
.__. . . - _ _ . . --- - -

L
' '

NUREG/CR-0796'

PNL-3926
'

i
- '

-

'

Vol. 2
j
;

&

|

|

: Criticality Experiments with
Subcritical Clusters of 2.35 Wt%

~

and 4.31 Wt% 235U Enriched UO2
: Rods in ~ Water with Uranium or
! Lead Reflecting Walls

-p
Undermoderated Water-to-Fuel Volume Ratio of 1.6'

L.
,

'

Prepared by S. R. Bierman, B. M. Durst, E. D. Clayton

# E'j Pacific Northwest Laboratory
Operated by @,

s
Battelle Memorial Institute: ,

, ,

1 Prepared for DEC211SSt>
j U.S. Nuclear Regulatory O' " {} Czarenm
j Commission ~*OORi u

'

-

1 m m

,

i

'

t

i
. 52 e11231

.

k k
,

.
... _ _ - _ . -- --- . . _.



.

t

NOTICE
i

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, or any of
,

their employees, makes any warranty, expressed or implied, or
'

assumes any legal liability or responsibility for any third party's

| use, or the results of such use, of any information, apparatus
! product or process disclosed in this report, or represents that

its use by such third party would not infringe privately owned,

rights.

I

I

t

4

i

I,

i
:

)

i

4

| Available from
!

GPO Sales Program
i, Division of Technical Information and Document Control
i U. S. Nuclear Regulatory Commission
' Washington, D. C. 20555

Printed copy price: tp 7s

:

I and

National Technical Information Service
Springfield, Virginia 22161

s.

A ..

- - - - - - - - - - - - - - -- -- - ..,-



_ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ - -

.

* * *

pn 88c *

oq'o,
, ,

UNITED STATESe

I ,g NUCLEAR 13EGULA, TORY COMMISSIONE" (
g. ;y WASHINGTON,S. C. 20555 -

\...../
December 2, 1981

ERRATA SHEET

for

NUREG/CR-0796

PNL-2827

| Criticality Experiments with Suberitical Clusters of

2.35 Wtt and 4.31 Wt% U Enriched UO
2

Rods in Water with Uranium or Lerd Reflecting Walls

Prepared by

Pacific Northwest Laboratory
for the

U.S. Nuclear Regulatory Commission

i Please make the following change and addition to the cover and
title page.

CHANGE: NUREG/CR-0796
TO: NUREG/CR-0796, Vol. 1

Add the Subtitle: Near Optimum Water-to-Fuel Volume Ratio

DIVISION OF TECHNICAL INFORMATION
AND

DOCUMENT CONTROL

1

N -

_____ ____ - ________ - ______ - _____ -

A



-

.

NUREG/CR-0796
~ - PNL-3926

'

Vol. 2
RC

_ _ _ - _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ . ___ __ _ _ - _ - - - _ _ __-

Criticality Experiments with
Subcritical Clusters of 2.35 Wt%
and 4.31 Wt% 235U Enriched UO2
Rods in Water with Uranium or
Lead Reflecting Walls
Undermoderated Water-to-Fuel Volume Ratio of 1.6

- - - _ _ _ _ - . - _ _ _ _ _ _ ._ . __ _
_ __ - _

_
_ _ _ _ _

ate u shed ee be 981

S. B erman, B. M. Durst, E. D. Clayton

i s'd &*EE' ' ' '
Prepared for
Division of Engineering Technology
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555
NRC FIN B2094

_ _ _ - _ . - _ _ _ _ _ _ _ _ - - _ _ - .



. .
.

.

' '

. .

-
.

,

.

ABS 7RACT

A series of criticality experiments with undermoderated (1.6 water-to-
fuel volume ratio) 2.35 wt% and 4.31 wt% 235U enriched UO2 rods in water
were performed to provide data on the reactivity effects of lead and depleted
uranium reflecting walls. This data furnishes well defined benchmarks for
use in validating calculational techniques employed in analyzing fuel shipping
and storage systems having lead or uranium biological shields. For each fuel
enrichment, the critical separation between three subcritical fuel clusters
was observed to increase as either 77mm thick depleted uranium or 102mm thick
lead reflecting walls were moved towards the fuel. A maximum critical separa-
tion was observed for both the lead and the depleted uranium reflecting walls
with a water gap between the fuel clusters and the reflecting walls. For both
fuel enrichments, this optimum water gap was about 25mm for the depleted uranium
walls and about 10mm for the lead walls.

.

iii

'

. . . . , , . . . . . . . , , . , . . . . . . . .
. _ _ .. _._.__.J. . . _



.

f

.

SUMMARY

The results from the sixth in a series of criticality experiments funded
by the United States Nuclear Regulatory Commission are presented in this pap?r.
The purpose of these experiments is to provide a data base for benchmarking
computational methods used in the criticality analysis of fuel transportation
and storage systems.

The initial five series of experiments in this program were concerned
with determining the critical separation between clusters of either 2.35 wt%
or 4.31 wt% 235U enriched UO fuel rods immersed in water at near optimum2

neutron moderation and at an undermoderated water-to-fuel volume ratio of 1.6.
The effect that various neutron absorber plates, positioneJ between the fuel
clusters, had on the critical separation was investigated in these previous
experiments. Also the effect that simulated biological shields of lead, steel
and depleted uranium had on the critical separation was investigated, but not
for both neutron moderation conditions. In these previous experiments, data
were obtained for the lead and depleted uranium only at the near optimum
neutron moderation condition. This sixth series of experiments are concerned
with the lead and depleted uranium walls and fuel clusters at the undermoderated
water-to-fuel volume ratios of 1.6.

Measurements similar to those performed previously with lead and depleted
uranium were repeated with the same materials used previously, but with the
fuel lattices at a water-to-fuel volume ratio of 1.6 (16.84nm square lattice
pitch for the 2.35 wt% enriched fuel and 18.92mm square lattice pitch for the
4.31 wt% enriched fuel). Either lead or deoleted uranium walls were positioned
parallel to, on either side of, and at various distances from three subtritical
fuel clusters aligned in a row. The results obtained with these undermoderated
fuel clusters are similar to those obtained with fuel clusters having near opti-
mum neutron moderation. For either degree of moderation, the critical separation
between fuel clusters increased to a maximum as the reflecting walls were moved
towards the fuel clusters. This point of maximum effect was observed to occur
at an optimum water gap spacing between the fuel and reflecting walls that ap-
peared to be dependent on the degree of neutron moderation in the fuel clusters.
The optimum water gap between the depleted uranium reflecting walls and the fuel
clusters at the 1.6 water-to-fuel volume ratio covered by this report is near
25mm. In the previous measurements, with fuel clusters near optimum neutron
moderation, this aptimum water gap was observed to occur at about 20mm. Simi-
larly, the optimum water gap between lead reflecting walls and the undermoderated
1.6 fuel clusters is about 10am whereas it was less than 5mm for the near optimum
moderated fuel clusters. These experimental results for the optimum water gap
between the reflecting walls and the fuel clusters are in general agreement with
previously reported calculations on heavy metal reflectors.

The experimental data indicate that lead, backed by water and in close
proximity to the fuel, is a better neutron reflector than depleted uranium under
the same conditions. Although the lead and uranium are of different thickness,
the undermoderated experiments covered by this report and the previous experi-
ments with fuel clusters near optimum neutron moderation indicate that with less
than 15mm of water between the reflecting walls and the fuel, lead has the better
neutron relecting properties. Similarly, lead and depleted uranium appear to be
better reflectors than steel under either condition af moderation and any distance
from the fuel.

v
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PREFACE

The American National Standard - ANSI N16.1-1969 (Nuclear Criticality
Safety in Operations With Fissionable Materials Outside Reactors) makes
provisions for criticality limits " derived from calculations made by a
method shown to be valid by comparison with experimental data, provided
sufficient allowances are made for uncertainties in the data and the cal-
cul ations." This philosophy is widely applied in governmental and industrial
operations and accepted by governmental regulatory agencies. Consequently,
a principal concern in criticality analysis work is the validation of the
codes and nuclear data used in criticality evaluations. To obtain such con-
firm-tory data in the area of transportation and storage of light water reactor
(LWR. type fuel, the United States Nuclear Regulatory Commission (NRC) began
fundi- an experimental program in 1976 at the Pacific Northwest Laboratory
Critis. I Mass Laboratory. The primary objective of these NRC experiments was,
and still is, to provide clean, well defined, integral data that could be
described in calculations exactly as-run without corrections or approximations
having to be made. Nearly all of the world's experimental data directly ap-
plicable to the criticality assessments of LWR transportation and storage
systems have been obtained from the experiments funded by this NRC program.'

The report presented herein covers data from the sixth set of experiments
in this program. The data were obtained from experimental assemblies that
simulated transportation conditions involving either lead or depleted uranium
as biological shielding materials. Since one of the earlier reports covered
experiments of a similar nature, this current report has been identified as
part II for continuity and to avoid confusion.

The same U0 fuel, lattice grid plates, neutron absorber plates, and2
biological materials have been used throughout these experiments. However,
during this period of time, some of these parameters have become better
defined as a result of repeated analysis. For example, the 4.31 wt% 235U
enriched UO2 rods were originally identified as having a 23s0 enrichment of
4.29 wt%. Multiple analysis of the rods during the course of these six sets
of experiments have resulted in the more correct average of 4.31 wt% quoted
in this and some of the more recent reports. Although there are no redefini-
tions of significance, the values quoted in this report should be considered
the latest and best values to use.

The authors wish to especially acknowledge the contributions of J. H. Smith
and J. H. Lauby, Senior Technicians at the Critical Mass Laboratory, for their
assistance in the performance of these criticality experiments, and of L. N. Terry
in the typing and editing of this document. The authors would also like to
acknowledge the continuous support ar? guidance of Richard H. Odegaarden and
Donald E. Solberg of the U. S. Nuclear Regulatory Commission as well as
G. E. Whitesides of ORNL.
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CRITICALITY EXPERIMENTS WITH
SUBCRITICAL CLUSTERS OF 2,35 WT% AND 4.3 WT% 235U

ENRICHED U0 RODS IN WATER WITH2

URANIUM OR LEAD REFLECTING WALLS - VOLUME 2

INTRODUCTION

A research program, funded by the United States Nuclear Regulatory Com-
mission, to provide experimental criticality data on conditions simulating
light water reactor (LWR) fuel shipping and storage configurations was begun
in 1976 at the Critical Mass Laboratory of the Pacific Northwest Laboratory.
The primary objective of this program is to provide data suitable for use
in confirming calculational techniques and nuclear data used in the criticality
assessment of LWR type fuel element shipping packages. It is anticipated that
the data would be applicable to criticality assessments of similiar conditions
encountered in such areas as fuel element handling and storage facilities.

Conditions that must be considered, and thus simulated by the experiments,
involve subcritical clusters of rods (fuel elements) separated in space with
and without neutron absorbing and biological shielding materials. The results
from 5 sets of earlier experiments in this program have been reported on pre-
viously(1,2,3,4,5) and have provided data on a wide assortment of conditions
which are commonly encountered, or could be expected to occur, in shipping
and storage systems. These conditions and the experiments are briefly sum-
marized as follows:

Fuel clusters of 2.35 wt% 235U enriched UO2 rods immersed in water at.

near optimum neutron moderation with neutron absorber plates between
the fuel clusters.,

Fuel clusters of 4.31 wt% 235U enriched U02 rods immersed in water at.

near optimum neutron moderation with neutron absorber plates between
the fuel clusters.

Fuel clusters of 2.35 wt% and 4.31 wt% 235U enriched UO2 rods immersed.

in water at near optimum neutron moderation with lead and depleted
uranium reflecting walls on either side of the fuel clusters.

Fuel clusters of 2.35 wt% and 4.31 wt% 2350 enriched UO2 rods immersed.

in water at a 1.6 water-to-fuel volume ratio with neutron absorber
plates and flux traps between the fuel clusters. Measurements were
also made with some fuel clusters containing water holes.

Fuel clusters of 2.35 wt% and 4.31 wt% 2350 enriched U02 rods immersed.

in water with steel reflecting walls on either side of the fuel clusters,
t Measurements were made with the fuel clusters at an undermoderated water-

to-fuel volume ratio of 1.6 and at a neutron moderation near optimum for
each of the fuels.

_-___ -_-_-_ _ - - _ _ - _ -
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The conditions simulated by the experiments covered in this report
involved undermoderated fuel clusters of either 2.35 wt% or 4.31 wt% 235 U

enriched UO2 rods in the presence of lead and depleted uranium biological
shielding materials. The previous experiments with these materials were

,
performed, as indicated above, with the fuel clusters at near optimum

| neutron moderation. In this series of experiments the effect that depleted
I uranium and lead reflecting walls have on the critical separation between
| fuel clusters is investigated at the undermoderated water-to-fuel volume

ratio of 1.6 typical of Pressurized Water Reactor (PWR) and Boiling Water
Reactor (BWR) type fuel elements.

.
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EXPERIMENTS

As in the previous experiments with lead and depleted uranium reflecting
walls, these current experiments consisted of determining the critical separa-
tion between three sub-critical clusters of fuel rods aligned in a row with
reflecting walls of lead or depleted uranium parallel on either side of, and
at various distances from, the row of fuel clusters.

A photograph of a typical assembly, with depleted uranium walls partially
constructed, is shown in Figure 1. The system is provided with a safety and
a control blade. Both of these are shown, fully inserted, on either side of
the center fuel cluster in Fiqure 1. Both blades would be fully withdrawn
whenever data were being obtained. Also, of course, the entire system would
be flooded with water to a depth of at least 150mm above the top of the fuel
before any measurements were made. A detailed graphic layout of the experi-
mental system is given in Figure 2. All structural materials are on the
periphery of the experimental assembly except for four 51mm wide type 6061
aluminum spacer bars between the fuel and reflecting walls, the lattice grid
plates and the aluminum guides for the safety and control blades. The lattice

3grid plates were fabricated from 12.7mm thick polypropyler 1(0.904 g/cm ) sheets.

Measurement data were obtained for both the 2.35 wt% and the 4.31 wt%
2350 enriched UO2 rods in square pitched, water flooded, lattices. Data were
obtained for each enrichment at neutron moderation in the fuel clusters
approximating that found typically in Boiling Water Reactor and Pressurized
Water Reactor fuel elements (1.6 water-to-fuel volume ratio). In the measure-
ments, the distance between the outer cell boundaries of the fuel clusters
and the near surface of the reflecting walls was varied from zero to that
approaching infinity (removal of the walls from the system). A detailed
description of each type fuel rod is given in Figure 3. The chemical im-
purities of the water used in these experiments are given in Table I.

The reflecting walls consisted of either depleted uranium or lead and
were postioned on either side of the row of fuel clusters as indicated in
Figure 2. In each case the walls were equal distance from the fuel clustars
and extended beyond the fuel clusters in all directions. The distance between
the walls and the fuel clusters was varied from zero (the cell boundary of
the fuel clusters) to infinity (complete removal of the walls from the system).
At each separation between fuel clusters and reflecting walls, a critical
approach on the water separation between fuel clusters was made by incrementally
decreasing the spacing separating the fuel clusters.

The uranium walls on either side of the fuel clusters were about 1.5m
long by about 1.2m high and were about 76mm thick. These walls were con-
structed by assembling, 5 long by 2 high, tongue and grove slabs of uranium
each 304.6 0.9mm wide x 609.5 2.5mm high x 76.5 0.4mm thick. One such
slab is shown being lowered into position in Figure 4. A complete general
description of the uranium wall is given in Figure 5. (A detailed description
of each uranium slab and its location in the walls is presented in Reference 3).

3
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4.31 wt% 235 U ENRICHED UO2 RODS

12.6S mm DI A WD: 12.827 mm IDx0.6M mm WARRUBBER END CAP:

12.776 mm ID x 25.4 mm LONG

'!!

[JUO .PEllITS/-2 N RUBBER END CAP:
//

12.776 mm IDx 25.4mm LONG
-

a

9144 mm

965.2 mm: =

CLADDING: 6961 ALUMINUM TUBING

LOADING:

235ENRICHMENT - 4.31 0.01 wt% U

FUEL DENSITY - 94.9 i 0.55% OF THEORETICAL DENSITY
URANIUM ASSAY - 88.03510.261 wth 0F TOTAL FUEL COMPOSITION
00 - 1203.381 4.12 g / R0D

2

END CAP:
3

DENSITY - 1.321 g Icm
COMPOSITION- C-58 i 1 wt% 5 - 1.7 1 0.2 wt%

H - 6.5 1 0.3 wt% 0- 22.1 wt% (B ALANCE)
Ca - 11.41 1.8 wt% Si- 0.310.1 wt%

2.35 wt% 235U ENRICHED UO2 RODS

FUEL: 11.176 mm DI A CLAD: 11.176 mm ID x 0.762 mm WALL

.# [

12.7 mm DIA [ TOP i UO POWDER c2.

1 t
''

+ 50.80 mm -

914.4 mm :

|- 977.9 mm

CLADDING: 6061 ALUMINUM TUBING SEAL WELDED WITH A LOWER END PLUG
OF 5052-H32 ALUMINUM AND A TOP PLUG OF 1103 ALUMINUM

LOADING:

ENRICHMENT - 2.3510.05 wth 235U
FUEL DENSITY - 9.20 mgimm3 (85 THEORETICAL DENSITY)
URANIUM ASSAY - 88.0 atk
UO2 - 825 g / ROD (AVERAGE)

FIGURE 3. DESCRIPTION OF FUEL RODS
PNL8008601 1
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TABLE I
WATER IMPURITIES

CONCENTRATION

COMPONENT gI m3 (ppm)

Ci s5
,

,

0.02NO3

Cr+6 <0.01

Zn 16

Mn < 0.01

Pb <0.005

F 0.18

Fe 24

Cu < 0.01

Cd 0.001

14.5S03

DISSOLVED SOLIDS 61 3
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FIGURE 5. ASSEMBLED URANIUM WALL
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Each individual uranium slab was radiographed along its entire length to as-
| sure uniform density in each slab and(jhat each slab was free of internalvoids greater than 1.5mm in diameter. 1 All except four slabs met this|

criterion. In each of these four slabs, three voids, up to about 6mm in
diameter and of undefined thicknesses, were observed within 125mm of either
the top or bottom edges of the slabs. These four slabs were positioned in
the walls such that these slightly non uniform areas were located on the
edges of the walls. The assemblied walls were also radiographed to determine
the size of line-of-sight voids which occur at the intersection of four ad-
joining slabs in the walls (see Figure 5). (Radiographs showing the largest
voids are presented in Reference 3).

The lead walls on either side of the fuel clusters were about 1.6m long
by about 1.2m high and were about 0.lm thick. These walls were constructed
by stacking, 8 long by 24 high, lead bricks, each about 205 x 102 x Slmm,
one on top of the other. A generalized diagram of the lead walls is given
in Figure 6 as an aid to computer input. The lead bricks were 99.87 wt%
pure. A detailed description of the lead walls is presented in Reference 3.

10
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EXPERIMENTAL RESULTS

In each experiment, the approach to critical was made by decreasing
I the water separation between the fuel clusters while holding all other

parameters constant. To permit direct comparisons to be made between data
| for the uranium and lecd reflecting walls and data previously reported (5)
| for steel reflecting walls at the 1.6 water-to-fuel volume ratio of these
; experiments, it was intended that the fuel clusters be the same size and

shape for all three type reflecting walls. However, the size of the center
fuel cluster had to be reduced for the 2.35 wt% 235U enriched fuel to avoid
supercritical conditions for the more reactive positions of the lead and
uranium reflecting walls. Consequently, direct comparisons cannot be made
between the steel and the lead or depleted uranium reflecting walls at the
2.35 wt.% enricnment and 1.6 water-to-fuel volume ratio.

|

Each of the experiments is physically described in Table II. Thei

measurement data for each fuel enr4 hment is summarized in Table II, also.

The data for the 2.35 wt% 2350 enriched fuel are shown graphically in
Figure 7 for both the lead and depleted uranium reflecting walls. As bas
been observed in the past with heavy metal reflectors backed by water,(3,5)
the critical separation between the fuel clusters increased to a maximum
and then decreased as either the lead or uranium reflecting walls were
moved towards the fuel clusters. For the depleted uranium reflecting walls,
this maximum critical separation occurred with about 25mm of water between
the reflecting walls and the fuel clusters. For the lead reflecting walls
the maximum critical separation appears to occur at about 10nm of water
between the reflecting walls and the fuel clusters. As in the previcus
measurements (3) near optimum neutron moderation with lead and deplete 6
uranium reflecting walls, the lead in close proximity to the fuel is a
better reflector than the uranium.

The data obtained on fuel clusters of 4.31 wt% 23sU enriched fuel with
lead and depleted uranium reflecting walls are summarized graphically in
Figure 8. Measurement data previously(5) reported for these fuel clusters
with steel reflecting walls on either side are also included in Figure 8 for
ease of comparison. As can be seen in Figure 8, the results obtained with
the 4.31 wt% 235U enriched fuel are similar to those obtained with the 2.35
wt% enriched fuel except that a clear maximum critical separation occurs for
the lead reflecting walls with about 10mm of water between the lead and the
fuel.

12
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TABLE 11

EXPERIMENTAL DATA ON CLUSTERS OF 2.36 wt% AND 4.31 wt% 2360 ENRICHED
UO RODS IN WATER WITH DEPLETED URANIUM OR LEAD2

REFLECTING WALLS (a)

2.35 wt7. ENRICHED FUEL 4.31 at% ENRICHED FUEL

CRITICAL SEPARATION CRITICAL SEPARATION

DISTANCE 3ETr/iEN BET //IEN FUEL CLUSTERS (d) BETWEEN FUEL CLUSTERS M)

REFLECTING WALLS FUEL CLUSTERS URANtUM LEAD FUEL CLUSTERS URANIUM LEAD

AND FUEL CLUSTERS L3 15.34 mm 50. PITCH #4LLS (e) W4LLS m 18.92 m.t 50. FITCH WALLS (el J ALLS (D

(mmt (c) (mm) (mm) (c) (r. T4 (m m)
I

_
'

O I-23 x 13 30.5 * 0.2 100.52 03 3-12 x 15 1533 2 03 177.4 03

2-2E 18

5.4 t 1.02 1-23 a 13 - 101.120.2 3-12 x 15 167.1 2 0.2 131.S * 0.5
* -

2-20 : 13

13.21 2 0.75 1-23 x IS 95.0203 - 3-12 x l$ 13?.7 * 0.5 -
-

2-20 x 13 = .

C 19.M 21.02 -
- - 3-122l$ 192.4 t 0.4 1713 2 0.2

~

25.15 ! 1.07 1-23 x 13 93320.2 - 3-12 r 16 193.7 0.4 -

2-20 x 13
f

,

32.7521.'.3 1-23 x 18 - 35.020.2 3-12 x 16 1 87.8 * 0.2 -

2-20 x 13

39.12 t 132 1-23 x 13 91.9 * 0 3 - - - -
~

2-20 x 13

54.05 1.02 - - - 3-12x15 154.0 0.2 143.5 * 0.3(gl

l-23 x 13 - 65.9 0.2 3-12 x 16 123.5 t 0.2 129.7 2 0.3 (h)

| 2-20 x 13

=

j
l-25 : 13 - 72.220.2(i) - - -

=

2-20 x 13

(a) ERROR LIMITS SHO JN ARE ONE STANCARD DEVI ATION
(;) FERPENElCULAR 1,lSTANCE SETN2EN THE CELL BOUNLARY OF THE FUEL CLUSTERS ANL TI REFLECTING .ULLS
(c) NUM3ER OF FUEL CLUSTERS, RODS LONG x RODS tilCE. AllLNED IN A ROW
(d) PERPENDICULAR DISTANCE BETN2EN FUEL CLUSTERS, R0D SURFACE TO R00 SURFACE

(e) W ALLS 753 2 0.4 mm THICK
(f) # ALLS 102.0 * 03 mm THf CK
(gl DISTANCE BETWEEN REFLECTING WALLS AW TdEL CLUSTERS IS 50.012 0.86 mm
(h) CRITICAL SEPARATION PREVIOUSLY REPORTED IN NUREG|CR-1734
(i) CRITICAL SEPARATIONS OF 72.4 AND 71.9 mm OBTAINED IN FREVIOUS D.PERIYfNTS AT THIS LATTICE FITCH. NO PREVIOUS

M2ASUREM;NTS WITH CENTER CLUSTER 23 RODS LONG.
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CONCLUSIONS

The results obtained with lead and depleted uranium reflectin walls
on either side of undermoderated clusters of 2.35 wt% and 4.3 wt% g35 U
enriched U0 rods in water are similar to those obtained previously with2

clusters of these fuels near optimum neutron moderation. For either degree
of moderation, the critical separation between fuel clusters increases to
a maximum as the reflecting walls are moved towards the fuel clusters.
This point of maximum effect occurs at an optimum water gap spacing bet'2en
the fuel and reflecting walls that appears to be dependent on the degree of
neutron moderation in the fuel clusters. The optimum water gap between the
depleted uranium reflecting walls and the fuel clusters at the 1.6 water-
to-fuel volume ratio covered by this report is near 25mm. Previous measure-
ments(3) with fuel clusters near optimum neutron moderation indicated an
optimum water gap of 20mm. Similarly, the optimum water gap between lead
reflecting walls and the undermoderated 1.6 fuel clusters is about 10mm
whereas it is less than 5mm for near optimum nederated fuel clusters.(3)
These experimental results for the optimum water gap between the reflecting
walls and the fuel clusters are in general agreement with previously reported
calculations.

The experimental date also indicate that lead, backed by water and in
close proximity of the fuel, is a better neutron reflector than depleted
uranium under the same conditions. Although the lead and uranium are of
different thickness (102mm thick lead and 76.5mm thick uranium), the
undermoderated experiments covered by this report and the previous
experiments (3) with fuel clusters near optimum neutron moderation in-
dicate that, with less than about 15mm of water between the reflecting
walls and the fuel, lead has the better neutron reflecting properties.
Similarly, the lead and depleted uranium appear to be better reflectors
than 178.5mm thick steel under either condition of moderation and any
distance from the fuel.
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