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Abstract 
The 3 MW TRIGA Mark-II research reactor of Bangladesh Atomic Energy Commission (BAEC) 
has been operating since September 14, 1986. The reactor is used for radioisotope production  (131I, 
99mTc, 46Sc), various R&D activities and manpower training. The reactor has been operated 
successfully since it’s commissioning with the exception of a few reportable incidents. Of these, the 
decay tank leakage incident of 1997 is considered to be the most significant one. As a result of this 
incident, reactor operation at full power under forced-convection mode remained suspended for 
about 4 years. During that time, the reactor was operated at a power level of 250 kW so as to carry 
out experiments that require lower neutron flux. This was made possible by establishing a temporary 
by pass connection across the decay tank using local technology. The other incident was the 
contamination of the Dry Central Thimble (DCT) that took place in March 2002 when a pyrex vial 
containing 50g of TeO2 powder got melted inside the DCT. The vial was melted due to high heat 
generation on its surface while the reactor was operated for 8 hours at 3 MW for trial production of 
Iodine-131 (131I). A Wet Central Thimble (WCT) was used to replace the damaged DCT in June 
2002 such that the reactor operation could be resumed. The WCT was again replaced by a new DCT 
in June 2003 such that radioisotope production could be continued. A total of 873 irradiation 
requests (IRs) have been catered for different reactor uses. Out of these, 114 IRs were for 
radioisotope (RI) production and 759 IRs for different experiments. The total amount of RI produced 
stands at about 2100 GBq. The total amount of burn-up-fuel is about 6158 MWh. Efforts are on to 
undertake an ADP project so as to convert the analog console and I&C system of the reactor into 
digital one. The paper summarizes the reactor operation experiences focusing on troubleshooting, 
rectification, modification, RI production, various R&D activities and training program being 
conducted at the facility.  

 
1. Introduction 
The TRIGA Mark-II research reactor is a light 
water cooled, graphite reflected reactor, 
designed for steady-state and square wave 
power level of 3 MW (thermal) and for pulsing 
with maximum power level of 852 MW [2]. 
The reactor is designed for multipurpose uses 
like training, education, radioisotope 
production and various R&D activities in the 
field of nuclear science and technology. The 
reactor was first made critical at 50 W on 
September 14, 1986 and was commissioned to 
steady state power of 3 MW in October 1986. 
During 1987-1990, the reactor use was mainly 
limited to operator training and various R & D 
activities in the area of radioisotope (RI) 

 
production and Neutron Activation Analysis 
(NAA). For better and safe utilization of the 
maximum flux, a Dry Central Thimble (DCT) 
was placed in the core center replacing the 
water filled CT in 1988.  
After the instillation of the DCT, reactor 
operation increased significantly for RI 
production. Subsequent to this operation, the 
primary cooling system pipe supports failed at 
a weld joint and one of the two exit check 
valves cracked due to excessive vibration. The 
whole primary cooling system support was 
then changed and the reactor was returned to 
full power operation in the mid of 1992. In 
1994, three butterfly valves were installed in 
the pipeline of the secondary cooling system. 
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One of these valves was placed in the return 
pipeline of the cooling tower sump. To 
facilitate cleaning of the cooling tower as well 
as heat exchanger, two other valves were also 
installed in the return pipeline of the heat 
exchanger. Two modifications were made in 
the electrical control circuit of the ventilation 
system in September 1995 and in March 1997.  
 
In July 1997, the decay tank was found 
damaged due to pitting corrosion on the tank 
bottom that was in direct contact with the 
concrete saddle. This put the reactor again into 
a prolonged shut down. Mean while a bypass 
connection was established with the help of 
local expertise, and the reactor was brought to 
operation on August 1998 with a maximum 
power level 250 kW under natural convection. 
The reactor was made operational again at full 
power after successful replacement of the 
damaged decay tank by a new one supplied by 
GA/Sorrento Electronics Inc. (SEI) in August 
2001. In addition, the shell and tube heat 
exchanger was replaced by a new plate type 
heat exchanger. At that time, several 
modifications of the reactor cooling system 
along with its associated structures were also 
implemented and then necessary testing and 
commissioning of the newly installed 
component/equipment were carried out. 
Several modification works of the Emergency 
Core Cooling System (ECCS) were also 
implemented.  
 
In March 2002, the DCT got contaminated due 
to melting of a pyrex vial in it. The vial 
contained 50g of TeO2 powder.  The objectives 
of this paper are to brief about the experiences 
of operation and maintenance of the TRIGA 
research reactor, various R&D activities and 
training program being conducted in the 
facility. This paper briefs about major 
components of the TRIGA research reactor, 
reactor operation & maintenance experience 
and various utilization activities. 
 
 
2. Brief Description of the Reactor 
2.1 Reactor Core 
The reactor core is located near the bottom of 
the reactor tank. The reactor tank is made of 
aluminum alloy of type 6061-T6 which is 

installed inside the reactor shield structure. The 
length and diameter of the tank is 8.23 m and 
1.98 m, respectively. The tank is filled up with 
24,865 liters of demineralized water. The 
reactor core consists of 100 fuel elements 
(including 5 fuel follower control rods and 2 
instrumented fuel elements), 1 air follower 
control rod, 18 graphite dummy elements, 1 
DCT, 1 pneumatic transfer system irradiation 
terminus (Rabbit system) and 1 Am-Be neutron 
source (strength: 3 Ci) [2]. Figures 1 & 2 show 
the sectional view and core configuration of the 
TRIGA reactor, respectively. Figure 1 shows 
the location of the reactor core surrounded by 
coolant and shielding structure of heavy 
concrete wall. Figure 2(i) shows the core 
configuration comprises fuel elements, control 
  

  
 
Fig.1 Sectional View of the TRIGA Reactor 
 

  
  (i)        (ii) 
 
Fig. 2  Core Configuration of the TRIGA 
            Reactor 
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rods, DCT, Rabbit system, Fission and gamma 
chambers, Neutron Source, Graphite dummy 
elements, etc. Figure 2(ii) shows the shape of 
the TRIGA fuel element and its constituents. 
The reactor is controlled by six control rods, 
which contain boron carbide (B4C) as absorber 
material. 
 
2.2 Irradiation Facilities 
In accordance with its purpose as a research 
reactor, the TRIGA Mark-II reactor is equipped 
with a number of irradiation facilities. The 
name of these facilities and corresponding 
neutron flux are given below: 
 
i) Dry Central Thimble (DCT): In the DCT, 

samples may be exposed to a maximum 
neutron flux density of 9.12×1013 n/cm2/sec. 
The DCT is used for radioisotope 
production and various R&D purposes. 
 

ii) Beam Tubes: There are four neutron beam 
tubes (BT), named as Tangential BT, 
Piercing BT, Radial BT #1 and Radial BT 
#2. The tangential BT is used for neutron 
radiography. The neutron flux in the 
tangential BT at a distance of 140 cm from 
the wall to the sample is 1.13×106 n/cm2/sec. 
The piercing BT is being used for neutron 
scattering studies by using Triple Axes 
Spectrometer (TAS). Two radial beam tubes 
are not yet used. 

 
iii) Rotary Specimen Rack (Lazy Susan): The 

rotary specimen rack/Lazy Susan is a donut 
shaped watertight device placed in the 
upper part of the graphite reflector 
assembly around the reactor core. This rack 
facilitates 41 sample-holding tubes.  Each 
of these tubes (except the 1st one) can 
accommodate two standard specimen 
containers. The dimension of the each 
specimen container is 13.9 cm long and 
3.18 cm dia. Sample is loaded into the 
rotary specimen rack through the 3.3 cm 
dia loading tube, which extends up to the 
top of the reactor shield structure and 
terminate at the center channel. A position 
control mechanism allows loading of 
samples in different chambers of the Lazy 
Susan. This facility is used for neutron 
activation analysis as well as isotope 

production. The neutron flux in this facility 
is 1.23 × 1013 n/cm2/sec. 
 

iv) Pneumatic Transfer System (PTS): The PTS 
is also called the Rabbit System. It is used 
for the production of very-short-lived 
radioisotopes. It transfers the sample to be 
irradiated into the reactor core or out from 
the reactor core in about 4.6 sec. The 
neutron flux in this facility is 1.91 × 1013 
n/cm2/sec.  
 

v) Cutouts in Grid Plate: There are two nos. of 
triangular cut-out in the core and one no. of 
hexagonal cut-out at the center of the core. 
The triangular and hexagonal cutouts in the 
top grid plate allow in-core irradiation of 
large diameter samples. This facility is not 
yet used. 

 
vi) Thermal Column: This facility filled with 

heavy concrete blocks is not yet used. 
 
2.3 Reactor Cooling System 
The steady state mode of operation of the 
reactor is performed under two cooling modes; 
Natural Convection Cooling Mode (NCCM) 
and Forced Convection Cooling Mode 
(FCCM). The NCCM is used to operate the 
reactor up to power level of 500 kW. During 
the NCCM of operation, generated heat in the 
reactor core is removed by the tank water 
through natural convection cooling mechanism. 
Meanwhile, for the operation of the reactor 
from 500 kW to 3 MW power level, FCCM is 
used. Heat generation during this mode of 
operation is dissipated into the atmosphere 
through a cooling system consisting of primary 
and secondary cooling circuits. Table 1 shows 
the specifications of the major components of 
the reactor cooling system. 
 
Table 1 Major Specifications of the Reactor  
              Cooling System 
 
(i) Primary Water System 
 Primary coolant             : Demineralized water 
 No. of Pump                  : 2(Centrifugal) 
 Motor Power                 : 50 HP (each) 
 Flow Rate                      :1750 gpm (each) 
 Maximum discharge      : 35 Psig 
   pressure                          
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(ii) Secondary Water System 
 Primary coolant            : Tap water 
 No. of Pump                 : 2(Centrifugal) 
 Motor Power                : 40 HP (Each) 
 Flow Rate                     :1650 gpm (each) 
 Maximum discharge     :34 Psig 
  pressure                        
(iii) Cooling Tower 
 No. of cooling tower    :1 
Flow Type                    : Counter flow 
Blower Capacity          : 20 HP (each) 
Tempt Drop, ∆T           : 40C 
 
3. Operation & Maintenance Experience 
3.1 Operation Statistics 
The reactor has so far been operated about 
3700 hrs for isotope production, various 
experiments and training purposes. This 
includes a total of about 842 hrs of operation at 
full power. A total of 873 irradiation requests 
(IRs) have been catered so far. The total burn 
up of the fuel stands at about 6100 MWh. 
 
3.2 Decay Tank Incident 
In July 1997, the decay tank made of aluminum 
alloy of 6061-T6 was found damaged due to 
pitting corrosion in several areas where rain 
water seeped through the RCC shielded roof 
and vent pipe during the monsoon and 
accumulated for a long period. Corrosion was 
found between the decay tank bottom and 
saddle contact region. The decay tank leakage 
incident, which is considered to be the single 
most significant incident in the reactor facility. 
Figure 3 shows some of the corroded parts of 
the decay tank bottom. As a result, power 
operation (power level over 250 kW) of the 
reactor remained suspended for about four 
years. However, reactor operations were 
continued during this period up to a power 
level of 250 kW with a temporary by-pass 
connection established across the decay tank. A 
new decay tank of aluminum alloy of 5052-
H112 with four aluminum saddles welded to its 
body was installed in the decay tank room. 
Each saddle was anchored to floor with four 
steel routed bolts. The saddles were bolted to 
the floor in a way such that one of the saddles 
remained fixed and the other three could slide 
on the floor. Sliding saddles have been used in 
order to allow thermal expansion of the decay 
tank having a length of about 9 m and a 
diameter of about 2.5 m [4]. 

    
 
Fig. 3  Pitting Corrosion of the Decay Tank  
           Bottom 
 
3.3 DCT Incident 
DCT is mostly used for production of RI. In 
March 2002, the reactor was operated at full 
power for 8 hours to irradiate 50g of TeO2 
powder in the DCT for trial production of 131I.  
The TeO2 powder was filled in a pyrex vial, 
which was again placed inside a standard 
aluminum specimen container. The aluminum 
specimen container was then placed in the 
DCT. When the irradiated aluminum container 
was attempted to take out from the DCT after 3 
days cooling, it was found that its lower part 
was got melted. Further investigation revealed 
that the lower part of the pyrex vial was also 
got melted and about 30g (out of 50g) of the 
irradiated TeO2 powder was left over the DCT. 
Figure 4 shows the contaminated DCT with 
partial melted pyrex vial (bottom part) in it. 
This was happened due to excess heat 
generation over the surface of the pyrex vial. 
After the incident, the contaminated DCT was 
removed from the reactor core and in its place 
the old Wet CT (WCT) was installed. The 
WCT was again replaced by a new DCT in 
June 2003 such that radioisotope production 
could be continued. 
  

 
 

Fig. 4 Damaged Pyrex Vial inside the DCT 
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3.4 Problem with the Reactor Cooling 
      System 
 
3.4.1 Problem with the Vibration in the 
        Discharge Line of the Primary Pump 
A fault at the weld-joint in the form of a crack 
having a circumferential length of about 25 cm 
in the exi-check valve of the primary cooling 
system was detected in September 1990. It was 
found that vibration induced stress in the 
primary pipes was one of the reasons for this 
failure. Design defects such as pipe supports, 
layout, couplings spacers and hubs; 
misalignment of pump and motor, defective 
motor bearings, static imbalance of pump 
impeller, and undesirable throttling of 
discharge valves of the pumps were identified 
as some of the possible reasons leading to the 
fault. The exi-check valve was duly repaired 
and reinstalled. Pipe supports and pump 
foundations were modified so as to reduce 
stress and vibration by incorporating some 
additional valves, replacing a "T" joint with a 
modified "Y" joint. Impeller and shaft of the 
primary pumps were also balanced statically to 
reduce vibration.  
 
3.4.2 Problem with the Primary and 
         Secondary Pumps  
The impeller was found to get stack of one of 
the primary pumps with volute casing due to 
reverse rotation. This caused the snap ring 
(retainer ring) to be damaged. ROMU`s 
Mechanical Maintenance Group replaced the 
damaged snap ring with a new one. Bearings of 
the pumps & motors of the primary and 
secondary cooling pump-motor set replaced by 
new ones.  
 
3.4.3 Problem with the Heat Exchanger 
The efficiency of the shell and tube heat 
exchanger was seriously degraded due to 
fouling on the surfaces of the tubes. A new 
plate type heat exchanger with cooling capacity 
of about 4 MW (extendable up to 7 MW) was 
installed replacing the old shell and tube heat 
exchanger. With the introduction of the high 
performance plate type heat exchanger, the 
cooling rate of the primary water has 
noticeably improved. As a result, it has been 
possible to operate the reactor at full power 
with comparatively lower core inlet 
temperature [3].  

3.5 Problem with the Emergency Core  
      Cooling System (ECCS) 
ECCS is the single most important engineered 
safety system of the reactor that plays the key 
role for protecting the reactor fuel in the event 
of a Loss Of Coolant Accident (LOCA). The 
initial installation of the ECCS had several 
deficiencies, such as improper routing of the 
piping, defective installation of battery, 
battery-charger and pump motor unit, etc. In 
order to improve the operational safety of the 
ECCS, several modifications were 
implemented after the installation of the new 
decay tank and associated components of the 
reactor cooling system which comprises the 
plate type heat exchanger, modified Y-
connection, new isolation valves, etc. The 
modifications of the ECCS include ECCS 
piping layout, shifting & modifications of the 
ECCS mounting block containing ECCS 
pump-motor, battery and battery charger unit to 
a safe height [3].  
 
3.6 Problem with the Instrumentation and  
      Control System 
The Instrumentation and Control (I&C) system 
of the reactor uses mostly analog system and 
devices, which are getting backdated and 
obsolete. However, BAEC engineers and 
scientists have so far been operating and 
maintaining the I&C system quite successfully. 
Several modifications and upgrading of the 
system were carried out so as to operate the 
reactor with safety. This included, among 
others, development of a PC-based Data 
Acquisition System (DAS), incorporation of 
digital flow measuring system in the secondary 
cooling loop, High Pool Water Level Scram 
System, Instrument Air Interlock System, etc. 
Efforts are now on to upgrade the analog I & C 
system using state of the art digital technology 
[1 & 5]. 
 
4. Utilization of the Reactor 
4.1 Radioisotope Production 
The reactor facility is now being used routinely 
for production of Iodine-131 (131I) for medical 
uses. Scandium-46 (46Sc) was also produced 
once for isotope hydrology research. A total of 
114 irradiation requests (IRs) were completed 
for radioisotope production so far. The total 
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amount of radioisotope produced stands at 
about 2100 GBq. The current demand of 131I in 
the country is about 1 Ci per fortnight. An 
ADP project is undertaken to upgrade the 
research reactor for strengthening isotope 
production program.  
 
4.2 R & D Activities 
A total of 759 irradiation requests (IRs) have 
been catered so far for various R&D activities. 
Neutron Activation Analysis (NAA), Neutron 
Radiography (NR) and Neutron Scattering 
(NS) techniques are being used to conduct 
various R&D activities. NAA technique is used 
to accurately determine trace elements in soils, 
rocks, water, air particulate matter, vegetables 
samples, etc. NAA technique is also used to 
determine very low level (≅ 0.06 ppb) of 
arsenic in drinking water, human hair, paddy, 
rice, urine and food staff. It is to be mentioned 
here that arsenic contamination in drinking 
water is a serious problem that is prevailing 
throughout the country. NR facility is used to 
detect voids, cracks, internal continuity in 
materials and to detect of defects and corrosion 
in metals, alloys, aircraft spare parts, water 
absorption behavior of building materials, etc. 
NS facility is used for neutron diffraction 
studies by using Triple Axes Spectrometer 
(TAS) at the piercing beam port.  
 
4.3 Training Program 
The facility has so far been used to train up a 
total of 20 personnel including several foreign 
nationals to the level of Senior Reactor 
Operator (SRO) and Reactor Operator (RO). 
Of them, only two licensed SROs and two ROs 
are working at the facility. The other personnel 
have either left the organization or have moved 
to some other places within the organization 
with new assignments. To increase the strength 
of SRO / RO pool, twelve personnel are now 
being trained at the facility.  

 
5. Concluding Remarks 
The reactor has been operated safely for 
various peaceful applications of nuclear 
technology without few incidents as presented 
in the paper. The modification, rectification 

and upgrading works of the facility were 
carried out locally. The reactor is being utilized 
for producing RI for its medical uses, 
conducting various R&D activities and 
manpower-training program of the country. 
There is a plan to install more dry tubes in the 
core so as to meet the total demand of RI in the 
country. There is also plan to develop unused 
experimental facilities such as, thermal column 
and radial beam ports for strengthening the R& 
D activities around the reactor.  
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