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Abstract: !ntcgral c;itical experiments on thorium and natural uranium test assemblies
which are installed in the center of internal graphite reflector of UTR-KINKI, Kinki

University Reactor, have been performed.

The experiments include (1) Measurement of

the reactivity effect of the space between thorium metal plates or natural uranium
metal plates in the test assembly and (2) Measurement of detailed relative vertical

neutron flux distributions in the assembly.

Analytic calculation by JAER] Thermal

Thermal Reactor Standard Code System for Reactor Design and Analysis (SRAC Code System)

was also performed.

The calculated results agree fairly well with the measured values

when JENDL-3T and ENDF/B-V nuclear data files were used.

(eritical experiment, thorium, natural uranium, reactivity effect, JENDL-3T, ENDF/B-V,

SRAC)

Introduction

The recent renewed interest in alternative
fuel cycles has stimulated the investigation of
the neutronic data of thorium which have not yet
been well established. Since late 1970's,
critical experiments on thorium test assemblies
have been made at several institutes around the
world to check the evaluated neutronic data
files of thorium. In 1980, Atomic Energy
Research Institute of Kinki University started
an program to complement a series of critical
experiments planned and performed at KUCA, Kyoto
University Critical Assembly/l,2,3/. In
this paper, we present some of the results of
our critical experiments which have been made in
UTR-KINK] and of the analytic calculation with
SRAC Code System/4/.

Experimental

General discription of UTR-KINKI

UTR-KINKI 1s a light water moderated and
cooled, graphite reflected, heterogenous, highly
enriched uranium reactor with 46cm-separated
two-slab fuel arrangement. It has a total of
12 fuel elements, each containing 12 aluminum-
clad, flat MTR-type fuel plates. The design
of UTR-KINKI was developed from "Argonaut”
research reactor, The critical mass is
approximately 3, 018g of U-235. The output power
is 1.0W and the maximum thermal neuton flux at
the center of the internal graphite reflector is
about 1.5 X 107 n/cm?/sec.

The 46-cm wide internal graphite reflector
region between the two fuel tanks has almost
flat and isotropic thermal neutron flux distri-
bution and an enlarged vertical stringer (16.4cm
square and 122cm long) at the center of the
internal reflector can be withdrawn to provide
the space for insertion of thorium or natural
uranium test assemblies, Due to the small
power and low residual radioactivity of UTR-
KINKI, "dry access” to the experimental region
in the core is possible, This feature allows
us to set up and unload the thorium or natural
uranium test assembly into the core easily and

safely. Fig.l shows the reactor cross section
(north to south) and Fig. 2 shows the core plan of
UTR~-KINKI.
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Fig. 1 Reactor cross section of UTR-KINKI
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Fig. 2 Reactor core plan of UTR-KINKI
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Thorium and natural uranium test assemblies Measurement of reactivity effect

The thorium and natural uranium test assembl- Reactivity effect of each thorium and natural
ies used in this experiment consist of nine square uranium test assembly was measured as the differ-
pillar elements, 55.3mm square and 73cm long, ence of excess reactivity between the reference
tightly packed in 3-row and 3-line configuration. core and individual core loaded with thorium or
Each assembly was inserted into the vacant space natural uranium test assembly. As the reference
which was provided by withdrawal of the enlarged core, standard core configuration with no thorium
central vertical stringer in the internal graphite
reflector, At the top and the bottom of each
assembly, graphite blocks 24.5cm in height were f—————718 ——— [ |
placed. Fig. 3 shows the detailed construction : 1/8in
of enlarged vertical stringer and thorium or Th-1 Th metals = Graphite 54
natural uranium test assembly.
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Th-2
\\ Th-metal plates interval-1"
Th-3
]
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3x3 siements : Th-s
X Th-metal plates interval-4~
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Fig. 4 Loading patterns of thorium elements
\‘ (unit: mm )
Fig. 3 Details of enlarged stringer and 5 718 AL
thorium / natural uranium test assembly NU-1 Nl}?notals—) Graphite 54
NU-metal plates intervai~1/2" T
NU-2

In the case of thorium test assembly, five
square thorium metal plates, 1/8” in thickness,
were loaded into the central region of each
element at regular intervals together with
square graphite plates with different thickness, NU-3
The remaining space were filled with graphite

NU-metal plates interval-1"

NU-metal plates intervai-2"

plates. Each element was enclosed with 55. 3um

square and 73cm long aluminum sheath, 5].3mm

square inside and 1.5cm thick. In the case of

natural uranium test assembly, each thorium NU-4

metal plate was replaced by a pile of three

square natural uranium metal plates, lmm in NU-metai plates intervai~3”

thickness. All of the graphite and metal
plates are 2" sqaure. The total amount of
thorium and natural uranium loaded in each NU-5

assembly is 4.1 kg and 6.7 kg, respectively. N
The thorium test assemblies were named Th-], NU-metalt plates interval-4

Th-2, Th-3, Th-4 and Th-5 according to the (unit : mm)

intervals between the thorium metal plates, 3},

17, 2", 3" and 4", respectively. The natural

uranium test asscmbl:cs were also named NU-1,

NU-2, NU-3, NU-4 and NU-5 in the same manner as

in the case of thorium assembly. The loading

patterns of thorium or natural uranium metal Fig. 3 Loading patterns of natural uranivm
plates and graphite plates in the thorium or elements

natural uranium elements are shown in Fig. 4 and

Fig.
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nor natural uranium metal plates was chosen. The
positive period method was used in the measurement
of excess reactivity, The effective delayed
neutron fraction, 7.658 X 1073, and neutron life
time, 1.499 X 107*sec., were used for deriving
reactivity from period.

Measurement of relative neutron flux distributions
in thorium and natural uranium assemblies

Relative neutron flux distribution along the
vertical center line in each test assembly was
measured by bare gold foil activation method.
Gold foils 0.05mm in thickness were placed at
regular intervals between metal or graphite plates
in the central element of each assembly and irrad-
iated for 1.5 hours at IW. After irradiation
relative induced radioactivities of bare gold foils
were measured by automatic well-type scintillation
counter.

Analytic calculation by SRAC Code System

Analytic calculation on reactivity effect and
neutron flux distribution (reaction rates of bare
gold foils) were performed by SRAC Code System.
The system consists of neutron cross section
libraries and auxiliary processing codes, neutron
spectrum routines, a variety of transport routines,
1D-, 2D- and 3-D diffusion routines, dynamic para-
meters, etc, The fundamental group constant
library has been produced from several nuclear
data files including JENDL-2 and JENDL-3T with the
energy group structure of 107-group (48-group for
thermal and 74-group for fast energy ranges, res-
pectively, with 15 overlapping groups).

The reactivity effect of each thorium and
natural uranium test assembly was calculated by
the following procedures:

(1) Unit cell calculation for multigroup con-
stants by collision probability method in 1-D slab
geometry. Energy group structure : Fast neutron
energy range, 22 groups, thermal neutron energy
range, 31 groups.

(2) Multi-group core calculation for few group
constants by 1-D diffusion code in cylindrical
geometry, Energy group structure : Fast energy
range, b groups, thermal energy range, 5 groups.

(3) Few group core calculation by 3-D diffus-
ion (CITATION) in X-Y-Z geometry. Energy group
structure : 10 groups (fast 5-group, thermal 5-
group).

The reaction rate of bare gold foils placed
along the central line of center element of each
thorium and natural uranium test assembly was cal-
culated by the similar procedures described above,
except that for few group core calculation, 2-D
(R,Z) TWOTRAN transport code using 16-group (fast
11 and thermal 5 groups) constants were employed.

The details of calculation procedures includ-
ing the two-dimensional (R,Z) model for core conf-
igurtion have been reported elsewhere/b, 6/

Results and discussion

Reactivity effects of thorium and natural uranium
ssemblies

The experimental and calculated results of
the reactivity effects of Th-1, Th-2, Th-3, Th-4
and Th-5 assemblies are tabulated in Table .
The reactivity effect is expressed as the dif-
ference of excess reactivity between the refer-
ence core and the individual core loaded with
thorium test assembly. The measured values
agree fairly well with the calculated results

Table | Measured and calculated values of reactivity effects of various thorium assemblies

Th setal Reactivity differeg:is i;fi:XIO") C/E
Th assenbly | Plate interval | Bxp. value [ s T3 (100) 13-37 (10G)
Th-1 1/2" 4.76 4.51 4.69 0.946 0.985
Th-2 1 5. 01 4.81 5.03 0. 961 1. 005
Th-3 2" 5.19 4.95 5.25 0. 954 1.012
Th-4 3" 5. 06 4.77 5.11 0.943 1.010
Th-5 ¢ 4.75 4.42 4. 84 0.930 1.019

Table 2 Measured and calculated values of reactivity effects of various natural uranium assemblies

Reactivity difference (+ x10"*

NU assembly plggemjzzirval Exp. vaiue Cai.zigzue ) C/E
NU-1 172” 2.26 2.06 0.912
NU-2 1” 2.39 2.19 0.918
NU-3 2" 2.57 2.35 0.914
NU-4 3" 2.64 2.63 0.995
NU-5 4" 2.62 2.61 0.996
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especial ly when JENDL-3T nuclear data file was
used. The cross section data of thorium in
JENDL-2 give somewhat lower C/E values on react-
ivity effect so far as the critical experiment
on thorium test assemblies in UTR-KINKI is con-
cerned. The reactivity effect of thorium
test assemblies has i1ts maximum negative value
in Th-3 assembly

The experimental and calculated results of
the reactivity effects of NU-1, NU-2, NU-3, NU-4
and NU-5 assemblies are tabulated in Table 2
The reactivity effect is expessed ina similar
way as in the case of thorium test assembly.
The measured values agree very well with the
calculated results in NU-4 and NU-b, but there
are some discrepancies in NU-1 ~ NU-3 test as-
semblies when the combination of ENDF/B-V and EN
DF/B-1V nuclear data files was used. The
reactivity effect of natural uranium assemblies
has its maximum positive value in NU-4 assembly

Relative neutron flux distribution in thorium
and natural uranium assemblies

Some of the examples of relative neutron
flux distribution along the vertical center line
in each thortum and natural uranium test assemb-
lies measured by reaction rate of bare gold
foils inserted at regular intervals in the cent-
ral element are shown in Figs. 6 and 7.

The measured values agree very well with
the calculated results for both thotum and
natural uranium test assemblies.
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Fig. 6 Relative Au foil reaction rate
distribution in Th-4 assembly
(metal plate interval — 3”)
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Fig. 7 Relative Au foil reaction rate
distribution in NU-4 assembly
(metal plate interval — 3”)
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