Prasetyo Basuki / Jurnal Sains dan Teknologi Nuklir Indonesia Vol 24, No. 2 (2023) 50 — 58

(Indonesian Journal of Nuclear Science and Technology)

THERMAL POWER CALIBRATION OF TRIGA 2000
RESEARCH REACTOR

Prasetyo Basuki'*, Nuri Trianti?, Santiko Tri Sulaksono? Cici Wulandari?, Fahma Roswita?,

Hisyam Zulkarnain?, Nina Widiawati, Haryo Seno®

1Directorate of Nuclear Facility Management, National Research & Innovation Agency (Tamansari 71, Bandung,
Indonesia 40132)

2Research Centre for Nuclear Reactor Technology, Nuclear Energy Research Organization, National Research and
Innovation Agency (Building No. 80, PUSPIPTEK, South Tangerang 15314)

3Research Centre for Nuclear Analytical and Radiation Detection Technology, Nuclear Energy Research Organization,
National Research and Innovation Agency (Building No. 720, 2nd floor, PUSPIPTEK, South Tangerang 15314)

* Corresponding author:
e-mail: prasetyo.basuki@brin.go.id
phone/WA: +622282130520926

Abstract The thermal power calibration of the TRIGA 2000 research reactor is very
important to determine power and neutron flux accuracy. Bandung's TRIGA 2000
research reactor has undergone fuel reshuffling and requires thermal power
calibration. Thermal power calibration has been conducted by calorimetric
method; it is performed at 100 kW — 500 kW using seven thermocouples connected
to a data logger. The computed average power was lower than the indicated
power shown in the control room for all power generation. When observing
channel 1 for each power generation, a higher precision can be seen at 500 kW
since the calibration process was carried out sequentially from 100 kW to 500 kW.
DOI : In contrast, the stirring process was continually operated. The treatment led to a
10.17146/jstni.2023.24.2.6899 uniform temperature distribution over time. Each measurement channel exhibited
inconsistent deviations, indicating that certain power levels had better accuracy in
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measurement position does not determine the accuracy of power calculations.

INTRODUCTION

TRIGA (Training, Research, Isotopes
production by General Atomics) reactor is the
world's most widely used research reactor. TRIGA
2000 Bandung is the first research reactor built in
Indonesia. TRIGA 2000 was named after its
current power capacity, 2000 kW, which was
upgraded in 2000. TRIGA 2000 has operated for
over 50 years with an initial power of 250 kW (1-
5). Ensuring the continuous preservation of
reactivity is essential to maintain the operational
condition. Therefore, the fuel elements loaded in
the core must be reshuffled and refuelled if
necessary (6) by the changes in the fuel elements
configuration in the TRIGA 2000 core, and
thermal power calibration needs to be carried
out (7). Since its establishment, the TRIGA 2000
usually calibrated thermal power using the
calorimetric method. The practice used to be
done under a low power level (< 100 kW).

Thermal power calibration in a research
reactor is typically carried out at the initial start-
up of the system. The calibration is also required
either when a reconfiguration (reshuffling and or
refuelling) of the fuel element in the reactor
takes place or if there is a change in the reactor
instrumentation system (8—10).

The reconfiguration of the reactor fuel
element is wusually necessary for several
purposes, including changing the reactor thermal
power capacity or replacing the preceding fuel
element with a new one. Several means exist to
calibrate research reactor power (11-13). The
calorimetric method is the most common
thermal power calibration procedure in TRIGA
reactors (14,15). The calorimetric method
measures the rate of increase in water
temperature generated by an electric heater. The
reactor is operated to generate the same rate of
increase in water temperature. Thus, the power
generated by the reactor is at the value
generated by the electric heater. Thermal power
calibration using calorimetry applies to reactors
with low power generation (< 2MW) and natural
convection feature capability. Thermal power
calibration is usually done under 100 kW in the
calorimetric method. Although it has been used
for along time and in many research reactors, the
calorimetric method has a drawback, i.e., high
uncertainty. Several studies reported in the
literature showcased innovative approaches to
overcome the high uncertainty. For example,
Zagar et al. corrected the heat losses and
considered the perturbation factor to correct the
position of the control rod (16). Furthermore,
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Stancar et al. reported an innovative way to
reduce uncertainty, i.e., by reducing the
estimated error of the heat capacity constant, C,
or the temperature increase rate, AT/At (8).

Recently, the TRIGA 2000 carried out the
calorimetric method by generating reactor
power at a certain value, and the rate of increase
in water temperature is measured using a set of
thermocouples connected to the data logger.

This study focuses on analyzing the
consistency of the power monitoring versus the
power generation due to core reconfiguration
and finding the potency in developing the current
practice to improve the safety quality in TRIGA
2000 operation. The calorimetric method must
be performed under specific and controlled
conditions to reduce heat losses from the reactor
pool and ensure that the convective water flow
from the heated reactor core is stationary. With
this condition, the reactor wall is assumed to be
adiabatic.

EXPERIMENTAL SECTION
Cooling System of TRIGA 2000 Research Reactor
Facility

TRIGA 2000 has natural convection
capability in its cooling mode. To facilitate heat

removal, TRIGA 2000 is supported by two loops
of the cooling system: the primary and the
secondary systems, as shown in Figure 1. The
heat exchanger connects these two cooling
systems.

The primary system transfers heat from
the core to the secondary system through a heat
exchanger. The heat from the core is transferred
to the primary coolant through a natural
convection. Since the inlet section of the primary
pipe is not directly discharged towards the
bottom of the core and the outlet section is
located far above the core, the water stream is
considered in an upward direction, so the natural
convection mechanism can be considered to
occur. The secondary system will then transfer
the heat from the primary cooling system to the
ambient air by forced convection through the
cooling tower. These two cooling systems
redundantly operate two pumps at each loop
(27).

During the calibration activities, a set of
thermocouples is positioned around the tank
randomly, axially, and radially. The stirrer is
operated during calibration to ensure the heat is
well distributed.
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system, implementing a precision temperature
measurement system for the coolant, and the
controlled mixing procedure within the reactor
pool. The detailed process is described in the
following explanation:
1. Preparation of coolant system

The temperature of the reactor pool
water was carefully maintained at a consistent
level, closely resembling the ambient
temperature, to minimize the dissipation of heat
from the surface of the reactor tank to the
surrounding air. The experiment was carried out
without active operation of the reactor cooling
systems. The online purification system for the
reactor tank water was deliberately deactivated
to mitigate heat dissipation from the reactor pool
to the demineralized plant. The reactor tank was
effectively isolated by closing primary cooling
valves within the primary cooling system and
deactivating valves within the demineralized

plant.
2. Temperature measurement system for the
coolant

Seven thermocouples are set in the pool

water with the radial and axial position variations.

Each thermocouple is individually calibrated for
precise measurement and monitoring purposes.
3. Mixing of pool water

A stirrer connected to the variable speed
drive was employed to facilitate thoroughly
mixing the pool water, ensuring the maintenance
of a homogeneous temperature throughout the
reactor pool.

Under the shutdown condition, the
reactor cooling system (primary and secondary)
was operated to remove the remaining heat and
ensure the water temperature was near the
ambient temperature. The process was done for
about 15 minutes. The temperature of the bulk
water was continuously monitored until it
reached a stable state. This temperature was
considered as the initial temperature of the pool
water, denoted as (T1). After 15 minutes, the
cooling system was shut down, and all valves
were closed. The stirrer then operated.

The reactor was brought to a critical state
at a power level of 100 kW. After 15 minutes of
critical power reached, the bulk water
temperature was recorded at intervals of 10
seconds for 10 minutes. These recorded data
points were then used to create a graph depicting
the relationship between temperature (in
degrees Celsius) and time (in minutes). From this
graph, the slope, representing the rate of
temperature rise, was calculated. Finally, the
reactor's thermal power was determined using a

specified equation. Perform the same treatment
at a power higher than 100 kW at 200 kW, 300
kW, 400 kW, and 500 kW. In this study, the
temperature data from the thermocouple as a
function of time will be processed into a power
thermal output using the TRIGA 2000 Power
Calibration application.
Reactor Thermal Power Calculation

The thermal power output of the reactor
is calculated based on the basic formulation
shown in equation (1).

_ dr
dt (1)

Where k is a heat capacity constant
(kWh/°C), temperature (°C), and g is a thermal
power output (kW). The heat capacity constant
can be calculated. The first approximation
assumes that the reactor pool temperature is
constant throughout the pool (15). The
determination of the heat capacity constant can
be obtained through its relationship with the
density of coolant (p) in kg/m?3, the specific heat
capacity of coolant (Cp) in J/kg®C, and the wet
pool volume (vw) in m3, which can be calculated
using equation (2).

k=p0,C, @)

In this measurement, the inverse of the
heat capacity constant is known as a reactor tank
constant (1/k). The reactor tank constant for the
present study is 0.04108 °C/kWh, which refers to
the water level condition at 10 cm below the tank
height. Based on equation (1), the thermal power
output can be derived by analyzing the slope of
the temperature change in the reactor coolant
over time during operation and its relationship
with the reactor tank constant.

RESULTS AND DISCUSSION

The power calibration has been carried
out in the TRIGA 2000 reactor by the calorimetric
method. Preconditions must be met before
calibration begins, including the cooling water
system preparation, the thermocouples setup,
and the pool water homogenization. These
preconditions were intended to achieve
adiabatic conditions where there is no heat loss
and the heat is even at all positions. Then, it leads
to a stable state of bulk water temperature and
is considered the initial temperature. The
temperature measurement was set for seven
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positions of thermocouples type K connected to
the eight channels of the USB 4718 data logger. It
was made under critical and steady-state reactor
conditions at 100 kW, 100 kW, 300 kw, 400 kW,
and 500 kW. Figure 2 shows the water
temperature of 100 kW power changes gradually
within one-minute interval measurement for ten
minutes. The change in temperature shows a
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linearly increasing trend, although each channel
shows a different measured temperature within
the same interval time, which leads to a different
deviation. Channels 1, 2, 3, and 5 show relatively
large deviations, while channels 4, 6, and 7 have
a small deviation or good precision.
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Figure 2. Temperature as a function of time for power 100 kW where (a) in Channel 1, (b) Channel 2, (c)
Channel 3, (d) Channel 4, (e) Channel 5, (f) Channel 6, and (g) Channel 7.

A comparison of temperature data for
channel 1 with a power between 100 kW and 500
kW can be seen in Figure 3. The data shows the
distribution with a significant deviation for
channel 1, as seen in the graph with a power of

300 kW. Data with minor deviations are seen at
500 kW power. These findings indicate that the
data distribution at one measurement point can
have a different deviation at each power value.
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Figure 3. Temperature as a function of time for channel one at (a) 100 kW, (b) 200 kW, (c) 300 kw, (d) 400
kW, (e) 500 kW.
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Figure 4. The output of Power Calibration for (a) 100 kW, (b) 200 kW, (c) 300 kw, (d) 400 kW, (e) 500 kW.

A linear regression is made from the
measured temperature data to get the slope
value from the graph. Then, the calculated power
results are obtained, as shown in Figure 4. The

average calculated power is 94.764 kW, 180.795
kW, 263.852 kW, 369.006 kW, and 445.939 kW,
respectively, for 100 kW, 200 kW, 300 kW, 400
kW, and 500 kW. The power calculated in detail
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for each channel can be compared with the
power displayed on the panel. For 100 kW, the
calculated power on channel 7 is 100.262 kW,
which is the closest. Channel 3 is close to the
power value of 200 kW and 300 kW, and channel
5 is close to the power value of 400 kW and 500
kW. These results show that the measurement
position does not determine the accuracy of the
power calculation.

From the calibration activities, the power
value and fuel temperature were obtained. Table
1 compares the power value measured by the
instrument with the power value indicated on the
display.

Table 1. Comparison of power value indicated
on the display with the measured value during
calibration activities

Indicated Measured Power during
Power (kW) Calibration (kW)
100 94.764
200 180.795
300 263.852
400 369.006
500 445.939

CONCLUSION

The thermal power was calibrated in the
TRIGA 2000 Reactor using the calorimetric
method at its latest core configuration. The
calibration was performed at various power
levels ranging from 100 kW to 500 kW. It has
been obtained several results which available for
observation by employing seven thermocouples
connected to the data logger. The average power
calculated was smaller, with the indicated power
shown in the control room for all power
generation. By monitoring channel one
throughout each power generation, we can
observe better precision, especially at 500 kW,
because the calibration process is carried out
sequentially, from 100 kW to 500 kW, with the
stirring process continually operated. As a result
of the treatment mentioned earlier, the
temperature distribution becomes uniform as a
function of time. Every measurement channel
was inconsistent in terms of deviation, which can
be observed that at a certain power, some
channels have better accuracy than any other
power measurement. These findings show that
the measurement position does not determine
the accuracy of the power calculation. Further
improvement of the practice can be
implemented to increase the accuracy of the
current method.
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