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! PRO C BED I N G S ---------_ ......... ­
11
II GILRtY.i'H: Gentlemen, I 'vas telling George Low atII
i! 
P 
i' 
'\ .lunch that the last time I was ,here 'l.V'as 011 a planning oon­
;1
ii • 

ference in \'1hich we planned h.ow \1e were going to do theIi .. 
Gemini program, and hO\<I that might interface with a prograJ:!\ 

called Apollo. This \<las before Hr .. Kennedy's declaration of 

purpose, of lanuing man on the, noon, and Apollo at that time 

\iaS a curcum,lunar type program .. 

I \'las at planning conference here earlier than that, 

in 1952 as a matter of fa.ct, at which '!tIe planned the X-IS and 
, 
I,
II I renlember in discussing that." our Chairman of our group \.vho 

II
I! was Dr.. Puckett said, "But ~,,'hy fly man? l'lhy not fly an in-

II strument?" 

:1 
UO\'1 that's the first t.ime I ever heard that, and III 


"II 
':; made the sarlO reply then a.s ! f ve been naking in all the years
II11 

since. 

A great deal has been said in the past about why we 

go to the moon, and different people have had different ex­

planations of why. At.. the time Apollo was started, the goal 
, .. :" 

\'fas set very materialistically. to pick something that was too 
II 

! 

'I hard for the Russian;; to do and that we could still do, and 

I the mission \-Ias very carefully calculated to be just that, 

p 
" '; 

a.nd. it '-las \'lell calculatec1» because if it t'las much harder to 

I " . . 


do, tole' couldn't have done it, I'm sure. It was just about our 


limit, and of course as history has shown, it was too tough ' 

If, 
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l\ I
i: 
'I 	 for the Russians and had pretty well taken the starch out. of 

II 
,I 	

! 
I 


their progr:" fact, their flight "hich is now in its eleventh 
,Ij 


It day isn't even in the newspapers.

,;I 


I 	 I don It knO\'l hO"17 1011g this \vill last. Perhaps the 


I 
I 


Russians'now have got a big goal so they can tell their people 

about catching up \,lith those bad Americans and after they get! 

I ahead of us, 11laybe vIa can sell a program again to catell upt 
l 
i 	 with the Russians. It may be that these things bave t.o go in

I 

I waves of some kind. 

I 


As 	 a matter of fact, the Apollo program has bean 

II so spectacular that it is going to be difficult to follow it 

1\ 


I \fith -another step.. This flying to the lacon is pretty hard to 

I
., 

match wit.h flyillg in earth orbit., even \vith a gigantic station. 

11

II 
 I think a gigantic station would be a logical sequel to it,
!I 
I-	 but certainly a small space st~tiOl1. of the pre-Apollo design/1 


1
I'
G of six or eight men in a can isn't. going to look very big by 

I; 

i 
Apollo standards. 


Uow 	 as far as Apollo or as far as exploring the 

'I 	 moon, or lunar settlement,. no matter what we do in the imme­

diate future, the lunar program is going t.o stop after the 

next fell] Apollo flights, and the question is how long will it 

stop, and what will come next, and when. And we're talking 

about the next thirty years. 

I think it is surely inevitable that there will be 
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21 

J another major lunar progr;u~ or a continuing lunar program,
I 

j 

II .:lnd I bnli(wu l:.htl (Joal will UA the otJtabliohmcnt of a lunar 

II base, and I moan il pcrm;.mont lunur brtstl a~ compared wit.h a,I
I 
! temporary base ulthough thor~ will no > doubt be-- I mean a 

" I, 
base on the surface. 

I , 
There no doub'c ,\4i1l he a temporary base on t.he sur-

I A.

face to get the necessary information about the site and 


I 
I 
I there will no doUbt be an orbiting phase of this program to 

<;iebprmine just l'There to put the base, the first. base. 

I 

! 
llow there is one thing very different about a base 

on the moon and a space station in earth orbit and that is a 

base on ~e moon can be ultimately self-sustaining, as you 

I have the materials there on the moon. \'Je don't know what 

they all are, but we know enough about them already that we 
11i!I, Ikno\<7, for exaillple 1 t.'1at l:10 ca.n extract: the mcygen we need 

I! 
from the soil there. 

II 
t To help me in this -- in other phases of the dis­

cussion of the lunar base and sett.lement I have Dr. Faget 

and Captain Scherer who are going to go into more details of 
the t~ansportation system costs, trade-offs, and the science 

on the ~oon, and the resources and how they might be extracted 

and used, and so on. 

But I might just go myself a little bit into some 

of tile incentives. The incentives are really quite good for 

a permanent j,~se on tile moon. I think if it weren1 t for the 



.., 

t 

2 

3 

4 
...I 

5 

6 

7 

5 

fact that it's so hard to get there and get bade, the trans-, 

Iportation cost, 'that this really has a lot more appeal than 

11
I:" 

the space station in earth orbit, that and the fact that it I 
I .I'. 
1 
! 

could be truly permanent and j3elf-sustaining.i 

Actually, it is harder to get there and get back, 

I 
, 

, 

and it is too far from the earth really to do good earth 

. ·1 
resources from. But one could make a very ,interesting case, i 

! 
just on basic science grounds, for l~nar geology, astronomye II I 

9 

10 

II 

• 
12 

t3 

il4 

1S 

16 

17 

J8 

19 

~O 

21 

22 

,,-I 

23 

24 

25 

I" II both optical and radio, experimental laboratories'. Because of 

II 
the low gravity, high vacuum y low background no'ise and remote-I' 

II ness and this sort of thing, it would be an ideal place for an 
II 
If experiment in colonization such as we uiscusseu yesterday
!i 

evening • 

II It might also be thought of as-- You know, man islJ
II 

II 
!l a funny ,"nimal. Someone once told me man is the virus of the 
!i
II universe a."ld he likes nothing better than to go out somewhere 

and establish a new base and dig in and then expand.. That's'II 
.j!' 

I 

really part of our problem on earth. Ue al\'1ays want to expand, 

even when it is not in our own i11terests to expand beYQnd a . ~. '' 

, " ,certain point. 

Colonization of the noon \'1ould I think capture tlle 

minds of the people of the tV'orId. 'l'here 'l'1ould be a great 

deal of interest in this l<:ind of a project, in my opinion, 

especially if there was true colonization with m.en and \11Ornen 

and the problems of establishing a ne\'1 life in that environraent 



5 

10 

15 

20 

25 

6·. 
\10 niqht i.1180 1(10);: on thi~:; ~H3 rOillly a kinu -- not 

kinq-f.;:i.:.:ed hut Jdnq--c{ll(ll i. t:y .:'\'blmic hl"lmb aholtor whnra tho.' 

archivaG of the earth might. be ntored I or the knolt/ledge arid:I 

, 
the sciGnee and the seed!> fOlf a ne\'1 raee if, as worst might4 

come to worst, \-Ie destroy ourselves with the II-bomb. In. 

other words, it migh·t be a hedge agains'c t.he end of the world,
6 	 \ 

such as lJevil Shut:e "..Irate hisfanl0us book about.1 	 1 
Some"lhat along the same lim~s -- I haven' t heard Ia 	

Ianything about ·chis lately I but we used to hear about the moon I9 	

I 
as 	a militazy base. I think that in talking \>lith the boys. ! 
\V'ho have been to the mom'! and locked back at th~ e'arth, their

H 	 I 
I 

reaction was \1hen they lookec.. at. the earth and itt s a.l;)out the I~.2 
I 

size of a thumb nail, they saY1 "Gee, it w'ould be a lot
~3 

"'" 

/0 	 I 
I
.~ ~ 

tougher to fire a ballisr;ic missile from here and hit a pin-

than it 'lfJould be to do it iron the earth.. n 

COnm"I... ~ 11t~- hi C;l,'AI/:'·C'N'rtl...',-'J' 1iTEL:!9-n.TI/J I 
16 But I'm sure the milit.ary minds might have some I 

I havel:' t heard \V'ilat they are, but that's 80100­
17 

thing that might be considered. 
te 

The moon has t'l,lO things that you will never qet
19 

r 	 in a spa.ce station. One is raw materials and the other is,I
II 	 grav!ty, and both of these things might be important. ;tt

2l 

I·'I ,,,as discussed in Dale Hyers r presentation, the possibilities
22 I' 

11 
of a recreation area in the S;Jace station. I think the pos~i-I2~ 	

! bilities are even greater on a lunar base because one would
24 	 ! 

II I.\ have some gravity but o14.. codgers could go up there ancl fly
~! 

I! 
• i ! . ! 
it 
!1 
" 
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around and leap around and feel young again, and it's possible 

that some day, if the transportation costs could be brought I 
down, as Dr.. Paine was discussing, that you might even have ,. 

I 
a Lunar IIilton up there .. 

I think you've got to think a little bit about the 

cost of something like this when we discuss even the base that 

\'1as in Dale Hyers 0 session this morning. I think we' re look-

I 
! 

ing, if we're serious about a small village in space or a 

permanent lunar base, you're looking at costs per year that ! 

are about. like we are spending on the Vietnam \'lar, and that f 

I think is kind of a sobering influence on some of olllO think- I 
ing, or should be~ I 

IHow our plan here is simply to se.t the stage for a 

I 
f 

discussioi"l and my t:;.....o co11ea9l1e9 here, Dr .. Faget -- Captain 

Scherer -,-{ill car:::y on now arid Dr.. Paget:. will come next. 
f 

Uax? 
f 

SClIE:n.ER: I w'an'\:. t.o talk a little hi t about I guess I 
the engineering aspects of this. Primarily it has to do with 

''''hat \'1e can use at the U100:t1 and the cost of transportation, 

things of that nature. 
20 

t)r. Gilruth pointed out we uo have t.he possibility 
21 II 

of getting oxygen at the moon, and it is of known existence
22 

23 and it can be freed from the rocks merely by having suitableIi 
equipment at the moon -- Ifll say a little bit about tilat -­24 f 

I 
and energy. Of cou~se the 'energy could either be solar energy

25 I 

t 

!1 
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'i5 
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17 

18 

19 

20 

2t 

.22 

23 

• 24 

25 

or nuclear energy as the CllBe might be. 

'1'110 nnxt mom: :I.ntportltnt oleHl(mtat th(3 moon front 
II 

the standpoint of a sel f-rmstaining base would be hydrogen!! 

because this \-lould than give ,;YOU water and of course water and 

'i
I oxygen are the two mosi:. ".rital necessities to man. However, 

! there is no -- well, let's say unknown existence in any appre-
I 

ii 
 ciable quantity.. 1\s near as I can tell, tl~e largest source 
If 

II
II 


L of hydrogel1, at the moon right now is from t.he solar. ,...,ind. 

11 


This doesn l t Inean there isn't any wate·r-~ It. 
II 

doesn't mean there isn't any hydrogen on the moon. It justII 
II 

has not been discovered yet.

il PAINE: How much comes from the solar l<lind? IsI' 
II 
II 
I, there'any quantity there 2,C all? 
j' 

11 b'.~GET : I r m told that 10 cubic yards of lunar 

:1 

il 

11 material has enO\.igh sola.r wind material to produce 1 pound

il
Ii of hydrogen or some.thing like thato It's pretty poor,. tenII 
Ii 

1/ " cubic yards per pound. That's approximately ten tons per 
jI 

pound,. I believe, a.cubic yard being about equal to tilat. 

PAINE: That sounds like kind of a rich ore. 

NAUGLE: You moan you qet a pound of hydrogen from 

'I 10 yards; that.'s not bado 

,, I t.hought you'd be talking in terms of molecules .I 

II instead of poundn.I: 
FAGET: I don' t \-'ant to vouch for that nw:lber. 

I 
I 

It was given to me in a very off-hand raanner,. just like I'ia 

II 
F 
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giving it to you here ~ so' ta}~e that with a grain of salt. 

I think the recovery of anything at that ratio 

,from the s'candpoint of rnineral<?gy processes is pretty poor .. 

It's a very difficult thing .. 
~ 

LOH'= now about ,..rater? 

, PAGET: Ho water has been found in the material we 
!I 

have go'l:.t.en bad~" so we have to look for it .. 
Ii 

Jl1.STROW: You have to be careful because there mayII 
be no water on the moon, but there certainly can't be anyI' 

I in the maria because you nat-' know frolu 11 to 12, that they

I, have been baked out 1200 degrees, so tllere \l1ould be lieither 

II water nor organic materials in any maria like what you have 

at the surface, but there might. be at the highlands .. 

I Fl'...GE'"i': Let me go a little further here before, 'VieIIIi 
I! start surveying all this material. 
d 
II 

VON BRAUN: Talk a little louder. 

I'J FAGI:..'T: Instead of concentrating on the microphone,II 
'jI I'll just talk louder. 

The next two things you'd like to have after hydro­

gen and oxygen or the other things you are going to need 

primarily are oarbon and nitrogen and again. til$ probability, 

of finding these is pretty small, but they should be explored 

for. 

lls have thought about this.. A number of years 

ago \ve actually made an analysis on the possibility of ,are 

I 
! 
~ 

http:go'l:.t.en


·. 
there any areas on the moon which never see the sun? And 

... v 

theoretically there are,undoul>tedly-- of course this fnom a 

theoretical, st.atistical sta.ndpoint -- craters near the poles 

where thcr(~ aro .:tr~aa of CI")1'1 tinuill dar~{ness. 

If thoro is any free water vapor, methane, ammonia, 

whatever you might have the contains hydrogen or contains 

carbon, certainly you "''loulc.1 have frozen lakes in these areas .. 

The other possibility of course is sul>terranian .. 

There might be frozen layers some distance beneath the lunar 

surface and these Dust be explored for.. I think Captain 

Scherer will say SOl11ething about ho",.; we might go about doing 

that. Certainly if there is a \'.7e11 there, that's \l7here we're 

going to locate the base" 

And I thin);: that Q s the only point mat I 'want to 

make here. Hhen you consider talking about bases, particu­

larly a self-sustaining base, t-.Ie '''QuId like to locate it near 

those resources Hhich 'l.vill support our necessities .. 

I'd like now to tell you a little bit about the 

oxygen situation. 

!tal" I have the next slide? 

(Slide. ) 

Of all these elenents, oxygen is a very big thing 

and '\o1e' 11 get into that right away. 

Here is the surface material from \",hich we might 

be able to get oxygen from and from the oxygen thereby derive 



I 
i 

11.. I! 

2; I 	 Thin is an aasay, a rough assay." Obviously theseij

ji
3 	 minerals are combined together in various chemical compounds, 

I' 
 but primarily this is '''hat we':have on the return fines. You
4 

see 'tole have a number of metal oxides; by weighi and 'importance5 

from the standpoint of obtaining \"later ,primarily it' s the6 II 
I I 

1f ferric oxide, 16 percent of the weight l and that is very i!t1- I7 

portant because it is easy to get oxygen from iron oxide. .,I B I 

I 	 From these things \-\1e I d like to get water and oxygen I9 I 	 , I 
"II and \V'e have been lookillg into both hydrogen reaction to ob­10 

i 

·1 tain \'later and a floating Y'eaction .. As a matter of fact 've I11 
i 
I 

t2 	 have been in touch \·lith Dr. Schmidt at Le'\'lis. I think he's I 

your expert on fluorine, and he's very interested in doing thiS!t3 	

I
.. II·O·~·' 

)1 
LUlmIU:: He vs interested in a.."1ything connected14 dq

j. 

15 
II 	 with fluorine ..!I 

16 
II 	 FAGET: Well, we've got him. lIe's \"lorking on this.
II 

I want to talk a little bit about these t\'10 pro­17 II 


cesses.

16 

UATlllilvS: Incidentally, Uax, that 43 up there, as
19 

I understand it, is also the total amount of oxygen that is
~O 

in the fines. In other words, of all the material, there's
21 

about 43 percent oxygen. 

I 

22 

23 I 
Lt.hlDIU: You rneaJ."1. the moon is almost half oxygen? 

CL2\IUill: Yes. ~ 24 

25 I. 	 FAGET: You can recover 40 percent oxygen from a 



.. I! 
Ii batch of the lunar material. 

12 

II
Ii 
,I2 	 it GI1... H.UTII: Ita s the only way it is like the earth, I· 
I' 
1 

I! though. It is very unlike the earth in all other respec~s.3 l'd 

4 	 /1 (Slide. ) ...il 
FAG:CT: If \'II'e would use the hydrogen process, it's5 	 I: 

I a very simple process. By just percoLat.ing hydrogen through6 ! 
I the fines,. the dust that is already present \'lith heat, you7 	

il 
can release oxygen and get this reaction where we obtain8 	 I 

j 

I 
I 

water vapor and iron.9 
j 

I
• 	

The other cxHtes don't react with the hydrogen 
! 
!'W 

I 
and none of the reactions are such t.'1at they bind the hydrogen \

11 'fit 	 ~ j 

, I 
so that when you 1>10"1 the hydrogen through t.his hot stuff12 i 

I,you just get \yater <'llld hydrogen, unreacted hydrogen, and it
~3 I 
14 continues through there iiithout losing hydrogen. 

So that this is a good "'lay to release o=~ygen in,5 	
I 
I 
j 

~5 
the form of t'later \·Jhich in turn. can be electrolyzed. 	 I 

LUHDIU: Uhat t~mperature does it go at? Nh,at t
17 	

Itemperature is that process?
18 

FAGET: The temperature weth.i..nk \iill start arowld 
19 

1,000 degrees Fahrenheit.. tfe are fairly certain of a very
':!O 

high reaction at around 1500 degrees Fahrenheit. 
21 

So this is a very simple scheme that one'of our
2.2 

fe110''15 at Houston' has thought up where you use solar energy
23 

• 
in the form of a reflecting mirror. You concentrate ele heat

'24 
''','''' 

in the reaction pot~ Hydrogen goes through the pot, comes up25 

Ii 



, . I 


! I, to the top, and of course \\fhat you get is \-1ater and hydrogen. 

rj!


2-	 : ~ The \'iater is condensed out and the hydrogen is recirculated 
jl 

3 and the condensed \-later '-Jill then be electrolyzed to produceI! 

4 'I oxygen and replenish your hydrogen,.
.
.. 

5 	 J So this doesn't use up hydrogen. 'fhat you get out

II 
of here in this reaction is like four pounds of oxygen for15 


I every hundred pounds that you put in the pot.
7 


II Next slide, please.
8 

NAUGLE: iYhat sort of size of solar reflector goes9 I 
'h) 

Ii 
. 'I.·1ith \-1h'at sort of poundage I do you know I flax, at all? 

FAGET: I don I t kno'\tJ'. I don't have that.
!1 	 '\i 


I 

Um', 	 ''lith the fluorine i all of the oxides on then 

moon \..ril1 react with fluorine and they a~l react in this
'3 

mann.er. The fluorine merely kicks the oxygen out and you get I14 

~,~ 

.~ 
the fluoride instead of oxide. And it was pointed out if you g?t 

.\:1 
all oxygen back,-- There is no reason to believe you can't.- ­

40 

~-

17 yuu can get something like rOU5;Y pounus of oxyg~n for every 

hundreu ~ounds you put in the batch.
18 

Now of course you end up WiUl a lot of tieing up
19 

of fluorine that you won't'get back, and the way to get the 
~O 

fluorine back out is to run potassium vapor which then in turn,
21 , 

captures the fluorine back from these metals. Then you2Z 	 ,I
II 
P 

electrolyze the potassium fluoride and get the basic fluorine
2$ 

,I ," Ii 	 and potassium and you repeat the process.24 	 II 
I One of the good 'things about this process, you not25 	I 
II 
" 



14 

only get the oxygen out of t:he rrJck but _you get all of the 

metal \--111ic11, if you ,,,ant -to do other kinds of manufacturing;t 

you have a nice source of l'(letals such as alultlinum, iron and 

titanium. I don't know ~lhat "you dO\oJ'ith the silica. \ve' re 

not going to be making transistors, I guesso 

nay I have t.he next slide? 
I 

I 
; 

(Slide" ) 

This of course is a more c!omplicated thing .. and it 

ShO\-15 here all the equipment you need in a very schematic 
" 

form .. 

The fluorine s-o~s t.hrouq11.. Out of this thing you 

\V'Quld get :tour oxyyen. Yot: \-lCulti al,3o put your potassium 

vapor in here and fr0j11 -thdt 9£ course you \vl)uld get your 

potassium fluo:::idf'::. Y:nl elect::rol::l~:;e the potassiu!:1 fluoride' 

to replenish your Gorin·;;} and yourp0"i::.assiu..rn-- I'va done it 

''\Trong. 

The oxygen came out here (indicating). 

At. the reaction temperatures we anticipate that 

the silica fluoride ~'llll also come out as a vapor. IT will 

have to be condensed here and of course after it's condensed 

it ~dll be allm..,ed to drip back in the pot and what would come 

out would be fairly pure oxygen. 

\'k: \'lOuld have a purifier here to make sure t.here 

is no fluorine or fluorides in that. 
',­

This reaction,-- The basic reaction here i~ 



·. 15 

exotherlllic" In other \l7ords, it' can take place and no heat 

ha.s to be added. 'l'he reaction rate of course would have to 

be controlled by the rate at which you push fluorine through 

4 there. Energy \-lOul<l have to -go into the system at this 

5 point (indicating). 

The advantage of this over tm Jther, of course,6 i 
t 

! 
;

is the larger yield per batch and the fact 'that you don't 

have to have the very high tempeJ:atul!'es ~ 'but on the other I 
hand, it has got this disadvantage of dealing 'l.l1ith two very I 

J 
bad things to deal Hith; potassium and fluorine. I think this I 
is going to ta."<e some doing-. 

All right, next slide p please. 

(Slide. ) 

Okay ~ th.is just: sumrnarizes -the features Q 

7 

, 
1 d 	 ' - d tr6 0 J,-d ° ° t" ~'l - . ny rogen \ole can get: Iour poun' s an - \\73. tll ne:t uorl.ne we get 	 i 

l1 0 v I~ /(JOp:..c{; ~.~ . 
forty-t,'lO pounds p and ''Ie also \'lill get the metals out of th~re.l 

PAI~m: You also gaol::. iron out of the first process 

as I recall it, don1t you?l8 


LtnlDIH: Yes"
19 

FAGE~: Out of the first process you will get iron,20 

21 but if you '<Tant it, you have to refine it out of the other 
I 

oxides. 

22 
 II 

I p1\.I:m: But you t'1ould have a nice vacuwn, Inelting23 

environraen'c for doing that , 
10 

24 I 	 ]-

FAGUT: Yes, indeed.25 I 
I

.! 



16 

I 

pl\.J.m~: ~(fhe iron would be substantially' heavier 

so even at 	a one-six G you'd get a separation -~ 

FAGET: ~·es. That coulu be done if you want iron. 

The total energy eonsUr.lption: \'118 haven't run that ' 

I' 

yet. I'm not sure that that reaction is better than this one. f 

kind of t.hink that this one is probably a much mor~ feaSible, 

thing to do 

eating). 

from an over-all engineering standpoint {indi­ l 

I 
i 

UAUGLE: Nhat. limits you to the fuur p6und~ of 

water per 	hundred pounds of lunar soil? i 

I 
i 

FAGE'l': Thatis all the oxygen tilat is bound up 

in iron. And thiG of course raeans that for the same amount j 
~ 
I 

of oxyg"en.. you've go'!: t:.o have ten times t.he amount of stuff I 
I 

going through the process" 	 i 
1, 
l 

VOI~ BRZWK: rim" much fluorine-- Do you recirculate' 

I 
I 
I 

all the fluorine? 

FACET: Yes I all the fluorine and all the 'potassiuml 

used in this reaction is saved, and all of the hydrogen used 

in this reactioll is mved. 

VOH BRUAN: When you say the reaction is exo­

thermic you are really saying that by continuously exposing 

the lunar fines to the fluorine, you always get more energy 

out? 

FAGET: That C s rig·ht. l.;rhat costs you though is 

getting your fluorine ba<?l~. You have the potassium fluoride 
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which you've got toet~~tiC~~ 
VON BRAUN: Without any replenishing of the fluorin 

you are continuously extracting heat ,from the lunar rocks? 

Is that right? 

PAGET: That's right. 

VON BRAUn: This \<las my question. If you bring 

the first batch of fluorine t:o' the moon and' you start up with 

a certain mass of fluorine there, then you can, according to 

what you say, continuously extract heat from the lunar soil 

without any new energy added. 

FAGET: No, without any enerO/l to get the oxygen 

ou'C of the soil. But to get the fluorine back, to get it:. 

back from the potassium, you have -co do the electrolytics. 

vo:~ BRAUN: That requires more energy than the 

flourine 
. 

NAUGLE: Yau'vJ'\.... <J0t the sun for that, or preswnably 

you could recover some of your heat there. 

VON BRAUN: How much of the beat that you are pro­

ducing-- tYhat is the percentage of heat you are producing? 

FAGET: Again, I just say this from the st~~dpoint 

of a small, pioneering engineering basis. I don't think you 

try to recover the he"-t from this. I think it would not be 

worth it. Probably you'd want to get your electricity for 

the electrolytics by solar or nuclear pmfer plants and not 

get fouled up with all that business. 
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!, 
 J:\STHON: What in the onergy requirement per pounal 

I'. 
If 	

of yield? Th~ order of magnitude? 
! 


:1 
 1 	

FAGE'l': I don' t l~nm". I suspect it is probablyI 

4 	
!I 

I 
pretty close to the sante in both cases. 

5 JASTROth You clOll't know the order of magnitude? 
/1 

Ii PAGET: t'le're still studying the process,I 
7 I 	 PAINE: It:. is probably comparab.le to aluminum 

8· smelting on earth. 

9 FAGET: I would think so. 

10 UA'l'IIm'1S: One advantage of fluorine is that it's 

II a very dehse fluid so that you can handle a lotmore of the11 

I 
I 

12 stuff in a small container.. You can come and go on the sur­j 

l! 


13 face.·Ij 
14 	 !I VON BRAun: Cars you make an order of ma<Jnitude 

ji 
~5 estimate? For example, if you want to continuously produce

II'j 
16 enough oxygen to keep six guys ·alS.ve on the moon, how many 

kilo'!rlat'cs roughly do you have to have continuously in the17 

eleotrolysis process to keep this going, this fluorine?18 

Roughly is it ten, or a hundred, a thousand? tfuat do you19 

need?20 . .. 
UAUGI.E: All you need to do is just rollout howeve21 

many kilometers of solaA:' cells you need D2Z 

VOll llRhU:l: That.'s not my question, though.23 

FAGET: t'le • ve been working on this tmole thing;4 

about a matter of two weeks and these are questions I've25 

1 
I 

http:comparab.le


~.,~.~>~~ . 	 19 
'\ 	 . _J 

asked, liernher, and}I have not got the energy balance yet. 
\ 	 I ,.) 

LUNDIU:\ :J:tls falrly straightforward. 

FAGb"T: I don I t think that the energy is going to 
j 

be 	the big thillg~ I really think i~ you prepare to go there 

'j and set up a small plant that the equipment for the plant and 


6 
 all is the sane order of magnitude as the equipment for, say, 


7 
 a small nuclear plant. 


8 
 VON BRAUN: Speaking of oxygen p.;oduQtion,it looks l' e 

9 we have several tradeoffs here available. One thing is, we 

10 continuously make new oxygen out of the soil with this. ~he 

, 1 other is if you b&ild a vegetal>l.a garden and use photosynthe­

22 'II sis so that we have a combined Sabati-Bosch cycle. 

II'13 	 I FAGET: We have t.o find t..~at link of ammonia so 
d 

14 	 il you \,lill have fertilizer. life haven' t got that far yet.
I 

'W 
,Iil , You are right. Of course just from the standpoint 
, 

16 of drinking \Y'ater -- This is a very interesting thing hera. - ­

17 you can get four pounds of oxygen from ~ hundred pounds of 

18 material. If you just want water on the moon, with the oxygen 

19 being free all you have to do' is bring the hydrogen. 

20 So this means that the way you can qet the water 

21 for maybe about 12 percent of'what it costs-- If you 'carry 

22 hydrogen to the moon it will cost you about 12 p~rcent of what 

23 II it ,.,ould cost if you ~rought the 
l 

~l LUNDIN: Carbohydrate will give you eight or nina 

pounds of water.
25 	 I 

1• 
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!I 
FAGh~: ~hat· s right. So this is ve1:'J good from 

j , 
the standpoint of the water needs of the colony; the freight 

for water has gona down by that factor. 

111\TllENS: You may. want to carry anunonia to the 

moon because you will need the nitrogen. It's a good way to 

package the hydrogen, too. 

II PAGET: All right .. ' lim going to say more about 

II what we could usefue oxygen for later, from the standpoint of 

the over-all transportation system. 

11ay I have the next slide, please? 

(Slide. ) 

" 

l'le always end up with people worrying about rescue •. 

From the st.andpoint of a l.arge lunar base -- lim not. talking 

,I about a lunar landing or anything like that -- I think you 

II
'j would end up with this type of philosophy on rescue, that youI. 

F 
! 

would depend on enough substance to the base, enough spare 

room reuundancy and so forth that you would deal with equip­

mont failures in that mode as opposed to being ready to 

evacuate the whole base from some catastrophe you have in the 

equipment. 

liatural catastropi'es which would be a lunar quake 

or a volcano or a big meteor or something like that -­
' .. 

PAINE: A tiual wave in the mare .. 

I! CLARKE: Is tha'/:' the NASA spelling of catastrophe, 

incidentally? 

,1
,I 



21 .. 
(Laughter. ) 

..... FAGET: Medical ~ We would have a doctor there • 

:1 luul it is kind of interesting that statistically you are 

4 going to have n medical probl.cICl for every 300 ntan days and< 

that alone indicates that you are going to have medical 

facilities at any sizable base, and that's \fhat we sa.y we 

5 

6 

will do.1 

All right, nO\'1 lim going to talk about transporta­

9 

8 

tion. 

Next slide. 

(Slide .. ) 

10 

11 

This is a model of a transportation system: the12 

earth here, and the moon here. And before I get into this13_0 II 
II14 .very far, let me say thai: \1e have studied both nuclear and 

!I 
15 chemical t.ranspo:rtat.ion batween here and the raoon. We have! 
H, also studied it for planet.ary flight, and in the rIse studies,..­

11 that chemical system is better than the nuclear.- -
18 ,fuen we are taUdng about chemical systems we are 

19 talking about present-day hydrogen-oxygen systeILls.. \ihen we 

20 are talking about nuclear systems we are talking about the 

21 , 
I 

kind of nuclear system we might be able to qet by the 'J.8xt 

ten years and is something that will come out of, our present22 

,I IURVA program ..23 

II De that as it may # this model has been set up on f24 

2S the basis of a chemical system all the 'TI!ay, and it isIi
I 
I 
I
.'/. 



I 22·. 
I, interc:wting from i:.ho standpoint of the nUTlibers that are
[I 

'1
1. !I generat:.eu... In other \vords I we are using chemical for t.lle eart 

iI ) 


ji 

~, 
 II.. orbital shuttle to get up to t.he staging area from earth ' Ii

'I 
I> orbit. lie are using a chemi~al system ID go from earth orbit

II 
5 to lunar orbit to the staging area, and thell another chemical 

1/
j. 


G system to go to the surface, all with the same specific im­,f" 
'II 
"I,7 pulse in 'che neighborhood of 460 seconds ..II 


3 Now ,\,-;that does this mean?
il 
II 
:f 

f:J 

I 
.0 I 

I, 

II 
t. 

11 

»2 
II
Ii 
11'W3 of what it takE~S for the men a.nd the seats and the food!J 

..: I': 

,'. 11 

I· 

Ii
II 

supply and everythinr; like t.~at bels got to come back .. We 
q
il 
" 

15 I!
;/ would doui11e 'that :in the return from the st.aging area.an<.1 
II 

'I 


16 Ii then we'd adJ. another 2.5 thousand pounus for earth orbit 
II
,/ 

17 r back.
I 

How these return cargoes don-t affect t:he modelas 

very mUch;. ?ut ;t just \-,ant to show 'chat they are in there.19 I I 
Starting on the lunar base, in order to qet tbe I.20 II 

! 
I 

two 10,500 pounds to the lunar base, and this return did,21 I 
22 

I 
you need ahnost 50,000 pounds in lunal.' orbit. A:!;ld in orderil

il 

23 d 
;i to supply that. amount in lunar orhit, you neea 323,000 pounds 

I41 
24 in earth orbit. ~~d in order to provide the stuff in earth 

!I ! 

25 Ii orbit, if you are orbit.i?g staging a:r:eas at these two locationt ­
'i 
il
;1 ; 
II j . 
:1 , 

http:generat:.eu
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12 
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14 
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16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


I 	 23 


I I'd consider them extreme -- but the worst case is 270 
Ii 

miles, a 55-de~ree orbit.
II 

I 	 This represents o',J,r current thinking on the space 

I 	 station. It takes 23 miliioll pou,nds a month to get yourI 


I 
! 	

I
10,000 pounds out there•. I·f we ~vorked from a more favorable 

I 

! orbit in earth, 29 degrees, only 100 nautical miles high -- j 


·1 

and there is some doubt as to whether that,is high enough ! , 	 j 

from the orbital decay standpoint. --,it would only take 14
It ! 
II million pounds a month. I 

r, 	 The interesting thing I think is the ratio of the f 

j 	 I
earth orbi'!:: to lunar base because \Ale have just been talkingI 

It 	 ! . 
about an earth orbital colol'l~.l and tlie number, t.heratio here 

II 
 is about 30 to 1. So from the transportation-logistics stand-I 

point, at least at first glance, it is 30 times as much toIt 

I 

supply un lun.ar-orbH::.al base as an earth-orbitai base • 

Nmv later on X am going to shml1 you that we can 

! 	 reduce this factor by four.. In other words, the ratio might 

end up something like 8 to 1 if we UGe the moon base as the 

supplier .of oxygen ..in the transportation system. 

ltATlIB:1S:: now big a base are you talking about? . 

FAGh"T: He' re talking about a base that takes 

10,000 pounds a month. 

I Ul\.TliEi'1S: Right .. Is;it 10,000 pounds or 10,000 

I 
 tons?II 

FAGET: Ten tllousand pounds. It doesn't make anyII


II 

II 

I; 

http:lun.ar-orbH::.al


6 

24 .. 
differenuc; tHe ratio "'Tould be, the same. 

GILnU",i'H: l\r~n ~ \: th.ose jU:!lt ratios? 

FAGE'l': Yes 0 \ve ho.d a. great deal of trouble de'" 
, 


ciding how big the base should be, ahd we decided in our 

own strategy for the mee'ting that we wouldn I t try to describe 

the base. He would just try to get you people to tell us 
. i , 	 Iwhat you thought the base might be, and gi.ve you some idea7 	 I!Ii 

it 	
of the problems we see right now.. 

a II 
" 

I 
I guess \-Jhat "ve: re really saying is we are not

9 'I 
101 that sophisticated in our thinking right now about wl:rat you

,I 
!! 	 II might want in a lunar base in 1990 or something like that. 

II VOl~ BRAVE!: Would you repeat what you. said about)2 	 I! 

I! the reserve course~ pleaSe?13 

II 	 1 

~4 	
,I
p FAGET: In set"i::ing up this model here i we said 'l 

II I
,t 

15 from a practical sta.ndpoint: you jus'c can G t send things out 

IiI"l 

'I to the moon all the time.. Passengers are going to want. to56 	 !I 
r.I come back. Undou.btedly there are going to be some products11/ 

from space, even if it is just pictures.
18 

So 	that the trrulsportation back horne is two and a
19 

half thousand pounds a month from the lunar base. .~e
20 

doubled that.. We can add another two and a half thousand 

pounds from the lunar staging area-­
22 

von ~l~UN: Where do they come from? You lost me
23 

there .. 

FAGET: Probably primarily people and - ­



25 ·. 
VOH BRi\UN: You Illean there are people in the stag­

ing area in lunar orbit 
, 

- ­

J FAGET: l-lot hm; and a half thousand pounds of 

.:j, people -- • 

VOll BRAUN: who would like to go home? 

G FAGET: Every person costs about a thousand pounds o I 
7 This is like 25 people returning every month. That's one way 

8 of looking at it. 

9 

10 

HICKS: You've got to 
.' 

end up with some accurllula­

tion on the reoon and some use in the formaf propellants. 

That;s farther out in your numbers there? 

PAGE'll: 'l'his is t.he accumulation on the moon, and 

if the people on the moon get to feeling like wetre making 

a garbage area out of it, I guess maybe they'll declare war 

18 on us. I was telling Chuck that they've got all the advan­

19 tage. 

NYATT: Max, that ten and a half thousand that20 


21 
 you put on the moon, a lot of that will be some prcpellants 

22 to bring the rest of this back, so it's not all going to be 

23 ,I 	 llATiiEWS : 110 • that' s payload. 

;:A II FAGET: This is all payload. The propellants to 
~.:.'."., 1/
W 25 	 Ii the moon ar.e absorbed in this model.. Part of this forty-eight 

II 
11 



., 

2 


J 


.1 


".J 

6 


1 


a 


9 


10 


11 


12. 


13 


14 


15 


16 


'11 

i8 


19 


20 


21 


U 

2S 


;!4 


25 
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thousand pounus of stuff in the lunar orbit is propellants 

to make the round trip'. That is not in that number .. 

NYATT: Okay. 

CLA1U<l~: At what ,;Level of business would it be 

worthwhile going to an equatorial base for laui'lching from 

the earth? 

FAGET: This model does not include whether the 

base is equatorial or poiar or anything elsa. There are twb 

unique factors, two unique locations on the moon.. One is 

equatorial arid one is polar. 

CLARKE: I mean launching from the earth .. 

FAGET: Launching from the earth. 

Now from 

lfATHE\'iI'S: 

CLARlm: 

the standpoint of energy 

r·ia."C" youtve missed the point. 

£fly point is this: lvnen you get to a oer- I 

tain rate of transportation to the moon it may be worthwhile" 

rescheduling your launch base to the earth's equator. Look 

at the big saving you already have in those figures, from 

55 to 29. 

FAGW£: This is indicative, the 55 degrees and the 

29 degrees. Going from 55 to 29 was a small savings. The 

big saving was a reduction in the altitude of orbit. So 

Qthere \'lOuld be SO!:'l.e reduction I would imagine it would be 

not more 'chan about 2 or 3 percent to go to equatorial on 

earth. 
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JIlNl'lmliJS: The other thing is actually the saving 
• 

in goinq from 29 to I3quatorial is lesD than going from 5S 

to 29. 

PAGET: It woula pe 2 or 3'percent at best. 

Now when you get to the moon, if you have a base 

located on the equator I on an equatorial orbit of the moon, 

there undoubtedly would be a saving.. This is the ideal model. 

that says you have access to the base from lunar orbit all 

the time.. In the real case it is going to cost you weight, 

the kind of weight to get to the base~ So you would like a 

base on the equator or you would like a base on t.he pole, the 

one on the equator being better than the one on the pole. 

The one on the equator is accessible to earth 

.orbit all the time I or accessible from this trans-earth busi­

ness all the time, as well as a.ccess to the base from equa.... 

torial orbit.. The polar orbit.-- The base is always accessi­

ble from polar orbit. The transportation from earth to 

polar orbit is only optimum twice a month. 

But anyway, this was not considered in this model. 

LUNDIN: What happens to your 30-to-l ratio if 

you use nuclear instead of chemical? 

FAGET! If you upe nuclear instead of chemical I 
~ 

am sure it is going to cost you more money, at least for 

our present kil),d of spaceship. It's about half, 

'tiYATT: I think you will find it. is much better thl 
!
• 



28 

that. 

FAGET: No, it isnrto 

\JYA'l''l': iVe have done some calculations that says 

that ratio has come down from about 30 there down to about~-

let me think -- down to about 7 or 8. 

LtntDIN: I think once you re-use the thing a lot, 

the ,impulse would really payoff. The trouble with the 

nucl.ear outfit is it is so darn heavy, but once you get into 

orbi.t it doesn't matter .. 

FAGET: Let me sa.y two things about the nuolear 

rocket here, and I'm going to say a lot more before I'm over. 

I wcmt to impress you with two things: 

The nuclear Z'ocket with 300 II 0'00 pounds of pro.... 
t' 

" M 	 I, pellant has got almost the sa~e energy as a chemical rocket 
:1 ! 
It 

~i_"" 

II
Itit; with 540,000 pounds of propellant. The ratio is 2 to Ie ! 

I 

I 
'l'be,propallant delivered to tha nuclear rocket is delivered
16 
. d /J

CtL~ 
at Col. .capacj ty of 4 pounds per cubic foot. The propellant·11 1 	 .t 
delivered to the chemical rocket is like 20 to 2S pounds per18 

cubic foot.19 

Now our shuttle studies show that right now the 

volume in the shuttle is costing us as rauch as the weight 

carried, so if you can cut the density of ~ha cargo in the 

shuttle -- and we have no'::' taken this into consideration in 

our cost study but that just about wipes out all the gains 

of 	a nuclear rocket right there~ just o~ the first step~ 
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UATlilllvS: The important point, of course, is that 

if you are manufacturing oxygen on the m(')on, then that great­

, ly impacts the picture. If you'ro ftll?-nufacturing oxygen on the 

moon, than this changos the tUctu,:o_ 

PAINE: If you had a good power plant in orbit, 

maybe this is the first of the manufacturing operations we 

were looking for.\ 
II ' 	 VON BRAUN: Chuck just said, very importantly, 

t I think Uax said it is certain we can make oxygen on the moon. 
" 

t 
I, 

It is not so certain we can make hydrogen on the moon. We 

I' have a chemical system and we can utilize it effectively to 

utilize oxygen on moon to further enhance the advantage of the 

II 	 chemical system.
It 

I FAGh'T: In any case, though, we 
.1
,I 
I' 	 using oxygen manufactured on the moon for 

r 

have not considered I 

!return flight, but 

we 	 do use it in this case, going from orbit to the surface I
I., 	 and then back UPa 
! I 

MATHEt~S: Ultimately you can consider it, if you 

have a big enough plant, use it for supplying the return 

trip. 

GILRUTH: That 30-to-l ratio does not depend on 

getting oxygen from the moon? 

I FAGET: The 30-to-l ratio is the simple model whereII 
Ii 	 we just are taking everything from the earth, but when you 

can get oxygen on the roogn -- I might as well tell you aboutII 

II 

Ii
Ii• 
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30 

this now if \vn' re going to' argue about it. If you have oxygen 

on the moon then the shUttV3 that works between the lunar 

orbit and the surface goes down with, just enough 

oxygen for the down trip, ana hyqrogen to get back up, but 

the hydrogen is one-sixth the total amount of up fuel. 

It unloads its cargo on the 'surface of the moon. 

The model used went down with 1800 pounds of 0~~genI10,000 

" 

pounds of: cargo down~ 6 g 000 pounds of hydrogen. Th~ee 

thousand pounds are used on the ''lay down.. Okay. 
" 

!low when you get there, :l:'ou still have the 3,000 

pounds of hydrogen. You've put on board something like about
.' 

20 g 000 pounds of oxygen for up-- NOt it's 18,000 pounds for 

up and 20 p OOO pound.s more so you CUTl come back down next ti!mea 

PAINE: mlat does that do to your ratio then, the 

30-t.o-l',? 

FAGET: That cuts it to S-to-l. It cuts it a 

fourth" That f s t.he id!~al case. 

Now if you're doi.ng it on a batch it only cuts it 

a matter of three.. In other words, if you have an equi­

libriwn case where this: is a consta.ntly maintained staging 

area and all the hardware is continually being used, then 

your gain factor is four to one" 

On the oth:er hand, if you are mald.ng sorties to 

the moon, then it would be like three to one, and this just 

,has to 'do with ,the hardware used. ',From a practical standpoin 

I 
I 


I

f' 

' 
j 
! 
! 

, 




II somewhere between three and four in this case is very, very!i 

~ II good.


I 

... " 
 PAI!-ll!: ~ But, tlYhat that would work c.ut then to is, 

in order to mairttain thi!} thing going,on a daily basis, you, 

are talking about five shuttle trips a day from earth surface 

.4 

5 

••to earth orbit~ at 50,000 pounds payload .. {6 

I 
! 

FAGET: No, no.. This is t11e weight at ear,th,7 

23 million pounds at. eart.h.. This (indicating)' is how much8 

you need in earth orbit g 323,000 pounds a month in earth9 

orbit.10 ". 
PAINE: Delivered to earth orbit a month? 

FAGET: A mont.h ..12 

PAINE: iVhichis about. 10,000 pounds a day.13 

FAGET: No .. it's only si.x flights a month .. 

PAINE: S.ix flights a month" That's right.. So 

16 that's not bad. A couple of shuttles could handle ito 

17 NICKS: '~vouldn I t this business of using the oxygen 

from the moon also tend to help you if you use it on ~lat
18 

launching to earth, or are you in-eluding that? In other
19 

words, are you using lunar oxygen to inject you on the trans­20 

earth traject01~?21 

PAGET: lio, just using lunar oxygen for this area22 

23 here, up and down. 

HICKS: \~hy couldn't you also make that pay -­

FAGET: You could, you could.25 

! 
i 
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t~1ink you sta.1..'t out. ;;rob.;L..:.l:' in stq:B I l:LkE! Hax is talking 

a:Jout; where :'{OU usr;'! the ()~,:ygen fo~: your IUD.a;: o:cbit c·p~ra-

::2 
il., tiona and then ma:/:.>e yo".:, t.H:::(~ it for the rai;urn voyage a.l'ld 
J.. 
<. 

"/.. '. ~ 1 
;; 

ulti.mat:ely 1 dE; you c:lild 11f' 'the sy:;tnm, ~!OU rr;ay carry it to 
,. 

~. 

t Ii.. ., eaxt.h orbit .. 
'1I. 

", ,I 
,h. 

" 

~!IC!(S : That 2.1:n::ady be(jins to nake cr.a.t symbiOi:ic 
i 
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I 
picture of having the sta'cion in orbit,using the moon as a 

I 

I place to help it, be viable and a reason for going to the1 

i+ 
" 
11 	 moon. Things like this be~in -to work on each other so that 

you <Jet more logic out of wh.y you are' going there and so on. 

FAGET: You know, from the standpoint of just what 

it costs in propulsion, ha.!:dware, and all that, it is pret.ty 

clear theoretically YOti. could do better if you get the oxygen 

I 	 in earth orbit from the moon. But we don't have Cape Kennedy 
t 

I on the moonr I want you to remember that.if you'ra try­
"I ing to supply 300,000 pounds a month of o~ygen to earth. 

\I 
I'I 

NICKS: It ol".lly needs 7 I 000 feet per second to 

get off the moon and tha'c'::.; a big difference because the 

Cape Kennedy requirement is different. 

.Aru1STRONG: Bu'c it also l1eeds 10,000 pounds to 

slow it into earth orbitD t~len you add those two together 

HA'l'HElvS: You usa aerodynamic braking. 

ARUSTRONG: As long as you're going to use that, 

you might as well pick up the oxygen in the atmosphere. 

PAINE: tihile you' re doing it? 

CLARKE: I pointed out this paper. 1949, on the 

electromagnetic launching. You could supply anywhere around 

the solar system from the moon, n.ot only earth orbit, be­

cause you're so near the gravitational -- the top of the 

gravity world, but you iva got to get almost to the Cape' 
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Kennedy stage. 

FAGErI': We I re probably going to end up flying all 

our missions from that teeny little planet around Mars if we 

keep this up• 

(Lauc;rhter .. ) 

CLARKE: ThatHs \vhat it was built for, 

(Laughter. ) 

PAINE: tfuy do you think the Lord "put it there? 

(Laughter 0 ) 

FAGET: All right i let IS ':/0 to the next slide. 

(Slide. ) 

I ''''ant to tell you Co little bit of the details that" 

I've got on he~eo The space task group r~port did use a 

nuclear stage for. orbit to orbit transport. ~~rshall has got 

contracts that are trying to describe this st&ge and they are 

looking for five or ten re~u6es, and it has these characteris­

tics: 

Burnout rate, 87;000 pounds; propell~'t weight, 

300,000 pounds1 liquid hydrogen. The best estimate we have
• 

made on unit cost of that thing is like $65 million a copy. 

oUr in-house studies on the chemical propulsion 

stage that. 1s comparable to that one -- tie got onto this from. 

looking at our ear'Ch orbital shuttle and using the same pro­

pulsion technology as proposed for the nuclear engine, and 
l 

it contained 19Q,000 pounds' in the earth orbit, which is a I 
I 
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very nice feature about this chemical propulsion stage. 

t'lhat I'm trying to say is it not only makes a jim­

dandy stage to go between the moon and the earth but if you 

mount this stage on a boo6ter~stage on' the earth orbital 

shuttle, it tilen can carry 190,000 pounds of payload up into 

earth orbit. For those things that you can't cut down to 

7 smaller than 190,OOO-pound chunks, it will be very handy. 

8 And by building it so it can be refueld it is' 

9 re-used, there's a burn weight of 60,000 pounds and it 

10 

, 

carries 540,000 pounds of propellant, and it costs $36 million 

11 apiece, based on the same costing technology as this one ~p 

12 there" 

No." these are just unit costs .. ' They don't have 

anything to do with the development costs. 

B~ay I have t.he next slide? 

(Slide. ) 

All we·ve dealt with, we figured all the non­

recurring cost was going to come from somewhere else. 

19 
This is a comparison of the two staqes. ~be ohemi­

cal stage, although it carries twice as much propellant a1.. 

2.1 
most, as you can see is physically a lot smaller, but this 

is just a size comparison. 

Okay, let's go ahead. 

o (Slide. ) 

This is why I t.ake issue with l'lyatt here. 
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I 

This shows the relative performance of these two 

stages c This is the payload in thousands of pounds, and the 

velocity to be gained by the stages. 

I think you can see with the kind of payloads we 
II 

are talking about -- this line here -- the chemical and 

nuclear stages provide a right comparable performance. 

Nuclear is just a little bit better, but the over-all per­

formance is fairly comparable. 

WYATT: I'd like to g~t together with you. I guess 

you are usinq about the same mass fractions -- it looks like 

•l.t. 

to qet a 

E'l';t.GET: O~1e of the t.hings that we have done was 

litt.le bit more hard-headed on the specific impulse. 

~iYATT: ifuat did you use? 

FAGET:: '\I]ell r ~che basic NIRVA system has got \825 

seconds of specific in-.pulse.. tie feel 'that probably can be 

achieved, although it will take quite a bit of development to 

do that.. The effective spec1.fic impulse", though, is around 

780 per second, using it as best we can. And we made a 

number of projections on this. 

tihat happens to that nuclear reactor is as it pro­

duces the heat to produce the propulsion it is also producing 

isotopes and the total reaction run time is proportional to 

the total amount of residual isotopes. Now these isotopes 

start decaying or they are decaying of course immediately 
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after shutdownr and they produce enough heat after shutdown 

80 that up t.O 48 hours aftar shutdown you are still burning 

hydrogen for that system. Otherwise you'll melt your reaotor 

down. 

Propulsively, we,can't use that hydrogen very 

well. To begin with, the specific impulse of that hydrogen 

is considerably lower than 825 seconds. Furthermore, its 

effective performance is 'way down. As a matter of fact, 

I there are a.number of these burns that are doing harm instead 

of good. They occur at times when you don't want burns. 

Lm'l: Have you had a chance to talk 

about this? 

FAGET: WhatDs that? 
'I I~+ 
,I/' LmoJ s Have you had time to talk to MM Kline?
II 

FAGE~: 

I'.1 
LOtv':Ii

'I 
1,1 FAGET:. 
.. ~ 

thinks about it. 

Yes, I have. 

Does he agree? 

I guess I wouldnCt want to say what he 

(Laughter. ) 

He doesn't agree completely. 

Lm~DIN: I don't understand this one too well. 

11m sure it is probably my fault. 

I 
t'lhat have we got here? The change in velocity 

I· 
PAGET: This is the velocity -­

1 LUNDIN: that can be imparted to -­

I 

II 
H 
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FAGET: the ideal velocity~.imparted to this 

2 much payload. YouOve got 400,000 pounds of payload. The 

3 nuclear will probably get 13,000 feet a second and the 

4 chemical will probably get around 12,000. 

Lm~Dnl : liith stages that have that almost two to 

6 one propellant loading difference? 

7 FAGET: Yes" This :much propellant for the nuclear 

8 and this much for the chemioal. 

9 LID\fDIN: You have kind of adj usted the propellant 

10 loading to 	give you the same delta V for a given payload. 

FAGET: We f ve compared these two stages .. 

LUNDIN: Yes .. 

1~ I PAGET: \ve' ve compared the t\110 stages. 

141' LUNDIN: You really kind of did that. That's why
I 

15 
they come out so much alike If you'd taken the sarae grossoII 

16 weight -- which 1 8 m not saying Is the right way to do it - ­

i7 then youed 	have a much different delta V. 

PAINEs It is really 300 versus 540.18 

LUNDIN: If you make one twice as big as the other 

20 

19 

it will give you about the same delta V to a given payload. 

21 GILROTH: That's exactly the right conclusion. 

22 LUl.'i'"DIN: And you're driven to that by the. volume 

23 considerations of the hydrogeno 


GILRU'l'H: Right" 


25 
 PAGET: The chemical thing is smaller. 

, 
" 

; . 



WYET11: Smaller volume, yes. 

CLARKE: Uas a.nybody done these these studies 

3 using anunonia, liquid ammonia, for nuclear rockets? 

4 FAGETz Oh , yes. 

5 CLAJ.'U<E: Does it work? 

G LUNDIN: The very early ones were but the impulse I 
~. 

7 gained was not enough to payoff the extra mass fraction and t. 

8 everything else. And the molecular weight is -~ 

9 FAG~r: I would think that your ammonia thing would 

to not be as good' as the hydrogen-oxygen. I think·you qet 150 

11 percent higher with hydrogen-oxygen than you can with an 

'2 ammonia reaction. You are temperature limited in a~nia to 

13 much lower tempera-cures than your combustion temperature of 

14 hydrogen-oxygen. 

15 . 1-1Y'~H.S: But you'd get your fertilizer co 

16 (Laughter e) 

17 MATHEWS: The other thing you have to keep remember 

18 ing is if you are producing oxygen on the moon, those nwnbers 

19 change. 

20 PAGET: The numbers change, and they change fairly 

21 well in the chemical. The nuclear doesn't know what to do 

22 with the oxygen. 

23 LUNDIN: There is something very attractive about 

24 having a thing there in space that is almost half oxygen 

25 that only takes 7,000 feet per second to get away from. 
I, 
'1 
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CLAlU<E: One of our greatest assets. 

VON BRAUN: You~d have five times as much oxygen 

by weight an hydrogen. 

PAGET: IncidentalJ.y I I' d just like to say here 

I'm not here to talk about transportation systems That's 

Chuck's job -- but our costs on planetary flights come out. 

the same. The chemical system is better by a factor of ,about. 

two to one for interplanetary rlight. And this again is 

all an impact of the fact that we are planning to have a 

shuttle. 

Now lle Call get this kind of ~4'eight going up at a 

very low cost. and the chemical stage is able to get itself 

into orbit and carry a payload 't'07hile it's doing it. The 

nuclear stage might be carried into orbit either by a 921, 

which has been our basis for costin9; or broken down into Ipieces and carried up on the shuttlea But even when it's 

carried up on the shuttle it is not as cost effective. 

VON BRAUN: Wriat about the current cost, disreqard­

tinq oxygen supplied from the moon. Suppose I have a nuclear .I

shuttle up there that jus·t came back from the moon and it is 
, 

emptied into earth orbit, and I have a chemioal which is I·. 
also empty, real..y to go back. 

How many refueling flights by shuttle do we have 

to make? 

FAGET: 1'1e haven' t made any !It:.tempt to decide how 



40 ·. 
I 
I 


i this factors in. We have used ten flights for both.. We have 

: II said that the nuclear is g'ood for ten flights and the chemical 
II 


is good for te:l flights, which 'obviously is. wrong_ The burn3 
 I 

4 
 time on a nuclear is about five or six times as long as the 


5 
 chemical rocket per flight because it has much lower thrust" 


6 
 So if you can get ten flights out of the nuclear, 


1 
 you can probably get fifteen out of the chemical. 

JASTROW: tfuat' s the cost per pou.."ld of orbited 


9 


8 


weight using ·che shuttle for the hydrogen versus chemical? 


10 
 Is it. the same? 

FAGE'I.': \l1e were estimating that the cost for the11 


chemical was a little less than $100 a pound. The nuclear121 

was more. And '(::his had to do

13 { 

JASTROW: A little more?J4i 
;b"AGET: The nuclear was-- \ve ,..rere limited to 40,00 

pounds of cargo in a nucleax i so about $6 million a pound, 

and in the case of the chemical, it would carry 70,000 pounds 

:: I 

17 


up on a flight because we could use a lower orbit, and the
UJ 

same shuttle would carry the 75,000 pounds because of a19 


~ higher density.
20 


JASTROtv, The cost per pound is half?
21 


PAGET: '1'0 get it up into orbit, yes. That's22 


probably about right. ll_t'ld this is not trying to optimize it.
23 


If we optimized the shuttle for chemical carriage we wou~d
24 


do better, but we didnrt.
25 


I 
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JASTROW: So that factor cancels the factor of two? 
II 

2 

... " 

4 

5 

6 

7 

8 

9 

'10 

11 

12 

13 

FAGET: 


JASTROt'J~ On a cost basis then they're abOut equal, 

.
.. or very roughly? 

FAGET: Roughly. 

VON BRAUN: A nominal shuttle of say SOK payload 

would carry 40K liquid hydrogen because of volume restrictions 

whereas it would carry up to 75 K into 1~4 orbit? 

PAGET: If we optimized the shuttle as a tanker 

for chemicals, we would end up with a smaller cargo bay. 

The consequence of that is the shuttle would carry more 

weight. The cargo compartment-- On a three and a half mil­

lion pound lift-off shuttle q the cargo compartment is costing 

'I 
 us about four pounds per e,'lery cubic foot.. t~e trade off
14 

four pounds of payload ··for every cubic foot we I re putting in15 

the cargo baYQ That's a rough figure.16 

l.fATHE~vS:: Another way of saying that is that the17 

effect of volmue on the payload is equal to the effective
18 

payload itself?
19 

FAGET: That's about right, as a first strike at20 

it. Some shuttle configurations are not that sensitive;
21 

others are more sensitive. It tends to be that the more22 

efficient shuttle configurations are more sensitive to the23 

volume.2i;; 

I NAUGLE: What would electrical propulsion do here25 

II 
Ij 
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that doesn't take any propellant at all? 

MA'l'HEtvS: I'think when you talk about nuclear you 

had better be careful that you are talking about the NERVA ' 

system nO\\, .. ... 
FAGE'l': This is right. tihat we are really saying-

is that the NERVA system really isn't good enough to beat the 

chernieal system.. He are not saying that nuclear propulsion, 
! 

is not t.he thing to do. ·We are saying that the NERVA tech­

nology is going to lose in a flight on any mission. 

UICICS: Along those li:'1.6s ! ~ ve been· looking for 

broadly based numbers. Let me tell you what kind of things 

\'16 OU9ht to \.york on~ and I think this may be of interest .. 

The mass energy conversion factor for LOX ··hydrogen 

• 	 I 

is 10-1°. For nuclear fission plus hydrogen Q the NBRVA system~ 
I 

it is only 5 x 10-1°. So basically the. mass energy conver­

sion possibilities are five times better, and welre talking 

about getting twice as much as some other ways. 

But for nuclear fusion, the 	picture is a·lot 

3
different. You're talking like 4 x 10- which is like two 

orders of magnitude better, if you could do thato That's 

why some of those kinds of things might be more interesting 

to work wit.h. 

GILRUTH: We really ought to be working on some 

kind of a fusion reaction rather than the reactor, but. we're 

25 ! 
t limited by the materials. , 
I. 
I! 

http:li:'1.6s


43 ·. 
FAGET: \\fe ought to work for a fusion reactor and1 

2 ! we ought to set our goals at 1200 seconds or something better 
I 

3 I 
I 

than that. 
1 


4 
 J.1.A'l'IlENS: Much high,er ..... 
PAIN~: Probably an order of magnitude.5 

NICKS: At least 2,000 seconds ..S 

PAINE: At least 2,000: maybe 4;00007 

8 

! 
NICKS: There's lots of ways to get tilat if you­think about it: I! but it takes a lot of work.9 

r GILRUTH: 1'1e ought to look at some innovative10 I 
i 

I process, I think.
11 

I NICKS: It ought to be as geod as a turbojet engine12 

0 
.1 


13 that gets 2,000. 

.i'1_:. ' .• If 


-/ 1l1YATT: I think one observation here: You said14 
11 

! something to the effect that you could get the fuel into\5 

orbit relatively cheap. If you measure this again against the16 

payload delivered t.o the moon or a round-trip, a fraction of.•7· 

it, this runs the cost of either of these systems that look aba1t
18 

the same, the delivered 005"1:, into very high numbers.
19 

FAGET; I'm going to have a matrix on cost that
20 

will be more revealing e
21 

Let's go ahead ..
22 

(Slide. )
23 

lOm bringing something up which I guess should have7,1­

.... I been brought up a little earlier, but this is the mode we use 

....) I 

! 
I. 
'\I, 
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6 

.. 
for the chemical system that I have -calked about. ~'I1e use 

a two-stage system 0 We put two of these chemical propulsion 

stages up. The first stage accelerates out of earth orbit 

and achieves almost enough v~ocity .td make the trans-lunar 

flight. It tapers, comes around, and decelerates back to 

the same staging orbit. 

MYERS: Propulsively? 

FAGET: Yes. 

7 


The second stage goes around decelerating in a 

to 

9 


lunar orbit, staying there for a while q discharging cargo, . I 

I 


accelerating out of lunar orbit and then decelerating back11 


into earth orbit.
12 


Now in the case of the nuclea.r system, we are
13 


14 
 penalized. We just use the one-stage system. Now the effect 


15 
 of this will be shown in the matrix. IOm just talking about 

what we did ..16 


PAINE: Is there any advantage to using a sort of 

a negative slingshot on the way back?18 


FAGET: There might be, except that the energy in19 


lunar orbit is so much smaller than the earth departure. 

20 
 I' 

PAINE: You've gotten rid of the payload o2J 

FAGET: That·s where the payoff iSI that's right.22 


\~ could have used a two-stage nuclear system but
23 


we were very concerned about recoupling the two stages to­24 


25 
 gather for the next trip. \'1e; ve got a hot nuclear engine and 
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II we didn't think it was very feasible to work around that 
'II. 

e. II'I engine whereas in the case of chemical it is feasible to 


~~ I 
II 

;; '5 r;- .~ iTO /) I'f1!./.}'Jl)-;2s")
hring the two to'."I"'!th~r.. (v t' I C"l--'C r c:- '/I 

Hhat happens ",hon.you do triis using two chemicals4 II 
at once, it puts about twice the payload as one nuclear, so5 I 
it comes out prrrtty good., except. that you make fewer trips.f3 I 

I 
t You have got to bunch your cargo up a little more.1 

I 
I 


I 

I Could we have the next slide?s 
i 

(Slide. )9 I 
These are the assumptions that we made here. Zw I 

1 t 

12 

13 

14 

15 

16 

17 

18 

19 

G 

20 

21 

22 

23 

24 

25 

I 
I 

think live talked about them all, so let's go ahead. 
1 

.1I (Slide. )I 

All right. Now, using the nuclear propulsion 

i 

I 
I NERVA engine we looked at a number of cases here where we 

Ii used one stage and two stages, and where we re-used these
Ii 

stages or threw them away, and it turned out that we have al ­

ways been a little bit concerned as to just how important is 

it, you know, re-using all -this hardware. 

Taking the first case, you can deliver 136,000 

pounds to lw£ar orbit with one of these NERVA stages. If you 

would launch your 921 the first time it would cost you $1,500 

a pound, if you only made one mission. On subsequent missions 

by re-using it, it wo~ld be $357 a pound o 

Novl if you were able to launch this nuclear stage
II 

using the earth orbital shuttle by some modular means -- one

I 
I 
I,; 
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II'I of them of conrs~ i:1 :jns';: hrcakin9 it down into sizes that!! 
II 
I' will fit in tho cargo bay and break it up that way, and anothe 
I' ~I ,.L one is one I ~'il1 sho,,! yot! -- the cost of the first flight is 
I 

I
I much less because you are sailing the cost of the 921 and of 

II course the cost of subsequent flights would be the same.II 

11 NO\-l if we decided just to throw it away, use it 

\1 one time and. thZ'0'H it a\vay, it delivers a lot more payloadII 
I'd,I 
,IIf into orbit and because of that, its cost gets within the same 
It 

II range as the steady s'l;ate sys'i.:E!m.. It; s not competitive wit.h 

I the 921 launc'11 becC'lnse this costs you like a hundred million 
h 
I:\1 

dollars itself" but if you can launch it with a shuttle, it 
II
II is do~m to $436 a pmmd compared. to $367 a pound. 

II This has the advantage. though" that you make a 

!I 
I'.1 mission any time you ~"ant. You dono 1:. have to sust.ain that 


Ii
II 

systems You don't set up this great big operation overhead ..


I 
Certainly if (I instead of goin,g in l':me;,I 

It 
'I stages, we: would end up delivering aIi 
I moon and if we just launched it with 

and.subsequent mission.s we could get for $224 a pound .. 

j 
'f And if we were 'i;:.o launch it t·jith a shuttle, the 
hII same subsequent cost but the initial cost would be $540 a 
! 

pound. 

! 
1 

I, this $224 
II 
Ii 

New I think. the number ,r want you to remember is 

a pound. You ca~ achieve that using a two-stage 

nucear system. That you can do oII 
I'Il 

t,tj 
H 
~ : 

load" we went in two 

lot<~re payload to the 

a 921, it would be $887 



.. 

:~ 

Ii
d 
'I 

!I 
j'

~l though. I 

GII,J{UTlI: 'l'haL 1I'lHui1:.:;· coupling the hot engine, 

thought you St.d.<l YOH we]"l~ worried about that. 

47 

Fl\GET: I'm trying to say .this is the be~t you can 

do; if you can overcome all these·technical problems, you 

can get it down to $224 a pound. If you can't, you're up to 

$367 a pound .. 

PAINE: How man:" re-uses do you calculate here? 

FAGET: This is for hOt.yevex many re-USf;S you can 

get.. If it 'i'l10111d 

-. 
\v.:l'ATT: 

be 50 t.i!!les, it \-lould be that. 

Basically 'chat is just propellant cost, 

FAGErl': 'l'hatVs just propellant. 

PAINE: That C S rlOt. a...'1'tortizing the system; that' s 

just propellant? 

FAGE~~ You amortize the system on the first flight 

and then after that it is just tile cost of subsequent flights. 

PAINE: JOust propellant? 

PAGET::. Y-as. 

19 UATlmWS : r·1ax i what kind of trends de you get with 

a low answer in the s'cages you use with the two-stage system?20 	 il 
I ...PAGET: .!. guess I don't. have tha'c number, but I21 

would imagine it would be better. In the two-stage throw­22 

away, this number he~e would probably be about 700,000, and2J 

24 I, it would be down to about $300 a pound, or something like 

I that~25 
I 
i III I,'. 
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'\\ 
~ i 	 CLARKE: ! hate to be a spoil-sport, but how long
!1 
II 

rj 

.f•• 


P 
Ii 

I 

is the public going t.o stand f.or a sky full of hot. nuclear 
i',I 

':<.., 	 Ii engines barrelling earthward at 25,000 miles an hour? 

II 
t: think it may bej! 
5 II another reason 

II 
all about fissiono6 .I

ii 
II 

7 j.'I 	 I:"'AGET: 

B 	

'j
II (Slide" )n 
II9 	 ~~e. ran aIII,
I! 
 / 


10 guess the first one\'
1 

and that. loS 

... 
a constraint on the whole operation, and 

for going for 
{ 

fusion and probably forgetting 

l~ow let 1 s look at t:he chemical. 

number of cases on "/:,he chemical and I 

is tha most interesting case, at least 

to me, 	 where tile just. use one of these cllemicalU I 
! 
I 

)2 	 j! stages" i;'1e do not re-use i-c because it only goes one way ~ 
II 
~ i 	 and deliver~ 280 g 00a pounds and it only. 13 'Ij. 

../ 
0 

Ii " 
l4 	 fI pound" And that's in the same ballpark 

q" 
lti 	 II you sa\,l except that one very agonizing

H 

iI 
16 	 Il recouple the nuclear stages. 

I 

~sts EB,~r (I 

"vith all the numbers' , 

case where you try to 

So 	this nurr~er here is interesting because you are17 	 \ 

I not commit.t.ed to any particular rate" You just launch one18 

of 	these any time you want, and you don't have to maintain\9 I 
I 

all these balls in the air at one time.20 	 LI, 

HILLIAHS: Let me ask a question that applies bothII21 
" 

22 	 I ! here and to the previous one. 
I 

23 II 

2-1. 	
Ii 
II 

you t re 
I'.1 with a25 	 II 
II 
1I 

tihen you say that you' re lOll7 in the second COllm'.ll, 

talking about. payload. to the moor., so you wind up 

higher payload ct',pability and you bring nothing back 

http:COllm'.ll
http:commit.t.ed


r 
!
I 

from lunar orbit to earth orbit?
!
•2 ! PAGET: No, sir. The stage is left in lunar orbit, 

.l when it gets to lunGr orhit .. 
. 

4 lqyA~~: Incidentaliy, that payload to lunar orbit 

5 includes the fuel to come back, doesn't it? 


6 
 FAGET: In this case there is no fuel to come back. 

-,
J WYATT: Okay.. So tJia~c' s the difference .. 

ii FAGET: Thatts the whole thing right there. 

$) No,\-, if you -try t.o re-use this st.age, t..'ie payload 

1C drops from$BO,OOO to $120~OOO a pound"The first mission 

costs where you have to amortize the $36 million for the 

12 

11 

stage is $666 a pound ... a.Yld 1:he subsequent missions $417 , so 

13 . this is not competit:.ive. It:. is cheaper to throw the thing 

14 away when you go one stage than. t.o try to keep it going, to 

15 say nothing of t!le operational overhead. 


16 
 Of course this whole thing changes the minute you 

start using oxygen from the moon o This case applies to the11 

early bases, before you've been able to set,up a colony'there.18 

Then if you re-use both the stages and you have 

20 

19 

two, then you can get the chemical down to $250 a pound, which 

is competitive with the best nunfuer we saw for the nuclear,21 


22 
 which was $228. Or if you re-use the first stage only, you 

2J have a little bit better rrumber, and you've got to figure 

0 the single chunk of payload delivered, if thatmeane anythi~g;~ 

to you.}S 
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! 

I Okay, next slide ..
I 

2 II HYERS: Those costs do not amortize development 

s II costs? It is based on operational costs? 


4 ! FAGET: Replacement: costs,,. . It does not amortize 


5 
 development costs; that's right, neither the shuttle nor the 

6 chemical. 


7 
 (Slide .. ) 

a This is the system that ~~ would end up with then. 

9 We would end up with this earth orbital shuttle and a tanker, 

the same booster hera, the chemical propulsion stage, and the 

payload. And the payload would include the advanced L-M , so 

it would end IIp doing the shuttling from the lunar orbit to 

13 the surface of tha moon -- the propellants that go there, 

the peqple, and everything alse. 

The point is that you don t t have to lalLTlch the 

\6 payload separatelyc They go up with the chemical propulsion 

stage, and then subsequently get refueled by the tanker to17 

make the mission to the moon.18 

Next ..19 

(Slide. )20 

To give you a better idea of what the chemicalZI 

propulsion stage looks like, we~ve used the engines that 

were developed on the shuttle. 

21 

22 

Next. 

25 I (Slide .. )I 
I 
! 
11, 
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~ 	 A couple of our guys. I think have invented some­
! 

;¢ 

2 thing that looks prett.y good here for making the nuclear 


3 shuttlo better. ~his is a scheme to launch the nuolear 

I, 

4 I shuttle on the booster for the earth orbital shuttle~ using 


5 
 the first stage there. It would be arranged on a boos'tar 


0 i stage, the same way you saw the chemical propulsion stage, 


I 
I. 

7 only it would not use the nuclear propulsi~n for injection 


8 into orbit. It would use this tank ~illed with hydrogen. 


9 tV'e would add another oxygen tank to it·, and a high 

.., 

10 pressure, h~drogen-oxygen engine. 

11 	 . This r~':'!kage turns out to be short. enough and bP" 
.' ~ I~ '" 

~2 small enough ilJ. diameter to fit in the shutt.le bay, so all 
-

13 this job of this oxygen tank is to get the nuclear stags· into 

14 orbit. Once you get it up there you send another shuttJ.e up 

15 ! 
;, 

LOll: t-lho· invented" that?16 

PAGET: That ,,\Tas invented by Jack Funk and· Hugh 

Davis. 

17 

18 

. 'l'hi$ .:lr-: not enough hydroqen for your nuclear stage19· 

but you don't have any payload up there either, So the De~t20 

flight, if you take another tank identioal in size to this,21 

and another one or the same one probably, oxygen, tar.k and22 

engine and you replace the NERVA engine with the payload, .ZJ 

and that would be the second flight.24 

." . Next slide •i.:) 

t 
! 

'I 
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You would couple these two tanks and payload to-

I gether and you woul;~ be rea,il.y for your mission.. So this
I ~'." ....~.... 


would be what ge-.;s up on your first. ,flight.. You will not
,I 
I 
I have this shroud there any lbnge~ because you would have a 

I 
I 

nose cap on it. 

The second flight would be this oxygen tarut and the 

payload. 

So using this system we can indeed talk about 

earth orbital shuttle launch NERVA stages. However, I want 

to point out again that even when you do this, at best the 

nuclear system looks like an even trade wi~~ the chemical 

systemiwhen you consider the development costs and other 

reasons, I donit think you want to do it. 

I think that's all I had, so if anybody has any 

further discussion, okaye Otherwise, we 1 ll listen to 

Captain Scherer. 

SCHERER: Captain Gilruth asked me if I would dis­

cuss some of the experiments that pertain to this subject .. 

First let me say that lunar based studies have 

been going on for some years, and we have a lot of background 

on it. Probably the most complete one is known as the 

Rieser Study. It's about five years old, and at that time a 

group of scientists were brought together and divided into 

pa.nels, and they brainstormed and came up with a larg'e nUfnber 

of prospective experime~'ts, and I will show you this at a 0 
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14 
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16 
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19 

2.0 

21 

22 

24 

7.5 

glance, a listing of them, for possible discussion purposes. 

Last winter, that is, eighteen mont:hs ago, STAK 

devoted a poriod of their winter study, one of their win'cer 

studies, to a lunar base, an~ that is' one of the more recent 

items. 

My office put out a lunar base updating here in 

March of last year, 

Of course some of the data returns from Apollo 11 

and 12 has modified some of the thir~ing on it. 

Critical to the base and the colony I think is 

the knowledge of the environment as well as the possibility 
., 

of resources.. New data in terms of the envi'ronment I think 

the Surveyor partially brought back. We are proceeding with 

analysis very slowly and carefullyv but as a general simpl1­

fication I think the S?rveyor was in quite good shape. The 

electronics; the internal electronics of the camera were in 

excellent shape9 far better I ~ink than most people anticiM 

pat.ed. 

There were no meteorlyte hits that were unambiguous 

There are a few that most people think came from the landing 

itself, and I guess the same is true of the dust on the mirror 

the change in the waffling of the footpad -­

PAINE: The dust on the mirror is believed to be 

associated with the landing? 

, . 
SCHERER: Yes, s~r. 
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l.fATImt'lS: \'lThich landing? 


2 
 SCHERER: Apollo 12 Q Surveyor had part of that 


3 
 mirror dust covered after its initial landing which was a 

4 bouncing one. But after the"Apo~lo.limding the front of the 


5 
 mirror was pretty well covered. It was too good a pinpoint 

landing.6 


GILRUTH: That =s a <good kind of problem they have 


there. 


SCHERER: We also can now say from the Apollo 

. 

missions thai: the moo" :!.~ seismically quite quiet, which is 

important from a lunar base point of view. 

GILRVra = Once you disturb it though it sure does12 

I take a long time to quiet down ..13 

SClmRER: Yes, sir ..14 I 
! 


LUNDIN: Did you say it is quiet? 

15 II 

SCHERER: Yes, some hundred· t:i.mes more quiet than 

17 

16 

the earth. 

LUNDIN: What did you mean when you said no16 

meteorite hits were unarltbiguous?19 

SCHERER: I mean there are a few but ~leywere20 

thought to be particles blown by the landing. That's what21 

I meant.22 

MYERS: They were only on the side toward the23 

landing?24 
j 

. iSCHERER: Yes, sir" . 
, 
, 
i2S 



.. 


2 
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7 

6 

9 

12 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

SIIAPLEY: All 'l:he apparent ones were ambiguous 

and probably not meteorites. 


SCIlERER: That's the way I meant it. 


LOW: Doesn't this mean they were all developed

• 

in the low velocity --

SClmRER: I don I t have any data on the size of 

these things but they could be fairly-- You noticed how 

that dust sprayed from the movies. ItOs pretty good velocity 

. compared to the 

LOW: But it is relatively low compared to meteori 

velocities .. 

SClmRER: But not for the secondary type particles. 

PICKERING: They havenOt found any of those little 

melted craters like they do on the rocks? 

I-iYERS t Does, the ,distribution· frequ8Rcy then seem 

to be lo\V'er than we thought it ~as? We have a pattern of 

meteorite frequency that you might expect. 

SCHERER: We have got a pretty small area there. 

I don't think there was enough $ampling that you could really 

make a statement about it ... 

MATHEH'S: Going back to this seismic behavior on 

the moon, have we got everybody working on. that who possibly 
i 

can be working on it? To me i~ seems to be one of the most 

scientifically things that we have gotten. Maybe I'm just 

not up on it, but I donDt really see any well developed 
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• 
4 

5 

6 

theories' as to why t.he mOOri behaves the way it does • 

SCHl~m.m: I think it' s mYGterioun.. hYe have some 

other m::i.cnth~tn h("re in the room .. r.tnybo \'10 can address 'that. 
I 
I

Bob, 	 for oxamplf!. •. 
1 

JAS'I'RON: I suggested one thing to Ewing once. I
Not being an e,cpert I ! mentioned it to him, which he found I

. ! 
reasonable, ~&i~ly, if the moon's internal temperature regime I 

is decidedly lO"ive!'; there should :be ,less lost in the seismic 

sense, a"Ten in the ou'i:.er layer~~ II Haybe t.hat's the signifi- I 

-. 	 I 
cance 	of the ringin9<1 

II don' t kno",l,.1 'Ii/hether that stands up under close 
I 

examination .. 
",1 

SCHEREH.: To answer your question, Chuck, we don't , 
have 	all the experts but 'i:Je have a number of people who are I

I 

I 
very il1t.er-estad i.n this ~ Firs'c., the team i tsalf B.re experts. 

Na.than is not the top man, hut· EvYil1g and Pressock and others 

17 i 	 are closely tied in \iith the deliberations, and just the 

16 'I 	 p)lenoroencn has attracted a lot of people, and there' s an 

awful lot of people looking at ito19 

1 GILRUTH: Let me tell you one thing. This is a ' 
20 II 

I very tiny mnplitude oscillation that keeps ringing compared21 

J to what you might think and of course it is going for three22 

and a half hours in the case of the impact of the S-4-V2;,$ 


7'\ compared with one hour for the impact of the L-M.

II 

Now I 	 think it. is significant that the ve.locity of25 t, 
,i 
i! 
I' 

http:ou'i:.er


II ;)/ 

d 
transmission of both the pressure wave and t.he sheer waveI! 

'I 
through 'eh8 lunar soi J: was according to what vlould be ex­

2 11 


~.; 11 pected, based on the velocity of sound measured in the lunar 


Ii 
.. It rocks back to the lunar recEiiving lab. It was very interest-

II 	 .. 
il ing.

5 I 
And there is one other thing that's significant 

: I! and that is when the S-4-V impacted # the sound \,Iave would 

3 II have to travel a chord of the moon rather than around the 

I
II 

surface and that wO'..lld take it...to kilomet.ers below the sur­
9 

1:)1 face at the "deepes"c point.. It was indicated that the velo-

II 
city of sound through that much depth was still the same as 

j 1 il. 
~2 Ii the stuff that vJe picked up on "the lunar surface .. 

!t 
',3 ilq 

So all of these things only add to ·the mystery of 

'/
14 	 It \'I1hy this ~."ery tiny amplitude j t1.st keeps on going 0 So it 

il 
~:;, 	 , might be less lossy but I don't know why you would expect it

If 
,I 

I to be less lossy if it. \Vere a little hotter"16 

JASTROl'J: No, Golder.. Less atom displacement,,' less iill
il 

friction.~8 	 Ii 
,I 	 GILRUTII: If you took some earth and made ita ,19 	 i 
1 

20 	 I little colder - ­
1 
I 

JASTROW; At 40 kilom.eters, it's fairly high, and21 

there's a fair amount of yield. If the moon is really con­22 

siderably lower tempe~atuie, it's a very simple-minded thought2J 

PAIllE = I th ink Chuck· s questicn wm a good one, 

though, na..'Tr.ely, ,.,e do have quite a mystery here and we ought 



2 

58 · . 
to 	be sure that \-Ie a.re identifying who we' d like to work onI 
it 	and make sure he's <Jetting support ..'I 

:.{ 5ClDm,HR: I hope we are (loing that ..'\ 
II 

4 
I 

TIlt=! key point. I'm~trying to make here is that the 

! moon is seismically quite quiet which, from a lunar baseb I 
- Ii point of view is good.\: vII 

7 	 The question of resources: ~ve certainiy don' tII 
a II have any evidence of water on the tiTlO mare landings" Getting 

;1 
9 1\ to fresh volcanic regions such as mares' hills probably is, 

10 	 11 or to rilles which in recent publications, one last week, 
Ii't 

i} 	
if 
'I theory has it may have been water, and to the highlands them-II 
11 
II

12 	 !. selves near the surfa~e, is important in determining whether 

! 
i
jl'
l 

~~ or 	not we have theseo..) 

I 
14 	 L Hay I have the. first slide I please?

II 
\I 

15 	 " 
iI (Slide. )
II 

16 	 We were talking about expe~iments last'night, and
I.'I 
T I don't knovl what it might look to you toO you t.o be, but17 

these are blisters rab~er than craters. And one of the18 

theories has it~-\9 	 I 

,I 
!l 
I 

20 	
II May I have the next slide, please? 

(Slide. )21 

--	 that these may be caused by an entrapped pool such as this22 

.I up 	here, forming ~chis .type of blister. 
23 1 

Now we have -elva' experiments that may tell us24 	 I 
~rl~et.her or not this is true, an electrical properties

25 	 'I' 
11 

11 
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experiment vlhich is planned for th,,") last several Apollos, 

and a radar sounder I a lunar sounder.. And I have here a 

photograph that I just received .. 

tjalt Brown out at: i1CL l:as. a' prototype of this 

soundar W:lQ he's just made an aircraft photo with it and the 

detail is I think extremely good for this type of thing. 

This is a scale of maybe 25 to' 30 miles in length~ 

(Hanling to DZ' .. Fa.ine .. ) 


It VoI'as reported to me yesterday t£~at he. had dis­
" 

covered water -- not diSCOVered, but he had verified a water 

table, a known water table at a depth of 800 feetQ 
.' 

SHAPLEY; How many feet? 


SCHERER: Eight hundred. 


PAINE: What are we looking at here? 


VON BRAUN: ~\l'hat. is this? 


SCHERER: This is a radar tracing. Dr. Pickering
16 

I 
knows mora about this side-looking radar taken from an air-' 

17 

craft of a glacier field, a glacier mountain. Some of the'8 

I dark areas are just shadows. 
19 I 

I 
 VON BRAUN: What. is the message now? 

20 

SCHERER: The reason I was showing you tlus is21 

that the detail of this prototype experiment which is planned22 

for Apollo 19 is very good o23 

CLARKE; How far does it penetrate into the ground?24 

SCHERER: As I say, last n,ight I was told by phone 
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I that he had verified a water table at 800 feet .. 


II 

CL..:~Rl(E: Eight hundred feet into the ground?

I 

Really the rays ~Jo BOO fAet into thG ground?I 


I SClmlmUl: Thi~ was a ,t(31aphone u\C:!ssage ! got
i 

I 


yesterday .. 
I 


I.
JAS~now: What wavelength?

i, 
 I

SCHERER: I'm not sure what: wavelength he was !II 


using. The experiment we planned has 10 degree frequenciesj'
II 
 ranging from a hundred rnil1ihertz to -- I think it's 100 . 


"II'I 
IIIj kilohertz to 1200 millihertzo 
II 

it . So these are the two experiments that are in then 
II 
 current Apollo prog~am.Ii 
11
!l Next slide~ pleaseQ
I, 

!I (Slide .. )
II,i 

, 

II 
~ 

To shift into son~thing a little broader as to how. 

I we can get to a lunar colony, here 1s one scheme at least -­
:j 

NICKS: Could I ask something about the domes youIi:1 I 

I 
 were just talking about, and the point that people had hoped 1
1 


that what they saw emitting from Aristarcus and Alphonsus II 

11 

r' might be methane, for example. And we haven I t been any. pl.::t~n I 

! 

I yet to see if there is some emission of that kind. I. don~t,thifk 
, I 


we've been there enough times to give up· on the thoughtI: 
I' that thera are other products that \'le don' t. know about yet" 

11 


11 
SCHERER: That ',s correct 0 Thatis why we have a 


II 

I: mass spectrometer in orbit and on the·surface for the J 


!! 

II 

{ ~ 
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missions. 

~<E: May I p,oint out that this can penetrate 

3 . 800 feat int-..o -che ground? The· Polar;i. s submarines have had 

1\ it. ~ 

PICKERING: No p you have to have dielectric ground. 

6 SCHERER; That may not be a good number. It has 

7 not been verified.. Dr" Pickering and I wonder whether this 

6 is true. 

9 tfe have, in an evolutionary manner, ! think, arriva 

at a permanent base. This type of program would add to the 

11 probability of finding resources~ an automated vehicle that 

12 might move toward the poles to extrapolate this. The data 

13 point data would be ~ery valuable. Perhaps it's not in the 

14 cards and the circumstances of todayo 

The integrated plan type of thing in here, manned 

16 orbital missions envisaged various places on the ground for 

17 checks, site surveys, a semi~permanent type of base, and here 

18 you maintain a rescue orbit type of capability and check 

19 experiment feasibility for a permanent base type production. 

Next one. 

21 
(Slide. ) 

22 In our study we have a list of goals for lunar 

23 bases and let me just pick out a couple of these. 

24 lfhataver lunar 't.,rork we do, the plan at the year 

2000 or so for a base wo~ld determine the focus of the 
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precursor type of work we do. I'll talk a little bit more 

about experiments and resources. 

A launch platform for planetary missions I guess 

we had not mentioned he fore .:in our previous talks so far 

toda~'. This is this experimental colonization that was men­

tioned. 

And finally 1 a quarantine faoi!i ty for returning 

back from planetary missions is a possibility. I 
! 

Next slideo 

(Slide .. ) 

I won't go into these but I want to very quickly~-

I have some handouts for those of you who may not be able to 

read this. 

NAUGLE; I think one of the things you might say 

there-- I think it was sort of implied by one of the things 

on there, but one of the things that came out of the discus­

sion that we had of global applications is that the moon is 

also a nice place to back off and study the earth. It is 

better, for instance, in some aspects than-­

Are you going to discuss that? 

SCHERER: Ye S Q 

PAINE: Also, many things we said about coloniza­

tion in earth orbit, guitea few of those things might also 

apply to this • 
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knowledge 0 The same things you say about a base in earth 

orbit applies to the moon" 1\t some place on the moon they I 
have an advantage, and Jf m 'sure SOllIe places in earth orbit I 

I 
have an advantage. I 

1·IYERS: What Bob ,.,as talking about 11 you have proba- I
I 

bly more natural resources to support the thing on the luna~ I 
Isurface than YOll have in earth orbit, but you also have the 

more difficult transport problem. 


SCHERER: Thos(;;) are the two major problems .. 


Dale l1 one of the things we have sort of crudely-­

By the time you go throug-h tp,e transportation system going 

fro~ the earth to the raoon~ you probably have gotten many of 
. 

the things out that you would sort of get out of being in 

·earth orbit. You go around the earth and look at it, and that 

sort of thing.. For tourism and that sort of thing, people 

would probably only go up to the space station for about a I 
week or so" I 

If you wen'c 'GO 'che moon for a week or so, you'd18 

sort of get all the benefit out of being in earth orbit, I19 

would thinl.;.. I don f t knmv ..20 

l,lYEns: You'd get both.21 

NAUGLE: Yes.22 

HYERS: You are also saying that you WOl;lld get the 

24 benefit of the earth -- looking at the scientific application 
" 

I 

2~ i out of the system, too.
I 
il 

n 
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NAUGLE: Tho major thing is that you want to look 

at as much of the ~arth as you can with the same apparatus 

at th(! saIne L.imo I 11])(1 Y011 can look at: almc,st half of tha 

earth, where you ure quite limited even with a stationary 

orbit in terms of what you ca..'11 see .. 

HATIiENS: I think in terms of the practicalities 

of the situation, in addition to the transportation business, ­

I -chink this base that you put on the lunar surface or in 

lunar orbit, from a safety standpoint because that is much 

more 
-'. 

remote, really gets developed in earth orbit. 

In other l'lords, as I see I say ~ the systems for the 
. . 

base about 
-

the moon would be developed and verified in earth 

orbit applications 't-IJhere you do have pretty good access and 

so forth, rather than - ­

GILRUTH: You're talking -about a lunar orbit base 

now. 

HATlIEtvS: IIIm talking about systems, at least 

initial systelils for a surface base 8 

1 

I 
PICY~RING: You wouldn' t dev'elop a lunar orbit I

base of any size. That 1 s just a way station to the lunar base.j 

An earth orbit base you may develop into some large 

sized base but there doesn't seem to be any point in a large 

sized lunar orbit base. 

'·tATlIEl'lS: That 

CLAr~E: I can 

~ s right.,. 

think of reasons why you might want 
I 
I 
l 
1 
) 
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facilitios in a large lunar orbit base: communicat:i.ons, 

rescue, doing the kind of thing to the moon that we're going 

to do to earth. 

~1ATHEt'lS: It will; be anoperatinq base.. Uhether 

it has to 00-- Bow large it has to be, I'm not sure. I think 

it will be done as an operating base, a safe, stable, fairly 

mobile -- from the standpoint of a.ccess to the surface 

point~ but I look at at least that lunar orbiting base as 

being a step on the way to the surface base. 

GILRUTH: You have to do a survey to find out where 

to put the surface base c I think the real exciting thrust 

is to get sorrething penarulent on the surface of the moon. I 

think this is what really would make it worthwhile to go all 

that distance, and it would put it naturally above the space 

station. 

I'm not saying I favor it above the space station 

but that is what it's got that. the space station doesn't have. 

PAINE: The other thing that was pOinted out in 

previous: discussion, Bob, was it also has one-sixth of honest, 

gravitized G, not artificial but real Go That is certainly 

a unique property. 

GILRUTH: Yes. 

SHAPLEY: Wouldn't another possibility be to have 

the major base in lunar orbit, and then you take various 

excursions to many small outposts at different points on the 

I,' 

I 
I 

I 



uu . , . 
moon, like touring the Greek ,Islands by boat? 

2' 11,.,'\THEl'lS: That ~ s the interim step in locating the 


3 
 surface base I but I agree \lI'i th Bob, the only reason we' re 

/I going to the [n0011 :tn to <Tot:.. ac:cesJ) to the surface .. 
It . 

V 

5 
 SHAPLEY: lfuen you go to the moon, though, on this 


6 
 basis YOll Nouldn't go to one place but you 1 d go to several 
i 

! 

different spots on the moon •. 
. i 


8 


7 


GILltL"Tn: I don It· think so Q I think you want to 


9 
 get dug in on the mooo Q We wa.nt something permanent there, 

• so you can have your ~olcny, and then you go from that base 

-1:.0 different places on the moon" I believe you are going to 

to 

11 


t--Iant a perraanent colony and you're'going to want to use the12 


13 
 minerals on there.. This is ""hat I think appeals to the human 

14 spirit, to dig in and get something permanent on a far-off 

15 


SCHERER:: '\'hen we de get onto the surface there 

are a large number of experiments that t..lle scientists can 

16 


17 


18 i 
I 

leave up that ill0uld be fruitful. 

! 

Next slide~ please.19 I 
 (Slide. )20 
 I 

~hese were divided in category by this major study21 


we did, and I just flash these to show you.22 


lie had optical and radioastronomy, other types of
23 


astronomy here: physica, biology.
24 


~~ 

! 

II.. 
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(Slide .. ) 

And some of t.he ~arth-oriented types of investi­

gations, including oceanography. 

There are areas ~he scale of which, from the moqn, 

is better than or more useful than from earth orbit, and in 

general you want both. They are supplementary or cQmplemen­

tary types of data. 

Next one, please. 

(Slide" ) 

lId like to talk to this chart a little bit. The 

only message from those three, I want to show you that in a 

study some 96 separate types of experiments were generated 

by this group of scientists.:. 

But speaking from this one, in terms of exploring 

and ~~derstanding the moon itself, you've got your own type 

stuff. This is the type of digging in that one probably or 

possibly would want to do. You would want to have traverses,. . I 

though, out to several hundreds of kilometers to get active 

seismic, for example, to give you the deep outer properties, 

and certainly the geologic -- the broad geology types of 

investigations we do on earth, a traverse across a major 

masoon, for example, or a gravitational traverse and pro­

filiD9 would be very interGsting and of sreat interest. 

I think a l~~ar base would soon set up a laboratory 

for sample analysis, pCJ:haps considerably less simple than 



5 

10 

15 

20 

25 

, . 

".. 
3 

-' 
V 

e 

7 

8 

9 

11 

12 

13 

J.1 

16 

17 

18 

III 
! 
It 

I 
I 

I 

II 


J 

I 

\9, , 
I 
j 

21 

2.2 

,3, 

24 ' 

68 

the lunar roC'o5,villQ ll\hor~tory t ~ laboratory ill whiCh the 

gr.OOD nn:l] ysia coul.d 1)(' donn., 30parating out such thing'S 49 

the hot rock "'1e found on l\po110 12" this Rock 13, some 20 

times as radioactive as the~average. 

There are various engineering and technology types 

of things that one could think of on the moon, the same 

types of things you all consider and have- talked about in I 
I 

earth orbit. The one-sixth G for medical and the colony it ­

self for behavioral types of experiments, the various bio-
I 

types including the ones shown there, and I guess in the bio­

chemistry would come t.he plant investifJation, the botanioal 

investigatoins. We can grow an awfully good liverwort farm 

on· the moon if we found a uee for ~hem. 

One of the key areas is astronomy. The moon 

offers considerable advantages in some aspects of astronomy. 

It has low surface teK~erature' at night, stability, and no 

wind, no atmosphere, of course. The use of the back side fori 

shielding is extremely important in the video astronomy work. I 
By using the laser reflectors we know very pre­

cisely our distance to the moon and the position and the 

radio astronomers talk of using the earth-moon line as an 

interparameter base that is extremely, highly precisely known. 

We talked a little bit last night, Clarke did, 

about gravity astronomy. Incidentally, I checked with Joe 

Weber today and he antigipates the moon is one thousand times 
i 
I 
I 

'I 
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5 

I 
I 

I 

. 

better than the earth for his experiment. 


PAINE: Three orders of magnitude. 


SCHERER: Yes .. sir. This is the number heis using. 


Specifically the·plan "'11 this experiment. is that 


it is in our program for the Apollo IS or 19. lfhen he first 

proposed his experimental data, most people didn't believe ­

it, and from t>lnere I sit., there has been a gradual shifting 
.. 

and I thin.~ now the majority do believe itJ there are still 

a n.u:mber ~"ho do not. 

We've had several meetings with outside investi ­

g-ators asking advice, and one side says, "The manls an idiot,n I 
and the ot.her side says, flHe's going to get a Nobel prize." 

PAINE: 14aybe both .. 

(Laughter 0 ) 

SCHERER: But in theory this is comparable to 

Einstein, ! guess, this theoretical work, so it's an excel­

lent experiment to fly in my opinion. 

NAUGLE: Excuse me. Could I mention again here-­

I'm giving away something I was going to say, but I want to 

talk about global applic~tions. 

But one of the things people now looking down­

stream think they would like to do would be to reverse the 

location of the laser pointer reflector and ~le telescope, 

put the telescope on the moon and then carry around corn()r 

reflectors and set them -up and use them to measure this },ind. 
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of cei."l.timeter-like motion of the earth's surface over a whole 

shelf, a whole geological area 4 

3 JASTROW: t'lhat size telescope? 


4 
 NAUGLE: Presumahiy something of the order of a 

~ 60-inch telescope. You just reverse the situation. 

6 JASTROl"1: That ~lould be an earthquake detector? 

7 NAUGLE: Yes. This would be something you would,.I 
I 

8 \I set up and use over a long period of time. 
II
II 	 JASTROt": You k:"1.mv; this San Andreas fault, if9 


I ", 

you were to divi&a the strain rata into the displacement of 

iO 	 I 

I 
 t...'le 1906 earthquake t it. looks like another earthquake arouna

11 II 
I the year 2010" and it would be avlfully nice to have some"i2 

I 
! 

)3 	 I warning. Fif·c.een feet r. think was the displacement" 
r 

I CLARKE: RemeIlt'ber I t.hat was only a little one The I014 

I 
15 I big earthquake was a hundred years ago. The real big one was I' 

in the last century, a much bigger one. There' s was nobody16 II 

II around or very few people around o
11 I 

NAUGLE: There was a very large one apparently I18 
I 

down in the central part of the United States, around Missouri,i.19 

some hundred years ago.20 


CLARKE: -Oh, yes.
21 


JASTROW: This is worth stressing.
22 

NAUGLE: The point of it is, this could have a23 

;,:'4 j major economic impact because-- llell, if you could predict:,···:
...•~ .,0 25 	 I it and prevent it or, y~~ know, if you could sort of know 

II 
II
II 
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I 
I 
! definitely that: there \'ias an earthquake coming over the next 

\; 


-, 'I
... ten years, or that t:hare 'I../ould not be one for the next hun-Ii 
" I,

3 dred years t in one case you'd obviollsly build your buildings
I'IIA and make your desi'..lJI. on t:.he -hasia of tho earthqllnko coming,
I 

5 	 i, ,; and in the other case youGd say, 'It'lell, helJ., it doesn't" 

1 

I

I) 	 I make any diffeL~nce because the building will have fallen
! 

., II'I 
"I do~m, and we can start 90 years from now to worry about it,,· 

8 II PAINE: The old mission :tecords have records of I!t

Ii 
119 these earthquakes" 	 IH 

10 	 !I SCHERER: The lOa-inch t €lescope is reflecting the 
'\ 
i 

1/ I , 	 1 

. 
j 
,
• 	

I 

moon now on a lG-inch laser that Neil put there" tve are 

12 II looking at a 300 cuba ""hieh is three tLues as big as a possi ... 

~3 I! bility for a later Apollo mission, and a 3a-inch telescope. 

14 II 
II 

So if you are building a reflectox on the earth, you make it 

16 II quite large. 

GILRtrrH: How many observatories are using the16 

laser reflector now? 

SCHERER: OVer at Leningrad we called a special 

17 

18 

meeting of oountries interested and it W1S very well attended.19 

The Russians are using it but they aren1t ranging. They are20 

getting reflections and the pulses are quite long, but they21 

are not really ranging. They 'are just demonstrating that22 

they can do it.2~ 

2,. 	 1 The Japanese, the French, the Australians are 

working on it.25 
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9 

'iL! 

II
II GILRUTH: Nithout ranging, you don't get anything 

tl
I: do you, except a thrill? 

11 (Laughter" )
\'\! 

SCHERER: You get a refleetion. They don1t haveII 	 .. 

I 
\1 

the ground 	station technique good enough yet" 

NAUGLE: Some people get peculiar thrills, Bob"
I'I! 

{ T h' ,II
I-

...,aug . tRr /I J 

ii 

II 	 SCH~RBR: Allothertype of astronomy is the X-ray, 
,I, 
'1 gamma ray 'cype of thi!lg il'i 'irlhich the meoD., without an atmos-
I 
I phere, can Be used as an occulting disk and sweep the sky. 
Ii 

. It 	 On earth obser'ila'ci.ons I which is a poin'c that Johnl1il 
t2 

.'~,', ,:~ 	 13 

14 

15 

16 

17 

18 

19 

20 

21 

~2 

2~ 

:'4 

;: '"i 

h
I, has made several times I t.Jle heiat. balance of the eal.-th as a 
n 

I whole is 	one example.. The beat balance of oceans apparently 

II 
-I, is of significance to the oceanographers, and that's this 
I 

j gross scale that ':le' re talking about. 

Oceanographers are also interested in the precise 

sea levels and apparently from 'the moon you can measure this 

I much better than they can now. I think they call it sea 

surface height, is the words they use.
'I 

Of course 	there's some fundarrental physics that.1 
r 

one can do in this vacuma if you can keep the vacu~u down to 

low levels with low G and low magnetic fieldso 

In manufacturing areas the coating of large optical 

surfaces or large solar cell surfaces in this very large \
II 

vacuwn is one thing tl~dt p~':lople consider" You can thorc.uqhly 

II 
q" 

11 

I 



outgas metals so 'that they' form at their max densities. 

Refining Cch be done by hea~ alone so that there are no 

reducing agents required .. I 
I 
l· 

There's another thought I had that is not on this 
.: 

chart, but I dOll t t kno'tl hm: many people have heard this said 0 

At a STAK meeting Dr. !L'Q1;'JnS and several of his 

the moon, a usable, Iiva.ble a.tmosphe;;:e, and caIn~ up \.,ith a 

number -- This was a back-ol!-1::.i1e-envelope ;t.ype· of thing -- and 

came up with a number of three gross national products. And 

this auaosphere would last-- Of course it would be tempora~J, 

but its temporariness is calculated up in terms of hundreds 

of thousands of years. 

JJl~STR0W: You smoked me au'l:,., I'm going to talk 

about that. 

SCHERER: I'm sorry.. I just finished, Bob. That' s I 
as far as I'm going to go. I 

I 
GILRUTH: I hear they were talking about an ozone 

atmosphere because it's heavier and it wouldn't qet lost. 

PICKER~G: We have enough of that in Los Angeles. 

GILRDTH: It is very easy to convert with just a 

little electrical device. 
23 

You're going to be using that in Los Angeles soon. 
24' 

NEWELL: The solar energy coming in and intercepted I 
I 
! 
i 
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by the moon would almost keep up with the escape rate. The 

only problem is if you put up an atmosphere like that on the 

moon with its slc,!!1 rotatior! rate, hurricanes and tornadoes 

would make the atmosphere uSGless," 

NICKS: lOve got just the rocket to rotate the darn -
thing. 

(Laughter .. ) 

JASTROW: Did you mention radio astronomy on the 

base? 

SCHERER: I did .. but I'm going to talk about it 

again beoause I'm sure some people want to expand on it. 

(Slide. ) 
" 

Here's some major experiments" lim going to flash 

a couple of pictures: 

A 2-meter, lOO-inch optical telescope is like 

30 p OOO pounds. This is one of the moat interesting-- I'm 

sorry a The X-ray telescopeo This is your radio astronauy 

that scientists are quite excited about, I think, 

And then the geo-chemical laboratory .. 

Next one, please. 

(Slide .. ) 

Let me justfiash a couple of these to give you a 

general idea of what ~hey might look like. 

The interest in a drill now, without water on the 

surface, may beoome highero This is, a 300-meter type of 



5 

drill" Thir; ir1 nn nrti:~t· .• typo o[ cOnCt3pt, w(~ighing Boma 
, 

~, ... 	 II 20,OOn pounds.

I~ 
11 	 Ne:-;t one, please.3 
II 


<­ (Slide. ) ...I 
t 
! 	

If we do find a pool of water, this may be a way 
I 

I 
I of 	getting itof, 

7 	 II The opti.cal telescope.. This is the IOO-inch opti ­
l! 

8 	 !l cal telescope concept 4 I forget the weight of this thing.if 
I' 

i: 	 II This is a .01 arc second t.ype of resolution ..
il 

10 Ii 
II 

II 
.n 1i Could you eJ...-plain some of the details? 

II 	 SCHERER: Beg your pardon?lZ 	
I! 

13 	 VON BRl~lrN': COi.l.ld you point out some of the things
II 

14 	 II on the previous chart? 

Ii
,I 

P

I familiar with this.. The astronomy panel of this big study16 

I group I spoke of car,1e up with this art.ist· 5 concept.17 

VON BRAUN: It looks t.o me like there are two big18 

mirrors, a 260-inch primary rr~rror and then another 200-inch19 ~ 

I flat mirror, so t.he main mirror is in the left upper corner
20 

I 
! 

'there.21 

SCHERER: Yes ..22 	 II 
II VON B:!.mtJN: What ~ s the flat mirror? Oh, the light 

I comes into that tube there.

0 24 I ., 
WYATT: That Q s a focusing mirror.25 f 


t 

I, 


von BRAm~: 

is II 
'I 

II 

23 
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II 
Ii 
" 	

PICI<ERING: Instead of turrJ.ing the whole tele­

2 

!t 

iI scope around you just turn the flat around.it
Ii 

3 Ii 	 VON BRAUN: And the flat mirror dm-ln the tunnel -­
JI
II 

PAI:tm:4 

II 
5 I 

I 	 CLARKE: 
I 
I all this building.e .I 

scrffiRBR:7 r" 
" 

Is II 	 Hext. slide i please" 
.: 	 I 
'I" 

9 Ii 	 (Slide. )
n 
II 	 . 

10 	 This is an x-ray telescope \'lhich is a considerablyI!! I, 
n i! smaller type of thing.

~ , 
l! 
Ii 

h
q12 
I! 

~"~... iI "" 
II
>. 

14 !\ 
j' 
!, 
It 

18 I 

I SCHERER:19 

II20 
tl 
I 	 NAUGLE:

21 

I GILRU2H:22 

JASTROW; 

0 
23 

I' 
!I 

GILRUTH: 
" 

24 ,t 
'. -~,:", , .' 

l.JAUGLE:75 Ii 

III. 
I~ 

Back again to the instrument. I
I don't kno"l why you have to put this in I 
tfuy can't you have it out ill the open? 	 1 

I 
I 
I 

For thermal reasons 	 I 
\q 

! 
I 

i 
Uext one I pleas~:= .. I 
(Slide. } 

The radio ~stronomy layout can be extremely effec- I 
" 15 Ii III 
II " side, and t.hi s is a vexy lO~'lg wave I 'chis is 13 kilometers.''6 ,. 
1II. 

GILRUTH: ~'?f'..at is that stracture? What are those17 

'I
• '·loops that go on ·there? 

ISm not sure what they are supposed to 

Those are dipoles. 

t;h&t would it be physically? 

Dipoles .. 

Li~tle tiny wires, or big heavy wires? 

Li-;:tle tiny wire3 •. 
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JJ\.srl.'RO\'oJ: Narrow gauge i1 

P1\IN1~: They art'.) 50 meters long each .. 


Aru1STRONG: Is this something that. focuses? 


NAUGLE: NO, it's ~l,interferometer. 


CLA]L~E: It would be pretty directional that size. 


SCIIZRER~ The interest. in radio astronomy has 

. ! 

gro\~ by leaps and bounds r apparently, with quasars and all' 

.'t...~ese other kinds of things, and g~aV'ely waves, and I'don't 

l<"..nO\V' what-all, and t.his is., a l ....degree resolution type of 

'.•thing 0 

JAS'rRO\'l: 

SCHEPJII.1: 

JASTRON: 

SCHEllER: 

GILRUTH: 

SClf£!RBR: 

pounds. 

GILRUTH: 

VON BRAUN: 

t;>J'hat is the. lengi:h of this? 
,.; 

IEighteen kilol-net.ers .. 
I 
! 
v 

And <c.he t>Jave length? 

One megahertz. I 
i 

l'fnat vlould this weigh, to carry it up? 
I 

i 
I had it on a previous ohart.. 28,000 I 

f 

•
t 

! 

It. would take three trips. 

Plus the vehioles that are neoessary 

to pu,t all t.he dipoles in t.he ground, of course.. It t S a 

hell of an ins·tallation job. .It would require several weeks 

of work to build that thing. 

NAUGLE: Is it clear that it hasb be off the 

lunar surface if there is' no water? 

SCHERER: It dep~l':l.ds on the dielectric constant, 

http:dep~l':l.ds


I 
i 	 78

• I 
i 
\ apparen'cly.. 'Vhen this was designed I 'I.1e assumed that there 

I 
2 1I was more water than there is. 

ii
II.,3 	 VON BRAUN: How 8ensitive is this to blackness?II 
JI
!I Can you 	go over mountain ranges 'VIi th that thing, or do you4 
I 

i 
! 

have to 	go into mare where things are perfectly flat?5 
!. 
/1
'I 	

JASTRON: YOt) dan· 'lay it doWl1', in the Kunow'ski6 
11 

7 Crater, I .:iInagine ..II' 
1\ 
I,8 I. 	 NAUGI..E: :1:>1: has to be f,-::.irly flat. Orders of a 
I. 

P,. ' I, 
9i It centimeter" You car! compensate with this but you, can ; t go

II 
'j 

10 !i over a mountain. 	 I 
iI
il 

• 

'; 1 	 SCHERER: As I understand it, a nOrlllal type mare 
)1 

12 with 	this layout is \'.1hat is sought" 
II
I 
'I

13 
I, 	

VON BRAUN: The iirst X1:Llls..·Cross in Australia-­i 

This thing is named after Professor Hills in Sidney.. I think14 

that thing 	is perfectly flat, on perfectly flat ground. 

PICKERING: YOllVd want to have it essentially 

15 

16 

!aaybe a few feet you could tolerate, but no'c very much. I17 

think also you could pu'c ita lot cloGer to t.he surface than18 

that 30 meters that is suggested.19 

VON BRAUN! Since U!S dipoles are above ground, you20 

can of course compensate for:the height of the sticks thatil 

you use, but does this require very accurate surveying andn 

all this?n 

PICKERING: \'loa have to knOvl where they are.74 

..;~ VON BRi\.UN: ;)0 \,le have to" know with precision where<' ,J 
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11 
\ 

they are? 


2 
 PICKERING: Reasonable precision. 

J NAUGLE: You can also help to space' them by the 

4 electrical connection .. the p1;s.asingo 

5 TRUSZYNSKI: There has to be a precise relation­

6 I ship, dimansion-\'I7ise, between each segment and there's a 

I, 

7 II tolerance of sOl11ething like a'~16th of a wayelength to be reClson 
-II 

8 ably practica)... That. must be quite aocurately laid out to qetII 
9 ! 	 the right kind of patterne

IHi I VON BRAUN: It would appear that basically the 

I 

I 

t 	 modules of which this thing consists are quite simple" and11 

maybe the installation could also be made relatively simple12 

I 
I

13 but there's 3 need for a geodetic job or an electronic job at 

14 	
( 
I 

the end to survey -t.he thing before the cre~l could leave, to 

!i 
! 

15 	 I. really knml7 'frlhat you' ve got thEl::ce ..t! 
1 

16 II NICKS: The way to do that is to hang it across a 

17 11 crater and start with catenary and now what you've got when 

r you take it up there. They you donVt have to survey it.16 

CLARKE: Send a laser beam.. This cal') it be flat19 

across because the curvatllre of the moon is terrific over 

18 kilometers. 

20 

21 

NICKS: So hang it across the crater and start with£2 

a catenarYF and you've got your dipoles hanging, and you can2;:; 

program it.?4 

2'­_:l JASTROlh John, do you kn?l:f why this wavelength was 



80 .. 
II chosen? 
il 

.2 ji PICKERING: It has got to be a long wavelength 

11 


3 iI that you can get from earth. 


4 JASTROlV: How far.:out ~o .you see, so to speak? 


5 
 lI."AUGLE: This is one experiment # Bob, that has a 

I sort of a natural size to it" l10st other things you'd like6 

II 
'I7 it to go on building bi;ger and bigger, but as you say, some- I
II I . 8 II where down around a hundred kilocycles$ I think, the distor­

9 
II I 

tion that you get coming into the heliosphere, if you will,
I .. 

10 I you 10se-- It does not benefit you any to go to a larger, 
I I 

longer array .. i. 
1 

'i 1 ! ,! 

12 . JASTROtv: Are radio sources bright at this wave- I 
!II 
II, 

13 II length or close to it, at 2 or 3 megacycles? i 
i 

II 
I' I 

l4 PICKERING: The stuff on the radio-astronomy satel-I·
II I

1r 1i'l:e is the only data in this area ...) 11 ! 
f CLARh"'E: Wernher has made the point that for real 

long-vlave radio-astronomy you've got to go out to Jupiter, 

16 

17 
I 
I 

which I guess is outside ~~e scope of this conference because16 

of the heliosphere.19 


PICKERING: The back of the moon, though 0 has
20 


plenty of opportunityo
21 

SCHERER: I have SOIne dai:a here i1: you're really22. 


interested
02.1 

r~y I have the last slide, please?74 


:);,; 
 (Slide .. ) 
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This is just a simple illustraion of the geo­

2 t chemical laboratory for differential sample analysis type of 

3 work. 

4 GILRUTH: Is dw.e somGthi~g you bury under the 

5 soil? 

SCHERER: Yesp gir, for thermal control, and other6 

types of protection.1 

8 I asked my people to take the STAK lunar study and 

9 the results of the 8&uple analysis today and see what modi­

fications they might make in some of the recomnlendations,10 
I 
1 and ve~f quickly we hit a number of them here p11 

I 
I 

We do know that there is little if anyperterba­

13 II tion of solar wind, so the use of the moon as a base for 

12 

I some of the non-lunar sciences is indicated.14 

! 
'5 I We don' t 89,e any types of lunar materials that

I 

one would want to return to earth. Even the large concen­16 

trations of titanilli~ or rare earths are not significant 

enough. 

11 

18 

The excavation and mining appears to be -- that it19 

could be done more easily than.wa thought prior to the masion.20 

1-1ostof the !:toil is around t..'I1e 60 micron area which is cIA21 

ideal size for processing, just the handling of it.22 

These people made the calculation that was re~23 

ported by Max, that 10 cubic yards of soil looks as though24 

I it should yield about a pound of hydrogen, and this is based?5 t 

t 

I 
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on the solar wind hydrogen which has pretty well saturated 

the surface. 

The STru{ study talked about the many uses for 

sulfur if it were found in the material.... For example, the 

initial shelter \·;ould ""..ould possibly be a lava tube l'Ihich 

. is mortared by melted volcanic sulfur •. 

Fert5.1izers for hydroponic gardens is another 

thing they cam~ up "dth as a potential for using sulfur; 

and a nuclear moderator, for example. 

! 

I 
J 

There is sulfur in the soil 

GILRUTH: Have t.hey foul1.d sulfur in the soil? 

SCHERER: Yes~ sir, >~ percent in the basalts and 

the PES. 

So t:t at may be a potential. 

The fins.l point is there is a metallurgy using 

basalt, a metallurgy technology that has developed in 

Czechoslovakia and Poland and several other places, and it 

looks as though the lunar soil fits the criteria that they 

have. At temperatures like 1100 degrees these things could 

be cast directly into bricks and pipes and even spun for 

insulation and filters. So this may be of significance when 

we really get into lunar base building. 

This concludes the miscellaneous types of things 

I wanted to bring up to generate discussion. 

lUCKS: Can you make explosives? 
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, . 
;I,1.Ck en,'j", h"j:~ doHC! ,1 1,)i: ()f lunar ~1Ul[ur toohnolog::~ 

'III ! 
anu reporting and he' cl.:dms you can make r~ulfuric _ .... generate;; !I ! 

II I 
j 

sulfuric acid. 
i 

4 
II ICf.Amm: One lunar use ",,,'hichthe people at CERN5 I j 

G jl are interested in -- I=ve had some correspondence with the II' ., l! 
!new philosophy at CJ'::RN -- "'las' this is obviously the iileal 1 

I! place to put nuclear acc~lerators because a cyclotron wrapped I6 

II 
! 

around the moon with a 2,OOO-mile di1.meter in a free vacuum I9 
, II 
I is a place to pu'c or a betatron: or whatever" Iw 
I PAINE: Along that linei the moon might be a good

0 II 
.'

place to do any kind of nuclear operations if ''Ie decide to I 
12 I11\, 

do large the things that don't escape fall to the surface" I
13 I 

! 
I, You know where they are; they aren't in the atmosphere .. And14 II.\ 

I15 r 
I 

And if you look at the earth and the moon from
16 

Mars you think of the earth and the moon as a double planet,
17 

I 
and it is part of our neighborhood already, not somewhere 

18 

I 

I else. It is really something that you begin to think of 
1:; 

.1 using in con junctionvJ:i.th the earth as a 'resource, 'it seems to 
20 I'II 

I 
me; for whatever purposes that place offers you nearby tilat 

21 

0 

22­

23 

24 
. , 

25 

is different from the earth may be an advantage. 

VON SHAUll: I \V'as about to ask a question in con­

nection \l1i th orbiting f aci loities, the particle accelerators. 

Of course potentially one of the most interesting customers 
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for outer space, because you have the free vacuum and you can 

utilize dan,gerous things like superconductive magnets that 

may explod~~ in outer space p tieing these things to the power 

•supply area. Is it more attractive to build, say, a super 

two-mile particle accelerator in orbit, or better on the moon? 

CLAIU<E: You \-Jill ahlays need a lot of hardware 


an.d material for your magnets and your pO'iN'e:r; sources so I 


'chink you will have to wait until you have manufacturing 


facilities
 p 

'. 
GILRPTH: It. is still too early to say right offo 

It' s a trade-off bettrleen the difficulty of getting there and 
.J 

the ability to manufacf;u:c,,) from 'ehe materials already there .. 

VOH BRAUl~: Po~t" e){ample p in orbit you c:ou1d make 

I 

III 
 the point, wi-tIl a very slight spin you could make that thing 

I 


I 
I perfectly round. You can build it very flimsy - ­

PICKERI1.J'G: Ho .. 


CLARKE: You have a problem wi.th magnetic fields .. 


PICKERING: Yes, even with superconducting magnets. 1 

! 
I 

I 


liEl9ELL: Your focusing problem is your big problem. i 

i
::0 1 That. doesn't depend rr..uch on gravity. I 


60 
 i\ J 
PICKERING: It's cheaper to do it on earth. After~I 11 


all, the cost of a vacuum tube that long on earth is not ~-
22 I 


I is trivial compared to the cost of getting all that weight

23 


into orbit. 
24 


UATHElvS: Is!!'t it the situation hare that you
25 
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really nron' t looking for your particle accelorators; you're. 
11 

2.' 'j

III,


3 J1l11IU)t~rH l' ve h('u.,rd if: !-J()lI1f'thinq 1i ke, -- ill. terms of ~ say,
I, 

4 getting an order of ma.gnitud~ increase in Bev as compared toII 
present accelerators which cost sC'rnething like three billions 

II 
dollars to build it here on earth ..6 ,I

I I
II But in space you could capture particles of several-!7 

II 
s orders of magnitude.

'I 
GILRUTH: ThatIs true ..9 I 

I HATHE'tVS: And you can do it in stay times of the1O 

'III order of magnitude even of several mon·ths. So I thought the
11 

'I
j idea was more to use those particl€~s if they' re available.12 

J PICKERING: The free supply of cosmic rays, though,13 

--" 
0 II isn't under your controlq You just take them as they arrive.14 II ,­

II 
,I 

CLARKE: An<;l very dil'u·ta"
15 I 

I VOH BRAUIJ: Bil11 are :you sure that this matter
16 

need not be analyzed any further, '1::0 build and operate a
17 

particle accelerator in space?
18 

PICKERING: The present nuclear machines take more 
19 

steel than a cruiser o
20 

von BRAUN: Because they don't use superconductive
2t 

magnets 0 

22 

PICKERING: . If you start going into those techni­
23 

• 
ques you cut it down wquite a bit but you also have problems

24 

of power supply, focusing problems; ~ccuracy of line must be
25 

, 
I'.' 
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maintained O'ler the "f:lhola sys·cem.. And if you look at the 

whole problem of building it tmd you ask yourself; what did 

you qet by building it at zer•., G and. the high vacuu.n1 that 

plagues you here on earth, I 1:[lon 't. thiuk it would come out 

I even very lauch of a savinn .. 

I In other words, t.1w cos'c of the "itacuum itself is
II 
II obviously trivialo 'l'he questlon of whether zero G \-V'ould 

allow you to make the thing moce accurately aligned, or some-
II;II 

thing of that sort, tha.t' ~l a l.Lttle different than the problemI 
'. 


of the telescope \>lhere YOi}. hav~~ the single problem of a 


mirror and a relatively s:!Ua:1.l mount.ing. I 
If you had this thing 

.# 

in orbit, for example, what I 
would happen to the thermal shock as the moon went into the I 
shadow of the earth? I 

1 
VON 13RAm~:: ,I th~.rlk to n~aintain anytJiing of ,liquid 

helium tempera'cures in the. earth' s atmosphere is a little 

bit comparable to the gravitn,tional \17e1l that Arthur Clarke 

was referring to a little earlier. \'le 're always surrounded 

by the wann stuff and here you build a 4 degree absolute 

heat well--

PIClillRING: But. you now use some of space for 

outer superinsulation. 

VON' BJ?.AUiJ: . l3ut in space, though, with our cryo­

genies we have very littli.? difficulty I think in this respect 

I
of a benign environment. 

I, 
, 

http:vacuu.n1
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t' III not tryinq to Boll t,hcnn thinqn. I'm junt 

i f t1lC'17,~ i~l t"f'.llIy 11 forcqol1t: conclullion, or is 

looJ~ing into? ... 
CIu,\RKE: I i.:hink the moon is the best bet because 

you want. a st?hle platform. The seasoning properties are 

pretty important for these big accelerators. 

low gravitYQ You've got your low temperature. 

it at night halfway dOvln to superconductors. 

You've got your 
I 


You can run I 

·t 

And you are ! 
going to hav~ eventually all the ra\'l materials you need, all I 


I 

i
the iron.. Half the moon is made of iron" It's all there. 

It is going to be another fifty years before you can do it 

but tha.t· s 'where 

going to beo 

it I s going- to be 0 That' S \-lhere -che action is 

And the ..,other t:hing is this ~ too: \'vhat, a wonder.. 

ful place for mass spectroscopes and isotope separation. Just 

fan. out your beams miles away and hundreds of feet apart and 

you' r:i.::,in business .. 
. '!:k ..... 

VON BRAUN: Isotope separation, yes. 

PICKERIlIlG: I guess one should remember that when 

the moon has been inhabited to this extent that beautiful 

vacuum is starting to disappear all the time. 

CLARKE: Yes. Like I was saying yesterday about 

ten Apollo landings. You've doubled the atmosphere. 

GILRUTH: Well, I think it ' s obvious that a lunar 

base, a permanent lunar liase could ~e built. I think it is 
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obvious that one "Iill be built.. The question is wheno 

I think it is more difficult than a space base 

l.mtl 1 thlnl.; t.lu" !lP"('!O b'l:~' !Ihould \)0 bui.lt firnt:.. I t.hink 

it is obvious that the lUtl;li colony or th(~ lunar base has 

I
got more of -- at least it is obvious to me that the lunar 

II 
base has some features that will be exciting and appealing to 

the human spirit because of the fact that it could ultimately ! 
I 


be a self-sustaining society there. 

I can visualize~ t9S others have before me, a city 

or a large colony under a dome with this gorgeou.s viev] of 

the heavens, and roof gardens and an atrr.osphere there, and a 
.' 

delig-htful sta'ce of one-sixth gravity vThich 'iilould allow one 

to bound arolli'1.d like no man has ever done before, at least 

for a while until you lost all your muscle tone., 

You could even visualize having your own set of 

wings, as your friend liernher and yours, Arthur, propose .. 

lie could really be the Icarus, you know, just. put out your 

arms and fly, or like Sam small, the flying Yorkshireman .. 

It also has, I think, an even more serious appeal 


as a place that the human civili::-~a\:.ion might want to establish 


as a hedge against the fll-i::ure or against a cataclysm on 


earth where negotiations might get out of hand and you destroy 


what you have o I think it has been very interesting to me 


to study this and to talk \·lith Lee Scherer and Hax and others. 


I 
 had not. appreciated I think that the moon had so much oxygen 
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in it. 

I think we' v'a got; to be responsible 1 though, and 

look at it in terms of what else you might do with the kind 

of effort it \.;ould t:ake \I F'or example I \«]e have never drilled 

a hole in earth below abou·t 28,000 feet ... I think there would 

a be trem,endous scientific interest: ir~ drilling a hole ir1 theII 
9 Ii

;1 
.1 earth.. As you kno~-l, this ,,'laS started at one time and due to 

HJ !I a bad feeling bet\':i'een the head of the Appropriations COIamit-
I 
I 

I tee and the contractor that was doing it, it was killed; andt1 ! 

I it was a lnat:cer of $25 m:i.llion to do this joho12 

13 ! Of course /I it might huve cost more than tha.t before I 
I 

I it was through,14 

'j5 I think we have to look at things like this, also,II 
'iti 1/ in the progress of human knmvledge. 

'I\ So personally, I don I t knot" what kind of priori­11 

I ties the country should give this kind of thing, but it is18 

one of the things that 've should all consider very seriously.19 

I turn it back· to you I l1ernher.20 

VOll B~AUU: Bob, we still have about 25 minutes21 

now. I am schaduled to keep this discussion going. Maybe2.2 

somebody else vlOuld like to speak ..2,; 

l.Teil Armstrong volunteered to tell us something 
I24 ! I 

";'"~ "0 about his trip to Russia, so unless you would like to continue I2S 

II 
II 
H 
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I 
this discussion on the lunar'base, this may be an ideal spot

.1

.1 
jIl. ,I to give Heil h<llf an hour.. He has to leave tomorrow ~veningo
II 

3 (Whereupon, Hr .i\r.mstroilg made .:l. repor<t,,}0 

It . I 

4 il VOI~ 13RAtn-l: Okay,- 'l'har)k you v~ry much: l~ei1. iV'e I 
I 

5 will take a break at this t.ime .. . 1 
! 

j
(Nhereupon, at 3:50 p"m .. , the discussion was6 . I 

I 
1 I concluded .. ) I 
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