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Abstract

Twenty-one iron cylindors s each contalning about 4.4 kg of
49 and held at the centor of a cubical 'angle-iron franevork 22 on a
side, were closely stacked inside a mock concrete vault. T4 cennot
be certain that any dofinite net mltiplication resulting from the
stacking was produced; in any event, it was certainly less than ten

rercent,
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SAPETY TLST FOR STCR:AGL CF rLUTOIIUN=-239
I AlGLE-IRCY FRYE3 DLSRA'LY AT DF SITE

A test has been carricd out at Pajarito Canyen to deterine the
gafoty of storing Fu-239 buttons in iron cylirders Lold at tie center of
angle-iron frames as designed at DF Site. One of these angle~iron frames,
together with an iron cylinder of 1/8" wall, designed to hold ten buttons
of Fu~-239, each welighing about 450 grams, is illustrated in Fig. 1. The
weight of iron in each unit, inecluding the frame and the cylinder, is
about 35 pounds. Each button of Pu-239 is rut into an alwsinw: jacket
with 1/16" imlls; after tic ten buttons have boen stacked in tle iron
cylinder, tlo cylinder is sealed and filled witl: arson.

The am]a?-iron frames are cubical in slape, 22" on a side. A
mock vault was buillt to contain 27 of these frauies in a cubical arrar.

The "vault" consisted of a roan of 6% x 6 x 6! inside dimensions. Three
walls and the roof werc made of concrete blocks 1t thigck. The fourth wall
wes a sestion of the conerete wall of the building, with eartk piled up
against most of the outside. The floor was also of concreto. The wault®

containing the anzle-iron frames filled with iren cylinders containing

about 5 kg of normal uranium (seo below) is showh in Pigwre 2. The fourth
wall is not in placc in this figure.

Tt:e neutron intensity during the test was nonitored by five
counters. Three of tliese consisted of U=235 figsion chambeors placed in
verious positions inside tre "wault". For idontification jurpgges,—tlege————as

v« 3 named pancake, ladle,.¢ud big pancake, The otker two co
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baron prorortional counters plaéed outside the vault. Onc of them,
desiznated I~2, was about 50! awny fro.. the cdzc of tie vault on the side
showm in Fig. 2. The othiur counber, desisnuted I~1, was saccwhat closer--
about six fect from tle ocuter cdge of tlc opposite wall. It was hoped
that the distant counter would see the stack of raterial effectively as
a roint source. This was hot realized, lurjiely becausc of the different
neutron scattering and absorbipg conditions throuztout the vault. In
fact, measurewents talen with a neutrdn source moved into cach of the 27
franes indicated thet the counting rate of tle distunt counter voried
nearly by a2 factor of two: fram 330 to 630 counts/minut.e.

The neutron source uscd tlroushout the cxperiment consisted of
a poloniur~berylliw; urchin-type source, with an approxinite yield of
5 x 107 neutrons/sec. _ f’he gource was put into a small alurinwi can wkhich
was huns so tiat the source was nearly toucking the edge of an iron
cylinder ‘designcd to hold the 49 near the center of its length. Two
tlirec-minute counts were taken on all five counters with the source
in each of the 27 positions. The "ﬁancake" varied fram 210 to 5303 tle
"ladle! from 230 to 425; the "big panczake" from 300 to 10C0; and I~
from 1330 to 4660, all in counts/minute. These meusurcrents were 21l
rade with the 27 cans filled with soout 5kg normwal uranium. This test
was nmade to calibrate th.o sensitivity of the detectors to neutrons
coning fron these 27 positions.

Various otler tests were rade before Pu~239 was put into the
"wault". The ncutron yields of the poloniwn beryllium source and of 4.6

kg of Fu-239 in one of the cans were compared. The latter wns about 0.25%
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of the farmer. This means that if tuenty-one units should be added,
the count could be expected Lo go up by about 55 cuing to the addition
(vnot rultiplication) of neutrons.

I was found tlnmt tle obscrved increase in countin rate wlen
' a eylinder containing h.6 kg of Pu=239 was placed close to the source
in place of one contciuirst about 5 kg of norral uranium x;:a.s about 10 or
15 percent. It was found Llat there wus no increzse in counting rote
if the scparution betwecn source and 49 was zreuter than 25 cm. This
was truc wheticr the test was nede inside or outside of the vuult. Mo
incrcuse In the observed multiplication resulted from putting the source
close to the Lé kg of Pu-239 inside a cubical ccncrete cavity 2' on a
side, with concretc walls and roof 1' thick, the floor being also of
concrete (‘Ehe floor of the roam). This test was madc wit! the "big pancake®
placed inside tle cavity and with L-1 outside.

Trese prelimin:ry ize:*.surement.s indicated trat tie interpretation
of the results in the stacking measurencnt should be guite straightforwnrd
provided the tuballoy was a sufficicntly géod mock-up in its scattoring
and absorption of neutrons., If the count:ing rate should inercase by more
than 5% over that obtained with the source and 4.6 kg of Pu~239 placed
adjacent to cach other in the central position of tlo lattice, it could
be interprected as & multiplication _due to tl"~.e stacking.

The stacking measurements were besun by hovins the 4.6 kg of
Pu=239 in tle central pesition, with the source nearly touclin: £hc side
of the can containing it, and with tuballoy in all otier positions. Two

three-minute counts vere taken on all five counters witi. this configuration,
.o.' o:
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APPROVED FOR PUBLI C RELEASE

Page 6

Then, onc at a time, the tuballoy in the nearest next neirhbers vus
replaced with Pu=-239. Only one person landled all of the Pu-239, erd

at leust tio people wunteched counlors, obscrving: the tine far 10 clicks
on the recorders, whenever any changes were bein: nade. This procecss was
carried out with the one wall rcroved from the "wault". Four of the
fraces, imlvfdinf; the centrul frooe, were removed from the vault whenever
any additional Pu-239 was brousht in, and the source was put in'a fixed
positiun inside the vault as the Fu~239 was introducted., After the
nearest next neiglbors to the central unit vere all filled with Pu-239,
no multiplication being observed, two units verce £illed at a time before
tle two three-minute cbunt.s were repeated. Lhenever the four units that
were rewoved were slowly rcplaced, the counting rate was carefully obgerved.

«hen all 21 units of Pu-239 supplied to us bad been put into
the "vault", the last concrete wall was slouly added. It consisted of
concrote blocks £' x 1' x 2' in size. This wall kad been [reviously added
when only the scurce in its central position and 27 units of normai ura ium
vwere in the wvault.

The cdni‘.iguration of Fu~239 in the completed stack is illustrated
in Fig. 3. The designations B-l, B~2, etc., identify the Pu-239 as the
various cuns were nu:rked ét DF Site, It should beé rontioncd thut & "mock
man" consisting of about 260 1bs. of paraffin was placed in positions 3 and
17, replacing the frames in these pogitions, next to the open side of the
vault. 7Two three-minute counts were also made witi: this poarpaffin in place,
wienever any Pu-239 had beoen added to the stack. This was repeated until
19 units of Pu-239 were in the Vault; with the one wall of the vault not in

place. )
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The results of the exporirent are tabulated below. The nubers
give tho nwbcr of clicks on the recorders occurinz in 2 tiree nminute
intcrval. Scaldng circuits with a scale of 64 were used with &1l of the
counters.

in exanination of the results irdicuted thet one cannct be sure
that any definite multiplication ims obzerved; tlhe slisltly positive
results could ezsily be due to uncortainties in the wock~up ajproximation.
In any event, it appears that one can sefely say that the multiplication
certainly docs not exceed ten percent.

It vas a little surprising that the concrete walls apparently
had no effeet upon the rmultiilication., This irould indicate that the
Pu~239 in the containers does not "aee'; thé neutrons seattered by the walls,
g are planning a serics of experiments to see #f this is so. If most of
the scatiered neutrons are absorbed by the iron and aluminum surrounding
the Eﬁ-239, it indicates that the neutrons are thermalized; and one night
increase this by lining the cans with cadmiun,

One can certainly say that 21 of these frames containing on the
average about 4.4 kg of Pu-239 in the iron cylinders and aluninun cans,
can be safely_stacked in any confizuration with good co.ncrete tamping
surrounding the steck. It is recan.ended, rowever, tlat at least five
sides of euch frame be covered with a wire mesh or sane similur raterial
of srull mass to irevent anyone fra. eravling into tle stack.

Tre test does not sliow whut would happen if the stacl: were flooded
with wvater; if one wants o positive answer to this cuestion a neasurement

should be made later when we are prepared to do it by remote control.
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The exjerincnt probably indieates tict many more than 21 units
could be sufely stacked, bub ve leave It to the theorctical physicigts to
czive a yositive aus.er to this juestion. Our recom.cndotion is tiat no
onc stack more than 21 units. togctlior until this positive answer is given.

It mizht be added it Carson Lark of the Theoretiesl Division
estinated that the net multiplication would certainly not exceed 1.7 if
27 units of Pu«~239 hud beon pub in the vault. This estimate was made,
however, with a very incomplete. kno.ledge of the albedo of concrete and

of the degredation of tle 'enérg;y of the neutrons scattercd by the concrecte.
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Pig. 1.

An angle-iron frame with iron oylindrioal ean

for holding the Pu-239. An extra oan is shown
to the left.
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{a)

Fige 2.

(®)

The mock vault containing the angle-iron frames
bolding tho iron cylinders filled with uranium.

' These are stereographic pictures. {a) givea a

view of the interior from the open side. (b) shows

the outside of the vault taken from the opposite side..
Counter L-1 igeshgwn at the right.

SE
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Figure 3
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Big
No. Pancake Iadle Pancake I~ I~2 Averzage
Vault all closed with source in ;14 and tuballoy in all positions.
1 20 7.7 L1.7 0 6
A1l closed. Carrect for B-2 in position #14.
2 23 19.6 47.6 157 7
All closed with 21 units of 49 in position. Tu in others.
3 25 3.5 49 181.5 7.5
All closed with 21 units,; reduced by 5.257.
S 23.7 2.3 L6.5 X72 7.1
Ratio of
L/2 1.03 1.1 0,98  Discount 101  1.04%0.05
All 21 units of 49 in vault with one wall missinz.
1l 21l.5 16 36.5 167.5 25.5
(1) reduced by 5.25% for neutrons from 49.
2 2.4 15.2 34.6 159 2.2
Tuballoy in all positions except #14, which contained B-2.
3 13 16 35 47 3
Retio of
2/3 1.13 0.95 0.99  Discount 1.05 1.03%*0.05

About 260 1lbs. paraffin in positions 8 and 17. B-2 in 414,
Tuballoy in all others. One 12ll of wvault not rresent.

1l 23 17 42 152 10
Same as (1) except 19 units of 49 in place.
2 23.5 13 43.5 158 13
(2) reduced by 4.75% for added neutrons from 49.
3 220"' 17.2 41'5 L oy
Ratlo of
3/1 0.97 1.01 0.99 0.99%0.05

*
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