This document has been reviewed and is determined
to be APPROVED FOR PUBLIC RELEASE.

Name/Title: Leesa Laymance, ORNL TIO
Date: 6/29/2016



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



D

SUMMARY OF LOW-ENRICHMENT RESEARCH

REACTOR CALCULATIONS

Critiéal masses; neutron fluxes, power levels and fuel eleme§t
specifications have ﬁgen estimatedras a function of uranium enrichment
for the following types'of research veactors:

1. MIR
2. Swimming Pool
3. Wsater Boiler
L, CPe5

The ecriticel masses ss & function of envrichment are given in

Pigure 1.
1. MR

in order to keep the 25/Al ratio and the criticél masg of a lower -
enrichment reactor as small as pessible, the sintered UOo-Al fuel elements
 sh©uld be used in preference to the U-Al alloy type of eleﬁeqts now in
the MIR. The c@fe of the sintereﬁ'eléments can contain as much as 50%
U0, b& veight, which gives a U density of 1.91 gns/cmd as compared with
& maximm of 0,86 gns/cmS for the U-Al alloy. Calculstions for the U-Al
alicy fuel plate core give critical masses which are considerably larger

than those for the UOp-Al elements.

The calculations were made for the sintered elerents containing the

‘maximum allowable U; the cladding, spacing betveen plates and the over-all

dimensions of the element were kept fixed %o present MIR specifications.

The thermsl neutron flux wes set equal to the MIR flux by keeping the

IR
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~amount of 25 per unit avea of fuel plote the same es for the MIR and

‘allowing the thickness of the core of the fuel plate to vary inversely
with the fuel enrichment. Small differvences in the critical mass can
be obtained by changing the amount of 2% per wnit area of fuel plate.
Thege célculati@ns are, however, preliminery and we have not attempted
to optimize the variables.

" The critical messes wereﬂcéléulate& for a 30-cm Be + 2% Hx0
reflector an@ for 18% excessnreactivityo The vesults are summarized in-
Table 1.

“IIh the MTR there are 23 fuel eleﬁents conteining an avarage‘éf 18? A
<ghs 25/elementl which gives an average thermal flux in the core of
1.h x 101 n/enfesec at 28 Mw. As the enrichment is lowered, the power
"must, of course, be increased to keep the same flux as shown in Table 1.
The resulis ehow tﬁat fuel earichments much below 20% lead to rathey ‘
large critical masses and corrospondingly large total powers if one

wishes to maintain the high neutron flux of the MIR.

2

. MTR Fuel Element Pate
Length of fuel beoring region  eeveess 24.63 in.
Totai cross sectional ares ciresessone 68,26 in.?
Side plate cvoss sectional area +s+++» 0.3961 in.2
Width 6? fuel plate (along arc) cvecees 2772 in.
Thickness of cladding --_g-n::;ug.oo;g'o.o 0.01% in,
Thickness of fuel yléte cope vesrersess 0,020 in.

Thickness of water channel. ssescsscses 0.1178 in.

L
J. W. Webster ~ Private Communication.
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TABLE 1

Core Thickness number of Va1 Critical Total

?C Borichment of fuel plate plates pex [ Thermal Resonance escape mass of Power
N (%) (inches) fuel element B0 utilization probability ko 25 (kg) (Mwr)
10.4 03972 17 T3k L7681 +G33 1.498 23 151

20.6 .01998 1e 549 ._’(926 .G59 1.589 6.9 45

'35.6 .0115¢% 20 480 .T996 973 1.626 4.8 31

MTR (93.5%) 0200 19 .583 .80ko 1.690 1.680 k4.3 28

N

-.‘]n
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2. Syivning Pool

The fuel elewment specificetions are the ssme ag those for the MIR
type veaetor. The excess veactivity requirement, hovever, is only 5%,
repulting in e somevhat lower aéiﬁiggl'mass‘ The reflector is 15 cm of
Be surrounded by water. S

The éritical rage for the swiming pool at full enrichment is about
3 kg, which gives an average thermal €lux of 6.7 x 1012 p/ewPaesec at

100 kv power. Th@*t@tal povers required to give the same flux for the

lover -enrictiment fuels agnd critieal masses are givem in Table 2, ... .. - .-
TABLE 2
Enrichment Critical mass of 25 Total pover
Sxg) . k) |
10 ' 8.4 280
20 k.2 W0 g i70) 9mU y
. « 0 25 /e
30 3.4 113 (’4 o S
93.5% 3 00 T

B\

3. Water Boiler

The critical mass of the water boiller increases much less with
decreasing U enrichoent than doed the eriticeld mass of the VIR, Some

2 for the minimum nags of 25 as a function

of I. Greuling's calculations
of U envichment; total U concentrations, powers for z thermel flux of

1012 n/cnPesec, and power densities are given in Teble 3.

e B, Greuling, "Theory of Water-Tamped Water Boiler," I£-399.
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TABLE 3
. Total pover Power
Enrictment  Mps  Diameter - U cone, {Ave. theymal Fluk Density

@ (kg c_(em) = (eme/i}  of 1002 n/enepee)  (kw/l)
5 2,90 50 8o 138 2.1

10 1.75 38 610 83 2.9

20 1.30 31 Lz0 62 4.0
93.5 0.98 b 145 4T 6.5

b, CPeS

As in the MR type reaciors thewe is o strong incentive for using the

UOp«Al fuel plates to Gecronse the neutron losses in Al. There iz houweway,

nore ieeway in the desigm of the UP-5 type becmuse of the use of Dp0

moderator.

We hove considered MIR type fuel olements contalning eight piates per

asaerbly . In all cases the core of the fuel plates are 0.02 inch thick

2

' and are cled with 0.045 inch eof 4l. 45 iv the €P-5, the critical mass

caleulstions sllow for 11% axcess éeaativity. The critical nass and pover

TABLE &
Enrichuent Mess éf 25 Power
(55} _Lkg) (lowr)
10 1.8 1630
70 1.31 1160
93.5 1,13 1000

for an average thermal Tlux of 2.3 x 1@£3 n/cmgaaee sre givon in Tablie b.
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