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FOREWORD

This report has been put together from a set of rough draft notes
written by the author during his year at the Clinton Training School while
on leave of;abaence from Dow Chemi&al Compan&o Some genersl ccnsiderations
are gifvn, and sevenal‘éile& adapted to specifio purposes are indicated in

L B the outline.
: Wo are indebted to Miss Sue Elam for preparing the material for

publication.

Gale Young
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HOTES 'AND SUGGESTIONS OF PILE APPLICATIONS

By
John J. Grabe

I. SOME GENERAL CONSIDERATIONS

Tc got é broader viaw of the varicus poseibilities %n connestion with
nucleer energy applications by different combinati§ns of materials and wathads,
@ s&ries of charts was started®. Th@y.show9 firat, the likely forms of fusl
that might be uae&; sécond, the materials and forms of the various moderators
to be considered; third, tﬁe Theat trensfer fluids that appear to be pertinent
and fourth, the fluids used to ocarry tha energy to produce ussful chemical or
mochenical work. A good many of thsse have naturally been considered at gr@at
length in the past. HNsvertheless, &a expandsd list of possibilities cannot
holp but keep the many elternatives in front of us so thet one is free %o con-
gldor altérnate methods every time difficulties arise im comnsction with the
deaign for any one mothod. v

Out of these possible corbinations (they run up to millicns) a rela-
tivoly small number have besn selected and ;sparataly considorad as likely ones
for specific applicétions. These oharts are by no means éxhaustivw, nor do

they take into account much now date that should be available. They ere mersly

' prosented ag a way of looking at these projects and the possibilitien of aif-

ferent combinations. Much more work is required to expand these into a prﬁcti~
cal guide for the snalysisz of problems dealing with the application of nuclear

energy.

* Thege charts are reproduced at the end of MonPao35 which report zhould be
-read in conjunction with the present one.
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No sezarch has been made of the project litératurq to meks it ccmplste
and locate references. The important fislds that are not covered at all ard
possibilities along the line,of ‘muclear reactions that may be used &s & souroce
of energy other than thése based on uranium and plgtoﬁium fission.

The most important general factors sesm to be the d@sirability of using
a homogenéous pile, using almostv&ny'fluid other than water. There are ﬁlenty
of elements from which one should be able to choose desirﬁble pils fluids with-
out using a compound that is readily dissociated and hard to recombine. Fluoro
compﬁunds should be permissible since fluoripe does not raquirexgny'activation>
energy for reccmbining. |

It is also good to look for poasibilitiea of combining ali fcur; or at
least three, functioné‘in & single materialo A ﬁumber of possibilities have
bgen indicatved.

e The third peint is ths necessity of overcoming the prsjudice against

‘wvaporization withia the éil@ proper. It is true that it is not necessary for -

the fluid of a homogeneous pile to vaporige within the pileg;'In fact, 1£ is
weil ¥nown thet, in general, more heat energy cen be remerd with.a'given amount’
of powsr for Qirculation by using specific heet than by heat of wvaporization.-
Nevertheless, vaporization within a homogeneous pile, when the heat generation
has increased beyond the transfer capacity ;f the circulating systsm, should. be
locked on with favor since it automatically reduces the content cf fissioneble
material within the volume traversed by neutron f1u3'and so reduces the pile
activity. While this may cause a form of sufging or bumping commoniy observod
in laboratory distillation flasks, it must be recognized that no commercial
equipment is so crudely designed as to aliow uncontrolled circuletion end bump-

ing.




The list of ocooling methods and agents has bssn expanded to iAcluds somw

mothods that would normally be considered impractical but which may, neverthe-

less, have very good specific applications. They are listed as follows:

1.

3.

4.

6.

Particle Emission. This includes neutrons, Alpha particles,

Beta rays, and fission products. Insﬁad of restraining the
emission of such particles, thsre are conditions under which
one should look for the maximum emission over the longest
distances posgsible in order to distribute the energy over a
mass larger than that containing the active fuel.

Rediation. While Gamma and X-ray radiation is generally ex-
pected, much more might be done by the use of th;rml radia-
tion. This requires higher temperatures of operation j.n the
pile itself, dut it is not inconceivable in view of 'the high
boiling point of uranium carbides and graphite. I did not
have tims to give an illustration of a pile cooled primarily
by thermal radiation as applied to an industrial operation
that might be commercially practical, but every effort should

be made to find and analyze such an application.

Conduction. This is very genmerally understood and used, ard

should not require special disocussion,.

Mechanical Work by Expansion of Gases or Vibration of Liquids

or Solids. This method applies particularly to hqmogeneous
gaseous piles and possible liquid and solid plles generating
high sonic frequencies.

Convection. This, also, is‘wsll understood and should not—

require special discussicn.



6.

7.

°.

Changes of Staté. Nany efforts have been directed in the

line of finding materials that will remove heat, especially
in the form of heat of fusion. A slu’rry of solid in a 1ig~
uid having good lubricating properties permits the alternate
freezing and molting of the solid, thus inmcreasing the heat
transfer ocapacity. The ol;ange of state from liguid to vapor,
as mentioned above, is not likely to be part of a commsrocial
operation, slthough the pile as listed under No. VIII for
producing radiocactive rain and poisons depends primarily on
the boiling of water for its affect’ivonasa" and sélf raguLa-;
tion. | ’

Heat of Dissociation and Cracking. This should be a particu-

larly profitable yay of removing heét from & pile. Hydrogen

can be dissociated to atomic hydrogen, matural gases and

other hydro-carbons into cg*tt

radicals and oils, and ot_hei'
liguids into lower boiling cracked products.

Hoat of Transformation or Rearrangement of Atoms and Mole-

cules in the Solid State. This method may well be used for

short time pulses of atomic energy. By means of these, a

oonsiderable amount of proésure can be generated. In gereral,

the cycle is not sufficiently reversible.

Heat of Reactiom. This may also be used for removing energy,
particularly in the form of heat of solution and dilution in

e liquid state and as heat of rearrangement or combination in

the gaseous state. In some instances, it 1s hard to differ-

entiate from heat of dissociation and cracking, while in other

7a



cages it is quite potent in femoving large quantities of
heat due to endothermic reactions taking place at high tem-
peratures, such as the. formation of HCN and CoH2.

10. BElectromagnetic Energy Transfer. This should not be excluded

as a means of cooling tha'pils. Any ‘liquid conductor passed
through a magnetic field can serve to remove energy by caus-
'ing induced currents in a‘coil outside.

11. Electrostatic Energy Absorption. As a by-product of rarticle

emission, particularly Beta rays, variations in the charge on
'1iqu158 and gases can be used to induce electrostatic enérgy
transfer. This, of course, has very littlg, if any capacity
-or efficiency at l&w frequencies. Howsver, at highef fre-
quencies, the sky is the 1limit, and it wcuid'be foolish to
overlook the possibility of high frequency generation directly
from radioactive mgterials or fission reactions. An alter-

pating magnetic field can direct Beta rays to alternate tar-

gets, thus transmitting the energy.

12, Producing Thermo-electric Currents Dirsctly Between a Hot

Junction and a Cold Junction. This possibility has often

beqn inveatigated and, of ocourse, demonstrated on some practi-
cal appliéationsn \In the case of pile cooling where heavy
metels have to be used anyway for the sake of retaining walls,
shielding, and breeding, there is no good reason for not in-
corporating the direot conversion to electriocal currents by
this method. This low voltage D. C. power can beéalteratéd

" by & sodium jet conductor for transforming to high voltage

B,
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A. C. Many detalls of sonstruction have been worked out or
suggested in the past, which éhould epply hére. The conbi-
Ination of this method with the electromagnetic and slectro-
static methods of energy absorption may well produce unique
results that will have great valus, both in the extremely

" high frequency signsl range and in the 60 cycle powsr range.

An effort should be made, in a&ll cases, %o reduce the number of steps
and transfers to a vory minimum., Only by doing sc can the overall equipment
become compact and light so that it can call for the minimum of shielding.

In goneral, thers is too mmch coﬁesm about the reliability and life of the
turbo generators and the like. Thers is no reasson why boilera;, turbines, gen-~
erators, end oondensers cannot be made a part of the sh’ioldirig with fh@ idea
that they can be replaced every two or threeo ysars, if necegsary. This is
particularly true on beard ship. It would be easy to replace whole units,
dumping the old omes in the depths of the See., while careful msintenance sched-
ules of obsolete equipment would emesh the operation in endless details and
manpower requiremesnts.’

The f‘ollowing 11lustrations of specific pile designs for definite pur-
poses are not intended to be & basis for actual preposals for comstructicn,
but mersely to illustrate ths variety of conditions and methods that might be

used to construct piles. .
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YI. POBLIC UTILITY PILE USTHG PHOSPHORUS AS COOLART ANWD MOTIVE FLUID

thiz section was reported se?&r&tsly as UonP-344. Earlier
montion is found in HonP-228, pags 34; HonP-269, page 25;

and MonP-335;, pape 15.

IIX. PILES AS HIGH TEMPERATURE CHEMICAL REACTORS

‘See MonF~-335, page 11-13, snd MonP-314, page 123.

)
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Iv. HIGE FIUX PILE FOR ACTIVATING
GAS HEATERS FOR RAM JETS, TURBO JETS AND ROCKETS

While a lot of work will have to bs done on producing a pile sultable
.for rockets and bombers, it would ssem most urgent to get away from any use of
& plle for operating any unit that may not come back. The smell p@rcentagq of
the fﬁel tﬁat would be used up on any one trip justifies ths trouble of salvag-
ing the remeinder. It is also wery difficult to do away with such & pile so
that fissile meterial cannot be recovered. Only the dispersion in a large body
of water or vaporization into alr would be good endugho

Cne way around this difficulty is of'ten discussed but seldom taksn ser-
lously. 1t involves the use of radiocactive materials whosse halfwlifevie of
approximately the right value to serve for any ome &trip. The appended list
{Table I) of materials selected from current charts gives a number éf them with
their most important oharacteristics. |

It is desirable to have a material of high melting point, preferably a
motal that mg e high oross-section for conversion to the radiocactive isotope
by neutron absorption. It should be an Alpha or Beta smitter with 'imry little,
if apy, Gamma emission. This makes the shielding simpls and cheap. The half
1ife should be approx_imat_ely two times the time fequired for the power to be
in use for any one "charge”. |

It has been calculated that o mu‘broﬁ flux density of 1016@“}1 8
oross-section of 20 barns will permit ome tenth of one percent of a heater
grid to be converted to radioaétive material, thus.producing approzimataly one
kilowatt of heat for every 10 grams of mass. Even if it shculd take ten imes
th weight of heeter grid, or if the flux of 1616 could not ‘n@‘ re&c.hmd, 1% |

would mot mutier too much since this sort of energy per unit weight is suffi-

1.
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"PABLE" I

Absorption: ot \ ) - Peroent
Cross~Section Balf-Life Bete loilvity  Gamms Energles Qocurrsnce Notes
3055 13 2.59 Hr 52,88 | vz 100
74181 21 117 Da 1 1.6-%.15 100 Submarine B
pa 108 12 15 Br 1,03 No 27 No )" in any Pd
. Pallo -39 26 Min 3.5 No 13.5
o9 31 m 2 Low (.086) 200 Rooket |
So4b 22 85 Da .26 — 1.6 1.4 100 Submarine
a5l 5 3.9 Min 2,05- 2.65 1.3 100
w186 34 24 Hr 1.4 .9 28
w}% 2.1 74 Da .6 No 31
Cub3 2.8 12.8 Hr .6 No 70
cub5 1.8 5 Min 2.9 No 30
a5 1.5 20 Min 1.7 No 61
call 3.4 14 Br 1.7 2.65 . 38 High 2~
A7 4.6 27 Br .7 and 2.6 1.6-> 3.2, 100
5980 .52 7 Hn Foo ow ) 48.0
Br79 &3 1a* Hin 5 il 51
_ pr8l 2,25 34 BHr o7 .66 49
Rh103 ﬁ:g ﬁ4 , ﬁi’,‘i_ xzq;s ﬁgw 100 Rocket
Il 4 2.3 Min 2.8 Ho 52 Rocket
55209 3 5% pe° .38 ~31,3 21,5 a8 |
wlild 56 48  Da Low 5




TABLE I, Cont'd

Absorption Psrcent

Crosg~-Section Half-1ife Beta Activity Gamma Ensrgles Ooccurrencs Notes
Iall® 326 B2  in %36 108 and 1.4 95 Eigh
spl2l 6.8 2.8 Da .81 — 1.64 .57 56 -
§p123 2.5 60 Da 2,45 1.71 44 Bigh )
1127 6.25 25 Min 2.0 .4 100
1a139 8 40 Hr 1.45 1.65 100
prl39 10 19.3 Br 2,14 © 1.9 100 High X
Re185 101 % Er 1,06 No 38
Re 187 76 18.9 2.5 .8 62
1¢191 8% et . _——— 38.5
1193 128 19 BHr 2.2 1.85 61.5
Auld? | 96 2.7 Da .8 2 2,6 100
Py 196 ﬁ .51_% g; =T 27
pt198 3.9 $1  Min 1.8 Yo 7.2
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clently large to allow for a lot of leeway. In any case, one could do & lot
better this way than by using only one part im 2000 of the fissionable mater-
ial in a rocket, or ome.part in 500 of the fissionable material carried by a
bember. |

Celculations indicate \that the maximum peroent conversion of ths méw

terial in the heater grid is independent of ths half-life of the isotope being

produced. Approximately one half of the total emergy produced by the radio-
active isotope is usable. The other half is given off during the time that it
is being produced. In additlon, one obtains- oﬁly about one percent of the
energy out of each neutron that would have been obtained if the neutron had
been used to produce fission. Much depends 'upon the particular material used
and tl';s energy content of its Beta or Alpha rays. But even at this low esti-
mated efficiency of one half of ome percent, it is still better by a factor of
ten thaﬁ the use of a fissionable material in a hydrogen rocket powered by
nuclear energy accordhing to present éoncepts. |

v

. One material that is well known and has some of the characteriatios

desired is platinum. For siinplioity and convenience we will use it ‘a{s a gene-

¢

ral term in desoribing the design and opsration of auch a unit.
The exact arrangement for converting the platinum and making it radio-
active will ‘mtumlly be the objeot of much experimentation a.hd deve lopment.

Two general ways are available:

"First, one can disperse or dissolve the platinmum in & homogsneous pile '

fluid where it can pick up neutrons at the maximum concentxjé.tion for high con-

version. The material would then be plated, filtered, or adsorbed onto a grid
suitable for heating air or the like in a rocket, ram-Jjet, or turbo jet unit.

It mey even T, possible to keep the platinum in a fluid condition, depending

- | l

12.



on centrifugal force to retain it in & heater unit while it heats ths air.
During the time ths platinmum is transferred from the pile into the rocket, it
has to be kept cool in as much cooling fluid as would be nscessary fcrwac’t-ual
use. This mekes the transfer quite a problem.

The second form in which ths platimzm' could be used is as one or more
grids ,Amnufaetumd ahead of time in the exact shape aﬁd form desired, which
are thenm put into the center of a high~high flux pile. The units would have
to be introduced through tubes that continuelly conduct a stream of air over
the grid. When the activity has come up to the maximum, the same stream of
air can follow it as it is transferred into a jet un;t that has been backed up
%o the pile. It is then locked in place and used as soon as éossible with the
alr stream never belng shut off. The main difficuity in this design, which is
more easily visualized, is that the neutron flux in the :center.of esch unit
would be hard to keep at & maximum value. Sub-dividing does, howewver, reduce
thig effect considerably.

Some consideration has been given to the method of energizing, which

involves putting the solid grid into the circulating stream of a homogenecus

A pile so that both the mechenical structure as well es the high flux demsity

can be had at ths same time. This, however, requires a transfer from the fluid
in the pile to air that may becoms a major operation., It wouI;I bte necessary to
remove the grid from the center of .the pile to a éhmmber in which the'sama
cooling medium without fissionable material would be circulated through, the
grid to wash it free of entraineci uranium. From this chamber, sowe distanos
eway from the high flux and shield, the tramsfer to a stream of air would have
to be made. . Water or cil or soms other cooling medium that can be blown away

)

at a high velocity could be used as an intermediate covlant.

pE
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Naturally there are a great many ways by which this sort of a device
can be worked out. Any description of any ons phase of it should be merely
ugod as mn illustration of what we now think might be possible. More funda-
mental date which may be forthcoming on 511 of our elements and isotopes will
modify this considsrably. BEntirely differemnt msth§ds of approach may become
pqsgible. For exampla, last fall I hunted for quite aAwhile for an isotops
with two isomers, one of which 15 stable or of a long life, and the other with
o, short life. It should then be possible to energize the first into the second

by Gamma radiation so that onme could have controlled radiomctive decay just as
J oné has controlled fission. This would increase thes efficiency considerably.
- So far, it sesms as though the cross-section for energy absorption by radiation
of any of the isomers is fairly low. It 1s hard to teli, though, when new in-
formaticn will change this picture and make it very practical to do something
of this type. .

The design of a pile that is able to furnish a neutron flux of 1016
woﬁld naturall& be quite & problem. Nevertheless, one should not be scared
away from it. Rough calculations indicate that a- heat generation of one kilo-
watt per cubic centimeter would be required. The remowval of this amount of
heat ‘'would tax the best known methods to the limit.

It is also obvious that this heat shoula be generated within the heat
transfor medium, at lsast to a very large extent. This would leave only a
small portion of the hsat that could be gener#ted within a rigid structurs and
transferred from it to the fluid medium. A pile that could produce this high

flux will also require & very large heat output, something on the order of ons

million kilowatts of heat - three Hanford piles in one cubic mster. Naturally

all this heat should mot be wasted, but should have some cther practical util-

Lé,



ity. 1In pgeneral, qnly about one half of one pe'rc,ent of the power produced. by
such a central station could be furnishev:\l as power availabie from radioactive
disintegration of the platinum.

The most important development for such a pile is to make lithium hy-
dride or lithium deuterids .a.vailable in sufficient quantities to serve as a
moderator and heat transfer medium. It melts at 680°C. The ‘Li7 iéotopé hav-
ing a law oross~section is required. This, combined with other hydrides or
deuterides of metal such as uranium, béryll‘ii.ﬁn, biamuth, s‘odium, and rubidium
metal, should nﬁ.k_o it possible to have a molten mstal, hydride, hoﬁogpneous -
pile with the wery maximum of heat tmnafer possibilities.

It is well established that ths maximum heat can be transi’erred from
one givan po:.nt to another, better in the form of a liquid than in the form of
vapor Or gas. Ewen steam heating facilities are being replaced by hot wa.ter
oirculation systems as a result of new knowledge and understanding oi" the . engi~
neéring problems involved. On the othsr hand, there is no mors cdmpac'b and
effficient cooling method than mixing a volatile liguid with the first, which
then flasl&as off as a vapor. This means that in any rsall‘y high flux piie de-
8lyn, it is essential to remove the heat from ﬁ_he pile space as spescific heat
in the liquid, after which the liquid is cooled by direct contact or adnixture
with a more volatile liéuid,

If, then, one takes adwvantage of the vapor produéeci to give an air-
1lift effeot in the system, one can get the benefit of & power cyolw containing
an engine and a puxap of the most simple design possible. (See Figure I).

The vapor, on being separated from the liquid at a higher elewation,
can then be condnnsed on a tubular boile; for any desired fluid. ,Mercury

would be preferable in this case, as it does not require super-heating for

15,
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satisfactory operstion of turbines, snd permitz cycle efficlencies in excesa
of B0 éax‘csnt owerall. The condensed wapor of the volatile liquid could be
returned for recycling into the same process of mixing with the heat transler
fiuid, vaporizing, lifting the fluid to a higher level, goparating, and then
oondenaing.

In the case of a boiler comtaining metals.and their hydrides or deu-
teridesn, a 10;;105;.1 material might wsll be rubidium metal which boils at '7'05"0,
while the lithium has a beiling point pf;arouné, 1400°¢. éism"th that mey be
present to reduce the melting point and to preduce polonfum has a bolling point
of 1450°C,

One problem that is partioculerly psrtinent in thie case is the resid-
ual concentmticn of the volatile material such as the rubidium. By fleshing
4."«' off under vacuum, only & very low concantmtion romaing to ba ciroulated
dorn and into the pile. There its wvolatilization ig repressed by the irorsase '
ia préssux*e dus to ths hydrostatic heed of the molten metéls and hydrides. A.
fairly high condensing temperaturs of about 600°C is desirable in corder to pro-
duce high temperature merocury wapor. fThisg, however, limits the ‘temp\:ammm

riee permizsible. Revertheless, a cycle between, éa.y, 900°C end 60N°C ghould

permit e low holdup of fiuid amd fissicnable matsrial outside of the pile itsslf.

In order to reduce the veloeity head loss in entering and J.eu.ving, the
pile space itself, it is quite dasirable to break the total stream of liquid
into many smllarf ones with appreximately ccnstant fluid welocity throughout the
cycle. This means that the liquid metal leafa'ing the bottom of the cyslone sepa-
rator would go down through a tubs which would pass through the plle spice, mek-
ing & 180 dsgree turn in Ir_a. loop of the maximam bossibls radius. Tt would then

spiral upserds to a point where it would separate from the spherical goomatry of

g



the pile and travel through the breeder section of the pile where the neutron -
flux would be abqoébed rapidly and many of ths delaysd nsutrons would be sal-
éagedo At this point, the addition of the volatile liquid would take place,
which would grﬁdually mix in and vaporize as the hydrostatic head is reduced.
The tubular duct would have to increase in diameter from here on up teo prevent
. undue increase in valécity until it finally can be discparged tangentially 154'
to a cyclone separator. Fo sketch is shown for this multiple tube arrangement,
but a rough geom;trical ;odel has been made.

This pile would also have inherently builﬁ in self regu%ation in excess
of what is usually obtained by temperature coefficient alone. Fi;éion product
po;soning would be reduced to a minimum since the volatile produots, such asg
'iqdiné and xenon, would be removed continually in the form:of HI apd Xo gas.
Those fission producfs that would be soluble in the mixture oculd be burned out
by the nqutrons,'accounting for a one percent loss.

Whenever the heat gemerated would be in excess of the heat that can be
removed By'whatever my limit the héat removal at the time, the rubidium would
not be‘completely separ#ted and more rubidium would remain in the cifculating
mass, causing a higher neutron absorption as well as vaporization of the rubid-
ium in the pile zone. This would reduce ths concentration of the fissicnable
materiel as.a result of both the increase in volume due to thermal expansion
and the inorease in volume due to the vapors being produced; There vrould bes no.
danger of sudden collapse of the bubbles due to changes in}the circuleation with-
in the pile. - |

No matter whether the limitation in heat removal is a result-off the
turbine being shut off, a tehdenoy on the part of the pile to go beyond the

oapacity of the system, or any other change in rating, the pile could not exceed

17.



a mbderaée temperature rise above the normal operating temporaturﬁ without

reducing the heat generation in proportion. The excess volume displaced as &
result of the expansion and formation of bubbles would be retained in the va-~
por separator at the top of the system. It wduld be out of the neutron flux
entirely and would still further reduce.the affbptiveness of delayed neutrons
by the increased retention period outside of the pile. In other words, even

if by error soms unusually large amounts of fuel were added to make up for de-

pletion, we could still be safe-guarded against the pile going critical on a

prompt neutron basis by a displacement of tﬁe liquid up through the riser
tubes, and by preventing it from entering into the pile through the down-comer
tube.

A pressure wave will travel throﬁéh the fluid fast encugh to preient
inflow of fluid when gas bubbles are being produced suddenly. To avoid surg- -
ing and water-hammer effects that might collepse the bubbles, all that .is
nacebaary.is & sufficient amount of friction in the circulating system so that '
the rate of inflow-éan not exceed the normai operating rates. This should be
inherent with a system using a large préssure head for circulation, especially
where that pr@ssure head is so cheaply obtained by merely flashing a vclatilé
liquid end condensing it, after expanding it in an air lift. '

It is true that this method of circulation téxes the ovaréll cycle by
a high temperature differential which makes maﬁarials‘of construction for high
temperature necessary, but this :is not an impossible.haﬁdicap, particularly
when a high temperature rise is desired in order to get the maximurm heat capa-
oity per unit weight and volume from ths circulating medium. It is unfortu-
nate that all this does not reduce the total vclgme,and contsnt of‘fissibpable

material much balow a factor of 2 to 4 times the volume of ths pile iiself.



With such a high flux there is.still & very high rate of consumption of the
fissionable material and a very low content of fuel per kilowatt of heat pro-
duced. |

The space between the tubular conductors carrying the homogeneous pile
fluid would be filled with a moderator such as graphite, Be, BeC, lithium hy-

dride, and possibly beryllium hydride.

18.



V. SUBMARIKE PILE

For producing powsr on board ship it 1s very desirabls nct to enrry
&;y materials that might produce toxic gases in the snclossed spaces. A homo-
geneous plle could be used for this purpose, consisting of enriched uranium
and uraniuva oarbides for fuel, dissolved or suspendsd in a mizture of gatala
aﬁd their hydrides and carbides such zs Be, Bi, Rb, Ha, Li7n BeHy or BaDyn,
RasHg, ﬁang and possibly Nal or HaD. Since WasH; melts at 800°, sodium car-
bide boils at 700°%, bismuth melts at 271°C, and rubidium end sedium are of
still lower me lting polnt, sgch aimixture of hydrides and carbides should be
quite fluid at & temperature of about 200°C even thouéh soms components mey
.wmil_be in suspension.

The rubidium ard scdium carbide would be the lowest boillng constitu-
ents and would bo used as & means of transferring heat. from the moltan liquid
‘ in'thé form of heat of waporization to be transmitted to a mOrOury or gteam
boilaer, Tﬁe vapor would condenss and returan to'produce &1r—iift action and
supply the cocling required for recyeling, a: in the piis duscribed i Ssabion
IV. Since there would be no neasd for tubes im which the zrids could be ensr-
gisnd, this pile could he more compact and more simple. Also, Binée ths re-~
-quiremant for hiéh fluz does not sxist, simpler methods of circulation of th§
fluid with e. lower tempef&ture differential and a ldw_circulation rate may bo
employsd. This redunes the head loss on change in velocity and mmkﬁsvit pos-
sible for the pile to be ons ;olid mass with or without a porous filling of
méder&ﬁcr such as beryllium metal, graphite, or jacketed metal hydrides.

This pile could be designed for much more breeding, using thorium hy-

dride and the like for reflecting, vlowing down, and absorbing the neutrons.

0 _
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The breedér material would be both on the ocutside of the pile as well as arognd
the induotor tube through which the fluld would rise. A single disch&rga.tubo
from the top of the pile leading to the surface.of thé fluid may sarve the pur-
posga instead of‘a number of tubes desoribed for the High-High Flux pile in Sec-
tion IV. This makes it possible to have thg amount of ciroculation unafchted
by variations in tilt of a pile guch as it would get on board ship due to pitch
and roll. |

Thfs plle, too, has the feature of providing more than the usual self
rogulation due to tﬁefmal'expansian'and the decrease of the fission cross-sec-
tion with rise in temperature. Any bubbles formed due to the production of
heat in excess of .the capacity of the vaporizing and ciroulating system to re-
move, will reduce the amount of fissionable material within ths pile volume by
holding back ths fluid trying to enter. Here again, in order to avold water

hammer effects, it is desirable to have e high head and a reasonably high ve-

locity and friotion loss in the down-comers delivering the fluid into ths pile

volume, so és to make the period'fér oscillations-within the down-~comer cirouit
much slower than the period of the system, including the riser. The higﬁ inlet
velocity'also can be used to provide offeotive agitation in the plle. This
pormits fluid to get out in a hurry but come baok &t a predetermined maximum
fateo Such a pile does not necessarily hava‘to.operate on slow neutrons.. It

e largé amounf can be invested in fissiomable material, it can operate on inter-
mediate energy neutrons with a decrease in the size of the pile and amocunt of
shielding required.

A sketch of this design is given in Figure 2.

21.
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VI. AIR POWER PILE

In—a'n airplane an important requirsment wbulh seem to be avoid&ﬁce of
any matorials that are highly inflammble'sq as to precduce fire when there iu
a crash. For this reason, the materials described under Sections IV and V would
not be so practical. Shielding is also a problem. Avoiding hydrogen, hydrides,
carbides and alkali metals will not reduce the size of the pile, but increase
it. Novertheless, in this instance, it should be pogsible to use a pile that
has & cylindrical shape and is severa'.l‘ times longer than its diamster. The

o

cross-section, therefore, in the direction of the passengers can be reduced,

 thus avoiding soms of the heavy shielding requiremsents. In this particular in-~

stance, gravity is not ‘& desirable source of head for producing cirbulation so

that another circulating system, if possible ‘not using rotating shafts and close

fitting machinery, should be employed.

Here again, the scheme of using an added power cycle, superimposed on
the system for producing circulating power, would seem to be desirable. The
pils ciréula.ting fluid would .consist of a mixture of metals and their oxides,
fluorides and oxyfluorides. These would include, particularly., Bi, Li7, Bs, Sb
and Sn. The fusl would bs uranium oxyfluoride. The breeder, ﬂ.‘ any, could be
thorium metal or carbide and U2S8 oxyfluoride.

| The literature shows that BeFz softens at 600°C and bscomes a trana-

parent, melting at 780°¢C. The addition of only one molscule of Raf to 2BeF2

. reduces the mlﬁing poinf as low as 360°C. If Li’ would aot like sodium in this

system, and 1s made available, a lower mslting point for u’rF + 2BeFy + FaF
should be obtained. Since this mixture would be an alkaline melt, it may well

be that carbonates can also Be added, still further reducing the mslting point -

and lowering the molecular weight for improved action as a moderator.
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To avoid the need of gravity for circulating, the most volatile con-
stituents of SnF, boiling at 706°C and SbFz would be the heat transfer medium.
This could be carried on by means of a series of traps, or‘conti‘nua.lly, by
meoans of jets. In the case of traps, the circulating fluid would enter a tube

which then would be sealed off roughly with the fluid diverted to the next tube

by a simple rotating plug ﬁalve.' SnFy and SbFy would then be injected into the

colum of hot fluid producing va;;ors which would discharge the liquid against
the pressure head through the pile, followed by venting of the vaporized mater-
ial into the heat tmn‘sfl'er systen. |

In the case.of the ram jet of turbo jet most. of the heat would be de~
livered into the compressed air. The tubulér heat interchange system required
for heating t_his air would naturally have to be designed for a rather high
pressurs differential in order to keep its air resistance to a minimum. FPor
this reason, the mestal f]_.uoride vapors would hgve to be generated at a suffi-
ciently high pressure to permit high velocities. The temperatures required
for this 'air Jet, in order to get efficient operation, are probably higher than
one could tolerate in the furbine of a turbo compressor so that a secondary
medium such as mercury, boiled by contact with the circulating pile flui& after

the metal fluorides are vé.porized off, may well be the best cholce. This mer-

‘ cury, after driving the turbo compressor, would be condesnsed in the sir before

it receives heat from the metal fluoride vapor.

It may even become possible to use a liquid metal oxide such as bismuth
oxide mixe-d with tin and lead metal and oxide as a direct contact heat transfer
medium betwsen .tha portions of the pile that have to be liquid cooled @ﬁtaid@
of ths fuel mixture, allowing the high centrifugal force in the compressor to

separate the spi-ay of metals and oxides from the air being heated.

4 -
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Under conditions where the extremes in comﬁactness are not necessafy,
such as on locomotives, surface ships and stationary power plants, the metal:
oxyfluoride pile has many additional attractive features. The bismuth which
is converted to golonium can eaﬁily be separated in a small unit serving ae; &
continuous clean up by adding fluorine.' The polonium fluorids, being more
volatile, would be easily removed by distillation. Similarly, plutonmium, which
might have better. uses othsr places, could be volatilized out as the 'fluoride;
or even the oxyfluoride. Iodins and xenon would be continually removed so that
the only regeneration that should be necessery is the addition of new fuél to
maintain the reacti;vity at the desired lavel. .

| Many of the fission products from fluorine compounds have a very high
mlting point and are, thereforse, likely to be precipitated out in the clean
up unit. Either the multiple tubular systeﬁx described under Section IV or the

single draft inductor unit described under Section V should serve for cooling

‘and producing circulation, - the metal fluoride compounds taking the place of

the rubidium As the heat transfer medium used for producing supar.heaied steam
or Mercury vapor. ‘

The matsrials of construction for the gxyfluoricie pile will provide &
particularly tough problem since nickel has a fairly high neutron &béorption
cross-gection. Metal sulfides having very.high mslting points may well help
out. Refractories made of fluorine cbmpounds such es magnesium and calcium

fluorides may well be used in ths pile zone where temperature differences might

- make it very difficult to maintain metals. The important item is to do enougﬁ

oxperimental work to establish the desirability of using & metal oxyfluoride .
pils for specific purposes. Once this is established, it 1is quite likely that

the materials of construotion could be developed.



VII. PILES FOR ROCKETS

For this section see MonP-335, page 13-18. Also the figure

i)

following page 21, The picture did not reproduce well in

that report, and so is re-sketched here as Figure 3. o

4
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VIII. PILE FOR PRODUCING RADIOACTIVE RAIK ARD POISORS

Ever since I saw the second buret at Bikini, ths potency of radicactive
rain, air and water as & msans of crippling industrial production wi'thqut in-
juring many people directly has becoms inéreasingly apparent. Practieally all
industrial operations are centered around water transportation and ample fresh’
water supplies .. Destroying the usefulness of each of these mskes industrial -
operations impossible for a considerable period of time, while giving the popu~-
lation some timé for dispersing.

The problexﬁ of designing a compact s.nd very light, fool-proof pile tha.f
can be dropped into water and act completely éutomtioally until most of the
fissionable material has been consumed is very intriguing. Bodiés of water,
such as harbors, lekes and water reservoirs, should be fairly easy targste to
hit. It is desirable to find a location that is close to shipping and trans-

portation centers, as well as the drinking water supply. Our Great lakes,

ospecially leke Huron and Lake Superior, are particglariy’ potent targets. 'Sixni-'

lar -commmnication and water supplies ars likely to bs found all over the world.
An important part of this piie would be a large strong metal draft tube
that woﬁld pérxnit a rather high headroiv‘ water to act on the pils proper. It V
would ba designed to float in an upright .pbsition with the pile at the bottom.
A grid bf fissionable material, alloyed with high melting metals that would
withstand 'ths temperature shocks, would be pleced inside of this tube. Under
ordinary oonditior;s, it would not be acﬁve since it requires water as a modera-
tor to slow down enough neutrons to make 1t critiocal. The e.mounf of water re-
quired is so ‘ge.ged a8 to permit almost c’ompiete vaporigation of the water with

the heat produced by a given immersion. ' Since the umit might be 15 feet long,

e p—
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there would be more than 10 feet of head amilé.ble to force the water in and
blow the steam out of the tube.

Whenever too much water enters, more steam is generated than the pres-
sure head is able to discharge from the draft tube, so that further inflow of
water is reduced. Only the bottom end of the pile material is, therefors, ac-
tive at any one time. As this bscomes depleted, more of the metal is immersed
in a higher concentration of foam and water until finally the entire mass needs
to be flooded in'order to maks the pile critical. |

When the unit has spent itself, it is desirable, ewven ?hough. it is very
radiocaotive, that it disintegrate in ths water at a faj.rly rapid rate, distrib-
uting fho, roemaining e.ctivity’ over as large an amount of water as possible.

This can be’ done by means of galvenic action provided to causo heavy currents
for corroding the uranium and fission product coﬁtaining metal. For this. pur-
pose, the éhell and possibly other surfaces should be coated with silv~9r4oxide
oi pletinum bllack, whieix would have a very lﬁw hydrogen ovvsrnvolta’ga , thus per-
mitting heavy currents to flow. It may also be practical to clad the fuel with
a thin layer of metal which peals off and deteriorates as a result of the aotion
of fisslon products and tempemture‘ change. To prevent such a unié from being
easily retrieved in case it should not fall into water or deep enough water to
work wall; water should be proﬂded' i.nsidg of the draft tube in such a way that
retainix;g disks would burst on impact. This would provide the initial suéply
of wate;' to make the unit highly active and disintegrable. 1In all, thé action
might well teke several days, providing radioaoctive minv, air and water over a

wide area.
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Another discuseion of this toplo was given by Mr. Grabe as an emmple
in comeotion with the charts of Section I. It is as follows:

A pils is to be built which will be under oritical while being stored
and transportedo When it is immersed in ordinary wmater, (say, in &' river or
lake which is to belcontaminated) it should become ver& actlive .and operate in
a self-oontrolled manner so as to use up the maximm of thé fissionable ma-
terial. |

Under these conditions, a comﬁination of materiels ordinarily not com-
sidored at all practical may be used. A chart giving the data in a much more

ocamplete form then the samples submi tted herewith will then help solve the de-

:81@ problems from & much broader and more efficlent point of view.

Por example, in this case, Pu metal alloysd with Fa and Mg clad in a

. very thin layer of Al might serve best. A sheet of this material oorrugated

et & slight dlagonal, laid against a sheet that has been turned to make the
diagonals cross those of the first sheet, the two wound up into a close spirzl
coil, lvt.)uld make a vory simple and streng e.aaemblj that would be quite inert ‘
until immersed in water. The water would be able to penetrate betwsen these
sheets qnly. to the extent of making the pile oritical, when the steam prod’uced
would blow the waeter out. Surges of this type would continue to use up the
fissionable material until the assembly would go below criti_cal when totally
jmnersed. .

A stack attached to the upper end would increase the circulation of the
water and make the action more steady and intense. '

The alloy being corroded, after the Al :)écket has lost its impervious
i:ropertiee due to figsion recoils, would probably cause the rmnaining Pu to be

dissolved in alkaline solutionr if it acts like other similar mstals.
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Q ‘ To avoid the danger of capture intact if the pile should not drop into
A\ . '

a lake or larze river, the stack could be filled with water to flood ths pile

initially op impaot with the ground. This would make it so hot that it would

 be diffieult, if not impossible, to recover.
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IX. A SIMPLE PILE

Going on the principle that evenfually wo will end up with an exceed-
ingly simple, compaot, and cheap pile design, I have speculated a lot on what
it might look like in the end. No doubt others have often contemplated these .
same sorts of processes, but may not have had the courags of their convictions
to advocate it. _

Assuming that we s,re *i:o usr very‘chsap and simple materials such as
gra;hito, and U, Pu and Th ca.rbides for fuel and breeder material, modoratpr,
reflector and hea.t transfer madium, one could think of drilling a number of
small holes in a large dia.metor graphite electrode. This gra.phi’ce cylinder
would be placed into a spaoo surrounded by a cold coil for producing stes.m or
meroury vapor, or even heating mtalnc sodium by radiation and some conveoction

from the quite hot graphite.

Into these holes drilled into the graphite from the top would be placed

U, or Pu and Th, as needed. When sufficient fusl has been added, it would be-

coms hot and form carbides with the graphite of the chamber. Further héating
would result in diffusion of the fuel out to a zons where the cooling of the

graphite is sufficient to bring the temperature down to about 2300°C. If the

" fuel would get too hot, it would volatilize to a higher seotion of the tubes,

thus deoreasing the reactivity until it flows down again to the bottom. The
upper portion, having a much larger area for conducting heat out and the sur-
face from which it can be radiated and conducted to the cooling coil, would not
permit the vapors of ‘Ehe fﬁel to boil out completely. Some of the fission pro-

duots, particularly the poisons, would be volatilized out. 1In other words,

‘there would be only a very slight excess reactivity required at any one time

which can be held in check by volatilization and refluxing of the fuel. FNew

Sneiixn.
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fuel woul@ig&vartolﬁef&ddéd to meke up for depletiom. e
Sﬁbﬂ‘dnité‘céﬁ}dAﬁe-used in multiple as nesded to bu&lé‘ug higher capa-
citiaa; The heat from the outside of the containers wight ﬁell_b§ff§diatéd to
thermocouples which would then barry the energy partly as eléctric@l-current
and partly by conéuction to the ¢old jJjurctions, which wonld servé %o heat the

motive fluid. The thermccouple material would then bs serving, not omly as &

current generator, but also as a shield, and possibly a breeder. It may also

be designed to furnish the retsining wall that might be requirsd to iﬁéreasa

the v&por‘praasure within the pile zone by'the use of heiium gas or the liks.
If other moderators and containers canm be found, such as baryllium

ozide, or if the pile is made suffiecientiy fast so that the cross-section of

high molting elloys 13 not troublesome, uranium metal, ive oxyfluorides, and

. possibly i%s halogen compounds, may be used to produce a fuel that will volati-

lize when it becomgs<too‘hot in the conteiner.

. The important aspect is that the fuel 1s so disposed inside of the cane-
tainer that dispersjon by vaporization and condensation soms distance amﬁy'will
reduce the activity of the pile and regulaste it to the ﬁoiling point of the ma-

torials involved under the pressure supplied.
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