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ABSTRACT

MINT TRIGA Reactor is a 1-MW swimming pool nuclear research reactor
commissioned in 1982. In 1993, a project was initiated to upgrade the
thermal power to 2 MW. The IAEA assistance was sought to assist the
various activities relevant to an upgrading exercise. For neutronics
calculations, the IAEA has provided expert assistance to introduce the
WIMS code, TRIGAP, and EXTERMINATOR2. For thermal-hydraulics
calculations, PARET and RELAP5 were introduced. Shielding codes
include ANISN and MERCURE. However, in the middle of 1997, MINT has
decided to change the scope of the project to safety upgrading of the
MINT Reactor. This paper describes some of the activities carried out
during the upgrading process.
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1. Introduction

The MINT TRIGA Reactor, a 1-MW, natural-convection-cooled, swimming pool
reactor, went critical in June 1982 [Fig. 1]. Since then the reactor has been
extensively utilised for training of reactor operators and university students,
for production of isotopes, for activation analyses and for small-angle neutron
scattering studies. Irradiation facilities include four beamports and various
in-core terminuses. After more than ten years of routine operations, a proposal
was forwarded to the management to upgrade the thermal output of the reactor.

2. Reactor Power Upgrading Project

In 1993, a project was started to consider upgrading the thermal power of the
MINT TRIGA reactor. Two options were considered. One option is upgrading from
1MW to 2MW. The second option is upgrading to 3MW. The objective of the
upgrading exercise is two-fold. Besides meeting the ever-increasing demand of
the reactor, the project should result in a core group of experienced personnel
able to perform various neutronics, thermal-hydraulics, shielding and dispersion
calculations using the most up-to-date tools and computer codes.

1 E-mail:3uhaimi@mint.gov.my; abokhari@mint.gov.my; m_idris@mint.gov.my
2 http://www.MlNT.gov.my
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3. Neutronics Calculations

3.1 TRIGAC [TRIGAP], and TRIGAM codes

In 1993, Dr. M. Ravnik3 of the Slovenian Josef Stefan Institute introduced the
point-kinetics TRIGAP neutronics Code for simple burnup calculations. Back
calculations were done for previous operating cores. These calculations are in
very good agreement with core excess figures gathered over the operating years.
Some calculations were then made for various upgrading options. Since our TRIGA
reactor can accommodate three different weight percents of 20%-enriched fuels,
various combinations are considered, including a core with all 20-wt% fuels.

3.2 WIMS-D4 Code

Later in 1994, Dr. M. Ravnik returned to introduce the WIMS code. WIMS performs
a multi-group reactor lattice calculations for thermal reactors. It is a cell
code which performs 1-D or 2-D calculations by the collission probabilities or
SH method. Since this code is very big, only a brief introduction to the input
preparation was performed. Users at MINT were explained the guidelines and
applications of WIMS for further considerations.

3.3 EXTERMINATOR2

Dr. Ravnik also introduced the EXTERMINATOR2 code. It is a 2-dim multi-group
neutron diffusion in X-Y, R-Z or R-Theta geometry code. Several core
configurations were input. The results are compared with that of TRIGAP.
Excellent agreement were obtained.

4. Thermal-hydraulics Calculations

4.1 PARET Code

PARET code is for thermal-hydraulics of reactivity accident in LWRs. PARET
solves thermal balance equations in the coolant and fuel sections. Coolant may
be single or two-phase. Point-kinetic model is used to calculate power. Feedback
terms are also considered, namely coolant temperature, moderator density and
fuel expansion. In this project, we successfully use the code to simulate the
natural convection flow through the TRIGA core. The study concludes that PARET
can be used to predict transient flow characteristics in pool-type research
reactors cooled by netural convection. Such capability i3 extremely useful in
determining the feasibility and safety of a power increase while maintaining the
core-cooling mode.

Later calculations were performed for the modified 2-MW core.

4.2 RELAP5/Mod3.2

One of the authors spent six months studying the RELAP5 code under the
supervision of Prof. Aldemir4 at the Ohio State University. RELAP5 is a
transient 2-phase flow thermal-hydraulics code usually used for LWR LOCA

3 E-mail:m.ravnik@ijs.ai
4 E-mail:tunc@troy.eng.ohio-state.edu
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accidents. Considering that RELAP5 code is very big and difficult to understand,
the six-month stint has been very helpful as introduction prior to further
application of the code. RELAP5 has never been applied to TRIGA reactors. Thus
this application will take considerably more time to study and adapt the RELAP5
code to a TRIGA reactor.

5. Shielding Calculations

5.1 ANISN, ORIGEN and MERCURE Codes

The ANISN, ORIGEN and MERCURE codes were introduced in 1996 by an Argentine
expert, Mr 0. Lovotti5.

ANISN is a well known transport code for neutron and gamma calculations. It uses
PI cross-sections in any order and solves the one-dimensional multigroup neutron
and gamma transport equations in the normal and adjoint mode. It uses the
discrete ordinate method. It also uses a nuclear library with neutron and gamma
data.

ORIGEN is one of the most widely used programs for production, decay and
radioactive-material processing calculations. It performs isotope decay, isotope
buildup analysis for first order chemical processing.

MERCURE-4 performs 3-dim gamma heating and gamma dose rate and fast flux using
the Monte Carlo method. MERCURE uses two.data libraries, namely MER-BIB10 which
contains build-up coefficients and complementary data, and MER-BIB09 which
contains attenuation coefficients and dose and heating-response functions for 32
materials at a 36-energy group structure. MERCURE is very dependent on the
output of the ANISN and ORIGEN before any shielding calculations can be done. We
applied MERCURE to perform shielding calculations for a fuel transfer cask.

6. Environmental

6.1 DISPER code

In the field of environmental safety, the DISPER code is used to perform dose
exposure to population near the reactor facility. Input include wind direction,
wind speed, population density at various locations and weather conditions.
Result has yet to be obtained due to absence of latest population and weather
data. However, introductory experience with the code has been extremely helpful.

7. Reactor Monitoring System (BMS)

One of the mini projects associated with the Upgrading Activities is the
development of a Computerised Reactor Operations, Maintenance and Data
Acquisition and Control System or CROMDAC. The first product of the project is a
10-channel data acquisition system. At present the RMS or Reactor Monitoring
System able to acquire more than 100 signals is being developed. Signals from
the Area Radiation Monitoring stations and from the Secondary Cooling System
have already been successfully connected to the RMS. Later this year, activity
signals from the stack gas and particulate effluents will be connected. RMS was
developed using the commercially-available GENIE program. Initially operational

E-mail:lovotti@invapqq.com.ar
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data will be analysed locally, later the data will be available through the
Internet for online monitoring and analyses. Online data processing will further
enhance the safety and security of the reactor.

8. Future Activities

As of July 1997, the scope of the project has been modified due to lack of funds
and personnel. The project now concentrates on maintaining the operational
capability of the MINT TRIGA reactor at 1 MW with utmost consideration of
maintaining the safety in operation and maintenance. Thus several components of
the reactor need to be replaced or upgraded. Such components include the reactor
hall ventilation system, the primary cooling system, the secondary cooling
system including the heat exchangers, and the reactor console. The Malaysian
Government through the Seventh Malaysia Plan has allocated RM2.5 million
(USD0.65 million) for this project due to be completed by December 2000.
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