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1999 Reports
FINAL

Alternative High-Level Waste Treatments at the Idaho National Engineering
and Environmental Laboratory (December)

FINAL

Technologies for Environmental Management: The Department of Energy’s
Office of Science and Technology (December)

LETTER REPORT

Comments on Proposed Radiation Protection Standards for Yucca Mountain,
Nevada by the Board on Radioactive Waste Management (November)

FINAL

Decision Making in the U.S. Department of Energy’s Environmental
Management Office of Science and Technology (July)

FINAL

The State of Development of Waste Forms for Mixed Wastes: U.S.
Department of Energy’s Office of Environmental Management (June)

FINAL

Groundwater and Soil Cleanup:
Contaminants (June)

FINAL

An End State Methodology for Identifying Technology Needs for
Environmental Management, with an Example from the Hanford Site Tanks
(March)

1998

Improving Management

of Persistent

Reports

LETTER REPORT
FINAL

Letter Report on Cesium Processing Alternatives for High-Level Waste at the
Savannah RNer Site (October)
Peer Review in Environmental Technology Development Programs: The
Department of Energy’s Office of Science and Technology (December)

FINAL

A Review of Decontamination and Decommissioning Technology
Development Programs at the Department of Energy (December)

INTERIM
REPORT

Interim report of the Committee on Subsurface Contaminants at DOE
Complex Sites: Research Needs and Opportunities (December)

INTERIM
REPORT

Study of the Decision Process Related to Long-Term Disposition of U.S.
Department of Energy Waste Sites and Facilities: Interim Report (November)

FINAL

Systems Analysis and Systems Engineering in Environmental Remediation
Programs at the Department of Energy Hanford Site (August)

FINAL

Research Reactor Aluminum Spent Fuel--Treatment
(May)

Options for Disposal

1997 Reports
INTERIM
REPORT

Peer Review in the Depatiment of Energy--Office of Science and
Technology: Interim Report (October)

FINAL

Building an Effective Environmental Management Science Program: Final
Assessment (March)
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DISCLAIMER
This report was prepared as an account of work sponsored
by an agency of the United States Government.
Neither
the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or
implied, or assumes any legal liability or responsibility for
the accuracy,
completeness,
or usefulness
of any
information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned
Reference
herein to any specific commercial
rights.
product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States
Government or any agency thereof.
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Core characteristics that will be used to evaluate different designs are:
- initial enrichment needed for 15 years, or attainable lifetime for a given enrichment;
- core reactivity over the lifetime and excess reactivity at beginning-of-life (BOL);
- power density distribution (including profile change over the lifetime);
- depletion, i.e. isotopic composition change over the lifetimq
- reactivity feedback,
- control requirements (over lifetime).
Both deterministic and Monte Carlo calculation methods will be used, combining Westinghouse in-house codes as
well as codes available through the RSICC center. Use of the ORIGEN 2.1 code is planed for depletion
calculations, and initial testing of fast reactor libraries was performed.
A range of options maybe considered when trying to achieve desired core characteristics, i.e., the decision space is
very large. This includes different types of fiel (metal-oxide-carbide-nitride), lattice arrangement and pitch, core
aspect ratio, etc... To make the selection task manageable, the following set of starting assumptions was formulated
(based on analysis of characteristics of previous liquid metal reactors and long cycle cores): metallic (lO%Zr) fuel,
oxide fuel, nitride or carbide fbel, triangular pitch, <20’XO“enrichment” (fissile U+l% over total heavy metal),
pancake core, and fission gas plenum at the core bottom.
Subtask 1c. Cladding Evaluation
Materials issues that should be considered for estimating core lifetime are: resistance to corrosion in air; alkalimetal corrosion in the presence of dissolved oxygen; strength and creep at operating temperature; contaminants
and chemical reactions and radiation damage. From the lifetime point of view, it is preferable to keep the core
exit temperature as low as possible. A database of mechanical and corrosion properties is being assembled for
candidate and reference cladding materials including super-steel alloys, Hastelloys, ..Haynes-25, and advanced
refractory materials such as D-66 alloy (45%Ni-12%Cr-34%Fe), Nb- l%Zr, PWC-1 1 and W-Re alloys, as well as
for structural materials used in state-of-the-art LMRs.
Subtask lf Reactor/ energv conversion interface
The literature was reviewed on the design of high power AMTEC systems, and on the different heat
source/AMTEC/heat sink coupling concepts. The initial work effort will fmus on investigating the feasibility of a
LMR/AMTEC direct cycle (attractive concept, simplicity, etc.) which uses sodium working fluid.
Subtask 2a: AMTEC working fluid selection
The thermoph~ical and radiological properties of liquid metals (sodium, potassium) working fluids, as well as
those of Na-BASE and K-BASE, are being reviewed and a database is being compiled. Both sodium and
potassium working fluids will be considered for the AMTEC cycle. The properties of lithium working fluid and
Li-BASE will be compiled at a later time.
Subtask 2c. Ener m conversion modules
A design model is being developed to evaluate and compare the performance of sodium and potassium AMTEC
converters. This model will be used later to evaluate the effect of different parameters on the electrical and thermal
performance of both liquid-anode and vapor-anode converters. Design parameters of interest are the BASE
membrane thicknesy the electrodes’ temperature-independent charge-exchange current; and the contact resistance
between electrode and current collector. Operating parameters of interest include evaporator temperature, BASE
temperature and condenser temperature. The model will be used to identifi the operating conditions for optimal
conversion efficiency and maximum electrical power, and the load-following characteristics of the converter’s
electrical output.

A preliminary literature semch VWMperformed to identifi fhture, potential AMTEC electrode candidates. Desirable
properties of interest include: good electrical conductivity strong ph~ical bond with BASE membrane; thermal
expansion coefficient close to that of BASE; high permeability to scdium vapor; high corrosion resistance to
sodium vapor; low material loss rate by chemical reaction or sublimation; and slow grain growth and material
migration. Refractory electrode materials such as Ti&, TiC and NbN have many of these desirable properties.
Molybdenum electrodes have also some attractive characteristics for use in sodium- and potassium-AMTECs,
particularly the enhanced ionic and electronic conduction of the molybdate compound.
A literature review is being performed to compile the properties necessary to evaluate the possibility of an electrical
discharge in sodium and potassium vapor between the BASE electrodes, when operating the AMTEC modules at
high voltage (> 100 V d.c.). The maximum number of BASE electrodes that could be connected in series in an
AMTEC converter module, as well as the number of modules connected in series, will be limited by the breakdown
voltage. A discharge model will be developed to evaluate these design limitations. Also, the impact of the
numbers of modules connected in parallel and series on performance, cost and redundancy will be evaluated.
Subtask 2d. Materials selection and research in AMTEC
we
of the materials issues that should be considered for estimating lifetime of AMTEC converters are:
resistance to corrosion in air; alkali-metal corrosion in the presence of oxygen; strength and creep at operating
temperature; contaminants and chemical reactions. The literature on structural materials for use in sodium-LMR
systems (EBR2, Phoenix, Super-Phoenix,... ) is being reviewed, and a database on their thermophysical and
compatibility properties is being compiled. During this compilation process, data pertaining to potassium working
fluid are also being collected for fiture use and documentation. Most of the information pertaining to potassium
corrosion and materials compatibility originated from the research and development programs of PotassiumRankine cycles.
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