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ABSTRACT

A series of criticality experiments with undermoderated (1.6 water-to-
fuel volume ratio) 2.35 wt% and 4.31 wt% 235U enriched UD, 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 vatidating 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 walis
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.






SUMMARY

The results from the sixth in a series of criticality experiments funded
by the United States Nuclear Regulatory Commission are presented in this paper.
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 4.3 wt% 235U enriched UQ, fuel rods immersed in water at near optimum
neutron moderation and at an undermoderated water-to-fuel volume ratio of 1.6.
The effect that various neutron absorber plates, positioned between the fuel
clusters, had on the critical separation was investigated in these previous
experiments. Also the effect that simulated biological shields of Tead, 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 Tead 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 simifar to those performed previously with iead 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 {16.84mm square lattice
pitch for the 2.35 wt% enriched fuel and 18.92mm sguare lattice pitch for the
4.31 wt% enriched fuel). Either lead or depleted uranium walls were positioned
parallel to, on either side of, and at various distances from three subcritical
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 veport is near
25mm. In the previous measurements, with fuel clusters near optimum neutron
moderation, this optimum 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 10mm 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 c¢lusters 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 reltecting properties. Similarly, lead and depleted uranjum appear to be
better reflectors than steel under either condition of moderation and any distance
from the fuel.
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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 1imits "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-
culations." This philosophy is widely applied in governmental and industrial
operations and accepted by governmental regulatory agencies. Consequently,

a principal concern in criticality aralysis work is the validation of the
codes and nucltear data used in criticality evaluations. To obtain such con-
firmatory data in the area of transportation and storage of Tight water reactor
(LWR} type fuel, the United States Nuclear Regulatory Commission {NRC) began
funding an experimental program in 1976 at the Pacific Northwest Laboratory
Critical 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 invoiving either lead or depleted uranium
as biological shieiding 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, Tattice grid plates, neutrcn absorber plates, and
biological materials have been used throughout these experiments. However,
during this period of time, some of these parameters have beccme better
defined as a result of repeated analysis. For exampie, the 4.3%1 wt% 235U
enriched U0, rods were originally identified as having a 233U 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 repcrts. Although there are no redefini-
tions of significance, the values guoted in this report should be considered
the latest and best values to use.

The authors wish to especialiy 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 1like to
acknowledge the continuous support and 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 4.31 WT% 235U
ENRICHED UO, RODS IN WATER WITH
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
1ight 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 appiicable to criticality assessments of similiar conditions
encountered in such areas as fuel element handiing 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-
vious1y(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:

o  Fuel clusters of 2.35 wt% 23°U enriched U0, rods immersed in water at
near optimum neutron moderation with neutron absorber plates between
the fuel clusters.

o  Fuel clusters of 4.31 wt% 235U enriched U0, 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 U0, rods immersed
in water at near optimum neutron moderation with Tead and depleted
uranium reflecting walls on either side of the fuel clusters.

. Fuel clusters of 2.35 wt% and 4.31 wt% 235U enriched UQ, 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¥ 235U enriched U0, rods immersed
in water with steel reflecting walls on either side of the fuel clusters.
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.



The conditions simulated by the experiments covered in this report
involved undermoderated fuel clusters of either 2.35 wt% or 4.31 wt% 233U
enriched U0, 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
uranjum and tead 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.































































