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Task 1a. Neutronics

The basic core design requirements were defined in the previous reporting period. During the second quarter,
several series of neutronic calculations were performed.

Monte Carlo BOL (“Beginning-of-Life”) simulations were performed to evaluate the impact of various design
alternatives on key core parameters. Fuel design alternatives that were examined by these studies included:

fiei form (oxide, carbide and nitride). Note that due to the AMTEC high temperature requirement, metal fuel
was eliminated from further considerations,
fissile fuel content, and
tiel rod and lattice pitch.

The key neutronic parameters that were compared include:
core reactivity,
neutron spectrum,
fast neutron flux and projected lifetime fast fluence (EXI. 1 MeV), and
material darnage indicator, dpa (displacement-per-atom) and dpa rate.

These analyses indicated that the fast neutron fluence will probably be the most limiting factor, with estimated fast
fluence ranging between 3x1023 m’cm~and up to 9x1023 n/cm2, depending on the tiel characteristics. Therefore,
different fuel forms were examined and the projected fast fluence and dpa compared. Using MOX fuel results in
the highest fast fluence and dpa, about 10% higher than for the carbide or nitride fhel. The nitride fuel leads to the
lowest dpa, for the same reactor power density, up to -47. and -7% lower than for the carbide and MOX fiel,
respect ively.

Nitride fuel has firther advantage of the highest heavy metal (HM) density (of the three forms considered),
compatibility with the selected cladding material Nbl -Zr, and availability of experimental database due to the SP-
100 program. Therefore, subsequent analyses fxmsed on the nitride fiel. Depletion calculations were performed
and preliminary results confirmed that the target 15-year lifetime is achievable with (U,PU)N fhel with less than
20’%fissile content. Optimization of fixl lattice parameters is under way.

Task 1b. Thermal-hydraulics

Development of a steady-state core thermal-hydraulic model to enable fuel pin design has been initiated. According
to the preferred core-AMTEC coupling mode selected earlier, a filly liquid core is investigated. The model is being
coupled to output of the neutronics and energy conversion interface analyses.

Subtask 1f Reactor / enerw conversion interface

A reference concept of a LMR/AMTEC direct cycle which uses sodium working fluid is developed. This concept
uses a pressurized liquid core which feeds hot liquid sodium to individual AMTEC converter units through parallel
pumped lines. The hot liquid is flash evaporated and the resulting saturated liquid is collected in a liquid pool at
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the bottom of each converter unit. Each pressure-sealed converter unit is in effect a vapor-fed liquid anode
converter. Thermal energy and working fluid are brought to the AMTEC/electrode panels by condensation,
insuring that the BASE panels remain isothermal. Different cooling concepts are being investigated on the
condenser side, preference being given to those that can easily incorporate TE bottom cycles along the condensing
surface in the fiture, as well as simplify fabrication of the AMTEC converter units.

Subtask 2a: AMTEC working fluid selection

The database of the thermophysical and radiological properties of liquid metals (sodium, potassium) working
fluids, and of the properties of Na-BASE and K-BASE was compiled and documented. Both sodium and
potassium working fluids are candidate fluids for the AMTEC cycle.

Subtask 2c. Ener m conversion modules

A design model was developed to evaluate and compare the performance of sodium and potassium AMTEC
converters. This model wil1 be used to evaluate the eflect 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 identi~ the operating conditions for optimal
conversion efllciency and maximum electrical power, and the load-following characteristics of the converter’s
electrical output. This AMTEC model will also be coupled to the plant performance model currently being
developed under Task 1f.

A literature review is performed to compile the necessary properties and available models to predict the electrical
discharge (or breakdown) in sodium and potassium vapor. 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 are
limited by the possibilityy of electrical breakdown in the AMTEC cell in the alkali metal vapor. The breakdown
voltage and the electric current leaking through the vapor during the ignition mode are of interest since they would
limit the conversion efllciency of the power system. Data on breakdown in sodium or other liquid metal vapors are
almost non-existent. We are in the prmess of generating experimental data in our laboratory for cesium vapor, as
a simulant, and hopefi,dly for sodium in the fiture.

Subtask 2d. Materials selection and research in AMTEC

The materials issues pertaining to the lifetime of the AMTEC converters were reviewed. Important issues
identified are: corrosion of structural materials by liquid alkali metal, whose rate strongly depends on the oxygen
content in the system; chemical reactions between AMTEC electrodes / BASE materials and deposited, volatilized
structural constituents; grain growth in lhc electrodes’ material at high temperature; loss of oxygen and sodium
oxide from BASE and electrical insulators, which affects the properties of these components and also contributes to
oxygen present in cell (which may affect corrosion in other parts of the cell). Corrosion by the liquid alkali metal
may occur by dissolution, chemical reaction with impurities (oxygen, but also carbon and nitrogen), and mass
transport driven by differences in chemical potential and temperature gradients.

Based on the physical processes identified, a preliminary evaluation of the suitability of stainless steels and
superalloy as structural materials in a sodium-AMTEC cell is being performed. An evacuation of the suitability of
refract ory alloys for use in such systems is also in profless. The literature on LMFBR operation and performance
is being reviewed to obtain the level of contaminants in the liquid metal incoming from the core in operating
sodium systems. Structural materials for use in the AMTEC converter units will then be selected based on this
information, and the anticipated effect of impurity levels on the corrosion rates will be assessed.


