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it is indeed a privilege to meet with this particular group
tonight to present my impresslons of the problenms involved in
the develorment of nuclsar reactors, first in the general sense,
=nd second, for the specific purpose of use in alrcrafi.

This proup is especially qualified to appreclate the nature
of the provlems involved, both from a technical and Prom a
nolicy point of view. Reactor projects have much 1in common
with sircraft development projects. Both are expensive and
risky. In both flelds, one must obey the precept "Be Lold, be
beld and ever more be bold, but be not too bold". Foliowine
that advice ta%es more then technical knowledge. IT requires

wisdom,

This rervort tonight 1s timely, too, for since. I have ULeen
with the Cummission just long enough to learn the ropes, 1
shouid be eble to eive you the impressions of an outsider who
hes had the privilege of eetting a zocd, hard inside 199k at
the Crommission's Reactor Program.

7 course, this assumes that I will be skillful snoush to
endle ths security questions involved. Fortunately, I do nat
hink this will be too difficult. What our competlitor vants
cc know is, "What solutions or promising approaches have we

cund to specific technical problems?” What you rentlemen are
table most interested in is: "Is the objectlve we have sst
surszlves worth attainine and are we goingm about it the

¥ These are questions peculiar to our ovn sltuztion
ur own frame of reference. The ansvers we get are certeinly
those which are avpplicable to our competitor., In this area,
refcre, we can afford to be frenk without elving aid end -
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Let us see If we can get squarely in mind just what are we
trying to do 1n the overall atomic eneregy effort? Tot with
respect to specific technical projects, but what are the things
we have to do in a broad sense? These are, I would say:

First: To maintain undisputed leadership in technicel
knowledpe and facilitlies for the United States
in a1l areas of the atomlic enerpy field, either
for war or peace.

Second: Tc establish a trained corps of personnel
famlillar with all areas of atomic research and
in particular with nuclear rediztion and its
hazards. This corps is our standing army of
the modern age, and would have to be maintained
to serve in time of war, even if not orcanized
to contribute in time of peace.

Third: We want organized task forces sufficiently
competent to explore, and sufficiently alert
to explolt any technical advance, which has
promise for either peace or wer.

Fourth: We want the wisdom to see that the effort
expended in the above activities 1s somehow
kept proportional to the probeble returns.

As part of the ebove, some kind of a reactor propram is
an essential part of the overall effort. Reactors are the
machines for elving us the controlled release of nuclear
energy, and a&s such, certainly have promise both for peace
and for war. Though the spectacular aspects of nuclesar energy
has been oversold in the popular press, the studbborn fact
remains thet one pound of Uranium can be persuaded to release
an amount of energy equilvalent to 2,000,000 pounds of cosl.
When 2ll s said and done, atomic energy is certainly not the
maglc perpetual motion machine which has been publicized, but
1t has the inherent possibilities of providing en incredibly
compact storamse battery.

Let's look &t thils analogy a little closer. Our ordinary
automobile battery delivers & volts and has a capacity of
abtout 100 ampere hours, or a total power storage therefore of
very roughly, one horsepower hour. A wsiecht of Uraniuvm equel
to that of an automobile battery would be capable of delivering
about 300,000,000 horsepower hours. Edison was a grest inventor,
but the famous Fdiscn cell, vroduced after years of effort
brought forth an improvement of only 30 percent over the con-
ventional lead cell compared to & conceivable 200,000,000 percent
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‘ranium energy scurce. I will return to the many

s later, but this analogy shows the challenge of
s the conceiveble rewards, the "pie in the sky."
s that the possibility of nuclear reactors for

ductlon must at least ve explored. The '4Qers had
ncentive.
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what else cen reactors be used for? In addition to
sactors preduce neutrons. These in turn can be used
€ radioactive isotopes, or to produce more, or other,
le materizl, BSc long as concentrated energy sources
able, fisslonable material will be an "econcmic good."
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e of fissionable material would certainly be more
n the gold at Fert Knox. In war, it could be used
and might be used for propulsive power. In peace,
ce avallable for clvilian power insofar as the supply,
eccnonics- of the situetion would permit. It would
' that a stockpile of f{issionable material
Accepting this, then considerable effort
&r to be Justified on & special type of reactor
called 2 "bresder,” which shows promise of helping to maintain,
: n sugmenting, cur supply of fissionable wmaterial.
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+7 describe a breeder we must disress for just a moment to
2 tecnnical detall. As most of you know, the element Uranium,
28 1t occurs in nature, is composed of two kinds, one variety
slightly heavier than the other. The fissionable varieily from
which we can get ensrgy has a mass of 235 units. The other,
unfissicnatle, has a mass of 238 units. The U-238 form is 139
times as prevalent as the U-235 form. The trick in a "breeder"
type of reactor is this: With a prover choice and arrangement
of materials, the neutrons which are produced in the initial
ngtural U-235 fission processes can be captured--after they
neve rsisased their snergy--by the atoms of unfissionable U-228
and as a by-product used to convert the U-238 into a fissionable
form of material. Thus it is conceivable, not only that energy
cen be extracted from U-235, but that as a by-product we acquire
a Dpotential stockplle of fissionable material 139 times as great
&8 we ned when we started! With such a stockplle we might have
& chance for diversions to power for civilian uses. Again we
have 2 challenping gosl and unless we have lost our zest for
adventure, it is a 202l from which we will be deterred only

0y & convincing demonstration of its scientific impossibility.

If reactors are so desireable, why don't we oo ahead and
build some? Now we come to the difficulties! Here are s
few of them:
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1) That for any reasonable thermodynamic efficiency
in utilizing the creat enevgies available, it is necessary
to operate at temperatures well above the conventional
engineering range.

2) The compactness of reactors which is en important
inherent advantage vroves troublesome in resard to the
heat transfer problems which involve heat transfer rates
fer trenscending previcus experience.

3) The materials chosen for the reactor must with-
stand not only high temperatures but also high nuclear
radiation densitles, with unpredictable changes in'the
physical properties of the materials concerned. The
seriousness of this problem can perhaps be visuallzed by
this kind of & comparison, How would you like, for
example, to desipgn airplanes or eneines if, in use, the
propertles of the aluminum and steel would gradually
chenpge to those of cast iren or lead?

%} If we finally find & structural meterial for
reactors which appears sultable so far as physical
properties are concerned, we must now add still another
requirement. The nuclear properties must be such that
the structural material will not capture neutrons and
thus deplete the supply and reduce the power. This
requirement drives us to consider strange new elemsiits,
and raises a whole array of procurement problems.

5) Even after we have our reactor workine we find
thet the fission productz produced as an esszential part
of the rezctlon "poison" the reaction itself. The
ashes smother the fire. DNow you gentlemen are well
aware of the ensrmous maintenance problems for alrcraft
engines. Every 800 hours they must be disassembled,
inspected, have defective parts replaced, and then
. reassembled and tested. The work ls stageering. However,

how would you like it, if instead of merely disassembling,
the entire engine would have to be dissolved in nitric
acid, and the rebuilding of the engine started with
gettine = solution of certiried chemically pure iron?
This is the fuel reprocessing problem!

6) Finally, assuming we have solved the structural
problems listed above, we have a whole new catesory of
provlems in connection with the werking fluid or heat
transfer medium used to convert the heat into power.
The nature of these problems can be sugeested by the
fact that from rough comparisons of the volumes of
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reactors and the present highly perfected aircraft
engines, the rates of heat transfer must be more than
an order of magnitude greater for nuclear reactors
then for conventional engines. Orthodox advances
wlll not be sufficlent. The problems involve the use
of liguld metals with 811 the assoclated corrosion,
erosion, purification and pumping troubles which we
can readily imagine as being associated with those

elements which sppear to have suitably low melting
points.

When one considers the host of difficulties and troubles
which lle in the road ahead in the development of atomlc power
the problem does look formidable. I am reminded of a statement
w8de & little over a hundred years ago by the great chemist,
Wohler, }n regard to the status of organic chemistry at thet
time. Wohler wrote to Berzellus as follows:

"Organic chemistry just now is enough to drive ore
mad. It gives me the impression of & primeval
troplcal forest, full of the most remarkable thines,
a monstrous and boundless thicket, with no way of
escape, into which one may well dread to enter.”

That's an excellent description of the atomic enerey field
right now, in 1949! In the meantime, however, what hes happened
to organic chemistry? Well, newspaper headlines give the
answer. biiracle drugs are practically tailor-made thess days.
DDT and 2-4-D are taken for pranted by the farmer. Synthetic
rubber threatens to displace the natural product. A hundred
years from now what will be the status of atomic energy? Who
now has the wlsdom to predict either failure or success?

We can all hope for the era of free power and effortless
living usually associated with the Atomic Age. This implies the
successful development of larege, land based, electric power
preducing reactors. Ve have also heard discussed the military
advantages which might be gained by nuclear propulsion of ships
and alrcraft. T will discuss these in more detail later bhut
the point I want to make ncow is that whereas the technical
problems would be least in the land Ttased power reactor, and
progressively more difficult in the ship and aircraft reactors,
the present urgencies or priorities are just the other way
around. Perhaps fortunately, however, the same ground must be
covered in the initial stages whether the ultimate purpose is
for civilian or military use. We might take as an analogy, a
transcontinental journey, starting from Washington in the
frontier days. Whether the ultimate egoal was Oregon or Calif-
ornia, the route was the same through Cumberland Gap and on
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to St. Louis. To complete our comparison we might put civilian
powver In California and military power in Oregon. These are the
things we dream about. At the moment we are really only
approaching Hagerstown, and our worries and our plans are all
concerned with surviving the hazards of the journey to St. Louis.

I don't need to stress before this group the importance of
the incentive given to technical developments by military needs.
This group is well aware, I might even say, painfully aware, of
the vicissitudes of the development of the alrplane to the
highly perfected state in which we have it today. Similarly
1n the atomic power field it appears that military needs will
have to provide the incentive to carry through difficulties,
for progress even though ultimate dividends may be expected
in the civilian economy,.

Golng further back into history, we can cite the difficulties
of converting ships from wood to steel. Again, the incentlve was
miiitary, but note this quotation: |

"Barly experiences with iron 2s the material for hull
congtruction were far from reassuring. In Enegland
where several lron warships had been conpleted by
1846, firine trials conducted in 1845 and in 1850
indicated that 32-pounder and 68-pounder shot striking
iron plating were likely to break up and forwm more
splinters from the shot themselves and the irsn of
the tarpet than were caused by the impact o the
same shot upon wooden targets. Accordlngly, the
British Navy pronounced iron to be an unfit
material for hull construction.”

Only if both the opportunities and the difficulties in the
field of atomlc energy are fully appreclated can the history of
the atomic developments over the last several years be under-
stcod. This is a field in which the experts disagree. The
more distingulshed they are the more violently do they disaeree.
/Bt this point, I want to disquelify myself as an expert.
Sclentists live end work in laboratories, not in merbple
buildings in Washington! I am an ex-scientist now. My job
is to be a good listener and an accurate interpreter./ When
exXperts disagree, a middle of the road course of zction is
indicated and this indeed 1is vhat we have in the Commission's
Reactor Development Proesram.

As has been announced, and as presented in Budget hearinpgs
before Congress, so there are no security questions involved,
the Commisslon program consists of two main parts. The first
i1s a strone applied research program seeking to estabvlish the
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basic facts, the hendbook data if you like, which will ultimately
be needed in solving the reactor design problems. For the reactor

program the center of this type of authority 1s at the great
Argonne Laboratory at Chicago.

Due to the foresight of the Manhattan District and 1its
advisors, and to the continuinpg generous support by the Com-
mission and Congress, the nation has an exceptionally well
supported predominantly non-military applied research program
in the atomlc energy field. In the large national laboratories
wve have thousands of people working on and becoming acqualnted
with atomic energy problems. In our atomic energy production
plants we have thousands more. These people are our standing
army, mentioned above ag requirement Number 2, and our prepara-
tion for any eventuslity of the so-called Atomic Are.

But it will take more than the accumulation of a library
full of knowledge to get power-producing reactors. We have
40,000,000 automobiles on the roads of the United States but
we stlll do not "understand” the mechanism of combustion. It
13 for this reason that the second part of the Commission's
program is the engineering development and construction of a
series of definitely experimental prototype reactors. These

represent assignments to specific task forces as mentioned in
requirement Number 3.

Of course, the nation has had reactors of various kinds,
from almost the bepinning of its atomlc energy program. The
famous chain reacting pile at Chicago was the first of such
reactors. A& series of reactors was bullt during the war
culminating in the huge single purpose production reactors
at Hanford. Other reactors have since been built but these
are by and large, research type of reactors, small in size,
and none of them capable of producing useful power in appreclable
amounts., The next vhase 1n the hilstoric development of reacfors
calls for designing and constructing of reactors which are
larger, more complicated, and more difficult to build than any
ve have produced thus far. As In any new technical development,
there are many uncertainties and many risks involved. It is
here that the experts dlsagree on details of deslgns of reactors
whlch will do the jobs that need to he done. lLarpely, for this
reason, in the four years since the end of the war, no really
new or greatly improved versions of preactors have been bullt

in this country. The reactor of most advanced design and
verformance is 1n Canada.

The proposed reactor development proeram of the Commission
crystailized out of the four years of discussion and arzument

as well as from new knovwledge gained from the applied research
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program since the end of the war. Reactors can conceivably be
used for a wide variety of purposes. Special reactors of many
types have been proposed by responsible people for purposes
varying from small compact units for propelling puided missiles
to huge stationary power plants for providing cheap electric
power for supplying our ereat cities ang distilling ocean water
for irrigating our deserts. To the people most fully informed,
1t is clear that the difficulties of building any reactor are
SO great that only a very few projects can be adequately
supported with money and particularly with competent technical
manpover at the present time. It is for this reason that it is
essential from the multitude of possible reactors, only a few
carefully selected projects should be chosen and very stroneg
technical support should be focused on these few.

3

Getting back to the fundamentals, a reactor can be made to
produce two things: First, a large number of neutrons, and
second, a large amount of heat or power. At Hanford, in the
production reactors, the neutron supply is utilized for the
conversion of the non-fissionable uranium-238 into fissionable
plutonium for use in atom bombs. In the existing Oak Ridge
reactor, again the neutrons are used for the production of
lsotopes for peacetime research purposes. In both cases, the
heat generated is wasted--it is lost in water coolant at
Hanford, in air coolant at Osk Ridge. At the present time,

there are no reactors in existence so designed that the heat
produced can be made to serve useful purposes.

An obvious forwvard step would be the design of a reactor
in which the neutrons produce fissionable materials as in the
existing production reactors, but in addition, the heat generated
1s put to work. Unfortunately, scientists and engineers at
present do not have enough basic knowledge to design such
obviously desirable reactors. Their first step would appear to
be to produce a reactor specifically for the single purpose of
generating large amounts of heat at temperature which will
permit conversion to power. So extensive is our lgnorance,
however, that even such a simplified design is forcing us into
ploneering activities beyond the present boundaries of human
knowledge. Before any reactor can be built with a performance
appreciably better than those we now have, a large amount of
applied research in very specialized fields is necessary. This

1s the activity with which our laboratories have been preoccupied
for the last four years.

We are now at the stage where if we intend to progress
further, it will be necessary to find the courage to build a
few reactors, to test what we think we know. The reactors in
the Commission's program are essentially experimental prototypes,
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Hone of them can be described as an "end-item" which will drive
an alrplane or a ship, or powsr and light a city. Further
generations of reactors will be required before such desirable
goals can be attained. It is this fact which sets a time scale
of ten to twenty years before useful and economical ¢ivilian
applications of gtomic power can be expected. However, if the
ultlmate goal is ever to be attained, the first steps must socner
or later be taken, and 1t is these first steps with which we

are concerned in the present reactor program.

As described by Dr. Robert F. Bacher, former Commlssioner,
and a moving force in reactor development work, the current
program consists of four resctors:

a. The first of these has been deslgnated as a
msterials testing reactor. We call it "MTR." While
it 1s itself an experimental reactor, as its name implles,
i1t is intended also to give information on the behavior
of materials in reactors so that larger and more powerful
special purvose reactors may ultimately be built. This
resctor is of particular Interest to the Air Force since
it represents the boldest step into the unknown which we
now dare to take, moving in the direction of compact,
high radiation density reactors which must uitimately
be developed 1f the Alr Force needs are to be satisfled.

b. The second reactor is a land based prototyne
of & reactor for use in propelling naval vessels. It
would e a simple, single purpose reactor desipgned
speclfically and solely for the purpose of produclne
large amounts of heat, under conditions which will
permit conversion to propulsive power.

¢, The third reactor is a sinele purpose

experimental reactor designed specifically to give us
informaticn about the breedine process. This reactor
at the present time is the most likely to demonstrate
the actual breeding of new flssionable materizl. It
1s, however, nsither & high power reactor nor designed
for the purpose of demonstrating appreciable amounts
of useful tower thoueh en incidental amount of power
mey be produced by a by-product.

d. The fourth reactor is the more ambltlous project--
the Xnolls Atomic Power Laboratory Reactor. This reactor
is intended to produce a really significant smount of
elszctric power, At the same time, it is hoped that this
reactor will bte eble to demonatrate at least partial
success in bresdlne. This reactor is, therefore, a very
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complex device since its design represents a compromise
between the demends for power production and for breedine.
If successful, however, thils reactor would represent a
ma jor step forward in the direction of the praoduction of
useful power without depleting, and perhaps even increasine
our national supply of fissiocnable meterial for any purncse.

Whether by accident or by design, this program is e
reasonable middle of the road program. It represents a balance
between reactors contributing to the solution of military and
civilian problems, & balance between reactors which use up
fissionable materiasl and reactors which promise to replenish
Oor Increase our natlonal supply of fissionable materisl, a
balance between a bold attempt to solve ilmmediate problems
by the englneering approach as in the Navy reactor and the
intermediate breeder, and the more longz-term research apprcach
of paining more information about the behavior of materials
under novel, but controllable conditions as in the materials
testing reactor, and the experimental fast neutron breeder.

I would like now 10 comment on the fourth requirement
which I mentioned above and which was concerned with eetting
value received for money invested. How does one rut a money
value on any new developments particularly on one of a military
nature? What, for example, would have been the value »f th
"Merrimac" to the South had not the "Monitor" come alonz" What
wag the value of the "Monitor" to the North in 1862 do’lars?

If we want to te modern, what was the value of the "Spitfirs”
In the Battle of Britain, or what is the current value of an
atomic bomb?

We have heard much discussion recently of the cost of
producing atom bombs but what are they really worth to us--in
dollars? It would bz helpful to have at least 2 rough estimate
of the present value of an A-bomb, either in dollers or in
equivelent divisions or battleships or air-groups. While this
may sound difficult, order of magnitude engineerine estimates
to keep our thinkineg straight, are nct too hard to meke.

We know, for example, that at the end of the war, sur
dally war expenses were approaching $300 million per day. If
the A-bombs shortened the war by even 10 days, the entire
$2,500,000,000, cost of the Manhattan effort can be written
off, and recorded, as a spectacular success, and a value, es
contrasted to cost, of at least $1,500,000,000 each to s2t on
the Hiroshima and Napasaki bhombs,

Since warfare ssems to be mainly 2 competitive destruction,
we can get another estimate in an entirely cifferent way. -
Taking the radius of destruction for & btombesfron metemomiles,the
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area destroyed would be approximately six square miles. In an
average city the ovroperty value runs perhaps 350,000,000 per

square mile, The destruction per bomb, therefore, represents
about $300,000,000 and gives a figure of the "advantase" to s,

and therefore of the value to us, in this insane competition
in destructiveness.

We can approach the problem in another vay to et another
lndependent estimate. I have heard that 2 man by the name of
Churchill, who seems to have = revutation in these matters, has
stated that, but for the A~boub, World War III would have been
undervay. Now for thosze who know how meny bombs we have, it
should not be too difficult to pro-rate the annuval estimated
cost of this war among the bomos on hand.

Finally, let us apvroach the problem in still another way,
using an infantile form of operations research. We have been
told that one A-bomb is equivalent in effect to 20,000 tons of
THT. 3Since big, single bursts "over-kill" at the center, let
us cut this by some suitadle factor, say 10, for example. Novw
one of our large bombers can carry a pay load of about ten tons,
therefore, to carry 2,000 tons would require 200 planes. This
is unessallably eccurate arithmetic! Large bombers cost half-a-
million dollzrs to bulld, but with logeilstic support, more like
$2,000,000 in combat. One A-bomb makes one bomber the equivalent
of two hundred. Ersgo, one bomb is "worth" $400,000,000.

There is anothsr conclusion which can be drawn from this
guicll operations research cealculstion. e should think twice
r me7te even three times tefore vermitting too casual diversions
of m2terial from the stockpile, even for other conceivable
militarr uses., It follows algo that civilian povwer will remain
pile in the sky" unless by 2 "bresk"

in the breeder program
Cr some other solution to the rew material problem, a more
ampls sudoply of fissionatle material can be provided. Finally,
i1t follows that this is indeed a game 1ln wvhich if we are to
pley at ell, ve play with "blue chips."

In the reactor field what would the nuclear-powered air
ec.ivalent of the "Merrimac" be worth in a future contest azainst
& fiset of chemically-fueled airplanes? What would & nucleap-
powersd naval vessel be worth in a future engagement i it were--
as the "Herrimac" and "Monitor" were--one whole generation ahead
cf the conventional fleets of the day? Wnat would he the value
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;Gtioﬂ 1f, as has been suggested, atomic energy could

B P gvaporate sea water to meke the deserts bloom? These
sed | .11y fundamental gquestions, and I am glad that it is

: thss. responsibllity and not mine to make decisions on them.
Ignfgashowever, my responsibllity to see that we get value
received Out Of each dollar which is approprieted for the
regctor program, and this will require more than anything else

that effort be kept commensurete with both priority end promise,

I would like, therefore, in view of its special interest
to this group, to return to the aircraft propulsion reactor to
consider it more in detail. Tc¢ this group, fully aware of the
gserious limitations of chemical fuels, I feel sure that the
desirability of an ideal nuclear power plant for aircraft is
obvlous. I cen, however, quote & Congressional report on the
subject. In the Brewster report we find the following statement:

"In the event of war or in any international
situation likely to lead to war, nuclear energy
for the propulsion of aircraft would be comparable
in significance to the atomic bomb itself. Pres-
ently known limltations inherent in 211 chemical
fuels make difficult the delivery by air of atomic
bombs against a distant enemy. Therefore, if the
Unlted States had nuclear energy propulsion in
addition to atomic bombs, it would be the dominant
factor in maintaining worlid peace. Until theus
ends are attalned, the United States must depend
on military weapons and techniques currently
availeble."”

With the desirabllity of en ideal solution to this problem
there 1s general agreement. There is agreement too in regard to
the contention that developing any kind of an aircraft reactor
will. be extremely difficult. 7The NEPA Project, carried out by
the Fairchild Company, under an Air Force Contract, has been
engaged in a vigorous attack on this problem since 1945. The
North American Aviation Company and the Rand Project have also
wmade important contributions. These studies all assm to
indicate that, grantine the difficulties of the vreactor problem
itself, the power conversion problem represents a challenge of
almost equel magnitude.

As seems 1o be characteristic of this field of activity,
anything wvhich 1s obviously desirable and important seems to be
almost incredibly difficult. To help resolve the impasse, the
Commlssion last year made & contract with the Messachusetts
Institute of Technology to make a study of the problem and to
come ud with recommendations. The result of this study was the
Lexinzgton Report, the details of which are at present quite
proverly highly classified.
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The immediate course of action indicated in the
Lezington Report is essentially that the alrcraft propulsion
oroject should be continusd in an intensive study phass,
LGth thecretical and experimental, for the next two or three

gzrs, by which time it might be h0ped that dates might become
aVDll ble to permit a reevaluation and a more decisive con-
clusion. It i1s recognized that this study phase should bve
made national in scope to include the NACA and AEC as well
as the National Militery Establishment.

These are eminently sound guideposts and they are
being followe An 44 Hoc Committee, consisting of representa-
tives of the Alr Force, Bureau of Aeronautics, NACA, and AEC,
has been meeting since last January tc coordinate the work of
uﬂe various government agencies involved and to insure an
industry wilde approach to the technical problems. In such a

oint attack on a problem clearly there willl be some duplice-
tLO“ which rust be eliminated end some shifts of emphasis
vhich somehow must be consummated. Committee procedures

grind siowly but this work is well under way. Many of the
C"mp&nles represented here tonight have recently centributed
technical talent to the National effort now being organized.

In the meantime, in accordance with the Lexington
“rolect recommendatlons the NME has been azked to evsluate
tne military vorth of the proposed weapyon if and whea 1t is
wroduced. This 1s a really tough assignment. It is indeed
V-ﬁurove“ 1al, but not in the sense ¢f an inter-service feud.

This 1s dallnﬂtely nct en Air Force vs. Navy issue. Both

the Alr Force and the Bureau of Aeronautics want nuclsar-
novered nlrclanes if at &ll possible, and so long as the

Atomlc Erergy Act is in existencs neitqer can hone to build

& wrivates emplre in this field even if it so desired. The
is3ue, and the controversy is really a fundamental cne.

it rests on the nyplca;, nerplexing, circular, hen and the

egs, nature of all the decisions involving new veapons which the
miiitary are continuously asked to make. qo valuable nmuiclear-
pewered airceraft might be devends heavily upon vhen it will be
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avallable, what the maintenance problems are, what the cost will
be in diversion of fissionable material, not only for the air-
eraft reactors installed, but also for the inventory required

by the complex reprocessine procedures required for nuclear
fuels. Unfortunately, the answers to these questlions depend

Oh the priorlity which 1s attached to the development program.
How soon nuclear-powared aircraft can be avallable depends on
how much effort we put into the program. Similarly, how scon we
can give information as to probable performance and costs will
depend on how rapidly the work progresses. The dilemma 1s very
real and very serious. It was to sid in solving just such
problems thet the Weapons Systems Evaluation Group, under Genersl
Hull, was set up in the Natlonal Military Establishment.

The best summary of the situation which I can give 1s that
the pessimists, who in general are those best informed, have
thought through the immediate reactor and power-transfer problems
and are staggered by the maintensnce and operations problems
vhich would be involved if the actual alrcraft propulsion devices
for combat use were to be based on our present knowledpe =and
bPractices. The optimists on tre other hand elther are not yet
avare or the very real immediate difficulties, or they are
betting heavily on new ideas and new developments arising during
the course of the work which aveid some Of the currently fere-
seeable troubles. In this connection, T seem tc recall, however,
that not many years ago a1l the technical facts, and all the
arguments of the experts, indicated an unper limit of 1{0,000
pounds as an absolute ceiling for the size of heavier-than~air-
craft. This is an area in which it will no doubt be wize for us
to be open-minded but skeptical. The btest we can hope for in
& program such as this 1s one in which the best available advice
1s soupght and used.

In my introduction I raised the question as to whether our
objective was worth while and whether we had a sound approach.
Let me now try to summarize the situation as it looks at the
Present time. -

We want to maintaln technical leadership in the atomic
energy rield. This 13 our cbjective and our assienment by Act
of Congress. As part of this effort we want a vigorous reactor
program. This program must earn its keep for either peace or

war purposes. The initial part of this orogram is the same
whether the ultimate use of the reactors developed is civilian

Oor military. We have 3z generously supported applied research
program 1n the laree national laboratories, to give us . basic
lnformation for new developments and for providine a trained
cadre of specialists in the atomic energy field. We have
éngineering task forces attacking some of the most promising
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Possibilities available to us at the present time. Most urgent
are the two premium fuel uges of interest to the military, namely,
power for ships and power for alrcreft. The first of these while
difficult, can conceivably be attained by direct frontal sttack,
The second is being attacked indirectly with the Materials
Testing Reactor, representing an important, exploratory advance
as well as pvroviding an almost essential research tool. The

MTR will be to reactor development what wind tunnels are to
aircraft developments.

Another strong task force is engapged in a difficult but
promising assignment on a reactor which can elther be consldered
s giving power with fissionable meterisl as a by-product or
fissionable materisl with power ag a by-product. In either
case success would repregent a major step in sdvance toward
economical power for either mllitary or civilisn use.

The fourth tesk force is engaged in & frontal attack on
the problems presented by the chronically short supply of
fissionable material. Ideal success would increase by a factor
of 139 the potential stockpile of fissionable material and
might bring atomic energy for civilian use within sight. Even
very partial success might go far toward helping us increase
the efficiency of present production processes.

Success in all of these task force efforts is probebly
t00 much to hope for, but the possible return in each 2ppears
high enoush so that success in one will pay for the rect. The
risks are great but the stakes seem greater.

Details of the program are controversisl and on these it
is undoubtedly discreet for me to malntain a studied silence.
I might be permitted, however, to end with a quotation from
ore of the wisest of scientists, Benjamin Franklin, which
dates from the year 1780:

"The rapid progress true science now makes,
occasions my regretting sometimes that I wes
born so soon. It 1s impossible to imacine
the height to which may be carried, in a
thousand years, the power of man over matter..
Oh that moral science were in as fair a way
of improvement."
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