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ABSTRACT

Investigation on accident of the Indonesian Multipurpose research reactor RSG-GAS has
been performed by computer simulation technique. Two groups of transients were considered,
namely transient due to loss of primary cooling system (LOFA) and power excursion due to
reactivity insertion (RIA). In such a transient condition, the Common Mode Failure (CMF) is
considered and it will induce a situation so called unprotected transient or Anticipated Transient
Without Scram (ATWS). RELAP5, PARET-ANL and EUREKA-2RR computer packages have been
applied for these analyses. Simulations result done using these computer packages showed that in
the occurrence of LOFA and RIA, failure on fuel elements is limited to the region with the highest
power factor.

Keywords: transients accident, RSG-GAS Research Reactor, LOFA, RIA, ATWS,
PARET-ANL, EUREKA-2RR

1. INTRODUCTION

The previously performed safety analysis on the RSG-GAS (as a part of the licensing), was
limited to the protected transient as a design basic accident (DBA). This situation is also
recognizing as a transient condition followed by the reactor shutdown (scram). However, the PSA
study for this reactor done by Suprawardhana (1996) / 1 / gave an indication that the unprotected
transient is likely to occur on RSG-GAS's system. The unprotected transient or anticipated
transient without scram (ATWS) will occur if the reactor protection system is assume to fail when it
is required to bring the reactor into the safe condition.

To give an assurance in the safety aspect of the reactor operation, the scope of the safely
analysis should be expanded to cover unprotected transients which are previously considered
beyond DBA. The unprotected transient is considered also as severe accident for this reactor.
Base on analysis of the reactor system, severe accidents might be initiated by the coolant flow rate
disturbance LOFA or RIA.

The behavior of the reactor against postulated initiating events must be analyzed taking the
action of the reactor protection system into account, to confirm the safety of the reactor. The
postulated initiating events include anticipated operational transients which occur once or more in
the reactor life, and accident conditions of lower probability which give severer consequences to the
reactor and the environment. The paper presents the results of the thermal-hydraulic analysis and
safety margins for typical working core (TWC) during transient and accident conditions.
Investigation on severe accidents has been performed by computer simulation techniques. Name
of the computer program, modeling, input parameter used is described bellows.

1) Submitted to SARJ-98 Workshop on Severe Analysis Review in Japan, Nov. 4-6,1998, Tokyo.
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2. THE MULTIPURPOSE RESEARCH REACTOR RSG-GAS

The Indonesian multipurpose research Reactor RSG-GAS is a Beryllium reflected, light
water moderated and cooled, generating a nominal power of 30 MW. The reactor performed as
expected to produce thermal neutron flux in the order of 1014 n/(cm2sec). The reactor core is placed
at the bottom of the reactor pool, around 12.5m below surface of the pool water. The reactor uses
MTR-type LEU 19.75% enriched uranium in the form of U3O8-AI fuel elements (FEs). The core
configuration is shown in Figure 1.
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On the 10 x 10 core grid positions with a pitch 81 mm x 77 mm, there are 40 standard FEs
(each consist of 21 fuel plates), 8 control elements (CEs, each consists of 15 fuel plates), Be
reflector elements and other irradiation facilities. The fuel of loading with 250 g U235 corresponds to
uranium meat density of 2.96 g U/cm3. The fuel plates with a thickness of 0.54 mm for fuel meat
and wrapped with 0.38 mm AIMg2 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 cooling gap between the fuel
plate has a thickness of 2.55 mm. Because of small water gap, the flux increase as a result of
pronounced moderator effect would be limited.

The core cooling is downwards through the cooling channels between the fuel plates and
mixed in the lower plenum. The minimum primary system flow rate amounts to 3200 m3/h and the
nominal coolant velocity in the core is 3.6 m/s. The flaps that located below the lower plenum, are
designed to open by gravity force when the coolant flow rate reaches below a certain value. A
delay chamber is provided to reduced N-16 activity. The coolant delay time is around 45 seconds
111.

3. COMPUTATIONAL PROCEDURES AND CODES

Three computer programs for thermal-hydraulic simulations were used, namely RELAP5,
PARET-ANL and EUREKA-2RR. The RELAP5 Mod 3 was used to simulate thermal hydraulic
behavior of the reactor core and cooling system under LOFA condition. The PARET-ANL and
EUREKA2/RR computer codes were used to simulate thermal hydraulics behavior of the reactor
core during RIA. The RELAP5 is widely used computer code for steady state and transients
calculation of large thermal hydraulic heating system, developed by the Idaho National Engineering
Laboratory (INEL) for Nuclear Regulatory Commission (NRC)/3/. The RELAP5 Mod3 used on this
simulation was modified by Zarkasi (1994) IAI to accommodate heat transfer condition at low
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pressure and temperature as occur in the research reactor/4/. The PARET-ANL developed by
Argonne National Lab. Of the USA is intended primarily for the analysis of plate type research and
test reactors/5/. This code provides a coupled thermal, hydrodynamic, and point's kinetics reactor
capability. One to four regions can model the core. Each of the regions may have different power
generation, coolant mass flow rate, and hydraulic parameters as represented by a single fuel pin or
plate with its associated coolant channel. Verifications of the PARET-ANL code to the experimental
data of the RSG-GAS have been done both for steady state and transient conditions with a good
result 161.

In the thermal-hydraulic analysis during transient and accident conditions of the RSG-GAS,
the EUREKA-2RR code PC version was applied. In JAERI the EUREKA-2RR code was developed
to analyze transient and accident condition of water-cooled reactors, especially for transient and
accident conditions due to reactivity insertion 17,81.

Model

To perform LOFA simulation, as required by the RELAP5 a full-scale idealization of the
reactor cooling circuit, consisting of primary and secondary system and reactor core has to be made.
The reactor core is divided into 4 groups, each groups represents part of reactor core having the
same power factor as occur due to burn up level. To consider the axial power distribution, the
whole active length of the fuel elements was represented by 11 nodes according to the result of
neutron flux measurement. To perform RIA simulation using PARET and EUREKA2/RR, the
reactor core was represented as the same as described for the RELAP5 models above.

4. EVENT SEQUENCE AND INITIAL CONDITION FOR LOFA AND RIA

To investigate the severe condition safety aspect, transient due to cooling system and
power excursion due to reactivity insertion was observed. As an initial condition, its assumed that
the reactor have achieved a stable condition at a nominal power 30 MW, temperature of the coolant
inlet 42 °C and the coolant flow rate 3200 m3/h.

LOFA is assumed to occur under normal operation due to loss of electrical power to the
primary cooling pumps, and then this situation was followed by failure of the reactor protection
(RPS) or scram system. In the case of protected transient, a trip signal will be initiated by RPS
when the flow rate of the primary coolant reaches 85% of its initial value and then the scram takes
place with 0.5 second delay time. In the case of unprotected transient, safety of the reactor is
relying on the inherent safety characteristics of the reactor core.

RIA is assumed to occur due to ramp reactivity and step reactivity insertion. A ramp
reactivity insertion is considered to occur due to inadvertent withdrawal of all control rods at normal
speed during the nominal power level or under start-up/low power operation. For such a transient,
the insertion rate of 0.0237$/s is used. The reactivity insertion takes effect only when the interlock
system fails to function and the counter action of the reactor operator deviates from the standard
procedure. In the case of protected transient, several signals induced by over power, maximum
rate of power change with of time and unbalance load will trigger a scram system. However, failure
of the RPS system will rely only by the effect of negative reactivity feedback.

The step/ramp reactivity insertion is assumed to be triggered either by a break of an in core
experimental rig and then followed by an ingress of a high amount of water into its large cavities, or
by falling down of target containing a large amount of fissile material. Water ingress into the void or
insertion of the irradiated target into the irradiation position will induce positive reactivity into the
reactor in a short time.
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5. RESULTS
5.1.LOFA

Results on simulation of the primary cooling LOFA are shown in Figure 2. The figure
shows the variation of the total reactivity as well as variation of the reactor power, cladding
temperature and mass flow-rate, the coolant and cladding temperatures. As an effect of the coast
down coolant flow-rate, the temperature, and the mass flow-rate as a time function will increase.
These temperature increments will further induce a negative reactivity through moderator density
and temperature changes. A big volume fraction for each channel gives a significant feed back
effect and consequently the power generated in the core also decrease much faster. The figure
also shows that the critical condition for the hottest channel, i.e. the softening temperature of the Al-
alloy cladding (582°C) was exceeded at 119 second following initiation of the accident. The coolant
flow instability in the hottest channel occurs when the bubble was detached in the axial temperature
peak. The temperature increases causes a negative reactivity and then the power decrease. This
figure shows that the second group of fuel element remained safe although the fuel element in the
hottest channel had reached a critical condition.
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5.2. RIA
5.2.1. RIA due to step reactivity input

The limit for reactivity insertion is the maximum reactivity insertion in a step function. This
case will be carried out by EUREKA-2RR computer code, initially reactor is brought into steady
state, full power operation. And then, amount of step reactivity is injected. Disregarding the period
and the 108% power limits, except 114% limit with a delay time of 0.500 second, the reactor
behavior is observed. By doing so for several values, the reactivity insertions as a function of
thermal hydraulics safety parameter are obtained.

It can be concluded that insertion of 25 cents step reactivity produces DNBR of 1.48, just
around the limit criteria. Eventhough, the higher value of safety margin is desired to be taken as the
limit. For this reason, 7 cents reactivity insertion would be chosen as the maximum value of the
reactivity insertion during operation. On which DNBR of 1.73 provides an adequate safety margin
19/.

5.2.2. RIA due to ramp reactivity input

Simulation result of the power transient due to ramp reactivity insertion at 0.1 MW is
illustrated in Figure 3. The accident simulates in the natural convection mode. In the beginning of
transient, when the temperature and the power level were still low, the total reactivity feedback
induces by the coolant and temperature was also small. The total reactivity in the first 20 second of
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the transient, the total reactivity was more or less equal to the reactivity inserted. The power
relatively high within t = 20-30 second. Since a big volume fraction was applied in this model, the
feedback reactivity due to the temperature rise in the hottest channel produced a significant effect to
the total reactivity. Due to this effect, total power reduction will cause the other channels to remain
safe.

Simulation result of the power transient due to the ramp reactivity insertion at 30 MW is
presented in Figure 4. In the early stage of boiling, the heat transfer coefficient had risen slightly and
this induced the coolant temperature to rise. However, because of further heat generation and flow
reduction the condition of transition boiling was reached. Since the volume fraction on this model
was big, the feedback effect resulting from the boiling phenomena that occurred in the hottest
channel, will bring the reactor into subcritical conditions. The boiling in the hottest channel and
temperature rise in the other channel gave a final result of power reduction as an effect of negative
reactivity. This power reduction will protect the reactor core from total fuel damage due to
excessive temperature. Fuel damage due to melting of the cladding will be limited to the hottest
channel. In addition a low power factor resulted in a later critical condition. The softening
temperature of the cladding material of the hottest channel was reached at t = 31.7 sec. following
transients.
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6. CONCLUSION/SUMMARY

According to the phenomena from the LOFA simulation of the primary cooling system, it
can be seen that the time for automatic intervention, before fuel damage occur, is more than was
thought before. In cases where the failure of the scram system is caused by a failure of the first trip
signal triggered by the mass flow rate, there is still a balance load trip signal and scram signal. In
which that could be initiated by the reactor operator through a manual scram, in case the primary
pumps stop or that power fluctuation is detected. If the failure of the reactor scram is caused by a
mechanical failure of the control rod system, as an effect of the negative feedback reactivity and
mass flow redistribution, the fuel element damage will be restricted to the fuel located in the hottest
channel.

From the RIA simulation it is obtained that the maximum reactivity insertion is 25 cents
during normal operation. In case of the power transient due to the ramp reactivity insertion at 30
MW, it shown that occurrences of the fuel damage depends on the magnitude of the inserted
reactivity. First fuel plate in the hottest channel will reach the melting point of the cladding 31.7 sec
following transient of ramp reactivity of 4.225$/178 second. Power transient due to ramp inserted at
low power will induce a fuel plate in the hottest channel melt down. However, the fuel element
damage will be restricted to the fuel located in the region with highest power factor.

The simulation results indicate that the RSG-GAS has a self-limiting transient characteristic.
This characteristic will cause only a limited number of FEs in the core to be damaged in the cause
of the transient/10/.
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