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Decontamination of TRIGA Mark II reactor, Indonesia
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Abstract. The TRIGA Mark II Reactor in the Centre for Research and Development Nuclear
Technique Bandung has been partially decommissioned as part of an upgrading project. The
upgrading project was carried out from 1995 to 2000 and is being commissioned in 2001. The
decommissioning portion of the project included disassembly of some components of the reactor core,
producing contaminated material. This contaminated material (grid plate, reflector, thermal column,
heat exchanger and pipe) will be sent to the Decontamination Facility at the Radioactive Waste
Management Development Centre.

1. Introduction
This contribution to the IAEA Co-ordinated Research Project (CRP) on

"Decommissioning Techniques for Research Reactors" presents a slightly different aspect of
decommissioning than is normally considered. The paper describes the partial
decommissioning of the present Bandung TRIGA Mark II reactor, to make way for upgrading
the facility. The extent of the decommissioning in this case, and in many other upgrade
projects, requires essentially the same degree of effort and preparations, as would a complete
decommissioning without the upgrade. For this reason the preparations and planning for this
project parallel that needed for a final decommissioning project that involves a deferral stage.
The upgrade effort can be considered as two separate efforts; the decommissioning and the
rebuilding. Both require appropriate licencing actions, plans, schedules, and detailed
information

The National Nuclear Energy Agency (BATAN) posseses three research reactors,
located in three different cities: Bandung, Yogyakarta and Jakarta (Serpong). Normally the
Bandung reactor is utilized for the production of radioisotopes and radiopharmaceuticals as
well as for carrying out research in neutron radiography, neutron activation analysis and
nuclear instrumentation. In cooperation with Bandung Institute of Technology education and
training programmes are conducted for the purpose of man power development. The Kartini
reactor in Yogyakarta is used primarily for conducting education and training programmes in
cooperation with the Gadjah Mada University. Research and development in radioactive waste
management and refining of nuclear materials and nuclear instrumentation has been carried
out in the Yogyakarta Nuclear Research Centre. The Multipurpose G.A. Siwabessy reactor (in
Indonesia called RSG-GAS), located at Serpong, is a high flux research reactor with average
thermal neutron flux of 2.5 x 1014n/cm2/s, fueled with U3O8-AI with LEU (low enrichment
uranium — less then 20 % 235U in U). The reactor is cooled and moderated by light water,
with a reflector of Beryllium assemblies. The RSG-GAS is a multipurpose reactor with a high
neutron flux and a number of irradiation facilities to optimize its utilization.

The Bandung reactor type is a TRIGA Mark II type that began operation in 1965 at a
power level of 250 kW. In 1971 the reactor power was upgraded to 1000 kW, and operated at
that power level between 1971 and 1996. The main modifications in this upgrade were the
core structure and the reactor cooling system. In 1994 the instrumentation and control system
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was replaced with a digital system. This system enables the reactor to be started up
automatically, provides more accurate and complete operational data, and enhances the safety
of reactor operation. In early 1995 the National Nuclear Energy Agency of Indonesia
(BATAN) decided to upgrade the reactor power level from 1000 kW to 2000 kW. The reasons
for the upgraded include [1]:

(1) to increase the operational safety of the reactor. The increasing of operational safety can
be achieved by modifications to the integrated cooling system (the primary cooling
subsystem, diffuser subsystem and water purification subsystem) to create separate
subsystems. The purposed of modification is to simplify the operation, control and
maintenance of these systems.

(2) to address the increase in demand for radioisotopes, and enhance the reactors ability to
continue to supply BAT AN, especially for Mo-99.

2. Decommissioning planning and implementation of the upgrade
Based on act number 10/1997 on "Nuclear Energy", the regulatory body related to

nuclear energy became BAPETEN [2]' On the other hand, BAT AN remained as an executor
of research, development and application of nuclear energy. Consequently, permission to
decommission a research reactor must be approved by BAPETEN. According to the act, the
owner of the nuclear installation, as well as the research reactor operators must. have
permission for construction, operation and decommissioning of a research reactor, based on
this regulation BATAN is the owner of the facility. Therefore, the planning and
implementation of the partial decommissioning of reactor the TRIGA Mark II for upgrading
purposes was done by the Centre for Research and Development Nuclear Techniques
Bandung. In anticipation of the decommissioning programme for the research reactor as well
as other nuclear facilities, BATAN established the Radioactive Waste Management
Development Centre at the Serpong site, near Jakarta. One of the purposes of this centre is to
do research and development on decontamination and decommissioning of nuclear devices or
nuclear facilities. The upgrading project started in February 1996 and was completed in
March.

The decommissioning planning was done, in anticipation of the upgrade, according to
the Introduction Report of Safety Analysis for Upgrading of Bandung TRIGA Mark II
Reactor. The decommissioning plan includes the following sections;

Introduction

Description of Facility; Radioactive Inventory

Selection of Decommissioning Technology

Organization; Time Scheduling

Cost and Budgeting

Decommissioning Activity

3. Description of facility
The extent of the upgrading includes: modification of the reactor tank, reactor core,

reflector, primary cooling system, secondary cooling system, control system, etc. Previously,
the reactor tank was 6553 mm high, 1981 mm in diameter, and 6 mm thick; made from the
aluminium alloy 60-61-T651. The tank will be changed to a height of 7553 mm, with the
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same diameter, thickness and material type. The core configuration will be changed from an
annular form to a hexagonal form, and the number of control rods will be increased from 4 to
5. Another modification will be the fuel. Previously, there were two types of fuel used,
containing uranium enriched to 8,5 % and 12 %. The new fuel will contain uranium enriched
to 20%. Calculations indicate that after operating for 1530 full power days, the core will
contain 100 fuel elements of the 20% enriched uranium type. This core size will then be
maintained for the lifetime of the reactor.

The new core will contain five irradiation positions. One in the centre thimble, one for a
pneumatic transfer system, and three for the irradiation of targets for Mo-99 production. The
centre thimble can be changed by irradiation target. The neutron thermal flux for the five
positions was calculated to be between 1.1 x 1013 and 3,8 x 1013 n/cm2/s. The graphite
reflector will be replaced and the old one segregated into solid active waste. Table I presents
data on the replacement programme for upgrading of the TRIGA Mark II.

4. Radioactive inventory
The radioactive inventory consists of three types of items:

• Fuel elements;
• Reactor core components; and
• Auxiliary systems components.

Data for the fuel elements of the TRIGA Mark II Reactor are shown in Table II. The fuel
elements will be reused after the upgrading project is completed. Any spent fuel elements will
be returned to the supplier.

Table III shows data from radiation level measurement made in the Reactor Core zone
after the fuel elements were removed.

The reactor core components consist of: Top grid, Bottom grid, Lazy Susan and
Bellows. The measured radiation fields from each component are between 10 and 40 R/hr.
The radiation fields measured at the Lazy Susan are given in Table IV.

Table V presents radiation level and activity data for some of the auxiliary system
components: primary cooling water heat exchanger (PHE); secondary cooling water heat
exchanger (SHE); and pipes.

5. Decommissioning activity

5./. Dismantling

The removal of the core began with the removal of the fuel elements from the reactor core to
the bulk-shielding tank and to the spent fuel storage pit. Then the work continued with a
visual inspection of the thermal column and maintenance of the bulk-shielding tank.
Afterward, the rotary specimen rack, neutron detector and USIF were also removed from
reactor tank and stored in the bulk shielding tank. Following this the top and bottom grid
plates as well as the safety plates were disassembled and stored in the bulk-shielding tank.
Next the bellows was removed from the reflector. Finally the graphite reflector was removed
from the bottom the reactor tank.
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Table I. Design changes for upgrading the TRIGA Mark II reactor

System and Components

Reactor
Concrete

Reactor tank

Reflector
Thermal Column and
Beam ports (4)

Core

Bellows
Primary Cooling System

Piping
Heat exchanger
Water filter
Ion exchanger

Secondary Cooling System
Piping
Cooling tower

VAC/ Off-gas System
HEPA filters

Parameter

Outside diameter
Inside diameter
Height
Height
Diameter
Thickness
Volume
material
aluminium casing
material
thickness
diameter
height
# of core positions
# of fuel elements
configuration form
uranium content
enrichment
grid plate
dimensions

material
capacity
filtration
volume
capacity

material
capacity

dimensions
number

Previous Design

6969 mm,
2438 mm
8636 mm
6553 mm
1981 mm
6 mm
30 nr3

graphite
Al5052

linch
560 mm
1000 mm
127
110
annular
55 g/fuel element
12 % and 8.5%

500mm, 250 mm

SS-316
360 gpm
10fiand50|^
3001
360 gpm

carbon steel
720 gpm

60x220x160 mm
144

Upgrade Design

The same
The same
The same
7553 mm
<1981 mm**
same thickness
35 m3

replaced — same
A160-61-T651.

same thickness
same diameter
same height
121
100 (after 1530d)
hexagonal
98 g/ fuel element
20%
matched
replaced — same

replaced — same
720 gpm
replaced — same
6001
720 gpm

replaced — same
1440 gpm

replaced — same
144

** The new tank was inserted in the old tank and the space between was filled with concrete.
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Table II. Fuel element data for TRIGA Mark II

Item

Fuel elements

Instrumented Fuel elements (IFE)

Fuel Follower Control Rods

Total

Type

Type 104
Type 106
Type 204
Type 206
Type 304
Type 306

Number

97
95
1
3
4
4
204

Table III. Radiation measurements in core zone, FUEL removed

No
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Location

Surface of Bellows
Surface of Bellows
Surface of Bellows
Surface of Clem Bellowa
Surface of Reflector Pipe
Surface of Clem Bellowa
Surface of CT
Surface of Reflector
Surface of Reflector Pipe
Surface of Reflector Pipe
1 m from Bellowa
Surface of Fuel Rack
Grid (CT parallel)
1 m (under grid)

Radiation Level
130R/hr
lOOR/hr
120R/hr
150R/hr
HOR/hr
HOR/hr
560R/hr
66R/hr
70R/hr
70R/hr
90R/hr
8R/hr
450R/hr
80R/hr

Table IV. Radiation levels at Lazy Susan

No
1
2
3
4
5
6
7
8
9
10

Location
Surface of LS(North-up)
Surface of LS(West-up)
Surface of LS(East-up)
Surface of LS(South-up)
Surface of LS(West-in)
Surface of LS (North-in)
Surface of LS(East-in)
Surface of LS(South-in)
Surface of LS(West-in, rotary)
Surface of LS(hole)

Radiation Level

1000 R/hr
llOOR/hr
1200 R/hr
1000 R/hr
1800 R/hr
2400 R/hr
2100 R/hr
2400 R/hr
2500 R/hr
2200 R/hr
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Table V. Radiation levels and activities of PHE, SHE & pipes

No

1
2
3
4
5
6
7
8
9
10
11

Item

Surface of PHE (front)
Surface of PHE (top)
Surface of PHE (botom)
Surface of PHE (behind)
Surface of PHE (side)
Surface of PHE (front cover)
Surface of PHE (behind cover)
Surface of SHE (front)
Surface of SHE (side)
Surface of SHE (behind)
Pipes

Radiation Levels
(MSv/hr)
0.30
0.40
0.40
0.40
0.40
0.25
0.25
0.25
0.25
0.20
0.25-0.30

Activities
(Bq/cm2)
6.1
7.1
18.5
2.1
18.5
2.1
16.4
none
none
none
2.1-8.2

According to the report from the Centre for Research and Development Nuclear
Techniques Bandung [1], the program for upgrading the reactor included the following
activities: inspections, removal and disassembly of components. The disassembly activities
are listed below:

(1) Removal of the fuel elements from the reactor core to the bulk shielding tank and the
spent fuel storage pit.

(2) Disassembly of the cooling system (primary cooling subsystem, heat exchanger
subsystem, diffuser subsystem and water purification subsystem).

(3) Disassembly of the reactor core components (control rods, grid plate, rotary specimen
rack, pneumatic transfer system, bellows, detector support, reflector).

(4) Removal of the graphite from the thermal and thermalizing columns.
(5) Disassembly of the thermal and thermalizing columns.

The main problems encountered during these operations are summarized in Table VI.

5.2. Decontamination
According to the inventory data, the radioactive wastes consist of high level radioactive

wastes, low level radioactive wastes, including extremely low level radioactive wastes and
non-radioactive wastes. The high level radioactive wastes were managed by placing them in
the temporary interim storage. In certain cases, solid high level radioactive waste was
decontaminated to lower its activity for easier handling and storage in the available facility.
The low level radioactive wastes and extremely low level radioactive wastes were also placed
in the interim storage. All solid waste that originated from the reactor core is listed in Table
VII.

The contamination of core components may consist of activated corrosion products, fuel
fragments and/or fission products. Normally, the radionuclide of most concern is 60Co,
primarily as a result of the activation of stainless steel components. While the aluminium
reactor core components are contain little long-lived activity, the stainless steel parts such as
bolts and nuts, etc., may have a high radiation field associated with them. Other radionuclides
of concern are 54Mn, 65Zn and55Fe. Also, Tritium and l4C may be found in graphite, due to the
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presence of lithium and nitrogen impurities [3-5]. All core components will be
decontaminated by a harsh chemical solution to remove surface contamination and some of
the component activation products at the component surface. Since all components have been
removed and stored, their future disposition planning will consider decontamination factors
and the quantity of secondary waste generated.

Table VI. Main problems encounterd and solutions found

System
Tank and
reactor core

Primary
Cooling
System

Secondary
Cooling
System

Operation
Removal of the fuel elements
from the reactor core to the
bulk shielding tank and the
spent fuel storage pit.
Disassembly of the Lazy
Susan, bellows, pneumatic
transfer system and reflector.
Removal of graphite from the
thermal and thermalizing
columns.
Disassembly thermal and
thermalizing column.
Inspection of the tank

Disassembly of cooling system
(primary cooling subsystem,
heat exchanger subsystem,
diffuser subsystem and water
purification subsystem).
Disassembly of cooling tower,
secondary pumps, piping and
heat exchanger

Problem
None

High exposure to
personal

Space of thermal and
thermalizing column
too small
Height exposure to
Personal
Heavy corrosion on
tank so it cannot be
reused.
None

Mobile crane not
available

Solution
None

Pool water and lead
provided as shielding

Drilling out some
graphite blocks and
pulling out by tracker.
Dismantling column by
remote plasma cutting.
Insert new tank into the
previous tank

None

Rented one from
another site.

Table VII. Core replacement components

Item

Grid plate
Reflector

Thermal and
Thermalizing column

Radiation Levels
(R/hr)
1
28

3.5

Material

Aluminum
Aluminium +
graphite
Aluminium

Treatment before decision
for decontamination

Storage
Storage in water bath

Dismantle into smaller parts
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Components containing extremely low level radioactive wastes, such as the PHE, could
be decontaminated to meet non-radioactive waste criteria, so they become available for
unrestricted reuse. Normally, the radionuclide of most concern is 60Co, primarily as a result of
the activation of stainless steel components. Ceasium-137, 152Eu and 154Eu are fission
products and may be found on the internal surfaces of the primary circuit [3]. Aggressive
methods are intended to remove contamination along with a substrate layer.

The plan calls for the components to be decontaminated at the decontamination facility
before being dismantled. Laboratory experiments must be carried out to investigate and
optimize the chemical decontamination process for this purpose. The experiments will work
with alumunium and stainless steel materials representative of the core components, heat
exchanger and pipes.

5.2.1. Simulation chemical decontamination process for reflector

The reflector is made from graphite encased in a can made from the Aluminium alloy,
Al 60-61-T 651. The radiation field from the reflector, 28 rad/hr, arises from activation and
contamination of the Aluminium alloy and stainless steel bolts in the reflector. The dominant
activation nuclides from Aluminium and stainless steel are 60Co, 54Zn, 65Zn, 55Fe and 63 Ni.
The dominant nuclides from fission product contamination left on the reflector surface is
137Cs. The nuclides formed during the activation of aluminium are 54Mn, 65Zn and55Fe, which
are not of concern following long decay periods because they have short half-lives (0.9 years
for 54Mn, 0.7 years for 65Zn and 2.7 years for 55Fe). The 3H and 14C activity in the graphite
does not contribute to the surface dose.

Although the reflector is not being reused, it will be decontaminated in order to decrease
the doses rate and thus reduce the radiation exposure of the labourers, making it easier to store
in the available facility. A chemical decontamination method by NaOH solutions and/or
oxalic acid will be investigated for use for this task. The reaction on the oxide surface layer is
the following:

A12O3 + 6 OH" -> 2 AIO3"3 + 3 H2O (1)

AlCV3 + 3 H+ -» A1(OH)3 (2)

During this process will be oxidized by the strong reaction:

2A1 + 6OH" •» A1O3~ + 3H2 (3)

For the reaction using oxalic acid the basic metal will be ionized as follows:

2A1 + 6H+ ~> 2Al+3 + 3H2 (4)

Technical approach

The Al 60-61-T651 specimens used in the investigation were 50mm x 50mm x lmm
(the materials and thickness of the specimens was the same as for the reflector covering
material). The decontaminating agent used was NaOH in various concentrations (1, 1.5, 2 and
3%). This was followed by a rinse containing HNO3 (1 and 2%) or H2C2O4 (2 and 5%). The
times for the decontamination step were 30, 60, 90, 120, 150 and 180 minutes. The corrosion
rate was calculated by the difference in the specimen weight before and after decontamination.
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This was corroborated by Atomic Absorption Spectrophotometry data of the dissolved Al in
the NaOH solutions.

Accomplishment

The results of the investigation are summarized in Table VIII and Table IX. Table VIII
presents the visual appearance of the surface material after the chemical decontamination
process. Table IX gives the corrosion rate as a function of the concentration of NaOH and
HNO3 for a given decontamination period of 180 minutes. According to the task effectiveness
data, the optimum concentration is about 3% NaOH and 2% HNO3 and the operation time
180 minutes.

Table VIII demonstrates that there is no significant difference between rinsing with
HNO3 or with H2C2O4. The parameters chosen for the actual decontamination of the reflector
are: a 3% NaOH solution; a 2% HNO3 solution, room temperature and a time of 180 minutes.

5.2.2. Simulation chemical decontamination process for PHE
The radioactivity in the primary cooling water heat exchanger (PHE) is about 18.45

Bq/cm2 (Table V). Since the limit for it to be considered as non radioactive is 4 Bq/cm2, the
PHE must be decontaminated before it can be released for reuse or sent to a landfill for
disposal.

Table VIII. Appearance of Al 60-61-T651 after decontamination for 90 minutes

.No
1.
2.
3.
4.
5.
6.
7.
8.

NaOH,%
1
Vh
2
3
1
l'/2

2
3

HNO3,%

1
1
2
2
-
-
-
-

H2C2O4, %
-
-
-
-
2
2
5
5

Visual Appearance

jet black
jet black
shiny
shiny
jet black
jet black
shiny
shiny

Table IX. Corrosion rate of Al 60-61-T651 decontaminated with NaOH-HNO3

No

1
2
3
4

NaOH, %

1
r/2
2
3

HNO3, %

1
1
2
2

Decon. time (minutes)

180
180
180
180

Corrosion rate (|im)

56.10
58.26
85.30
159.83
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The chemical decontamination method investigated for this purpose was a combination
of HNO3, and KMnO4, rinsed with H2C2O4 as well as KOH, KMnO4 and H2C2O4. The
reaction employed is:

8 H+ + 2 e" + Fe3O4 -> 3 Fe+2 + 4 H2O (5)

The first part is the transfer of an electron from the reducing agent to the oxide's metal
ion to produce an unstable reduced species, and the second one is the removal of this reduced
ion and associated oxide anions into solution.

Another reaction is

MnO4 2 Cr6+ + Mn2+
(6)

Before starting the actual decontamination of the PHE experiments were carried out
with simulated samples.

Technical approach

The specimens used in the investigation were 50 x 50 x 1 mm pieces of stainless steel
316, contaminated with about 30 Bq/cm2 of 137Cs. The decontaminating agents used were
HNO3 (1, 2, 3 and 5% ) and KMnO4 (0 .1, 0.2 and 0.3% ) combined with 2% H2C2O4. The
decontamination factor was measured as function of concentration of HNO3 and KMnO4. A
Nal-Tl detector coupled to a MCA counted the initial and final activity of the specimens.

Accomplishment

The results of the investigation are summarized in Table XI and Table XII. Table XI
shows the influence of the concentration of HNO3 and KMnO4. Table XII shows the influence
of concentration of KOH and KMnO4. It can be seen from the tables, that the application of an
acidic solution of potassium permanganate is more effective than the application of a basic
solution of the same oxidation agent. The decontamination of the PHE will use a solution of
5% HNO3, 0.3% KMnO4 and 2% H2C2O4, and at a temperature of 60°C.

TABLE X. Influence of concentration of HNO3 and KMnO4*

No
1
2
3
4
5
6
7
8
9
10
11
12

Concentration HNO3, %
1
2
3
5
1
2
3
5
1
2
3
5

Concentration KMnO4 %

0.1
0.1
0.1
0.1
0.2
0.2
0.2
0.2
0.3
0.3
0.3
0.5

DF
60
130
230
310
100
200
260
400
100
250
300
500

1 Temperature: 60°C; Time: 1 hr; Concentration of H2C2O4: 2%
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TABLE XI. Influence of concentration of KOH and KMnC>4*

No

1
2
3
4
5
6
7
8
9
10
11
12

Concentration KOH, %
1
2
3
5
1
2
3
5
1
2
3
5

Concentration KMnO4,%
0.1
0.1
0.1
0.1
0.2
0.2
0.2
0.2
0.3
0.3
0.3
0.3

DF
10
20
25
40
20
20
35
40
20
35
40
60

Temperature: 60°C; Time: 1 hr; Concentration of H2C2O4: 2%

6. Planning for the decontamination of dismantled components at the radioactive waste
management development centre

Selected dismantled components will not be decontaminated at the Bandung site but
will be sent to the decontamination facility at the Radioactive Waste Management
Development Centre. At the Radioactive Waste Management Development Centre
(RWMDC) there are several methods available for radioactive waste management as well as
for decontamination of nuclear devices such as; sand blasting, chemical immersion, ultrasonic
cleaner, water jet, chemical treatment for liquid waste, incinerator, and interim storage for low
and intermediate level waste. All dismantled components will be sent to RWMDC by solid
waste transporter. Considering that a solid waste transporter can only be used for low- and
intermediate-level waste then the grid plate and thermal and thermalizing column will be sent
early to RWMDC. The reflector can not be sent immediately since it is high-level waste. The
reflector will remain in storage at the Bandung site until the radiation level has decreased
enough to classify it as intermediate-level waste. The dismantled piping and the thermalizing
column will be decontaminated in a 1000L chemical immersion tank that measures
200 x 60 x HO cm. To accelerate the decontamination process the immersion tank is
connected via a piping system to a boiler and circulation pump that can recirculate the
decontaminating solution at a flow rate of 750 L/hr. Small pieces of dismantled components
will be decontaminated in an ultrasonic cleaner unit that contains 2 generators, 2 transducers
of 40 kHz and one 51 x 46 x 50 cm immersion tank. The heat exchanger will be
decontaminated by closed-loop circulation of the chemical solution.

All secondary liquid waste will be treated by chemical precipitation in a chemical waste
treatment unit. After removing the precipitation the liquid will treated in an evaporator which
has an operating capacity of 0.75m3/h.
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7. Conclusions

• The up-grading of TRIGA Mark II Reactor gave specific lessons learned.
• Some radioactive waste from the reactor removal can be released for unrestricted use or

disposed of as landfill material, other types of radioactive waste must be managed, and
still others must be decontaminated before being reused or disposed of as landfill
material.

• Following decontamination to simplify storage, the reflector will be stored at the Serpong
site. A decontamination solution of 3% NaOH and 2% HNO3, will be applied at room
temperature for 180 minutes.

• The primary cooling water heat exchanger (PHE) must be decontaminated before reuse. A
decontamination solution of 5% HNO3, 0.3% KMnC>4 and H2C2O4 will be used.
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