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PER' FEERAL PRODUCTION IN X FILE
By J. Stephenson

Eregesition
It is proposed to fill the empty chammels susrounding the active

core of the X pile with thorium carbonate. Three rings of the carbonate
would be put sround the pile. The imner ring would be mot less than
30 em. from the nearest uranium. The thorium would serve two purposes:
the escaping neutrons would produce U227 in it and it would pretect the
concrete by decreasing the neutron flux. The estimated yleld of R3) 4o
D12 /1000 kw day wnd the thorium would absord about 50K of the escapipg
noutrors.
Sadcuhatigns
The materdal to be used is a mixture of cartonate, thoria and
wydroxide. The estimsted composition is
208 T™HOCO, R0
% ™o,
08 (o)

ummumz_.e,.,\.; its molecular weight is 230.
Before introducing it into the pile this material would be canned in the
repular aAluninum cans used for the metal. If the plle is surrounded on
three sides by three layers of cerbonate this means that approximately

N0 chanmels are filled with 50 eanc of carbonate, 12,000 cans ia all.
mun—nma—-am& This material can be obtained from
Lindsay Light which can produce 400 1b. & day with their present facilities.
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Gne of the protiles in intreducing this material into the pile
is that it evolves 00, when heated. Inough pressure inside the cans by the
CO, might rupture thea. The solution is to preheat the carbonate at a tog-
perature equel or grester than that which it will have inside the pile. The
dirficulty then arises thut Lf the carbonate is preheated at too high a
.emperature its solubllity for the extraction process is decreased. Tests
show that sbout 200°C is the highest tempereture at which it can be pre-
heated without markedly decressing its solubdlity (CC-1024). lience, the
temperature of the carbonate inside the pile must not rise above 200°C.

An indication of how much cooling is necessary to keep the tem-
pereture of a carbonate lump below 200°C is that the regular air cooling
has sufficed for some cans of thorium carbonste put into the center of the
pile. Hence, somewhat less than the regular cooling should suffice for
the periphery even at a higher power level than the present one. It is
planned to investigate the tempersture problem in more detadl. (It 1s also
planned Lo lnvestigste the possibility that the carbonate may decompose
wder rediation). Until this is done, a reascnable suggestion might be
to alr cool one out of every three chamnels in the ioner ring and to leave
the outer rings uncooled except by comduction to the carbon.

If the canned density of the carborate is ashumed to be 3.52 and
u’mmm“m-u-n,
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is firet aseumed to be umiformly distriduted through the cell occupled by

the channel in which it is placed. The utilisation is them caleulsted
i“i‘zyg::iiiih"
the carbonste is in lLumpe - using & disadvantage factor caleulated for the
cell. This disadvantage factor 060.

One wight either put the lumps in the closest available empty
channels or might leave one or more liyers of grephite between the uraniums
filled center and the thorium filled periphery. The advantage of the latter
scheme is that the pile neutrons slow down and the number above the fission
threshold is decreased the nearest uranium lumps are am. away, it
is estimated that 8.5% of the flux inteo & thorium lump is of neutrons above
1.2 mev, the flssion threshold for thorium. If one laper of empty carbon
lattice is left between the thorium and the uwranium, that is, if the nearest
uranium lamp 15 A0 em. away, less than 1S of the neutrens are estimated to
be sbove 1.2 mev. As the thorium is put farther from the urenium, the
utilisation of escaped neutrons decreases. The utilisation alsc denands on

by three layere of therium carbonste at net lees tham )0 am. distance from



The ylela of U230 can be roughly estimuted. The nusber of
fissions/matt is 3 x 1009, Hence the total number of neutrons leaking from

the pil /1000 kw sec

l)l":l.Z:D’ll":.ﬂ

If we ssswse & utilisstion of .45 and note that thorius is on only three

of the pile’'s six sides, number absorbed/1000 kw sec
-3;"':3.2:1.’:”’:..:.“:-*-

. .07%7 x 1006

nusber absorbed/1000 kw day of operation
* 077 x 10% x 60 x 60 x 24
® 6.43 x 1049

™e Pa?3 produced/1000 kw day of opersticn

o Skl 220 x 233
6.02 x 2023

= 0249 ge.
Af an efficiency of 508 ies nssumed for the separation process, the yield cf

m-wdwu.mm
Pa?30 gecays with a mean 1ife of 39.6 days. The amount of Pa?33

which will be present in the pile after t 1000 kw days of operution

t
® 9.6 x.09 (1-¢ %.5)

l.ﬂ(l-o’*)

The momt of U233 present 1o the difference between the amount of Pe?d3
formed and the smount preeant * tz.m-.ﬁ(l-o"*:l').



The activity of the material taken from the pile will be the 3
and ¥ activity of Pa?)? 4nd some Masion activity. Since the fastneutron
flux into the thorium is kept small probably the flessiem activity can be
neglected. The 0 activity of Pa’Y/uge 1s 20 curies. The reported maxi-
am energy of the 3 particle varies from .25 to .4 mev. Associsted with
the /& activity are two 1“““&,.0.(&1.5-5%—!.02,-‘

“.‘.5-'.%—..’.
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