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ABSTRACT 

A 3 MW TRIGA MK II Research Reactor was installed in 
Bangladesh in 1986. The reactor is being utilized for 
research, training and for production of radio-isotopes. 
Recently two faults were detected, one in the Emergency core 
Cooling System and the other in the Primary Coolant Loop, 
which hindered the operation of the reactor partially. The 
faults were investigated by a team of local experts. Results 
of analyses of possible initiating events of the faults and 
the remedial steps are briefly discussed in the paper. 

1. INTRODUCTION 

Bangladesh Atomic Energy Commission (BAEC) installed a 3 MW 
pulsing type Research Reactor at its Atomic Energy Research 
Establishment (AERE). The reactor had achieved criticality in 
September 1986 and reached 3 MW steady state power with 100 LEU 
fuels in the later part of the same year [1]. The reactor is 
being used for training, research and isotope production. The 
Central Thimble was designed, installed and tested successfully 
by the BAEC personnel at a later stage in 1988 [2]. The Reactor 
was operated for 133 hours for a total of 195 MWh in 1990. On one 
occasion the reactor was operated almost continuously for 54 
hours for production of Scandium-46 isotope. Such an extended 
operation of the reactor provided valuable experience and added 
to the confidence of the operation team. In the previous year 
(1989), the reactor was operated for 270 hours at a total of 606 
MWh. The apparent under utilization of the reactor in 1990 was 
caused partially by two major problems that were encountered 
since its commissioning. These problems are described in the 
following paragraphs. 

2.1 PROBLEM IN THE EMERGENCY CORE COOLING SYSTEM (ECCS) 

The essential safety requirement- of the design is that the 
reactor core has to be covered with water for an extended period 
following the loss of primary coolant. The Emergency Core Cooling 
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reactor core has to be covered with water for an extended per;od 
fo11owing the loss of primary coolant. The Emergency Core Cooling 
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System is designed to meet this requirement. Part of the system 
is shown schematically in Fig. 1. The reactor core assembly 
includes an upper shroud containing a column of 76.2 cm of water 
over top of the core. In the event of a tank or beam tube rupture 
or break in the primary coolant line, this volume of water is 
available for removal of decay heat from the fuel elements, 
primarily by evaporation. Coolant from the ECCS must be available 
before this water is evaporated completely. The.float level 
switches activate the pump of the ECCS whenever the water level 
reaches 4.27 m below the normal pool level. The pump and the 
float level switches receive independent power supply from a 
battery, which is kept fully charged by a charger connected to 
the electrical power system of the reactor building. The 
emergency pump can circulate water from 32,600 liter N-16 decay 
tank through the reactor core assembly at a rate of 3.8 liters 
per minute for about an hour. The valve of the emergency pump is 
always kept open when the reactor is in operation. A manual back
up system is also provided by connecting a reliable water tank 
located on the top of the building. This can be used if the 
emergency pump fails. 

The decay tank is separated from the adjacent primary pump 
room by a thick layer of concrete shielding. As such, the part of 
the ECCS located inside the shielding was not accessible for 
conducting regular and routine inspection by the maintenance 
personnel. Aluminum pipping of the ECCS was placed in a small 
trench in the floor of the decay tank room. 

Evidence of leakage of water from the piping of the ECCS was 
detected at one stage of routine inspection of the primary pump. 
It was also found that some cracks had developed in the aluminum 
piping of the ECCS. 

2.1.1 POSSIBLE INITIATING EVENTS 

Analysis of the reasons that might have caused the cracks 
indicated the following two possible initiating events: 

a. The Aluminum piping was in contact with the floor. The floor 
sometimes gets wet and physical contact with the moist cement 
floor over an extended period might have caused the corrosion in 
the pipe. 

b. There did not exist any gap between the floor and the first 
right angle bend of the pipe drawn from the bottom of the decay 
tank. The decay tank itself might have settled down slightly 
since its construction. As there was no room for accommodating 
the displacement of the decay tank, the ECCS pipe might have been 
subjected to severe stress. 

Analysis carried out by the local team, indicated that the 
crack was probably caused by one of the two factors or by a 
combination of these two. 
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2.1.2 REMEDIAL MEASURES 

The team of local experts had opined that, the possibilities 
of any future corrosion must be eliminated. Since the moisture 
could not be eliminated altogether, PVC was recommended to 
replace Aluminum as the piping material. Further, a larger trench 
in the decay tank room was provided for housing the new pipe so 
as to avoid possibilities of direct contact with the cement 
surface. This arrangement is expected to be useful in 
accommodating any further settlement of the decay tank structure. 

The ECCS was modified on the basis of recommendation of the 
local team of experts. The supplier of the reactor was also 
consulted in undertaking the stated modifications. The modified 
ECCS is given schematically in Fig. 2. It may be seen that the 
modified ECCS is provided with a valve in the suction side, which 
is designed to remain open in normal operation. This valve is 
designated to isolate the ECCS manually whenever required. This 
was deemed essential from maintenance point of view, which was 
not envisaged in the original design and installation. 

2.2. PROBLEM IN THE PRIMARY COOLING SYSTEM 

Part of the primary cooling system is shown schematically in 
Fig 3. The coolant enters the reactor tank through the top of 
the pool. The coolant is drawn by pump suction down through the 
reactor core lower plenum. From the lower plenum the coolant 
enters a 30.5 cm diameter pipe and flows through a shielded 
trench to the N-16 decay tank and then to the suction side of the 
primary pumps. Two pumps operating in parallel circulate the 
coolant through the heat exchanger and back to the reactor tank 
through 25.5 cm diameter pipe. An anti-siphon line is provided to 
allow air into the suction line if the water level in the tank 
drops below a preset point. This prevents the primary pump from 
pumping the core dry in the event of a break in the system down 
stream of the pump. This anti-siphon line is a back up to the 
float level switches which are intended to turn the primary 
pumps off. The primary flow rate of 13,250 liters per minute has 
to be ensured before the reactor is allowed to operate in the 
forced cooling mode. One Exi-check valve is provided in the 
discharge line of each pump. These valves are intended to prevent 
back flow of the coolant. Two butterfly valves are included, one 
in the suction side and the other in the discharge side of each 
pump. Normally such valves are required principally for 
maintenance purposes and should remain open during normal 
operation. But in the present case, the butterfly valve is to be 
kept partially closed (55*) in order to achieve the desired flow 
of 6625 liters per minute for each pump. Circumferential welding 
of one exi-check valve was found to be cracked during a routine 
inspection. Extensive investigation of the primary cooling system 
was subsequently carried out by a team of local experts. Findings 
of the team is outlined in the following paragraphs. 
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2.2.1 SELECTION OF PUMPS 

As stated earlier 13,250 liter per minute of coolant flow 
has to ensured for operating the reactor in the forced cooling 
mode. Ideally the primary pump should be selected accordingly. A 
redundancy of at least one stand-by pump of 100 * capacity is 
required to be available for ensuring safety, reliability and 
also availability of the system. In the present design, however, 
the primary loop has two pumps each with rated output of about 
12,100 liters per minute, so that either of them is not 
sufficient to ensure the minimum flow for the forced cooling 
mode. Therefore, the flow from each pump has to be regulated by 
closing each butterfly valve by about 55 * in order to attain the 
desired level of flow. 

Butterfly valves are intended to isolate the system for 
maintenance purposes and also for minor flow regulations. But in 
the present case these valves are used for major flow 
regulations. In this process an unnecessary pressure drops are 
developed across the butterfly valve. Pressure drop across the 
butterfly valve was measured to be 0.62 bar at a head loss of 6.4 
meters of water. Calculated system head with the butterfly valves 
fully open is approximately 18.3 meters. Allowing 20 % margin for 
unexpected problems, the required system head works out to be 22 
meters. But at a flow of 6625 litres per minute, pump delivery 
head as calculated from the characteristic curve is 28.00 meters. 
Such a pressure drop eventually leads to some vibration in the 
primary loop. At the same time, the impact of water on the disk 
of the butterfly valves causes unwanted stresses on various weld 
joints close to it. These repeated stress is thought to have 
ultimately caused the development of crack in the circumferential 
welding of exi-check valve. 

2.2.2 DIAMETER OF PIPE 

Diameter of the pipe used in the primary line is smaller 
than the required size causing high coolant velocity and eventual 
vibration. Coolant velocities at different sections of the 
primary pipe are shown in Table I. 

Table -I Calculated Coolant velocity at different pipe section 

Pipe Diameter (cm) Flow(1it/min) Velocity(m/sec) 
20.5 6625 3.41 
25.5 13250 4.40 
30.5 13250 3.00 
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unexpected prob1ems，七he requ i red sys七em head works out to be 22 
meters. But at a flow of 6625 litres per minute， pump delivery 
head as ca1cu1ated from七hecharacteris七ic curve is 28.00 me七ers.
Such a pressure drop even七ua11y 1eads to some vibration in the 
primary 100p. At the same 乞ime，the impact of water on 七he disk 
of the butterfly va1ves causes unwan七ed stresses on various weld 
joints c10se to it. These repeated stress is thought 七o have 
ultima七e1y caused the deve10pment of crack in the circumferential 
we1ding of exi-check va1ve. 

2.2.2 DIAMETER OF PIPE 

Diameter of the pipe used in the primary 1ine is smal1er 
than the required size causing high coo1ant ve10city and eventua1 
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primary pipe are shown in Tab1e 1. 
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2.2.3 T - CONNECTION TO DISCHARGE LINE 

The discharge line of each pump is connected to the common 
25.5 cm diameter pipe by a T-connection. During the starting of 
the pumps two flows have a head on collision causing sudden 
impulses which eventually leads to vibrations. 

2.2.4. POOR PIPE SUPPORT AND INSTALLATION 

Pipes close to the pumps are not well supported. Limited 
number of supports are provided from ceiling which can only take 
dead load of the pipe. During long operation supports failed 
which were remedied by supports from the side wall. The 
installation of the pumps is not satisfactory. Pumps are leveled 
and mounted on small pieces of iron packings which were found to 
be shifted slightly since installation. 

2.3. REMEDIAL MEASURES 

To solve the above mentioned problems, it has been decided 
to use small diameter (30.50) impeller so that each pump can 
deliver the required discharge of 6625 liters per minute thus 
allowing to keep the discharge valve fully open. Proper 
installation of pump sets and additional ground support to the 
pipes are planned to be provided to take care of vibration. The 
pipe diameter will be changed to economic diameter of 30.50 cm so 
as to minimize flow induced vibration. The T connection will be 
changed either to Y connection or a guide vane will be provided 
in the T junction to avoid the head on collision and thus ensure 
a smooth flow. Upon completion of these works the primary system 
integrity and safety will be increased. 

3. CONCLUSION 

I n s p i t e of l i m i t e d f a c i l i t i e s a v a i l a b l e , i t has been 
possib le to u t i l i z e the reactor f o r car ry ing out d i f f e r e n t R & D 
programmes and f o r product ion of ce r ta in types of s h o r t - l i v e d 
rad io- isotopes l i k e Tc-99, 1-131 as subs t i tu tes f o r t h e i r import 
f o r use l o c a l l y . Fu l l scale production of such isotopes would 
resume a f t e r completion of the under implementation Radio-isotope 
labora tory . On going R & D programmes l i k e neutron sca t te r i ng 
would be s t reng then when the i n s t a l l a t i o n o f the T r i p l e Ax i s 
S p e c t r o m e t e r i s comp le ted by t h e end o f t h i s y e a r . I t i s 
envisaged t h a t based on the r e s u l t s o f on -go ing research on 
Neutron Radiography, i t w i l l be possible to provide such serv ices 
to local i ndus t r ies and other production re la ted a c t i v i t i e s . Such 
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The discharge line of each pump is connected to the common 
25.5 cm diameter pipe by a T-connection. During the startlng of 
the pumps two flows have a head on collision causing sudden 
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number of supports are provided from ceiling which can only take 
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and mounted on smal1 pieces of iron packings which were found to 
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as to m i n i m i z e 干10w induced vibration. The T connection wil1 be 
changed either to Y connection or a guide vane wi11 be provided 
in the T junction to avoid the head on collision and thus ensure 
a s"，oo七h f10w. Upon comp1etion of these works the primary system 
integrity and safety wi11 be increased. 

3. CONCLUSION 

In spite of limited faci1ities availab1e， it has been 
possible to utilize the reactor for carrying out differen七 R & 0 
programmes and for produc七ion of certain types of short-1 ived 
radio-isotopes like TC-99， 1-131 as substitutes for their import 
for use 1 oca 11 y. Fu 11 sca 1 e product i on of such i sotopes wou 1 d 
resume after comp1e七ionof the under imp1ementation Radio-;so七ope
laboratory. On goi ng R & 0 programmes 1 i ke neutron scatter‘ing 
would be strengthen when the instal1a七ion of the Trip1e Axis 
Spectrometer is completed by the end of this year. It ;s 
envisaged もhat based on the results of on-going research on 
Neutron Radiography， it wil1 be possible to provide such services 
もo 10ca1 industr可esand other production re1a七edactivities. Such 
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future uses of the reactor facilities and the stated remedial 
steps towards improvement of its function would be helpful in 
increasing its capacity utilization. 

It is worthwhile to note that the TRIGA Mk II reactor of 
Bangladesh does not have any reference unit and that its design 
was evolved on the basis of experience with such rectors of 1 MW 
and smaller sizes. The most significant change in this context 
was the introduction of forced cooling mode of heat transfer. 
Some of the faults with the present reactor were associated with 
this mode of cooling. It has been possible to identify initiating 
events for such faults and also to suggest remedial steps fully 
at the initiative of the local expertise. It is expected that 
similar possible faults and solution to these will be considered 
duly in future designs of similar reactor. 

It may be mentioned that the rated pulsing (2000 MW) could not be 
attained during commissioning of the reactor and the pulse had to 
be limited to 852 MW corresponding to $2 of reactivity insertion. 
The limitation was forced partially by overheating of certain 
fuel elements in proximity of the pulsing control. It is felt 
that such a limitation on pulsing should be investigated 
comprehensively, taking factors like core configuration, neutron 
physics, and mechanical characteristics of fuel elements into 
consideration. BAEC plans to undertake such a study in future. 
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