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INTRODUCTION

The main purpose of this paper is to review the progress which has been
accomplished by the REM Program during the past year, the present status
of the program, the activities which are now in progress, and the program
plans for the coming years.

The changes that have taken place in the overall program plan are, in
themselves, not very significant. Some activities were found to be somewhat
more difficult than expected and required a longer time to complete; others
were found to be less difficult than expected and caused opposite readjust-
ments of the program plan. These effects tend to balance each other when the
program is considered as a whole.

OBJECTIVES

The main program objectives have not changed during the past year. The
primary goal of the RERTR Program is still to reduce the amount of HEU which
is shipped and used around the world in research reactors and, with it, the
nuclear proliferation potential which it creates. Also unchanged is the pro-
gram objective to reduce HEU use without significant penalty to the reactors
involved. This means that for every possible conversion, our technical goal
is to achieve good experiment capabilities and the economic advantages
that come from a long core lifetime and from relatively economical fuels.
We also intend to limit as much as possible the modifications which may have
to be made to the reactor in order to achieve conversion and, last but not
least, we intend to avoid any significant problems that might appear in the
safety and licensing areas.

Other important goals are the sharing of information about reduced-enrich-
ment technology and providing technical assistance to the U.S. Government on
special problems that may affect implementation of its policies.

STRATEGY

The strategy adopted by the program is based on several consecutive steps.
The first step is to demonstrate that fuel which is currently qualified with
high-enriched uranium can be safely and reliably used with low-enriched uranium.
This means that plate-type fuel with 16 grams of uranium per cubic centimeter
Q /CM3) is to be demonstrated with reduced enrichment. Similarly, rod-type
fuels (and specifically, TRIGA-type fuels) are to be demonstrated with
3.7 g U/Cm3 and reduced enrichment. This first step of the RERTR Program is
planned for completion in 1982.

The second task of the RERTR strategy is to refine, by 1984, the existing
fuel fabrication technology and to increase the uranium density which is
currently qualified. In plate-type fuels we aim to achieve about 26 g U/cm3
in the aluminide fuel and around 32 g U/cm3 in the oxide fuel.
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Simultaneously with the refining of existing technology, we plan to
develop a new technology based on uranium sicides with which densities of
up to 7 or g U/cm3 can be reached. This goal could be achieved as early
as 1986.

The three steps that have been described so far correspond to the main
goals of the fuel development activities. As soon as the fuel fabrication
technology is available and tested through miniplate irradiations, we plan to
fabricate full-size elements and to test them through full-size element irra-
diations and whole core demonstrations. Full-size element irradiations have
already been in progress for some years. The first full-size core demonstra-
tion is scheduled to begin in April 1981, in the Ford Nuclear Reactor (FNR)
at the University of Michigan.

The RERTR plans consider also the possibility of an intermediate uranium
enrichment 45%). Use of this enrichment is envisioned to be temporary and
applicable only to very special cases. In particular, this enrichment might
be considered for temporary application in reactors which could not be other-
wise converted while the better technology that will make it possible for
these reactors to use 20% enrichment is developed.

Assistance in the establishment of a worldwide commercial production
capability for the new fuels is also part of the RERTR Program. This assist-
ance is provided through subcontracts, procurement orders, direct cooperation
agreements and cooperation agreements with national programs in other
countries.

We plan to develop computational methods and design changes which will
make it possible to optimize the way in which low-enrichment uranium can be
used in research reactors. We also plan to interact with reactor organiza-
tions both in the United States and abroad to exchange information, to promul-
gate the technology and to obtain concurrence on convertibility. This is
to be done at the reactor level through joint interaction between our pro-
gram and individual reactors, at the national level through cooperation agree-
ments with national programs related to the fabrication or utilization of LEU
fuel in other countries, and at the multinational level through the INFCE and
the International Atomic Energy Agency.

The RERTR Program provides also (1) direct technical assistance related
to conversions to research reactor organizations, whenever such assistance is
needed; and 2 direct technical assistance to various agencies of the U.S.
Executive Branch which might need RERTR input to reach decisions on HEU export
control matters and other special conversion problems.

ORGANIZATION

The overall RERTR Program organization chart (Fig. 1) illustrates the
structure of the program and lists most of the activities in which the pro-
gram is involved. The four types of fuels which have been mentioned above
and around which the whole program may be considered to revolve, are specifi-
cally listed among the fuel development activities. An important feature of
the RERTR organization chart is the fact that it has not changed in the two
and a alf years during which the program has been in effect. To a large
extent, this stability reflects the success with which the program goals have
been met so far.
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The relative importance of the various blocks of the organization chart
has somewhat changed, however. As time has progressed, much information
has come from the generic reactor studies and design activities. To some
lesser extent, information has begun to come also from specific reactor tech-
nical support and from fuel development activities. As maturity of the pro-
gram approaches, increasing activity is now developing in the two latter
areas. This is the very sign that we are making headway: there is less
emphasis on performing studies and more on using hardware and proceeding with
implementation.

TARGET SET

The reactors which are the focus of our attention (Table I) include
approximately 156 reactors using highly-enriched uranium with enrichment
services provided by the U.S. The total power of these reactors is close to
1,700 MW. The amount of highly-enriched uranium used every year to fabricate
their elements is in excess of 1200 kilograms. This might not seem to
be a very large number, but it must be remembered that the fuel is used in a
cycle which lasts approximately four years. This means that, on the average,
every kilogram of uranium remains in circulation for four years before being
eventually discarded. As a result, at any time there are about 5,000 kilo-
grams of highly-enriched uranium in the world which are at some point of
their life during fabrication, transportation, irradiation or storage, and
which are a somewhat easy target for diversion. This is the concern that we
are striving to eliminate, and the effectiveness of the RERTR Program can be
directly gauged by its potential for reducing the amount of HEU in circulation.

PROGRESS

On a more detailed basis, the progress of the program can be assessed by
listing the achievements of each single program activity.

(1) An extensive series of miniplates with high uranium densities have
been prepared by the fuel development activity. For aluminide fuels, these
miniplates contain up to 23 g U/cm3' which is close to the estimated limit of
2.6 g U/cm3. For oxide fuels, the miniplates contain up to 31 g /cm3' very
close to the assumed limit of 32 g U/cm3. For silicide fuels, densities of
up to 6 g U/cm3 have been achieved, approaching the estimated limit of
7-8 g U/cm3. These materials, and the tests that were performed on them, will
be described in detail in other presentations at this conference.

The miniplates which have been fabricated and irradiated have relatively
large size (-2.Ox4.5 in.). They may be considered as sections of a full-size
plate and their behavior is expected to be similar to the behavior of a full-
size plate. Irradiation of these miniplates in the Oak Ridge Reactor started
in July 1980. As of the end of October, the first batch of miniplates had
been irradiated for about 80 full-power-days with only positive results.

(2) Irradiation of TRIGA pins with up to 37 g U/cm3 has been in pro-
gress in the Oak Ridge Reactor since December 1979. A significant fraction of
the design burnup has been reached and the results obtained so far are con-
sidered excellent.
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(3) Contractual and cooperation agreements with CERCA, NUKEM, HFR-Petten
and CEA are almost complete for the fabrication and irradiation of full-size
reduced-enrichment elements with up to 22 g U/Cm3. Some of these irradia-
tions are scheduled to begin in January 1981, along with irradiation of
Texas Instruments-produced elements.

(4) Contract requests have been completed for the procurement of an LEU
demonstration core for the FNR, to be fabricated by CERCA and NUKEM. Fabrica-
tion of the elements is underway, and the FNR core loading is scheduled to
begin in April 1981.

(5) Extensive generic studies have been conducted to define and expand
the limits of applicability of LEU fuels. In particular, contributions
have been provided to INFCE and to several guidebooks prepared by the Inter-
national Atomic Energy Agency for core conversions of research reactors.

The first of these guidebooks is now in print, according to the latest
available information. It addresses the main conversion issues of light-water-
moderated research reactors. Two other guidebooks for the IAEA have been
proposed and some related work has already been initiated; one is an addendum
which will extend the material covered in the first guidebook to include
heavy water oderated reactors; the other, which will require much greater
effort and will be probably comparable in scope and size to the first guide-
book, will address the safety and licensing problems related to conversions of
research reactors from HEU to LEU.

(6) Cooperation agreements with international programs are in progress
with Germany, Japan and France, and cooperation agreements with five foreign
fuel fabricators and three domestic fuel fabricators are in force. Joint study
agreements are in effect for fifteen reactors from ten different countries. A
large number of HEU applications have also been reviewed.

International cooperation plays an essential role in the activities of the
RERTR Program. This conference is one important component of this cooperation.
Table II summarizes the other major interactions of the RERTR with other
organizations both in the U.S. and abroad.

ANTICIPATED PROGRAM IMPACT

On the basis of the fuel development efforts described above, planning
for MTR-type reactors has gradually focused on three primary types of fuels
with three different uranium densities 16-1.7 30-3.2,1 and 70-8.0 g U/cm3).
The number and magnitude of the conversions achievable with these densities
are shown in Figure 2.

Uranium aluminide is normally considered to be the first fuel, oxide the
second, and silicide the third. This distinction is useful as a first orien-
tation but is not quite correct because, for instance, aluminide can be used
with densities as high as 26 g U/cm3.

The first important message conveyed by the chart shown in Fig. 2 is that,
by 1982, the program plans to achieve all the information that will be needed
to consider the 16 g U/cm3 aluminide (or oxide) fuel to be well-qualified and
available for any of the reactors that want to use it. A similar conclusion
is expected in 1984 about the 30 g U/cm3 oxide fuel. Sometime later, in 1986,
the same conclusion is expected for the silicide fuel.
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Thus, considering only plate-type reactors, the chart indicates a doubling
time of approximately two years in the density of available research reactor
fuels. The uranium density that is customary today (about 0.8 g U/cm3) will
become 17 g U/cm3 in 1982 30 g U/Cm3 in 1984, and 8.0 g U/Cm3 in 1986.

As far as the TRIGA fuel with high uranium density (up to 37 g U/cm3)
is concerned, the irradiations that are underway in the ORR are planned to
show how this fuel behaves under irradiation testing by sometime in 1982 or
1983. The irradiations planned have high flux levels and high burnups;
very probably, information about important design parameters can be achieved
considerably earlier.

The impact of these uranium densities on the potential convertibility of
the 156 research reactors now using HEU of U.S. origin can be deduced from
Fig. 2 The figure shows the number of reactors that would be operating on
HEU) MEU and LEU at any given time, and the kilograms of HEU that would be
needed (or no longer needed) by those reactors if every reactor which poten-
tially could be converted were to be converted. By 1982, with fuels of
1.6 g U/cm3 successfully demonstrated, the 1267 kg of HEU now required every
year by 156 research reactors are expected to decrease to approximately 630 kg,
used in 25 reactors. Some low-power reactors (55) would be able to use LEU
by that time, eliminating the need for approximately 50 kg of HEU. The
balance of the reactors 76) would be able to use MEU 45% enriched) eliminat-
ing the need for the remaining 587 kg of HEU.

By 1984, with a 30 g U/cm3 fuel available, the weight of HEU still
required is estimated to decrease significantly, and to reach a level close
to 375 kg; only or 6 reactors would need to use it. The 140 reactors which
can convert to LEU will remove the need for nearly 650 kg of HEU. The
balance of the HEU currently in use 242 kg) is displaced by MEU in approxi-
mately 10 reactors.

Finally, in 1986, with an available uranium density close to 7 or
8 g U/cm3' it is estimated that all research reactors could operate on LEU.

It may be noticed, from the hystograms shown in Fig. 2 that increasing
uranium densities have different impacts on the amounts of EU used annually
and on the number of the reactors that use them. Essentially, the initial
impact of an increasing uranium density is much greater on the number of
converted reactors than on the amounts of avoided HEU, because, as you well
know, it is the lowest power reactors that statistically are easier to convert.
Thus, many reactors can be converted to LEU with small initial increases of
uranium density, even though the amount of fuel that is involved is relatively
small. The reverse takes place for the final increases of uranium density,
when conversion of only a few reactors involves very large amounts of fuel.
In other words, the amount of HEU that is eliminated as a function of time has
a significant time delay compared to the number of reactors which cease using
it.

It is also interesting to note that the presence of MEU reduces the time
delay, because it causes the amount of the HEU that will be needed inter-
nationally to decrease gradually with time, instead of vanishing suddenly
when all the reactors can be converted.
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SCHEDULE

A simplified version of the current RERTR Program schedule is shown
in Fig. 3 Only the Fuel Development and Fuel Demonstration activities
are addressed, because they lie on the critical path of the time schedule.
without detailed discussion of the schedule, it is easy to see reflected in
Fig. 3 circled in black, the dates by which the main fuels will become fully
tested and available. These dates match closely those which have been men-
tioned in other parts of this presentation for the achievement of higher
uranium densities in research reactor fuels.

CONCLUSION

The timetable of the RERTR Program has stretched slightly. At the time
of the previous ANL Conference, two years ago, a long range goal was set
which was anticipated to require about five or six years. This happened in
1978 and, therefore, the long range goal was considered to be achievable by
1984. This final deadline, the time when the long term goal of technical
convertibility of all research reactors can be achieved, has now been moved
to 1986.

In the meantime, good progress has been made towards the near-term goals.
Much more detailed knowledge is available about what lies ahead from a techni-
cal point of view. In addition, the general level of confidence in the
achievability of the goals that have been set for the Program is now much
greater than it was two years ago.
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Table I.

TARGET SET OF REACTORS

Number of Power, HEU, Inventory
Reactors MW kg/yr HEU kg

Foreign Countries 33) 102 1,040 771 3,084

U.S. 54 719 496 1,984

TOTAL 156 1,759 1,267 5,068
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Table II.

FOREIGN AND DOMESTIC PROGRAMS INTERSECTING REM PROGRAM

CATEGORY AND DESCRIPTION COUNTRY ORGANIZATION/REACTOR

1. National Programs

Utilization of Fuels with Reduced FRG NUXEM, INTERATOM
Enrichment in Research and Test Reactors France CERCA, CEA

Japan JAERI, KURRI

2. IAEA Program

(a) Preparation of Guidebook on Core Participating countries are:

Conversions: IAEA, FRG, France, U.K., Austria

Vol. I - Physics and Fuels Switzerland, Japan, Argentina
Vol. II - Safety and Licensing

(b) Expert Team Visits to Developing Participants from
Countries Various Developed Countries

(c) Fellowships to U.S. Various Developing Countries
(Training and Core
Conversion Studies)

3. Fuel Developers and Suppliers Pograms

Development, Testing, and FRG NUKEM
Commercialization of Fuels France CERCA, CEA
with Reduced Enrichment Denmark RISO

Canada CRNL
Argentina CNEA

U.S. EG&G AI
U.S. ORNL, TI
U.S. GA

4. Individual Reactor Conversion Studies

Core Conversion Studies: Japan KUHFR
Physics, Engineering, Safety Japan JMTR, JRR-2, JRR-4

Austria ASTRA
Romania SSR

Sweden R-2
Netherlands HFR

(a) Continuing Argentina RA-3
Peru RP-10

Taiwan TRR
U.S. FNR, UVAR
U.S. RINSC, ULR
U.S. ORR

(b) To start in Indonesia New Reactor
1980-1981 Chile La Reins, Lo Aguirre

Turkey TR-1, TR-2
Greece GRR-1

Yugoslavia TRIGA

5. U.S. Executive Branch Export Control Programs

Controls of Export of U.S. DOE. DOS. ACDA
Highly-Enriched Uranium
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Figure 3 RERTR Program Schedule
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