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Abstract

Multigroup constant calculation system for TRIGA-type reactor apalysis
was provided. Calculations for initial ecriticality, temperature coefficient,
flux and power distributions of TRIGA-Mark III reactor were carried out
by using diffusion code CITATION, And some of results were compared
with the values of start-up experiments and design values. It could be confir-

med that the prepared computation system is very useful for TRIGA-type

reactor analysis.
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I. Introduetion

‘One of the basic characteristics of TRIGA-type
research reactors is the use of homogeneous
U-Zr hydride solid fuel-moderator elements with
:a large prompt negative temperature coefficient
of reactivity. The zirconium hydride pocesses
a basic neutron spectrum-hardening mechanism.,
And additional advantage includes the fact that
the zirconium hydride has a good heat capacity.
Because of these fuel mechanisms, itis well-k~
nown? that few group calculations such as one
thermal group are not suitable for accurate
analysis of TRIGA-type reactor core. To obtain
reasonable values of temperature coefficients and
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other parameters of TRIGA-type reactor, mul-
tigroup treatment is necessary. Four thermal
groups are commonly used for thesels?,

The purposes of this paper are to provide
neutronics calculation system for TRIGA-type
reactors and confirm the accuracy. For these
purposes, a computer code system was prepared
for producing scattering kernels of the neutrons
with the chemically bound moderator atoms,
multigroup constants of the spatially dependent
spectrum averaged thermal group and the
other related group constants. And several
library data of thermal range were prepared
with them,

The code system was checked for its appli-
cability by comparing the calculated result of
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TRIGA-Mark III reactor parameters with the
design values®.

II. Calculation System for Multigroup
Constants

1. Scattering Kernel

Scattering kernels are used to describe the
interactions of the neutrons with the chemically
bound moderator atoms. The bound hydrogen
kernels for hydrogen in water were generated
by GAKER code?, while those for hydrogen
in zirconium hydride were generated by UNCLE
code® (equivalent to SUMMIT code®). And
all other scattering transfers within the cell
were based on a free gas model scattering
kernel. These data were stored on library tape
to calculate thermal group constants.

o H:0 Model

bound in
water has been formulated by Nelkin”. The
motion of hydrogen atoms in water is consi-
dered in terms of the H:O molecule at the
basic dynamical unit. The physical model
which GAKER code used is that of a translator
of mass 18, a hindered rotational oscillator of
mass 2.32 and energy 0.06 eV, a vibrational
oscillator of mass 5.84 and energy 0.205 €V,
and a vibrational oscillator of mass 2.92 and

A scattering kernel for protons

energy 0.48 V.
o ZrH Model

The scattering of slow neutrons by zirconium
hydride can be described by a model in which
the hydrogen atom motion is treated as a
isotropic harmonic oscillator with energy tran-
sfer quantized in multiples of a value in the
range of 0.13~0. 145 eV¥,

UNCLE code uses a frequency spectrum with

More precisely,

two branches, one for the optical modes for
energy transfer with the bound proton, and
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the other for the acoustical modes for energy
In the
present work, the optical modes were repres-

transfer with the lattice as a whole,

ented as a broad frequency band centered at
0.13 eV and with the width 0.03 eV. And
the low frequency acoustical modes were assu-
med to have a Debye spectrum with a cut-off
of 0.02 eV and a weight determined by an
effective mass of 360.

2. Thermal Group Constants

In the processes of TRIGA-Mark III design®,
thermal group constants were obtained from
GATHER section of GGC-3 code®”, GATHER
code computes the thermal spectrum for the
homogenized (space-independent) cell by solving
the B~1 thermalization equation and produces
spectrum weighted broad group averaged cross
sections, But according to the recent results of
TRIGA-type reactor core analysis, it is known®
that heterogeneous cell calculations are more
accurate than homogeneous cell calculations.
Recently, thermal group constants of the fuel
region are generated by the multigroup cross
section code which computes the spatially
dependent thermal spectra at each mesh point
in the cell by solving transport equation®.
Therefore, thermal group constants of the fuel
region were generated by the multigroup cross
section code THERMOS-MUG®, which is a
modified version of the ANL-revised THE-
RMOS! ¢ode., The THERMOS-MUG code
can prepare scattering matrix of neutrons in
The THERMOS.

code computes the spatially dependent thermal

the thermal energy range,

spectra at each mesh points in the cell by
solving the integral transport equation numer-
ically, Cell averaged multigroup constants
were obtained to both homogeneous and heter-
ogeneous systems by averaging the fine group
cross sections over the space dependent spect-

rum. On the other hand, thermal group cons-
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Fig. 1. Horizontal Core Diagram of TRIGA-Mark
1II Reactor.

tants of other regions were generated by
GATHER section of GGC-4 code'®?, which is
an updated version of the GGC-3 code. The
energy range of GGC-4 basic nuclear data is
divided into a number of fast groups (up to 99)
and thermal groups (up to 101).

3. Fast Group Constants

All fast group constants (>1.125 eV) were
generated by the GAM section of GGC-4 code,
where fine group (99 group) cross sections are
averaged over a spatially independent flux
derived by solution of the B-1 equations for

each discrete reactor region composition,
III. Calculations

Horizontal core of TRIGA-Mark III reactor
consists of hexagonal geometry as shown in
Fig. 1. The active section of a standard fuel
-moderator element in the core is 38 cm (15 in. )
long and 3.63 cm (1.43 in.) in diameter and

contains 8.5 w/o uranium enriched to 20% in

U-235. The hydrogen to zirconium atom ratio
is approximately 1.6 (in the face-centered
cubic delta phase). To facilitate hydriding, a
small hole (~0.25 in. in diameter) is drilled
through the center of the active fuel moderator
section and a zirconium rod is inserted in this
hole after hydriding is complete. Each element is
clad with a 0.051 em (0.02 in, ) thick stainless.
steel tube, The control rods are sealed stainless.
steel tubes approximately 109 cm (43 in,) long
and by 3.43 cm (1. 35 in.) in diameter in which
the uppermost 16.5 cm (6-1/2 in, ) section is an
air void and the next 38 cm (15 in.) is the
neutron absorber (borated graphite). Immedia-
tely below the neutron absorber is a fuel
follower section consisting of 38 cm (15 in.) of
U-ZrHs fuel. The safety-transient rod is a
sealed, 93.35 cm (36.7 in,) long by 3.18 em.
(1-1/4 in.) diameter aluminum tube containing
a solid rod of borated graphite as a neutron:
absorber, Below the absorber is an air-filled
follower section,

In the processes of TRIGA-Mark III start-up
experiments, the first cold-clean eritical core
consists of 68 fuel elements including 4 fuel
follower elements, The standard fuel-moderator
elements contain 38 g U-235 per each element,
But 8 fuel moderator elements of 39 g U-235
were used, which positioned all of B ring and
C9 and C3 of C ring as shown in Fig. 1. On
account of all control rod out, control rod
regions are substituted by control follower
The control follower elements also
contain 32 g U-235 per each element. And the
transient rod region and fission chamber region
is substituted by the air-filled region. The

initial operating core consists of 100 fuel

regions,

elements including 4 fuel follower elements,
The fuel cell model in the core is shown in
Fig. 2.

Group constants for the homogeneous cells
were generated by the GGC-4 code. And
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Fig. 2. Fuel Cell Conflguration of TRIGA-Mark
IIT Reactor

thermal group constants for the fuel cell and
the control rod follower cell were generated by
the THERMOS-MUG code for the heterogen-
seou cells, The broad group structures are four
for thermal groups and five for fast groups as
shown in Table 1. And the thermal neutron
cut-off energy is 1,125 eV,

Fig. 3 shows the hexagonal geometry model
to analyse the TRIGA-Mark IIl reactor core
for the first cold-clean critical core and the
initial operating core,

Calculations for criticality, temperature coe-
fiicient, flux and power distributions etc. were
carried out by the two dimensional diffusion
code CITATION. The axial (vertical) buckling
required for the two dimensional calculations
was obtained from the following equation

Table 1. Broad group energy structure

Regie Vimber  Energy Range
1 15. 0MeV~3. 0MeV
2 3. 0MeV~1.5MeV

Fast Group 3 1.5MeV~(. 6MeV
4 0.6MeV~9, 12KeV
5 4.12KeV~1.125 eV
6 1.125 eV~0.42 eV

“Thermal Group 7 0.42 eV~0.14 eV
8 0.14 eV~(0.05 eV
9 0.05 eV~0.0 eV
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Fig. 3. Hexagonal Models of the Initial Critical
and Operating Cores (~30cm thick water
reflector outside cores respectively)

Bi=[ gty ) W

where
B2 axial buckling
H: height of the active fuel rod
o: reflector saving
From equation (1), the axial buckling is
0.0034022. Fig. 4 briefly shows the procedure
of above subsequent calculations,

IV. Results and Discussion

o Criticality

In the processes of TRIGA-Mark III start-up
experiments, the core wsa reached to the
criticality with small excess reactivity (14.9
cent) when 64th fuel moderator element was
inserted and all control rods were out, The

effective multiplication factor % of the first
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Fig. 5. Radial Flux Distributions of the Initial
Operating Core.

cold-clean critical core was caleulated with
reflector of about 30 c¢cm thick and at 20°C for
water temperature, The calculated value was

0.9991.

o Temperature Coefficient

In order to calculate temperature coefficient,
seperate cross section sets were generated for
each fuel-moderator element temperature by use-
of temperature dependent hydride kernels and
Doppler broadening of the U-238 resonance
integral to reflect the proper temperature, The
temperature coefficient was determined numeri-
cally by calculating the change in reactivity
associated with a uniform heating of the fuel
-moderator element while the core water and
reflector materials were remained at room
The calculated result is about

1. 079X 10‘5—%—/ °C averaged over a fuel mode-~

rator temperature range from 23°C to 700°C.

temperature,

According to the Safeguards Analysis Report®
for the TRIGA-Mark III reactor, the temper—

ature coefficient is ~1.0><10‘5“‘ZL/°C,

o Execss Reactivity

The effective multiplication factor ket of the
initial operating core was calculated to see the
excess reactivity with reflector of about 30cm
thick and at 20°C for water temperature, The
1.068. Therefore the
excess reactivity of the initial operating core is.
about 0.064 dk/# Comparing with the design
value 0,063 4k/k, the difference is about 1. 6%
at most,

calculated value was

o Flux and Power Distributions

Flux distributions of the initial operating
core as a function of radial distance are shown
in Fig, 5. And power distribution normalized
to the average power is shown in Fig, 6. As
shown in Fig. 6, the radial peak to average
power generation ratio is 1.61. Comparing
with the design value 1.60, the difference is
about 0.6% at most,

In the critical experiment, the criticality of
the core considered the excess reactivity, 14.9
cent, was 1.001043. Considering above excess
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TFig. 6. Power Distribution of the Initial Operat-
ing Core

reactivity, the difference between the calculated
value and the above is 0.194% at most. The
discripancies of the calculated excess reactivity
:and the radial peak to average power generation
ratio from the design values are less than 1.6%
and 0.6% respectively, It is thought that the
.overestimated value could be due to the 8 fuel
~moderator elements of 39 g U-235 and the
Tneutron absorption effects of the fission chambers
which were not considered in the calculations,
Because of the lack of detail experimental data
such as fiux or power distributions, it is
difficult to comment on the calculated flux or
power distributions, The temperature coefficient
was calculated from wide temperature range, It
is therefore desirable to calculate fine temper-
ature dependent values as a next step.

The differences of TRIGA-Mark III reactor

parameters calculated from our computation

system are very small comparing with the
results of critical experiments and the design
parameters in the safeguards analysis report,
It could be confirmed that, based on the
considerations discussed above, the prepared
computation system consisting of the multigroup
constant codes is very useful and gives accurate
results for TRIGA-type reactor analysis,
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