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Abstract

The Japan Materials Testing Reactor (JMTR) is the largest scale materials testing reactor with thermal
power of 50 MW and power density of 500 kW/Z in Japan. JMTR as a multi-purpose reactor has been
contributing to research and development on nuclear field with a wide variety of irradiation for
performing engineering tests and safety research on fuel and component for light water reactor as well as
fast breeder reactor, high temperature gas-cooled reactor etc., for research and development on blanket
material for fusion reactor, for fundamental research, and for radio-isotope (RI) production.

The driver nuclear fuel used in JMTR is aluminum based MTR type fuel. According to the Reduced
Enrichment for Research and Test Reactors (RERTR) Program, the JMTR fuel elements had been converted
from 93 % high enriched uranium (HEU) fuel to 45 % medium enriched uranium (MEU) fuel in 1986, and
then to 20 % low enriched uranium (LEU) fuel in 1994.

The cumulative operation cycles until March 1999 reached to 127 cycles since the first criticality in
1968. JMTR has used 1,628 HEU, 688 MEU and 308 LEU fuel elements for these operation cycles. After
these spent fuel elements were cooled in the JMTR water canal more than one year after discharged from
the JMTR core, they had been transported to reprocessing plants in Europe, and then to plants in USA in
order to extract the uranium remaining in the spent fuel. The JMTR spent fuel transportation for
reprocessing had been continued until the end of 1988.

However, USA had ceased spent fuel reprocessing in 1989, while USDOE committed to prepare an
environmental review of the impacts of accepting spent fuels from foreign research reactors. After that,
USDOE decided to implement a new acceptance policy in 1996, the spent fuel transportation from JMTR
to Savannah River Site was commenced in 1997. It was the first transportation not only in Japan but in
Asia also. Until resuming the transportation, the spent fuel elements stored in JMTR amounted to 922 in
number, and the longest storage term was about 11 years.

As mentioned above, JMTR have used 2,624 fuel elements (about 50,000 fuel plates) until March 1999,
and the longest storage term in the canal water reached to 11 years. Despite such conditions, all fuel
elements have shown enough integrity without any failure.

1. Introduction

The Japan Materials Testing Reactor (JMTR) established in Oarai Research Establishment of Japan
Atomic Energy Research Institute (JAERI) is the largest scale materials testing reactor in Japan. The fuel
elements used in JMTR are aluminum based MTR type consisting of flat fuel plates. According to the
Reduced Enrichment for Research and Test Reactors (RERTR) Program, the JMTR fuel elements had been
converted from 93 % high enriched uranium fuel (HEU, alloy type) to 45 % medium enriched uranium
fuel (MEU, aluminide type) in 1986, and then to 20 % low enriched uranium fuel (LEU, silicide type) in
1994. The development of LEU fuel elements, fuel management and spent fuel transportation in JMTR are
introduced in this paper.

- 177 -



TAERI-Conf 99-006

2. General Description of JMTR

JMTR is a light water moderated and cooled
tank in-pool type reactor with thermal power of 50
MW, power density of 500 kW/I and maximum
thermal and fast neutron flux of 4.0xl018

n/m2»sec. JMTR as a multi-purpose testing reactor
has been contributing to research and
development on nuclear field with a wide variety
of irradiation for performing engineering test and
safety research on fuel and component for light
water reactor as well as fast breeder reactor, high
temperature gas-cooled reactor etc., for research
and development on blanket material for fusion
reactor, for fundamental research, and for radio-
isotope (RI) production. The cumulative operation
cycles and thermal power since the first criticality
in 1968 until March 1999 reached to 127 cycles and
about 122,500 MWd respectively.

The JMTR core is separated into four regions
by the beryllium frame functioning as structural
support, as reflector and as irradiation space. The
core is loaded with the 22 standard fuel elements
and 5 fuel followers coupled with each control
rod. In order to avoid local boiling of the primary
coolant on the surface of the fuel plate, the coolant
is pressurized at about 1.5 MPa, and flows among
the coolant channels at 10 m/sec. The JMTR core
arrangement is shown in Figure 1. The
engineering data of JMTR are listed in Table 1.

M Standard Fuel Element

ED Control Rod with Fuel Follower

H Beryllium Reflector Element

I I Aluminum Reflector Element

LJ Hydraulic Rabbit Irradiation Facility
Shroud Irradiation Facility

™ Gamma Ray Shield Plate

Figure 1 JMTR Core Arrangement

Table 1 Engineering Data of JMTR
Thermal Power (kW)

Excess Reactivity (%Ak/k)

Thermal Neutron Flux (< 0.683 eV, n/m2»sec)

Fast neutron Flux (> 1 MeV, n/nr»sec)

Power Density (kW/7)

Primary Coolant Inlet Temperature (°C)

Outlet Temperature (DC)

Flow Rate (m3/h)

Pressure (MPa)

50,000 (50 MW)

15 (Max)

4.0x1018 (Max)

4.0x1018 (Max)

500

49 (Max)

about 56 (Max)

about 6,000

about 1.5

3. Fuel Elements in JMTR

The driver nuclear fuel used in JMTR is aluminum based MTR type, 1,200 mm long and 76.2 mm
square, consisting of flat fuel plates. According to the RERTR Program, the JMTR fuel elements had been
converted from 93 % HEU fuel to 45 % MEU fuel in 1986, and then to 20 % LEU fuel in 1994. The standard
LEU fuel elements consist of 19 fuel plates and 18 cadmium wires as burnable absorber. The LEU fuel
plate, 1.27 mm thick, 70.8 mm wide and 778 mm long, consists of a layer of uranium-silicon alloy
dispersed in aluminum matrix covered with aluminum plates.
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In order to extend reactor operation days per
cycle, uranium235 content increased to 410 g per
LEU fuel element, and cadmium wires as burnable
absorber are attached in grooves of side plates. To
adopt the cadmium wires has made it possible to
suppress initial excess reactivity and to obtain less
variation of neutron flux during operation. Until
March 1999, JMTR has used 1,628 HEU fuel
elements (29,810 plates), 688 MEU fuel elements
(12,652 plates) and 308 LEU fuel elements (5,552
plates), 2,624 fuel elements (48,014 plates) in all. In
using and storing these fuel elements, there has
been no fuel failure with fission products (FP)
release. The specifications and the outline of LEU
fuel elements are shown in Table 2 and Figure 2.

Table 2 Specifications of LEU Fuel elements
Length (mm)
Cross Section (mm)
Number of Plate
Plate Thickness
Plate Length (mm)
Cladding Thickness (mm)
Side Plates Material
Weight (kg)
235U Density (g/cm3)
Amount of 235U
Fuel Meat Material

1,200
76.2 x 76.2
19

1.27
778

0.36 (min) (A1100)
A6061-T6
about 7
4.8

410

U3Si2-Al dispersion alloy

Comb

Fuel Meat

Fuel PI ate

Burnable
Absorber wire

Side Plate

Adaptor

Figure 2 Outline of LEU Fuel elements

4. Fuel Management

After the fresh fuel elements are accepted from foreign fuel fabricators, they are stored in the racks of
JMTR fresh fuel storage until loading to the JMTR core. The spent fuel elements are stored and cooled in
the storage racks in the JMTR water canal more than one year after discharged from the reactor core. The
canal water is circulated by the pool-canal circulating system consisting of pumps, heat exchangers and
the purification system. The purification system is composed of filters and ion exchangers, it maintains the
canal water purity at a high level in the range of pH 5.5 to 7.0, electric conductivity of 2 uS/cm or below
and temperature of 35°C or below to avoid the corrosion of the spent fuel elements.

5. Spent Fuel Transportation

5.1 Transportation for Reprocessing

The JMTR spent fuel elements had been transported to reprocessing plants in Europe, and then to
plants in USA in order to extract the uranium remaining in the fuel until the end of 1988. In the first
transportation, the spent fuel elements leased from US Atomic Energy Commission (USAE) were sent
back to Idaho Chemical Processing Plant (ICPP). The spent fuel elements purchased were transported to
Dounreay Reprocessing Plant in England from the second to the 4th time, to Marcoule Reprocessing Plant
in France from the 5th to the 7th time. After that, the contract for reprocessing was made with US
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Department of Energy (USDOE), the spent fuel elements were transported to Savannah River
Reprocessing Plant (SRP) or ICPP from the 8th to the 18th time. In these transportations for reprocessing,
1,547 HEU fuel elements had been transported by two lead-shield casks made by National lead Co. Ltd. in
USA or two carbon-steel casks hired from British Nuclear Fuels pic. (BNFL) in 1972 to 1973. However,
USA had ceased spent nuclear fuel reprocessing in January 1989, while USDOE committed to prepare an
environmental review of the impacts of accepting spent fuels from foreign research reactors (FRR).
Therefore, the spent fuel elements were unavoidable to storage in the canal until the resumption of
transportation in about eight and half years. The past records of spent fuel transportation for reprocessing
are listed in Table 3.

Table 3 Past Records of Spent Fuel Transportation for Reprocessing
Transportation

1st

2nd -

5th -

8th -

12th -

15th -

4th

7th

11th

14th

18th

Transport Data

March 1971

July 1971 -

Dec. 1973 -

May 1978 -

July 1983 -

Oct. 1985 -

July 1972

Sep. 1974

Nov. 1981

Dec. 1984

Nov. 1988

Reprocessing Site

ICPP

Dounreay

Marcoule

SRP

ICPP

SRP

Country

USA

England

France

USA

USA

USA

Total

Number of Fuel

40

323

303

324

243

314

1,547

5.2 Transportation for Storage

USDOE announced a new acceptance policy; Off-Site Fuels Policy (OSFP) in July 1993,
Environmental Impact Statement (EIS) for the acceptance of spent fuel under National Environmental
Policy Act (NEPA) in February 1996. After that, Record of Decision (ROD) was announced in May 1996, it
was decided to implement of the acceptance of FRR spent fuel used enriched uranium of USA origin for
13 years from then. JAERI made the contract'11 for acceptance of spent fuel at the Savannah River Site
(SRS) with USDOE in February 1997. The fuel elements for research and testing reactor in Japan as subject
of OSFP are listed in Table 4.

Table 4 Fuel Elements for Research and Testing Reactor as subject of OSFP
Registration No.

09

36

37

38

39

40

54

70

71

Reactor

JMTR

JMTRC

JRR-4

KUKA

KUR

UTR kinki

JRR-2

JRR-3M

TTR-1

Fuel Type

Plate

Plate

Plate

Plate

Plate

Plate

Plate

Plate

Plate

Fuel Enrichment (%)

93

93

93

93

93

90

93

-

-

45

45

-

45

-

-

45

-

-

20

-

20

-

20

-

-

20

20

In advance of the spent fuel transportation, the visual inspection of fuel elements and sipping tests of
transport casks with spent fuel elements were implemented by two Westinghouse Savannah River
Company (WSRC) inspectors dispatched by SRS under the contract. All fuel elements were confirmed
their integrity and permitted to accept by USDOE. The spent fuel transportation from JMTR to SRS was
commenced in June 5, 1997. 60 HEU spent fuel elements loaded into two new stainless-steel casks (JMS-
87Y-18.5T type) were shipped to England first. After they arrived in England, they were temporally stored
at a site in England, and then they were transported by another ship with other spent fuels in Europe.
They arrived at SRS on August 15 without any accident.
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Approx. 1900 mm
It was the first transportation not only in

Japan but in Asia also. Until resuming the
transportation, the spent fuel elements stored in
JMTR amounted to 922 in number, and the longest
storage term was about 11 years.

Following the first transportation, 21 HEU
fuel and 90 MEU fuel elements loaded into four
casks were shipped to SRS in July 1998. They were
shipped on the same route as the first
transportation. All HEU spent fuel elements in
JMTR had been transported in these two
transportations. The outline of the spent fuel
transport cask (JMS-87Y-18.5T type) is shown in
Figure 3.

Fin Bottom
Shock Absorber

Figure 3 Outline of Spent Fuel Transport Cask

6. Conclusion

(1) The JMTR fuel elements had been converted from HEU fuel elements to MEU fuel elements and MEU
fuel elements to LEU fuel elements according to the RERTR Program.

(2) 2,624 fuel elements have been used until March 1999. All fuel elements have revealed good integrity
without any fuel failure with FP release.

(3) 1,547 HEU spent fuel elements were shipped to Europe and USA for reprocessing in until 1988.
(4) Until resuming the transportation, the spent fuel elements stored in JMTR amounted to 922 in number,

and the longest storage term was about 11 years.
(5) According to OSFP, JMTR resumed the spent fuel transportation to USA in June 1997, the

transportation of HEU spent fuel elements had been completed and that for MEU spent fuel elements
has been commenced from the second transportation for storage.

(6) Now, it is planned that the JMTR spent fuel elements will be transported to USDOE by using four
casks a year until 2008.
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