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Note•· from PSAC Spc1.cr Scif'nc.,. Pam·l Mt"l't~nl( April 15-16, 1960 · 

--
Introductory remarks wt'rf' madr b; Dr. Purl"f'll, Chairm.m uf thf'o~ 

cr:~ 
'Panf!l, concern111g thr interf'•l that thr Pc1.r1f'i h•d in the RoV"e"r and Big ~ 

Boo•ter proarams and how they 1Nt'U: rttl&tf"d, Thr !ir•t presentation ~ 
w 
0 

wa• made by Dr. Schreiber from Loii Alamo• on Rover, 

Firat he save a brief hi•tory of the program, So l&r All tbf!"f have 

done b run one graphite brat exdant;er reat'tor typf' c&ll•d Kiwi-A. It 

ha• approximately a 14-ye1&r hbtory o! dt"velupment, and the rea11on it 111 

being used right now h _that it ha• a betlt'r apedlic impul1e than the chtmical 

type. Some morr advanced type• uaing tunt1.11ten or carbide are thf' ori.l.., cne ~ 

which approach the efficiency of graphite, but thelf' are not anywhr.re n•.i.r 

r•ady to be applittd, The performance ti~'.lrf'• submitted by Dr. Schreibt'r 

on what can be done with the graphitf! typt' reactor arr. attachf'd, Three 

performance ~igure• hf' !(&Ve out are 1tystf'm etU:cUea and they should be u•ed 

with caution, and tlie queati.:>n, o{ co'.lrlll', remaln11 wh.ther thia type reactor 

can be increa1ed to u.y 400,000 to 700,000 lbs. thrust. 

One po1ilble application o{ the Rovf'r type rf!actor would be for a 3rd 

1tagf' on Saturn. Thia may be highly prf'{et·•!>lt> to the pre1ent pb.nned 

chemical 3r• and 4th 1tage1. 

Kiwi•A cannot lift its owr. wed~lit l·•.Jt duri7'~ tht' f'X?t'riment the't attempted 

. to dupU.~te tbe temperature condltions ar!d to dr.li'ver 70 megawatts o{ power 
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for a five :rninutf' run, At t!ih tlrn" Dr" Schr"lbrr tthowtd movirt of tt.e-

Kiwi-A teat. Durlng the teat c f.i1Ju~t ir. ~rt of thr- jr.tu·rutl mecb.inh:n 

anticipated. Howev11r, the teet waa r••«"l'ltialJy a eucct-••· Kiwi-A Prime 

i• now being aa1rmblrd, It we• !Jrou~~1t to cool critical Ja11t week, and plane 

.are tO teat it in Nevada in JWt.e. Kiwi-A- 3 will follow in about two month•, 

. ; 

and the ·m&in dUference in Kiwi-A Prime- and Kiwi-A-3 with Kiwi-A ii 

primarll,y in the. coa.tlna of tu bolu ln the fl''aphit•. Kiwi-B-1 wtll L• 

hydro1en cool•d no&ir:le, It will ia\f' a factor of 10 grt-ater in P'J'Ner than the 

Kiwi-A aerie•,· It will uae Uquld hydrog•n rath•r than ga1eou1 hydrogen, 

·and it i• to be teeted in the laet hall of 19&1, One thin1 that will: delay the 

, teatin1 b tlat it r•quirea a 'new tt-at aeil to be con•tructed, Kiwi:..B-Z will 

~'l follow by anoth•r 6 montho. Tho p•.lln•ry dlf".nnce here lo that l(,wi-8·2 · 

1 
(J will uee pneumatic control rod a.ctucatore Which do DOl require ilhielding a• 

)' 

" do the hydraulic type in Kiwi-B-1, 

Diacua1ion o! Radiation Problem• 

Fh'et 'We have to define a baeic powr.r ·Cycle 1 which h one beg a watt for 5 

minute•. NOw, i! a complete c:olJapH occ:urred,only 3,, o! the available udio• 

a;ctlVity 11 releaeed, H the whole reoactor h eubmerged in water even Jen 

.. radioactivity ie releaeed, Uaing the ballic power cycle it la po11ible to 

rWUl 10,000 telt1 in a year and ju1t compenute !or the Z% decay in the bioephere. 
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· atmoaphere. 

During tbf' )Owl-A tf'•h plPCf'S of .. pp.;iratue c&djace11t to lh• reactor 

au.Uered no radi&tlon da.magr, H<Jw~"" r, th• reactor cannot bf' approached . . 
. . . ' 

immedi&tely after -hu.~down •. For.ground teat~ of thi• t.ype reactor '' 

contantlnation b not uiripu1 i{ iln isolatf'd spot, i. e •• 4 mile• in diam•ter, 
. . . . " 

~ .. 
can be u•ed. On a laun~hing pad C<'nUmwtlon problem• would exiet, but 

probably protection· llim11ar to th.at now being made for explodve ·rea1ona would 

be aatiafactory to contain the radiaticn danger. Some conalderation h<u been 

. given to po••lble tankage 1chf'me1 for using a reactor with a rocket, It i1 

•t&ted that the radi.ation zon" from thr re<&ctor would only' a.!fect tanke of 

-"'\. d 
the liquid hydrogen «f' .a small pt>rcentage \ft the end nean at to the reactor. 

Jt would not in any way prevent the normal functioning of the pumping 1ystem. 

If the tank• wer• · u1ed to eepa rate the payload. from _the reactor, the liquid 

hydroaen a.eta a1 a natural· 1hield to protec-t the· payload from the radiation of the 

reactor. If the payload were to include peopl~, 1ome additional ahieldina would 

have to be provided to prevent back 1catter radiation. 

Higher 'l'emperature Fuel Element• 

1l tbey can UH 500/, &irconiwn 1raphite and SOft uranium carbide the weight 
~ T . 

~. belnc lnvutl1ated lor high tempuatur< fuel ~!•menu. They are ..t•o l
·wowd be reduced by a factor of l. Other metallic material• •uch a• tungaten 

plann.lna to aee bow far tl;a.ey can puah the 1rapbite type by 1etting a higher percentage 
' . 
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of 1raphite in the connructic;n of the r~actor, 

More Advancl'd Typl' Ruct.:>r 

·one new type being con~idered i• a fluidized bed. In thh •ome form 

of·buket would probably have to b• df'Viled·t~ hold the ti1uid in place. perha.p1 

ualna centrifugal .tore~. A• yet no practical 1y1tem ha• been deviud for thil, 

A Hcond type would be the ga1eau11 reactor. In thh c:aee a way mu•t be 
. I 

found to Hparat• uraniwn and hydrogen in_the 1a1eou1 1ta1• at a very rapid 

rate •. ft i• not known how thb would work either. I~ ' 

' ·1 
\' . ; 

Followina' thil •ome dhcuuion wa• held on variO'lll phaaea of the preuntatlon, 

One que•Uon via• rahed conc:erlng the development o{ pumpin& equipment. 

App&r•n:t!Y the o~y problem different Crom the development o( pump• for 

conventional chez:ll!cal rocket• i• that the pump mu1t 'De able to work near the 

reactor• in the pre ~en'?.e OI ·•orne radiation, 

The 1econd que1tion came up on the difference in Tocltet1 and aircralt 

application: ot.nu~ear propulaion. The primary difference ia·that the 

rocket ia •hort·U~ and ua.e • hydrogen only whereaa the aircraft mu1t uae air. 

for example nuclear ram Jet operation•. 

Jl Wal dilc:uued how aoon thil reactor or a 11.milar type might be applicable 

I ' 

I 
to an. actual rocket. It wa1 1tated that NASA and AEC would probably await 

·. '..,..•l•ac• with th• liquid hydr•a•• In l•t• 1961 before moklng delnlt• ...... 

, would lead to a probable !liaht te 1t of th11 nuclear rocket 1y1tem 

tlJ ' . ~ a&EBftE"fi... 
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·t a~ut 1965~ There apparf'ntly i• no prubl("m in ahut-down or re-atart of 

.. ... · ... 

··! 
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the ·reactor rocket engine ao long a• the •hut-down iB programmed to control 

'the rate ofcOolini down of the reactor. One problem exilting in an inter• 

planetary type minion would be to vent the fuel tank• during the coa•t 

period• due to the heating. A queatian wu aaked whether there b a di1ference 

in a rocket reactor for ·a .•ing~e •tage tYPti rocket from that to be used for 

..... mavtng out of a •tabillsed orbit •. Apparently they are euentially the Hme • 
. ... 

. Another ~ueation wa• brought up u to whether •orl'l.e parallel approach •bould 

be made to nuclear rocket propulaion •uch a• the ion propul•ion. It wa• 

apparently felt by the AEC people that no parallel program 1hould be made 

but that empb&ala •bould be placed on developini materiah, higher t"emper~ture 

fuel elmnont• and more advanced type• of reacton. · Durin1 lunch it wa• brought 
. . 

out tb&t no larae electrical power euppllu are beina developed for the mauive 

payload• to bei carried in the S to 1 O year period·. 

In tU afternoon Abe Hyatt ol NASA gave hi• preaentatlon concernini the 

larae boo9ter progr_am. In view of the fact that moat of the membere of the Panel 

were familiar with the Alla• and Thor cornbin&tlon program•, the firet miuile 

he diacuued wae the Centaur. Thia miuile hae a flret stage that h a modified 

Atlaa. The aec~d atage h a liquid oxygen•llquia hydrogen c~abting of two 

engine• each havtn1 1s.000 lb•. thruat being developed by Pratt ll Whitney. 

It will put 8SOO lb•. in a 300 n.m. orbit, 14SO lb. payload in a planetary probe, 

or it will put 91S lba. in a 24-hcur communication• orbit. It is 

f
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acheduled for. firat launchina in mid- J 961. Tile blgge at problem on thb 

miulle.at the present time la 'to be ablt1 lo pump th• fuel a.ftu a coasting 

period~ ·The ae.cl)nd miuile ducribed wu the ~aturn, Thia program baa 

apparently beein divided into 3 miHilea; C-1, C-Z and C-3. The C·l i1 the 
/', . ' . 

only qne tbat haa been actually authorl.&ed to be built. Thi• !irat atage conalata 

of 8 Atlaa boo1ter engines u11n1 llquid oxyaen aDa RP·l fvel. TU aecond 

•ta&• ~· 4 Prat~·&.: Whi~ey liquid oxYien-liquid hydroaen enainn, The 
·,·., 

third ataae l~ ba1ka1ly the aecond atage of the Centaur~ T~e C-1 will put 

. 28,500 )J)a.·in & 309 ri.~. orbit, S,000 in a Z-A hour orbit, or 9,000 lb•. in 
. ... . 

••cape. It could land 3, 000 lba. ao!t •hot on the moon. Ila lirat launching 1• . . 
1clieduleclfor early 196-A. Thia wW actually be the lltla firin& of the C-1. 

Dvina th19 pirlod .of U .firlna~. varlO\ll combinatlon• of ac:tual and d~y 

1tag~1 will be .uHd. On the flrat 1ta1e an intere1tin1 c0111tructional detail l11 

that tbe fuel part of the tank 10 .. to all ol the .en1lnH. In thi• way when an · 

en1tne dnelop• troublea, u· can be abut o1!. and the Saturn wW •till work, thu1 

pviq !\,a 9~ reliability: 

Tht C-Z la euentially the aame aa the C-1; however, a aecond ata1• baa 

been added whic:h conai1t1 of two of the 150-ZOO,OOO lba. enalnea. 

ID the C-3 the firat •taae ba now bt-en·increaHd in thru•t, the aecond 

1tap now contain• -A of the 150-ZOO,OOO <lb1. thruat en&inH.• and.the aecond · 

1ta1e'of the C-2 ha1 become the third 1ta1e of tke C-3. 

. Thi next miHile dl1cuued wa1 the Nova; The only thin1 that ha• actually 

·been. autborised for thi1 roC:ket ii the eiqlne. ·Thl• ii th• l l / Z million lb•, 

( ,\ _, . 
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thruat en5lne. The fir1t •tage of thia rocket ha• 6 engine•, a total thruat of 

9 million lba., ueiDaiUquid oxygen and RP fuel. The aecond ataie, indefinite, 

will be liquid aDd. RP, and ,rill develop l. 8 million Iba. thruat. The third 

atage·~ al_, JDdefinite,will deliver 600,000 lba. The Nova will pat 270,000. 

lba. In a JOO ~m. orbit, or 60,000 lba. in the 24 hr. orbit, or it will put_ 

l 00, 000 lb•. In a planetary probe. 

' · At thl1 ·pO!nt In the pre aentatloA aome .diacuaaion W&a made ol pouible 

miuione for .. the Yarioua bli booatera. If 9 Saturn'• were u1ed ln a rende•vou• 

method,· each ot th9 latter to refuel the.firat O!le• a aof't lunar landing could be 

made wWa'l0,000 lba. payload brouaht back. A alx ata1e ~ova will all 

chemical lupl could alao do the aame. Four and five •ta1e combinatfona ot 

Nova ~- nrloua chemical or nuclear atagu could aho do the aame. An 

~ptimiatic eatlmate of the flrat nuclear type would be 1965, "which: •am• with. 

the li.UZ.. pre~aly 1iyen by the AEC people.· 

Ccmatderable diacuili.on followed then c~ncernln1 what we ~I.ht uae Saturn 
. ' . . 

' -
for. Itmuat be re&llced at thia point, however, that Hyatt u concerned wilh 

. I • . 

the laacb •ehicl .. and D.ot with the miHilea themaelvH• · 
' .. . 

Fir.at,· Saturn c~ be uHd for zn:anned exploratlozi (earth. orbit•) 

Second, Poulble Voua or Man probu (unmam:aed) 

TJdrd, . Soft ahOt of reqllipmem on the moon 
. . 

·ay W. time it la .auumed that •oft ~inl on the moon ol inatrwnented · . . . 
payload• would have b~n made by the Atlu A1ena Ba~ Centaur.· The dlacuui01 

"··~; ~ . ; ''. 
~~·~·-·•-...>;·:,.....&>~>~?~~b:.. .• ·.,. ... t; . ..... ~-··""·'· 
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that follow¥ brought out the 1ugg~1tion th.lt dur·ing tbfl S.i.turn dr-veJopment 

1hot1 the dummy ata1e1 could be u1ed !or 1imple experlment1; for example 

the gravity clock u1fn1 lead ball•. 

The queatiOn came up a• to how a man could be protected aaaiti•.t. 1olar 

emllliona of the Winkler type. Dr. Roni felt theae could be a,hielded againat 

relati'Hly eaaily becauee.mo8.t are below 100 mev' At the ,.ueetion, ~hat mean• 

•·. ,,.. ·Of guldaace are being ueed on the bii booaten1 ~ appu,r'e thAt inertial 1uidance 

• . :uaing IY1'0• h aenerally relied Oil at the present, altboU1h aome atUdy ii 

., being made ol. ~•ing photo cell• focu1ecl on the atara. 

A requeat wa• made for 1ome de1criptlon of the ~cout vehicle, It ii to 

be a four stage vehicle primarily for doing 1tandard· acientific experimental 

1hot1; .The flrat 1tage b an Algol eolid rocket, the aecond atage i• a Ca1tor 

eolid r~t, the third 1ta1• i• an .Antarea· •olid rocket, and the fourth 1tage i• 

an Altair •olid rocket. The Scom.wW put ZOO lb•. in a 300 n.m. orbit, 50 lbe, 

in a vertlcal probe to an· altitu~e of 12, 000 milea. The liret complete te1t i1 

echeduled for May. 

In n:aun&ry,· Hyat~ eaid that NASA expect• to have five generally operational 

. vehlclH durlq the cedade 1960-70. TheH are: 

(1) Scout 

. (2, Tbor·Agena B, 'Aila•· or Atla• Aaena B 

(3) Centaur 

(4) Satunl 

(5) Neva 

• · ... , .. 
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\, Saturday Senion 

1;. 

The Saturday meeting wa• openlid with a di•c:uuion by Dr. Be'rkner 

concernin1 the problem that had come up on the Needle• Exporim•nt. 

Dr •• Berber reported that the experiment a• now propo1ed b acceptable 

bUttbaj; lar1•r follow-up experiment• ml1ht cauae con1iderable interferenc1 

wt.th rad!o a1troiiomy. '°A committee of the Space Science Board, headed by 

Dr. Porter, recommended that the ~bOJ.e pt-ojoct be decl.aHlfled and that 

it be pu})llclaed ••a •cientific.experiment. He want1 to decla'uify the experimenb 

part of It but keep the claHificat~ o!. the project. He allo recommend• 

transfer from iu DOD to NASA ~ecauH it b Nally a paHive comm~icatlon• 

experiment, and that it probably •bould be uud in 1ome way, for example 

boun.cln1 ~V. it wa• •tron#f recomme~ed that U not be ueed to bounce, 

for example; a picture of the Preaident Ju•t before the Summit for fear that the 

propa1anda e!fect would backfire. It wa1 &110.•trongly z:oecommended that the 

number• concernin1 thil experiment be given out a• an IRE paper or a 

paper at an InterNtiOna~ Sc::leritific Meeting. A parallel paper to tho one 

pre1enttd to the Space Science Board by Porter'• committee.ii. being pre.pared 

to 1lve the technical detail• .df the Needlee experim6nt and and an analy1i1 of 

U1 effect•. It will indicate what top a1tronomer1 1uch a• Leo Goldberg think 

···~ · .about t~e rad.ioa•tronoml~al effect• o£ the Net.die• experiment. It appera t·hat 

... 
. i 

... ~ 

Needle•.l• under the 1upervi•lon ol Lincoln :Laboratory for tlie DefenH Deparlmen1 

at the preHnt time. Two men .primarily ruponaibile for tho technical analy1la 

•"' ~ 
ol tlMJ effect• are M~e VWard of S~anford and Walt Morr• of Cambridae. 

·Stefiil~ . 
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.. 
Rrlatfonahip of NASA to Scientific Commu:11ty 

Althouah the d.i•cuuion wa• •uppoHd to btt concerned with .the •pace 

·' 
1cience program ln gl!!n•ral 1 it aeemf!d to revol'ir.e primarily upon t.h• problem• 

that different member a of ·the Panel had encountered in their relation•hip• wlth . . 

NASA. Ji. letter b&d be1m received by Dr. Roni from Jim Van Allen which aupported . ' .. . 

the a•neral fe~ of pool' acie~lc·NASA relation•. 

Dr. Klatiakowaky attended portion• of the ml!!etin1 an~ he ouUined th• 
' . 

•pecillc pr6blem• o:n which he aaked for a deci•lon. 

o.k •. 

3. · Cclaver•ation• between Glennan and Ki•ty concernin1 the Space 

Science Board relatlon•hip to NASA la.that o'Utalde •c~entbta . 

are t6 auue•t broad program.a. The Space Science Panel relationah!p 

t, qv.ite diUerent. becau~e the Panel la an _!lctual Government org&nisation 

and althougb it mu•t realise certain limitation9, it can criticise procedure• 

prOgram1, activitlea, etc. becauae it la an arm of the Prealdent • 

. He want• from ua concrete recommendation• for NASA improved 

p~ednr·•· 

4. Kiaty alao deaire• a half page memqrandum for the Preaident concernin1 

_ tbe improvement of the proaram in aatronomy. He feeh that both. 

th8 recommendation• for NASA and the. memorandum concming the 

.aatr4nomy program abould be drafted after a conference with Dryden. 
.. . .. ~F.'.f?f~1·· . . v~u.11:= 1 · ".i. - • . ·~~ . 
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Dr. De rbeir. made a few comment.• which may be 1mnmarl1ed a1 

follow11 (1) 'We did have a 1hortaie of. vehiclu, (2) By 1963-65 we will.need· 

1CienCIJ to lW the available payloads, (3) 1und<&m~ntal 1cience. need• to be 

1reatly lncreaaed and supported by NASA. 
j 

Dr. JloHl tnade 1everal 1ugge1tion1. · _Fir1t, the probiem of pla1ma 

mea1ur~eist• of planetary probea indicatu tHat the_ JPL-NASA relation1hJp 

ll •ery pOOr~ . .JPL want1 out~hOule· HH&rch b~ _it mult be ~,et up by NASA 

beadquarlert ~ 

Comment• from 'Scbwarts1child - The aatronomy·proiram ha• definitely 

improved d\le to the hi&l:rlovel work of Ki•ty, the Prealdent and Ole~. For 

example, ~re !le~m• to b.a a 1reater number of vehlclu authorbed. On the 

worldn1 le•el, bowev~r, tao· 1ltuatlon l• terrible. He recommend• an W!o>rlidna 

1roup on a· project caaui1tln1 of no more th&n 3 men1 project enjlneer, payload 

·en1lneer· and a 1ciemi•t. :' 

Dr'• JloHl a!!ded that early participation of the 1cientilt1 in the project 
. . . 

l• dealrahle. 

~ent• frbm Heb'b .. He feell the Panel 1hould 1tay away from detailed 

aetup belor•·a•neral recommendation• are made •. H~ "'iieata the formation of 

·~ advi•ozy CO'mmlttH of. out1ide 1cientht1 .to adviH Olennan directly. 

D~. Xl1ty recommended that an eye1 only memorandum for Olennan, Dryden . . 
r· 
I . and pauibly·Horner be prepared outllnlna the Panel'• recommendation•. Thi• 

memorandum to be foll.owe.cl by a ~eettni with Dryden to dlacuH the detail• ol. 

l, •. 

•,-2- _tlui re~end&UC1D1, TU Panel outlined the polnt•- to 'be covered ln thi• 
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memorandum. and Purcell allocated uch of the •p~cif1c poinh to cert.dn 

·me~bftrl of the.Panel to be written. Arranl(ementa were made for a meeting 

with Dr. Dryden on May 5th. and Purcell and Lord are to compose the letter 

from the wtrtten auegeatton• of the Panel membera. 
'. . 

,, 
' 

·. 

' . 

D. R. Lord 

·• ... . . 
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