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ABSTRACT

The reactor pool water temperature increasing by the decay heat was estimated by calculation. The
reactor pool water temperature was calculated by increased enthalpy that was estimated by the reactor
decay heat, the heat released from the reactor biological shielding concrete, reactor pool water surface,
the heat conduction from the canal and the core inlet piping. These results of calculation were
compared with the past measured data. As the results of estimation, after the JRR-3M shutdown, the
calculated reactor pool temperature first increased sharply. This is because the decay heat was the
major contribution. And then, rate of increased reactor pool temperature decreased. This is because the
ratio of heat released from reactor biological shielding concrete and core inlet piping to the decay heat
increased. Besides, the calculated reactor pool water temperature agreed with the past measured data
in consequence of correcting the decay heat and the released heat. The corrected coefficient kx of
decay heat was 0.74 - 0.80. And the corrected coefficient k2 of heat released from the reactor
biological shielding concrete was 3.5-4.5.

1. INTRODUCTION

JRR-3M is a light water moderated and cooled, beryllium and heavy water reflected pool type
research reactor using low enriched uranium (LEU) plate-type fuels. Its thermal power is 20MW. One
operation cycle consists of 26 days continuous operation. After shutdown, reactor core is cooled by
natural circulation for two or three days. The reactor pool water temperature increased slowly due to
the reactor decay heat during the natural circulation cooling. The reactor core is needed to be cooled
by forced circulation so as to maintain the reactor pool water temperature less than managed
temperature of 43 °C. Therefore, it is important for operation management to predict when reactor
pool water temperature reaches the managed temperature. So, the reactor pool water temperature after
a shutdown was calculated from heat balance around the reactor pool.

2. REACTOR POOL WATER TEMPERATURE AFTER REACTOR SHUTDOWN

Fig. 1 shows general change in the reactor pool water temperature, the canal water temperature, the
reactor inlet water temperature, the reactor outlet water temperature and the reactor power. These data
were measured after JRR-3M shutdown on March 20, 1998.

Reactor power decreased sharply for eight minutes till the control rods were inserted perfectly after
reactor shutdown by the core cooling operation. At the same time, the core inlet and outlet
temperatures decreased sharply. After that, these temperatures reached 16.5 °C through small
fluctuations linked with the operation of secondary circuit fans. After a natural circulation valve
(NCV) was opened, the core inlet temperature reached 23.5 °C at about 300 minutes by the decay heat
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after the NCV was opened, and then increased constantly. Beside, after the NCV was opened, the core
outlet temperature increased slowly as compared with the core inlet temperature. The reactor pool
water temperature decreased slowly after reactor shutdown and decreased sharply and reached 22 °C
after one hour since the core cooling was over. After that, it increased with the core inlet temperature.
The reason why the reactor pool temperature delayed decreasing for about one hour after the core
cooling stopping was that a sensor of the reactor pool temperature was located far from the core.
Therefore a few hours were necessary to equilibrate the reactor pool temperature with mean reactor
pool temperature.
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Fig. 1. Water temperature change in the reactor pool, the canal, the core inlet and the core outlet

3. CALCURATION OF REACTOR POOL WATER TEMPERATURE

3.1 HEAT BI-ANCE AROUND THE REACTOR POOL
As shown in Fig. 2, a decay heat from the core and released heats from the structures, water

surface and the core inlet piping were made target of estimation during this calculation of the reactor
pool water temperature changing after shutdown. This calculation considers that the structures, which
release heats of reactor pool to the reactor room, are the reactor biological shielding concrete made of
heavy concrete and normal concrete and the reactor pool gate no. 1, which separates the reactor pool
from the canal. The released heats from the water surface are considered heats from.the reactor pool
and the canal and the released heat from the core inlet piping is considered about a piping made of
stainless steel in the canal. The core outlet piping is not considered because the core outlet temperature
hardly changes after the NCV is opened as shown Fig. 1. These estimated heats are shown in Table 1.

Reactor Pool
Gate No.1

Reactor Biological
Shielding Concrete

Canal
Reactor Pool

Fig. 2. Heat transfer around the reactor pool
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Table 1. Contents of estimated heats in this calculation

ft
ft
ft
ft
ft
ft

The decay heat from the core
The released heat from the reactor pool shielding body to the reactor room
The released heat from reactor pool water surface to the reactor room
The released heat from the pool gate no. 1 to the canal
The released heat from the canal water surface to the reactor room
The released heat from the core inlet piping to the canal

3.2 EQUATIONS OF ESTIMATED HEATS
In the reactor, which has great thermal power such as JRR-3M, the /?ray and the ^ray are released

and decay heat is generated along with fission product collapse. It is impossible to ignore the decay
heat in comparison with reactor thermal power. The decay heat is estimated by Shure's equation,
which was used in the JRR-3M design. The generated amount of decay heat ft during differential
time dt is shown in Eq. (1).

V 0 2 8 3 Vr. (1)

The reactor pool consists mainly of the shielding body made of heavy concrete and normal
concrete, and upper section of the reactor pool is covered with the upper shielding cover made of soft
steel. The released heat ft from the shielding body to the reactor room is estimated by using Eq. (2).
And the released heat ft from the reactor pool water surface to the reactor room is estimated by using
Eq. (3).

Q2=Ab-Kb-(Tp-T0)-dt. (2)

ft = (3)

The reactor pool gate No. 1, which is made of the stainless steel boards and the soft steel, separates
the reactor pool from the canal. The released heat ft from the reactor pool gate No. 1 to the canal is
estimated by using Eq. (4).

Q^An-K^iJf-Teydt. (4)

The released heat ft from the canal water surface to the reactor room was estimated by using Eq.
(5).

(5)

As shown in Fig. 2, the core inlet temperature was increased close to the reactor pool temperature
changing after a NCV was opened. The core inlet temperature is measured in the primary cooling
system piping, which passes through the canal, and the sensor measuring the core inlet temperature is
located on the side of the canal. Therefore it is possible to consider that water in the core inlet piping is
almost same as the reactor pool water. The released heat ft from the core inlet piping to the canal is
estimated by using Eq. (6), which is gotten from a cylindrical heat conduction equation.

R, cccR0

3.3 CALCULATION OF THE REACTER POOL WATER TEMPERATURE CHANGING
The changing of the reactor pool water temperature is calculated by estimating amounts of

enthalpy increasing in the reactor pool water from the decay heat and released heats. The infinitesimal
temperature changing dTp of the reactor pool water during the differential time dt is estimated by using
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Eq. (7).

(7)

As shown in the above equation, a corrected coefficient kx is multiplied by the decay heat Qx

because the decay heat Qu which applies to infinity time operation case, is overestimated as compared
with the actual decay heat. And the released heat Q2 from the reactor biological shielding concrete is
underestimated because the released heat from the sleeves of the vertical irradiation holes and the
released heat to the subpool of the cold neutron source (CNS) system are not estimated in this
calculation. Therefore, a corrected coefficient k2 is multiplied by the released heat Q2.

As same as the reactor pool water temperature estimation, the infinitesimal temperature changing
dTc of the canal water during the differential time dt is estimated by using Eq. (8).

dT _ (8)

In this calculation, measured water temperatures in the reactor pool and the canal when the reactor
pool temperature begins to increase stably are given as the initial conditions.

4. RESULT OF CALCULATION

4.1 COMPARISON BETWEEN RESULTS OF CALCULATION AND MEASURMENTS
The result of this calculation for the reactor pool water temperature was corresponded to the

measured reactor pool water temperature by using certain corrected coefficient of kx and k2. Giving the
mean thermal power of 19.4 MW on the reactor stable operation, the reactor pool water temperature of
27.8 °C, the canal water temperature of 33.3 °C and the reactor room temperature of 20.0 °C to Eq. (9)
as the initial conditions on the R3-10-03 cycle, the corrected coefficients kx and k2 were gotten by
corresponding this calculation to the measured reactor pool water temperature. Comparison between
this result of calculation and the measured data for the reactor pool water temperature and the canal
water temperature are shown in Fig. 3. When kx is 0.77 and k2 is 3.5, the result of calculation agree
closely with the measurement for the reactor pool temperature. Although the canal water temperature
changing also corresponded to the measured temperature changing on the first half of the result of
calculation, O6 was estimated so high that the result of calculation for the canal water temperature was
higher than the measured temperature in the latter half of the result of calculation.
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Fig. 3. Comparison between the results of calculation and the measured data

4.2 DECISION OF CORRECTED COEFFICIENTS
In the same way as R3-10-03 cycle, the corrected coefficients kx and k2 were found on R3-09-07,
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R3-10-01 and R3-10-02 cycle as shown in Table 2. The corrected coefficient kx of decay heat was 0.74
- 0.80. And the corrected coefficient k2 of heat released from the reactor biological shielding concrete
was 3.5 - 4.5. It is difficult for these coefficients to get constant values over all cycles. In the JRR-3M,
it is necessary to maintain the reactor pool water temperature less than 43 °C because of keeping well
strength of the reactor pool shielding body. Therefore, it is important to estimate the reactor pool water
temperature conservatively. As shown in Table 2, it is desirable for kx to give more than 0.80, which
overestimates on the decay heat, and for k2to give less than 3.5, which underestimates the released
heat from the reactor biological shielding concrete in this calculations. Since the measured data of four
cycles were too few to decide the corrected coefficients common to the JRR-3M operation cycles.
Consequently, it will be planned to compare the calculation with measured data based on seven years
operation.

Table 2. The corrected coefficients kx and k2 on each cycles
Corrected
coefficient

*i

Cycle name
R3-09-07

0.74
4.0

R3-10-01
0.80
4.3

R3-10-02
0.76
4.5

R3-10-03
0.77
3.5

4.3 CONSIDERATION ABOUT HEAT BALANCE AROUND THE REACTOR POOL
The ratio of the released heats from the reactor pool k2Q2, Qi, QA, Q& and combined released heat

krQi^Qi^Q^-Qe to the decay heat kxQx is shown in Fig. 4. Among the released heat from the reactor
pool to the reactor room, the amount of the released heat k2Q2 from the reactor biological shielding
concrete was highest, the second was the released heat Q3 from the reactor pool water surface except
the first stages after the reactor shutdown, and then the third was the released heat Q6 from the core
inlet piping except the first stages after the reactor shutdown. This Q6 had negative value in the first
stage because the reactor pool water temperature was lower than the canal water temperature. The
released heat Q4 from the reactor pool gate No. 1 was a little to the decay heat kxQx. Beside, the amount
of combined released heat k2Q2+Q^+Qt+Qe was increased from 7 % in the first stages of this
calculation to 81 % at 3600 minutes after a shutdown. Therefore, the reactor pool water temperature
changing phenomenon was influenced by the decay heat, which had 93 % to all heat balances, in the
first stages of this calculation. After that, the rate of temperature changing in the reactor pool water
was decreased slowly, due to decrease of the decay heat and relative increase of the released heats k2O2,
Q3 and Q6, from the reactor biological shielding concrete and so on. Finally, it is considered that the
reactor pool water temperature is decreased, because the released heats from the reactor pool exceed
the decay heat.

720 1440 2160 2880

Time after shutdown (min)
3600

Fig. 4. The percentage changing of the each released heats to the decay heat
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5. CONCLUDING REMARKS

The reactor pool water temperature was estimated from the reactor decay heat and the heat
released from the reactor biological shielding concrete, reactor pool water surface and the core inlet
piping. The concluding remarks in this study are shown as follows.

1) The reactor pool water temperature increased because the decay heat was dominant in the first
stages after the reactor shutdown. And the temperature changing rate of reactor pool water
decreased slowly, due to decrease of the decay heat and relative increase of the released heats
from the reactor biological shielding concrete and so on.

2) Among the released heat from the reactor pool to the reactor room, the amount of the released
heat k2Q2 from the reactor biological shielding concrete was highest, the second was the
released heat Q3 from the reactor pool water surface except the first stages after the reactor
shutdown, and then the third was the released heat Q6 from the core inlet piping.

3) The corrected coefficient £,for the decay heat was 0.74 - 0.80 and k2 for the released heat Q2

was 3.5 - 4.5 as the results of comparison with the measured data on four cycles.
4) As conservative estimating, it is desirable for the corrected coefficient £, to give more than

0.80 and for the corrected coefficient k2to give less than 3.5 in this calculations, hi the future,
these corrected coefficients will be decided as the peculiar coefficients of JRR-3M in
comparison with the measured data based on seven years:

NOMENCLATURE
A : Area of heat transfer (m2)
Cp : Specific heat at constant pressure (J/kgK)
K : Coefficient of over heat transmission (W/m2K)
T : Temperature (°C)
To : Temperature in the reactor room (°C)
Pa : Partial pressure of vapor in the reactor the room (mmH20)
Pw : Saturated vapor pressure of air (mmH20)
Po : Mean thermal power (W)
Q : Amount of heat (W)
Rj : Inner radius of the core inlet piping (m)
Ro : Outer radius of the core inlet piping (m)
V : Volume (m3)
hfs : Latent heat of evaporation (J/kg)
/ : Length of the core inlet piping (m)
v : Velocity over the water surface (mis)
a : Heat transfer coefficient (W/m2K)
X : Thermal conductivity (W/m2)
p : Density of water (kg/m3)

(Subscripts)
b : Reactor biological shielding concrete c : Canal
rg : Reactor pool gate No. 1 p : Reactor pool
pi : Core inlet piping sul: Water surface of the reactor pool
su2: Water surface of the canal
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