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United States Nuclear Regulatory Commission
Room 6714 - MNBB

Bethesde, Meryland XSNMO 17 80

Dear Mr. Shee: TRE =4 Jpin.

This letter is in response to the letter from your office dated January 23,
1981, requesting Executive Branch views as to whether issuance of an export
license in accordance with the applicetion hercinafter described would be
inimical to the common defense and security ~{ the United States and whether
the proposed export meets the applicable criterie of the Atomie Energy Act of
1954, as amended by the Nuclear Non-Proliferation Act of 1978 (P.L. 95-242):

NRC No. XSNMOU1780 — Application by Nissho-lwai American
Corporation for authorizetion to export to Japan via France 6.361
kilograms of U-235 contained in 31.884 kilograms of uranium in the
form of uranium meta’ -'nriched to & maximum of 19.9 percent.
This low-enriched uranium is to be used in the fabrication of fuel
elements by CERCA in France for the Japan Research Reactor No.
4 (JRR-4) in the Tokai Research Center.

The proposed export to the intermeadiate consignee in France for
fabrication of fuel elements would teke place pursuant to the Additional
Agreement for Cooperation Between the United States and the European
Atomic Energy Community (EURATOM) as confirmed in a letter from the
Delegation of the Commission of the European Communities, & copy of which
is enclosed. EURATOM has adhered to the provisions of its Agreement for
Cooperation with the United States.

The proposed export would take place pursuant to the Agreement for
Cooperation Between the United States and Japan as confirmed by a letter
from the Embassy of Japan, & copy of which is enclosed. Jeapan has adhered to
the provisions of its Agreement for Cooperation with the United States.

The Executive Branch has reviewed the application and concluded that
the requirements of the Atomic¢ Energy Act, as amended by the Nuclear Non-
Proliferation Act of 1978, have been met and that the proposed export will not
be inimical to the common defense and security of the United States. A
detailed analysis for Japan was submitted April 30, 1979 for NRC applicetion
No. XSNM01435. There has bteen no material change in circumstances since
that submission. A detailed analysis for EURATOM was submitted December
8, 1978 for NRC application Nos. XSNM01212, 01232, -01238 and -01241. In
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view of Executive Order 12295, extending the duratiia of the period specified
in the first proviso to Section 126a(2) of the Atomic Energy Act of 1954, as
emended, to March 10, 1982, that detailed analysis remains valid. There has
been no other material change in circumstances since thet submission .

On the basis of the foregoing, the Erzcutive Branch recommends !l.at
the license be issued.

Sincerely,
‘//% [ j;/
Louis V. Nosenzo
Deputy Assistanf Secretary

Enclosures:
Assurance letters



EMBASSY OF JAPAN
2520 MASSACHUSETTS AVENUE, K.W.
WASHINGTON, D.C. 20008
(202) 2342266

March 19, 1981

Colonel Vance H. Hudgins

Assistant Director for

Politico-Military Security Affairs
Division of International Security Affairs
Department of Energy

Washington, D.C. 20545

Dear Colonel Hudgins:

Concerning import of the special nuclear material for the facility
noted below, this will confirm that the Government of Japan appointed
Japan A

as l:n autt%'g%:ciz}:e%erpgg;s%%“u.nrdce!} It -2 ii:te‘i%es %AaEFEIc)nditions pursuant to
Article VI of the Agreement for Cooperation between the Government of
the United States og America and -ernment of Japan concerning Civil
Uses of Atomic Energy which enterc. into force on July 10, 1968, amended
by the Protocol on December 21, 1973.

Fuel for the JRR-4 reactor of JAERI: 6.361 kgs of U-235
(19.95 % maximum enrichment) contained in 31.884 kgs of uranium

Further, it is confirmed that the transfer of the special nuclear mate-
rial identified above will take place under all the terms and conditions
of the Agreement for Cooperation between our Governments, an: that the
appointee(s) named above have been authorized to receive and possess

the material by both CGovernments.

Also, the Government of Japan confirms that the safeguards and guaran-
tees of the Agreement for Cooperation will always apply to this special
nuclear material, except for that material subsequently retransferred
with the written approval of the United States.

Sinc:zjly YOr™E,
/?(ZV,«L >
‘ u M o g

Masayasu Miyabay#s
First Secretary (Scientific)

Ref: This is in reference to the case number of XSNM-1780 statec in
your letter dated February 3, 1981.
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! March 25, 1981
. JM/aks

. ~ Mr. John A. Griffin
’ pirector, Division of Politico-
4 Military Sccurity Affairs
, (ffice of International Security Affairs
} pepartment of Energy
wushington, D. C. 20585

' Dear Mr. Griffin:

Subject :NISSHO-IWAI »rmerican Corporation's application
MACPY 2647, dated December 30, 1980 for Japan -

XSKM 0 1780

We certify that the material mentioned in this
application namely €.361 kg of U-235 ccntained in
731.884 kg of uraniunm, and the transfer cof this matorial
will te subject to 2.l terms ard conditicns of the
#dditional Agreement for Cooperation, dated July 25, 1960,

as amerdel.

L — v o

1

. Further, we certify that CFRCh, Creteil,
france, as intermediate consigrce, and Japan Atcmic Znergy

! Research Institute, Tokye, Jefan, as gltizate consignee,

§ are authorized by FURATOM to rece.ive znd possess this
wzterial pursuant to the 2forerentioned Agrecrent for

Cocperation.

The mase-ial wili be used fcr fueiing of
Jeapan Research Reacticr $%s.4 (JRR-4) in Tokal Research
'Estlbllsh:ant.

Sincerely,

(C et "é
J. Marchel
Eecretary
Nuclear Supply

L oS U ———)

ee: Mr. Robin De laZarre, Tepartrent cf Srazte
¥s. Betty wright, Nuclear Pegusazory Commizsgion
¥e. F. Yevara, Nizshs-iwal a=~ericzen Cerporaczicn

MV”WMMW&W’W 0T W2 W00/ wes B9 SIV ELRCTW
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ARGONNE NATIONAL LABORATORY

9700 South Cass Avenue, Argow, llivois 50437 Hephone 312/972- 6758
i -"_’)____" . —~
holeie Al Bt July 31, 1979

Dr. K. L. Mattern

Division of Nuclear Power Development
U. S. Department of Energy
Washington, D. C. 20545

"Dear Dr. Matterm:

Subject: Technical Evaluation - Potential Convertibilitv of the JMIR,
JRR-2, and JRR-4 Reactors (Japan) to Reduced Enrichment Fuel

Upon request of the Executive Branch (Ref. 1), ANL has reviewed the
HEU Export License Application (Ref. 2), submitted by Tramsnuclear, Inc.,
for the Japan Atomic Eirergy Research Institute (JAERI), and the supporting
documents (Refs. 3 through 8) submitted by JAERI in support of their
request for HEU (93.3%) to be used in the JMIR, JRR-2, and JRR-4 reactors.
Both ANL and JAERI have independe~*’v assessed the potential for conversion
of each of these reactors from use of fuels containing HEU to use of
fuels with reduced uranium earichments. A summary of the fuel inventory
status (Refs. 4 and 8) for each reactor is provided in Attachment 1.
Brief technical descriptions of the current JMIR, JRR-2, and JRR-4
reactors, based on the data of Refs. 4 and 5, are provided in Attachments 2,
3, and 4, respectively.

This JAERI export license application (Ref. 2) requests a total of
39.077 kg of vranium (enriched to a maximum of 93.3% in 235y) in the
form of uranium hexafluoride. Conversion of the UFg to uranium metal
will be performed by NUKEM, GmbE, Hanasu, Federal Republic of Germany,
and fabricstion of the uvranium metal into fuel assexbliies will bde periormed
by Nuclear Fuel Industries Ltd. (NFI), Tokyc, Japan. The uszge breakdown
(Ref. 3) by reactor is as follows: 27.569 kg U for JMIR, 10.557 kg U
for JRR-2, and 0.951 kg U for JRR-4.

This technical evaluation of JAERI reactors includes discussions
of the following topics:

1. Current JAERI Reactors
2. Current JAERI Upgrade Plans
3. JAERI Reduced Enrichment Program
4., Technical Evaluations with Reduced Uranium Earichments
S. ANL/JAERI Joint Siuly Program
6. Current and Planned JAERI HEU Inventories
. 7. Conclusicn

The Unnersiry of Chicaco ARGONNE UNIVERSITIES ASSOUATION
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1. Curreat JAFRI Reactors

§

The JMIR is a nmulti-purpose tank type materials testing reactor,
currently using 932 enriched uranium~-aluminum alloy fuel in modified ETR-
type elements, and operated by JAERI since 1968 at a power level of 50 MW.
As the cnly materials testing reactor in Japan, JMIR is impertant to the
Japanese nuclear energy development programs since irradiation experiments
are performed for the development of its fast reactor, advanced thermal
reactor, high temperature, gas ccoled reactor, and fusion reactor programs.
The JMIR is also used for safety research on light water power reactor
fuels and materials, and for the production of radioisotopes.

JMTRC

The JMTRC is a swimming-pool-type critical facility, operated by
JAERI since 1965, that is usec for reactor physics measurements of
nuclear characteristics for JMTR. The reactor currently uses 935 enriched
uraniun-aluminoum alloy fuel in modified ETR-type elements that are
similar, but not identical, to those of JMTR. Since the reactor is
operated at a power of 100 watts, almost no fuel is consumed, and no HEU
bas been requested in this export license application for use in JMIRC.

JRR-2

The JKkR-2 is a research reactor using heavy water as moderator and
coolant, and has been cperated by JAERI at a power level of 10 MW since
1960. It uses both MIR-type and cylindrical-type fuel elements, with
932 enriched urazium ir uranium-aluminum alloy fuel. The reactor is
utilized for experiments in solid state physics research, material and
reactor fuel irradiaticn, radicisctope productiou, and neutron activation
analysis. These activities have served investigators from universities,
research institutes, and industry and have contributed to research and
development in many fields.

JRR-3

Although this export liceanse application (Ref. 2) does not include
a request for enriched uranium for use in the JRR-3 reactor, the characteristics
of this reactor are also discussed since plays an important role in
JAERT plans for upgrading its reactor faci.ities. The JRR-3, comstructed
in 1962, iz a 10 MW thermal, heavy water mcierat2d and cooled, tank-type
reactor that was operated using natural uranium metallic fuel from 1962
through 1971. From 1972 to 1975, the fuel was changed from natural
uranium metallic fuel to slightly enriched uranium oxide fuels. Current
JAERI upgrade plans for the JRR-3 are discussed below. The reactor is
presently used for experiments in neutron physics, solid-state physics,
material irradiation, and radioisotope productica.

JRR-4

The JRR-4 is a 3.5 MW swimming poocl reactor using MIR-type 93%
enriched uranium-aluminum alloy fuel. The reactor was comstructed in
1965 to perform shielding studies for the nuclear powered ship "MUTSU."
The power level was raised from 2.5 MW to 3.5 MW in 1976. The reactor
is presently used for material irradiatiomn, for miscellaneous experiments,
and for training of reactor operators.
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2. Current JAERI Upgrade Plans
2R
There are no current plans for upgrade of the JMIR.
JMTIRC

There are no current plans for upgrade of the JMIRC.
JMTR~1

Preliminary calculaticnal studies (Ref. 9) are beZ.g performed by
JAERI for a possible new research reactor, JMIK-II, at the Oarai Research
Establishment.

JRR-2

There are no current upgrade plans for JRR-2. Since 1962, JRR-2
has undergone many repairs and a major modification, completed in 1975
(Ref. 10). Although JRR-2 has been operated in good condition since -
1976, corrosion of the thermal shield light water tank is expected to
limit its effective operating lifetime to not lomger tham 10 years.
Consequently, the JRR-2 reactor is currently planned to be shut down
about 1986, after successful completion ¢. the upgrade plans for JRR-3.

JRR~-3

The major limitation of the JRR-3 as a research tool is the low
peutron flux resulting from the use of slightly-enriched, uranium oxide,
rodded fuel. The upgrade plans (Ref. 10) for JRR-3 as of May 1978 call

for use of 93% enriched, uranium-aluminum alloy, cylindrical-type fuel
elements similar to those currently used in JRR-2.

The reactor core configuration of the upgraded JRR-3 will be similar
to the JRR-2 core, but the power level will be increased from 10 MW to
20 MW. Replacement of the reactor core tank and major improvements in
the control rod system, instrumentation systems, cooling system, and
experimental facilities are also planned. The upgraded reactor is
planned to begin operation in late 1985 (Ref. 10).

JRR-4

A new reactor is presently planned to replace the curremt JRR-4.
Since this new reactor has not been named as vet, and to aveid misunderstandings,
the two reactors are referred to here as the "current JRR-4" and the -
"new JRR-4."

The current JRR-4 has power of 3.5 MW and is located in the No. 1
Pool. The reactor was designed primarily for reactor shielding studies,
but it has also been used for radioisotope productiomn, for other irradiation
experiments, and for training of reactor operators. Generally, the
requirements for shielding studies and for irra.iation experiments are
pot compatible in this core since the very deep reactor tank and structural
restrictions limit convenient access for irradiation rigs.
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The nev JRR-4 will be an open-type core with a power of 10 MW, and
will be used primarily for irradiation experiments. The new reactor is
planned to be installed at the regular position in the No. 1 Pool after
the current reactor has been transferred to the No. 2 Pool in the same

building.

In the No. 2 Pool, the curreat JRR-4 will be operated at a power of
200 kW with natural comvectiom cooling, and will be used primarily for
reactor school student training and shielding experiments. One plan
considered by JAERI is to continue its operation with the presently-used
HEU (93%) fuel at this reduced power level since the reactor might not
need to be refueled during its anticipated lifetime.

The schedule as of May 1978 (reproduced from Ref. 10, p. 171) for
upgrade of the JRR-3 reactor and assembly of the new JRR-4 reactor are
shown in Attachment 5. Under currest U.S. export policy, there is no
precedent for supply of EEU (93%) for either the JRR-3 reactor or the
new JRR-4 reactor.

—

3. JAERI Reduced Enrichment Program

JAERI has initiated a five year program (Ref. 7) aimed at enrichment
reduction from 93% to 45% in the JAERI reactors JRR-2, new JRR~4, and
JMTR, and the critical facility JMTRC. A preliminary draft schedule for
this program is shown in Attachment 6. Full-core demonstrations with
45% enriched fuel are planned in each reactor begimning in mid-1983. 1If
the demonstrations are successful, 45% enriched uranium fuel is also
planned for use in the upgraded JRR-3, which is expected to begin operation
in 1986.

Highly-enriched uranium fuels for the research and test reactors at
JAERI are currently manufactured in Japan by Nuclear Fuel Industries
Ltd. (NFI). NFI currently has a demonstrated capability of fabricating
only uranium-aluminum alloy-type research reactor fuel with a maximum
uranium density of about 0.77 g/em3 (n24 wt.% U). The currently-qualified
maximum uranium demsity for fuels fabricated with powder metallurgy
techniques aad HEU (93%) 4s 1.6 g/emd (%42 wt.% U) in the U.S. and
1.3 g/em3 (v37 wt.2 U) in Europe.

The JAERI draft reduced enrichment program (as of mid-June 1579)
involves engineering feasibility and fabricability studies for powder
metallurgy fuels with about 1.6 g U/cad (40-42 wt.X U), burnup experiments
in Japanese reactors, reactor core design studies, and safety analysis
studies. Initial calculationzl studies (Ref. 6) have been completed and
preliminary fuel specifications, for powder metallurgy fuels using 45%
enriched uranium and 1.6 g U/ca3, have been developed for the JMIR,
JMTRC, JRR-2, and new JRR-4 reactors. These specifications (taken from
Ref. 7) are included as Attachment 7. Full-core demonstration tests in
each reactor, both at low power and at rated power, are expected to
bezin in late-1983, Successful completion of these demonstrations is the
stated goal (Ref. 7) of JAERI's draft five-year prograz.

The draft program shown in Attachment 6 is likely to be revised by
JAERI in early August 1979, after discussioms in Japan, to incorporate
the results of technical discussions between a JAERI delegation and fuel
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fabricators and developers in the Federal Republic of Germany, France,
and U.S. during Jume and July 1979, and with RERTR Program personnel at
m‘ on J“ly n-u. 197“‘0

The purpose of the JAERI burnup experiments is to provide domestic
(Japanese) data on the irradiation behavior and mechanical strength of
fuels with high uranium demsity (v1.6 g U/cm3) in order to check the
validity of foreign data and to obtain the necessary safety approvals by
licensing authorities in Japan. :

At least some, and possibly all, of the fuel elements for these
irradiation tests are currently planned to be manufactured by European
fabricators. The role of NFI as a manufacturer of research reactor
fuels with reduced uranium enrichment is under evaluation in Japan.
Specific fabricators of fuel elements for the full-core demonstration
tests have not been determined as yet.

4. Technical Evaluations with Reduced Uranium Enrichments

Enrichment Reduction to 452

Based on independent studies that have been completed at ANL
(Refs. 11 ard 12) and at JAERI (Ref. 6), both ANL and JAERI agree that
use of fuel with 457 enriched uranium and 1.6 g U/cnd (40-42 wt.Z U)
instead of the currer .y-used 93% enriched uranium with about 0.7 g U/em3
(~22 v-.2 U) is technically feasible in the JAERI reactors (including
JMTR, JMTRC, JRR-2, JRR-3, and JRR-4), pe:z:ing the outcome of burnup
experiments to be performed in the ORR reactor at ORNL and in JAERI
reactor(s), and, possibly, omn critical experiments to be performed in
the JMIRC. .

Burnup experiments on fuel elements fabricated at CERCA in France,
NUKEM in the Federal Republic of Germany, and Texas Instruments in the
U.S., and containing fuel meat with a uranium demsity of about 1.6 g U/em3
(and 45% enriched U) are currently expected to be completed at ORNL by
late-1981 as part of the U.S. RERTR Program. Similar buraup experiments,
referred to in the preceding paragraphs, are also planned in Japanese
reactors as part of the JAERI Reduced Enrichment Program.

Enrichment Reduction to <20%

Enrichment reduction to <20% inm all current and planmned JAERI
reactors, with the possible exception of the current JRR-4, requires use
of the very high uranium demsity fuels (U30g-Al, UAly-Al, U3Sy-Al, U3Sy,
U02) that are currently under devalopment in the U.S. and in Europe.

Both ANL and JAERI agree that use of fuel with <201 enriched uraniunm
and 1.6 g U/cmd (40-42 wt.% U) is not a practical alternative (Refs. 11,
13) for J¥TR without significant penalties in reactor performance and
fuel cycle costs. Neutronic studies (Ref. 14) performed by JAERI
indicate that use of fuel with <20% enriched uranium and 1.6 g U/em3
(40-42 wt.2 U) is pot a practical alternative for JRR-2 without
significant penalties in reactor performance and fuel cycle
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costs. However, initial neutronics and thermal-hydraulics studies,
conducted at ANL, indicate that practical altermatives for utilization
of <20% enriched uranium may be feasible with fuels with higher uranium
densities. Fuel development efforts at ORNL, NUKEM, and CERCA indicate
that UAL -Al fuels with approximately 2.3 g U/em3 (052 wt.X U) and
U30g-Al fuels with uranium densities of about 2.7-3.0 g U/cm3 (60-64
wt.2 U) have a high probability for successful development. Plans are
currently in progress for irradiation tests on these fuels.

The JMTR, JRR-2, and JRR-4 reactors currently us- U-Al alloy fuels
with uranium densities of about 0.67 g/em3 (221.5 wt.2Z U), 0.69 g/cm3
(»22 wt.2 U), and 0.53 g/cm3 (»19 wt.Z U), respectively. Based on
direct fuel meat substitution, the JMTR, JRR-2, and JRR-4 require uranium
densities of about 4.5 g/ecm>, 4.0 g/cm, and 3.1 g/cm3, respectively, in
their fuel meat in order to match the initial excess reactivity of the
current EEU designs. The currently-qualified maximum uranium density
for fuels fabricated with powder metallurgy techniques and HEU (93%)

s 1.6 g/em3 (w62 wt.% U) in the U.S. ané 1.3 g/em3 (v37 wt.2 U) in
Europe. Present long-term goals of the RERTR fuel development program
are to increase the uranium demsity to about 2.9 g/em® (%60 wt.Z U),
3.6 g/cm (~70 wt.X U), and 6.3 g/cm3 (v80 wt.X U) in UAlyg-Al, U3Og-al,
and U3Si-Al fuels, respectively. The development work on UAly-Al and
U30g-Al fuels are extensiomns of current fuel fabricatiom technology,
and the probability for successful development and demonstratiom,
within the next several vears, of these fuels with uranium densities near
thosc specified above is high. The U3Si-Al fuel is a completely new
resesrch ané test reactor fuel. Thus, a longer time is required for
successful development, demonstration, and commercialization of this
fuel, and the probability of success is lower.

Another approach to enrichment reductions to <20% in the JAERI
rezctors is to redesign the curremt fuel elements to include a larger
volume fraction of fuel. This can be accomplished by increasing the
fuel meat thiczkness and/or simultaneously decreasing the number of fuel
plates per element in those reactors that are currently operating
below their thermal-hydraulic limits. Initial calculatiomal burnup
studies (Refs. 11 and 12) performed at ANL om the JMIR and JRR-2 reactors
indicate that lomger fuel cvcle lengths can be achieved with reduced
earichment fuels than with EEU (93%) fuel if the uranium density is
increased to match the initial exc:ss reactivities.

Lower uranium densities are required if the criterion for coaversion
to LEU fuel is based on mztching the fuel cycle length of the KEU
design, rather than matching the initial excess reactivity. The optional
fuel meat thickness and number of fuel plates per element will depend
upon the maximum uranium density with LEU that has been demonstrated
and is available on a commercial dasis. Careful examinatioms of the
yeactor physics, thermal-hydraulics, and safety margins ave required
in order to evaluate the feasibility of each potential design. These
issues are expected to be adiressed in a joint study program between
ANL and JAERI.

Licensing procedures in Japan are apparently very striogent if
changes are made in the reactor design (e.g., uraniuxm enrichment, fuel
content, or fuel element design). Burnup tests in JAER] reactors on
fuel elements contaizning LEU fuel will probably be required in order to
check the validity ¢ foreign data and to obtain the necessary safety
approvals by licensing autiu:ities in Japan.
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S. ANL/JAERI Joint Study Program

Technical discussions between ANL ané JAERI personnel at ANL on _
July 12-iz, 1979, resulted in a summary (Ref. 15) describing some comnsideratiouns
f7c a proposed joint study between the ANL/RERTR and the JAERI/RERTR
Programs. After discussions and evaluations in Japan during July 1979,

a detailed joint study program between ANL and JAERI on reduced enrichment
alternatives for JAERI reactors is ezpected to be developed during

August 1979.

Independent feasibility studies om use of 452 enriched uranium with
currently-qualified, but yet undemonstrated, fuel fabrication technology
(1.6 g U/cn3) instead of 93% enriched uranium with conventional uranium
detisity have been completed bothk at ANL and at JAERI. Both laboratories
have concluded that use of 45I enriched fuel is feasible in the JAERI
reactors (including JMIR, JMTRC, JRR-2, and JRR-4), pending the outcome
of burnup experiments to be performed in the ORR and in Japanese reactor(s),
and, possidbly, on eritical experiments that may be performed in the
JMTRC.

The joint program that ANL would like to propose for considerationm
by JAERI includes:

1. An invitation to JAERI representative(s) to observe the burnup
tests on fuel elements containing high uranium demsity (1.6 g/cm3) and
452 enrichment to be conducted in the ORR reactor from about April-Jume
1980 until mid-lste 1981 as part of the U.S. RERTR Program. Current
plans are for irradiatiom of: two fuel elements containing UAlyx-Al
fuel meat fabricated by NUKEM in the Federal Republic of Germany, two
fuel elements containing UAl,-Al fuel meat fabricated by CERCA in France,
and four fuel elements comtaining U3Og-Al fuel meat fabricated by Texas
Instruments in the U.S. All data from those burnup tests, including
post-irradiation examinations, will be made available to JAERI for
evaluation and for possible use im o*:aining safety approvals in Japan.

It is alsc anticipated that the irradiation of four fuel elements,
two fabricated by CERCA and two by NUKEM, containing thick (1.5 mm)
UAly-Al fuel meat with a uranium demsity of sbout 2.3 g/ecmd (v52 wt.I U)
and <202 enrichment will be completed by late-1981.

2. A calculational feasibility study om potential use of <202
enriched fuels in all current and planned JAERI reactors. This study
would include evaluation of all practical options for redesign of the
fuel elements, using thicksr fuel zeats, in each reactor with fuel types
and uranium densities that are expected to be commercially available in
the next several years if the U.S. RERTR Program is successful.



6. Curreat sud Planned JAERI HEU Inventorics

Current inventories (Refs. & and 8) of HED (93X) for rhe JMIR, JRR-
2, and JRR-4 reactors are inscluded in Attachwent 1. Im addition, Attachmeut
8 (Ref. B) includes a complute schedule with the quantities of HIU (931)
that are estimated by JAER) as interim supplies for each reactor to
assure continuity of its operation until the full-core demcnstrations
with fuel using 45% enric’ed uranium are begun about October 1982. Note
that the new fiscal year in Japan begins im April.

To our best knowledge, the HEU (93X) inveptories and schedules in
Attachment 8, developed by JAERI, are based on fusl fabricationm yields
of about 952. If KFI's yields are actually lower, the total interim
supply of HEU might need to be larger (depending om NFI's fuel fabrication
losses) in order to meet these schedules if the reactors are operated
with their pormal power levels, duty factors, and discharge burnups.

DR

The annual requirement of fuel elements necessary to assure continuity
of JMIR operation is estimsted (Ref. 4) by JAERI to be 100 standard fuel
elements (279 g 22°U/element) and 25 control fuel elements (195 g ?3°U/element).
The annual 2°5U requirement to manufacture these elements is 34.5 kg 1f
the fuel fabrication yield is 35%.

Currently, 30.7 kg 2°50 (33 kg U) are being used to fabricate new
fuel elements in Jopan for the JMTR. Additiomally, 32.6 kg 225U (35 kg
U) now in the U.S. is scheduled to be shipped (in 7 shipments of Skg U
each) to Japan during July-November, 1979. This 235U supply of 63.3 kg
is sufficient for about 1.8 years (22 months) of normal JMIR operationm
(from July 1979 through April 1981). In Attaciment B, note that a 2.3
kg U balance is planned to be transferred fromw this fuel fabricatiom
campaign to a planned concurrent campaign, thus reducing the utilization
time for the 63.3 kg 2?°U by about one momth.

The current JAERI expor:t license application (XSNM-1340) requests a
total of 25.72 kg 235y 127.569 kg U) to fabricate additional fuel elements
for the JMTR. This 235y is sufficient for about 9 addirional momths of
pormal operation. 1I1f the 2.3 kg U transferred balance is included here,
the JMTR could operate om this fuel fromw April 1981 cthrough Jaauary
1982.

Two further export regquests for HEU (93%) as interim supplies for
JMTR sre planned by JAERI. An export license application (XSNM-1408, Ref. 16)
requesting 33.2 kg 235y (35.6 kg U) for JMIR was submitted to the NRC on
November 3, 1978. A new export license spplication for 20.5 kg 235y (22
kg U) for JMIR is planned to be submitted. If these export licenses are
approved, the 54 kg 2°°U (58 kg U) will be sufficient for approximately
19 months of normal JMTR operation from February 1982 until about August
1983. The JMR full-core demonstration using fuel with higher uranium
density (~1.6 g/ca’) and 452 enriched uranium is currently planned to
begin iz about October 1983.
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JRR-2

Data provided by JAERI for the JRR-2 reactor in Refs. &4, 5, 8, and
17 ara spparently inconsistent. Ref. 4 states that an annual regquirement
of 48 fuel elements (195 g ?35y/element) is mecessary to assure continuity
of JRR-2 operation. If NFI's fuel fabrication yield for JRR-2 elements is
952, as it apgax-ntly is for JMTR elements, an annual requirement of
about 9.9 kg <35y results.” This value is consistent with the EEU utili-
zation schedule for JRR-2 shown in Attachment 8 (Ref. 8)." Eowever, the
"Checklist™ attartment (Ref. 17) to Export Licemse Application XSNM-14C8
(November 3, 1978) states that the amnual 23°U consumption rate in JRR-2
is 1.9 kg. The average discharge burmu of JRR-2 fuel elements is 2523
(Ref. S). 1If fuel fabrication losses of 5% are assumed, the annual
235y requirement is then B.0 kg.

For purposes of this techmicazl evalustion, an aunual 275U requirement
of 9.9 kg is assumed for JRR-2, with the understanding that the value
may be as small as 8.0 kg ?°5U. Therefore, our conclusions for JRR-2
may have to be revised if, upon reguest from the Executive Branch, informa-
tion is provided by JAERI which is in disagreement with this assumption.

As of June 1979, the JRR-2 bad about 5.5 kg 22°U contained in 28
unirradiated fuel elements. These fuel elements are sufficient for zpproxi-
mately 7 mon:chs ¢f normal JRR-2 operation from July 1979 through January !
1980. There are currently 11.2 kg “°°U (12 kg U) that are being used
iz apan to fabricate new fuel elements for JRR-2. These elements are
sufficient for sbout 13 months of normal coperation from February 1980
through February 1981. These inventories of 16.7 kg 225y are consistent
vith the JRR-2 fuel utilization schedule showz in Attachment 8.

The current JAERI export licemse application (XSNM-1340) requests a
total of 9.87 kg “3°p (10.557 kg U) to fabricate additional fuel elements
for the JRR-2. This 235y is sufficient for about 12 additional months of
pornmal operation from March 19681 through February 1982.

Twe further export requests for HEU (93%) as interiz supplies for
JRR-2 are plscned by JAERI. An export licemse application (XSNM-1408,
Ref. 16) reguesting 9.9 kg 235U (10.6 kg U) for JRR-2 was submitted to_the
NRC on November 3, 1978. A newv export license application for 5.6 kg 235y
(6 kg U) for JRR-2 is planned to be submitted. If these export licenses
are approved, the 15.5 kg 455U (16.6 kg U) will be sufficient for approxi-
metely 19 months of further mormal JRR-2 operaticn from March 1982 through
mid-September 1983. The JRR-2 full-core demomstration using fuel with
higher urani:m density (v1.6 g/cms) and 452 emnriched uranium is currently
planned to begin inm about October 1983.

JRR-4

Five fuel elements (166 g 2°%U/clement) per year is stated (Ref. &)
by JAERI as the annual requi ement necessary to assure continuity of
JRR-4 operation. If NFI's fuel fabrication yield for JRR-4 elements s
assuped to be 95%, the amoual 2°°U requirement for JRR-4 is approximately
0.9 kg.
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As of June 1979, the JRR-4 ad 0.33 kg 2°5U contained in 2
unirradiated fuel elements. There are currentiy sbout 0.93 kg 275D
(1 kg U) that are being used to fabricate new fuel elements for JRR-4.
These inventories are sufficient for about 18 months of normal JRR-4
operativn. Evidently, the fuel which is currently in the reacter plus
these fresh fuel inventories are sufficient to operate the JRR-4 from
June 1979 through March 1581 (See Attachment 8).

The currect JAER1 export licemse application (XSNM-1340) requests
a total of 0.88 kg ?35p (0.951 kg U) tc fabricate additional fuel elements
for JRR-4. This #3%yU ig sufficient for sbout 12 additional months of
normal JRR-4 operation from April 1981 through Morch 1982.

Current JAERI upgrade plans (see Section 2) are to replace the current
JRR-4 located in the No. 1 Pocl, with a new reactor that is planned to
utilize powder metallurgy fuel with a uranium demsity of sbout 1.6 g/cm’
and 45% enrichrent. The current JRR-4 is planned to be transferred to
the No. 2 Pool and operated at a power of 200 kW with natural comvection
cooling. These modifications are presently scheduled for April 1982
through March 1983.

Ome additional request for 0.89 kg 275U for use in «Lhe current
JRR-4 has been submitted by JAZRI to the NRC (ESNM-1408, November 3, 1978,
Ref. 16). Presumably (see Attachment 8), this fuel is plauned to be utilized
in the current JRR-4 after the reactor has been transferred to the No. 2
Pool and Tts prower level reduced from 3.5 MW to 200 kW. Ome plan comsidex-
by JAERI is to continue operation of the current JRR-4 with the presently-
used EEU (93%) fuel at a power of 200 kW since the reactor might mot
need to be refueled during its anticipated lifetime.



7. Conclusion

Based on independent studies that have been completed at ANL and
at JAERI, both ANL and JAERI agree that use of fuel with 452 enriched uranium
and 1.6 g U/cn3 iustead of the currently-used 93% enriched uranium with
about 0.7 g U/cn3 is technically feasible im JAERI reactors (imcluding
JMIR, JMTRC, JRR-2, JRR-3, and JRR-4), pending the outcome of burnup
experiments to be performed in the ORR reactor at ORNL and in JAERI
reactors, and, possibly, om critical ex; riments to be performed in the
JMTIRC.

In order to implement enrichment reductions from 932 to 452 4in
these reactors, JAERI has initiated a five-year draft program involving engineering
feasibility and fabricability studies for powder metallurgy fuels,
burnup experiments in Japanese reactors, reactor core design studies,
and safety analysis studies. Preliminary specifications for fuels with
high-uranium-density and 45% enrichment have been developed for each
reactor, and full-core demonstration tests are ;.anned iz each reactor.
A complete preliminary schedule has been developei by JAERI specifying
the quantities of HEU (93%) that are required as interim suprlies to
assure contiouity of operation of each reactor until the full-core
demonstration tests with 45X eariched fuels are scheduled to begin in
late-1983. It might be re-emphasized that the plans ané schedules described
in this evaluation are preliminary, and that the program is currently being
revised by JAERI.

Tentative plans are currently being considered by JAERI for a joint
study program with ANL that includes: (1) observation by JAERI representative(s)
of burnup tests to be conducted iu the ORR reactor at ORNL from about
April-June 1980 until mid-late 1981 as part of the U.S. RERTR program,
and (2) calculational feasibility studies on potential use of <20%
enriched fuels in all current and planned JAERI reactors.

Since fuel with high-uranium-density and reduced enrichment is nmot
currently available, the Executive Branch might consider supplying the
JMTR, JRR-2, and JRR-4 reactors with HEU (932) for the current and subseguent
loadings until suitable fuel with reduced enrichment has been demonstrated
acrd is available on a commercial basis.

Sincerely,

GE
J. E. Matos

RERTR Program
Ceneric ftudies Coordinator

hpproved:
?
(Y v vt dcwe ST

A. Travelli
RERTR Program Manager

ce: S. N. Ceja, DOE/CIA
J. Dewar, DOE/I1SA
J. A. Kyger, ANL/OTD

A. Mravca, DOE/CORO
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Attachment 1

Fuel Inventories of the JMTR, JRR-2, and JRR~4 Reactors
(as of June 1, 1979)

DR

New Fuel Currently in Process
(outside Japan)

New Fuel Currently on Hand and
in Process of Fabrication
(in Japan)

* Irradiated Fuel in Core
Irradiated Fuel in Storage
Annual 235U and U Requirements

JRR-2

New Fuel Currently in Process
(in Japan)

New Fuel Currently on Hand
Irradiated Fuel in Core
Irradiated Fuel in Storage
Annual 235U and U Requirements

JRR-4

New Fuel Currently in Process
(in Japan)

New Fuel Currently on Eand
Irradiated Fuel in Core
Irradiated Fuel in Storage
Annual 233U and U Requirements

(a)

235

xg 233 kg U
32.6(®) 35.0
30.7(®) 33.0

6.3¢¢) 4.6
65.8(9) 73.8
3a.s(e)é,/’ 37.1
11.2'®) 12.0

5.5 5.9

4.7¢5 5.1
10.3(9) 12.1

9.98 10.6

0.93® 1.0
0.33® 0.35
3.3® 3.6
3.7(® 6.2
0.87®) 0.9

Seven shipments of 5 kg U/shipment between the U.S. and Japan

are currently scheduled for July-November 1979.

(b)
(as of June 1, 1979)."

Ref. & (Attachment &) - "HEU Fuel Schedule for JAERI's Reactors

() pefs. 3 snd 4 (DMIR). Or May 1, 1978, the JMIR loading was 12
standard fuel elezents (279 g 235U/fresh element) and 5 comtrol
fuel elements (195 g 235U/fresh elemen:), or a total core

loading of about 4.3 kg 235U.

Normally, 2 fresh core would

contain about 20 standard elements and 5 control elements, or a
total core loading of about 6.6 kg 235U.

(é)

Ref. 4 (JMIR): As of May 1, 1978.

(4n U.S.)



Attachment 1 (comtd)

(.)Bllld on annual requivements (Ref. 4) for JMTR of 100 standard fuel
elements (279 g 235U/element) and 25 control fuel elements (195 g
235p/element) mecessary to assure continuity of operationm, and an
assumed fuel fabrication yield of 95%.

()pes. 4 (JRR-2): As of May 1, 1978.

(‘)la.nd on an annual requirement (Ref. 4) for JRR-2 of 48 fuel elements
(185 g 235U/element) necessary to cssure continuity of operationm, and
an assumed fuel fabricationm yield of 935%.

(B)pes. & (JRR-4): As of May 1, 1978.

(i)laccd on an annual requirement (Ref. 4) for JRR-4 of 5 fuel elements
(166 g 235U/element) necessary to assure continuity of operation, and
an assumed fuel fabrication yield of 95%.
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Attachment 2

JMTR Reactor Description
Reactor Design Description

Reactor Type
Purpose

Steady-State Power level
Duty Fac%or

Maximunm Thermal Neutrom Flux Density
Maximum Fast (>1 MeV) Neutron Flux Demsity

Active Core Volume

Average Volumetric Power Density

Average Linear Powver Density
Specific Power

Number of Standard Fuel Assemblies

Number of Control Fuel Assemblies

Moderator, Coolant
Reflectors

Tank-Type MIR

Materials Testing, Isotope
Production, Fundamental

- Research

50 vy 7

0.32 L7

4 x 1018 o

4 x 1018 n.z°l-1
102 ¢

490 kW/z
1.46 kW/ cn
7.58 kW/g
22

5

E,0

2
Be or Al

235U

Fuel Assembly Design Description

Type

Uranium Enrichment

Fuel Meat

Meat Dimensions

Clad

2350 Density in Fuel Meat
Plates/Standard Fuel Assembly
Plates/Control Fuel Assembly
23SU/Standard Fuel Assembly
235U/Cantrol Fuel Assembly

q
Average 233, Discharge Burnup

MTR, Flat Plates

932

U=-Al Alloy (21.5 wtX U)
0.51 x 61.6 x 750 mm
Al, 0.38 mm Thick

0.62 g/em®

19



Attachment 3
JRR-2 Reacter Description
Reactor Design Description

Reactor Type Tank-Type MIR

Purpose ~ Selid State Physics,
~ Isotope Productiom,
Materials Testing, Fund-
amental Research

Steady-State Power Level 10 MW
Dutylractor 0.650/” !;','1 g
Maximum Thermal Neutron Flux Demsity 25 08P g g™t ZWD o °
Maximum Fast (>180 keV) Neutrom Flux Density 7. 30% ot
Active Core Volume ' 336 &
Average Volumetric Power Density 30 kW/2
Average Linear Power Density 7.0 XW/ecm
Specific Power 2.6 kW/g 2350
Number of Standard Fuel Assexblies 24
Number of Control Fuel Assemblies None
Moderator, Coolant | DZO
Reflector . DZO
Fuel Assemblv Design Description
Type MIR, Curved Plates Cylindrical
Uranium Enrichment 932 932
Fuel Meat U-Al Alloy (23 wtZ U) U-Al Alloy (22 wt2 U)
Meat Dimensions 0.51 x 63.5 x 600 mm 0.51 =m (T) x 600 mxx ‘-
Variable Widths
Plates/Standard Fuel Assembly 5 (Inner Plates) S Concentric
2 (Outer Plates) Cylinders

Clad Al, 0.38 mm (Inner Plates) Al, 0.38 mm Thick

Al, 0.51 mm (Cuter Plates)
235U Dezsity in Fuel Meat 0.64 g/cc (Inner Plates) 0.64 g/ec

0.21 g/ecc (Outer Plates
2231 /standard Fuel Assembly 195 g 195 g

Average 235U Discharge Burnup 252 25% L///



Attachment &

Current JRR-4 Reactor Desc.iption

Reactor Design Description

Reactor Type
Purpose

~MIR, Swimming Pool Type

Shielding Studies,
Isctope Productiom,
Training

Steady-State Power Level .5 MW
Duty Factor 0.10
Maximutn Thermal Neutron Flux Density 2.5 x 100 w2~
Maximum Fast (>180 keV) Neutron Flux Density 8.7 x 1017 g2.s71
Active Core Volume 77 &
Average Volumetric Power Density 46 kW/L
Average Linear Power Density 0.2 kW/cam
Specific Power 1.05 ku/g 235y
Number of Standard Fuel Assemblies 20
Number of Control Fuel Assemblies None
Moderator, Coolant nzo
Reflector Graphite

Fuel Assemblv Design Descriptiom
Type MTR, Flat Plates
Uranium Enrichment 93%
Fuel Meat U-Al Alloy (19 wtZX 1)
Meat Dimensions 0.51 x 6.8 x 600 om
Clad Al, 0.38 mm Thick
235

U Density in Fuel Meat
Plates/Standard Fuel Assembly
ZBSU/Stmdard Fuel Assexbly

Average 235!1 Discharge Burnup

0.532 g/en”
15

166 g

142
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Attachment 5

(Reprodured from Ref. 10, May 1978)

Table 1.1 Time Schedule of JNR-3 and JRR-4 Crade-up Plan
52 53 34 55 56 57 o8 39 0 £
1977 1978 1979 1980 1981 1982 198) 19934 1985 1986
WS Deafph by JAER
Mock-up tha’s ‘
i ty Asgenament
JRR-) Marfacthring
JRREY 10MUW ofleration Cooling Core {ank vemovhl ete,
—‘:mz___—-‘—-:w:_-—_—_—z’r - :
Jecs
<Tpating
’ (Mew Reactor Core)
Design by JAERI
| Mock-ip _tests
JRR-4 _i.jfetz AoaeLmnent
Jan |facg_\u,tn4
3.5MY operatidn Ansemblihg
Tent)ng -
L.~ SW "”nuu w
([lew Renct1r Core)

G IvAamPITIIV




Attachment 6

{(Reproduced from Ref. 7)

Fig. 1 Schedule of JAERI's Intermediate-Enriched Fuel Development Program

Fiscal Year :
Phase 1979 1980 1981 1982 1983
Task
Core Design and Safety . 4
Analynin
' "
1 Engineering Feasibility 0 it i st ol . E
and Fabricability g
Tests 8
o
|l —
Flow Tests and Flow Tests
II
.,_-_—-.--—--.—-. ———
High Burnup Tests High Burnup Tests
. k-_--- ‘_;
4 WP Safety Review and Operation Licence
JII |[Demonstration *
L R T
Tests Fabrication Demonstration
l |

Budgetary arrangement 1is to be required for each year
later than FY 1980.



Attachment 7

(Reproduced from Ref. 7)

Table &4 Modified Fuel Specifications

JMTR, JMTRC :
Reactor JRR=2 JRR-4
Standard |[Follower
Fuel type ETR ETR MTR Cylindrical ETR
Enrichment |
(wt.%) o I " - i
235U/elemenﬁ
ter) 320 210 220 220 285
Plates/element 19 16 17 Sx S 19
!._at @imersion | 0.51x61.6 | 0.31x49.7 | 0.51x58.5| 0.51 x 800 0.51xEs
(zm) x750 x750 x600 ' %600
Cladding
Plate
SRR 1.27 1.27 1.27 1.27 1.27
VWater gap (mm) | 12x2.67
2x2.92 2.59 5.0 3.0 3.0
4x3,02
Uranium
loading
density in Lo 40 40 Lo 40
fuel meat
(wt.%)
Dimension of | 76.2x76.2 | 63.6x63.6 | 76.2x76.2| 103%x950 | 80x80
element (mm) x1200 =890 x950 x1000




: Attachment 8
(Provided by JAERT delegation to ANL personnel, July 11-12, 1979; Ref. 8)

- NEY TUCL SCHEDULE FOR JAERT'S REAZT3R (AS of June 1, 1979)

A

. Fy SRR 1800 - 1081 1982 190

-~

S — 10 " 10 T 10 r 10 1# 10
S

JRTR ] l
1) tperation Cycle (% weeks/cycle) - — 3

-2
=

2) 46 kp-U {Invantory £ In-Frocess) ] j |

(33 kg0 for JNIR) v Tonebestodsdbuieadvesestties g Sl B .
3) 35 kg-U (In USA) {iit ! i A

-t

?

¢

[

4

2
13
AEE—— |

W) 39 bg-U (E/L spplicationton June 29,1970) r
(27.5 kg-U for JHrR) | ' {nxen} ‘

$) 47 kp-0 (E/L applicarionton Nov.¥, 1978)— 3
(26 kp-U for JUIR) '

6) tow B/ appilcation (28 kg-U)
(22 kg-U for JMIR) v

! D A .
' | ! ey ilﬁl) ! p—

s
e
.19

JPR-2 : | | l

13 cveles 13 eycles 17 eycles . 13 cycles

A cles |

.
1 > -

i1 1

g

1) Operation Cyele (2 weekn/eycle) .- io I N 12 .- 17 ' > 58

-

2) Inventory ( 29 pes ) 7 -

1) w6 kg-U { In-Vroress) — X ez

(13 kg-i for JER-2 including lkg-U for
Jnpan)
’ RN
%) 23 bg-U (E/L applleationion June 29,1978) I TR ) i l |

(10.6 kg-U for JER-2) | . ' |
$) 7 kgt (E/L applicationton Hov.3,1970) R e B | I ' '

(10.6 kg-0 fTor JTN-2)

—
=!
-
—
et
r—

6) Mew L/L application (28 kg-U) —_—
(6 kg-1 for JRN-2) '

f".".::' P P SR— | ", ——

I

I ol
1) Operation (ally opsrstion) ; af l\odlﬂe?tlml . T

L2 l;
| ‘
2} Inventory ( 2 pes ) '’ T : l|

3) 1 kg-U assipgned from 13kg-U for JRR-2 —Jmﬁ’;”

]
|
|
JRR-N , |
i
|
i

W) 39 kg-U (E/L spplicationion June 29,1970) Tﬁﬁﬁ? i)
(1 kg-U for JRR-N) !

\

S) %7 Lg-th (L/1 wppiicationton Hov.3,1970)

S—

(1 bp-Y for JNR-N)




