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ABSTRACT

The primary focus of Babcock and Wilcox's (B&W) Research
and Test Reactor Fuel Element Facility's (RTRFE) most
recent activities is to continue to improve its
successful LEU fuel element production process. This is
being done by expanding its R&D efforts (expenditures for
CFY 92 are twice that of CFY 91) and applying statistical
process control to its production processes. B&W"s total
commitment to quality and integrity has led to the
successful fabrication of silicide production elements
for five (5) reactors and development/qualification
elements for four 4 other reactors. The results of
B&Wls recent production and development efforts are
highlighted in this report.

INTRODUCTION

Organizational changes and the associated restructuring of the
research and development (R&D) budget at B&W have given us the
opportunity to expand our research on silicide fuels. B&Wls
current fiscal year budget for silicide research and development is
double that of the previous year. Staffing increases in the areas
of Quality Control Engineering and Manufacturing Engineering have
helped to assure a properly focused development effort.

For the high loaded silicide plates, B&W has witnessed
significantly improved homogeneity and has taken positive steps
towards the elimination of stray fuel particles. In addition, B&W
has had more than limited success with depleted development USi2
plates loaded up to 60 g/cc 60 V/0 US'2/-40 v/o Al). In future
development phases, B&W will emphasize cost saving measures.
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Development Activities

For a period of two years, B&W focussed a large portion of its
development activities on improving the process margin for HEU/LEU
aluminide and oxide fuel element fabrication. These efforts have
achieved significant improvements in process yields for fuel powder
(UAlx), compacts, plates, and elements. In most cases, the yields
have approached 100%.

The successful completion of the aluminide and oxide process
optimization has allowed a renewal of development efforts on
silicide fuel. As mentioned earlier, the R&D funding has been
doubled and additional personnel are being assigned.

B&Wfs development activities were directed towards two goals:

1. Silicide Process Improvement - Improve the
current production process through the
strategic study of specific operations,
development of analytical models, and the
use of investigation/confirmatory
experiments.

2. Silicide Process Capabilities - Establish
the highest achievable plate loading given
the current fabrication process, inclusive
of the improvements in above.

Silicide Process Improvement

The goal in all the subsequent development efforts is two-
fold. First to improve the process under consideration and second,
to develop an analytical model for the process utilizing empirical
data and engineering relationships. This i proving to be very
successful and is considered to be fundamental to future efforts in
statistical process control. B&W is not only committed to
establishing a process to achieve the highest level of quality but
also to maintaining that level of quality throughout the production
life.

Powder Study An aluminum powder study, initiated to help
improve the oxide fuel process, resulted in a testing
methodology that characterizes aluminum powder by its shear
strength. The immediate results of the study allowed B&W to
determine the appropriate powder for use in reducing the oxide
fuel homogeneity deviations. The more long term results of
this study are allowing B&W to determine the correct powders
for optimizing the blending and pouring techniques involved in
silicide compact formation.
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Die Loading Study Approximately two years ago, BW
established a process for loading a fuel die such that optimum
homogeneity resulted. This process was reviewed in detail
during the OSIRIS plate development and further refined. The
technique was utilized on the Process Capability plates
discussed later. Figure A shows the improvement gained from
the previous MTR production plates. The reduction of
approximately 33% in the plate inhomogeneity was due to
several improvements, not solely from die loading
improvements. The vertical axis of the graph depicts the
range of the maximum percent overload and the maximum percent
under load. The value of unity signifies the normalization of
the previous production process. The value of 67% for the
current plates signifies a 33% improvement in homogeneity over
the previous production process.

Compact Annealing Study The results of previous development
efforts were interpreted to the conclusion that a higher
temperature anneal for the green compacts resulted in a
theoretical sintering effect and thus a stronger core during
the rolling process. The compounding results of several
recent development efforts indicate that higher annealing
temperatures are not needed to obtain quality improvements.
The current annealing temperatures are more in line with the
international community and more desirable for silicide fuel.

Aluminum Compact Coating

B&W is currently studying the effects of coating the compacts
with aluminum. The development team is working under the
guidelines that the process should not degrade the product
quality nor result in significantly higher costs or man-hours.
Early results indicate that a process can be achieved which
will meet these guidelines and reduce the threat of stray
particles in the clad regions. In parallel with this effort,
a development element has been fabricated for the OSIRIS
reactor which contains plates which have been repaired to an
approved process, similar to one used for Aluminide plates.
Both of these items should jointly result in cost savings that
can be passed directly on to the reactors.

Compact Frame Fit-up Previous changes in compact geometry
resulted in better plate homogeneity; however, the compounding
effects of this change increased the sensitivity of the fit-up
between the frame and the compact. What was once a process
parameter with considerable process margin, now had become
sensitive to small dimensional changes. BW has been able to
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compact Frame Fit-up (Continued)

generate an analytical model which provides the guidance for
developing new plate types. This model will also be utilized
for any statistical process control efforts which may be
applied.

Electron Beam M) Weld Parameter Optimization For some of
the high loaded silicide contracts B&W utilizes the Electron
Beam (EB) welding operation to vacuum seal the compact-frame
packs. This operation assures that the compacts are f ree f rom
oxygen while at hot rolling temperatures. Historically there
were some fuel packs which developed micro cracks near the
discarded weld zone. These micro openings subsequently allow
small quantities of gas to enter the packs. Although the
frequency of occurrence is small and the resulting gas
blisters are contained in the discarded clad region, B&W
performed an EB weld parameter study to further reduce the
potential. The goal is to have a hermetically sealed pack,
such that a Hot Isostatic Press (HIP) bonding development
study can be pursued.

Conventional Pack Weld Study B&W is considering discontinuing
the use of EB welding on all the silicide contracts. For this
to occur, a process must be developed which yields the same
high quality and repeatability. The results of the current
development program have indicated that such a process exists
and may soon be finalized.

Automated Homo Scanner B&W utilizes homogeneity scanners
which use x-ray absorption technology to inspect percent over
and under load conditions. These scanners currently compare
the beam absorption against known standards and report
conditions which exceed these standards. The scanners are
currently being upgraded to computer digital technology which
will allow for direct access to inspection data for trending
and statistical process control activities. In addition, the
governing computer equipment will be upgraded and additional
software is being considered which allow direct generation of
statistical profiles.

Gamma Radiation Photometer B&W will soon install a Gamma
Radiation Photometer which will be utilized for inspecting
high loaded silicide plates. This unit will provide a higher
degree of accuracy and repeatability. The equipment is
currently on site in another product area and will be
installed by B&W technicians.
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Silicide Process Capabilities Six 6 lots of four 4 compacts
were fabricated in one run. Each lot contained a different
theoretical fuel loading density in order to characterize the
modified production process. The following loadings in grams of
uranium per cubic centimeter of theoretical volume were tested:
4.8, 5.0, 525, 5.5, 575, and 60.

The resulting radiographs displayed acceptable fuel dispersion
homogeneity. The graph in figure shows comparison of the tested
loadings versus the previous process average. The graph displays
the improvements in the compaction process alluded to earlier. one
should note the achieved level of homogeneity given the increase in
fuel loadings.

The established paradigm was that the maximum achievable
volume percent was approximately 45% fuel and 55% aluminum (see
Figure C). The success of all the plates up to and including the
6.0 g/cc loading has established that the limit may be nearer to
60% fuel and 40% aluminum, or even higher.

There will have to be some process design changes for loadings
of this magnitude to be considered production processes. The
strength of the core was such that the cold rolling process induced
buckling in the higher loaded plates. There are some process
changes which can be investigated which may eliminate this
condition, but BW has not yet had the opportunity to evaluate the
effects. Two 2 plates which were loaded at 5. 5 g/cc for the
aluminum coating experiments did not have any buckling conditions.
B&W is currently interpreting the data and investigating the
"cause" and ef f ect relationships, but at this time does not believe
the lack of buckling was due to the aluminum coating.

B&W is convinced that the current process can be optimized to
provide production plates in the neighborhood of 6 g/cc. In
addition, B&W is optimistic that a hybrid process can be
established which could produce plates with even higher loadings.
B&W has not yet determined the loading limit and theref ore is
unable to predict the maximum achievable loading. B&W has,
however, reached the limit of this year's internal funding and
would require external assistance for further studies.

In the past, B&W focused on the fabricability issues
associated with high loaded silicide plates. In the future, BW is
committed to becoming more familiar with the detailed performance
of these elements within the reactors. Many of the elements which
have been fabricated are nearing their post irradiation inspection
stages. B&W is requesting that the feedback of this data be
continued. In addition, B&W is evaluating the potential of
building a high loaded (5.5 - 60 g/cc) element to evaluate the
irradiation performance.
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SILICIDE PROCESS IMPROVEMENT

• Powder Study
• Die Loading Study
• Compact Annealing Study
• Aluminum Compact Coating
• Compact Frame Fit-Up
• Electron Beam (EB) Weld

Parameter Optimization
• Conventional Pack Weld Study
• Automated Homo Scanner
• Gamma Radiation Photometer

SILICIDE PROCESS CAPABILITIES
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RTRFE FUEL ELEMENT SHIPMENT HISTORY

Number Type of Last
Reactor of Elements rue Enrichment admot

Cintichem (US) 162 Oxide 93% 1990

HFIR (US) 114 Oxide / 93% 1991

HFBR (US) 1039 Oxide / 93% 1990

NBSR (US) 257 Oxide / 93% 1991

BSF (US) 16 Oxide / 93% 1985

OWR (US) 139 Oxide / 93% 1988

ORR (US) 326 oxide / 93% 1985

MIT (US) 22 Aluminide / 93% 1991

MURR (US) 144 Aluminide / 93% 1991

Michigan (US) 97 Aluminide / 19.75% 1989

ATR (US) 686 Aluminide / 93% 1991

ORR (US) 70 Silicide 48)/ 19.75% 1986

Ohio State (US) 41 Silicide 32)/ 19.75% 1988

WPI (US) 27 Aluminide / 19.75% 1988

R2 (Sweden) 5 Silicide 48)/ 19.75% 1986

Petten 2 Silicide 48)/ 19.75% 1988
(Netherlands)

Saphir 10 Silicide 48)/ 19.75% 1986
(Switzerland)

JAERI (�apan) 14 mini plates Silicide 48)/ 19.75% 1990

BMRR (U;) 48 Aluminide / 93% 1990

JMTR (Japan) 2 Silicide 48)/ Depleted 1990

Manhattan College 17 Silicide 48)/ 19.75% 1991
(US)

Iowa State (US) 320 plates Silicide 32)/ 19.75% 1991

OSIRIS France) 4 Silicide 48)/ 19.75% 1991

*NOTE: silicide X x = g/cc Loading
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