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GILRUDH: Gentlenen, I was telling George Low at

‘lunch that the last time I was here was on a planning con-

| . :
ference in which we planned how we were going to do the

Gemini program, and how that miqhé interface with a progran
called Apollo. This was before !Mr. Kennedy's declaration of
purpose, of landing man on the moon, and Apollo at that time‘
was’a curcumrlunar type program.

I was at planning conference here earlier than that,
in 1952 as a matter of fact, at which we planned the X-15 and

I remember in discussing that, our Chairman of our group who

was Dr. Puckett said, "But why £fly man? Why not £ly an in-

strutent?”

How that's the first time I ever hear& that, and I
nmade the sane reviv then as I‘ve been naking in all the years
since.

A great deal has>been said in the pﬁst 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 .

was set very naterialistically to pick something thatAwas too
hard for the Russians to do and that we could still do, and
the mission was very carefully calculated to be just that,

and it was well calculated, because if it was much harder to

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

limit, and of course as hiséory has shown, it was too tough
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for the Russians and had pretty well taken the starch out of
their program.

In fact, their £light which is now in its elevgnth
day isﬂ't even in the newspapers. |

I don't know how long this will last. Perhaps the
Russians now have got a big goal so they can tell their peoﬁlé
about catching up with those bad Amaricans and éfter they get
ahead of us, maybe we can sell a program aé&ln tc catch up
with theARussmans. It may be that these ‘things have to go ln

4

waves of some kind.

As a matter of fact, the Apollo proéram has bean
so spectacular that it is geing to be difficult to follow it
with -another step. This flying to the noon is pretty hard to
match with flying in earth orbit, even with a gigantic station.
I think a gigantic station would be a logical sequel to it,
but certainly a small space station of the pre-Apollo design
of six or eight men in a can isn't_going to look very biq by
Apollo standards.

How és far as apollo or as far as explorinq the
moon, or lunar settlement, no ﬁatter what we do in the imme4
diate future, the lunar program is going to stop after the
next few Apollo flights, and the question is how long will it
stop, and what will come next, and when. And wé're talking
about the next thirty years.

I think it is surely inevitable that there will be
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another nmajor lunar program or a continuing lunar program,
: y

and I believa the goal will be the establishmont of a lunar

base, and I mean a permanent lunar base as compared with a

temporary base although therg willAné’doubt be-- I mean a

base on the surface.

There no doubt will‘be a temporary base on the'sﬁ£~
face to get the necessary infoémation about the site and
there will no doubt be an orbiting phasé4of this program to
determine just where to put the base, the first base.

Wow there is one thing very differenﬁ about a base -
on the moon and a space station in earth orbit and that is a
base on the moon can be ultimately self-sustaining, as.you
have the materials there on the moon, We don't kncw’what
they all are, but we know enoughabout them already that we
know, for example, that we can extract the oxygen we need
from the scil there,

To help me in this == in other phases of the'dis-
cussion of the lunar base and settlenent i have Dr, Paget
and Captain Scheﬁer who are going to go into more details of
thé transgoftation systen costs, trade—offa, and the science :
on the noon, and the rescurces and how they might be extracted
and used, and s0 on.

But I might just go myself a little bit into sone

of the incentives, The incentives are really quite good for

a permanent base on the moon, I think if it weren't for the
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fact that it's sc hard to get there and get back, the trans-.
portation cost, that this really‘has a lot more appeal.than
the space station in earth prbit, that aﬁd the fact that it
could be truly permanent and gelffsustaining.

Actually, it is harder to get therezand get back,
and it‘ié too far from the earth really to do good earth |
resourceé fron., DBut one could make a veryvintgresting case,

just on basic science grounds, for lunar geology, astronomy

“both optical and radio, experimental laboratories. Because of

ﬁhe low graviéy, high wvacuum, low background noise and remote-
ness and this sort of thing, it would be an ideal place for an
experiment 1in colonization such as we discussed §esterday
evening. : , o : ‘;ﬂ

It might alsoc be thought of as-- You know, man is

a funny animal. Someone once told me man is the virus of the

universe and he likes nothing better than to go out somewhere
and establish a new base and dig in and then expand. - That's

really part of our problem on earth. Ue always want to expand,

even when it is not in our own interests to expand beyond a

T

certain point.

Colonization of the moon would I think capture the

ninds of the people of the world. There would be a great
deal of interest in this kind of a project, in my opinion,
especially if there was true colonizatibn with men and wonen

and the problems of establishing a new life in that environment

i
'
i
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We night also look on this as really a king == not
king=sized but king—-quality atomic bonb shelter whoare the
archives of the earth might'be utored, or the knowiedge aﬁav
the science and the seeds for a new race if, as worst mightv
comeg to worst, we destroy ourselves with the l-bomb. In.
other wo£ds, it might be a hedge against the end of the world,
such as levil Shute wrote his famous book about.

Somewﬁat'aionq the same lines =- I haven't heard
anything about this lately, but we'used to ﬁear about the moon
és_a militazy}base. I think that in talking wifh the boys
who have been to the moon and locked back at the earth, their |
reaction was when thevy locked at ¢he earth and it's abouﬁ the
size of a thumb nail, thev say, “Gee,'it would be a lot
tougher to fire a ballistic missile from here and it a’pinn
point than it would be to deo it from the earth.”

 But Ifn sure the military wninds might have some
other ideas. I haven't heard what they are, but that's some-
thing that might be considered.

The moon has two things that you will never get
in a space station. One is raw materials and the othertis
gravity, and both of these things might be important. &t
was discussed in Dale Myers® presentation, the possibilities
of a recreation area in the épace station. I think the possi~
bilities are even greater on a lunar base because one would

have some gravity but old codgers could go up there and fly

o
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around and leap around and feecl young again, and it's possible
that some day, if the transportation costs could be brought
down, as Dr. Paine was discussipq, that you might e?en have

a Lunar lilton up there. ‘

I think you've qotwto ﬁhiﬁk a little bit about the
cost of something like this when we discuss even the base that
was in Dale liyers® session this morning. I think we're look~
ing, if we're serious about a small village in space or a
permanent lunar base, you're looking at costs per ye%r that
are aboﬁt 1iké wé are spending on the Vietnam War, and that
I think is kind of a scbering influence on some of our think=-
ing, or should bhe. | |

llow oux plan here is simply to set the stage for a
discussion and my two colleagues here, Dr. Faget =-- Captain
Scherer will carry on now and Dr. Faget will come next.

Hax? |

SCHERER: I Qant to talk a iittle bit aboﬁt I guess
the engineering aspects of this, Primarily it has to do wiﬁh
what we can use at the wmoon and the cost of transportation,
‘things of thét nature.

Dr., Gilruth pointed out we do have the possibiiity’
of getting oxygen at the moon, and it is of known existence
and it can be freed from the rocks merely by having suitable

equipment at the moon ~-~ I'1ll say a little kit about that ==

and energy. Of course the energy could either be solar energy
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or nuclear energy as the case might be.

The next mosu imﬁortnnt clement at the moon Erom
the standpoint of a self-sustaining base would be hydrogen
because this would then give you water and of course water and
oxygen are the two most vital necessities to man. However,
there is.no -- well, let's say unknown existence in any aépre*
ciable quantity. As near as I can tell, the largest source
of hydroéen at the moon right now is from the solar wind.

This doesn’t mean there isn’t any water--~ It
doesn‘tAmean there isn't any hvdrogen on the moon. It just
has not been discovered vet..

PAINFK: llow much comes from the solar wind? Is
there any quantity there ac all?

FAGET: 7Tm tolid that 10 cubic yards of lurarx
material has enough solay wind matarial to produce 1 pound
of hydrogen or something like that. It's pretty poor, ten
cubic vards per pound., That's appxsximately ten tons per
pound, I believe? a cubic vard being about equal to that.

PAINE: ‘fhat sounds like kind of a rich ore*A

NAUGLEQ You mean you get a pound of hydrogen from
10 yards; that's not bad. ’ |

I theught you’d be talking in terms of moleculés
instead of pounds.

FAGET: X don't>wantvto vouch for that number.

It was given to me in a very off-hand manner, just like I'm
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giving it to you here, so take that with a grain of salt.

I think the recovery of anything at that ratio

from the standpoint of mineralogy processes is pretty poor.

It's a very difficult thing.;

LOW: How about water?)

FAGET: No water has been found in the méterial we
h%ve gotten back, so we have to look for it.

JASTROW: You have to be careful because there may.
be no water on the moonr, but there certainly can't ﬁe any
in the maria because vou now know from 11 to 12, that they

have been baked out 1200 degrees, so there would be neither

water nor organic materials in any maria like what you have

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

FAGCET: Let me go a little further here beforé,we
start surveying all this material.

VON BRAUN: Talk a 1itt1é louder.

?AGET: Instead of concentrating on the microphone,
I'1ll just talk louder. \ 4

The next two things you'd like to have after hﬁdro~
gen an& oxygen or the other things you are going to need“fa
primarily are carbon and nitfogen and again, the probabiiit?.

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

 for.

We have thought about this. A number of years

ago we actually made an analysis on the possibility of.are

i
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there any areas on the mocon which never see theAsun? And
theoretically there are. undoubtedly=-- Of course this fsom a
fheoretical, statistical sténdpoint - crateis near ghe poles
vhere there arc areas of cont?nual darkness, !

If there is any free wéte? vapor, methane, ammonia,
whatever you might have the contains hydrogen or contains
carbon, certainly you would have frozen lakes in these areas.

The other possibility of course is subterranian.
There might be frozen lavers gome distance beneath the lunar
surface and these nust be explored for. I think Captain
Scherer will say sonething about how we might go ébouf doing
tﬁat. Certainly if there is a well there, that’s where we're
going to locate the base. |

Anda I think that's the only point that I-'want to
make here. When vou consider talking about bases, particﬁ—
larly a self~sustaininghbase, we would like to locate it near
those resources which will support our necessities,

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

May I have the next slide?

(S5lide.)

Of all these elements, oxygen is a very big thiné
and we'll get into that right away. | |

Here is the surface material from which we wmight

be able to get oxygen from and from the oxygen thereby derive
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This is an assay, a rough assay. Obviously thesev
minerals are combined together in various chemical compounds,
but primarily this is what we‘have on the return fines. ¥ou
see we have a number of métal oxides; by weighi and>importanée
from the standpéint of obtaining water,primarily it's the
ferric oxide, 16 percent of the weight; and that is veryvimr '
portant because it is easy to get o#ygen from iron oxide.

From these things we'd like to get water and oxygen

and we have béen looking into both hvdrogen reaétion to ob-
tain water and a floating reaction. As a matter of fact we
have besen in touch with Dr. Schmidt at Lewis. I'think he'sj
your expert on fluorine, and he's very interested in doing this
LULIDIN: lie's interested in anything connected |
with fluorine.
FAGET: Well, we've got him. lle's working on this.
I want to talk a little bit about these two pro-
cesses.
HATHEWS: Incidentally, lax, that 43 uﬁ there, as
I un&erstand,it, is also the total amount of oxygen that is
in the fines. In other words, of all the material, there's
about 43 percent oxygen. |
LUIDIN: You mean the moon is almost half oxygen?
CLARKE: Yes.‘?

FAGET: You can recover 40 percent oxygen from a
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batch of the lunar material.

GILRUTH: TIt's the only way it is like the e#rth,
‘though. It is very unlike the earth in all other respects.

{Slide.) :

FAGET: If we would use the hydroggn process, it's
a very siﬁple process. By just percolating hydrogen through
the fines, thé dust that is already present with heat, you
‘cah release oxyger and get this reaction where we obtain
water Qap&r and iron.

, Thé other oxides don't react with the hydrogen
and none of the reactions are such that they bind the hydrogén%
so that when vou blow the hvdrogen through this hot stuff
you just get water and hydrogen, unreacteéd hydrogen, and it
continues through there‘without losing hydrogen.

So that this is a good way ﬁo release oxygen in
the form of water which in turn can be electrolyzed.

LUNDIN: What temperature does it go at? UWhat
tenperature is that process?

FAGET: ‘The temperature we +think will start aroﬁnd
1,000 degrees Fahrenheit. We are fairly certain of a vefy
high reactién at around 1500 degrees Fahrenheit.

So tﬁis ig a very simp}e scheme that one of our
fellows at Houston has thought up whexe you use solar énergy

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

in the reaction pot. Hydrogen goes through the pot, comes up
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'and the condensed water will then be electrolyzed to produce

‘'with what sort of poundage, do you know, Max, at all?

{ moon will react with fluorine and they all react in this

manner. The fluorine merely kicks the oxygen out and you gct

to the top, and of course what you get is water and hydrogen.

The water is condensed out and the hvdrogen is recirculated

oxygen and replenish your hy@roqen.

So this doesn't ué; up'hfdrogen. What you get out
of here in this reaction is like four poﬁnds of oxygen for
évery hundred pounds that you put in the pot.

Next élide, please.

NAUGLE: What sort of size of solar reflector goes

FAGET: T don't know. I don't have that.

Wow with the fluorine, all of the oxides on the

¢

the fluoride instead of oxide. And it was pointed out if.you.ge
all oxygen back-- There is no reasoﬁ to believe you can't.~~
you can get scmething like féﬁ%y pounaé’of‘oxygenAfor every
hundred pounds you nut iﬁ the batch.

Now of course vou end up with a lot of tieing up
of fluorine that you won't get back, and the'way to get the
fluorine back out is to run potaésium vapor which then in turn
captures the fluorine back from these metals. Then you |
electrolyze the potassium fluoride aad get the bésic fluorine
and potassium and you repeat the process,

One of the good 'things about this process, you not

)
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only get the oxygen out of the rock but you get all of the

metal which, if you want to do othexr kinds of manufacturing,

you have a nice source of metals such as alunminum, iron and

titaniun. I don't know what'&ou do wiéh the silica. We're
not going to ks making transistérs, I guess.

May I have the next slide?

(Slide.)

This of course is a/more complicated thing, and it
éhows here ail the equipment you need in a very schematic
form.

The fluorine goes thyrouch. Out of this thing you
would get your oxvgean., You wéuld also put youxr potassium
vapor in here and from that of course yoﬁ would get your
?otassium fluoride. You electrolysze the potassiun fluoride'
to replenish your {lvorins aand your potassium—-=- I've done it
wrong.

The oxygen cane out here {Indicating).

At the reaction temperatures we anticipate that
the silica fluoride will also come out as a vapor. IT will
have to be condensed here and of course after it's condensed
it will be allowed té.érip back in the pot and what would comé
out would be fairly pure oxvgen,

We wauld have a purifier here to make sure tﬁere
is no fluorine or Ifluorides in that. |

"~
This reaction=- The basic reaction hers is
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exotlhernic. iIn other words, it cantake place and no heat
has to be added. The reaction rate of course would have to
be controlled by the rate at which you push fluorine throﬁgh

there. Inergy would have to;go into the system at this

i

point (indicating).
The advantage of this over thesther, of course,
is the larger vield per batch and the fact ‘that ybu don't

have to have the very high temperatures, but on the other

hand, it has got this disadvantace of dealing with two verf
ﬁad things to'deal with, potassiun and fluorine. I think this
is going ﬁo take sonms doing.

All xight, next slide, pléase.

(Slide.)

-

Okay, this just summarizes the features. With
(  OL- i
hydrogen we can get four pounds and with the fluorine we get

Ov s jpoPof verm.de . ,
forty-two pounds, and we aiso will get the metals out of there.

sk iar wen . et s e

PAINE: You also get iron out of‘the first process
as I recall it, don't you?

LUIIDINI: Yes.

FAGEY: Out of ihe first process you will get ironm,
but if you want it, you have to refine it out of the other
oxides.

PATIIL: But yveu would have a nice vacuun, mélting
environnent for doing that.

FPAGLT: Yes, indeed.
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PATNL: The iron would be substantially heavier
S0 even at a 6ne«six G you'd.qet a separation ==

FAGET: Yes. That could be done if you want‘itog.

The:total enerqgy consumptibn: we haven®t run that
yet. 1I'm not sure that that reaction is better than thisrone.
I kind &f think that this one is probably a much more feasible|
thing to do from an over=all engineering standpoint (indi-
¢ating};

WAUGLE: that limits yoﬁ to the four pégnds of
water per hundred pounds of lunar soil? .

FAGET: That's all the oxygen that is ﬁcund up
in iron. And this of course neans that for the same amount
of ox?éen, you‘ve got to have ten cimes the amount of stuff’
going through the process.

VOI BRAUL: liow much f£lucrine-- DO you recirculate
all the fluorine?

FAGET: VYes, all the fluorine and all the potassgiun
used in this reaction is saved, and all of the hydrogen used
in this reaction_ is saved.

When you say the reactién is exo-

VOl BRUAN:

thermic you are really saying that by continuously exposing
the lunar fines to the fluorine, you always get more energy
out? |

What costs you though is

FAGET: That's right.

getting your fluorine back. You have the potaésium fluoride
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which you've got t0<§?§§E§§EZfifﬁiigfﬁggﬁz;;:i::zz |

VON BRAUN: Without any replenishing of the fluoxine

you are continuously extracting heat from the lunax rocks?
Is that right? | :

FAGET: hat®s right.

VON BRAUNII: This was my question. If yoﬁ bring'
the first batch of fluorine to the moon and you start up with
a certain mass of fluorineAthere, then you can, according to
what you say, continuously extractrheat from the lunar soil
without any néwrenergy added. |

.FAGET: No, without any energy to get the oxygen
out of the soil, But tc get the flaorine back, to get it
back from the potassium, you have to db the electrolyticsf

Vo BRAUNQ That requires more energy than the
flourine -- |

NAUGLE: You'va got the sun for that, or presumably
you could recover some of your heat there.

VON BRAUN: How much of the heaﬁ that you are pro-'
ducing-~ What is the percentage of heat you are producing?

FAGLT: Again, I just say this from the standpoint

try to recover the hea from this. I think it would not be
worth it., DProbably you’d want to get your electricity for -
the electrolytics by solar or nuclear power plants and not

get fouled up with all that business.
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"a very dense fluid so that you can handle a lotmore of the

‘many kilometers of solar cells you need,

*

r

JASTROW: What is the energy requirement per pauné :
of yield? The order of nmagnitude? |

FAGET: I don't know. I.suspect it is probably
pretty close to the same in both caseSs.

JASTROW: You don't know the order of magnitude?

FAGET: We're still studying the process, |

PAINE: It is probably comparable to aluminum

vy}

smeltihg on earfh.
FAGET: I would think so, : .

MATHEWS: One advantage of fluorine.is'thgt it's

stuff in a small coﬁtainer. You can come and go on'the sur-
face.

VON BRAUN: Can you make an order of magnitude
estimate? For example, if you want to continuously pro&ucg
enough oxygen to keep siz quys alive on the moon, how many
kilowatis rqughly do you have to have continuvously in the
electrolysis process tc keep this going, this fluorine?

Roughly is it ten, or a hundred, a thousand? What do you

* .
-

need? -

NAUGILE: All you need to do is just roll out howeve;

VON BRAUI: That's not my gquestion, though.
FAGET: We've been working on this whole thihg

about a matter of two weeks and these are questions I've
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sis so that we have a combined Sabati-Bosch cycle.

AN
aakéd, Wernher, andéi haygjnot got the energy balance yet.

LUNDIN?EVItingairly straightforward.

FAGET : I‘dén't think that the enexrgy is going to
be £he big thiﬁg; I realiy think if you prepare to'go thare
and seﬁ up a small plant that the equipment for the plant and
all is the séme order of magnitude as the equipment for, say,
a small nuclear plant.

VON BRAUN: Speéking of oxygen production,it loéks 1ik
we have several tradeoffs here available. One thing is, we
continuously make new oxygen out of the séil with this., The

other is if you build a vegetable garden and use photosynthe-

FAGET: We have to find that link of ammonia so
you will have fertilizer. We haven't got that faf vet.

f You are right. 0f course just from the standyoin£
of drinking water == This is a very interesting thing here, =~
you can get four pounds of oxygen from a hundred pounds of.
material. If you just want water on the moon, with the oxygen
being free all you have to do;is bring the hydrogen.

So this means that the way you can get the watér
for maybe about 12 percent of what it costs~- If you carry
hydrogen to the moon it will cost you about»lz percent of what
it would cost if you brought the -=- :

LUNDIN: Carbohvdrate will give you eight or nine

pounds of water.
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FAGET: ?ha%'s right. So this is very good from

the standpoint of £ﬁe water needs of the dolony; the freighﬁ
for water has gone dowﬁ by that factpr.

MATHEWS: You may:want to carry ammonia to the
moon because you will need the nitrogen. It's'a good way to
péckage the hydrogen, too.

FAGET: All right.- I‘m‘going to say more about
what we could use the oxygen for later, from the standpoint of
the over=-all transportation systen.

Méy I have the next slide, please?

(Slide.)

We always end up with people worrying about rescue.
From the standpoint of a large lunar base =~ I'm not talking
about a lunar landing or anything like that == I éhiﬁk youV
would end up with thishtype of philosophy on rescue, that you
would depend on enough substance to the base, enough spare
room redundancy and so forth that you would deal with equip~
ment failures in that mode as opposed to ﬁeing ready to
evacuate the whole base from some catastrophe you have in the
equipment.

Hatural catastropres which woﬁld be a lunar quake
or a volcano or a big meteor or something like that ww=

PAINE: A tidal wave in the mare. |

CLARKE: Is tﬁat the NASA spelling of catastrophe,

incidentally?
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(Laughter.)

FAGET: Medicali We would have a doctor there.

- And it is kind of intercsting that statistically you are

going to have a medical préblem for every 300 man days and
that alone indicates that you are going to have medical
facilities aﬁ any sizable base, and that's what we say we
will do.

All right, now I‘m‘gcing'to talk about transporta-
tion.

Next slide.

(Slide.)

»This is a model of a transportation system: the

earth here, and the moon here. And before I get into this

very far, let me say that we have studied both nuclear and

chemical transportation between here and the woon. We have

also studied it for planetary flight, and in the I!ISC studies,

that chemical system is better than the nucleax.

T o

When we are talking about chemical systems we are
talking about present~day hydrogen~-oxygen systens., When we
are talking about nuclear systems we are talking about the
kind of nuciea¥ system we might be able to get by the 1ext
ten years and isg something that will come out of our present

HIRVA progran.
Be thatas it may, this model has been set up on '

the basis of a chemical system all the way, and it is




interesting from the standpoint of the numbers that are

generated. In other words, we are using chemical for the earth

¥
1]
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orbital shuttle to get up to the staging area from earth

# 1l orbit. We are using a chemical systemto go fromtearth orbit
~ 3 to lunar orbit to the staging area, and then another chemical‘
G systen té go to the surface, all with the same specific ih— :
7 | pulse in the neighborhiood of 460 seconds.
3 Now what does this mean? '
9 We start off he?e at the lunar base and we want to
i éupply 10,006 pdunds a month to the lunar base; and a veturn
11 cargo shown here like 2.5 théusand pounds coming back. This
12 2.5 thousand pounds a month ig just a practical estimation
i3 3 of what it takes for the men and the seats and the food
N supply and everything like that has got to éome back. We
| i
15 ? would dounle that in the return from the staging area and
16 tiien we'd add ancther 2.5 thousand pounds for earth orbit
17 back.
18 How these feturn cargoes don't affect the model
19 very much: but I just want to show that they are in there.
20 o Starting on the lunar base, in order to get the
21 two 10,500 pounds to the lunar base, and this return did,
22 ii you need almost 50,000 pounds in lunax orbit. Aand in oxder
~ 23 ; to supply that amcunt in lﬁnér orbit, you need 323,000 pounds
! ,
24 E in earth orbit. And.in order to provide the stuff in eaxrth

orbit, if you are orbiting staging areas at these two locationg

L e e b b s s
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J I'd consider them extreme =-- but the worst case is 270

e

miles, a 55-~degree orbit.

[ &)

This represents our current thinking on the space

% station. It takes 23 million pounds & month to get your

~ 5 10,000 pounds out there. If we worked from a more favorable
6 || orbit in.earth, 29 degrees, only 100 nautiéal miles hig ;-
7 and there is some doubt as to whether that is high enough
8 from the orbitalvdecay standpoint -~ it would only take 14
9% million pounds a month. \
50 $ o The interesting thing I think is thé ratio of the
y1 §| earth orbit to lunar base because we have just been talking
52 about an earth‘orbital colony and the nuﬁber.‘the'ratio here
13 is about 30 to 1.' So from the transportation~logistics stand-
14 point, at least at first glance, it is 30 times as much to
15 suppliy an lunar-orbital base as an earth-orbital base.
6 How later on I am going to show you that we can
17 reduce this factor by four. In other words, the ratio might
18 end up something like 8 to 1 if we use the moon base as the
13 supplier of oxygen.in the transportation system, |

HATHEUS: How big a base are you talking about?

FAGET: Wa're talking about a base that takes

21
22 10,000 pounds a month.

,/ 23 MATHEUS: Right., Is'it 10,000 pounds or 10,000
24 tons?

FAGET: Ten thousand pounds. It doesn't make any

e -
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1 difference: tne ratio would be. the same, )

s

GILRU4'H: Arxen't those just ratios? |

2+

3 FACGET: Yes, We had a great deal of trouble de-

&

i

|

3 |

ciding how big the base should be, and we decided in our !
|

~ 5 own strateqgy for the meeting that we wouldn't try to describe
g || the basé. We would just try to get you people to tgll ué
7 what yvou thought the base might be, and give you some idea
3 of the problems'we see right now,
3 I guess what we're really saying is we are not
0 that sophisticated ih our thinking right now about what you

might want in a lunar base in 1990 or something like that.

12 | . ?ON BRAUIF: TWould you repeat what you.said about
i3 the reserve course, please?
14 FAGET: In setting up this model here, we said
15 0 from a practical standpoint vou just can't send things out |
6 i to the moon all the time. Passengers are going to want to
17 come back, Undoubtedly there are going to be some products
18 from space, even if it is just pictures.
. So that the transportation back home is two and a
20 half thousand pounds a month from the lunar base. We
21 doubled éhat. We can add another two and a half thousand
éz pounds from the lunar staging area-—-

_ 23 VOII BRAUN: Whéré do they come from? You lost ne
24 there,
- FAGET: Prob;?ly primarily'people and «-
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VO BRAUN: You mean there are people in the stag-

pb

i ing area in lunar orbit --

3 FAGET: N0t4two{and a half thousand pounds of
3 people ~= ' ‘ H
J
3 VOlIi BRAUN: =~ who would like to go hone?
6 - FAGE&: Every person costs about a thousand pounds°
7 This is like 25 people returning every month., That's one way
8 of lookingkat it.
9 NICKS: I%in a little puzzled because there iz a
10 steady state aspect to this.
i1 ? FAGET: It's a steady state model.
52 NICKS: You've got £o end up with some accuaula=
13 tion on the moon and some use in the form of propellants,
14

That®s farther out in your numbers there?

FAGED: This is the accumulation on the moon, and

16 if the people on the noon get to feeling like we're making

17 a garbage avrea 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, |

20 WYATT: Max, thaf ten and a half thousand that

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

22 tq bring the rest of this back, so it's not all going to be ==~
v 23 MATHEWS: No, that's payload. w

24 FAGETS This is all payload, The propellants to

the moon are absorbed in this model., Part of this forty-eight

N
4]




™

(%)

i0

1

12

3

14

7

(12
12
20

21

2%

25

thousand pounds of stuff in the lunar orbit is propellants
to make the round trip. That is not in that number.
| WYATT 2 Okail .

CLARKI: At what Jevel of business would it be
worthwhile going to an equatorial base for launching from
the earth?

FAGET: This model does notAinclude whethgrvthe
base is equatoriél or polar or anything elsa. ‘There are twbd
unigque factois, two unigue locations on the moon. One is
equatorial and one is polar, |
CLARKE: I mean launching from the earth.

FAGET: Launching from the earth.

Now from thie standpoint of enargy ==

MATHEWS: Max, yvou've misged the point;

CLARKE: My point is thiss: When you get to a cer-
tain rate of transportation to the moon it nay be worthwhile -
rescheduling your launch base to the earth's equatér, Look
at the big saving you already have in those figures, frbm

55 to 29, |

PAGET: This is indicative, the 55 degrees and‘tha
29 degrees. Going from 55 to 29 was a small sévings. The
big saving was a reduction in the altitude of orbit, So
there would be some reduction. I would imagine it would be
not more than apout 2 oi 3 percent to go to equatorial on

earth.
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’; MATHIWS @ Thé ogher thing is‘actually the saving

z in going from 29 to equatorial is less than going from 55

S to 29.

. 4 FAGETS It wonld be 2 or 3'percent at best.
g 3 Now when you get to the moon, if you have a base

5 I located oh the equator, oncan equatorial orbit of the noon,

7 . there un&§ubtedly would be a saving. This is the ideal model
& | that’says you have access to the base from lunar orbit all

8 the time. In the real case it is going to cost you weight,
10 |  the kind of'waight to get to the base, So you would like a
11 base on the equator or you would like a base on the pole, the
12 oﬁe on the equator being better than the one on the pole;

13 The one on the equator is accéssible to earth

16 || orbit all the time, or accessible from this trans;earth busi=-
13 ness all the time, as well a3 access to the base from equa=
8 torial orbit. The polar orbit-- The base is alwéys accessi-
17 ble from golar orbit. The transportation from eaxrth to

"8 polar orbit is only optimum twice a month.

19 i But anyway, this was not considered in this model,
20 n ' vLUNﬁIN: What happens to your 30-to=~l ratio if
21 you use nuclear instead of chemical?
22 FAGET: If you use nuclear instead of chemical I

/ 23 am sure it is going to cost yocu more mcﬁey, at leaét for
24 our present kind of spaceship. It's about half,
25 o WYATT: I think ?ou will finﬁ.it is much better tha
.
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that.

FAGET: No, it isn't.

WYATT: We have done some.calculations that says
thaﬁ'ratio has come down from about 30 there down to about w-
let me think -~ down to about 7 or 8,

LURDIN: X think once you re-use the thing a lot;
the ‘impulse would reaily pay off. The trouble with the
nucléar outfit is it is so darn heaﬁy, but once you get into
orbit it doesn't matter. |

FAGET: ILet me say two things about the nuclear
:ocket here, and I'm going to say a lot more before I'm over.,
I want to impress you with twe things: ;

The nuclear rocket with 300,000 pounds of pro=

‘pellant has got almcat the sane energy as a chemical rocket

with 540,000 pounds of prosellant. ?he ratio is 2 to 1.
The;pxogallant delivered %o the nuclear rocket is delivered

L des i As _ | .
at a capacity of 4 pounds per cubic foot. The propellant
delivered to the chemical racket is like 20 to 25 pounds per
cubic foot.

Now our shuttle studies show that right now the
volume in the shuttle is costing us as much as the weight
car#ied, so if you cai cut the density of the carge in the
shuttle ~- and we have not taken this into cénsideration iﬁ

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

of a nuclear rocket right there, just on the first step.
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MATHEWS: The important point, of course, is that
if you are manufacturing oxygen on the moon, then that great-
ly impacts the picture, If you're manufacturing oxygen on the
moon, then this changos the picture.

PAINE: If you had a good power plant in 6rbit,
maybe this is the first of the manufacturing operations we
were looking foz. ' :

VON BEAUN: Chuck jﬁst said, veryAimpoétantly;

I think Max said it is certain we éan make oxygen on the moon.
it is not so.Eertain we can nake hydrogen on tﬁe moon. We
have a chemical system and we can utilize it effectively to
utilize oxygen on moch to further eﬁhance the advantage of the
chemical system, N

PAGET: 1In any case, though, we have not considefed
using oxygen manufactured on the moon for return fiight, but
we do use it in this case, going from orbit to the surface
and then back up.

MATHEWS: Ultimately you can consider it, if you
have a big snough plant, use it for supplying the return
trip, -

GILRUTH: That 30~to-1 ratio does not depend on
getting oxygen from the moon?

FACGET: The 30-tc~l ratio is the simple model where

we just are taking everything from the sarth, but when you

can get oxyden on the moon == I might as well tell you about
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this now if we're going to' argue about it, If you have oxygen

>

on the moon then the shuttle that works between the lunar

3 orbit and the surfsce goes down with;just enough
v 4 A' oxygen for the down txip, and hydrogéh to get back up, but
5 the hydrogen is one-sixth the total amount of up fuel,
6 | It unloads its cargo on thejsurface of the moon,

7 The model used went down with 1800 pounds of oxygen, 10,000

3 pounds of cargo down, 6,&60 founds of hydrogen. Three
g thousand pounds are used on the way dowp, Okay.
10 uéw when you geﬁ there, wvou still~héve ﬁhe 3,000
11 || Pounds of hydtogén. You've put on board scmething like about
,é 20,000 pounds of oxygan for up;; No, it's lS,ﬁOinqun&s for |
13 up and 20,000 pounds more 80 you can come back down next time.
14‘ | PAINE: What doas that do to youx rati$ £hen, he
w5 | 30-to-1?
w6 || ' FAGET: That cuts it to 8-to~l. It cuts it a
17 fourth, That's the ideal case,
i8 Now.if you're doing it on a batch it only cuts it
19 a matter of three. In other woxds, if you have an egui;
20 librium case where this is a cpnstantly'mainﬁained staging
a1 area and all the hardware is continually being used, then
22 your gain factor is four to one.

-~ 23 On the other hand, if y&u are making sgsorties io
24 the woon, then it wculd be like three to one, and this just

25 has to do with the hardware used. - From a practical standpoint

-
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somewhere between three and four in this case is very, very

good.,

PATNE: But what that wonld work out then to is,

in oxder to maintain this thing going on a daily basis, you:

are talking about five shuttle trips a day from earth surface

to earth orbit, at 50,000 pounds payload.

FAGET: No, no. This is the weight at earth,

23 million pounds at earth. This (indicating)'ié how much
you need in earth orbit, 323,000 pounds a month in earth
orbit,

PAINE: Delivered to earth orbit a month?

FAGET: A montii.

PAINE: Whichis about 10,000 pouﬁds a day.

FAGET: No, it's only six flights a month.

PAINE: Six flights a month, That'é right. 8o
that's not bad. A couple of shuttles could handie it,

NICKS: Wouian'tVthis businéss of using the oxygen
from the moon also tend to help you if you use it on that
launching to earth, or are you including that? In other
words, are you using lunar oxygen to inject you dn the trans~
earth trajectory?

FARGET: Wo, just using lunar oxygen for this area
here, up and down.

NICKS: VWhy coﬁldn't you also make that pay ==

PAGET: You could, you could.

iy B
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picture of having the station in orbit,using the moon as a

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

-~ moon. Things like this begin to work on each other so that

you get more logic out of why you are going there and so on,
FAGET: You knbw, from the standpoint of just what'
it costs‘in pxépulsion, hafdware, and all that, it is pretty
clear theorxetically you could do better if you get the oxygen
in eérth orbit from the moon. But we don't have Cape Rennedy
on the moon; I want you to remember that.if you're try-
ihg'to su§p1§ 300,000 pounds a month of oxygen’to earth,
NICKS: It only needs 7,000 feet per second to
getvcff the moon and that's a big difference bacause the
Cape Kennedy xequirementvis diiferent,

ARMSTRONG: But it also needs 10,000 pounds to
slow i£ into earth orbit. When you add those two together =-
MATHEWSs You use aerodynamic braking.

ARMSTRONG: As long as you're going to use that,
you might as well pick up the oxygen in the atmosphere,

PAINE: While vou're doing it?

ARMSTRONG: Yes, |

CLARKE: I pointed out this paper, 1949, on the j
electromagneti¢ launching, Ydu could supply anywhere axoundi\
the solar system £rom the moon, not ounly earth orbit, be=
cause you're so near the gravitational <~ the top of the

gravity world, but you've got to get almost to the Cape’




3

18
19
20
21

22

Kennedy stage.

FAGET: We're probably going to end up flying all
our missions from that teeny liﬁtle planet around Mars if we
keep this up.

(Lauqhtér,)

CLARKE ¢ Thaﬁ‘s what‘it Qas built for.

(Laughter,)

(PAINﬁ: Why do you think the Lord put it there?

{Laughter.)

FAGET: All right, let's go to the next slide.

{51lide.)

I want té tell vou a little bit of the details that;
I've got on hewe., The space task group report did use a
nucléar gstage for orbit to orbit transport. Marshall has got
contracts that are trying to describe £his stage and they are
lockipg for five or ten re-~uses, and it has these characteris-
ticss | |

Burnout rate, 87,000 pounds; propellant weight,
300,000 pounds; liquid hydrogen, The Qgst 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 is comparable to that one -~ We got onto thié from
looking at our earth orbital shuttle and using the same pro-
pulsion technology as proposed for the nuclear engine, and

it contained 192,000 pounds in the earth orbit, which is a
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very nice feature about this chemical propulsion stage., '
What I'm trying to say is it not only makes a jim—l
dandy stage to go between the moon and the earth but if you
mount this stage on a boosteréstage oﬁ*the earth orbital
shuttle, it then can carry 190,000 pounds of payload up into

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

- smaller than 190,000~pound chunks, it will be very handy.

And by building it so it can be refueld iﬁ ig:
re-used, théré‘s a burn weight of 60,000 pounds and it
cafriesﬂSé0,0éo pounds of propellant, and it costs $36 million
apiece, based on the same costing technology as this one ﬁp' |
there,

Now these are just unit costs. They don't have
anything to do with the development costs.

| Hay L have the next slide?

{(Slide.)

All we've dealt with, we figured all the non-
recurring cost was going to come from somewhe:e alsé. |

This is a comparison of the two stages. Thé'chami-
cal stagé, although it carries twice as'mnch propellant ale=
most, as you‘can see is physically a lot smaller, but thist
is just a size comparison.

Okay, let's go ahead.

(Slide,)

- This is why I take issue with Wyatt here,
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This shows the relative performance of these two

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

- velocity to be gained by the stages.

I think you can sge withr£he kind of>payioads we
are talkiné about ~~ this line here == the chemical and
nuélear stages provide a richt comparable performance.
Nuclear is just a little bit better, but the over-all per-
formance is fairly comparable.

WYATT: X'd like to get together with you, I guess:»
you are using about the same mass fractions == it looks‘like
it.

FAGET 3 AOne of the things that we have done Qas
to get a liﬁtle bit more hard-headed on the specific impulse.

WYA??: What 4id you use? |

FACET: Welil, the basic 3IRVA éystem has got :825
seconds of specific impulse. We fsel that probably can be
achieved, although it will take quite a bit of development to
do that. The effective specific impulse, though, is around
780 per second, using it as best we can. And we made a
number of projections on this.

ﬂhat happens to that nuclear reactor is as it pion
duces the heat to produce the propulsion it is a;so producing
isotopes and the total reaction run tine is proportional to
the total amount of residual isotopes. Now thesa isotopes

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

80 that up to 48 hours after shutdown you are still burning
‘ i

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

' 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 m;tter of fact,
there are a.number of these burns tha£ are doing harm instead
of good. They occur at times when you don't want burns.

.LOW: Have you had a chance to talk toflfal Kline
about this? H

FAGET: What's that?

. - ot

LOW: Have you had time to talk to Mat Kline?

FAGET: Yesg, I have.

LOW:s Does he agree?

FAGET: I guess I wouldn't want to say what he
thinks about it, |

(Laughtero)

He doesn't agree completely.,

LUNDIN: I don't understand this one too well,
I'm sure it is probably my fault.

What have we got here? The change in~velocity -

FAGET: This is the velocity ~=

LUNDIN: =- that can be imparted to =-
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- PAGET: =~ the ideal velocity, imparted to this
much payload. ‘You°ve got 400,000 poundé of payload. The
fuclear will probably get 13,000 feet a second and the
chemical will probably gét around 12,000,

LUNDIN: With stages that have that adlmost two to
one proéellant loading difference?

FAGET: Yes. This much propellant for the nuclear
and this much fér the chemical.

LUNDIN: You have kind of adjusted the propellant
ioading to give &ou the same delta V for a givén payload.

FAGET: We've compared these two stages.

LUNDIN: Yes, |

FAGET: We've ccmpared the two stages,

LUNDIN: You really kind of d4id that. That's why
they come out so much alike. If you'd taken the sawe gross
welight =~-~ which I'm not séying is the right way to do it ==
then you'd have a much differént delta V,

PAINE: It is really 300 versus 540.

LUNDIN: If you make one twice as big as fhe other
it will give you about the same delta V to a given payload. :

GILRUTH: That's exactly the right conclusion.;

LUNDIN: And you're driven to that by the. volume
considerations of the hydrcéen.A

GILRUTH: Right.,

FAGET: The chemical thing is smaller.
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WYETIl: Smaller volume, yes,

CLARKE: Has anybody done these these studies
using ammonia, liquid ammonia, for nuclear rockets?

FAGET: Oh, yes.

+
-

CLARK:: Does it work?

LUNDIN: The very early ones were but the impulse |

gained was not enough to pay off the extra mass fraction and
everything else. And the molecular weight ig ==

FAGET: I would think that your ammonia thing would
not bg as goo&'asvthe hydrogen-oxygen. I think you get 150
percent higher with hydrogen-oxygen than you can with an
ammonia reaction., You are temperature limited in amhonia to
much lower temperatures than your combustion temperature of
hydrﬁgen-oxygen.

"MYERS: But you'd get your fertilizer,

(Laughter,) L |

MATHEWS: The other thing you have to keep remembef—
ing is if you are producing oxygen on thevmoon, those numbers
change, |

.FAGET: The numbers cﬁanqa, andithey change fairly
§611 in the chemical., The nncléar doesn't'know what to do
with the oxygen,

LUNDIN: There is something very attréctive about
héving a thing there in space that is almost half okygen

that only takes 7,000 feet per second to get away from,
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CLARKE: One of our greatest assets.
VON BRAUN: You®d have five times as much oxygen
by welght at hydrogen,

PAGET: Incidentally, 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 tb one for interplanetary flight. And this agéin is
al; an impact of the fact that we are planning to have a
shuttle. ’

ﬁaw we can get this kind of weight goiné ué at a
very low cost, and the chemical stage is able to get itself
into orbit and carvy a pavicad while it's doing it. The
nuclear sﬁage might be carried into érbit either by a 9221,
which has been our basis for costing, or broken down into

pieces and carried up on the shuttle. But even when it’s

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

VON BRAUN: What about the current cost, disregard-

ing oxygen supplied from theAmoon. Suppose I have a nuclear
_ shuttle up there that just came back from the mooh and it is
gmptied into earth orbit, and I have a chemical which is
algo empty, rea;y to go back.
How many refueling flights by shuttle do we have
to make?

FAGET: We haven't made any attempt to decide how
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‘said that the nuclear is gdod for ten flights and the chemical

40

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

is good for ten flights, which obviously is wrong. The burn

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

chenical rocket per flight‘bééause it has much lower thrust.
So if you can get ten f£lights out of the nuclear,
you can probably get fifteen out of the chemical. “
JASTROW: What'e the cosé per pound of orbited

weight using the shuttle for the hydrogen versus chemical?

Is it the same?

'FAGET: We were estimating that the cost for the
chemical was a little less than $100 a2 pound. The nuclear
was more, And this had to do ==

JASTROW: i littlia more?

FAGET: The nuclear was~~ We were limited to 40,000
pounds of cargo in a nuclear, so about $6 million a pound,
and in the case of the chemical, it would carry 70,000 pounds
up on a flight because we could use a lower orbit, and the

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

V higher density.

JASTROWs The cost per pound is half?

FAGET: To get it up into orbit, yes. That's

4

probably about right., 2nd this is not trying to optimize it,

If we optimizad the shuttle for chemical carriage we would

do bettaer, but we didn‘t,
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JASTROW: So that factor cancels the factor of two?
FAGET: That's what I said.
JASTROW On a cost basis then they're about equal,
ox very xroughly? : ‘

FAGET: Roughly.

VON BRAUN: A nominal shuttlé of say 50K payload
would carry 40K liquid hy&rogeﬁ because of volume restrictions
whereas it would carry up to 75 K into low orbit?

FAGET: If we optimized the shuttle as a tanker
for chemicals, we would end up with a smaller cérgo bay.
The consequence of that is the shuttle wquld carry more
weight. The cargo ccmpartmentm; On a three and a half mil=
lion pound lift-off shuttle, the cargc compartment is costing

us about four pounds per every cubic foct, We trade off

four pounds of payload -for every cubic foot wa're putting in

- the cargo bay. That’s a rough figure.

MATHEWS: Ancther way of saying that is that the
effect of volume on the payvioad is equal to the effective
payload itself?

FAGLET: That's about right, és a first strike at
it., ©Some shuttle configurations are not that sensitive;
others are more sensitive. It tends to be that the more
efficient shuttle configurations are more sensitive to the
volume,

NAUGLE: What would electyrical propulsion do here

)
i




that doesn't take any propellant at all?

MATHEWS: I think when you talk about nuclear you
had bettexr be careful that you are talking about the NERVA -

system now.
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chenical system. We are not saying that ﬁuclear bro?ulsion
is not the thingvto do, We are saying that the NERVA tech-
nology is going to lose in & flight on any mission.

NiCﬁSs Along those lines I’vé been looking for
broadly based numbers, Let me tell vou what kind of things
we ought to work on, and‘I thirk this may bg of interest.

The mass energy convexsion factor for LOX -hydrogen
it is only 5 x 10"10. So basibally the mass energy conver-
sion possibilities are five times better, and we're talking
about getting twice as nuch as some other ways.

But for nuclear fusion, the picture is a lot
different. You're talking like 4 x 10-3 which is ;ike two
orders of maanitude better, if you could do that. That's
why some of those kinds of things might be more interesting
to work with,

GILRUTH: We really ought to be working on somna
kind of a fusion reactién rather than the reactor, but. we're

linited by the materials.

T FAGET: This is right. What we are really saying .

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

is 16~10, For nuclear fission plus hydrogen, the NERVA system

i
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FAGET: We ought to work for a fusion reactor and
vwe ought to set our goals at 1200 seconds or something better
than that. |

MATHEWS: Much higher.

PAINE: Probably an order of magnitude.

NICKS: At least 2,000 seconds.

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

NICKS: There's lots of ways to get that if you

————

think about it, but it takes a lot of work.

GILRUTH: We ought to look at some inncvative

process, I think.
| NICKS: It ought to be as gocod as a turbojet engine

that gets 2,000,

WYATT: I think one observation here: You said
something to the effect that you could get the fuel into
orbit relatively cheap. If you measure this again against the
payload delivered to the moon or a round=trip, a ffaction of
it, this runs the cost of either of these systems that look about
the same, the delivered cost, into very high nqmbers;

FAGET: I'm going to have a matrix on cost ihat
will be more‘revealing.

Let's go ahead.

(slide.) |

I'm bringing something up which I guess should have

been brought up a little earlier, but this is the mode wea use

e e e
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for the chemical system that I have talked about. We use

a two=stage system. We put two of these éhémical propulsidn
stages up. The first stage accelerates out of earth orbit
and achieves almost enough valocity\tﬁ make the trans~lunar
flight. It tapers, comes around, and decelerates back to
the same‘staging orbit.

MYBERS: Propulsively?

FAGET: Yes,

The second stage goes around decelerating in a
lunar oxrbit, étaying there for a whilée diéchafging cargo,
accelerating out of lunar orbit and then decelerating back
inte earth orbit.

Now inm the case of the nuclear systeﬁ, ﬁe are
penalized, We just use the one=-stage system. Now the effect
of this wiil be shown in the matyriz, I5m just talking about
what we did.

PAINE: I8 there any advanﬁage to using a sort of
a negative slingshot on the way back?

FAGET: There might be, except that the enérgy in
lunar orbit is so much smaller than the eértﬁ departure.

'PAINE: You've gotten rid of the payload,

FAGET: That'’s where the payoff is; that's right,

We could have used a twe~stage nuclear system but
wa were very concerned about recoupling the two stages to-

gether for the next trip. We'’ve got a hot nuclear engine and
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! we didn’t think it was very feasible to work around that
2 i engine whereas in the éase of chemical it is feasible to

a bring the two tﬁqmthér.‘ (1[5%7 7?F2670/9éa3§%%&?§9’

What happens whaen iyou do this using two chemicals

P

T

at once, it puts about twice the payload as one nuclear, so

€ i£ comes out pretty good, except that you make fewer trips.
7 You have got to bunch your cargo up a little more,
8 Could we have the next slide?
] (81lide.)
10 | Thése are the assumptions thatbwe made here., I
11 think I've talked about them all, so let's go ahead.
32‘ {Slide.) )
13 All right. ©Now, using the nuclear propulsion
14 NERVA engine we looked at a number of cases here wﬁere we
15 used one stage and two stages, and where we re-used theée
16 stages or threw them away, and it turned out that we have al~
17 ways been a little bit concerned as to just how important is
i8 it, you know, re-using ail this hardware.
19 Taking the first case, you can deliver 136,000
20 pounds to lunar orbit with one of these NERVA stages. If you
21 would launch your 921 the first time it would cost you $1,500 |
22 a pound, if you only made one mission. On subsequent missions|
) 23 by re-using it, it would be $357 a pound.
24 Now if yvou were able to launch this nuclear stage

25 using the earth orbital shuttle by some modular means -- one
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of them of course ig just broaking it down into sizes that

will fit in the cargo bay and break it up that way; and anothex

one is one I will show you -~ the cost of the first flight is
much less because you are saying ?he cost of the 921 and of
course the cost of subseguent flights would be the same.

Now if we decided just to throw it away, use it
one time and throw it away, it delivers a lot more payload
into orbit and because of that, its cost gets within the same
range as the steady state system., It's not competitive with
the 921 launch because this costs you like a hﬁndre& million
dollars itself, but if you can launch it with a shuttle, it
is down to $436 a pound c?mpareé to $367 a pound,.

This has the advantage, though, that you make a
mission any time you want. You don't have to sustéin that
system, You don't set up thiz great big operation overhead.
Certainly if, instead of going in one load, we went in two
stages, we would end up deliivering a 1ot_mqreApayload to the
ﬁoon aﬁd if we just launcheé it with a 921, it would be $887
and subseguent missions we éould get for $224 a ppund,

And if we were to launch it with a shuttle, the
sane subsequent cost but the initial cost would be $540 a
pound.

New X think‘the rumbex I want vou to remember is
this $224 a pound., ¥ou éan achieve that using a two-stage

nacear system. That you can do,
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GILRUTH: “hai wmeans coupling the lhot engine,
though, I thought you said you were worried about that.
FACLET: I'm trying Lo say ihis’is the best you éaﬁ
do; if vou can overcome all tﬁese'techﬁical problems, you
can get it down to $224 z pound., If you can't, you‘ge up to
$367 a pound.
PAINE: How manv re-uses do you calculate heie?
FAGﬁTz This is fox(hcweker many re-usaes you can
get, If it would be 50 times, it Qoulé be that,.
| WYATT: Basically that is just brepéllant cbst,
isn't it?
FACET: That's just prapeiiant,
PAINE: That®s not amortiziﬁq the system; that's
just propellant?
?AGT?: You awmorcize the systenm on the f£irgt flicght,
and then after that it is just tﬁe cost of spbsequent flights.
PAINE: Just propeilant?
FAGET:. Y=s,
MATHEWS: Max, what kind of trends dc you'get with
a low answer in the stages ?ou use with the two-stage system?
FAGET: I guegs I don't nave that number, but I
would imagiﬁe it would be better. In the two=stage throw=-
away, this number hera would probably be about 700,000, and
it would be down to about $300 a pournd, oxr something like

that,
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CLARKE: I hate to be a spoil=sport, but how long

2

is the public going to stand Ffor a sky full of hot nuclear

ot i v o s P L i

engines larrelling earthward at 25,000 miles an hour? I

. 4 think it may be a constraint ;n the whole operation, and
/

5 another reason for going foé fusion and probably forgetting
6 " all about fission. |
7 ; FPAGET: Now let's 1§ok at the chemical.
8 4 (Siide.) .
9 We ran a number of cases on the chemigal and I

. ’ 10 guess ﬁée first one is the most interesting case, at ;east
‘) to me, and that is where wa‘just use one of these chemical
12 : stages. We do not re-use it because it qnly goes one way 67
N and delivers 280,000 pounds and it only costs §$318,000 der (

‘ 4 % }_:oounde And that's in the same ballpark with all the numbers
15 § you saw execept that one very agonizing case where you try to
6 recouple the nuclear stéges.
17 \ So this number here is interesting because you are
18 not committed to any particular rate. You just launch one
9 of these any time you want, and you don'’t have to maintain
20 all these balis in the air at one time,
21 | WILLIAMS: Let me ask a guestion that applies both
22 here and to the previous cne,
' 23 i When you say that you're low in the,second‘column,

24 you're talking zbout pavicad to the moon, so you wind up'
25 witﬁ a higher payload copability and yvou bring nothing béék
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from lunar orbit to earth orbit?

FAGET: No, sir. The stage iz left in lunar orbit,
when it getg to lunar orbit.

WYATT: Incidentally, that payload to lunar orbit'
includes ﬁhe fuel to come back, doesn't it?

FAGET: 1In this case there is no fuel to come back.

WYATT: oOkay. So that's the difference.

FAGET: That'®s the whole thing right therxe.

[

Now if you try to re~use this stage, the payload
drops from £80,000 to $120,000 a pound.The first mission

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

stage is $666 a pound, and the subsequent missions $417, so

this is not competicive., It is cheaper to throw the thing
awéy ﬁhen you go one stage than to try to keep it going, to
say nothing of the operational overhead. e
Of course this whole fhing changes the minute you
start using oxygen from.the mocna This case applies to the
early bases, before you‘va been able to set‘ué a colony - there.
Then if you re-use boﬁh the stages and you have
two, then von can get tﬁe chemical down to $2$0 a pound, which
is competitive with the best number we saw for the nuclear,

which was $228, 0Or if you re-use the first stdge only, you

~ have a little bit better number, and you've got to figure

the single chunk of payload delivered, if that means anything

to you.
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Okay, next slide.

MYERS: Those costs do not amortize development

costs? It is based on operational costs?

FAGET: Replacement costs. It does not émortize
development costs; that's right, neither the shgttle nor the
chemical, |

(siide.)

This is the system that we would end up with then.
Ve would end up with this earth orbital shuttle and a tanker,
the same bocséer hera, the chemical propulsion étaée, and the
payload, And the payload would include the advanced L~M,; so
it would end wp doing the shuttling from the lunar oxbit to
the surface of the moon -~ the propellants that go there,
the people, and everything else, !

The point is that you don't have to launch the
payload separately. They go up with the chemical propulsion
stage, and then subsequently get refueled by the tanker to
make the mission to the moon,

Nekta

(siide.)

To give you a better idea of what thg chemical
propulsion stage locks like, we've used the engines that
were developed on the shuttle.,

Next.

(Slide.)
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5;1.
A couple of our guys.I think have invented some-
thing that looks pretty good here for making the nuclear
shuttle better. 'This is a scheme to launch the nuclear
shuttle on the booster for the earth orbital shuttle, using
the first stage there. It would be arranged on a booster
stage, tﬁe same way you saw the chemical propulsion stage; :
only it would ﬁot use the nuclear propulsion for injéction }
into orbit, It would use this tank filled with hydrogen,
We would add another ox?gén tank to it, and arhigh
pfessﬁxa, hyd%ogen-oxygen endgine,
This prckage turns out to be short enoughﬂ ?nd " hw
small enough in diameter to fit in the shuttle bay, so al
e —
this job of this oxygen tank is to get the nuclear stage into
orbit, Once you get it up there you send another shuttle up ;
for ua?%¢/e and re-use, |
LOW: Who invented that? - .. %~ -
PAGET: That was invented by Jack Funk and Hugh
'Thiﬁ/ﬁs not enough hydrogen for your nuclear stage
but you don*t have any payléad up there either.' So the next
flight, if you take another tank identical in size to this,
and anotrer one or the same one probably, oxygen tark and
engine and you replace the NERVA engine with the payload,

and that would be the gecond flight,

Next slide,
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! You would couple these two tanks and payload to-

2 I gether and xngzyulﬁ be ready for your mission° So this
3 would be what gevs up on your first fiight. You will not’
y 4 have this shroud there any lobnger because you would have a
5 nose cap on it.
6 ' | The second flight would be this oxygen tank and the:

7 payload, ‘ \
8 So using this system we can indeed talk about

9 earth orbital shuttle launch NERVA stages. However, I want

10 éo point outuagaih that even when yvou do this,.at best the

19 nuélear system looks like an even trade with the chemical

12 system;when vou considar the develoﬁment costs and other

13 reasons, I don’t think you want to do it.

14 I think that's all X had, so if anybocdy has any

15 further discussion; okay. Otherwise, we'll listen to

16 Captain Scherer,

i7 SCHERER: Captain Gilruth asked me if I would dis=-

18 cuss some of the experiments that pertain to this éubject.

19 First let me say that lunar based studies have

20 been going on for some years, and we have é lot of background

21 on it. Probably the most complete one is known as the

22 Rieser Study. 1It's about five years old, and at that time a
‘ 23 group of scientists were broﬁght together aﬁd divided into

o) panels, and they brainstormed and came up with a large number

25 of prospective experiments, and I will show you this at a
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glance, a listing of them, for possible discussion purposés.

Last winter; that 1s, eighteen months agd, STAK
devoted a period of théir winter stugy, ona of their winter
studies, to a lunar base, and that is ' one of the more recent
items,

My office put out a lunar bése,updating hqre in
March of laét year, |

Of courée some of the data retuéns from Apeclilo 11
and 12 has modifieé some of the thinking on it.

Critical to the base and the colonin think is
therknowle&g& of the environment as well as the possibility
of raesources, WNew data in terms of the environment ¥ think
the Surveyor partially brought back, We are proceeding with
analysis very slowly and carefully, but as a genafal sinpli-
fication I think the Surveyor was in guite good sﬁape. The
electronics, the internal electronics of the camera were in
excellent shape, far better I think than most people anticie
p#ted. | &

There wera no meﬁeorlyte hits that were unambigucus;
There aré a few that most people think cama from the lahding
itself, and I guese the same is true of the dust on the mir:or;
thé change in the waffling of the footpad -

PAINE: The dust on the mirrox is believed to be
asgociated with the 1andihg?

SCHERER: Yes, Ssir.
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MATHEWS: Which landing?

SCHERER: Apollo 12. Surveyor had part of that

‘mirror dust covered after its initial landing which was a

bouncing one. But after the:Apollo.landing the front of the

mirror was pretty well covered. It was too good a pinpoint :

landing,

GILRUTH: That®s a ‘good kind of problem they have .

there,

SCHERER: We also can now say from the Apollo

missions that the moon i3 seismically quite quiet, which is

impoxrtant from a lunar base point of view.

GILRUTH: Cnce vyou disturb it though it sure does

' take a long time to quiet down.

SCHERER: Yes, sir,

LUNDIN: Did you say it is quiet?

SCHERER: Yes, some hundred times m;re quiet than
the earth,

LUNDIN: What did you mean when you said no
meteorite hits were unambiguous?

SCHERER: I mean there are a few but éhey.were
thought to be particles blown by the landing. That's what
I meant.

MYERS: They wera only on the side toward the
landing?

SCHERER: Yes, sir,
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compared to the ==

SIHAPLEY: All the apparent ones were ambiguéus
and probably not meteorites.

SCIERER: That's the way I meant it.

LOW: Doesn't this mean ﬁhey were all developed
in the low velocity ==

SCHERER: I don't have any data on the size of
these things but they could bg fairly=- Xqu noticed how

that dust sprayed from the movies, It's pretty good velocity

LOW: But it is relatively low compared to meteorite
velocities.

SCHERER: But not fpr the secondary type particles,

PICKERING: They haven®t found any of those little
melted ératers like they do on the rocks?
- MYERS ¢ Doesuthevdiatributionxfrequéncy tﬁen seem
to be lower than we thought it was? We have a pattern of
neteorite frequency that vou might expect.

SCHERER: We have got g pretty small area‘there.
I don't think thére was enough sampling that you could really
make a statement about it..

MATHEWS: Going back to this seismic behavior on
the moon} have we got everybody working on that who possiblf

can be working on it? To me it seems to be one of the most

scientifically things that we have gotten, Maybe I'm just

not up on it, but I Gon't really see any well developed
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theories as to why the moon behaves the way it does,

SCHLRER: I thivk it's wysterious. We have some

other ucientists here in the room, Maybe we can address that.

.

Bob, for example, s
JASTROW: I suggested one thing to Ewing once,

Not beiﬂg an expert, I mentioned it to him; wiich he fouﬁd

ieasonable, pamely, if the moon‘s internal temperature regime

is decidedly loﬁez, there ghcould be less lost in the seismic

sense, even in the outer layevrs. Maybe that's the signifi-

cance of the ringing,

I don't know vhether that staﬁds up under close
examinaticn,

SCHERZR: Yo answer your gquestion, Chuck, we don't
have all the experts but we have a nunber of people who are
vexry interested in this, First, the team itself are experts,
Nathan is not the top man, but EBwing and Pressock and others
are closely tied in with the deliberations, and just the
phenomencn has attracted a lot of people, and there's an
awful lo£ of people looking at it,

GILRUTH: Let re tell you one thing. This is a
very tiny amplitude oscillation that keeps ringing compared
to‘what vou might think andé of course it is going for three
and a half hours in the casé of the impact of the S~4-V
compared with one hour for the impact of the L-M,

Now I think it is significant that the velocity of
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! transmission of both the pressure wave and the sheer wave

@ 2 l through the lunar soil was according to what would be ex-

v —

3 pected, based on the velccity of sound measured in the lunar

‘ 4 rocks back to the lunar rec%iving iéb. It was very interest~
- . '

5 3. ing.

6 i ) And there is one other thing ﬁhat's significant

7 | and that is when the S~4=-V impacted, the sound wave would

3 ! have to travel ahchord of the moon rather than around the

9 surface and that would take it 40 kilometers below the sur-~
i face at the deepest point. It was indicated that the velo;
11 city of sound through that mﬁch depth was still the same as
32 | the stuff that we picked up on’the lunar surfaée°

i3 | Sc all of these things only add to'ﬁhe mystery of
14 why this wery tiny amplitude juét keeps on going. So it

35 might be less lossy but I don't know why you would expect it
16 to be iess lossy if ié were a little hotter,

7 ) JASTROW: o, colder. Less atom displacement, less |
18 frxiction. _ - . |

19 | GILRUTﬁ: If yoﬁ took some earth and made it a

20 little colder =- |

21 JASTROW: At 40 kilometers, it's fairly high, aﬁd
22 there's a fair amount of yield. If the moon is really con-

/ 23 siderably lower temperature, it's a very simple-minded thought.

-4 PAINE: I £hink Chuck'’s question wasa good one,

H

though, namely, we do have guite a mystery here and we ought ;
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to be sure that we are identifying who we'd like to work on
it and make sure he's &ettinq support.

SCINRER: I hope we are déing thaﬁ.

The key point I'm*trying to make herc is that thé
moon is seismically guite guiet which, from a lunar base
p&int of view is good. o

The question of resources: We certdinly don't |
have any evidence of watér on £heAtwc mare landings, Getting
to fresh volcanic regions such as mares' hills probably is,
or to rilles‘thch in recent publications, one‘last week ,
theory has it may have been water, and to the highlands them~

.

gelves near the surface, is important in determining whethex

‘or not we have these,

May I have the first slide, please?‘

(Slide,)

We were talking about experiments last night, and
I don't know what it might look to you to you to be, but
these are blisters rather than craters. And one of the
theories has it~é |

May I have the next slide, piease?

(Slide.)
-~ that these may be caused by an entrapped pool such as this
up here, forming this,tyge of blister, |

Now we have two experiments that may tell us

whether or not this is true, an electrical properties
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1 %” experiment which is planned‘for the last several Apo;los,
Z é and a radar sounder, a iunar sounder. And I have here a
3A§ photograph that I just received.
y 4 % | Walt Brown out at JCL has a prototype of this
s || ' sounder and he’s just made an aircraft photo with it and the
G de£a11 is I think extremely good for this type of thing. |
7 This is‘a scale of maybe 25 to 30 miles in lengtha'
8 | (taniing to Dr. Paine.)
9 | It was reported to me yesterday that he had dis~
H | covered'water\—- not discovered; but he had verified a water
i1 table, a known water table at a depth of 800 feet.,
iz || | SHAPLEY: How many feet?
i3 | SCHERER: Eight hundred.
14 ! PAINE: What are we looking at here?k
15 | VON BRAUN: What is this?
TS ‘ SCHERER: This is a radar tracing, Dr, Pickering
;7 knows more about this sidew-looking radar taken from an air=-
18 craft of a glacier field, a glacier mountain. Some of the
19 ‘dark areas are just shadows.
20 VON BRAUN: What is the message now?
21 SCHERER: The reason I was showing you thisg is
22 that the detail of this prototype expeiiment which is planned
/ 23 for Apollo 19 is very good. |
24 | CLARKE: How far does it penetrate into the ground?
25 N SCHERER: As I say, last night I was told by phone
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Really the rays go 800 feet into the ground?

‘ranging from a hundred millihertz to == I think it's 1003

60
that he had verified a water table at 800 feet.

CLARKE: Eight hundred feet into the ground?

SCHERER: This wgs a'telaéhona wassaga I got
yesterday, | T

JASTROW: What wavelength?

SCHERER: I'm not(sure what wavelength he was

using. The experiment we planned has 10 degree frequencies

kilohertz to 1200 millibertz,

' So these are the two exparimeﬁts that are in the
current Apcllo program,

Next slide, pleass.

{Slide.)

To shift into something a little broader as to how
we can get toc a lunar colony, here is one scheme at least ==

NICKS: Could I ask something about the domes you
were just talking about, and the point that people had hoped
that what they saw emitting from Aristarcus and Alphonsus
might be methane, for example. And we haven't been any plua~n
yet to see if there\is some emissién of that kind. I don't thin
we've been there enough times to give up on the thought |
that thera are other products that we don't know about yet,

SCHERER: That's correct. That's why we have a

mass spectrometer in orbit and on the surface for the J
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"800 feet into the grournd? The Polaris submarines have had

- is true,

- orbital missions envisaged various places on the ground for

- experiment feasibility for a permanent base type production,

61
missions.

CLARKE: May I point out that this can penetrate

>

it. bl
PICKERING: No, you have to have dielectric ground,
SCHERER: That may not be a good number, It has

not been verified, Dr, Pickering and I wonder whether this

We have, in an evolutionary mannexr, I think, axrive&
at a permaneﬁ; base, This type of program woulé add to the
probability of finding resources, an automated vehicle that
might moﬁe toward the poles to extrapolate this. The data
point data would be very valuable. Perﬁaps it's not in the
caxds ané the circumstances of today.

o - The integrated plan type of thing in here, manned
checks, sits surveys, a semi~permanent type of base, and heée

you maintain a rescue orbit type of capability and check

Next one,

(Slide.)

In our study we have a list of goals‘éor lunar
bases and let me just pick out a couple of these.

Whataver lunar wqu we do, the plan at the year |

2000 or so for a base would determine the focus of the
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precursor type of work we do. I'1l talk a liﬁtle bit more
about experiments and resources,

A launch platform for planetary nissions I guess
we had not mentioned before iin our previous talks so far
today. This is this experimental colonization that was men-
tioned. | |

And finally, a gquarantine faciliﬁy fbi returning
back from planetary missions is a ﬁossibility.

Next slide.

(5lide.)

I won't go into these but I want to vefy quicklys~
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 thaﬁ?

SCHERER: Yes,

PAINE: Also, many things we said about_colbniza—
tion in earth orbit, quite a few of those things might aiso
apply to this;

SCHERER: Yas, sir. I think there's a lot of common
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knowledge; The same things you say about a base in éarth
orbit applies tb the moon., At some place on‘the moon they
have an advantage, and I'm sure some places in earth orbit
have an advantage. : |

'MYERS: What Bob was talking about, you have proba-

bly more natural resources to support the thing on the lunax

surface than you have in earth crbit, but you also have the

more difficult transport problem,

SCIBRER: Thosge are the two major proklems,

Dgle, one of the things we have sorﬁ of crudely--
By the time you go through the transportation systeﬁ going
from the earth to the ﬁoom; you probably have gotten many oé

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

- week or sSo.

If you went to the moon for a week or so, you'd
sort of get all the benefit out of being in earth orbit, I
would thinkf I don't knowe.

MYERS: You'd get both,

NAUGLE: Yes.

MYERS: You are also saying that you would get the
benefit of the earth == laqking at the scientific app}ication

out of the system, too.
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HAUGLE s The‘major thing is that you want to look
at as much of the earth as you can with the same apparatus
at the same time, and you can look at almost half of the
earth, where you are quite‘limited even with a stationary
orbit in terms of what you can see.

MATHEWS: I thiﬁk in terms of the practicalities
of the situation, in addition to the transportation business,
I thiﬁk this base that you put on the lunar~surfaca or in
lunar orbit, from a safety standpoint because that is much
more remote,w%ealiy gets developed in earth drﬁit.

In other words, as I see, say. the systems for the
base about the moon would be developed and verified in earth
orbit applications where you do have preéty good access and
so forth, rather than -~ o '

GILRUTH: You're talking about a lunar orbit base
now.

MATHEWS: I'w talking about systems, at least
initial systemns for a surface base,

PICKERING: You wouldn't develop a lumar orbit
base of any size. That's just a way station to theblunar base,

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.

MATHEWS: That‘s‘right.

CLARKE: I can think of reasons why you might‘want
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facilities in a large lunar orbit base: communiéations.
rescue, doing the kind of thing to the moon that we're going
to do to earth.

MATHEWS: It will be gnloperating base. Whether
it has to be~~ How 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 access to the surface ~-
point, but i look at at least that lunar orbiting basé 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 surfacé base, I think the real exciting thrust
is to get something permanent 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 gpaée station doesn't have,

PAINE: The othey thing that was poihted out in
previous. discussion, Bob, was it also has one=sixth of‘ﬁonest,‘
gravitized G, not artificial but real G, That is certainlf
a unique préperty¢

GILRUTH: Yeé.

SHAPLEY: Wouldn't another possibility be to havé
the major base in lunar orbit, and then vou take various

excursions to many small outposts at different points on the
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moon,.like touring the Greek Islands by boat?

MATHEWS: That's the interim step in locating the
surface base, but I agree &ith Bob, the only reason we're
going to the moon 1s to qefy accesa‘to the surfaca..

SHAPLEY: When you go to the modn, though, on this
basis you wouldn't go to one place but you'd go to sevefal
different spots on the moon.. . |
CILRUTH: I don't think so. 1 think you want to

get dug in or the moon, We want something permanent there,

' 80 you can have your colcny, and then vou go from that base

to different places on the mcoon. I believe you are going to

want a permanent colony and you're ‘going to want to use the

minerals on there. This is what I think ap?eals to the human
spirit, to dig in and gst something permanant on a far-off
place. That’s what I think anyway.

SCHERER: When we de get onto the surface theré
are a large number of experiﬁents that the scientists can
leave up that would be fruitful,

Next | slide, please.

(Slide.} : | ‘ !

" These weze divided in category by this major study
we did, and I just flash these to show you.

We had optical and radioastronomy, other types of
astronomy here: physics, bioloéy.

Next slide.
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(Slide,)}

And some of the earth-oriented types of investi-
gations, including oceanography.

There are arecas the scale‘of which, from the moén,
is better than or more useful than from earth orbiﬁ; and in
general you want both. They are supplementary or complemen=~ .
tary types of data, ’ -0

‘ Next.one, please.

(Slide.)

£'d like to talk to this chart a little bit, Tﬂe
only meséage from those taree, I want to show you that in a
study some 96 separate types of axéeriments waere generated
by tﬁis group of scientists.

But speaking from this one, in termé of exploring
and understanding the moon itself, you've got your own type
stuff, This is the type of &iéging in that one probabiy or
possibly would want to do. You would want to havehtraverses,,
though, out to several hundreds of kilometers to get active
seismic, for example, to give you the éeep outer properties,
and certainly the geologié ~= the broad gaclogy types of
investigations we do on earth, a traverse across a major
nmascon, for example, or a gzavi;ational traverse and pro=~
filing would be very interesting and of great interest,

I think a lunar base would soon set up a laboratory

for sample analysis, perhaps considerably less simple than
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the lunar recejving laboratory, a laboratory in which the
gréas nna]yéiu could be done, separating out such things as
the hot rock we found on~$pollo 12, this Rock 13, some 20
times as radioactive as the*averaqe.’

There are various engineering and techndlogy‘types
of thiﬁgs that one could think of on the moon, the same>
types of things you all consider and have: talked about in
earth orbit, éhe one~sixth G for medical and the colony it~

self for behavioral types of experiments, the various bio-

:typaa inclnéing the ones shown there, and I guess in the bio-

chemistry would come the plant investigation, the botanical
investigatoins., We can grow an awéully good liverwort farm
on. the moon if we found a use for them, |
One of the key areas is astronomy. The moon
offers considerable advantages in some aspects of astronomy.
It has low surface temperature at night, stability, and no
wind, no atmosphere, of course., The use of the back side for
shielding is extremely important in the video astronomy work.
By using the laser reflectors we know very preQ
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 anticipates the moon is one thousand times
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better than the earth for his'experimento

PAINE: Three crxders of magnitude.

SCHERER: Yes, sir, This is the number he‘s ﬁsing.

Specifically the;plan N éhis experiment is that
it is in our program for the Apollo 18 or 19. When he first
proposed his experimental data, most people didn't believe
it, and from where I sit, there has been a gradual shifting

and ¥ think now the majority do believe it; there are still

a nunber who do not.

We've had several maeetings with outside investi-
gators aéking advice,\and one side says, "The man's an idiot,”
and the other side says, “"He‘s going to get a Nobel prize."

| PAINE: Maybe both.

(Laughter.)

SCHERER: But in theory this is comparable to
Einstein, I guess, this theoreéical work, so it's an excel=
lent experiment to fly in my opinion,

NAUGLE: Esxcuse me. Could I mention again hexeg==
I'm giving away something I was goiﬂg to Say, but I want to
talk ébout global applicaéions.

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 the telescope,
put the telescope on tiie moon and then carry around corner

reflectors and set them up and use them to measure this kind
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of ceatimetex~like motion of the earth’s surface over a whole
shelf, a whole geological area,

JASTROW: What size telescope?

NAUGLE: Presumably something of the order of a
60-inch telescope. You just reverse the situation.

| JASTROW: That would be an earthquake detector?

NAUGLE: Yes, Thig would be something you would
set up and use over a long period of time, - | o

JASTROW: You xaow, thié San Andreas Fault, if
&ou were to aiviéa the strain rate into the diéplacement of
the 1906 earthguake, it looks like another earthquake around
the year 2010, and it would be awfuily nice to have some
warning, Fiftzeen feet I think was the displacement,

CLARKE: Remember, that was only a little one. The
big earthquake was a hundred years ago. The real big one was
in the last century, a much bigger one, There's was nobody
around or very few people around.,

.N§UGLE: There was a very large cne apparently
down in the central part of the United States, around Missouri,
some hundred vyears ago,. | | '

CLARKE: Oh, yeS.

JASTROW: This is worth stressing,

NAUGLE: - The poiﬁt of it is, this could have a
major economic impact because=~ Well, if you could predict

it and prevent it or, you know, if you could sort of know
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- definitely that there was an earthquake coming over the next

ten years, or that there would not be one for the next hun~
dred years, in onc case yvou'd obviously build your buildings

and make your design on the basis of the earthquake coning,

" and in the other case you‘d say, "Well, hell, it doesn't

make any diffeience because the building will have fallen
down, and we can start 90 yeata £rom now to wogry about it."

PAINE: The old mission fecords have records of
these earthquakes.

“ SéHBRER: The 100-inch telescope is reflecting the
moon now-on a l6=inch laser that Neil put there. We are
loocking at a 300 cubs which is thre; times as big as a possi=
biliﬁy for a later Apollo mission, and a 30-inch talescopé.
Sq'if ya§ are building a reflector on the earth, vou make it
quite large.

GILRUTH: How many observatories ara using the
laser reflector now?

SCHERER: Over at Leningrad we called a special
méeting of countries interested and it was very wéll attended,
The Russians are using it‘but they aren®t ranging. They are
getting reflections and the pulses are quite long, but they
are not really ranging. They are just demonstrating that
they can do it. |

. Thae Japanese, the French, the Australians are

working on it,




1 GILRUTH: Without ranging, you don't get anything

2 i do you, except a thrilli?

o9

(Laughteroi

4 . . SCHERER: You get & ref#éction. They don't have
W, . : - o
4 the ground station technigue good encough yet,
6 ' NAUGLE: Some peopls get peculiar thrills, Bob,
. {Laughter, )
8 . A _ SCHERER: Anotheyr type of astronomy is the X=-ray,
g 1 gammna ray typevof thing in which the meoon, withothanvatmos-
o phére, car be uzed as an oceuliting disk and sWee@vthe sky.
$7 On earth obhservations, which is a péint ?hat John
32 | has made several times, the heat baiance of the earth as a
3 whole is one example. The heat balance of oceans apparently
|
,4.i is of significance to the oceanographers, and that's this
15 gross scale that we're talking about,
16 ! Oceanograpﬁers are aliso interesteé in the precise
17 sea levels and apparently from the moon you can measuxe this
18 much better than they can now. I think they call iﬁ sea
19 surface height, is the war&svthey use,
20 Of course there's some fundamentalvphysics that
29 one can do in this vacuum if you can keep the vacuuwt down to
22 low levals with low G and low magnetic fields. |
/ 25 In manufacturing areas the coating of large optical
~4 surfaces or large solar cell surfaces in this very large

= vacewm is one thing that pzople consider. You can thoxcughly
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outgasvmetals so that they form at their max densities,
Refining can be done by heat alone so that there are no
reducing agents required,

There's another thought I had that is not on this

L

chart, but I doa't know how many pecple have heard this said.

'
!

At a STAK meeting Dx. Towns and several of his
colleagués got cff in a corner after dinner and did some cal=
culating on what it would take to put an atmosghe:e around .
the moon, a usable, liveble atwmosphere, and came up with a
number =~ This was a back-of~the-envelope type of thing =- and
came up with a number of three gross national pioducts. And
this atmosphere would lagt== Of course it would be temporary,
but its temporariness is calculated up in terms of hundreds
of thousands of years,

JASTROW: You sumcked me out. I'm going to talk
about that,

SCHERER: I'm sorry. I just finished, Bob, That's!
as far as I'm going to c¢o. ﬂ

GILRUTH: I hear they were talking about an‘ozone
atmosphere because it'’s heavier and it wouldn't get lost.

PICKERING: We havelenough of that in Los Angeles,

GILRUTH: It is very easy to convert with just a |
little electrical device. |

You're goiﬁg'to be using that ia Los Angeles soon,

NEWELL: The solar energy coming in and intercepted
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by the moon would almost kéep up with the escape rate, " The
only problem is if you’put up an atmosphere like that on the
moon with its slow rotétioﬁ rate, hu#ricanés and tornadoes
would make the atmosphere useless.

NICKS: I°ve got just the rocket to rotate the darn

m——

——

tﬁingf

(Laughter.)

JASTROW: Dié.yau mention radio astronomy on the
base?

| SéﬂERER: I did, but I'm going to talk about it

again because I'm sure some people want to expand on ita

(Siide.) | ’ S

Here's some major experiments. I'm going to flash
a couple of pictures:

B Z=meter, }Gsaindh optical telescope is like
30,000 pounds,. This is one of the most interesting=-- I'm
sorry. The X=ray telescopa. This is your radio astronomy
that scientists are quite excited about, I think.

And then the geo~chemical laboratory.

Next one, please,

(5lide.)

Let me just flash a couple of these to give you a
general idea of what they might look like,

The interest in a drill now, without water on the

surface, may become higher. This is a 300-meter type of
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drill, This is an artisl'. type of concept, weighing gomo
20,&00 pounds,

Next one, pleasé.

{Slide.) : L

if we do fiﬁd a pool of water, this may be a way
of getting ite

The optical telescope., This is the 100-inch optif‘
cal ﬁelescope concept, I forget the weight of this thing,
This is a .Gl arc second type of resolution.

| Méxt, plessa.
VOII BRALUN: Could you explain some of the detalls?
SCHERER: Beg your pardon?

VO BRAUN: Conld you point out some of the things

- on the previous chaxrt?

SCHERER: Wernhay, I'm not an astronoimer, L'm not
familiar with this. The astronomy panel of this big study
group I spcke of came up wiith this artist's concept,

VON BRAUN: It looks to me like there are two big
mirrors, a 260~inch primary mirror and then another‘200~inch
flat mirror, so the main mirrorris in the left uéper corner
‘thare,

SCHERER: Yéso

VON BRAUN: What's the flat mirror? Oh, the light
comes into that tube there. | |

WYATT: That's a focusing mirror,
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PICKERINC: Iastead of turning the whole tele-

-

scope around you just turn the flat around,

VON BRAUN: And the flat mirror down the tunnel ~-

PAINE: Back again to the instrument.,

CLARKE: I don‘t know why you have to put this in
all this building., Why can't you have it out in the.apen?

- SCHERER: TFoxr thermal reasonéc

HWext slide, pleacse,

(Slide,)

ghis ié,an s-ray telescope which ié a‘considerably
smaller type of thing,

Next one, pieasa.

(51lide.}

The radic astronomy layout can be extremely effec-
tive on the moon, particuiarly if it were placed on the back
side, and this is a very long wave, this is 18 kilcmeters.

GILRUTH: What is that gtructure? What are those

‘loops that go on thexe?

SCHERER: I'm not sure what they are supposed to

NAUGLE: Those are dipoles.

GILRUDTE: What would it be physically?

JASTROE: Dipoles.

GILRUTH: Little tiny wires, or big heavy wires?

NAUCLE: Little tiny wires..

N




Y ¥ §
o1 . JASTROW: Narrow gauge,

2 PAINE: They are 50 meters long each.

t2

! ARMSTRONG: 1Is this something thai focuses?

4 NAUGLE: No, it's an interferometer.

- 5 CLARKE: It would be pretty directional that size.
6 . ‘ SCHERER: The intexest in radio astronbmy has
7 {i grown 5y 1eaps and bbunés, apparently, with quasarsvand all
8~ . these other kinds of things, and gravely waves;'ané I‘don‘t{
9 kaow what»all,‘ana this is a l-degree resolutién type of
50 Ul 'thing.

5 © JASTROW: What is the length of this?
2 ' SCHERER: Eighteen kilometers,

. ' JASTROW: And the wavelength?

14 SCHERER: One megahertz,

i? GILaUMI:  Wnat would this weigh, to carry it up?

6 | SCHERER: I had it on a previous chart. <23,000
17 pounds,
'8 GILRDTH: It would take three trips.
'9 VON BRAUN: Plus the vehicles that are necessary
éo to put ali the dipoles in\the ground, of course, Itfs a
21 hell of an insgtallation job. It would require several weeks
22 of woxk to build that thing.

Vi 23 NAUGLE: 1Is it ciea; that it has © be off the

lunar surface if there is no water?

25 SCHERER: It'ﬁepends on the dielectric constant,

U U PRy S S

How e oy oy o o s
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apparently. When this was designed, we assumed that there
was more water than th%re is,

VON BRAUN: How Eensitive;is this to blackness?
Can you go over mountain ranftes with that thing, or do you
have to go into mare where things are perfectly flat?

| JASTROW: You van. lay i% downfin~the ?unowéki
Crater, I imagine. |

NAUGLE} 1t hég to be fairly(flat. Orders of a
centimeter. You can compensate with this but you can't go
over a mountéin, |

SCHERER: &s I understand it, a normal type mare
with this layéut is what is soﬁ%ht,

VON BRAUN: The first Mills~Cross in Australia--
This thing is nawmed after Profesgor Miils in Sidnéy,’ I think
that thing is perfectly flat, on perfectly flat gxoﬁndo

PICKERING: Yon'd want to have it essentially flat,
waybe a few feet you could tolerate, but not very much. I
think also you could put it a lot closer to the surface than
that 30 meters that is suggested,

VCN BRAUN: Since the dipoleé are above ground, you
can of course compensate for 'the height of the sticks that
you use, but does this require very accurate surﬁeying and
all this? |

PICKERING: We have to know where they are,

VON BRAUN: Do we have to. know with precision.where

h
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they are?

PICKERING: Reasonable precisiéh.

NAUGLE: Yoﬁ can also hel? to space them by the
electrical connection, the pkasing.

TRUSZYNSXI: There has to be a precise relation=~
ship, dimaension-wise, between each segment and there's a
tolerance of something like ailéth‘of a wavelencgth to be reason

ably practical. That must be qguite accurately laid out to get

VON BRAUN: It would appsar thét baéically the
modules of which this thing consists are quite simple, and
mayba the ingtallation could ailso pe made relatively sinmple
but there's a negd for a geodetic job or an electronic job at
the end to survey the thing before the crew‘could‘leave, to
really know what you'v? got. there, .

NICKS: The way to do that is to hang it across a
crater and start with catenary and now what you've got when
vou take it up there. They you don't have to survey it.

CLARKE: Send a iaser beam. This can’t be flat
across because the curvature of the mooh is térrific over.

18 kilometers.
NICKS: So hang(it across the crater and start with

a catenary’ and you've got your dipoles hanging, and you can

program it.

JASTROW: John, do you know why this wavelength was
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chosen?

PICKERING: It has got to be a long wavelength

~that you can get from earth.

JASTROW: How far:out do.you see, soO to speak?

NAUGLE s VThis is one experiment,‘Bob, that has a
sort of a natural size to it. Most other things you'd liké
to go on building bigger and bigger, but as you say, some-
where down around a hundred kilocycles, I think, the distor-
tion that you get coming into the heliosphere, if you will,
you lose—= fi dogs not benefit you any t§ g0 ﬁo a larger,
longer array.

| _JASTROW: Ars radio sources bfight at this wave~-
length or close to iz, at Z or 3 meqacycies?

PICKERING: The stuff on the radio-astronomy satel~
lite is the only data in this area.

CLARKE: Wernner has made the point that for real
1ong~wave radio=astronomy vou’ve got to go out to Jupiter,
which I guess is outside the scope of this conference because
of the heliosphere.

PICKERING: The back of the moon, though, has
plenty of opportunity.

SCHERER: I have some data here if you're really
interested.

May I have the last slide, please?

{Slide.}
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This is just a simple illustraion of the geo-

| chemical laboratory for differential sample analysis type of

¢

work.

GILRUTH: 1Is tﬁaﬁ somethiﬁq you 5ury under the
soil? |
| SCHERER: Yes, sir, for thermal control, and other
types of.protection.

I asked my peéple fo take the STAK luﬁar stu&yvagd
the results of the sawple analysis today and see what modi-
fications théy might make in some of the recdmﬁendations,
and very guickly we hit a number of<them here,

We do know that thegé is little if any perterba-

tion of solar wind, so the use of the moon as a base for

some of the nonelunar sciences is indicated,

We don't see any types of lunar materials that
one would want to return tovearth. Even the large concen=-
trations of titanium or rare earths are not significant
enough., |

The excavation andAmining appears’to be ==~ that it
could ﬁe done more easily than we thoﬁght prior to the mission.
Most of the goil is around the 60 micron area which is an
ideal sizg for processing, just the handling of it.

These people made the calculation that was reé
ported by Max, that 10 cubic vards of soil looks aé though

it should yield about a pound of hydrogen, and this is based
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_is mortared by melted volcanic sulfur.-

on the solar wind hydrogen which has pretty well saturated
the surface.

The STAK stﬁdy talked about the many uses for
sulfur if it were found in'ﬁyé matefial. For example, the

initial shelter would would possibly be a lava tube which

Fertilizers for hydropmhic gardens is another
thing they cama ﬁp with as a potential for using sulfur;
and a nuclear noderator, for example.

There is sulfur in the soil —

GILRUTH: Have they found sulfur @n thé s0il?

SCHERER: Yes, Sir,’é percent in the basalts and
the FES.

So trat may be a potential,

The final point is there is a ﬁetallurgy using
basalt, a metallurgy technology that has developed in
Czechoslovakia and Poland and several other places, énd it
looks as though the lunar soil fits the criteria that they
ﬁave. At temperatures 1ike'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 whep
we really get into lunar base building.

This concludes the miscellaneous types of thinés
I wanted to bring up to generate discussion.

NICKS: Can you make explosives?
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SCHERBR:  Yeu, sir.

;

Jack Green hos done a lott of lunar sulfur technology

and reporting and he c¢laims you can make sulfuric -- generate
sulfuric acid, :
CLARKE: One lunay use which the people at CBERN

are interested in -~ I've had some correspondence with the

new philosophy at CERM -- was this is obviously the ideal

place to put nuclear accéleraﬁors becrause a cyclotron wrapped
around the moon‘with a 2,000-mile diameter in a frees vacuum
is a place té put it, or & betatron, oi whatevéxa

PAINE: Alon¢ that line, the moon night be a good
place to do any kind of nucleafloperations if we decide to
do large =~ the things that don't escape fall to the surface,
You know where they are; they aren't in the atmogphere. And
it*s away from the earth. |

And if you look at the earth and the moon from:
Mars you think of the earth and the moon as a double planet,
and it is paxt of our neichborhood already, nog sgmewheré
else.. It is really somethiﬁg‘that you begin to think of
using in conjunctianwith'the earth as a resource, it seems'to
me; for whatever purposes that plage offers you nearby that
is different from the earth may be an advantage,

VO BRAUN: I was about to ask a question in con=-

nection with orbiting facilities, the particle accelerators,

Of course potentially one of the rmost interesting customers

|
!
i
i
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for outer space, because you have the free vacuum and you can

utilize dangerous things like superconductive magnets that

may explode in outer space, tieing these things tc the power

supply area. Is‘it more attzactive\to build; say, a super
tyo-mile éarticle accelerator in orbit, or better on the moon?

CLARKE: You will always neéd a lot of hardware |
and material for your magnets;and your power sources sSo I
think you will have to wait until you have manufacturing
facilities,

GILRUTH: It is still too early to say right off,
it's a trade~0ff\hetween the difficulty of getting there and
the ability to manufacturae fiom the materials already there.

VON BRAUW: For examplez, in orbit you could make
the point; with a very slight spin you could make that thing
perfectly round. You ean build it very flimsy =-

PICKERING: Ho.

CLARKE: You havela problemwith magnetic fields.

;EKERING: Yes, even with superconducting magnets.:

NEWELL: Your focu#inq problem is your big problem,
That doesn’t depend much on graviiy. |

PICKERING: It's cheaper to dc it on earth, After
all, the cost of a vacuum tube that long on earth is not --
is trivial compared to the cost of gétting all that weight

into orbit.

MATHEWS: Isn't it the situation here that you
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really aren't lookin§ for your particle accelerators; you're
Jooking to use tLhe hiqﬁ enargy particles in spﬁca. The
numbersg T've heurd is sowething like == in terms of, say,
getting an order of magnitude increasé in Bev as compared to
present accelerators which cost something like three billion
déllars to build it here on earth.

But in space you could capture particles of several-
orders of magnitude. |

GILRUTH: That's true.

MATHEWS: And you can do it in stay-times of the
order of magnitude even of saveral moaths. So I thought the
idea was more to use those particles if they're available,

PICKERING: The free supply of cosmic rays, though,
isn®t under vour control., You just take them as they arrive.

CLARKE: And very dilute,

VOl BRAUN: Bill, are you sure that this matter
nead not be analyzed any furthexr, to build and operate a
particle accelerator in spa¢e?

PICKERING: The present nuclear machines take more
steel than a cruiser.

VOl BRAUN: Because they don't use superconductive
magnets.

PICKERING: . If vou start going into those techﬁi-
ques ycu cut it down wguite a bit but you also have problems

of power supply, focusing problems; sccuracy of line must be
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B 1 maintained over the whole system. And if you look at the
2 ' whole problem of buil&ing it ﬁnd you ask yourself, what did
3 vou get by building it at zero G and the high vacuum that
4 plagues you here on earth, Llon't think it would come out
4 5 even very lauch of a saving. |
G In other words, the cosi of thé vacuum itself is
7 obviously trivial. The question of whether zero G would
8 allow you to make the thing moie accurately aligned, or some=-
9 ; thing of that sort, that's a little diffe:ent than the problem
10 of the telasé;pe where you havae the single pfoﬁlem of a

mirror and a relatively small mounting.

.4

b2 If you had this thing in orbit, for example, what

L

15 || would happen to the thermal shock as the moon went into the

shadow of the earth?

VON BRAUN: .I thiak to maintain anything of liguid

15
16 “helium temperatures in the earth’s atmosphere is a little
17 bit comparable to the gravitational well that Arthur Clarke
18 was referxing to a little earlier. We're always surrounded
9 by the warm stuff and here yoﬁ build a 4 degreé absolute
20 ! heat well=~
21 PICKERING: &Eut you now use sorme of space for
22 outer superinsulation.

) 23 VON BRAU&:. But in space, though, with our cryo-
24 E genics we have very little difficulty I think in this respect

25 of a benign environment.
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I*m not trying to ﬂ&ll thesn things. I'm juat
wondoring 1f there is really a foregone conclusion, or is .
it worth looking into?

CLARKE: I £hink the yioon is the best betlbacause

. you want. a stehle platform. The seasoning properties are

pretty important for these big accelerators. You've got your
low gravitv. You've got your‘low temperatﬁre. ‘You can run
it at night halfway down +o supercgnéuctors. And you are
going to have'eventually all the raw materials you need, all
the iron, Half the moon is made of iron. It's all there.
It is going to be another fifty yéa;s befo:e you can do it
but ﬁhat'é wﬁera iﬁ“s going to be. That's where the actionis
going to be,

And the.other thing is this, too: What a wonder-
ful place for mass spectroscopes and isotope separation. Just

fan out your beams miles away and hundreds of feet apart and
you‘rgﬁgn business.
) von BRAUN: ~ Isotope éeparation, ves.
PICKERING: I guess one should rémember that when
the mobn 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 Apolio landings. You've doubled the atmosphere.

GILRUTH: Well, I think it's obvious that a lunar

base, a permanent lunar base could be built. I think it is
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obvious that one will be built. The question is when.

I think it ;s more difficult than a space base
&\1;3 I thiank the 5113:1(*:?.: base ahould be built first, I thinkA
it is obvious that the lupaf colony &r the 1lunar base has
got more of -~ at 1ea5£ it is obvious to me that the lunar
base has some features that will be exéiting and appealing to
the huﬁan spirit because of the fact that it could ultimately
be a self-sustaining scciety there,

I can visualize, as others have before me, a city
or aﬁlarge célony under a dome with this gorgeous view of
the heavens, ah&'roof gardens and an atmosphere there, and a
delightful state of one-sixth %;avity'which would allow one
to bound around like no man has ever done before, at ieést
for a while until vyou 1oStAa11 your>muscle tone.

You could even visualize having vour own set of
wings, as your friend Wernher and yours, Arthur, propose.

He could really be the Icarus, you know, just put oﬁt your
arms“and f£fly, or like Sam Small, the f£flying Yorkshireman.

It also has, I thihk, an even more setious appeal
as a place that the huwman civilization ﬁight want to establish
as a hedge against the future or against a cataclysm on
earth where negotiations wmight get out of hand and you destroy
what ybu have. I think it has been very interesting to me

to study this and to talk with Lee Scherer and Max and others,

I had not appreciated I think that the moon had so much oxygen
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| I rmiqm; even beoa place to put 4 peraunont gtation
: some day. |
4 I think we've got to‘be;résponsible, though, and ;
' !
~ 5 look at it in terms of what else you might do with the kind %
‘
'y of eff&rt it would take, For example, we have never drilled ;é
7 a hole in esarth below about 28,000 feet. . I think there wouldé
a ‘ be tremendous scientific iuterest iﬁ drilling a hole in the %
o I  earth., As vou know, this was started at one time and due to |
50 | "a bad feeliﬁg between the head of the Appropriations Comamitc=- %
T tee and the conttactor that was doing it, it was killed, an& i
12 it was a matter of $25 miilion to do this job. §
13 ‘ Of course, it might have cost more than that before;
14 it was through, %
5 I think we have to look at things iike this, also, %
i
6 ‘in the progress of human knowledge. %
17 So parsonally, I don't know what kind of priori- %
18 ties the country should give this kind of thing, but it is i
’ |
19 one of the things that we should all consider very seriously. i
20 : I turn it back to you, Wernher. !
21 VOl BRAUN: Bob, we still have about 25 minutes !
22 now, I am schaduled to keep this discussion going, Maybe 1
/ 23 somebody else would like to»spaakp ;
24 Neil Armstrong volunteered to tell us something %
25 about his trip to Russig, so unless you would like to continue?
3
!




[

L

18

19

20

90
this discussicn on the lunar base, this may be an ideal spét
to give Heil hélf an hour. He has to leave towmorrow eveninge

(Whereupon, Mr. Armstrong made a report.)

VO BRAUN: Okay,* ‘Chank yah very much. Neil. Awe
will take a break at this time.

{Whereupon, at 3:50 p.m., the discussion was

concluded,) ' .




