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Abstract

RSG-GAS is a multipurpose research reactor with nominal power of 30 MW,
operated by BATAN since 1987. The reactor is an open pool type, cooled and
moderated with light water, using the LEU-MTR fuel element in the form of U3O8-A1
dispersion. Up to know, the reactor have been operated around 30,000 hours to serve the
user. The reactor have been utilized to produce radioisotope, neutron beam experiments,
irradiation of fuel element and its structural material, and reactor physics experiments.
This report will explain in further detail concerning operational experience of this
reactor, i.e. reactor operation data, reactor utilization, research program, technical
problems and it solutions, plant modification and improvement, and development plan to
enhance better reactor operation performance and its utilization.

Introduction
The RSG-GAS reactor is a pool type research reactor, which is operated at a

power level of 30 MW using LEU MTR-type fuel, with average thermal neutron flux is
about 2 x 1014 n/cm2 s. The reactor core is placed at the bottom of the reactor pool,
around 12.5-m below surface of the pool water. This core consists of 40 Fuel Elements
(FE), 8 Control Elements (CE), and several irradiation holes and is surrounded by
beryllium elements and blocks as a reflector see Figure 1.

The fuel plate consists of 0.54-mm thick fuel meat and wrapped with 0.38 mm
AlMg2 cladding. The overall dimension of fuel meat is 0.54 mm x 600.0 mm x 62.75
mm, while the whole fuel plate is 1.30 mm x 625.5 mm x 70.75 mm for the 19 inner
plates, and 1.30 mm x 693.5 mm x 70.75 mm for the outer plates. The fuel meat contains
uranium with an enrichment of 19.75 weight % 235U in the form of U,O8-A1 dispersion.
The gap between two fuel plates is 2.55 mm.
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Figure 1. The RSG-GAS core configuration

The core is cooled with a downward forced flow and mixed in the lower plenum
of the core. Two natural circulation flaps are installed in the plenum. The flaps are
designed to open by gravity force when the coolant flow rate reaches below a certain
value.

The reactor was commenced to the formally operational status since August 1987
when President of the Republic of Indonesia inaugurated it. Since then reactor
commissioning period was started until the Typical Working Core (TWC), consists of 40
fuel elements and 8 control elements, was achieved. Six cycles of the reactor core
changement were required before the TWC was achieved. Using the TWC
configuration, the reactor can be operated at nominal power 30 MW for 25 days
continuous operation (750 MWD).

Reactor Operation
Since last 1995, the RSG-GAS reactor has been operated around 4000 - 5000

hours/year. This reactor operation program is still being kept within next few years from
now on. Data on the RSG-GAS reactor operation since 1987 is depicted in Figure 2. Up
to beginning of 1997, operation mode of this reactor was fixed to 5 days continuous
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Figure 2 : Yearly Operation of the RSG-GAS

operation at 22 - 25 MW then followed with 2 days shut-down, and it last until reactor
core needed to be resufled. In one year, 5 - 6 core resufling was scheduled. During
resufling of the reactor core, maintenance activities of the reactor systems were
performed. Since fiscal year 1997/1998, operation mode of this reactor was changed
became 12 days continuous operation at 15 MW then followed with 9 days shut-down
period. In one year, only 4-core reshuffling were planned. Using this operation mode,
around 4000 hour's reactor operation/year would be achieved.

Voltage instabilities of the electrical power grid in Serpong Area were considered
as the main cause of un-planned scram during reactor operation. Voltage drop within
few hundreds mili-second will induce protection system of the pumps (primary and
secondary cooling system) got in function, and finally it will induce reactor scram due to
low flow-rate or over heating of the coolant of the primary cooling system. Some efforts
have been spent to modify protection system of the secondary pumps to reduce frequency
of the un-planned scram.

Reactor Utilization
The RSG-GAS reactor was planned to be used as the main facility to perform

Research and Development on nuclear industry located at Serpong Nuclear Research
Center. This reactor was equipped with irradiation facility as well as equipment for other
experiments such as neutron beam facilities, power ramp test, loops, etc. Table 1 shows
major irradiation and experimental equipments installed on the RSG-GAS reactor.
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Table 2. Major Irradiation and Experimental Facilities on the RSG-GAS Reactor

No.

1.

2.

3.

4.

5.

6.

Facility

In core & reflector irradiation facility

- 4 IP (Irradiation Position)

- 1 CIP (Central Irradiation Position)

- reflector position

Pneumatic/hydraulic transfer system

Power Ramp Test Facility

Neutron Radiography

Silicon Doping Facility

Beam-tubes, 4 radial and 2 tangential

Utilization

- MTR-loop, irradiation rigs

- PWR/PHWR in-pile loop

radioisotope production

- short-time irradiation/ NAA

- PWR fuel element

- Wet N.R for radioactive

material

- Dry N.R for mat. research

- Semiconductor production

- neutron beam experimental,

radio-isotope production, etc

Remark

up to now is used

mainly for radio-

isotope production

Available

Available

Ca. 500 kg/year

1 beam-tube is still

free/unused.

For the time being, this reactor mainly used for radioisotope production and neutron
beam experiments (HRPD, SANS, HR SANS, etc.) for R & D on material science.
Other activities were done using this reactor, i.e. irradiation and testing of the high
density silicide fuel for research reactor, NAA for particulate matter in the air borne
sample for air polution detection, development of the LEU for the FPM target, etc.
Several irradiation and experimental facilities were not yet fully utilized since the user
was not fixed and also due to postponement of the nuclear power program in Indonesia.

Research Program
Research activities related to the improvement of the reactor operation and its

utilization as well as enhancement of the reactor safety performance was carried out.
Among other can be described as follows:
1. Development of the LEU for fission product molybdenum target. This program is a

part of the RERTR as a joint research between BAT AN and US-DOE/ANL schedule
up to 2000.

2. Development of the reactor physics and thermal-hydraulics computer code to get
better performance of the reactor core, and also for improvement of the fuel
management. Measurements were performed in order to verify calculation resulting
from these codes.

3. Probabilistic Safety Assessment of the RSG-GAS reactor has been finalized last
1996. Some efforts still being spent to gather better reliability data of the reactor
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system and components. This data are useful for other reactor operator because most
of the reactor components are commonly used in the other reactor elsewhere.

4. Improvement of the Safety Analysis Report in order to comply with recommendation
of the IAEA's Safety Mission.

Technical problems and solution
Several technical problems related to the reactor operation have been faced and it

should be solved, among others:
1. Warm layer system

In order to reduce radiation exposure from surface water of the reactor pool, a warm
layer system should be installed. The warm layer system was designed to keep water
temperature in the upper part of the reactor pool 10 °K higher than the average water
temperature. During several years at the beginning of reactor operation, the warm
layer can not be kept due to turbulence flow of the primary cooling system in the
reactor pool.

Early 1993, the reactor supplier installed pre-fabricated "turbulence limiters".
Extended verification tests confirmed that these additional measures have provided
the desired stability of the warm water layer under all steady-state operation
condition. Subsequent power operation at 30 MW proved that the stable warm water
layer reduces the dose rate at the pool surface by factor more than 10.

2. Instability of the electrical power supply
Instability of the electrical voltage in the Serpong Area sometime occurs, especially
during rainy session. With the help of JAERI, modification on the protection system
of the secondary cooling pumps has done. This effort have succesfully resulted
better performance of the secondary cooling system against instability of the power
supply. Finally it can reduce number of the un-schedule scram.

3. Reactor aging, Obsolescence of the spare parts
Since the reactor has been operated more than 10 years, several systems and
components became degraded on their performance. Especially for the
microprocessor-based instrumentation and control system, such as Programable
Logic Controller, process computer, etc. Rapid progress on the development of the
microprocessor technology, some spare-parts of the I & C system became obsolete
faster than what previously expected during design period of this reactor.
To overcome those problems, periodic predictive maintenance and also corrective
maintenance are needed to be improved. Modification on the system are needed to
comply with available component and spare-parts.
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Plant modification and improvement
The RSG-GAS reactor was build by reactor supplier base on turnkey project.

Experimental equipments were not included in the reactor supplier responsibility. In
order to support R & D activities in the Serpong Research Center and also to enhance
reactor utilization, several experimental equipments and also additional systems were
installed in this reactor.

1. Installation of the experimental equipment
Several experimental equipments were installed at the reactor, such as: PWR/PHWR
in-pile loop, MTR loop, neutron guide tube, and neutron beam experimental
facilities. Since that equipment was supplied by different vendor and installation
were done in difference time period; this installation activities have disturbed reactor
operation schedule.

2. Installation of fuel-failure detection system
The RSG-GAS reactor has been equipped with water y-monitoring system in the
outlet of the primary cooling system, just after passing through the reactor core. In
order to improve detection level in case of fuel failure occurs, a Fuel Failure
Detection System granted by JAERI has been installed on this reactor. This system
was based on the delayed neutron counting technique using 2 - 4 3He detectors.

3. Installation of the surveillance system
In order to improve safeguard of the special nuclear material in this reactor, under
frame work of IAEA cooperation, two difference surveillance systems have been
installed, i.e. EMOSS and THRPM/THPM. The EMOSS (Euratom Multi-camera
Optical Surveillance System) is a security system (watchdog) made by Hymatome,
France, and it is widespread to be used in banks, air terminals, gallery, museum, etc.
The THRPM/THPM (Thermal Hydraulics Reactor Power Monitor/Thermal
Hydraulics Power Monitor) is a surveillance system, which is able to measure flow,
inlet as well as outlet temperature of primary coolant and hence estimating a reactor
power produce by RSG-GAS reactor.

In the near future, under framework of Australian Safeguard Office (ASO) - BAT AN
cooperation, the other surveillance namely SENSEI-3D system will be installed at the
spent fuel storage pool. The SENSEI-3D is a watchdog system based on image
processing technique. This system is developed by the company 3DIS Pty, Ltd.,
Australia.

4. Modification of the process computer system
After being used for 10 years, the process computer system are broken down and
getting obsolete to be repaired. This process computer is a workstation type
computer dedicated for data logging and acquisition of all reactor parameters. Since
computer hardware technology now is in the advance status, the computer process
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system has been modified using PC base to accommodate all requirement and
function of the previous system.

Development plan to enhance better reactor operation and utilization
Some activities being initiated in order to enhance reactor safety and also to

enhance reactor utilization to reach better efficiency of this reactor. Core conversion
from oxide to silicide fuel with higher uranium loading was planned since few years ago
and it will be executed soon. Using silicide fuel, better core performance will be
achieved in the viewpoint of safety as well as economically.

It should be noted that in the last two year, Indonesia facing to the economical
crisis. One impact to the reactor operator is capability to provide enough fuel elements
to support reactor operation at nominal power is decreased. The other impact is R & D
to support nuclear power program is slightly slowed-down, that means utilization of this
reactor to perform irradiation of fuel element and material for nuclear power will be
delayed. Due to these reasons, reactor power is reduced to 15 MW instead of previously
22 - 25 MW.
To get better core performance in term of neutron flux available at the lower power level,
design of compact core now is being sought. Neutronic calculation now is underway to
optimize new core configuration and also to support licensing process. Other advantage
of using new compact core is performance of the instrumentation and control system for
neutron flux measurement and safety measures became much better than previously.

The RSG-GAS has a thermalhydraulics design capacity for 30 MW operation
level, and it is consisting of 2 loops of primary and secondary cooling system. Due to the
fact that reactor is operating at 15 MW, it is planned to operate reactor using only half of
cooling capacity. If it is done in that way, reduction on consumable as well as spare parts
can be achieved. Preparation to get operation permit on that operation mode now is
underway, thermal-hydraulics analysis is still being done and it is expected will be
finalized soon.

Conclusion
1. Commissioning period of the RSG-GAS reactor until the nominal power is reached

takes around 6 years. This was occurred due to commissioning method, some
technical problem and also installation of experimental equipments.

2. Some technical problem have been faced during operation of this reactor, however
target of reactor operation at 4000 - 5000 hours/year can be achieved within last four
year. Reactor have been utilized to produce radioisotopes, NAA, neutron beam
experiments, etc.

3. Since the last two year, reactor has been operated at 15 MW as an impact of economy
crisis occurs in Indonesia. To improve core performance, a compact core
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configuration is prepared, and it will be combined with operation with half of the
thermal cooling capacity.
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