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STATUS OF THE U.S. RERTR PROGRAM 

A. Travelli 
Argonne National Laboratory 

Argonne, Illinois, USA 

ABSTRACT 

The progress of the Reduced Enrichment Research and Test Reactor (RERTR) 
Program is described. The major events, findings, and activities of 1994 are reviewed 
after a brief summary of the results which the RERTR Program had achieved by the 
end of 1993 in collaboration with its many international partners. 

The RERTR Program has moved aggressively to support President Clinton's 
nonproliferation policy and his goal "to minimize the use of highly-enriched uranium 
in civil nuclear programs.". 

An Environmental Assessment which addresses the urgent-relief acceptance of 
409 spent fuel elements was completed, and the first shipment of spent fuel elements 
is scheduled for this month. An Environmental Impact Statement addressing the 
acceptance of spent research reactor fuel containing enriched uranium of U.S. origin is 
scheduled for completion by the end of June 1995. 

The U.S. administration has decided to resume development of high-density 
LEU research reactor fuels. DOE funding and guidance are expected to begin soon. 
A preliminary plan for the resumption of fuel development has been prepared and is 
ready for implementation. 

The scope and main technical activities of a plan to develop and demonstrate 
within the next five years the technical means needed to convert Russian-supplied 
research reactors to LEU fuels was agreed upon by the RERTR Program and four 
Russian institutes lead by RDIPE. Both Secretary O'Leary and Minister Michailov 
have expressed strong support for this initiative. 

Joint studies have made significant progress, especially in assessing the 
technical and economic feasibility of using reduced enrichment fuels in the SAFARI-1 
reactor in South Africa and in the Advanced Neutron Source reactor under design at 
ORNL. 

Significant progress was achieved on several aspects of producing Mo from 
fission targets utilizing LEU instead of HEU. Existing fuel data were analyzed and 
interpreted to derive a better understanding of the behavior of dispersion fuels under 
irradiation. 

The 50 MW Japanese JMTR was converted to LEU silicide fuel, bringing to 
twelve the number of converted foreign reactors. The University of Virginia Reactor 
was also converted to LEU, bringing to nine the number of converted U.S. reactors. 
Approximately 60% of the work required to eliminate the need for further HEU 
exports has been accomplished. 

International friendship and cooperation has been and will continue to be 
essential to the achievement of the common goal. 



INTRODUCTION 

During 1994, the U.S. administration has continued to assign high priority to the issue 
of proliferation of weapons of mass destruction and has acted consistently with President 
Clinton's announcement, in his speech to the United Nations General Assembly a year ago, 
that he intended "to minimize the use of highly-enriched uranium in civil nuclear programs". 
This goal has been shared and pursued by our international RERTR program for many years, 
and is the goal that brings us here today. 

The Reduced Enrichment Research and Test Reactor (RERTR) Program was 
established in 1978 at the Argonne National Laboratory (ANL) by the Department of Energy 
(DOE), which continues to fund the program and to manage it in coordination with the 
Department of State (DOS), the Arms Control and Disarmament Agency (ACDA), and the 
Nuclear Regulatory Commission (NRC). The primary objective of the program is to develop 
the technology needed to use Low-Enrichment Uranium (LEU) instead of High-Enrichment 
Uranium (HEU) in research and test reactors, and to do so without significant penalties in 
experiment performance, economic, or safety aspects of the reactors. Research and test 
reactors utilize most of the HEU that is used in civil nuclear programs. 

Close cooperation with the many international organizations represented at this 
meeting has been the cornerstone of the RERTR Program since its beginning sixteen years 
ago. This cooperation and the high quality of the technical contributions which many partners 
have brought to the overall effort are to be credited for much of the progress which the 
program has achieved to date. 

We have had a long a fruitful collaboration with the University of Virginia, where the 
2 MW UVAR is located. As you may already know, the UVAR was completely and 
successfully converted to LEU silicide fuel during the past year. It is fitting, therefore, that 
we should meet in Virginia this year, to celebrate the success of our colleagues at the 
University of Virginia, to enjoy the historic Virginia hospitality, and to have an opportunity to 
visit the University and its newly converted reactor at the end of the meeting. 

OVERVIEW OF THE OCTOBER 1993 PROGRAM STATUS 

By October 1993, when the last International RERTR Meeting was held^, the main 
results achieved in the fuel development area were: 

(a) The qualified uranium densities of the three main fuels which were in operation with 
HEU in research reactors when the program began (UA1X-A1 with up to 1.7 g U/cm ; 
U 3O g-Al with up to 1.3 g U/cm3; and UZrH x with 0.5 g U/cm3) had been increased 
significantly. The new uranium densities extended up to 2.3 g U/cm3 for UA1X-A1, 3.2 
g U/cm3 for U 3O g-Al, and 3.7 g U/cm3 for UZrHx. Each fuel had been tested 
extensively up to these densities and, in some cases, beyond them. All the data 
needed to qualify these fuel types with LEU and with the higher uranium densities had 
been collected. 



(b) For U 3Si 2-Al, after reviewing the data collected by the program, the U.S. Nuclear 
Regulatory Commission (NRC) had issued a formal approval^ of the use of U 3Si 2-Al 
fuel in research and test reactors, with uranium densities up to 4.8 g/cm3. A whole-
core demonstration using this fuel had been successfully completed in the ORR using 
a mixed-core approach. Plates with uranium densities of up to 6.0 g/cm3 had been 
fabricated by CERCA with a proprietary process, but had not been tested under 
irradiation. 

(c) For U3Si-Al, miniplates with up to 6.1 g U/cm3 had been fabricated by ANL and the 
CNEA, and irradiated to 84-96% in the Oak Ridge Research Reactor (ORR). PIE of 
these miniplates had given good results, but had shown that some burnup limits might 
need to be imposed for the higher densities. Four full-size plates fabricated by CERCA 
with up to 6.0 g U/cm3 had been successfully irradiated to 53-54% burnup in SILOE, 
and a full-size U3Si-Al (6.0 g U/cm3) element, also fabricated by CERCA, had been 
successfully irradiated in SILOE to 55% burnup. However, conclusive evidence 
indicating that U 3Si became amorphous under irradiation had convinced the RERTR 
Program that this material as then developed could not be used safely in plates beyond 
the limits established by the SILOE irradiations. 

(d) Limited work had been done to develop methods for producing plates with much 
higher effective uranium loadings. 

In other important program areas, reprocessing studies at the Savannah River 
Laboratory had concluded that the RERTR fuels could be successfully reprocessed at the 
Savannah River Plant and DOE had defined the terms and conditions under which these fuels 
would be accepted for reprocessing. These important results had been rendered moot, 
however, by the closure of the Savannah River Plant. A new DOE policy had been 
formulated for the return of spent research reactor fuel elements of U.S. origin, but several 
legal obstacles were still preventing its implementation. 

A new analytical/experimental program had begun to determine the feasibility of using 
LEU instead of HEU in fission targets dedicated to the production of 9 9 Mo for medical 
applications. A procedure for basic dissolution and processing of LEU silicide targets had 
been developed and was ready for demonstration on a full-size target with prototypic burnup. 

Extensive studies had been conducted, with favorable results, on the performance, 
safety, and economic characteristics of LEU conversions. These studies included many joint 
study programs, which were in progress for about 29 reactors from 18 different countries. 
Coordination of the safety calculations and evaluations was continuing for the U.S. university 
reactors planning to convert to LEU as required by the 1986 NRC rule. Eight of these 
reactors had already been converted, three other safety evaluations had been completed, and 
calculations for five more reactors were in progress. DOE guidance received at the beginning 
of 1990 had redirected the efforts of the U.S. RERTR Program away from the development of 
new and better fuels, toward the transfer of already developed fuel technologies, and toward 
providing assistance to reactors undergoing conversion. The desirability of resuming 
development of advanced LEU research reactor fuels was being reviewed by the U.S. 
administration. 



PROGRESS OF THE RERTR PROGRAM IN 1994 

During the past twelve months the RERTR Program has moved aggressively in the 
directions which were outlined at last year's meeting in Japan, and which supported the strong 
nonproliferation policy of the Clinton administration. The main events, findings, and 
activities are summarized below. 

1. An Environmental Assessment addressing the acceptance of 409 urgent-relief elements 
was completed in April 1994, and a Finding of No Significant Impact was issued on 
April 22, 1994. The first shipment of spent fuel elements, from Austria, Denmark, 
Holland, and Sweden, is scheduled for September 1994. A draft Environmental 
Impact Statement addressing the acceptance spent research reactor fuel containing 
enriched uranium of U.S. origin is scheduled for completion by the end of December 
1994, with a goal of completing the National Environmental Policy Act (NEPA) 
review process by the end of June 1995^-L The proposed DOE off-site spent nuclear 
fuel policy was formulated in response to proliferation concerns and to the needs of 
foreign research reactor operators, and is intended to allow spent research reactor fuel 
containing HEU and LEU of U.S. origin to be returned to the U.S. for disposal. 

2. The administration has reviewed the desirability of developing LEU fuels with 
uranium density greater than the 4.8 g/cm which is currently qualified, and has 
concluded in favor of developing such fuels. Funding is expected to begin in October 
1994. A preliminary plan for the resumption of the fuel development effort has been 
developed and is ready for implementation. 

3. The scope and main technical activities of a plan for the equivalent of a Russian 
RERTR program were agreed upon by the RERTR Program and several major Russian 
institutes led by the Research and Development Institute for Power Engineering 
(RDIPE). The objective of this program is to develop and demonstrate within the next 
five years the technical means needed to convert from HEU to LEU fuels 
approximately 26 research reactors designed and supplied by institutes of the Russian 
Federation. The main Russian institutes which will take part in this cooperative 
undertaking, beside RDIPE, are the All-Russia Research and Development Institute of 
Inorganic Material (VNJJNM), the Novosibirsk Chemical Concentrates Plant (NZChK), 
and the Yekaterinburg Branch of RDIPE. Both Mrs. Hazel O'Leary, Secretary of the 
U.S. Department of Energy (DOE), and Mr. Viktor N. Michailov, Minister of Atomic 
Energy of the Russian Federation (MINATOM), have expressed strong support for this 
initiative which would expand the scope of the RERTR program and enable it to 
address the problems created by use of HEU in civil nuclear programs nearly 
everywhere in the world. Our Russian colleagues will describe their activities and 
plans in a paper that will be presented at this meeting"- \ 

4. A joint study to assess the feasibility of using reduced uranium enrichments in the fuel 
of the Advanced Neutron Source, which is currently under design at Oak Ridge 
National Laboratory (ORNL), has been in progress for almost a year. The study is 
being conducted by personnel from Brookhaven National Laboratory, ORNL, the 



Idaho National Engineering Laboratory, and ANL. Several papers addressing different 
aspects of the study of this very important and complex reactor will be presented at 
this meeting^5' 6 ' 7 l 

5. Significant progress was achieved during the past year on several aspects of producing 
9 9 Mo from fission targets utilizing LEU instead of HEU [ 8 , 9 , 1 < ^. This issue is 
receiving considerable attention by the Clinton administration. The current goal is to 
develop and demonstrate a viable technology during the next few years, in cooperation 
with several other laboratories including the University of Illinois, the Indonesian 
National Atomic Energy Agency (BATAN), and the Argentine National Commission 
of Atomic Energy (CNEA). 

6. Design and safety analyses were performed for reactors undergoing or considering 
LEU conversions within the joint study agreements which are in effect between the 
RERTR Program and several international research reactor organizations. In 
particular, a joint study by the Atomic Energy Corporation of South Africa and the 
RERTR Program has been in progress for several months to assess the technical and 
economic feasibility of converting the SAFARI-1 reactor to LEU fuel. The study has 
yielded several interesting results that will be presented at this meeting ^n^. Another 
contribution of special significance in this area concerns the GRR-1 reactor in 
Greece 1 ^. 

7. Existing fuel data were analyzed and interpreted to derive a better understanding of the 
behavior of dispersion fuels under irradiation^1 3 , 1 4^. 

8. Computer codes have been modified and upgraded to improve our capability to 
analyze the performance and safety characteristics of research reactors utilizing LEU 
fuels. In particular, significant progress has been achieved in generating and testing a 
69-group cross section library based on ENDF/B-V data for use with the WIMS-D4 
code V&6\ 

9. The JMTR reactor (50 MW), at Oarai, Japan, was completely and successfully 
converted to LEU silicide fuel (U3Si2-Al) in January 1994. The JMTR is the most 
powerful research reactor in Japan and is part of a world-class facility. It was 
converted to 45% enriched uranium fuels in 1987 and now uses LEU silicide fuel. It 
formerly required HEU containing approximately 35 kg of 2 3 5 U during an average 
year. 

The list of the fully-converted foreign reactors which used to require HEU supplies of 
U.S. origin now includes twelve reactors: ASTRA, DR-3, FRG-1, JMTR, NRCRR, NRU, 
OSIRIS, PARR, PRR-1, RA-3, R-2, and THOR. 

I reported last year^ on the overall progress toward LEU conversion which had been 
achieved by October 1993 by all the research reactors which required HEU exports when the 
program began and were still in operation without imminent plans of being shut down. It is of 
interest to revisit the situation of these reactors today, and to see how much progress has been 
accomplished during the past year. 



The forty-two foreign research reactors with power of at least one megawatt which 
utilized HEU of Western origin in 1978, when the program began, have been subdivided in 
seven categories (Unfeasible/ Feasible/ Planning/ Prototypes/ Order/ Begin/ Complete) 
according to the most advanced conversion step which they have achieved. The two graphs 
of Fig. 1 illustrate the current distributions of the numbers of the reactors, and of the average 
number of kilograms of 2 3 5 U exported yearly for use in their fuels, among the various 
categories. Both diagrams would be blank if no progress toward reduction of HEU exports 
had been achieved, and fully shadowed if total success had been achieved and no further 
HEU exports were to be required. The percentages of accomplished work are now 57.1% for 
the number of reactors and 63.7% for the yearly U exports, while they were respectively 
56.3% and 61.2% last year. 

Comparable progress has been attained also by the U.S. university reactors, which are 
considered separately because they do not require HEU exports. The UVAR reactor (2 MW), 
at the University of Virginia, was completely and successfully converted to LEU silicide fuel 
(U3Si2-Al) on April 20, 1994, bringing to nine the total number of U.S. converted reactors. 
(FNR, RPI, OSUR, WPIR, ISUR, MCZPR, UMR-R, RINSC, and UVAR). Safety 
documentation is either complete or nearly complete for four other reactors. Work is in 
progress on the four TRIGA reactors which use HEU fuel. 

PLANNED ACTIVITIES 

The major activities which the RERTR Program plans to undertake during the coming 
year are described below. 

1. Resume high-density fuel development as soon as guidance and funding are received 
from DOE. 

2. In collaboration with RDIPE and other Russian organizations, begin to implement the 
studies, analyses, fuel development, and fuel tests needed to establish the technical and 
economic feasibility of converting Russian-supplied research and test reactors to the 
use of LEU fuels. These activities will be conducted according to the general plan 
agreed upon by the RERTR Program and the four main Russian institutes involved. 

3. Continue calculations and evaluations about the technical and economic feasibility of 
utilizing reduced-enrichment fuels in reactors of special interest, such as SAFARI-1 
and ANS. 

4. Develop a viable process, based on LEU, for the production of fission 9 9 Mo in 
research reactors. 

5. Complete testing, analysis, and documentation of the LEU fuels which have already 
been developed, support their implementation, and transfer their fabrication technology 
to countries and organizations which require such assistance. 



SUMMARY AND CONCLUSION 

The U.S. administration has acted in full accord with President Clinton's 
nonproliferation policy, and the RERTR Program has moved aggressively to support his goal 
"to minimize the use of highly-enriched uranium in civil nuclear programs." 

(a) An Environmental Assessment addressing the urgent-relief acceptance of 409 spent 
research reactor fuel elements was completed. The first shipment of spent fuel 
elements is scheduled for this month. 

(b) The administration has decided to resume development of advanced LEU research 
reactor fuels. Both guidance and funding are imminent. A plan to resume fuel 
development is ready for implementation. 

(c) The scope and main technical activities of a plan to develop and demonstrate within 
the next five years the technical means needed to convert Russian-supplied research 
reactors to LEU fuels were agreed upon. 

(d) Joint studies of the feasibility of utilizing reduced enrichment fuels instead of HEU in 
specific reactors have made solid progress, especially for the SAFARI-1 reactor and 
for the ANS reactor. 

(e) Significant progress was made on several aspects of producing 9 9 Mo from fission 
targets utilizing LEU instead of HEU. Cooperation agreements are being prepared 
with several institutes, including the Indonesian BATAN and the Argentine CNEA. 

(f) The JMTR was successfully converted to LEU silicide fuel, bringing to twelve the 
number of converted foreign reactors. The University of Virginia Reactor was also 
converted, bringing to nine the number of converted domestic reactors. Approximately 
60% of the work required to eliminate the need for further HEU exports has been 
accomplished. 

The most important current issues are related to the resumption of fuel development 
and to finding an acceptable solution for the back end of the fuel cycle. The new fuels can 
enable conversion of the reactors which cannot be converted today and ensure better 
efficiency and performance for all research reactors. We are very excited at the prospect of 
this task and eager to begin. The problems concerning the back end of the fuel cycle are 
much more complex, but we hope that an acceptable solution will be found. Once more, I 
ask for the international friendship and cooperation which you have so generously extended to 
us during the past sixteen years. 
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Fig.1 PROGRESS TOWARD CONVERSION OF 
RESEARCH REACTORS REQUIRING HEU EXPORTS 
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