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ABSTRACT

The status of the Reduced Enrichment Research and
Test Reactor (RERTR) Program is reviewed. After a brief
review of the accomplishments which the RERTR Program,
in cooperation with its many international partners, had
achieved by the end of 1983 in the area of LEU research
reactor fuels development and application, emphasis is
placed on the RERTR Program developments which took place
during 1984 and on current plans and schedules. The RERTR
progress in 1984 has been significant, with solid accom-
plishments and few surprises. Most LEU U3Si2-AI irradia-
tion tests with 48 g U/cm3 have been successfully com-
pleted, and contract negotiations are under way for the
procurement of a whole-core demonstration of this fuel in
the ORR. The demonstration is to begin in mid-1985 and to
last for approximately eighteen months. Qualification of
U3Si-AI fuel with 7 g U/cm3 is scheduled for 1989.
International cooperation among fuel developers, commer-
cial vendors, and reactor operators has been essential to
the progress which has been achieved. With continued
international cooperation, it will be feasible to signi-
ficantly reduce HEU usage in research reactors in the
next few years.

INTRODUCTION

It has now been six years since the Reduced Enrichment Research and Test
Reactor (RERTR) Program was established by the Department of Energy. They
have been exciting years, marred at times by unexpected crises, but also filled
with solid accomplishments which augur well for the program's final success.
During these years, strong cooperative ties have developed between the program
and many organizations and programs having similar goals both in the U.S. and
in other countries. The cooperation and contributions of these other organi-

zations and programs are well represented at this meeting, and have been
essential to the progress which has been achieved in the development and
application of safe, economical, and practical LEU fuels for research reactors.
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I would like to take a few moments to review the accomplishments which
have been achieved through our joint efforts during the first five of these
six years, up to the time of the previous meeting in Tokai. I will then
describe in greater detail what happened to the REM Program during the past
year, and how it differed from what was anticipated. Finally, I will outline
the current program plans for the next few years.

OVERVIEW

Three main HEU fuels were used in advanced research reactors in 1978:
UAIX -Al (up to 17 g U/cm3) and U308-Al (up to 13 g U/cm3) for plate-type
reactors, and UZrHx (at 0.5 g U/cm3) for TRIGA reactors. Much higher uranium
densities were needed to adequately use LEU in the same reactors. A systema-
tic international effort was mounted to push each of these three fuel types
to its highest feasible uranium density and to develop other fuels with
greater potential. The results achieved by late 1983 are summarized below.

1. Plate-Type Fuelsi

a) UAIX-AZ. Miniplates with LEU and up to 25 g U/cm3 were fabricated
by EG&G, NUKEM and the CNEA, and irradiated to 89-96% burnup in the ORR
with excellent PIE results. Full-size elements with 17, 21 22, and
2.3 g U/cm3 were fabricated through the combined efforts of CERCA and
NUKEM. Irradiation of the less dense elements in the ORR, HFR-Petten,
and SILOE was completed with good PIE results. Irradiation of the
2.3 g U/cm3 elements was in progress in the ORR.

b) U308_AZ. Miniplates with LEU and up to 36 g U/cm3 were fabricated
by ORNL, NUKEM and the CNEA, irradiated to 80-98% burnup in the ORR, and
examined with Iood PIE results. Full-size elements with 17, 21, 23,
and 32 g U/cm were fabricated by NUKEM, CERCA, and TI. Irradiation of
the less dense elements in the ORR and HFR-Petten was completed with good
PIE results. Irradiation of the denser elements was in progress in the
ORR.

C) U 3Si2_AZ. Miniplates with up to 38 g U/cm3 were fabricated
by ANL and irradiated to 90-96% burnup in the ORR with excellent
PIE results.2 Six full-size elements with 48 g U/cm3 were fabricated
by NUKEM, CERCA and BW, and irradiation of four of them had begun in
the ORR. PIEs of the first element to reach 50% average burnup had
given excellent preliminary results.

d) V3Si-AZ. Miniplates with up to 61 g U/cm3 were fabricated
by ANL and the CNEA, and irradiated to 84-96% burnup in the ORR. Pre-
liminary PIEs had given good results. Four full-size fuel plates,
two at 5.5 g U/cm3 and two at 60 g U/cm3' were fabricated by CERCA
and irradiated in SILOE under a cooperative agreement with the RERTR
Program. The plate with the highest burnup was estimated to have
reached over 50% average burnup without significant thickness increase.
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2. Rod-type Fuels

UZr1I . Full-size LEU pins with densities of 13 22, and 37 g U/cm3
were fabrxicated by CA Technologies and irradiated in the ORR beginning in

1980. The pins were estimated to have reached the original average burnup
goal (50%), but irradiation was continuing to extend the fuel applicability
range. Visual inspections indicated excellent fuel behavior.

3. Whole-Core LEU Fuel Demonstrations

a) Low Power. A whole-core LEU demonstration with AlxA1 fuel 1.7 g U/cm3)
began in 1981 in the Ford Nuclear Reactor (FNR) at the University of
Michigan. The results had confirmed the validity of the calculations,
methods and data used to predict performance and safety characteristics of
research reactors undergoing conversions The operating characteristics
of the FNR were essentially unchanged with the LEU fuel, and the reactor
will continue to be operated with LEU fuel in the future.

b) High Power. A whole-core LEU demonstration with U3Si2-Al fuel 48 g U/Cm3)
was planned to begin in 1985 to verify the validity of calculations,
methods and data used to predict operational and fuel cycle charac-
teristics of research reactors undergoing conversion.

4. Reprocessing

Savannah River Laboratory tests and studies had concluded that RERTR
fuels can be successfully reprocessed at the Savannah River Plant.4

5. Performance Studies

Extensive studies had indicated that the new LEU fuels have a wide range
of applicability for conversion of both light- and heavy-water moderated
research reactors.5

6. Safety Studies

Extensive studies had indicated that the safety limits with LEU
fuel do not differ significantly from those with HEU fuel.6

7. Economic Studies

Extensive studies had indicated that the new LEU fuels will not
significantly affect the total fuel cycle and operating costs of most
reactors.7 This conclusion depends to some extent on the ability of the
commercial vendors to manufacture the new LEU fuels efficiently.

8. Joint Conversion Studies

Joint study programs were in progress with research organizations
involving as many as 25 reactors in 17 countries.

5



1984 PROGRESS OF THE RERTR PROGRAM

The past year has brought gradual, steady and solid progress to most
activities of the RERTR Program, with only minor departures from plans. The
details of this progress, and the activities involved, will be described
elsewhere at this meeting. The results which are of greatest interest in
assessing the overall program progress and future activities are summarized
below.

1. A new batch of thirty-six miniplates has been fabricated and their
irradiation in the ORR has begun. Most of the new miniplates contain
U3Si2-A1 and U3Si-Al cores with a variety of densities (up to 57 and
7.2 g U/cm3, respectively), enrichments (from 20% to 93%), and thick-
nesses. This batch includes six miniplates fabricated by NUKEM and thirty
miniplates fabricated by ANL. The purpose of this irradiation is to
test modifications of these fuels which might have better irradiation
performance to extend the density range over which the fuels have been
tested, and to define their burnup limits. Some plates Of U6Fe-Al are
also included in the batch. other miniplates are in fabrication for
later insertion in the ORR.

2. Irradiation of six U3Si2-Al elements (two elements each from NUKEM
CERCA, and BW) has continued in the ORR through most of the year. Each
of these elements contains 340 grams of 235U in LEU with 48 g U/cm3.
The goal is for each fuel fabricator to have an element tested to 50%
average burnup and another to 75% average burnup. Irradiation of all
elements is now complete with the exception of a BW element projected
to reach 75% average burnup around the end of the year. A slower burnup
rate than originally estimated has extended by several months the irra-
diation time of these elements. Results of visual inspections and water-
gap measurements are excellent for all elements.

3. Post-irradiation examinations of the first U3Si2-Al element 48 g U/cm3)
to reach 50% average burnup have been concluded with excellent results.
PIE results of U3Si-A1 miniplates with up to 61 g U/cm3, fabricated by
the CNEA and irradiated in the ORR, have been good, but show that some
burnup limits may need to be imposed for the higher densities.

4. After extensive studies related to safety, operation, and performance,
it was formally decided that a whole-core demonstration with LEU and
U3Si2-A1 fuel 48 g U/cm3) will take place in the ORR. The demonstration
will provide information on performance, safety, and fuel cycle charac-
teristics of highly-loaded LEU elements. Approximately 100 standard ele-
ments and 12 shim rod assemblies are required for the demonstration.
Contract negotiations are in progress with three commercial vendors (NUKEM,
CERCA, and BW), with the intent of procuring elements from each of them.
Each of these vendors has already produced essentially identical elements
which have been successfully tested in the ORR.

5 A Si -Al element containing 490 grams of 235U in LEU with
4.8 g /cm3 was fabricated by BW and inserted in the R2 reactor at
Studsvik (Sweden). This element will be followed by other similar ele-
ments fabricated by B&W, CERCA, and NUKEM. The activity is part of a
cooperative agreement among Studsvik, the RERTR Program, and the three
fuel fabricators, and will investigate the operational characteristics of
the R2 with very-highly-loaded LEU elements.
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6. Clad ruptures in two 37 g U/cm3 TRIGA pins have recently terminated
irradiation of the TRIGA assembly in the ORR. Most pins in the assembly
have surpassed the original average burnup goal (50%). The failures, stiLl
under investigation, appear to be related to cladding or test cluster
anomalies and not to indicate any inherent problems.

7. irradiation of the second LEU U308-Al element fabricated by CERCA
with 32 g U/cm3 was concluded with the achievement of an estimated 74%
average burnup. Irradiation of the remaining four Alx-AI and U308-Al
elements fabricated by NUKEM and CERCA with lesser densities and thicker
plates continues with relative low priority in the ORR. irradiation of
these elements was delayed by the need to extend the irradiation time of
the U3Si2-Al elements (see Item 2.

8. joint study programs have expanded to include 28 reactors from 17
different countries. Progress was made in at least 11 of these studies
during the past year. The studies tend to concentrate on safety, econo-
mics, and performance evaluations with special regard for the high uranium
loadings connected with silicide fuels. Several of these studies will be
discussed elsewhere at this meeting.

PLANS AND SCHEDULES

In general, the activities and accomplishments of the RERTR Program in
1984 have come so close to predictions that few adjustments are needed to the
program plans and schedule which were presented at the 1983 International RERTR
Meeting in Tokai.8 in particular, the current plans are based on the
following premises:

1. Development and demonstration of LEU silicide fuels will continue to
proceed at the maximum practical speed and will concentrate on both
U3Si2-Al and U3Si-Al fuels.

2. The current miniplate fabrication campaign will be completed, and
irradiation of the new miniplates will begin as soon as possible in the
ORR.

3. Irradiation of the sixth and last U3Si2-Al 48 g U/cm3) test element
will continue in the ORR until an average burnup close to 75% is achieved.

4. Post-irradiation examination of the six U3Si2-Al 48 g U/cm3) test
elements will take place as soon as their decay rates allow.

5. Contract negotiations for procurement of the whole-core demonstration
of LEU U3Si2-A1 4.8 g U/Cm3) fuel in the ORR will be concluded as
expeditiously as possible. The goal is to begin the demonstration in
mid-1985 with fuel fabricated by all the three qualified commercial
vendors.
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6. Further demonstration efforts of UZrHx fuel will concentrate on the
PIEs of the TRIGA pins which were irradiated in the ORR. The goal is to
define as clearly as possible the cause of the clad ruptures and its
implications, if any, for the range of applicability of the new TRIGA fuels.

7. Remaining demonstration activities related to oxide and aluminide
fuels will proceed as planned in previous years, but with relatively low
priority and with some schedule slippage incurred in 1984 as previously
described.

8. The behavior of prototype elements with U3Si2-Al will be studied for
applications under special conditions. Prototype elements with U3S'-Al
fuel will be fabricated and irradiated as miniplate irradiations provide
adequate data on the optimal conditions and irradiation potential of this
fuel.

9. Analysis will continue to concentrate on safety, economics, and per-
formance evaluations with special regard for the high loadings which sili-
cide fuels are expected to make available. An important goal will be to
define the conditions under which LEU core conversions may be facilitated
by generic licensing procedures.

The current schematic schedule of the RERTR Program is illustrated in
Figure 1, using the same format as at the Tokai meeting8 to make comparisons
easier. Only minor timing differences, mostly due to reasons which have
already been mentioned, differentiate the two schedules. It should be noted,
however, that the qualification date Of U3Si-Al fuel with 70 g U/cm3 is now
planned to occur at the beginning of 1989.

SUMMARY AND CONCLUSION

Remarkable advances have been made in very few years by the RERTR Program
and by its many international partners towards the development and application
of safe, economical and practical LEU fuels for reasearch reactors.

The RERTR Program progress in 1984 has been significant, with solid accom-
plishments and few surprises. Most LEU U3Si2-Al irradiation tests with
4.8 g U/cm3 have been successfully completed, and contract negotiations are
under way for the procurement of a whole-core demonstration of this fuel in the
ORR. The demonstration is scheduled to begin in mid-1985 and to last for approxi-
mately eighteen months. Qualification of LEU U3Si-Al fuel with 7 g U/cm3 is
scheduled for 1989.

International cooperation among fuel developers, commercial vendors, and
reactor operators has been essential to the progress which has been achieved.
With continued international cooperation, it will be feasible to significantly
reduce HEU usage in research reactors in the next few years.
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CALENDAR YEAR

FUEL TYPE TEST TYPE 78 79 80 81 82 83 84 85 86 87 8 89
(U DENSITY, g/cm3)

MINIPLATES (1.9 2.3) F I P

ELEMENTS (1.7) L.0 I
UAIX ELEMENTS (2.1) F I P

_F I PELEMENTS (2.3)

FULL-CORE DEMO ( 1.8)

MINIPLATES (2.4 31 F I
F I PELEMENTS (1.7)

U308 ELEMENTS (2.1)
ELEMENTS (2.3) . ........ I -Pe
ELEMENTS (3.2) F I P

MINIPLATES, (3.8) F I P
F I P

MINIPLATES2 (4.8- 5.5)
U3Si2 ELEMENTS (4.8) F I ... *PI

FULL-CORE DEMO. 48) F I A
*(4.81 (5,5)

MINIPLATES (4.8 57) F I P

U Si MINIPLATES (6.8 70) F I P

ELEMENTS (7.0) F P
*(7.0)

PINS (1.3) Po

UZrHx PINS (3.2) .... .... P

(TRIGA) PINS (3.7) I P jj�

ELEMENT (3.7) ... .
.. . ...... ................ -.7

A=ANALYSIS; FFABRICATION; zIRRADIATION; PPOST-IRRADIATION EXAMINATION; *=QUALIFICATION DATE

Fig. 1. Schematic Schedule for RERTR Fuel Development

and Demonstration Activities.
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