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The Japan Atomic Energy Research Institute (JAERI) constructed the High Temperature
Engineering Test Reactor (HTTR), which is the first high temperature gas-cooled reactor in
Japan, and is proceeding with the power up tests. A fuel assembly of the HTTR is so-called
pin-in-block type, which consists of fuel rods and a hexagonal graphite block. A fuel rod
contains fuel compacts in which coated particles are dispersed. The coated fuel particle
consists of a microsphere of low enriched UO, with the TRISO coating. ~All fuel assemblies
are discharged from the core after about three years operation. The spent fuels are transferred
to air-cooled spent fuel storage racks after two years cooling in the fuel storage pool in the
reactor building. The coated fuel particle is considered to be able to retain fission products for
long period. Then a calculation study was carried out to investigate the fission products
release behavior from the HTTR fuel during long-period repository and/or disposal. On the
other hand, some head-end reprocessing techniques have been investigated to apply the
conventional Purex process to the HTTR fuel because according to basic Japanese policy, all
spent fuel should be reprocessed. At first, review of graphite-CO, reaction and jet-grind
method, which was developed as a head-end reprocessing technique by JAERI, was carried out.
Then uranium recovery data by burn-crush-leach method, which was employed to recover
uranium from the fuel compacts in fuel fabrication process, were accumulated and investigated.
This report describes the fuel storage system of the HTTR and present status of the storage and

reprocessing study in JAERI.

Keywords: HTTR, HTGR, Coated Fuel Particle, Spent Fuel, Storage, Reprocessing,
Repository, Disposal, Head-end Process
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Table | Major specifications of the HTTR.

Thermal power 30 MW

Outlet coolant temperature 850/950 °C

Inlet coolant temperature 395°C

Fuel Low-enriched UO,
Fuel element type Prismatic block
Direction of coolant-flow Downward flow
Pressure vessel Steel

Number of main cooling loop 1

Intermediate heat exchanger

Heat removal .
Pressurized water cooler

Primary coolant pressure 4 MPa
Containment type Steel containment
Plant lifetime 20 years

Table 2 Specifications of the HTTR first-loading fuel.

Fuel kernel Fuel compact
Material UoO, Materials cfp, Binder, Graphite
Diameter 600 pm Packing fraction 30 vol%
Density 95 % T.D. Outer / Inner diameter 26 /10 mm
Coating layers Height 39 mm
1st layer material Low density PyC | Graphite sleeve
1st layer thickness | 60 pm Material Graphite
2nd layer material | High density PyC Outer diameter / Thickness | 34/3.75 mm
2nd layer thickness | 30 pm Length 580 mm
3rd layer material SiC Fuel block
3rd layer thickness | 25 pm Material Graphite
4th layer material High density PyC Width of across flats 360 mm
4th layer thickness | 45 pm Height 580 mm

Table 3 Quantities of major radioactive nuclides in a HTTR fuel assembly.

Nuclides Quantity (Bq / fuel assembly)
Actinides and daughters 8.1 X10%
Fission products 3.5X10'
Carbon-14 2.1X10°
Tritium 8.0X10’

Table 4 Crushing efficiencies of the hard disk crusher as a function of crushing gap.

Crushing gap (mm) | Crushed coated fuel particles | Crushed UO, kernel
0.5 100% 20~30%
0.6 100% ~0%
0.75 ~90% ~0%
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Fig. 1 HTTR reactor building and facilities.
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Fig. 2 HTTR first-loading fuel.



JAERI—Research 2001—034

@ Graphite block
Fuel a@

New fuel storage cell

Reactor

Spent fuel storage pool

(Reactor building)

Spent fuel storage pool

(Spent fuel storage building)

Fig. 3 Fuel treatment flow in the HTTR facility.
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Fig. 4 Fuel handling and storage systems in the HTTR reactor building.
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Fig. 5 Spent fuel storage system in the HTTR reactor building.



JAERI—Research 2001—034

30% T
" Through-coatings failed particle
e
31 :
(] []
J: ]
@ . Intact particle
S ;
& 10% ',
i
/
o’
0% ke
1E+17 1E+21

1E+05 1E+09 1E+13

Storage time (years)

Fig. 6 Calculated result of release fraction of Krypton and Iodine
from coated fuel particles.
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Fig. 7 Block diagram of JAERI head-end process.
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Fig. 8 Block diagram of uranium recovery in fuel fabrication process.



JAERI — Research 2001034

crushing gap

‘ﬁ—«k«-

feeder -

driving shaft
N /
/
7 )
Y :
disk i
. disk
(fixed) - A (driving)
£ crushed

particles
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