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Task 1

According to the project schedule, research efforts in Task 1 are devoted to detailed
studies of the problem in one-dimensional geometry in order to develop basic ideas of func-

tionalization and homogenization procedures. To perform necessary numerical simulation of
reactor physics phenomena, we developed a code for solving one-group eigenvalue neutron
transport problems based on quasidiffusion (QD) method. The low-order QD equations are
approximated by means of finite-volume (integro-int erpolation) approach. 1 The transport
equation is discretized by the characteristic method. This code is a modification of the code
developed in the reference 1.

To model assembly level calculations of MOX and uranium assemblies, a set of ID one-
group test problems was developed. The definitions of these tests are based on cross section

data corresponding to assemblies with real design parameters. To prepare such set of cross
sections, assembly-level code CASMO was used.2 The developed model problems enabled us
to study details of behavior of the transport solution and the QD functional that are specific
for reactor physics phenomena under consideration in this project. We use these tests to
investigate and develop procedures for homogenization of assemblies parameters.

We have begun to develop a nodal-type discret ization method for the QD low-order
equations in lD slab geometry and a corresponding computer code. This tool is needed to
formulate and test definitions of discontinuity factors and functionalization schemes that will
be used in 2D methodology. The method under consideration is similar to the QPANDA
scheme.3 One of the important issues in development of the nodal discretization scheme for
the QD low-order equations is the approximation of the QD functional within a homogenized
assembly. Based of the results of our test problems, described above, we identified a group of
interpolation functions (splines) that can be good candidates for this purpose, for instance,
polynomials. piece-wise linear functions, and piece-wise polynomials. We now perform a
detailed analysis to determine the final variant of approximation.

We have formulated certain approaches for spatial assembly homegenezation that are
based on consistent discretization spatially averaged QD low-order equations and their fine-
rnesh discretization. Several variants are under consideration and study.
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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
rights. Reference herein to any specific commercial
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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Task 4: (Investigator: Thorn Orlando, PNNL)

1. Task Status
Techniques for growing thin films of Zr02 which range from a few to several hundred layers thick have

been established. Auger spectroscopy of these films demonstrates that they do not contain any contaminants
such as hydrogen or carbon. Controlled water adsorptiotidesorption studies are underway. Single crystals of
Fe203 have been obtained and studies of the structure and cleanliness of these substrates has begun.

2. Issues/ Concerns
None

Cost Performance:

NDR.L:
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PNNL: Funding provided directly as separate grant to PNNL.
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Milestone/Task Description Planned Completion Data Actual Completion Date
Task 1.
1. Compilation of information on 8/14/2000 In progress

radiation chemistry of water
and aqueous solutions at
elevated temperatures.

2. Algorithms for TRACIUUN 8/14/2000 In progress
code that include the effects of
temperature on energy loss and
the results of calculations on
hydrogen yields at elevated
temperatures.

Task 2.
1. Results of hydrogen peroxide 8/14/2000 In progress

yields from gamma and high
LET irradiation in the presence
of Hz scavengers at high dose.

2. Schematics for the high 8/14/2000 In progress
temperature cell for gamma
irradiation.

Task 3.
1. Compilation of information on 8/14/2000 In progress

radiation chemistry of water at
interfaces of interest.

2. Tested procedures to 8/14/2000 In progress
synthesize (or concentrate
dilute suspensions o~ iron and
zirconium oxide.

3. Results from the irradiation of 8/14/2000 In progress
these oxides.

Task 4.
1. Results from the irradiation of 811412000 In progress

doped zirconia films with
water overlayers.

2. Results from 8/14/2000 In progress
adsorption/desorption
following pre-irradiation.

3. Results fi-omradiolytic defect 8/14/2000 In progress
production in clean iron oxide.
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Milestone/Task Description Planned Completion Data Actual Completion Date
Risk 1.
1. Algorithm and testing of code 8/14/2001

to simulate high-LET heavy-
ion track structure in water.

2. Simulate results of Hz 8/14/2001
saturated solutions at ambient
temperature.

Task 2.
1. Tested protocol for Oz 8/14/2001

measurement horn gamma
irradiation.

2. Results from the effect of H2 8/14/2001
on 02 yields in gamma
irradiated solutions at high
doses.

Task 3.
1. Schematics of cell for high 8/14/2001

temperature pulse radiolysis at
elevated temperatures.

2. Results from irradiation of 8/14/2001
heavy loaded suspensions at
ambient temperature.

3. Effect of surface potential on 8/14/2001
escape depth fkomnarrow
bandgap oxide materials.

4. Results from feasibility tests of 8/14/2001
EPR and conductivity
techniques to measure the
charge escape of electrons and
holes from these oxides.

Task 4.
1) Electronic band structures of 8/14/2001

doped zirconia.
2) Results from controlled 8/14/2001

irradiation of water covered
with iron oxide.

3) Results from integrity 8/14/2001
measurements on the zirconia
and iron-oxide/water
overlayers.
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Milestone/Task Description Planned Completion Data Actual Completion Date
Task 1.
1. Results from simulations of 8/14/2002

irradiation at various
temperatures.

2. Comparison between 8/14/2002
simulations and experimental
results of Task 2 and 3.

3. Incorporation of Task 4 into 8/14/2002
the model.

Task 2.
1. Results flom the effect of Hz 8/14/2002

on 02 yields in high LET
irradiated solutions at high
dose.

2. Results from the effect of Hz 8/14/2002
on 02 yields in gamma
irradiated solutions at elevated
temperatures.

3. Measurements of the effect of 811412002
Hz on HZOZyields from
gamma irradiation.

Task 3.
1. Results from the irradiation of 811412002

suspensions at elevated
temperatures.

2. Flat band potentials of the 8/14/2002
relevant oxides at various
temperatures.

3. Results fi-omthe effects of 8/14/2002
core-shell structures on yields
of water radiolysis.

Task 4.
1. Hydrogen yield profiles as a 8/14/2002

fimction of depth within doped
zirconia.

2. Quantitative comparison of 8/14/2002
low-energy with high energy
radiolysis.
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