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-AP Conclusions
*A m odular. pebble bed, hlih temipera-tre ,-as rieactor w itl a

helium gas tuibine generator has the best chance of
mneetinz the fiuture needs of the nuclear indutshy).

- Safety -High efficiency

-Economics - Regulatory trLsarency

- PaybackPeriod -Fuel integnty- SmallI Staff
- Govmernt Support -Refueling time

-Constnuction Time -On line maintenance
- Public Suppcrt - Operating Cycle

- Proliferation

T Ihe Result: Modular Pebble Bed Reactor (MPBR)
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This page contains links to any monthly, quarterly, and annual status reports.
Links to all relevant reports will generally be made available within two weeks
of the release dates. For information about scheduled events and project
milestones, see the Schedule page.

Any specific updates with regard to the various research areas will be
summarized here.

Fuel Particle Design (research updates):

During this reporting period MIT accomplished the
following tasks: (I) A complete review of the current state
of technology for coated particle fabrication and
performance; (2) a review of the current state of the
technology for coated particle failure modeling and; (3)
based on the evaluation of the in-reactor test data for
coated particle failure, a plan has been developed to
improve the current failure model. Reviews were
conducted of past INEEL tests of the General Atomics
microsphere fuel compacts. The FUEL code was received,
tested, and evaluated to determine its suitability for the
work being planned.

Based on the analysis conducted thus far, the
characteristics of the next generation failure model have
been identified. The model will be based on a probabilistic
fracture mechanics approach to the initiation and
propagation of layer failure. Additionally the model will
account for non-symmetric loading, which may result from
localized debonding and/or layer cracking. Improved
properties distributions, which more accurately represent
fabricated bonds for layer dimensions, will also be
incorporated. Lastly, finite element modeling for details of
crack initiation, propagation and SiC/pyrocarbon layer
failure will be used to validate the methodology usdd in the
FUEL-TI code. The new model will be jointly developed by
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the INEEL and MIT teams. In addition, silicon carbide was
received and arrangements for the receipt of zirconium
carbide were made to support the diffusion experiments to
limit the silver diffusion through the fuel particle.

The INEEL used the ABAQUS stress analysis code to
compute fuel particle stress distributions in particles with a
variety of properties and defects, such as cracks in the
outer and inner pyrolytic carbon layers and debonding
between layers. These analyses provide insights into fuel
failure mechanisms and the detailed thermo-mechanical
response of fuel particles during irradiation.
Photomicrographs of fresh and irradiated fuel particles
were examined. This information can help us resolve
kernel swelling and carbon layer shrinkage issues. New
correlations can be developed and compared with existing
correlations.

Atoristic Basis for Radiation Damage of Fuel Materials (research
updates):

The MIT effort on this task centered on the understanding
of radiation damage in graphite. The graphite will be used
as a test case for atomistic modeling of the effects of
radiation damage of materials since there is a great deal of
data available. The objective is to develop an atomistic
model that can be used to predict behavior of fuel
materials over time in the reactor environment. This
information will be used as input to the fuel behavior
model of the previous task. To date simple models have
been developed for the simulation of long term behavior.

Spent Fuel Disposal (research updates):

This MIT task evaluated the loading requirements of
pebble bed fuel in the Yucca Mountain repository. Since
the pebble bed reactor is a low power density reactor, the
volume of fuel is several times larger than that of
equivalent light water reactor spent fuel. It is important to
understand the implications of this on spent fuel disposal
costs and repository performance. A preliminary
conclusion has been reached that despite the higher
volumes of spent fuel generated, the actual space required
for the equivalent electricity generated is about 1/3 that of
light water reactor spent fuel due to loading restrictions of
the repository design. Data was obtained to model graphite
dissolution to support experiments to determine
radionuclide release potential through silicon carbide.

Non -Proliferation (research updates):
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The primary activity on this task was developing a better
understanding of proliferation issues and concerns.
Literature reviews were performed on nuclear weapons
design features and the fundamental characteristics of the
discharged fuel from the pebble bed plant. The INEEL has
begun to explore the use of thorium fuel cycles to enhance
nonproliferation.

Thermal Hydraulics/Reactor Safety (research updates):

Past MIT work on gas reactor modeling was reviewed, and
we determined that the code packages used were either not
available or appropriate for this design. The simple heat
balance calculations for the complete plant developed by
the MIT study conducted in January 1998 were rerun to
validate current design thinking. This simple model will be
used for screening calculations until a more sophisticated
code package is made available. A more detailed reference
design is being established on a component level basis.

The INEEL performed a literature search on MPBR
thermal hydraulics, installed the RELAP5/ATHENA code
onto an INEEL HP712 workstation, and calculated the
pressure drop across the pebble bed.

Neutronics (research updates):

The INEEL identified existing codes that can be used to
model the neutronics of the MPBR. Questions remain
about the availability of the German/South African codes
such as VSOP. The transport code COMBINE was used to
generate cross sections and neutron spectra for a standard
(MIT) fuel pebble design and three different fuel particle
types (HRB-21, NPR, and HFR-K5). Models of the three
types of particles were incorporated into the pebble
models. A pebble temperature distribution was computed
using a two-region, one-dimensional spherical
conduction-convection model and coolant temperatures
based on ESKOM reactor design data. INEEL constructed
an EXCEL spreadsheet that generates number densities,
pebble temperatures, and other data required by
COMBINE. The spreadsheet allows the user to vary
enrichments, layer thicknesses, and other reference data in
order to generate variations on the reference COMBINE
model.
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