










S U M M A R Y

I. Project Title

Development of Fission Mo-99 Production

Technology

II. Objective and Importance of the Project

Molybdenum-99(Mo-99) is the parent nuclide of technetium-99m

(Tc-99m), which is today the most widely used in modern diagnostic

nuclear medicine, with an estimated usage of greater than 80%.

Mo-99 of high specific activity is produced mainly by the nuclear

fission of enriched uranium-235. Development of fission moly production

technology would be necessary to meet the ever increasing demand of

Tc-99m in home country and abroad. It is thus very important for us to

have intensive examination of technical and economic feasibility study by

analysis of many associated technical problems and by assesment of

potential capability to world market of fission moly in future.

III. Scope and Contents of the Project

The feasibility study is accomplished in this project for the develop-

ment of fission moly production. The KAERI process proposed for

development in KAERI is discussed together with those of the American

Cintichem and Russian IPPE, each of which would be plausible for

introduction whenever the indigeneous development is not much feasible.
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For the conceptual design of the KAERI irradiation target, analysis

method is set up and some preliminary analysis is performed accordingly

for the candidate design. To establish chemical process concepts for the

afore- mentioned three processes, characteristics, operation conditions,

and the management of the generated wastes are investigated.

Basic requirements of hotcell facilities for chemical processing and a

possible way of utilizing the existing hotcells are discussed in parallel

with the counter-measures for the construction of new hotcell facilities.

Various conditions of target irradiation for fission moly production in

Hanaro are analyzed. Plans for introduction of the relevant technology

introduction and for procurement of highly enriched uranium are

considered. On the basis of assuming some conditions, the economic

feasibility study for fission moly production is also overviewed.

IV. Results of the Study

For the conceptual design of the KAERI target, an analysis method

has been established using the computer code of MCNP and 0RIGEN2

and preliminary parametric analysis was performed for the candidate

design. The results indicated that the candidate design would meet the

integrity criteria. However, some additional optimization study is further

needed to meet not only Hanaro operation conditions but also

requirements for chemical processing.

Among the three chemical processes, the KAERI process is similar

to that of the Cintichem except for disassembly step of the irradiated

target, and its main unit processes are as follows ; dissolution in nitric



acid -»• precipitation by benzoin oxime(BO) —• adsorption to Alumina ->

adsorption to Ag/charcoal. However, the IPPE process are as follows ;

dissolution in nitric acid - • solvent extraction in DEHPA -+ stripping (2

times) -»• adsorption to DEHPA/teflon. In the IPPE process, uranium is

separated and recovered in the second stripping step.

It is expected that there would be many technical difficulties in

making loading/unloading of the irradiation target under on-power

conditions of Hanaro which has her intrinsic design characteristics but

not allowed prompt re-starting operation after a definite short time of

off-power state. Also, there would be many other problems associated

with the frequent on/off of Hanaro power for loading /unloading of the

irradiation target. Frequent on/off of the reactor would make economic

loss. Also, the probable congestive use by the users from various other

sectors would make the problem severer in considering that the reactor

is basically for multi-purpose use.

It has been turned out that the introduction of fission moly

production technology from Nordion, Canada is not possible but possible

from America and Russia HEU procurement, one of the big obstacles in

planning fission moly production so far, is expected to be possile thanks

to a long-term negotiation with the U.S.

Several factos make KAERI's debut on the world market of fission

moly still unclear. Such factors are as follows ; 1) the Nordion, Canada,

has entered into long-term supply contract with most of the world RI

majors by 2006, 2) the Nordion has a consolidated construction plan of 2

new reactors for an exclusive use of fission moly production 3) the
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U.S. has established a separate fission moly production plan etc.

Assuming construction of a new hotcell facility, the results of the

economic feasibility study indicated about 13% of IRR and about 6 years

of investment return period, which may be considered quite feasible.

V. Application Plan of the Results

The objective of the project is to supplement the feasibility study on

fission moly production and to establish process concepts for fission

moly production technology.

The results of the study are to be utilized in making policy and plan

for fission moly production development.
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The text of the "Schumer Amendment" to the Energy Policy Act of 1992 is provided below in HTML
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H12103
October 5,1992

CONGRESSIONAL RECORD - HOUSE
CONFERENCE REPORT ON H. R. 776.
COMPREHENSIVE NATIONAL ENERGY POLICY ACT

TITLE IX - UNITED STATES ENRICHMENT CORPORATION

SEC. 903. RESTRICTIONS ON NUCLEAR EXPORTS

(a) FURTHER RESTRICTIONS. -

(1) IN GENERAL. - Chapter 11 of the Atomic Energy Act of 1954 (42 U.S.C. 2151 et seq.) is
amended by adding at the end the following new section:

SEC. 134. FURTHER RESTRICTIONS ON EXPORTS. -

a. The Commission may issue a license for the export of highly enriched uranium to be used as a fuel or
target in a nuclear research or test reactpr only if, in addition to any other requirement of this Act, the
Commission determines that—

(1) there is no alternative nuclear reactor fuel or target enriched in the isotope 235 to a lesser
percent than the proposed export, that can be used in the reactor,

(2) the proposed recipient of that uranium has provided assurances that, whenever an
alternative nuclear reactor fuel or target can be used in that reactor, it will use that
alternative in lieu of highly enriched uranium; and

(3) the United States Government is actively developing an alternative nuclear reactor fuel
or target that can be used in that reactor.

b. As used in this section-

(1) the term "alternative nuclear reactor fuel or target* means a nuclear reactor fuel or target
which is enriched to less than 20 percent in the isotope U-235;

(2) the term 'highly enriched uranium1 means uranium enriched to 20 percent or more in the
isotope U-235; and -127-



(3) a fuel or target 'can be used' in a nuclear research or test reactor if—

(A) the fuel or target has been qualified by the Reduced Enrichment Research and Test
Reactor Program of the Department of Energy, and

(B) use of the fuel or target will permit the large majority of ongoing and planned
experiments and isotope production to be conducted in the reactor without a large
percentage increase in the total cost of operating the reactor.

(2) CLERICAL AMENDMENT. - The table of contents of the Atomic Energy Act of 1954 is amended
by adding at the end of the items relating to Chapter 11 the following new item:

Sec 134. Further restrictions on exports,

(b) REPORT TO CONGRESS. —

(1) IN GENERAL. - Not later than 90 days after the enactment of this Act, the Chairman of the Nuclear
Regulatory Commission, after consulting with other relevant agencies, shall submit to the Congress a
report detailing the current disposition of previous United States exports of highly enriched uranium,
including-

(A) their location;
(B) whether they are irradiated;
(C) whether they have been used for the purpose stated in their export license; and
(D) whether they have been used for an alternative purpose and, if so, whether such
alternative purpose has been explicitly approved by the Commission.

(2) EXPORTS TO EURATOM - To the maximum extent possible, the report required by paragraph
(1) shall include—

(A) exports of highly enriched uranium to EURATOM; and
(B) subsequent retransfers of such material within EURATOM, without regard to the extent
of United States control over such retransfers.
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Research and Test Reactor (RERTR) international conference in
Seoul.

.*<
The U.S. side noted that the subject project, to develop

fuel plates suitable for widespread use in research reactors, is
moving forward satisfactorily. Since last year, KAERI has made a
prototype testing rig and initiated the process to obtain the
necessary safety approvals. KAERI is also making the fuel
powder. Argonne National Laboratory (AND, which is responsible
for making the plates, has obtained quotes from Babcock £ Wilcox.
Both governments agreed to assist in these activities, as
appropriate,- relating to the personnel exchange and the joint
utilization of facilities such as fuel fabrication, irradiation,
and post-irradiation examination (PIC).

B-l-5 Cooperation in Radioisotope Production

The U.S. side stated that, since Dr. B.K. KIM's visit to
DOE/NE in April 1997, it is favorably disposed to provide high-
enriched uranium (HEU) targets to KAERI for production of
raolybdenum-99. The key consideration in any U.S. decision to
supply HEU targets is to balance nonproliferation considerations
against human welfare.

KAERI noted its new agreement with ANL, executed in December
1996, for cooperation on low-enriched uranium target studies.
ANL visited KAERI on May 9, 1997 to agree on joint tasks for each
laboratory. Both sides agreed that satisfactory progress was
being made.

The points of contact for further discussion will be Mr.
Mun-Ki LEE of MOST and Mr. Ray A. Hunter of DOE.

B-2-1 The Implementation of the Joint Determination on PIE
Activities

The Korean side reported that the following activities had
been performed since the previous JSCNOET meeting pursuant of the
Joint Determination:

(a) Two fuel rods that had been irradiated at Yongwang were
transported to the Post-Irradiation Examination Facility (PIEF)
to investigate the cause of the fuel failure. • 25 specimens of
the rods were selected for destruction in order that they may be
examined. All specimens and remaining parts of the fuel rods
were containerized and stored in the PIEF.

-129-
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