 F and 

I 
a reactor ha.a to be cheeked far the ef'fect on the materi.al. 

) 

• 
P•ll-1 '.ro investi• such etreots small cylindrical test speoinwa~ 8ll'9 

1$ • used at Plum Brook. These specimens have threaded ends to grip 
.,.. 

and pull them to deter.mine their strength. Measuring apparatus 
~ 

is used to eval.uate elongation during pull1na. 

P•ll-2 The test sp11c1•.n is plJloed at the forward erd of a piece of 
\ _,,, 
i 

"f~ 
20 a equipment e&l.ltd a cryostat which maintai.~ the spee1.men at lON 

) temperature a.nd contains the gripping am pulling appara.t•. 

!,.. The operations tor this rv;per.Lment are condl.¥.lted by Lockheed 

r:·~ Aircra:rt under oontraot to NASA.. 

"'\ 

""' P•ll•3 A!ter the specimen 1s plaoed 1n th9 cryostat, the Q170•tat 1.$ 
-i 

~ 
20 s placed in a test hole in the Plum Brook Reactor: where 1t is 

l ' ~ bombarded by radiation. Many other experiments can also be 

\ < rttn sinlUltaneouBly using the fifty odd test holea aV&Ua.bla 

l-j <" 
~~ 

in the reactor. 

r~· 
1- ~ 

i ' ~' 
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P•ll•u While the test Specimen us being irradiated, retri.geration. equipma.n\ 
--,: ..( 

28 s (shown on the right) maintains it at 4Jo0 1 below zero even though 
r 

the specimen is subject to t.be intense h&at from the reactor•l " 
r~·. Measurements and readin;;s ot the strength are taken with equipment 
/ "I~ • 

(to the left) while the reactor is running. It was found thatI~,. 

the ductility of an aluminum alloy decreased _ %alter
l ,~
I exposuro to 1J:radiat1on while at the low t&perat.UTa. 

I~. 
I 

P-11·5 After irra.diatiol'l the cryostat is removed and m.ay be taken into 
•;,. 

20 8 the hot laboratory throup the containm•nt shell. A cask !is used.. 
that encloses the radioactive cryostat. The Shielding provided 

by the oask permita persormel to ccne Vfll:T close to the cask 

without any haeU"d from the radiation. 

In the hot labaratoey, the radioactive cryostat ie placed behird 

thick ebielding walls made of dense concrete. The operator 18 

protected f'rCl!l the radioactivity staI!lning from the cryoeta.-t. 

Using ranote man1pulatora that lead through the thick wellJt the 

operator may di.auseiftble the ceyosta.t ta remove the tested specimen 

and insert a new one. SldJ.l.ed operators u.aing spec1"1. °'ool.e am 
leaded glaes Windows can perform the same :t'unettons remotely tba\ 

ordinarily would be done by a mechanic work1~ with hand tool.a • 

.­

-' 
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Other experi.ll'ents at the reactor includ• tests on nuclear i"Qcke\ 

compona'lts. (6,...0S) 

am insulators for use with nuclear themionio d1odee. (63...J.O) 

The Spaoe Propul.81.on Facility, in the futm"•, will house a com­

plete SNAP·B system including a reactor. The aoti-vats.on ot the 

concrete material used around the tank had to be determined. 

ConOJ'ete spea1mens ( 64.oh) were placed in one of the test holes 

ot the reaotor to make this determination. 

Investigations on thermal conductivity of fuel have been made 

using thermocouples to measUl"e tuaperature (6J-o2) while the 

specimen is inside the reactor. 

These errorta in the Plum Brook Reactor 41ugm.ent other research 

and development ef f'crts that are oondu.oted at the Lewis Research 

Center in m.aveland. 
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In aumary it iii aeen tba' the Plum Brook StaUoa provldee 


capabilit.7 trll' 1nwa\igat1onsa 


oti 
; 

tanks for cryogenic prepellanta, 


d1Juud,o• testtrc, 


pUlipe, 


heat wansr.., 

oantrols interaction, 


w1ll pro'Vide capabilitt £01" aasessing sp&Q• ettects on pONer 


generat1ona a,st81118, 


ind different experimame uei~ tb9 reactor. 


IND PB MOVD 

1'be Plaa Bl-ook Station i8 adlllnlstered by ti. Lewia Beaearoh 

Center in Cleruan:.t. The Lewi.8 Research Cenier al.ao hwsea a 

branch ot the Space Ruel.ear Propulsion Of't1oe. 

The Spao. H\lClear Pl'opulaion Office or SNPO is a joint. ora•• 

ation ot the .A.tame Energy Comnd.Hion and the National. Ae:rap.\loa 

and Space Adnd n1 stration. The SIPO baa the responaibllit.r tw 

the m.a.nagent9n:t. ot the dnelopmant o! nucl.-r rocket propulaion 

ayatems in both agenciea. TM Clwelard extension ot SKPO 1a 

reeponaible tor the teohn1cal ard adminiatratiTe direction ot 

the NIB.VA progra. NERVA 1s an &CNIQJI tf:#: Buol.ear Ji'nal.111 tar 

\ 
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1 -~ 	 Rocket Vehicle .Appl1oat1on. SNPO-C has been assigned reepa• 

llibillty for the HmVA activi'\iea of Aerojet Genera.1 Corpcrat1on 

and its au.boontraotors, the design of test fac1lit1es at the 
,.. > 

Nuclear Rocket Development Station required for ID'tVA.1 and 

I '•i 	 related research and development activities. 
\I _, ... 
I 
\ ... 
\ 

The Cleveland extension of SNPO maintains llaiaon with the LewJ.aI ),,~ 

I . .._ Raoearch Cent.er or NASA which, as a part of 1ts nuclear roc.k9' 

aoti~ti••• lend8 support in noMuolear areas to the IBRVA pr08J."••[
\ 

I 

:· 
) P-12 Some of this support has bem. illustrated 'by effort.a being oon• 

l 20 • ducted at the Plua Brook Station near Sancluaq. Muoh ot the 
..,, 

SNPO activitin are aonducted at th9 Nuolear :Rooket Dwel.epment 
I
l 
"' T 

I 	 Station. The Nuclear Rocket Dnelopanti Station i.a located 1n 
~ 

lI 1' 	 the southwe.atern oomer ot Nnad.a near Los Vegas. 
I 
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