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The main purpose of thig vigit was to examine the Mallinckrodt
direct UFy to UF4 process and metal production as described
in Mallinckrodt's feasibility report dated March 16, 1960,

After reviewing the above feasibility report it was felt that since
adminictrative control was relied apon for safety during the cooling
of the muffle box, it was decirable to observe how thie equipment
wag employed,

The operation in question consists of the following:

After preliminary drylng, the UF4 powder is severely driedina
hydrogen atmosphere in o muffle box. Each muffle box containg
three trays { 8 1/4 inches x 15 5/8 inches x 1 1/4 inches)
separated vertically by one inch, The three trays form a slab
with the dimensions 8 1/4 inches = 15 5/8 inches x 5 3/4 inches.
Tach tray contains 1. 86 Kg of U-235 in the 93. 5% enriched UF,
powder for a total muffle box loading of 5.58 Kg of U-235.

After the rmuffle box has besn heated arnd the contents sufficiently
dried, the box ic placed in o chambar equipped with four sprayers
located above the muffls bax. 7The muffle box is sealed to prevent
water in-leakage, the hydrogen hose is attached to the muffle box,
ths gas ic turned on, the escaping hydrogen gas is ignited providing
2 visible flame for the oporator, and finally the valve controlling
the sprayers is opened. The muffle box remains insids the cooling
chamber under the spray of water for approximately two hours,
during which time two or three workers are in the immediste arce
and can presumably observe the hydrogen flame in the event it
should go out. If water should enter the muffle box it is Mallinkrodt's
contention that the steem formed would put out the hydrogen flame
vhich would notify the nearby workers that something ghould be
done. Alsco Mallinckrodt has stated that muffle boxes have leaked
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previocucly on differant occacicons, but the resulting water barely
wet the bottom of the muffle boxz and did not enter ths troys, Thic
would imply that any watsr leaking in would have to start filling
ap the box {rom tho bottorn and woildd not trnmaediately fill the
trayﬁ- :

In the event that water ghould leak into the rmufils box undetactad
angd {ill the box complately, the eyoter might be eritical. If

one homogenizes the U~235 In the trays over the velume of the

bax and the sguivalent dizsmetsr of the hox is celeulated, the
results compare £o follows with eriticality date in K-343, page 71.

Flocded 2uffle

Bar Critice] Reactor
Reactor Diameter Te 77 in. S in.
Haight 15 /8 in. 8. 74 1.
aflector water watar.
HMasz U-235 8. 58 Ky 3,05 Xg
SR L - 0. 4593 2. 424
cm selution
RB/U-235 52 86,7

Tha ebova comparison {ndicates thzt the flooded, homogenized
muffie box is soper-criticel since o height of approximately

§ inchee would just be criticzl snd the actusl height of the bex
s 15 5/8 Inchas,

However, since the muiile bot is rerlly a heterogenzouc oyctem
consisting of three 1 1/4 inch thick trays separated by l-inch of
water, the flooded systern weuld appear to Le less renctive due to
thz deprossicon of the neutron flis in the fuel ladden geetions. -
Without resorting ta invelved calenlatione, all that can be con-
cluded ig the eyatem is leza reactive then the'homogeneous case,
but poesibly still eritical.
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in the event that only the trays fill with water, the system alco
might be dangarous dua to interaction between the trays. Ascuming
that water fills one half of the volume occupied by the Ur, powder,
and the small additional volume of the tray, the H/U-238 ratio of
the individual tray cquals 19, 2. Employing ths mothod given in
'K~1380 Section I for calculating k. ¢ for a bare system, the value
of kg for the bare tray iz found 1o be:

g = 2.07

U = 0,1273
Ko = 0.2396

The acfe interaction for the above multiplication factor ic 6. 601
cteraéians according to TID-7019, pags 75. However, the cslcu-
1ated intaraction at the center tray is equsl to 9. 164 steradians
using equation 4b, page 44 in K-1019. Therofors even the wetting
of the individuel traye in the mufﬂe box should be avolded,

The Mallinckrodt Nuclear Corporation in employing this muffle bax
operetion {8 essontially relying on moderation control. It is very
unlikely that suffickent water could lcak into the boax fast enough

to either £111 tha traye or fill the entire box bafore @ nearby worker
shut the wator sprayers off, The only real danger would be in the
cvent that the top of the muffle box split open allowing o large
in-flow of water. A criticality sccident mlght occcuy if sufficient
water flewod in rather violéntly before o worker noticed the
hydrogen fiame had gons out, and ma.ngcé to shut off the sprayer
valve above the cooling chamber., Future use of this cquipment
for NY QO work weuld probably constrain us to carry out & more
detailed nuclear examination of the cooling procedure.

CC: L V. Werner . _
Dr. C. D. Luke, Divicion of Liccasing and Regulaticn, Wesh. "




