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High temperature gas-cooled reactor (HTGR) is a type of fission reactor. Coated fuel
particles are used in HTGR. Safety of HT'GR is considered to be good, because large heat
capacity of core of HTGR cause slow change in temperature and phase transformation of
coolant does not occur. High Temperature Engineering Test Reactor (HTTR) in Japan
Atomic Energy Agency (JAEA) is the first HTGR in Japan. JAEA has designed Gas
Turbine High Temperature Reactor 300 (GTHTR300), a practical HGTR system with
electric power of about 300 [MW]. Target of GTHTR300 design is economy in expenditures.
Evaluation of integrity of coated fuel particles of GTHTR300 has already been carried out.
On the other hand, new knowledge on pressure vessel failure, one of the causes of failure
of coated fuel particles under irradiation, was obtained by preliminary post irradiation
examination (PIE) for HTTR fuel irradiated in Japan Materials Testing Reactor (JMTR)
up to official burnup of 7 [%FIMA]. Then in this report, extrapolative evaluation of
volume averaged pressure vessel failure probability was carried out based on method
which is already published. Considering evaluated pressure vessel failure probability, in
addition to corrosion behavior of SiC layer and fuel kernel migration of GTHTR300 coated
fuel particles, already analyzed in past paper, volume averaged failure probability of
coated fuel particles of GTHTR300 at refueling is small in view of public dose by accident,
if initial failure probabilities of coated fuel particles are the same as those of the HTTR
first loading fuel.

Keywords: High Temperature Gas-cooled Reactor (HTGR), High Temperature
Engineering Test Reactor (HTTR), Gas Turbine High Temperature Reactor 300
(GTHTR300), Coated Fuel Particles, Preliminary Post Irradiation Examination, Pressure

Vessel Failure
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Table 1 Specifications of coated fuel particles and irradiation conditions of calculation
for comparison between irradiation result of HTTR and calculation result of failure

probability of coated fuel particles.

UO: Kernel diameter [um] 1V 600
Buffer thickness [um] 10 60
IPyC thickness [um] 1V 30
SiC thickness [um] 1 25
OPyC thickness [um] 1V 45
Irradiation duration

(effective full power day) [dayl 570
Burnup [GWd/t] 19.1
Irradiation temperature See Fig. 1

Table 2 Specifications of coated fuel particles of GTHTR300.

UO: Kernel diameter [um]4 550
Buffer thickness [um] 4 140
IPyC thickness [um] ¥ 25
SiC thickness [um] 9 40
OPyC thickness [um] 9 25

Table 3 Irradiation conditions of calculation for evaluation of failure probability of
coated fuel particles of GTHTR300.

Irradiation
duration o
. . Burnup Irradiation
region (effective full
[GWd/t] temperature
power day)
[day]
Layer 1 80.6
Layer 3 89.9
730
Layer 5 83.1
Layer 7 83.6
Layer 2 147.1 see Fig‘ 2
Layer 4 155.0
Layer 6 (1) 1460 148.9
Layer 6 (2) 126.3
Layer 8 138.6
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Table 4 Evaluation results of failure probability of coated fuel particles of GTHTR300.

Initially intact particles Less than 4.05 x 104
Initially SiC layer failure particles Less than 9.26 x 10!
1800
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Fig. 1 Irradiation temperature distribution of calculation for comparison between
irradiation result of HT'TR and calculation result of failure probability of coated fuel

particles.
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Fig. 2 Irradiation temperature histories of calculation for estimation of failure probability
of fuel of GTHTR300.
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