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of the other idealizations in the representation in KENO sam-
ple problem 15 was 0.0007 ± 0.0008 A*.

We then investigated the effect of extending the number of
histories used in the calculation in the criticality safety bench-
mark report. Although we replicated the eigenvalue from this
report when we used its input deck, we obtained a somewhat
lower value, 1.0007 ± 0.0006, when we extended that calcula-
tion from 540000 to 2000000 active neutron histories. There-
fore, a better estimate of the difference in kejj between the
representation employed in the criticality safety benchmark
report and that in our detailed analysis of the experiment is
0.0014 ± 0.0008. That difference is well within the range attrib-
utable to the combination of isotopic differences and other ide-
alizations.

Our detailed analysis of this experiment has produced an
eigenvalue that is in good agreement with the experimental
measurement. In addition, differences between our result and
those obtained in previous benchmark calculations have been
traced to specific aspects of those calculations.
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2. Measurement of fieff in the Coupled Fast-
Thermal System HERBE, Miodrag Milosevic,
Milan PeSic, Senada Avdic, Dragana Nikolic (Inst
Nucl Sci-Yugoslavia-Serbia)

INTRODUCTION

The delayed neutron parameters and methods used for cal-
culation in reactor safety studies are verified by measurement
of the effective delayed-neutron fraction @e/f in the coupled
fast-thermal system HERBE (Ref. 1). The HERBE system is
strongly heterogeneous. It consists of the fast core loaded with
the natural uranium fuel elements. The thermal core is com-
posed of the 80% enriched UO2 moderated and reflected by
heavy water. Methods applied in the calculation and interpre-
tation of $eff measurement are described in this paper.

CALCULATION

The integral measured delayed-neutron six-group data2

and recent parameters from the summation calculations3 with

six-group delayed-neutron spectra4 are used. The measured
photoneutron nine-group data2 and the photoneutron spectra,
evaluated using a simplified method based on isotropic emis-
sion of neutrons and protons with equal energies, are applied.

The flux and adjoint neutron flux are obtained using the
assembly spectrum code VEGA (Ref. 5), one-dimensional
transport code AVERY (Ref. 5), and two-dimensional diffu-
sion code GALER (Ref. 5).

MEASUREMENT

The @eff is determined by measurement of the fission rate,
the adjoint neutron flux, and the reactivity worth of a cali-
brated 24lAm-Be neutron source according to

Mr) ,

where

S = absolute neutron source strength

$J(r) = average importance of a fission neutron at the
source position (/•)

p/@e/f = apparent reactivity effect of the source neutrons

v = average number of neutrons per fission

F = total fission rate in the system

/(/•) = correction factor, calculated as the ratio of the
average importance for the source and fission
neutrons.

The 24[Am-Be neutron source strength is verified by the
flux density method. The two-group neutron flux distribution
in the HERBE subcritical system with the neutron source is
measured by irradiation of the gold foils with and without cad-
mium cover. Absolute gamma activity of the gold foils is mea-
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Fig. 1. Measured and calculated fission rate densities.
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RESULTS

The measured and calculated quantities and estimated
uncertainties are given in Table I. The agreement between the
computation and measurement suggests the validity of the cal-
culational method.

Fig. 2. Measured and calculated average importance.
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TABLE 1

Measured and Calculated Quantities and
Estimated Uncertainties

Quantity

S (n/s)

F (fissions/s)

f(f0)

P e f f (exp)

P e f f {calc) , data Keepin

P e f f (calc) , data
Brady & England

Value

1.79 106

0.22564

2.4421

4.2146 10*

1.057

0.970

0.00791

0.00771

0.00806

Estimated error
(%)

± 2.0

± 1.5

± 0 . 5

± 2 . 0

± 1.0

± 1.0

± 3.5

sured by the calibrated coaxial germanium detector and
evaluated by the APOGEE code.6 Absolute fission rate density
is determined by gamma-ray activity measurement of 140La
from the UO2 irradiated sample. Corrections for local flux
perturbations due to insertion of the experimental channels,
aluminum supports, gold foils, cadmium covers, and UO2
samples are calculated by the NSD code.5 The measured and
calculated fission rate densities are shown in Fig. 1.

The value of the 4>J(r) is determined by measurement of
the two-group adjoint neutron flux distribution. These distri-
butions are derived from measurements of the neutron flux
and reactivity worth of cadmium and UO2 (80% 235U) sam-
ples. The results of average importance measurement and cal-
culation are given in Fig. 2.

The apparent reactivity of the neutron source is measured
as the difference of the total source reactivity and reactivity
resulting from neutron interactions in the source materials.7

3. Measurement of Cryogenic Moderator Tem-
perature Effects in a Small Heterogeneous Ther-
mal Reactor, Gary S. Hoovler, Russell M. Ball
(B& W), Robert H. Lewis (Lewis Consult)

INTRODUCTION

Past papers' have described a critical experiment (CX)
built at Sandia National Laboratories to investigate the neu-
tronic behavior of the particle-bed reactor (PBR). Among the
experiments previously reported were tests to measure the reac-
tivity effect of uniform temperature variations between 20 and
80°C (Ref. 2). This paper describes additional experiments
designed to examine the effects of cryogenic moderator tem-
peratures on core reactivity and neutron spectrum.

The general importance of temperature effects to the
design of the PBR have been previously discussed.2 A unique
feature of the PBR is that the moderator may be at cryogenic
temperatures during reactor startup. Because temperature
effects in small, heterogeneous thermal reactors can be signif-
icant and because we found no integral measurements with
cryogenic moderators in such systems, an experiment with a
cryogenic moderator was designed and performed in the CX
as an extension to the isothermal measurements previously
reported.2

TECHNICAL APPROACH

The PBR CX (Ref. 1) is a small, 19-element array on a
hexagonal pitch of 94 mm. It is water moderated and reflected.
To perform the cryogenic moderator experiments, the center
element was removed and replaced by a specially designed alu-
minum canister filled with polyethylene beads (see Fig. 1). Dur-
ing the tests, the polyethylene temperature was adjusted
between -194 and + 20°C, while the temperature of the water
moderator, fuel, and water reflector remained constant
(ambient).

Two types of measurements were made. The reactivity
effect as a function of polyethylene temperature was measured
with a calibrated control rod. To supplement this global mea-
surement, an index of the neutron spectrum in the cold mod-
erator was determined. This was done by activating lutetium
foils at several temperatures and positions in the polyethylene
beads. The differently shaped cross sections of 175Lu and
176Lu provide a means for observing changes in neutron spec-


