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Abstract

Triga 2000 Bandung Reactor was established in 1961 for research, education and isotope production
purposes. The reactor reached its first criticality in October 1964 and operated at nominal power of
250 kW until 1971. In 1971 the reactor was upgraded to the power level of 1000 kW. In order to raise
the capacity of isotope production, the reactor has been upgraded again to the power level of 2000 kW.
During the modification of the reactor, the Center for Research and Development of Nuclear
Techniques (CRDNT) as the management of the reactor faced many problems, either technical or non-
technical ones. This caused the upgrading activities take a long time. At this time, the reactor
upgrading has almost finished, and the nuclear commissioning is going on. Several aspects and
problems associated with the upgrading process have been reviewed and the results are discussed in
the present paper.

1. INTRODUCTION

Triga 2000 Bandung Reactor is one of the Triga type reactors, which is located in Bandung and
operated by the Center for Research and Development of Nuclear Techniques (CRDNT) under
direction of National Nuclear Energy Agency (BATAN) Indonesia. The reactor went critical for the
first time on October 16, 1964 and operated at nominal power of 250 kW [1]. The reactor was
eventually upgraded to 1000 kW in 1971. However, in the periods of 1980 - 1990 the reactor was
merely operated at the power level of 500 - 700 kW due to the descending of its cooling capacity [2].
The reactor was operated for the purpose of research, training for university students and radioisotope
production.

In order to increase its capability in radioisotope productions for local consumption and potential
export, the reactor has been decided to be power-upgraded to 2000 kW to serve as a back up to the 30
MW Reactor SJerba Guna G.A. Siwabessy in Serpong. A contract agreement for the project between
BATAN as the operator and U.S. General Atomics as the supplier was signed cm October 27, 1995 [3].
The project started in April 1996 and most of the project activities have been completed. The reactor
reached its first criticality, after being upgraded, on May 13, 2000. The reactor is currently still in the
nuclear commissioning stage.

In executing the upgrading activities, CRDNT-BATAN has faced many problems, either technical or
non-technical ones. This caused the upgrading activities to take a long time, longer than was expected.
Its schedule has been changed many times and every time the upgrading approval had to be renewed
as well. At this time, the reactor is under the commissioning stage, and almost all tests have been
completed. Some topics and associated problems raised during the upgrading execution are reviewed
and the results are presented in this paper.
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2. REACTOR UPGRADING

2.1. Dismantling of components

The reactor upgrading was started by removing the fuel elements from bulk shielding on 29 April
1996. During this activity, it was found that there was water in the thermalizing column. It was
considered that the water in the thermalizing column could only come from the gap between the
aluminium tank and its supporting concrete biological shielding. This necessitated the aluminium tank
to be inspected to check whether corrosion or cracking had occurred on the tank.

Visual and ultrasonic inspections were conducted afterwards. Visual inspections showed that there
were colour changes at many places on the tank surface. Ultrasonic inspections conducted over 3260
points demonstrated that the tank tends to thin from the outside surface. The tank thickness was
measured to be about 4 mm averaged, instead of 6 mm as the initial thickness [4].

The upgrading team of CRDNT cut two pieces of 16 cm X 16 cm wide from the tank as samples, to
check the condition of its outside surface, under supervision of an expert from General Atomics. It was
found that there was A1O2 powder produced on the samples, which clearly verified that the corrosion
had occurred on the outside surface of the tank.

CRDNT decided to put a new aluminium tank on the old one. Consequently, all structures of the core
should be first removed from the tank, and beam ports, thermal column and thermalizing column has
to be cut. Some problems rose associated with removing the core structures and cutting many
components in the tank, such as [4]:
• radiation exposure was found to be very high on the Lazy Susan (rotary specimen rack). It was

measured to be about 1000 - 2000 rad/h;
• corrosion had occurred on the reflector with high radiation exposure (14 rad/h);
• water leakage was found on the connection between the beam ports and the reactor core.
The above-mentioned problems were gradually surmounted by providing a special shielding, replacing
the reflector with a new one, etc. Due to such problems some procedures for conducting the upgrading
were inevitably revised accordingly.

2.2. Fabrication of the new tank

CRDNT proposed to the Regulatory Body (BAPETEN) to use ASME Standard-Section VIII as a basis
for fabricating the new reactor tank. BAPETEN approved the proposal, and CRDNT started
establishing procedures and technical guides for the reactor tank fabrication and instalment based on
the standard.

CRDNT fabricated the tank from 6061-T6 type aluminium plates of 6.35mm thick. The plates were
welded and formed as 5 circular shells including a bottom part of the tank. The welding of the shells
was performed using Metal Inert Gas (MIG) and Tungsten Inert Gas (TIG) methods. The welding
works were carried out by PT. Gaya Logam (subcontractor), and the welding inspections were
subcontracted to B4T (consultant).

Based on the ASME Standard - Section VIII Division 1 Part UW 11, B4T inspected the welding
results using the radiography method. The inspection results indicated that there were some defects on
the welded shell such as crack (1 point), incomplete penetration (small order), lack of fusion (small
order) and tungsten inclusion (« 90%). B4T recommended that, according to the ASME Standard, all
defects must be repaired. However, CRDNT argued against the recommendation of B4T.

CRDNT was supported by BAT AN - Aluminium Technology Group (BATG) to do assessments on
the results of the aluminium welding. The assessments were done from various points of view, such
as: Welding Technology, Material Science and Metallurgical Physics, QA and QC, Mechanics,
Electrochemistry and Corrosion, and Safety Standard. Assessment results showed, that the welded
shells can be used with the lifetime of about 19 years with following conditions:
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• all defects such as crack, incomplete penetration and lack of fusion must be repaired;
« but, tungsten inclusion does not require any repair; and
» the tank is only used as a liner, not as a pressure vessel.

Based on the consideration that the aluminium tank will be used merely as a liner instead of a pressure
vessel, CRDNT argued to use the tank after all defects, except the tungsten inclusion, have been
repaired, and proposed to refer to different standard (other than the ASME Standard - Section VIII).
CRDNT has chosen the assessment results to be a new standard for the tank fabrication.

From above explanation, several notes can be raised up here as follows:
• CRDNT has applied an unsuitable standard for designing the new tank;
• the welders lack of technical experience and capability in welding aluminium metal; and
• the welding procedures provided by CRDNT were not appropriately followed.

2.3. Installation of the new task

As previously mentioned, extensive corrosion had occurred on the old reactor tank. Therefore, a new
aluminium tank has to be put inside the old tank as a liner. Fabrication of the new tank has been done
by welding aluminium plates and forming them as circular shells, as described in previous sub-section.
The tank installation was conducted by combining and welding the shells directly in the old tank. The
gap between the old tank and the new one was filled by cement grout to assure the rigidity of the new
tank. The upper part of the tank was extended outside the concrete shielding by 1 m in order to
increase the water inventory. The modified reactor after installation of the new aluminium tank is
shown in Figure 1. At the first time, the extra 1-meter tank extension was unshielded, so that the
radiation exposure due to Nitrogen-16 around the reactor deck and in the control room was noticeably
high. The increase of the radiation levsl due to the power increase has been predicted by the SAR [5].
The additional permanent shielding has to be considered for the top of the reactor to reduce radiation
levels in the control room and other locations.
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FIG. 1 Vertical Section of Triga Mark 2000 Bandung
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2.4. Core ModlflcatiOB

In order to increase the capability of power generation and also heat transfer, the reactor core has been
modified by changing the core configuration from annular to hexagonal. The fuel element design and
construction were not modified but new conditions of operation with higher core average
temperatures, and higher specific power and bum-up require new limits of operation with reduced
safety margin. The modified core configuration can be seen in Figure 2. The annular to hexagonal type
change was meant to allow the better distribution of heat load over the whole flow channels in the
core. Above the core, a chimney of 1 m high has been installed to gain a better thermal hydraulic
performance of the core.

Neutron
source

f Control
\ / Etement

FIG. 2 Modified Core Configuration

The maximum thermal neutron flux density was designed to be 4.8x!0u n/(cm2.s) in the ring A [5] In
the equilibrium state, the reactor core is loaded by 100 fuel elements to meet the required flux density.
One additional control element has been incorporated to the core to anticipate the higher core
reactivity excess due to the higher capacity of fuel loading (see Table L). The shutdown margin with
one stuck rod is -1.272 $ [3].

Table I. Data comparison of TRIGA 2000 Bandung before and after modification
No.
1.
2.
3.
4.
5.
6.

7.

8.
9.
10.
11.
12.

13.

14.

IS.

16.

Parameter / System
Reactor Power
Reactor Core
Number of fuel dement
Number of Control Rod
Debit of Primary Cooling System
Debit of Secondary Cooling System
Number of Blower of Secondary Cooling
System
Heat Exchanger type
Tank height
Chimney
ECCS
Emergency Ventilation System

Dif&ser

Number of DifFuser Nozzle

Water Purification System

Position of Irradiation Facility

Before Modification
1000 kW
Annular
74
4
350gpm(22 l/s)
750 gpm (47.3 l/s)

3

Shell and Tube
6.5 m
-
-
-
Connected with primary cooling
system
1
Connected with primary cooling
system

RffigA,F-10andG-ll

After Modification
2000 kW
Hexagonal
100
5
950gpm(60i/s)
1200 gpm (75 l/s)

2, LBT-350 type

Plate
7.8 m
height = 1 m
Debit = 8 gpm (0.5 Us)
Active carbon filter
Separated from primary cooHng
svstem
2
Separated from primary cooling
system
Ring A, E-8, E-15, E-23 and G-
11

222



2.5. Cooling system

The cooling of the Triga 2000 reactor core is provided by natural convection flow of demineralized
water in the reactor pool. The heat accumulated in the reactor pool is then removed by the active
primary and secondary cooling systems. The modified primary cooling circuit consists of a 6-inch pipe
loop of stainless steel, two centrifugal pumps of 960 gpm and a plate-type heat exchanger of 2.4 MW
capacity. The secondary system is built of carbon steel pipe and includes two pumps of 1200 gpm and
two cooling towers [5]. The majority of the secondary system is located outside of the reactor building
adjacent to the reactor hall. The maximum temperature in one instrumented fuel rod measured at
position B-2 in the core during the commissioning stage was 618°C [6].

3. A BRIEF OVERVIEW OF THE SAFETY EVALUATION PROCEDURE

3.1. General Procedure

Before conducting a project for reactor modification or reactor upgrading, the: operating organization
shall submit trie project proposal to be approved by the regulatory body (Nuclear Energy Control
Board, BAPETEN). The proposal should cover an initial safety analysis that determines whether the
proposed changes are within the regulatory constrains for the operation of the reactor, such as
approved operational limits and conditions.

A more detailed or comprehensive safety assessment may be required, depending on the results of the
initial safety evaluation, which is performed by BAPETEN, together with proposals and justifications
for the necessary changes in safety documentation (Safety Analysis Report, SAR), operational limits
and conditions, procedures, etc.

3.2. Safety evaluation for Bandung reactor

In 1995, CRDNT - BATAN proposed a reactor modification, including the initial safety assessment to
BAPETEN (at that time: Atomic Energy Control Bureau, AECB - BATAN). BAPETEN carried out
an initial safety evaluation based on the documents of the initial safety assessment. The initial safety
evaluation results showed that the proposed changes on the reactor were categorized to be outside the
approved safety requirements. BAPETEN then recommended CRDNT to submit a more detailed
safety analysis report, new operational limits and conditions, quality assurance program (QA Program)
and procedures for the modifications.

A Preliminary Safety Analysis Report (PSAR) has been proposed by CRDNT and has been revised
many times according to the recommendations given by BAPETEN staffs through their safety
evaluations. To conduct the safety evaluation, BAPETEN has established a safety evaluating team,
which is coordinated by Directorate for Licensing of Nuclear Installation. BAPETEN performed
inspections and QA audits to assure that the safety requirements were met during the upgrading
activities. BAPETEN has also several times invited CRDNT staffs to discuss many problems
associated with the upgrading progress. The discussions covered both technical and administrative
problems.

As a safety evaluation standard, BAPETEN applied Indonesian Governmental Regulation and the
nuclear safety provisions, which are established by BAPETEN or BATAN, such as:
• Governmental Regulation No. 64/2000, 'Licensing of Nuclear Energy Utilization';
• Chairman Decree of BAPETEN, No. 05/1999, ' Provision for Design Safety of Research

Reactor';
• Chairman Decree of BAPETEN, No. 06/1999, ' Construction and Operation of Nuclear

Reactor'; etc.
• due to the lack of a national standard, BAPETEN adopted the IAEA safety standard, ASME, etc.
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3.3. IAEA INSARR Recommendations

Although, IAEA INSARR recommendations are not mandatory for the operating organization to
follow, BAPETEN believes that the recommendations are in light of the safety improvement.
Therefore, BAPETEN strengthened, that INSARR recommendations have to be followed by CRDNT,
and those become mandatory actions.

4. SUMMARY

The modification of the Triga 2000 Bandung Reactor has been done to meet the need of high capacity
of radioisotope production as a back up to the RSG-GA Siwabessy Serpong. The reactor is currently
under nuclear commissioning stage. The reactor conditions before and after modification can be seen
from the data comparison summarized in Table I.

Many problems were faced during the reactor modification. Most of the problems came from the lack
of as-built documents of the old reactor components and systems. Such problems have become serious
when the upgrading team started dismantling some active components such as reactor core, reflector,
Lazy Susan, etc. The lack of experience and technical skill of the upgrading team, especially those
responsible for welding and installation the reactor tank is also one of the problems. The welders did
not appropriately follow the procedure provided by the upgrading team for tank welding, so that the
quality requirements as stated in the standard (ASME VIII) could not be met. The lack of guides
related to the planning and procurement of the upgrading that should be provided by Nuclear Energy
Control Board (BAPETEN) was also another problem. While most of the problems have been
surmounted, the above experiences have to be learnt by all participants in conducting the reactor-
upgrading project. Those have to be lessons for the regulatory body, as well.
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